2[\JHQ 8SWDNH DQG +HDUW 5DWH 'XULQJ 6LPXO
SHUIRUPHG E\ $XVWUDOLDQ 5XUDO )LUHILJKWH

ODWWKHZ 3KLM®MUBVQ 3D\RHULQ 1IHWWWBQH &UDPNUG 1LFKRONQQ . OF&R&MHWD/RUQG %UDG $LVEHWW
6FKRRO RI ([HUFLVH DQG 1XWULWLRQ 6FLHQFHY 'HDNLQ 8QLYHUVLW\ %XUZRRG 9LF $XVWUDOLD

%XVKILUH &R 2SHUDWLYH 5HVHDUFK &HQWUH (DVW OHOERXUQH 9LF $XVWUDOLD
([HUFLVH DQG $FWLYH /LYLQJ 9LFWRULD 8QLYHUVLW\ )RRWVFUD\ 9LF $XVWUDOLD
3HUWK $XVWUDOLD

L

,QVWLWXWH IRU 6SRUW
6FKRRO RI 3K\VLRWKHUDS\ DQG ([HUFLVH 6FLHQFH &XUWLQ 8QLYHUVLW\

&RXQWU\ J)LUH $XWKRULW\ %XUZRRG (DVW 9LF $XVWUDOLD

&HQWUH IRU 3K\VLFDO $FWLYLW\ DQG 1XWULWLRQ 5HVHDUFK
&RUUHVSRDBWEHBRUDG $LVEHWW &HQWUH IRU 3K\VLFDO $FWLYLW\ DQG 1XWULWLRQ 5HVHDUFK 'HDNLQ 8QLY
)DI ( PPUOG DLVEHWW#GHDNLQ HGX DX

5HF GDWH 0DU $BAF GDWH 3XE ©&3UNVH
&RS\ULJKW

'"HDNLQ 8QLYHUVLW\ %XUZRRG 9LF $XVWUDO



EDVHG MRE WDVN DQDO\WVHV > @ LGHQWLILHG WKDW WKHUH ZHUH VHYHQ WDVNV W
ZHUH ERWK SK\VWLFDOO\ GHPDQGLQJ DQG SHUIRUPHG E\ DOO SHUVRQQHO
6SHFLDO UROHV VXFK DV UHPRWH DUHD FUHZV ZKHUH ILUHILIJIKWHUY KLNH ORQJ
GLVWDQFHV FDUU\LQJ D SDFN > @ ZHUH QRW LQFOXGHG WR IRFXV DQDO\VHV RQ
WKH FRUH WDVNV FRPPRQ WR DOO ILUHILIKWHUY 7KH VHYHQ WDVNV LGHQWLILHG
FRPSULVHG DGYDQFLQJ D FKDUJHG L H ILOOHG ZLWK SUHVVXUL]HG OLTXLG



ILUH KRVH 7KH GU\ PDVV Rl WKH KRVH $JIDIL QDNVKH VNBXODWNRQZEBY® VKRUWHU LQ
ILOOHG ZLWK ZDWHU )RU WKH KRVH URRRVLGHREGQIWWILWVFND OW ZRUI MEHRIWJI KMJHUNR
ZRUNHG WRIJHWKHU WR UHORFDWH WZRSOBOGWLKRKNMNORFRFKPWRIMIGVYH PRWEZAHHYD ¥DSW XU
KRVH P EDFN IURP WKHLU VWDUW SRVYWILRQLPOQWNV&HWQUXSPVNORP®/ M RDOYRH WMR YOL UR

