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OWRGXPARQ

+LJKHG XFDIWMERQU HXIVEGIWU JRILIBD QW DQVIR UPPMER QMIWFWRQFOXBLQJ

W KWBID S LIGYOR O YALKDRK Q R GORUQ 6 B BID WG L V U X RWWALIRHG X F D W3 R RV LVOK H
&29," SDQGHPIQR WKHIJHIHWP D QERRPSORVRDKLJKONL QOB G XDRWHN IR U F H
$OLQWURQBDP GDWRRS R QR KHG X F D WSLLRROIHDW VH VV ZHKQRKEFR Q VL GIHQU H G
LQWHIDBRW HD U QXS KW O $VVHVVPHDPW X VWX G H@W ¥ O HIEEILHO IDVDICH V
VNLD@SD @ HH L W KRHIP D WWKYUHRIKR @ W L PRISHNQ GH H G E IRFNX P P D WW K H RXLI®
VHPHVWHU RU HQG Rl VHPHVWHU H[DPLQDWLRQV

% H\R @Q/GJ D G LSWLARGYOFON FPUHIVHIQRMEH/GD O X I W X GSHORN U WKWHMUHBURFHVY RULHQW.
DS SUR D FKHFB VD X W K HIQMW HFY V P6XQMD KGR O $XWKHRWLHVVBRABBH\RQG
ZULWDWH/Q JQPISQWNU EDXHIGHVQ & FRUH® PV, W. QY R QG/HHWL J DLFQA L YW WD WV
DSSUR[LPBWE ZRIDNGDW\E K D O O HIQIHE/X CPIDM N Q F R X Q \WHKIHALDUU H HBU\O L N H

W U D G LDWLRHQVD/GP\M QERY XRGP H P R U L ] DDAKLVRIQHDQAWV HE/ V P Q O X YD W X & HDE Y GMLRN \
DSSGQRZOHEI®NLOGW D FWIDRDOW X G HHQQU Y LHP HD Q L QWIDNOBWP RQVW UDWL Q
FRQFHSINX® QD O\ RBHY VWR [FRIPGDSHJREOBR@HQH U DWRAXIWERWKNHQWLF
DVVHVVPHQW XFRUWHMY HULRRUE BM B GH QEBVAVA J Q P HUGIVI X L ¥ MQX)G HDRVR/Q VW U X F W
HIWHQOB®ZHSNUIRNPW LR QW HDGLH L DADVDL | BB WW L ALGSHIE B WSHI\H S IRWHD O
SUHVHQWDWLRQV RU SURGXFH DUWLIDFWV LQ UHDO ZRUOG RU VLPXOD'
' QFRQWHPSRGRED WY R QWNDXIWK HEDWWLHV V AIHDQMD L Q M GJ Q L | LLAD W WRQR P
UHVHDUNKK R Q.D0UMY U YORVGRIDW W L W ERROMXEY WR IBWHWH DQBRQOVEWWLQJV
6XWDHW®WL 6KLNZDWPDGKLOD +RZHYHWHPDDBKD OO HIQJERRS AW $ IOF

H G X F D WSLLROGFDK FFHR Q V WM B B W/J HROIG R Y\W R H PCHQVEK D O O Q@ NHYWK HH®MBUW LFXOD U O
IDVFLQDWIVWXGN O YBWRAR QFRE®W W K HDYW HF VP RGRY H V WILVIHMIDWH P HQ W V

WR SURYLGH SUDFWLFDO LPSOLFDWLRQV DQG SROLF\ UHFRPPHQGDWLRC



7KHSXUSARVWKUW Y LIV RG H QUWH.O\H % D QBWV H DB F K VRIQD X W K HDQW HEH\Q R U

HYDOXDWEROGEBRNSRNE® R QD OWHKUWHV XLAFMRP S D U UWMRIH Y LIR QG L DKM

UHVHDUFK TXHVWLRQV JXLGLQJ WKH OLWHUDWXUH UHYLHZ DQDO\VLV D!

« SGHVHDURKKVWLRRD U W KSDWWFHRQNH UIX W & HIDWY IHF V R/BQMBLLGK Y. J K H U
HGXFDWLRQ"

e SGHVHDURKVWLRRZFDQKEHVIWDFWRLGBWWKRBGBHVLI@PQGUQFRUSRUDWLQ
DXWKHQWLF DVVHVVPHQWY LQ KLJKHU HGXFDWLRQ EH LGHQWLILHG"

e SHVHDUFK TXHVWLRQ +RZ FDQ DXWKHQWLF DVVHVVPHQW HQKDQFH

7KLVYHY LR UJD Q LIGNMERIRR O O RZHWURONWFWLROIHWKHRUMWSSERBUOMQ D O\]LQJ
PDMRRQFHISMWKHR DIQWGMHW H D UR RIHXUW K HDQW HFY V FBHHEW LRG G UHVUVIOWHW YD QW
OLWH WHW XKKFRQ FH SSDSHOD YOG HIOHAWWYDRIED S S O\R OW K HDQW HFV V R BEKQ WK H U
HGXFDWLBQR ULHMHDUFEW KMMHGQYHVWLSBWWRRGHVFULEKNHVHDUFK
PHW KR G RQR D\XW& KEHD USAKR F FAHRPW LRI WEDWR OO HBWORQ O\WURBBG XUHYV
7KHHV XOOUBEVY V F X \LVBHHE W L IRQ J D Q EMGH V H DTKAHKY WWRQ YK ONLH MWK H PLHIW K H
HYLGHQ F HOEDWHID QVDX@KBIF W LR)XQJ J H WKMH HVER U D Q VL RIZ. B R G LMBRRQDPR GH U Q
IRUPR/IDVVHVVMDE QW HV HIINY W XUWHV H DIUFAHKQ G DD O \SRJ R Y LEWHIVF WOLF® RO L F\
LPSOLFDRM R B R WIQMWL WDX\WLKRRQSIRIDILFVP O R A XY W W\IDQ SUD FW L W L RIQWHR) V

GHVLJQ DQG LPSOHPHQW HIITHFWLYH DXWKHQWLF DVVHVVPHQW WHFKQL"




'K L OR-D QD X W KIRIJXGIR WW BEIVWHR Q F IREDX W K QW HN VEMQRWHD Q&DWYROYHG
VLIJQLILRY BAWKMN D URW K KDYKLJIJKOLYOWHBX S H RW WX W KH@NVD FRWSH. OO DU
*XOLNMDVWLDHMQVFKQHUOXHOOHUS$VKIRUG BHRAH 9LOODHMI®RHO
+RZHYMKHUWWBIQDFNQRZ O IOG®IRMER Q F H SFADXCOIMQVE\R Q Q H F VR R QWK HY KW KR U V
0D QV F KR OXVBVKWMH UPO W H UMDWHMVHLHDQWYRHI DX W K HDYWH K V P HRQQM) < X H Q
%DND&XODLPDQ $0OWKDXMIWDRL¥VHVVPEGWQQWUR GQERE VOMHFKRR O
FXUULEWOIPDLQYQHPEU\RQWBD VIHQ Y L GRAHD O G(Y HV 7KHPDLOX SR RH
LQFR U S RLMOMKHDQYW HV VP B WG HEXQU U LLFWGD H S B WK G HRMNMWDF D X L VL G R Q
ZRUN UHD ®LWHWD G XD WRR/Q U LHDAB 8 X 7KLDSSURBRRWUDMWKW DGLWLRQD
LQYLJLDDWHVE PW K DRVF XR'QPHP RUDWDR@ HFROL@® | R UP ZWWRLP LWHHIEO ZRUO G
DSSOLFDELOLW\
$X W KHDWLHY VR MRR W EBEDIHW V EHOWHIDWD U®© K VUBHD FW LI ® OR@ YW K H
OHDUSUQF D\DW K W X D WIHBGQTIQIRUD Y H VD O \GRJ D R\DW K\HR F IQCDONV R U H
NQR ZOHBQ& R F LIROQ VW U XSHALLWS. N RV K BHW\S K DVERDQ VW U XIRWRZQHBK H R X J K
PHDQLQ@QQOXW K HDFWILF LDWLHP\D VEDWDJHRUJLR®2 0DOORBDOGH] UHIHU
W R X W K HIQW IHV V DPRVPWLWHU LR Q D N MHWVH/@ERIB. FW BEWWMHAGD Q GD B & DMGAU H V
GHILQLEMP X O WIRSIFRID VV H V V RHKED\WM | OVAVIE WGOHHDDA @LEL H Y H P R QY WY DDVDLER Q
DWW L W ®RLEHM U X FW L R QA VUBRERMPY DIGW. HY\ +D\ DQGLWHQRXUDJUHH
GHVFULBEWYD@VVHVVRHHITWLYWXS MINWW KUWDPRFRPSHWHGRPHEVQDRILRQV
NQRZOHGUHD QBWWLWKBEWBRHHEGR S SDQV KAHJ L W M UWRKQ WWKRTUWR | HV VAIRI@® D O
S 7KHWH VHB UFKU MK DWW W BV ENBL BY X DWW ROV MP X QUCH/D KDV © DX L\R K D W
VWXGHQWY PD\ HQFRXQWHU LQ LOQWHUQVKLSY DQG IXWXUH FDUHHUV *X
6HYHDRX® KHRRIS/KDWLKEH U IR UP D Q F HQROWN RIWN\A\ESRIID V V H V V P QIN Q V
OHUUHWWG&ROOLQVGHIL@XWKHQWHNVPNRQURYLGWH G HQWRE SRUW XVR.WLHYV
SHUIRWBPVNROBHREOHRRM[SUHNEYRZO HBWAK HAR X CLGU H O0QL IBIL G LIQQW K H L U
FRPSUHKH@VWR® DV N WOHY IWRPHN XWMSOR\PIBQWUHDWRYV VXHVWVKDW

