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Introduction

Most plants on earth do not have sufficient soil nitrogen. Yetlegumes (plants in the family Fabaceae), unlike
most plants, have access to nitrogen from both mineral sources and symbiotic sources. Legumes can become infected with nitrogen-
fixing bacteria known as rhizobia. These bacteria live in the soil, and when a legume grows nearby a molecular communication
ensues that enables the legume roots to become infected. In a process guided by both the bacteria and the plant, the rhizobia invade
plant tissue and ultimately inhabit individual plant cells within the host's roots. Once inside the plant, the rhizobia can become efficient
symbionts, breaking down dinitrogen from air pockets in the soil into forms that are useful for the plant, in exchange for sugars from the
plant. This legume-rhizobium interaction has become a key model for dissecting the molecular basis for communication among
species and represents one of the best-understood mutualistic symbioses. Nonetheless, much remains to be understood about this
system. Although the host plant appears to have control over key aspects of rhizobial infection and growth within host tissues, the
mechanistic basis of this control is poorly understood, and itis unknown how such control evolved. Also, rhizobia could represent a
massive boon to agriculture, since they might allow us to avoid the costly process of industrial nitrogen fixation. But the use of rhizobia
in agricultural systems has been relatively unsuccessful, and research has made only modest progress in solving this critical problem.
While researchers have characterized hundreds of rhizobial strains that fix nitrogen very effectively under greenhouse conditions,
these strains are often unsuccessful at competing against indigenous soil rhizobia under real field conditions. Although some
biologists hold great hopes for the use of rhizobia to enhance legume production, this promise still remains mostly unrealized.
Understanding this symbiosis is a problem that relates to many fields including biology, biochemistry, ecology, evolution, genetics,
physiology, and agronomic sciences. An integrative ecological and evolutionary perspective is useful in the study of the legume-
rhizobium symbiosis. This emerging perspective takes into account the immense diversity of the legumes and rhizobia that take partin
the symbiosis as well as the diverse ecological conditions under which rhizobia and legumes interact. Moreover, this perspective
seeks to understand how natural selection shapes each partner and how the interaction can vary depending on extrinsic conditions.
This broad view might ultimately enable us to better manipulate the interaction to optimize agricultural productivity. Here, we begin by
inferring the evolutionary history of legume and rhizobial lineages to better understand the diversity of both partners. We then describe
the molecular and cellular mechanisms of infection and how the mechanistic basis of the symbiosis can vary among host and
symbiont lineages. Finally, we turn to evolutionary and ecological aspects of the interaction. We review the selective forces that
maintain cooperation between symbionts and hosts and explore the utility of evolutionary theory for optimizing agricultural
productivity.

Introductory Works

Sprent 2001 documents the many species in the legume family that have the ability to form intimate, intracellular associations with
diverse nitrogen-fixing bacteria, known as rhizobia. As Sprent, et al. 1987, a seminal review, explains, legumes begin life in a
symbiont-free state and they acquire rhizobial symbionts in the soil each generation. Typically, rhizobia first infect legume seedlings
soon after germination and form tumors (nodules) on the plant’s roots. For a successful infection, a compatible pairing of legume and
rhizobial genotypes is required. However, as the key review Denison 2000 describes, the degree of specificity varies widely for both
the bacteria and the plant partners. Once a symbiotic nodule is formed, the bacteria fix nitrogen for the plantin exchange for plant-
derived photosynthates. Nodules eventually senesce, a process that Denison and Kiers 2004 argues is critical for rhizobia to escape
back into the soil; the nodule tissue softens and breaks down, after which a subset of the rhizobia are released from the plant. An
ecological meta-analysis, Cleveland, et al. 1999, showed how important legume-rhizobium symbioses are at a global scale, because
symbiotic rhizobia convert atmospheric dinitrogen into compounds that are useable to legumes and ultimately to other plants. In terms
of agriculture, only a handful of legume species are cultivated on a large scale, but Ferguson, et al. 2010 points out that these crops
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contribute more than 25 percent of global production, including food staples, fodder for livestock, cover crops, and emerging biofuels.
There is a clear need to better understand the legume-rhizobium symbiosis both in the wild and in agriculture. Finally, itis important to
note that the legume-rhizobium symbiosis is not unique. Other plants such as alders can also form nitrogen-fixing symbioses with
bacteria; moreover, Sturz, et al. 2000 argues that a diversity of bacteria act as nitrogen-fixing bacterial endophytes and can provide
growth benefits to many plants.

Cleveland, C. C., A. R. Townsend, D. S. Schimel, et al. 1999. Global patterns of terrestrial biological nitrogen (N5) fixation in
natural ecosystems. Global Biogeochemical Cycles 13:623—-645.

This expansive meta-analysis of biological nitrogen fixation discusses the global importance and biome specificity of natural sources
of nitrogen fixation.

Denison, R. F. 2000. Legume sanctions and the evolution of symbiotic cooperation by rhizobia. American Naturalist 156:567—
576.

This seminal paper was the first to broadly review the evolution and ecology of cooperation in the legume-rhizobium symbiosis.
Denison offered the first general description of host sanctions in this system and provides key information about the symbiosis in the
language of evolutionary biologists and ecologists.

Denison, R. F., and E. T. Kiers. 2004. Lifestyle alternatives for rhizobia: Mutualism, parasitism, and forgoing symbiosis. FEMS
Microbiology Letters 237:187-193.

This conceptual paper explores rhizobial lifestyles that extend beyond beneficial symbiosis, including exploitation of the legume host
(parasitism) and growth in the soil without hostinfection. Unlike previous work on this topic, this paper explores the different outcomes
of symbiosis from the point of view of the bacterium and highlights the diverse ecological contexts that challenge rhizobial bacteria.

Ferguson, B. J., A. Indrasumunar, S. Hayashi, et al. 2010. Molecular analysis of legume nodule development and autoregulation.
Journal of Integrative Plant Biology 52:61-76.

This paper provides an extremely broad and detailed review of what is known about the molecular bases of host mechanisms that
control nodule development. This is one of the key works that attempt to make clear connections with the phenotypes of how hosts
control rhizobial infections and the molecular bases of these plant traits. Moreover, the authors offer an excellent description of the
global importance of nitrogen fixation in legume nodules.

Sprent, J. |. 2001. Nodulation in legumes. Kew, UK: Royal Botanic Gardens.

This book explores the biology and diversity of rhizobial nodulation in legumes.

Sprent, J. |, J. M. Sutherland, and S. M. de Faria. 1987. Some aspects of the biology of nitrogen-fixing organisms. Philosophical
Transactions of the Royal Society of London, B: Biological Sciences 317:111-129.

This excellent review offers one of the very early introductions to the basic biology of the legume-rhizobium symbiosis. If one wants to
learn about this symbiosis in general, this is a great place to start.

Sturz, A. V., B. R. Christie, and J. Nowak. 2000. Bacterial endophytes: Potential role in developing sustainable systems of crop
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production. Critical Reviews in Plant Sciences 19:1-30.

This review explores the diverse types of beneficial interactions that soil bacteria can have when residing within nonlegume plant
roots. It explores multiple mechanisms by which these bacterial lineages can enhance plant growth, especially in agricultural systems.

Evolutionary and Biogeographic History of Legumes

Legumes are one of the most diverse and geographically widespread lineages of plants on earth, with over twenty thousand species
distributed nearly worldwide. The biogeographical origin and global spread of legumes is difficult to resolve. One long-standing
hypothesis suggests an African origin for the legumes followed by northerly migration in the Paleocene, 50—60 million years ago
(Mya). An alternative scenario, suggested in Wolfe 1975 and Doyle and Luckow 2003, is a later, more northern origin and southerly
migration in the warm and wet Eocene, about 35-55 Mya. In either case, legumes were initially tropical and later adapted to temperate
regions as the planet cooled and became drier. Currently, legumes infected with rhizobia are widespread in both tropical and
temperate zones, and Schulman, et al. 1988 showed that these symbioses extend well north of the Arctic Circle. As described in
Sprent 2008, traveling from the equator to the poles, tropical legumes often take the form of trees with determinate nodules, whereas
temperate legumes are more often herbaceous or perennial forms, usually with indeterminate nodules. Rhizobial symbiosis is thought
to have had a large impact on the radiation and success of legumes. For instance, if you remove nodulating species from the legume
family, the group becomes half as diverse and mostly restricted to the tropics. Yet nodulation ability itself is not enough to explain the
evolutionary success of legumes; as Sprent 2008 shows, nonlegume taxa that nodulate, such as actinorhizal plants, have diversified
litle compared to legumes. McKey 1994 suggests that the success of symbiotic legumes has been driven by the high-nitrogen lifestyle
of legume hosts, characterized by short-lived leaves and many nitrogen-rich leaf compounds. Factors controlling the distribution of
legumes and their symbionts have long been debated. As shown in Parker, et al. 2006, symbiont distribution may limit host range
expansion in some cases; however, hosts can also potentially acquire different rhizobia when invading novel habitats. Conversely, if
hosts import their indigenous symbionts to a new landscape, a sweep of nonnative rhizobia through novel populations is possible
(Stepkowski, et al. 2005; Rodriguez-Echeverria 2010). Early nomenclature schemes for rhizobia sought to assign symbiont names
according to host association. Recognition that many legumes are “generalist” hosts suggests existing rhizobia populations in newly
colonized areas have probably aided in the radiation and spread of legumes.

Doyle, J. J., and M. A. Luckow. 2003. The rest of the iceberg: Legume diversity and evolution in a phylogenetic context. Plant
Physiology 131:900-910.

This paper provides a nice review of the historical habitats and spatial spread of the legume lineage. A major goal of this paper is to
expose the reader to the incredible diversity of plant forms and habits that can be found in the legume family. Doyle and Luckow also
review some of the challenges of studying the evolution of this group, in which so many new lineages have been generated over
relatively short periods of evolutionary time.

McKey, D. 1994. Legumes and nitrogen: The evolutionary ecology of a nitrogen-demanding lifestyle. In Advances in legume
systematics. Part 5, The nitrogen factor. Edited by J. . Sprent and D. McKey, 221-228. Kew, UK: Royal Botanic Gardens.

This book chapter describes the hypothesis that legume lifestyle requires a high nitrogen demand.

Parker, M. A., W. Malek, and I. M. Parker. 2006. Growth of an invasive legume is symbiont limited in newly occupied habitats.
Diversity and Distributions 12:563-571.

This paper describes key experiments that examine the degree to which presence of rhizobial symbionts in the soil can limit the
spread of legumes to new habitats. The authors’ experiments showed that colonizing legumes are often limited in their colonization if
insufficient rhizobia are present.
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Rodriguez-Echeverria, S. 2010. Rhizobial hitchhikers from Down Under: Invasional meltdown in a plant-bacteria mutualism?
Journal of Biogeography 37:1611-1622.

This molecular survey of rhizobial symbionts reveals thatinvasive plants can sometimes import their native symbionts with them as the
plants colonize novel landscapes.

Schulman, H. M., M. C. Lewis, E. M. Tipping, and L. M. Bordeleau. 1988. Nitrogen-fixation by three species of Leguminosae in the
Canadian high arctic tundra. Plant, Cell and Environment 11:721-728.

This paper reports some of the northern extreme habitats of functioning legume-rhizobium symbioses.

Sprent, J. . 2008. Evolution and diversity of legume symbiosis. In Nitrogen-fixing legquminous symbioses. Edited by M. J.
Dilworth, E. J. James, J. |. Sprent, and W. E. Newton, 1-21. Dordrecht, The Netherlands: Springer.

This paper describes the great divergence of habits and ecology that can be found among legume lineages. The major focus is on
how this diversity in growth forms is structured across the globe.

Stepkowski, T., L. Moulin, A. Krzyzanska, A. Mclnnes, . J. Law, and J. Howieson. 2005. European origin of Bradyrhizobium
populations infecting lupins and serradella in soils of Western Australia and South Africa. Applied and Environmental
Microbiology 71:7041-7052.

This detailed phylogenetic analysis examines the phylogenetic origins of rhizobial symbionts in Australian and South African plants
and supports a hypothesis of European origins.

Wolfe, J. A. 1975. Some aspects of plant geography of northern hemisphere during late Cretaceous and Tertiary. Annals of the
Missouri Botanical Garden 62:264-279.

This paper reviews the historical habitats and spatial spread of the legume lineage.