QHZ SRVLWLRQ 7KH KRVH ZHLJKHG NJ)aBH%O%Kl_kgv&é\A}:IPQOYD\MDQ/mQ/JWIW_YJHILJKW}

P ZHUH ILOOHG zZLWK ZDWHU RSHUDWLRQDO SDFH )RU WKH VROR KDQG
,Q WKH EODFNLQJ RXW WDVN WZR |ISKNVYLRORHUND 2RBHNBGX WRIHWMKHUFRGROHFW!
CFRQWDLQd ILYH PDMRU IXHO VRXUFHV UDW LLQ JIWW R\ FDSWHX BN WQKH WXXEGLRDU RURY D
VPRXOGHULQJ LQ D ZLOGILUH LQ D PPEDVXU BY HKDYRAKEHHRAQ WRKWR 2QHWR DSSURDFK
VRXUFHVY ZHUH LGHQWLILHG EHIRUH DOORWDIFRN) WHGXRM W IZRRQUW LY R Q¥ K/W R WR RI(F L2
D ORFDO EULJDGH FDSWDLQ ZLWK \U AHKRERUKRIXSVZ DW R R MVHK B.))$ W)IRWUNW K HQ WHDF
KRVH RSHUDWRU WDVN WKH WZR ILUHILJKWHUYV ZRUNHG WRJHWKHU WR GUDJ WZR
OHQJWKYV RI FKDUJHG PP GLDPHWHU KRVH WKURXJK WKH PDUNHG DUHD DQG
RSHQ WKH KRVH QR]]JOH DQG VSUD\ ZDWHU RQ WKH IXHO VRXUFH XQWLO VDWXUDWHC
ODVWLQJ DSSUR[LPDWHO\ ILYH VHFRQGV 7KH UDNH KRH RSHUDWRU XVHG D
UDNH KRH ZKLFK FRQVLVWHG RI D FP ZLGH EODGH RQH HGJH KDV
cSURQJVd WKH RWKHU VWUDLJKW DWWDFKHG WR WR FP ORQJ KDQGOH
DQG ZHLJKV DSSUR[LPDWHO\ NJ > @ WR FKLS RU KDFN DzD\ VPDOO
SODQWY DQG UDNH VXUIDFH OLWWHU FOHDULQJ DOO GHEULV DURXQG WKH IXHO VR
EHIRUH WKH KRVH RSHUDWRU DSSOLHG ZDWHU

'XULQJ WKH VROR KDQGWRRO WDVN LQGLYLGXDO ILUHILIKWHUV ZHUH
LQVWUXFWHG WR XVH WKHLU UDNH KRH WR FKLS RU KDFN DZD\ VPDOO SODQWYV DQC
WR UDNH VXUIDFH OLWWHU VR DV WR UHPRYH DOO FRPEXVWLEOH PDWHULDO IURP
RQH PHWUH ZLGH VWULS RI JURXQG (DFK UHSHWLWLRQ ZDV VXSHUYLVHG E\ D
VXEMHFW PDWWHU H[SHUW D ORFDO EULJDGH FDSWDLQ ZLWK \U H[SHULHQFH
ZLWK &)$ :KHQ UHTXLUHG WKH VXEMHFW PDWWHU H[SHUW DVNHG
SDUWLFLSDQWY WR UH UDNH DQ DUHD RI JURXQG WR PDLQWDLQ WKH VWDQGDUG RI
WKHLU ZRUN ,W ZDV QRW SRVVLEOH WR FUHDWH D VLPXODWLRQ ZKHUH ILUHILJKWH!
ZRUNHG FRQWLQXRXVO\ IRU WKH PLQXWHV FRQVLGHUHG cW\SLFDOd IRU

VROR KDQGWRRO ZRUN E\ $XVWUDOLDQ UXUDO ILUH DXWKRULW\ FUHZV

> @ OXOWLSOH UHSHWLWLRQV RI WKLV GXUDWLRQ ZRXOG KDYH KDG D GUDVWLF
QHJDWLYH LPSDFW RQ WKH VWDWH SDUN ZKHUH WKH WHVWLQJ ZDV FRQGXFWHG ,Q
DQ HIIRUW WR FDSWXUH WKH FRQWLQXRXV QDWXUH RI WKH ZRUN ILUHILJKWHUYV
UDNHG FRQWLQXRXVO\ IRU WZR PLQXWHYV EHIRUH DQ\ SK\VLRORJLFDO PHDVXUHV
ZHUH UHFRUGHG IROORZHG E\' VWURNHV 7KH UHTXLVLWH QXPEHU RI VWURNHYV
ZDV GHYLVHG LQ SLORW WHVWLQJ DV D WUDGH RIl EHWZHHQ DFKLHYLQJ D
FRQWLQXRXV ZRUN SURILOH DQG QRW KDYLQJ D FULWLFDO DGYHUVH HIIHFW RQ WKt
ORFDO HQYLURQPHQW

