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@l +LJK ,P SDFW RXUQDCE HFRJ QMRQ / DQFHW (REDO+ HDOM ,P SDFW DRVRU |

I\(DUO\ GLDJQRVWLF LOQGLEFEDWRUY RI GHQJXH YHUVXV RWKHU |[H]
$PHULFD ,'$06 VWXG\ D PXOWLFHQWUH SURVSHFWLYH REVH!
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/ DQFHW @EDO+ HDK

,P SURYHP HQW 1Q \WH HDU® GDJQRVV R GHQJ XH DUH XU HQ® CHHGHG HVSHALD® 1Q UHVRXUFH @ WG VHWIRI V Z KHUH
WH QVRRQ EHE HHQ GHQI XH DQG RIKHUIHEW®! LA@HWHV IV FUKFIDARUSDMHOAP DQDI HP HOW7 KLY SURVSHRAYH
REVHYDIRCDOAXG ' $0 6 IQFAEGHG SDHOWV DIHG  \ HDLY DQG RGHUZ MY XQALIHHQIDWG | HYHUDWSUHVHQEMRQ
IRP  RX\SDWHQNDAMIAV 1Q HIKWARXQUHY %DQIOGHWK %D I0&DP ERAD ( G5 DODGRU ,QGRGHVID 0 DO\ VD
9HH XHD DQGOIHWLDP 0 XGYDUDE®! BJ MIF UHI UMWWRQ Z DV XVHG R IQYHVMY D\ \KH DWRFADWRQ EHE HHQ
FOQFDOA P SWP V DQG OERIDRY \WMVW Z MY GHQI XH YHWXV RKHUIHEW®! LA@HWHY 3 DWBMWRXQVZ KW EGRG FHD
FRXQNVDQG WH FKDQIH IQ \WWHVH YDUDEG®N IURP \WWH SUHYIRXV GD\ R I@HW KDG D VWRQ) DWRAIDWRQ Z I GHQI XH
&RXJIK DQG WKIQWY KDG VWIRQ) DWRADMRQV Z M RKHUIHEW®! [@HWHY Z KHHDV EBHAQ) DQRUH ID DQGWNIQIGWK
Z HH JHQHD® DWRADWG Z W GHQIXH 0 RGHCBHURWP DQFH IQFUDVHGEHWHHQGED DQG R IA@HW 7 KH UHVX@V
FRQIP \KH [P SRUNQNRGI R SOWBMDQG Z KW EGRG FHOFRXQNV IQ ADIQRVIQ) GHQIXH DQG WH IP SRUBQFH RN VHUDO!
P HDVXUHP HQW RYHUVXEVHTXHQAGED V 7KLV WXG. VXFFHWIX@ TXDQMHG \WH SHURWP DQFH Rl FERFDADQG GERIDWRY
P DUNHLY FRYHUQ) \WWH HDUD SHURG RI GHQIXH 7 KHVH UHVX@V SURYIGH FUXFIDAQ RUP DMRQ QHHGHG IRUWH XSGDW RI
IXIGHTHV IQFGAQ] WH , QMI UDWG 0 DQDIHP HQAR & KIOKRRG , @HW KDQGERRN
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&RPSDULQJ WKH 'LDJOQRVWLF $FFEXUDF\ RI OHDVXUHY RI ODWHUQD

211VSULQJ $O0OHUJ\ 2XWFRPHV 7KH +HDOWK\ 6WDUW 6WXG\

9HOMU& 3DOPER 03 * OHN ' + 6DXGHU. $ 3HQ : 2 ODKRQ / 3IENAW. * UHCKDZWO
) BIMFKHU' 0 ' DEH®D
-RXUDR $ @I\ DQG&TIFDQP P XQRBJ\ ,Q3 IDFUEH

$ @I IE QVHDVHV 1Q FKIGUHQ DU IFUDMQ) $ GVRXIK P DIMCDOGEHWITXDOW 1Q SBI QDGR P D EH SURMAYH WY
XQFODUZ KIFK P HDVXUWH R P DIMCDOEHWEHVSUHEEW RIVSUQ) GVHDVHY 7KH REMPYH R \KLY VWG Z DV \R

