(@l

0iiopo6uod G6SEéigLSI UGULD
oeuvuiige +06 0ié@0O00€ED

G6éeod 2ediouedigbé@do0060000e +0 0i€vO0OGED

BBBBBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBB

[@))
c

(@]}

(@)



o



c

(@)

(@)}

' LK KK KK KL

' KKK KK

' ' LK K KKK KL
i 7'3 LCERCER COR (O (O CER (AR G CER COR (O (O (R GO (AR CER GO (AR GO GO O AR (O (O (O GO GO GO (O (R (¢ «

i VAE X ZZ ZZ Z X Z X R R R X W R &S
i )8&(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
i83&((((((((((((((((((((((((((((((((((((((((((((((((((((««(((((( L KL

Ulfli(««««««««««««««««««««««««««««««««

6éﬂl:l LA KLELKK KK K KK



(@)

(@)

o

0 &RUI IR IR I R X X R XK R+
0 *51 IR E I X X R R X
0 TP5'U3 UK EEKLLLKLLLLLLL LKL KL L KK
0 " )86 UL LLLLLLLLLLLLLLLLLLLL & KKK
0 " 9&3 IR E R I I L R X X X
0 "R HF03 U KUK LLKLLLKKLLK KL LLLK KL K

LCERCER (O (O (O CER GO R CER (O (O (O CER GO GO GO (O GO O (O (O GO GO R GO (AR (O (O (R GO (O (O (O CORIE (O (¢
LA LEKLKEKE KKK
LA KEKLKE KKK
LA LELEKLEKK KK

BEEEE EZZ ZZZZZ ZZ Z L X X X XX I ¥ s

LA LEEKLK K KKK

U LUK KKK

LK KKK KL

Uﬂi««««««««««««««««««««

aul
LK KKK KK KL
KKK KL
]
n 1 - + é 1
LCERCER (O COR (O CER AR CER COR (O (O (O COR (AR GO CER (¢ L KL

++é((((((((((((((((((((((((((((((((((((((((«
++é(((((((((((((((((((((((((((((((((((((((((

++é LUK KKK



[N

c

u TR R KKK KK KK LK KKK
i " T A KKK KK
- ' I ZZZZZ XXX
0 ' ) I ZZZ XX RZS
= R ZZZZ I A %"
o) R L Z T A ¥ 2 2%ZS

&

0 ée T ZZZZZZ X ¥ s
0 ' R R A Z
0 T ZZZ ZZ AR R
= 6 B K K K € K K K KKK KKK

! ' 1*6
' . | '
e ! '

[N

é LK KKK

$33((((((((((«((((«((((((((((((((((((((((((«((((((((((((((« K KKK

36(1 LCERCER (O (O (O CER G R CER (O COR GO CER GO (O (O GO COR O (O (OGO GO (O (O (O GO GO (R (O R (O (R (¢
36(1((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((

$ S R((((( LCEECER COR (O GO CER R (O (O GO G GO R GO (O GO GO GO GO (O GO GO GO (O (O (O (O GO (R GO (O (R (¢

75(0 ««««««

LCOR COR CER GO CORCER GO (O GO GO R GO (O (O R GO (O (O (O GO (R GO R R (O (AR (R (¢

! ' auai 0 &K « & & & K K K K K KK KL
64670 R R R 2%
62' T EZZZZZZ T X R+
6,*0%5

LA LKE KKK KL

KKK KKK KL



(@)}

(@)

o

(@)

c

/55. AL LLLLLLLLLLLLLLLLLLCLLL LKL KKK
61&9% K R R R R R X X X R
e ! ' ' ' 3513
e e i
$ %o HELLLLLLLLLLLLLLLLLLLLLL LKL LKL L L K
7DX I ZE ZZZ I X X X X 2 'y Z
3WDX I ZZZZZ R Z R Z X X R X MRS
e" I ZZ ZZZZ I X R R XX
é $SR( R R EE L X
+ ' , " '
! KK «
y
0
i
'
' é " I R K R XX

LCERCER COR (O (O (R COR R CER (O (O (O (R COR (R CER COR (O (O GO (R (O (O (O GO COR GO GO (O (O (R (¢



o

c

(@)

c

ECERCER (O (O (O CER R CER GO (O (O (O G (R R COR (O COR R R QR (G (¢ UKL KK KKK KL

LCERCER COR (O (O CER COR R CER (AR (O CORCER GO (O (O (O COR (AR COIR (O (¢

* 5 1€ € KKK KKK KKK KKK KKK

ECERCER (O (O (O CER G CER CER (O (O (AR G G R COR O (O G GO GO O (O (O (R (R (¢



uai

&RS\ QXPEHU

0$37
i
0
i
éll
0
0

uai

75(0

aai

&19V $33

& RUI

1*6



[N

LCER GO (O (O CER R GO (O (O CER (R R R CER (O (O (AR COR GO (O (O (R (R COR (O (O (R (4

«



—_ —) —_ ('_D: D M- [0} [N D~ (O D~
(] o O o | o o = ®o —
o - o: o) - < (e
o < c »
(@] o
| oy
(@] o
<

—
c/
-

' IHZ\

o o o o o o = = ==z
o o o o o - o o e
c .- -_— (e ® @ SN
o -
Qo

O
o
(@]}
O
o
(@]}



= 0ai

ui

uod OF/HRG
& 0 @t

Uoi

aai

aai-=+

auoi

yey

$*

$33$P\ORLG 3UHFXUVRU 3URWHLQ

%'$(%RVWRQ 'LDJQRVWLF $SKDVLD ([DPLQDWLRQ
%17%RVWRQ 1DPLQJ 7HVW



& RUI &KURPRVRPH RSHQ UHDGLQJ IUDPH

&'5 &OLQLFDO 'HPHQWLD 5DWLQJ

&'7 &0ORFN 'UDZLQJ 7THVW

&(5%' &RQVRUWLXP WR (VWDEOLVK D 5HJLVWU\ IRU $O]KHL
&+03 %&®KURPDWLQ ORGLI\LQJ 3URWHLQ %

'$* 'LVDELOLW\ $VVHVVPHQW IRU 'HPHQWLD VFDOH

"% 6

"5 'HPHQWLD 'LVDELOLW\ 5DWLQJ

'60 ,9 'LDJQRVWLF DQG 6WDWLVWLFDO O0DQXDO IRU OHQWD
(.&f

)%,)URQWDO %HKDYLRU ,QYHQWRU\

)&657)UHH DQG &XHG 6HOHFWLYH 5HPLQGLQJ 7HVW

)'* 3(7 )OXRURGHR[\JOXFRVH

)56 JURQWRWHPSRUDO GHPHQWLD 5DWLQJ 6FDOH

)7'& ,QWHUQDAMKPYRRUDO 9DULDQW )7' &ULWHULD &RQVRU
)7/ 8 Ui &

)86 IXVHG LQ VDUFRPD

*'6 *HULDWULF '"HSUHVVLRQ 6FDOH

%7

*51 *UDQXOLQ

+'/ +XQWLQJIWRQINVNGLVHDVH

,%03),QFOXVLRQ ERG\ P\RSDWK\ DVVRFLDWHG ZLWK 3DJHW
DQG RU IURQWRWHPSRUDO GHPHQWLD

,67,VDDFCV 6HW 7HVW

/55. /HXFLQHFK UHSHDW NLQDVH



0$370LFURWXEXRPFHLDWHG SURWHLQ WDX

006( OLQHQWDO 6WDWH ([DPLQDWLRQ

1*6 1H[W JHQHUDWLRQ VHTXHQFLQJ

1,1&'6 $'5'$IDWLRQDO ,QVWLWXWH Rl 1HXURORJLFDO DQG .
$QG 6WURNH DQG WKH $O]KHLPHUYV 'LVHDVK) DQG 5HODWFE
13,£1HXURSV\F QLIQWR U\

3$57 "

351335LR1 3URWHLQ

36(1 3UHVHQLOLQ

36(1 3UHVHQLOLQ

SW DS KRV SKRX

6' VWDQGHBYGDWLRQ

6,*0$5 6LJPD IDRSQRLG ,QWBEBFHOWRODU

64670 6 HTXHVWRVRPIH ELWIGA QJ SURWHLQ S
61&$V\QXFOHLQ DOSKD

62' 6XSHUR[LGH 'LVPXWDVH

63(&76LQJOH SKRWRQ HPLVVLRQ FRPSXWHG WRPRJUDSK\

7$5'%3F$5 '1ELQGLQI SURWHLQ

7'3  WUDQVDFWLYH UHVIRQMIWHEBELQGLQ

707$+7ULDO ODNLQJ $

707%+7ULDO ODNLQJ %

75(0 WULJJHULQJ UHFHSWRU H[SUHVVHG RQ P\HORLG FHO
WWDWRWDO WD X

83'568QLIBHE N LR YRBDBHN 66 DO H

836 XELTXEWRWHDVRPH V\VWHP



9&39DORVLQ FRQWHLQLQJ SURWHLQ

9'5/ 9HQHUHDO GLVHDVH UHVHDUFK ODERUDWRU\ WHVW
:$,65 :HFKVOHU $GXOW  QWHOIOMHEQFH 6FDOH

:&67 :LVFRMBE&R U W/LHIW

:0/7 :RUG /LVW OHPRU\ 7THVW

esi e i

~

eA



u
e !
$O]KHLPHU 'LVEDWHRQWOG $MSRBUOG 5
W$O]KHLPHUI &
é
5
0 ée" !
G
600 é e ée
'LPLWURY HW DO
U " ' 190 + i
*LDQQDNRSRXORV
DO +DUYSRVVRU i@ 0
é
ig0
O9LHLUD HW DO
5



7TUD\NRY HW DO

oei

ee



[axly

[N

D

D

[axly

—)

—_

o

1*6



.
i auai
a
i " uai
éi6 5LHGO
. Uai
$UQROG 3LFN ' 0 " -
3EN 5
an 3LFN
%URFD :HUQLFNH
"I YJ)UHXG 5 "  'HMHULQ@MLH&]
3LFN
3LFN +
3LFN & ' 3LFN

$ORLV $O]KHLPHU



& 1

XXIX. Jahrgang.

Donnerstag, den 11 Aungust 1904.
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Nr. 32.
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Amtliche Zeitschrift
der Deutschen Sektion der Krztekammer fir das Korigreich Bohmen, der Arztekammer fOr das Winlgr. Bihmen,
dus Zentralvereines deutscher Arzte in BEhmen, des Zentralversines deutscher Hrzte In Mihren und
des Versines deutacher Krzte in Prag.
Verantwartlicher Schrifieiters Doz Dr. Luidwig Waelsch, Prug 1L, Dilvngrean 10, Teleghon Nr. 8078
Administration nsd Kommisshneveclag bei Onrl Bellmann in Prag, Micheelsgasse 458, Telephon Rr. 488

m-mahWammmmmEWtwm.mmm
mmuhmmmw.aa.mmu 10 und Onr] Bellmann in Prag, Michadsguse 435,

IREALT: 1. A Pick: (bie primkne pruge ok

— IL Any der

sdicisiben Elinil des Prof. B r-Jakeeh: Hind. mesl. Walbsr

Demens bel
Altaatinl: Uher Soggeesintiaragle Bai fnrktiosaller Beagoie. (Bchlus) — H1 Ohersichimnslamt: Doz, Tr. Bdeard Ple Lr:lhlq'u'h'-. Batkblirk
al
Er

A% jra Jebme 1203 auf den Gebien der Tafallheilkesle
¥, Tadabll i VL
[Seklmns,

) — WL e Seklian fer Arstskummes fir das Eéalgreich Bokmes. — 15, M
e eayresrh Blimen, — . Had Weigen. — XL Notlosn — XIL desslgec.

(Fer 3 — 1T -

" VIL 1. Komgress fir frowrs Modisin in Leipeig vom (8. 18 21, Apell TE.

jieibungen der Arsskammer fir

Mmhwﬁ-ﬂll-ﬂwu-nmnm—mwmmu

fiber primére progressive Demenz bei Erwacheenen.
" Wea A Plek

n meimer Avheiz ,(Ther primdre ehreakiche Demens (Boge-
manate Dememtin im jugendlicken Altsc® [Prager med.
Wockemachrift 1881, Separatshdruck pag. o0 glabe ich als einer
der erstem daran] safmerksam gemacht 7o haben, dass Enlehe
Faila — usd ich hatte dabel vor allem die wwkig, als einfuehe
pragraseise Diamens verlnsfenden jm Auge — nicht blog jemseits
dnr ‘ODer Jubee nicht silen selten sind, eondern dies manche Falle
von ghichem Veslaufe is dea 80er Jahren ebenfalls noch hisher
grhdren.

THase welegentlichs Amssetung fst, trotsdem die Arbeil (=
[(beigen micht unbeschtet geblinher, nleht gebnbrend berbekiich-
tigt worden, ¥i hr sind die T %en onter dem
Fiaflasse der dis Dementin prancéd umfsssecdan Duretellong der
Heidelhorger Seliube gaee vernachikssigh wopden ; wesigstens finde
ich, wena ich vom simor gelegantiichen, viell=icht higher zo bezie-
lignden Bemerkung Olaye Shaw's (Dict. of peychol, med. L, pag.
350 sheche, nichts o der won =ie durchgesebenen  Litprater'}
unil, vor allem Bringen die gebrouchlichen Lehrbacher nichts Ober
die ie Rede Stebende Taisache, doren Heontnis namentlich sus
prignostischen Gesichtspuekton snth fir den praktischen Aret von

T B wee Bloswasger ala Fali priseailer Demem vacgelihrisr
Mrasier (rlska Minchoer medislsische Worhenschrilt 1505, pg. 1377) gebiet
webon mit wel die o SigraaIti Er
sicht Birher. Dis Bamarimnpae 5lohea's (Sesen Lebrpach, sweits Anilnge,
pag. 700) hinilchilieh dar Bashasbinngen mndirer Aulorea betrefen wihl
pach, sovis] Bch mobe, picht Fulds vea elnfacher Temess m hrigen verwed
feh sad de Siatesik bai Berteehinger (Tattuckrif e Pepchlatria B, pug.

271 figh Vergl Bbeigems aoth den Nackirag nes Sehlusss &an
Anfaarzes,

$ S3LFN "

Bedewiang ist; darem mebee ich nin Versglaseang, im Nacksle-
i einen typichan Fall dnrselben, der sish Riieslich in der
Klinik dargctalan, zu shildem.

Am + Morembee 1607 wicd dis d1jilclge Hindleegatidn Asas EL zar

Hlintk =it i Wmmt gy siser o0
Draintans wud g et Lk freber. Fumilia; ot wier
] gesund #lnd. iyror Kindbeit ood jhrer

Jrgendd st mickhn wsa andeerT Guelle als iboin aigeran Aussgin [
Fhr Maan berichiss, duns, aly ev #o helrwieir, w wwar nichi hespeders gee
wehels, wher doch dorehias pacemal ghwanen sel; sk Sk anch wo in der
14 Jskes langen Ehe, wikesad welches ol & Higder obet bevendere krank-
hafle Hidrdngss prbares wid aach gosiogl tdan jngetn {sk 4 Jabro i), Wa
v etws alnem Jabew;, der Mann beoiste sach ansdrckiich, dess sl mar
Fohrueg der klsaes Hisbckiadt vellkommen gpentyges, in lhre Klasdar seibad
asleecigse sed anch die Kader jmmer gt plegte.

Belt Jakreafriet bemarkts der Mamz mum sa jbe elos Varladesuny,
ohee dnm er dafr irgend et Trrsuhe, oech aach beanplick der Am vae-
gebalteoes, eows dunkbaren i A=
aeben wsace, Friber {mmer peschickt upd hessrgt, wenle sle jeat onge-
mehicki upd ewlickalies, klmmesie @th um wichds, verrichiess aoch michi
ik e gewdhnlichitan Arbesten, besorgtd {hre Eisler wichi makr, wach:
schie webace nleht dis elgens Wischs nod s Wi aich achlissalich ikt mekr
hkmmis, monstes ibe dis Hware kere geschaisten werdeo; wean s sielh go
prgeed elnsr Arbell grewssgen wurls, s oder Tng e nptatig 4, Oeog
anch 700 seibit Ui Geepeloh s, dumlors gub et asdh wiedsboliem Te-
feagea eine dstwort geling o Aureh wisdarhotios Belrages moth fhrem Bo-
Hnden 438 Antwers 2o erales, v laokein dispsibs steevatyp: aEa int Fikal®
ader  Die Soutd acheied nicht®, wmeh weon drnses
war! aly ssustige wlasige Ansseroges, dis e ot wibrepd guamer Tegs
meahitn, warden dis Hizes berichier: .Fabee phgeaids bin, wir werden omen®
wler o Dis Enrtoffdln Loches e, iz werdea sssen; ibe einzipe Songm
sohben ihe Hirper, Inder sis hlars sbor Fithe and Heagee klagis ned duhed
sin praveipertes Nahroagibedirhis scigte, [m Ulbrigen del #a moch doreh
ihren ungewsholichen Jibzors saf, s wckimplee, sthiog dia Kinder oder
wart (hoen ollesbei mach, schlug wich das Rindeiah geaz simoles. Aus der
Mizie des Krankheitsjahres wird berichiet duss she o muimer Misihawfen
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PRNP - Prion protein | GRCh37 (Chr 20)
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Overview of Transcript NM_000311.3
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¥ COSMIC (Catalogue Of Somatic Mutations In Cancer) () (5
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¥ Protein Domains
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CAACAT GAAGCACAT GGCT GGT GCT GCAGCAGCT GGGECAGT GGT GGGGGECCT TGECGGCTACAT GCT GEGAAGT GCCAT GAGCAGGCCCAT CATACATTTC
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G G A
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$O]KHLPHU $ 6WHO]PDQQ 5% 6FKQLW]JOHLQ R® RIW DO
$O]KHLPHUYV SDSHU 8EHU HLQHHLJHQDUWLJH(UNDQN
+

$O]KHLPHU $ EHU 8##1LQH HLIJHQDUWLJH (UNUDQNXQJ GHU +L
+

$O]KHLPHU $ EHU $HLJHQDUWLJH ®@HDWQNVISBLWAMIDHQ GBHODWHU

1HXURO 3V\FK+L£DW

$O]KHLPHU 'LVHDVH OHWD $QDO\VLV &RQ¥ RUWLXP -$08%

$O]KHLPHU W\SH QWHUQDWLRQDO 3V\FKREJHGLNWXV¥NVRQ



$PDGRUWL] & /LQ :/ $KPHG = 3HUVRQHWW ' 5D®LRIWG3 'X
15 +XWWRQ 0/ 'LFNVRQ ': LPPYXYOQRUHDFWLYLW\ LQ KLS
VFOHURVLV DQG $O]KHLPHUYV GBEVHDVH $QQ 1HXURO
$QGUHDGLY $ %URZQ : 0 .FWWXFWSXUH DQG QRYHO H[R
KXPDQ WDX JHQH %LRFKHPLVWU\

$QGUHDVHQ 1 %OHQQRZ . &6) ELRPDUNHUV IRU PLOG FR.
$O]KHLPHUYV GLVHDVH &OLQLFDO 1HXURORZZ DQG 1HXURYV
$QGUHDVHQ 1 “PHVUGH/BRQ 3 OLQWKRQ / :DOOLQ $ :LQEOD
+ 9DQPHFKHOHQ ( %OHQQRZ . &HIHDPBRESLQ 3O ]KHLLPGH & F
GLVHDVH GLIIHUHQFH YD GG GBHHWHPW|BHLPHU GLVHDVH D
GXULQJ WKH FRXUMHF R | 16| X\UHRODVH

$QLWKD $ 7KDQVHHP , 1DNDPXUD . 9DVX 00 <DPDGD .
7R\RWD 7 7VXFKL\D .- ,ZDWD <HW DO =LQF ILQJHU SL
YHUEDO GHILFLWV LQ LQGLYLGXDOV ZLWK DXWLVP - 3V\FK
$QRRS $ 6LQJK 3. -DFRE 56 ODML 6. &6) %LRPDUNHUV
'LDJQRVLV ,QW - $O]KHLPHUWV 'LV

$SRRORYD+2DQJ .RKDQQLPHW $POJKHLPHWHDOMHXURLPDJILQJ
,QLWLDWSISR{ H HIIHFWRQ DXWRPDWHGGLDJQRMVWRUFFODV
PLORGIM LWLYH L PEQEQKHQWH U VIGIXUHRDLWPHD IJH &0LQ

$UDL + ,FKLPD\D < .RVDND . ORURML 7 ,L]XND 5 1HXURW
DQG GRODWHW $O]KHLPHU W\SH GHPHQWLD 3URJ1IHXRSV\FKF

$ubDL 7 +DVHJDZD O S$NL\DPD + ,NHGD . 1R@RERKLYD QORUL
<RVKLGD 0 +DVKL]XPH < HWLMBO FRPIRQRHQWSRIVKWILTNXLW
WDXHIJDWLYH LQFOXVLRQV LQ ITURQWRWHPSRUDO OREDU
ODWHUDO VFOHURVLV %LRFKHP %ERSK\V 5HV &RPPXQ

$ULPD . .RZDOVNDZ® O0+DV¥YXINR\DPD O DWDQDEH 5 .DZDL
7ZR EURWKHUV ZLWK IURQWRWHPSRUDO GHPHQWLD
1 . PXWDWLRQ RI WKH WDX JHQH 1HXURORJ\

$UPVWURQUWO-DIQQJ $%DN R4KDWLBRBUR%WR[HU'EFNVRQ

: *URVVPD@DDOHWRWHSKV.HYWHVHIS 60LOOHBH®WFK 6*

5LOH\ 7TRORVDU(VWHYLGEDLOKHMQBU&ULWHULD IRU WKH GLD.

FRUWLFREDVDO GHXHRE R DWDLR Q

$VKZRUWK $ /OR\G 6 %URZQROHHFWOD® JHQHWLF FKDUDF\

IURQWRWHPSRUDO GHPHQWLD RQ FKURPRVRPH '"HPHQW
+

$VXQL $$ %RXWDMDQJRXW $ 4XDWHUPDLQ ' 6LJXUGVVR!

WDUJHWLQJ SDWKRORJLFDO WDX FROHRRPGHNE UG GXFMHYD B

SDWKRORJ\ DVVRFLDWHG ZLWK IXQFWLRQDQ:LPSURYHPHQW

%DFKPDQ '/ :ROI 0' /LQQ 5 .QRHIHO -( &REE - %HODQJI

‘KLWH /5 ,QFLGHQFH Rl GHPHQWLD DQG SUREDEOH $0O]KHl

SRSXODWLRQ WKH )UDPLQJKDP 6WXG\ 1HXURO



%DPMGUXJIJD & %RRQH .% %ULHUH - &XPPLQJV - OF3KHUV
)XQFWLRQDO DELOLW\ LQ H[HFXWLYH YDULDQW $O]KHLPH!
GLVHDVH &0LQ1HXURSWFK

%DGHU % S$UJEHUJHU 7 41HXQWRIBOQ WK ROR IDERD QRKKRRIFH I/ RV L\
,Q :DONHU 5 6DLNL 6 'DQHN $ HGLWRUV 1HXURDFDQ
6SULQJHU +HLGHOEHUJ

%DGHU % :DONHU 5+ 9RJHO 0 3URVLEBJIHA@®@JIXH SQUNRRWKX YV L
DQG IHHGLQJ G\VWRQLD $ KDODG®WHKRF\RIR\FIKRUHKRY

%DGZLQ 5& $FTXLUHG FRIJQLWLYH LPSDLUPHQW LQ WKH S

%DLOH\ 50 &RY\ -3 OHOURVH:DWNLGRRQVHEDX.QLJIKW

OLOHV 6 )DUUHU 0 - 'LFNVRQ ': *LDVVRQ % , [H

SKRVSKRU\ODWHV QRYHO WDX HSLWRSHV DQG SURPRWHYV
H

%DN 7+ +RGJHV -5 &RIQLWLRQ OD@RWRH QO URKXH

GLVHDVH HYLGHQFH RI IURQWRWHPSRUDO G\VIXQFWLRQ
6XSSO %

%DNHU 0 ODFNHQJLH %WBRZRLENBULXQYV - 5DGHPDNHUV 5

& HW DO OXWDWLRQV LQ SUHRIDUNDUREOM RWHIPS\RH D

GHPHQWLD OLQNHG WR FKURPRWRPH 1DWXUH

%DNNHU ( YDQ %URHFNKRYHQ & +DDQ - 9RRUKRHYH

/LHEHUEXUJ , &DUPDQ 0' YDQ 2PPHQ$ GLD)QRWQUVYRAH

KHUHGLWDU\ FHUHEUDO KHPRUUKDJH ZLWK DP\OR

$P - +XP *HQHW

%DODVD 0 *HOSL ( $QWRQHOO $ HW DO &OLQLFDO IH

SDWKRORJLFDOO\RQVRWH @OHIOKWICAHU GLVHDVH 1HXURORJ

% DR /L 1:DQJ 7THW DO )/= DOOHYLDWHYV WKH PHPRU\ GHILFI
PRGHO Rl $O]KHLPHU V GLVHDVIDPYOBRLGHSURDBXE®LlREH DL
K\SHUSKRVSKRURGR2WWHRQ H

%DUEHWMMKDX 3 $OLRXP $ 3pUqV . 5HIJQDXOW $ )DEUI
'DUWLJIJXHV -) 7KH FRQWULEXWLRQ RI GHPHQWLD WR W
PRGLI\LQJ IDFWRUV '"HPHQWLD DQG *HULDWULF &RJQLWLY

%DQHWW 0+ <DQJ ) ,0DQGBQXVEBEBROO®XINMFOH SDWKRORJ\ 1
VIQGURPH - 1HXURO 1HXURVXUJ 3V\FKLDWU\

%DUUHW $ $ FDVH RI $O]JKHLPHUfVY GLVHDVH ZLWK XQXV.
IHUYRXV OHQWDO 'LVRUGHU F

%»DVVR 0 *HOHUQWHU - <DQJ - ODF$YR\ 0* 9DUPD 3 %U
$SROLSRSURWHLQ ( HSVLORQ LV DVVRFLDWHG ZLWK DWUF
GLVHDMMURELRORJ\ RI $JLQZ



%DWHBD@XQVHOO /< ORUULV -& 6ZDUP 5 <D UDMKHYNL .(

DP\OEWHWD V\QWKHVLVY DQG FOHDUDQFH UDWHY DV PHDVX

YLVIPW OHG

%DWH®DHQQHBWWH JUDQXOLQ JHQH IDPLO\ IURP FDQFH

%LRHVVD\XRY

%HDFK 7* ORQVHOO 6( 3KLOOLSV /( .XNXOO : $FFXUDF\

$0O]KHLPHU GLVHDVH DW 1DWLRQDO ,QVWLWXWH RQ $JLQJ
- 1IHXURSDWK ([S1HXURO

%HFN 3RXOWHU 0 +HQVPDRUJHHSRDD KH[DQXFOHRWLG]

H[SDQVLRQV DUH VHHQ LQ PXOWLSOH QHXURGHJHQHUDYV

IUHTXHQW WKDQ H[SHFWHG L@MPWKH+P SRSNODWURQ

%HFN5RKUHU -' &DPSEHOO 7 ,VDDFV $ ORUULVRQ .( *RR
BWHYHQV - 5HYHV] 76DHRODMWR® -.LJ $ 6FDKLOO 5 :DUUH
5RVVRU 01 &ROOLQJHS$ -GLOHWDIGQRW FOLQLFDO QHXURSYV
UDGLRORJLFDO SKHQRW\S3URYUDDKFOALDWIDE PXWKOWLRQV
VHULAWDLQ 0DU 3W

%HFNLWWPBGDPVRMHW DO 9DOLGDWHEABUBRWIERHIWHTXHQ

WHFKQRORJLHYV LQ JHQHWLF GLDIJQRYHYXURERIRO G
$JLQJ -DQ
%HFENHU .* %DUQHV .& %ULJKW 7- :DQJ 6% 7KH

GDWDEDVH 1DW *HQHW
%HO]JLDORYXG &DPX 6WURQJILRQ FIHRXOHDXHFGHWQPORVYLV

6,085 DV BDXWHIDPLGUBDLWEKHPHQWWD - +XP *HQHW

YHE

BHNALV<X &( %LUG 7' 7VHMPHWLEFV RI $O]KHLPHULGM/HD\
3V\FKLDWU\ 1HXURO

%HQDMLED %$HUWDPX]DWDFRVWHKRPBQWHULRRXEDWLHU 3
/HJD O OAFO® FKPIWVQQHTXIHFRXVXYDERPEOH{HGMROILHU 9
&DPX 'XERLV&BPSLRQHLQLQJWULFHNUSIQFK &OLQLFDO DQG *
5HVHDUFK 1HWZRUN RQ J)URQWRWHPSRUDO /REDU 'HJHQH
'HIHQHUDWLRQ ZLWK O0RWE R'H3URXQW D WHBRNRQHX URQ GLVHI
ZLWK [URQWRWHPSRUDO$QREDHX GROHQH UPSVLR Q

%HQFK &- )ULWK &' )BUDWRQ30 3DXOHVX ( J)UDFNRZLDN &
,QYHVWLJDWLRQV RI WKH IXQFWLRQDO DQDWRP\ RI DW\
1HXURSV\FKRORJLD

%HQQHWW '$6-$ $UYDQLWDNLV = .HOO\ -) $JJDUZDO 1
1IHXURSDWKRORJ\ RI ROGHU SHUVRQV ZLWKRXW FRJQL
FRPPXQEDWHG VWXGLHV 1HXURO

%HQVRQ ") YURBUKMWRQWDO G\VIXQFWALRQ 'HPHQWLD
%HQVRQ ') 'DYLV 5- 6Q\GHU %' 3RVWHULRU FRUWLFDO D

+



%HQVRQ ) *HVFKZLQG RI %@ KLICRFAUBOHWX URK RI\HG
OHVXOD® 0 =+ ) $ 'DYLV

%HQWRQ $/ 6LYDQ $% +DPVKHU . GH 6 9DUQH\ 15 6S
5LFRQRVFLPHQWR GL YROWL IDFLDO UHFRJQLWLRQ )LUHC
%HQWRQ $/ 6LYDQ $% +DPVKHU .GH6 &OPQW U LEXIN LRI
QHXWRSKRORJLFDO DQGHMBPWQRQ 1HZ <RUN 2[IRUG 8QL"

%HQXVVL $ 3DGRYDQL IKH@RWURFL <HWHURJIJHQHLW\ RI
JURQWRWHPSRUDORGWHRIWQD 1HXBRSFL
%HQXVVL /| %LQHWWL * 6LQD ( *LJROD / %HWWHFNHQ
QRYHO GHOHWLRQ LQ SURJUDQXOLQ JIDQHK &2 BV YREURKHR
$JLQJ =

%HUJ ($ $ VLPSOH REMHFWLYH WHVW IRU RPHTHMXULQJ
3V\FKRO +
%HUJ / &OLQLFDO 'HPHQWLD 5DWLQJ &'5 3V\FKRSKDUPDFI
%HUQDUGL / )UDQJLSDQH ) 6PLUQH 1 &RODR 5 3XFFLR
(SLGHPLRORJ\ DQG JHQHWLFV RI 1URQWRRRIRIS RUWOLY HKB\HP®
BRXWKHUQ ,WDO\ 1HXURELRORJ\ RI $JLQH H
%BHUQD WRIPDLQR & O3QHRMROHO 36(1 DQG 3*51 PXWDWLRQ\
RQVHW IDPLOLDO |URQW RAMXHFRSERIRIDO $G H@H Q W L D
%HUWUDP / O0XOOLQ . 3DUNLQVRQ 0 +VLOR %HPRNWEDULO
9HOLFHOHEL * %ODFNHU ' 7DQ]EBWHQLQ,V9ODOSEBOQ $O]KHL
GLVHDVH ULVN JHQH" - OHG *HQHW H
%HUWUDP / $O]KHLPHUYV JHQHWLFV LQ WKH *:$6 HUD D F
DQG UHIXWDWLRQV &XUUIHXUROHHXURVFL 5HS
%BHWWHEOHHIHUV . 9DQ % URBDFNKIBKNDYE Q $O]KHLPHU V G
IDQFHW 1HXURQ
%LFNDUW .& :ULJKW &, 'DXWRIlI 5- 'LFNHUVRQ %& %DL
YROXPH DQG VRFLDO QHWZRUN VL]H LG KXPDQV 1DW 1HXU
%LEFNHO + %eUJHU . +DPSHGHPHQWLO L3Q PWPRUOH OLQLF)
UDWHY DQG FOLQLFDO IHDWXUHV 1HUYHQDU]W
%LHQLHOXUUD\ 0( 5XWKHUIRUG&DVH\DYWEBGHGEDQGH] 0
JLHVLQJHU $0 %DNHU 0& %R\ODQ .% 5D/®XPBDNWHKR®GRJILHAK
IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ ZLWK & 25) KH
$FWD 1HXURSDWHKERO

%LOOLQJVOH\ 0/ .LQFDLG 5/ 5HJXODBWSIGRSRRRBEKRLDWALRY
WDX SURWHLQ HIIHFWV RQ PLFURWXEXOH LQWHUDFWL

QHXURGHJHQHUDWLRQ %LRFKHP - 3W
%LQHWWL * 0DJQL ( 3DGRYDQL $ &DSSD 6) %LDQFKHW
G\WIXQFWLRQ$QIXHIDAHUTY GLVHDVH - 1HXUROIHXURVXUJ

+

%LQHWWL * 6LJQRULQL 6 6TXLWWL 5 $OEHULFL $
* 0% O%DUELHUR / )HXGDWDUL ( 1LFRVLD ) 7HVWD &



GAG)

3HUDQL ' $QFKLVL ' *KLGR®W\SLFBRVYHBH@MWBDG DAL WARK
D QRYHO SUHWXM@DMWILRQ $QQ 1HXURO

%LUG 7' .QRSPDQ ' 9DQ 6ZLHWHQ - 5RVVR 6 )HOGPDQ +
(SLGHPLRORJ\ DQG JHQHWLFV RI IURQWRWHPSRUDO GHPF
1IHXURORJ\ O 6X&S

%LUG 7° &OLQLFDO JHQHWLFV Rl IDPLOLDO $O]KH
.DW]PDQ 5 %LF ./ HGV $O]REHBHUBKLYBDOWOSKLD 3% /L
:LOOLDPV :LONLQV SS

%L]]JDUUR $ ODUUD & $FFLDUUL $ Y%ODIKHQ KD HW TMPLD QR
$SROLSRSURWHLQ ( HSVLORQ DOOHOH GLIIHUHQWLDWHYV
$O]KHLPHUYV GLVHDVH 'HPHQW *H#&JLDWU &RJQ 'LVRUG

%ODFNHU ' +DLQHV -/ 5RGHV / 7THUZHGRZ + *R 5& +DUL
66 &KDVHH\HUV ' $OEHUWS$ER (7D@RGLDIH DW RQVHW RI $0]
GLVHDVH WKH 1,0+ JHQHWURORDL:-WQDWLYH

%OHQQHUKDVVHWW 5 J/LOOR 3 +DD®LGD\' LAOW UHLFEEKIMIVR
SDWKRORJ\ LQ IURQWDO YDULDQW $0O]KHLPHUf¥ GLVHDVH

%OHQQRZ . +DPSHO + :HLQHU 0 =HWWHUEHUJ + &HUHE
ELRPDUNHUV LQ $O]KHLPHU GLVHDVH #1DW 5HY 1HXURO

%OHRFQ. +DPSHO + &6) PDUNHUV IRU LQFLSLHQW $O]KHLF
1IHXURORJ\ +

%OHQQRZ . :DOOLQ $ $JUHQ + 6SHQJHU & B6LHJIULHG
SURWHLQ LQ FHUHEURVSLQDO IOXLG D ELRFKHPLEDO PD
$O]KHLPHU GLVHDVH" OROHFXODU &KHPLFD® 1HXURSDWKF

%OHQQRZ . :DOOLQ $ *RWWIULHV &* &RQIXVLRQDO V\FI
HDUBDQG RODWHW $O]KHLPHUYGLVHVDVH $JLQJ

%OHQQRZ . &6) ELRPDUNHUVLYIRULFRIDIGI P FRWHWOQ
OHG +

%OHVVHG * 7RPOLQVRQ %( 5RWK 0 7KH DVVRFLDWL
PHDVXUHV RI GHPHQWLD DQG Rl VHQLOH FKDQJH LQ WKH
VXEMHFWYV %U - 3V\FKLBEWU\

%RHYH®ONHU 0 'LFNVRQ ': HW DO JURQWRWHPSF
SDUNLQVRQLVP DVVRFLDWHG !'FLRKWDMWHRQIA Q SURJUDQ!
FOLQLFRSDWKRORJLF VWXG\ %UDLQ