JRU WKH WHDP ILQH OLQH EXLOGLQJ WDVN D IRXU SHUVRQ UDNH KRH WHDP
ZRUNHG WR FUHDWH D RQH PHWUH ZLGH ILUH EUHDN )LUHILIJKWHUV XVHG WKH
cCVWHS XSd PHWKRG DV GHVFULEHG E\ > @ (DFK UHSHWLWLRQ ZDV VXSHUYLVHG
E\ WKH VDPH VXEMHFW PDWWHU H[SHUW LGHQWLILHG SUHYLRXVO\ $V IRU WKH VROF
KDQGWRRO WDVN WKH VXEMHFW PDWWHU H[SHUW KDG WKH DXWKRULW\ WR LQVWU
WKH SDUWLFLSDQWY WR UH UDNH DQ DUHD DQG LW ZDV QRW SRVVLEOH WR KDYH IL
FUHZV ZRUN FRQWLQXRXVO\ IRU PLOXWHV ,Q DQ HIIRUW WR FDSWXUH WKH
FRQWLQXRXVY QDWXUH RI WKH ZRUN ILUHILIKWHUY UDNHG FRQWLQXRXVO\ IRU WZR
PLQXWHYV EHIRUH DQ\ SK\VLRORJLFDO PHDVXUHV ZHUH UHFRUGHG 7KHUHDIWHU
SK\WLRORJLFDO PHDVXUHV ZHUH FROOHFWHG RQ D VLQJOH ILUHILIJKWHU ZKR
URWDWHG WKURXJK HDFK RI WKH IRXU SRVLWLRQV LQ WKH WHDP HYHU\
VWURNHY 7KH cWHDPd ZRUNLQJ ZLWK WKH ILUHILIJKWHU EHLQJ PHDVXUHG
FKDQJHG DFURVV VXFFHVVLYH UHSHWLWLRQV KRZHYHU WKH FRPSRVLWLRQ RI WKH
WHDP LV OLNHO\ WR KDYH OLWWOH LPSDFW RQ WKH LQGLYLGXDO JLYHQ WKH QDW)>
RI WKH ¢cVWHS XSd DSSURDFK ZKHUH DOO ILUHILJKWHUY ZRUNHG DW WKHLU RZQ
SDFH > @

,Q WKH VSRW ILUH FRQWDLQPHQW WDVN ILUHILIKWHUY FRPSOHWHG UDNH KRH
VWURNHY ¢cDV IDVW DV SRVVLEOHd DURXQG D K\SRWKHWLFDO VSRW ILUH )LUHILJKW
IROORZHG D SDWK EHKLQG WKH VXEMHFW PDWWHU H[SHUW FRPSOHWLQJ RQH
PHWUH ZLGH VWURNHY DORQJ RQH IODQN RI WKH clLUHd D VWURNH RQ WKH WXUQ
DQG VWURNHY DORQJ WKH RWKHU IODQN EDFN WR WKHLU SRLQW RI RULJLQ



DQG VSHHG IRU HDFK WDVN ZHUH FRPSPWDHG SVIUQNLBELBRAWD\ KDMDEW LV RIs FP
YDULDQFH $129% ZLWK WDVN DV WKH ZHWKLQ SDUWEPLYDQWHDF®RU 7DDRG

GXUDWLRQ ZDV QRW FRPSDUHG DV GLIIHUHQ@ADQ VDK M DWRD G X UIDVIMWRLEF LSOOGV K H
VLPSO\ UHIOHFW VLPXODWLRQ GHVLJQ SDUBPHWRNUV 7WBIWKHDD VERBQ RDWKW UL DG W[ WL
GLIIHUHQFHV 7DVN GXUDWLRQ ZDV KRZAHYRZLWK SIRUGHGH WHRQB HGE HQAEHH Q/ WX G M V
FRPSDULVRQV ZLWK SUHYLRXV OLWHUDWHDD 6S$IQH® K RY ARAHS DIKVEL R HHSRYLE B FH
FRQWH[W WRQ®BGKH59ZDOXHY HOLFLWHG GKWKQQRHGEKHWBQRH KHWZHHQ PDOHV DQG
$129$ UHYHDOHG D VLJQLILFDQW HIIHFW IRU WDVN VLPSOH HIIHFWV DQDO\VHYV

ZDV XVHG WR LVRODWH ZKHUH WKH GLIIJHBQF M ) S$OW DN XOWV DUH SUHVHQW
DV PHDQV s VWDQGDUG GHYLDWLRQV 6' XQOHVV RWKHUZLVH VWDWHG $00

VWDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHéK)U\SL EWM%'@VEFW'UUHWHQEb%D%NDJH%

6RFLDO B6FLHQFHV 6366 ,%0 &KDPXDE R VM'%% FW B WH & W RMioDG YD QFH
VLJQLILFDQFH ZDV VHW DW 3 GXULQJ EODFNLQJ RXW RU KRVH UHORFDWL]I
5HVXOWYV