H{ DP IQH \WH DWRADMRQY EHE HHQ P X@B® GHWP HDVXUHV DQG DI\ RX\FRP HV DQG\R FRP SDUH \WH

QDU CRAIF DFFXDR. R WH P HDVXUAV IRUWH SUHAEMRQ R DI\ RXFRP HV 0 DIMCDOEHWEXUQ) SUHI QDGR

Z DV P HDVXUHG XMQJ D YDIEDWG LOAKP HQAVDQG VFRIHG XMIQ) P HDVXUAV \WWH P DIMEDOAHWQGH 0
+HDOM (DU ,QGH \RIEOEHWEYHWAW KHDAEKM GEVWEYHWAW DQGXQKHDIK GHWAYHIAW 7KHWWXG. IRXQG
\KDVWEHWHUT XDV DQG KL KHUGYHWAW R D Z RP DQV GHWEXUQ) SUHIQDQR. P HDVXUHG IQ YDURXV ZD\ V. IV
DWRFIDMG Z W RIVSUQ) DI\ RXRRP HV Z W KHDIK\ |RRGY DWRAIDMG Z W GHPUHDVHG UMN DQG XQKHDAK
IRRGY DWRFIDWG Z MK D KLIKHUUMN 2 | \WH YDURXY P HDVXUHV XVHG \R DAWHW P DIMGDOEHKH P DWADOGHW
IQGH  Z KIEK DSSURSUDIMO Z HJ K\MG ERIK KHDEK DQG XQKHDAM IRRGY EFVWBUHAEWMG FKIGKRRG DB IE
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6RXUFH DSSRUWLRQPHQW RI VHUXP 3)$6V LQ WZR KLJKO\ H[SRYH:

S DAY ' - YDURQ . ( . QDSSH' 58 .RBJ 1 OF RRXIK &$ +LIJIQV &3 +RSSIQ -$ $GIDW -/
6 AHQRH R \WH 7 RO QVLRQP HOW

3 HUDQG SROIGRURDON OXEVBGFHY 3) $6V DUH i QKIHIFE FKHP LED® \WDWDUH XELTXMRXV 1Q HYWRGP HQBICDQG
EIRBJ [FDOA WP V IQFOAQI KXP DQVHXP  3) $6V DUH XVHGIQP DQ. SURGXFW DQG IQGXMMDCBURFHWHY DQG
DUH \WIHG \R QXP HURXV KHDAK HIHRW ' XH \R P X@B®! VRXUFHV DQG H SRVXUH SDNZ D\ V P HIWRGY DUH QHHGHG\R
IGHQM 3) $6 VRXUFHV IQ FRP P XQUAV \R GHYHES VB HWG LOMYHQIRQY 7 KH UHVHDUFKHY DAWVHWHG
HIHPYHCHW R \WUHH VRXUFH DSSRMRQP HONP HKRGY 810 ,;  SRVMYH P DW IDRRU] DURQ:80 ) @DQG
SUGQASDOFRP SROHQWDCDOMY P XIB0! GHDUWHI LAWIRQ8 &$ 0 / 5 @IRUIGHQM 1Q) FROMEXWRY \R KXP DQ
VHXP 3) $6 FROFHOMMRYY QR KLIK® H SRVHG SRSXOMRQV 1Q & RBUDGR DQG 1 RW & DURTED Z KHUH GUGNQY
Z DMUZ DV FRQIDP I[QDWMG YID XSWHDP VRXUFHV IQFOIAQI D 6 SDFH ) RUFH EDVH DQG D IGIRURFKHP LFDO

P DQXIDRXUQ) SDQNVS 10 ,; DQG30) P RGHY H WDFWG \WUHH W IRXUSRMQIDCB ) $6 H SRVXUH VRXUFHV 1O \WH
&RBUDGR DQG 1 RW & DURTED FRKRW Z KIBI 3&$ 0/ 5 FOWLIHG R IQ HDFK FRKRWVL R VRXUFHV Z HH
FKDUDRAMU HGIQ1 +$1 (6 1 DIRQDOF HDAK DQG 1 XWMRQ ( [ DP IQDURQ6 WG, 5 HVXAV VXJ J HWNKDWAIHVH
\KUHH P KRGV FDQ VXFFHWIX@ IGHQM VRXUFHV IQ KLJK® H SRVHG SRSXOMRQY ) XWUH3) $6 H SRVXUH
UAVHDUFK VKRX@ IRFXY RQ DQDO] 1Q) VHXP IRUDQH, SDQGHG 3) $6 SDCHOLGHQM [Q) FRKRUV Z W RNHUGMIGRW
SRIQARXUH H SRVXUHV DQG FRP EIQQ) EIR®I IFDCDQG HQYILRQP HQBOEDWY R EHIUXQGHYARIQG VRXUFH
DSSRWRQP HONHVXOV IQ\WH FRQOM WR 3) $6 \R] IFRNGQHE EHKDYIRU
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$Q 2[\OLSLQ 5SHODWHG I1XWULHQW 3DWWHUQ DQG 5LVN RI 7\SH
$XWRLPPXQLW) 6WXG\ LQ WKH <RXQJ '$,6<

YXFNQHU 7 -RKQRQ 5. 9DQEHUERGHQ /$ &DW 30 S5RPHR $ 2 QHUIXW XPXVFX 6 &KHQ : 0 ) IHKQ
2 ) IRKGHWo4 &UPH 7 3HW : . HKW . 5HZHY 0 1RUWV -0

