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3 Abstract
English

Carboxyl ester lipase (CEL) is a digestive enzyme which is secreted by acinar cells in the
pancreas and released into the intestines. In addition to the globular domain responsible for lipase
activity, CEL contains a C-terminal region encoded by a Variable Number of Tandem Repeats
(VNTR) sequence. Each repeat consists of 11 amino acid residues. The function of the VNTR
region is enigmatic, but we know that it is disordered, becomes O-glycosylated and is necessary for
proper secretion of CEL. The CEL VNTR is also highly polymorphic and at least two variants are
confirmed to be pathogenic: CEL-MODY and CEL-HYB. These variants are associated with cellular
aggregation and pancreatic disease. A third variant with only three VNTR repeats, CEL-3R, has
been discovered in a Danish family, in which it co-segregates with diabetes. However, we do not

know if CEL-3R is pathogenic.

In this study, we attempted to investigate the properties of the CEL VNTR with a special
emphasis on the Danish CEL-3R variant. To examine if CEL-3R is pathogenic, we expressed it in
HEK293 cells and compared its cellular localisation and secretion to the normal CEL protein and to
the pathogenic CEL-HYB variant. Further, to better understand the role of the VNTR in general, we
examined its evolution and characteristics in vertebrate species by performing a phylogenetic

analysis. Finally, we predicted the conformations of the CEL-3R VNTR by molecular simulations.

We found that the CEL-3R variants exhibited levels of aggregation in HEK293 cells comparable
to the pathological CEL-HYB variant. Still, CEL-3R displayed increased secretion compared to
CEL-HYB. Moreover, we found that the CEL VNTR was present only in mammalian species. The
mammalian VNTR sequences were relatively conserved, but exhibited a diverse number of repeats.
A short post-VNTR sequence was also well conserved among mammals of the clade Eutheria. We
were not able to correlate the number of VNTR repeats with any specific traits of the investigated
mammalian species. The molecular simulations of the VNTR region of CEL-3R predicted that it
forms unstructured coils and temporary turns, b-bridges and b-sheets. The O-glycosylated VNTR

structure displayed a similar pattern.

In conclusion, although more transfection experiments are needed, we found that the Danish
CEL-3R variant may show signs of pathological aggregation. We also confirmed that the CEL VNTR
probably evolved sometime between the origin of Synapsida and the formation of Eutheria and
Metatheria. Finally, the typical 'EATPVPPTGDS’ repeats in the VNTR may be important for the

formation of secondary structures that induce the VNTR to become compact, but still disordered.
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Norsk

Karboksylester-lipase (CEL) er eit fordayingsenzym som vert skilt ut i tarmen fra acinzercellene i
bukspyttkjertelen. 1 tillegg til det globuleere domenet som er ansvarleg for lipase-aktiviteten, inneheld
CEL ein C-terminal region koda av ein sekvens med eit variabelt tal av tandemrepetisjonar, ein
sakalla VNTR region. Kvar repetisjon kodar for 11 aminosyrer. Funksjonen til VNTR-regionen er
ikkje kjent, men me veit at han er uordna, blir O-glykosylert og er naudsynt for effektiv utskiljing av
CEL. VNTR-regionen er ogsa seers variabel (polymorf) og minst to variantar er stadfesta a vera
patogene: CEL-MODY og CEL-HYB. Desse variantane er knytt til celluleer aggregering og sjukdom i
bukspyttkjertelen. Ein tredje variant med berre tre repetisjonar, CEL-3R, har vorte oppdaga i ein
dansk familie der han finst hja dei medlemmane som har diabetes. Likevel veit me ikkje om CEL-3R

er patogen.

| denne studia utforska me eigenskapane til VNTR-regionen til CEL, med szerleg merksemd pa
den danske CEL-3R-varianten. For a undersgkja om CEL-3R er patogen, uttrykte me han i
HEK293-celler og samanlikna distribusjon og utskiljing mot det normale CEL-proteinet i tillegg til den
patogene CEL-HYB-varianten. Deretter, for & forsta rolla til VNTR-regionen, undersgkte me korleis
han kunne vorte utvikla gjennom evolusjonen. Til slutt prgvde me ved & nytte simulasjonar a seie

noko om kva konformasjonar VNTR-regionen til CEL-3R kan ha.

Me fann at CEL-3R-variantar viste eit niva av aggregering i HEK293-celler som kunne minna om
den patologiske CEL-HYB-varianten. Likevel hadde CEL-3R auka utskiljing samanlikna med
CEL-HYB. Vidare fann me at VNTR-regionen berre var til stades i pattedyrartar. VNTR-sekvensane
var konserverte i pattedyr, men talet pa repetisjonar varierte sterkt. Ein kort post-VNTR-sekvens var
godt konservert i kladen Eutheria (placentale pattedyr). Me fann ingen samanheng mellom talet pa
repetisjonar i VNTR-regionen og eigenskapar til dyra som vart undersgkte. Dei molekyleere
simulasjonane av VNTR-regionen til CEL-3R predikerte at han kan danna ustrukturerte kveilar og

kortvarige vendingar, b-bruer og b-flak.

Me konkluderte med at den danske CEL-3R-varianten viser teikn pa patologisk aggregering,
men at me ma gjera fleire eksperiment for a fa stadfesta dette. Me fann ogsa at VNTR-regionen til
CEL sannsynlegvis vart utvikla ein gong mellom fyrste fgrekomst av kladen Synapsida
(pattedyrliknande krypdyr) og forgreininga til Eutheria og Metatheria (pungdyr). Til slutt fann me at
den typiske 'EATPVPPTGDS’-repetisjonen i VNTR-regionen kan vera viktig for danninga av

sekundeaere strukturar. Desse strukturane farer til at regionen vert kompakt, men likevel uordna.
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4 Introduction

4.1 The Pancreas
4.1.1 Organ structure and function

The pancreas is an organ located behind the lower end of the stomach and along the duodenum
(Walkowska et al., 2022). The organ has an angled head, an elongated body and a tail
(Figure 4.1A). The branching pancreatic duct transports pancreatic juice to the duodenum via the
duodenal papilla. Before opening into the duodenum, the pancreatic duct merges with the common

bile duct, mixing the pancreatic juice with bile (Walkowska et al., 2022).

A

Common bile duct

TAIL

Pancreatic duct Intralobular ducts

- Duodenum

Duodenal
papilla

Intralobular duct Islets of Centroacinar cell Capillary ~Betacell  Delta cell

Langerhans

ER

Intercalated
duct

Nucleus

Alpha cell ‘ \ — Islet of
\ ) Langerhans
PP cell

Figure 4.1: Schematic illustration of the pancreas and its exocrine and endocrine tissues. A.
The pancreas and its position next to the duodenum. B. The pancreatic duct branches into intralobular ducts
which branch into acini. Islets of Langerhans are dispersed within the acinar tissue. C. The acinar cells produce
zymogens and secrete them into the ductal system. D. Islets of Langerhans are composed of various endocrine
cells that secrete hormones into nearby capillaries. The two most common types are alpha and beta cells,
producing glucagon and insulin, respectively. (Own illustration)

The pancreas is both an exocrine and an endocrine organ (Walkowska et al., 2022). The

exocrine part consists of the ducts, as well as the acinar cells that secrete pancreatic enzymes
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(Figure 4.1B). The enzymes are cotranslationally inserted into the rough endoplasmic reticulum (ER)
and subsequently transported to, and processed, in the Golgi complex (Williams, 2006). The
inactivated enzymes (denoted zymogens) are then stored in vacuoles called zymogen granules,
from which they are secreted by exocytosis when needed for digestion (A-Kader and Ghishan,
2012). Secreted zymogens mix with an alkaline bicarbonate solution produced by the ductal cells to
become pancreatic juice with pH 8.0. The low pH in the duodenum aids in turning the zymogens
into active digestive enzymes. Proteases also aid in activating some zymogens by cleaving off
specific parts of the polypeptide chain. Bile contributes to emulsification of fat while the pancreatic

enzymes break down lipids, proteins, nucleic acids and starch (Walkowska et al., 2022).

The endocrine pancreas consists of Islets of Langerhans which are dispersed within the exocrine
tissue (Walkowska et al., 2022). An islet consists of a variety of endocrine cells, where the two most
abundant cells are alpha cells and beta cells (Figure 4.1D). Alpha and beta cells regulate blood sugar
by releasing the hormones glucagon and insulin, respectively. Delta cells secrete the growth hormone-
inhibiting hormone somatostatin. PP (Pancreatic Polypeptide) cells secrete pancreatic polypeptide,

which regulates a variety of endocrine and exocrine pancreatic functions (Walkowska et al., 2022).

4.2 Diseases of the pancreas
4.2.1 Pancreatitis

Pancreatitis is a condition of inflammation in the pancreas, either acute or chronic (Ashraf et al.,
2021). Acute pancreatitis (AP) is a temporary inflammation from which the pancreas can return to
normal. Gallstones are the most common cause of AP, followed by alcohol abuse. Other causes are
infection, genetic factors, mechanical trauma, medication, tumors, etc. Genetic mutations involving
the pancreatic enzymes are particularly infamous for causing premature enzymatic activation and
digestion of the pancreatic tissue. Many people with either type of pancreatitis suffer from
abdominal pain attacks. (Ashraf et al., 2021). The prevalence of AP increases with age and is

similar between men and women (A-Kader and Ghishan, 2012).

Chronic pancreatitis (CP) is characterised by long-lasting, irreversible inflammation and can be
caused by recurrent AP, alcohol abuse, genetic factors, autoimmune disease, duct blockage by
tumor, etc. (Luchini et al., 2020). CP leads to permanent damage to the pancreas’ structure or
function with morphological changes such as fibrosis, acinar atrophy and fatty replacement. The
loss of pancreatic function may affect exocrine enzyme output, leading to incomplete digestion.
Decreased pancreatic function could also affect endocrine blood sugar regulation, leading to

diabetes (Luchini et al., 2020).
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4.2.2 Pancreatic cancer

Pancreatic cancer (PC) is one of the deadliest types of cancer. The prevalence of PC is higher in
men than women, and it increases with age (/lic and llic, 2016). Risk factors for PC include alcohol
abuse, smoking, obesity, CP, genetic factors, etc. The ABO blood group has also been implicated
as a risk factor. Compared to subjects of blood group O, the subjects with blood groups A, B or AB
have an odds ratio of developing PC between 1.3 and 2.4. About 65% of patients with cystic
neoplasms in the pancreas develop PC. Moreover, development of PC may induce symptoms of
new-onset diabetes in patients, due to endocrine dysfunction (Yadav and Lowenfels, 2013).
Pancreatic adenocarcinomas account for about 85-90% of pancreatic cancer cases, while
pancreatic endocrine tumours account for about 5% of cases (Yadav and Lowenfels, 2013; Hidalgo
et al., 2015).

The most lethal type of PC is pancreatic ductal adenocarcinoma (PDAC) which makes up around
90% of PC cases (Halbrook et al., 2023). PDAC has a 5-year survival rate of 12%. These low rates
are due to few recognizable symptoms in the early stages which leads to late discovery and

diagnosis. Pancreatic lesions are the origin of about 90% of PDAC cases (Halbrook et al., 2023)

4.2.3 Diabetes mellitus

Diabetes mellitus is a group of diseases with a shared symptom of elevated blood sugar, also
called hyperglycemia (Cole and Florez, 2020). The symptom is caused by impaired insulin secretion
from the beta cells or reduced insulin sensitivity. The most common forms are Type 1 (T1D) and
Type 2 (T2D) Diabetes. T1D is an autoimmune disease where the beta cells (Figure 4.1D) are
attacked and destroyed by the patient’s own immune system. The patient can not produce insulin
and becomes unable to lower their blood sugar. Diabetes T1 is caused by both polygenic and
environmental factors and usually appears during childhood or adolescence. T2D is a condition
where glucose-storing cells become desensitised to the insulin produced by the beta cells. T2D is
also partially caused by genetic and environmental factors, but is more dependent on lifestyle

factors than T1D. Indeed, T2D usually appears in late adulthood (Cole and Florez, 2020).
Other forms of diabetes are monogenic and gestational diabetes (Schwitzgebel, 2014).

Monogenic diabetes is a term for the 2-5% of diabetes cases which are caused by a single defective

gene. The disease manifests either as reduced number of beta cells, or reduced beta cell
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functionality, which may lead to similar symptoms as T1 or T2. These similarities often lead to
monogenic diabetes being misdiagnosed as T1 or T2. In contrast to T1 and T2, the inheritance
pattern of monogenic diabetes is Mendelian and usually dominant. A subgroup of monogenic
diabetes is Maturity Onset of the Young (MODY), which is defined as beta cell defects leading to
diabetes by the age of 25 years (Schwitzgebel, 2014).

Examples of monogenic diabetes are neonatal diabetes and Maternally Inherited Diabetes and
Deafness (MIDD) (Bonnefond et al., 2023). Neonatal diabetes is a rare form of diabetes which
arises in newborns within their first 6 months of life, but usually passes in infancy. MIDD is a type of
diabetes which is inherited through the mitochondria of the mother and is often accompanied with

various symptoms such as hearing loss, seizures, and muscle weakness. (Bonnefond et al., 2023).

In contrast to T1D and T2D, some forms of diabetes do not directly affect the beta cells or insulin
sensitivity (Hart et al., 2016). Rather, inflammation and disease in the exocrine pancreas may
indirectly harm nearby beta cells. As mentioned, exocrine and endocrine pancreatic tissues are
highly interspersed (Figure 4.1B). Such diseases are labelled Type 3c Diabetes (T3cD), also
sometimes called secondary diabetes of the exocrine pancreas or pancreatic diabetes (Hart et al.,
2016; Wynne et al., 2018). Patients with T3cD may exhibit both increased and reduced insulin
sensitivity (Hart et al., 2016).

4.3 The pancreatic enzyme CEL

Carboxyl ester lipase (CEL) is a lipase found in pancreatic juice (Lombardo et al., 1978;
Blackberg et al., 1980). CEL hydrolyses cholesteryl esters and esters of fat-soluble vitamins (such
as vitamins A, D and E) (Lombardo and Guy, 1980). The enzyme specificity is broad, as CEL may
also hydrolyze amide bonds in lipid-like substrates (Hui et al., 1993) and ceramides (Nyberg et al.,
1998). The catalytic activity of CEL is stimulated by bile salts (Figure 11.8) (Bldckberg and Hernell,
1983). Bile salts are comprised of planar, steroid backbones which are hydroxylated and conjugated
to usually taurine or the amino acid Gly. Bile salts have one hydrophobic face and one hydrophilic
face, resulting in the amphiphilic property which makes bile salts into emulsifiers

(Maldonado-Valderrama et al., 2011).

