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$ XVH RI WH ILQLW HCHP HQW DQDO VLV ) ( $ LQ FRQMKQFWRQ Z LW FUHDWG VWQGDUGV RU JDWHUHG
H[ SHULHQFH DORZ V GHVLI Q DQG SURGXFWRQ RI QHZ SURGXFW LQ P XFK KLIKHU UDWH 7 KH XVH RI ) ( $ WROV
JHQHUDWYV QHZ FRP SRQHQW DQG P DFKLQHV Z KLFK DUH VDIH IURP WH SRLQWRI YLHZ RI WH VWWF DQDO VLV
H DUH LQ D VWW Z KHUH WKH P DWKLQJ RI WH SURGXFWYV XWAW YDOXH Z LW LW IDWJXH SURSHUWHV FDQ EH
VWKH P RVWLP SRUMQWNH\ W WKH JDP H
$ ODWAFH Z RUN Z KLFK XVHG WR EH VR SRSXOU DP RQJ DLUFUDIWVWXFW UHV LQ WKH EHJLQQLQJ RI WKH
th FHQWK U\ LV WRR RIWHQ REVROHWH WRGD\ $ V WKH QHZ VWIXFWUDO SDUW DUH GHVLIQHG D FQHDUO
YLVLEH WUHQG WR VDYH WKH VSDFH Z HWJKWRU ILQDQFLDO GHP DQGV Rl WKH SURGXFWRQ E\ SURGXFLQJ
FRP SCH[ VKDSHG FRP SRQHQW FDQ EH VHHQ 7 KH RULJLQDOP HWKRGV GHVFULELQJ WKH FKDQJH RI IDWJXH
SURSHUWHV RI EHDP V Z LWK SDUWFXOU QRWKHV E\ LQWRGXFWRQ RI QRWK IDFWRUV GHULYHG IURP
QRP LQDOVWHVVHV DUH UHOLFW RI WKH ROG WP HV 6LP SO WKH LVROOWHG EHDP V DUH QRWYHU\ RIWHQ WRGD\

% XW WHRGOG P HKKRGV VWOUHP DLQ WR EH WKHP RVWRIWQ XVHG WRROV LQ WKH LQGX VWLDOS UDFWFH

7 KH VWXFWUDO DQDO VW JRWD YHU SRZ HUXO WRO LQ WH ILQLWH HOHP HQWP HWRG 7 KH\ FDQ GHVFULEH
UHODWYHO DFFXUDWO ORFDO RDGV DQ\ Z KHUH RQ WH VWXFWUH 7 KH LQOWRGXFWRQ RI WKH ) (0 LQWR WK H
FRP P RQ HQJLQHHULQJ SUDFWFH VLP SQILHG GHYHORSP HQWDQG GHVLIQ RI QHZ VWXFWUDOSDUW RU X QLW
DQG VRP HWP HV DOORZ HG D GHFUHDVH RI QHFHVVDU\ VWDWF WHVW , WLV CHJ LWP DWH W DWDO/R WKH IDWJ XH
DQDO VW FOLP W DW WH\ VKRXOG JHW VRP H DGYDQWJH I|IURP WLV Z RQGHUIXO WRRO 7 KH P DVVLYH
LQYDVLRQ RI KDUGZ DUH MLQW Z LW DFFHOMHUDWG LQFUHDVH RI FRP SXWWRQDO VSHHG OHG W LQFUHDVLQJ
FRP SCH[ LW RIl IDWJXH QIH FDOFXMWRQ VFKHP HV Z KLFK DUH WRGD\ GHYHORSHG 7 KH GHVLUHG JRDO LV W
LQWJ UDW WH QHZ IDWJXH FDOFXODWRQ FDSDELOAWHV DV VHDP CHVVO DV SRVVLEOH Z LW WH ) ( $ VR WK DWW H
Z KROH SUH GHVLIQ GHVLIQ DQG HYHQ WH SURVSHFWYH H[ SHULP HQWO FHUWILFDW FRXOG EH UXQ RQ D YLUWKDO

SURWW SH H[ LVWQJ RQO DWWH FRP SXWUfV KDUG GLVF

7 KHUH LV D SCHQW RI IDWJXH SRVWSURFHVVRU RI WKH ) ( DQDO VLV DYDLODEGH RQ WH P DUNHW / LQNV WR P DQ\

Rl WHP FDQ EH IRXQG DWKWS§ Z ZZ SUDJWF FRP QQNV SKS EXWLWLY YHW Z HOO SRVVLEOH WDWP RUH RI

WKHP H[ LVW 7 KHUH LV WH VWRQJ SHQWG RI 0 6& ) DWIJXH ) ( ) DWJXH )H 6DIH / 0 6 9 LUWKDO / DE F
' XUDELOW DQG ) HP ) DW EXWWHUH DUH DOVR RWHU ORZ FRVWSURGXFW DQG WHUH DUH HYHQ VRP H SXUHQO

DFDGHP LF VRIW DUH SLHFHV

$ V UHIDUGV WKH FRP P HUFLDOSURGXFW WH\ DUH FRP SHWQJ RQH Z LW DQRWHU 7 KLV FRXOG EH SUREDEO WH
UHDVRQ Z K\ WH SURGXFHUV RIWVHQ WA WR SXWRQ WH P DUNHWVROXWRQV Z KLFK DUH QLFHO LQWJUDWG W WH
VRIW DUH FDQ EH SRWQWDOO FKHFNHG Z LW WH H[ SHULP HQW EXWWH XVHU JHW QR LQIRUP DWRQ DERXWWH
GHJUHH Rl WKHLU UHOADELOW 7 KHUH LV QR LOGHSHQGHQWRUJDQL] DWRQ W DWZ RXOG DQDO ]H SURSHUWHV RI
WHIDWJXH VRIW DUH DYDLODEOH RQ WKH P DUNHW 7 KH IDWJ XH DQDO VLV LV YHUW FRP SOH[ DQG WH SK\ VLFDO
EDVH RI WH P HWRGV LV RIWVHQ RQO HP SLUFDO QRWDV LWLV E\ WH QQHDU ) ( $ 7 KHUH DUH DOVR P DQ\