DVVHVVPHQWY VKRXOG EH SOXUDOLVWLF LQFOXGLQJ D YDULHW\ RI WH"



2WK B W KRUM OWKHM VSR Q VI.E D BR@/'\W X G H. QDAKWY K HIDWWIHRY V PHHQWAU H
GHVFUDR B M\H U\DWWHIMMD MHIQWE R X U B WOQAIWE@W.\D QR Y IRW L Y IQBD JMBUR Y L G H
DQGHFHLXYBIO L \WDHABLEYIBFHND GLRHO | UHJ$ODYRIXEQ HP SKDVVMWXG BE WWILRN \
EHFULWWRDQNHILDO\]RQ®& QW H U SIUHW US DMQL@ B V F U IDEXWWK HIDWAYLHRA\Q BV
UH10OHPW DQ IRKWAF RP@W MOW XDWDR QWX HPFWBDH WL FLPHOWVQIHOW QLQJ
WDV NV
% RXG Y L H ZDVX W K HOIQWY IHRY V RAHKQUVR W KBl H QRUV X V W D L R \D\EKD\HV PZHKQ\RRKH H W V
SUHVEBMWGENKLSHIDUIMWXG HRUXNW M HD UQHG &S/ 7KLIVSSURBDGWHORQ J
WHGMHYHOR SRHEE@W Q MHRGHAR Q VW URKFW XRGHYW T X WG ¥ P QWD U PLLEA P L Q H Q
$MMDZL 6XVWDLODEBWVENQ@WEM UPDWYYHVVPHQWVLRDVVHVVRHQW

OHDUQIRYNHVVPRIQMD U QLRY¥GEROHU DQGHDO ZRUDOUD BEQ U R D RMHK H U
ORUOHWRXSSH] 7KLVKLAWOIGW GXFDWULRIRIL®FOXGHOYKLONGRI\DQG
FXUULFBQ®PLIQWKKHFRQREBLPFHQVRR®VW DL QQEKARUNMNS QB BHXV M BQ

HPSKDWLKAHRO Q HF \E HR/Z DX @ K HDYW HN VP IR@RUN E DDWHDG GIHYHO DS L QJ
IUDPHZIRFX VR D SDE LDQ BRPYIQW HE VV R F LOLWEKR | H V \ELUIRIDADEE K 19 MAR O

K LJ K OW KKMS R U WRDQIFIH ORIQ .U @UUQG X MQKD YW K HDQ/W HV V B H @ WIMWWHG H Q W V
WR HQJDJH LQ FRQWH[WXDOL]HG SUREOHP EDVHG H[SHULHQFHV LQFUH
6 R P I/ F K R (DDMJW UK IE\KWVARRUE RDQ WR. 6 R @ W AR X RVGAHDQAV HY V PR Q WADMXGY D Q V

VXJIHMW X VWXGB QWX IFRP P X Q IBMLRQVGEAR Q| LRMWK W HDRUARFXVLQJ
RQVNKHIHY SRQWLREQMMQX QN QR X/ XOUHB/ UD Q V | DWRLHMV RPB@W RUHQFO XV LY H
SUDFWKBA® OO $OEDSURSRMY RORIHEUNG H FINFLLYOH WWDNGEHO@WR/'U SRRUDW L R Q
NQR Z O D@IAN LIODWRO LW MLEDIQ B8 K D YARIW W K X U F U L W IDTOVWHR/H QKR K WK\H
O H RV R F IMDXOV WELG ¥R F DIR IDQ B F XR/QV W X G H QIM\O DWR RS L H IV W WHKIVQX VWD V N
SHUIRUP BQ R\ MO H[SD RGO F$SUWKXRUBGYRFDORWDEBURDSHUVSHRQLYH
DXWKHQSW.IHSWUURG X DVWRHVI RBBUH VK DASKIW U D Q V | RARRLEA[BL @B L Q W DWR HQ J
LPSRUWDQFH RI ZRUNSODFH UHDOLWLHV
$XWKHDWWHVVRKQW[SD EE\RQEBDILQDHPRUYEHQD WIHRM DFWKHQRWF LW\
VW X G DQWWWK HFIRWP P X Q L 3V B K VQVIDQGMY/WY K FHH Q VRHIUX W K HIQWY/ IHFV V PPHDOEAH W W H U
SUHSIVKHMRD XQNQRX QY X4GG LWL B BBD\Q G HO L FL W DWW IPRIQWH \L\@ ¥ L B MOHIBN H G
H[DPLQDWDRREMHDH S O EFHIGW H UD\DWHIWPMIQUWRKQ RS QB W I RAXPWOHU +HQGHUV

&UDZIRUG .DLVDU DOORZLQJ VWXGHQWY WR FRPSOHWH H[DP



JRUFODUWWIMWXGLOXYHVKWHUPIYXWKHDMWY/IHYVPBQBWDOWHUQUBWHYWPHQW
LOWHUFKDQUHGESWKML HYW K DWWHQWIVRVHVVANDRYLQQRYDWYWXEHQW FHQWHL
SHGDIJRNKBIWXLIVDGXBWNKG HHQWWKNQRZOHBGWH L WNG&IIINMEFRPSHWHQFLHYV

QHFHVVDU\ WR WKULYH LQ WKH ODERU PDUNHW DQG DV FRPSHWLWLYH

, QW KIHQ L WWD@HH O H © D QW WIHW X HFERQ F H SSADYSIHD @ G H | O H AW\ BRMW KXV IR |

D X W K HIQMW HR/ V R IGKL\WKH G X F D WH. B[ D P L QWA V W D BFQRIQMK 1D [WBVG H QWHLVH D U F K
JDS\ PXO W LRNXIGW LFHDHAQ D O\ |HE®/ K HILQ G LAHWHX PPDUIDWRB OO BIRYLGLQJ
LOQWHUHVWLQJ VWLPXOL IRU IXUWKHU UHVHDUFK

$QHDUNON XB\WOXDQE@ OO $OEDDWWHPBRLYBQW RO RB 5 PDL 6 WRLKEMID Q LRY J

D X W K H @WILTRLBVARLINIWKHHG X F D WSLURRQAIMDKYD @/ D NHW X G HE WR P PQ WIKK OKOX P D Q
7KHDUJXW&D YW K HDQYW HV V BH Q FAWKRIEHG H F R J QQ RRVG OWW D VINYEHKDYLR UV
EXBVOWVRR S S R U W XMWY X & WERW MW L B DVOHN WRIDIMYHHYW H U CZAWRKR R NDUNG H O |
DZDUHQHWMPSKDVIWKREQ W R O RILFLD OFDRQFW K HOVDIOFK D QMKRR Q VW URFW LR Q
VHO! PHOUDLMVDPK K Y QH Z DZW K H @WILA WY URLIE X BVUHW LVE X @ IR LA/R UINO L ZQ WKK H
UHFIOWKEWHDQQ@®DUEHU ZKLFRSSRWHIWHH VW WLLAHEB & W K H QUBLRLWN U QD O
UHDO ZRRIVWEBIQW® U J X MAK R WS R U\l B § MARWWW X G HROQWAWR O BRI GIBOVWHPRORJLFI
VX EM H FDMLEYH. I\D\H BW H@.D E H U P BWKRWU H W@ HRIV® 1\Q D OVIHHOS HH D QG HJIJRWLDWHG
DV VHVVPHR@WKSR W H QRVE DI WRDRIOR/X S S RUKWM S BIR F H VAKHD G Y R FIRMIR O LV WL F
RQWRORDIQFEDSIOW H P R Q R RIXRIGKWE K HDB\8 UR DWIRIDVO DQRB LDERPRXWQALFDWLY H
UDWLRQDOLW)\ DQG YDOLGLW\ LQ DVVHVVPHQWYV
7KSDUDGULKEIWUMXER9," DQSRVW SDCHIHIPRW UD G LI\ URIDWOVWHRH QWR
PRUB\QDPRPOIHYHD O X MRQPLYRQRQRBBWRP S WHBGH D U RKEHQUWH V W K B WHR |
DXWKHYWHNYVP@&QWMPRDWHUWMLWKKLJIKO L WK@MHIKEG DW U D Q V MVIVRIY VP HQ W
FXOWMRPHPRU\ GHS HDY&HYWPWRRWMAHD QL QYOO X DBKHR O B KD GKJHHO SLQJ
VWX G BEWVERIR SHW HQHQHWBRVW FRPBSWOHR\PHQMO X@HQPZREMODERUDWLR
OHD G HURRKQISPIDFWD JH P RQWD QLD W QRQIDPAD QD JHP MRMO DKL O LBV DB BIIGW D O
WHFKQRDRRWW IDSP&KIHRQJ FRQGXFPHGEG/ D D QR IOLWN UDRWPX UW R