Evolutionary History of Rhizobia

Rhizobia are defined by their ability to infect legumes, yet studies of multiple rhizobial lineages, such as Sachs, etal. 2010, have
revealed that much diversity within these groups is represented by strains that do not exhibit the ability to infect legumes. Typically,
symbiotic rhizobia exhibit a life cycle in which they live free in the soil until they infect a legume, subsequently proliferate within host
cells, and ultimately can return to the soil when the host nodules senesce. Phylogenetic analysis presented in Sawada, et al. 2003
based on 16S rDNA has revealed at least nine monophyletic lineages of rhizobial bacteria, which are mostly distributed across the
alpha- and betaproteobacteria. Research has generally focused on the agronomically useful lineages of rhizobia or those that form
symbiosis with model plant study species (Glycine max, Medicago truncatula, Lotus japonicus). These rhizobial lineages include
Azorhizobium, Bradyrhizobium, Mesorhizobium, Rhizobium, and Sinorhizobium (Ensifer). Key rhizobial genes that encode the
symbiotic interaction with legumes include nod, nif, and fix genes. Nod genes typically identify loci involved in recognition signaling
between host and symbiont, host specificity, and initiation of infection. Nod genes also function in maintenance of a successful
infection, but these functions are less well understood. Both nifand fix genes are required for nitrogen fixation after infection of a host.
Nifgenes are homologous to one of twenty fixation genes identified in the diazotrophic model bacterium Klebsiella pneumonia, but
Arnold, et al. 1988 shows through sequence analysis that fix genes have no such homologue. Symbiosis-specific loci are generally
clustered within rhizobial genomes, either as part of the bacterial chromosome or on plasmids. For instance, the genomes of

www .oxfordbibliographies.com/view/document/obo-9780199830060/0bo-9780199830060-0095 .xml ?print 4/18



7/29/13 The Legume-Rhizobium Symbiosis - Ecology - Oxford Bibliographies
Bradyrhizobium japonicum and Mesorhizobium Ioti have all of their nifand nod genes clustered in genomic islands that mostly
encode symbiotic functions (symbiosis islands). As demonstrated in Sullivan, etal. 1995, these islands of symbiosis-specific loci
transfer rapidly among unrelated strains of rhizobia. Davila, et al. 2005 shows that Rhizobium species, on the other hand, vary in
genome architecture but generally have several large plasmids with symbiosis loci. Analysis presented in Finan, et al. 2001 shows
that Sinorhizobium meliloti has a smaller chromosome with two megaplasmids of 1.3 and 1.6 Mb, one of which contains most of the
required symbiosis loci. Such variation in genomic architecture among a homologous set of symbiosis loci is consistent with a
complex evolutionary history of horizontal transfer of these genes between rhizobial lineages (Young and Haukka 1996). Although
molecular evidence suggests that horizontal transfer of symbiosis loci is evolutionarily rare among distantly related rhizobia, Bailly, et
al. 2007 and other studies have revealed that it can be quite common within lineages.

$URG: $ 5XPS: .T8S8 % 3UHHUDGS 3+ KOU 1 XFORWGH VHTXHQFHRI D EDVH SDIWU' 1$ IWDIP HQW
FDUY LQI WH HOMH QWRJ HQ I L DWRQJ HQH FOMWUR! . GEVIHM SQHXP RQADH - RXUDAR! 0 RBFXOUYAREJ\ +

This early DNA sequence analysis characterized a key cassette of genes that are necessary for biological nitrogen fixation.

%DI@® ; , 2@IHU % %XQHO- & &G\ HWO DUIHODQG*  %pQD + RU] RQWQ) HQH WDQVIHUDQG KRP RBJ RXV LHFRP EIQDWRQ
GUYH WH HYROMRQ Rl WH QWRIHQ I1] 1QJ W\ P EIRQW Rl 0 HAFDIR VSHFLHV - RXUDARI YeDFWUR®RI\ *

Bailly and colleagues investigated horizontal gene transfer and recombination among rhizobial strains and revealed extensive
transfer of nodulation loci among rhizobia that infect Medicago.

"iYID* 9 *RQi® 0 $ 5DPtH 5RPHR DQG2 5RA4IXH] 5Kl REIXP HMRJHQRP HEIR®J\ ,Q* HQRP HV DQG
JHQRP IFV R QWRIHQ 1] LI RUDQVP V ( GWGE\ 5 3DOFIRVDQG: ( 1HZWQ + " RUBLIHFKW7KH 1 HHUDQGY 6 SUQIHL
This book chapter describes the genomic architecture of Rhizobium etli and focuses on the taxonomy, evolution, and plasticity of this
genome.

)IQDQ7 0 6 : HGQHU. : RQY HWDO 7KH FRP SGM VHTXHQFH Rl WH NE S6\ P %P HIDSOVP IGILRP WH1 |1 LU
HQGRW P EIRQVS LORWKI] RELXP P HIORW 3 UIRFHHGIQIV Rl WH 1 DWRQDCS FDGHP \ RI 6 FIHQFHV Rl \WWH 8 QWMG 6 VMV Rl $ P HUFD

+

This paper describes genomic sequence and important genetic characteristics of the symbiotic megaplasmid in the Sinorhizobium
meliloti genome.

6DFKV - / 0 2 (KIQQHUDQG( / 6IPPV 2 WIQV R FKHDWY DQGE®W R W\ P EIRVIV IQZ IG5 %DG K] REIXP - RXUQDCRI
( YROMRQDY %R®I\ +

This paper describes a phylogenetic reconstruction of a natural population of Bradyrhizobium that reveals the wholesale evolutionary
gain and loss of symbiosis loci. The phenotypic and phylogenetic analysis suggests that a broad diversity of rhizobia might have no
capacity to form nodule symbioses with legumes. These lineages apparently are lacking in all the key symbiosis-related genes.

6DZDED + / ' . X\ NHQGD@DQG- 0 <RXQ &KDQIIQJ FRQFHSW LQWH W\ VAP DWFV Rl EDFWUDGQWRI HQ 1] 1QJ GUXP H
W\ P EIRQV - RXLQDQR! $ SSTHG 0 LIFLREIRGI\ +

This review introduces a broad phylogenetic perspective of the different rhizobial lineages, which includes many independent
evolutionary origins of symbiotic capacity.

www .oxfordbibliographies.com/view/document/obo-9780199830060/0bo-9780199830060-0095 .xml ?print 5/18



7KH HXPHS5 K] REXP 6\PHRLY ( FRBI\ 2 [ IRGUEIRIWSKIH

6XAYDQ - 7 + 1 3DWEN: / /RZWHU' % 6FRMDQG& : 5RQVRQ 1 RGXOWQ VMDIQV Rl 5 K1} RELXP GWDUYH WILRXJ k

FKURP RVRP DO/ P EIRWE J HQH WDQVI HULQ WH HQYILRQP HQW3 LRFHHAQIV Rl WH 1 DWRQDCS FDGHP \ R 6 FIHQFHV Rl WH 8 QWG
6\WA Rl $ P HUFD +

0 ROIFX@UDQDOMY QKLY SDSHUVKRZ HG \KDWD FOMMUHG VHVRI W P EIRVY VSHAULE GALFDQ EH \WDQWP WG KRU RQD@ IRP RCH
UKL RELDQJ HQRWSH W P DQ. XQUHOWG WIDIQV 7 KLY SDSHUWKRZ V \WH LORHGE®! SRRMQIDARUD OW H VXEVHVRI P REL®! J HQHV \R YHUY
WSIGD VSUHDG WWURXI K D @QGWFDSH

<RXQ) - 3 : DQG. ( +DXNND " LYHWIW DQG SK\ ®IHQ. Rl WKl REID 1 HZ 3K\ \R®J MW +

7KH VHP [QDCBDSHUUHYLHZ V\WH SK\ &I HQHWFV Rl UKL} RELDOBRHDI HY DQG LOFXGHY DQH] DP IQDMRQ R HYIGHQRH IRUKRUJ RQBQ) HOH
WDQVHURI A P EIRVIY GFLDP RQJ GLYHU HQWKL] REID 7KLY IV RQH R WH IIIVBDSHY \R @\ RXWKH DU XP HQAKDVEYHWH @HDI HV R
EDRMUD KDYH HYROYHG \WH DELTDIV\R [QIHRVBL XP HV YID \WDQVIHURI QRYHQI HQHV

( YROMRQDY 2 WIQVRI WH/ HIXP H5 Kl RELXP 6\ P EIRVV

I/ GLLILEXOVR LOMSUHVID SUHFLVH P HIQH IRUKH RULQ R \WH LOMUDRIRQ Z 1\ K1) RELD VIQFH URRWINAXH GRHV QRARW) H Z HOD
$FFREQI \R/ DYIQ HVWDO \KH P RWUIHFHQWRP P RQ DQFHVIRURI BUXP HVDIRH IRXIK®  + P LGRQ\ HDW/DIR SWRYIGQI DQ
XSSHUERXQG IRUKH RW LQ R \KH GUXP H UKL RELXP A P EIRVIV 1 RQHKHBMW 6 R&Y HWDO SRIQW RXAKDWKH DELDIV\R QRGXD\M
(KL} RELD DOR RFFXWY 1Q VHYHUDOQRQBL XP HV Z WKIQ \WH RUEHU) DEDBN DQG LQIHY \WDVWKH SUHGVSRVMRQ R IRUP. QRGXBNV QNHO SUHGDMY
\WH RWIQVR BUXP HV : DKIQWHGUXP HIDP L® SK\ &JHQHIFE DQDOVHVIQ' R\ & HWDO LQIHUHG \& R \R \KUHH LQGHSHQGHQYRW LQV
R \WH DWRFIDIRQ Z W K[} REID EXVBRRUSK\ BJ HQHMF UHVROMRQ P DNHV IVALLILEXOWR IXB RAVDGEMRQDCRUW LQV 6\ P ELRIF FDSDELDIV LY
QRVHYHQD GMUEX\MG DFURW \WH BUXP HIDP IO 6SIHQV  SRIQWRXVWDVIDSSIR] [P DWO  SHFHQURI B XP H VSHRHV IQ\WH 'R
OU HWDQG EHVWHVROHG VXEIDP LGHV 3 DSIIRQRIGHDH 0 [P RVRIGHDH IRWP A P EIRVIV Z W K[} REID Z KHUHDV \KH UHP DIQLQJ BUXP H
@QHDI HV RIAQ MFN \WH DELOIV\R IRP QRGXGV ) QDD DV VXIJHVNGIQ' R\ I DQG/ XFNRZ P DQ. QRQQRGXONY BUXP H VSHAHV
DSSHDUR EH GHUYHG IURP DQFHMINDE QRGXOMI GRHDI HY VXJ JHVIQY \KDVWA P ELRVIY KDV DOR EHHQ BWIQ VRP H VSHAHY 1 RGX®! WSH
DQG P HFKDQVWP RI K1} RELDAQIHANRQ DUH MU HO GHWUP IOHG E\ \WH SOQMDQG YDU J UHD\® DFUIRW G XP H @OHDI HY $V H] SOIQHG DQG
DQDO] HGLQO HUJ DHWWHVIDO \KH \® R GRP LQDQUDRGX®! WSHV KDYH EHHQ FOMLIHG DV GHMUP QDWW DQG LQGHWUP LQDWM ' HWMUP LDV
QRGX®N @FN D FRQIDXRXV P HUMAMP  DQG KXV DUH URXQG DQG FHDVH J URZ \K VRRQ DIMUWHLUGHYH®SP HQWY FRP SGM |, QGHWUP LQD\A
QREXBNV.JURZ FRQIDXRXVO \KURXJ KRXWWAH IXQRIRQDADWRALDIRQ DQG FRQVHT XHQ® DUH HBRQUI D\G DQG VRP HU¥P HV ELDQRKHG 6 RP H
GUXP HV VXFK DV OSIQHV GR QRWVKLY FDWMJ RUJ DIRQ Z HODQG H KIEWKXQTXH QRGX®! J URZ \W DQG P RBKR®J\  + RWYSHAHY DOR

H KIEMYDUDIRQIQ\MUP VR KRZ. K(] RELD IQHFVEOQAMYVXH 6 RP H B XP HV DUH RQD LQIHRRIG \KURXJ K URRVIKDILY Z KHUHDV RIHUVSHFLH
DUH LOIHPMG \WURXJ K FUDFNV DQG Z RXQGV EH HHQ HSIGHUP DOFHEY RUKURXJ K RHUP HDQV $ GGMRQDA VRP H B XP HV VXFK DV

1 HSWQD FDQVZ WK IURP URRVKDIULQIHRIRQ R FUDFN LOIHRNRQ LQ Z DIMUR] J HG FRQGMRQV 6 SUHQWHVIDO VXJ J VAW \KDVWH
DQFHVARDOBU XP H UKL RELXP LQIHAIRQ IRUP HG LQGHWMUP LODVW QRGX®IV \KURXJ K \WH URRVADFN LQIHPIRQ P RGH + RZHYHU' R\ ®1 DQG

| XFNRZ VKRZ VV\KDVID P RUH FRP S®f VFHQDUR RI P XGIB®! RU LQV RI \WH WK1} RELDCDWRADIRQ DIMUGLYHWALFDUWRQ R BUXP H
@HDIHVP D\ KHS H SOIQVRP H R \KH YDUDMRQLQ P HFKDQVP V RI IQIHRANRQ DQG QRGX®! WSH

"ROI-- -/ '"RO-$ %DBQUHI( ( ' IFNVRQ 7 . DB DQG+ 2 KDVKL $ SK\ ®RIHQ Rl WH FK®RRSOVW HQH LEF/ 1Q
WH/ HIXP IQRVDH 7D[ RQRP [F FRUHDMRQV DQG LQVLI KW LOR WH HYROMRQRI QRGXOMRQ $ P HUFDQ- RXUDDAR %RDQ, +

