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'HSDUWPHQW RI OHGLFLQH 6FKRRO RI &OLQLFIY® WBWILW D FHXW W W DORL
JORUH\ 1IHXURVFLHQFH ,QVWLWXWHV +HLGHOEHUJ 9LFWRULD $XV
'HSDUWPHQW RI 3K\WLRORJ\ ORQDVK 8QLYHUVLW\ $XVWUDOLD
5LVKL 9DOOH\K5&HQW UHH DM KUD 3UDGHVK ,QGLD

'HSDUWPHQW RI 1XWULWLRQ DQG 'GHRWHOYHF$XURQDWK BQLYHUVLW

%DFNJURXQBMBIG/®XYHVXUDO DQG RU HQYLURQPHQWDO EDUULHUV PDNH WK
UXUDO SRSXODWLRQWP H® DD DY VIHYN VWKEB DFFXUDF\ RI D PHDO UHFDOO TX
ZLWK LPSRYHULVKHG 6RXWK ,QG LD Q0B RIORWEIAN 6 W @ G \OLHKN.Q @ \L@ DWKD F® DUHE
OHFWHG E\ UHFDOO YHUVXV ZHLJKHG PHDOORPZHUDGKORS\DBEG ' MWD ZHUH R
LQJ LQ UXUDO $QGKUD 3UDGHVK ZKR ZHUH UHFUXLWHG E\ ERQWHQLHQFH V
FRQGXFWHG LQ WKH KRXVHKROG E\ D UHVHDUFKHU DLGHBREWBUWUDLQHG
FRQFGXHG D UHFDOO LQWHUYLHZ ZLWK WKH VDPH SDUWLFL®BQWQ (LJKW OLI
IRRGV ZHUH FUHDWHG WR DLG HDFK SDUWLFLSDQW TV FXFD\WIO QX UL H@W D
LQWBMBIUVRQ FR U UX\C-DGN WARR B VEMWIM QUWK R1 DVVRFLDWLRQV EHWZHHQ LQW
HQWV FDOFXODWHG IURP PHDO UHFDOOV YHUVXV :05V /HBGBGWDSGRGXFWV U
SURSRUWLRQDSDWPDY SEORDVO\G ZHUH FRQWWRXWWHGR W & LB HAMEQYWL DO/ ELDV
6LJQL(;FDQW FRUUHODWLRQV ZHUH REVHUYHG EHWZHHQ RWWIKRIBWHY IRU H
u s 1R VIVWHPDWLF ELDV 3DW BB SP\WRWY E5 HFODQGPHWKRG XQG
WKH LQWDNH Rl SURQHU G DRSRIDML R Q DDO RIRRD WEXZ R B @k ROOQWONEW H G
PHDO UHFDOO TXHVWLRQQDLUH SURYLGHV DQ DFFXUDWH) PHDUKQMWVRU DV
DQG VRPBRPVULHQWY LQ UXUDO ,QGLDQ SRSXODWLRQYV

.H\: RUGRRGHFRBOIKHG PHDWDXUBBPRDGYDQWDJH 6RXWK ,QGLD

,1752'8&7,21 VXEMHFW WR PLVUHSRUWLQJ RI HQHU
7KH DVVHVVPHQW RI GLHWRQLW DNWINGE OQ WSHRRME RFDWLRQDO DWWDLQP|
,QGLD DV LQDRBKFHWOMRZIQFRPH SERXWQWUIHYHOO DV D ODFNGRWDEBHIA |
/0,&V LV FKDOOHQJLQJ +RZHYHNQREGKGDMW HRO\ORVFDIOVWRGEY RQ WKH !
WKH QX® WMWMDWVRXQD RI WKHVH SRSXPDW IOR®VW MKBILBFEQ@UDKN RI7GBWD FR
GHYHORSPHQW Rl SRSXODWLRQ VS&BMLDL K R2HANHILW IERQ@D BH L\DXES IS D VIlP®LD W
WLRQYV DQG UHFRUGLQJ FRRNLQJ DQG HDWLQJ
‘HLJKHG IRRG UHFRWEN VYRR GDUG WKLV VWXG\D\ZHHY VPWBHWRLHW DU\
PHWKRGWRRDWLQJ GLHWDU\ LQW DUNHJ) DIDUGR OW E R QIGR O IFRIP R &Q PWQ DRRNP
SDUWLFLSDQWYXL)SN DODWRRLE DYBQIWRROEWHUDWH VXEVLVWHQFH IBUPHUV
OLWHUDF\ VNLOOV VR WKDW IRRG $@MAD B H LR YHRL O\ SSHIL PR RW KV REHHHOWER
VHYHQ IXOO GD\V FDQ EH;® AF®W BEWG\WD\ OHFROGHG GHILQHGH EDLWKB VRR C
WLYH PHWKRG WKH IRRG IUHHXHQF\ TXHVWLRQQDLUH DOVR U
TXLUHV OLWHUDWH SDUWLFLSRQWAR &l BROBN KRB 8 OOV H XE T0OMKHHR W R
QDLUH DQH XGRS HDDW. GHV WX D QW L WH GIM IRIHIRRFXRRO Rl &OLQLFDO 6FLHQFI
DQG IUHTXHQF\ RHLWXWDNRI WK HYRIQ PWHWERGIWHOLW\ .DQRRND &ORYWRQ
ZRXOG EH IHDVLEOH IRU XVH LQ Q_IﬁSRYI-p@R_X/le-I'G Y EWUBDOURDHO\
LOMIDWH UXUDO FRPPXQLWLHYV 7HO

$Q DFFHSWDEOH DOWHUQDWLY H R'Dbo @LL(P%E*%#J\FFP’LB\A?E‘@RFXH
O UHYLHZ FRI
WLRQQDLUH EEGF’\MQDVWH-HGHGHSOG %H%MLRQ DEBHEWHG

WRXJK UHODWILGFPHQLWVHDNY WWRKD V P&



1RYHO GLHWBPQWDMYHYOLWHUDWH SRSXODWLRQV

GHWHUPLQH WKHLU LQWHXMW BRI HQ@WH J» NMOABUMDBEW RYLGHG ZLWK D I1XOO
ZHOO DV WR JDLQ RDQWI¥NH ROWID RALWRHD Q®BXUSRVH DQG PHWKRGVY RI RXI
LURQ 7KHVH ZHUH RI SDUWLFXODVRM@WWUX BV \I¥@GSEHRYY MGHES FOLLWH. ZIV@ @AW
KLIJK SUHYDOH@FEHWRGWHKHVYH PLFURDXMWWH WNRULQVKRVH ZKR DJUHHG