%RHY%N %R\ODQ .5 GLRUG 15&KDWDPWHUL]DWLRQ RI IURQ
GHPHQWLD DQG RU DP\RWURSKLF ODWHUDO VFOHURVLV D
H[SDQVLRQ LQ®WUIB)Q 0DU 3W

%RHYH %) +X3¥\WMRQ ®J IURQWRWHPSRUDO GHPHQWLD ZLV
WR FKURPRVRPH LOQOWURGIFLQDG7)3'3*51 $UFK RIDXU

%RQILIJOLR ) 'LH XPVFKULHEHQH $WURSKLH GHU %D
+
%RQQHIRQG $ J)URJXNBDEWDWHRW VHTXHQFLQJ IRU LGHQWL
UDUH JHQHWLF GLVHDVHV PDQ\ FKDOOHQXMRDQG D -SIOQF
GRL JE



%RUURQL % $OEHULFL $ *UDVVL 0 7XUOD 0 =DQHWWL
IJURQWRWHPSRUDO OREDU GHIJHQHUDWLRQ D UDUH GLVRLU
VWXG\ LQ %YUHVFLD RRXOD)OWRI S\DORHLMRKUTVY 'LVHDVH -$'

%RUURQL % S$UFKHWWL785'#0Q PORWD WHRQNOLQ OBEQWR W H
GHIJHQHUDWLRQ IUHTXHQF\ FOLQLFDO GHIDMWXUODWLRRG &

%RUURQL % 3UHPL ( 'L /XFD 0 3DGRYDQL $ &RPELQH
$O]KHLPHU 'LVHDVH 'LDJQRVLV &XUUHQW OHSLFLQDO &KHF
%RUURQL % )HUUDUL ) *DOLPEHUWL ' 1DFPLDV % ¢
+HWHURJ\JRXV 75(0 PXWDWLRQV LQ IURQWRWHPSR

$JLQJ  + M

%RUURQWMR®B YLFBQIE HU L% X UD WSN R (W b U& K HW3DIS HWW L $
6WXDQL &XFD *HQQDUH®DIMARYDQKWDWLRQ ZLWKLQ 7$5'%3 C
IURQWRWHPSRUDO GHPHQWLD ZLWKRXWP PRVROIMW QHXURC
1RY (

%RXWROHDWRqUH & &DPX]DW $ /[HSRAHG,. %WRMWDUHLUR
5 'HUXHW $/ (YUDUG & %UDV &DODR\HU ($X3MMODUG\ $

- %ULFH $ 'HUNLQGHUHQ 3 9HUFHOOHWWR 0 $ SKHQF
VSHHFEK LQ D IDPLO\OFIPXW D@L RBQ67- $O]KHLPHUV 'LV
%RXZPDQ )+ 6FKRRQHQERRP 16 9HUZH\ 1$ HW DO &6) E
DQG ODWH RQVHW $O]KHLPHUYV GLVHDVH 1HXURELRO $JL(
%RXZPDQ )+ YDQ GHU )OLHU :0 6FKRRQHQNERRPLMP HD Q (
%ODQNHQVWHLQ 0$ 6FKHOWHQV 3 /RQJLWXGLQDO FKDQJI
FOLQLF SDWLHQWYV 1HXURO

%R[HU $ / ODFNHQJLH , 5 %RHYH % ) %DNHU 0O B6HHC

&OLQLFDO JLEHXURQBD QHXURSDWKRORJLFDO IHDW)]

FKURPRVRPHQBHG/B7IDPLO\ - 1HXURO 1HXURVXWJ 3V\FK

%UDDN + $ODIX]RIl , $U]JEHUJHU 7 .UHW]VFKPDU + 'H
$O]KHLPHU BVVRPVMWHG QHXURJILBUALGMADID IEDWIKQRGRFW L F
LPPXQRF\WRFKHPLVWU\ $FWD1HXWRSDWKRO

%UDDN + 'HO 7UHGLFL . 7KH SDWKRORJLFDO SURFI
GLVHDVH LQ LQGLYLGXDOV XQGHU WKLUW\ $FWD 1HXURSD
%UDDN +  %WIRIDNMWLRQ RI WKH QHXURSDWKRORJ\ RI $0]
1IHXURO 6FDQG 66X S S O 6

%UHWVN\ 30 %XFNZDOWHU -* 6HHPDQ 7( HW DO (YLGHQ
DSROLSRSURWHLQ ( JHQRW\SH JHQGHU DQG S$WNKRAPHU
'LVRUG +

%ULRQ -3 3DVVDUHLUR + 'XXOQKG-- )ODPHWAY HQ pYLGFHE
LPPXQRORJLTXH GH OD SURWpPLQH WDX DX QLYHDX GHYV
QHXURILEULOODLUH GH OD PDODGLH GT$0O]KHLPHU $UFK %

%YURFD 3 3HUWH GH OD SDUROH UDPROOLVVHPHQW F
SDUWLHOOH GX OREH DQWYHDNX L BbXO O DOXRFK HO8NK BIRS R O



%URFD 3 /RFDOLVDWLRQVGHVIRQFWLRQVFpUpPEUDOHV 6Lg
%XOOHWLQ GH OD BRARIpMWPEISQWKURS

%URGDW\ + 6HHKHU . *LEVRQ / 'HPHQWLD WLPH WR GH
UHYLHZ RQ VXUYLYDO WLPH DQG \HDUV Rl OLIH ORVW LQ S
3V\FKRJHULDWULFV +

%URQQHU , B HSHHODDU + YDQ 0OLO 6 ( $QDU % $

3URJUDQXOLQ PXWDWLRQV LQ 'XWFK IDPLOLDO IURQ

(XU - +XP *HQHW

%URRNV %5 OLOOHU 5* 6ZDVK 0O OXQVDW 7/ :RUOG )F
SHVHDUFKXS RQ ORWRU 1HXURQ 'LVHDVHV (O (VFRULDO UH
WKH GLDJQRVLV RI DP\RWURSKLF ODWHUDO VFOHURVLV $
1IHXURQ 'LVRUG "HF

%URXVWRDP2]DW*X{L ODRRSW ¥X\ 1 OLOOHFEDP'®VIRQG
IDFRPEOHROQIOHUYDQQHTXIBQODFKBDPX :'LGLF 'XERLV %
OHLQLQJHU WHWULFHUHQFK FOLQLFDO DQG JHQHWLF UHV
)7' )7'01' )86 PXWDWLRQV LQ IURQWRWHPSRUDO ORED
DP\RWURSKLF ODWHSSOX VERHUNR VLW

%BURXZHUV 1 6O0OHHJHUV . (Q JBWWOERKI BK V*6 M VOHDOXIUGHAN |
=HH - HW DO *HQHWLF YDULDELOLW\ LQ SURJUD:
FOLQLFDOO\ GLDPQR\GHE HDYKH 1HX- RORJ\

%URZQ - $VKZRUWK $ *\GHVHQ 6/ SHWLD.G GBPH®DWVDIOD (PRX
FKURPRVRPH +XP ORO *HQHW

%URZQ - *\GHVHQ 6 B6RUHQVHQ 6% %UXQ $ 'XII . +RXOG
6 &XPPLQJRDWH $ HW DO ([FOXVLRQ PD®SHPUILR IC
GHPHQWLD 'HPHQWLD

%UXQ $ (QJOXQG ( *XVWDIVRQ / 3DVVDQW 8 0DQQ '0$

&OLQLFDO DQG QHXURSDWKRORJLFDO FULWHULD IR

/IXQG DQGFEBIVWHU *URXSV - 1HXURO 1HXHYRVXUJ 3V\FKLDW
%UXQ $ *XVWDIVRQ / IDLMEHUJ - 6SHFLDO LVVXH IURQ
GHQHUDWLP®KIHQRABU W\SH $UFK *HWRQWRO *HULDWU

%UXQ $ JURQWDO OREH GH$EXKHUPWLRBE Rl QI
IHXURSDWKRORJ\ $UFK *HURQWRO *HULDWU
%XFKKDYH 3 %OHQQRZ . =HWWHUEHUJ + HW DO /RQJLW:

LQ SDWLHQWVZLWKS$OIKRELRBHTV GLNHDVH

%XFKKDYH 3 OLQWKRQ / =HWWHUEHUJ + :DOOLQ $. %O
&HUHEURVSLQDO 10XDB\ORIK¥G OB/X W| ERW IRI WDX DUH IXOC
DOUHDG\ WR \HDUV EHIRUH WKH RQVHW RI $O]KHLPHU

+

%XDQL 2 0XUUHOO -5 *LDFFRQH * +DVHJDZD 0 *KLJR *
3ULPDYHUD $ &DUHOOD ) B6RODUR & HW DO JURQ
FRUWLFREDVDO GHJHQHUDWLRQ LQ D IDBPXO\HEXKWRSD W K R60
([S 1THXURO =
%NJIHVV 3: 6KDOOLFH 7 5HVSRQVH VXSSUHVVLRQ LQLWLE
IURQWDO OREH OHVLRQV 1HXURSV\FKRORJLD



%XUNKDUG 35 )RXUQLHU 5 OHUPLOORG % .UDX]H .+
&HUHEURVSLQDO IOXLG WDXOWORBRQVEHW KHIFRWEH YWEBEMHFW
RI UHIHUHQFH LQWHUYDOV DQG WKHLU OLPLWDWLRQV &OL

%XUUHOO - 5 .LHUQDQ 0 & 9XFLF 6 +RGJHV - 5
G\WWIXQFWLRQ LQ IURQWRWHPSRUD® GHPHQWLD %UDLQ

NWXVFKNXHG UHFDOO L@MIRHNXDRSVIRKRO

NW\UQHGDPLOBIGHHBW&RIQLWLYH DQG FOLQLFDO FKDUDFW
ZLWK DP\RWURSKLF ODWHUDO ¥FROHURWIHNS HEDAU UNIE®DQVL
SRSXOEWVYRQ@ FRKRIUDM FMAMX G@H X DD

&DFDFHO9BQ &DXZHQEHUWHWW&E QHW . &QRRUI *& UHSHDW
HISDQVLRQV LQ $O]KHLPHU V GLVHDVH DIHXPRBIGRBPRSDLQVI

-XQ H

&DIITUH\ 70 -RDFKLP & 3DUDFFKLEDUBVLQWLWBLL 00 +DSBRW)\

VSHFLILHFVN]LRRY RI H[RQ DWW IVBRIFKXPB P ORO *HQHW

&DLUQV%LILPOFNHQSLHHW DO &RQVRUWLXP IRU JURQWF
'"HIHQHUDIWMXR@®@SDWKRORJLF GRDRORVWH FWDIQMBHULD IRU IUJ
OREDU GHJHQHUDWLRQ FRQVHQVXV RI WKH &RQVRUWL
'"HIHQHUBPMRQAHXURSDW®RO

&DURSSR 3 /H %HU , &DPX]DW $ &ORW ) 1DFFDFKH /
(IWHQVZKHWH PDWWHU LQYROYHPHQW LQ SDWLHQWV Z
GHJHQHUDWLRQ -$0$ 1HXURO

&DUUDVOXLOORKROVRQ $0 )LQFK 1 *LEEV -5 %DNHU 0
+XQWHU 7% WHUHERQGH] 0 %LVFHJOLR *' ODFNHQ]JLH &
&RRNVRQ 05 &URRN -( 'LOOPDQ $ +HUQDGBE|RUGHMIHUYV
<RXQNLQ 6* 5DGHMMNRPINVGE VFUHHQ LGHQWLILHV UV
DV D UHJXODWRU Rl SURJUDQXOL®POH¥YXHROVHQHWNPDQ SOIL

&DUWD 0* 6HUUD 3 *KLDQL $ HW DO &KHPRNNUHQHD Q®
'RZQ V  V\QGURPH DQ HDUO\ PDUNMWSH IR&HP HQMEDF
3V\FKRWKHU3V\FKRVRP

&DYDQLOODV 0/ )HUQDQGH] 2 &RPDEHOOD 0 $OFLQD $ )
0 &HQLW 0& $UUR\R 5 9DQGHQEURHFNRILHWR® @®DUNHYNSRII
JHQREHGH DVVRFLDWLRQ VWXG\ LQ PXOWLSOH VFOHURVL

&HUDPL & &DODSSDEHKDYLRUDO YDULDQW RI ITURQWRWHPS
QHXURSDWKRORJ\ WRIHXKRLRDM®M 6ARJQLWLERRO

&HUDPL & ODUFRQH $ *DOLPEHUWL ' =DPERQL 0 )HQRJC
( &DSSD 6) 1RYHO HYLGHQFH RI SKHQRW\SLFDO YDUL
UHSHDW H[SDQVLRQ LQ FKURPRVRPHt - $O]KHLPHUV 'LV

&KDUWDRDBOLQ 0 & &UDZIRUG ) +RXOGHQ + :DUUHQ $
*RDWH $ SRVVRU 0 SRTXBYRDVHWUID]KHLPHU V GLVHELC
E\ PXWDWLRQV DW FRGRMP\ORIGWKXKHHENWWDORU SURWHLQ JH!



&KDVH 71 %XUURZV *+ ORKU ( & R U WSLIAW @ HIUOOQKVWF R\DE
SuLpbDU\ GHIHQHUDWLYH GHPHQWLDV RI WKH DQWHULRU I
*HULDWUW

&KDZOXN - % HW DO 60ORZO\ SURJUHVVLYH DSKDVLD Z
VWXGLHV ZLWK SRVLWURQ HPLVVLRQ WRPRJUDSK\ $QQ 1H
&KHQ < ;LDQJ + =KDQJ < :DQJ - <X * /IRVV RI 3&"'+ 1

WKH GLIIHUHQWLDWLRQ RI WXPRU FHOOV DQG PHWDVWDVL
FDQFHU &OLQ ([S OHWDVWDVLV

&KHQ < /L 6 6X / B6KHQEHQ */YHW &0 $VVRFLD!
SURJUDQXOLQ SRO\PRUSKLVP UV ZLWK QHXURGHJIHQF
DQDO\VLV - 1HXHWRO

&KHORBEDQUWLRH] 6OHLPD®WODO *HQHWLF DQG FOLQL
RISURJUDDWXWRBLDWH G IURQWRWHPSRUDO CBRIEEIXU G
1IHXURO $SU

&KLDQJ *& ,QVHO 36 7RVXQ '6PFKXN 'l 5D$XWDIQNVVHWYVD
-DFN &5 -U $LVHQ 36 3HWHUVH®BREPSBDQBW WRSKLIIDWHV
ELRPDUNHUV LQ HOGHUO\ $32( QRUPDO VXEMHFWYV 1HXUR

&KLDOY $QGHUVHQ 30 7\WQHV 2% *UHGDO 2 1&KRKHO/WHQ
7$5'%BXWDWIRQRUGLF $/6 SEWIFHQWWD D\

&KLDQJ ++ )RUVHOO & /LOLXV / gLMHUVWHGW / 7KRUCG
"HVWHUOXQG 0 1HQQHVPRUDEBKR®QEEWURIUDQXOLQ PXWD\
UHGXFHG S/HRIXPDQXOLQ OHYHOV LQ IURQWRWHPSRUPO OR
*HQHW 1RY

&KRL 6FKROO 8, -L : /LX 7 7LNKRQRYD ,5 =XPER 3 1D
2]HQ 6 6DQMDG:6ODHOPRQ )DUKL $ 0DQHDHWLLAWRQ B3RV
E\ ZKROH H[RPH G PWXVHYMHO\ SOHNDOHIBQRA@B$1DWO $FDG 6
8 6 $ 1RY

&KRR ,+ /HH '< .LP -: HW DO 5HODRKNW R @EXKLGHRD WLPN @& ROLI
RQVHW LQ $O]KHLPHU GLVHDVH $P - *HULDWU 3V\FKLDWU\

&KRXHUMODJIXPhHUJIRXIQRXVY BHUUHpPpIDUEDRIWNDWLRQYV
LQ 75(0 OHDG WRRSXHW HOHUFHQWLD ZLWKRXOXVERWH F\VW
6HS (

&KRZ 7: +\QDQ / /LSWRQ $ 006( VFRUHDDWGHF QDQYHH DL
IURQWRWHPSRUDO GHJHQHUDWLRQ WKDQ LQ $' 'HPHQ\
'LVRUGHUV +

&KULVWLDQ :LGHU D 'HQQLV : 'LFNVRQ E DQGS5EEKJQLHZ
5HSHDW .LQDVH$VVRAQMWHG 'LVHDVH GS5HGHIHQRYISHHQ
&RUUHODWLRQ 1HXURGHJHQHU 4V $SU

&ODULPRQ -3RUFOGIOQD ,YVOMH]7 %OHVD /BJXDDNVELR
*RQ]DOHHLUD $ (VWRUFK 0 OD *UDX - %DUUDTXHU /
JOHR $ \ ROVIW IDPLOLDO OHZ\ ERG\ GHPHQWLD ZLWK

FOLQLFDO JHQHWLF DQG QHXURSDWKRORJLFDO VWXG\
H



&ODUN $: :KLWH &/ UG 0DQ] +- 3DUKDG ,0 &XUU\ % K|
- &R\OH -7 SWLRPQHUOBWLYH GHPHQWLD ZLWKRXW $0]KF
- 1HXURO BFL

&OXLWPDQV -&$% &KRNNDOLQJDP 9 -DQVVHQ $0 %URFN
*.&*0 $OWHUDWLRQV LQ 5HG %ORRG &HOO 'HIRUPDELOLW
$SSURDFK %LROHQVWBHVEDWERQDO H

&ROE\ ': 3UXVLQHU 6% 3ULRQV &ROG 6SULQJ +DUE 3
&RPVWRFN +$ (VWDEOLVKLQJ WKH DVVRFLDWLRQ I
'HPHQW *HULDWU &RJ@ 'LVRUG

&RQQRU '- BHZDUG -' %DXHU -$ *ROBH®UBDQBEPRIQWE L
FORFN VFRULQJ V\VWHPV DFURVV GLIIHUHQW UDQJHV RI
$VVRF 'LVRUG

&RQVWDQWLQLGLYV - 5LFKDUG - 7LVWARRAD R JLFD O3 DN CE
FRUUHODWLRQV (X4 1HXURO

&RR(@ B6RUHQVRQ (- :KLWZHOO -/ .QRSPDBGLEWLRMHSXKY Y.L
LQ IURQWRWHPSRUDO GHPHQWRD BLUIWKKDRRRIRRUOD\

&RRSKWFEN )URORY $ +LJKOH\ -5 &KDUOHVZRUWK * .LUE
- ,QFH 3* OF'HUPRWW &- /DVKOH\ 7 5HYHV] 7 6KDZ 3- :R
& 25) H[SDQVLRQV SDUNLQVRQLVP DQG 3DUNLQVRQ Gl
VW XIGAXURORJ\$ XJ
&RUER 50 B6FPSFRRLSRSURWHLQ ( $32( DOOHOH GLVWUL
$32( D WKULIW\ DORIIDW" $QQ +XP

&RUGHU (+ *KHEUHPHGKLQ ( 7D\ORU 0* HW DO 7KH ELS
UHJLRQDO EUDLQVHQLOH SODTXH DQG QHXURILEULOODU\
DJH VH[ DQG $32(SRO\PRUSKLVP $QQ 1 ¢« $FDG 6FL

&RUGHU (+ 6DXQGHUV $0 5LVFK 1- 6WULWWPDWWHU :-
HITHFW RI DSROLSRSURWHLQ ( W\SH DOOHOH IRU ODWH R
*HQHWLFV +

&RUGHU (+ 6DXQGHUV $0 6WULWWPDWMNSHRW LS REBW RIMOH L*C
W\SH DOOHOH DQG WKH ULVN RI $O]KHLPHUYfV GLVHDVLE

+

&RY\ -3 <XDQ : :D[PDQ ($ +XUWLJ +, 9DQ 'HHU
% | &OLQLFDO DQG SDWKRORJLH@WYV FXKIDW KUFOHMUALLQM
UHSHDW NRRWDMWLRQV ORY 'LVRUG H

&R[/ ( )HUUDLXROR / *RRGDOO ( ) +HDWK 3 5 +LJJI
HW DO OXWDWLRQV LQ &+03 % LQ ORZHU PRWR
DP\RWURSKLF ODWISUD O3VRORWRV H
&UDLJ ' +DUW ' - OBDWRRUH3IBVRFLDWLRQ DQDO\V

DSROLSRSURWHLQ ( JHQRW\SH DQG ULVN RI GHSUHVVLYH
'"HPHQW *HULDWU &RJQ 'LVRUG
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&UDU\ -) TURMDQRZVNL - 4 6FKQHLGHU - $ $SELVI

$ODIX]IRII $UQROG 6 ( $WWHPV - %YHDFK 7 * %LJLR

*HDULQJ O *ULQEHUJ [ 7 +RI 35 +\PDQ % 7 -HO
.RYDFV * * .QRSPDQ '©6 .RIOHU - XNXOO : § ODFNH
OF.HH $ ORQWLQH 7 - O0XUUD\ O (ODIHOWQRHBHHGOGH\6DQV

BHUUBRR $ G6KHODQVNL O/ B6WHLQ 7 7DNDR 0 7KL
7URQFRVR - & O9RQVDWWHO -3 :KLWH UG &/ :LVQ
<DPDGD 0 1HOVRQ 37 UHIUDLWE G\ WWDKMRSDWK\ 3$57
PRQ SDWKRORJ\ DVVRFLDWHG ZLWK KXPDQ DJLQJ $FWD 1H
&UDV 'LAIIHUHQWLDO GLDJQRVLV LQ GHPHQWLD $FWD 1HX

&URZWKHU 5% *RHGHUW O FREEWRUUPIDDI WIDOXXDPHQ)
QHXURGHIJHQHUDWLYH GLVHDVHV - 6WUXFW %LRO

&UXFKDJD & Y)BHDDODD@H]$ OBHWMRH] O 6DPDUDQFK / /
( +LQULFKV $ HW DEDO DWWRSKW DQG ODQJXDJH QHWZR
DVVRFLDWHG ZLWK D QRYHO SURJUDQXOL® PXWDWLRQ &H

&GUXFK&®JWDIlI &KLDQJ HW DO $VVRFLDWLRQ RI 70(0
SRO\PRUSKLVP ZLWK DJH DW RQVHW LQ JUDQXOLQ PXWDW
SURWHLQOHK H®XUROD\

&UXWV 0 *LMVHOLQFN , YDQ GHU =HH - (QJHOERUJKV 6

5 9DQGHQEHUJKH 5 'HUPDXW % ODUWLQ -- YDQ 'XLMQ &
3 'H3RRWHU 7 ODWWKHLMVVHQV 0 9DQ GGIW .%URHHF\IN 0 &
33 . XPBAULUQJIJK 6 9DQ %URHFNKRYHQ & 1XOO0 PXWDWLRC

XELTXERMIQVLYH IURQWRWHPSRUDO GHPHQWLD OLQNHG W
s
&UXWV.XOPDBULQJIK 6 9DQ %URBERKRDAI®LQ PXWDWLRQV L
SRVLWLYH IURQWRWHPSRUDO GHPHQW L&X QU GMOH IGHW RHIUK BIHR
'HF
&UXWV 0 7KHXQV - 9DQ %URWFHKIRYF @ XW DRFORQ GDWD
QHXURGHIMQLYH EUDERP®IQ/BRWBWLRQ
&UXWYDQ %URHF& KRWMHBURJUDIQQFMWILRQ LQ IURQWRWHPS
GHJHQHUDUMHIGRGY *H QB ®U

&XPPLQJVOHJID 0 *UD\ . S5RWIR@EENBD 6 &DUXVL '$ *RUQI
7KH 1HXURSV\FKLDWULF ,QYHQWRU\ FRPSUHKHQVLYH DVV
GHPHQWXDRORJVHF

&XVKPDQ 0 -RKQVRQ %6 .LQJ 2' *LWOHUOLN I8 KRIVARMIG H U
%OXUULQJ WKH GLYLGH EHWZHHQ WUDQVPLVVLEL®OLW\ DQ

'DPDVLR $ 5 $SKDVLD 1 (QJt - OHG

'DPDVLR $ 5 'BPDML® +RHVHQ * : 3URVRSDJQRVLD DQ
DQG EHKDYLRUDO PHFKDQLVRV 1HXURORJ\

'DPDVLR $ 5 7UDQHO ' 3URIQFRSOHVYQRI %HKDYLRUDO O

1IHXURORHGQ &K HG OH®XODP O02[IRB@LYHUVLW\ 3UHV



00i

'‘DQHN  $ -XQJ + OHORQH O S5SDPSROGL [/ %URFFI
5 1IHXURDFDQWKRF\WRVLY QHZ GHYHORSPHQWYV LQ D QH
GLVRUGHUV - 1HXURO ©6FL * SS

'DQHN $ 5XELR -3 5DPSROGQ6WR@HO& 'REVRQ ) HW DO
QHXURDFDQWKRF\WRVLY JHQRW\SH DQG SKHQRW\SH $0Q0

'‘DQHN % 6KHHVOH\ / 7TLHUQH\ O SWWQHU *UDIPD
QHXURSV\FKLDWULF ILQGLQJV LQ OF/HMBGDWWKRRRMHR DIOG
‘DN (G QHXURDFDQWKRF\WRVLY 6\QGURPHYV VW HG
SS +*

'‘DQHN $ 7LHUQH\ 0O 6KHHVOH\ / *UDIPDQ - &RJQLWLYH
FKRUHADQWKRF\WRVLY ORY 'LVRUG S 6

'DYLGVRQ < *LEERQUVG/$ 3HIMWBIOD $SROLSRSURWHLQ (
IUHTXHQF\ DQG DJH DW RQVHW RI $O]KHLPHUYV GLVHDVI
+
'DYLGVR@ZXBNHRELQVRIKRLSVRODEUIZTWRDN WP IRV K %
$GDUDBK®OZ RROOL QWRQX 6 O] XNDNHDVHIDZBLENHYURZ Q
6 6QRZGHQODAQ 'WUDLQ GLVWULEXWLRQ RI GLSHSWLGH
IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ DQG PRWRU Q
H[SDQVLRQV LQ3BWB)IHXURSDWKRO -&RPP XQ
'DYLHV 55 6FDKLOO 9/ *UDKDP $ HW DO 'HYHORSPHQW
PXOWLSOH EUDLQ UHJLRQV FRPSDULVRQ ZLBKXVH®OXP]
PRUSKRPHWU\ 1HXURUDGIRORJ\
'H JUDQFHVFKL / %RVPDQ *-QBRRIRDQGWDNGIFI$SE0 IHDWXUH\
ZLWK KHUHGLWDU\ QHXURGHJHQHUDWLYH GLVRUGHUV WK
&XUU 2SLQ +HPDWRO

'H )UDQFHVFKL / 7RPHOOHUL & ODWWH $ HW DO (U\WK
FKRUHADQWKRF\WRMLVUBDWHOW RI DOWHUHG /\Q NLQDVH

GH /HRQ 0- *HRUJH $( *RORPE - 7DUVKLVK & &RQYLW :
OF5DH 7 )HUULV 6+ 5HLVEHUJ % ,QFH & 5XVLQHN + %RE
'LVQLHZVNL +0 )UKLXHBRFDMR3IDO IRUPDWLRQ DWURSK\ LQ
$O]KHLPHUYV GLVHDVH 1HXURELRORJ\ RI $JLQJ

'H 5H)] 9LJIQRORKHMVRNWBVIVNVHQ VWWWWRHGHWHFW UHEHS
GLVWXUEDQFHVWWDOKHBEWLFV

'HJQDQ AHY\ /O0QKHULWHG IR WP|VHRGMRUEH & LO/H B \BHP -
1HXURUD G LRHS

'HMHULQH - 6HULHX[ 3 8Q FDV GHWWUPEQWHH $BU
DSKDVLH VHQVRULHOOH VXLYL GY{DXWRSVLH &5 $FDG 6FL



0ol

'H-HVXMUQDQGH] 0 ODFNHQ]JLH ,5 O%R$DYPIGEEG **Mie&&D O
KH[DQXFOHRWLGH UHSHDW LQ QRQFRGLQJ UHJLRQ RI & 2
OLQNHG )7' DOQXY/RQ

'HOD\ - %ULRQ 6 /JHV 'pPHQFHV 7DUGPHIQW 0BVVRWU
&RJQ 'LVRUG

'HUPDXW % 6LQREBU 6 (QJHOERUJKYV QBRYHBOWSDBVHQLOL
PXWDWLRQ DVVRFLDWHG ZLWK 3DPNOR IG3 \SHOIDVIEK HEXX WS Q @ WAL |

'"HYHQQH\R(H "REVFBQVRQHZ&N -%HUQDOQ}R&IHVEOLQLFDO
KHWHURJHQHLW\ RI WKH & RUI JHQHWLF PXWDWLRQ L
IHXURFDVH

'L )DELR 5 7THVVD $ 6LPRQV ( - 6DQWRUHOOL ) O &

)DRD® IURQWRWHPSRUDO GHPHQWLD ZLWK SDUNLQ
SURJUDQXOLQ F & 7 S 4 ; PXWDWLRQ 3DUNL@VRQLVP

'LFNHUVRQ %& :RON '$ $O]KHLPHUYfV 'LVHDVH 1HXURLPD.
DPQHVLF SKHQRW\SB® RO]JXHUPHUIY GLVHDVH DUH DVVRF
FOLQLFDO JHQHWLF DQG FRUWLFDO WKLQQLQJ FKDUDFWI

+

'LFNHUVRQ % & 4XDQWLWDWLQJ VHYHULW\ DQG SURJL

DSKDVLD - ORBL 1HXUR

'LFENVRQ ' : SDGHPDNHUV 5 +XWWRQ 0 / 3URJU
SDOV\ SDWKRORJ\ DQG JHQHWEFV %UDLQ 3DWKRO
'LENVRQ ': .RXUL 1 O0XUUD\ O0( -RVHSKV .$ 1HXI
IURQWRWHPSRUDO IORREDXY) GWDEKQH-UDRMO 1HXURVFL
'LENVRQ ' : %YHUJHURQ & &KLQ 6 6 ‘X\FNDHUWYV &
-HOOLQJHU . IDQWRV 3/ ILSSD &) OLUUD ©6 6 7DE
:DNDED\DVKL . ILWYDQ 'LVHDVHWRBWMKHH 1DWLRQDO ,QV
2IlLFH RI 5DUH 'LVHDVHV QHXURSDWKRORJLF FULWH
HUDWLRQ - 1HXURSDWKRO ([S 1HXURO H
'LHKGKPLG - 3RKO & SXSUHFKW & :DJHQSIHLO 6

7KH (NPDQ )DFHV 7HVW DV D GLDJQRVWLF LQVWU

GHPHQMIFAXLYHV RI &0LQLFDO 1HXURSV\FKRORJ\

'LPLWURMRXULRLEDQRYOHYDUD\NRBUHYDOHQFH RI GHPHQ\
PLOG FRJQLWLYH LPSDLUPHQW LQ D %0 J®OLKHL PHIED QL \
2WKHU '"HPHQ

'RDQ $ 7KLQDNDUDQ * %RUFKHOW '5 B6O0XQW + + 5
BHONRH ' - B6HHJHUG6Q BNQBH '/ 6LWWRRONIPLG WRSRORJ
SUHVHQLOLQ 1HXURQ

'REVRRQVRQH & +DOOXSS 0 %DUWOH\ / 6KHSKHUG &( +D
+RGJHV -5 .ZRN -% & 25) UHSHDW H[SDQVLRQ IFQ FOLQ!