LQIOXHQFHV Z KLFK DUH QRWVXIILFLHQW) FRYHUHG HYHQ LQ WKH H[ SHULP HQW

& RP P HUFLDO WVRROVv DECH W GR D IDWJXH DQDO VLV RQ ) ( FDOFXOMWRQ UHVXOWN GR QRWKDYH D YHU &RQJ

KLVWRUW 7 KH QHIJDWYH DVSHFW UHDMWG W WHLU XVH DUH
f KLJ K SULFH

f TXLW KLIK DQQXDO P DLQWQDQFH IHH W HQVXUH GHQYHU RI DOO DFWDQ] DWRQV DEVROX WO

QHFHVVDUW GXH W WH UDSLG GHYHORSP HQWRI WHVH 6: V

f XQVDWVIDFWU OFN RI RSHQQHVV DQG GHVFULSWRQ RI LP SCHP HQWG P HWRGV DQG WH Z D\ RI
LP SOHP HQWWRQ LWHAQ



f LQVXIILFLHQW LQIRUP DWRQ RQ WH XVH RI LP SCHP HQWG P HWRGV XQGHU SDUWFXOU VHUYLFH
FRQGLWRQV RI UHDO VWX FWK UHV

f LQDELOW WR P RGLI\ WKH VRXUFH FRGH Rl WKH SURJUDP VR LP SCHP HQWRZ Q ILQGLQJV

f LQVX I ILFLHQWQXP EHURI H[ SHUWXVHUV

f DYDLODELOLW WR XVHUV Z KR KDYH OLWAH H[ SHUWVH LQ IDWJXH DQDO VLV DQG OLWAMH DZ DUHQHVV RI LW

QP LVDWRQV

3 URMHFW3 UDJ7 LF Z DV VWUWG E\ -DQ 3DSXJD GXULQJ KLV Z RUN RQ WH 3 K" WHVLV ,WVXEVHT XHQW) JUHZ
LOWR WH FXUUHQW3 UDJ 7 LF Y EHW( YHUVLRQ DEOH W SURFHVV ) ( GDW RULVRMOMWG SRLQW E\ D P XOASCH RI
GLITHUHQWFRP SXWWRQDOIDWJXH P H/KRGV 7 KH SURJUDP DQG RWHULQIRUP DWRQ RQ WKH Z KROH SURMFWDUH

DYDLODEOH RQ Z HEVLWH KW\ Z Z Z SUDJWF FRP SURJUDP SKS 3UDJ7 LF LV GLVWLEXWG DV D IUHHZ DUH DQG LW

XVHUV DUH SHRSCOH Z RUNLQJ HLWHU LQ UHVHDUFK RULQ LQGXVW\ VHH KW§ Z Z Z SUDJWF FRP XVHUV SKS

([ FHSWIRU WKH UHVHDUFK LWHAQ WH RWHU P DLQ UHDVRQ IRU LW SURJUDP P LQJ IURP WH YHU VWUWZ DV WH
DWHP SWW V\ VWP DWFDOO YHULI\ FRP P HUFLDOO DSSQOHG VROXWRQV 7 KH UHVHDUFK SUDFWFH LV VRR VFDWHUHG
DQG WVRR RIWHQ Z H VHH LQYHQWQJ RI QHZ EULIKWDQDO VLV P HWKRGV Z KLOH WKH SUHYLRXV RQHV KDYH QRWEHHQ
Z KROO FKHFNHG \ HW 0 RUHRYHU WHUH LV QR VXSHUYLVRU WKDWZ RXOG H[ DP LQH UHDOO WRURXJKQO KRZ WH
FRP P HUFLDO LP SOHP HQWWRQV EHKDYH XQGHU VSHFLILF FRQGLWRQV DQG JLYHQ LQSXW % HFDXVH WH
VRIW DUH SURGXFHUV GLVFDLP DQ\ Z DUUDQW IRU WH XVH RI WKCH VRIW DUH WKH\ SURGXFH WH P DLQ
EXUGHQ RI WKH SURRI RI LW IXQFWRQDAW QHV RQ LW XVHUV 6 XFK D SUDFWFH HLWHU SOMFHV JUHDW
GHP DQGV RQ WKH XVHUV RU CHDYHV WKHP Z IWK D JUHDW H[ SHQVLYH DQG QRQ YHULILHG WRROLQ KDQGV , WLV
QR Z RQGHU WKDWWH P RVWRI WH XVHUV Rl WKH FRP P HUFLDOIDWJXH WRRO/ EHORQJ WR ODUJH FRP SDQLHV
' XH W WHSRLQW P HQWRQHG DERYH WKH FRP P HUFLDOIDWJXH VRIW DUH LV QRWVXLWEOG IRU VP DOORU

P HGLXP VL HHQWUSULVHV

7 KH FRP SDQLHV DQG XQLYHUVLWHV MRLQWLQ WKLV UHVHDUFK FRQVRUWXP Z RXOG WHUHIRUH OONH WR VHWRQH RI LW

JRDOV WVR DQ H[ WVHQVLYH FRP SDULVRQ RI FRP P HUFLDODQG QRQ FRP P HUFLDOIDWJXH WVRRO/ DYDLODECH Z LW LQ LW

7 KHVH DUH

( YHNWRU & = DOORWK HU 3 UDJ 7 LF
% UQR 8 QLYHUVLW RI 7 HFKQRORJ\ & = 0 6& ) DWJXH
& ] HFK 7 HFKQLFDO8 QLYHUVLW LQ 3 UDJXH & = ) H 6 DIH
) DWHF ( QJLQHHULQJ 1 / 1) DWJ XH
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3UDJ7 LF IUHHZ DUH LV DYDLODEO W DQ\ SDUWFLSDQW DQG LW VRXUFH FRGH Z LOO EH SURYLGHG Z LWLQ WH
FRQVRUWXP XQGHU WH FRQGLWRQ WDWLWZ LOO QRWEH I XUMKHU GLVWLEXWG DV D Z KROH LQ SDUW RU LQ DQ\