1 X\HQN

2 [\ GOV SR IQOP P DRY DQG SIR UVRIIQ) TSIG P HADWY DUH DWRADWG Z W WH UMNR WSH ~ GDEHWV
7 ' DQGPD EHIQOHFHGE QHW7KLY WG DIP HG \R GHYHES D QXAUHQNSDWAD UHDWG \R R \ TSI SURILBNV
DQG \WWWKHUDWRADIRQY Z M \WH UNR 7 ' DP RQJ \ RXAK 7 KH QXAHQABDWADY Z HUH GHYHBSHG Z W D
UHGXFHG UDQN UHJ UAWWIRQ 1Q D QHVMG FDVH FRQAROAXG. Z WIQ\WH ' IDEHMY $ XWRIP P XQW 6 WG 1QWH < RXQJ
' $,6< DEYWADIFRRIR FKGHODNMMIR 7 ' 7KHR \ GBIQ SWRIBGN DAMMG IRUIHQHIF SUHARRY
Z HUH WH UHVSRQVH YDUDE®N 7 KH QAMHQASDIADY Z HUH WG LO \WH FDVH FROMROAXG.  \WHQ YDIEDWIG 1O \WH
' $,6< FRKRUKVIQI D RIQAR] SURSRMRQDAKD] DUBV P RGHO 7 KH IMOXWHQASDWAD 13 Z DV FKDUDRMUL, HG
E\ &Z EHW FY SW] DQKLQ IOYDCRQH YMIP IQ& \REOVXI DY DQG IURQ DQGKLIK OFRSHH DQKRA DQAAQY
@QRGIF DAGDQGVRAXP  $IWMUDGHMY IRU7 ' IDP 1O KMRY WH +/ $ JHQRWSH VH DQG UDFH HKQEIW

13 ZDVDWRADKMGZ MW DGZHUUNR 7 ' IQWH QWG FDVH FROAMROAXG. 13 Z DV QR\DWRADMG Z W
WHUNR 7 ' IQWHIX® $,6< FRKRW) XWUH WYAHY DUH QHHGHG R FRQILP \WH QHVIMG FDVH FRORRAIQAQIV
DQG [QYHN DM \WH P RALIDE®! IDARY IRUR] \ GBIQV
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$PHULFDQ .QGLDQ $ODVND 1DWLYH $.$1_ DGROHVFHQWY DQG R

GHWHUPLQDQWY RI KHDOWK PHQWDO KHDOWK DQG VXEVWDQF

-RKQRQ-HQQIV 0' S5HG O -IDQ /+ +X\VHU. 5 %D $* 6WQH -) 0DQRQ 60 &KDQ -< )\IH
-RKQRQ $/ +UDMXND 9 &R D & 2 &RUHO-
, QMIDMRCDO RXUDCR! 2 EHVIW

7KH REMAIYH R KLY VMG, Z DV \R H SEUH \WH SUHYDBIGFH Rl REHVIW DP RQJ $ P HUFDQ , QADQ DQG $ OVND 1 DYH
$,$1 DGROMAHON DIHG \ HDLY/ 1Q DWRADIRQ Z W VRADOGHMP ICDQVR KHDGK 6' 2+ DQGP HQWO
KHDGK DQG VXEWBIQFH XVH GVREHY * XIGHGE\ WH: R+ HDAK 2 W DQ] DIRQV 6 RAIDO HMUP ICDQW R + HDAK
) P HZ RIN WH UMVHDUFKHWY H] DP IQHG GDWB IURP WH ,QADQ + HDWK 6 HYIEH ,+6 ,P SURYIQJ + HDAK & DUH

' HIYHY ' DB 3 URWPWURP ) IVFDO< HDU VXSSBP HQMGE\ FRXQIV GIYHOEDW IRP \WH8 6 &HQUXV DQG
86' $ 7KH REVHYHGD SUHYDBIGFH R IRUREHVIW IRUP HQECKHDIK GQVREHY DQG IRU
VXEVMBGFH XVH GQVREHY ) HP DBV KDG BZ HURGGY Rl REHVIW \KDQP DBV Z KIFK GHFUHDVHG Z M DIH + DYIQJ