IURQWRWHPSRUDO GHPHQWLD FRKRUWY 1HXURORJ\



00T

'REVFEQVR I HODVRDHSD)LOLSSROMHHVWEB BWRBFKIGPDQQ
7 HW&KRUHLQ GHWHFWLRQ IRU WIKFHD G WXKRMRWRAM RK FR A U H

'REVRB@VRQH & 9HDW\RY -DQVHQ $ $QGHUPDQQ ) 'XEHD)
HW DO ,GHQWLILFDWLRQ RI D 936 $ IRXQG BB LFOXUWM D WILLR\K
FKRUHDDFDQWKRF\WRVLYV 1HXURJHQHWLFV

'RPLQLF +ROODQG 5DKXO 6 'HVLNDQ $QGHWWIRHUDOH

5DWHV RI '"HFOLQH IRU :RPHQ DQ% 1%33f 0 BHDUURWLELRO
+

'RSSHU ( * 3 B5RPERXWV 6 $ 5 % -LVNRRW / & +HLM
$ GH .RQLQJ , HW DO BWUXFWXUDO DQG IXQFW
SUHV\PSWRPDWLF IDPLOLD OQQ WIRIWRWHRORIUDO GIHPH

'XDUD 5 %DUNHU+$OHERBRPD 5 HW DO $O]J]KHLPHU GLVHI
DSROLSRSURWHLQ ( JHQRW\SH IDPLO\ KLVWRU\ RI GHPHQ\
DQG DJH RI RQVHW 1HXURORJ\

'XERLV % YH®GPIDFRYD & &XPPLQJV -/ 'HNREOWH®X %% DUE

HW DO 5HYLVLQJ WKH GHILQLWLRQ RI $O]KHLPHUTYV (
IHXURO =%

'XERLV % )HOGPDQ ++ -DFRYD & 'HNRVN\ 67 %DUEHUJF
HW DO BKVHWIOLWHULD IRU WKH GLDJQRVLV RI $O]KHLPI

1,1&'65'5'$ FULWHULD /DQFHW 1HXURO
'XERLV % )HOGPDQ ++ -DFRYD & +DPSHO + OROLQXHY
$GYDQFLQJ UHVHDUFK GLDJQRVWLF FULWHYLDFURW HOLRHL
IDQFHW 1HXURO %
'XERLV % )JHOGPDQ + + -DFRYD & +DPSHO + OROLC
'H.RVN\ 6 7 *DXWKLHU 6 B6HONRH ' %DWHPDQ 5 ¢
(QJHOERUJKY 6 )JULVRQL*D'O®BVNRR[' 1 &DEHUW 0 2 -LFK
1RUGEHUJ $ 3DVTXLHU ) B5DELQRYLFL * B5REHUW 3
6DUDJLQ O (SHOEDXP 6 GH 6RX]D / & O9HOODV % 9
BWHUQ < 6FKHOWHQV 3 &XPPOQFLWJ-UHVHDUFYGYILDJC
FULWHULD IRU $O]KHLPHU¥WIGWMH DD H/ DVQKEM W: *1HX UR O
'XPXUJLHUDSODQFKHRXWRQHU HW DRHVFUHHQRIQJ
$O]KHLPHU VIDWIKHQVEVYRPDUNPREXODWKMN LVWULERIWLRQ
$32(JHQRWPSSDE@WOLQLFD OMMXUILRO V
'XPXUJLHU - 9HUFUX\VVH 2 3DTXHW & %RPERLV 6 &KD)
,OQWHUVLWH YDULDELOLGLVRID¥6) BIORRBURMHWIWNVLQ FOL
$O]KHLPHUV "HPHQW
(GYLQVVRQ / OLQWKRQ / (NPDQ 5 *XVWIHSRQGHV LQ
FHUHEURVSLQDO IOXLG RI SDWLHQWVY ZLWK $O]KHLPHU
IURQWRWHPSRUDO OREH GBWIJH@HUDWLRQ 'HPHQW
(NPDQ 3 JULHVHQ 3LFWXUHV RI IDFLDO DIIHFW 3D
&RQVXOWIEERORJILVW 3UHVV



000

(OOBRWDWUQRVLQJ UDUH G RWRMHGHHUND/\MYRQDBLD DHG
IDE 2EV 'HF

(QIHOKDUGW ( [ DRPANU/D G R 0&1l HW DO VHLOQFLDS
LPSDFWRSVLFRVVRFLDO 3UHVHQLOH GHPHQWLD SV\FKRYV

(QJOXQG ( %UXQ $ JURQWDO OR&® ] KGHLIFHHUH WD S/H R Q9
‘KLWH PDWWHU FKDQJHV $UFKt*HURQWRO *HULDW
(VFRXUROOH 5 /D PDODGLH GH 3LFN eWRGGMH AU WL

DQDWRERQLTXH 5 )RXORQ 3DULV

(ZHUV 0 %XHUJHU . 7HLSHO 6- 6FKHOWHQV 3 B6FKURGH!I
)+ B6FKRQNQHFKW 3 6FKRRQHQERRP 16 S$HXGHUHPNBIGLY -)I
.HUNPDQ '- +HLQGO % %OHQQRZ . +DPSHO + OXOWLFH
SKRVSKRU\ODWHG WDX IRU WKH SUHGLFWLRQ RI FRQYHUVL

)DIJDQ $0 OLQWXQ 0% ODFK 5+ /HH 6 'HQFH &6 6KDK
6SLQQHBE/ .OXQN :( ODWKLV & 'H.RVN\ 67 ORUULV -& +RC
UHODWLRQ EHWZHHQ LQ YLYR DP\ORLG LPDJLQJ ORDG DQC
+
)DKQ 6 DQG (OWRQ 5/ OHPEHUV RI WKH 83'56 '"HYHORS
8QLIBM&®NLQVRQYV 'LVHDVH 5DWLQJ 6FDOH ,Q )DKQ 6 OI
DQG &DOQH &' (GV 5HFHQW 'HYHORSPHQWV LQ 3DUNL
)ORUKDP 3DUN
)DUUHU /$ &XSSOHV /$ +DLQHV -/ HW DO (IIHPMKW RI DJ
DVVRFLDWLRQ EHWZHHQ DSROLSRSURWHLQ ( JHQRW\SH C
DQDO\VLV $32( DQG $O]KHLPHU 'LVHDVH OHWD $QDO\VLYV
+
)DUUHU /$ &XSSOHV /$ .XNXOO :$ 9ROLFHU / :HOOV -0
5LVN RI $O]KHLPHU GLVHDVH LV DVVRFLDWHG ZLWK SDUF
(SVLORQ KHWHURJ\JRWHV $O]KHLBRHUYV 5HVHDUFK

)DJHNDV ) &KDZOXN - % $ODYL $ +XUWLJ + , =LPP
DEQRUPDOLWLHV DW 7 HQWSCD KBIQBHQ RUSFEEH@B FD J L Q J
5RHQWJHQRO +

YHDQ\ 0% 'LFNVRQ ': 'LGHVSUHDG F\WRVNHOHWDO ¢
FRUWLFREDVDO GHJHQHUDWLRQ $P - 3DWKRO

JHEWR ) <DQ - O9HPXOD 6 3 /LX HW<D®J < &KHQ7O

PXWDWLRQV LQ IDPLOLDO DQG VSRUDGLF DP\RWURSKLF O
+
JHOGPDQ ++ /HY\ $5< +¥HWRUY .5 'RQDOG $ %ODFN 6( -
$ &DQDGLDQ FRKRUW VWXG\ RI FRIQLWLNGQ@WIP\D LYLEIDW D
VWXG\ PHWKRGY DQG EDVHOLQH UHVXOWY *HXURHSLGHPL
JHUIXVRGROOHGLIITIHUHQW IRUP RI SXUH DJUDSKLD V\Q'
LQIOWLHQWYV ZLWK PRWRU VSHHFK IIHX® PR MHXKHRWLG LIARLU
6 XSSO



oon

JHUUDQ - :LOVRQ . 'RUDQ 0 HW DO 7KH (DUO\ 2QVHW 'H
&KDUDFWHULVWLFVY DQG RI &OLQLFDO &KDUDFAUWHWMWW LF
SV\FKLDWU\

JHUUHU | /IHIDWDR@FR*D-U&LD¥RPOHGDUUDLQ O &DUPRCQ
%ODQFR 5 6HHOH\ : : &RSSROD * )DPLOLDO EHI
WHPSRUDO GHPHQWLD DVVRFLDPWHGCR P ZQDHRSG DWW WU R F\W F
IHXURSDWKRO ([S 1HXURO H

J)LQARK &DUUDVTXLOOR 00 PODNHB 0 HHWODA HYV SURJUD Q X (
DQG WKH SHQHWUDQFHLIRIWIWLRQ HEBXURKWRJ)HE

J)LQARK%DNHW&WRRNHW DO 30DVPD SURJUDQXOLQ OHYHOV
PXWDWLRQ VWDWXV LQ IURQWRWHPSRUDO GHM®HQWLD S
PHPEH®WDLQ 0DU 3W
J)LQRFFKLDUR & HW DO $ FDVH VWXG\ Rl SULPDU\ SURJU}
YHUEV DTWHWUHDWPHQW 1HXURFDVH

)MHOO $0 :DOKRYG 1RWHVQ\QHAD & OF(YR\ /. +DJOHU '-
%OHQQRZ . %UHZHU -% 'DOH $0 %UDLQ DWURSK\ LQ KHE
OHYHOV RI $EHWHE &RUWH[ %

JOHLVKHU $ *UXQGPDQ 0 -DFN &5 -U 3HWHUVHQ 5& 7
'+% %DJZHOO 9 6HQFDNRYD ' :HLQHU 0) 'H&DUOL & 'H.J
7KDO /- $0O]KHLPHU V 'LVHDVH &RRSHUDWLYH 6WXG\ 6H[ $
6WDWXV DQGSPHIOS IRRDFPH LQ 0LOG &RJIQLWFIKY HHRERQUF

+

JOHLVKHU $6 &KHQ . /LX ; $\XW\DQRQW 1 5RRQWLYD $
$SROLSRSURWHLQ ( HSVLORQ DQG DJH HIIHFWVRQ 10
WRPRJUDSK\ LQ KBPRGW®)KMILRHU GLVHDVH LHXURELRO $JL

JORULV & 5DVVX 6 %RFFRQH / *DVSHULQL ' &DR $ &UL)
ZLWK EDODQFHG WUDQVORFDWLRQV DQG DXWLVWLF GLVR
DXWLVP IRXQG LQ WKHLU FRPRFQ (XU EUNPNSRHEHWV DU

JRGHURYROHWWL 0 7 2NDPXUD 1 )XUXPRWR 6 0XOOL
OF/HDQ & $ HW DO 7+. D)QRYHO LQ YLYR WDX LPDJLQ
$O]KHLPHUYV GLVHDVH %UDLQ
YROVWHLQ 0) 6)RONWHIKQBS5QL OHQWDO 6WDWH D SUDFWLF
JUDGLQJ WKH FRJQLWLYH VWDWH Rl SDWLHQWV IRU WKH F

JRUPDQ 06 )DUPHU - -RKQVRQ -. &ODUN &0 $UQROG
JURQWRWHPSRUDO GHWKRWRDLFPOLGRERSFMDWLRQV $QQ
+
JRUPLFKL 3 %DWWLVWL & 5DGL ( )HGHULFR $ &HUHEU
SKRVSKRU\ODWHG WDX SURWHLQ IRU WKH GLDJQRVLV RI §
+
JRVWHU 1/ :LOKHOPVHQ . 6LPD $$ -RQHV 0= 'f$PDWR
JURQWRWHPSRUDO GHPHQWLD DQG SDUNLQVRQLVP OLQNH:¢
FRQIHUHQFH $QQ 1HXURO



000

JUDQFHVFKL ) *OLRVL SHULYDVFXODUH LQLRQ @ DYVYRQ®H IC
GL 1HXURORJ+D

JUDQFLV 37 +ROPHV & :HEVWHU 07 6WUDWPDQQ *& 3URF
BUHOLPLQDU\ QHXURFKHP §BDKH LLIRHAL G HP HQWILRDQG XH WR O
'"HPHQWL Dz

JUDQN $ 5 :V]JROHM =® 5 -BRHYH % ) 'LVWLQF
ILQGLQJV LQ SDOOLGRSRQWRQLJUDO GHJHHUDWLRQ 331'
JUHXG 6 =XU $XIIDVVXQJ GHU $SKDVLHQ )UDQ] 'HXWI

JULHGODQG 53 .RVV ( /HUQHU $ +NWGHUZEBU (@®LVDIXWVRQ
)XQFWLRQDO LPDJLQJ WKH IURQWDO OREHV DQG GHF

JURHOLFK 6 %DVXQ + )JRUVHOO & /LOLXV / $[HOPDQ .
0DSSLQJ RI D GLVHDVH ORFXV IRU IDPL®HPS RADBQ GOH P $IOR!
WR FKURPRVRPH$PT - OHG *HQHW

)X <- 1LVKLKDUD < .XURGD 6 7R\RVKLPD < ,VKLKDUD 7
3LDR <6 7DQ &) 7DQL 7 HW DO UHSHB®R WDXIRS DRXUY
IURQWRWHPSRUDOUDWRERQ GBUNQLEVRQLVP DQG PRWRU C(
GLVWLQFW QHXURSDWKRORJLFDO DQG ELRFKHPLFDO GLV}
+

)XMLKDUD 6 %UXFNL 60' 5RFKD 06* &DUYDOKR $$ 3LF
SUHVHQLOH 'HPHQWLD LQ X@HQ MWL DI TAXW RSV HRILDW U

)XMLRND 6 %RHYH % ) 3DULVL - ( 7DFLN 3 $RNL
0 6DQFKRIQWUHUDY 0 B5RVV 2 $ B5DGHPDNHUV 5 BRV\
BWRHVVO $ - :V]JROHN P:1OLDO IRWUPDRI SDUNLQVRQLVP C
PRWRU QHXURQ GLVHDVH D ORQJLWXGLQDO VWXG\ 3D
H
*DEU\HORZABYHOO®%HUG\QVHLOEDRSR-IDHY IBW *HRA
+\WORS6BUF|DN\PHZVNBDUFLNRZWROM O DFNHNDQRZVNL
& ,QWDPLOLDO FOLQLFDO KHWH B RZIHDK L7WS UGRAWH WRR $TDIW K
FDXVHG E\ D QRYHO S GRUQMHWHER Q 1305 $O]KHLPHUV
'LV
*DODQWXFFL 6 7DUWDJOLD 0& :LOVRQ 60 +HQU\ 0/ )LO
1) +HQU\ 5* 2JDU -0 OLOOHU %/ HW DO "KLWH PDW
SURJUHVVLYH DSKDVLDV $ GLIIXVLRQ WHQVRU WUDFWRJUI
*DODVNR ' &KDQJ / ORWWHU 5 HW DO +LJKFHUHEURVSL
A OHYHOVEQIMPLFDO GLDJQRVLV RI $O]KHLPHU GLVHDVH I
( JHQRW\SH $UFK 1HXURO

*DOWRQ &- 3DWWHUVRQ . :XHUHE -+ +RGJHV -5
SUHVHQWDWLRQV RI $O]KHLPHUTV GLVHDWOQH Q$ ¥R QR F DLA)
DQG SDWKRORJLFDO VWXG\ Rl + FDVHV %UDLQ

*DQV $ %HWUDFKWXQJHQ X EHU $UW XQG $XVEU
3UR]JHVVHV LQ HLQHP )DOOSKXRA GHRN&WKHQ KSMJDR = 1HXUR

*DUUDUG 3 +RGJHWLE GHHPHD@WLD FOLQLFDO UDGLRORJ
SHUVSHFWXYBYO Rl THXURORM



000

*DUQBPR - *HQtV%DWOOH ' GHO O0DU )HUQIQGH] 0 HW D
RI HDRIQYHW GHPHQWLD LQ D JHRJUDSKLFDRO®\ IGIHKIULRERJY |

*DVY &DQQRQ $ ODFNHQ]DMWBWHRQRIUQODX L PDMRU
FDXVH RI XBRVAMAL® IURQWRWHPSRUDO +©OREDRO GHJF
*HQHW 2FW

*DXWKLHU 6 'XERLV % )HOGPDQ + 6FKHOWHQV 3 5H
FULWHULD IRU $O]KHLPHUYV GLY¥HDVH /DQFHW 1HXURO
*HIHQ 7 HW DO &OLQLFDOO\ FRQFRUGDQW YDULDWLRQV
YHVXV DPQHVWLF GHPHQWAD %UDLQ

*HQLUQ+DQQHTXLROORQHWSB2(DQG $O]KHLPHU GLVHDVH I
JHOQH ZLW&RMHFRDQW LQKHULWDQFH ORO 3V\FKLDWU\

*HQRPHV 3URMHFW & S$EHFDVLV *5 $XWRQ $ %URRNV /'
+DQGVDNHU 5( .DQJ +0 ODUWK *7 OF9HDQ *$ $Q L
JHQHWLF YDULDWLRQ IURP KXPDQ JHQRPHV 1DWXUH
*HVFKZLQG 1 /DQJXDJH DQG WKH#UDLQ 6FL $P

*KHEUHPKLBFKXOWKBO 5E 82KP 7*%UDDBUYDDNH®GHU
DQ®JHPRGWKBVYVRFLDWLRQ EHWZHHQH®B®WHBQ QHXURSDWK
1HXURORJ\

*KHWWL % OXUUHOO -5 =ROR 3 63URODBWMLQIQ KHURBC
WDXRSDWKLHVY D PXWDWLRQ LQ WKH 7DX JHQWLNH 5 F
VIQGURRHRFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ Rl 6FLHQF

*KHWWL % 2EODN $/ %RHYH %) -RKQVRQ .$ 'LFNHUVR
QYO UHYLHZ )YURQWRWHPSRUDO GHPHDWLMDF ED WWEG SENRM
WDX JHQH 0$37 PXWDWLRQV D FKDPHOHRQ IRU QHXURS
1IHXURSDWKRO $SSO 1HXURELRO

*KHWWL % 7DJOLDYLQL ) *LDFFRQH * %0S LOIDRXER\ pBDQJ

Y)DPLOLDO *HUWIWPBEEHUQNHU GLVHDVH ZLWK QHXURIL
ORO 1HXURE+£RO

*KHWWL % :V]JROHN =: %RHYH %) 6SLQD 6 *RHGHUW
GHPHQWLD DQG SDUNLQVRQLVP OLQNHG WR HKDMRPRY RPKF
PROHFXODU SDWKRORJ\ RI GHPHQWLD DQG PRYHPHQW GLV
‘HOOHU 52 i8S %ODFNZHOO 2[IRUG 8.

*KHWWL % 6SLQD 6 OXUUHOO - 5 +XH\ ( ' 3LHWUL

,Q YLYR DQG SRVIWRRQWMWRFLFIDID FRUUHODWLRQV I
GHPHQWLD DQG SDUNLQVRQLVP OLQNHG WR FKURPRVRPH

*KLGRQL 5 %HQXVVL / *OLRQQD 0O )UDQ]JRQL O %LQH'
SURJUDQXOLQ OHYHOV SUHGLFW SURVRWGRROGRQD®XWRBY
GHIJHQHUDWLRQ 1HX&JRORJ\

*LDQQDNRSRXORV 3 +RI 35 6DYLR] $ *XLPRP - $QWRQD
RQVHW GHPHQWLDYV FOLQLFDO QHXURSDWKRORJLFDO
$FWD1IHXURSDWKRO



0006

*LMVHORMFMDQJHQKRYH) 7GHU #HAMH D@ RYISURPRWHU
UHSHDW H[SDQVLR@H®JLD)QDRRXHRUWW ZLWK GLVRUGHUV RI
OREDU GHJHIPHEDWRB®LF ODWHUDO VFOHURVLV VSHFWU;
VWX@DQFHW 1HXURQ

*LOEHUWDXIQ GLWVXPRHWRZOGDQEDBNLQVRQLVP DQG PRWRU
GLVHDVHY VWYHQW\DWLHQWY ZLWK GLYHIRM RYRIW®DS V\Q
6HS

*LOEHUWL 1 7XUOD 0 $OEHULFL $FRHHUWDVE 9 R&URK
3UHYDOHQFH RI IURQWRWHPSRUDO OREDU GHJHQHUDWLR
9DOOHFDPRQLFD VWXG\ 1HXURORJLFDO G6FLHQFHV 2I1IL
1IHXURORJLFDO 6RFLHW\ DQG RI WKH ,WDOLDQ 6RFLHW

+

*LRUGDQD 07 3LFFLQLQL 0O *ULIRQL 6 'H ODUFR * 9HU
3HOOHULQR $ %XFFLQQOD % /XSLQR ( LLHGDWERLEXWLRQ7'
HDUO\ HYHQW LQ VSRUDGLF DP\RWURSKLF OBWHUDO VFOH!

*LUDOGR 0 /RSHUD ) 6LQLDUG $/ &RUQHYHDX[ -- 6FKUL
& 5DPLAHMWUHSR 0 *DLWHUL & O\HUV $- &DVHOOL 5-
+XHQWHOPDQ 0- 9DULDQWV LQ WULJJHULQJ UHFHSWRU H
DVVRFLDWHG®VK LBMHKK ER_LRUDO YDULDQW IURQWRWHPSRUDO
$O]KHLPHUYV GLVHDVH 1HXURELRO $JLQJ

*LWFKR 0$ %DORK 5+ &KDNUDYHUW\ 6 OD\R . 1RUWRQ -
'KLWH &/ %LJLR (+ &DVHOOL 5$ HWPRWDWQRRPLOLDO PRW
QHXURQ GLVHDVH $Q® 1HXURO
*LWHOPDQ ' 5 1REUH SD&ULBRKQW)\ %  O® VHOGDIX DO H
QHWZRUN VSHFLDOL]DWLRQV DQ DQDO\VLV ZLWK SDUDC
PDJQHWLF UHVRQDGKWRPPDLAOS

*ORGHREDQVND / 3LUUDJOLD ( %U\W 0 'H 6DQWL 6 ORVF
5 6DLQW /RXLV /$ 6DGRZVNL O ODUWLQLXN ) OHKWD 3
%OHQQRZ . GH /HRQ 0- 7KH HIIHFWV Rl QRUSP RO JWRH D
OHYHOV Rl &6) ELRPDUNHUV IRU $OREHRPHRU Y \$ JEIQWH D VH

*RDWSH &KDUWUBUQ 0 & 0XOODQ 0 %URZQ - &UDZIF
*LXIIUD / +D\QHV $ ,UYLEHJUHJIJDWWRIRY Rl D PLVVHQVH P
WKH DP\ORLG SUHFXUVRU SURWHLQ JHQH ZLWK IDPLOLDO

*RGEROW $ . HW DO $ SUHVHQLOLQ 5 , PXWDWLRQ
LPSDLUPHQW 1HXURORJ\

*RHGHUW 0 6SLOODQWLQL O0* &DLUQV 1- &URZWKHU
$O]KHLPHU SDLUHG KHOLFDO ILODYMHIMWNRQ $ RO RPD® OV LISK
LVRIRUPV 1HXWBRQ

*RHGHUW 0 :LVFKLN &0 &URZWKHU 5% :DONHU -( .OX.
VHTXHQFLQJ RI WKH F'1$ HQFRGLQJ D FRUH SURWHLQ RI
$O]KHLPHU GLVHDVH 3URF 1DWO $FDG 6FL



000

*RHGHUW O 6SLOODQWLQL 0 * -DNHV 5 SXWKHUIRUG
OXOWLSOH LVRIRUPV RI KDXWDRFLIHOWHB WKXERKWHLQ WDX VF
ORFDOL]DWLRQ LQ QHXURILEULOODU\ WDQJOHV RI $O]KHLP
*ROGH@WUYURRS FRORU DQG ZRUG WHVW D PDQXDO IRU FOI
&KLFDJR 6WRHOWLQJ &RPSDJQ\

*ROGPDQ -6 )DUPHU - :RRG (0 -RKQVRQ - %R[HU $/ 1
&RPSDULVRQ RI IDPLO\ KLVWRULHV LQ )7/'" VXEW\SHV
1KURORJ\ *

*ROGPIDNLF 36 &LUFXLWU\ RI WKH IURQWDO DVVF
UHOHYDQFH WR GHPHQWLD $UEK *HURQWRO *HULDWU

*RORPERZVNL 6SDXQOHWLRPLI + OHQGOD . +RFN & 'HS
FHUHEURVSL®XO SIORWBLQ OHYHOV RQ DSROLSRSURWHLQ
SDWLHQWYV ZLWK $O]KHXBRV fV HQ)AHH DN\ W HU V

*RRQHUDWQH ,. :HHUDWXQJD7BDFKDPDIFHHGEHRLPDJIHV
RURIDFLDO G\VNLQHVLD DQG RUDO XOFHUDWLRQ GXt
QHXURDFDQWKREUIWARIV)HE H

*RUQRIPSLQL 0 / +LOOLV $ ( :HLQWUDXE 6 OHQGH] 0
0 HW DO &ODVSAULLPPW LRIRRIHVVLYH DSKDVLD DQ
1IHXURORJ\ %

*RUQRIPSLQL 0/ %UDPEDWL 60 *LQH[ 9 HW DO 7KH O
YDULDQW RI SULPDU\ SURIXNWHR/O®RYH DSKDVLD

*RUQRIPSIOQL'URQNHUV 1) 5DIDNLE.BKHQJUDVDP\ / 5RVH
"-RKQVRQ -. :HLQHU 0:&RIQOOHWPHDQG DQDWRP\ LQ WKU]
SULPDU\ SURJUHWQQ H HDSKRYDL D

*RUQRIPSLQL 0/\ ®RUBDQNLQ .3 :HLQHU 0: OLOOHU %/
FRIJQLWLYH DQG DQDWRPLFDO HYROXWLRQ IURP QRQIC
FRUWLFREDVDO VIQGURPH D FDVH:tUHSRUW 1HXURFDVH

*lW]O - . ORUL . 'DPPH 0 )HOOHUHU JHWDKLHWYDD 6

&RPPRQ SDWKRELRFKHPLFDO KDOOPDWRRLDVRHG !
IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ DQG QHXURC
1IHXURSDWKR@

*UDERZVNL 7 - &KR + 6 O9RQVDWWHO -3 &REHBN * :
DP\ORLG SUHFXUVRU SURWHLQ PXWDWKLR® PIHD\D DD, RO 1D
FHUHEUDO DP\ORLG DQJLRSDWK\ $QQ 1HXURO

*ULPPHU 7 7KROHQ 6 <RXVHIL %+ $OH[RSRXORV 3 )R

3URJUHVVLRQ RI FHUHEUDO DP\ORLG ORDG LV DVVRFI
HSVLOARQRW\SH LQ $O]KHLPHUYV GLVHDVH %LRO 3V\FKLDW

*URVVPDQ 0 OLFNDQLQ - 2QLVKL . +XJKHV ( 'T(VSRVLV
SHLYLFK 0 3URJUHVVLYH QRQIOXHQW DSKDVLD /DQJ
PHVDVXUHVY FRQWUDVWHG ZU VGK \BHIIRVEHD E-O&RYQ] KH KRR V F L
*URVVPDQ 0 #ZONHIRMDJUDPPDWLF YDULDQW RI SULPDU\
IDQFHW 1HXURO

*UX QWKDO EHU HLQ %UX GHUSDDU PLW 3LFNVFKHU .U
+



ofi

*UXQGNEDO , ,TEDO . 7XQJ <& 4XLQODQ 0 :LVQLHZV
$EQRUPDO SKRVSKRU\ODWLRQD\RVRMWKHN HPEF SRWWEX QH

$O]KHLPHU F\AWRVNHOHWDO SDWKROR#\ 3URF 1DWO $FDG &€
*XHUUHLUR 5 %LOJLF % *XYHQ * %UiV - 5RKUHU - /RKF
+ (PUH O $ QRYHO FRPSRXQG KHWHURJ\JRXV PXWDWLRQ L
IURQWRWHPSRUDINBHPRQ@LOHXURELRO $JLQJ E
*XHUUHLUR 5 :RMWRDWBUDVMIXYOOR 0 5RJDHYD ( ODMRX(
& 6DVVL & .DXZH -6 <RXQNLQ 6 +D]JUDWL / &ROOLQJH -

- /IDPEHUW -& $PRX\HO 3 *RDWH $ 5DGHPDNHUV 5 ORUJD
+\WORS 3 6LQJOHWRQ $ UDHOHWLFOPKQOLPWLY JURXS 75(0
$O]KHLPHUTY GLVHDVH 1 (QJO=+*- OHG F

*XHUUHLUR 5 - 8VLQJ H[RPH VHTXHQFLQJ WR UHY
SUHVHQWLQJ DV D IURQWRWNH SRQ B O RFPHIP HIOMWLDXW ERQH
-$0$ 1HXURO

*XHUUHLUR 5 %LOJLF % *XYHQ * %UDV - SRKUHU -
1RYHO FRPSRXQG KHWHURJ\JRXV PXWDWLRQ LQ 75(0
IURQWRWHPSRUDIONBEHPROWMLOHXUREEKERO $JLQJ H

*HUUHLUR 6 /HDUIHU , %UDV - SRKUHU - ' 7DLSD 5

*HQHWLF DQDO\VLV RI LQKHULWHG SKHQNRG\S/HV B R 5 K HKD\D WJ
WKH &6) 5 JHQH -$0$ 1HXURO

*XHUUBLUMRKPDQQ ( %UiV -0 *LEEV -5 5RKUHIVXQ *%UXQ
%LOJLF % +DQDJDVL + *XUYLW + (PUH 8VLQUQBDORMRR Q
VHTXHQFLQJ WR UHYHDO PXWDWLRQV LQ 75(0 SUHVHQWLQ
OLNH VIQGURPH ZLW®RMNWSBDRAH X DRO D Q

*XHUUBLURDTXHUR 0 % OHV@HWLHFWBPOHHQLQJ RI $O]KHLP
JHQHV LQ ,EHULDQ DQG $IULFDQ VDPSOHV LDHQ®VDQR Y$B3 |
1IHXURELRO $JAM)\J

*XHUUBLURXVWDIVRQ '5 #HUGHQHWLF DUFKLWHFWXUH R
GLVHDVH EH\RQG $33 38HNWUR@GER¥B3H( 0DU

*XHUUBLURRKPDQQ ( .LQVHOOQORPH MNWTXOHQFLQJ UHYHDC
XQH[SHFWHG JHQHWLF FDXVHPRMW G IMQHRIDV HX UINI7\&K IDPLO\
$O]KHLBHYHDMMURELRO $JDQJY H

*XLGL , &RPL & &RUWLQL ) HW DO 3URJUDQXOL
ELRPDUNHU IRU WKH LGHQWLILFDWLRQ Rl *51 GHOHWLRQ |
DV FOLQLFDO DPQHWWYHR PPOGLERH@W FRQYHUWHG WR $0
1HXURO G6FL%

*XVWDIVRQ / JURQWDO OREH$OGHJIHIPHUD WLRI) R, @R
SLFWXUH DQG GLIIHUHQWLDO GLDJQRYLV $UFK *HURQWRO

*XVWDIVRQ / %UX®D'$ ,QJY3UHVHQLOH GHPHQWLD FOLQ
SDWKRDQDWRPLFDO ILQGLQJV DQG FHUHEUDO EORRG IORZ
0 HGV &HUHEUDO YDVFXO®PWDGOMBDNB $P¥WHUGDP SS

*XVWDIVRKH/ELUWK DQG HDUO\ HYROXWLRQ RI WKH IURQ)
FRQFHBSWRO 1HXURVFL 1RY



ofi

*XWWXOBOOBDP $ *XPSHQ\ 5 6 $QDO\]LQJ PLFURD
KHLPHUYV XVLQJ FOXVWHU DQDO\VLV WR LGH®WLPHWNKH E|
'LV

*\GHVHQ 6 %URZQ -0 %UXQ $ &KDNUDEDUWL / *DGH $
7KXVJIJDDUG 7 *URYH $ <DQFRSRXORX ' HW DO &
IURQWRWHPSRUDO G HPHQUWRIOR J)\7+

+DEHN 0 +DMQVHN 6 =DUNRYLF . &R@®DO YBHUDRQW-=

$OJKHLPHUYV GL\&HDSMVKRQRLEFRDO FRUUHODWLRQ &DQ -

+

+DNROD +3 1HXURSV\FKLDWULF DQG JHQHWLF DVSHFWYV
FKDUDFWHUL]JHG E\ SURJUHVVLYH GHPHQWLD DQG O
RVYWHRG\VSODVLD $FWD3V\FKLDWUGBFDQG6XSSO

+DPSHO + 7HLSHO 6- 7RWDO DQG 3KRVSKRU\ODWHG 7DX
%LRPDUNHU &DQGLGDWHY LQ J)URQWRWHPSRUDO '"HPHQWL

+

+DQHO 0/ :XHEEOHW 3 -RQHXVFXODU G\VWURSK\ FDQG
)5* LV FULWLFDO IRU PXVFOH GHYHORSPHQW 'HY '\Q

+DUGLH 5- 3XOORQ +: +DUGLQJ $( 2ZHQ -6 3LUHV 0 'D
93 .LQJ 5+ -DFREV -0 HW DO 1HXURDF D @WKRRORWMEDIO/ DY
SDWKRORJLFDO VWXG\ Rl FDVHV %UELQ 3W $

+DURV %HQLWH] %$ &DLUQV 1 &RRSHU % &RRSHU 3 0D\
':LOOLDPVRQ - %%UGDYWIULD]5 )RURXG 70 IPRBHRHG%)5 *UD
OD\HX[ 5 &BPINMUW\ 6 *RDWH $0 &2$FHR3IBD §DRLO\ 6WXG\
&RQVRURXR KH[DQXFOHRWLGH UHSHDW H[SDQVLRQV LQ
-$0$ IHXUROXQ

+DUYH\ 5 G6BRBDMIR®Q 0 5RVVRU 0 7KH SUHYDOHQFH DQG

LQ SHRSOH XQGHU WKH DJH RI \HDUV -RXUQDO RI 1HHX
SV\FKLDWU\ *

+DUYH\ 5- 5RVVRU O01RQR/HHW HIBDJRMHLPHU GH VIHGBMN W RQNW
VXEW\SH" $O]KHLPHU 'LV $VVR&E'LVRUG 6

+DVHJDZD 0 $UDL 7 1RQDND 7 .DPHWDQL ) <RVKLGD O
%XUDWWL ( %DUDOOH ) ORULWD 0 HW D@ IURQWRWHRRR\
OREDU GHIHQHUDWBRQFDQBWIHRABW YVROHURY¥LV $QQ 1HXUR

+DVHJDZD 0 6PLWK 0- *RHGHUW 0 7 D X P X WFOWMHIRDW Z
KDYH D UHGXFHG DELOLW\ WR SURPRWH PLFURWXEXOH DV\
+H = %DWHPDQ $ 3 UR J UDRLVOSIDGIEQ D FRIGIBE LY H G

JURZWK IDFWRU DFURJUDQLQ PHGLDWHVY WLVVXH UHSDI
+
if6XHEFNPDQ 0 * 6FKRWWORPHWWRBED]|D $6RWRW[RQLF YDULDQV
DQG ULVN RI PXOWLSOH X WRMDHRR \W U R S K \
+HLOPDOQ . FOLQLFDO QHXURSV\FKRORJIRU®IRUG XQL
+HLOPDQ . O $QRPLF DSKDVLD IROORZLQJ DQWHULRU Wt
1HXURO $VVRF



+HQNHO . 'DQHN $ *UDIPDQ - %XWPDQ - .DVVXEHN -
QXFOHXV LV PRVW YXOQHADQW®R FAQY RFERYHD YRR HOKRP HW L
VWXG\ ORY 'LVRUG

+HUUHPDQ’R®YDO LQDFWVYMBWHWQVRI DIFWLY LG | LLRL HSQMW V |
HPEU\RQLF VWHP FHOOV 1DWXUH &HOO %LRO

+HUUBD® ODUWLQ $ *DOIDQBMIDMED QRWLHUUH] $ *XHUUH
ODUTXH] & (3WHMVDP - %BURMWNR) )JURQWDO YDULDQW R
GLVHDVH 7ZR SDWKRORJLFDOO\ FRQILUPHG FDVHV DQG T
5HY 1HXURO +

+HUXNND 6. +HOLVDOPL FHWFROANBRDPIQQHEQ + 3LUWW
$EHWD 7DX DQG SKRVSKRU\ODWHG 7DX $32( HSVLORQ
SURJUHVVUHKORELRO $JLQJ+ B3XEO0KG

+HVVH & 5RVHQJUHQ / $QGUHDVHQ 1 'DYLGVVRQ
9DQPHFKHOHQ ( %OHQQRZ . 7UDQVLHQW LQFUWDXHLQQ W
KXPDQ FHUHEURVSLQDO IOXLG DIWHU DFXWH VWURNH 1HX

+HXWLQNQ®H, (/\QHV (& RUI DEQRUPDO 51$ H[SUHVVLRQ
([S THXUROHF 3W %

+HZHU BQHN6FKRVHWLWD QGHHDF KD &® VBN L J OALHRRKLY @ H U
0 *RHEHO+HS$SQHUXQJ +6F/HRG P\RSDWK\ UHYLVLWHG PRU}
DQG OHVV %URLQQHF 3W

+R 0 &KHOO\ - &DUWHU 1 'DQHN $ ,BRBPNWHWR Q@ RIRWRHR
IRU OF/HRG VIQGURPH WKDW HQFRGHV D QRYHO PHPEUDQH

+RGJHV -5 'DYLHV 5 ;XHUHE - .ULO - +DOOLGD\ * 6X!
GHPHQWLD 1HXURORJW

+RGJHV -5 OLWFKHOO - 'DZVRQ . 6SLOODQWLQL O* ;3
SDWWHUVRQ . 6HPDQWLF GHPHQWLD GHPRJUDSK\ IDPLC
FRQVHFXWLYH VHULHV RI FDVHV %UDLQ D -RXUQDO R

+RGJHV -5 BRQWWHUV6HPDQWLF GHPHQWLD $ XQLTXH FC
VIQGURPH /DQFHW BHXURO

+RHKQ &DKU O0'3DUNLQVRQLVP RQVHW SURJUHVVLRC
1HXURORJ\OD\

+ROODQBVLNDQ 56 'DOH $0 +DFKHR\ UDWHV RI GHFOLQH |
DQG DSROLSRSURWHLQ §OHSNLBIRHDEBXURHPNILQJ ,QLWLD
$-15 $P - 1HXGILRRWD

+ROP , ( (QJOXQG ( ODFNHQJLH , 5 $ -RKDQQVHQ 3
UHDVVHVVPHQW RI WKH QHXURSDWKRORJ\ Rl IURQWRW
FKURPRVRPH - 1HXURSDWKROt ([S 1HXURO

+ROP ,( ,VDDFODBNHQ]LH ,5% $EVHE@PX QRIU HEIBFWLY t
SDWKRORJ\ LQ IURQWRWHPSRUDO GHPHQWLDFDXQMNGE EWR
PXWDWLR®+0@ WKEH $FWD 1HXURSBWKRO



oNnT

+ROWRQ -/ $RLIH . 6DQQDMO06 $TGURDBNNRQE& "' :
+RXOGHQ + 5RVV 2§ /55. H[RQLF YDULDQWV DQG
DWURSK\ 1HXURORJ\ H

+RROL %9 9BMDMV=0 O0XOOLQ . %OXPHQWKDO 0$ ODWW
/IDQJH & ORKDSDWUD * %HUWUDPUH TDXWRVERPDO FRB\ QX
YDULDWLRQRQVGWDDPLOLDO $O]KHLPHU V GLVHDVH ORO 3
+RXOGHQ + %DNHU 0 OF*RZWDIDQW $HWKBIQPHU V GLVI
VSDVWLF SDUDSDUHVLY DQG FRWWRQ ZPRMR\D ®Q R QX HW KIDAWF
WR H[FHSWLRQDOORHKNDKFROFHRIVBUDWLRQV $QQ 1HXURO

+RXOGHQ + &URRN 5 'RODQ 5 - OF/DXJKPORYHOSHY
SUHVHQLOLQ PXWIFWKXRQQO YHU\ HDUO\ RQVHW $O]KHLPHU
ERGLHV 1HXURVFL /HWW
+RZDUG3DWWHUWK@G\(DPD®BDOP 7UHHVSWHRMYVPDQWLF
DFFHVV IURP ZRUGV D Q @ KLFM\X 9EHD&RIP SD Q\
+VLXQX*5 )YRN $ )JHOGPDQ + + 5DGHPDNHUV 5 0D
uvV SRO\PRUSKLVP DQG VHUXP SURJUDQXQLQ OHYFH

+VLX®I 'H-HWKHWQDQGH] 0 )HOGPDQ ++ O6HQHGBY 3 %RX
'ZRVK ( %XWOHU 5 /HXQJ % )RN $ S5XWKHUIRUG 1- %I
ODFNHQ]WHOIRLFDO DQG IPIWKHRIO/RRLADPLIKILDO IURQWRWHP
FDXVHG E\ & 25) PXWDWLRQ R @ UIKXIURRPBVYRP H3