7KL SDPSHURXWIERHY SK\ GJ HQHWF GDMY DERXVWWH GLYHWALLEDMRQ RI WH G XP H @HDIH RCH RIWWH P RWEYHWAL 1QJ JURXSV RI SOQW RQ
HDUK $ NH SDWRI \WH SDSHUSURYIGHV LQIRUWP DIIRQ DERXWQGHSHQGHQVRW LV RI QRGXOMRQ Z WKIQ \WWH B XP H @RHDIH
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3K\ VIRBJ\ +

7KLY SDSHUSURYIGHV DQ HQMI KWQLQI UHYIHZ RQ SURJ AW LQWH ILHGS RI B XP H GLYHWAW DQG SK\ BRI HQHIFY

/DYIQO 3 6 +HHQGEHHQ DQGO ) : RWAHFKRZ VL ( YROMRQDU LDWV DQDOVIY R / HIXP LQRVDH P SCEDMV D LDSIG
GYHW/LLLEEDWRQR! @QHDI HV GXUQ) WH 7HUADY 6\ VAMP DUE %R\ +

/ DYIQ DQG FREDIDI XHV SURYIGH D GH\BABIG GHVFUSMIRQ R \WH HDU® HYROMRQDY KIMRW RI B XP HV XMQJ D FRP EIQDMRQR! IRWO
HYIGHQFH DQG LQHUHQFH XMIQU P RBIFXOUFGFN GD\I

0 HUDHW3 7 8FKIXP L% $ OXQQL HWDO ( XNDU RWF FRQARCRQ EDFWUDCFH@F\ F®! DQG Gl HIHQADWMRQ LQWH 5 K1} RELXP
GUXP HW P EIRVIV 3 URFHHAQIV R WH 1 DWRQDCE FDGHP \ Rl 6 FIHQFHV Rl WH 8 QMG 6 VMWV RI $ P HUED +

7KLY SDSHUQYHMIl D\ \KH P HFKDQMIF EDVHV Rl B XP H FRQIRCRYHUWK(] RELD 1Q B XP HV Z W LOGHWMUP LODW QRGXBIV ,Q SDUFXOU W
FOULLHY \KDVKRWY Z W GHWUP LDV DQG LQGHWMUP LODWM QRGX®! WSHV H KIEIVELYHU HOWP HFKDQVP V\R FRONROKI] REIDOGLHUHQIDIRQ

6ROV ' ( 3 6 6RAV 0 : &KDVH HWDO $QIIRVSHP SK\ ®RIHQ IQHUHGILRP 6 U 1$ WEF/ DQG D% VHTXHQFHV
%RVBQEFDC RXUDAR! WH/ LQQHDQ 6 RFIHW +

7KLV VHP LQDCSDSHUUHYHD®BIG \WDVEDQORGXOMRQ WDIW DURVH EHIRUH \WH RUW LQV RN B XP HV VIQFH VRP H FRVHO UHDWMG SOQWDOR
H{ KLEID VIP [OUFDSDAW IRUQRGXOMRQ

6 SUHON- | 1 RGXOMRQIQBUXP HV . HZ 8. 5 R\ DOVREQE * DUGHQ/

7KLY ERRN RIIHY DQ HQP\ FRSHGAE GHVFUSMIRQ RI \WH HFR®J\ DQG HYROMRQ RI B XP H QRGXOMRQ ,Q SDUFXDU WKRZ V \KH FKDIQI H IC
GHILQQ) SDWFEX@UGL XP H GRHDJI HY DV IDIAQ) \R H] KIEMDRGXOMRQ FDSDANW RUQRWEHFDXVH GHBIBIG ILHG VXLYH\ V P XWEH GRQH \R
P DNH VXUH \WDVRGX®IV DUH DEVHQUO P XSG HFRERJ IEFDCFRQM W

6SLHON- , - 0 6XWHUDQG DQG6 0 GH) DUD 6 WKF\MUH DQG I XQFMRQR! LRRWORGX®NV ILIRP ZRRG. BUXP HV ,Q$ GYDQFHV
QW VWP DWF ERDQ ( GWGE\ & + 6WIRQDQG- / =DIKFFKL  +  6DIQW RXY 0 IWRXU%RWQEDS DUGHQY

7KLY ERRN FKDSWUSURYIGHY DQ H FH@IQVGHVFUSIRQ RI \KH EDVIF EIR®J\ RI G XP H QRGXOMRQ

0 HFKDQWF %DVvHV RI WH/ HIXP H5 KL} REIXP 6\ P EIRVIV

5 HVHDUK RQ WK1} RELD KDV GHILQHG D FWE P RGHCR! P RBIFXOUFIRW \BXIN\WDVY QHFHWWDY IRUQRGXOMRQ DQG [QUIDMRQRI i P ELRUF
QWRIHQIIf DIRQE\ UKl REID $VVKRZ Q1Q3 HUHWHWDO GUXP HV HP IWDYRQRIGY NHRQH FRQIIQQ) RU DQIF FRP SRXQGV QR \WH
VRIOR DWIDRVKL] RELD 6 RIOKI) RELD UHFHLYH \KLY VL QDADQG WHQ HP IMD QRG IDRRULQ UAVSRQWH Z KIFK LV D FRP SB RO RVDFFKDUGH
HQFRGHG E\ \WH QRGJHQHV GVFXWHGIQ( YROMRQDY + IMRY RI 5 Kl] REID 5 HFHISVIR \WH QRG IDRRULQ \WH G XP H URRWIB \MJ J HLY URR
KDY\ FXUDURXQG \WH WKL) RELD Z KLFK \WHQ IRUP V DQ LQIHPRQ \KUHDG \WDVWIDQUSRWWV \H UK(] RELD \KURXJ K \KH B XP H UIRRWS SRQ
UHDFKIQ) \WHIUGHWIDDIRQ Z WKIQ D LRRWHOWKI] RELD DUH HQFDVHG LQ D SOQUWGHUYHG P HP ELDQH NQRZ QDVDM P EIRVRP H © WIQ\KH
VAP EIRVRP H (K1} RELD XA DO GUIHUHQID\M LW D VSHFLDT) HG FH@NSH FDXBIG EDRMRIGY DQG L DWW RVSKHUE QMR HQ IRUKH SOQAQ
H FKDQI H IRUVXJ DY < HWKLY FOMMEFDCP RGHAY P RA® EDVHG XSRQ\WH GHBABIG WXG. RI RQD D KDQGIXCRI P RGHOBU XP HV $V
GHVFUEHG LQ KLY VHRIRQ \KH IX@GELYHWAMW RI ERW SDUGHLY P DNHV IWFGDUWDVDR VIQI B P RGHAY VXIILEHQAR IXE XQGHUABQG \WH
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7KH/ HIXPH5 K] REXP 6\PERIY ( FRR\ 2| |RGYUEIRIUSKIHY
GUXP H WKl REIXP P XWDOQP ) RUQADGQFH \KH GUXP H WL QDO \KDWQMDM \WH A P ELRVY DUH QRWIP SGI 7KH IDYRQRIGV DUH QRYVRBIO
XVHG IRUKH DWIDRIRQ R K[ REID 7KH\ DUH DOR VWWGHG IRUWKHUDQIR] LGDQVSURSHWA DQG P RUH UHFHQW IQ&HVFR HVDO IRU
\WHIUUR®! 1Q DITHA . QXAMHQVDYDIDELDIV LQ WH QHDUURRVWRQH 0 RUHRYHU B XP HV FDQ DOR UHBIDVH RIKHUWLI QDIR) P RBIFX®N + LWFK
SUAVHQW \KH K\ SRXHY \KDVBIRI/ FDUERK\ GUDW ELQGIQ) SUIRMQV DUH DOR HP WG E\ \KH SOQWQGP D\ SO\ D URGH LQ\KH
VSHALLFIW REVHYHG LQ\WH W P EIRVY ' RZ QHDQG:  DOHU VKRZ V\KDVWK] RELD HP IVGRG IDPRLY \WDVWDQ LQGXFH URRVIKDILY \R FXUD
DURXQG \WH EDRPMUD DQG FDQ DOR GUYH RKHUMMSY QHFHWDL IRUQRGXOMRQ 7KH WSH RI QRG IDPRUSURGXFHG FDQ FRUMDM Z MK KRWY
VSHFLLFW EXWP SHUHR® 3 HUWHAWHVIDO VKRZ VV\KDWRP H GLYHU HG UKL} RELDOVSHAHV SURGXFH GLLIHUHQMORG I DRRLY EXVQIHPNKH
\VDP H SOQUZ KHUHDV RKHUGLYHU HG VSHAHY SURGXFH LGHQIFDAQRG IDRRLY EXVIRQHWHBM QRGXOWM GLIHHQVSOQW 0 RIHRYHU QRG
IDRRLY DOR LQGXFH UHVSRQVHV 1Q QRQBI XP H\IWAXHV VXJJHVIQ \WDWAH. KDYH RNHUIXQRIRQY / INHZ IVH I/ [P SRUBIQAR QR \KDVD
QRG IDPRULQGHSHQGHQWP HRKDQMP RFFXWY LQVRP H UKL REID * ILDXG HVDO DQDO] HV JHQRP HV R \WH A P ELRIF \ADIQV
%WDO KIREIXP 256  DQGY%$L DQG UHYHD® DQ DEVHQFH R QRG &AL 0 X\BMRQDCDQDOVHY RQKHVH ADLQV LQGIFDMG \KDVORGX®
IRUP D\RQ RFFXLY YID DQ DAMDYH SDZ D\ 5 K1} RELD DOR SURGXFH RHUMI QDO P RBIFXGNV \WDWDQ P RGXOW KRWYSHFLLLEW DQG
IQHAIRQ 6 SDIN UHYLHZ V\KH GLYHWAW RI UHFRI QUIRQ IDRRLY \WDVIKL] RELD FDQ SURGXFH GXUQJ [QUDAQHAIRQVBU HV VRP HRI
Z KIFK IQFOXGH TBRSROVDFFKDUGHY SROVDFFKDUGHY DQG JOFDQV , QMU ®  HYHQ WH IXQGDP HQIICBURFHW RI QUIRI HQ 1L DIRQ
WHOYDUHV DP RQJ UKI] REIDGIDHDIHV : DMLY HVDO GHP RQADWMY \WDVIQ VRP H IQARQFHY DDXQIQH DQG QRVDP P RQID LV H FUHNG
E\ VR\ EHDQ EDPMURIGY

&HVFR 6 * 1HXPDQQ 1 7RPDVL5 3IQRQ DQG/ : HVWNRSI 5 HBIDVH RI SOQAERUGH | @YRQRIGY LR WH UKL RVSKHUH DX
WHUUR®! LQ SOQAXWMRQ 3OQDQG6RO  +
7KLY SDSHURIIHLY D FODUDQG GHBABIG GHVFUSVIRQ R \KH YDUHG LRGN R SOQABURGXFHG IDYRQRIGY

"RZQH- $ DQG6 $ : DOHU 3 OQWHVSRQVHV VR QRGXOMRQ I DFVRYY & XUHQV2 SIQRQIQ 3 DQMARBI\ +
7KLV SDSHURIHWY DQ H] FHEIQAHYIHZ R KL} RELDOSURGXFHG QRG IDPRY DQGKRZ SOQW UHVSRQG \R \KHP

*ADXG ( / ORX@D' 9DMIQHWHWDO / HIXP HV W\ P EIRVHV $ EVHQFH RI QRG JHQHV 1Q SKRRW QIMHWE %DG, K1} RELD

6 FIHQFH +

7KLV JHQRP H VHTXHQAIQ) DQDOWY GHVFUEHV \WH IX@J HQRP H VHTXHQFH RI D SKRBV QRIHIF %406, UKL} RELXP \KDVFNY QRG JHQHV DQG
P XWIQIHPVBL XP HV YLD D GLIHWHQWP HFKDQWP

+IW/FK $ 0 5 RGIR GIFWYV DQG WKL} RELDCH RSROVDFFKDUGHY [Q®UXP H QRGXOMRQ & XUHQ2 SIQRQLQ 3 DQMHRBI\

+

;,QWILY N\ SDSHU + IW/FK H SOIQV \WH YDUHG DQG LP SRUBQAREN Rl SOQASURGXFHG GIRIDV

SHUHW, & 6WWHKHID DQG: - %RXIKWQ 0 RBIFX@UEDVLY Rl W\ P EIRWF SLRP IVFXIW 0 IFUREIR®J\ DQGO RBIFXOU
YRB®I\ 5HYIHZV +

7KLY SDSHURIHY DQH FHBIQAHYLHZ RQ P RBIFXOULQRMUDRIRQY EHE HHQ B XP HV DQG WK1 RELD DQG H| SMLQV \WDVKL] RELDOVSHFLLEWV\F
KRVW LV QRVIDV FRP P RQ DV LQMIDAD \KIRXJ KW