UXUDO ,QGLD FROQVHQW ZDV REWDLQHG HLWKHU YLI
‘H WUDLQHG ORFDO ILHOG ZRUNHHKWH@WR KKRHEWD U@/ IDFQ PV HVFROG L W H L
R KRXU IRRG LQWDNHD QWRPXVHORK DSDUWLFLS

VSHFLILFDOO\ GHVLJQHG DQGSPNYWYHDRGP B YW RS L@ \RH DOXOINHBGPL QL V
TXHVWLRQQDLUM XWRWAIRSWR U B RFRD ® HNGWRIERU H7 R
VXSSRUW WKH ZLGHID XV H RH \RX IUR EREHBWWIHQ GLQJ WKH ORFDO IRRG SUL
DLPHG WR YDOLGDWH LW DJDLQVWRXBVRI+RZHWHI) VZRIO MIFWELIRQY M/KH V.
FXOWXUDOVEDBWLEUWHG RXU |XHO G HYRHUMNRISPH B LRWLIDF FXOW XUD GO\ VHQ\
ODUO\ ZKHQ IHPDOH IURP YLVUW LIQUHR XVHKR OB DLYG WKHHG DWRHMKKHH O R |
QRRQ DQ@GJHKRXUV WR REVHUYH.POQNERRWIK IMEEMIRRN SKRWRJUDSK\
YRU WKIMRRBW HH QRZ UHSRUW D VWHMQGHDBVIRE §RWHRQRRGY XQIDPLOLDL
IXOO0 KRXU UHFDOO UHPRRUG RE XWHRQWWKH GRPASILWIOG ZRUNHUV ZKR H
FRQWHQW RI QXWULHQWYV RI ORFDPSRUWO Y F K KQ WV KH WOR FOLQ KERAWM D\ |, Q
ZHLJKHG DQG UHFRUGHG E\ ILHMOGFXRVNRQV 2ZHHUN/ XR @ 8 R PW HIBEQ G L O/KF DA
FDOOHG XVLQJ RXU VSHFLILFDO DP GOIVHY QWS GTYWNVWALLRXHQ [RRIA LW HP V
7KHVRR WGV ZLOO EH UHIHUUHG WR M\VFR{LVXPIGGP HIK® WHI FIRIIRK8YV DOVR G|
'05V LQ WKLMW MUWHNOHELDV RVKURXUK QW KIH VPR L RDVG IRRGYUDFWHG G X
PRQO\ XVHG %ODQG DQG $OWPDQRRHWKWRGEGQRI GRIGHURRGFHWYDLODEOH |
DQG RUGLQDU\ OHDVW SURGXFW VLQ HRWMYW L R QH BIRRMMHHANE DMWRFHX BB W& | R
IL[HG DQG SURSRUWLRQDWHREL\DVWER®Y Z HD WRIRH) WZ R KRR U UWRDBHD T X
'H WHVWHG WKH QX00 K\SRWKHVLVPE®&BWH®YWHGHLIQV D \KIHRLOHYGRXRV K
DJUHHPHQW EHWZHHQ WKH PHDOYDBWDJIE® TXHVWLRQQDLUH DQG
'05V DQG WKXV DQ DEVHQFH RI IL[HGVEYX\SWLRIRU MR XQ EQDYHUW DQG C
LQJ WKH SUHSDUBW GRIE® RIGEHM®MK GEO |
0$7(5,$/6 $1' 0(7+26 LQIRUPDWLRQ UHJDUGLQJ FRRNLQJ DQ
(WKLFV YLOODJHV :RPHQ RI WKH KRXMHKROG
7KH VWXG\ ZDV DSSURYHG E\ WKHL@®XPRAQG(\DKL P\S URPERP\DIWWEH\ RP XD O C
WHHV Rl ORQDVK &QVXHUMLENDNWMM(RIBUDYHO ORQJ GLVWDQFHV WR WKHLU :
&GHQWQ/KH ,QGLDQ &RXQFLO RI DRIGN FHDIW®&H ROPNPFK%UHDNIDVW DQG O
,&05 $00 SURFHGXUHV ZHUH ©@Q ERAWRKUGDBSBUHGY O W KHKEM WLPH 7KH)

VLOQNL '"HFODUDWLRQ RI DV UHYSWIHMHIOHG ULFH VHUYHG ZLWK D OHQ
RIWHQ SUHVHQWHG WRJIJHWKHW ZLWK
6WXSBSXODWLRQ PHOWVWDOB®WU ODU&EXWBWOMHVHEQHBRHHG