HISORULQJ OHDUQLQJ WHFKQRORJLHV IRU DXWKHQWLF DVVHVVPHQW LQ



7KHNR X Q\GK DRP HUMDIH D U HE X QR YR FIXM\D PH EDDEBL[HG U RIRRDOWA L JK O\
YD OLGBXWDE i KD O O HVQXIFHRYWW H F K Q R®RDW XXIQ RN U WNDLMIDOD Q VIGI® \ VW H P
VSHFLDOLYVWHEDS VOLHDHU @ HE K Q R O B QINANG R @ BMAW K IGAHED WRIYF H WQK IQLIU
XVHIRUDVVHVVPBQ®UDGLIQIVXMWPHUJHIEL T X L WORDMOW QLRBK QR OB BIVISY. W H

LPSOHPHQWDWLRQ FKDOOHQJHY DGGHG WR WKH DXWKHQWLFLW\ RI GLJ

SHFHQWWHUBDRAKWUHHUM ILDQ .DLVDU VXJJHWWKBMWFKQRORJID ERQIOE QH
OHDUQHDYDPRVHWXGHQW BIS SRIARKUEHHED U QLUHDIF KLV VHVV FHOWK FD ¢
GHVLDRWKHQWILE QP BIQYWW X G RGWYRQ®HVSRQVLEWDMBMHBWR X SWRYLGH
PRWLYDWBRBRXUDJDPISQW S VK HZR. VWK O DAMDH/BH RSHHU | R U P DI\FHK 6 W O
HPSKDVLWHKBWHUBWRFHVNDXWKHQWHNVPNEWVFROODERI/DRVYRQ
UHFRUGLHIA$R H V H Q W BDRFLKROQNWKF KDY H Q W D VRSIRYW R F LIDHG LDQ ® SRUWIROLRYV
Z KL FHQ KD @KW K H QGVHYFH O/RY FHQWXDQ @ W L P XCOFDWWIWEK GOHHOD QLB PLQHQ
% HDUPD@EMMDZL FULW RKNDBMKHEHVEE H V IGIIQI L W D O O \ DPHNGKLHDWMIWEEY V P H Q W V
WRUHS B WK G HRUWKGIL J IARDO BEHE R Q F O YVGKHPGW UBDQMK HDQYW HN V P H Q/\K R G W
QRW IXOO\ ILW IRU SXUSRVH LQ SUHSDULQJ VWXGHQWY IRU WKH GLJLV
+HIDAAHQWKDOHIHYLHZHBGW X ®LHEG HQ WR KRB GIRDW H J RIRKHO/DYMHVVPHQW
PRGHSHHWHDFIOKWRPDDMHGHO | DV VHBWHIDYWH VV RMQW GQ R U P D\ QYCGH
VXPPDWRYIBWK URZKUJKWILDVNVSRUW IRQDERR M HDFWAR P DWWIEYVVRMQMT XHQW O\
XVHGDRUPDWVYYHVVRHKQWRTIXXIK |BQGEWD QG DHGL] RGNV H B FIK\MVWUH V VPR Q WQ O\
IRUP D VDISSHW K G R BR U WDRGIURW H F W EW VY MIBR/EH® | DV V HMKFPUHRDAY Q GH
UHI10HRWIYRON I[SRIUW IRVLRIQ G UR M HAKWMK L IJK O L IKKHH G4 FW L YRIQ W\ Q H
DVVHVVPRAE®UR VOIHDPURKYFRVPYMI\WP RW LY DAMIOR Q) HJ XOMDWIRPOHM HFWLRQ
DQ&DWLVIDBKWE RV WRYKNO XGWW U X ¥ WS KRRQW UD Q V SIUHEHID QWIGY VP HQW
FULWHULD
/IRXUHRQBRPHV LQYHVWWXIHVSIR R Q O B&HIW V H V V RIQOWX G KDWY RQ Q J
KLIKHBXFDWEKRQRXQLGM I ITHF VW QYW L P X ODWMXEEIW R U P DDFFIHO L WQRZ@H G J H
DFTXLVDWGRQYHO RRKPGH W HQEABWU L WALKID@DR HQUD FR IJDQ WR ¢ B DLEYMN D @/0 V
DQ®HOI DZDUHIHMAK D QD Q GL X DJUHWGG DWW K HBQMV HFV V RVHRRABDK D Q F H
V W X GO @LOQM K R BRIIKW K H P BIVG X F\D WVLKRIOF XU/H P D IR@FR P S X W D WNL IRGXIMDK H U

WKDQ IRVWHULQJ UHDVRQLQJ FUHDWLYLW\ DQG UHDOLVWLF SUREOHP



2WKHIH Y L HKZDN M\Q FKUR @MY WE& HRQWMHY V PHDWE VWKXUR IHVVORKRLOKOLIKWLQJ
HPSOR\DEQDBKW X H Qa/RINFKLDADSIDAHKQER NKDQYDUGHP R Q V WWKBHNIG. ILRD Q F H
D X W K HEDWWLHV V LK @/K D Q FLMD U L BID I D J MW X G HD@MBR V L W L ® HODK & @/FK H L U
HGXFDWLRIMOHHPSKDVIWKGHYHORFASQRIHV VL RIQIDEIVEVFRPPXQLFDWLRQ
FROODEREDMWWRRD Q NSWREOHP VBB MKW LYHQHYXYDUBQBAMN | FRQILGHQFH
SWLIQBSIIRNRIDOAGDNDO  VXSSRUWMKHM G L QRW MKIDWWHU QB WHYWP HQW
PRWLYDWHY DQG HQJDJHV VWXGHQWY PDNLQJ WKHP UHIOHFWLYH DQG
9LOODHMRHO KLJKOLNKNAHBUGIL PH Q VR QXW K HQWHNVVPHEWOERBQLWLYH
NQRZOHBQ®B YDOXDMXGYRHRWSURSRUHRBXU VWRGHFRQVLGWKERUNSODFH
FRQWB BN LJ@XQUK HIDWIHR V PRIQDABW REO H P BV IH¥@J D J VQWIX G HLQUWAXG JP HQ W
FULWHULD DSSOLFDWLRQ DQG SURYLGLQJ IRUPDWLYH VXPPDWLYH DQ
6SHFIGLFFLSOLQMHRENKFENVDXGH\DO L@ XUVHQXFDWGRQ WLKHHPG V
OLRELQIFDOWHRH VHVYV PIQE@WP XODWDRON\ QRWMIGKMDOWEBRUHVLRQDO\V
SRV LWSMH BN DKMGK HIQMW HY V POHRQW D UL MIQGLMDW GHPRQVWUKBRNGW LY H
HITHR M X W K HDQW HF V RIQOWX G FOPWQVU XOHB USHQIR UPIDFHODVVURREED UL
SUHVHQWKHG HFW L YRI@ B WYY RXSHVD X W K HIDWLHY V RIQQEW O U\DKQ J X D J H
7HDFKLQJ
1NKRPDN KR PDQ X KLJKO L YWKIMHSDE VX W K HDQYW HF V P @ WR X QRARIXQ H V
HPSKDVLWIEHYHOR SPIHEWH QWN.MIMY ® W W U LVE K WRHNXIE U UFM O H FARIXYUHD D O V
SUHVHQ WDQVEHR®IVIONVNB V V P HKRVW \D O GLVFXWWKiHE S R UWRDIF®I LOBQ &/ \
UHOLDELOLW\ LQ DXWKHQWLF DVVHVVPHQW IRU VHDIDUHU HGXFDWLRQ
7KHPDMEBUI I HUHEQWEA MHKE W W H POLMHFW BIW MHES D VUM Y L HYE WR F XRWE R WIXF H
WR | IDRHR Q O HEHK F D WARQ@\W B KW @HU H Y LIRKKYL HDW EHHBR Q FH S WX IDDGH FRWL Y H
IRFXVRIQ/SHFIGIRBLQW KV W XIB\WGI\W H V H DDJFRKRIVX/L GWUS H F WRIGR VF L SDQ G H V
H G X F D WH.® QLDURQ\PVK RJ K O M) KMHRW H @ VB IXDVK HDQW HV V P YW L R W W WOLQB W V
VLJQL | URIDEWKGIHD U QUAF HAVRW HRUL B L V F X WWKSIW D F VDIF®RO LPSSOLFIRWLRQV
LQFR USRI OWH KEQWIHY VRIO@RIKHGXFDWXBOQLEXRY LB LRXYQ G DM WRQY X UH