In the literature, the CEL protein has been given different names, such as bile salt-activated
lipase (BSAL), bile salt-stimulated lipase (BSSL), bile salt-dependent lipase (BSDL), carboxyl ester
hydrolase (CEH) and cholesterol esterase. In this thesis, the gene will be referred to as CEL and the

protein will be denoted CEL.
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H[SUHVVLRQ LQ W KBIQSDLXFUHDIQAN RQ HW) POWKHUPRUH &(/ LV VHFUHW
PRWKHUfV PLONLQ D EURDG VHOHFWLRQ RI PDBRBEGWHW @RDXGCLQJ FL
HW DO :DQJDQG +DUWVXFEN

7KH UHJXODWRU\ HOHPHQ®(V YUKW RRQOLEFWKRZ LWV H[SUHVVLR(

$ 7$7$ ER[ KDV EHHQ GHWHFWHG DW DERXW ES XSVWUHDP IURP WKF

KXPD&/JHQHLGEHUJ HW DOHQHV FRQWDLQLQJ 7$7$ ER[HV DUH NQRZC

GLIIHUHQWO\ GHSHQGLQJ RQ VWUHVV IDFWRUV DA RISIS R XIG\ \M R/ FOROQ

$OVR VLWXDWHG LQ WKH T UHJLR Q& (U EIRXDV & & 55 ES\DAUHD P @ |

7KH &&$$7 ER[ LV D UHJXODWRU\ HOHPHQW ZKLFK L\

&&$%$7 HQKDQFHU ELQGLQJ SURWHLQV & (%3V IDPLO\ RI WUDQVF

WUDQVFULSWLRQ IDFWRUV DUH NQRZQ WR EH LPSRUWDQW IRU GLIIH

DQG PHWDBROMIPDQG JRNIYKH & (%3V IDPLO\PD\ERWK XS DQG GRZQl
WKDW FRQWDLQ BREHME7IERG )RND

7KH ESLPPHGLDWHO\ XS GWUWHDPFPQURPLVBMWH RQ LOQLWLDWLRQ VLW
VHYHUDO ELQGLQJ VLWHV IRU WKH WUDQVFULSWLRQ IDFWRUYV $3 $F
DQRG 63 6SHFLILFLWXSORWINMNMQO &ROOHFWLYHO\ WKHVH WUDQVFUL
YDULRXV UROHV LQ GLITHUHQWLDWLRQ DSRSWRVLV FHOO F\FOH JL
.DGRQDJD HW D®@JHQ HW DOG-LOJHU (YHUVKHLP+HW\DIOW DO 7KH 1
XQWUDQVODWHGAWHRLEROLKI WHODWLYHO\ VKRUW DQG WKHUH LV QR L
H[SUHVVXRQU HW DO

7KH SULPDWH JHQH G XS Gl FPMIKRQKDWHQKDBILPSOLFDWLRQV RQ WK
WUDQVFULSWLRQ 7KH QHZ FRS\ VHHPV WR KDYH DGDSWHG WR GLI
FRPSDUHG WR WK RHUJLHQDOQRU LQVWDQFH WKH WUDQVFULSWLRQI
&(/LVIXQFWLRQDOO\VLPLODU EXW P H F.OMMLL\XW LOOVR GG i WHUH Q W W
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6WUXFWXUH RI WKH &(/ SURWHLQ

&(/ LV FRPSULVHG RI D VLQJOH %RBDSH\EWIOGCHKFHKPKRQLQ FDQ EH GLY
LOQWR DQ 1 WHUPLQDO VLIQDOOLQJ SHSWLGH D FDWDO\WLF JOREXO
UHIJLR@XUH 7KH &(/ JOREXODU GRPDLQ BRRWOREQYV DERKWXE 8 WORID

b vVWUD®EM HW DO 7HU]\DQ HW DO 7KLV GLVWLQFW IROG SODFH
ab K\GURODVH IDPLORRDEVRWHROQWQRJ DQG +DUWVXFBHVLGXHV 6HU
$VS DQG +LV IRUP WKH FDWDO\WLF WULDG ZKLFKLBW FVIXF IHDAD D R

'L3IHUVLR DQG +XL

7KH WHUP 9175 LV VWULFWO\ VSHDNLQJ RQO\ VXSSRVHG WR EH X
QXFOHRWLGH VHTXHQFHYV <HW WKH WHUP LV VRPHWLPHYVY XVHG 1
VHTXHQFHV ZKLFK DUH HQFRGHG E\ 9175V 7KLV LV SDUWO\ GXH WR
DFFHSWHG WHUP IRU WKH UHSHDWHG SURWHLQ VHTXHQFHYV WKHPVF
FROOHFWLYHO\DGGUHVVY WKH UHSHDWV LQ ERWK WKH '1$ DQG WKH H
EHFRPHVY FRQYROXWHG WR WU\ WR XVH GLITHUHQW WHUPV IRU WKH W
WHUP 9175 IRU ERWK WKH '"1$DQG LWV HQFRGHG SURWHLQ VHTXHQFH

7KH QXPEHULQJ RI DPLQR DFLG UHVLGXHV LQ WKH &(/ SURWHLQ C
VRXUFHV 7KLV LV PDLQO\ GXH WR WKH GLIITHULQJ SUHIHUHQFHV WR
SHSWLGH 6HH H[DPSOHV LQRKIKKH) DURQ HOWHBRORPAY DQG &RPDQG
7TRXYUH\ HW DO,Q WKLV WKHVLVY WKH DPLQR DFLGV ZLOO EH QXPEHU
SUHVHQW?2DV LV GRQH LQ WKH 8QL3URWVHTXHQIFXIURHGKXBO DR\ (ERW I
QXPEHULQJ VA\VWHPV IRU HDV\ FRPSDULVRQ 1RWH DOVR WKDW WKH
EHWZHHQ VRPH VRXUFHV ,Q WKLV WKHVLV WKHVLJQDO SHSWLGH LV
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JLIXUH$SQQRWDWHG IHDWXUHV R ISMIOH & (VW BWIRGVGIREDLQV DQG UHJLRQV F
ZLWK 9175 UHSHDWV 1XPEHUVY GHQRWH WKHDPLQR DFLG SRVLWLRQV IRU
SDUHQWKHVHY GHQRWH SRVLWLRQV LQ &(/ ZLWKRXW VLIQDO SHSWLGH 2
WULDG 6HU $VS DQG +LV GLVXOILGH ERQGV &\V 1 8OAFRDDD WM C
$VQ SKRVSKRU\ODWLRQOAKBV\ODNER®Y WOVVBU\VWDO VWUXFWXUH RI k
JOREXODUGRPDLQ 3'P%%DFFKNWVKROW LY FRORXUHGEOXH +HOLFHVDUHFRO
LQ 3\02& 7TKH VWUXFWXUH YLHZHG IURP D GLITHUHQW DQJOH WKDQ LQ % 'LVSES
WKH HG JHb RV RAHKHWV 2ZQ LOOXVWUDWLRQ

&(/ VWUXFWXUH IURP 6 7HU]\DQ & 6 :DQG ' 'RZQV % +XQWHU DQG; & =KDQJ &U\VWDO VWUXFW XBHRW MWKHEFL\WQOMHW L F (

+ MDQ ,661 ;. GRL36

7KH &(/ SRO\SHSWLGH XQGHUJRHV VHYHUDO FR WUDQVODWLRQDC
370V VHH DQQRWIDIWURRYV IKVLGXH $VO JOLWMRV\ODWHG ZKLOH WKF
SDUWLFXODUO\2DEX\FEVQODWWQRQV ZKLFK DUH FRYDOHQWO\ ERQGH
%DED HW DO 7KH &(/ JOREXODU GRPDLQ KDV WZR GLVXOSKLGH
&\V &\V DQRQGDQRWKHU EHWZHRAD&E N HWE8® 7KH JOREXODU GRPDL(
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KDV D SKRVSKDWH JURXS DWWDMAFKBOG W)R. HRAUHDUWL.QH HW DO+ XPDQ

&(/ ZLWK 9175 HQFRGHG UHSHDWYV KDV D SUHGLFWHG SURWHLQ PDYV
REVHUYHG VLIHLV DERXEMDOUGRMW DSULPDULO\ GXIFOWRWIOHDWLRQV L
9175

7KH UROH RI WKH &(/ 9175 UHJLRQ KDV QRW EHHQ FOHDUO\ LGHQWL
VHTXHQFH ZKLFK LV D VHTXHQFH DEXQGDQW LQ UHVLGXHV 3UR 3 *
VHTXHQFHV DUH NQRZQ WR WDUJHW SURWHHBNKVRWB BQRW B R G\MNRUHG M
&RQWUDGLFWLQJO\ WKH 9175 PD\ SURWRRW H\/ | URP ZHDIO DE DKW QRSO
IURP GLPHUL]LQJ DQG IRUPLFRIPIHN DIQEDMHRI@PW KDV EHHQ VXJJHVWH
WKHIJO\VFRV\ODWLRQV RQ WKH 9175 SUHYHQW &(/ IURP ERPEYWDUJHW
/IRRPHVY DQG 6HQLRXUWKHUPRUB\MRWMHODWLRQV DUH D SUHUHTXLVLW
%UXQHDX HW DO

,QGHHG WKH 9175 KDV EHHQ IRXQG WR KDYH QR HIIHFW RQ WKH H
DIJDLQVW HPXOVLILHG DGV GEGRWXHEWWHWOWHNEHUJ HW D@Q FRQWUDVW V
9175 RI UDW &(/ ZzDV IRXQG WR KDYH D VPDOO LQKLELWRU\ HIIHF\
ZDWHU VROXELOLYRGWUXXESKHQDY HEXW\UDWH DW ORZ WDBUHRNFKROD
HW DO 7KH GLITHUHQW ILQGLQJY FRXOG EH GXH WR WKH VWXGLHV |
VROXELOLVDWLRQ RUBB FRIPE HQDMNALRQ

2QH SURSRVHG QRIOHARRWRBWLRQV LV WRLPSRVHD ULJLG VWUXFW._
WR P XFIRRWHV -RKDQVVRQ HW DXFLQV DUH JO\FRSURWHLQV VHFUH
HSLWKHOLDO WLVVXHV DQG DUH UHVSRQVLEOH IRUIRUPLQJ PXFXV O
DQG QRQ FRYDOHQW LOQWHUDFWLRQV WR IRUP YLVFRXV RU JHO OLN
PXFLQV DUH ODUJHO2 BRPERWVK® RIHG 3 (6 7TBWHORKQ BPKRWG '"HNNHU

7KR2 JO\FRV\ODWLRQV RQ KXPDQ &(/ 9175V DOVR VHHP WR PDWFK ZL
JURXSHOODV HW DOXFK $%2 DQWLIJHEQAQIHARDWHEBG/LRQV FRXOG MXVW EH
WKH EORRG JURXS RU LW PD\EHDQDGYDQWDJHRXVY WUDLW )RU HJ[LC
PD\LQWHUDFW ZLWK JO\FDQV RQ SURWHLQV ZKLFK FRXOG-HDBWDQHIL
HW DO
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JROGLQJ PRGLILFDWLRQ DQG VHFUHWLRQ RI &(/

7KH IROGLQJ DQG PRGLILFDWLRQ RI &(/ LV D PXOWL VWHS SURFF}
RUJDQHOOHVY DQG LOWUDFHOOXODU ORFDOLVDWLRQV 1RW DOO WK
&(/ EXW VRPH SDWKZD\VDUH NQRZQIRUVHFUHWRU\ SURWHLQV LQ JH

'XULQJ WUDQVODWLRQ RID VLJQDO SHSWLGH LQ WKH F\AWRVRO WK
(5 E\FR WUDQVODWLRQDO WUDQVORFDWLRQ 2QFH WKH SRO\SHSWL
FOHDYH&DRIW]HO HW D®W WKH VDPH WLPH DV WKH FR WUDQVODWLRQ
UHVLGXH $VQ LV PRGLILHG ZLWX JD{KRYKOBDMQA@ERV HIQG 'HNNHU
$ERXDNLO HW DTKH JO\FRV\ODWLRQ LV LPSRUWDQW IRU FRQWLQXDW
DQG DOVR LQFUHDVHYV WKH HQ]\$ERMXIDAND BWIMW DMURIDSLRQ RI WKH GL'
ERQGV &\V &\V DQG &\V &\V DUHDOVROLNHO\WR RFFXUFR W
FRPPRQ IRU RWK HIKSIQRHMWHR Q¥XOOHL G

$IWHU SURFHVVLQJLQ WKH (5 &(/LV WUDQVSRUWR GGORRWK 8 DRQ R
RI WKH 9175 LV OLNHO\ SHUIRUPHG HLWKHU LQ WKH WUBQVROWILRQ Il
BWURXV DQG 'HNNHUKHQ WHKE\FRVI\ODWLRQV DUH H[SDQGHG GXU
WUD®DJL $OVR JIJGMKRV\ODWLRQ LV FKDQJHG IURP WKH "KLJK PDC
FRQILJXUDWLRQ SUREDEO\ZKBEWHRBRKWY QG WKMNMRYDIQO\ UHVLGXH 7}
LV SKRVSKRU\ODWHERDQ WO ORZLQJ IRU &(/ WR FRQWLQXH LWV VH
I\PRJHQ JUDQKNOHYH HW DO

SDWKRJHQLF &(/ YDULDQWYV

&(/ LV D KLJKO\ SRO\PRB &R QN YR@HHW DDARVW Rl WKH YDULDWLRQ LV
9175 ZKLFK PD\ H[SDQG RU FRQWURFNW RK\EWLGXEMHAEWKWR VLQJOF
VXEVWLWXWLRQV GHOHWLRQV DQG LQVHUWLRQV 6HYHUDO KXPDQ
SDQFUHDWLF GLVHDVH L-@RKDXQW/LVRIQCH\N EMEWHHS/D WKRIHQHVLY VHHPV W
SDQFUHDWLWLV ZKLFK LWVHOI LQGXFRY BLDER W WVDIIXKG $H YOLE D Q&
DUH OLWWEGHD®Q G DUH IXUWKHU GHVFULEHG EHORZ