SDUWLFLSDQWYV
7TKHUH zDV QR GLIIHUHQFH EHWZHHQ WKH DJH RI WKH PDOH DQG IHPDOH

SDUWLFLSDQWYVY 3 7KH DJH RI WKH VDPSOH ZDV S \U 7KH
7DVN "XUDWLRQ VG6SHHG 2[\JHQ 2[\JHQ OHDQ +3HDN +5 EHDWV PLQ
PV 8SWDNH 8SWDNH EHDWV PLQ +5PD]
/ PLQ P/ NJPLQ +5PD]

+RVH ZRUN

&KDUJHG +RVH $GYDQFH

+RVH UHORFDWLRQ

+RVH ZRUN GXULQJ EODFENL'‘QJ RXW

+DQGWRRO ZRUN

6SRW ILUH FRQWDLQPHQW * “ “ “ €p



OLQH EXLOGLQJ WDVNV RU EHWZHHQ WKH VSRW ILUH FRQWDLQPHQW KDQGWRRO

ZRUN GXULQJ EODFNLQJ RXW DQG WHDP OLQH EXLOG WDVNV 7DEOH OHDQ
+5 GXULQJ WKH VROR KDQGWRRO WDVN ZDV KRZHYHU s EHDWVYPLQ

s +5PD[ DQG s EHDWVyP+EPD]
KLIJKHU 3 IRU ERWK WKDQ GXULQJ WKH KDQGWRRO ZRUN GXULQJ
EODFNLQJ RXW DQG KRVH UHORFDWLRQ WDVNV UHVSHFWLYHO\ 7DEOH OHDQ
+5 IRU WKH FKDUJHG KRVH DGYDQFHsZDV s EHDWVYPLQ
+5PD] s EHDWVYRLQ +5PD[ DQG s
EHDWVYPL@® +5PD[ O®RZHURS® DOO WKDQ GXULQJ
WKH VSRW ILUH FRQWDLQPHQW VROR KDQGWRRO DQG WHDP OLQH EXLOG WDVNYV
UHVSHFWLYHO\ 7DEOH OHDQ +5 IRU WKH KRVH ZRUN GXULQJ EODFNLQJ RXW
WDVN ZDV s EHDWVyPH5P D] s EHDWVyYPLQ

s +5PD[ DQG s EHBWVyPB®@D]
ORZHU 3 IRU DOO WKDQ GXULQJ WKH VSRW ILUH FRQWDLQPHQW VROR

KDQGWRRO DQG WHDP OLQH EXLOG WDVNV UHVSHFWLYHO\ 7DEOH

3HDN +5

7KHUH ZHUH QR SLIIHLRHQPI®W 3Q DEVROXWH RU UHODWLYH
SHDN +5 EHWZHHQ WKH FKDUJHG KRVH DGYDQFH KRVH ZRUN GXULQJ
EODFNLQJ RXW RU KRVH UHORFDWLRQ WDVNV 7DEOH 7KHUH ZHUH DOVR QR
GLIIHUHQFHVIR3J2DOO IRU DEVROXWH DQG UHODWLYH SHDN +5 EHWZHHQ
DQ\ Rl WKH VSRW ILUH FRQWDLQPHQW KDQGWRRO ZRUN GXULQJ EODFNLQJ RXW
VROR KDQGWRRO DQG WHDP OLQH EXLOG WDVNV 7DEOH 3HDN +5 WKH KRVH
ZRUN GXULQJ EODFNLQJ RXW WDVN €DV s EHDWVYPLQ

+5PD[ DQG s EHDW¥YyPLQ5PD[ ORZHU 3

WKDQ GXULQJ WKH VSRWILUH FRQWDLQPHQW DQG VROR KDQGWRRO ZRUN

WDVNV UHVSHFWLYHO\ 7DEOH $EVROXWH SHDN +5 GXULQJ WKH FKDUJHG
KRVH DGYDQFH ZDV ORZHBHBWVYPL®WKDQ GXULQJ WKH
VSRWILUH FRQWDLQPHQW WDVN 7DEOH 7KRXJK WKH DEVROXWH SHDN UDWH