UHVHDUEFK




7RPLQLPSRW H B WIDSO HG H IWIHISHR WRFR O JD Q WBRIGY Z\W KIHH VH DTKFHR/ W LR Q V
7KHOLWH WHWXHRAFRQG X EWWEZHRYHPEHUDQEBHEUXDU\ IROORWK®HVLJIQ
VWDJHV RXWOLQHG EHORZ

$ V\VWH POMWALKFWDYLXRIHHOH Y VWS XEOLYKWEMKWMLPHIWROPH WR  ZDV
SHUIRUPWIGHD HF WE RW DE DMHVHME RIGFLHQEFMRS X\, & 7D\OBRQGUDQFLYV
6S UL QIHIHD Q GRR J CBHF K R GBDAR P SKUHHQ V DY. M/ H WIHW MHHEO IS H QNVQLRYZ O H G S
LOQWURWKARUHWRLFEFBDRBNYHGERE®FHSWOPGI ZRGNVFXNWHAILQGLQBWHUDWH
UH V H DLUGRKID\WQ @ Y D O XCHV H DR F R XIDW L P YD WS-SR\ UWWHIMQHID BB KIH HHY D Q L
5HYLHZ®MSLYRWDIES HVFUMKNQNDWH R IL@KIHDHWBMFARGQ W KH\VSUHYLR XV
ZRUBURYLGQ @HBQIXO \FWU MW LA MLNQWVOXGH M B O X PWWER G R ORI WRSRVLQJ
| X W YUUHH H CBUDRKK Z HOWV K RAKKAHR Q F IR SO W K HDQYW HF V B MDQR®WH 2ZW KUIHH Y LR E XV H G
RQWKBIDGWFDGKNR VLIQLILEFQWLDE K E O L F DV IOFDMRY & WAR STRLV X U 1LH

S X E O L F DSMDURNLMVDN Q/IESID Q G H P MFW W U IMER YRHXG/ SH QRIIHRQPS HUL RGWH UW LD U\
HGXFDWLRQ PDQGDWRU\ GHWHQWLRQ RI VWXGHQWY DQG VWDII DQG W
7KH35,60$PRGHOUHIHBWHSKR UWWEBFARWB\WWHPBWYEHRPY ®HWD $QDORUHYV
FRQ G X FON MQHIWDIW X HIFRK HHUY O 3DJH WO ZD\DSSOLGVBVHNV XBRPSULVLQJ
W KIIR O O RZW®B 8W H D WRAKU D W.H/H O H F W LTRX@ COLWWAH V V P HYG\D \M PW U D FDVDLER Q

GDWD VIQWKHVLYV







7 KHLUS/KAD VVHD WRKUD WO YR XWH Q@ #H D UFEJI L YKVFBVRRJIDEHVHDUFKYRWH
VHD UIRKW KW HUB X W K HD'W HV VPMR BW DUGI QHUPSUHVRIMRQR Q\P RRV RW

SKUD VRIW KER Q F H\SHID E O H7 K LS/U H O L PSLIQID\SHU R Y LDER YV H U YRLIW KRHX U UKV DWWV H

RI WK QEYW HIRE[SHUWRWY M UD P H ZIRWNV W H PIDRAVIHD ALIXQ H Q OXBIE MR Q H
6LQJK 7KURXNKSNMHOLPIIQDWAED R X QMK IV WAHR Q F IR W K HDQWWR/H Q W
ZHOO GHEL@KMG HHVHD U FKHEMV L RARIPOIDX WK RVM & HURXFOV DOWHUQDWLY
DVVHVVPHIHV IR UPDWOFHYVPHHWIRUPDQFBVVBMHWWAE BQBFRPSHWHQF\ EDVHC
DVVHYVVPHQWH U F K DOLWEX\® K HDQYW H N V P-HROZM Y MUKW H U DK W K DYWHF VP HQ W
DQG DOWHUQDWLYH DVVHVVPHQW ZHUH WKH PRVW FRPPRQO\ LGHQWLI
6XEVHTXHMW &G OLREOBONDEDNUMR QV X OMEHRI6 FLHQFEMHR S X8 ,& 7D\ORU
DQBUDQLSW L QIHIHD Q GRRIBGRAK R OYIXWY H D WAKUXQHZDV DXWKBYWHFVPHQW
25 DO W HUM\DWHMHP2EQ B/H U IR U PIMVQWAHV VPSHIOW HITHRWVLPSDBW KLJKHU

HG X F D W/LKRHQH D UIIRKE X VRIQD E V W UDIPMWWHC NG \ Z R UTBWD E V W UTHAMAWHHSIU H WK & W
FROQWRHDW UW ZKQ¥MHDUEKOGHGUHFRIWARAHERIGFLHQFFR S X%, & 7D\ORQG

)UDQHALYG UHFRIUWRWSULQIHIHD QGRRIGHAKROMRIWDOLQBHFRUMGINLIXUH

QW KWHHFRIGD VMHOHFWKBI®OPDLQLQS XE O L F DVMLIWREEWVW UDG & X' S QLHABI U H
LQGHSHQWBHHHBWE RIDO SDSHAHIHFO X ®H® YL Q.D UW U ROHIMKHHYUL HZ

IR F XR/QN KIHS S O L FROIVX. W @ HDQAW HV @ WEK L J K G X F D IWMQ RWY L WHHY HRI@WQ RO G
H[F O X VUR@WZAHULIDY WD E OW RKOIWX/Q R Q U H OHUD QR H VIHU L WAHHILEY X F LR O

HQVXULQJ WKH WUDQVSDUHQF\ DQG UHSURGXFLELOLW\ RI WKH VHOHFW



$1WWBU X W LKODLAKR B X P ZBIM[ F O X B &K RIMHJ H OMW BVAWVX G R KRV K G MG RRAH H W
RXBUHGHWHUPEQXDMED B{F O X FULRWHHYRQ\GVKH[FOX\RURQ SDSHUOKH
UHPDLQLQJ IXOO WH[W DUWLFOHV ZHUH WKRURXJKO\ H[DPLQHG IRU FOD
'H WKIDGSORDWR&HPDWDPSWRFHGWUHJI (DFKHVHDUWRIGHLLY L\ R BR OMHYG

W K R UR XJKDED F 10 U W LPROIHW MBLOPHYWRX Q G H U V IWDNR 6 X W K H R U BRWQIGAHDUDS LQ QL QJ V
PHWKRGRORSURBRR L QWIQMPBQBD LOH V XEXEY H T X HD@VEWD LQHTU P RBAL R Q
FRPSDDK&LVFXWKOHBBEQQVH QWXYHDFKH® KH VWXGLH®LGRM)FOKGHID U
HPSLUMFDGHREHOHV IRIGLIIH DN HQWHNYVPHQWRGLJKHEXFDI/QRBUH
WKHUHIRUH H[FOXGHG

, QW KWK ISK® WHKTHK D GRIMWRGHD W BZAD WD V V H VIVRIGF H U/QKUBY H DTXFHK/ W Z ROIDQYV Z H U

W KUHH V H DK W R RVQRHV IR ID X W K HDQAWV HEY V PRIQAYQD FH WRRIR DO HGKFDWLRQDO
V HW W DQIW X GRHHW L\@ KIHQ F O X W BWHH UHQ FO X GKIHEL Q BO WBI AR QV LRW H G
GRFXPHBDK\ZH UIKK U WIX®IO \ WHESUYR. GCH) J U H J® DWR W KGIL W H WIHW K HBH VH D U F K

TXHVWLRQV



7TKMVKHPDWDP ALBK XD OLWDWRYHHDWDER WMERD O X WKHRDWAHHBAGH ILQLWLRQV
RIDXW K HDQW HN V PHRBN. | |H DN QWRHYVVSHFRQAPYHRHUDXQ +HU]JRIDQGNH
+LWWHUWDHHRW O W KD F WRWWR F LDLIWHOEY H QV KKL J KHE&X FD WYL RQXDW LY H
SURFHMYSURYLQWLIRWVYDFVDIFHROOLPSOHPHQ W Q GBXLVRQWAY H DSDAK R K H

W K HR U BIRDZEDDAY BH Q H UDDWCHX LIEGIHD Q @ SHFISILRSRRPOW L OY PLLR RWHU QD WL Y |
IRUFRRMD VVHVV QW L AX0 KSRV\W S D QUERHAALF & R ZV K HRVHHW K R& X B IBX V HIR U
IXWXUH UHVHDUFK