R



ODVWHU 7KHVLYV DW 8L% 5XQH + 1DYDUVHW|

7TDEOH2YHUYLHZ RI KXPDQ &(/ YDULDQWYV ZLWK D FRQILUPHG RU SRVVLEOH ¢
WR QRUPDO &UHGLFWHG OHQJWK VLIHDQG S, DUH GHULYHG IURP &(/YDULD
9DOXHV IRU &(/ '(/ ZHUHHVWLPDWHG IURP WKH FRUUHVSRQGLQJOLWHUDW X
QXPEHU RIUHSHDWYV QXPEHURIUHSHDWY ZLWK DW\SLFDO UHVLGXHV DUH V
VKRZV ZKHWKHU WKH SRVW 9175 VHTXHQFH LY SUHVHQW RU LILW LV DEVHQV
HI[SODQDWLRQYfFROXPQJLYHV EDFNJURXQG LQIRUPDWLRQ RQ WKH JHQH ZKI
VHH WKHHQG RI WKH WKHVLV

&(/ YDULDQW /HQJWK DD 6L]JHS5N'HD®,YV 3RVW 9175 *HQHWLF GHVFULSWIHUDWXUH

&(/ :7 <HV %HQLJQ ORVW FRPPRQOUINEPAKDLULD QW

&(/ "/ 1R 3RLQW GHOHWLRQ LQ UHSHIHW HW DO

&(/ (1 1R 3RLQW GHOHWLRQ LQ UHSHIHW HW DO

&(/ "/ 1R 3RLQW GHOHWLRQ LQ UHSHO®WHJULQL HW DO

&(/ +<% 1R 9175 H[RQ H[FKDQJHG ZLYWKHQG3IHW DO

&(/ 5 '$1 <HV 'DQLVK YDULDQW ZLWK 7RBI\SHDWHW D O
&(/ 02'<

&(/ 02'< RU 02'< LV D SDWKRJHQLF JDLQ RI IXQFWLRQ &(/ YDL
GRPLQDQW LQKHULWDQFH SDWWHUQ &(/ 02'<LV FDXVHG E\ VLQJOH G
IUDPHVKLIV&Y/L9Q WKGHGHU HW DO-RKDQVVRQ HW D&/ '(/ &(/ '(/

DQG &(/ '(/ DUH WKUHH NQRZQ YDULDQWY ZLWK GHOHWLRQG®HIQ UHS|
HW DO 3HOOHJULQL HW DKHVH YDULDQWY DUH NQRZQ WR FDXVH S
G\WIXQFWLRQ DQG GLDEHWHYV ZLWK GRPLQDQW LQKHULWDQFH SDWW
DQG QHZ DPLQR DFLG UHVLGXHV WR WKH 9175 OLNH &\V DQG $UJ D\
5 GHU HW DO )RUPDWLRQ RI LQWUDPROHFXODU GLVXOILGH EULGJH
EHOLHYHG WR EH DQ LPSRUWDQW IDFWRU LQ LQWUWIRFHI\® ©®X0 DKIHD JJ U +
SDWKRJHQHVLY SRVVLEO\EHJLQV ZLWK FHOO GHDWK LQ I FHDIDW W QV"
WKH HQGRFULQH SDQFUHDV DUH VXEVHTXHQWO\ DDKEWRADBQBW BBF

&(/ 02'<LVD GLVHDVH ZLWK D KLVWRU\RI ERWK IDOVH SRMOALXWH D C
HW DO ODQ\UHVHDUFKHUVY KDYH DVVLJQHG &(/ 02'< WR SDWLHQWYV
ZKLFK GR QRW IXOILOO WKH FULWHULXP RI IUDPHVKLIW DQG DUH XQ(
JXUWKHU WKHVFUHHQLQJRI&(/ 02'<LV GLIILFXOWWR SHUIRUP 7KLV
DQG ORZ ILGHOLW\ VHTXHQFLQJ DUH RIWHQ XQDEOH GHWHFW D VLQ
PD\JR XQGHWHFWHG 2 IDOVH QHJDWLYHYVY 3URSHU VFUHHQLQJ RI &(/
DGGLWLRQDO 3&5 VWHSV DQG K L- HO O.BBHIDWWOVHTXHQFLQJ

R
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&(/ +<%

&(/ +<% LV D YDULDQWE(QJIZHQH KDPAVKHBHFRPEL@K/G YHWX & RUIMHHD G
HW DO 7KH UHFRPELQDWLRQ KDV &FPDQWUHRQE B BDIBEYURQ T+ 1
YLIXUH 7KH UHVXOW LV D WUXQFDWHG &(/ SURWHLQ ZLWK D J(
&(/3 HQFRGHG & WeHUPE®D® D JHQHWLF ULVN IDEFWRU IRU FKURQLF SD
UDWLR RI LQ *HUPDQ DQG )UHQFK SRSXODWLRQV 7KH KHWHUR]J\JR
WKHVH SRSXODWLRQVYMHOB BIBVRX®W XGLHV LQ FHOOXODU V\VWHPV D¢
LQGLFDWHG WKDW WKH GLVHDVH PHFKDQLVP LV OLQNHG WR LPSDLU
DQG (5 VW)WMHO/G HW DEDVVLG\ HW DMHOG HW DO R HW DO

&(/ +<%LV DQ HWKQLF VSHFLILF YDULDQW ZKLFRKXLNVWQRW REYHUYH
FRQWWIN W< %LV D GLIITIHUHQW YDULDQW ZKLFK LV GHWHFWHG LQ VR
DYHUDJH FDUULHU IUHKI(XHQKLRID UHVXOW RI K\EULGLVDWLRQ EHWZH

LQWKHDQ&(/3JHQHV 7KLV K\EULGLVDWLRQ SURGXFW UHVXOWYV LQ
ZKLFK OLNHO\ OHDGV WR QRQ VHQV&(PH&®HPYWHGC GHROHA Rt WILKH
EDUHO\H[SUHVVHG LIDWDOO DQG IARXQOLNBO\ WR EH SURWHRWRJL

9175 OHQIJWK YDULDQWYV

$V SUHYLRXVO\ WWDWHAS LWKHIJIKO\ SRO\PRUSKLF 7DQGHP UHSHD
XQVWDEOH DQG PD\H[SDQG RUUHWUDFWP@ VKR UWWXRDRCRSXFRO@MNIL\F
KDY&(/ 9175V ZLWK YDU\LQJ QXPEHUNKRKU HSHDBHWVQIWVVRQ (OOPDUN
7TRUVYLN HW POHOG HW DO7K&(/ DOOHOH ZLWK UHSHDWYV LV WKH
DQG DFFRXQWV IRU DERXW+LJRFBIOBVD OOHDHWWVRQ (OOPDUNRKLW DO
FRPPRQ YDULDQW LV NQRZQDV &(/ 5RU&(/ :7 $OOHOHV ZLWK RWKH L
EHFRPH UDUHU WKH PRUH WKH QXPEHU RI UHISIKFWY KBWYDDWHYV
%YHQIJWVVRQ (OOPDUNKWDNXJIHVWY VRPHHYROXWLRQDU\DGYDQWL

LQ WVBKH9175

7KHUH LV OLWWOH GHFLV&Y/HHYLOHQBEWHKR W WIKCKWGHYLDWH IURP
SDWKRORJLFDO ,Q D VWXG\ RID&KH W HD\DH SVIKW L HROVWO\GED VW DW LVWLED
FRUUHODWLRQ ZLWK KRPRJ\JRVLW\ IRU VKRUW 9175 OHQJWKV DQG ¢
+RZHYHU WKLV VWXG\ DQG RWKHUV KDY H&K(D B ® H55 OMR) JIMOKG ZR RWKU Gl IO\DH
VXFK DV 3& RUDOFRKROLF &3 ,Q JHQHUDO WKHUH LV D QHHG IRU OD!
9175 OHQJWKYV FDQ LQ G X F IMH.OG BIWHDFOD@ RWIW DODR HW DO

R
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7TKH &(/ 5YDULDQW

&(/ 5LV D YDULDQW ZLWK RQO\ UHWBBDODYW\N LHOVWKHKELNV7/BDULDQW K
RQO\ EHHQ UHSRUWHG LQ LQGLYLGXDOV WKDW DUH DODXPHPEHUYV |
7TKH LQGLYLGXDOV ZHUH &HWHURG\ERXVILRG HLWKHU RU 9175 UH
RWKHU DOOHOH 1RWDEO\ & O5HFHSMWHRYHK BGWIKMW KHU GLDEHWHYV
WROHUDQFH RU LPSDLUHG IDVWLQJ JO\FHPLD 7RKHWQRKQ H\WD WWBVHUV Z|
ZLWKWKHDIRUHPHQWLRQHG VWXGLHV RQ 9175 OHQJWKV DQG SDQFU|
EHSHUIRUPHG WR FRQIL&P V6K DW VDIQMWVIKRAXNFHY GLDEHWHYV

JLIXUH3HGLJUHH RI 'DQLVK IDR(O\ZYWKLWRNVSUREDQG LV PDUNHG E\ DC
,QGLYLGXDOVILOOHG ZLWKEODFNFRORXUDUHGLDIJQRVHG ZLWK GLDEHWH\
ZLWK D SUH GLDEHWLF FRQGLWLRQ 7KH WZR &XPEHUU HNGIBDKY WHH KM UHM
DOOHOHYVY 1XPEHUV VHSDUDWHG E\" " LQGLFDWH DJH RI RQVHW DQG GLDJ(
JO\FHPLD ,*7 LPSDLUHGJOXFRVHWROHUDQFH ,16 LQVXOLQWUHDWPHQW
LQWKH9175 RIWKH FDUER[\O&K/N B D UDDWH DEKYH R1 PR QRIPDQ FHQ B W H BAAH \

* MDQ ,661 GRL6 5HSURGXFHG ZLWK SHUPLVYV
6SULQJHU 1DWXUH

, QWULQVLFDOO\GLVRUGHUHG SURWHLQ UHJLRQYV

, QWULQVLFDOO\ GLVRUGHUHG SURWHLQV ,'3V DUH SURWHLQV \
LQWULQVLFDOO\ GLVRUGHUHG UHJLRQV ,'5V ,'5V DUH SRO\SHSW
FRQVLVWHQW IROG RU WKUHH GLPHQVLRQDO VWUXFWXUH ,QVWHLEL
PXOWLSOH VHPL VWDEOH FRQIRUPDWLRQV YoHXFDDW HG/VELI®WD HQWH U.
DZHOO GHILQHG WHUWLDU\ VWUXFWXUH LV QRW DQLEWRDYW H\FRQV

GHVSLWH WKH SUHYLRXV DVVXPSWLRQV RI WK PADWBIXHW ROH | X
,'5V PD\WKHUHIRUH SOD\LPSRUWDQW IXQFWLRQDO UROHV DQG KDYH
FROVHUYDHN®R XFKHYD HW DOQ WKLV WKHVLVY WKH WHUPV ,'3V DQG ;'
LQWHUFKDQJHDEO\ ZKHQHYHU ERWK PD\ DSSO\
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7KH SUHVHQFH RI ,'5V LV IUHTXHQWO\ VHHQ LQ SRO\SHZRARSMHV HQ
W KDV EHHQ SURSRVHG WKDW WKH JHQHWLFDOO\ XQVWDEOH W
H[SDQG LQWR HYROXWLRQDULOVBBSDQWDIHRIVHBEOERWQRZQ WR E
FRPPRQ LQ RUJDQLVPV ZLWK KLJKHU JHQRPLF FRROHLWW DXOFK DV
'DUG HW DO

7KH IRUPDWLRQ RI VRPH FHOOXODU VWU XFW X&KLQPDQ G R4 QDA 0Q Q
7\SLFDOO\ RUJDQHOOHV VXFK DV WKH (5 RU *ROJL DUH GHOLPLW
RUJDQHOOHV RUFHOOXODU VWUXFWXUHV GR QRW KDYH VXFK D GHILC
D PDVV KHOG WRJHWKHU E\ D YDVW QXPEHU RI ZHDN IRUFHV 6XFK PL
DQG PD\ FRQVLVW RI D PL[ RI SURWHLQV 51%V '1$V RU RWKHU FRPSR
G\QDPLF VWUXFWXUHV 7KH\KDYH D OLTXLG OLNHFRQVLVWHQF\DQG
WHPSHUDWXUH DQG WKH FRQFHQWUDWLRQ RI FRPSRVLWHYV 3URWHL
7KH ,'5V XVXDOO\ FRQWDLQ PRVWO\ SRODU RU FKDUJHG UHVLGXHV VX
$UJ $URPDWLF UHVLGXHV VXFK DV 7\U DQG 3KH DUH VRPEWL® BQYGQW
%UDQJZ\QQH

,"3VKDYH EHHQ GLIILFXOW WR VWXG\IRU VRPH WLPH 7KH VWUXFW
KDYH WUDGLWLRQDOO\ EHHQ VWXGLHG XVLQJ UHJXODULVHG PDFU
WHFKQLTXHV VXFK DV ; Ub\ FU\VWDOORJUDSK\ 1XFOHDU ODJQHWLF
PLFURVFRS\ &BWK(UDOPP HW DO ,Q FRQWUDVW WKH QXPHURXV FRQIR
PDNH WKHP PRUH GLIILFXOW WR FU\VWDOOL]H RUUHJXODUL]H $OVR
WKH ZLGHU FRQIRUPDWLRQDO ODQGVFDSH DQG G\QDPLFV RI WKH G
VDPSOHV DUH RIWHQ VWUXFWXUDORS B8 W MWUIRAMH®IR XV DX ER\IVV WK H
YDULRIQ\FRV\ODWLRQV RI &(/

BWXG\LQJ ,'3V IDYRXU XVLQJ VROXELOLVHG VDPSOHV DQG D FRPEL
DQJOH ; UD\ VFDWWHULQJ 6$;6 PDVV VSHFWURVFRS\ 06 FLUFXOD
105 LQIUDUHG ,5 VSHFWURSKRWRPHWU\ HWF 7KHVH WHFKQLTXHV :
DWRPLF SRVLWLRQV EXW UDWKHU ORZ UHVROXWLRQ GDWD DERXW F
VWUXFWXUHV HWF )LQDOOLQ BMCEVFREFRVW X'W DAMVG. R @ BIOWDH PKH DXOH \

R
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OROHFXODU G\QDPLFV

OROHFXODU G\QDPLFV 0" LV D FRPSXWDWLRQDO WHFKQLTXH L
VLPXODWHG WR SUHGLFW PRYHPHQWY FRQIRUPDWLRQV DQG LQWHL
DSSOLFDWLRQV RI1THZWRQfV ODZV RI PRWLRQ RQLQGLYLGXDO DWRP
LV FDOFXODWHG IURP LWV YHORFLW\DQG DFFHOHUDWLRQ 7KH DFF|
HTXDWLRQV RI WKH IRUFHVY WKDW DFW RQ WKH DWRP 7KH SRVLWLRQ'
WA\SLFDOO\ D IHZ IV IHPWRVHFRQG/NHDEHKWZHH) NBIF K HQWAHISDO O\ SHU
WKHVH VWHSZLVH FDOFXODWLRQV DQO'"VLPXODWLRQ PD\ SUHGLFW
DGHVLUHG DPRXQW RI VLPXODWHG WLPH ,QFUHDVHG FRPSXWDWLRC
IRUVLPXODWLRQ RIODUJHU VIVWHPV DQG LQ KLIKHU TXDQWLWLHYV