6SDION + 3 5 RRAWORGXOMRQ DQG LQ HFWRQ | DFVRYY SLRGXFHG E\ (K[} RELDCEDFWUD $ QQXDG5 HYIHZ RI 0 LELREIR®I\ +
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7KH/ HIXPH5 K] REXP 6\PERIY ( FRR\ 2| IRGYEIRIWSKIHY
7KLY SDSHUUHYIHZ V DQG DQDO] HV \WH GLYHWAW RI VHFUHWG DQG FH@VXUDFH P RBIFX®NV \KDWKL RELD XVH \R LOMUDRAZ WK Gl XP H KRWY

DWW - . %/ +XIKHV, / & 3XUFH®. 2 * HKDUWGW7 3 0DZKIQQH DQG' : (P HUFK $ @QAQH QRWDP P RQD LV
H FUAWGIWRP 1 1] IQJ VR EHDQQRGX®I EDFWMLRIGY 3 URFHHAQIV Rl WH 1 DWRQDCS FDGHP \ Rl 6 FIHQFHV Rl WH 8 QMG 6 VWV Rl
$ P HUFD +

7 KHVH DXWRWY WYGLHG YDUDMRQ LOQWH P RBIFXQUEDMY Rl QANHQWH FKDQI H EHE HHQ G XP HV DQG UKL RELD

0 HFKDQMAE 9 DUDWRQ 1Q + RW& RQWRCRYHUS K1) RELD

. H IHDWUHV R LQIHRIRQ DUH \WRXJ KVWR EH FRP SGAMO KRWFRQIRMIG 6HQDQG: HDYHU  VKRZ V\KDWQVRP H FDVHV LGHQIFDO

UKL} RELDOAWDIQV FDQIRWP GMIDPVORGX®! P RBKREJ IHV DQG H KIEIVEYHW HQADAMY Rl QWRI HQ 11 DIRQ Z KHQ LQIHADI GLIHHQMKRW
VSHAHV ( [ SHUP HQW SUMVHQING Q0 HU DHWWHVDO VKRZ HG \KDVZ KI® B XP HV \KDWRWP GHWUP QDM QRGXGN DARZ QMR HQ

IL[ L UKL} RELDCFH@Y \R HVFDSH EDFN LOWR \WH VRICDINMUVHQHVFHQRH KRV Z A LQGHWMUP LODWM QRGX®IV FDQ IRUFH \WH UKL} RELDCEDRMURIGY
\R \MUP LQDED GLLIHUHQUDM VXFK \RDWAIHVH FHQY FDQQRWAVFDSH 1 RQHWH®M/ 3DDX HVIDO VXJ J HVAW KDV QGLIHUHQUIDMG WKL) RELD
DUH LQYDUDE® UHBIDVHG XSRQ VHOHVAHQRH 1 RGX®! VHQHVFHQRH WSLED@ EHJ LQV\R RFFXUGKUQ) 1GZ HUQ) RUDVWKH HQG RI \WH J URZ LQJ
VHDVRQ EXW RJRUFHQD HVIDO VKRZ VV \KDWHQHVFHQRH FDQ EH LQGXFHG E\ SOQWAHWRWY VXFK DV SURBRQI HG GDUNGHW Z KHUWHDV
*RQi ®] HWDO VKRZ VV \KDWWWFRX@ EH IQGXFHG E\ Z DWUGHIIFHQR.  DQG %DQED HVIDO GHP RQADMY \WDVIWFRX@ EH FDXVHG
E\ IDIOXUH Rl EDRMUDOHFRIQURQE\ \WH SOQN, X\NHQGD® DU XHV \WDWUHI DUBBW R \WH SURFHW E\ Z KIFK YIDE®! UKL} RELD DUH
UHLOWRGXFHG LOWR \KH HQYILRQP HQWEXUIQ) VHQHVFHQRH QRGXONIRQ IWHDP X\WDIG SHWMMOQFH RI QRGXOMI DIV 1Q\KH VRICRUHOH \Kt
J HQHV \KDVHQFRGH WHVH WWDIW Z RX@ EH UDSIGD BWMRP K[} RELDCSRSXOMRQY + RWGUYHQ VRXUFHV RI YDUDMRQ VXFK DV QRGX®! WSH
DQG\WH IDW DQG @H P\ F®! RI UKL} RELD UHBDVHG LOWR \WH VRICKDYH UHFHLYHG VFDQUDWHQIRQ GHVSIAM \WH I DPWKDVWHVH WDIW FRX@S VKDSH

KRWWA P EIRQUFRHYROMRQ DVH SOIQHG Q' HQAVRQ 7KH GHI UHH \R Z KIEK GLIHWHQUBL XP H KRV FDQ FRQWROKH IDW RI (] RELDC
A P EIRQWUHP DIQVD NH\ SUREGP IRUIXWXUH UHVHDUK

WOQEDO $ %0 6IGEATXH + . RXFKL. ] XLDQG6 +DW / RXV NdSRQEXV IRWP V HDUWD VHQHVFHQNRRWORGX®N Z W
5K REIXP HW 0 RBIFX@U3 QA0 IFLREH ,QMUDFWRQV *

%DQED DQG FREIDI XHV VKRZ HG \KDWQIHAIRQY FDQ VRP HP HV RFFXUEHE HHQ UKL} RELD DQG KRVW \KDVER QRVP DVRK EXWQ KLY FDVH
\KDVWKH QRGX®N UDSIGD VHOHVFH VRRQ DIMUIRUP DIRQ

" HQVRQ 5 ) / HIXP HVDQFMRQV DQG WH HYROMRQR! W\ P EIRWF FRRSHIDWRQE\ WK1} REID $ P HUEDQ 1 DWDDAW +

7KH O(AG GVFXWIRQ RIHUHG LQ WLV P XFK MG UHYIHZ SDSHUH SOIQV KRZ GLYHU HQWIQHDI HY Rl GUXP HV P LI KWQWUDFVZ W \KHIU
WKI] RELDOA P ELRQWIQ IXQGDP HQWED GLIHHQAZ D\ V 6 SHALLEDA ' HQVRQ GHVFUEHV KRZ \KH WSH Rl GHYHE&SP HOWD QRGX®! XQGHU RH\
HJ  GHWUP LODWW YHWXV LQGHMUP LODW P LI KVIDITHAVBU XP H K1 RELXP FRHYROMRQ

*RIRFHAD < $ - *RWRQ 3 5 ( VFXUHGR HWDO 1 1] DARQ FDUERQP HWERD/P DQG R[ LGDWYH GDP DIH LQ QRGXBV RI
GDIN VWHWHG FRP P RQEHDQ S@QW 3 QB K\ VIRBI\ +

7KLV IDVAQDIQY H] SHUP HQMBO@AHY SOQW LQ \KH GDUN\R \WDFNKH P HRKDQIVP V Rl QMR HQ 11, DUMRQ VKXVERZ Q DQG \WH XQP DN
VHOHVFHQFH RN \WH A P ELRI¥ QRGXBNV
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7KH HXPHS5 K] REXP 6\PHRLY ( FRBI\ 2 [ IRGUEIRIWSKIH

*RYi®] (0 30 $SDUFIR7THR $ - *RUEBRQ) 5 OIQFKIQ 0 5R XHD DQG& $UHVH ,JRU - DWUGH EEMHITHFW RQ
FDUERQ DQG QUWRJHQP HWERDVP Rl SHD QRGXBN - RXUIDCR! ( [ SHUP HQBO/ARDQ: +

7 KHVH DX\WWRLY LQYHW DWNG \KH P SRUNQFH RI D B XP HIY Z DWUEXGI HIQ \WUP V RI FDUERQ DQG QWRI HQP HIERDWP QW P ELRIF
QROXBV

. X\ NHQGDD/ QOHQFHR * OFIQHP D] QRGXOMRQ RQWH SHWIMWMQFH LQVRICR! D JHQHWED@ P DINHG 9%6.DG\ LK1} RELXP
NBSRQEXP WWDIQ 3 DQADQG 6 RIO +

7KLY SDSHUGHVFUEHV D VHP LODCH], SHUP HQAKDVWHYHD®IG \KH P DUNHG SRVAYH HIHPAKDVORGXOMRQ KDV RQ WH SRSXOMRQ GHOMMWRI D
%D K[ REXP \AMDIQ

0 HUDHW3 7 8FKIXP L% $ OXQQL HWDO ( XNDU RWE FRQARCRQ EDFWUDCFH@F\ F®! DQG Gl HIHQADWRQ LQWH 5 K1} RELXP
GUXP HW P EIRVIV 3 RFHHAQIV Rl WH 1 DWRQDCS FDGHP \ Rl 6 FIHQFHV Rl WH 8 QUMG 6 VMMV RI $ P HUFD +

0 HU DHWDQG FREIDI XHV LQYHW DNG \KH P HRKDQUMIF EDVY Rl KRWFRQURCRYHUUKL] RELDOGLIHUHQIDIRQ LQ G XP HV Z 1\ IQGHWUP QD
QROXBV

3DDX $ 6 & % YWBFK DQG: - %UO " HYH®RSP HQRADW RI 5 Kl] REIXP P HIRWEDFWILRIGV 1Q DODOD QRGXGBN - RXUDARI
YeDF\MURBI\ *

7KLY SDSHUGHVRUEHV \KH GHYH®RSP HQBADW DQG UHBIDVH Rl KL} RELD Z MKIQ Gl XP H QRGX®N

6HQ' DQG5 : : HDYHU $ EDVIV IRUGLIHHQADWAV R 1 [1f DWRQE\ WH VDP HVWDIQV Rl 5 K1} REIXP 1Q SHDQXWDQG
FRZ SHD LIRRWORGX®N 3 @OV FLHQFH / HWHUY/ +

7 KHVH DX\WKRLY LQYHM DWRIG KRVGLIYHQ GLIHWHQRHV LQ W P ELRIF QWRI HQIIf DIRQE\ IQHANY \KH VDP H UKL RELDOADIO LOR GLIHUHQW
SOQWSHAHV

7KH( YROMRQ DQG ( FR®J\ RI 5 KI] RELDOS: RRSHIDARQ

QW P ELRW¥F [QAMDRIRQY I/ [P SRUDQAR UHVROH ERK KRZ DQGZ K\ A P EIRQWFRRSHUDWM Z W KR $ SUHYLRXV VHRIRQ RI \KLY DMF®!
0 HFKDQMIF %DVHV RI \WH/ HIXP H 5 K1} RELXP 6\ P EIRVIY DGGUIHWHV KRZ K[} RELD SURYIGH EHQHIW\R \WHIUKRWE\ H] DP LQQJ \KH

P RBIFX@UDQG SK\ IR®J LFDCP HDQV E\ Z KLFK \WH \A P ELRVY LV LQMDWG DQG KRZ. UHVRXUFHV DUH H| FKDQU HG EH® HHQ VSHAHY 7R
DGGUHW Z K\ WKL) RELD EHQHIVBU XP HV RQH P XVQYHMRS D\M \KH VHBIPIYH |RUFHV \KRDWDYRUFRRSHUDYH ADLQV RYHUBMY EHCQHILFLDO

P X\BQW DQG DOR \WH YDUHG HFRERJ LEDCFRQGMRQV \KDWDQ P RGXOAM \KH QHVEHQHI W \KDVEDQN BHDS IRP UKL RELDAQHAIRQ 7UDIQHU
DQG & KDUBNV VKRZ VV\KDVQIR] HQ 1L DIRQ LY FRWE IRUWKL] REID 0 RGHYRI P XWDQP  IQMYSHALLE FRRSHIMRQ UHYIHZ HG LQ

6 DFKV HVIDO SUHGIPWKDVZ KHQ D VA P EIRQVBURYLGHV D FRA® VHILEH \R KRV VHBIFIRQ FDQ WRQJ ® IDYRUP X\BIQW \KDVWH] KLEIW
UHGXFHG RU/HIR EHQHIW LYHQ \WH SRWQIDCEHQHIW R H SGRMQI KRWVE\ IDIOQ) R ILf QMRIHQ D NH\ FKDEBIQI H LQ\WH ILHTS KDV EHHG
\R UMVROH \WH VSHFLLLE [RUFHV \RDVBUHYHQWXFK VDIQV IURP \BN.QJ RYHUWK(] RELIDCBRSX@MRQV \KXV FDXVIQU \WH \A P ELRIF LQMDPIRQ\R
EUHDNGRZ Q 7Z R HYROMRQDY \WHRUHV Rl P XWDDQP KDYH EHHQ XVHG \R P RGHOKH P DIQWQDQRH RI FRRSHUDYH WDIW IQ WA P ELRQW
SDWGHUILGHOIV IHHGEDFN DQG SDWHURKRLFH VDQRIRQY + RZ HYHU D @ WIMRQLQ ERW Rl \KHVH P RGHONSHV 1V \WH @FNRI HFR®J LIFDO
FRQM W+ LYHQ\WDVIKI] RELD SURVIGH D QX\WHQAKRDVEOQW FDQ DOR J HWURP \WH VRIO QMIRIHQ  YDUDMRQ LQ HFRERJ LEDCIDRRYY \KDVIDIHAA
VRIOQWRI HQ FDQ KDYH DQ [P SRUBQVP SDRVRQ \KH QHVEHQHIW \WDVE@QW UBHFHLYH IURP \KH \A P EIRVIY 7KH VHRIRQV 5 K1} RELDO