+X ) 3DGXNNDYLGDQD 7 9DHJWHU &% %UDG\ 2% =KHQJ
++ 1\NMDHU $ 6WULWWPDWVWHIG LEOOW HRG \ BR® MWL GLHOW HUP L
OHYHOV RI WKH IURQWRWHPSRUDO GHPHQWLDE SURWHLQ S
+X 7 6HHODDU + -RVHSKV .$ .QRSPDQ '6 %RHYH %) 6R
0 6XUYLYDO SURILOHV RI SDWLHQWYVY ZLWK IURQWRWHPS
GLVHDVH $UFKLYHV RI 1HXUR@RJ\

+XDQJ GD : 6KHUPDQ % 7 /IHPSEWANHPBWLF DQG LQWH
DQDO\VLV RI ODUJH JHQH OLVWYV XVLQJ '$9," ELRLQIRUPD
H

+XDQJ < IHHMHBHQGHQW UROHV RI DSROLSRSURWHLQ (
$O]KHLPHUTVY GLVHDVH 7UHQGV HRO OHG

+XH\ (' *UDIPDQ - :DVVHUPDQQ ( 0 3LHWULQL 3 7L
HW DO &KDUDFWHULVWLFVY Rl ITURQWRWHPSRUDO
SBURJUDQXOLQPXWDWLRQ #%$QQ 1HXURO

+XH\ (" OLU]D 1 3XWQDP .7 6RDUHY & R&SWHIMNKD Y HIH Y\ & RK
50 6XQGHUODQG 7 O6WDEDOGLORLRBI BB EPE BHDXDOHYHOV E\ ¢
JHQRW\SH LQ $O]KH'HPHO B DWILHOWWY &RJQ 'LWRUG

+XJKHV &3 %HUJ / 'DQJLJHU :/ &REHQ /$ ODUWLQ 5/ $
WKWWDJLQJ RI GHP®BQUWIDVK KRXUQDO RI 3V\FKLDWU\ WKF
6FLHQFH +



+XQW '& <REQHW GHPHQWLD D UHYLHZ RI WKH OLWHUDMW
FOLQLFLDQV - 3V\FKRVRF1XUVOHQW +HDOWK 6HUY
+XUWOKB 6 3DOOHU . B5RJDOVNL®S (1HXHVXPHFEKDQLVPV
REMHFW QDPLQJ DQG ZRUG FRPSUHKHQVLRQ LQ SULPDU\ S
+
+XWWRQHQGRQ &/ HWDOWRFLDWLRQ RI PLWSGNBEMIHD QG
PXWDWLROGWM XLWK WKH LQKHULWHG GBRKQWLIXQ)7'3

+\PDQ %7 *RWPOID 7 %ULJIJV 0 HW DO $SROLSRSURWHLQ
LQ DQ HOGHUO\ SREXOBWLRQ+ $QQ

+\PDQ %7 3KHOSV &+ %HDFK 7* %LJLR (+ &DLUQV 1- &
'X\FNDHUWV & )URVFK 03 O0ODVOLDK (HW DO 1DWLR
$O]KHLPHU V $VVRFLDWLRQ JXLGHOLQHV IRU WKH QHX
$O]KHLPHU V GLVHDVH $O]KHLPHUV 'HPHQW

+\PDQ %7 $PGEBH@®GHQW DQ®EHSPAGEQW VWDJHV RI §
GLVHDVH $UFK 1HXUR®

,EDFK % 3ROMDQVN\ 6 %DUWD : .ROOHU 0 :LWWPDQQ 0
UHIHUUS@WRHQWY ZLWK IURQWRWHPSRUDO OREDQGEHJHQ
RX®DWLHQW VHUYLFHV 5HVXOWV IURP D SURVSHFWLYH P;
&RJQ 'LVRUG

,FKLNBZDR\DPD 6 2KQR + ,VKLKDUD . 1DJXPRLWL@ZDP)>
HUURUV DQG DQRVRJQRVLD LQ DP\RWURSKLF %HXDNUD O
1HXURO

 FKLNDZIX@QR GXUDNDPRIK@DNDDZDPXUDULWHQURU PD\

EH D SUHGLFWLYH VLJQ IRBSK\SHHORBILLHVEURQQLQ VD \RW UR
VFOHURVLY D SUHOLPLQDM\ PRPSCWNELYRRRJIUDSKR O

,NHGD 0 ,VKLNDAIDHEH + (SLGHPLRORJ\ RI TURQWR\
GHIHQHUDWLRQ 'HPHQW *HULRBRWU &RJQ 'LVRUG

,NHMLPD & <DVXQR ) OL]JXNDPL . 6DVDNL O 7DQLPXNDL
DQG FDXVHV RI (DUO\ 2QVHW '"HPHQW EMD VHG - ¥ BAXRN HD6 &R S

 NHXFKLDQHNR + OL\DVKLWD $ 1R]DNL + .DVXJD . 7VX
,PDPXUD 7 ,VKL]X + $RNL . ,VKLNDZD $ 2QRGHUD 2 .X:
OXWDWLRQDW LIQRRWAW IDPLOLDO GHPHQWLD LQ WKH -DSEC
UROH RI 36(1 DQG 0$37 5 ' HPHODWDRQY &RJQ 'LVRUG

,QJYDU '+ *XVWDIVRQ / SHILRQDO FHUHEUDO EORRG
ZLWK HDUO\ RQVHW $FWD 1HXURO 6FDQG 6 XSSO

, QWHUQDWLRQDO /HDJXH $JDLQVW (SLOHSV\ &RQVRUW
(OHFWURQWLY¥ BGEHIDUH *HQHWLF GHWHUPLQDQWY RI FRPI
PHWIDQDO\VLV RIZIBRRIPHVRFLDWLRQ VWXGLHYV /DQFHW 1HX



,RDQQLGLVY 3 .RQVWDQWLQRSRXORX ( ODLRYLV 3 .DUDI
GHPHQWLDY LQ D WHUWLDBODWVNLMUBIO DRHQ WHHP RJUD S
FKDUDFWHULVWLFV LQ D VHULHV RI FDVHV - 1HXUROGFL

,VKLKDUPKLNBZ®X]XNLWBKLRWIDNDQRDZDPXUD,® OHVLRQ RI
([QHU V DUHD OLQNHGD W SKQRODPHRWIURS KLF ODWHUDO VI
GHPHQWLD" $Q DXW R S4H KIDW H HXHSRROU W

,VKLNDZD 6 7DFKLEDQD 1 7DEDWD ., HW DO OXVFOH &
VIQGURPH DQGFXRWKRPYWROIH1HUY H +

,VKLXUD + 7DNDKDVKL < OLWNKKXWUD-7<RRKKER 68 .X]XKDI
5DQXP /3 7DPDRNL 7 ,FKLNDZD < 'DWH + *RWR - 7VXN
HISDQVLRQ LQ DP\RWURSKLF ODWHUDO VFOHURVLV LQ WKt

,VPDLO - &RRFENHU- 5 +LIJK&QHRQHXWODBQFH RI PXOWLSOH V
DP\RWURSKLF ODWHUDO VFOHURVLY LQ SDWLHQWYV ZLWK
& 25) - 1HXURO 1HXURVXUJ 3V\FKLDWW -DQ

-DFN &5 LVYWH . ©RSPDQIBHPXUIOIBHONH:ADIJDQGBEAHQMHP
0/ *XQWHUR-ZH 9UHJJ BDQNUDVBHWE UVHERD W& VDRNARL G
DFFXPXODWLRQ DUH LQGHSHQGHQW RI KLESRRDRIDO QH X

-DFN & 5 'LVWH + - /IHVQLFN 7 * :HLJDQG 6 ' .QRSF
3DQNUDW] 96 6HQMHP O/ *XQWHU -/ OLHONH 0 O

SHWHUVHQ 5%UDLQDPMOWLG ORDG DSSURDFKHYV D SODWHI
+

-DFREV ' 6DQR 0 ODUGHU . HW DO $JH DW RQVHW RI $C
WR SDWWHUQ RI FRIQLWLYH G\WVIXQF\LRQ DQG UDWH GHFO

-DQVVEBQ%HEN&DPSEHOO 7% 'LEFNLQVRQ $ )R[ 1& +DUYH
5RVVRU 01 &R@WMIOQJIJRQVHW IDPLOLDO POMBWRIRDX\H @GR\ H D
LQ IDPLBXHRORJI\DQ

-D\DSDODQ 6 1DWDUDMDQ - 7KH UROH RI &'. DQG
SKRVSKRU\ODWLRQ RI PLFURWXEXOH DVVRFLDWHG SURW
GLVHDVH %LRLQIRUPDWLRQ H

-HOOLQJHU . $ SWWHPV - JHPRPPRIQ B QMO GBIP\H @\

FRPSDULVRQ ZLWK FODVVLFDO $O]KHLPHU GLVHDVH $FWD
-LDR +HUO /' )DUHVH B3 FURES IHUHIXODWHY WKH H[SUHV\
RI KXPDQ SURJUDQXOMHFUHWHG JO\FRSURWHLQ LP
IURQWRWBPSRQBVRD 2QH 0D\ H
"-RKQVRQ *9: -HQNLQV 60 7DX SURWHLQ LQ QRUPDO DQG
_-RXUQDO RI $O]KHLPHUYV '+VHDVH



on o

"-RKQVRQ -6FIKFPKG - OHQGH] 0 1HXKDXV - 6KDSLUD - )R
%/ )URQWRWHPSRUDO OREDU GHJHQHUDWLRQ GHPRJUDSK
$UFKLYHV RI 1HXURORJW
-RKQVRQ -. +HDG ( .LP 5 6WDUU $&@RWFDQ QG SDWKF
HYLGHQFH IRU D IURQWDO YDULDQW RI $O]JKHLPHU GLVHDV
-RKQVRQ -2 ODQGULROL - %HQDWDU 0 $EUDP]RQ < 9D
-4 *LEEV -5 %UXQHWWL 0 *URQND 6 :XX - HWHYMHDOV ([
9&PXWDWLRQV DV D FDXVH RI IDPLOLDO $/6 1HXURQ
-RKQVRQ 9( 6WHZDUW : 6PLWK '+ 7UDXPDWEMWEDDLQ
SDWKRORJ\ D OLQN WR $O]KHLPHUYV GLVHDVH" 1DW 5HY 1
-RUP $) .RUWHQ $( +H®BHIWHRYDSEQFH Rl GHPHQWLD D
LQWHJUDWLRQ Rl WKH OLWHUDWXUH $FWD3V\FKLDWUGFDQ
-RVHSKV . $ 3HWHUVHQ 5 & .QRSPDQ ' 6 %RHYH %

- 5 HW DO &OLQLFRSDWKRORBRUWVDDQDOGV ER URN LIFJF
GHIHQHUDWLRQV DQG 363 1HXURORJ\
-RVHSKV .$ 'LFNVRQ ': JURQWRWHPSRUDO OREDU G

PRWRU QHXURQ GLVHDVH SULPDU\ ODWH®YDO VFOHURVLV 1
-RVHSKV .$ 'XII\ -5 6WUDQG (®\WRIQVDHBOULVL -( +DXV
'LWWH 5- %RHYH %) .QRSPDQ '6 HW DO &OLQLFRS
FRUUHODWHVY Rl SURJUHVVLYH DSKDVLD DQG DSUD[LD RI V
-RVHSKV .$ OXUUD\ O0( :KLWZHOO -/ FDIU&Y L 3- WIHIWV BIQF 5i¢
'LFNVRQ ': 6WDJLQBDWXRORJ\ LQ $O]KHLPHU V GL
1IHXURSDWKRO
-RVHSKV .$ :KLWZHOO -/ 3DULVL -( 3HWHUVHQ 5& %RHY
&DXGDWH DWURSK\ RQ 05, LV D BRDY®&E WM U L-VWHEU IR \
+
-RVHSKV .$ +RGJHV -5 B6QRZGHQ -6 ODFNHQ]JLH , 5
"0 'LENVRQ ' : IHXURSDWKRORJLFDO EDFNJURXQG F
LQ IURQWRWHPSRUDO GHPHQWLD HSFWD 1HXURSDWKRO
-RVKL $ 5LQJPDQ -0 /HH $6 HW DO &RPSDULVRQ RI FOLC
IDPLOLDO IDPECAID® HDUO\ RQVHW $O]KHLPHUYV GLVHDVH
-X -6 :HLKO && ,QFOXVLRQ ERG\ P\RSDWK\ 3DJHWT{V
IURWRWHPSRUDO GHPHQWLD $ GLVRUGHU RI BXWRSKDJ\ +
-XQJ ++ %UDQE®@HUQD QW OF/HRGXPARGH WKUYH

-XQJ ++ 'DQHN $ :OGNHBIFD QWKWK WREEYKDQHW - 5DUH
'LV

-XQJ ++ +HUJHUVEHUJ 0 .QHLIHO 6 $ONDBEHU+ O 6FKLH
'DQLHOV * .ROOLDV 6 +HVV . OF/HRGDWIQRX) RPUH @R BIRY
SV\FKLDWULF PDQLIHVWDWLRQV DQG GLVWLQFW VWULDW

-XQJ ++ 5XVVR ' 5HGPDQ & %UDQGQHU 6 .HOO DQG
OF/HRG P\RSDWK\ OXVFOH 1HUYH 2FW

. L



ofno

-XQJZLUWK 6 =HKHWPD\HU 6 +LQWHUEHUJHU O 7UDJO .
DPQHVWLF 0&, DMDREHAWRIOF 0&, DW DJH LQ WKH SUHGLFW
GHPHQWLD DQG YDVFXODU GHPHQWLD QW 3V\FKRJHULDW

.DIJH\DPDOBWVXPRWRLNDZHQR ,6KLEDLDNDPXUBIW DO $
QHZSKHQRWRSHKR UMHAD QAN WRVZUW & LODWBHWBG LRP\RB D W K\
P\RSDWIKRY 'LVRUG

.DODBLD 2JHQRI - $ 3DWH® 6D\l * .LWLQ\D &KDQGHO
ODWXM® OWXL3 .LPDQL. 3UHPNXPDBU .RVV *DWHBH
JULHGBD®RE'DOXDWLRQ RI ULVN IDFWRUV IRU $O]KHLPHU "
$IULFDQV %UDLQ 5HV %XO0O

.DSODQ ( *RRGJODVV + :HLQWUDXE 6 %N WoRY WR-ON HML
$GPLQLVWUDWLRQ OHGLFDO &HQWHU

.DUDJHRUJLRX ( )JULP@OWRWPMPSRUDO /REDU 'HJHQHUDW
$SSURBHARLQLIHXURO

.DW]PDQ 5 (GLWRULDO 7KH SUHYDOHQFH DQG PDOLJQCL
PDMRU NLOOHU $UFK 1HXURO

.DZDNDPL ) ,FKLNDZD 7 WREXFROIH@RDQGASKD. LQ
SKRVSKRU\ODWLRQ 3DUNLQVRQV 'LV

.DZDV & B5HVQLFN 6 ORUULVRQ $ HW DO $ SURVSHI
UHSODFHPHQW WKHUDS\ DQG WKH ULVN RI GHYHORSLQJ $¢
IRQJLWXGLQDO 6WXG\ RI $JLQJ EHXURORJ\

.D\ ': JRUVWHU '3 1HZHQWHYR ¥RPYDO SODFH RI GHDWK
FHUWLILFDWLRQ LQ FOLOHGDO®\GGHPMH@MRVH G S QRUWKHQ (
XS DIWHUHDUV %U - 3V\FKLDWU\

.HOOH\ % - +DLGDU : %RHYH BDGIRYWOGNHW 0 HMAIIDW 7
DO SURPLQHQW SKHQRW\SLF YDULDELOLW\ DVVR
SURJUDQXOLQ 1HXURELRO $JLQJ

.HOOH\ % - +DLGDU : %RHYH % ) %DNHU O 6KLXQJ

$O]KHLPHUGLNH BYXH QR W\ S HVWK WRAL BFWHG HAQ$ PXWDW

SURJUDQXOLQ $UFKz1HXURO

. HOOH\ %- %RHYH %) -RVHBKIWW.$HRRXWID 'HPRJUDSK
(WLRORJLF &KDUDFWHULVWLFV RI 3DWLHQWYV S$UFK 1HX
. HUWHV] $ 'DYLGVRQ : )RDY¥LRUD@WMDIXYEGWRU\ GLDJQRV
IURQWDO OREH GHPHQWLD &DQ - 1HXURO 6FL

.HUWHV] $ 'DYLGVRQ : OXQR] '* &OLQLFDO DQG
EHWZHHQ IURQWRWHPSRUDO GHPHQWLD SULPDU\ SURJUF
GHJHIHVLRQ WKH 3LFN FRPSOH[ 'HPHQW *HULDWU &RJQ 'L

.HUWHV] $ +XGVRQ / ODFNHQ]JLH ,5$ OXQR] '* 7KF
QRVRORJ\ RI SULPDU\ SURJUHVVLYH BSKDVLD 1HXURORJ\
. HUWHV] $ ODUWLRDH|DYLGVRQ : OXQRTKH FRUWLFREDYV

GHIJHQHUDWLRQ VIQGURPH RYHUODSV SURJUHVVLYH DSKD)
1HXURORJ\ %



.HUWHV] $ OFORQDJOH 3 %ODLU 0 'DYLGVRQ : O0XQR]

SDWKRORJ\ Rl IURQWRWHPSRUDO GHMXQYWDRI%UDLQ BWR
+

.HUWHV] $ 1DGNDUQL 1 'DYLGVRQ : 7KRPDV $ 7KH JURC
LQ WKH GLITHUHQWUR® \& R WHPRB\RUDRI GHPHQWLD -RXUQDO
1IHXURSV\FKRORJLFDO 6RFLHW\ -,16

.HUWHV] $ .DZDUDL 7 5RJDHYDRS ®3W IRRUNBM 3 %LU
HW DO )DPLOLDO IURQWRWHP SRSV \E HBHI QL BY AHL W
LQFOXVLRQV 1HXBRORJ\

HVWHU 0, %ODQNHQVWHLQ 0$ %RXZPDQ )+ 9DQ (ON (-
‘0 &6) %LRPDUNHUV LQ $O]KHLPHUYV 'LVHDVH DQG &RQW!
*HQRW\SH DUH ORGLRXH® BO $RIH$O]KHLPHUTV 'EVHDVH

.KDQ %. <RNR\DPD -6 7DNDGH®WIBILFDWW WDAXRZO\ SURJI
EHKDYLRXUDO YDULDQW IURQWRWHPSRUD® 26HPHQWLD
KH[DQXFOHRWLGH HHXDQOLRM)X URVXUJ 3V\FKLDWU\

.LHUHQ 3R t )HOLFLW\ 9 & /HVOLH t 1DWDOLH *UDFLD
.ZRN f *OHQGD 0 +DOOLGD\ t -RKQ 5 +RGJHV f -DPHV 5
IURQWRWHP ERIPHQWLD PRUH PLVVLQJ SLHFHV" - 1HXURO

LP + - LP 1 & ‘D®BFBUERURXJK ( $ ORRUH - 'LD]
OXWDWLRQVOLGHSGRP@LQV LQ KQ513%$ % DQG KQF

PXOWLV\WVWHP SURWHLQRSDWK\®HQG $/6 1DWXUH

.LP +* .LVKLNDZD 6 +LJJLQV $: 6HRQJ ,6 'RQRYDQ '- 6k
/$ 1DMP - .XWVFKH .HW DO 'LVUXSWLRQ RI QHXUHILC
VSHFWUXP GLVRUGHU $P - +XP *HQHW

.LP- %DVDN -0 +ROWHADQR®H RI DSROLSRSURWHLQ (
GLVHDWXURQ

LP 6< <DVXGD 6 7DQDND + <DPDJDWD FOXVRVHUHG
SURWRFDGKHULQ &HOO $GK 0LJU

.LPXUD OODWVXPRWR 1 1HXURQDO DFWLYLW\ LQ WKH EI
LPSOLFDWLRQV $GY 1HXURO

.LSSV &0 +RGJHV -5 +RBQBHBIMBIWVLYH EHKDYLRXUDO |
GHPHQWLD UHFHQW GHYHORSPHQWY DQG FOLQLFDO LPSC
VIQGURRMUU 2SLQ 1HXURO

LSS0 'DYLHV 55 OLWFKHOO - .ULO -- +®&®LAUGM\O*0
VLIQLILFDQFH RI OREDU DWURSK\ LQ IURQWRWHPSRUDO
YLVXDO UDWHPHOQMWDBHLDWU &RJQ 'LVRUG
.LUFKHU 0 :LWWHQ ' ORDNDL® -3 &RRB\BHU * 0 6KHQG
$ JHQHUDO IUDPHZRUN IRU HVWLPDWLQJ WKH UHOD\
JHQHWLF YDULDQWY 1DW *HQHW H

.0O*QHPDQGULGKD @D\ /KHUUHWAHWRBEOVRHWHQ 5'H

%OHHFNBRVVRU ODWULHQKDJBBALY 3HOWRQIDORQHYRH-



JHQHWLF FDXVHV RI EDVDO JDQJODI) G ERQHLFDMMR Q$ B HE
75(0 ITHXURORJ\OD\

.QRSPDQ '6 2YHUYLHZ Rl GHPHQWLD ODFNLQJ G
SDWKRORJLFD® RIHY ISIFDOWHR/VLYH GHPHQWLD 'HPHQWLD

.QRSPDQ '6 ODVWUL $5 )UH\ :+ QG 6XQJ -+ 5XVWDQ
ODFNLQJ GLVWLQFWLYH KLVWRORJLY¥O |JKHHDLVPXWHEHDHEREB
GHPHQWLD 1HXURORJ\

.QRSPDQ '6 3DULVWL-($ 6)(DRRIEBEKW 0 %RHYH %) ,YQLN 5
*( 'LFNVRQ ': -RKQVRQ .$ 3HWHUVHQ /( OF'RQDOG : %U
1IHXURSDWKRORJ\ RI FRIJQLWLYHO\ QRUPDO HOGHUO\ -RX

+

.QRSPDQ '6 3HWHUVRI® 6& &IKIOB+ 5RFFD :$ 7KH LQFLG
IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ LQ 5RFKHVWHL
1IHXURORJ\

.QRSPDQ '6 B5S5REHUWV 52 (VWLPDWLQJ WKH 1XPEHL
JURQWRWHPSRUDO /REDU 'HJH®RSXDWW® QL Q-RKUDBO RI |
IHXURVFLHQFH 01 +

.QRSPDR ASP\ORLARMEWHXURGHIJHQHUDWLRQ LZKRBO]KHLP
RQ ILUNWURORJWOD\

.RED\DVKL . +D\DVKL 0 .LGDQL 7 8MLNH + ,LMLPD O
6XJLPRUL . 6KLPD]DNL 0 .XURGD BLFRWKGQRHDVH SDWKRO
PLVVHQVH PXWDWLRQ RI' 6 1 RI IURQWRWHPSRUDO GHPHQ
FKURPRVRPH DQRWKHU SKHQRW\SH RI 6 1 'HPHQW

+

.RHGDP (/ /DXIIHU 9 YDQ GHU 9OHBWXMR QWD G O [PKIORH U
GLVHDVH PRUH WKDQ DJH DORQH - $®]KHLPHUV 'LV

.RHGOP /HKPDQQYDGH)DLHU 6FKHO® BDMQH GEBXYRJ1
%DUNKRDWWMHYLVXDO DVVHVVPHQW Rl SRVWHULRU DWUR
05, UDWLQJXWFBDELRHF

.RKOL OBKQOOLDPSYDMEKDQGHW)\ BBSHDW H[SDQVLRQV LC
& 25) JHQH FRQWULEXWH WR $O]KHLPHUHX URIEVHRIDV BJLQ J

0D\ H

.RNPHQ ( %HDUG &0 2IIRUG .3 .XUODQG /7 3UHYDOHQF
GHPHQWLD YHXURORJ

.RQQR 6KLJD $ 7VXMLQR $ 6XJDL $ .DWR 7 .DQDL . <
. XZDEDUD 6 1LVKL]DZD 0 7DNDKIDSOQHVAHQRB\RWIURSKLF
VFOWIMR SDWLHQWY ZLWK ****&& KH[DQXFOHRWLGH UHSHD
1IHXURO 1HXURVXUJ 3WSFWKLDWU\

.RROHQ '$ 9LVVHUV /(/O 3IXQGW 5 GH /HHXZ 1 .QLJKW
5H\QLHUV ( 5RPDQR & )LFKHUD 0 HWRPRORPH ¥ QHZ F
PLFURGHOHWLRQ V\QGURPH DVVRFLDWHG ZLWK D FRPPRC
*HQHW =

.RULF / )HOLFLDQ 2 *XHGM ( HW DO &RXOG FOLQLFDO
LQ HRWWVHW $O]KHLPHU GLVHDVH" $G]KHLPHUt'LV $VVRF'LV
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.RYDFV ** %RWRQG * %XGND + SURWHLQ FRGLQJ
GHPHQWLDYV WKH QHXURSDWKRORJLFDO EDVLV Rl ELI
QHXURSDWKRORJLFD

.RYDFV ** ODMWHQ\L . 6SLQD 6 OXUUH®O )>BDVHOSLT (
&URZWKHU 5% *RHGHUW 0 %XGND + HW DO KLWH
JOREXODU JOLDO LQFOXVLRQV $ GLVWLQFW VSRUDGLF Il
IHXURSDWKRO ([S 1HHXURO

.RYDFV ** O0OXUUHOO -5 +RUYDMWHQ\tDUDRWQADU 0D % XC
*KHWWL % 6SLTH®» ' 86%3IDULDWLRQ DVVRFLDWHG ZLWK IURQW
VXSUDQXFOHDU JD]H SDOV\ DQG FKKRUHD ORY 'LVRUG

.RYDFV ** YDQ GHU =HH - +RUW - ULVWRIHULWVEFEFK :
6WU|EHO 7 9DQ %YURHFNKRYHQ & ODWHM 5 &OLQLFRSDWK
ZLWK 64670 JHQH PXWDWLRQ DVVRFLDWHG ZLWK U
IHXURSDWKRORJ\ $XJ

.RYDEV * * ,QYLWHG UHYLHZ QHXURSDWKRORJ\ R
DQG SUDFWLFH 1HXURSDWKRO $SSO 1HXURELRO H
.RZDOYNBUXFKRXQINVND ' )ORUF]DN - 6]F]JHFK - .R]XEVN

‘HQGHU3WHVHQLOLQ PXWDWLRQV LQ 3RVEHWK §0 PR ;
GLVHDRGLD 1HXURSDWKRO

.RIDXHU 1 .DW] 5 S5HIXODWRU\ LQQRYDWLRQ DQG GL
VWDJH $O]KHLPHUYfVY GLVHDVH=*1 (QJO - OHG
.UDPHU -+ -XULN - G6KDVWWLQHWLDPE QHXURSV\FKRORJLF

IURQWRWHPSRUDO GHPHQWLD VHPDQWLF G&PHRWHKDD QC
1HXURO

.ULO -- +DOOLGD\ *0 &OLQLFRSDWKRORJLFDO VWDJL
VHYHULW\ FRUUHODWLRQ ZLWK UHJLRQDO DWURSK\ 'HPHQ
. XPDUL 8 7DQ (. /55. LQ 3DUNLQVRQ V GEWDHDVH

VWXGLHV IURP SDWLHQWYV )(%6 -

.XU] $ (JHQVSHUJHU 5 +DXSW 0 /DXWHQVFKODJHU 1 '
0+OOHESRBOLSRSURWHLQ ( HSVLORQ DOOHOHDWRRQLRILYF
HYHU\GD\ SHUIRUPDQFH LQ BOXKRIORIVSKXIGLVHDVH

.ZLDWNRZVNL 7- %RVFR '$ /H&OHUF $/ 7DPUD]LDQ ( 9
'DYLV $ *LOFKULVW - .DVDUVNLV (- 0XQVDW)86 H¥ DO
JHQH RQPRKBRH FDXVH IDPLOLDO DP\RWURSKLF ODWHUL

+

.ZRN - % /R\ & 7 +DPLOWRQ * /DX ( +DOOXSS 0 :
%URH *$ 7DQJ 1 /DP / 3RZHOO -) J/RYHVWRQH 6
*O\FRMQWKDVH EHYDVBIQG WDX JHQHV LQWHUDFW LQ $0]K
1HXURO H

.ZRN % 7DGGHL . +DDARXOKRYHW DO 7 DQG 5 7 SUHVH
PXWDWLRQWQYHW $OJKHLPHU V GLVHDVH SHGLJUHHV DQG
DVVRFLDWLRQ RIPXUHMWHIR@®WL ZLWK D QRYHO SKHQRW\SH
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/IDQJH 0 1RUWRQ : &RROHQ 0 &KDPLQDGH 0O OHUNHU
9HUQLHU 3 /HVFREXI3 /%DOO\7KH BXVFHSWLELOLW\ JHQH
PRGXODWHY GRSDPLQHUJLF QHXURQ IRUPDWLRQ DQG ORF
GHYHORSPHQW VRO 3V\FKLD

/IDUQHU $- 'RUDQ O &OLQLFDO SKHQRW\SLF KHWHURJH
DVVRFLDWHG ZLWK PXWDWLRHYHR - WHKURDHVHQLOLQ

/IDUQHU $- J)URQWDO YDULDQW $O]KHLPHUYV GLVHDVH D

+

/IDWWD QMW Ph8EDPX]DWEQ BRGDUGDE %RUWBBSWHQYLOOF
$ &LXUDHBOLFHDEBKY QUHQFK 5HVHDUFK 1HWZRUNS/BQ )7' DI
75(0 PXWDWLRQV DUH UDUH LQ D )VHAQRKK FIRIRRWR VRH PS

GHPHQWXDRELRO $J1RW H

IDXULQ 1 %URZQ -3 ORULVVHWWH - 5D\PRQG 9 B5HFXUL
HQFRGLQJ VHTXHVWRVRPH 64670 S LQ 3DJHW GLVHD\
*HQHW +

IDXWQHU 5 3DOPTYLVW 6 ODWWVVRQ 1 HW DO $O]KH
QLW LPSRIOMRRGHLQ ( JHQRWI\SH DQG WKH GLDJQRVWLF DF
IOXLG ELRPDUNHUV IRU-$0$KIM\FEK UDGLW\HD VH

/ID]JDURX ,1 *XHUQH 3$ &ODVVLILFDWLRQ GLDJQRVLV D
LQIODPPDWRU\ P\RSDWKQHV - 5KHXPDW

/IH %HU , &DPX]DW $ HWHPWHQRER SOLQLFDO DQG *HQHW
1IHWZRUN RQ $76)7'64670 PXWDWLRQV LQ )UHQFK SD
IURQWRWHPSRUDO GHPHQWLD RU IURQWRWHPSRUDO GHEI
VFOHURVLV -$0$% 1HXURO 1RY

/IH %HU , 'H 6HSWHQMLIDIOHRS$ %UDV - &DPX]DW $ &DURS
&RXDUFK 3 .DEDVKSKRHGRXVXERLV % +RARJKFHREV 75(0
PXWDWLRQ LQ D IDPLO\ ZLWK DMR B QRBLODU R RIQRVOR WH.RSIR U D
2FW H

/IH %HU , *XHGM ( *DEHOOH $ HW DO )UHQFB&IUHVHDUF
'HPRJUDSKLF QHXURORJLFDO DQG EHKDYLRXUDO FKDUD|
63(&7 LQ IURQWDO YDULDQW RI |GRPWAWHPSRUB® GHPHQV

/IH %HU , &DPX]DW $ %HUJHU ( +DQQHTXLQ ' /DTXHU
&KURPRVRPHQEHG IDPLOLHV ZLWK IURQWRWHPSRUD
ZLWK PRWRU QHXURQ GLVHD¥H 1HXURORJ\

/IH %HU , &DPX]DW $ +DQQHTXLQ ' 3DVTHKAWNX[ B *KXWGN
DO 3KHQRW\SH YDULDELOLWDWLQR QS FJUDLGNWVL QD P
QHXURSV\FKRORJLFDO LPDJLQJ DQG ¥QHWLF VWXG\ %UD

/IH %HU*HQHWLFV Rl IURQWRWHIPSRUDWLRGEDIE ®XSG
GLDJQRVLV EGIR UHWKRO 3 RFM

/H &RUUH 6 .ODINL +: 30HVQLOD 1 $+cDKDIHD *+ 2ERIQWPH
% 6HQHFL 3 /HZLV - (ULNVHQ - HW DO $Q LQKLELWR

SUHYHQWYV VHYHUH PRWRU LPSDLUPHQWY LQ WDX WUDQVJ
+
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/IHH -$ %HLJQHX[ $ 7DULT $KPDG 6 <RXQ8&%7, *DR )9

G\WWIXQFWLRQ FDXVHV DXWRSKDJRVRPH DFFXPXODWLRQ DC
+

/IHH O &KHQ 7 &KHQlY 7 &KLX -0 uv YDULDQW F

SURJUDQXOLQ JHQH LV D ULVN Rl $O]KHLPHUYYVY @GLVHDV'

IHXURGHJHQHU 'LV

/IHH 6( S5DELQRYLFL *' OD\RMELLFRYDWBRORJILFDO FRL

FRUWLFEGEDNQBOUBYQRIPXURO

/IHH 6f{XDP GHPHQWLD V\QGURPH WHKYULWVRWHG 1H)XURO

/JHKPDQQ 0 ODGLVRQ &0 *KRVK 30 B6HHOH\ :: ORUPLQR (
,OQWULQVLF FRQQHFWLYLW\ QHWZRUNV LQ KHDOWK\ VXEN
$O]KHLPHUYV GLVHDVH 3URF 1DW $FDGG6FL E

/JHVDJH 6 /HE&RKWGUYR\HU & %URXVVROOH ( *DEHOOH $ 71
ORQGRQ . 'LRQ 3% S5RFKHIRUW ' 5RXOHDX *$ 'XUU $ %!
UHSHDW H[SDQVLRQV DUH D UDUH JHQHWLF FBRXVH RI 3DUN

/JHXQJ - & .OHLQ & )WHIGAD® --DBREV + 'RKHQ\

& '‘H/HRQ ' SUDPVWDOOHU 3 3 SHQQH\ - % (LVHQJDU
7 %YUHVVPDQ 6 % &RUH\ " 3 .UDPHU 3 %ULQ 0 ) 2
;2 1RYHO PXWDWLRQ LQ WHKHH 215Q0$ DW\'SLFDO HDUC

G\WWRQLD DQG SRO\PRUSKLVPV LQ G\WWRQLD DQG H
IHXURJHQHWLFV H

ITHY\  ( &DUPDQ O0' 0OBOGOQD®GH{ 3RZHU O0' ILHEHUEX
"XLQHQ 6 * %RWV * 7 IX\HQGLNMXWDW)IRIQ RILRQKIH %O ]KF
GLVHDVH DP\ORLG JEDWDUWQ FKHWWBIHEUDO KHPRUUKDJH

6FLHQFH

/JHYXDKDG ( :DVFRRRUNDM 3 5RPDQR 'O 2VKLPD -
'+ <X & ( -RQGUR 3' 6FKPLGWDG®GLGIDMH JHQH IRU
FKURPRVRPH IDPLOLDO $O]KHLPHU V GLVHDVH ORFXV 6

/JHZLV - 'LFNVRQ ": /LQ :/ &KUNBROPRRQRBR * <HQ 6+ 6D
6NLSSHU / <DJHU ' HW DO (QKDQFHG QHXURILEULOOTL
PLFH H[SUHVVLQJ PXWDQW WDX DQ@G $33 6FLHQFH

/H]D N 1HXURSV\FKRORJLFDO $VVHVVPHQW 2[IRUG 8
<RUN

/L + 'XUELQ 5 )DVW DQG DFFXUDWH VKRUW UHDG
'KHHOHU WUDQVIRUP %LRLQIRUPDWLFV

/L -4 7DQ /| <X -7 7KH UROH RI WKH /55. JHQH LQ
1IHXURGHJHQHU

/L ; 3DWHO -& :DQXPRY¥YOMKDLLFKROVRQ & %X[EDXP -' (O
0( <XH = (QKDQFHG VWULDWDO GRSDPLQH WUDQVPLV

ZLWK /55. RYHUH[SUHVVLRQ LQ PLFH LV HOLPLQDWHG E\
PXWDWLRQ * 6 - IHXURVFL
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/L </LX @ 2R 7) :DQJ / 7DQJ KHZID/FRVR®RX & *HJKPDQ
%RIJGDQRY 0 3U]JHGERUVNL 6HW DO OXWDQW /55. 5
PLFH UHFDSLWXODWH FDUGLQDO IHDWXUHV RI 3DUNLQVRQ