GXULQJ WKH FKDUJHG KRVH DGYOREHUZWYKDQs EHDWVYPLQ
IRU WKH VROR KDQGWRRO ZRUN WDVN WKH GLIIHUHQFH GLG QRW UHDFK VWDWLVWL

VLIQLILFDQFH 3 5HODWLYH SHDN +5 GXULQJ WKH FKDUJHG KRVH
DGYDQFH ZDV KRZHYHU S +5PD[ SRLQWY ORZHU 3 WKDQ
GXULQJ WKH VROR KDQGWRRO ZRUN WDVN 7DEOH
6SHHG
JLUHILIJKWHUVd PRYHPHQW VSHHG GXULQJ WKH FKDUJHG KRVH DGYDQFH ZDV
WR RPyYKHU DOO 3 WKDQ DOO RWKHU WDVNV 7DEOH 7KH
KDQGWRRO DQG KRVH ZRUN GXULQJ EODFNLQJ RXW WDVNV DQG WKH KRVH
UHORFDWLRQ WDVNV ZHMNWHWDHWO DO GVR PyWKDQ WKH

VSRW ILUH FRQWDLQPHQW VROR KDQGWRRO DQG WHDP OLQH EXLOG WDVNV 7DEOI
JLUHILJIKWHUVd VSHHG GXULQJ WKH VSRWILUH FRQWDLQPHQW WDVN ZDV DOVR
S PYVWHU 3 WKDQ GXULQJ WKH VROR KDQGWRRO DQG WHDP

OLQH EXLOG WDVNV 7DEOH

'LVFXVVLRQ

7KH PDLQ DLP RI WKH FXUUHQW VWXG\ ZDV WR FKDUDFWHUL]H ILUHILJKWHUVd
92 DQG +5 GXULQJ SK\VLFDOO\ GHPDQGLQJ ZLOGILUH VXSSUHVVLRQ WDVNYV



&LWDWLRQ

UHODWLYH +5 LQWHQVLW)\ IRU WKH VSRVEHIORZ RRIQNY DOLHYPH VR VBN HG@ WE HF R QWL
VWXG\ ZDV KLJKHU WKDQ UHSRUWHG E\ % SRMWKHIKR/R G RKOD ® 0Q RW@ E RAK W X WHIBQ WV L
FRKRUW RI SDUWLFLSDQWY ZDV RQ DYARQEFB®XHLRHEZBXOROBRQWVPGQFWKRR/BN LQ
WHVWHG E\ %URWKHUKRRG HW DO > @FRQYKPSWEKRQDDHHIHZEWWHIE EXVFORKRAY KDY -
PD[LPXP +5 > @ LW LV KLJKO\ SURED EDN HOKLDW S/HHHOYWHRW N WXEFNAIHWKDQ +5
GLIIHUHQFHY DFFRXQW DW OHDVW LQ SWHKW |URIT XMHIQH \L Q QG UG ¥ WDX\G L R5Q. | RH U H QI BHWR
UHODWLYH +5 LQWHQVLW\ YDULDEOHVY KDYH RQ WKH SK\VLRORJLFDO |