& RRSHUDMIRQ LQ$ J UFX@ADO DQGVFDSHVY ) HWI) DIRQ YHWXV ,QREXOMRQ DQG/ HIXP H* URZ \K 2 S [] DIRQ LQ $ J UEX@MUH GIVFXW KLY
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7KH/ HIXPH5 K] REXP 6\ PERMY ( FRB\ 2 [ IRGUEIRIISKHY
FKDOIQIH 1Q SDUFXO@ULQ \WH FRQAM VR DJ UFXGMUDOHWIY V 1QZ KIFK VRICFRQGEMRQV YDV 1Q GUDP DU Z D\ V

6DFKV - / 8 * OXHBU7 3 : IGR DQUG- - %X@ 7KH HYROMRQRI FRRSHUIDWRQ 4 XDUMUD 5 HYLHZ Rl YdR®I\ +

7KL SDSHUHYLHZ VWHRY [RUWH HYRGURQ RI FRRSHUDMRQ EHE HHQ VSHALHY DQG P DNHV SUHGRNRQV DERXVWKH HYRG\RQ RI FKHDWMY/
7KH GLIHHQWP RGHY Rl FRRSHUIDMRQ \WDVIDUH KLJ K@ K\WMG KHUH FDUI\ KRZ DQGZ K\ VRP HW P ELIRI¥F LOMUDRNRQV P LI KVEH P RUH

HFR®J LFD@® DQG HYROMRCDUD ADE®! \KDQ RKHWY/

7WICHUO $ DQG7 & &KDUBN 7KHWRGIR 3+ %P HDERDQ/P IQWHW P EIRVIV Rl LKl REIDZ W BUXP HV $ SSTHG
0 IFLREIR®J\ DQG YRMFKQR®I\ +

7 KHVH DXWWRWY FRQGXRMNG D NH\ LQYHWM DIRQ LOR UKL REIDAP HDERD/P GXWQJ W P EIRVIV Z W G XP HY 7KH IRFXV LV RQ \KH FDUERQ
VARUDI H P RBIFX®! SROEHIK\ GUR[ \ EXYWMIDW 3+ % Z KIFK LV RIMQ SURGXFHG DQGVWRIHG B\ UKL RELD GXUWQJI \WH W P EIRVIV Z W G XP HV

3$571(5), (/,7<) ((" %$&.

3 DUGHUILGHOIV IHHGEDFN FDQ EH GHILQHG DV SRVMYH IMgHWW FRUHDMRQY EHE HHQ IQMDAI SDUGHY ) RUQABGQRH DV GHVRUEHG 1Q
61P PVDQG7D\ ®RU INGHW EHQHIW GHOYHUHG IURP \A P ELRQW\R KRVW FDQ IHHG EDFN DX\RP DMFD@ DQG SURYLGH UHWUDHG EHQHIW

\R \KH FRRSHUDIYH A P EIRQW 8 QGHUWLY VFHQDUR  EHQHILFLDOLKI] RELD H| SHUHQFH WL QUIFDQAMEHW UHZ DBV DV DQ DX\RP DU SURGXFW
R \WH YLJ RURXV SOQW URZ \K \KDVWA P ELRWF QUIRJ HQ I DIRQ HQDE®N & RQYHWHO QRQIL] LQJ UK} RELD H SHUHQFH WHGXFHG IMgHW DV D
GILHPVHITHRVR \WHIUKRWKDYIQU 1HZ HUUHVRXURHV \R LQYHWARQ \WH A P EIRVIY < HV6 1P PV DQG 7D\ ®RU DOR SRIQV RXAVKDWXFK IMGHA
IHHGEDFNV FDQRQD P DIQIMIQ FRRSHUMRQ XQGHUUHNEYH FRQGMRQY LQ SDUFXDUZ KHQ LQAYIGXDOA P ELRQUDQG KRWI HQRIVSHV
QAMDPWHSHDNGD RYHWP H $V QRING LO\WH VHRIRQ , QURGXARY © RUW 6 SUHQMAVDO GHVFUEHV KRZ ®U XP HV HQFRXQMU

K] RELD DQHZ HDFK J HQHUIDIRQIURP \WH VRIO0 RUHRYHU' RZ @) DQG Y%4RXI K\RQ H SOLQV \KDWQGLYIGXDAKRWEOQW EHFRP H
IQHPKGE\ P XQAS®! UKL RELDQ) HQRWSHV %R \KHVH SRIQW FOUI \WDWKH G XP H UKL RELXP P XWDD/P GRHV QRWVWH FRQGARQY
UHTXLLHG IRUSDU@HUILGHDY IHHGEDAN\R P DIQUBAQ UK} REIDCFRRSHUDIRQ

"RZ@Y ' 1 DQG: - YRXIKWRQ &RP SHWIRQ | RUQRGXOMRQR!I GUXP HV $ QQXDG HYLHZ RI 0 IFLREIR®JI\ +

7KLY SDSHUILWAH] SOLOHG WDV®BII XP H SOQW P RWIRI\MQ EHFRP H IQHRMG E\ P XA$E! KL} RELDQI HORWSHV 7KLY DVSHRWY NH\ EHFDXWH |
UHYHDQ \KDVBI XP HY P XWEHDZ W YDUDMIRQ LQ UKL RELDOT XD@Y DQG FRP SHIMYHCOHW

6lPPV ( / DQG' / 7D\®U 3 DUGHUFKRIFH [Q QWRIHQ | [ DWRQP XWXDDQ/P V RI B XP HV DQG WK1} RELD , QI LDWYH DQG
&RP SDUDWYH %4RBI\ +

7KLV WHRY SDSHUGHVFUEHV \KH SDWEHUILGHOIY DQG SDWZHUFKRIFH P RGHY Rl FRRSHUDIRQ LQ UHDMRQ \R \KH B XP H UKL RELXP
A P EIRVV ,Q SDU¥FX@U \WHVH DXWRY VKRZ \KDVEDWGHUILGHDIV P RGHY RI FRRSHUDIRQ DUH QRMNHO \R EH XVHIXAQP DNQJ SUHGRIRQY
DERXWKH GUXP H UKL RELXP \A P EIRVIV

6SLHON- , - 0 6XWHUDQG DQG6 0 GH) DUD 6RP HDVSHFW Rl WH EIR®J\ Rl QWRIHQ I1L] LQJ RUDQVP V 3 KIBRVRSKIFDO
7WDQVDFMRQY Rl WH 5 R\ D36 RFIHW R / RQGRQ % YAREJ [ED FIHQFHV +

6 SUHQWDQG FRAIDI XHV SURYIGH DQ H FHBIQWHYLHZ R \WH EDVIE EIR®JI\ Rl \WH QMRI HQ L[ LQJ UKL RELD 7KLY SDSHUSRIQW RXKH NH\
IDPAKDV®L XP HV P XWHQFRXQIMUWK(] RELD DQHZ HDFK J HQHIDIRQ IR \KH VRIO
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7KH/ HXPH5 K] REXP 6\ PERMY (FRB)\ 2 [ IRGUEIRIUISKHY
3$571(5 &+2 ,&( $1' 6$1&7,216

3 DUWGHUFKRIFH DQG VDQRIRQV P RGHY H SDIQHGIQ' HQAVRQ © HVWHVIDO DQG 6 DFKV HVIDO SUHGIPWKDVKRAW
SUHIHUHQIDED UHZ DU EHQHILELDO P ELRQW HQRWSHV DQG RUSXQIVK VWIDLQV \KDVBURYIGH UHGXFHG EHQHIW $V SRIQING RXVIQ + HDW DQG
7WI1Q D GMIQAIRQ LV RIAQ P DGH 1Q Z KIFK SDUGHURKRIEH UHHWY R KRAVHBIPIRQ |RUFRRSHUDIYH \WIDLQV DWKH SRIQR! LQIHRIRQ

Z KHUHDV VDQRIRQV UH HUWR KRWYHBIPIRQ \WDVIRFFXLY DIVWUCRGX®! IRUP DIRQ QMU ® B XP HV GR QRWDSSHDUR GHWMPVELIHUHQRHV
QW P ELRVF HIIHRMYHQHW DVWKH SRIQWRI QRGX®! LQMRQ + DKQ DQG 6 \WGHU VKRZ V/ \KDWZ KHQ KRV DUH FRIQIHRNG Z W GLLIHUHQW
DIQV \WH\ FDQQRVELLIHUHQNW EHE HHQ WA P ELRIFD@® HIIHAYH WKL) RELD DQG IVRI HQE ADIQV \WDVIFN QMR HQ 1L, DMRQ IXQRIRQ 2 QO
DIHZ H SHUP HQWKDYH VKRZ QDQ\ LQHRIRQ ELDV IRUFRRSHUDMYH UKL} RELDQI HQRWSHVY ) RUQUBIQRH ERW + HDW DQG 7LILQ DQG

6 DFKV HVIDO SUAVHQM[ SHUP HOW \WDWAHDWMG FRIQHRIRQY RI J HQHIFD@ GLYHU HQK(] REIDOADIQV IURP QDWDADQGVFDSHY

7 KHVH GDWD VXJ J HWARDVKRWY FDQ RQD GHMAIDQG UHDPR GLYHU HQWIKL] RELDOANDIQV GXUQ) QRGX®! LQMIMRQ Z KIEK 1V P RUH FRQVUMMG

Z W KRWWA P ELRQAVSHFLLLEIW UDWHUKDQ HILFLHQUSDWGHURKRIEH ,Q FROIDVWAR \WH OFN R HYLGHQFH IRUSDW@HURKRIEH VDQRIRQY
P RGH® DUH VXSSRWNG E\ D Z HDAK R HP SILFDCHYIGHQFH $ FRP P RQH[ SHUP HQBOMAR! Bl XP H VDQRIRQV KDV EHHQ\R FRIQHFW

GUXP HV Z I\ KI] RELD \WDWDU QW P ELRI¥ TXDONV 0 RWRIAQ \KHVH H SHUP HQW UHYHDOKDVBL XP HV FDQ ELDV \WHIUBHVRXUH
LQYHVER HOWQR QRGXBV Z W FRRSHIDWH ADIQV . IHY HVDO SUAVHQW \KH ILWAFUMFDCH] SHUP HQAR VKRZ. \KDVBU XP H KRW FDQ
GUHA® VDQRIRQ QRAIL LQJ UKL REID 6 SHRULFD® . HY HWDO VKRZ VV\KDVWDRGX®NV Z W FRRSHUDWH UKL} REID JURZ - DQG \KH UK RELL
ZWKIQWHP SURTHUDWM WDSIGD  Z KHUHDV QRGXGNV Z MW QRQIL 1QJ UKI] RELD \WQG R \ABA VP DX DQG \WH UK} RELD Z MKIQ\KHP H] KIEIW

P D@IUSRSXOMRQM] HV + RZ HYHU:  HWWHWDO DU XHV \RDVW/XFK FRQNRCRYHULGHITHRRYH UKL} RELDOAWDIQV Z LARQ® EH HILFLHQW
Z KHQLQGLYIGXDOQRGX®V HDFK FDUWY MQJ B ADIQV R UKL RELD ( P SIUEDCY. RUNSUHVHQMG LQ* DIH KDV VKRZ Q\WDWARIQHPNG
QRGXGN FDQ HDM® EH J HQHIDMG E\ LORFXOAI SOQW Z W KLI K FROFHQIDIRQY Rl &R UKL} RELDQI HQRIVSHV EXW DI HIV Z RUNVXJ J HAW
\KDWDUDMIRQ LQ EDRMUDQ) URZ \K Z LGP DNH FRIQHRIRQ XQINHD : KLBH \WHRY  SUHGIFW \KDVWDGRIRQV VKRX@ EUHDN GRZ Q1L LQGYIGXDO

QRGXGNV FRQBIQ P RUH \WDQ RQH UKL RELDQJ HQRISH H] SHUP HQW GVFXWHG LQ 6 DFKV HVWDO KDYH IRXQG HIIHRYH VDQRIRQY HYHQ
ZKHQP DQ QRGX®IVZ HUH FR LQHARMG & XUHQW  UHVHDURK LV QHHGHG R LOYHMIl DVW \KH P HFKDQMIF EDVIV R VDQRIRQY ' DD IURP

. IHY HVWDO Z KRVH DXWKRWY P HDVXUHG R} \ J HQDVRQ WD Z MKIQ I1] LQI DQG QRQIL LQI QREXBV VXJ J HAKDVIKRVW P LI KWARQURO
R\ JHQIO| LOR QRGXBIV DQG KXV VDQRIRQ XQFRRSHUDYH WK(] RELD E\ BAYIQ) WHP IRUR] \ JHQ EXVIP RUH Z RUNLY QHHGHG \R \MKLY
K\ SRIKHVLY

" HAVRQ 5 ) / HIXP H VDQFURQV DQG WH HYROMRQRI W\ P EIRWE FRRSHIDWRQE\ (K(] REID $ P HUEDQ 1 DMUDDAW +

7K NA UHYIHZ Z DV \KH IIUAR @\ RXVWKH VDOQRIRQY K\ SRIHVHV IRUBI XP H FRQWRCRYHUH[ SGUBMYH UKLl RELD

*DIH ' - $ QDOVIV Rl 1QHFWRQWIHDG GHYH®SP HQWKVIQJ * 1S DQG' V5 HG H SUHVWIQJ 6 1QRWKI] REIXP P HIRW - RXUDCR!
YDFWURERJ\ -