/IL+ 'XUEBQDVW DQG DFFXUDWH VKRUW UHDGKBBOQHYPHQ\
WUDQVYRBRRQIRUPDWLEGV

ILFKW ($ OFOXUWUD\ $0 6DXO 5( HW DO &RJIJQDWGYH GLI
OBRQVHW $O]KHLPHUYVY GLVHDVH $P - $O]KHLPHUY 'LV 2W

/ILQG - /DUVVRQ $ 3HUVVRQ - HW DO B5HGXFHG KLSS
GHPHQWHG FDUULHUV RI WKH DSROLSRSURWHLQ ( HSVLO
DQG UHFRJQLW URIX PRIVRWUIHWW =

ILQGTXLVX\WQB* % DWEDBXY PKPD WU BHQGIDODWERVLHQH 6
BYHQVWWBXRERUDPHYWHUJIDIMHUPLQBNRNKROPGHUVHQ %%
"RKDQQVHMHOBVHERYWLFREDVDO DQG DWD[LD VIQGURPHV ZlI
& 25) KH[DQXFOHRWLGH H [EDLQVLHR@HBDWHDVH

/LQJ + .DUD ( %DQGRSDGK\D\ 5 +DUG\ - +ROWRQ - ;L
+RXOGHQ + 5HYHV] 7 SDWKRORJ\ LQ D SDWLHQW FDUU\LQ
PXWDWLRQ DQG D QRYHO S 4 ( 0$37 1HXURELRO $JLQJ

/JLSSD &) &RKHQ 5 6PLWK 7: 'UDFKPDQ '$ 3ULPDU\ S
ZLWK IRFDO QHXURQDO DFKURPDVLD 1HXURORJ\

/LSSD &) 1HH /( ORUL +AVORW $BHRUDEHSRVLWLRQ
SUHFHGHVY RWKHU FK®®@]KHWLPHU 36 GLVHDVH /DQFHW

ILSSD &) 6FKPLGW 0 / 1HH [/ ( %LUG 7 IRFKOLQ
/IHH 9 0 7TURMDQRZY NBIOD-TRHHMOPLOLDO $' FRPSDULVRQ ZL
$O]KHLPHU V GLVHDVH 1HXURORJ\

ILWYDQ , $JLG < &DOQH ' &DPSEHOO * 'XERLV % 'XYRI
/, *UDIPDQ - *URZGRQ -+ HW DO &OLQLFDOLVHVHDUF|

SURJUHVVLYH VXSUDQXPQARDUB®RMNZGNWHMOMHGURPH 1HXI
+

JLWYDQ , OHJD 06 &XPPLQJV 1HX)DREEBRNDWULF DVSH
SURJUHVVLYH VXSUDQXFOHDU SDOV\ 1HXURORJ\

/ILX && .DQHNL\R 7 X + %X * $SROLSRSURWHLQ ( C
ULVMFRDQLVPV DQG WKHUDS\ 1DW 5HY 1HXURO

/LX : OLOOHU %/ .UDPHAUHKDPYLRWDDOGLVRUGHUV LQ Wt
WHPSRDDQDQWY RI IURQWRWHHPSIRRIORIGHPHQWLD

ILX 3DWWHUQ RI VIQDSVH ORVV LQ QHXURGHJQHUD

EHWZHHQ IURQWDO OREH $HOIKHLPHDWARIH FIQBRRYOJKHLP H L
,Q 'HSW RI 1HXURBSOUKBOQRUYHUVLW\ /XQG

ILX <X -7 =RQJ < =KRX% 25VDRXWDWLRQV LQ QHXURGHJ
GLVHDRI®VIHXURELRLE

/IRFNH 8RQQHDOMQ@Q 5SXVHOODLERHV$SROLSRSURWHLQ ( I
DQG $0]KHLPHU GLVHDVH H[DPLQDWLRQ RI DOOHOLF DVVR
LQ ERW KDHYIEU GREIDWHDW HRHQHW (SLGHPLRO
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IRPHORHUWK & $QGHUVRQ 7 OLOOHU % 7TKH RY
ODWHUDO VFOHURVLV DQGD URMDDNRWRBERUDO GHPHQWL
/IRUHILBEXKUUXQX HWHOHQHWLF DVVRFLDWLRQ VWXG\ RI \
WR QHXURGHIMP QU DW6DUGLQLDQ PXOWLSOH VFOHURVLYV
$OD 7KU PXWDWLRQ DQG &-RUHXUH[G DEFRIERQ

IRVVRV $ 'RB\RRXH & ORQDFR(BBOHWODOQLFDO KHWHURJ
FKRUHRDFDQWKER\WRXURO  +

/X HUV 7 6SDW] + 3LFNVFKH . QXNHKWLWSH]QH®D
$QDWRPLH XQG +LVWRORJLH HG +HQNH )+ IXEDUNFEKHY OF
%HUOLQ

IXFFKLQL 5 %HQHGHWWL / %RUJKHVL 6 *DUDWWLQL 6
([SRVXUH WR QHXURWRI[LF PHWDOV DQG S ©BH YLDI®D WEFHHDRIHDI
RI %UHVFLD * ,WDO OHG& /DY (UJRQ

IXW\' $ $ .ZRN - % 7KRPSVRQ ( 0 %OXPEHUJV 3 %UR
DO 3HGLJUHH ZLWK IURQWRWHPBRWBO QREDB @G BILNE
DQG 7DU '1$ ELQGLQJIJSRWRWHLQHXURSDWKRORJ\ JHQHW
FKURPRVRPH %0& 1HXURO
ODFN - ( HW#Q@GIRUGSDXVHV LQ SULPDU\ SURJUHVVLYH |

RI OH[LFDO FDWHJRU\ 3URVHQWD® BH¥KWKHRORJI\ &RQIHUH

ODFNHQ]JLH , 5 $ 1HXPDQQ 0 %DERULH $ 6DPSDWKX
( HW DO $ KDUPRQL]HG FODVVI7I'BFBDMWRRORIW I$PW
1IHXURSDWKR@

ODFNHQJLH , 5 $ 1HXPDQQ 0 %LJLR ( I+, &DLOQV HW
DO 1RPHQFODWXUH IRU QHXURSDWKRORJLF VXEW\.
GHJHQHUDWLRQ FRQVHQVXV UHFRPPHQGDWLRQV $FWD 1H

ODFNHQJLH , 5 $ 1HXPDQQ 0O %LJLR ( + &DLUQV 1 -

DO 1RPHQFODWXUH DQG QRVRORJ\ IRU QHXURSD)
IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ DQ XSGDWH $F
ODFNHQJLH , 5 $ 6KL - 6KDZ & / 'XSOHVVLV ' 1HDU
DO 'HPHQWLD QRFMLYH KUIWWRORJI\ '/'+ UHYLV
1IHXURSDWKR@
ODFNHQ]JLH ,5 %DERULHURZQALENHUBQHVVLV ' -DURV (
1HDU\ ' 6QRZGHQ -6 0DQQ '0$% +HWHURJHQHLW\ RI X

IURQWRWHPSRUDO OR BDW \GHLFHDWURW IDRQEG &UHODWLRQ WR
$FWD 1HXURSDWXKRO

ODFNHQJLH ,5 1HXPDQQ O %DERULH $ 6DPSDWKX
-DURV ( 3HUU\ 5+ 7URMDQRZVNL -4 0DQQ 'O
KDUPRQL]HGL AGKDWAMRN HP IRU3)BDWKRORJ\ $FWD 1HXURSD\

H

ODGGDOHQD $ 3DSDVVRWUIZURDOPOQRW $6 0XXMIHLH+ +HJIL 7
50 +RFN & %LRFKHPLFDO GLDJQRVLV Rl $O]KHLPHU GI
FHUHEURVSLQDO IOXLG WBWWR X ISSR R\BIPQR W REE BMIDW L G H
$UFK 1HXURO +
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ODKRQH\ &- %HFN - 5RKUHU -' /DVKOH\ 7 ORN . 6KDNH
:DUULQJIJWRQ (. 6FKRWW -0 )R[ 1& 5RVVRU 01 +DUG\ - &R
6 HW DO ) BRUWRWEHHPHQWLD ZLWK WKH & 25) KH[DQ

HISDQVLRQ FOLQLFDO QHXURDQDWRPLFDO DQG QHXURSD!'

ODMRXQEHUPP]RRHOWR G HY U %D VVHEWHGQ L NRRD PRV R
& +DUG 6LQJOHWRUIDSORBHEHDW H[SDQVLRQ LQ & 25) LQ $
GLVHDRDMK®JO - OHG-DQ

ODMRXQ6EHQWRQ@RBN .HW)DOITXHQF\ RI WKH & RUI KH[DQ}
UHSHDW H[SDQVLRQ LQ SDWLHQWYV ZLWK DP\RWURSKLF OC
GHPHQWLD VB FWRR DD QAMMNG L HX BBQ

ODQGHONRZ (0 POQGBONR $O]KHLPHUYV GLVHDVH 7UHQC

+
0ODQQ '"MKH SDWKRORJLFDO DVVRFLDWLRQ E$HONKHHRBRH'R Z1
GLVHDVH OHFK $JHLQJ 'HY

obQQ "0 7TDNHXFKL $ 6DWR 6 &DLUQV 1 - /IDQW |
+DOWLD O .DOLPR + ,ZDWVXER 7 &DVHV RI $O]KHLPHU
HIRQ RI WKH SUHWYIQBKRZQPQ XQXVXDO EXWDHFPKDBDGEWHU
SDWKRORJ\ NQRZQ DV SFRWWRQ ZRRO™ SODTXHV 1HXURSD'

ODQ]XU $< . XQW]JHU 7 3LNH 0 6ZDQ $9 *OXFRFRUWLF
"XFKHQQH PXVFXODWRFAKWILURS KDWOEFMWMHP IRWLF 5HYLHZYV
, VVXH $UW 1R &'

ODUF]JLQVNL &$ 'DYLGVRQ : .HUWHV] $ $ ORQJILWXGL
IURQWRWHPSRUDO GHPHQWLD DQG SULPDU\ SURJUHVVLYH
1IHXURORJ\ 2I1ILFLDO -RXU QU @ HRK DW K R&JB® LMD HRLHXUR OF

+

ODUVKDOO *$ )DLUEDQNV /$ 7RIQIVBW6 $OIMHROHYHY OG LV

DVVRFLDWHG ZLWK JUHDWHU SDWKRORJLF EXUGHQ@ - *HUL

ODUWLQ , .LP -: '"DZVR/R@/70D /I55. SDWKRELROR.
3DUNLQVRQ V GLVHDVH - 1HXURFKHP

ODWKHZ 5 %DN 7+ +RGJHV -5 'LDIJQRVWLF FULWHULD IF
FRPSDUDWLYH VWXG\ - 1HXURO1IHXURY¥YXUJ 3V\FKLDWU\
ODWWVVRQ 1 3 RARVOH/QVLXE 6 HW DO /RQJLWXGLQDO F|
ELRPDUNHUV RYHUIRXU \HDUV LQPLOG$SORRHQRWWYH 'LIVP

OF*RQLFDO * 7KRPDV % OFTXDGH & 6WDUU -0 ODFOH
(SLGHPLRORJLFDO Rl $O]KHLUPRWEY BQHHOWLOBBHGHP

OF.HQ®DDQQDYWDQNGLYDFKH@NR X VNHUQ\WVNUELEPHOOD
S$OWVKXODHBHULHDOG OH3ULVWR KHHQRPH $QDO\WLV 7RRON
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ODS5HGXFH IUDPHZRUN IRUJH®DWOWIORQ QHEPN VHTXHQFLQ
*HQRPH 5HV6HS

OF.HQQD $ +D@O®MNY ( 6LYDFKHQNR $ &LEXOVNLV
*DULPHOOD . $OWVKXOHU ' *DEULHO 6 'DO\ 0 'H3UL
$QDO\WLV 7RRONLW D ODS5HGXFH |UDPHIZGHWUBIDWRLR @ QDP
VHTXHQFLQJ GDWD *HQRPH 5HV

OF.KDQQ * 'UDFKPDQ ' )JROVWHLQ 0 HW DO &OLQLFDC
GLVHDVH UHSRUW R4'5WMKHRUNL&*BHRXS XQGHU WKH DXV
'HSDUWPHQW RI +HDOWK DQG +XPDQ 6HUYLFHV 7DVN )RL
1HXURORJ\ +

OF.KDQQ * 0 $OEHUW 0 6 *URVVPDQ 0 OLOOHU % 'L
4 HW DO &OLQLFDO DQG SDWKRORJLFDO GLDJQRV
UHSRUW RI WKH ZRUN JURXS RQ IURQWRWHPSRUDO GHPF}
1HXURO %

OF.KDQQ *0 .QRSPDQ '6 &KHUWNRZ + +\PDQ %7 -DFN &
.OXQN :( .RURVKHW] :- 0DQO\ -- OD\HX[ 5HW DO 7KH C
GXH WR $0O]KHLPHU V GLVHDVH UHFRPPHQGDWLRQV IURP \
$O]KHLPHUW WVMDSWLNRR) ZRUNJURXSY RQ GLDJQRVWLF JXLGHOL!
$O]KHLPHUV "HPHQW

OFOXUWUD\ $ &ODUN '* &KULVWLRABVHWHGBRHH QW L(D UIQH T
DQG FDXVHV FRPSRQWBWVGHPBH\WMW LD 'HPHQW *HULDWU&RJ

OF1HLO 05 'XII\ -5 3ULPDU\ SURJUHVVLYH DSKDVLD
/IDQJXDJH , QWHUYHQWLRQ O6WUDWHJILHV LQ $SKDVLD

&RPPXQLFDWLRQ 'LVRUGHU 3KLODGHOSKLD /LSSLQFRWW
+

OHGLQD - "BHL@GWUISUHVVLRQ LQ SULPDU\ SURJUHVVLYH
SV\FKLDWU 1HX4RO
OHKUDELDQ 6 5D\FKHYD 0 6DUDIRY 6 7RXUQHY |, 7

EHKDYLRXUDO DQG FRJQLWLYH LPSDLUPHQKYQMWHERDBDR
&RQHOFH RQ JURQWRWHPSRUDO 'HPHAB®MWBVPEBDQFKHSWHU

OHORQH 0% 'L )HGH * 3HGEQRUPDIWDBBXPXODWLRQ R
SURGXFWV LQ PXVFOH DQG HUDVIDQRFKRF\W RR/IL: VF KROMAL
1IHXURSDWKRO ([S 1HXURO

OHQGH] (DWW MLWRBDUNHU GHYHORSPHQW IRU & RUI UH
$/6%UDLQ 5HUD\

OHQGH] 0) *KDMDUDQLD 0 3HUU\PDQ .0 3RVWHULRU F
FKDUDFWHULVWLFV DQG GLIIHUHQFHV FRPSDUHG WR !
*HULDWU&RJQ'LVR UG

OHQGH] 0) -RVKL $ 7DVVQL\RPKDSLAHNI6 &OLQLFRSD\
GLIIHUHQFHVY DPRQJ SDWLHQWVY ZLWK EHKDYLRXUDO YD
1HXURORJ\ +

OHQGH) (DURQVSIMKHLPHUYV 'LVHDVH 1RQDPQHVWLF 6XE
$'" $UFK OHG 5HV 1RY %



000

OHQGH] DKH $FFXUDWH 'LDIJQRYVHUVWRI'HBHQWLD ,QW - 3V\
OHG

OHQLFKHOOL $ 5DSS % 6HPHQ]D & $OORJUDSKLF DJUD

+

OHUF\ / +RGJHV -5 'DZVRQ . %DUNHU 5 %UBA@HWE ,QF
GHPHQWLDV LQ &DPEULGJHVKLUH 8QLWHG .LQ3GRP 1HXUF
OHVXODP 0 :LFNOXQG $ -RKQVRQ 1 5RJDOVNL ( /HJHU
$O]KHLPHU DQG IURQWRWHPSRUDO SDWKRORJ\ LQ VXEVHW
$Q0Q 1HXURO +

OHVXODP 0 0 6ORZO\ SURJUHVVLYH DSKDVLD ZLWK
$QQ 1HXURO:

OHVXOD® OHLQWUDXE 6 3ULPDU\ SURJUHVVLYH DSKDVLD
+DQG &OLQ 1HXURG

OHVXOD®P OHLQWEDKEHFWUXP RI SULPDU\ SURJUHVVLYH D
01 HGLSRWXDO 'HPIRQWRIMV %DLOOLgqUH 7L@GDOO SS
OHVXOD® OQLHQHNH & 7KRPSVRQ & 5RJDOVNL ( :HLQWULI
FODVVLILFDWLRQ RI SULPDU\ DURJ UMY LFIHO B SIKFDS/OLIDU PMQ |
%UDLQ +

OHVXODP3WLPDU\ SURJUHV\WYG DHXDR/Q D

OHVXOD®P 3ULPDU\ SURJUHVYIGHP BGWRDLRI WKH ODQJXDJI
'HPHQW 1HXURSV\FKRO + -DQ

OHVXOD® 3ULPDU\ SURJUHVVGYLH HUSKDVILDWLRQ IURP $C
GLVHBQB® 1HXUROFW
OHVXODP5RUDOVNLHQHNHXUOH\*B&OD%& JLR7(RPSVRQ
&. :HLOQWUDXELBDU\ SURJUHVVLYH DSKDVLD DQG WKH HYR
ODQJXDJH QHDWZBMX 1HX PR/

OHVXODP 0 ‘HLQWUDXE 6 ,V LW WLPH WR UHYLVLW
SURJUHVVLYH DSKDVLD" $tHXURORJ\

OHVXODP 0 HW DO 3URJUDQXOLQ PXWDWLRQV LQ SULP
1IHXURO +

OHVXODP 0 HW DO 4XDQWLWDWLYH WHPSODWH IRU V
DSKDVLD $UFK 1HXURO

OHVXODB® 0 :HLQWUDXE 6 LRI« ®ERR® 1HXUROWKRGE\ 'HPH
HGQ 9RO &K HGV 'X\FNDHUWY¥ &(OVHWYBQ |,
OHVXODB OHW DO 1HXURORJ\ RI DQRPLD LQ WKH VHPDQ\
SURJUHVVLYH DSKDVLBR %UDLQ

OHVXODB HW DO :RUGV DQG REMHFWV DW WKH WLS RI
SULPDU\ SURJUH\DV L% bl DL QKD V

OHVXOD® QURP VHQVDWLRQWWRLRKRIJQ+WLRQ

OHVXOD® ODUWHADOH QHXURFRJQLWLYH QHWZRUNV DQG GL
DWWHQWLRQ ODQJXDJH DQG PHPRU\ $QQ 1HXURO

OH\H $ BHU HLQH GHU DP\RWURS KRV FK® QKHWWHHIDHID/C
(UNUDQNXQJ PLW SV\FKIWGKH Q HBXUR QU X Q



000

OH] - &RVHQWLQR 6 %ULFNPDQ $0 +XH\ (' 0DQO\ -- 0D
YHUVXV DPQHVWLF $O]JKHLPFW 6 RDHDVHV VKIEBHPRIUDSKL]
DQG YDVFXODU IDFWRUV $0O]KHLPHU '+V $VVRF'LVRUG

OLFKHO *RAHUHQUDNW GLQRDOKHWDAWLLD *UD]LN RRGWRWHPWRQ D
'HPHQWLD ,PSOLFDWLRQV IRU 8QGHUVaDMGE LBV I$@JKHDL B |
3HUVSHFW OHG YHE D

OLJOLDFFLR 5 $JRVWD ) 5DVFRY VAR P HW DIVY R B ORL W HED
SRVWHULRU DWURSK\ HDUO\ DJH DW RQVHW $+VSHEWUXP

OLJOLDFFLR 5 $JRVWD ) 7RED 01 HW DO %UDLQ QHW
DWURSK\ D VLQJOH FDVH WUDBWRUUDSKY IWMZX GRDQ/G [OL W F

OLOOHU %/ &KDQJ / OHQD , %RRQH . /[/HVVHU ,0
IURQWRWHPSRUDO GHJHQHUDWLRQ FOLQLFDO QHXURSV\F
'"HPHQW L D%

OLOOHU = $ HW DO +DQGHGQHVV DQG GQ DI®UNDYW L DO
GLVWULEXWH LQ SURJUHVVLYH DSKDVLD YDULDQWYV %UDLC¢

OLRVKL ( +VLHK 6 6DYDJH 6 +RUQEHUJHU 0 +RGJHV -
GLVHDVH SURJURYWRRQHPG R U DIOXGRPRQW L D

OLWFKHOO $- &6) SKRVSKRU\ODWHG WDX LQ WKH GLDJ
FRJQLWLYH LPSDLUPHQW DQG $0O]KHIPOIVILY ®LVHDMHX G T
1IHXURO 1HXURVXUJ 3V\FKEDW U\

OLWVX\DPD < 3UHVHQLOH GHPHQWD/ ZDWHK PHRRAHRQUN

+

OLWVX\DPD < 7DNDPL\D 6 3UHVHQLOH GHPHQWLD ZL
LQ -DSDQ $ QHZ HQWLW\" $UFK 1HXURO

OL\DVKLWD $ $UDL + $VDGD 7 ,PDJDZD 0 ODWVXEDUD
SUDNDPL . .DNLWIKL$ +ABNDRDYV *HQHWLF DVVRFLDWLRQ
ODR®VHW $O]KHLPHU V GLVHDVH LQ IHPDOHV +XP ORO *HQ

ORN . 7UD\QRU %- 6PK\P&KWMRPRVRPH $/6 DQG )7' ORF
SUREDEO\ GHULYHG IURP D VLQJOH IRXQGHU 1HS®RELRC
H +H

ORN .<RXWVLSFKRWWODHRRBHUHIBQDYV +RXOGHQLIK
IUHTXHQF\ RI WKH H[SDQGHG & 25) KH[DQXFOHRWLGH UH:?
*UHHN SDAWLHEWWRELRO $J3QU H

ORPHQL 3 :LFNUHPDUDWFKL 0 0 %HOO - $UQROG 5

)DPLOLD®RQMHIMD IURQWRWHPSRUDO GHPHQWLD FDXV
0$37 PXWDWLRQ LQLWLDOO\ GLDJQRVHG DV VFKL]JRSKUHQ

+

ORQWHQH3IRRHO®XDQJI6SH]LDFGZDUGWKHHFKDRXOPH

6LVNRQ@BGQFH K\ 0=+FKQHU[RBPH VHTXHQFLQJ DOORZV IRU |
LGHQWLILFDW L RID UQ@RR BKDLUBRROV1 HX UR OD U
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ORQWLQH 7 - 3KHOSV & + %YHDFK 7 * %LJLR ( + &D
"X\FNDHUWV & )JURVFK 0 3 ODVOLDK ( OLUUD ©6 6 1H
7TKDO ' 5 TURMDQRZVNL - 4 9LQWHUV + 9 +\PDQ % 7
$O]KHLPHUfV $ IDWLRQD®O]®& M WRAWIWHS RQRFILIDQVML R Q
IRU WKH QHXURSDWKRORJLF DVVHVVPHQWVRFDO |EKSIEBRD
$FWD 1HXURSDWKRO H

ORUL :HQJ 603U]JEHUJHOW\765HQW]VFKIHPPHUGEKPLG %
.UHW]VFKPBUXVSWDIDQ %URHBRNERYPVV(GEDXHUKH & RUI
**xx&& UHSHDW LV WUDQVODWHG LQWHRS HIWU FBILRWHLIQ
)7/" $/66FLHQFHODU

OrRULWD . .DL\D + ,NHGD 7 1DPED O SUHVHQLOH GF
DP\RWURSK\ $ UHYLHZ RI -DSDQHVHDFWWYHMW $UFK *HURQ)

ORULWD &KDEDEL $ $QGHUVHQ 3 O +RVOHU % 6DSS

$ ORFXV RQ FKURPRVRPH S FRQIHUV VXVFHSWLELOL)
GHPHQWLD 1HXURORJ\
ORUPLQR (& %HWHQVN\ 5% $ACORHGDIQGHW3IPOH LQWHU

LQIOXHQFHWHMKRUWHFOLQHLQ SUHFOLQLFDO $O]KHLPHU
+

ORUULYV -& +H\PDQ $ ORKV 5& +XJKHV -3 YDQ %HOOH * )
&ODUN & DQG WKH &(5%" LQYHVWLWBWR W\D E DK K& B Q5/HRILW'
$O]KHLPHU V 'LVHDVH &(5$%' 3DUwW , &OLQLFDO DQG QHXL
$O]KHLPHU V GLVHDVH 1HXURORJ\

ORUU&E&VWRKY BRIHUYLOOHQEBMKPPDPQ&RQVRUWLXP WR HVWI
D UHJLVWU\ IRU $O]KHKRHHY) VFOALIMHDWVH DQG QHXURSV\I
DVVHVVPHQW Rl $0]KBVRHKURY KODLWMHDARO % XO0O0

ORUULYV -& 7KH &OLQLFDO '"HPHQWLD 5DWLQJ &'5 FXUUL
I1HXURORJ\ *

ORUULY 0O ODHGD 6 9RVVHO . OXFNH / 7KH PDQ\ IDFI

.
ORXMLIJHU ) :DOORQ ' 7URXVVLHUH $& <DWLPL 5 'XPXL
,PSDFW RI| WISUBBORIOXLG ELRPDUNHUV RI $O]KHLPHU
SUDFWLFH D PXOWLFHQWULF VWXG\ - 1HXURO
O0XOGHU 6' YDQ GHU )OLHU :0 981 UKFHLHOHVOHQV BX OGHID N
0$ +DFN &( 9HHUKXLV 5 %$&( DFWLYLW\ LQ FHUHEURVS
PDUNHUV RI $' SDWXRBRBHUV 'LV +
0XOODQ 0 &UDZIRUG ) $[HOPDQ . +RXOGHQ + [/
IDQQIHOW / $ SDWKRORJHQLF PXWDWLRQ IRU SUREDEOH
JHOH DWWHKUHPLQXVDRPNERMWD 1DWXUH *HQHW
OXPPHU\ &- 3DWWHUVRQ . :LVH 5-6 9DQGHQEHUJIKH 5
'LVUXSWHG WHFRRQBIGVOIREQN LQ VHPDQWLF S§HPHQWLD
0°QFK & B5RVHQERKP $' 6SWWIRHOEG ,$ 5HVNH 6 .UDXVH 9
+HWHUR]J\JRXV 5 . PXWDWLRQ RI WKH '&71 JHQH LQ
)7' $QQ 1HXURG@
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0XQR] ' *1HXPDQQ 0 .XVDND + <RNRWD 2 ,VKLKDUD .
)86 SDWKRORJ\ LQ EDVRSKLOLF LQFOXVLRQ ERG\ GLV

N

0XQR] ' * B5RV 5 )DWDV 0 %HUPHMR ) GH <HEHQHV -
QRQIOXHQWDNVY¥RBFYDWHG ZLWK D QHZ PXWDWLRQ 9 , LG
$O]KHLPHUV 'LV 2WKHUW 'HPHQ

OXUUD{ 'H-HVWHUQDQGH] 0 5XWKHUIRUG 1- %DNHU 0
5DGIRUG 15 :VJROHN =. )HUPDQ 7- -RVHSKV .$ %R\OD(
'LFNVRQ &OLQLFDO DQG QHXURSDWKRORJLF KHWHURJHQHI
ZLWK KH[DQXFOHRWLGH UHSHDW $if $/DQ IHXQ RIS® &K RE)
'"HF

OXUUD\ 0 ( HXWR®DWKRORJILFDOO\ GHILQHG VXEW\SHV F
ZLWK GLVWLQFW FOLQLFDO FKDUDFWHULVWLFV DfUHWUR)

OXUUHOO -5 6SLOODQWLQL 0* =ROR 3 *XD]J]JHOOL 0 6Pl
&URZWKHU 5%$3 31KHWMDL% HW DO 7DX JHQH PXWDWL]I
WDXRSDWK\ ZLWK DEXQGDNH LIYIFONXVHR®YV DQG D[RQDO
IHXURSDWKRO ([S 1HXURO

1DJ\ = (VLULU 00 -REVW .$ -RKQVWRQ & /LWFKILHOG 6
RIWKH $SROLSRSURWHLQ ( JHQRW\SH RQ DP\ORLG GHSRVL
IRUPDWLRQ LQ $O]KHHPXHURVFGHQHWFBIVH =*

1DPED < 7TRPRQDJD O .DZDVDNL + $BWREPEBREURWHGEGO
LPPXQRUHDFWLYLW\ LQ FHUHEUDO DP\ORLG GHSRVLWYV
$O]KHLPHU V GLVHDVH DQG NXUX SODDXRED B\WO/RIDG/ H Q %8
SHV

1DQGL 63 %LVZDV $ 3DO 6 %DVX 6&GBHPIFOOOWVIURIL'ON B
RQVHW GHPHQWLD $ VWXG\ IURP (DVWHUQ ,QGLD 1HXURO

1DVX 7 7VXNDKDUD < 7HUD\DPD . $ O1FHBEPBBYDXEROL
OLSRG\WVWDR SBXWRSV\ FDVH GHPRQVWUDWLQJ QXPHURXYV
VWUXFWRRFHRVHG RI FRPSRXQG OLSLG LQ ERQH DQG ERQ
DGLSRVH WLVVXHV $FWD3BWKRO-SQ

1HDU\ 2YHUYLHZ RI IURQWRWHPSRUDO GHPHQWL
DSSOLHG 'HPHQW *HULDWU &R3Q 'LVRUG 6XSSO
1HDU\ ' B6QRZGHR®VWHDIVRQ / HW DO JURQWRWHF

GHIHQHUDWLRQ D FRQVHQVXV RQ FOLQLFDO GLBIJQRVWL

1HDU\ ' 6QRZGHQ -6 *XVWDIVRQ / 3DVVDQW 8 BWXVV
. HUWHV] $ 5REHUW 3+ $OEHUWHYVHYHIDERHDW DIKDML D
DVVRFLDWHG ZLWK K\SRPHWDEROLVP FHQWUHG RQ WKH

+

1HDU\ ' 6QRZGHQ -6 0DQQ '0%$ 7KH FOLQLFDO SDWk
OREDU DWURSK\ 'HPHQWLD
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1HDU\ ' 6QRZGHQH® “URURKWOGLQJ 3 'HPHQWLD RI |
WA\SH - 1HXURO 1HXURVXU# 3V\FKLDWU\

1HVWRU 3- *UDKDP 1/ )U\HU 7' :LOOLDPV *% 3DWWHU"
SURJUHVVL®DMHDRY DSKDVLD LV DVVRFLDWHG ZLWK K\SRPH
OHIQWBIULRU LQVXOD +%UDLQ

1IHXPDQQ O ODFNHQ]JLH ,5 &DLUQV 1- %R\HU 3- ODUNF
7D\ORU -3 .UHW]VFKPDU +$ .LPRQLV 9( |RUWK® XELTXLW
SDWKRORJ\ Rl IURQWRWHPS&3IBQHGPRWOQW L RIDWKROX (S
1IHXURO =

1IHXPDQQ 0 5DGHPDNHUV 5 5RHEHU 6 %DNHU 0 .UHW]VF

D$ QHZ VXEW\SH Rl IURQWRWHPSRUDO OREDU GHJHQF
%UDLQ +

1IHXPDQQ5RHEHU 6 .UHW]VFKPDU +$ 5DGHPBNHQYLH %
5$EXQGDQWPPQRUHDFWLYH SDWKRORJ\ LQ QHXURQDO
LQFOXVLR G FOAD HBI\XH R S DIVRKR O

1IHXPDQQ 0 6DPSDWKX '0 .ZRQJ /. 7UXD[ $& OLFVHQ\L 0
- B6FKXFN 7 *URVVPDQ 0O &ODUN &0 HW DO LQ 8ELT

IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ DQG DP\RWURS
+

1IHXPDQQ 0 %HQWRMLPPQQ ' -DZDLG $HUGDBGXN 0
$QVRUJH 2 HW DO )(7 SURWHLQV 7$) DQG (:6 DUH
GLVWLQJIXLVK )7/' ZLWK )86 SDWKRORJ\ I[URP DP\RWURSKL
PXWDWLRQV %UPLQ

1IHXPDQQ &BKQ 5 /JRQJ G XU DSNLHRXQV HBINOFRSEN GLVHDV
*HURQWRO *HWLDWU

IHXWHOLOWHQEHMWHQ\L * 6LOYD , &R GBIDYOVOKRFOWR VL
SUHVHQWLQJ DV PRWHDUX® A ®HRIQH GY H

1HZHQV $- )RUVWHU '3 .D\ ': .LUNXS : %DWHV ' (GZC
GLDJQRVHG SUHVHQLOH GHPHQWLD RI WKH $O]KHLPHU W\
DVFHUWDLQPHQW SUHYDOHQFH LQFLGHQFH DQG VXUYLYI

1HZHQV $- HHYRWVWD\ ': '"HDWK FHUWLILFDWLRQ DIWHU D G
GHPHQWLD - (SLGHPLRO &RPPXQLW\ +HDOWK

1KR . 5DPDQDQ 9. +RUJXVOXRJOX ( .LP 6 ,QORZ 0+ 5L
%& )DUORZ 05 )RURXG 70 *DR 6HW DO QHDQ &RFPHBWKEXBI\Q VI
EDVHG DQDO\VLV RI GHSUHVVLYH VI\PSWRPV LQ ROGHU DG

1ILOVEHUWK &DQHM®OVRG $ (FNPDQ & % &RQGURQ 0
JRUVHOO & B6WHQK & /XWKPDQ - 7HSORZ ' % <RX
IDQQIHOWKH/ $UFWLF $33 PXWDWLRQKHLPHURD XGLHAH B3\OH
HQKDQFHG $EHWD SURWRILEULO IRUPDWLRQ 1DW 1HXURVF
1ILOVVRI@Q QBGTYLVW :DDGYVIREDQWL @GR WEHYJIHEHODWHG
LQFQEH DQG IDPLO\ KLVWRU\ LQ IURQWRWHPSRUDO GHPH

'HPHQWLD 580R&\®QH $SU H
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1RFKOLQ ' %LUG 7' 1HPHQV ( - $PADRQG DQJIBRED WK X
D 9ROJD *HUPDQ IDPLO\ ZLWK $O]KHLPHU V PXMVIWD MRIQ D C
1
$Q0Q 1HXURO

1RZLFND 8 =KDQNHU 2 .UXWDX] ' &DVWDQHGD & $
&KHQ 7 < B5HLV 1 *OLFNPDQ 0 + )XOMXPDIYGXFLEOHLS
SURWHLQ 'GL FRQWDLQV DQ X QUAKHJ DGR\PHDLIQV WALKD W E I
XELTXLWLQ 6WUXFWXUH H

1XQQHPDQQ 6 /DVW ' BFKXVWHU 7 6HKFMWD -+ 6XXUWY LY D'QHL
*HUPDQ 3RSXODWLRQ ZLWK JURQWRWHPSRUDO /REDU 'HJ}

+

1IX\WHPDQV . YDQ GHU =HH - *LMVHOLQFN , D@WJHOER
6LQJK 6 HW DO $0O]KHLPHU DQG 3DUNLQVRQ GLD.
PXWDWLRQ FDUULHUV LQ DQ H[WHQGHG IRXGHU IDPLO\ $

I\WK $/ *RWWIULHV &* %OHQQRZ. %UDQH * :DOOLQ $ +
RI $O]JKHLRHDI\WH GD GLIITHUHQWLDWLRQ RI VXEJURXSV 'HPH

2 'RZG 6 &XUWLQ ' :DLWH $- S5REHUWYV . 3HQGHU 1 5HLC
10 ORUULV +5 7UD\QRU&%5)/\QGHRBDQVLRQ LQ DP\RWURSK]I
VFOHURVLV IURQWRWHPSRUDO GHPHQWIR) DIOWRUGDXVHV
-XO0

2JbU - HW DO 6HPDQWLF GHPHQWLD DQG SHUVLVWLQJ :I
DQDWRPLFDO SURILOHV % UDLQ /DQJ
2KP 7* .LUFD 0 %RKO - 6FKDUQDJO + *URE : O0DU]

SRO\PRUSKLVP LQIOXHQFHVY QRW RQO\ FHUHEUDO VHQLOH
W\SH QHXURILEULOOD UNHW DR Y® HHIREH DW+R Q

2MHPDQQ %UBLQ RUJDQL]DWLRQ IRU ODQJXDJH IURP WKH
VWLPXODWLRQ %HKDY %UDLQ 6FL

2QDUL . 6SDW] + $QDWRPLVFKH %HLWUD JH ]XU /
XPVFKULHEHQHQ *URWVRKUBUERIGHNYFKH =URBXKROW"