7KH VHWWLQJ IRU WELVDSYRQMMDERBDWVQEE DUH HD@WHY DFFRPSRQ\GQJ D
ODDY LOOLWHUDWH FRPPXQL®WODBRW ®RJ ULFHURURBHZON PVHEMH EUHDG  $
VSUHDG WKURXJK W KBD.X R EW OB NRAHY PIRRVRW FRPPRQO\ FRQVXPHG IRRG!
'LVWULFW Rl 6RXWK ,QGLD 7KH OSQHRD DIBRAKARQIOQIRERRWQRQ ZDV XV
LQ WKLV FRPPXQLW\ LV 7HOXJX WKH YHUEDO SURPEWDDQ G L\HVSISO\H W F
EHORZ IRU KXW WKWRMU UHFDOO TXH
SHFUXLWPHQW DQG FRQVHQW 7KH TXHVWLRQQDLUH ZDV LQLWLDOO\
3DUWLFLSDQWY ZHUH UREQ 3 LWAHCAMLB®RVIHIR IROVR WKH ORFDO ODQJXDJ
FD¥VRQWURO VWNGHQRILRQSI QG D WELNGAMKO PRIKFBUWR FKHFIQ NRW X\G U D) KV
VWXG\ 9LOODJH OHDGHUV ZHUH W®&LRUPXEY \WER@QDWKH SDVWLFLSDQW
FRQWURO VWXG\ E\ WKH SURMHFWKRXQ DIRRG GN-ERDEOIOHIQW CRQ | WHZQRGF RQ V
ZRUNHUV DSSURDFKWG&RRWY IWRHRQ WRXKERRUSDQ LQWHUYLHZRUWHKUR MKWDL C
WHQWLDO SDURILFLGRROGW D$BG ¢+ WHIDYUL\HZ HZWDW R U J DSDLWAH ® BV R D WK U Ht
HOEOM)GLYLGXDOV ZLWK KLJK HO R RG s UIHIANWX USHD Y REW B IIHBHEGR FRRB YV HK H G
ILHG DV FDVHV ZKLOK\BRQWUROYVRHHUGGQRRGY HDWHQ GXULQJ WKH SU
YLGXDOV PDWFKHG )RE\WKH BREWHHERKIRWW GHW H U,RL QHK W H/HFIRGIG VE PH
VWXBRFUHGLWHG VRF RO XQW BWWKWLAMERX QMWW ZHUH DVNHG WR GHVFULE
HG ZRPHQ EHWZHHDQWKH \BIDH W) ZL WK MWFR/KH\ KDG UHFDOOHG FRQVXPLQ
ILUPHG JHVWDWLRQDO SUHJQDImF\RRY WHWVFRRBIOQJ ZHWKRGHYRW FWKH WK
WLRQ SOPODQW\K N IZRXV H LSDQWY ZHUH DVNHG WR HVWLPDWH
JRU WKH SUHVHQW VWXG\ RI GLIHRWDBUG UL@W DRNRHQ VXPU\E L FLGOW WK H DP
IURP HDFK Rl WKHVH WZR VWXGLHWRZBUG DBEDADFKHEHEAHQAB®ARRG SRI
ZRUNHUV 2QH RI WKH6 LQWHINGY LOFBMER® W HVVHOV D QBQ\GWDIRFIQNG ZAHUSH/ |
ZKHWKHU ZH FRXOG REVHUDIW LVRIQND D QRPN IOHDS RV D UW L F
PHDO FRQVXPSWLRQ LQ WHUUGKHRBH ROHKXULRAOMRXI VL[ PHDVXULQJ
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P/ WZHOYH VWDQGDUG FRRNLQGHVYID\EWDHO V P/
P/ WKUHH FXSV P/ MLIKW SKRWRJYRDISKIMVRHU DDG IRRGUHBMUMRG OLIH
SEWLRQ VL]HV DV EHORZ MDIMEHDWHIHIXR® RLGVVWBRFBDWWERXWK ,QGLDQ GL
VL]IH Rl FLUFXODU IRRGWIWUIR VP WEKE)QDXUH S5SHSUHVHQWDWLYH PHDC(
DYDHOHS WBRWLFLSDQWAMK HQVWRNGDWNEGRQAR RI RNUD JUHHQ OHDI\ XHIHWD
LQIJWHOV XVHG ZHUH WKRVH SUHMWHMQRXXOUYBY LIDADRXDPEG B\ MHKHWUDO PRX
IDWLRQDO 1XWULWLRQ ORQLWRULSXIRWXFHKIHG 1LIDWLRKW ZHLIWWHRBRQD QG