0 HAFDIG FRYHIIH UAVIAQ 1Q D FRXQIV Z W GZ HUHGXFDUIRQ DWBIGP HQAVDQG UMGAQJ 1Q D FRXQIV Z W KL KHU
WDV R SRYHWY Z HUH HDFK DWRAIDWIG Z W KLJKHURGGY Rl REHVW 5 FMAQ) 1Q D FRXQIV Z W KL K DFFHW \R D
JURFHY WRUH DQG UMAQJ 1Q D FRXQW Z W D KL KHUSURSRMRQR! $,$ 1 V Z HUH HDFK DWRFIDWMG Z W B&Z HURGGY
R REHMW 7 KRVH Z MW P HQBCKHDEK GVREHY KDG KLJKHURGGY Rl REHMW VXEWBIQFH XVH GVREHY Z HH
DWRFIDWG Z W GHFUHDVHG RGGV RN REHVW 7 KHVH IIQAQIV IQRWP 1XWMUH REHMVW SUHYHQIRQ DQG \WHDW HOW

SWRIWP VDP RY $,$1 \ R\ 1Q SDIMEXDU \WH GHHG \R FROVGHUP HQBICKHDAK VXEVBGFH XVH DQG6' 2 +

‘LI

EH
H .
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7KH&29.  ZI@HIHVP RNHSDUDGR] 5 HGXFHG UVN RI DFDXVH P RUBON GXH VR Z L@ ILH
VP RNH 1Q & RERUDGR GXUQ) WH [IUAMY HDURI WH&2 9, SDQGHP LF

0 DUMQHV 6( : IORQ $ +RWRYHF / %RO. $ YXUNW7/ 3RGZIY /- 0 DI]DPHQ 6

( QMURQP HQED HVHDUFK

Q \WH$P HUFDQ: HVWDFHG\®R FRP SHIY FKDBIQJHV \WH&2 9,  SDQGHP IE DQG \WH Z RO LG LA
VHDVRQ RQUHFRWG 6 HYHUDOAXGHY KDYH LQYHM DWG WH P SDPWR Z LGIILHVP RNH ;) 6 RQ&29,'

P RUEIGW DQG P RUDOV EXWINSI 1V NQRZ Q DERXVKRZ \WHVH IR SXEQE KHDGK FKDEIQJ HV IP SDRWP RUDOIV UMN IRU
RWHUFDXVHY 8 VIQJ D WP H VHUHY GHMI Q \WH UHVHDUFKHLY HYDOIDWIG KRZ GDI® UMNR! P RUDONV GXH\R : ) 6

H SRVXUH QLIHHG IRUSHURGY EHRIH DQG GXUQJ) WH &2 9,  SDQEHP IF 7KH IRXQG\WWDW ) 6 P SDRMG \KH
WXG DUDRQ R FRXQNV GD\V 7KH REVHYHG D SRVMYH DWRFIDIRQ EHE HHQ WH SUWVHQFHR ;) 6 DQG
D@FDXVH P RUBOIV UVN GXUQ) WH SHURG EHRUH WH SDQGHP IE KRZHYHU : ) 6 H SRVXUH GXUQJ \WH SDQGHP IE
UHVXEMG LQ GHFUHDVHG UMN Rl DOFDXVH P RUBNV 7 KH UAVHDUFKHLY K\ SRHV, H \WDWP 1M DRRQ HIRW GXUQ) WH
LAY HDUR \WH SDQGP IE HJ P DVNP DQEDMY DBQ) Z W KLIK DP EIHQN ) 6 GIYHY HQFRXUDI HG KHDAK
EHKDYIRY \KDWHGXFHG H| SRVXUH\R ;) 6 DQG UHGXFHG UMN Rl D@FDXVH P RMBONV 7 KH UBHVXEV ViXJJHWD GHHG\R
H DP LQH KRZ DWRFIDURQY EHEZHHQ: ) 6 DQG P RNV DUH IP SDAMGE\ SDQGHP [E UHDWMG | DRRWY DQG \KDW
\WHH P D\ EH GMRQV ILRP WH SDQGHP LE \WDWARX@ EH WWDQVDWMG IQR KHDEK SURMAIYH SRIFHY GXUQ) 1 XVMUA