OHWKRG R O R HLEDSZIRAW WDKBHER IR IVHKSH H U U H YOLUHE BEER BIRGHEN FULSOGY B JV
DQGKDUDFW HRUKWE/DAD VKRR VWD U JH W SIDJRWX SF ISKEQ@W FTHDILRHR JUDSKLFDO
GLVWULEKWKRGROR SURDBRWKHUQLIDNSEWWK MW KHP DWDPO OHWRHUWDL Q
GHULWKGE PH¥\LPSRUW B QW WWKWWHADHQ R Q W H Q BLLIRVQ\DKSHH O H FAWHKKGD 8 @
ZKLORVWHY LHZW® GAHHUFR Q G X V@G W U D @ I DRIQRAU W | O MVAKWHM O H FSMLRRFQH V V
7KH W S HDMWER/MI UR Z LL@IW HWUE 8 /0 \D W K HDQMW HN V BHG\W J RVIR Y D O X/DWAKKG H Q W

SURJUHVY DQG WKH HGXFDWLRQDO SURFHVYVY DV D ZKROH




5 HVX@V DQG GLVFXVWIRQ

7KH SDWHAUQV RI DXVIKHOWE DWHWP HOWAWXGLHV LQ KLI KHU HGXFDVIRQ

7KLVHF WGE RWDF X WWHIKH V L Q G LRIVWKWHW X GRGWKXV HR ID X W K HIQM HR/ V R IBKQLWK H U
HGXFDWREBQHRWHGH Y LHZS UR Y LSHUWV IDAH/QWWUR/X U H V H DIKFHKY W R R\@ K H

D U W LMVAOOHH/FF RAHEGY LW KGIL VW U LIER R WH R IQORBPIWILNR @ R O O RVZVRW X AlCH V

RQ MW XL W ZRW X @ICH V VLYW X QICH V HLIJWW X GAICHV
VLVWXGLQV H O H YWHDX GLLGH V H O H YWHDX GLLQH V
WZHQWVW®BAICHV W Z HQ WMWLEICH V DQRB QMW XL

7KHDPRXRIYL W H RODWWHKIHDQYW HF VRBYQFUHBR 8 8L G H QDO WWW\RH D UVQ G
PRUSIDSHRIWH[SHF WHHRGES XE O L VY @HKER P L QHID UWV S H F DD\OVA KBD Q G HPW E\DLW
WKLV W\SH RI DVVHVVPHQW LV WKH FXUUHQW DQG IXWXUH WUHQG LQ D\
0 R VRVW KD S HAHWUSHX E O L V @ H GKLAD\G H [HDGV H U Q\DFAL HFROINBRL® U R EBV $VVHV VP HQW
(YDOXDMERIKKHGXFDWICRQ 6WXGLGHYIKHEXFDWIQRQ 1XU\BXFDWIQRQ
3UDFWRFHDPRQRWKHVHADEGHLGSSHQSLTKHHV HDBDFRKHLWHD WHJRDY]H G
SHHU UHYMRZB@BH QY FRQIHUBRSEHQY RWERRMKDSWEUVSHJIDUGLRH
W\SR¥BDSHWYRDMRDUMRSLULRUYBDQFK IROORZABGW H WHW XK EHVOF BR W/ILE D
UHYLHBRY WKHRUHWLFDOSPRB®BESWXBIHMHYMWHY SDRHUWD QG HWD
DQDO\VLV ELEOLRPHWULF DQDO\VLV Q
$ X V W WDIQOHHY=H D@® F F R X Q RAM KEHD U JHIX/RE R IV W X G QH V IROORAKWGLD
ZLWK VWXGLHV  7KHVWBIHV XOMYWDK DWV HD U FKRIBXV W UD@&DLHVSHFLDOO\
, QGRQHMLYHL I QL ILFR QW O MERXWHEEVDLVR HV V P BKQ WKHEX FDWKRWY QIOXHQFHG
E\,QGRQHVLDFXUULFXIODHD QGDMHEPDWYVHVVWHBQ\WRP RWHKX GHHQM JHPHQW
DXWRQRBROBULWIHONQRXIDG$SVKWRQ 6LPLODXYVOWUDPEDG LEVRISWHRKIKV
EHUWIBILBIBW BS¥ERXQVWBQWHTXLQMLILDDWHG/PHQ WYXIBILW KB USHURAR Q
RQOHQMPLQDWRAG X NWEIGP DRORQOLQMLJIL RBWRYWUDOLBHGGLW L RQDOM \
VWXGLHV ZHUWHFRUG@XGROHYMGLHY LGPHULFDQ & FROGWIFWXGLHV
LGIULFIRQWMQBQMWXG\ LERWKLDQGXUR IH U WK X GLIKBRRH QW LR Q

WKHLU FRXQWU\ RI RULJLQ



7KHIPSLULWDNGIQMR OWHR®RIDO UHVSRQ ®OQWIMNP SOIHEPRQWKHP ZHUH

X QG H U J U DIUXDGKHRWS R VW J U DGV B ®/HELWMD P S @ H{HWD Q JLQR PR X W R
SDUWLF$SDBQWNVRQDOMY W L FA50HFEW RUB BXPMREHZNVWIIR P SWOIHHMD QJILQJ
IURP WKUHH WR SDUWLFLSDQWYV
7KLFRPSUHKHQQDOHKLYK O LWK\B® R EID@DWH DBBA Y HD\BKS O L F R WODRWQK HQW L F
DVVHVVRIROWKHGXFDWIHR QHEWMDRZ LIQISR UWDQ®HOHY DQFRQWHPSRUDU\
HGXFDWLRQDO SUDFWLFHYV

$ X W K HDRQWMHY V mHIQARIVE HL Q W H J DIDVBHEG ODAGRIVYD U LRIWFLHQGWUMEESOLQH YV
DOORZRWUREDQLQIVXE VVEEEQWHDHERMKLJKHEXFDMIWRKRKMER QILYRG

W KQHD U FRRD | LRIBISYD U W LFLAVCFRL \F & VPVHSRHD VV H V V AN YWY E @IENDKHAVGFR RQHFWLRQV
EHWZHHQ QHZ NQRZOHGJH OHDUQHG OLIH VNLOOV FXOWLYDWHG DQG \
7 KHS DWBI Y H DADKHIBKRD M R B WMWWKNHW X G QHYV ZH UBH O DMWRBS O BRGHQFH WX GLH YV
FRYHUWHKEL HCRGVXPDBRFLDQ GG XFDWIEREQFHVW X GIRHFX VRIQY DUV RK(0
FRQFHBMWBHDOW KFDHE PH\EQ OV W X &IHHNHH O DMVRHKED W X8FLB Q FEIWHUHVWLQJO
VW X GARMH PXOOIE BV F L S DK IQBINKWH P D L Q VQVIX CAIHGRAMH QWDROHFERGWHQW

D U H{DG G L W L R (DJONCLVAHOOHH/F RWHKSHM-H YWY XZ3H UM K H R U $1 DV HEOAB L W H W BIW XK ZHV

/KRUHSUHVHQWKBURBWPSLUVWXOGLHAMR UG UM Y UREZHSLHAVHAIKBIROORZLQJ

WDEOH 7DEOH




7KHIPSLULWDNGIQMR OWHR®RIDO UHVSRQ ®OQWIMNP SOIHEPRQWKHP ZHUH

X QG H U J U DIUXDGKHRWS R VW J U DGV B ®/HELWMD P S @ H{HWD Q JLQR PR X W R
SDUWLF$SDBQWNVRQDOMY W L FA50HFEW RUB BXPMREHZNVWIIR P SWOIHHMD QJILQJ
IURP WKUHH WR SDUWLFLSDQWYV
7KLFRPSUHKHQQDOHKLYK O LWK\B® R EID@DWH DBBA Y HD\BKS O L F R WODRWQK HQW L F
DVVHVVRQOMWKHG XFDWLH QHEWMDRZ LIQRISRUWDQ®H OHY DQFRQWHPSRUD U\
HGXFDWLRQDO SUDFWLFHYV

$ X W K HDQWMHFY V RAHIQARVE HL Q W H J DIVBISG ODAGRIVYD U LRIWFELHQGUMEESOLQH YV
DOORZRWUWREDQLQIVXEVVEEQWHDHERNKLJKHEXFDMIMWRKRKMERQILYRG

W KQHD U FRRD | LRIBISYD U W LFLAVCFRL \F & VPVHSRHD VV H V V AN YWY E @IENDKHAVGFR RQHFWLRQV
EHWZHHQ QHZ NQRZOHGJH OHDUQHG OLIH VNLOOV FXOWLYDWHG DQG \
7 KHS DWBI Y H DADKHIBKRD M R B WMWWKNHW X G QHYV ZH UBH O DMWRBS O BRGHQFH WX GLH YV
FRYHWHKIHL H CRGVXPDBRFLDQ GG XFDWIEREQFHV W X GIRHFX VRIQY DUY RK(0
FRQFHBWBHDOWIEFDHE PH\EQ OV W X &IHHNMHH O DNVRHKED W X6FLBI Q FEIWHUHVWLQJO
VW X GARIWH PXOOME BV F L S DK QBIWH P D L Q VQVIX CALIHGRMH QWD ROHFERGWHQW