+

2Q\LNH & 6ORDQH ./ 6P\WK 6) $SSOHE\ %6 %ODVV 'O
VHYHULW\ Rl LOOQHVYV DQG GLVDELOLW\ LQ I[URQWRWHPSR
WKH 'HPHQWLD 'LVDELOLW)\ 5DWLQJ ''5 $FWD:HXURSV\FKR
2Q\LNH & :KDW ,V WKH /LIH ([SHFWDQF\ LQ )URQWRWHP
1IHXURHSLGHPLRORJ\ %

2Q\LNH &BHKEGKPLBKH HSLGHPLRORJ\ Rl IURQWRWHRSRUD
3V\FKLDWU\ $SU

2ULJRQH 3 9HUGLDQLL65 &MRMOWRG@BH (I X@OUFKHVH 5 $EE
ODQGLFK 3 (QODUJLQJ WKH FOLQLFDO VSHFWUXP DV\
H[SDQVLRQV ILQGLQJV LQ DQ ,WDOLDQ FRKRUW RI SDWLE
DQG UHOHYDQFH IRU JHQHWLF FRXKQWBH® OLRIH U$ B URRIPWNRR
'"HIJHQHU +
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2VVHQNRSSHOH 5 3LMQHQEXUJKt EFHKWDW\L R B0 DEQV H [H
YDULDQW RI $O]KHLPHU V GLVHDVH FODWKROR JLFHD
IHDW XUHDL Q 6HS 3W

2VVHQNRSSHOH 5 YDQ GHU )OLHU :0 =zZDQ 0' $GULDI
'LQGKRUVW $' HW DO 'LIIHUHQWLDO HIIHFW RI $32( JHQ
JOXFRVH PHWDEROLVP LQ $' GHPHQWLD 1HXURORJ\ E

2VVHQNRSSHOH 5 =ZDQ 0' 7ROERRP 1 HW DO $P\ORLC
IXQFWLRQ R@ VHMDWGO]KHLPHUYY GLVHDVH SDULHWDO Ol

+

2VWEB YR JGDQRYUFQDGHXWKOXQRG-DUJRQDJUDSKLD LQ D F
IURQWRWHPSRU®O DELHP DM RY

2VWHUULHWW MW GH FRSLH GIXQH ILJXUH FRPSOH[ &RQ

SHUFHSWLRQ HW &3+ ODYAMPRH BV\FKRORJLH=* SS
2WWR 0 /XGROSK $& /PDQGQIHKWOHSHKIPHIGO- 1HXPDQQ O
.UHW]VFKPDU +$% 6FKURHWHU O .RUQKXEHU - 'DQHN $ )
FRQVRUWLXP IRU IURQWRWHPSRUDO OREDU GHJHQ
$XJ

3DJDQHL(MO $ &ODUN /- +HQGHUVR@GUDZ®WQUJBD GBD O &OR/F I
UHWLUHPHQW FRPPXQLW\ - $P *HULDWU 6RF

3DJQDPHQWD $7 %DFFKHOOL ( GH -RQJH 09 OLU]D *
&KLRFFKHWWL $ /XGZzZLJ .8 +RIIPDQQ 3 3DUDFFKLQL 6HW
D IDPLO\ ZUWKGHOHWLRQV LQ &171%$3 DQG '2&. VXJIJHVW\
DXWLVP DQG G\VOH[LD %LRO 3V\FKLDWU\

SDOPTYI-\HWWHUEBMOUHQGFQRHVWEHBQBUHDVWRIORENYV '-
2ZHQLXV+BIHUVWU|PROOPHWIBQWKR@IMVVRQ $FFXUBF\
EUDLQDP\ORLQ®FHWHAW DROSVDFMLFEURY SAQ PR XGE
FURYMOLGDWLRQVWXG\DJDLQVWDP\ORLGSRVYEWURGEHROVVL

2FW

3DORQHYD - ODQQLQHQ 7 &KULVWPI® *HQWVDBQ PKGLIY
GLITHUHQW VXEXQLWY RI D UHFHSWRU VLJQDOLQJ FRPSO
SKHQRW\SH $P - +XP *HQHW

3DQHJ\UHV 3. )UHQFKDP . &RXUVH DQG FDXVHV RI VXVS
DGXOWV D ORQJLWXSQXMQPHUXNGLVSPWKHU '"HPHQ

3DQWDOHR $ 'H )UDQFHVFKL / )HUUX ( HW DO &XUU
IXQFWLRQDO UROHV RI SKRVSKRU\ODWLYH FKDQJHV RI PF
GLVHDVHG UHG FHOOV - 3URWHRPLFV

3DSDJHMRX 6* .RQWD[LV 7 %RQDNLV $ .DOIDNLV 1 9DVV
DQG FDXVHVRRIVMDW GHPHQWLD LQ D WHUWLDU\ UHIHUUDO |
'LV $VVRF'LVRUG

3DSDJQR & G6HPHQ]D & *LUHOOL / PKDBOQIQJIBQ LQ
VHPDQWLF GHPHQWLD RXWVWDQGLQJ SHUIRUPDQFH LQ Q>
QXPEHU NQRZIXERSIV\FKRORJ\
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3DUNLQVRQ 1 ,QFH 3 * B6PLWK 0 2 +LJKOH\ 5 B6NLELC
DO $/6 SEHQRWWK PXWDWLRQV LQ &+03 % FKDUJHG
SURWHLQ % 1HXURORJ\

3DVDODU 3 1DMPDEDGL + 1RRULDQ $5 ORJKLPL %
$ .UHIIW 7 @&URRN $8® ,4DQGDQ-IDPLO\ ZLWK $O]KHLPHU V
E\' D QRYHO $33 PXWDWLRQ 7KU $0OD 1HXURORJ\
3DVTXLHU ) 5LFKDUG ) /HEHUW ) 1IDWXUDO KLV
GHPHQWLD FRPSDULVRQ ZLWK $O]KHLMAWYV&BLYHDWHR UG

+

3DVTXLHU ) /H\V ' :HHUWMKEHORXQIMHWNKRI ) 6FKHOWHC
,QWBIQG LQWUDREVHUYHU UHSURGXFLELOLW\ Rl FHUHEUDO
ZLWK KHPLVSKHULF LQIDUFWYV (XU 1HXURO

3DVVDQW MLRVWRURHOLFK )6 *XVWDIVRQ / /DQQIHOW / |
5RVHQ , (OIJUHQ & )DPLOLDO SUHVHQLOH GHPHQWL
'"HPHQW *HULDWU &RJ@ 'LVRUG

3DVWRU 3 (]JTXHUUD 0 OXQR] ( ODUWL 0- %OHVD 5 7
6LJQLILFDQW DVVRFLDWLRQ EHWZHHQ WKH WDX JHQH $
GLVHDVH $QQ 1HXURO

3DXGHO 5 .LHO\ $ /L $ /DVKOH\ 7 %DQGRSDGK\D\ 5 +DU
+RXOGHQ + +ROWRQ -/ 1IHXURSDWKRORJLFDO IHDWX
'<7 G\WWRQLD LQYHVWISHP LR LGQARHOMHRQV $FWD 1HXUR

3D 5 +DUG\ - SHYHV] 7 +ROWRQ -/ +RXOGH:
JHQHWLFV DQG QHXURSDWKRORJ\ RI SULPDU\ SXUH G\
1HXURELRO H

SHULSDQ@FH 0 $ %YHERXW -/ *DVNHOO 3 & <DPDRND

$OEHUWYV 0 - :DONHU $ 3 %DUWOHWW /L5QND3ID\QW XG KHS
LQ IDPLOLDO $O]KHLPHU GLVHDVH HYLGHQFH IRU FKURP
*HQHW

3HWHUVHQ 5& 6PLWK *( :DULQJ 6& ,YQLN 5- 7DQJDOF

FRJQLWLYH LPSDLUPHQW FOLQLFDO FEDHEKFMWKUROWLRQ
+

SHWUXFFL 6 *LQHYULQR 0 O9DOHQWH (0 3KEGRROHBOQF \

PXWDWLRQV 1HZ LQVLJKWY IURP SDWLHQWY DQG FHOOX

'LVRUG -DQ 6XSSO 6

3LFN $ FHQLOKLHLDQDWURSGOBHUVYRIQHEABNMQJIJHQ :LH

NOLQ :VFKUz

3LFN $ =XU 6\PSWRPDWRORJLH GH. OLYSINGBWWREK

OVFKU 3V\FKLDW 1HXURO

3LFN $ EHU HLQHQ ZHLWHUHQ 6\PSWRPHQFRPSOH]

'HPHQWLD VHQLOLVY EHGLEHQH YWAK XRWHEKUEHUQDWURSK

$SUD[LH OVFKU 3V\FKLDW 1HXURO

3LFN $ hEHU GLH %H]JLHKXQJHQ GHU VHQLOHQ +LUQDW

3UDJHU OHGL]JLQLVFKH :RFKHQVFKULIW



oon

3LFNHBWURZQ 6 7KH WDX JHQH ORFXV DQG IURQWF
'HPHQW *HULDWU &RJ@ 'LVRUG

3LFNHBWURZQ 6 0 B5ROOLQVRQ 6 30HVVLV 'X ' ORUUL
5LFKDUGVRQ $ 0 7 HW DO JUHT XW@& B\L \DMLG VF GRL

SURJUDQXOLQ PXWDWLRQ FDUULHUV LQ WKH ODQFKHVWHU
FRKRUW FRPSDULVRQ ZLWK SDWLHQWY ZLWK 0$37 DQG Q
+
3LFNKDUGW 0 *D]JRYD = YRQ %HUJHQ 0 .KOLVWXQRYD
ODG@HONRZ (0 %LHUQDW - ODQGHONRZ ( $QWKUD"
DJJUHJDWLRQ DQG GLVVROYH $O]KHLPHU SDLUHG KHOLFD
%LRO &KHP
3LHYDQL 0 3DWHUQLFz ' %HQXVVL / %LQHWDM * 2U
3DWWHUQ RI VWUXFWXUDO DQG IXQFWLRQDO EUDLC
JUDQXOLQ PXWDWLRQ FDUULHUV $O¥HLPHUYV 'HPHQWLD
3LJXHW 2 +DOOLGD\ *: 5HLG :*- &DVH\ % &DUPDQ 5 -
+RGJHV -5 .ULO -QLFIFO &BHQRW\SHWRQIQ UPHEGRIVEN GLVH
1IHXURORJ\
3LJXHW 2 +RUQEHUJHU 0 OLRVKL ( +RGJNDUISDQWD
IURQWRWHPSRUDO GHPHQWLD 'LDJQRVLV FOLQLFDO VW
1HXURO %
3LMQHQEXWUOOLVVHQ ) -RQNHU & B6FKHOWHQV 3 ,
IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ #HPHQW *HULDYV
3LORMRUFN ) &KRSLQ ( 5XDO -) %DXGRW $ 'REU
SHFKDYL 0 %UXQ & +REWLFN O6FKDHIIHU / 9LGDO O
,QWHUDFWRPH PDSSLQJ Rl WKHNB& BP\DFPDWILEG\® MOIRWIH
RI UDSDP\FLQ SDWKZD\ LGHQWLILHY GHIRUPHG BSLBHUPD
QHZ JO\FRJHQ V\QW KIQWH N DREG/\R&#H 000 3SURWHRPLFV H
3ODW®R[ 5 (QQY¥RIQWY WR FRQVLGHU LD*68OH HFOVY QRD C
PLWRFKRQGULDO GLVHDVH DQ DQDO\VLV RI JH®MHHWFOX\
&RXQV $XJ
3OHWQ2NRIRDQH ./ 5HQWRQ $( 7UD\QRU %- &UDLQ %-
/3 7URQFRVR -& G5DELQV 3% SREDLANSD &8V FOH U R WK VEKIHP H Q
& 25) KH[DQXFOHRWLGH UHSHDWURHELSO®VLIRIQQJ
2FW H
30LQHU +$ 0DQQ '0 7UD\QRU %- B6HDUFKLQJ IRU *UH
VSUHDG Rl WKH & 25) UHSHDW H[SDQVLRQ $FWD+t1HXURS

3R /HVOLHUDFLBoDUWOHRN -%DOOLGBREGVIHV%EUUHOO -5
+HULWDELOLW\ LQ IURQWRWHPSRUDO GHPHQWLD PRUH |
+
BRGXVOR 6( +XDQJ 5 6SLUR $ UG $ JHQRPH VFUHI
ZLWKRXW FRIJIQLWLYH GHFOLQH LGHQWLILHV /53 % E\ KDSO
IH¥MRSV\FKLDWU *HQHW %



000

3RLULHU - 'DYLJQRQ - %RXWKLOOLHU ' .RJDQ 6
$SROLSRSURWHLQ ( SRO\PRUSKLVP DQG $O]KHIPHUJVGLVH
3ROORFN 1- OLUUD 66 %LQGHU /, +DQVHQ /$ :RRG
DJJUHJDWHV LQ 3LFNYV GLVHDVH SURJUHVVLYH VXSUDC
GLVHDVH VKDUH DQWLJHQLF GHWHWPYRBLIDMH E LSUKR W HE G

IDQFHW
3RRUNBPOM WG 7' :LMVPDQ ( 1HPHQV ( *DUUXWR 50 $QGHL

'LHGHUKROW :& 5DVNLQG 0 6FKHOOHQEHUJ *' /DX L
FKURPRVRPH IURQWRWHPSRUDO GHBHQWLD $QQ 1HXURC
3RSS - /HZF]XN 3 )URPPDQQ , .ROMVMFKOGLHBRUQKMKNEVHQ

&HUHEURVSLQDO IOXLG PDUNHUV IRU $O]KHLPHUYV GLVHD
DQG WKH $32(HSVLOR®O PKHLPWIB\H 'LV
3RWNLQ 6* *XIIDQWL * /DNDWRV $ 7XUQHU -$ 2ILULKRIJHO )
$ /XSROL 6 6DOYL ( :HLQHU O ODFFLDUGL ) $O]JKHLPHU
+LSSRFDPSDO $WURSK\ DV D 4XDQWLMEIHNEYWRFUDMN R@® 6V
,GHQWLI\LQJ 1RYHO 6XVFHSWLELOLW\ *H@HR6 IRU( $O]KH
H
SRWWLIPOORGRXVVHBRBHMHFWX[5LFKDUGR¥SOLQODLUH $
JUHERX&DRSLROD'QQHTXI5Q0'5 + YDULDQW DV D ULVN IDFWR
RQVHW $O]KHLPH$ O] KEHLWPHDMH 'LV
3RXORSRXORV 0 /HY\ 2 $ $OFDOD\ 51 7KH QHX
3DUNLQVRQYV GLVHDVH ORY 'LVRUG H
BUHPL%RUURQL % )RUPHQWL $ *D]]JLQD 6 $UFKHWWL
D (IIHEW RI 70(0 % SRO\PRUSKLVP RQ IXQFWLRQDO |
DVI\PSWRPDWLF JUQ PXWDWLRQ FDU#JLHUV -$0$ 1HXURO
3UHPL ( &DXGD ) *DVSDURWWHKBWWILD®OR BDGRYDQL $
OXOWLPRGDO 10%/,DUWHVWIQFWLRQDO FRQQHFWLYLW\ L
WKH FDVH FOIDIWIRHDMWORO GHPHQWLD 3/R6 21( H
3UHPL ( *DULERWWR 9 *D]]LQD 6 )RUPHQWHW DOUFKFE
E 6XEFRUWLFDO DQG GHHS FRUWLFDO DWURSK\ LQ IL
JUDQXOLQ PXWDWLRQV 'HPHQW *HULPWU &RJQ 'LVRUG (
3ULQFH -$ =HWWHUEHUJ + $QGUHDVHQ 1 ODUFXVVRQ
HSVLORQ DOOHBE ZNVWKVURBXIFMG FHUHEURVSLQDO I10XL
1IHXURORJ\ #
BUXVLQHU%BMORJIJ\ DQG JHQHWLFV RI SULRQ GLVHDVH
+
AXHUDOW 5 (JTXHUUD 0 /OHR $ &DVWHOOYL 0O *HO
3DVDULQ D 5%O0ADALY¥MRY¥HO PXWDWLRQ 9 / LQ WKH SUHV}
D IDPLO\ ZLWK HDUO\ RQVHW $O]KHLPHU V GLVHDVH
GLVWXUEDQFHV - 1HXURO 1HXURVXUJ 3V\FKLDWU\
5DEHU - +XDQJ < $®HSRRUBQRW\SH DFFRXQWV IRU WKH
RI $' ULVN DQG $' SDWELRORFILQHXUR



000

5DELQRYLFL *' )XUVW $- $ONDOD\ $ HW DO ,QFUHDVH

HDWRQVHW $O]KHLPHUYV GLVHDVH LV QRW UHODWHG
+

SDELQRYLFL *' -DJXVW :- )XUVQW $%$ 20RUP-I0Q B OEL 2T1HL
/DO 5% 'URQNHUV 1) OLOOHU %/ HW DO $A DP\ORLG
WKUHH YDULDQWYV RI SULPDU\ SURJUHVM%LYH DSKDVLD $QQ

5DELQRYLFL *' 5RVHQ +- $ONDOD\ $ .RUQDMP\QRUGW $-
YV )'8(7 LQ WKH GLIIHUHQWLDO GLDJQRVLV RI $' DQG )7

+

5DGHPDNHENVXSWY 0 'HUPDXW % 6OHHJHUV . 5RVVR 60
%DFNKRYHQV + YDQ 6ZLHWHQ - YDQ 'XLMOXRBIJDWQY%UR
IURQWDO OREH GHPHQWLD DW T VLJQLILFDQW ILQHPDS

FO LQWOHRWOYBWO\FKLDWU\

5DGHPDNHUV 5 (ULNVHQ - / %DNHU 0 G5RELQVRIV7 $
DO &RPPRQ YDULDWLRELDGVWQWH RL5*51 LV D PDMRL
IDFWRU IRWBRVIWLYH IURQWRWHPSRUDO GHPHQWED +XP

5DGHPDNHUV 5 G5RHEHU 6 %DNHU 0 .UHW]VFKPDU +
$ QHZ VXEW\SH Rl IURQWRWHPSRUDO OREDU GHJHQH

%UDLQ =
5DGHPDNHUVY 5 HW DO 3KHQRW\SLF YDULDELOLW\ D
KDSORLQVXIILFLHQF\ LQ SDWLHQWY ZLWK WKH FRPPRQ
LQWHU @DMQURMDIIDWLYH /DQEHW 1HXURO

5DKPDQ 6 G5REELQV 7: 6DKDNLDQ %- &RPSDU
QHXURSV\FKRORJLFDO VWXGLHV RI IURQWDO OREH IXQFYV
VWUDWHJILHY LQ IURQWDO YDULDQW |IURQWRWHRRKRRQDQVRI

6XSSO =

5DPDQDQ 9. 6D\NLQ $- 3DWKZD\V WR QHXURGHJIHC
LQVLIJKWYV IURP *:$6 LQ $O]KHLPHU V GLVHDVH 3DUNLQ
GLVRUGHUV $P - 1HXURGHJHQHU 'LV
5DPLHU $0 +pBDOIK® WHVSHFWLI GHV DWWHLQWHY IURQWD(
OpVLRQQHOOH GDQV OHV GpILFLWV GH OD IOXHQFH YHU

5DPSROGL / BRER@ER& 5XELR -3 'DQHN $ &KDOPHUV 50 :
$ FRQVHUYH® WRALWMWHG SURWHLQ LVDPRQWQRF\VOR ¥KWR U |
*HQHW

5DQGDOO & ORVFRQL / GH /HR@HOHEURRGLUD O IC

ELRPDURSIWKHLPHU VL@HDIOBWKE HUWUARQW %LRVFL /DQGPDUI
-XQ

5DVFRYVN\ . +RGJHV -5 LSSV & -RKQVRQ - 6HHOH\

'LDIJQRVWLF FULWHULD IRU WKH EHKDYLRUDO YDULDQW R

FXUUHQW OLPLWDWLRQV DQG IXWXUH GLUHFWLRQV $0O

'LVRUGHUYV * 6



060

5DVFRYVN\ . +RGJHV -5 .QRSPDQ ' HW DO 6HQVLWLY]
FULWHULD IRU WKH EHKDYLRXUDO YDULDQW RI IURQWRWHI
+
5DVFRYVN\ . 6DOPRQ '3 /LSWRQ $0 /HYHUHQDO®VNR&DU!
'5, 5DWH Rl SURJUHVVLRQ GLIIHUV LQ IURQWRWHPSRUDO ¢
1IHXURORJ\ +
5DVNLQG 0$ &DUWD $ %RQVHW $OJKHUPOAUTYV GLVHDVF
VXEJURXS ZLWKLQ WKH $O]KHLPHU GLVIID $N VRES XVRW GRIC
66
5DWQDYDOOL ( %UD\QH & 'DZVRQ . +RGJHV -5
IURQWRWHPSRUDO GHPHQW+D 1HXURORJ\
5DWWIRRUUDGR / &DVWHOORWWL % H&2B)O UEAH DIW &R G
H[SDQVLRQ LQ D ODUJH ,WDOLDQ $/6 FRKRUWHXHRIEGRQFH

$IJLQJ 2FW H
5HHG /$ *UDERZVNL 7- 6FKPLGW 0/ ORUULV -& *RDWH $
*» 6FKHOSHU 5/ 7DOERW &- :UDJJ 0$ HW DO $XWRVR

ZLWK ZLGHVSUHDG QHXURILEULOODW\ WDQJOHV $QQ 1HXU
S5HLPDQ (0 &KHQ . $OHNDM@GHXOFWLRQDO EUDLQ DEQRUF
DGXOWYV DW JHQHVRIGV HWV SONKH LW HY GHPHQWLD 3URF
+
SHLWDQ 50 9DOLGLW\ RI WKH 7UDLO ODNLQJ 7HVW DV I
GDPDJH 3HUFHSWXDO ORWRU 6NLOO
5HQ -5 +XDQJ < ;X % /&K&HQJ 4 &KH®FI * +LVWRU\ SUHVE
DQG SURJUHVV Rl IURQWRWHPSRUDO GHPHQWLD LQ F
 QWHUQDWLRQDO -RXUQDO RI $O]KHLPHUYV 'LVHDVH
SHQWIRQ ODMRXQIMH.WH $ $HWHIDQXFOHRWLGH UHSHDW H
& 25) LV WKH FDXVH Rl FKORPRWBPH/6SXURQ 2FW

5H\ $ /TH[DPHQ SV\FKRORJLTXH GDQV OHV FDV
WUDXPDWLTXH /HVS$YFREOHP\GH 3VIFKRORJILH

S5LEFKWHU + (LQH EHVRQGHUH $UW YRQ B6WLUQKLUQ
1IHMRO %

S5LGHRXW +- G6WHIDQLV / 7KH QHXURELRORJ\ RI /5E
SDWKRJHQHVLV RI 3DUNLQVRQ V GLVHDVH 1HXURFKHP 5HV

S5LHGO®DFNHQ]LHUBWOXY] $LHBEKPLGJVRQWRWHPSRUDO O
GHJHQHUDWLRQ FXUUH®WRSKNUNVSHPMWULYHW 7UHDW

S5LHPWFKQHLGHAKPRONMWYWHQVFKORGHMU*19DQGHUVWLFKHO
+ 9DQPHFKHOHL §HUHEURVSDODMREEWDLQ HDUO\ $O]KHLPH
GLVHDVH DVVRFLDWLRQ ZLWK DSRFERERSVIRWVHHERBRY®E®R W
IHW W

SLVEHUJ - SHIJILRQDO FHUHEUDO EORRG IORZ PH
LQKDODWLBRBRORBWEKRG DSSOLFDWLKRRORID DAHX SR SAKRLD WU\
/IDQJ =



060

SREHUVRQ (' +HVVH -+ S5RVRIQWRWMECSEIPHQWLD SURJUH'
GHDWK IDVWHU WKDQ $XHKHUHRPHRU\GLVHDVH
S5RELQVRQ ' 6PLWK 0O 5HGG\ 5 1HRURIDABRMWKREFNWRVLYV

SREVRQ + HW DO 7KH DQWHULRU WHPSRUDO ORGHV VX
"HUQLFNHYYVY DSKDVLD: %UDLQ

5RGHOVSHUJHU & .UDZLW] 3 %DXHU 6 +HFKW - %
GH &RQGRU % - B6FKZHLJHU 05 G5RELE\GRIOFBQW ILOWEH
RI H[RPH VHTXHQFH GDWDQHRBHW QW NMHBIWLRQ LQ DXWRVR
GLVRUGHUV %LRLQIRUPDWLFV H

5RIJDHYD'KH VROYHG DQG XQVROYHG P\VWHULRHMNVRWWKH
$O]KHLPHU V GLVHDVH 1HXURPROHFX®NUHHG
5RJDOVNL (- 0WVXOLRPLFDO WUDMHFWRULHY DQG ELROR.
SURJUHVVNYID DEBEDU $O]K 5HV +
5RJDOVNL (- 5DGHPDNHU $ +DUULVRQ 70 HW DO $SR( (
DPQHVWLF EXW QRW DSKDVLF GHPHQWLDV $O]KHLPHU 'LV
5RJDOVNL ( HW DO 3URJUH\SDLRP HRQWOW QD AR UWLFDC
VXEW\SHV Rl SULPDU\ SURJUHVVLYH BSKDVLD 1HXURORJ\
5RIJDOVNL ( -RKQVRQ 1 :HLQWEDXBFEHDYHGXIQDIF X6IQF
OHDUQLQJ GLVDELOLW\ LQ SDWLHQWYV RIGWKX KHLLP DLU\VS\WU BH
UHODWLYHV $UFK *1HXURO
5RIJDOVNL ( :HLQWUDXE & $WH WKIODPPH ¥ XVFHSWLELOLW
SULPDU\ SURJUHVVLYH DSKDVLD" %UDLQ /DQJ
5RKUHU - ' &UXWFK 6 - :DUUHQJWRQ ( .D 3URJUDQX
DVVRFLDWHG SULPDU\ SURJUHVVLYH DSKDVLD D GLVWLQF
+
5RKUHU - ' *XHUUHLUR 5 9DQGURYFRYD - 8SKLOO -
7KH KHULWDELOLW\ DQGWHPGRWDOV ORE DWR G\WMRHQ
1IHXURORJ\ %
5RKUHU - ' /DVKOH\ 7 B6FKRWW - 0 :DUUHQ - ( OH
D &OLQLFDO DQG QHXURDQDWRPLFDO VLJQDWXUH
IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ %UDLQ
5RKUHU - ' 1LFKRODV - 0 &DVK ' OHU9DOQ -6X¥NHRRMQ/ - F
DO 3UHV\PSWRPDWLF FRJQLWLYH DQG QHXURDQDWR
IURQWRWHPSRUDO GHPHQWLD LQ WKH JHQHWLF IURQWRW
VWXGFUBRYNFWLRQDO DQDO\VLYV /BQFHW 1HXURO
5RKUHU - ' 3DYLRXU ' 9DQGURYFRYD - +RGJHV - G
E 1RYHO / 5 0$37 PXWDWLRQ LQ D IDPLO\ ZLWK DQ
SURJUHVVLYH VXSUDQXFOHDMURDBE YN @ HUGUIRP H
5RKUHU - ' 5LGJZD\ * 5 ORGDW 0 2XUVHOLQ 6 OHD
E 'LVWLQFW SURILOHV RI EUDLQ DWURSK\ LQ IURQW
FDXVHG E\ SURJUDQXOLQ DQG WDX PXWDWLRQV 1HXURLPD



001

SRKUHU - ' SRVVRU 0 1 :DUUHQ - F 6\QGUR
SULPDU\ SURJUHVVLYH DSKDVLD D FOLQLFDO DQG QHXUR

+

SRKUHU - ' SRVVRU 0 1 :DUUHQ - $O]KHLPHUT
SURYVYHYH DSKDVLD 1HXURELRO $JLQJ

SRKUHU - ' :DUUHQ - %DUQHYV - OHDG 6 %HFN - 3
0ObSSLQJ WKH SURJUHVVLROVWRFLPWHGED QXRQYWRWHPSR
GHIHQHUDWLRQ 1DW &OLQ 3UDFW 1HXURO

5SRKUHWBWKVDQ ,%DDFV1I$HOVHZYVWHUJD®RDX LODDUBHQ -
5RVVRU)BRI 1&RKDQQVHIH-3%3 FRQVRMUMNVXPSWRPDWLF JHQHU
EUDLQ DWURSK\ LQ IURQWRWHPSRUDO GHPHQMWRBQMD XV H(
*HULDWU &RJQ 'LVRUG

SRKUHU -' DUIKH®R RW\SLF VLIQDWXUHV RI JHQHWLF IURC
&XUU 2SLQ 1HXHRO
SRKUHU - ' HW DO 3DWWHUQV RI ORQJIJLWXGDQDDOAN RILQ

SULPDU\ SURJUHVVLYH DSKDVLD %UDLQ /DQJ
SROOLOQWRD@OLZHOO 1 <RXQJ . &DOOLVWHU -% 7RXOVRQ
5RELQVRQ $& *HUKDUG $ 5LFKDUGVRQ $ 1HDU\ ' 6QRZGFH
%URZQ®HPDO\VLV RI WKH KH[DQXFOHRWLGH UHSHDW LQ & 2!
1IHXURELRO $J9)QU H

SROOLQVERXUBUYDP'Q GHU- 6GGIBHUY OHDG (QJHOERUJ

6 &ROOLOHHHAQ 3BDQQ '6DQ %URHFNKRRENAUDIRZQ &R
DVVRFLDWLRQ RI 3*51 875 UV LQ IURQWRWXRIREULR® O
$IJLQJ $SU

5RVpQ & )DUDKPDQG % 6% HQ®OKPDN NLGQWERBHP® FNJH W H U L
IRUSO]KHLWPHKWVHDVBWD IURP WKH 6ZHGLVK 'HPHQWLLE
6YH' HPO]JKHLPHUV 'HPHQW 6
S5RVHQ +- %RIPSRQL 0/ *ROGPDQ3DBWWHWQWRI EUDLQ DW
IURQWRWHPSRUDO GHPHQWLD DBGURKDRIQWLF GHPHQWLD
5RVHQ +- 6IDMMWVBMUU\ 5- .UDPHU -+ OLOOHU %/ /HYHQ
5HFRJQLWLRQ RI HPRWLRQ LQ WKH IURQWDO DQG WHPSI
GHPHQWLD 'HPHQW *HULDWHW &RJQ 'LVRUG
5RVHQEHUJ 51 7KH PROHFXODU DQG JHQHWLF EDVLV R
WK H 'DUWHQEHUJ OHFWXUH 1HXURORJ\
5RVHQEORRP 0+ $ONDOD\ $ $JDUZDO 1 HW DO 'LVWL
GHILFLWV LQ 3&$%$ DQG $' DUH QRW UHODWHG WR DP\O
+

5RVHQIHOG 0 OIOHH SDBWYKLUQDWURSKLH >*HUPDQ@ -RXU
1IHXURORJ\ %

5RVVL * ODUHOOL & )DULQD / /DXUj 0 ODULD %DVLOH
3DUH\WRQ@KH * 5 PXWDWLRQ LQ WKH 0$37 JHQH SUHVH(
FRUWLFREDNBORWIQBHIRW 'LVRUGHUYV



00i

5RVVLQ (- /DJH . 5D\FKDXGKXUL 6 :DYLHU 5- 7DWDU
,QIODPPDWRU\ %RZHO 'LVHDVH *HQHWLFV & &RWVDSDYV
HQFRGHG LQ JHQRPLF UHJLRQV DRNRIEDWWHEDGEH ISKKV LPB R C
LQWHUDFW DQG VXJJHVW XQGHUO\LQJ ELRORJ\ 3/R6 *HQH\
5RVVR 6 0 .DPSKRUVW : GH *UDDI % :LOOHPVHQ 5
) HW DO )DPLOLDO IURQWRWHPSRBRDOWGE M A HLQF 00X \Z
LV OLWRH&KURPRVRPH %UDLQ
5RVVR 60 'RQNHU.DDW / %DNV 7 -RRVVH 0 GH .RQLQJ ,
'RRLMHV ' .DPSKRUVW : 5DYLG 5 1LHUPHLMHU 0) 9l
BFKHOWHQV 3 YDQ 'XLMQ &0 +HXWLQN )JRODMRVEAPISWHD
GHPHQWLD LQ 7KH 1IHWKHUODQGY SDWLHQW FKDUDFWHUL
D SRS XODDVIHRQVWXG\ %UDLQ
5RVVR 60 .DDW / %DNV 7 -RRVVH 0 )URQWRWHPSR
IHWKHUODQGY SDWLHQW FKODOHDFRWHH H VW PPW B'Q GEURWPH D
EDVHG VWXG\ SWDLQ
5RVVR 60 /DQGZHRIXWHUPDQ 0 'RQNHU.DDW / YDQ 'XLMQ
- OHGLFDO DQG HQYLURQPHQWDO ULVN IDFWRUV IRU VSR
UHWURVSHFWRWHROEDWHRVXG\! -RXUQDO RI 1HXURORJ\ 11
3V\FKLDWU\ E +
5RVVRU 01 'LITHUHQWLDO GLDJQRVLV Rl IURQWRMW
GLVHDVH 'HPHQW *HULDWU &RJ® 'LVRUG 6XSSO
5RVVRU 01 )R[ 1 & )UHHERURXJK&OI Q@ LHIBOXWYHY Bl -
VSRUDGLF DQG IDPLOLDO $0O]KHLPHU V GLVHDVH 1HXURGH
SRYHOHWX[ $ +DQQHTXLQ ' *XLOOLQ 2 /HJDOOLF 6 -
JURQWRWHPSRUDO GHPHQWLD SKHQRW\SH DVVRF
GXSMWERQ - $O]KHLPHUV 'LV
5XELQR ( 5DLQHUR , &KLz $ HW DO 72'(0 6WXG\ *URXS
IURQWRWHPSRUDO OREDU GHJHQHUDWLRQ DQG DP\RWUR:
+

5XMHVEX ' ,QJDVRQ $ &LOKRQ28 HIDHMIIHWVD 05 7RXORSHF
BLFFKLRQL O 9DVVRV ( (WWLQJHU 8 %UDPRQ (HW DO
JHQH LV DVVRFLDWHG ZLWK VFKL]RSKUHQLD +XP ORO *HQF
6DEEDJK ODOBMKPDGL'XJIJHU Y%HH 6XH /HUUDQRONHU
'* 'DYLV-DFREVR®HBFK 7TKHQIOXRRESROLSRIUVURWWLOH( RQ
UHJLRQDOSID@XKR & REH .V H BV 1HXURO

6DLWR < 5XEHUX 11 6DZDEH O $UDL 7 7DQDND 1 .DN

OXUD\DPD 6 6WDJLQJ RI DUJ\URBXVQEEDWBGQW D XRSD.
IHXURSDWKRO ([S 1HXURO
6DMMDGL 6 $ 3DWWHUVRQ . 1HVWRHD ] R H BPHHRUDRASHH®) L F

DSKDVLD" 1HXURORJ\

6DPSDWKX '0 1HXPDQQ O .ZRQJ /. &KRX 77 OLFVHQ\L O
*URVVPDQ 0O 7URMDQRZVNL -4 [/HH 90< 3DWKRORJL
IJURQWRWHPSRUDO OREDU GHJBHRMUIDWLRQF DIXW KRXQEL TSXHON



XELTXLWLQ LPPXQRKLVWRFKHPLVWU\ DQG QRYHO PRQRFOF
+

6DPSVRQ (/ :DUUHQ -' 5RVVRU 01 <RXQJ RQVHW GHPH

6DQWDFUX] . /HZLV - 6SLUHRWLOIDXOVRQQIJHQVVRQ 0 *X
'H7XUH 0 5DPVGHQ 0 OF*RZDQ ( HW DO 7DX V)
QHXURGHJHQHUDWLYH PRXVH PRGHO LPSURYHV+PHPRU\ IXC

6DQWRERX0oDV &% S$EGDOOD &% %DOGL )- ODWWLQV 3%
&XQKD 06 %RUJHV 0% 3HUHLUD -6 /RNNVXYUH@HOWH ¥ SFU
SDUNLQVRQLVRQIVGI® GOWKHLPHU V GLVHDVH LQ D %UD]LOL

S * 6 PXWDWLRQ *HQHW 7HVW 'HF
6DQWSHUH * )HUUHU , /55. DQG QHXURGHJHQHUDWLRC
obu

6DSROVN\ ' %DNNRXU $ 1HJUHLUD $ HW DO &RUWLFDC
VIPSWRP VHYHULW\ LQ SULPD ULNHXWRIQWRIMVLYH DSKDVLD
6DWR <DPDXFKL $ 8UDQR 0 .RQ&RUWLEBMMIRUBRSESG IRU
GXFKH@®QINFXODU G\WWURSK\ LS8\ WRRRRM@EMW RRGLDW U
1HXURO