$IRUFHILHOG LV D FROOHFWLRQ RIYDULRXVIRUFHVDQG WKHLU ZH
VLPXODWLRQ ([DPSOHV RIIRUFHV GHILQHG LQDIRUFHILHOG DUHHO
DQG QXPHURXVY ERQG IRUFHV WKDW GHILQHLGHDO GLVWDQFHV DQG D
7KH IRUFH ILHOGVY KDYH KLVWRULFDOO\ EHHQ DGMXVWHG WR EHVW L
SURWHLQV +RZHYHU WKHVH IRUFHILHOGY PD\ KDYH RYHUHVWLPDW
IRUP VHFRQGDU\ VWUXFWXUHYVY DQG KDYH WKHUHIRUH XQGHUHVWLPI
,'3VKDV KLVWRULFDOO\EHHQ LQDFFXUDWH 2QH VROXWLRQ WR WKLYV
RI WKHLOQWHUDFWLRQV EHWZHHQ SURWHLQV DQG ZDWHU PROHFXOH
VROYDWHG DQG OHDMMFRPSPRWH Rl WKHVH QHZHU IRUFH ILHOGV LQFC
+XDQJHWDODQG $PEHUIlI 69%RBXVWHOOL HW DO

$LP RI WKH SURMHFW

7KH RYHUDOO DLP RI WKLY SURMHFW ZDV WR REWDLQ QHZ NQRZOF
9175 DQG KRZLWPD\OHDG WR SDQFUHDWLF GLVHDVH 7KHPDLQ IRFX"
WKH VKRUW &(/ YDULDQW RI VXVSHFWHG SDWKRORJ\ WKDW SUHYLRX\
ZLWK GLDEHWHYV

7KH VSHFLILFREMHFWLYHYVY ZHUH DV IROORZV
1&RPSDUH VHTXHQFHV RI YHUWHEUDWH &(/ 9175V E\ D SK\ORJHQHW
T QYHVWLIDWH IXQFWLRQDO SURSHUWLHV RI WKH &(/ 5YDULDQW I

F3UHGLFW WKH FRQIRUPDWLRQV RI WKH & (/2 3 O®UFRVI0WW LLRIG/ AN
VLPXODWLRQ

R
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ODWHULDOYV

7TDEOH%DFWHULDO WUDQVIRUPDWLRQ DQG SODVPLG SUHSDUDWLRQ

ODWHULDO 6XSSOLHU &DW QXPEHU

$PSLFLOOLQ 6LIJPD $OGULFK

1% % URWK 6LJPD $OGULFK 7% %
2QH6KRW 723 &RPSHWHQW EDFWHULD& ,QYLWURJIHQ
4,3ILOWHUOLGL "1$ LVRODWAL(RQ NLW

7( EXIITHU B3DQ5HDF $SSOLFKHP $

7TDEOH 30ODVPLBYRSHUWLHY RI DOO WKH DSSOLHG SODVPLGV LQ WKH VWXG
QXFOHRWLGH OHQJWK RI WKH SODVPLGV fY3URWHLQ OHQJWKYT YDOXHV UHI
&(/ YDULDQWYV &(/ 7581& KDV D VWRS FRGRQ SULRUWRD9 +LV WDJ ZKLFKL

30DVPLGV 30DVPLG OHQJWK ES 3URW OHQJWRULD Y&NFINSROUMHFWRU VXSSOLHU
&( 7 *LIW IURP 6W /RXLV ODE SF'I@YLWURJHQ

&(/ 5 86% *LIW IURP 6W /RXLV ODE SF'I@YLWURJHQ

&(/ 5 '$1 *LIW IURP 6W /RXLV ODE SF'I@YLWURJHQ

&(1 +<% *LIWIURP 6W /RXLV ODE SF'1I@YLWURJHQ

&(/ 7581& OROYHQ ODE JURK'SS$ 9 +LV % ,QYLWURJHQ
(9 SF'1$ ,QYLWURJHQ

7TDEOH 3ULPHUV XVHG IRU 3&5 DQG 6DQJRUZHUG DQBELQAYHUVH SULPHUV DU
11ZzGIYDQG fUHYY UHVSHFWLYHO\ $00 SULPHUV ZHUH VXSSOLHG E\OHUFN

3ULPHU G6HTXHQFH T 1 %LQGLQJ VLWH
7 12G 7$$7$8*$&TES&TSTS*++ 7 SURPRWHU

&) 1ZG 78&3887T7&$$&TS&E*T &(/ H[RQ

%5 UHY 7**&7&*&&**$T7* &(/ H[RQ

Y 1ZG &&*&&*$&$TE*S&TS &(/ H[RQ

&5 UHY &7&&T7&&*T*$&TT7& &(/ H[RQ

'5 UHY 738 *$$$$&$*&**& &(/ H[RQ

() 12G 83838387 *$$&&&T &(/ H[RQ

/) 126G *7&&ETES&TESTTETT&TST**&$$& &(/LQWURQ
9175 5 UHY 7&&7*&$*&77$*&&77*** &(/ GRZQVWUHDP

%r+ UHY 7$*$$* &SRS T S+ EJKBRO\$ VLIQDO

R
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7DEOH+XPDQ '1$ VDPSOHV XVHG LQ VHT&H QR RGVRI OMKN QXPEHU RI 9175 UH S
L@&(/ DOOHOHV 7KH 'DQLVK IDPLO\VDPSOHY KDG DOOHOHV ZLWK NQRZQ UH?
VDPSOHV VHUYHG DV VHTXHQFLQJ FRQWUROV DQG WKHLU UHSHDW QXPEH!
FRUUHVSRQGHQFH

6DPSOH ," 2ULJLQ $OOHOH $OOHOH

0 'DQLVK IDPLO\

0 'DQLVK IDPLO\

0 'DQLVK IDPLO\
% 3DQFUHDV %LREDQN
% 3DQFUHDV %LREDQN

1XPEHURI 9175 UHSHDWYV ZHUH NQRZQ IURP 7RUVYLN HW DO OXWDWLRQV LQ WKH 91
DUHDUDUHFDXVHRIPRQRIFADQFBQBRHWWY MDQ ,661 GRL6

7TDEOH3&5 UHVWULFWLRQ GLJHVWLRQ DJDURVHJHO HOHFWURSKRUHVLV D

ODWHULDO 6XSSOLHU &DW QXPEHU
ORJ'1$/DGGHU 1HZ (QJODQG %LR/DEV 1 6

*& %XIIHU , 7DNDUD 6'

%DP +, 1HZ (QJODQG %LR/DEV 5 6

%HWDLQH 6LJPD %

%LIJ'\H7HUPLQDWRU ; 6HT %HPIBHOULHG %LRV\VWHPV
%LI'\H7HUPLQDWRU Y SHDG\UHDFWLRQPL[ $SSOLHG %LRV\VWHP

G173 OL[WXUH 7DNDUD 6'

(W% U $PUHVFR ( 0/
([R3UR6WDU &\WLYD 86

*HO /RDGLQJ % XIIHU 6LJPD * 0/

/$ 7DT 7DNDUD 55 $*
OLFUR$PS 2SWLFDO ZHOO UHDFWLRQ SODWH $SSOLHG %LRV\VW
OXOWLVFUHHQ ZHOO SODWGLOOLSRUH 0$+91
1(%XIIHU 1HZ (QJODQG %LR/DEV % 6
1X6LHYH *7* $JDURVH /IRQ]D %LRVFLHQFH
BHSKDGH[ * 6LJPD * *

7% ( EXIIHU 3DQ5HDF $SSOL&KHP  $

R



ODVWHU 7KHVLYV DW 8L% 5XQH + 1DYDUVHW|

7TDEOH&HOO FXOWXUH

ODWHULDO BWRFN FRQF 6XSSOLHU &DW QXPEHU
&HOO FXOWXUH SODWH ZHOO 6DUVWHGW

&HOO VFUDSHU JLVKHUEUDQG
F2PSOHWH OLQL ('7$ IUHH 3URWHDVH LQKLERWIRN "WDEDRWWWLEV *PE +
'0(0 : *LEFR

'3%6 : *LEFR

'XDO &KDPEHU &HOO &RXQWLQJ 60LGHYV %LR5DG

) % 6 : *LEFR

+(. &HOO OLQH $78&& &5/
/ILSRIHFWDPLQH 7UDQVIHFWLRQ NLW ,QYLWURJHQ /
/LSRIHFWDPLQH ,QYLWURJHQ

237, 0(0 : *LEFR

5,3$ EXIIHU ; 7KHUPR 6FLHQWLILF
BHURORJLFDO 3LSHWWH P/ 7KHUPR 6FLHQWLILF 1
6HURORJLFDO 3LSHWWH P/ 6DUVWHGW
BHURORJLFDO 3LSHWWH P/ 6DUVWHGW
6HURORJLFDO 3LSHWWH P/ 6DUVWHGW

7 FHOOFXOWXUHIODVN 6DUVWHGW

7 (DV<)ODVN 7KHUPR 6FLHQWLILF
7U\SVLQ ('7$ ; *LEFR

7DEOH6'6 3$*(DQG ZHVWHUQ EORWWLQJ

ODWHULDO 6XSSOLHU &DW QXPEHU
$OEXPLQ 6WDQGDUG 7TKHUPR 6FLHQWLILF
%ORWWR 1RQ )DW 'U\OLON &KHP&UX] *

%ROW %LV 7ULV 30XV PP ; ZAONMAVURJIHQL: % 2;
%ROW %LV 7ULV SOXV PP, QZ/HOWMURJIHQL: % 2;
&KURPDWRJUDSK\ SDSHU :KDWPDQ

(&/ 3ULPH :HVWHUQ %ORWWLQJ 'HWHFWLRQ 5B®DUHQW $ $PHUVKDP
(&/ 3ULPH :HVWHUQ %ORWWLQJ 'HWHFWLRQ 5BDUHQW % $PHUVKDP
(&/ 3ULPH :HVWHUQ %ORWWLQJ'HWHFWLRQ 5B®UHQWY $PHUVKDP

(0685( OHWKDQRO OHUFN
1X3$*( $QWLR[LGDQW ,QYLWURJHQ13
1X3%$*(/'6 6DPSOH %XIIHU ; ,QYLWURJHQ13
1X3%$*(6DPSOH5HGXFLQJDIJHQW, QYLWURJHQ13
1X3%$*(7UDQVIHU % XIIHU ; ,QYLWURJHQL3
3%6 TDEOHWYV *LEFR

SBLHUFH %&%$ 3URWHLQ $VVD\ NLW7KHUPR 6FLHQWLILF
BLHUFH %&%$ SURWHLQ $VVD\UHDJIKKQWR 6FLHQWLILF
BLHUFH %&%$ 3URWHLQ $VVD\UHDJIKIQUWPR 6 FLHQWLILF

B3LHUFH (&/ 30XV TKHUPR 6FLHQWLILF
SUHFLVLRQ 30XV 'XDO &RORU LR 5DG

SBUREXPLQ %6%$ 3RZGHU 6LIJPD $OGULFK

39') TUDQVIHU OHPEUDQH —P 7TKHUPR 6FLHQWLILF

5HVWRUH 3/86 :HVWHUQ %ORW 6 WKHSPIRQEIFN N QWWILF
5HVWRUH 3/86 :HVWHUQ %ORW 6WHKHSPIRQEIFI M QWUWILF
7UDQV %ORW 7XUER 7UDQVIHU 3 DFANR 05BGE
7UDQV %ORW 7XUER 7UDQVIHU 3 DFANR0LMGE
7:((1 6LJPD 3 0/
89 ZHOO SODWH &251,1*

R
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7TDEOH$QWLERGLHY XVHGLQ ZHVWHUQ EORWWLQJ

$QWLERG\ 7\SH 3URGXFHGLQ 'LOXWLRQ ,QFXEDWLRQ &DBXSG@OREWU UHI

DQWL &(/ f SDEELW 2YHUQLJKW f& *LIWIURAB®GW HWRXLOY¥ ODE
DQWL $FWLR ORXVH K 57 6LIJPD $ 8

DQWL UDEELW +53 f *RDW K 57 ,QYLWURJIHQ

DQWL PRXVH +53 f *RDW K 57 ,QYLWURJIHQ

7TDEOH,QVWUXPHQWYV XVHG LTKWIOHL $WRMHMFRARURXJK EXW QRW H[KDXVWLYH

,QVWUXPHQW 8VH 6XSSOLHU

$%, [/ *HQHWLF $QDO\]HU 6DQJHU VHTXHQFLQ$SSOLHG %LRV\VWHPV

$FFX6SLQ OLFUR 5 &HQWULIXJDWLRQ )LVKHUVFLHQWLILF

%HW]\ VXSHUFRPSXWHU 5XQQLQJO0' VLPXODWRRQ@HJILDQ 5HVHDUFK ,QIUDVWUXFWXUH ¢
* 9%2; L&KHPL ;5 "HVWHUQ EORW LPDBLNQJHQH

*HQH)ODVK '1$ LQ DJDURVH JHO LPDJLQJ 6\QJHQH

3RZHU3DF (OHFWURSKRUHVLV SRZHU VXSSO\ %LR 5DG

4,$H[SHUW "1$ VSHFWURSKRWR R HW(U\

6DIHW\ &DELQHW +(5$VDIH .66 WHULOH IORZ KRRGHQGUR /DERUDWRU\3URGXFWV *PE+
6WHUL F\FOH &2 ,QFXEDWRU +(3%$ &0DVYV & HOTK HYPRE(WMERQ@RQ &RUSRUDWLRQ
7& $XWRPDWHG &HOO &RXQ&RMQWLQJ FHOOV %LR 5DG