7KL SDSHURIIHY D GUDP DM GHP ROAIDMRQ RI KRZ P XAS®! J HORWSHV RI UKL RELD FDQ FRIQIHRD MQI &1 QRGX®! * DIH IOFXGHVD P RCH
RI EDRMUDQ] URZ \K Z NKIQ FRIQHRNRQY \WUHDGV \WDVW/XJ J HVW EDRAUDQ] URZ \K SDWHLEY P DNH VXK FRIQHRRQY XQINHO 1Q QDVWUH

+DKQO DQG' 6WGHU &RP SHWAYHQHWW Rl D QUL %G\ WKL} REIXP NISRQUEXP P XVBQADI DIQMWYKH Z LG WSHVWDIQ ) (0 6
0 [FUREIR®I\ / HAML/ +

7KLY VHP LQDCSDSHURIIHUHG RQH Rl \WH ILWADQG P RWIP SRUBIQM SHUP HQWRQKRZ B XP H WKI] RELXP [QMDRIRQV DUH DAMUHG E\
QRQIL LQ K1) REIDCP XWBQW : LGB WSH WKL} RELD Z HUH FRIQHPRG LOR SOQW Z MK J HOHIFDE VP [MUQRQIL LQJ P X\BQW VKRZ IQJ \KDW
®UXP HV DUH DSSDUHQ® OFNQJ LQD P HFKDQVP \R GHWFVQIMIR] HQ L], DVRQ DELDIV DWAH SRIQR! LQHRIRQ

+HDM . ' DQG3 7UIQ 6 DELT) LQ) P HFKDQVP V IQD GUXP H K] REXP P XWDOWVP ( YROMRQ +
7KHVH DX\WRWY H[ DP LOHG B XP H FRQIWRCRYHULKI] REIDGFRRSHIDMRQ E\ XWQJ FIRW IQRFXTMRQ DP RQJ QDVMUDCBRSXOMRQY Rl KR
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7KH/ HIXPH5 K] REXP 6\PERIY ( FRR\ 2| |RGYUEIRIUSKIHY
6 SHALLFD@ B4 XP H FRQMRCRYHULQIHAIRQ Z DV DQD®] HG DVWAH LQMDAQHRIRQ AR H 1Q Z KLFK \KH SOQUWDQ SRMQIDID UHI XD\
IQHRARQE\ P RUH RUBM EHQHILFLDCSDUGHY DQG SRAMIHRIRQ 1Q Z KIFK \WH SOQWFDQ SRINQID® FROWRAHVRXUFH H FKDQIH Z W
\A P ELRIF SDUGHWY \KDWDU 1Q TXDOW

JIHW (7 5 $ 5RAWHDX 6 $ : HVWDQG5 ) ' HQVRQ + RVWVIWDQFWRQV DQGWH B XP H (K1) REIXP P X\DQVP 1 DVMUH

+

7KLV [P SRUDQWH SHUP HQWUWANGHP ROMIDIMG \KDVBL XP H VDQRIRQY FDQ HILFHQ® FRQNROQRQI LQJ UKL RELDOMDIQV E\ LOKLENGY
WKI] RELDORHE@) URZ \K Z LWKILQ LQGLYIGXDOQRGX BNV

6DFKV - / 8 * OXH®U7 3 : IR DQG- - %X@ 7KHHYRGWRQRI FRRSHIDWRQ 4 XDUMWD 5 HYIHZ RI Y%dRE&JI\ *

7KLY UIHZ SDSHUH] SOIQVKRZ VDQRIRQY P RGHY UHDW \R RFHUNSHY Rl KRAWFRQIRCRYHUM P EIRQV

6DFKV - / - ( 5XWHD< ( /L. & %DFN* /RSH DQG$ 6 3DWD + RYWFRQWRCRYHUIQ HFWRQ DQG SLIROHDWRQRI D
FKHDWUW P EIRQ\- RXUQDCR! ( YROMRQDU %R®J\ +

7KLY SDSHURIIHY DQH] SHUP HQIOGHP ROAIDIRQ \KDVBL XP HY FDQ HIILFLHQ® FRQWROKH LQIHRIRQ DQG SURTHIMRQ RI D FKHD\MU
K] RELXP \WDIQ

“HW6 $ ( 7 .1HV ( / 6lPPV DQG5 ) ' HAVRQ 6 DQFWRQY DQGP XWDQVP WEELOV : K\ GR K] REID 1] QWRIHY'
3URFHHAQIV R WH5 R\ DO RFIHW Rl / RQGRQ % +

7KLY NAH \WHRY SDSHUSUHVHQW D GHBAGIG P DIKHP DIFDAP RGHCRI G XP HV VDQRIRQY

5 K] REIDC& RRSHIDWRQ 1Q 1 DMUDQ DQGVFDSHY

6 DQRIRQV P HFKDQVP V DSSHDUHIILEHQAZ W 1HZ H] FHSWRQY ) RUQWEIQFH XQINH P RWH[ SHUP HQIY RUIWRQ KLY \RSIF + HDW DQG

7UIQ IRXQG QR HYLGHQFH \WDVIBU XP HV FRX@ FRQIRCSRRD 1] 1Q) KL} RELD DIWUQRGXOMRQ 1 RQHKHOBM/ P RGHIQ RI VDQRIRQY

®DGV: HWHDO \R SUHGPWKDVORQIL LQJ \WIDIQV VKRX@ EH SXULLHG IURP WKL) RELDCSRSX@MRQY 96VDV GVFXWHG LQU6KUERQ HVIDC
QRQILL LQJ DQG SRR I1[ LQJ WKI] RELD DUH FRP P RQD XQFRYHUHG 6DFKV HVDO D SRIQW RXWKDWXFK SIQHITHPRYH \AMDIQV DUH

P RWILHT XHQ® LVROWG IURP DJ UEX@MUDADQG SDVMRUDO/AY DQG\R D BMHUGH] UHH 1Q QDWUDADQGVFDSHY 2 QO D IHZ. IQHIIHANYH

WKL} REID IWRP Z 1@ SOQW KDYH EHHQ VWXGHG LQ GHBO, QR © \KHVH Z LGS \VADIQV VXK DV \KRVH GVPXWHG IQ6 DFKY DO E

KDYH EHHQWKRZ QR EH UDUH J HQRWSHV Z WKIQ \WHIUSRSXOMRQ Z KIEK VXJ J HVIW \RDVWAKHDMLY DUH QRAWHW VXFRHVWIXOYXUERQ HVDO
DU XHV \KDVQHITHRRYH VANDLQV DUH P VP DVRKHG Z LW \WHLUFXGIYDAMG KRVW DV RSSRVHG \R H SGIMQI WHP 7KLY DU XP HQWP DNHV

VHQWH VIQFH UKL] RELD RINMQ IDIOR 1] QMRIHQ Z KHQ\WH\ HOFRXQIMUDWSIFDCKRVW ) RUQWIQRH Z KHQ UKL RELD VROWG IURP RQH KRWY

VSHFLHV DUH LORFX@WMG RQR GLLIHUHQBL XP HY LQYDUDE® RQ® D VXEVHVRI VXK FURW LORFX DG \WIDLQV FDQ QRGXOAM \KH QRYHCKRW

DQGRQD D VP DIIUVXEVHVHILELHQW 1L QUIRJ HQ RQWH QRYHCKRVWZ KLY SDUBD VXJ J HVIV KDV DQ\ WKL) RELD \KDVKDYH EHHQ LGHQIMHG

DV IQHIHRAYH RQRQH KRWP LI KVEH KL K® HIIHRLYH LL LORFXDAMG RQA D P RUH VXMIE®! KRW\H RANA P ELRQUP VP DIRKHV P LI KVEH

Z IGHVSUHDG LQ DI UFXGMUDOVHWID] V Z KHUH SOQW EDRMUD DQG HYHQ VRIAY DUH \WDQVSRUAG DP RQI VWMV Z KHUHDV VXFK P VP DVRKHV

P LJ KVEEH UDUH RUDEVHQUQ QDWUDODQGVFDSHY Z KHUH KRV DQG A P EIRQWKDYH FRHYROHG 2 QH K\ SRIWHVIY \KDVKDV EHHQ SRVHG LQ

P DQ WXGHV LOFOGIQI %XUERQ HVIDO 6 DFKV HVIDO FMG XQGHU3 DWGHUS KRIFH DQG 6 DQRIRQY  DQG ) UHVHQ L/ \KDW

\KH DSSHDUDQFH R K1) REIDCH SBMARQ HJ  IQHITHPARYH IQHRIRQY IV P RWRIKIQ LV \WH UHVX@R! P VP DRKHG KRWA P ELRQVBDILY

6 HYHUDO/RXURHV Rl GD\D DUH FROMMQVZ 1\ \KLY K\ SRKHVLY 96KUERQ HVIDO XQFRYHUHG VLI QUIFDQAYDUDQRH DP RQJ KRWAA P ELRQV

FRP ELQDIRQV LQ\WHIUDELOV\R IRP DQHIIHAMYH QMRIHQ ILf IQJ A P EIRVIV 1 RQHKHGBMW D IHZ R \WH \MMMG UK} RELDOAWDIQV Z HUA
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7KH/ HIXPH5 K] REXP 6\PERIY ( FRR\ 2| |RGYUEIRIUSKIHY
IQHIIHRRYH RQ D& RWIDAKRWV VXJ JHIQJ \KH SRWLELDI \KDVWAHVH J HQRWSHV DUH H SGRIMQI KRV DV RSSRVHG\R EHIQJ P VP DWKHG
ZIK\WHP 6DFKV HIDO D SUHVHQW \KH UHVXOV R VIQJ B AIDIQ [ORFXTMRQ WMV \KDWKRZ HG \WDVORQIL LQJ \WIDIQV FRX@ H KIEMD
INGHVW DGYDQIII H Z WIQ KRAMYVXH DI DIQ VXJ J VI \WDVWRP H UKL} RELD FDQ H| SRVKRW GXUQ) LQIHRIRQ YXVWKHVH QRQIL LQJ
JHQRWSHV Z HHVKRZ QIQ6DFKV HIDO  E R JHWDQRIRQHG E\ KRWZ KHQ \WH SOQY IQHRAMG E\ RWHU P RUH EHQHILFIDAKL] RELD
0 RH UFHQ® ) UHVHQ IRXQG \WDVIKL] RELDCP X\BANRQV \KDVWEBRZ HUHG KRA@HW DOR GIDG \R SRRUSHURUP DQFH B\ \KH LQIHRN
K] RELD $VDZ KR®! IMDSSHDWY \WDVIKI] RELD GR KDYH FDSDFW\R H| SRVKRWV EXWKDVWP RWIGHIHRRYH [QIHPNRQY DUH FDXVHG E\ KRW/
\A P EIRQ/P VP D\K DV RSSRVHG \R \WH UK(] RELD \BNQUI DGYDQUIJ H R \WH KRW

YXWGRQ- - $ + *IEVRQ6 ' 6HDUDI O - : RRGV DQG- %RFNZHD 9 DUDMRQ LQWH HIHFWYHQHW RI W\ P EIRWF

DVWRFIDWRQV EHVE HHQ QDWYH LK1} RELD DQG WP SHUDW $ XVWDIDQ$ FDFID : IWIQ VSHFIHY IQMIDFWRQY - RXUQDCR! $ SSTHG ( FRBJ\
+

7KLY FUMFDOMVRI H SHUP HQW SURYIGHG VRP H RI \KH HDUHWDQG EHVWAYIGHQRH RI QDDA RFFXUWIQ) QRQIL LQ) K1) RELDOAMDIQY

6 SHALLEDA WKL} RELD FROIFMG ILRP P XSG SOQMBRSXOMRQY Z HUH LQHPRIG LOR VHHG VHWIURP \KRVH VDP H SRSXOMRQV LQ D IDRRUDC

GHVIQ 7KLY H SHUP HQABHYHD®IG \WDWAH EHQHIMWDVIDQ, WK1 RELDOARDIQ J LYHV \R D KRWFDQ GHSHQG RQ KRV HQRIVSH EXVIDOR \KDW

VRP H UK} RELD DUH DSSDUHQW QRQEHQHILFIDARQ D& RWDABOMQMKRW

) UHVHQ 0 / : IGHVSUHDG | M@HVV DD QP HQWQWH BUXP H WKL RELXP W\ P EIRVIY 1 HZ 3K\ \RBJ LW +

7KLY HOU DQUWP H\ DQDOMY LQYHVAN DAMG \KH FRUMHOMIRQ EHE HHQ UKL} RELDADQG BU XP H INGHW EDVHG RQ P X\BAIRQV LQ UKL} RELD \KDW
DIIHPWA P ELRW¥ TXDQW DV Z HGDV YDUDMRQ DP RQJ Z LG \ADIQV 7KH NH\ UHVX@Z DV \KDVWP RWIKL] RELD \WDWDLOR SURYIGH VXEVDKQUDO
EHQHIMR KRAW DOR VXITHUILRP GHI UDGHG IMgHW