Z @ IUH HYHON

*HRJUDSK\ UXUDOLW\ DQG FRPPXQLW\ GLVWUHVVY GHDWKYV GX
DPRQJ &RORUDGR 9HWHUDQV

6SDWN 7/ 5HG &( $CDPV 56 6FKQHGHUS/ ) RVMU- ' HQQHVRQ /0 YRGBIHUO %HQQHU/ $

QMU ( SIGP IRBI\

,QWH86% GHDWV GXHWR VXIFIGH DERKRORUGX] UHDWG FDXVHY HJ  DERKROHDWG 'HUGVHDVH RYHERWH

KDYH GRXE®IG MGQFH 9 HWUDQV DSSHDUGYSURSRMRCDWO [P SDRWG E\ JURZ 1Q) WHQGY / P WG UHVHDURK
KDV EHHQ FRQGXPMG UHI DUEQ) WH UHDMRQUKLS EHEHHQ FRP P XQW GIYHADRRY HJ  XUDONV FRP P XQW
QAVWHW UVXEQ) ILRP HFRQRP [E FRQAMRQY  DQG \WH SUHVHQFH Rl VSDUIDAFGMAMUQ) R VXIFIGH DBRKROHDWMG RU
QXJ UHDWG GHDIY 7 KH DXWRWY H SBRUHG FRP P XQW GIYHOHDMRQUKISV 1Q & RBUDGR 9 HMUDQV DQG FRP SDUHG
VXIFIGH DBRKRO DQGGX] UHDWG GHDIW DMV EHE HHQ \WH & RRUDGR DOX@ERSXOMRQ DQG 9 HWMDQY 7KH
IRXQGWDW R &RERUDGR 9 HMUDQ GHDWY Z HUH IGHQMHG DV EHQJ UHDWG \R VXIFIGH DBRKRORUGXIV

&RP SDUHG\R DMV 1Q \WH JHQHIDCBRSXOMRQ R & RBUDGR DGXW 9 HMDQVKDG WP HV KLIKHUUDWY RN VXFK
GDMVRHDD® WP HVKUKHUIRUWXEGH WP HV KU KHUIRUDBRKROHDWG WP HV KLJKHUIRUGLXJ
UHDWG $P RQ 9 HWDQV FRP P XQW GMUHW Z DV DWRFIDWG Z W DQ IGFUHDVHG UMN Rl DBRKROUHDWG DQG
QXJ UHDWG G-DY 7KLY VDP H W QUEDQADWRAIDIRQ Z DV GRAGHQMHG DP RQJ \WRVH WDWAHG B\ VXIFIGH

5 XUD@V Z DV QRADWRADNG Z W UMN IRUDQ. R \WWH GHDKV R IQMUHVWT KHUH Z DV VLI QUEEDQAYSDIDAFOMMUGQ) [RU
DBRKROUHDWG GHDWYV [Q VRXKHDWAE RRUDGR 8 SWIHDP SUHYHQURQ HIRW VXFK DV FRP P XQW EDVHG
LOMYHQIRQY \BLU HI DBRKROXVH DQG FRP P XQW HFRQRP IE MW DUH Z DUDQIG 0 RUH UAVHDURK 1V DOR
QHHEHG \R XQGHYARIQG KRZ FRP P XQW GMIHW DQG RKHUVRAIDOGHMUP LQDQW R KHDGK! [P SDRVWIH FRP P XQW
EXUEHQR! VXIFIGH DBRKROMDWG DQG GAXI UHDWG P RUDOW

H
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$Q DUWLILFLDOO\ LOWHOOLJHQW QDWXUDO_ODQJXDJH SUREFEHVVL

YDFFLQDWLRQ $ SURRI RI FRQFHSW SLORW VWXG\

=KRX 6 610DWMIU- &OWN & 6DOHY $- &KDYH & 9X@66
" LI MUOH HDAK

7KH JRDCR WLV VIXG. Z DV \R HABEQAK \KH |HDVIELOW R XVIQJ DQ DMUFID® QMM HONFKDERWQ GYHYH
KHDGNFDUH VA V\R SIRP RM &2 9, YDFFAIQDMRQ 7 KH UHVHDUFKHLY GHWLI QHG DQ DUMELD@D QM@ HQN
FKDERWEHSE HG YID VKRWWP FMDJ H VHIIEHV DQG Z HE EDVHG SOMRWP V * XIGHGE\ FRP P XQEDURQ WHRUHV
WH GHYHBSHG SHWXDVYH P HWADIHV\R UBVSRQG R XVHY &2 9, UHDWIG TXHVIRQY DQG HQFRXUDUH
YDFAQDURYQ 7KH\ [P SBP HQMG\WH A WP 1Q KHDGKMFDUH VDIV IQWH 8 6 EHHHQ$SUO  DQGO DUK
DQG ®J JHG WH QXP EHUR XVHY \RSIEV QVEXWHG DQG IQRWP DIRQRQM VWP DFFXWDR 1QP DRKIQ)
UHVSRQVHV \R XVHUIQMQWV 7KH UHI XOUD UHYLHZ HG TXHUHY DQG UHFOMLLHG UHVSRQVHY \R EHWUP DK
UHVSROMHV\R TXHY IQMOVDV&29,"  HYHQN HYROHG $ \RIBCR XVHY HQJ DU HG Z W \WH A VWP

H FKDQIQY &29, UHBIYDQAP HAVDIHV 7 KH P RWBRSXOUTXHUHY R \KH W VWMP - Z HUH DERXVERRWMLY/
DQG Z KHUH W JHD YDFAQH 7KHW WMP V DFFXWDRA DM 1Q P DRKIQJ BHVSRQVHV R XVHUTXHURVY UDQJ HG [URP
R $FRXUDR OJJHGZ KHQQHZ IQRUWP DUWRQUHDMWGWR &2 9," HP HJHG VXFK DV \KDWIHOWMG \R \WH