7KHUPROL[HU & 6DPSOH LQFXEDWLR@GSHQGRUI

7UDQV %ORW 7XUER 3URWHLQ WUDQVIHWLR 5DG

9DULRVNDQ /X] 3URWHLQ FRQFHQWUDWLRQ DVVD\ 7KHUPR B6FLHQWLILF

;FHOO 6 XUH/RFN (OHFWURS KKKHVENWBHAO06'6 3$*(LIH 7HFKQRORJLHV

R



ODVWHU 7KHVLV DW 8L %

5XQH+ 1DYDUVHW|

7DEOH 'LJLWDO WRIRQVUDPVY ZHEVLWHVY GDWDEDVHV VFULSWYV DQG DQ\
ELRLQIRUPDWLFRURWKHUFRPSXWDWLRQDO WDVNV 9HUVLRQLV GLVSOD\H
WKH WRRO ZDV UXQ ORFDOO\ RURQ D VHUYHU 9T30ODWIRUPY FROXPQ WHOC
SURJUDP RUPRGHRIFRQQHFWLRQ ZDV XVHG IRUUXQQLQJWKH WRRO )RUI

7RRO

6HUYLFH

SODWIRNEPOLVKHU RUGHYHORSHU

%/$67S

2QO0LQH

&+$500 *8, *O\FDQ UHDGHU DQG PRGHOHU2QOLQH

&+$500 *8, 6ROXWLRQ %XLOGHU

&OXVWDO 2PHJD

&RODE)ROG
'663

(0%266 &RQV

([FHO

([336\ &RPSXWH S, 0Z WRRO
([336\ 7UDQVODWH WRRO
YLML

JLQFK79

*HQHB\V

*HQH7RROV

PDJH-

L72/

,83UHG

-DOYLHZ
ODWSORWOLE
1%$0°

SK\OR7
3523.%

3\02/

5J VFULSWYV

6LJPD

6NDQ,W

VVFDFKH
7D[RQRP\'DWDEDVH
9(*$ ==

90"

2QOLQH

2Q0LQH

2QOLQH
6RIWZDUH

2QOLQH
6RIWZDUH
2QOLQH

2QOLQH

6RIWZDUH
6RIWZDUH
6RIWZDUH
6RIWZDUH
6RIWZDUH
2QOLQH

2Q0LQH

6RIWZDUH
6RIWZDUH

D B B&8'$ 6RIWZDUH

2Q0LQH
6RIWZDUH

6RIWZDUH
6RIWZDUH
2Q0LQH

6RIWZDUH
6RIWZDUH
2Q0LQH

6RIWZDUH
6RIWZDUH

% U R Z VLK%,
$OWVFKXO HW DO
%URZVRWHW DO
3DUN HW DO
%URZVRWHW DO
/HH HW DO
%URZWHBYHUV HW DO
%D[HYDQLV HW DO
6LHYHUV DQG +LJJLQV
%URZWHUGLWD HW DO
/LQX[7RXZ HW DO
.DEVFKDQG 6DQGHU
%URZVHBH HW DO
'LQGRZIFURVRIW
%URZWHEUVYV ,QVWLWXWH RI %LRLQIRUPDWLFV
%URZWHUVY ,QVWLWXWH RI %LRLQIRUPDWLFV
,PDJHBEFKLQGHOLQ HW DO
'LQGRBWRVSL]D ,QF
LQGRAPJIHQH
'LQGRAPIHQH
'LQGRZMHGHQ HW DO
%URZVBHWRE\WH VROXWLRQV
/HWXQLF DQG %RUN
%URZVHG VDQG 'RVIWIiQ\L
O0pV]iURV HW DO
:LQGRRWHUKRXVH HW DO
3\WKRQQWHU
6LJPD /LQX[ 8QLYHUVLW\RI,OOLQRLV DW S8UEDQE
7KHRUHWLFDO DQG &RPSXWDWLRQDO %LRSK\V
3DUDOOHO 3URJUDPPLQJ/DERUDWRU\
%URZVBHLWRE\WH VROXWLRQV
3\WKRQQGHUJDDUG HW DO
20VVRQ HW DO
'LQGRFKU|GLQJIHU
90' 7TNORKDPHG VKHKDWD
/ILQX[ 66+ 1RUZHJLDQ 5HVHDUFK ,QIUDVWUXFWXUH
'LQGRAWHUPR )LVKHU 6FLHQWLILF 2\
90' 7N$QGUHZ 'DONH
%URZWHFHRFK HW DO
'LQGRZGUHWWL HW DO
'LQGRIMYHUVLW\RI ,OOLQRLY DW S8UEDQD+&KDPSDL
7KHRUHWLFDO DQG &RPSXWDWLRQDO %LRSK\V
3DUDOOHO 3URJUDPPLQJ/DERUDWRU\

VFULSWV SXEOLVKHG RSHQO\RQ WKH ZHE

R
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OHWKRGYV

‘HW ODE PHWKRGYV
30DVPLG WUDQVIRUPDWLRQ DQG EDFWHULDO FXOWXULQJ

/% DIJBODWHY ZHUH SUH&KIRRDW HIELW R7KH SODVPLG VDPSOHYV ZHUH D
2QH6KRW 723 FRPSHWHIRW EREMGBELDQFXEDWLRQ RQ LFH IRU PLQ
EDFWHULD ZHUH LQRE%®IB B 0 \RBDWBRMKIHQ F X ED W HG RYH BRQ RIQW ID\K P
HDFK DJDU SODWH ZDV 1% RABORMKG L PUWDPSLFLDIOHGUH FXOWXUHV
LQFXEDWHS& LDDMD VKDNHU IRU KRXUV )UDFWLRQV RI WKH SUH FXOW:
/% PHGLXIPNK PIDPBSLFLDKHEXOWXUHY ZHUH LQF X E BW 9@ RAKHDNGHLL K
EHIRUH EHLQJ FHQWULIXJHRGIPW PLQ D’'WH VXSHUQDWDQWY ZHUH GL
SHOOHWY ZHUH XVHG IRU'1$ LVRODWLRQ

30DVPLG LVRODWLRQ

$4,$ILOWHU OLGL '1$ADARDOIAIRHGNRW SODVPLG SUHSDUDWLRQ DFF
IURP WKH PDQXIDFWXUHU 7KHEDFWHULDO SHOOHWY ZHUH GLVVROY |
WKH VROXWLRQ ZDV LQFXEDWHG IRU PLQ %XIIHU 3 ZDV DGGHG IRO
VXEVHTXHQW O\WDWHV ZHUH SUHVVHG WKURXJK 4,$*(1 FDUWULGJHV
HTXLOLEUDWHG ZLWK EXIIHU 4%7 7KH 4,$*(1 WLSV ZHUH ZDVKHG ZLWK
4,$*(1 WLSV E\ XVLQJEXIIHU 4) 7KHHOXWLRQV ZHUH PL[HG ZLWK LVRS
[JDW& IRU PLQ 7KHQ WKH SHOOHWYV ZHUH VXEPHUJHGLQ HWKDQ
DW& IRU PLQ IROORZHG E\DLU GU\LQJ IRU 7 (FDQ IHQGRE HW\QR.O X WQIW
WHPSHUDWXUH 57 )LQDOO\ WKH GLVVROYHG SODVPLGYV ZHUH FHQ\
UHPRYH DQ\UHPDLQLQJ SDUWLFXODWH PDWWHU 7KH VXSHUQDWDQW
SODVPLG VDPSOHV '1$ FRQFHQWUDWLRQ D Q4G 5.8 b IUWA \Z DI FFVHIDR X KRG
7KH SODVPLG VDPSOHYV ZHYUHKHQRURMS IDAWX V H

R
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30DVPLG VHTXHQFLQJ

$ VHULHV RI 3&5 UHDFWLRQURIPHYEHW-BQQWHTXHQFLQJ E KhllHU
'\HY DQG + @HPSODWHHWS SUHSDUHG ZLWK YDU\LQJFRPELQDW!|
SULPHUV 6HTXHQFHG RQDVIPERG/Y BHBBE &(/ 5 '$1 &(/ +<% &(/ 7581&
DQG ($SSOLHG SULPHU®)ZPBH') &5 '5 () DQG WHMDEOH 7KBI&5
PDFKLADY LQLWLD&H3JDWLQ 7KH PDFKLQH VXEVHTXHQWO\ SEUIRUP|
IRU  VHFR& IRU VHF DQGRU PLQ 1H[W WKH 3&5 UHDFWLRQ SURG
E\FHQWULIXJDWIOR@ WKVURXHK® ZZW®GS KD®MHHOV DW  [JIRU PLC
7KH SXULILHG UHDFWLRQ SUR G X FOL ¥ ZRI$P-B RSOV HF P\® H G 2LHOEDRWEH D F W
VHTXHQFHG XW4.,QJ OOFDSLOODU\ VHTXHQFHU

$IJDURVH IJHO HOHFWURSKRUHVLV RI SODVPLGYV

2QH SDUDOOHO RI SODVPLG VDPSOHVY ZHUH OHIW XQGLJHVWHG DQ
SODVPLG VDPSOHV ZHUH GLJHVWHIEPBINVG & LR b D UALBQDA) RMWKY Z H U H
SUHSDUHG ILQDO FRQFHQWUDBWHR QQH G URWPBI W R( EXIIBODFHG LQ
HOHFWURSKRUHVLV WUD\V D®QGEWXX BDHPBIHGVIRY ;| QJ 'ORDIGUR I EXIIHL
ZHUH ORDGHG LQWR WKH JHOV (OHFWURSKRUHVLV ZDV SHUIRUPHG [
XVLQE\RJIJHQH *HQH)ODVK

BHTXHQFLQJ&RI KB UHIJLRQ LQ KXPDQ '1$ VDPSOHYV

/RQJ 3&5 UHDFWLRQ PL[HV ILQDO*RRBEXHBWURPWAR@RL] ; —0
/ ) SULPHU —®175 55ULPHU WK®BSODWH 'IGEHWDLQH 8 —//$ 7DT
'1$ SRO\PHUDAHH SUH SDKIXRDZLWE VDPSEHVEOH 7KB&5 PDFKEQW
LQLWLDWH®DWPLQ 7KH SURJUDP SHUIRURHKHRBU FVHGEHWQBRU PLQ
IROORZHG E\ F\RORVRIVHF DGRU PLQ 7KHUHDFWLRQHQGHG ZLW
& IRU PLQ 3&5 SURGXFWV ZHUH SXUL[R2G EIWP X EROW LRREZDW &
DW & IRUDQRWKHU PLQ 7KH SUHSDUHG 3&5 UHDFWLRQV ZHUH VHT.
BODVPLG VHMXHERWLALWK D VOLIKWO\GLIITHUHQW 3&5 PBULP®DO FF
OEHWDLQMNHTXHQFH EX[%HU'\HY —/SXULILHG'1$ DQG XVIRJ WKH
DQ®175 5VHHDEOH

R
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&HOO FXOWXULQJ

$00 FHOO FXOWXUH RSHUDWLRQV ZHUH SH U NRHIPW IGODWNAHRE) R R G L
+(. FHORNSDVVDJH ZHUH WKDZHG LQ D&ZD®G WEDQYKI BMUHG WR
'XOEHFFRYV ORGLILHG (DJOH OHGLXP LQD P/)DOFRQ WXEH 7KH W
JIRU PLQ 7KHVXSHUQDWDQW ZDV GHFDQWHG 'DQ0G ZNLKAFKS OB HW Z T
DQG WUDQVIHUWRHG WRDYN 7KH FHOOV ZHUH JURZQ WR FRQIOXH
DWPRVSKHU& D@G ZLWK &XHQ WKH FHOOV ZHUB%®O VWKMHEH EEW KV
3KRVSKDWH %XIIHUHG 6DOLQRUBYEQ QRYEDRLIQG I7EH FHOOV ZHUH )
WUDQVIHUULQJ D SRUWRRQ IIOPDWR'BI@HZLWK )%6 3DVVDJILQJ RI FHOOV
SHUIRUPHG ZHHNO\WR SUHYHQW JURZW K+ H\ RBOZTHERIQIOQ XN 8 K\S KKH
SDVVDJH

TUDQVIHFWLRQ DQG KDUYHVWLQJ RIFHOOV

7KH ZHO O VZRICDO SEDWNHHGHGSZ4(WK FHOIO P/0O(0 7KH FHOOV ZHU}
LQFXEDWHG IRU& ERHIRWH EHLQJ WU D QYRHIFPMWBPRUWHS RIHFWDPLQH
7KH/LSRIHFWDPLWHDQVIHFWLRQ ZDV SHUIRUP® DBMAX®EQJ —/J
/ILSRIHFWDPIL@87, 0(0 7KH PL[ ZDV LQFXEDWHG IRU PLQ EHIRUH EH
FHOQBRIHFWDPLQH W UZDQA/DISBWLRGQ MLWLODU WR LQVWUXFWLRQV
E\XVLQJ/LSRIHFWDPLQH-SODVBEQG 3/ UHDJHQW 7UDQVIHFWLRQP
DGGHG WR UHVSHFWLYH ZHOOV '0KOD IZDH/UUHIHHEZIHGBI) 7KH IWHU WUDC
7KHQ WKH WUDQVIHFWHG FHOOV ZHUH LQFXEDWHG IRU K 7KH FHOC
[JIRU PLQ&®WKH PHGLXP VXSHUQDWDQWY ZHUH LVRODWHG DQ
PHGLXP IUDFWLRQV 7KH FHOOV Z 8% 6l IZRDOVKRIZH L B KB\ B \E IXQE Ht W K
: SURWHDVH RQKIFH.WRWHG FHOOV ZHUH KDU Y H V& HGUD QL IQQE K IFRDMA
FHQWULIXJHG DW [ J IRU 1HRWQ WWH VXSHUQDWDQWY ZHUH LVR
DQDO\]HG DV WKH O\WDWH IUDFWLRQV 7KH UHPDLQLQJ FHOO SHOOH
'3%6 )LQDOO\ HDFK SHOOHW ZDV GLVVROYHG LQ —/ ORDGBQJ VRO.
6DPSOH %XIIHUYSHGXFLQJ $G HQXW HB LEO®+VDPSOHY ZHUHYWWRUHG DV

3URWHLQ FRQFHQWUDWLRQ DVVD\

$3LHUFH %&%$ SURWHADQV$VY PO NH®/ WR GHWHUPLQH WKH WRWDO SUF
FHOO O\VDWH VDPSOHV 7KH DVVD\ ZDV SHUIRUPHG DFFRUGLQJ WR \
,Q VKRARNLQH 6HUXP SOEXWDQ GGV ZHUH SUHSDUH &G B\6VMHMWRLWA GL(
VDPSOHYV ZHUH GLO%WHAGLR SDQPDOOHOV RI DOO VWDQGDUGY BQG VDPS
ZHOO S®DWRL[ BHDIJHRYWGHDIHMWW GGHG WR HD R ZHDKO G KSHO D W F