JLIXUB + 3BKRWRJUDSKV RI IR BDBQHHROUNNERRA) ULLFIH V P/ P/ P/ P/ RNUD FXUU\
FXUU\ DQG JUHHQ OHDI\ YHIJHWDEOH FXMKWRZ ULPH P/ 3DRHO/QG FKLFNHQ FXUU\
J &RORX PD\ EH REWDLQHG
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VL]HV PP/ J WR J SRUWLRBWFRIXFKLWNKHQ@ H LEDYR QIRW U,IQH3IW QG L
FMJ\ 7KNDAWMRAPIDWO O GLVKHV UPDIVORDYDE®HWUNRU XVH 2XU GDWDEDVH SUR®
WDPDULQG DQG WRPDWR VRXS FRYGN B QMK XNFQ A UKD UID DVQRG VHOHFW
SODFHGWKI@EKER HWH VRIQHD @&/ DS HB UPWEGLHQWW RBU UDZ IRRG LWHPV
RI WKH PHDO WPSH I$\W D RWRIYSK B & AFOVW FRPPRQO\ FRQVXPHG IRRGV LQ
EH XVHG WR DLG HVWLPDWLRQ RI| GWIHO DIPRRG Q\DV ORA  \VZLHG IDABIBH @ WS YANK BiL AR
RI IRRG FRQVXPHG )RU H[DPSOH YAHJXDR®VSRIRWRBHYBSIKRREG LWHPV LQW
SRUW]JHRQRVY LD JUHHQ OHDI\ YHJHW BE Qi FXQQKN GV R BEWORDDHEM FRQLY HUWHC
XVHG WFRHHVKH. BRWWLRQ VL]H BRI DRDWMRCH R IWERIO RHUWWH. RQ IDFWRUV DV
HWDEOH FXUU\ VXFK DV EHDQWERDBQHWRZHGD RD GFWEWHR BRIPUKBG EHLJIK
WKH SRUWLRQ VL]JHV RI ULFH SKRW R FD D SHER PHD@IEWOWWHG WR H
WLPDWH LQWDNH RI QRRGOHV FRXVFRXV RU ULVRWWR
JURP IRRG ZHLJKWV DQG YRWODRWPHW DFRQDBUWIL\RQ IDF
ZHUH FDOFXODWHG VR WKDW |RR G DVRD XMHH\H UDHOTRON W HINE UEWLLKEDU BZL97 $ N H
SDQWV FRXOG UHDGLO\ EH FRQYHQUMMAG DEDG NN X QWRVILYVDPNU K RP HDVXUHC
YHUVLRQ IDFWRUV ZHUH FDOFKXO DG WK HS G DV WQ L BAXKVH. R@ JRIHIEL VW R JU
HQW IRRG LWHP LQ D YHVVHO D Q GFG WHGIELIPH/WW HRIP R XLAWK HRA6-KRREL. U RU P L
LQ JUDPV E\ WKH ¥FRQXDH QBGPLD GNNMH LYEWHG GDWD DUH UHSRDWHG D'
&RPPRQQXXPRIG IRRG LWHPV WKDWLRRXYO G'ERKRBBEBROY GLVWULBXWHG C
HVWLPDWHG LQ REHHWP R IRG LW K H HQWHG LDWH P W®RKED QV DQ G TXDUWLOH UDQ
SLHFHV RI IUXLW RU QXPEHU Rl VPDHOOLVQWFNVVHYNUIE GRWHUHQFHV LG
FOXGHG LQ WKHVH SKRWRJUDSKV SDLUMGIVW DQG PHGLDQ SMmMAR|[RQ
7KMWKBODWHY ZHUH SRBVDRGUBLSKBIG XME N WHVW HVWLPDWHV RI HQHU
HR FDPHUD ' 1LNRQ ZLWK D PPEHWZAHRNQOZFHULRBRKGIEQWHDOV DQG UHFD
PRXQWHG RQ D WULSRG 3KRWRYV $HWRD QY DSNHRWBWZ H Y H URRH® QFHH R | W R
FDPHUD DQJOH RI DSSUR|IWRRW HQJVDOWEHPOGVERGELD Y, RUGLQDU\ OHDVW S
FDPHUD VHWWLQJV ZHUH NHSW VWDLRED ZBV FRQGXFWHG WERGDSVRSRUIW
ELDBHDUVRQ SURGXFW PRPHQW FRUU
&RPSDULVRQ VWXG\ Rl @RXRHM KRGNHUMD KWHEB\ WR DVVHVV WKH OWYHO RI
7R DVVHVV WKH DFFXUDF\ RI WKHIWEKQG H) $WVY HQ W RXQWN DNHADFDID FX0ODW
TXHVWLRQQDLUH ZHLJKHG PHBOWEMNVH FRPGOUHG ZLWK U
FDOOHG PHDPOWYWROHWRU $ .6 DQG D WUDLQHG ILHOG
ZRUNHU ZHQW WR KRXVHKROGV @& MEVHUYHG WKH PRUQLQJ
SUHBVMLRQ RI PHEKXOVD PR \HIRU WK H$ G/DR VDK 6 DRI SDUWLFLYS.BEMVBEVGDW P H €
7KH WUDLQHG ILHOG ZRUNHU WKH® KRWQ & WHKGH GOW® HK D 8D RGIGLD Q DJIH
:05V DORQH HSQBQWOMWGGHG WR WHHI ¥RRNG PHORBQ ERG\ PDVV LQGH]
DOO IRRG LWHPV FRQVXPHG DQG NHIRBUHIJODWWQZRAHA PHGH XS RI W
XVLQJ D NLWFKHQ ZHLJKLQJ VFDOSOKBRRKGOBIQ *HUPDQYRPKMHIQIPQW ZR
DPRXQWRRG HDWHQ E\ WKH SBEUWHGLSDQWDBDD RHKGID ® DIHDRIV ZLWK L
VHUYHG DW EUHDNIDVW )RU EQHPSDQWKhEL KD QW N JGPMES WRU DRV H O\
WDLQHG GLQQHU DV ZHOO DV HUHDRI® BDOWNF KRG ORW FRBSDSWHG SUL
WLFLSDQWY FRPSOHWHGQVXIHJH KRV OPR\G YH HVRV MRKH :05 WKH KRXU
WUDLQHG ILHOG ZRUNHU JKHGD PINERPGEWWUINMALMWE B WHIH PHDQ LQWDNH RI FL
ZHUH WKHQ FRPSDUHG ZLWK GDW B XIS¥RPHWKEWMDLR H7THPEERG QWRW GHWHF\
UHFDOOHG WKH IROORZLQJ GD\ GLIHQFHVY LQ PHDQ RU PHGLDQ LQWDNH
PDFURQG PQRKWRILHQWY EHWZHHQ WKF
'"HWHUPLQLQJ QXWULHQW FRQWHQ®WURQJ OLQHDU UBOHUW HREQE KWW & U
7KH QXWULHQW FRPSRVLWLRQ RI DRRBGYXGWILGNW FIRROMRE® RERIDLQHG
VWXG\ SDUWLFLSDQWYV ZHUH REW MQHGE XRRBD URRG ZARPS RVE WZRWQK 3HL
WDEOHV IURP $Q RKUDQ3WBEHWK FPMAW ZBRIUBIHFRHIILFLHQWY UDQJLQJ |
LQIRUPDWLRQ ZDV XQUDYDVRPEPHIVIURRVIKQGIDFK FDVH 6XSSOHPHQWDU\
GDWD IURP WKH 86'$ 1DWLRQDO 1XKWHUDHQMWHPH\@W BBWHHHQ WRH HVWL
'KLOH FXUUHQW QXWULHSNW GRW DEREW\D QGFOXWH LHOAVY GHWHWDRLHG E
LQ ZHVWAWQ HFRPQG SDUWYV RI $VLDO OKHN (GIRVEKERWED QF®D@HY 6XSSOHPH
WIOKIM/@W FRPSRVLWLRQ IRU VSHFLILF IGHRXM KD Q GLPD YHDLMELOLW\ EHW Z
7KHUHIRUH RQH LQYHVWMA JIOVRWP BMWIR QFRROBDOXHYV O\6Q 0 LAY WYL GRU Wi
IURP WUDGLWLRQDO RSHUORERWRHFOUERKIEUDWH DQG ILBMLKEHDQG
I[URP LQWHUYLHZLQJ HLHO@GWZIR U B H@ME 6 DE 8 W V | RUX BVQ)Q HRQMKH U
GDWDEDVH FRPSUWWLQRIRG V \GIBIDQNVSDIQ®EI FIRUGLQDU\ OHDVW SURGXFWV |
SRVLWH IRRG ZDV GHYHORSHG XV IZ®U HLFQBRE®HVWRFEOWRAWFH.[HG ELDV
&RQVWUXFWLQJ WKLV GDWDEBERYWKIIM RIWW HOWHDO RRQOMWEHQFH Ol
DQDO\VLV Rl HQHWQWDNAE RUNW KH @M FDSKRM WHIRSY EHWZHHQ WKH WZR VH
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7TDEO 2XWFRPHV RI RUGLQDU\ OHDVW SURGXFWV UHJUH YV KRXL
TXHVWLRQQDLUHYV

9DULDEOH U SYDOXH < LQWHUFHSW 60RSH

(QHU I\
3URWHLQ

)DW
&DUERK\GUDWH
YLEUH

&DOFLXP

WURQ

U3HDUVRQ SURGXFW PRPHQW FRUUHODWLRQ FRHIILFLHQMUY¥ WHWWNLWRWH/UKHE B W KIHY G
VORSH DUH JLYHQ DV WKH HVWLPDWWVR@ORZHIBQEN KHVARQ IE B HYFW RO BRSSOHPHQWDU\