6DXQGHIUV 5RVHY $SROLSREURMHAKOH IUHTXHQF\ LV
FHUHEURYDVFXODU GLVHDVH DQG $O]KHLPHU V GLVHDVH
BFKHOOHQEHUJ *' ORQWLQH 7 - 7KH JHQHWLFV D
KHLPHUYV GLVHDVH $FWD 1HXURSDWKRO H
6FKHDWS3 /H\V ' %DUNKRI ) HW DO $WURSK\ RI PHGLDO °
SISUREDEOH"~ $O]KHLPHUYV GLVHDVH DQG QRUPDO DJHL
QHXURSV\FKRORJLFDO FRUUHODWHY - 1HXURO 1HXURVXUJ
6FKHQN 9: H[PHLQDRULRQIDPLO\ ZLWK 3LFN V GLVHDYV
*HQHW

6FKPLRIKW 7 'UHSSHU & OXVVPDQQ $ +DKQ 3 .XKOPDQQ
0 /HQJHOLQJ $ +HLPDQQ 3 -RQHV -0 $3W BOXVHV PRMWRWML

QHXURQ GLVHDVH DQG GHINFMVOL YWHK ¥ ZHREFEICRIW PRXIVH 1DW
+

BFKQHLGHU & EHU 33 FNVFKH .UDQNKHLW OVFKW 3V\FKLDW
BFKQHLGHU & "HLWHUH %HLWUD VAKKQ /HBKQNKHRQ/
1HXURO +
6FKQHLGHU 6$ /DQJ $( ORUR ( %DGHU % 'DQHMBG%KDW
GURSV DQG D[LDO H[WHQVLR O FID® W KR B\QFRML VF KRR DL VR L

6FKRHQEHUJ %6 $QGHUVRQ ': +DHUHU $) 6HYHUH GHI
FOLQLEFWXYUIHKHY LQ D ELUDFLDO 86 SRSXODWLRQ $UFK 1HXUF

6FKRIKBE®@BOOLGDYRR FR\ &RXEOH+RGJHV fBZ VHUXP
SURJUDQXOLQ SUHGLFWV WKH SUHVHQFH RI $fO{WBMPLHROQW
'LV

6FKRWW -0 5LGKD %+ &UXWFK 6- HW DO $SROLSRSUR!
SKHQRW\SH Rl $O]KHLPHU GLVHDVH+*$UFK 1HXURO
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6FKXII'1 :RHUQHU 1. RUJRUIHWIDG/7 6KDZ /0 7TURMDQRZVNL
30 -DFN &5 -U :HLQHU 0: $O]KHLPHU V 'LVHDVH 1HXURL]I
KLSSRFDPSDO YROXPH ORVV LQ HDUO\ $O]KHLPHU V GLVHL
DQG ELRP DUNHWV *

6FKzDUW] 0 ) HW DO $QWHULRU WHPSRUDO LQYROYHP
YR[EEODVHG @HRER@®P PDSSLQJ HYLGHQFH IURP D&SKDVLD

6FK\PLFN - & <DQJ < $QGHUVHQ 3 0 9RQVDWWHO -
3 HW DO 3URJUDQXOLQ PXWDWLRQV DQG DP\RWURSK
DP\RWURSKLF ODWHKNRDW RWIOMIRWVLO® GHPHQWLD SKHQRW
1IHXURVXUJ 3V\FKEDWU\

HHOBDUOLMQVPD .< GH .RQLQJ , YDQ GHU /XJW $ &
SRHPXOOHU $- YDQ JAHFNHF\-RI XELTXERVOWDYB )B'6
QHJDWLYH IURQWRWHPSRUDQHXREDD GHJIHMHUDWLRQ

BHHODDU + .DPSKRUVW :PB@®RVE$R 6DVYGMHGL 5 GH .RQL
DO 'LVWLQFW JHQHWLF IRUPV RI IURQWRWHPSRUDO

HHODDU + B5RKUHU - ' 3LMQHQEXUJ < $ / )R[1 & ¢
&OLQLFDO JHQHWLF DQG SDWXRORULRQ® RKHIWPISRRDHOQ K
UHYLHZ - 1HXURO 1HXURVXHWJ 3V\FKLDWU\

BHHOH\ : : HW DO 8QUDYHOLQJ %ROpUR SURJUHVVLYH
DQG WKH ULJKW SRVWHULRU ®QHRFRUWH[ %UDLQ

BHLOKHDK) %HU D]B@W /DFRPEOH] / OLOOHFDPSV 6 6DOI
3) /H )RUHVWLHU 1 /H*XHUQ ( 'XERLV % OHLQLQJHU 9 %L
&)URQWHRP SRUDO OREDU GHJHQHUDW LARQ/ HY H X W R HD TWIKIRIOVRP)
9LHQQD 0D\

BHOWBD@DWWKHZJURRWRWHPSRUDO OREDU GHJHQHUDYV
SDWKRORJ\ GLDJQRVLV ®I1BG POQDIFRHQW

6HQDKD 0/+ &DUDPHOOL 3 3RUWR &6 VHWHERQLVEHPDBDWH
LPSDLUPHQW IURP IOXHQW SULPDU\ SURBIBHQWIYH @WKD VL
1HXURSV\FKRO %

BPULHX[ 3 6XUXQFDVGHVXUGLWpPpYHUEDOHSXUH 2)UHQFK®@

6KDURQ $ . %DOODUG 2 3LJXHW +RGJHV -+ RIS WRYDQJIZRL
ZRUG SURGXFWLRGHRH @ WR D QVRILFV H [

6KDZ &( &DSWXULQJ 9&3 $QRWKHU PROHFXODU SLHF]
1IHXURQ =
6KDZ /0 9DQGHUVWLFKKRDHVND .@MDSMN DO ,QLWLDWLY

&HUHEURVSLQDO IOXLG ELRPIXWNIRYUW.JQDWHKOMH L@H SOR
LQLWLDWL Y$QQOOWHREMWM X URO R4\

BKHQJ - 6X / X = &KHQ * 3URJUDQXOLQ SRO\
DVVRFLDWHG ZLWK LQFUHDVHG ULVN RI $O]KHLPHUfV GLVF



6KHUULQIJWRIDHY GR /LDQJ &ORMWQDORI D JHQH EHDL
PLVVHQVH PXWDWR@RWOYHWLQDORDOIODNO $O]KBIWRKHH V GLVHDVH

6KLPL]X $ $VDNDZD 6 6DVDNL 7 <DPD]DNL 6 <DPDJDWD
6 .RQGR , 6KLPL]X$1QRYHO JLDQW JHQH &60' HQFRGLQJ
&8% DQG VXVKL PXOWLSOH GRPDLQV D FDQGLGDWH JH
P\RFORQLF HSLOHSV\ RQ KXPDQTFKURPRRRPH WWLRSK\V 5
&RPPXQ

6KLQDJDZD 6 ,NHGD 0 GR)RWDXHQWWDIRG &OLQLFDO &KD
(DUPQVHW 'HPHQWLD LQ &RQVHFXWLYH 3DWLHQWV LQ
*HULDWU&RJQ'LVRUG

6KLQDJDZD 6 7R\RWD < ,VKLNDZD 7 HW DO &RJQLWLY
VIPSWRPV LQ DHDP®O\®RMWHW IURQWRWHPSRUDO GHPHQ
*HULDWU&RJQ'LVRUG

6LHFINRZVNL ( OLOHQNRYLF , 9HQNDWDUDPDQL 9 *LHUI
JLEHUVNL 33 $XIlI ( :LUWKV 2 %D\HU 7$HW DO
DVVRFLDWHYV ZRWKV WM REIHBOLJRPHULF SEU—RMI)DKQBBPDW%IKD
VIQXFOHLQRSDWK\ ZLWK /HZ\ ERGLHV - $O]KHLPHUV 'LV
BLPYQIQFKH] - 'RSSHU {RN&RIKE HW DO 7KH FOLQLFDO D¢
SKHQRW\SH RI & 25) KH[DQXFOHRWLGWDUBISHDW tH[SDQVL

6LWHN (- 1DUR]DQVND ( $4DDBKOND $ QHSDWQHQWYV ZLWK Il
GHPHQWLD DQG SDUNLQVRQLVP OLQNHG WR FKURPRVRPH
G\WVH[HFXWLYH DSKDVLF DSUD[LFIRXUFREDNVIHDO SKHQRPHC

BMRJUHQ 7 BMRJUHQ + /LQGJUHQ $* ORUEXV $0O]KHL
JHQHWLF FOLQLEQDWRFGBSDAWKRXG\ $FWD 3VI\ERKLDWU 1HX

BNLELQWWMWNLQVRQ 1- %URZWDWLR®WVDIOQ WKH HQGRVRPD
FRPSOH[ VXEXQLW &+03 % LQ IURQWRWHPSRUWIO GHPH
$XJ

6ODHWYV 6 /H %DVWDUG 1 ODUWLQ -- 60HHJHUV . 9DQ %
DO &HUHEURVS$SEGAVOLPBURYHY GLIIHUHQWLDO GHPHQV
SDWLHQWYV ZLWK WPWHUPBEYBOW 3 $O]KHLPHUV 'LV

BOHHIHUMRXZHUV 1 9DQ 'DPHURP HEHWRPO SNMRUULCRUXOLQ
DVVRFLDWHG IURQWRWHPSRHQQ DHREWRIOBHIHQHUDWLRQ

60ORZLQVNL - / O6FKZHLW]JHU . - ,PDPXUD $ 8LWWL 5 -

: HW DO %UDLQVWHP DWURSK\ RQ URXWD®H 05
GHIHQHUDWLRQ - 1HXURO

60OXLPHU -' Q9UHQNHQ + %ODQNHQVWHLQ 0% )R[ 1& 6FKH

)OLHU :0 :EBDHQ DWURSK\ UDWH LQ $O]KHLPHU GLVHI
SURJUHVW¥WRURORJ)\ +

6PDFK 0$ &K®WQH % /DPPRXFKL 7 +DUUDEL , %HQ 2/ 'L
6 /LPHP . &6)DPMOWRLGDQG WDX LQ 7XQLVLDQ SDWLHQWV
GLVHDVH WKH HIIHFW R $32X HBWHRIO RRON\W OO HOH



6PLWK . 5 'DPLDQR - 6ULRDFAIDVHFXMMWE &DQDIRJOLD /
HW DO BWULNLQJO\ GLIIHUHQW FOLQLFRSDWKROR.J
SURJUDOXWDYWLRQ GRVDJH $P - +X#P *HQHW

6PLWV // 3LMQHQEXUJ <$ .RHGDP (/ HW DBQVHKDWVE\ LR/Q\

DVVRFLDWHG ZLWK D GLVWLQFW QHXURSV\FKRORJLFD(
+

6P\WK $0 /DZULH 60 7TKH QHXURLPPXQRORJ\ RI V
B3VI\IFKRSKDUPDFRO 1HXURVFL
6QRGJUDVV 9DQGHUBDUW $VWDQGDUGL]HG VHW RI S

1RUPV IRU QDPH DJUHHPHQW LPDJH DJUHHPHQW IDPLOLI
-RXUQDO RI([SHULPHQWDO 3V\FKRORJ\ +XPDQ /HDUQLQJ (

6QRZGHQ -6 6HPDQWLF G\WVWIXQFWLRQ LQ WRR@WRWH
'"HPHQW *HULDWU &RJQ 'LVRUG 6 XSSO
6QRZGHQ -6 *RXOGLQJ 3- 1HDU\ ' 6HPDQWLF GHI

FLUFXPVFULEHG DWURSK\ #HKDY 1HXURO

BQRZGHQ 5SROOLQVRQ 6 /DIRQ & +DUULV - 7KRPSVRQ -
0 *HUKDUIGHIU\ ' 0DQQ '0 3%ERHQRY\WFKRVLV & 25) DQG
GHPHQWLD ZLWK AFHZHNXERRELHWXURVXUJ 32RWKLDWU\

BQRZGHQ 5ROOLQVRQ 6 7KRPSVRQ -& +DUULV -0 6WRSIF
“-RQHV 0 *HUKDUG $ 'DYLGVRQ <6 5RELQVRQ $ *LEERQV /

0DQQ '0 3LF%HRBRIZQJEYWLQFW FOLQLFDO DQG SDWKRORJL
IURQWRWHPSRUDO GHPHQWLD DVVRFLDWH@JDZIIQWVK & 25)
oD U 3W

BQRZGHQ -6 6WRSIRUG &/ -XOLHQ &/ 7KRPSVRQ -& 'DYL
&RJIJQLWLYH SKHQRWLSHW 1Y GLVHDVH DQG JHQHWIL# ULVN

6QRZGHQ - 6 7TKRPSVRQ - & 6WRSIRUG & / SLFKDUC

1HDU\ ' 0DQQ 'O 7KH FOLQLFDROQGHWJ GRWIHQ WRLD
GLDJQRVWLF DFFXUDFRDIF® 6 OUUHABWRWSEBWKRIOSY %UDLQ
BROLYHUL 3 5RVVL * ORQJD ' 7DJOLDYLQL ) 3LDFHQ

$ FDVH RI GHPHQWLD SDUNLQVRQLVP UHVHPEOLQJ SL

GXH WR PXWDWLRQ LQ WKH WBXURODRWHLQ JHQH $UFK
BRQW\ 6 3 HW DO $OWHUHG HIIHFWLYH FRQQHFWLYLW:
SULPDU\ SURJUHVVLYH DSKDVL®D - 1HXURVFL

BRQW\ 6 3 HW DO 3ULPDU\ SURJUHVVLYH DSKDVLD 33¢
$QQ 1HXUR®
BRUDJQ®D'SLSDWWIE BVWLDASD HURRWD O EFHQNWIDOLDQ IDPLC
DIIHFWHG BEDNRWO GLVHDVH ZLWK D QRYHO JHQHW-LF PXWEL
1IHXURO1HXURVXUJ 3VXEKLDWU\

BRUUHOO -0 'XUKDP 6 OHHWLQJ WKH PHQWDO KHDOWK
SRSXODWLRQ - 3AOWRWVRHFODRWK 6HHY
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BRXWKZLFN 3& <DPDJDWD 6. (FKROV &/ +LJVRQ *- 1H\
O0XQURH :$ $VVHVVPHQW RI DP\ORLG E SURWHLQ LQ FHUHE
GLDJQRVWLF RI $O]KHLPHUYV GLVHDVH - 1HXURFKHP

6SLOODOWBHQUG 7' *KHWRWQWRWHPSRUDO GHPHQWLD DQCGC
OLQNHG WR FKURPRV@RE JURXS RI \WDDRSDWEWHKRO
$SU S5HYLHZ

6SLOODQWLQLWS$&URAWKHW 0 &RPSDULVRQ RI WKH
SDWKRORJ\ LQ $O]KHLPHUYV GLVHDVH DQG IDPLOLDO SUH\
1IHXURSDWKRO

6SLOODQWLQL 0* &URZWKHU 5% .DPSKRUVW : +HXWLQN
7DX SDWKRQ@MRI\'XVOFKV IDPLOLHV ZLWK PXWDWERQWGLIQY WK
UHJLRQ RI WDX $P - 3BBWKRO

6SLOODQWLQL 0* OXUUHOO - 5 *RHGHUW 0 )DUORZ 0
OXWDWLRQ LQ WKH WDX JHQH LQ IDPLOLDO PXO®WLSAH
GHPHQWLD 3URF 1DWO $FD& 6FL 8 6 $

6SLQD 6 OXUUHOO -5 +XH\ (' :DVVHUPDQQ (0 3LHWULQ

&RUWLFREDVDO V\QGURPH DVVRBRDWB&X®DWL ROK H- $

1IHXURSDWKRO ([S 1HXURO

6SDQ6 )DUORZ 0 5 8QYHU]DJW ) : .DUHNHQ ' $ O0OXU
HW DO 7KH WDXRSDWK\ DVVRFLDWHG ZLWK PXWDW
FKDUDFWHUL]DWLRQ RI WKH 06&7' IDPLO\ %UDLQ

BTXLWWL 5 *RUJRQH * 3D QHX\PRD VL 6X BROKELQILS $OHVVLI
$ OHOJDUL -0 %HQXVVL / %LQHWWL * 5RVVLQL 30 'UDLF
PHWDO H[SRVXUH DQG OLYHU IXQFWLRQ LQ SDUNLQVRQLD
RI IHUURDOOR\ SODQWYV - 1HXUDO 7UDQVP

BUHHGKDUDQ - %ODLU ,3 7ULSDWKL 9% +X : 9DQFH &
& :LOOLDPV ./ %XUDWWL ( AMWD®LRQV7'® IDPLOLDO D
DP\RWURSKLF ODWHUDO VFOHURVLV 6FLHQFH

BULYDVWDYD 5% GYHWIQNOYBW DO (VWURJHQ XSUHJXOD
( $SR( JHQH H[SUHVVLRQ E\ LQFUHDVLQJ$SR( P51$ LQ Wk
HVWURJHQUHFAB®RMWHBS EDWKZD\ - %LRO &KHP

6W *HRUY®RS 3 +DLQHV - SRIDHY ( ORUWLOOD O
9DQFH 0 )RQFLQ -) %9BXWMHW.L SRUHEWLE HYLGHQFH IRU |
IDPLOLDO $O]KHLPHU V GLVHDVH ORFXV RQ FKURPRVRPH

6W *HRUY®ORS 3 + 7DQ]JL 5 ( SROLQVMNMHS / HDW QR HYV
3 & O\HUV 5 + JHOGPDQ 5 * SROOHKH '"JH QUDNIKRP DEH | t
FDXVLQJ IDPLOLDO $O]KHLPHU V GLVHDVH PDSV RQ FKUR

6WHHOH -& 5LFKDUGVRQ -& 20V]HZVNL BbU SBORYUSHWNVK®
1HXURO =

6WHIDQLWYV + %XGND + .RYDFV ** $V\PPHWU\ RI
GLVHONEBDWHG SDWKRORJLHV D FDXWLRQDU\ QRWH $FWD



0060

6WHQVHW 9 -RKQVHQ / .RFRW ' 1HJDDUG $ 6DD@QOQJVL
$ )ODGE\ 7 $VVRFLDWLRQV EHWZHHQ ZKLWH PDWWHU OHYV

DQG ORZ &6) SIHKWRO +
BWHUW] * hEHU GLH 3LFNVFKH $W#URSKLH = 1HXURO
BWHYHQV 0 WHRRLUD O GBI PIHFQWQDFDO DQG JHQ

HSLGHPLRORJLFDO VWXG\ 7KHVLV 'HSW RI 1HXURORJ\ (
SRWWHWGR® $

BWRPUXG ( +DQVVRQ 2 =HWWHUEHUJ + %OHQQRZ
&RUUHODWLRQ RI ORQJLWXGLQDO FHUHEURVSLQDO IOXLG
KHDOWK\ ROGHUEKD GHOOWRO  +

6WRQH '- S5R]JRYVN\7( ORWBGIHDUWNRQ &3 )LQFK &( ,QFUHDYV
VSURXWLQJ LQ UHVSRQVH WR HVWURHBRQWGLHHQ W QPRI Q Ik
LPSOLFDWLRQV IRU $O]KHLPHUYVGLVHDVH - 1HXURVFL

BWRSIRUG &/ 6QRZGHQ -6 7KRPSVRQ -& HWYHO 09C
SUHVHQWDWLRQ RI $O]KHLPHUJV GLVHDVH &RUWH]
BWRSIRUG &/ 7KRPSVRQ -& 1HDU\ ' HW DO :RUNLQJ F
H[HEFXWLYH IXQFWLRQ LQ $O]KHLPHUYV GLVHDVH DQG IUI
+

BWRUFK $ .RUQFAKZDU] - 7HVWLQJ IRU DFDQWKRF\WR\
UHDEWWQGHG VWXG\ LQ PRYHPHQW GLVRUGHU SDWLHQWYV
BWULWWPDWWHU :- 5RVHV $' $SROLSRSURWHLQ ( D
1DWO $FDG 6Fi

6WULWWPDWMDKWQGHUY $ 0 6FKPHFXKBPI@QFH O03HWQBBRINOG
6DOYHVHQ * 6 B5RVHV $ ' $SMUYLSR W RN BIGR B\ IBEE BIQUD
LQFUHDVHG IUHTXHQF\ RI WQS/H{ W DO PHDH DQ$OPKWMHHPHU GL\
$FDG 6BL$8 D

6XGKRI 7& IHXUROLJLQV DQG QHXUH[LQV OLQN V\Q
GLVHDVH 1DWXUH

6XO0OLYDQ (9 6KHDU 3. ODWKDORQ '+ HW DO *UHDW
FHUHEURVSLQDO IOXLG YROXPHV LQ \RXQJHU WKDQ LQ |
GLVHDVH $UFK 1HXURO

6XQ = 'LD] = )DQJ ; +DUW 03 &KHVL $ 6KMROMENODULYV
GHWHUPLQDQWY DQG JHQHWLF PRGLILHUV RI DJJUHJDWLR
SURWHLQ )86 7/6 3/R6 %LRO H

6XQGHUODQG 7 OLU]D 1 3XWQDP .7 /LQNHU * %KXSDOL
.LPPHO / )ULHGPDQ ' %HNBHUVRY\--$&DWDUWNR -- &RKt}
&HUHEURVSLQD®P\@RLGDEHWWDX LQ FRQWURO VXEMHFV
$O]KHLPHUYVY GLVHDVH WKH HIIHFW R4LRBA2(3VNEBKLDWRQ

+

6XULEKDWOD 6 %DLOORQ 6 'HRRQRJILFB® BIDOUIRHIPDRGH |
DQG ODWH RQVHW $O]KHLPHU V GLVHDVH FRPSDULVRQV L
*HULDWU 3V\FKLDWU\



6YHQQHUKROP / *RWWIULHV &* OHPEUDQH OLSLGV
$O]KHLPHU EUDMNQQDEXHIBDRWY DV D SULPDU\ HYHQW LQ HD

GHP\HOLQDWRRYHW ORDUWPH W\SH ,, - 1IHXURFKHP
6ZDPLQDWKDQ 6 .LP 6 B6KHQ / 5LVDFKHU 6/ )RURXG 7
+XHQWHOPDQ 0- &UDLJ ': :HLQHHWOQ®RPM B®S\ 1XPEHU $QD(

LQ $O]KHLPHU V 'LVHDVH DQG 0LOG &RJQLWLYH ,PSDLUP
$O]KHLPHUV 'LV

6ZDVK 0 6FKZDUW] 06 &DUWHU 1' +HDWK 5 /GIDQNHG5RJI
P\RSDWK\ ZLWK DFDQWKRF\WHV ,WFVF/HRHDO DWQ RQRERWE GW R
PXVFXODU G\WWURSK\ %YDLQ

7DNDG/D 6KD BHXURSV\FKLDWULF |IHDWXB®RHFY DRVNHE& REHKDY L
YDULDQW IURQMHPWRMWIDUDQG IURQWRWHPSRUDO GHPHQW
GLVHBOHKHLPHUV 5HV ZHRW U

7TDPXUD < ODWVXL . <DJXFKL + +DVKLPRWR 0 ,QRXH . 1
DFDQWKRBWRWOIHV1IHUYH *

7DQ .6 /LERQ '- 5DVFRYVN\ . *URVVPDQ O :LH 6: 'LIIH
'HFOLQH RQ OMIQRWDLDEWDWH ([DPLQDWLRQ LQ JURQWRWHPS
DQG $0O]KHLPHU 'LVHDVH $O]KHLPHU 'LVHD¥®I] KOHQLE MWV VRFL
$VVRF 'LVRUG

7DQJ 0; -DFREV ' 6WHUQ < HW DO (IIHFW RI RHVWURJH
DQG DJH DW RQVHW RI $O]KHLPHUYV GLVHDVH /DQFHW

7DQLJXFKL 6 6X]XNL 1 ODVXGD O +LVDQDJD 6, ,ZDW
+DVHJDZD 0 RQKIRELWHS@GXPDHG WDX ILODPHQW IRU
SKHQRWKLD]LQHV SRO\SKHQROV DQG SRYSK\ULQV - %LRO

7DQBE( +DLQH/N :DWNLI®RY 6WHZPUW-DOODFH +DOOHZHOO
'RQJ& :H[OHWU6 &RQQHBOOXVHOOPDHQHWLF OLQNDJH PDS R
FKURPRVRPH *HQRPLFV

7DSLROD 7 3LUWWLOD 7 OHKWD 3' $ODIX]RIIl , /HKWRYL
EHWZHHQ DSR( JHQRW\SHPDQRL&6)DEMSWWDX LQ SDWLHQW
SUREDEOH DQG GHILQLWH BOXKRERRORI\GRV I$DVEH

7TDWVXPL 6 OLPXUR O ,ZDVDNL < 7DNDKDVKL 5 .DNLWD
$UJ\URSKLOLF JUDLQV DVHHBHIQED EHODHW XUMMDRH FR L
GHIJHQHUDWLRQ - 1HXURSDWKRO ([S 1HXURO
7TD\ORWBFRULQJ FULWHUZVWRUUWHKWIKR\RPSCH[6BLUXKHE@ 7HYV
( 6WUDXVV (GV $ FRPSHQGLXP RI QHXURSV\FKRORJL
QRUPVY DQG FRPPHQWDU\ 2[IRUG 8QLYHUVLW\ 3UHVV 1HZ

THNLQ 6 OHJD O0 6 ODVWHUPDQ 'O EKREZHUTV *DYDNL
&XPPLQJV 2UELWRIURQWDO DQG DQWHULRU FLQJXODWH F
EXUGHQ LV DVVRFLDWHG ZLWK DJLWDWLRQ LQ $O]KHLPHU



7HUUDFFLDQR $ 7DQDND 7 6XWLQ $5 6DQFK®@H VHVILIQ B W
$EHFDVLV *5 )HUUXFFL /HW ZLGH DVVRFAPRHRQ VFDQ
GHSUHVVLRQ %LRO 3V\FKLDWU\
7HVWL7BBPEXULED®HWWBEUL]L&RRFFXUUHQFH RI WKH & 2
H[SDQVLRQ DQG D QRYHO *51 PXWDWLRQ LQ D IDPLO\ ZL
IURQWRWHPSRUDO GHPHQWLD DQG DPARMWURSKRRAUUDWML

7KH /XQG DQG ODQFKHVWHU *URXSV - 1HXURO 1HXURVXL
1HDU\ HW DO 1HXURORJ\

7KRPSVRQ & HW DO 6HPDQWLF LQWHUIHUHQFH GXULQJ

DQG ORJRSHQLF SULPDU\ SURJUHVWQYH DSKDVLD 33%$ %U

7KRPSVRQ & . HW DO 6\QWDFWLF DQG PR USKRI/XOM® FW |
DQG SULPDU\ SURJUHVVLYH DSKD¥LD %HKDY 1HXURO
7KRPSVRQ & . %DOODUG . - 7DLW 0 ( :HLQWUDXE

RI ODQJXDJH GHEOXBOW G WRP®U\ SURJUHVVLYH DSKDVLD !

TKRQEHUDOVWO|PoM|UNVWERRRXPDQWHQQHVPRJDII &
OXWDWLRQ VFUHHQLQJ RI SDWLHQWV ZLWK $O]KHLPHU
GSOLFDWLRQ LQ D 6%H& 5\WHY SRWIHH/Q W

7LFR}]L6LODQL 9 /H&OHUF $/ .HDJOH 3 *HOOHUD & 5DW\
7- -U OF.KK@@BN '0 BRS$%HURZQ 5+ -U /PQBAHWYV(RI )86 JHQ
PXWDWLRQ LQ IDPLOLDO DP\RWURSKLF ODWHUDO V|
FRKRBHWURORJ2FW

7TLFR]JZLIORFEOD&® L QHW & RU | UHSHDW H[SDQVLRQV DUH UH

$/6)7' VSHFWIHXKRURELRO $J4UJ H
7TROERRP 1 .RHGDP ( [/ * ( 6FKRWW - 0 <DTXE O
%DUNKRI ) HW DO '"HPHQWLD GLWHBNHQRZ$ QK WIRP 1B

PXWDWLRQ &6) DQG 3(7 ILQGLQJV $O]KHLRHU 'LV $VVRF

7TRQGHOVHGL@EIGLDUIHW DORBAEGKWHEURVSLQDO IOXLG ELI
SUHGLFW FRQYHUVLRQ WR GHPHQWLD LQ SDWLHQWV ZLWK
FRKRUW &OWQG&KHP /DE OHG

7RRPHV & -DFNVRQ $ ODJXLUH . :RRG - *ROOLQ 6 ,VKZ
6 3DUNLQVRQ . %HOO 6HW DO 7KH SUHVHQFH RI PXO
GHOHWLRQ DW WKB &&DOORFPOPRXV FHOO FDUFLQRPD TX
&60' LQ KHDG DQG QHFN FDUFLQRJHQHVLV *HQHV &KURPR

7JRUWHOOL 5 &RQIRUWL )/ &RUWHVH 5 ' (UULFR ( 'LVV
ODJDULHOOR $ *DPEDUGHOOD $ H/RJUBRRFRWBRSK L6L PRDWV
VFOHURVLVY D QHZ PLVVHQVH PXWDWLRQ LQ WKH 62' Jt
-XQ H

7RVXQ6FKXII 7UXUDFUH\HW BO]JKHLPHU V 'LVHDVH 1HXUR
,QLWLBWDDWLRQV EHWZHHQ EUDLQ WLVVXH ORVV &6) E
JHOQHWRIEGH D ORQJLWXAHXD® BI5R & \W XIGQ J
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7R\RWD < ,NHGD 0 6KLQDJDZ®DWBLVRW RD EBRBPYLRUD
SVI\FKRORJLFDO V\PSRMRPIWLQ GREDVDW BO]KHLPHU V GLVHD
*HULDWU 3V\FKLDWU\

7UDQHO ' $QGHUVRQ 6: %HQWRQ $ 'HYHORSPHQW RI W
IXQFWLRQ DQG LWWUHKHOIDWDRDVWKIORBHRY 7KH IURQWDO O
PRGHOOLQJ DQG QHXURSV\FKRORJ\ $PVWHUGDP (OVHYLHL
7UD\NRY / ODUFLH 3 9%RICRICHRULDFDO ODUNHUV LQ $O]KHL
ODUTXHXUV ELRORJLTXHV GH OD PDODGLH G $O]KHLPH
*HURQWRO®RQpH JpURQWRORJLTXH

7UD\NRY / %ROOHU ) JURQWDO OREH SDWKRORJ\ O
WKH FRQWULEXWLRQ RI /HRQDURIR %LDQFKL ,WDO - 1HXUR
7UD\NRY / 5LJDXG $ 6 &DSXWR / &RXGHUF 5 &RVWH -
JRUHWWH ) %ROOKMBRPLSRSURWHLQ ( SKHQRW\SHV LQ
FRJQLWLYHO\ LPSDLUHG SDWLHQWY ZLWK DQG ZLWKRXW
1HXURO

7UD\NRY / ODUFLH 3 'DOOD %DUED OHXRRODSOHBKRORILH (
ODODGLH G ¥$0HX HIHXHIR O 6

7UD\NRY / %DXGLF 6 7KLEDXGHW 0& 5LJDXG $6 6PDJJ
1IHXURSV\FKRORJLFD® \GHHERUW LIFQ HIYD® FXODU GHPHQWL
$O]KHLPHUYV GLVHDVH 'HPHQW *HULDWU &RJQ 'LVRUG
7UD\NRY / %DXGLF/PWFDRX) 1BIPHDXIJKH $ 5LIJDXG $6
3SDWWHUQV RI PHPRU\ LPSDLUPHQW DQG SHUVHNDHUDWLY
$O]KHLPHU V GLVHDVH IURP VXEFR UM)XRIR®D BFLFXODU GHP}
7UD\NRY / G5L6DX&HWDUR 3 %ROOHUHXURSV\FKRORJLEF
LPSDLUPHQW LQ WKH HDUO\ $O]KHLPHU V GLVHDVH (QFHS!
7UD\NRY / 5DRX[ 1 /DWRXU ) *DOOR / %DXGLF 6 +DQRC
5HP\ 3 G5LJDXG $6 ([HFXWLYH )XQFWLRQV 'HILFLW LQ
,PSDLUP&ROMD %HKDY 1HXURO

7JUHEEDVWRQL $ G5DFFDK=BQJBE /S0JBLGOHUL 0 5HSHYV
GHHS WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ LPSURY
ODQJXDJH LQ D SDWLHQW ZLWK StQRDRISHSQLEIYBVY DY D
%UDLQ 6WLP

7JUHYHV 7 .RUF]\Q $' =LOBHULQH HOW MHOQ WBIUHVY.Q ,VUDHO

7JURMDQRZVNL -4 .QRSPDQ ' 6 DP\ORLGUPHPVEKHWD D
PDJQHWLF UHVRQDQFH LPDJLQJ D WWERSKIUERW KR ©UHIRLF R
FRIJQLWLYHLPSDLUPHQW WR $O]KHLP#HU V GLVHDVH %UDLQ

7vDL 3+ 7HQJ ( /LX & HW DO 3RVWHULRU FRUWLFDO I
VIQGURPHVY RQMBWO$O]KHLPHUYY GLVHDVH $P - $O]KHLPH
+
TVXERL < %DNHU O +XWWRQ 0 / SLOWHWND 5% - HWND \DER
&OLQLFDO DQG JHQHWLF VWXGLHV RI IDPLOLHV ZLWK
1IHXURORIJ\ %
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7VXNLPRWR 6 +DPDGD 6 <DEH , 7DPXUD , 2WVXNL O
ULWLQJ HUURUV DV D UHVXOW RI IURQWDO G\VIXQFWI
DP\RWURSKLF ODWHWXQREGEOHURVLYV
7XOYLQJ ( &RQFHSWV RI KXPDQ PHPRU\ ,Q OHPRU\ RU.
FKDQJH 6TXLUHA /5 :HLQEHUJHUA 1 0 J/\QFKA */ OF*[
<RUNA 2[IRUG 8QLYHUVLW\ 3UHVYV A

8HNL $ 6KLQMR + 6KLPRGH + 1DNDMVPDVVRBRDWWDB ZI
PRUWDOLW\ LQ SDWRGQNW ¥Q VKK LHFPIHWOV \GDWH DR J IDW XN IHG
VWXG\ ,QW - *HULDWU 3V\FKLDWU\

S8OODK$&PDG BD]D 6PDU $0L BKDWWRK® BRK\XGGLQ $
$KPDG :+DVVDQ ,@ VLOLFR DQDO\WLV Rl 6,*0$5 YDULDC
VHIJUHJDWLQJ LQ D FRQVDQJXLQHRXV 3DNLVWDQL IDPLO
VFOHURVLY ZLWKRXW JIURQWRWHPSRXDRIJHQRWDBY GHP
2FW

9DQ %RJDHUW / ODHUH 0 'H 6PHGW ( 6XU OHV IRUPH
PDODGLA]IGHL®P RQDW V BVKEK AW UR O

9DQ %URHFNKRYHQ & %DFNKRYHQV + &UXWV 0 HW
SUHGLVSRVLROWRWHBOXKHLPHUYY GLVHDVH WR FKURPRVRI

9DQ %URHFNKRYHQ & +DDQ - %DNNHU ( +DUG\ - $
OHIJWOHDW) GHU 90LV 0 $PRERLG & HMLI) SWAWXUVRU JHQH
KHUHGLWDU\ FHUHEUDO KHPRUUKDJH ZLWK DP\ORLGRVLYV

9DQ 'HHUOLQ 90 6OHLPD/@XBHHN BCEBEMMMWNLIQ $ :DQJ /6 *UI
5DGIRUG 15 'LFNVRQ ': 5DGHPDNHUV 5 %RBYH %) *URYV
&RPPRQ YDULDQWY DW S DUH DVVRFLDWHG ZLWK ITURQ\
ZLWK 7'3EQFOXVLRQV 1DW+*HQHW

9DQ GHU $XZHUD *$ &DUQHLUR 02 +DUWO &RBRSQLQH 'l
$ -RUGDQ 7 6KDNLU . 5RD]JHQ ' 7KLEDXOW -HW DO
FRQILGHQFH YDULDQW FDOOV WKH *HQRPH $QDO\VLV 7RR
SURWRFRWPRMWLULFYV

9DQ GHU $»%$ZHYMUQHLUR 02 +DJUIRE® DVHWA BGDOWD WR |

FRQILGHQFH YDULDQW FDOOV WKH *HQRPH $QD&OXMVUV 7RR
SURRF %LRLQIRURBWLFV

9DQ GHU )OLHU :0 3LMQHQEXUJ <$/ )R[ 1RQV¥YHKHDMWHQW
ODW@RVHW $O]KHLPHUfV GLVHDVH 7&32 (D VHO B®H OMHK H/ CPQ VR
1HXURO =

YDQ GHU =HH - *LMVHOLQFQ EHHDOHRI /WKW (XQWRISWD Q (L
'"HPHQWLD (2' &RQWRADM@MMLXRSHDQ VWXG\ RI WKH & RUI
DVVRFLDWHG ZLWK )7/ JHRJUDSKLF SUHYDOHQFH JHQRPI
UHSHDBXWOXWDW

YDQ GHU AWMV HOLLELFNHID Q /DQIHQKKHXQVQJIJHOERUJKYV 6
SKLOW MHDANG B Q E X ®B®ONH DHEWHEH @G IXPHUOPBHY &RUVPLW (
%RUURQGDGRYDQUFKHWWU GHF]NAMH6GKPLGGH OHQGRQoOD $



OLOWHQEBHOWHIBHUHLBDPHQWIHDFRLD Y% D4 QR R UE I* UsD | |
& &KLDQJ:H¥WHUOX¥QQFIOMOOHOBPGRHOSIHQWDHOPHLGD
05 6DQWLDYRL¥R QIDOHWWR QYLFBEQARELNODHW]O HRP
+DJHQ 6FK|OVFHQHND -iWVH @DWHMIOBURENRYDYDFV **
6WU|EH®UDIRYREUQHRUGDQR' DM SN SUJEHUJIHDEDL]L *0
7HVWBDOOPRGOQWHQ@DWBWLRUBDVIDQGHQEHUHKH ) 33
&UXWYDQ %URHFNKRQH®H& *HH H O LIQFNHID O /DQIJHQKRYH
7 7TKHXQWBK-LOW MB-OQHWH BH % VX PHUOBPHYV &R UV P L&W X W \@ DOQ
% URHFNKRNYHD GHU = HH HO LIQFINHID @ /DQJHQKKYBWMHQV 6
7TKHXQW¥OHHJIJHWNKPHWBHY &UXWYDRQ %URHFNKRYHIERUJIKV
6 'H '"H\Q 3BUDV(@JHOERUHMHKWHEQ 3BDQGHQEXOBPRIBHQEXOFNH
0 %RUURGDGWRYD@GUFKHWMWI @GHF]NLHI6G KPG 6\QRIJLN 0
ODHW]OHWOOHU 9RP +®RK|@W\VQRIJLNDDHW]OHWYO:OHU 9RP
+DIJHQB6FK|OWHQHND -6i¥ VHBDPLUH]X®Y]ZHOBDFKWOHEHQ &
ODLUHGH OHQGRQ@&DVEHQBEHOUWHIGBHUHLYDUBPR3&EPHQWHO -
6DQF MO OHODGRSOWRQHRO L XHHO SL*YDIl &KLDQJ ++
"HVWHUOXQOBID.&QKXOW 6W nKREREFFHWH®QHVPR[UMHVVRQ
+DQVRQDFPLD%DIQRORUE I%BHVVELDFHERQWD @DQWLDJIR %
6DQWDQ@BOHQD 5LEBHRMIBLR $0P2QGYDHDUDVEDQROUUHW &
3LUHV)WBLVRQiDOHWWR QYLFIBQU R RYRXUQHYRUGDQRYD $
7RXUQHRY,DFV BWU|EH®IGHND -Bi¥ VHGDPLUH]X®]ZHO O\
6DFKWOHEBQUBRUHVVH@DWHMDBURENRYRKHOSY]EHUIHU 7
ODULD )DEUHNMWY)HAUDWDBDOOBDRPRBEQWH@W DBV 3
(XURSHDQ2(DAHP HQWLD &R ®VBRD@URBHDQ VWXG\ RI WKH &
UHSHDW DVVRFLDWHG ZLWK )7/' JHRJUDSKLF SUHYDOHQ
LQWHUPHG LD WP UHKSMDWY W E

YDQ GHU =HH - 9DQ %URHFNKRYHQ & 'HPHQWLD LQ
GHJHQHUWEDWORQQJ RQ EUHDNWKURXJKYV 1DW 5HY 1HXURO

9DQ GHU- 9H) /DQJHQ@KRYBEY HW ®IDUH PXWDWLRQV LQ 64
PRGLI\ VXVFHSWLELOLW\ WR IURQWRWHPSRUDO OREDU GH,.