R
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ZDV VKDNHQ DW 530 1RU VHF IROORZHG E\LQFXEDWLRQ IRU PLQ
SHUIRUPHG EOPVILRVDNDQ /X[ LDY®/DRXPOQWHG ZL W K& NDKH, WRIWZDUH

6'6 3%*(

)RU WKH VROXEOH O\WDWH IUDFWLRQV —J SURWHLQLQ —/ORD
/'6 6DPSOH %X BDPSOH 5HG XFL@GLOXONGISFZ DV ORDGHG WR WKH JHO
PHGLXP IUDFWLRQV WKHDPRXQW ORDGHG ZDV WKH VDPH DV IRU WKH
DQG PHGLXP IUDFWLRQV ZHEHRQF XA ODMEHHERDUWWH ORDGHG WR JHOV 7K}
IUDFWLRQV ZHUH LQFXEDWHG DW GHJUHHV IRU PLQDQG &EHQWUL
7KHQ WKH SHOOHW VDPSOHV ZHUH ORDGHG LQ YROXPHV HTXLYDOHQV
: 0236 1 PRUSKROLQR SURSDQHVXOIRQLDDMLAR PUIRDRES H B XNV IRH UQDY
FKDPEHU (OHFWURSKRUHVLV ZDV SHUIRUPHG DW 91I1RU PLQ IROO

"HVWHUQ EORWWLQJ

7KH —$RO\YLQ\OLGHQH GLIOXRULGEHBH")D FAHIPYEDMD G \E\ L QF XF
PHWKDRBOPLQ2GRU PLQ WKRQOL@V I;HUZ% WIKHRJHW K DX@RLO XVH 7KH
—P PHPEUDQHVUDQWKHORW 7XUER ZHUGVUMISGDFNG ZLWK WKIR DFWL
PHPEUDQHHVO¥YHUH LQVHUWHG LQWR WKH EORWWLQJ VDQGZLFKHV D
7UDQV %ORBM7XHEBERVLQJ JOL[HG 0:1 PLQ $ XS WR 9 7KH Pt
WUDQVIHUUHG O\WDWH VDPSOHV ZDV FXW L® WRARLIDWO R NG QIRFRSAD
PHPEUDQHYV ZHUH EORFNHARQLQOW 'UL@LO®W6 7ZHHQ > 7ZHHKQ
3KRVSKDWH % XIIHUH® 6ROL&WDVB%BBZLWK 530 URFNLQJ 7KH &(/ VSHI
ZHUH LQFXEDWWG &Q DQWLDR®\HG 1RQ IDW 'U\LQLO®¥6 7ZHHQ
RYHUQLJK& ZDWK URFNLQJ DW 530 7KH ORDGLQJ FRQWURO PHPE
DQUVEFWLQ DQWILERWHG 1R IDW 'ULQL3®AB 7ZHHQ IRU K DW 57 Z1
530 URFNLQJ $00 PHPEUDQHV ZHUH ZDVKHG [ PLQ LQ 3%6 7ZHF
OHPEUDQHV ZHUH WKHQ LQFXEDWHG LQ FRUUHDRQGU DE NG X @S B U

DQBQWL PRXVIBHEGXWHG 1RQ IDW 'U\LQLO®%6 7ZHHQ VHH

7DEOH ,QFXEDWLRQV ZHUH SHUIRUPHG IRU K DW 57 ZLWK 530 URF
ZDVKHG [ PLQDQG [ PLQLQ3%6 7ZHHQ ZLWK 530 URFNLQJ OHPE
D PL[@I/3ULRMDIHQWV IRU PLQ DO®RUADIH'GHD, D&KHPL ;5
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,Q VLAPIHFRKR GV
&(/ VHTXHQFH VHDUFK

$%/$676HDUFK ZDV SHUIRUPHG 6HSWHPEHU WK IRU VHTXH
DVTXHU\VHTXHQFH36ZLVVIXUHRGMHVFULSWLRQ WDEOHV ZHUH GRZQORLE
KLWV DQG QRQ PDPPDOLDQ YHUWHEUDWH KLWV UHVSHFWLYHO\

JLOWHULQJ WKH &(/ VHTXHQFHV LQWR GDWDVHWYV

BHTXHQFHV ZHUH FRQVLGHUHG LQHOLJLEOH LI WKH\KDG D GHVFUL:
RI WKH FDSLWDO LQVAREQW L¥GGMWWILIRQINVA@ VHTXHQFHV ZLWK DFFH
ZLWK "1:" RU "1;" ZHUH UHPRYHG IURP WKH YHUWHEUDWH GDWDVHW
UHPRYH QRQ &(/ VHTXHQFHV DV ZHOO DV &(/ VHTXHQFHV WKDW PD\ QF
UHJLRQ B6HTXHQFHV ZLWK;BEFHVVLRQ3BRGHY DQ@®@B
ZHUH UHPRYHG IURP WKH YHUWHEUDWH GDWDVHW GXH WR *HQ%DQN
DOVR FRQVLGHUHG LQHOLJLEOH LI WKH SKUDVHV "*QRPRQ° "5HI6HT’
WKHPHWDGDWD 7KLV ZDVWRHQVXUHWKDW WKHDPLQRDFLG VHTXHC
WHFKQLTXHV 7KH QRQ PDPPDOLDQ YHUWHEUDWH KLWV KDG  HOLJ
PDPPDOLDQ KLWV KDG  HOLJLEOH VHTXHQFHVIURP VSHFLHV (OL
FROOHFWLRQDQGWKHQRQ PDPPDOLDQ YHUWHEUDWHFROOHFWLRQ
HQWULHV ZLWKHTXDO ( YDOXHV  $€RHP[E M B B/IMRQNACH/TIXDI@HF HRAL W K D F F
FRGH#S$ ZDV VHOHFWHG GXH WR KDYLQJ 9175 UHSHDWYV

$QQRWDWLQJIRU 9175 SURSHUWLHYV

7KH KLIJIKHVW VFRULQJ VHTXHQFH RI HDFK VSHFLHV ZDV UHYLHZI
DQQRWDWHG 7KH UHYLHZHG QRQ PDPPDOLDQ YHUWHEUDWH VHT
QrRQ PDPPDOLDQ YHUWHEUDWH GDWDVHW 7KH UHYLHZHG DQG DQQ
UHIHUUHG WR DV WKH PDPPDOLDQ GDWDVHW 7KH VHTXHQFHV LQ WK
ZHUH QRW DQQRWDWHG IRU 9175 SURSHUWLHY DV QR 9175V ZHUH
PDPPDOLDQ GDWDVHW ZDV DQQRWDWHG IRUD fJOREXODU GRPDLQT
7KH 9175V ZHUH IXUWKHU DQQRWDWHG IRU LQGLYLGXDO UHSHDWYV
UHSHDWYVY LQ HDFK 9175 ZDV (FORFP2ZSXVER@Q XKW KQURUPDO VHWWLQJV 7KH
GDWDVHW ZDV DSSHQGHG ZLWK WKH 9175 DQQRWDWLRQV VXFK DV
FROQVHQVXV UHSHDW VHTXHQFH SRVW 9175 VHTXBOQRNWDRDGDBABID QW
-DOYEZHDH XVHG IRUDOLJQLQJDQG DQDO\WLQJVHTXHQFHYVY UHVSHFW
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3K\ORJHQHWLF WUHH

7KH GDWD IURP WKH VHTXHQFH UHYLHZV DQG DQQRWDWLRQV ZHUH
PDNH ILIJXUHV 6PDOO WUHHV RI XS WR VSHFLHV ZHUH FRSRXMORXFWH
ZKLFK LWVHOI DFTXLUHG WDE&RQRPIRYRBRPPWEERBVSK\ORIJHQHWLF W
FRQVWUXBWHREUH PHUJHG LQWR ODUJHU WUHHYV XVLQJ D 3\WKRQ VI
WKH WKHVLV 7KHQ WKHODUJH SK\ORJHQHWLAW2Z/HHVY ZHUH YLVXDOI

*HQHUDWLQJILOHV IRU O

$ SURWHLQ VWUXFWXUH RI WKH &(/ 59175 UKRDERRHGR O WWRQ ZW
VWDQGDUG VHWWLQJV 7KHQ WKH S.D YDOXHV RBWX3HN WOXFIXWH Z
ZHUH PRGHO MG 500098, *O\FDQ UHDGHU DQB[WR®HOQHRXODWLRQ ILO}
JHQHUDWHSGXYL@ I8, 6ROXWLRQIAXK OGHWLRGLF VLPXODWLRQ ER[ VF
ZDWHU PROHFXOH\RRYGRY VIVWHP QHXWUDOLVDWLRQ 7KHIROORZLC
IDXWRPDWLF 30( ))7 JHQHUDWLRQY 9f&+$500 P IRUFH ILHOGYT f+\
+05 9:<) SDUDPHWHU IRUFDWLRQ SLLQWHUDFWLRQYTDQG T1$0'T 7K
HTXLYDOH®WMKR VXEVHTXHQW 0' VLPXODWLRQ ILOHV ZHUH GRZQORI

O"HTXLOLEUDWLRQDQG SURGXFWLRQ

7KH HTXLOLEUDWLRQ DQG SURGXFW LLR@ 5.0 SH»8VY H UGIHRV/R BH-Q IHHU® W HK
fWLPHVWHSY ZzDV VHW WR IV Y/DQJHYLQ3LVWRQ3HULRGY ZDV VHW W
TSDLUOLVWGLVWY ZDV VHW WR TPDUJLQY ZDV VHW WR DQG 1
SURGXFWLRQ LQSXW ILOH WKH 71&8'$62$LQWHJUDWHY WHUP ZDV DF\
*UDSKLFV 3URFHVVLQJ 8QLW )LOHWEAHN H \XNSHRIFRHRSX/WRK BPKDH
VHUYDERDOO\ WKHO'VLPXODWLRQV ZHUBMWMXQ XVLQJ WKH SURJUDP

0'DQDO\VLYV

7KH VXEVHTXHQW VLPXODWLRQ WUDMHFWRULHYV B $H¥WKHSHG F
WKH WUDMHFWRULHV Z8iWH DKHDWOL PEK® RWILRY HOQHUJ\ RXWSXWV ZHUH
171$0' 3SORWIOWRRBHYHFRQGDU\ VWUXFWXUHVLQ WKHWUDMHFWRULH
90' ZLWK WKH DV RO WWKKHRHUL. SW ) XUWKHU WKH VHFRQGDU\ VWUXFWXU
DQG FDOFXODWHG %6¥BQIONKRH WRRORRW PHDQ VTXDUH GHYLDWLRQ
J\UDWLRQ 5R* YDOXHV RI WKH WUDMH%W PQLGIV \ZAHIJ FIHWICSA\FWM IGY XML\

R
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SHVXOWYV

SK\ORJHQHWLF DQDO\VLV

$VH[SODLQHG SUHYLRXVO\ WKH QXREHURIVIB WBWIOD WYHKHXQPDQ SF
7TKHPRVWFRPPRQDOOHOHKDYVY 9175UHSHDWY ZKLOHWKH 'DQLVK ID
ZLWKRQO\ UHSHDWV 1RWDEO\ WKLV LV WKHVDPH&E&HIHEHDRNDMSHD
DQG /DZQ ‘HWKHUHIRUH GHFLGHG WR VWDUW WKH SURMHFW ZLWK
SURWHLQ ZLWK WKH LQWHQWLRQ WKDW WKLV PLIKW VKHG OLJKW RQ \
ORUHRYHU VXFK LQIRUPDWLRQ FRXOG EH XVHIXO LQ WKHLQWHUSUH
WKH &(/ 5YDULDQW

S9HUWHEUDWH &(/ DQG RULJLQ RI 9175

JRUWKH SK\ORJHQHWLFDQDO\VLV &(/ VHTXHQFHV ZHUH DFTXLUHG
VHDUFK SHUIRUPHG ZLWK D KXPDQ &(/ TXHU\ VHTXHQFH 7KLV UHYV X!
ZHUH VHIJUHIJDWHG LQWR PDPPDOLDQ VSHFLHVY DQG QRQ PDPPDOI
QRQ YHUWHEUDWH VSHFLHY ZHUH H[FOXGHG IRU WZR UHDVRQV &(/
YHUWHEUDWH SURWHDRQJLRQGL WHWWWXRIRIOPHY DQG &R[DQG WKH
QRQ YHUWHEUDWH VHTXHQFH KLWV KDG EHHQ DVVLIQHG ZLWK TXHV
WKH PRVW WUXVWZRUWK\ VHTXHQFHV DQG WR OLPLW WKH DQDO\VLYV
ILOWHUHG DZD\ EDVHG RQWKUH. U PHWDGDWD

JLIXUH )LOWHULQJ RI SURWHLQ VHTXHQFH KLWYV TKR P/ MKH- RoZHE/7
SHUIRUPHG XVLQJ WKH FDQRQLFDO &(/ VBHTXHQFH IURP 6ZLVV 3URW

R
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7KH &(/ VHTXHQFHV RI ILIWHHQ YHUWHEUDWH VSHFLHV ZHUH FRPS
EDVHG RQ SK\ORJHQHWLF GLYHUVLW\ UHSUHVHQWLQJ PDMRU DQLP
LOWHUSUHWDEOH VHTXHQFHY 7KH VHTXHQFHV ZHUH UHYLHZHG IR
UHVXOWLQJ GDWD ZHUH FRPELQHG ZLWK D SK\ORJHQHWLF WUHH
UHODWLRQVKLS RI)WKHH SHALHRXQG WKDW WKH 9175 LV H[FOXVLY
PDPPDOLDQ &(/ VHTXHQFHYV PRUH VSHFLILFDOO\ LQ PDPPDOV RI WK
QRQ WKHULDQ VSHFLHV H[KLELWHG &(/ VHTXHQFHV ZLWKRXW 9175V
$XVWUDOLDQ HFKLGQD GLG GLVSOD\ D &(/ VHTXHQFH ZLWK D SUROL
UHVHPEOHG WKH 3(67 VHTXHQFH RI WKH 9175

,Q DGGLWLRQ WR WKBN WIS MKHELUFHTXHQFHV Rl WKH HOLJLEOH C
YHUWHEUDWH VSHFLHV ZHUH PDQXDOO\UHYLHZHG ZLWKRXW ILQGLQ.
+RZHYHU D &(/ VHTXHQFH IURP 7D & DN DV WRRDNDIHYHKG D & WHUPLQDC

FRQVHEXWLYH O\WLQH UHSHDWV *HQWDP @WKHU YHUWHEUDWH VHT
GLVSOD\HG UHSHDWV RI ODUJH UHJLRQV ZLWKLQ WKH &(/ SURWHLQ
UHFRJQLVHG DV WKH 9175 W\SLFDOO\VHHQ LQ WKH & WHUPLQDO "WDL