7KH VROR KDQGWRRO zZRUN DQG wHDP SEFH'EXLER W NV TZHIH D FRBE B WA @t

ZLWK VLPLODU LI QRW RQOD®O6 UJi QHY/GRIRWHERQWEDXRXV G\QDPLF UDNLQJ EDV
WKDQ WKH cQRUPDOd VROR DQG FUHZ KDQGWRRO IZRU®L@XUERQ VE\OLDFANN ORI Q RV IVV N
VLPXODWHG E\ %YURWKHUKRRG HW DO > I@H\$S0RIQ WHDW NWK 2 B UK 5 H U HREU R R @ HL Q@ GYHIDQYR H
EUXVK DQG ZLWK D VLPLODU VWULNH WDXWH 7BEOH VW ULKNHH W CBHHYWD WHG X MOHU G LR Y D V
FRQVLVWHQW ZLWHKQEBKH5 WL PQVHY 7KHUHRIORKWHEQEWRRQQJ IDVWHU GXULQJ WKH
ZRUN DQG WHDP OLQH EXLOG WDVNV LQ7WE B HF XU UMWY RW R GK DAHEM R K® ZZRUHU D Q G
a DQG a WLPHV VKRUWHU UHVSHFWIRGHMVIG MUCDED W OIR ERPS DUPEQ HWKBIV KRV H
VLPXODWHG E\ %URWKHUKRRG HW DO > Ra{DAMYUHHP WEW W ZHIRIW K R O IORIFEG/ HEV DIQV HU @
PHDVXUHDBQI® +5 LQ WKH ILQDO WZR PLQXWDWW RBKILEKHBRR®/G OUHDRAMRDDEO\ DFFRXQ
H[HUFLVH LW ZRXOG EH W[GE FV8HEH WKW 2MKHERKX B G LIITHUHQFHY EHWZHHQ WKH KRV}
KDYH EHHQ KLJKHU FRQVLVWHQW ZLWKKAGRBJHHOWBDW LGXQUDWGRWKH @S BW | MUKH FR
VWULNH UDWH LQ WKH FXUUHQW VWXGEQIHANL Q/JL RIXG\WD W DVR RAROOMG UBIC WBIW 8 B WE\Y
%URWKHUKRRG HW DO > @ LW LV GLIILDRGWM QVE DJWMIXAHY SVEBXDUER W IRHL § R/GIR) PLDAMQVGIR
ZRUN DQG WHDP OLQH EXLOG WDVNV ZHDOIGS KR ORULRHGDDMR DHK LWKB Q 1GQ @BIRLVAL WU D N
WKDQ WKH FRPSDUDEOH WDVNV VLPXO DWHS NEQ RE R H HI | 81U H QLIERYXV LX AEKIRALVR YDQHE X C
SRVVLEOH H[SODQDWLRQ IRU WKH XQH[SHPWHEP LWWHQ WO\XGW N WR.IFO MGV GN § DFPR.X O!
EH WDVN HFRQRP\ 3RROH DQG 5RVV > @ KIRXSKGVWKDW GHBEQGHRF R® UHK WMDWLF W
VKHDUHUV VKHDUHG PRUH VKHHS IRU WIXWH VXOWPHIG HHYIF O X\V HY SIlDQ G$ W X/ XIF KW ISBQV L FD C
WKHLU OHVV H[SHULHQFHG ZRUNPDWHV LQERXSGK RKH H DU P HIDINXUHHYY dl VFHOMGH @ JE D V
%URWKHUKRRG HW DO > @ ZHUH FRQVU—GHBX)\HG\>\R@QRIHJUWWH(EPQ(WFI©H-H E)RLDL(BHIQQAFXU

FRKRUW LW LV OLNHO\ WKDW WKH\ ZHUH7PRU D F RP; Neo
WKDQ WKH FXUUHQW FRKRUW 5DNH KR JE
PDQDJHPHQW ILUH DJHQFLHV > @ DQG
UXUDO ILUH FUHZV VXFK DV WKRVH WHYV Rgd
GLUHFW FRPSDULVRQ RI DJH DQG ILWQH @W #E&Vié X
DJHQFLHV KRZHYHU WKLV K\SRWKHVLYV %’ 9 WKHLU ULVN RI DO D
7KH SK\VWLFDO GHPDQGV Rl WKH KDQGWLRYR—CQ ZR/\UN\HG)FlRLPQS\DlEIHD(ENLQSJKRMWDO GHF
WDVN KDYH QRW WR RXU NQRZOHGJH FEWGICR YSDMYXNARXY O L¥F KNP UD¥FWRALIDOWE G ZL W
7KRXJK GLUHFW FRPSDULVRQV DUH QRWUBRDWH® DFWKHLWHERUWHKB I HSXHRD YRR Q
WKH EODFNLQJ RXW KRVH WDVN FDQ EWFEKWQLQJFRQWHYW U D WH | PHDWLRE® GHYLFF
UHVSRQVH GXULQJ WKH KDQGWRRO ZRUNS WKW UQ D EM®ANUGILBXWHMDVNJRBVRQ GXW\
EHDWVQREZBU WKDQ GXULQJ WKH VSRW |LUWHOPRQMED UQPNQW$W RORHKBIQBW RRRIOH &9' L
ZRUN DQG WHDP OLQH EXLOG WDVNV 7BXVMUDCRDGLIUNUBQF HMW HQL BKMDIMUN5 LV QR
ZHUH REVHUYHG EHWZHHQ WKH IRXU UDMNIGHQ MHD VRNV H[HDEWMIHR Q U IS QO DWKIKE FDUGLI
KDQGWRRO ZRUN GXULQJ WKH EODFNLQJIIRXW LWIOWN UAD VL 8 HO DRANLKDG IBV@ HUQN IKR® S
DOO RWKHU KDQGWRRO WDVNV 7DEOH MXUWKBLOEWZIRQVPHBQ +5>F@QQRWZENHU J
DWWULEXWHG WR IDVWHU PRYHPHQW MSHHGMWHWK DQR SUHIGIRMQFHYWOQ PHQ D