P RGLILFDWRQ

3 UDJ7 LF LV FXUUHQWO |IRFXVHG DERYH DO RQ IDWJXH LQGXFHG E\ P XOAMD[LDO CRDGLQJ 6 RP H RI
3 UDJ7 LFTV UHVX oW DUH DQUHD G\ DYDLODE OH LQ WK H ) DW LP GDWEDVH VHH S CHDVH

K W\s Z ZZ SUDJWF FRP H[ SHULP HQW SKS Z KLFK XQLTXHO FRP SDUHV SUHGLFWRQ FDSDELOWHV RI

GLIITHUHQWFDOFXDWRQ P HWRGV IRFXVHG RQ KLIK F\ FOH IDWJXH VROXWRQ XQGHU P XOAD[ LDO (RDGLQJ DWWH
IDWJ XH QP LW ,WFHDUO GRFXP HQW WDWWH P RVYWRI WH FRP P HUFLDOO LP SOHP HQWG P HWRGV RI

WKLV FDWHJ RU\ DUH QRWVXLWEO IRUFRP P RQ P XOMD[ LDOVROX WRQ

H QHYHUWHGOHVV |HHO KDWWH FXUUHQWIRFXV LV WVRR QDUURZ |RUD VRIW DUH WRRO HTXLSSHG Z LW VXFK D
FRP SOH[ LQQHU VWXFWUH 7 KH P DVWUHG P DQDJHP HQWRI ) ( GDW DCRZ V LP SCGHP HQWWRQ RI VROXWRQV
XVHG LQ RWHU SURECHP V FRP P RQ W IDWJXH FRP SXWWRQV ,WDOWR SURYLGHV D VXLWEO EDVH WDWFDQ EH

XVHG IRUIXUWKHUTXLFN IDWJ XH RU) (  SRVWSURFHVVLQJ LP SCHP HQWWRQV E\ DQ\ LQWUHVWG ERG\

,2WVKRX0OG EH QRWG KHUH WDWDV WH FRP SXWWRQDO P HWKRGV WQG W FRP SOFDW DQG VRSKLVWFDW WK H
DXWP DWHG FRP SXWU VROXWRQ LVWH RQO SRVVLELAW LI DQ\ P RUH H[ WHQVLYH WHVW.QJ RI QHZ P HWRGV
VKRXOG EH GRQH ,I WKH FRP SXWUVROXWRQ KDV SURFHVV WKH ) ( VWXFWUH VLP XOMDQHRXVQO Z KDWVKRXOG EH

D QHFHVVDUW FRQGLWRQ HJ IRUWVWQJ RI QRWK HIIHFW Z HOGV HW WHDP RXQWRI SURJUDP P LQJ Z RUN



DVVRFLDWHG Z LW LWFRXOG VXEVWQWDO H[ FHHG WKH DP RXQWRI Z RUN UHODWG WR WKH UHVHDUFK LWHQ
3 RVVLELOW W DW P RUH UHVHDUFK ERGLHV FRXOG Z RUN RQ RQH FRP P RQ SUHSDUHG 6: SMWRUP

EHORQJVW P DMRU DGYDQWJHV RI WKH SUHVHQWG DS SAQFDWRQ

2 Q KH RWKHUKDQG ( YHNWULV D GHVLIQ RIILFH Z LW D GLUHFWA.QN WR P DQXIDFWULQJ RI LW GHVLIQV UHDQ] HG

LQ ( YHNWU $ HURWHFKQLN Z KLFK LV DQ DIILODWG FRP SDQ\ ( YHNWU FXUUHQWD |IRFXVHV RQ W R P DMRU
S UR MHF W D IRXU VHDW VLQJCOH HQJLQH 9 8 7 & REUD DQG QLQH VHDW SDVVHQJHU RU FDUIR W R HQJLQH
WUERSURS ( 9 7 KH IDWJXH DQDO VLV LV D QHFHVVDU SDUWRI DQ\ GHVLIQ SURMFWLQ VXFK D VFDOH

( YHNWUTV VL] H DQG FDSDELAW Z RXOG EH P XFK EHWWU XVHG LI WH ) ($ UHVXOW SRVWSURFHVVLQJ QQN KDG
LQFOXGHG DOVR VRP H IDWJXH VROrHU ' XH W WH VWW RI WH DUWGHVFULEHG DERYH ( YHNWU UHSUHVHQWWY HV
H[ SHFWWDWWH LQYHVW HQWLQW 3 UDJ7 LF$ SURMFWZ LW FOHDUGRFXP HQWWRQ RI WH H[ SHULP HQW GRQH RQ
P DWHULDOV XVHG Z LWLQ ( YHNWUfV DLUSDQHV P DNHV P RUH VHQVH WHQ WH SXUFKDVH RI DQ\ H[ LVWQJ