' HOD YDUDQWS FEXWDR\ IQPUHDVHG Z KHQ QHZ. FRQIMQUZ DV DGGHG \R WH VA WP WY |HDVIE®! DQG SRIMQID®
YDODE®! \R FUHDM FKDERWA VWP V XMQJ $, \IR | DFLOBMM DFFHW \R FXUHQWDFFXUDIM FRP SGMA DQG SHYXDVIYH

IQRWP DIRQ RQ L HAURXY GVHDVHV 6 XFK DV VIMP FDQ EH DEDS\MG \R XVH Z W SDWHQW DQG SRSXOMRQY GHHAQ)
GHEIBIG [QRWP DIRQ DQG P RIYDVRQ R DPNQ VXSSRWR! \WHUKHDEK

+($/7+ 6<67(06 0$1$*(0(17 32/,&<

PSDFW RI VWDWH OHGLFDLG H[SDQVLRQ RQ FURVV VHEWRU KHDO!
(YLGHQFH IURP D ORQJLWXGLQDO FRKRUW VWXG\
+RJJ* UKDP 5 O DPDUD&% Y%4HQM -$ * DWRQ . 0DV * 3

+ HDAX 6 HYIEHV 5 HVHDURK

7KHJRDCR WKLY VAXG. Z DV R H] DP IQH WH P SDPWR| VABAM O HAFDIG H| SDOVIRQ RQWH GHIYHY Rl SRSXOMRQ
KHDEX DRIYIMIAV 1Q FURW VHRRUKHDEK DQG VRFAIDOMHWYIEHY GHERIW &RP P XQUW QHE RUW DUH P XGVHRRU
QMR DQYJ DARCDOGHE RUN \WDVWBURYIGH VHIYIEHY DDQI Q) 1URP WH GLHPWBURYIMRQ R [QAYIGXDOVRADOVHIEHY
\R \WH [P SBP HQBMRQ R SRSXOMRQ GIYHAQUDYHY DECIHWQI FRP P XQW RXWWRP HV 7 KH DX\WWRY XVHG GO
P HDVXUQ) WH FRP SRUMRQ R FLRW VHRRUSRSXOMRQ KHDAK QHE R 1 DIRQDO' RQJ WEQDDB XUYH
R 3XETF +HDWM 6\ WPV 1$/6<6 @NHGZ MW WH $UHD + HDAK 5 HVRXUFH ) B! 5 HVXAV IURP \WH DGWVANG
QLIHHQAH 1Q GLIHHGFHY HAIP DMV IQAFDWG \WDVW) HAFDIGH SDQMRQZ DV DWRFADWGZ MWD SHIFHQBUH
SRIQNQFUHDVH IQ WWH GHQVW Rl SRSXOMRQ KHDAK GHERIW & RP P XQUIAV 1O VABAMY \WDWH SDQGHG 0 HAFDIG

H SHUHQRHG W QUEDQWCFUHDVHY 1Q WH SDIMFSDIRQ Rl ®FDCSXEQF KHDEK GFDQ) RYHUP HQAVKRVSMIO
QRBRIWMQXHIDG.  VFKRRY 2 | WH RUDQ] DIRQY Z W VI QUEDQAQFUDVHY IQH SDOVRQ FRP P XQUHV
QROSWRIW BFDCSXETF KHDAK DIHQAHY KRVSMIY DQG @FDQJ RYHUEP HOADI HQAHY KDG \WH O WA DIQV 7KH
VNG IRXQG LQFUBDVHV 1Q FURW VHRRUSDWFISDMIRQ 1Q SRSXOMRQ KHDIK QHE RUW 1Q AR \WDWH SDQGHG

0 HAFDIG FRP SDUHG Z WY QRQH SDQVRQ WM VXJ J HVI) \WDWDGEMRQDCFRYHUDI H J DIQV DUH DWRAIDWG Z WK
SRVIMYH FKDQI HV 1Q SRSXOMRQ KHDIK QHVE RUN ARKFMUH
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&KDQJH LQ 9LHZV Rl $JLQJ 3K\VLFDO $FWLYLW\ DQG 3K\VLFEDO

D 5SDQGRPL]JHG 6WXG\

1HURQYDIGA $0 S5RALXH ' )RMAW * %DXQ % 9XUH . ' KOO
- RXUDCR $J1Q) DQG 3 K\ VIFDGS P

7KH$JIQI3/ 86 SURIWDP \BU HW P RAYDWRCDCEDUHY IGFOGQ) QHIDWH YIHZ VR DIIQ) DV P HAKDQWP V\R
IQFUHDVH DEX@BK\ IEDCDRYIW $ SIBWANG. Z DV FRQGXPNMG \R \MAAKH HILFDR. R \KLY QHZ SURIWDP DI DIQAMD