HTXLSPHQW RU WDVN GXUDWLRQ LW LYVLVRWRVYLEOH QVWRW ORQH IWIHKUWPHDY dZ HRQ ND V
SDWWHUQV DFFRXQW IRU WKH REVHUYHCH‘GI-ILQI\NLG—I)Q.FLI—Q/J LYQ_JFRHJ[RQ(V-ELCQGV\LKJHH WXB\WUH
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PRSSLQJ WDVN UHTXLUHG RQO\ LQWHUP
% (YLGHQFH GHPRQVWUDWLQJ
(ﬁ%( R\PHQW WHVW LPSOHPHQWD\
L& BFPRW [WHe kBHTFBHELRyP VFXODU

ZDONHG WKURXJK D P ™ P DUHD DQG
RU KDFN DzZD\ VPDOO SODQWYV DQG UDN
DURXQG ILYH GHVLJQDWHG cPDMRUd IX
WKDW WKH LQWHUPLWWHQW UDNLQJ HII
OHYHOV DV WKH cFRQWLQXRXVd UDNLQ
GXULQJ WKH QRQ UDNLQJ SHULRGV WK
FRQWLQXRXV UDNLQJ ,QW HUHMVER@NMH
PLUURU WKH +5 UHVXOWYV ZEWW ZQ{R @ LU
7DEOH 2QH FRXOG LQIBUG VKR HDRW®
+5 EHWZHHQ UDNLQJ HIIRUWYV ZKLFK LQ




LOWHQVLWLHY EHWZHHQ ZLOGILUH VXSSUHVVLRQ GXWLHVY DQG WKRVH SHUIRUPHG
E\ RWKHU HPHUJHQF\ VHUYLFHVY SHUVRQQHO ZKHUH SK\VLFDO HPSOR\PHQW
WHVWLQJ LV WKH QRUP > @ LW DSSHDUV SUXGHQW IRU $XVWUDOLDQ UXUDO
ILUH DJHQFLHVY WR FRQVLGHU SK\VLFDO VHOHFWLRQ VWDQGDUGV IRU UHFUXLW DQ
LQFXPEHQW SHUVRQQHO 7KRXJK WKHUH DUH PDQ\ VWHSV UHTXLUHG WR
FRPSLOH OHJDOO\ GHIHQVLEOH SK\VLFDO FRPSHWHQF\ WHVWV DQG VWDQGDUGYV
> @ DQ LQWHJUDO SDUW RI WKH SURFHVV LV WR HQVXUH WKH WHVWLQJ UHJLPH
UHIOHFWV WKH LQKHUHQW UHTXLUHPHQWY RI WKH RFFXSDWLRQ $V VXFK LW ZRXOC
VHHP VHQVLEOH IRU $XVWUDOLDQ UXUDO ILUH DJHQFLHV WR GHYLVH WKHLU RZQ WF



&LWDWODQVWKHZ 3KLOOLSVY :DUUHQ 3D\QH .HYLQ 1HWWR 6KDQH &UDPHU 'DYLG 1LFKROV H\
6LPXODWHG :LOGILUH 6XSSUHVVLRQ 7DVNV 3HUIRUPHG E\ $XVWUDOLDQ S5XWWIRL )LU

3DJH R

%XGG *0 +RIZOGRDWHEI LIKWHUYV FRSH" 3K\ ¥WLROUBDHQEPO &DUGBLRYDVFXODU UHVSRQVHV W
EHKDYLRXUDO WHPSHUDWXUH UHJXODWLRQ :RQUNPHXY LWRSSEWHVOMWX] $XVWUDOLDQ
VXPPHU ZLOGILUHV ZLWK KDQG WRROV -RXUQHIR URDUKGBRIATIBWY X ROIRAD & &DOODJIKDQ -
RI IDWLJXH RQ WUXQN PXVFOH DFWLYDWLRQ ¢
3RROH '& G5LFKDUGVRQ 56 '"HWHUPLQD@WRA/X QD WRH &I HQU I8 WDOMNIHQJ WDVNV (UJRQRPLF
,PSOLFDWLRQV IRU H[HUFLVH WHVWLQJ 6SRUW%&HG $)$& IJXLGHOLQHV IRU KHDOWK DQ
*HOORLNKRVOLQ %5 20VRQ 5( OF'RQDOG $ 53¥3XVWHUDGHWWI®DQ ILUH DQG HPHUJHQF\ VHUYL!
/IRQJLWXGLQDO PRGHOLQJ RI WKH UHODWLRQFKUSHBHWEHHQL BH H XO/QICR P DWLLAHD/O& RXQFLO  (