FRP P HUFLDOV\ VWHP

723,86 % ' 5 (66

$ V UHIDUGV WKH WSLFV Z KLFK DUH DGGUHVVHG E\ WKH FDOO DQG Z KLFK 3UDJ7 LF$ SURMFWIXOLO/ WH\ DUH

DQDO VHG LQ WKH WH[ WWDWIRORZ V LQ WKLV VHFWRQ
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7 KH SUHVHQW VWW LQ WH SURIHVVLRQDO GHVLJQ RI HQJLQHHULQJ VWXFWUHV LV EDVHG RQ W R DQUHDG\ TXLW
Z HOO AAQNHG CHYHOV + ! &% ' VIV VWP VIRUWH FRP SRQHQWGHVLIQ DQG ) ( $ VROYHUDFFRP SDQLHG E\ WH
AQN LWHP LWHQA + D VXLWE® ) ( $ SUHSURFHVVRU 7 KH DQDOQO VLV RI UHVXOW GRQH XVXDOO LQ D QDWYH ) ( $
SRVWSURFHVVRU DORZ V HYDOXDWRQ RI DFWDO ORDG OHYHOY/ WKDW FRXOG HQGDQJHU FRUUHFWIXQFWRQ RI WH

FRP SRQHQWDQDO VHG XQGHU VWWF ORDG HLWHUE\ WRR ODUJH GLVSMFHP HQW RUWR KLJ K VWHVVHV

) (% IDWJI XH SRVWSURFHVVRUV DUH WKH QH[ W GHYHO QHFHVVDU\ WR P DNH WKH GHVLIQ SURFHVV UHDOQO
YLUWDO : HKDYH GHDONZ WK WKH QHJDWYHV UHODWG WR WK HLU XVH LQ WKH OQLVWLQ 6 HF 2 XU SURMHFW
VKRXOG UHVSRQG WR WKH P RVWRI WRVH QHIJDWYH SRLQW 7 KH SURE HP Rl KLIKHVW SULRULW LQ RXU
RSLQLRQ LV WRR EHQHYROMHQW SUDFWFDO XVH RI WK RVH QRW DGHT XDWO YHULILHG VRIW DUH WRRO/ Z LW
X QVNLOHG X VHUV , 1 WKLV VWOWH FRQWQXHV LWFDQ HYHQWK DO LQGXFH VXEVWQWDORVVHV RQ HT XLSP HQW

P DFKLQHV RU HYHQ FDVX DOAHV

7 KH VROXWRQ Z H SURSRVH LV EDVHG RQ DFFHVVLELOW Rl 3UDJ7 LF 7 KH IUHHZ DUH W SH Rl OAFHQFH KHGOSV WH
GLVWILE XWRQ RI 3UDJ7 LF EXWZ H Z RX0G OGNH W JR HYHQ IDUKHU : H DUH LQ WH SRLQWZ KHQ Z H RIIHU W
VKDUH DOVR LW VRXUFH FRGH DOKRXJK DWVWUWRQO DP RQJ SDUWHUY RI WLV SURMIFW 2 XU SUHP LVH LV WKDWLW
GRHVY QRWP DWWHU LI WKH FRP P HUFLDOWRO/ FRS\ RXUDSSURDFKHV RUVROXWRQV 6 XFK WHLUDFFHSWQFH Z RXQOG
EH LQ IDFWDGYLVDEGH : H VHH WKH IXWUH RI FRP P HUFLDOV\ VWVHP V DQG WH EDVH IRUWHLUFRP SHWWRQ LQ WKH
P D[ LP XP VSHHG RI FDOFXMWRQ DQG TXDAW DQG LQWUDFWYLW RI WH XVHU LQWUDFH 7 KH P HWRGV

WHP VHOYHV VKRX0OG QRWEH VR GHFLVLYH

7 KH UHDVRQ RI 3UDJ7 LF$ LV QRWW LQWHRGXFH 3UDJ7 LF WR WKH FRP P HUFLDOP DUNHW 7 KLV Z RX0OG QHHG WRR
DUIJH LQYHVW HQW % XWWH MLQWZ RUN RI LQWUHVWHG UHVHDUFK DQG HQJLQHHULQJ LQVWWWYV FDQ EUHHG DQ
LQGHSHQGHQW IDWJ XH WRO WKDW FRXOG EH XVHG HYHQ E\ 60 (V Z KLFK DUH QRWWGD\ DEMH W ILQDQFH
SXUFKDVH RI FXUUHQW FRP P HUFLDO WVRRO/V 2 XU FRP ELQHG IRUFH Z LOO GRFXP HQW FXUUHQW SURSHUWHV RI

H[ LVWQJ IDWJXH WVRROV VXEVWQWDOD EHWWHUDQG LV DECH WVR SURSRVH DOMUQDW VROXWRQV

(9 (/230 (17 2) $' 9$1&(' 0 (7+2"'6$1"' &20 387$7,21%$/ 722/6 ,1 7+ ( ),(/"' 62) 6758&785F8]/

$1%$/<6,6

) DWJ XH DQDO VLV LV D VXEVSDFH LQ WH VWXFWUDO DQDO VLV $ 0O WH : 3 o3 DUH I1X03 UHMWG WR
YHULILFDWRQ RI H[ LVWQJ FRP SXWWRQDOWRO/ GLI IHUHQWFDOFXMWRQ P HWRGV DQG WHLULP SURYHP HQW 7 KH

I XA LP HQWRI WKLV WVRSLF LV XQT XHVWRQDE CH
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7 KH YLUWK DO GHVLI Q WRSLF MRLQWZ LW RXU IRFXV FRQFHUQLQJ IDWJXH SRVWSURFHVVLQJ RI ) ( $ VKRXOG JLYH
FOHDU QRWRQ DERXW SRVLWYHV FRP LQJ IURP 3UDJ7 LF$ UHDOLVDWRQ DV UHJDUGV WH QHFHVVLW R
H[ SHULP HQWOWVWQJ 3 RVVLELOW W UHP RYH WH QHFHVVLW RI DWOHDVWSDUWRI IDWJ XH UHODWG H[ SHULP HQWO
Z RUN Z KLOH P DLQWLQLQJ JRRG UDWR RI VWHQJIJW W Z HLJKWLV WKH YHUl SRVLWYH RXWRP H UHODWHG WR WKH