JHQHUE VXFRHWIXQDJ1QJ SURTWDP ) LW V] SDWFISDQW Z HUH IDQERP ® DWAIGHG\R \WH $J1QI3/ 86 JURXS DQG

SDWFLSDQN Z HUH DWAI GHG \R \WH DRYH FROARQIURXS 5 HSHDWMG P HDVXUHV P XGYDUDWM DCDOVHY R
YDUDQFH DWHWHG FKDQIHV IQ YIHZ VR DIIQ) SK\ VIEDCDRIYIW EGRG SUMWXUH DQG KDQG J US VAHQI\K IURP
SUAMAV: HAN  \R GHD\ HG SRAMW: HHN  7KH &RQAMRQ[ 2 FFDMRQ IQMIDAIRQY Z HUH QRO QUIEDQN
KRZ HYHU WLJ QUEDQAP DIQ HIHFW IRUFRQGEMRQ DQG RFFDVRQ Z HIH IRXQG ) RTBZ. XS WMV VKRZ HG WDWIHZ V R
DIIQ) Z HWH P RUH SRVMYH DQG SK\ VIEDCDRIYIW KDG VW QUEDQW® IFUHDVHG DW HHN - IRUDGSDMFSDON ,Q
DEAMRQ LQ\WH WHDW HQM URXS  HBIYDWIG ERRG SUHWXUH KDG VLI QUIFDQ® GHFUHDVHG DQG KDQG J UIS VWHQI W
KDG W QUFDQ® IQFHDVHGDW HHN  * HVSIWM \WH QRO QUIEDQAP XE@YDUDWM IIQAQIV WH P DIQ HIHPWIQAQIV
SURYIGHG SDMIDO/XSSRWRUWH HILEDR R \WH $JIQ13/ 86 SURIWDP
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3RLQW RI &DUH 7HVWLQJ LQ &KURQLF .LGQH\ 'LVHDVH Rl 1RQ 7
&OLQLFDO (SLGHPLRORJLFDO DQG +HDOWK 6XUYHLOODQFH 5H
'D® 0 $PDCERU-- %X\BUGZVRQ - /RSH SIDWM ' *HR $ &0 $ . WKHU/ 3IBQ' . XSIHPDQ -
YUHGPDQ ' - * WIQ %6 1HZPDQ /6 Y%RRW ' 5

$QUDV R * GEDO- HDWN

$V \WH SUHYDBIGFH R FKURQE NGQH GVHDVH R GRQ WDAMRCDCRWIIQ &. ' QVUMVHY IQ@Z  UVRXUFH VHWILI V
\KHUH 1V D QHHG | RUUHIDE®! SRIQAR FDUH FUHDUQIQH WMDY 7 KH SXUSRVH R LY DQDOMY Z DV \R DWHW \KH
DFFXWDA R \ER FRP P RQD XVHG SRIQAR FDUH FUHDMIQH GHYIEHV \WH L6 7$ 7 KDQEKHG $ EERWV3 UGFHRQ 1 -
86$ DQG\WH 6 \I\FHQURUL UHDWIQH 1 RYD %4RP HAFDO: DIKDP 0$ 86$ LQFRP SDUVRQWR YHQSXGRMUA
VHXP FUDIZICH P HDVXUAV 7 KH DIIREDEIDN VHQUWYIW VSHALIEW HDVH R XVH DQG RWHUFRQUGHIMRQY IRU
HDFK GHYIFH DUH DOR SUAVHQIMG 7KH L6 7$7 SHURWP HG\KH P RAMDFFXUDMO  RYHUHWIP DI FUDUTICH E\

PJ G ZIM QRHIGHIH R SURSRMRQDCEIDV 7 KH 6 VAV HQVRUS UHDWIQH SHURWP HG Z HODWBZ BIVHY R
FUHDMQIQH %R GHYIFHV SURYIGH DFFHSWBE®! VHQUMYIW DQG VSHALLFW $ GKRXJ K DGHTXDWM |RUUIRX\H
VXOYH@QRH 6 BV HQVRUE. BHDWQIGH 1V GV DFFXUDW DV \WH YDOHV R P HDVXUHG FUHDWQIQH IQFBDVH D
FROVIGHIDIRQ Z KHQ XVIQJ WH SRIQAR FDUH GHYIFH IRUVFUHHQQ) LQAYIGXD® DWIMN IRUS.. ' QA5 HVHDUFK
FQIFDODQG VFUHHQQ) REMPIYHY FRAWWHDVH R XVH  DQG EDFNJ URXQG SUHYDBIQRH Rl GVHDVH P XWWWD@EH
FDUHX® FROVGHUHG Z KHQ VHBIRIY D SRIQAR FDUH FUHDMIGH GHYIFH & RFOMRQ 32 & \MANY FDQEH P R
DFFHVIE®! 1Q UHVRXUFH @ WG VHWILJV 7 KH VHBIPIRQ R WH DSSURSUDWM GHYLFH Z I@GHSHQG RQWH XVH FDVH

+F




5&)*/ 5DSLG &RQGILWLRQ DGDSWLYH )XVHG *UDSKLFDO /DVVR D
UHJLRQ FR H[SUHVVLRQ QHWZRUNYV

6HDO6 /L4+ YDMHU( % 6DED /0 . HFKWY .