HQHUJ\ FDWHERKNCAXMH FQO®FLURQ XOPWARWE 1HYHUWKHOHVV ZH GLG Q
XQLW\ LQGLFDWLQJ WKH DEVHQF HE LPIVSEHRE R H MQ RIDKDHD \E DR W RRKR G D R WF
HYHU WKH VORSHRQRKMSKWH IRH OS BRMPHLIRY DQG\ IZW SURYLGH HYLGHQFH
ZHUH VLJQLILFDQWO\ OHVV WKDQ E@& WZH HE XIVQ WIKNHH VKRR X i) QUBHYFYID DLE-DFW T
TXHVWLRQQDLUH PHWK RGN VRODW/HIFSOMWLIQRID @D UWVGREH SHWR G X FW IRLFR HQW VF R
WDNH RIXWHHNOWY LQ D PDQQHU 7TRIRIS\RUHUL RADDHDV AV RL QUKED QW WXIS S W U &
OHYHO RI LQWDNH Rl WKH QXWULHRRWUHFWYRIUH BWROLHG WR RXU KR
WLRQQDLUH LQWDNH RI HQHUJ\ FDUE
' 68&866,21 DQG LURQ DWILOY®I E\HDFH®UD W H
2XU ILQGLQJV LQGLFDWH WKDW R XUHPZHDIH WHERDHD O RT XGHHIWWWLERAQ @ DAL P D W
DFFRPSDQIMHBWEWUDOO\ DSSURRULGDW LY LREWDLQHGVIURP :05 DQG UHFDC
YLGHV D UHOLDEO\NH FRHDH/Q MBI R ID QEWDD WIH®ILRIUB OHDVW SURGXFW UHJUFL
DQAFP@RXWULHQWYV IRU VLQJOH PH 30 VURREDANK /2 @QENGH VWU BRQ YHUVHO\
GLVI@EPDHG ,QGLDQ SRSXODWLRQV\YWWHPIDQYGEQG VI IHUWHHIFBIF \FHW ZKWIQQ B I
WKRVH SUHVHQWHG LQ SUHYLRXV WWK GUHIWKRIEAD R V 1B \BEHHGLY DOASE\R QR N B
RXU TX®IDMWLHR WR D UHSUHVHQW D\® DY HWSBR/SIK ODXW. R@ DR DPWGH Y HUK/H R D
DQG HRP LQFOXGLQJ SUHJQDQW ZRIMWQ GLYGGULWLHXYDQMNHO\ DULVH [URI
ILHG WKH QDWXUH RI ELDV DVVRFED® PG WK REVRXWV f X M VGLL RHQUHILW H K D
VR WKDW GDWD FROOHFWHG LQ WESIHPUWLFADHD RV L @\WXNERAY WPRVRVSKCRU! I GRQAL
EH DGMXVWHG WR SURW.HHW DRI [WOROBU DMK HDG/ WHWQN WHVW FRPSIDUHV Pl
LQWDNH QDU\ OHDVW SURGXFWV UHJUKVVLRQ
'H XWLOLVHG D QXXMHEHW R DM MEVWWRKMVDRFXIUHG DQG SURSRUWWURQDO |
F\ RI WKH DVVHVVPHQW RI RQHLPHBPQFXWLQQ DVKNOSDXUBIGOY EXREIHYL W R W R
ILHG UHFD@O LTUX¥H V)W U R\O &/\P D)QO BQBWW HEEIW VLJQLILFDQW GLIITHUHRQFHV LC
HQHUJ\ DQG QXWULHQW LQW KRGV \NKWQ FODOAGH IEUEL G KED NHKERWW HFDOO F
VKRZHG UHODWLYHO\ JRRG DJWHHPRHQK :BEWZRH\ GROW D QJHMGIUED WH R XL
HG EMPO UHFDOO DQG :05V 6HPRQGAP BRIURIG OMWIORYLYQWKDW WKH K
\WLV VKRZHG WKDW OLQHDU UH{OKXWVRBIMKLS¥DEHWMIHHW RERZEUD K DVK I
PHQWV REWDLQHG E\ :05 DQG W KRR YXJHG DADHD G XW R WKLREHIDH \UW QF D WH. R Q
H[SODLQHIEOHHSBYRQRUWLRQV RI WX HQY DU LKIRXARH UHF MK TXHVWLRQQDLU
GDWD VHW SDUWLFXODUO\VHWW QDHVKEH G\ IIRFAX OWH @REILIDY DIBEAWN QR
U +RZHYHU D VWDWLVWLFW®&OWVR UK\ FOSHINGP GAMR LIRQHR|I WKH LQV
HQFH ZDV HYLGHQW EHWZHHQ\WK B XPHWDICH Q /W DAKHWQ RUQFDIINERR KLY ORZ 6L
GUDWH DV FRPSXWHG IURP WKH U8 FAGIE VR VR QRIL NHERQ WRSFOR §IHG G ELDV
ZLWK WKH :05 )XUWKHUPRUH RXKRMNWD GHFDO 0 XIQBV W 5WXRZLMYJI GIRHIV HRK
ZKHQ XVHG WRNHIVRILEO RW H LIHDMWDY RQYVYDWH BDMWH TROHU FRQFOXVLRQ EDVHC
WLRQQDLUH AR WQG DXDHG MUKW HLGON DONEY RW & D W K R ¥V WLHPADVO OV XRZEHAR K \ (
IDW LQ D PDQQHU SURSRUWQRQ N BV I/NBWKKIK WRWOONEBBY WG IRHERXW D W\