Z RUN SCDQQHG

7 KH RWKHU DGYDQWJH UHODWG W 3 UDJ7 LF$ UHVXOW LV WKDWZ H DUH GH IDFW UHDQ] LQJ DWOHDVWD SDUWRI WH
H[ SHULP HQW WDW VKRXOG GR DQ\ ERG\ Z KR Z DQW W XVH FRQWP SRUDU IDWJXH VROYHUV 7 KH VFDOH RI
SMQQHG GLVVHP LQDWRQ LV VHWLQ VXFK D Z D\ VR WKDWDOO UHCHYDQWUHVXOWN RI RXUWVWQJ Z HUH DFFHVVLECH W
DQ\ LQWUHVWG HQJLQHHU RU UHVHDUFKHU 7 KXV Z H DUH P LQLP L] LQJ SXUFKDVH FRVW RI DQ\ HQJLQHHULQJ RU

LOQGXVWLDOFRP SDQ\ SRWQWDOO LQWUHVWG LQ D SXUFKDVH RI D FRP P HUFLDOV\ VWHP EHFDXVH

Z H SDQ W VKRZ TXDOAW Rl LQGLYLGXDO W SHV RI VROXWRQV LP SCHP HQWG LQ GLIIHUHQW IDWJ XH
VROYHUY = LH WH XVHUNQRZ V Z KDWKH LV EX\ LQJ
KH JHW VRP H LP DJH IURP SXEQVKHG GDW KRZ WHP HWRGV XVHG LQ KLV FKRVHQ VRIW DUH EHKDYH

XQGHUJLYHQ FRQGLWRQV + KH VKRXOGQIWEQAQGO EHQOQHYH WDWKH JHW SHU HFWUHVX OW

7 KH FRQVRUWXP GH IDFW DFW DV DQ RUJDQL] DWRQ IRUFRQVXP HUVY SURWHFWRQ Z LW D YHU\ VSHFLILF WUJ HW
JURXS

7 KH P DMRU SDUWDOJRDOV VHWQRZ DGD\ V LQ WKH S URMFWDUH

D / HDUQLQJ WKH FRQVRUWXP SDUWFLSDQW W Z RUN Z LW 3 UDJ7 LF DQG P RGLI\ RU GHYHORS LW VRXUFH
FRGH LI QHFHVVDW 3
E ( VWEOWVKLQJ RI WKH GLUHFWOLQN WVR WH GRP LQDQW) ( $ VROYHUV : 3
$ QDO VLV RI QRWK HIITHFW : 3
$ QDO VLV RI P XOAD[ LDOW HIITHFW : 3
$ QDO VLV Rl Z HOGGHG VWXFWUHV : 3
$ QDO VLV Rl ULYHWG VWXFWUHV : 3
$ QDO VLV RI FRP SRVLW VWXFWUHV : 3
6\ VWVHP DWWVDWRQ RI WH UHVHDUFK DQG WH HYDOXDWRQ UHVXOW DWWLQHG : 3
' LVVHP LQDWRQ RI DWWLQHG UHVXOW WR VFLHQWILF DQG HQJLQHHULQJ SXEQF : 3
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7 KH FRQWHP SRUDU\ SUDFWFH LQ WKH GHYHORSP HQWRI IDWJXH VRO‘HUV LV EDVHG RQ WKH DFWYLW RI WH
VRIW DUH SURGXFHU DERYH DO 7 KH FRP SDQ\ HLWHU GRHV LW RZ Q UHVHDUFK LQ WH VHDUFK Z KLFK DUH WH
XVDEH VROXWRQV IRU WKH LP SCHP HQWWRQ RU FRODERUDWYV Z LW VRP H XQLYHUVLW RU UHVHDUFK FRP SDQ\

Z KHUH LWVHH VXFK D FRODERUDWRQ WH FKHFN RI SRWQWDOP HWRGV RU HYHQ WH LP SCHP HQWWRQV DV
P RUH VWDLI KWRUZ DUG LH FKHDSHU 7 KH GHFLVLRQ Z KDWWR LP SCHP HQWLV W XV P DGHE\ D YHU\ QP LWG
QXP EHU RI Hf SHUW FKHFNHG E\ P DQDJHUV QRQ H[ SHUW DQG ILQDOO UHDQ] HG =+ DOOW HVH DFWY LWHV LQ

VHFUHF\ VR WKDWWKH RWHU FRP SHWWUV RQ WKCH P DUNHWKDYH QRWNQRZ Z KDWLV EHLQJ SUHSDUHG

7 KHUH LV VRP H FRQVHUYDWVP Z LWLQ WH LP SCHP HQWWRQV ) LUVW WH XVHUV DUH HQJLQHHUV DERYH DO QRW
WH UHVHDUFKHUV 7 KXV WHUH LV VWRQJ UHTXLUHP HQW W LP SCHP HQW Z HOO NQRZ Q P HWRGV Z KLFK WH
QRZ DGD\ V HQJLQHHU FRXOG P HHWDQUHDG\ Z KHQ WH\ Z HUH DWWH XQLYHUVLW 0 RUHRYHU DV WH UHVHDUFK
SUDFWFH DQG YHULILFDWRQ RI LQGLYLGXDO P HWKRGV LV GLVFRQWQXRXV UHVXOW RI WH ROGHU P HWRGV DUH

XVXDOO EHWWHUFRYHUHG LQ WKH VFLHQW.ILF SDSHUV



7 KHDJHRI WKAH FDOFXMWRQ P HWKRG DQG HYHQ WKH H[ WHQWRI LW SXEQFIW DUH QRWWKH ULIJKWHYROXWRQ
FULWHULD QHYHUW HOHVV 7 KH JRRG H[ DP SOH LV WKH EHKDYLRXURI ) LQGOH\ RU' DQJ 9 DQ P HWKRGV LQ ) DW LP