JLIXUH3K\ORJHQHWLF DQDO\VLVY VKRZLQJ WKH XQLTXH SUHVS®@®&FH RI
EUDQFKHV DUH ODEHOOHG ZLWK FRUUHVSRQGLQJFODGHYV ,PSRUWDQW FOL
ZHUH VHOHFWHG IURP D %/$67S VHDUFK ZLWK D TXHU\ VHTXODHR®RRURP WK XP
DFTXLUHG IURP 1&%, 7/D[RQRP\ 'DWDEDVH E\RQOLQH WRRO SK\OR7 3K\ORJH(

$OWHUQDWLYH HOLJLEOH VHTXHQFHV ZHUH DYDLODEOH IRU WKLV VSHFLHV 1RQ 9175 DD SUROLQH ULFKH[WHQVLRQRQ

R
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7KH VHTXHQFHM XWAHZHUH DOVR VXEMHFWHG WR D PXOWLSOH VHT?>
7KH DOLJQPHQW zZDV SHUIRUPHG RQ WKH &(/ VHTXHQFHV H[FOXGLQJ I
WKH JOREXODUJXRAD LXRWH WKDW WKH DQQRWDWHG UHVLGXH SRVLW
KXPDQ &(/ VWUXFWXUH DQGLIXPHNUDOO WKH DOLJQPHQW GLVSOD\}
UHVLGXHV DQGIHZLQWHUQDO JDSV ,Q WRWDO WKHUH ZHUH UHVL
DOO VSHFLHY 6RPHRIWKHOHDVW FRQVHUYHG UHJLRQV ZHUH WKH
ZKLFK RYHUODSV ZLWK WKH &(/)\VVPOQJHO GRPDLQ" VHH

7TKHDOLJQPHQW DOVR GLVSOD\HG WKH FRQVHUYDWLRQ RI UHVLGX]
&(/ JOREXODU ARRDHQ 7KH UHVLGXHV 6HU $VS DQG +LV ZKLFK
FDWDO\WLF WULDG DUH FRPSOHWHO\ FRQVHUYHG ZKLOH PDQ\ RI W
FRQVHUYHG 7KH VDPH KROGV IRU WKH &\V UHVLGXHV ZKLFK IRUP Wi
DQG &\V &\V 17KBANFRV\ODWHG $VS GLG QRW GLVSOD\ D SDUWL
YDOXH +RZHYHU DOO VSHFLHV GLG KDYHDW OHDVW RQH $VS UHVLGX
SKRVSKRU\ODWHG 7KU UHVLGXH ZDV HYHQ OHVV FRQVHUYHG
2+ FRQWDLQLQJ 6HU RU 7\U UHVLGXHV LQVWHDG RI 7KU 2WKHU VS
$XVWUDOLDQ HFKLGQD GLVSOD\HG 3URDQG $OD UHVLGXHV ZKLOH V
DWOHDVW SRVLWLRQV DZD\

R
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JLIXUHO6$ RI &(/ JOREXODU GRPDLQ VHTXHQFHV IURP WKB QRMWIUM.IRBY
DUH DFFRUGLQJ WR D KXPDQ &(/ UHIHDEQFH MHAHQLWHKURYQDO SRVW JOREY>
VHTXHQFHY ZHUH UHPRYHG 1D R\ WXKRVW XN FOSFEXIOFHRIBW X @ XI/VQERWPWRLYD ELH Q V
&RQVHQVWKRZV WKH UHVLGXH SS{IRROHQMNIVARHRIKY VKRZ WKH VLPLODULWLHYV RI
7KH VI\PEROV {1 1DQG T TGHQRWH IXOO\FRQVHUYHG SURSHUWLHVY DQG UHVL
DV GHILQHG E\- .\WHDQG 5 ) 'RROLWWOH $ VLPSOH PHWKRG IRU GLVSO0IQQDRKRRKOGERSDW IELR DIDIDFW HEGRI D SURWH
GRL DV GHILQHGE\& ' /LYLQJVWRQHDQG * - %DUWRQ 3URWHLQ VHTXHQFHDOLIQPHQWY D VWU
FRQVH U YORPLSXQVHU DSSOLFDWLRQV LQ WKH ELRVFLHQFH§61&$%,26 GRL %,2,1)25087,&6

R
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'LYHUVLW\RI9175LQODPPDOLD

‘H WKHQ GHFLGHG WR DQDO\VH WKH GLYHUVLW\ Rl WKH &(/ 9175 LQ
PDPPDOLDQ 9175 VHTXHQFHV ZHUH PDQXDOO\ DQQRWDWHG 1H[W W
LQWR D GDWDVHW RI1 9175 WUDLWV RI WKH PDPPDOLDQ &(/ SURWHLQ

VSHFLHV ZHUH VHOHFWHG DQG MX[WDSRVHG DJDLQVW D PDPPD
HYROXWLRQDU\ UJHDOIML RRKHMISY VSHFLHY ZHUH VHOHFEWHG IRU SK\(
DV ZHOO DV HDVLO\LQWHUSUHWDEOH 9175V

7KH QXPEHU RI UHSHDWYV ZDV KLJKO\ MDXUME OMHK B FOURAHWV TWK @ X PB H |
UHSHDWYV ZDV IRXQG LQ WKH $JLOH JUDFLOH PRXVH RSRVVXP ZLWK
QXPEHU ZDV IRXQG LQ WKH :HVWHUQ JRULOOD ZLWK UHSHDWYV (Yl
KDYH D VLPLODU QXPEHU RI UHSHDWYV 6SHFLHV ZLWK RU PRUH UH S
&DUQLYRUD DQG B3ULPDWHYV 2WKHU VSHFLHV ZLWK RUPRUH UHSHD
VDYDQQDK HOHSKDQW DQG :RRGFKXFN $V DOUHDG\ GLVFXVVHG LQ
ZDV QRW SUHVHQW LQ SURWRWKHULD

7KH PDPPDOLDQ SK\ORJHQHWLF WUHH RI &(/ 9175 VHTXHQFHV VKR
YDULHG EHWZHHQ OHWDWKHUX HD Q &/ KXWAKHWVDW KHULDQV ZHUH DQQ
UHSHDWV RI UHVLGXHV DV RSSRVHG WR LQ WKH HXWKHULDQV 'H
ERWK OHWDWKHULD DQG (XWKHULD GLVSOD\HG UHVLGXHV ZLWK VLPL
UHSHDWYV XVXDOO\ FRQWDLQHG UHVLGXHV *OX 3UR 7KU 6HU $VS
DSSHDUDQFH RI WKHVH UHVLGXHYVY ZDV ZHOO FRQVHUYHG

7KHFRQVHQVXV UHSHDWV LQ OHWDWKHULD DOVR FRQWDLQHG WKH
7KU DQG)eI¥YUH $OVR WKH PHWDWKHULDQV GLVSOD\HG D FRXSOH R
RUGHUVY EHWZHHQ OHWDWKHULD DQG (XWKHULD ZHUH OHVV FRUUHOI
ZDV WKDW WKH 9DO DQG 3UR UHVLGXHV ZHUH XVXDOO\ SRVLWLRQHG C

R
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JLIXUH3K\ORJHQHWLFDQDO\WLV RIWKH &(/9175 LIYRB/RMMXG UD Q ¥SHH FR.
EOXH OHWDWKHULD DUH FRORXUHG JUHHQ DQG (XWKHULD DUH FRORXUHG .
VKDGHG GLITHUHQWO\ ODPPDOLDQ VSHFLHVY ZHUHVHOHFWHGIURP D %/$67S
&(/ 6ZLVV 3URW 3 $VVLIQLQI WKH FRQVHQVXYV UHVLGXHV RI WKH UH¢
&RQV &DSLWDO OHWWHU LQGLFDWHY WKDW WKH UHVLGXH ZDV LQ WKH PDM
ZDV QRW LQ WKH PDMRULW\ 7KH OHWWHU [T LQGLFDWHYV QR FRQVHQVXV L
QXPEHU RI DPLQR DFLG UHVLGXHV LQ HDFK 9175 UHSHDW 91 UHSHDWVT FR
UHSHDWYV LQ WKH 9175 f3RVW 91757 FROXPQ VKRZV WKH DQQRWDWHG VHT.
DFTXLUHG IURP 1&%, 7D[RQRP\ ' DWDEDVH EA\RQOLQH WRRO SK\OR7 3K\ORJH(

VRPH GLIILFXOW\LQ DQQRWDWLQJ 9175 DOWHUQDWLYH HOLJLEOH VHTXHQFHV IRU WKLV VSHFLHVY ZHUHDYDLODEOH UH

7KH SRVW 9175 VHTXHQFH LQ (XWKHULD

&KDUDFWHULVWLF RI WKH KXPDQ &(/ SURWHLQ LV DOVR D VKRUW VH
IROORZLQJ WKH 9175)UHYURQ MHBHQRWH WKLV WKH "SRVW 9175 Vit
FRPSDULVRQ RIWKHPDPPDOLDQ SRVW 9175 VHIXXQHHY FDQ DOVR EH

R
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7KHPHWDWKHULDQ SRVW 9175 VHTXHQFHY ZHUH VRPHZKDW VLPLO
JLIXUH ,Q FRQWUDVW WKH HXWKHULDQ SRVW 9175 VHTXHQFHV ZH
VHHQ DQ\ZKHUH HOVH 7KH SRVW 9175 LQ (XWKHULD WHQGHG WR EHJ
I\V IROORZHG E\ PRVWO\ K\GURSKRELF UHVLGXHV VXFK DV $O0D 9DO
HQGLQJ ZLWK WKH 3KH UHVLGXH

,Q RUGHU WR EHWWHU XQGHUVWDQG WKH FRQVHUYDWLRQ Rl WKH &
SHUIRUPHG )URP WKH DQQRWDWHG &(/ VHTXHQFHV LQ WKH PDPI
SRVW 9175 VHTXHQFHV ZHUH VHOHFWHG IRU KDYLQJ D OHQJWK RI
DOLJQHG DQG PIXOWHGKH DOLJQPHQW RI WKH SRVW 9175 VHTXF
FRUUHODWLRQ EHWZHHQ UHVLGXH FRQVHUYDWLRQ K\GURSKRELF
JLIXUH 7KH FRQVHQVXV RI WKH DOLJQPHQW \LHOGHG E\ -DOYLHZ
(0%266 &RQV FRPSXWHG D VLPLODU VHTXHQFH (*$40399,*)Y 7KH DOL
GHFHQW FRQVHUYDWLRQ RI WKH UHVLGXHV 1$40371 DQG T,*)T 7KH 3
KLJKHU FRQVHUYDWLRQ 7KH & WHUPLQDO 3KH UHVLGXH ZDV FRPSO

RIWKH DOLJQHG VHTXHQFHV 7KHK\GURSKRELFLW\DQG FRQVH!
LQFUHDVH WRZDUGV WKH & WHUPLQDO 5HVLGXHV 6HU RU 7KU ZHUH U

JLIXUHO063% RI &(/ SRVW 9175 VHTXHQFHV LQ HX$KKHIE D Q RASM B IL HBV
VHTXHQFHV RI HXWKHULDQ VSHFLHYVY ZHUH DOLJQHG E\ &0XVWDO 2PHJD
KLVWRJUDPV ZHUH SURGARIQGZHQY-DWRBRAY VKRZ WKH VLPLODULWIEZKWY RI WK
VIPEROV T 1DQG YT YGHQRWH IXOO\FRQVHUYHG S GRNHGWEKN DVOQWE KIHHWY H & XGI X
SURSHQVLWLBVYRSKRELFDQG K\GURSKLOLF UHVLGXHYV DUH BoRORXKWHFRBMXHI®D C
PRGHO RIWKHKXPDQ &(/ SRVW 9175 SHSWLGH 5HVLGXHVDUHFRORXU FRGH
9LVXDOLVHG LQ 90"

DV GHILQHG E\ & ' /LYLQJVWRQH DQG * - %DUWRQ 3URWHLQ VHTXHQFH DOLJQPHQWYV D VWRPSWNHLRDISYE K KON URQ ¥ HIQF
ELRVFLHQFHV &$%,26 661 GRL %,2,1)250$7,&6 DV GHILQHG E\- .\WHDQG5 ) 'RROLWWOH $VLPSOH PHW
WKH K\GURSDWKLF FKD URMWIQW & IR0 BERWFX QDU E+ RO RD\ 661 GRL

R
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&HOOXODU DQDO\VLYV

7KH &(/ 5 YDULDQW ZDV VXVSHFWHG WR EH SDWKRORJLFDO DV L
IDPLO\ PHPEHUV ZKR VXIIHU IURP 'LDEHWHKM &(H H5 6YHIMW. IDEYDW HHQ LQ
RWKHU YDULDQWYV ZLWK FRQILUPHG SDWKRORJ\ WKH &(/ SURWHLQ Wt
DQG (5 VWUHVYV 7KXV ZH ZDQWHG WR H[DPLQH KRZ WKH &(/ 5 YDULD
DQG KRZLW XQGHUJRHV WKH VHFUHWLRQ SDWKZD\

,Q RUGHU WR VWXG\ WKH FHOOXODU ORFDOLVDWLRQ DQG VHFUHWL
FHOO FXOWXUH IUDFWLRQDWH WKH FHOO FRPSDUWPHQWY DQG GH\V
XVLQJ :HVWHUQ EORWWLQJ :HZRXOG XVHD &(/ 5 86%$YDULDQW DV D
LVDQDUWLILFLDOO\GHVLIJQHG YDULDQW LQ ZKLFKWKH 9175 UHSHDW
:7 )LIXUH 7KH &(/ 5 86%$ YDULDQW ZRXOG EHFRPSDUHG DJDLQVW RW
FRQILUPHG SURSHUWLHV &(/ :7 &(/ +<% DQG &(/ 7581&

BHTXHQFLQJ

,Q RUGHU WR VWXG\ WKH IXQFWLRQDO SURSHUWLHV RI WKH &(/ 5Y
WK/ 5 86%¥DULDQW ZDV DQ H[DFW QXF O B R'W 5 GHHQP-D WHHKQZ L @/ WV WHK HD Q
IDPLO\ 7KXV ZH QHHGHG WR VHTXHQFH VRPH RI WKH 'DQLVK IDPLO\F
WKH'1$ VDPSOHV IURP WZR PHPEHUV ZKR ZHUH FRQ&(UPBHG WR EH KHW