KHDUW UDWH OHG 6FL 6SRUWYV ([HUF $LVEWWVBKLOOLSY 0 6DUJHDQW 0 *LOEHUW %
*OHGKLOO 1 -DPQLN 9. &KDUDFWHUL]DWERWKRILWKH KA VEXDIOI GHP PV RGSEYUHVVLRQ FDQ
RI ILUHILJKWLQJ &DQ - 6SRUW 6FL $XVW )DP 3K\VLFLDQ

3DQGR®I *LYRQL % *ROGPDQ 5) 3UHGIOMHWL GBIl HERWHULDGHY (6 &KULVWRSKL &
H[SHQGLWXUH ZLWK ORDGV ZKLOH VWDQGLQJPRU JHMFEN IGXWYHV\DYGRZBADW-KESIS®RP KHDUW
3K\WLRO 5HVSLU (QYLURQ ([HUF 3K\VLRO 8QLWHG 6WDWHV 1 (QJO - OHG

/\RQV - $O0OVRSS $ %LO]RQ - ,QIOXHQFHVORGERGO FIRP-DFPWUWLRQ XSROHYHORSPHQW D«
WKH UHODWLYH PHWDEROLF DQG FDUGLRYDVFXBBQLGHBNREAM FROORDG LRDHIULOWHI U DSSO
2FFXS OHG /RQG $LVEBBWWRONRZ $ 6SUDMFHU 0 )HUJXVRQ 6%

5LFKPRQG 9/ 5D\VRQ 03 :LONLQVRQ '0 &DWWIBUKRW %SDRXHGL®J DQ HYLGHQFH EDVH IR
3K\WLFDO GHPDQGV RI ILUHILJKWHU VHEUWK BROEBXBBHWERO® \DWEHMPRUYV HQFRXQWH

HQYLURQPHQWDO FRQGLWLRQV (UJRQRPLFV (UJRQ
%LO]RQ -/ 6FDUSHOOR (* 6PLWK &9 5DYHQKIRYMD UK EYDVMRQ /03 0F/HQQDQ - ,PSDFW
&KDUDFWHUL]DWLRQ Rl WKH PHWDEROLF GHPVEGVLREHVYRRERWHE WMKLS RRD UDEP EA\DRHPEH UV
1DY\ ILUH ILJKWLQJ WDVNV (UJRQRPLFV ZRUN IDPLO\ FRQIOLFW DQG FURVVRYHU PRG}
3RROH 3 5RVV % 7KH HQHUJ\ FRVW RI VKWNSFHIHDRUBI 60MBHIEK

&XGG\ -6 *DVNLOO 6( 6KDUNH\ %- +DUJHL
(OOLV 6 *LOEHUW / WDVNEBRYVUIBODRHHGVY BXSHEOHPHQWDO IHHGLQJV LQFUHDVH VHOI VH
*XLGHOLQHV 1DWLRQDO $SSURDFK WR 3K\VLNXS SHIMRURY QEHCSFNIHGSRHOW (RUJF
JLUHILJKWHUV $XVWUDODVLDQ )LUH $XWKRGRSGUAYX IR MU |1 IR BBHW EOEIDUEERDEQU@BIU F D /uSH
$XVWUDOLD S - HW DO 3K\WLRORJLFDO Z RN G®HDRIX
OF*DUY:H\-RQHV 5 3HWHUVHQ 6 ([FHVV 3R I HOW HWY 26WHIQJI ZLOGILUH VXSSUHVVL
&RQVXPSWLRQ )ROORZLQJ &RQWLQXRXV DQREFFRXNBRWRQ DO FARY I URRFPHIAWDO +HDOWK
,OWHUQDWLRQDO -RXUQDO RI 6SRUW 1XWULSBRRQO IPWHRM VH OHWODDBRGLVPSH] 6DWXH - 3

DO 3K\WLFDO DQG WKHUPDO VWUDLQ RI
6WXSQILFNREU\fq 7 6]PDWODQ *DEU\fq 8 7RPBVIHHEYKWLRI WDFWLFV XVHG WR VXSSUHVV Z
JLWWLQJ D VLQJOH SKDVH PRGHO WR WKH SRVW H[HUFLVH FKDQJHV LQ KHDUW UDWH
DQG R[\JHQ XSWDNH 3K\VLRO 5HV

2FFXS OHG +HDOWK $1I

9ROXPH k ,VVXH k
661 20+$ DQ RSHQ DFFHVV MRXUQDO
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