GDWEDVH KW\ Z ZZ SUDJWF FRP H[ SHULP HQW SKS 7 KHLU UHVXOW XQGHU P XOAD[ LDO ORDGLQJ DW WKH

IDWJ XH QP LW DUH T XLW LQDSSURSULDWH EXWWHVH W R P HKRGV DUH WKH P RVWRIWQ LP SCHP HQWHG FULWULD LQ
WLV DUHD DQG DUH Z HOONQRZ Q HYHQ W SHRSOH Z KR DUH LQWUHVWG LQ IDWJXH EXWNQRZ RQO D OWMH RI WH

LP SDFWRI WH P XOAD[ LDORDGLQJ

7 KH RSHQQHVV RI WH 3UDJ7 LF VRXUFH FRGH WR P RUH SDUWHUV RULHQWHG EDVLFDOO RQ WKH UHVHDUFK
LWHA VKRXOG FKDQJH WKLV SUDFWFH 7 KH LP SCHP HQWWRQ FHQWH VW\ V LQ ( YHNWU EXWDQ\ SDUWHU Z LOO
KDYH DQ DELOW WR FKHFN WH LP SCHP HQWWRQ DV Z HOODV WR P RGLI\ LWLQ KLV VHDUFK IRU WH ULJ KWVROXWRQ
7 KH H[ W'HQWRI WKH Z RUN UHODWHG WR WKH UHVHDUFK DQG WR WKH YHULILFDWRQ RI H[ LVWQJ P HWRGV LV TXLW COUJH
LQ : 3 :3 % XWWLV LV WKH RQO Z D\ LQ WKH VHDUFK IRUD XQLTXH FRQFOXVLRQ FRQFHUQLQJ FDSDELAWHV RI
GLIITHUHQWVROXWRQ W SHV 7 KH VDP H UHODWV W WH DELOW W VKDUH WH ) ($ P RGHO/ Z KLFK DUH WKH EDVLV

IRUDQ\ IDWJXH FDOFXMOWRQ + EXWP RUH RQ WLV SRLQWLV Z ULWHQ LQ 6 HF

, I Z HSXUVXH WLV Z D\ WH QHFHVVDW | LUVWVWS LQ WKH FRRUGLQDWRQ RI I XUMHUGHYHORSP HQWRI 3 UDJ7 LF LV
LOQOWRGXFWRQ RI DO SDUWHUV Z LOOLQJ W Z RUN Z LW 3 UDJ7 LFfV VRXUFH FRGH 3 UDJ7 LF Z LOOEH XVHG Z LWLQ
WH P RVWRI WKH RWHUZ RUNSDFNDJHV IRUDQDO VLV RI H[ SHULP HQWOGDW $ JUHDWSDUWRI WH QHZ RUROGHU
P HWKRGV WKDWZ LOO EH HYDOXDWG GXULQJ WH UHVHDUFK Z LOOEH LP SCHP HQWG LQW LW 7 KLV P HDQV WKDWWH
SDUWFLSDQW KDYH W XQGHUVWQG KRZ W Z RUN Z LW LW KRZ LW LQQHU VWXFWUH ORRNV DQG Z KDWFDQ EH
GRQH LQ Z KLFK Z D\ $ OKRXJK WH P RVWRI WKH FRUH LP SCHP HQWWRQV LV H[ SHFWHG W EH GRQH LQ ( YHNWRU
LWLV YHU LP SRUWMWQWIRU DQ\ OGHDUQHG XVHU SURJUDP P HUW KDYH DQ RSSRUWQLW W P RGLI\ WH SDUW RI

WH VRXUFH FRGH LQ RUGHU WVR WVHVWGLI IHUHQWY HUVLRQV RI H[ DP LQHG IDWJ XH FULWULD

7 KLV Z RUN VWUW | LUVWE\ WH XVHUY VWG\ LQJ WKH FRQWRORYHU 3 UDJ7 LF Z KLFK Z LOOEH DOVR H[ SCDLQHG DW
WH | LUWWMLQ P HHWQJ ' XULQJ WKH ILUVWKDA RI WH \ HDU WKH DFWDQ] HG YHUVLRQ RI WH + HOS IRU 3 UDJ7 LF
KDV WR EH ILQLVKHG WJHWHU Z LWK D VHWRI H[ DP SCHV WKDWFDQ KHGS WH XVHUV LQ WH RULHQWWRQ Z LWKLQ
3 UDJ7 LFfV LQWU DFH 7 KH VHFRQG FRP P RQ P HHWQJ Z LOO EH XVHG DOVR IRU LQWRGXFWRQ LQW WH VRXUFH
FRGH RI 3UDJ7 LF WHFRP P RQ SURFHGXUHV LQ WKH Z RUN Z LW GDW EORFNV HW 7 KH HIITRUWZ LOOEH VSHQG VR
WDWWH XVHUV Z HUH DEOH WR RULHQWW HP VHOYHV Z LWLQ WH VRXUFH FRGH RI 3UDJ7 LF NQRZ Z KHUH W RRN
Z KHQ WH\ QHHG W FKDQJH VRP H SDUW RI FRGH Z HUH DEXH W GR WH FKDQJH LWHA DQG FKHFN WH

EHKDYLRXURI WH SURJUDP DIWUZ DUGV

3UDJ7 LF KDV XS W QRZ D YHW VSHFLILF LP SRUW SURFHGXUH DORZ LQJ WH LP SRUWRI VRAG P HVKHV RI
DUELWDW ) ( VROHU EXWLWLVY WRR VORZ |IRU WH QXP EHU RI H[ SHFWG IDWJXH DQDO VHV QHFHVVDU LQ WLV
SURMIFW : H WHUHIRUH H[ SHFWKHUH WR GHILQH SURSHU WDQVIHU IRUP DW EHW HHQ 3 UDJ7 LF DQG $ 1 6< 6
& 78 .30 69 7 &' 1$6758%1 % 8 7 (9 ( $ %% 486 & 78 ,30 0 (5/ 8 3% 5