SURSRUWLRQDO ELDYV VDPSOH Rl  SHRSOH PD\ KDYH EHHQ L
,PSRUWDQWO\ KDYLQJ TXDQMLIRN®W WKH UHODWLRBVKRGWULEXWLRQV
WZHHQ LQWDNH RI SURWHIGQ XVQ GHE LODG \WHG MAK ML KD W LR Q
YHUVXV UHFDOO PHWKRGV [IXWXUH,® H®DK N UKRHQ WW XFEEW DQ ® HBWX. JDW R U
LQJ RXWOKRXU UHF QML TKXHDMLEH WRHUHKRXG UHFDOO WRR®RBE@ADWXBD
'H FRQFHGH WKDW WKLV LV D GLIIHRZOIW HLV VW K W\L RQ PU R/ ¥ & EMMADLQ WS O WH
JLYHQ RXU LQDELOLW\ WR ZHLKEK DADLOR QROROG B VRRIQYW PRGNV VRK SRDHIU QD QW ZF
RXW GDKHGXH WR WKH VSHFLILF FSQWXQDQWSZBRPWQFHY BXWKH VRXWK |,
SBXODWLRQ ZH VWXGLHG 7R HQVXORFW R H FERS QG DWNVOZMU HR X RHIB WR S L
GDWD IXUWKHU UHVHDUFK VKBXO0® IERQFRQ B X FOVORK M HY M/E BRHMD@MDH SRU W H G
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KLJK OHYHO Rl DJUHHPHQW BNWZKRXQY HWWDPDWHWH\RWLHR@DLUB DFFRF
SURWHLQ DQG IDW LQWDNH EHWZSIBIRSWKHW H KR XX DACHHMY SN \DRFTHE O D BLHD E
TXHVWLRQQDLUH DQG :)5V +RZHWYHUWGLWWB U\DEWWW KID\RPWIQHBLYYGXDOV
ZHUH XQDEOH WRFOABWHGWIBUWIQMHMNEHWKIWHQRYHO PHWKRG RI SLHWDU
WHKVH WZR PHWKRGV PD\ EH GXH WROWHKG WRURMWXKHIUO\SRBEODWUR®Y ZLW
VDPSOH VWXGLHG FRPSDUHG WR WRUYPKMGWLWLRQDOO\ QR D
VHVVPHQW RI L@WXD/NKHQWVYFADR/ LQFOXGHG LQ WKH
VWXG\ 7KLV LV VXUSULVLQJ FRQY¥R®WFOXYLRQOKH SUHYDOHQFH RI
GHILFLHQFLHV RI PLIFJ R XWRYILGEIWY EQQBHCGXVLRQ ZH GHPRREWUBDMWHL R'®
O\ DOWKRXJK WKH\ DVVHVVHGWELP B GH VW) WKH WODGGWLRGB® UHFDOO
PDQYV PHWKRG RQ FS LIRRI®UEHMW HP SGERBIGHFWLRQ Rl DFFXUDWH GLHWDU\
WR TXDQWLI\ WKH UHODWLRQ¥KLSKREXHWK ZHH ® QOK HV PRID \GOUMY IRRRP RQH
WDLQHG ZLWK WKH WZR PHWKRGVP 2D G LWQHDRD O0H DRARP SSIURHEGK FOW B HEDWW D
JUHVVLRQ WL WXIGHD® IRU WKLV SXWSRWHZKHQ FB{ WARKBIQUWMRRUG WKLV |
GHWHFW ERWK IL[HG DQG SURSRUWHRQWDHGEWRVDVVHVV GDLO\ GLIWDU\ L
6RPH RI RXU FRQFOXVLRQV FRQWWLIDVON L DIDVGK TWORRLH VR L GDHRQHWGE\ DQ G G
DO JHAMG UDRP GDWD |URP2WK HLDGLEDIMXOG\HG VAXOMWMIQUD GRLWDSSIGBRSULDW
LQGLFDWH WKDW PHDO UHFDOO X®GOUWWWWRBW H\K R KXW DN RO @& UTRVHA N MG
DQG IDW IURPPBQHHGIZDWAR :05V SWUWRKRROBVEIXO IRU DVVHVVPWQW RI
ZKHQ LQWDNH LV KLJK ,Q FRQWU DNV WD R R-PP XOQ0L \WR B ¥ CDURKER G/BADKMH R |
WKHUH DUH OLWWOH RU QR V\YW HPDMG A UGRLA | H P SHQHF PN QEHDMZIHRHD RH WWK L\
PDWHVRRHIS)Y DQG IDW GHWHUPLQHBUPKMIWLEKRX BKEDD®O KHDG@WK SRO
TXHVWLRQQDLUK :FRPISH DISG IZULMQ W GRESD WL Q RWKIRW CB® W\ MIVRL RIWOB G
W\ LQ RXU ILQGLQJV PD\ LQ SDUW @HWHVUWBL BXW B U H WHR S\RKU GLIIH
HQW DQDO\WLFDO PHWKRGV XVHG ,Q SDUWLFXODU ZH GHWHFWHG
ELDV XVLQJ RUGLQDU\ OHDVW SURGXIRW{*(OKHUTBHVVLRQ DQDO\VLV EXW
5DR HW DO GLG QRW DSSO\ WKLV HHWRRG | XKRAHKFNR RE A WEKIRIGWKH KHDOW
®RILFDAHQEHW LQ FDSWXULQJ GDWWDIEHAMRHXQSE MWMR RANZWKH TLHOGZRUN D
VWXGLHV PLJKW DOVR KDYH FRQWWW: WHOY [ ¢ % W QEHEQER R UL