+HDW . ' DQG3 7UIIQ 6 WELQ) LQJ P HFKDQVP V IQD GUXP H WK REXP P XWDQVP ( YROMRQ +

7KLY SDSHUMMG \WH GRP LODQVK\ SRIKHVHV DERXVKRZ. KRWIBU XP HV FRONRAQHAIRQ E\ VXEVIBIQEDAS UKL RELD 7KH DXWRWY IRXQG
HYLGHQFH \KDV®U XP H VDQRIRQV FDQ EH UHDMYHO® LOHIILFLHQWO VRP H SRSXOMRQY

6DFKV - / 0 2 (KIQHUDQG( / 6IPPV D 2 WIQV R FKHDWQ) DQG®W Rl WA P EIRVIY [QZ IG5 96D\ WK} RELXP - RXUQDCRI
( YROMRQDU %4R®I\ +
7KLY SDSHUSURYIGHG HYIGHQRH Rl QRQII] LQJ UKL} RELDOADIQV 1LQ QDWIDODQGVFDSHVY 6 DFKV DQG FREDI XHV IRXQG WDVID QRQIL LQJ VANDIQ

H KIELWNG VXSHURUIMGHW \R L] LQJ \AWDLOQV LQ VIQI B DI LORFXOMRQY 7KH\ DOR SRIQIMG RAVKDVIRQI LQJ UKL} RELD KDYH EHHQ P RW
RINQ VROWG IURP DI UFXGMUDODQGVFDSHY

6DFKV - / - ( 5XWHO< ( /L. & %DFN* /RSH DQG$ 6 3DWD  E +RWFRQWRCRYHUIQ HFWRQ DQG SLIROHUIDWRQRI D
FKHDWUW P EIRQW- RXUQDCR! ( YROMRQDU %4R®J\ +

7KLY SDSHUVKRZ HGKRZ D QDWUDAD RFFXUWIQI QRQIL 1QJ K[ REIDOAMDIQ FDQ EH VDQRIRQHG E\ \WH KRWSOQADY ®QJ DV \KH KRWKDV
DFFHW \R RIHU P RUH EHQHILFLDOUKL] RELD

" HMW6 $ ( 7 .1HV ( / 6lPPV DQG5 ) ' HAVRQ 6 DQFWRQY DQGP XWDQVP WEELON : K\ GR K] REID 1] QWRIHY'
3URFHHAQIV RN WH 5 R\ DO RFIHW Rl / RQGRQ % +

7KLYV NA \WWHRY SDSHUSWRYIGHG GHBABIG P RGHY WDVBUHGFVWRQGMRQV 1Q Z KIFK EHQHILFLDOYHWXY QRQIL IQJ K(] REID Z L@VSWHDG 1Q
SRSXOMRQV
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7KH HXPHS5 K] REXP 6\PHRLY ( FRBI\ 2 [ IRGUEIRIWSKIH

5 Kl REIDO& RRSHIDARQ 1Q $ J UFXOXWDO DQGVFDSHY ) HIMI DAWRQ YHWXV ,QREXDWRQ

& KHP IFDOQIMIRT HQ IHUM) DVRQ FDQ VXEADIQID@ LP SURYH B XP H JURZ K 96XV} RELDAQRFXONIRQ UHSUHVHQW DQ HFRQRP IFDADQG
HOYIURQP HQBAD [UHQGD DAMODYH $QHP HULQJ SDUDGLIP  VSHDWKHDGHGLQ. IHY HWDO DQG' HQVRQ HVIDO VXJ J HVW KDy
DJ URGRP MV P XVWDRRULQ QDVWUDOVHBIFIRQ RQ ERW FURS SMQW DQG \WHIUM P EIRQW\R RSP [] H FURS SURGXRIRQ 7KXV \KH EHQHILW
DQG FRVWR! HDFK 1HUM) DURQ DSSURDFK P XWEH FRVUGHUHG Z W KLV DIZ QDY SHWSHRAYH LQP L1QG $V DQDO] HG lQ GHBIAQ 71® DQ
LOGXVANDAQMIR] HQ I DIRQ LY FRAG ERK LO\MUP V Rl \WH IRVMOXHAQHHGHG R 11, QUIRI HQ DQG LQ WP V RI \KH Z LGHVSUHDG
HOYILRQP HQIIOGDP DI H FDXVHG B\ QUIRI HQ LXQRII 0 RUMRYHU QIR HQ IHWI) DURQ LY SUHGIEWMG \R KDYH QHJ D\YH HITHPW RQWH GUXP H
WKL RELXP \A P EIRVIV IQ\MUP VRl ERW \WH HFRBJ\ DQG \WH HYROMRQ R \WH LOMDAIRQ ,Q\MP VRl HFRBJ\  WXGHV1Q9 DU DV HVWDO
KDYH VKRZ Q D UHGXPIRQ LQ \WH HIHRYHQHW RI UKL} RELDAQIHRIRQ XQGHUVRP H QUIRY HQ IHM) DMRQ UHI LP HV DV QLRI HQ IHW) DIRQ
UHGXFHV \KH SOQW QHHG IRUM P ELRWFDED GHUYHG QMRIHQ ,Q\WUP V RI HYROMRQ QIR HQ [HWI} DIRQ P LT KVWHDY VHOIPIRQ RQ \WH KRV
\R P DIQEAQ \WH UHDMRQUKLS Z W K[ RELD ( [ SHUP HQW SXEQKHG Q. IHY HWDO KDYH VXJ J VMG \KDVIDJ UFX@UDOR\ EHDQ
FXAYDW2  Z KIFK H SHUHQPH UHSHDWG FXAIYDIRQ LQ KL K QMR HQVRIG?  IDSIGD GHJ UDGH LQ WHUDELDIV\R VDQRIRQ LOHIIHARYH WK1 RELD
7 KHVH VWWGEHV VXJ J HWARDVGQIMR HQ IHW) HY FRX@ BIDG \R D EUHDNGRZ Q LQ \WH EHQHILELDAQIMUDAIRQ RYHUP H 5 K} RELDAQRFXTMRQ
Rl GUXP HV DOR FRP HV Z W VHURXV FKD@HQI HV 7 US®MIDQG 6 DGRZ WN H SOIQV\KDVIDWHP SW\R HP SB\ KL} RELDAQRFX® LQ
DJ UEX@UDOMHWIY V KDYH QRVEHHQ VXFFHWIXO@NH® EHFDXVH QDWUDOVHBIPIRQ DP RQJ WKL) RELD KDV EHHQ MU HO LI QRUHG LO\KHVH
DWP SW 6 XFFHVWIXQUKL] RELDAQRFXOMRQ P XWRYHUFRP H VHYHUDGKXWGEBN 6 DQRY HVDO H SOLQV \KDVZ KHQ UKI] RELD DUH DSSTHG
1Q DI UFXEMUDOMHWIY V \KH LORFXO(P \ADIQV P X\WEH DE®! \R \WUYH LQ VRIOKQGHUNKH YDUHG FRQGMRQY RN \WH IIHG < HWDV H SOIQHG LQ
$WNQV HYHQLL VRICHFR®J LFDAFRQGMIRQV DUH LGHDOWKH LIQRFX® P XVWYAMIEH DE®! \R FRP SHWM Z 1\ LQGLI HQRXV WK1} RELD IRU
QROXONRQ HILFIHQ® HVFDSH ILRP VHQHVFHQMQRGX®N  DQG SHYMAR \WH VRIAQ RUGHUR LQHPWKH QH VWHDVRQRI FXEYDWMG KRVW
6 LOFH LORFX@ DUH UDUH® DEDS\MG \R [LHT VRIGY RUDJ UFXGMUDCFXAYDLY \KH\ DUH IUHTXHQ® RX\WFRP SHWNG E\ LQGLIHQRXV K(] REID IRU
IQHRIRQRI B XP H FURSV 7 USGMIDQG 6 DGRZ WN FD@ \KLY IDIO(UH 1Q QRGXONRQ VXFFHW \KH 3WK[] REIDGFRP SHIMRQ SUREGP ~ 7KLY
SUREGP 1V SDUFXOU® KDUP IXOAQRH LQGLI HQRXV UKI] RELD LQYDUDE® 11 QIMIRI HQ DVP HGLRFUH BIYH® FRP SDUHG \R WDIQV \WDVIKDYH EHHG
VHBIPKG DV IQRFX® 0 RUARYHU . HY HVIDO H SOIQV \KDWQGLI HQRXV K1) RELDCSRSXOMRQY FDQ HYROH DQG [P SURYH \WHLUDELOWV\R
FRP SH\M IRULQIHRIRQ Z W HDFK FURS VHDVRQ Z KHUHDV K1) RELDAGQRFX@ DUH XVHG\ HDUDIMU\ HDUIURP \KH VDP H FERQHG ARFNV
$QRXIK 9DUDV HVDO VKRZ V/ \KDVWKL} RELDACRFX@MRQ FDQVRP HUP HV FDXVH D VKRWRP EHQHIMIRUGU XP H JURZ \K \KLY HIIHFV
RIAQ GIVDSSHDLY 1Q VXEVHT XHQW HDLY DV \KH BU XP HV \RIQG \R LQFUHDVH SRSXOMRQ M HV Rl \WH LQGLI HORXV K[} RELD UDWHUKDQ \KH
LORFXO\WNG DIV $ VIV GVFXWHG IQ\WH VHRIRQ/ HIXP H* URZ K 2 SUP 1] DIRQLQ$ J UEXGNUH P XFK P RUH Z RINQHHGV \R EH GRQH 1Q
RUGHUR RSP [} H WK1} REIDAQRFX@QW IRUKH YDUHG FRQGMRQV Rl DI UFXGMUDALHGY 1 ROHKHGM/ \KHUH LV SURP LVH \WDWAH XVH Rl
K} RELDAQRFX® Z LGEHFRP H P RUH HILFLHQMDQG GVSOFH QUMRJ HQ IHWM) DIRQ RQVRP H FURSV

SWQV & $ ( NEIHQFLHV DQG LOHI EEIHQFLHY IQWH BUXP H5 KI] REIXP W\ P EIRVIV $ LHYIHZ 3 @QADQG6RIO +
7KLY SDSHUSURYIGHV D GHABI®IG DFFRXQURI \KH YDURXV VRXUFHV RI LOHIILFLHQFLHV LO\WH G XP H UKL RELXP \A P EIRVIV

"HQVRQ5 ) ( 7 .HW DQG6 $ : HW ' DIZ IQDQDIUFXOMUH : KHQFDQKXP DQV 11QG VROMRQY EH RQGWH UHDFK Rl
QDWIDO/HBIFWRY' 4 XDUMUD 5 HYLHZ Rl 94REI\ +

7KLY SDPSHUIQNRGXFHVWH IGHD Rl * DIZ LQAIDQ DI WEXAMUH D VHVIRI SUDRIFHY \KDVKVHV \KH \KHRUY RI QDWUDO/MHGIRIRQ W RSUP [} H
DJ UFXGUDCEURGXARQ

JHYW (7 0 * +XWRQ DQG5 ) ' HQAVRQ + XP DQVHOIFWRQ DQG WH UHD{ DWRQRI B XP H GHIHQFHV DI DIQVWQHI [ HFWYH
(K] REID 3URFHHGIQIV RI WH 5 R\ DOB RFIHW % YAR®JI LEDO6 FIHQFHY +

7KLY SDSHUVKRZ HG HYIGHQFH RI KRZ B XP HV FDQ HYROH UDSIGD DQG QHJ DYH® [Q DQ DI UEXGMUDOMNIR  7KH NA \WHRY ARG LV \KD\
FROADQVH, SRVXUH \R QIMIR] HQ [HW} HUFDXVHV P HFKDQVP VR B XP H VDQRIRQY \R GHI UDGH RYHUHYROMRQDY \IP H
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7KH HXPHS5 K] REXP 6\PHRLY ( FRBI\ 2 [ IRGUEIRIWSKIH

JHW (7 6$ : HWDQG5 ) ' HQVRQ 0 HGADWQJ P XWD@/P V ) DLP P DQDJ HP HOABLDFWFHV DQG HYROMRQDUY FKDQI HV
QW P EIRQAFR RSHUDWRQ - RXUDDCR! $ SSTHG ( FR®J\ +

7KIVNH UHYIHZ OIG RXVID IUDP HZ RINRI KRZ. KXP DQ SUDRIFHV FDQ DAMUHIILFIHQR. Rl FURS SURGXPIRQ LOFXGEQ) B XP H UKL RELXP

VA VWP V

6DQRV O $ 0 $ 7 9DUDV DQGO +XQUUD & KDUDFWU] DWRQR! VR EHDQ DG, LK1} RELXP \MDIQV DGDSWG VR WH
%D] LIDQVDYDQQDV ) (0 6 0 IFLREIR®J\ ( FRE®J\ +