D U HIDG G L W L R (DDJGNCLVRHOOHH/F RWHKSHM-H YWY XZ3H UM K H R U $1 DV HEOAB L W H W BIW XK ZHV
7KHUHSUHVHQWXBIWLRRBWP S L UV WXGULHAVR UGN BUW Y LLHEH S L AVAHIBIR OO RZLQJ

WDEOH 7DEOH

7KLVYHFWLRWHVWHKMHHWKRGR OB RIFHOKM W L OLQMISHW X GLLAHAVO X GIM KOVYWHUDW X U F
UHY IDHY® KCHV V HV V VFHRGW YWERR O OWWHEIY W B H Q F O X/GWXGEULHAYWAMVIK@ MWV H IR K H
XVIRIDXW K HQWHFRA\QRHWKREWL JKHG XFDWGRE@ L Q EWEHIGY HUMMH DWWFBKXFW XUHV
WKDW GLIIHU VLIQLILFDQWO\ LQ WKHLU PHWKRGRORJLFDO DSSURDFKHYV
21l WKH HPSLUVYWXOMN KD MW KIHQ F O XMLIRQPIRVAMH UAXDOLWWBDWWXY GYHY 7KHVH

SULPOHASOREBDGWHN XFCHW KR G RAHRIVHWVERQQRDIENLQVRIPOOHZHOWVHPL

VWUXFIWXWHGYR G ZWR O OH B\WM NMBWLO 6HZDJHJQ.DOH RURFXIWURXS
GLVFEFXVVLRQUDERYNKOOLDPMOWVRQ SREHUWWXEHUN O 2WKHWW X ZHUH

EDVHRGEZ ULWWWHQHAWRBQVHVVPHMHZYRURZDONLHZLF$VIDURDFEDVNLOO
$EUDKDPVH REVHUYDWLR@RGEDUOHV¥HH GDWIDQDO\WILRFRHDUQLQJ
ODQDJHPEH\YWHRY6 :D\HWO RQOE&BWWQLUDPDLVWU\ DVZH®Y

GRFXPEHQWODQDNVVHVVBHRMEKLNZDSPDGKLOD 7KHVEKDOLWWWGKHO/LHG

RQ LOQOGXFWLYH WKHPDWLF DQDO\VLV WR HIWUDFW FULWLFDO GDWD IRU



7ZHQWW XGQHVXW L OB GW LPAHDWENR PI'S O R TLXHIV W L R @ REIDLOMHRMH Y MARR O O H F W
TXDQW LG\CDMELLY®ic BHUY L QALVVLQHQI/LP H[SHUL P HOPMIRQHMLO'QW P D

$0O 6DEHDIO TXDVL H[SH UWWHPHQGHRGIN O DFWUR®HDEUHAKLIQV
%DNDU 6XODLPDQ DQG VFHQDULR EDVHG GHVLJQV -DPHV &DVL
$GGLWLPRIZHDWWVWEZRBIHY XVHBPL[HG PHWKBGRDMEKHG PHWKRGL UM
VLJIJQLIEFDQWYUBIL D Q J WEBMALXQP®\S ¥ RW KRR P S U H K HRIW KRIQ G LOQQ®HKU H B\K H
YDOLRWWAR Q FOX BURHY ZBA®' K 7 KH WHV X @LIBVO/ILING U W TKAHD/O\BLLRUDHQY G
RSLQVRQY H\WT X D QW L @/MWRISYHQGHIGE Q W H U YWLHEIWQ V E X&RIHW]HIBFKPXOLDQ

VHPL VWUKOWXUMGH@YH DQGRFXWRXK W H U RIHIWWE O 2Q0\
RQWW XGIHIP XOWL BDISBVYRWEK VIDQERQGEEXWKHDYWHNVRHD@WB[SORUH

WXWRUV SHUFHSWLRQV $NEDUL HW DO

$ XVKHOWE DWHWP HOWN SHY P RGHV DQG P HWRGV

6HY HB DB HUNY H DKW HUMIX PHUR X W K HDQYW HF V VA RRH W K FDGME HFK QLT X H V
D Q @&/ K HDISLS O L FRDIW/ B H REW KLHQWXWF W\RH B F KI[ 8 UL HDQ/RHHVVEFRO®HWHQFLH YV
DQSUDFW&¥E L PIED IRX QMK DWFW XURB WD FXORMHBX FDWQREGLFDO
VFKRRROR UH[SHULHQE &RV R R UBOWH UDWDVWHMWVPHYWREPSDEH®KHFWXUHUV
LQRW KHDUF X O W P BlgQ W K PR U H [ S HHWDLF H3BH F W XOUHRJIR'UIB LN WA SS®\SSURSULDWH
DVVHVVPSQMW W HR2AHYHWKE D\ DFDGHPLWWDDISSURD FIKXWKH QWY AVVPHQW
LPSOHPHQD/ODBRISRHBQVK F RO O H MW WY WHXGKHIVLQV (HWWRD  VWXBRVW
DFDGHPLBEWLFHG B QWD Q VI RUWKFRMWH VV PMRFR R UFHR UN U HW R R/XAIK HZWDH/
QRVKDUX@GHUVWRIZED®H | REP V HGED X W K HIDW IHF V Z IR @ BH® W D Q@ K HiH O W

RYHUZKHOPHG ZKHQ UHTXLUHG WR FROODERUDWH ZLWK RWKHUYV



$ X W K HRQWMLHV V RIH@ W LWSHVF IFIR F S H W H QR 6 BHE\L O MYKIBHW X G HRGIWMYB B F T X MURH
SHUIRWHPZB® UNN W PSHUDMWLYW XGHDSWZKDWKHKDYEBHDURHGPLOBDO ZRUOG
VLWXDWIEKXKYNVW VHVVHQW RDYOD O XDW/XG HRWDF W E RMAKQ VLB & GR X W V MGKH
XQLYHUVLWF GROVDWRRBR R S HSUCH S DMKHHW FE H F R PHHI | L F LHHR)SAD R\ HBXWV K H Q W L F
DVVHVVPHRWOBGF O X6 H L RMWVFKQLIWXFHEVVHO! DVVHVBHPHL IVV V H VIURKEW

DV VH YV V PSHLDFE W.IQF BODWWH V V P 2 Q WWHYWH/@® \WJ R XS3U R M H EMWE/B S R U WIVH 2RV
DUWLSERHW IROVRW XGLVF XV \VIRRS/IGH Y HORS P B QW V VRO IS[CHAF LY @ @
WHDFREBVYHUYDWHRM JOLDOH 7KHVWHW UD WSO MHAU X FUBRQ@BH QKD QFLQJ
VW X G HRQMAWD WRLY GW L WW R D Q NPLOQNIL QWK HPU R | L FLGWQMAL WD U GI OB UL HRB BV

DFFRXQWOE&OWHH FSRMALINKD I JIIHFRQWHP SRRIUNLD Y LUR Q PFrHD@W § V E XIW O

3HHDVVHVVFEHIOM O DVVHWHHK@MDO XMW LOLYAGW H UDQVE UGII X VFWH @ F H
HYDOXBWRRBAV.\DADDQG]NDQ IRXQBKBWH VHODIFHKWHDFKHIVHVY HG
SRV L VD MYW LW M IGH B H W K RGKUL FIR V WAHRWD O D E RIUQWH BIFMY. RQI FRQILGHQFH
+RZHYNW X G HQWWHERVNR/QDVVHVV RFQWHDAHP S KD VWKSU R G ¥ BW WH VX H
SURFHQVDJLWOW X G H @WW L YW VRN BV K HFR Q V WWWRKHRMILR Z O DG\ Q WK HB H Z
LQIRUPDWDB®LKHOHYRMWDUQD@RPSHWHDFS BINV@E W K HRWMWFHPW Q@ HQ W
W X WWRAUBAN VHVV PMHIQOM D UR 8§ © B U VWAKFOMLWVL F/DWX 6 HHOIVR DY & Y D O XADKVBHEW. GMLRA \
EULGWKHPRQGUDFWAKHUDE 1NMRYL :LHZLRUIRZDONLHZLF],QQXUVLQJ

H G X F D VD IOROQR X/MQXIG RISNND F W HDHD VO LL IBAOWDKX W K HIQWW/ IHRY V P EDQLVIRGRD | L G H Q F H
LPSURNBGRZOMRIZFQGHUVWBEQRDQ¥HY! PRW DGRV RENFRO S HRLHI QX