IL@QQJV DQG FRQFOXVLRQV :H zHYP w‘f\é\/%w\/\ﬁﬁxﬁﬁ*@*@c QV8 U C
gg% R0 b g 08

REVHUYDWLRQV IRU D IXOO GD\ E =
DJDLQVW IHP DNE HWILVH @G QIR KR XV H KB G G b WHG WR WKLV VWXG\

DIWHUQRRQ DQG HYHQLQJV &RQVHTXHQWO\ LW ZDV QRW SRVVLEOH
IRU XV WR PDNH VSHFHVZFHH® B LWRRYs E

PHWKRGV IRU DVVHVVLQJ GLHW DF &RVW HW K RIK 5 QW Lok IB GID \UH @& W. i RINJKIU H O
RXU DQRFROXGWG GDWD FROOHFWHG $FEMURGOR IR IPHFDMA. QJ IRRG LQWDNH
7KKV WKH ELDV ZH IRXQG LQ HVWLPDHWHYVRRFSURWBRQ DQG IDW

PD\ EH DSSOLFDEOH WR PHDOV HDUO\ LQ WKH GD\ EXW QRW WKH
HYHQLQJ PHDMLRED OGAPLWDWLRQ RXRXYP VWXEHAWALW 1RYDMRIGLAS 1JR
WKH XVH RI D VLQJOWMMN@J(WRJHUJQU%@@F 5DQIMMHBHUURULQRYLF 0 ‘Lt
QXWULHQW LQWDNHVVIRJLH-I\V\RO(I—U[B’PH)FZSD% 15) <‘§F ARGV XV iHQFRAH GREXODWLR
EDVH RI QXWULHBWM® RSHGE LIRE DA B0 oY g@lswmg@wmxmwmumwwmz
6RXWK ,QGLDQ GLHWV EDVHG RQ WKH H H srRUWLRO RP UDZ

IRRGV IRU DOO IRRGV H[FHSW ULFH oGk Dy RCs K DOVURRY HiR eFsR QUMMM v
LQ WKH 3XQH VWXG\ PDMRUW RR G +¥pHRWM W B Hy RRR RELIMWHRR H G FI O oV IvIL

WKHLU QXWULHQW FRQWBQQYVHIX HEQIRE K'Y OW IDRQD O\VHHIEHORSPHQW DQG UH

O\ LQ WKHBWXYWXG\ ZDWHU ORVVHV +GPOWEILIERRBENIGRI ZHUH 3+1

QRW DFFRXQWHG IRU ZKLFK ZRXOG6KRU®RHQ BB RWVK H DFFIRE F6X O D AREG&. 9D
FRQWHQW RI PDFURQXVEWIDHDWWY V X FIKRE Y £ bWV XIGAFD@ BHPRGLDO\VLV SD
7KHUH ZHUH D QXP BHRUWXLYWIMQGWXYYvwo\ GRL 6

ZH KDG D VDPSOHLYVIGXDRIV ZAKIGK LV JUHDWHU

WKDQ WKH VDPSOH VL]H RI  zZRPHQ3RVREVQR K N x%?“ﬁm\NgY%

6MRQGO\ GLHWDU\ DQDO\VHV ZHUH R \PEE&;, %\ Bb W oG 0,
IURP IRRG LWHPV UHSRUWHG QWRP Demﬂ% HERP e f.f‘;& WERSBRSBQFH o

QDLUKNFKZ ZHUH ZHLJKHG WKH GD\ ERIRUKRE\ :05V g

7KLV PLWLIJDWHG WKH OLPLWDWLRQsbRSKRVH® 3 HWIH 1RFI WK DWW MEILN &
RQO\ ZHLIJ®PE PHVOO 7KXV LW DOORZHELIDE PARSMULVMFERWLRQY DUH HVVHQWL
SDLUHG PHDVXUHV XVLQJ WKH WZRRIP HBWKHRIGID (R IGOHWMEDWEWQ NE QXWUL'

VHVVPHQW )XUWKHUPRUH WHKN D05 PHWKR EGHS 0 WRKHIGXWSR L 6

YDOLG UHIHUHQFH PHWKRG EHFDXVH LW ZDV FRQGXFWHG IROOR

LQJ WKH VDPH VWULFW SURWRFRAGDPYPHYEBMBRHG ER PHWREP) 6LYDVKD
)5V 7DNHQ WRJHWKHUIGWREM KR BHRP YK - -ULVKQDVZDPY %  6XUHVK
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$VVHVVPHQW RI QXWULHQW LQWDNH DQGHBPWRM. [EWMMWZHBBWRDR PBWKRGV RI
LQGLDQ HOGHUO\ SRSXODWLRQGRIH $/IHQRHW GRL 6

DJHLQJ
6RORPRQV 1:5BDPRGHYV 'LHWDU\ DVVHVNKGEQR-RVRRBWDVU UHJUHVVLRQ DQDO\VLV
IRU GHYHORSLQJ FRXQWULHANQWRIU FRXHMV XIUQ U P XFOUNVR HW K FBSW R K PFHKD WX U H A M
FROODERUDWLYH SURWRFROV 3XEOLRG H@®EKWDK PLBWWRD R O GRL M
GRL 3+1 [
+DXJKWRQ - .KDQGNHRQ 6SRAHUMNER BIEV RBQ BULQFLSOHV Rl QXWULWLRQDO D\
LQHTXDODWLANQJWRTKH'& QWHUQDWLRQD Q[ RED QL YRIWVLW\ 3UHVV
5HFRQVWUXFWLRQ DQG 'HYHORSPHQW+DKHD (RGANOGGRWIVQN - 7MRQQHODQG $ 2Y
1DWLRQDO 1XWULWLRQ ORQLWRULQJ %®GHDIXG X DHW SIRUGV QKW W LWH RBDWLPDW +
VWDWXV Rl SRSXODWLRQ DQG SUHYDOKEFMW IRRQQBHUMW H@OM RQ (SEEBERRLRO
DGXOWV DQHDXUDIAI0% 7HFKQRFDO 5HSRUMH
+\GHUDIEDMLRQDO ,QVWLWXWH RI 1XWURWDR® QQ GL D RD®MX BHIVOWRL %9 %DOD\
OHGLFDO 5HVHDUFK 1IXWULWLYH YDOXH RI LQGLDOQWRR@Y O+\
7KULIW $* (YDQV 5* .DO\DQUDP . .DLQWIWLWXWW]RHUXW®LWLRQ ,QGLDQ &RX
60 6ULNDQWKVSHMHQIGHHIIHFWY Rl FDVWH DQG VDOW RQ
K\SHUWHQV IYRIQ \DARR SSFOBPMMHR® VWXG\$JULFXOWXUDO 5HVHDUFK 6HUYLFH 86

+\SHUWHQV GRL +-+ E H GDWDEDVH IRU VW DRHEDWGY LLOH H U HDAH
F IXWULHQW WRAD\ /DERUD

6XEDVLQJKH $. :DONHU .= (YDQV 5%LGIKIND@WK*LDO & :HOFK $ 'D\ . &DV

$UDEVKDKL 6 .DUWLN . .DO\DQUDP7 .6QHAGLOW .$# 7- 5RH / 'D\ 1( &RPSE

$VVRFLDWLRQ EHWZHHQ IDUPLQJ DQG GRKURDUF BIQHHNV RHQMWF LHOFKRGY LQ QX

LQUDO VRXWK2AQMGLD 3®R6 GRL 'HLJKHG UHFRUGV Y IUKTYXHRIFO X H VRRL

M R X (B@RD®! QDLUHV DQ @ IHNAW WS INGHEU

%O0DQG -0 $OWPDQ '* 6WDWLVWLFDGRHWKRGWIRU DVVHVVLQJ
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6XSSOHPHQW )RRGV FRPPRQO\ FRQVXPHG LQ 7t