7KH VHTXHQFL®Q(/ RLWKHLQ WKH WZR 'DQLVK LQGLYLGXRQ@VSLHOGH
9175 VHTXHQFHV +RZHYHB(WEKRIDRVWRXHQFHV ZHUH QRW PDWFKL
DUWLE(FLDB6 Y DULPIIWUHS 7KH QXFOHRWLGH VRI/XE @D IRD QWK HR X Q
LQ WKH 'DQLVK IDPLO\ ZLOO EHUBES$ EH KIHBRRWH® FKHV DOO DSSHD!
VHFRQG DQG WKLUG UHSHDWV )XUWKHU WZR Rl WKHVH PLVPDWFKH\
DPLQRDFILGMWH6 ,Q FRQWUDVW WR WKHLU 9175V WKH JOREXODU GRF
WR EH H[DFW PDWFKHV ZLWK&WKH HHEV HQPMKWHHITBXHQ F H
BROUXQ - 6WHLQH SHUVRQDO FRUUHVSRQGHQFH

R
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JLIXUH $OLJQPH@W RF 9175 VHTXHQRHWHTXHQ$HNVQG FRUUHVSRQGLQJ D
DFL@Y RI WKH 9175 UHJLRQN RISWIOP&E(/ 5 '$1SODVPLGY 3DLUZLVH DOLJQF
SHUIRUPHG PDQXDOO\ OLVPDWFKHV DUH PDUNHG ZLWK

&RPSDUHG WR WKH UHIHU&(QFH WKHKHUNAVRIQG GHN V6 USIZTHWMYV R |
H[DFW PDWIEXHM ,Q FRQWUDVW WKH &K/F QG IKHDSHORVHRD FW PDW FK :
DQ\RIWKH UHIHUHQFH UHSHDWV +RZHYHU WKHHDUO\SDUW RI WKH
UHSHRBW/ RF ZKLOH WKH ODWWHU SDUW PDW F&K(H G7Z L@/ X K\RAHN WIK H 19 7
RE(/ 5 '$1ZDV QRW FRQWLJXRXV@(PIIWFKLQJ ZLWK

JLIXUH$OLJQPHQ@W/N BI86DQ&(/ 5 '$1DIDLQVW UHIHUHQBBXVWUDWLRG
PDWFKLQJVHIPHQW&(RIZ@6PQ&(/ 5 '$1 &RORXUHG ER[HV UHSUHVHQW LQGl
SHSHDWYV/RE 86PQ&(/ 5 '$1DUHDOLJQHG ZLWK P D W(H K Q7K BHOEKOIDQ GRP D
DQG SRVW 9175 DUH QRW GUDZQ WR VFDOH

30DVPLGY LQVHUWHG ZLWK DOO WKH DIRUHPHQWLRQHG YDULDQW
&(/ 5 '$1 &(/ +<% DQG &(/ 7581& $Q HPSW\ YHFWRU (9 SODVPLG ZD\
QHIJDWLYH FRQWURO 7KH VHTXHQFHG S@BVPRLIBGND FWIXDWFKHY ZLW
UHVSHFWLYH 9175 UHIHUHQFH VHTXHQFHVY )XUWKHU WKH &(/ LQVH
VHTXHQFHV H[FHSW IRU &(/ 7581& ZKLFK FRQWDLQHG WKH VLOHQW P
DFRQILUPHG KXPDQ YDULDQW ZH FKRVH WRLQFOXGH WKH &(/ 5 86%°
WR FRPSDUH DJDLQVW &(/ 5 '$1 7KH GLIIHUHQFHV LQ SURSHUWLHYV E
DERXW WKH IXQFWLRQ RI WKHLUPLVPDWFKLQJDPLQR DFLGV

R
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7TUDQVIRUPDWLRQ DQG SXULILFDWLRQ RI SODVPLGV

,QRUGHU WR LQFUHDVH WKH TXDQWLW\ RI WKH SODVPLGV WKH\ ZH
ZKLFK ZHUH FXOWXUHG RQ DJDU SODWHV ZLWK DPSLFLOOLQ 7KHQ
VHOHFWHG IRU IXUWKHU FXOWXULQJ LQ OLTXLG DJDU ZLWK DPSLFLC
FHQWULIXJHG DQG LVRODWHG DV SHOOHWY '1$ ZDV WKHQ LVRODW
4,$ILOWHUOLGL '1$LVRODWLRQ NLW 7KH UHVXOWLQJ'1$ VDPSOHYV Z|
WR GHWHUPLQH FRQFHQWUDWLRQ DQG SXULW\

2YHUDOO WKH SODVPLG VDPSOHV GLVSOD\HG G/IBEROGW HEKGFHQW
PHDVXUHG FRQFHQWUDWLRQV ZHUH EHWZHHQ DQG QJ —/ $00 S
2' 7TKH $ $ UDWLRY ZHUH DOO DW HLWKHU RU 2VOLJKWO\ KL
OHDQZKLOH VRPHRIWKH $ $ UDWLRV ZHUH VOLJKWO\ KLJKHL

+ 7KH KLJK $ $ DQG $ $ UDWLRV LQGLFDWHG WKDW WKH S
FRQWDPLQDQWY VXFK DV SURWHLQY SKHQRO DQG VDOWV +RZHYHU
LQGLFDWH WKDW WKHUH ZDV 51$ FRQWDPLQDWLRQ LQ WKH SODVPLG

7TDEOH&RQFHQWUDWLRQDQGDEVRUEDQFH UDWLRV L@ WX IHMRDODVWNVG &ADv
ERWK WKH SODVPLG VROYHQW DQG D EODQNIRUWKHPHDVXUHPHQWYV

30DVPLGYV &RQF QJ —/ % $ $ $

&(1 :7

&(/ 5 869%
&(/ 5 '$1
&(I +<%
&(/ 7581&
(9

$V D ILQDO SODVPLG TXDOLW\ FKHFN DQ DJDURVH JHO HOHFWURS
SODVPLGY DQG SODVPLGY OLQHDULVHG XVLQJ %DP+, UHVWULFWLRQ
QDWLYH SODVPLGV ZHUH H[SHFWHG WR GLVSOD\ PXOWLSOH PLJUDWL
DQG VXSHUFRLOHG FRQILJXUDWLRQV ,Q FRQWUDVW WKH OLQHDUL)
RQHEDQG

$V H[SHFWHG WKH JHO LPDJH GLVSOD\HG PXOWLSOH EDQGV IRU WK
IRUWKH OLQHDULVBBUHODNKAHLGPWLYH XQFRLOHG EDQGV ZHUH SRVL
WKH NE PDUN ZKLOH WKH QDWLYH VXSHUFRLOHG EDQGV ZHUH SF
ORZHU WKDQ WKH H[SHPWBE VIOJRVW HBHODVPLGY PDLQO\ GLVSOD\HG
FRQILJXUDWLRQ H[FHSW IRU &(/ 5 '$1 DQG &(/ 7581& ZKRVH PDLQ

R
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FRLOHG ,Q FRQWUDVW WKH OLQHDULVHG SODVPLG EDQGYV ZHUH SF
7TDEOH %DVHG RQ WKH 2' DQDO\VLY DQG WKH DJDURVH JHO HOHFW
DVVXPHG WR EH RIJRRG TXDOLW\

JLIXUH$JDURVHJHO HOHFWURSKRUHVLV RI QDWLY HDX}HRO WQMB 50 UV
EDQGVDUHDQQRWDWHG IRUXQFRLOHG QLFNHG EDQGVDQG VXSHUFRLOHG
DQG WKH ZHOOV ZHUH ORDGHG ZLWK QJRIWKH SODVPLGV &(/ :7 &(/ 5 86%
7581& DQG (9 30DVPLGY ZHUH OLQHDULVHG XVLQJ %DFR{ UH\W\WQU I* H\® VRZQH G E
LPDJHG LQ D 6\QJHQH *HQH)ODVK

7TUDQVIHFWLRQ RSWLPLVDWLRQ

7R HQVXUH D KLIK WUDQVLHQW WUDQVIHFWLRQ HIILFLHQF\IRU +¢(.
JOXRUHVFHQW 3URWHLQ <)3 ZDV XVHG IRUWUDQVIHFWLRQ RSWLPLYV
ODWHU WUDQVIHFWHG XVLQJ YDULRXV PLIWXUHV RI WKH <)3 SODVF
ILSRIHFWDPLQH UHDJHQWY &HOOV ZHUH REVHUYHG K DQG K
PLFURVABRBHUH

R
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JLIXUH2SWLPLVDWLRQ RIWUDQVIHFWLQJ +(.  FHEQXHOLONKZ K )BHS/HDI G
ZLWKS FHOOVDQG LQFXEDWHG IRU K 7KHZHOOV ZHUHWUDQVIHFWHG ZLWK
ZLWK YDU\LQJ YROXPHV RI UHDJHQWYV ZHOOV + RU/LSRIHFWDPLQH Zt
OHGLXPZDVFKDQJHG KSRVWWUDQVIHFWLRQ 7KHGLVSOD\HGVFRUHVIRU &
RQREVHUYDWLRQV LQ®MW HDPHFUBRPFRASKHH ZHOOV DW KDQG K SRVW WUDQ
- ]RRP

8QGHU WKH PLFURVFRSH WKH WUDQVIHFWHG FHOOV ZHUH ODEHOC
PDUNHGO\LQFUHDVHG IURP KIWRXUKS$LD DORPAHGIOIVHUHQFHY LQ WU
FHOOV ZHUH REVHUYHG EHWZHHQ WKH ZHOOV DW K EXW OHVV VR
HIILFLHQF\ ZDV REVHUYHG LQ ZHOQ@JXU®BRW RERRRMWMKHNVNMH UHVXOW
ILSRIHFWDPLQH DQG /LSRIHFWDPLQH VHWXSV IURP WKH UHV SHF
ODWHU WUDQVIHFWLRQV

R
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&HOO IUDFWLRQDWLRQDQG :HVWHUQ EORWWLQJ + RSWLPLVDWL

‘H ZDQWHG WR SHUIRUP :HVWHUQ EORWWLQJ RQ WKH &(/ 5 YDUL
ORFDOLVDWLRQ 7KH &(/ 5V FRXOG EH FRPSDUHG DJDLQVW WKH DO
DQRG WKH SDWKRJHQLF (5 DJJ&BYNVWGQB W (DAVWRAD HW DMHOG HW DO

$V SUHYLRXVO\PHQWLRQHG &(/LVWUDQVODWHG LQWR WKH (5 DQC
WR WKH *ROJL WKHQ WR WKH J\PRJHQ JUDQXOHV EHIRUH LW LV VHI
FRPSDUWPHQWY LQ WKH VHFUHWLRQ SDWKZD\RI &(/ FDQ EH WUDFNH
GHQVH PLFURVRPHV UHPQDQWV RI WKH (5 DUH D SUHGRPLQDQW F
IUDFWLRQ DIWHU FHQWULIXJDWLRQ RI O\WHG FHOOV OHDQZKLOH WK
ZLWK WKH OHVV GHQVH *ROJL FRPSDUWPHQW YV DTRG RWKHKHW DWORF LD
)LQDOO\ WKH PHGLXP IUDFWLRQ LV DVVRFLDWHG ZLWK WKH IX0O
DSSUR[LPDWHO\ WUDFN WKH ORFDOLVDWLRQ RI WKH &(/ YDULDQWYV [
YLIXUH

JXUWKHUPRUH WKH &(/ SURWHLQV ZLWK GLITHUHQW 370V ZRXOG EI
WR PDVV GLIIHUMYQFMHY HW DOKXV ZH H[SHFWRG®\KHRVXODWHG &(/ YDL
SURWHLQV WR EH DVVRFLDWHG ZLWK KLIJK N'D EDQGV ZKLFK VKRXOG
OHDQZKLOH OHVV PDWXUH &(/ SURWHLQV ZHUH H[SHFWHG WR EH DVYV
VKRXOG EH SURPLQHQW LQ WKH SHOOHW IUDFWLRQV

JLIXUH ORGHO RI &(/ VHFUHWLRQ SDWKZD\ DQG LGKHHDIOO BM O\W UIW IFRN
VLPSOLILHG PRGHO IRU WKH VHFUHWLRQ SDWKZD\ RI &(/ LQ +(. FHOOV ,V
RI FHOOXODU FRPSDUWPHQWY LQWR IUDFWLRQV LQVROXEOH SHOOHW VR
DUHDQQRWDWHG ZLWK WKH PRGLILFDWLRQV WKDW DUH SHUIRUPHG RQ WKF
LOOXVWUDWLRQ

R
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‘H ZDQWHG WR LQYHVWLJIJDWH WKH IXQFWLRQDO SURSHUWLHV RI W
7RGR VR SODVPLGV H[SUHVVLQJIRU &(/ :7 &(/ 5 86% &(/ 5 '$1 &(/ +:
(9 ZHUH WUDQVLHQWO\ WUDQVIHFWHG LQWR +(. FHOOV &HOOV ZHU
VHSDUDWHG LQWR IUDFWLRQV WKHLQVROXEOH SHOOHW W K H
VDPSOHV IURP WKH WKUHH IUDFWLRQV ZHUH VHSDUDWHG XVLQJ 6'6 3
PHPEUDQH EORFNHG LQ %6% DQG WDUJHWHG XVLQJ D SULPDU\ DQW
H[SUHWBBWLQ SURWHLQV LQ WKH O\WDWH VDPSOHV ZHU$FWDQ JH\
DQWLERG\ 3URWHLQ EDQGYV ZHUH LPDJHG XVLQJ VHFRQGDU\ +53 DQW

JRU WKH ILUVW :HVWHUQ EORW H[SHULPHQWVWYJMKH UHWXDWYGAH U
JHQHUDOO\ DSSHDUHG VWUDLJKW DQG FOHDUO\GHILQHG +RZHYHU
EORWV RQ &(/ :7 DQG &(/ 7581& WKH &(/ EDQGDYEDE AMDNOQMHHG
WKH &(/ 7581& EDQGV DSSHDUHG FRPSOHWHO\LQYLVLEOH

JLIXUH :HVWHUQ EORW RI IUDFWLRQRWMMGIRO/FWLRRY QWWH ORDGHG LQ
6'6 3$*( ZDV SHUIRUPHG XVLQJ PP %LV 7ULV JHOV 7UDQVIHU ZDV SHU
7XUER VI\VWHP IURP %LR 5DG OHPEUDQHV ZHUH LQFXEDWHG LQ (&/ 3ULPH D
'5 $ 7KHLPDJHG PHPEUDQHV ZLWK DQQRWDW LIRIHQIR G R ¥ F bl UEYHXE) BADKHGIVQ Q

R
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