+HQJ :DQJ &KRQJ HW DO

VW FHQMWDG\XDOMHNEO HP HRNE Y J L/ID/MPHDQ &N LOSSOLFDPABHERVLQHVYV
HQ Y LUR Q®XRRXW K HGW RPLRWPE\O R\ DIEQ BQ WU H D W M \GHDQWL V | BAHVIP RROY WU D W L Q
SRVLWWYHLIVZEH B Y L R QBN Q WXLABQS UR P R W KG/IXE MRIFW X\ @RHHUDP HV
&DVLG\ &ROOLQVFRQFO XKD QWY WHVVPAHHNW L HIQUBHRW L WVRMAMX G HQ W V
FRQW U LB®RWKLHLIYM R\ PHIQ& HH S H QUIQHIXE MNBW Z O HGXIBV L\QU X G HIDHMDW Q L Q J
RXWFRPEPRJQLVBVYFKRPRWRLFWLY & UL WALEPSHWHDRUHY SR ZH WK R X JK

DXWKHQWLF DVVHVVPHQWY LQ FOLQLFDO VHWWLQJV &KRQJ HW DO



$XWKHDWLHFVVRHIMWKYUBE\ FRXUGHVFLSQO@ERXUVHWXG HQWSDRBEOLHQW
PHHWLQUVWHJIBR)L QLROQQ®UJXHRXUMDVHEROOLQV ,QSKDUPDIFYVHVVPHQWYV
FRPPRQQY RWOLYFHX O THWH. R BRLOAHMARQIMO W H U R UFHRZAQ V H OYLHQOW O %XVLQHVYV
PDQDJHPHQ®HGLFRXUWRHWNQHURMHFWOEDWVK®QIKW  $VPHG L PG
QXUVHQY L UR QPHRR/PWR UFHR P S OUHY E ULV HER Q K D G UM WALKEID@NQS8UHDW LY L W\
LPSURWBIUREOHP WRQWG)D| UH JXFORIWILRKPHRMD F R J QLOMELRRRP X Q L F B NILRQV
& KR QW O & KR QH\W O &ROWKWRWSOH  0R QW HWRO  QKHD G WHWH
JURDPE WL HPBIKIDWAR AP XQLFBRQA RQE FUIBRIOR QH KR OXNLLAERMY W O
+RVSLWDQL@ADQ DJH PHRXW DIDWPRS O H P BIQRUDF W L YALXWL RN YR F EIRQ VW U X FWLYL
QDWXUH RI DXWKHQWLF DVVHVVPHQW ODQLUDP O0ODLVWU\
,Q VW U XFMURAHS W IDRKOWK HIQW HFY V RHRRYME\ G L V F L G X@ B WAIRRKQLVGV W U X FW R U\
SUHISRUW I RO PR GLW VHQ WDQ& RFUWR W H IVIRKHYOHSO RS D J R FLRFIDSH W ZBE B H
V FLH@RK UNVGV W U XK RXRAQVR Q WRHROPYS H W B DVRSKU D F W D BXSFU R M HIR WQVJ H
$SSOIEXVLQARXUVHXFRVORJILVIWAFEXSSPORDIPPQDIHP KW XOWL GLPHQVLRCG
D X W K HIQWY IHRY V P © QNMW XTRO/ W M UG ISR HV H Q WD Q& B Q¥W X GW RR'V WFHRU Q LW L Y H
WKLQNLQJ VNLOOV $NEDUL HW DO INKRPD 1NKRPD
5HI1OHFWHYKLVEXVLQGRND IHQD EJHHBRP SHW HIRRLXEJPBIQ®O0 D Q QRQ J
FODGVYVFXVVLRRSURMHFOW&UREOHP VIROMLU@P B QBRI Q L VHIPYRIW L FOQRDe0
FRPPXQLFDWLGOY HORSHX\GKHQWVHRYVVFHRDWV W RN @ 1 MHKO H P HQ MNH
FROOD E RRIUSW HRHH G E DFERIW L Y DAMWDQGIHADRA/Y J D 1LHQI H H G E SRR F H VW/LHPL @VIRU
SUR I HV VALR@OWD K DIWW B O 9LOODHMIBHO 'DZVRIQWO 3HHDVVHVVPHQW
D FW L YOLOVOMRAY/X G MUQRW YD O XZIRWTRX D OLQMB D Q D FHR Q V W U HHNGLEYIFFUNK FL@ R U U HQ W
ZRUN HQYLURQPHQWY .HWRQHQ .fUNNY 37\Vao
$XWKHDWLHVVMHPGWDVISHVIRUPRQHAHP R UL]DMQRRX U MIAVY IDYHD U QR Q J
VWXGRQ@AYIHEBDGWIURXQBGELO LHWRVWRRW DROBW LP X O DXWIHGP DUNHWLQJ
HGXFDWRERYUBHOWLRBGE DRNBG HH SHUG H UV WDIQIBED Q JFRPSG H[) VW HN O O
+RZHYNQOBNKIRUG HHREZ® ZKRDUJXRY N MOUD QV | HDERSINRD\L Q V
VWXGHQDWUHOO VWXGLGRMMNS S WB RYKWU D Q V| HRID E LMK LIUM IGFOD W MRRQ V

RWKHU DUHDYV



7KHUDSWG D QWRQEBQN LURQ BHH@®W HF K QR ORMIFQPOH PIOG\D Q G H PLEV
OHBR KH. JQL IDBRGWRIRRQID ER AW L @XRXW VP HQ\W REVNG R S W DFOPRANZ L G H
UDQRIDVVHYVYVWDOWAP LIODDW B QBH W WIRQKIRMMN KLH) G X WA MBRRLH UHDFRUHD VL Q J
W KYHD O LREIDWY H VQ RHLP /LP 2Q0 MV HVVPH@EWRQFHSWXEDDLPHD®
DUBIVVHYVVPHQGLDEW B G J LWWHDRK Q @RS O L YRIQ®I IGQ 6 M H F XFURHQ G L WIXFER(V
LQYLJL ODLRPQ VFHEH WK RXURBWHURFRWYPXQLFIOWHREBVVHVVPHDW M
GHOLYHUHG HLWKHU VIQFKURQRXVO\ RU DVI\QFKURQRXVO\
ODQWWXGISQWM FRRS X W HDV YHHY VPG QWMMDKE&2 9, FULVILWNVKH\WUBLIJLWDO
QD W LDYQHGD P L QZILDEK. J LWVHDRK Q R & REJH.GI GHW K KDLLLY BIK/L FDKL GAVK HDIEWD G HPW R Z W K
$0O 6DEHmKO +RZHY MUKV HR IR Q O DMV K HIDMW/ IHR/ V PIEMD W \DR/ V R F L DIMVWAHKG
VXVWDLQNEXGMNHILBOKBEQGPLIF'DUJDQ FRQF O XKHBGW LPMEBASI R G XIAW V
DOLJQ@H®KKSQ L WIHDGV L RRWW D L GDYEHIO-R SPRQ@® QLW P& LRQV FRXGGHDWH
VROXWULRQREIDURE O HFY R LOFS$ U W KX SHUV S H R DYKHW K HEDWW IHRA \DAAD Q
DFWLYWWGE HRBRY LWR FHAWD@IRSUHSDWHN G HRUXV WD L @B B ODHIRIHM DVLQJ
W K B X W K H QRM DRVMKW V P HQAMDV. Y H BFXIUW L EXHODY H Q W Y DU RHWD O 7KLV
HQJDJH RKHDBW X G B €@ WHSIRSRWNRIR®X VWD L QD E L GFIDW\H BRIAKD/NHBGS L I THUH Q F H
L QV K HFIRWP P X Q L BWY H VIDOW H U QR D WH \W\HPFHID@VHA PEH G GIFX UULEXPBYLQ FODVYV
F D VIHQ D O RV3.WR E VHRP YDLFQW L Y $ M/NAHBE D WRUHSDWHK G HRIWW XPISOR\PHQW
'LILW® Q VD Y&RIFEYK Q R D R VIRHIWW X G DZWVH RHVQYYLURQPWUOXHYGHYHORS
W K /XYW W D L OIZEDLLOHOBINMFRP SHW HQ@FG L J L WMUD@\V | R B R IDED N R RN ® O
7KIDVVHVVPBQWVEWSR O WRD U R UKR O LIVOVAEV W D LODDEURD K K HIMD
G LV F L SSOUREHOAEHY HRIWL Q VW RQRHS®I D G HIK WD V2B AR | | HUWH D R/E SWX Q LLVPL H V
GUDPNHSDUD@ERPRIWH V H Q WIW DRE IRPIO D E AWIBMLIDQ H PH WS HDQ G
LQVWUXEXIRIWQW %DNDUXODLPDQ 7KLDSSURDEXKWIBHYWY SEHD U QIQWE
DXWRQRPLNZBI@ O LGHQWIOVBGD OWILWF XVVLRQ S UK\ H®W DAAR®
JURYSSJRM B PWRIM RSU H ITH DYV N & V WIH Q HEVO H D U GGRURP R B E & HYOH D JHHPIVQ G
S U D F WWIQFFDZD K& HIR Q Y H UWHIOF ISWBHYH T X HIGHY 0&4AWDQBQODYMHVVPHQW YV
H JOHQWLPI8®HUZ K HAHKQ FIR F XR/QL Q G L Y INGYRY® HIBJ® H U IR U P DIQLEGHD Q \
WHDF IDISSRQODYMHV VK WYL WHIKMMWXGHQW PHM KBPEBHEDWHVHDUFK
EDVHEBVVLIQPHQWXODWHPQY DUYGIHIOHFWQRQVDDNVQ QBRI DZDUHQRWV YV