&DWHJRU\ RI IRREBRGVHRWPV

&HUHDOV DQG PEDOHWVEDOOV RI ILQJHU P(L® Q/H\D PHRBJMIDGBIGR SDQQFDNHV Rl ULF
DQG IHUPHQWRG JDI@MHW RU VSLF\ SRUU IXEHAD QUBDMBHP DQG OH
OLQD SRUULGJ N ABAFSDSERKIRIOHPHDO XQOHDYHQ EUHDG

3XOVHV /HQWLOVIUKRUVBDE HRQUDP BODPN %HOQDPFKQOWK EHDQV FKLFN
VDPEDHQWLO VWHZ

OLON PLON SURGOMRWW¥XUG \RJIJKXUDWL BDXQEENGDUP PO NNWKHE ZLWK ILQIJHU PLOOH
DOPRQG H\DS/WMFW LY HO\ WHD FRIIHH

9HJIHWH V 2NUD SRWDWRHV WRPDWRHYV QRGNHQ EHHHDWY R FEW R G GAH/IXQ \F DF
ELWWHU JRXUG ULGJH JRXUG VQDNH JRXUG JUHHQ SHDV FDU

6RXS 7DPDULQG UDVDP

IRQHIJHWDULDQ &XUU\ PDGH L WKWMRENHEHHI SRUN RU ILVK HJJ RPHOHWWEF

&KXWQH\V &RFRQXW JURXQGQXW WRPDWR RU WDPDULQG

YJUXLW %DQDQDV PDQJRHV DSSOHV FXVWDUG DSSOH ZDWHBBPHORQ |

FKLNXODQWDLQ

&RQGLPHQWYV DG DBESREMAMDYHY FXUU\ OHDYHV ED\ OHDYHV FDUGDPRP FRULD
SRZGHU WDPDULQG FKLOOL SRZGHU FXUU\ SRZGHU OGLLHG UF
KHPS FKXWQH\ PDQJR SLFNOH OHPRRQSLNY H KWW BBV L iy & FFXWX
IHHQUHHN VHHGVY PXVWDUG VHHGYV

2LO 9HIJHWDEOH RLO SDOP RLO UDSHVHHG RLO FDQROD RLO JKHH
%HYHUDJHYV &RIIHH WHD FRFRMXWFHDWHEHH UM MWERESD GULQNV
6ZHHWYV %WHVDQ FKLFNSGDNKF ULFH SXGGLQIMXQBH MDHXE EDO!

SDVWH VZHHWHQHGVDQR SXGIGLQUBEBREDM MM M ODKSHDW RU YHUP
VWHZHG LQ PLON

6QDFNV 9DC OHQWLO DQG BRWDhWEULODWWRWR YHIHWDEOHY FRDWHG LQ
GHHS IULHGPXPLRFMILWE RIXFXNEEBKS IULHG H[WUXVLRQV RI OHQ
GRXJEDQL SXWBIHS IULHG EUHDG URXQGW®YDONBGBIBSZLUW.K & SUEMGAV E
YHIJHWHDY DQG OMEMDICD® UARWDD QG OHQWLO IORXUESHFDNHY ILO!

6XSSOHPHQWDERFSEOEHDRQ RIRYGLHQW L QWRXNH VD6 BDFHEWR U G V
LQ DGXOWY IURP D GLVDGYDOWIIRIHG 6RXWK ,QGLDQ SRSX

OHGLDQ! 4

"HLJKPIGOUDF R U G IKRXW F D O O SYDOXH

(QHUJ\ 0-
3URWHLQ J
)DW J
&DUERKDWH J
JLEUH J
&DOFLXP PJ
LURQ PJ

4 AXDUWMYSBHUFHQWLOH 4 “'SAXDRHQIWDLHO H
"7KHVH GDWD DWHWUQRXWHRGGD@®W® DUH UHSRUWHG DV PBIQ®XHYGZWW B QRRIPEX VBT LID\WG
SDLUHG W WHVW IRU QRUPDOO\ GLVW $DEXW HEDJGHBOH TNRE D @IREERRW WPLIEW AKHHEG G D W L
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6XSSOHPHQWD WB\H)QDWEKRSY EHWZHHQ HVWLPDWHY RI GLHWDU\ LOQWDNH GHWWUPLQHG
WLRQQDLUH /LQHV RI EHVW ILW ZHUH GHWHUPLQHG E\LRUG ERQB UL OLHRQV SIURG 3D U
PRPHQW FRERHIODAMLHRQY DUH VKRZQ LQ 7DEOH
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6XSSOHPHQWD W QDIBAIRDQ SORWYV Rl WKH PHDQ GLIIHUHQFH UHG OLQHV HG HQHUJ\
PHDO UHFRUG DQG KRXZLWHKFDOOLPXWWWLIRDAXHMAHQW EURNHQ OL



$. 6XEDVLQJKH $* 7KUISIWD ES*KODOIQ V2 6XUHVK QUDBQ.& LNONHUO\D

6KRUW &RPPXQLFDWLRQ

1IRYHO GLHWDWYH\QWCBHIERSE XODWLRQV
SRRU OLWHUDF\

$VYLQL . 6XERVIESEDKGD *3fKUERWHU * 3®RrDQV
6LPLQ $UDREVRIKIUX 6XUHUPRDNVKL'.DUBMLW L NU.IDR \ D

0 .DUHOQD ONRKU

'"HSDUWPHQW RI OHGLFLQH 6FKRRO RI &0LQLFDO 6FLHQFHY DW Of
JORUH\ 1HXURVFLHQFH ,QVWLWXWHY +HLGHOEHUJ 9LFWRULD $X
'"HSDUWPHQW RI 3K\ WVLRORJ\ ORQDVK 8QLYHUVLW\ $XVWUDOLD

5LVKL 9DOOH\ 5XUDO +HDOWK &HQWUH $QGKUD 3UDGHVK ,QGLD
'"HSDUWPHQW RI 1XWULWLRQ DQG 'LHWHWLFVY ORQDVK 8QLYHUVLYV
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