+

YDQ GHU =HH - O9DPOQ%& RHFNKRHDU LQ UHYLHZ 1DW 5HY
N

YDQ GHUY FHH%HU , 6WXRKU6 (QJHOERUJKV 6 *LMVHOLQF
%URXZHUV 1 9DQGHQEHUJKH 5 60HHJHUV . +DQQHTXLQ
- &DPSLRQ ' 6DQWHQV 3 ODOHYLQ *H 3IRRRMU 7 3HHW
ODWWKHLMVVHQV 0 9HUFHOOHWWR 0 9DQ GHQ %URHFN 0
) %ULFH $ 9DQ % U RHNMNDVRLYRH®DV &RWKHU WKDQ QXO0OO PXWI
SDWKRJHQLF ORVV Rl SURJUDQXOLQ LQ+XPRJROIWMRDMHPSF

YDQ GHU- =8BIQ %URHFNKRYHQ %& D QRYHO ULVN IDFW!
IURQWRWHPSRUDO OR-EDROGHIXKQRNIARWLRQ



00T

9DQ 'XLMQ & 0 G6WLMQHQSL¥N +BFRADRUVS$IRU $O]KHLPHU
RYHUYLHZ RI WKH (852'(0 FRODOBRWDWRYRADNGHD VWXGLF
(852'(0 5LVN )DFWRUV 5HVHDUFK *URXS ,QW - (SLGHPLRO

9DQ *RRO :$ 6FKHQON '% %ROKXLV 3% &R®FHLURWHLYLRC
FHUHEURVSLQDO IOXLG LQFUHDVH ZLWK DJH LQ SDWLHC
GLVHDMKURVFL /HWW #

YDQ +HUSHQ ( 5RVVR 6 0% 6HRWKILAMOHQUHHGYHOG *
*UDDI 5 HW DO 9DULDEOH SKHQRW\SLF H[SUHVVLRGC
LQ WZR IDPLOLHV ZLWK WKH QRYHQHXDR®XWDWLRQ / 5 $

9DQ /DQJHQKRNH) 7GHU =HMVHOLQHFWM DWWLQFW FOLQL
FKDBWHULVWLFV RI & RUI  H[SDQVLRQ FDUULHUV FRPSD
QRQPXWDWLRQ FDUULH®HHWY JIL® @ ))T0D-GB KR UROO0DU

9DQ /DQJHQKRYH 7 YDQ GHU =HH - B6O0OHHJHUV . (QJHC
5 *LMVHOLQFN , HWQHWLF FRQWULEXWLRQ RI )86 WR IU
GHJHQHUDWLRQ 1HXURORJ\

9DQ ODQVYHOW - 3LFNJV GLVHDVH 0-YG /RHII (QVFK

9DQ 6ZLHWHQ - & B6WHYHQV 0 5RVVR 6 0 5L]]X 3 -RI
DO GRW\SLF YDULDWLRQ LQ KHUHGLWDU\ IURQWRW
PXWDWLRQV $QQ H®HXURO

9DQ 6ZLHWHQ - 6SLOODQWLQL 0 * +HUHGLWDU\

FDXVHG E\ WDX JHQH PXWDWLRHV %UDLQ 3DWKRO
YDQ 6ZLHRWHEWI @XWDW ISRIRV ULDOXDLOLWKLQ WKH VSHFW L
FOLQLFDO DQG SDWKRORJLFDO SKHQRW\SHVD@®FHWJIRQYV
1IHXURO 2FW
9DQFH &KP®DEL $ 5XGG\ ' 6PLWK %1 +X ;: B6UHHGKDU
6FKHOKDDV +- .XVWHUV % 7URRVW ' HW DO YDPLOLD
ZLWK ITURQWRWHPSRUDO GHPHQWERURP RVRMNH GESWRS D ORF
%UDLQ +
9DQFH & 5RJHOM % +RUWREIJ\L 7 'H 9RV .- 1LKLPXUD
BPLWK % 5XGG\ ' :ULJKW 3 HW DO OXWDWLRQV LQ
SURWHLQ FDXVH IDPLOLDO DP\RWWQFESIKLF YWFOHURVLV W\SF
9DQGHQEXOFNH 0 3HHWHUV 5 9DQ +HFNH 3 9DQ
WHPSRUDO ODWHUDOLW\ LQ SULPDU\ SURJUHVVLYH DSKD\
+

9DUPD $5 6QRZGHQ -6 /OR\G -- 7DOERW(BBOEDWQQRQ RI
WKH 1,18"'%5'$ FULWHULD LQ WKH GLIIHUHQWLDWLRQ RI ¢
IURQWRWHPSRUDO GHPHQWLD - 1HXUROI1HXURVXUJ 3V\FKL
9HPXUL 3 :LVWH +- :HLJDQG 6' HW DO (IIHFW RI DSROL
RI DP\ORULRDG DQG QHXURQDO SDWKRORJ\ BQQ $O]KH
1HXURO +

9HPXUL 3 :LVWH +- :HLJDQG 6' .QRSPDQ '6 7URMDQR
%HUQVWHLQ 0$ $LVHQ 36 :HLQHU 0 3HWHUVHQ 5& -DFN
ELRPDUNHUV LQ @RUPDQGDSLQUHXURO +



9HUKDDUW :-& 2YHU GH JLHNWH YDHRHBHNMW 1HGHUO 7

9HULW\ 0$ :HFKVOHU $) 3URJUHVVLYH VXEFRUWLF
FOLQLFRSDWKRORJLF VWXG\ Rl WHR FOWRWY ZHYKDWHY LHZ
9HUORHV $ ODTXHW 3 6DG]RAMDNRODMW\QOGURIDH X SRO\I
OLSRPHPEUDQRXVRVWHRG\VSODVLD ZLWK VFOHURVLQJOH
GHPHQWLD - OHG *HQHW

9HURQLTXH 9 %HO]JLO +XPVDPX DRXFKDHO@GLOWURQJ 3I
'LRQ DQG *X\ $ SRQGIMOILF DQDO\VLV RI 6,085 DV D FDXVH
ZLWK GHPHXQURISHDQ -RXUQDO RI +XPDQ *HQHWLEV

9LGDO 5 'HOLVOH 0% *KHWWL % 1HXUR GHLIW R HDWD W L
DEHUUDQW WBUERQVYOV - 1HXURSDWKR® ([S 1HXURO

9LHLUD &IL[HWEODFKDGRLOYD I1PUGL M(LRNVUULYQDRP WD
0* (SIHBPLRORJ\ RIRQMHMD\ GHPHQWLD D UHYLHZ RI W]
&OLQ3UDFW(SLGHPLROOHQW +HDOWK -XQ

9LODOW@PFK - ZO0OPRH- /BRKVD 6 I(XWRQGD $ 3HULFRV
'LIHUHQFLDV HQWUH ODV GHPHQFLDVVHBOU®DUHGB G BWGLD
GH XQ UHJLVWUR GH GHPHQFLDV 1HXURORJtD

9LOOD & *KH]]JL / 3LHWURERQL $ 0 )HQRJOLR & &R

$ QRYHO 0%$37 PXWDWLRQ DVVRFLDWHG ZLWK WK

SURJUHVVLYHDGROMLOHQWSO]KHLPHUV 'LV

9LOOHPDJQH 9 7DYRGHWWL 0 7 ODVWHUV & / B5RZH &
LPDJLQJ HDUO\ SURJUHVV DQG IXWXUH GEUHFWLRQV /DQF
9LVVHU )( $OGHQNDPS $3 YDQ +XIIHOHQ $®@DQXILMMDQ 0
3URVSHFWLYH VWXG\ RI WKH SUHYDOHQFH RI $O]KHLPHU
LQGLYLGXDOV ZLWK 'RZQ VIQGURPH $P - OHQW 5HWDUG
9RQ %UDXQPX KO $ /HREKDUWGLQ 6FKEBDWHU® 3LFNVFK
.UDQNKHLMXURO =

9RQ %UDXQPX KO $ 3LFNVFKH .UDQNKHLW XQG DP\R
$00J = 3V\FKLHDW
QUDEHFRULWQHRODUGROHOFRAHGMGDBPLWKIBQFH &
6KDZ &RJHOMOBYDPSDY QIONDYDpP*HQHWLF DQDO\VLV RI DP\R
ODWHUDO VFOHURVLV LQ WKH 1HGRREQRDQ $SRBIXODW
oD U H

‘DLWH $- %IXPHU ' (DVW 6 1HDO - ORUULWHGXBOERUJ
& RUI' SURWHLQ OHYHOH[ [RQ DPRRWWDRSKIRRUVDDWHUDO V
IURQWRWHPSRUDO GHJHQHUDWLRQ EUDLQ ZLWK WKH &
H[SDQVLHRQURELRO $JERO H H

'DONHU /& 3DKQNH - ODGDXVV 0 HW DO $SROLSRSURYV

GHSRVLWLRQ RI $EHWD DQG WKHQ $EHWD LQ WKH HOG
+

'DONBH'DQHIN'REVRBQVR& MXH U BLXIQ3+ /DIRQWE LB O
'HYHORSPHQ@HX URDFD QW KR 5 DIQRBMNGXN SHF W BXPKRUHDWLF
VIQGURPRY 'LVRUG



:DONBY -XQJ ++ 'F6BBWHR@H & 5DPSROGL / 6DQR $ 7LVF
1HXURORJLF SKHQRW\SHVY DVVRFLDWHG ZLWK DFDQWKRF\W

:DONHU * 0 HW DO 6XSSRUW IRU DQWHULRU WHPSRUDC
SURGXFWLRQ LQ DSHKOWVHDURPAMOLGUDLQ+/DQJ
:DOOLQ $ %OHQQRZ . 1HXURORJLF PRWRU VLJQV LQ HDU

'"HPHQWLD
:DOORQ ' S5 RHVFHIXHV® 'HUDPHFRXUW 9 3DULHQWH - $XULI
6FKUDHQ 6 3DWDPRPISHRQ ' +DQQHTXLQ ' '"HILQLWH EHK

RI lIURQWRWHPSRUDO GHPHQWLD ZLWK & 25) H[SDQVLRQ\
GLVHDVH FHUHEURVSLQDO IOXLG ELREDUNHUV - $O]JKHLPH

:DOWHAKH WULJJHULQJ UHFHSWRU H[SUBVFRIGHR® OFD H OORLL
RI QHXURLQIODPPDWLRQ DQG QHXURGROH&KKWPHWLYH GLVH
SLL MEF 5

:DOWHUIDQJ 0 (YDQV $ /RRL -& -XQJ ++ 'DQHN $ :DC
QHXURSV\FKLDWU\ RI QHXURDFDQWKRRE\WRVREHKRDYPGOBRP!

:DOWHUIDQJ 0 /RRL -& 6W\QHU O :DONHU 5+ 'DQHN $ 1
.RWVFKHW . 5RGULJXHV *5 +XJKHV $ 9HODNRXOLV ' 6KDS
LQ FKPFIPWKRF\WRVLY 3V\FKLDWU\ 5HV $SU

:DOWHUIDQJ 0 <XFHO 0O :DONHU 5 (YDQV $ %DGHU % 1
9HODNRXOLV ' $GROHVFHQW REVHVVLYH FRPSXOVLYH
DFDQWKRF\WRVLV ORY 'LVRUG SS

':DOWHUV -7 &RUYLQ $ 2ZHQ O- :LOOLDPV + 'UDJRYLF
6PLWK '- 1RUWRQ 1 *LHJOLQJ ,HW DO 3V\FKRVLV VX
DQG FRJQLWLYH SHUIRUPDQFH LQ VFKL]JRSKUHQLD $UFK *F

‘DQI; ANSULDQRXDQL: 1HOVRQ 'BWUHJXODWLRQ RI W
PLWRJHDQXQLIOXPDQ FDQFHU WKURXJK MURE PLIHQH JURX:
&DQFHU 5HYRY
'DQJ - X ' &KHQ < <XDQ¥ <O (I#KFW RI WUDQVFUDQ
FXUUHQW VWLPXODWLRQ RQ ODQJXDJH LPIQRYRPHQXHQW
YDULDQW SULPDU\ SURHMURALFIH DWWV LD

‘DQJ . /L 0 +DNRQDUVRQ + $10QYFSW D WQ RW LR
JHQHWLF YDULDQWHRKURKRIRSKMKVHTXHQFLQJ GDWD 1XFOH
H

:DUG $ &UHDQ 6 OHUFDOGL &- &ROOLQV -0 %R\G
3UHYDOHQFH RI DSROUBRBWRWHDRQG KRPR]J\VJRWHV $32( H
SDWLHQWY GLDJQRVHG ZLWK $O]J]KHLPHU V GLVHDVH D
DQDOAMXWRHSLGHPLRORJ\

‘DUULQJWRQ ( . 6KDOOLFH 7 &DWHJIRU\ VSHFLILF VHP

+
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DWWV * ' - :\PHU - .RYDFK O - OHKWD 6 * OXPP 6
,QFOXVLRQ ERG\ P\RSDWK\ DVVRFLDWHG ZLWK 3DJ

IURQWRWHPSRUDO GHPHQWLD LV FRQMIGBLELQRB X SADRMH LYQ
*HQHW

‘HFKVOHU ' :$,65 PDQXDO :HFKVOHU $GXO\V8HQMWHIGOLJH
1HZ <RUN -RYDQRYLFK +% 3V\FKRORJLFDO &RUSRUDWLRQ
‘HFKVOHU ' 0DQXDO IRU :HFKVOHU $GXOW ,QWHOOLJHQFH
&RUSRUDWLRQ

"HIJRUJHZVROH QO 6 &DLUQV 1- OLOOHU 70 %PXOWE W
WUDQVJHQLF PLFH GHYHORS IHDWXUHV Rl $/6 DQG IURQV
S3URF 1DWO $FDG 6FL+86%

"HL :-X ;<L =KX 4X 1/LX @KHQ-kDQJ<PQJ *KHQ/BDQ 4L

0 :DQJ <DQJ &K X KL *XDQJ +<XDQJ -
,GHQWLIRMHVXR®FHLDQWYHWLF GLVHDV
FDXVIDQHXVLYDUJOWREQHUDWLRQ VHTXHGFR®J
2QH H

"HLQWUDXE UKDURW ' - 7UHDWPHQW HGXFDWLRQ DQ

$O]KHLPHU GHPHQWLD RQH VL]H GRHV QRW IW DOO %<

"HLQWUDXE 6 SXELQ 1 3 OHVXODP 0O O 3ULPDU\
IRQJLWXGLQDO FRXUVH GCHRURBH\FEKRG RODEFDXDJH IHDW
1HXURO *

"HUQLFNH & 'HU DSKDVLVFKH 6\PSWRPHQFRPSOH]
6WXGLH DXI DQDWRPLVFKHU %DVLV O0D[ &RKQ "HLIHUW %
KLWHKRXVH ,- OLQHUV -6 *OHQQRQHO@O HMWRAR H$ 3 *+ RIRYHIUC

BULRQ SURWHLQ LV GHFUHDVHG LQ $O]KHLPHU V EUD!I
%$&( DFWLYLWRAHWPR\ORLYGOV DQG %UDDN VWDJH 3/R6 2QH

:KLWZHOO - / %RHYH % ) 'HLIJDQG 6 6HQMHP O /
& HW DO %UDLQ DWURSK\ RYHU WLPH LQ JHQHWLF
GHPHQWLD D VWXG\ RI VHULDO PDJQHWLF UHVRQDQF!

+

:KLWZHOO - / -DEN & 5 %DNHU O 5DGHPDNHUV 5 $G
DO IRqEBOHG PRUSKRPHWU\ LQ ITURQWRWHPSRUDO O
XELTXERMIOVNLYH LQFOXVLRQV ZLWK DQG ZLWKRXW SURJUD

:KLWZHOO - / -DFN & 5 %RHYH % ) 6HQMHP 0 / %I
HW DO E SREMOHG PRUSKRPHWU\ SDWWHUQV RI DWUR
PXWDWLRQV LQ 0$37 RU 3*51+1HXURORJ\

:KLWZHOO - / -DEFEN & 5 -U 6HQMHP O / 3DULVL - (
6 HW DO F 05, FRUUHODWHFRQRD (@& RN H® VG&H SR Y H!
SRVWPRUWHP ITURQWRWHPSRUDO OREDU GHIHQHUDWLRQ 1

KLWZHOO - |/ -RVHSKV .  § $YXOD 5 7TRVDNXOZRQJ 1
o / HW DO D $OWHUHG IXQFWLRQDO BR®QHFWLY
VXEMHFWY D FRPSDULVRQ WR EY)7' 1HXURORJ\
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:KLWZHOO - / "HLIDQG 6 %RHYH % ) 6HQMHP 0 /
+HUQDQGH] O HW DO IHXURLPDJLQJ VLIQDWXUHYV |
JHQHWLFV & 25) WDRQSURISRODDGEDEY %HBUDLQ

KLWZHOO - / "HLIDQG 6 ' *XQWHU -/ %YRHYH % )
0 HW DO E 7TUDMHFWRULHYV RI EUDLQ DQG KLSSRF
PXWDWLRQV LQ 0$37 RU *51 x1IHXURORJ\

:KLWZHOO XOD $ 6HQMHP 0/ .DQWDUFL . :HLJDQG 6°

(GPRQVRQ +$ 9HPXUL 3 .QRSPDQ '6 %RHYH %) HW DO
PDWWHU ZDWHU GLIIXVLRQ LQ WKH V\QGURPLF YDULDQV
IHXURORJ\ +

'KLWZHOO -/ -DFW\&HOWNL 6$ HW DO 7HPSRURSDULHWD
RI $' SDWKRORJ\ LQGHSHQGHQW RI FOLQLFDO GLD&IQRVLYV

:KLWZHOO -/ 3UJ]\EHOVNL 6% :HLJDQG 6' ,YQLN 5- 9HPX
0/ 6KLXQJ 00 %RHYH %6 HMWR®®DQ D 'LVWLQFW DQDWRPL
RI WKH EHKDYLRXUDO YDULDQW Rl IURQWRWHPSRUDO GH
%UDLQ +

'LGHU & 'LFNVRQ ': :V]JROHN YLFK UHSHRRLQHQDVH
DVVRFLDWHG GILOHDVHI HEHRMPKRM\SH FRUUHODWLRQ 1HXU]
H
'LOKHOPVHQ .& ' LG/HL D HK QIADLMIN IRV RP\RMPU R SK\ FRPSOH

""3$& LV DSOQRQHLPHU WHPB®R DO GHPHQWLD - 1HXUDO
+
'LOKHOPVHQ .&1 &QDOMU %/ *HVFKZLQG '+ 7DX PX
IURQWRWHPSRUDO GHPHQWLD 'HPHQW *HWLDWU &RJQ 'LVR
'LOKHOPVHQ .& /\QFK 7 3DYORX ( +LJJLQV 0 1\JDDUG 7
GLVLQKGHPHEDUNLQVIRRQRWURSK\ FRPSODH[ 9P - +XP
*HQHW =
'LOOLDPV '5 +ROWRQ -/ 6WUDQG & 3LWWPDQ $ GH 6LO)
3DWKRORJLFDO WDX EXUGHQ DQG GLVWULEXWLRQ GLVW
SDOYDUNLQVRQLVP IURP 5LFKDUGVRQYV+tVI\QGURPH %UDLQ
:LOOLDPV '5 /HHV $- 3URJUHVVLYH VXSUDQXFOHDU
FRQFHSWV DQG GLDJQRVWLF FKDO®HQJHV /DQFHW 1HXUR(
:LOOLDPV 7 'HDUGHQ $0 &DPHURQ,¥WMURPRSLARQUHERY
GHPHQWLD 3VOFKLDWU %XO
'LOVRQ 6 0 HW DO 1HXUDO FRUUHODWHYV RI VIQWDF!
YDULDQW RI SULPDU\ SURJUHVVLYH DSKDVLD - 1HXURVFL
‘LWAMY 'DQHN $ 5HLWHU O +HLP 08 'LUVFKLQJHU - 72
VIQGURBPHGLVWLQFW IRUP RI QHXURDFDQWKRF\WRVLV 5

OLWHUDWXUH UHYLHZ ZLWK HPSKDVLV RQ- QIHXXWHRRXYV F>
+

'RMWDWHNJIJHOLLOFK ADNHUHMHWHWQDQGKRXQNLQ 6*
'LFNVRQ *UDSIDGIRUGS5D&SEHPDMNH& \25) UHSHDW H[SDQVLRQV



RWKHU )7' JHQH PXWDWLRQV LQ D FOLQLFDO $$PSDWLHQW
IHXURGHJHQHU 'LV
'RON '$ 'LFNHUVRQ %& $O]J]KHLPHUYV 'LVHDVH 1HXURLP
$32( JHQRW\SH KDV GLVVRFLDEOH HIIHFWW[RGXWHFRU\
QHWZRUN IXQFWLRQ LQ $O]J]KHLPHUYV GLVHDVH 3URF 1DW
‘RR - .ZRQ 6. .LP ( 7KH 1*/ IDPUWICAKRU FOREXEADQ B L Q J
VIQDSWLF DGKHVLRQ PROHFXOHV ORO &HOO 1HXURVFL
‘RRGZDUG 0 -DFRYD & %ODFN 6( .HUWHV] $ ODFNHQ]L
'LIITHUHQWLDWLQD WIDWRRWDEHLPHUJY GLVHDVH ,QW -
+

'RROODRPRWWDG 7&H & 25) H[SDQVLRQ PXWDWLRQ JHQ
SKHQRW\SLF DQG GL BB QBWIRF D WKREDY

X <5 &KDQJ .+ &KDQJ :7 +VLDR < & +VX + &

< & &KDR & < &KDQJ <& /HH % + +&KHQ *&KH&KHQ
& 0 *HQHWLF YDULDQWYV RI/55QVR@ D IGAD/GIDWHH 3 B/ARNL
H
;L= =LQPDQ / *ULQEHUJ < ORWHKQWRVLIBWLRQ RI F RUI
QHXURGHJHQH U DWILWHAK A H\XRIREHU V
;ID & $UWHDJID - &KHQ * *DQJDGKDUPDWK 8 *RPH] /
> )@7 D QRYHO WDX SRVLWURQ HPLVVLRQ WRPR

$O]KHLPHUYV GLVHDVH $O]KHLPHU 'HPHQW

‘LH 6; YRUPDQ 06 )DUPHU - ORRUH 3URNVYPREQ :®QUDFWRL
DVVRFLDWHG ZLWK VXUYLYDO SURYEDELQIRDWRY HPIRRS
GHJHQHUDWLRQ -RXUQDO RI 1HXURORJ\ 1HXURVXUJHU\ D

<DEH , BWXMRWR 6 6KLJD 7 +DPDGD 6 +LUDWD . 2WVXN
1 6DVDNL + :ULWLQJ HUURUV LQ $/6 UHODWHG WR ORVV R
FLQJXODWH J\UXV - 1HXURO 6FL

<DIIH . +DDQ 0 %\HUV $ 7DQIHOREWUIDX®DHU DQG FRIQLW
GHFOLQH HYLGHQNH IRR QRIDGIW IIHXWRORBW LR Q

<DIIH . 9LWWLQJKRII ( /LQGTXLVW . HW DO 3RVWWUDXF
GHPHQWLD DPRQJ 86 YHWHUDQV $UFK #HQ 3V\FKLDWU\

<RNRVHNL $ 6KLJD $ 7DQ &) 7DJDZD $ .DQHNR + .R\DP
$ ,NHXFKL 7 .DNLWD B3HW OWDWLRQ LQ IDPLOLDO DP\RW
VFOHURVLV $QQ ®HXURO

<RNRWD 2 6DVDNL . )XMLVDZD < HPWOD® Q)X HIIMXWM® FR (
GHPHQWLDV LQ D -DSDQHVH PHPRU\ GLVRUGHUV V FOLQLF

<RNRWD 2 7HUDGD 6 ,VKL]X + 8MLNH + ,VKLKDUD
0 .LWDPXUD < 8HGD . &KHE®D&3 DPBIQDURIGHLQ6 1$& DQ
EHWP\ORLG SDWKRORJ\ RI IDPLOLDO $O]KHLPHU V GLVHDV
PWDWLRQ D FOLQLFRSDWKRORJLFDO VWXG\ RI WZR DX
%HUO

<RNR\DPD 5RVHQ 1HXURLPDJLQJ IHDWXUHV RI & 25) |
$O]JKHLPHUV 5HV I7RKH U



<X &( %LUG 7' %HNULV /O ORQWLQH 7- /HYHUHQ] -% 6
JHOGPDQ + :ROWMHU BHWODOOHU &$KH VSHFWUXP RI PX!
SURJUDQXOLQ $UFKt1HXURO

<X-7 7DQ / +DBBSROLSRSURWHLQ ( LQ $O]KHLP$IQQX GLVH
5HY 1HXURVFL

=KDQ4d %HWKPDQQ & :RUWK 1) 'DYLHV -' :DVQH
5DJQDXWK &' <L 4 OHOODG -$ :DUUHQ ' 7 :KHH
BNHSSHU -1 9RUJHUGHDIJHGFKORWMLWWEHUJ 3/ 5REHI
‘HKQHUW 0 6KD®@DKDQ ®HVSURQG DUH LQYROYHG LQ
SDWKRJHQHVLV RI (PHU\ '"UHLIXVV PXVFXODU G\VWURSK\

HQYHORSH LQWHJULW\ +XP ORO *HQHW H

=KDR < +R 3 <LK < &KHQ & /HH :/ 7DQ (. /55. YDI
ZWK $O]KHLPHU V GLVHDVH 1HXURELRO $JLQJ

=KHQJ < J/LX < :X 4 +RQJ + =KRX + &KHQ - :DQ
- JLX = 3HL = &KHQ / &RQILUPDWLRQ RI /55. 6
IDFWRU IRU 3DUNLQVRWHEKW G CKDYI®D LXVYR- 1HXURO b

=KRX - *UHLFLXV 0' *HQQDWDV (' *URZGRQ 0( -DQJ -< ¢
-+ :HLQHU 0 OLOOHU %/ 6HHOH\ :: 'LYHUJHQW QHWZR

LQ EHKDYLRXUDO YDULDQW IURQWRWHB $R WO HOHAHH QAWLIDL
+

=LPSULFK $ %LVNXS 6 /IHLWQHU 3 ILFKWQHU 3

.DFKHUJXV - +XOLKDQ O SLWWL 5 - &DOQH ' % 6V
3DWHQJH 1 &DUEDMDO , & SLHXGIOKHV BN $¥PXVFNVRQ
' OHLWLQJHU 7 6WURP 7 0 :VIROHN = . *DVVHU 7

/55. FDXVH DXWRPRODQW SDUNLQVRQLVP ZLWK SOHRP
1HXURQ H



OHKUDELDQ@OMH[RSRXORV 37 2DWERMWLPPHU 7 .XU] $ )|UVW
%LENHO +6FKPK@HUHEURVSLQDO IOXLG ELRPDUNHUV IRU $¢
UROH RI DSROLSRSURWHLQ ( JHXR\RSSH F IOUBIW D Q GV VH[H D W
,PSDFW )DFWRU
%RFFKHWWD 0 *DOOX]]L 6 .HKRH 3 %G EEBBN(5 %&HPDDEG
'DUWLJIJXHPHQGRQoOD $ 'LGLF 0 (ULNVGRWWHU 0 )pOLFLDQ
+DOOLNDLQHQ 0 6WHHQ * +DVVHOEDOFK /XFUH]LD +DXVQ
5: .XU] $ /DZORU % /OHRDYH 30 DOHFRBHH.UD EBDIR QVFK
$ 1RELOL ) 1RUGEHUJ $ 5LNNHBWVOXLHWIRIBHRVHUV 2 6DC
6iQFK&EPVWHOODQR & ,VDEHO 6D Q@WD\MNR YOLRUIOLBN 6 DA DL QV H
3- cVD . :DOOLQ $. :LOFRFN - :LONLQVRQ ' :ROf + <HQH
7KH 8VH Rl %LRPDUNHUV IRU WKH (WLRORJLF 'LDJQR
($'& B6XUYSOJKHLPHUTV  $HFPMEURIBUV 'HPHQW
,PSDFW )DFWRU
3DYORYOHKWUDELDQ@HAWURYD 0 6NHOLQD 6 OLKRYD . -RUGD
7UD\NRY&RJQLWLYH 1HXURSV\FKLDWULF DQG ORWRU )H
$SROLSRSURWHLQ ( H $OOHOH LQ D 6DPS/DH\2RN KX OJIDL
3DUNLQVRQ WPLVEOWHLPHUV 'LV 2WKHU 'HPHQPSDFW
)DEFWRU
OHKUDELDRD&GFKHYD 0 7UD\NRYD 0 6WDQNRYD 7 3HQHY / *
/ THXURV\SKLOLV ZLWK GHPHQWLD DQG ELODWHUDO KLSSR
UHVRQDQFH LPOYILQBHXURO ,PSDFW )DFWRU

7TUD\NRYHKUDELDQD&R) 'HQ %URHFN O 5D\FKHYD 0 &UXWYV O
9DQ YURHF&KRYHQ®@ 36(1 PXWDWLRQ LQ D %XOJDULDQ SD\



RQVHW $O]KHLPHUYYVY GLVHDVH VSDVWLF SDUB$DUHVLYV
$O]KHLPHUV 'LV 2WKHU 'HPHQ ,PSDFW )DFWRU
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OHKUDEL®QRUGDQRYID\FKHY¥D7UD\NRY7KHFRQWULBRAWLRQ
$SROLSRSURW A HOXFRJQLSHYHRUPDQEHKD Y LRKDMI HY
$O]KHBMEHWHDVH ,Q $$1 VW $QQXDO PHHWLQJ 6HSHWWOH
86$ 1HXURORJ\ 6XSSO $

OHKUDEBD@®DGHU % 'DQHN $ GIDORMKHYEHOWHIWANHOLQD 6
3DYORYD 5 9HOL]DURY®KR UMAMAWKRF\WRVLY WKH ILUV\
%XOJDWUHEZ EUHDNWKURXJKV LQ 1% 1%,$ WRZDUGV XQ!
PHFKDQRW RV (GH 1HNDKH GV



OHKUDEBD-®RUGD GRMDFKHYRUXWYD®URHFN KRRMHDQANR Y
*HQRWSKH QR W HID W L R@WIOLIDEA]XG BFSHDWLHQWV,Q WK
&RQJUHVV RI WKH ()16 GBXGXVW 6SDLQ - GKSSRO
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OHKUDELDI@WKHYD 0 6DUDIRY 6 7RXUQHY , 7UD\NRY / /D
DQG FRIQLWLYH LPSDLUPHQWYV LI K XQW B U QREMWHROHD /@ & RKH
JURQWRWHPSRUDO '"HPHQW&B S WHIPFPEHKH VW H&J.

3DYORYD 5 OOKRKKYWDELD@HWURYD 0 O6NHOLQD 6 .DQHYD

7TUD\NRY 1RYHO /55. &!'* PXWDWLRQ LQ D SDWLHQW

GLVHDVHGHPHQWLD D FDQ@H-BHQRURQJIJUHVV RI (XURSHDC
OD\ -XQH ,VWDQEXO (XU - 1HXURO 6 XSSO

3DYORYD 5 OOKRYDELDQHGWURYD O 6NHOLQD 6 .DQHYD 5

OLWHYWD\NRY56. PXWDWLRQ F $!'* LQ D SDWVMAHW ZLWk

DWURSK\ D FDVH UHSRBRWQW &RQJUHVV RI (XURSHDQ 1HXU

-XQH ,VWDQEXO (XU - 1HXURO 6 XSSO

x -RXUQDO RI $O]KHLPHUfV GLVHDVH

x -RXUQRERAEIRILWLYH DQG %YHKDYLRUDO 1HXURORJI

x ,LOQWHUQDWLRQDO 1HXURSV\FKLDWULF '"'LVHDVH -RXUQDO
x -RXUQDO RI 1HXURORJLFDO 5HVHDUFK

x $PHULFDQ -RXUQDO RI &DUGLRYDVFXODU 'UXJV

x -RXUQDO RI 1HXURORJLFDO 6FLHQFHYV
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