3/ 26 &RP SXIMRCDCARBI\

,QHUIQ) JHCH FR H SUMWIRQ QHE RUW FDQ EH XVH XARUXQGHYARIQAQ) SDWZ D\ DRIYIW DQG JHQH UHI XOMRQ

. KB RQ® HAP DI FR H SUWWIRQ CHERUIW R P XG50 FRQAVRQY VINQJ [QR DFFRXQNFRQGEMRQ VSHALLIEW
VXFK DV IQRUP DIRQ DERXVDQ HGI H EHQI SUMVHOARQD LQ D VSHALLE FRQAWRQ RUDQ HGIH EHQI SUMVHQADRIRW DO
\WH FRQGMRQY VXEBQID@® LQFUHDVHY \WH SRZ HU , QWKLY SDSHU D FRP SX\BMRCD® UDSIG FRQAMRQ DEDSWH

P HWRG IRURIQ® HAP DI JHH FR H SUHHWIRQ CHERIW R P XAB6! FRQAMRQY LV SIRSRVHG 7 KH QRYHWV R \WH
P HWRG IV GHP RQAMDWG \WURXJ K D EURDG IDQIH R VIP XOMRQ AXAHY DQG D UHDAEDWW DQDOWY Z W P X@8®! EWDIQ
UHIIRQVIURP D JHQHWFD® GYHWH FRKRWR DV, QHWIKQ) JHQH FR H SUHWIRQ GHE RUW 1V D XVHIXCBURFHW [RU
XQEHYARIQAQ) JHQH UHI XOMRQ DQG SDWZ D DRIYIW & RQEMRQ DEDSWYH IXVHG JUDSKIEDODWR &) * / IV DQ

H M P HXRG \WDWQFRISRUDMY FRQGMRQ VSHALLFIW 1Q D IXVHG JUDSKIFDODWR ) * /- P RGHORUHIP DU

P X@B6! FR H SUHWIRQ QHE RV ,Q\KLY SDSHU \WH DXWRY SURSRVH D IDAMUDGMEDIYH R &) * / QDP HGWDSIG
FRQGMRQ DEDSWH IXVHG JUDSKIFDODMR 5&) * /  ,Q5&) * /  \WH FRQGMRQ VSHALLEW LV IOFRSRUDIMG [QR
DQRWHUSRSXOUP RGHORURIQADHE RIN HAP DIRQ NQRZ Q DV IXVHG P X@8®! JUDSKIFDADWR ) 0* / $ P R
HIFHQADORWKP 1V XVHG [Q \WH MADIWH AMSV FRP SDUHG R &) * /  HQDET IDMMUFRP SXVIMRQ Z W FRP SGf W
R2S . DQGPDNQ IWHDM® JHQHD@ DEGI IRUP RUH \WDQWUHH FRQAMRQY 7 KH DXWRLY DOR SUVHQAD CRYHO
VFUHHQQ) LX®1\R GHWUP LQH IL WH | XQIQHE RN HVIP DIRQ SUIREGP  FDQ EH EURNHQ GRZ QIQR HIP DIRQR! P DU
QAVRQNXE QHE RV \WHIHE\ UHGXFIQ) WH FRP SOf W IXUWKHU 7KH GHP ROADM \WH FRP SX\BMRCDCDGYDQMU H
DQG VXSHIRUSHURWP DQFH R RXUP HWIRG FRP SDUHG R\ R QRQ FRQGMRQ DEDSWH P HWRGY ) * / DQG) 0 * /

DQG RQH FRQAMRQ DADSWH P HKRG &) * / LQ ERW VP XOMRQ WG, DQG UHDOEDW DQDOMY 7KH XVHG5&) * / \R
RQ® HAP DM \KH JHQH FR H SUHWIRQ GHE RUW 1Q GLIHHQAEWDIQ UHI IRQV FRQAMRQY XVIQJ D FRKRWR

KHWMURI HQHRXV WRFN UIDW 7 KH. DOR SURYIGH DQ DFFRP P RGDWQY & DQG 3\ WRQ EDVHG SDFNDI H \WDWP SBP HOW
5&)* /
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