3 UR( QJLQHHU 7 &' 9 &$ &2 60 26 69 DQG 3% 0 &5 8% 6+ 9 &$ * UHDWHP SKDVLV Z LOOEH SOFHG

RQ LP SURYHP HQWRI Z RUN Z LW VKHOWSRORJILHV Z KLFK DUH YHUN FRP P RQ LQ DLUFUDIWGHVLIQ
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,QGXVWLDOFRP SRQHQW DQG VWXFWUHV DCP RVWDQX D\ V IDLOIURP DUHDV RI VWHVV FRQFHQWDWRQ LH UHJLRQV
RQ WKH FRP SRQHQWZ KHUH WH VWHVV LV KLJK EXWOQRFDAVHG FKDUDFWULVHG E\ D JUDGLHQWRI GHFUHDVLQJ
VWHVV WLV Z HOONQRZ Q WWKDWWH HVWP DWRQ RI WKH HIITHFWRI WLV KLJK VWHVV UHJLRQ LV GLIILFXON YDULRXV

GLIITHUHQWDS SURDFKHV H[ LYWWEXWQRQH KDV HP HUJHG DV D XQLYHUVDOVROXWRQ

7 KLV LV WWXH Z KHWKHU WKH SUHGLFWRQ RI QlIH 1 LV EDVHG RQ HODVWF VWHVV 6 RUHODVWF SOVWF VWDLQ H

7 KH XVH RI 6 1 FXUYHV LV SULRULWVHG Z WK LQ WKLV SURMHFWRYHU 0 DQVRQ & RIILQ H 1 FXUYHV Z KLFK
FRQVWWK W WKH EDVLV IRU D SDUDOHO Z D\ RI WH VROXWRQ 2 XU SULRULW VHWW 6 1 VROXWRQ Z DV
FK RVHQ EHFDXVH LW DORZ V P XFK IDVWHU DQG FRQYHQLHQW HQJLQHHULQJ VROXWRQ DYRLGLQJ WKH
FRP SOFDWRQV RI HODVWF SMVWF ) ( $ ' XH WVR WH QRWZ KROO ULJKWXO XVH RI 1 HXEHU QANH P HWRGV
VROXWRQ DQG IURP LWDULVLQJ QHFHVVLW RI HODVWF SMVWF ) ( $ P RGHOOQJ WHH 1 FXUYH EDVHG VROXWRQ LV
XVDEOH RQO IRUVLP SCHURDG KLVWULHVY DV HJ Z LW FRQVWQWDP SAWGH (RDGLQJ WURXJKRXWWH Z KRCOH QIH
Rl WH VWXFWUH HYDOXDWG $ OKRXJK WH 6 1 VROXWRQ LV SULRULWVHG LQ WH SOQV IRU 3UDJ7 LF$
FRQVRUWXP UHVHDUFK WH DQDO VHV XVLQJ H 1 FXUYHV Z LOO EH DOWR GRQH IRU FRP SDUDWYH SXUSRVHV
EHFDXVH RI P DQ\ VXSSRUWUW RI WH H1 VRXWRQ WDW2Z RXOG RWHUZ LVH UL KWX0O SRLQWRXWWDW WH

FRP SDULVRQ LV LQFRP SCHW



6 WHVV EDVHG QRWK DSSURDFKHV QRUP DOO LQYROYH VRP H SDUDP HWHU Z KLFK UHIHUV WVR WKH VL] H RI WK H
KLIKO VWHVVHG UHJLRQ RUW WHP DIJQLWGH RI WKH VWHVV JUDGLHQW 7 RGD\ WH FRYHUDJH RI WKH QRWK
HITHFW LQ 3 UDJ7 LF LV LQVXIILFLHQW 6 HYHUDO P HWRGV EDVHG RQ WH UHODWYH VWHVV JUDGLHQW VLP LODU W
) HP ) DWVROXWRQ DUH FXUUHQW) WVWG IRU D XQLD[ LDO VROXWRQ 7 KH VDP H LQVXIILFLHQF\ LV QHYHUWHCHVV
YDAG DOVR IRU WKH P RVWRI WH FRP P HUFLDO VRIW DUH * 0 6& ) DWJXH RU : LQ/ LIH DVN WH XVHU W VHW
P DQXDOO WH QRWK IDFWRUIRUHDFK FUMWFDOOGRFDAW 2 Q WKH RWHUKDQG WH P HWRG LP SCHP HQWG H J LQ
) HP ) DWLV EHWHU DXWP DWG EXWZ H DUH ODFNLQJ DQ\ VXEVWQWDODQG WRURXJK YHULILFDWRQ RI LW TXDOW
7 KXVHJ WHLQWRGXFWRQ RI ) HP ) DWY FKDQJHG VLI QLI LFDQW) WH Z D\ RI WKH QRWK HIITHFWHYDOXDWRQ
LQ FRP SDULVRQ W WH SUHYLRXV ) HP ) DW YHUVLRQ WH FKDQJH QHYHUWHOHVV KDV QHLWHU EHHQ [1X00O
GRFXP HQWG DV UHJDUGV WH LP SCHP HQWWRQ GHWLO/Y QRU KDV EHHQ UHSRUWG DERXW GLI IHUHQFHV LQ
SUHGLFWRQ TXDAW RI ERW P HWRGV