7KL SDPSHURXWIEHY \WH YDUHG FKD@IQI HV Rl XMQJ K] REIDAQRFXDQWV

71 DQ * GREDCHQYILRQP HQWAP SDFW Rl DJUEXGYUWDAH SDVIRQ 7 KH QHHG | RUVXVWIIQDE®! DQG HI | LFIHQWSLDFWFHV
3WRFHHAQIV R WH 1 DWRQDGH FDGHP \ Rl 6 FIHQFHV Rl WH 8 QWG 6 \BMAV Rl $ P HUFD +

7KLY SDSHUDQDO®] HV \KH UHOMRQVKLS EHE HHQ KXP DQ SUDPIFHV 1Q DI UFX@UH DQG GRZ QAHDP  SRONIRQ

TUSGMWM( : DQGO - 6DGRZVN * HOHWFV Rl FRP SHWARQ | RUQRGXOMRQRI BUIXP HV $ QQXDCh HYLHZ RI O IFUREIR®RIN

+

7KLV [P SRUBQVEDSHURXWIRHG P HFAKDQVP VR FRP SHIMRQ DP RQJ WKI] RELD IRUGL XP H IQHRAIRQ DQG H SOIQHG KRZ \KLY FRP SHIMRQ
FDQ Z RUN DJ DIQWQRFXOMRQ SURI DP V

9DUDV 0 $ 7 , & 0HQGHV DQGO +XQIUD 5 HVSRQVH R IHG JURZ QEHDQ 3KDVHROV YXODUV/ RS Kl RELXP
IQRFXOMRQ DQG QMR HQ | HUM] DMRQLOE R & HUDGRV VRIY %R®RI\ DQG) HUMW Ri 6 RIY +

9 DU DV DQG FRGIDI XHV H DP LOHG VKRWRUP HIIHRW RI 1HWM) DMRQ DQG UKL REIDAORFXOMRQ RQ EHDQ SURGXFIRQ $ NH\ IREXV RI \KH
DXWRW LV \R RS\ [ H \WH UHVSRQVH RI EHDQ FURSV 1Q D KDEMIMWSHFLLE Z D\ 7KLY DSSURDFK 1V XVHIXOUQRH VSHALLLE LORFX® P LT KVRIMQ
YDU LQ\WWHIUVXFFHW GHSHQEQ) RQ VRICHFRBJ\

| HIXP H* LRZ W 2 SWP [] DARQ LQ $ J UFXOMH

7R VROH \WH WK[] REIDGFRP SHIMRQ SUREGP  UHVHDURKHWY P XWEHMBHUX QGHUABIQG \WH HFRERJ LFDADQG J HQHWF GHWWUP LODQWRI UK} RELDO
FRP SHIMYHQHW DQG UHVROH Z K\ LORFX® QRGXOW KRW DWXFK D &Z UM FRP SDUHG \R QDAYH WK(] REID ) RUQWNQFH FRP SHIMRQ
[P STHV HFR®J LFDAQMDAIRQ EHE HHQ FRP SHIY \WWIDLQV Z KIFK P LJKVIDOR EH DIIHRRG E\ \WH QXUHQWRQMQVIRI VRIY 94<XXYDQHVZ DUL
HVDO DQG* UDKDP VXJ J HAAKDVWH \IP LQJ RI \WH LQIHRIRQ DQG WH SUR] LP WV RI D VARDLQ R \WH WKL) RVSKHUH FDQ DOR DIIHPWKH
RGGVRI D \WDIQ QRGXONYY D B XP H DQG KHQFH LOFUHDVH FRP SHIYHQHW 0 RUHRYHU \WH J HQRP LE DUFKIWFUA RI FRP SHI)
LQGLIHQRXV UK} RELD P LJ KV RGX@\ FRP SHIMRQ IRUQRGXOMRQ ' XH \R \WH FOMMUQJ R A P ELRIF J HQHV RQ SOWP LGV RUQ JHQRP IF
MDQGV KRUJ RQBQI HQH WDQUHUFDQ UHVXEIQ \WH WWDQVIHURI \A P ELRVIV. J HQHV IURP LQGLI HQRXV K1) RELD \R IQRFXOP DQG YIFH YHUD
7KHVH K\ EUG \ARDIQV \KXV UHSUHVHQUDHZ FRP SHUMIRQ IRUKH LORFXOP \KDVQ VRP H FDVHV FDQ FRP SGARKD \INH RYHUWA P ELRQW
SRSXOMRQV DV VKRZ Q1Q6 XQ@YDQ HDO 0 RUHRYHU DV VKRZ QIQ 1 DQGDVHQD HVWDO KRU RQBOMQVHUR A P EIRVY MDQG
@FLLY @ONHG Z W \KH HYROMRQ Rl QRQEHQHILFLDARUSRRUD EHQHILFLDAKI] RELD XQGHUDJI UFXGMUDAFRQGMRQY & XUHQ® ADIQ VHOIPIRQ
SURIUDP V DUH W LQJ \R DGGUHW \KHVH SUREGIP V 3 URIDP VANH ( 0 %6 $3$ 1Q94D] ICHYDODW LVROAMY IRUD YDUHWRI FRP SHMYH
TXDOQMV DQG KDYH DWBIQHG VRP H VXFFHW LQWUP V RI FKRRVMIQJ KDELBMYSHRLLLE LORFX® %R 6 DQRV HVDO DQGO RABMR HVDO
GHVFUEH VRP H UHOAYH VXFFHWHV 1Q WHVH ARDLQ VHBIPIRQ SURI UDP V' 7KHVH SURJ UDP V GHP RQAWIDVA \WDVWXFFHWIXAQRFXOMRQ
SURIDP V P XVWFRQVUGHUWKH VSHALLLE HFREJ IFDOFRQGARQV Rl DQ. SDMFXMUVRICKDENIVEHIRUH FKRRVMQJ UKL RELDOAMDIQV \R XVH 1Q
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7KH/ HIXPH5 K] REXP 6\PERIY ( FRR\ 2| |RGYUEIRIUSKIHY
\KRVH VHIQI V 6 1P LOUSURI WDP V H IMAQ \KH 8 QMG 6 \BAMY $ XVIMDID DQG HOHZ KHUH DQG KDYH DOR P DGH VRP H SURI UAW IQVWXG LQJ
LORFXOP VXFFHW ' HQVRQ HVIDO Z WMV \KDVWKH QHZ IIHGS I DIZ LQIDQ DI UEX@UH VHHNY \R DSS® HYROMRQDY \WHRY \RZ DG
RSP [] LQJ DI UEX@UDAGHYHESP HQWDQG VXVABIQDELDN ,Q\KH B XP H UKL RELXP W P EIRVY Z H P XWFRQUGHUSWDRIFHV \KDVWADQ
RSP [] H ERW SOQDQG WK(] REIDAQRFXOP VXFFHW 6 XSSRWWRUWKH VXFFHW RI ' DIZ LQIDQ DJ UFX@MUH FDQ EH IRXQG LQ P SUIRYIQU FURS
\ IH@ DV D BAVXOR! J HQHWF P RGULFDIRQV 1Q WKL} RELDOQRGXOMRQ IDRRY ' HQVRQ HVDO KLI K@ KW\KH P SRUBQVERIQAKDVIDXUDC
VHBIPIRQ GRHV QR MAR VHLYH KXP DQ LMV LQ DI UEX@MUH ) RUQWBIRH Z KHQ KXP DQV YDOXH VSHALLLE WDIW VXFK DV HQ \ P HV
HIHAYHQHW FRP SHIMYHQHW WIHW \RGILDQRH DQG EURDG VSHRRKP LQVHPWEHIHQVHY \KDWARIQFLGH Z 1\ QDWDOVHBIRIRQ Z H FDQQRW
IXUKHULP SURYH XSRQWRVHWDIW + RZ HYHU Z KHQ KXP DQV YDOH \WDIW \KDVDWUDOHBIPIRQ KDV QRDHFHWDUD RSP 1} HG
[P SIRYHP HQWE\ KXP DQP DQDJ HP HQWDQEH P DGH

YKXYDQHVZDUL7 9 % * 7XUHRQ DQG: ' %DXHU ( DUD HYHQW LQWH IQHFWRQR! VR EHDQ * OFIQHP D} / 0 HW E\
5K REIXP MSRQEXP  / RFDQ DWRQR! LQIHFWE®I IRRWFHQY 3 DQNB K\ VIRBRI\ +

7KL SDSHUWKRZ VKRZ K[} RELDAQHRNRQ RI ®1J XP HATURRW FDQ EH KL KO GRFD@ HG \R DQ DUHD QHDUWWH J URZ 1QJ LRRWIS

"HQVRQ5 ) ( 7 .HW DQG6 $ : HW ' DIZ IQDQDIUFX@MUH : KHQFDQKXP DQV 11QG VROMRQY EH\ RQGWH UHDFK Rl
QDWIDO/HBIFWRY' 4 XDUMUD 5 HYLHZ Rl 94REI\ +

7KL SDPSHUIQNRGXFHG \WH ' DIZ LlQIDQ SHY/SHRAYH RQKRZ \R P O P 1] H ®lJ XP H SURGXRIMW IQW P EIRVY

* IDKDP 3 + ( FR®J\ Rl WH IRRWQRGX®! EDFWMUD RI GUXP HV ,Q1 MRIHQ L[ LQJ GIXP IQRXV W P EIRVHV ( GWGE\ 0 -
"IGRUN ( . -DPHV - , 6SLHOMDQG: ( 1HZWRQ + ' RUBLHFKW7KH 1 HWHUDQGY 6SUQIHU

7KLV ERRN FKDS\WUH] SOIQV\KH P SRUBGQRH Rl HDUD HYHQW GXUQ) EDRRMUDCSOQFRQDFVIQMUIP VR VXFFHVWIXOK(] RELDAQIHAIRQ

ORWBWR/ )/ ORWBWR % * ' IDV0O $ 7 9DUDV DQGO +XQUD 6 HBIFMRQRI EHDQ 3 KDVHRQYV YXO DUV /
KL} REIDOMDIQV |RUWH %D] LIDQ & HUDGRY ) IHG & RSV 5 HVHDUFK *

7KL SDSHUGHVFUEHV VRP H UBHOMYHO® VXFFHVWMIXCHIIRW\R RSP [} H \WH G XP H WKL RELXP W P EIRVIY XQGHUDJI UEXGXUH 1Q \WH FHUDCR
UHI IRQVRI 6 RX\K $ P HUFD

1DQEDVHD . * * : 2% DWD5 3 7ZDU( 6HP W DQG- * +RZIHVRQ ,Q VIV @WUDOADQVIHUR W\ P EIRVIY IVOQGV
HVXOV [QLDSIG HYROMRQR! GlYHU/H FRP SHWAYH \WDIQV Rl P HVRUKI] RELD VXERSWP DAQW P EIRWF QMRIHQ 1] DWRQ RQWH SDVWXU
GUXP HY%HVHUXD SHOFIQXV /  ( QYLLRQP HQWQD LFLREIR®J\ +

7KLV LV D VHP IQDCBDSHUMKRZ 1QJ \WH HITHRW RI KRUJ RQIBQ HQH \WDQVHURI WA P ELRVIY BALXQGHUUHDADI UEX@MUDAFRQGMRQY 7KH P DIQ
FRQFOMRQ LV \WDVKRU) RQBOMQVIHULY FRP P RQ DQG \MQGV \R IDYRUKH HYROMRQRI Vi P EIRWD@ SRRUWK] REID

6DQRV O $ 0 $ 7 9DUDV DQGO +XQUUD & KDUDFWU] DWRQR! VR EHDQ DG, LK1 RELXP \MDIQV DGDSWG VR WH
%D] LIDQVDYDQQDV ) (0 6 0 IFLREIR®J\ ( FRE®J\ +

7KLV SDSHUE\ 6 DQRV DQG FREMDI XHV GHVFUEHV HIIRW\R FKRRVH RSP DOK(] RELDOAMDIQV IRUDI UFX@MUH EDVHG RQHIILEHQR Rl
QIR HQ 11 DIRQ DQG FRP SHMYH DELMIV Z W RKHUUKL] RELD LQ\KWH VRIO

6X@DQ- 7 + 1 3DWMEN: / /RZWHU' % 6FRMDQG& : 5RQVRQ 1 RGXOW VWDIQV RI 5 KI] REIXP GWDUYH WURXJ k
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7KH/ HIXPH5 K] REXP 6\ PERMY ( FRB\ 2 [ IRGUEIRIISKHY
FKURP RVRP DO/ P ELIRWF J HQH WDQVI HUIQ WH HQYILRQP HQW3 LRFHHGIQIV Rl WH 1 DWRQDCS FDGHP \ RI 6 FIHQFHV Rl WH 8 QWG
6\VMV Rl $ P HUFD +
0 ROFXQUDQDOMY LQ KLY SDSHUGIVFRYHUHG \WDVID FDWHWH RI Vi P ELRVY J HQHV ILRP D MQJ ®f K[} RELDAGQRFXGP \WIDIQ VZ HSWKURXI K C
GLYHWH SRSXOMRQ RI QDIYH VRIOKI] RELD \WDWRX@ QRVBUHYIRXVO LQHFVKRAWW

1$6702" ) ,("
‘2, 2R
%$&. 72 723
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