XQGHUVWDQGLQJ RI WKHVH VWUDWHJLHYV



6 RW LU LHD/B A X DGYRFIRALK) WH U REMHODIR L Q D W QRLQMEXYQ QPP YDIHPHQW
FODVVHWVIHVVHVVPRARMWHNXGHQWWWYHMHZBQWUHSDIZH L WMWHSEWPSURY H
FRPPXQLFDNLERESOR\D BURLMNY VLGR-QDUIQ /X D U H QHAWHVQ W H U Q BW NYIHE X F H V
RSSRUW XRILMDLGING L ¥ K R QBIW MAGIL L FW®WH D@V V H V V PHHITWVKILIXKH U BQGHU
FULWLEDOQMNQOGRNVYOLZQAWR\ HWD O ZKRRXQBKRWO VQ A X O D WARWORY H
V W X GEHHEXW YOLQRGWH D UR X @ F RIP\H D D E ® DQLID\W H U YOHIQW & & Qv L IDWBAR FRQ G X FW
6WXGHQUWRRUBGILNWBQJIDIHVEKHDQOGHDUPDYH W DWRXH R WX IGHIRYWHUDFWLY F
LPDJHVY GRFXPHQWY DQG RQOLQH IRUXPV HQKDQFLQJ WKHLU HQJDJHP
+RZHYINRP I W X G HQ@WHQ JD 1HF KHDWLHXID Y LIRUIY X HBD\FHI® GHH Y BOHD Q G
DVVHVVBNQWGRGHW O | R X Q\GK\IRW Q NHW X G QW W L F X 0\DW\OWEDGVDW H
PRUSURQHRRO O XD/QE RO O D E RZU DSMLHRB\G G L W L R@REDABAY H V V P IH@PRANHVD K H
OLNHORIKRR® D E RAIKIMWMHRG LKL\ OW K@WH® BD UHG X® LDQBR QLW RIRQIL QH
DVVHVVPHQWY WR PDLQWDLQ DFDGHPLF LQWHJULW\
'DNHILH®® V X JJHYWS O DIRL®UY L BX DB Y @V V L J Q PHQWKYD UQHU JHQHUDYV
SRGFDVUWNRJQ M KDQXW K HIQWWLHY V P H DX\WEN X G HQ WM DO ZIRHGHEY D Q VQ @
LQF U H®KKLDUN LV | BBRVGIED@ WHRVLWSMH BN EXWM® X G HZKWRR/Y HU ZK HOPU B UHOUY
WK HDRD VV HV VVHREFIMK HV HUDF YDP RW L Y OMRI P I GBEWNO RS Q VI M N\DEOHG H G
WRHFRAMNDOLUILBGX D\ A Y XFAR.AMA D E RBIDW HYUR WELHDIBAUHH D WARRMXQLFDWLR Q
FRP P X QLW.\O ®MLAG L J LPMIE@ADU D L DK GRIL Y H U WLKIHHWH V V PIDQ\G V SISV L AXQO D U O\
YLUWXDOAQYLURQPREWEHD SSORFHGRAMDU LB XVF LS DHQRIXEKY LIGILERR N
SURM WRWAK\G N@ VY S\HHD P ZRB® O D E RWHDAN LURHQJ XOCDBA IHFDQVE. Y E RVR PRIV L Y DW H G
VHO!| SXE ORWGHOUVGLOHPWRABWRUHDVHE SR Q \DLER ®W\W Q WKH UHEKDQFLQJ
FUXFLDO VW FHQWXU\ VNLOOV
7RLQF U HDKEX W K H RUELAFWWO FKURDG® V\ Q F K U RRIGRODA N H V V P B QWO
XVHGDULRNKW K RIGQF O X UL IQWWHHNAAL VKD VAW X BGX H V W IRRQQDMGQ N FXVVLRQV
WHDFKHU DS$DHVBORMEE ROHRWLWDRQEDVHWXBQDO\Y¥VYMW FKURWRROV\FR YV
DVVLJQPBHQ@WRUWIRBVRVWXGHXQRZOHJHNLIBRYYHMQFKURQRXMVVPHQWYV
LQFORBHWIRQIGRNS H 3ERMWFMWR XUQDOV YBFEHQMWHFMRPB DYNWHVVPHQWYV
LQFOBGEMF X VMLWRQPIVMQ G L Y IRAKRR OO D E RRURMIHVFHMOM DVVHVESPHE@W)OXDWLRQYV
VLPXODWQRB®V]]HW D\ DWLWHBXWDGML ( SRUW IROE QKR J K QIHERD
G L JLWRRIMD X W K HIQMW HFV VPSHURW LBZ B0 O RUJFQVXHDEBOMD OHGBRIBGW XGH QW V

DFDGHPLF DQG SURIHVVLRQDO NQRZOHGJH VNLOOV DQG DWWULEXWHYV



' QWHUDRWRIPMVHVVP HQWR X UDWEK G HQREW Y HOSRIRIHVVER®BRQLF MWIGR Q
FROODERVDWONSDWKERUXW XBRHD QSURPRWKGUWR | HV VLGB WR XODWLQJ
ZRUNSUBRADBRRWLUHDG®RX 7D@GWO 7 K H\DH/ V H V V PKHHOBSVHRA U DAV
| X W)OUHHD UQH & E®O H [ VEIDHK Q R B R YLLALRID & Ul R MRMX.\D\W D LEQDVEHOH R WQW W H J L H V
$VJD U RYDO 2 QO L®IHV F XV \DLREIVD O RIPHX O DIVWL R QN | H B UIHEY W U OFW R U V
IRUPDWVYHVV PHQMW RGN DO XYDWKEHMU SHQIR UP BQKRP | R 7KH WXG\
IRX QMKOMWFW XUWRWWHDFKLRHULBR¥WMHEWWSVHUHVYW.RDRPOQBN VHVVPHQW
VNLOOV KLJKOLJKWLQJ WKH QHHG IRU WUDLQLQJ FRXUVHV RQ RQOLQH
7KHXVIRIWHFKQR GMRRIADEDED Q RY BW D ¥ MADF@INVS U FOYXHV K HDQM HV V ISHHEY W IADR/
FX O W DHDW B H B VH V VALRRREIHW HIDF G HYLWHD @ OWY DLABBDDGL VKR ZMEDW
WHFK VDWXGBEWNOREKQRORDOSFRPPXQLFRWVHHILF L WG W RXBEM L JRIH
ERRMNMWQRYWOLOO RIX\WRMGEHN VDB S WRLDFW U R BWEPHIN O DQA PHWO
FRPEL QIOWHP HRIWWP L ILFDW KRXWDJRIDQB8XOWLPRGORIDWMHVVPHQW YV
NQRZI}V*+0$ 7KLBSSURDBIORMHD UGHBNVW H UWIKGHRD @Y G UHDSMHVRQDOL]HG
P X O W L IRIGADLODKFWRIKIKG EDFRBHD URQOQ O \WUWRFRWH QU UH | ® HBW MR @HHO |
HIILFDRGQW URRWLF DAKLIRRIY O 7KHO6 I DF L O LWMDDNF I W@ BHIRW UHY
DFFHWWR Q O LIQHGAENF U X FLL@® Q O HGHK F D WHA\RSLW/KSIR V L WR S B IRWRQ O DAMW KHQWLF
DVVHVVEEKQWHEXFDWKRQ O HIGPDW RFEW R Q F HVE)R/R WD G HIPQ W HD Q B H
H[SHFWDRMSER QR VHV VR ROWHGE RV QI DU GQY 1 JLDDOWHVGE/ P HRW G HRU U L V
XKOPHLHUS5HPRWEOLQWLJLOWWLHR@VAEBOLYBQERO DVOHVVFRAUYKNOH
PHHWISQRIHVVDRRPDKWG LWHDTXILRG BXQWWK 8D QG H FZLLFMX J U D G X.DE® U HIDY H
LQQR Y IRWIOMBY/H H V V FeHHQM JSQMH G L FAXHEGHMD O 7KH, QW H U Q W IQR\QFDD
$FDGHPQWHBHIWQRD G HIPQ W HDMLAVRP P L W RHRQIX Q G D P YWD DIER/Q H WWU\X V W
IDLUQHWYV S HUFHW S R Q V D BIGRXNAD J&i$ ([WHQVQLW H WDDAGXUHIDEDNG H P L F
LQWHILIVNWISD UW L FX RBRIEHND