7 KH H[ SHULP HQWO SURJUDP P H UHDQ] HG Z LWLQ : 3 RI 3UDJ7 LF$ SURMIFWVKRXOG LQYROYH QRWRQQ WH
QRWK HIITHFWLWHQAQ EXWDO/R LW LQWUDFWRQ Z LWK P HDQ VWJHVV HIIHFW 7 KLV P HDQV WKDWWH WVWQJ Z LCO
FRP SUHKHQG DOVR (RDG FDVHV Rl UHSHDWG RDG 7 KH H[ SHULHQFH JDLQHG GXULQJ WHEXLOG XS RI ) DW LP
GDWEDVH GHDG XV WVR WH FRQFXVLRQ WKDWWH P RVWRI WKH P XOAD[ LDOFULWULD IDLOP RUH RIWHQ GXH W
LP SURSHU LP SOHP HQWOWRQ RI WKH P HDQ VWHVV HIITHFWWKDQ GXH W P XOMD[ LDORDGLQJ % HFDXVH WH
H[ WHQVLRQ RI UHVXOWN LQ WKH : 3 QRWK HITHFW LV SODQQHG WH LQFOXVLRQ DQG FRYHUDJH RI WKH P HDQ VWHVV
HITHFWZ LWLQ WKH QRWK HITHFWLV QHFHVVDU WR EH YHULILHG DOVR Z LWLQ WLV JURXS RI QP LWG VFRSH QR

P XOND[ LDOH[ WHUQDOORDGLQJ = WKLV H[ WVHQVLRQ LV SADQQHG W EH GRQH LQ : 3

7 KH XQGHUVWQGLQJ DQG SURSHU VLP XODWRQ RI WH QRWK HIIHFW Z LWKLQ WH IDWJXH DQDO VLV RI WH
FRP SCH[ O VKDSHG SDUW KDV D NH\ URCH LQ DQ\ HYDOXDWRQ RI DLUFUDIWVWXFWUHV $ V DQ H[ DP SCH Z H FDQ
P HQWRQ DQ LQFUHDVH RI WH QXP EHURI P LOOHG FRP SCH[ SDUW XVHG LQ WH QHZ 9 8 7 & REUD RU ( 9

2 XVWVEDFN DLUFUDIW GHYHCORSHG LQ ( YHNWU 7 KH P LOOQJ LV D IDVWWFKQRORJLFDORSHUDWRQ Z LW D YHU JRRG
SRWQWDO W XQFRYHU DQ\ GHIHFW UHODWG W WH P DQXIDFWULQJ , WLV WKHUHIRUH SULRULWVHG RYHU WH
FRP P RQ DVVHP EOQ Rl ULYHWG VKDSHG VKHHW Z KLFK LV P RUH SURQH W KXP DQ LQGXFHG HUURUV DQG

QHFHVVLWWY P RUH KXP DQ GERXUDV Z HOO

3 : +< ,67+ (0 8/ 7,%; ,8$/ /2% ,1* 62 ,0 3257%17

0 XOAD[ LDOIDWJXH ORDGLQJ LQGXFHV LQ WKH VWXFWUDOFRP SRQHQW P XOAD[ LDOCRFDOORDG VWWYV Z KHUH WKH
LQGLYLGXDO FRP SRQHQW RI WH VWHVV RU VWDLQ WHQVRUV LQ JHQHUDO GHYHORS QRQ SURSRUWRQDOO ) DWJ XH
HYDOXDWRQ RI VWXFWUDO FRP SRQHQW KDV EHFRP H D VWQGDUG SURFHVV LQ WH GHVLIQ RI ERW FLYLO DQG
P HFKDQLFDO VWXFWUHV + RZ HYHU P XOAD[ LDO IDWJXH FRQWQXHV W EH (DUIHO WH GRP DLQ RI D QP LWG
QXP EHU RI VSHFLDOAVW ,Q RUGHU W DQDO VH VWXFWUDO FRP SRQHQW VXEMFWG W P XOAD[ LDOCRDGLQJ WH
VWHVV VWW LV JHQHUDCO UHGXFHG W DQ HTXLYDOHQW XQLD[ LDO VWHVV VWW ,W LV Z RUK UHFDOOLQJ WDW
FRQVLGHULQJ DQ HTXLYDOHQWXQLD[ LDO VWHVV VWW SHUP LW D IDWJXH HYDOXDWRQ EDVHG RQ XQLD[ LDO IDWJ XH
WVW SDUDP HWUV DQG KHQFH FRP SOH[ DQG H[ SHQVLYH P XOAD[ LDO IDWJXH H[ SHULP HQWO WVW FDQ EH
DYRLGHG EXWLWRIWQ LP SAHV VLP SAI\ LQJ DVVXP SWRQV Z KLFK P LJKWQRWEH YDAG IRUWH VSHFLILF (RDG
VHT XHQFH RU VWX FWUHV WVR EH H[ DP LQHG 7 KH XVH Rl XQLD[ LDOVROXWRQ DQG LW UHVXOW LQ FRP SDULVRQ WR WH
XVDJH RI P XOMD[ LDO P HWKKRGV KDV W EH FDUHIXOO GRFXP HQWG EHFDXVH LWLV YHU RIWQ XVHG LQ WH
HQJ LQHHULQJ SUDFWFH EXWWH UL KWHVV RI VXFK D VROXWRQ LV TXHVWRQDEGOH Z KLOH HYHQ DQ LQFOQDWRQ

HIWKHU W FRQVHUYDWYH RUQRQ FRQVHUYDWYH SUHGLFWRQ LV JHQHUDOO XQNQRZ Q

6 HYHUDO FULWHULD KDYH EHHQ SURSRVHG GXULQJ WH DVWGHFDGHV WR SUHGLFWZ KHWHU IDWJ XH IDLOXUH XQGHU
P XOND[ LDO RDGLQJ P D\ RFFXU RU QRW $ V IDU DV WH KLIK F\ FOH IDWJXH UHJLP H LV FRQFHUQHG WHVH
FULWHULD DUH EDVHG RQ GLIIHUHQWDS SURDFKHV LQFOXGLQJ HP SLULFDOIRUP XOOH VWHVV LQYDULDQWEDVHG FULWULD
VWHVV DYHUDJH EDVHG FULWULD FULWFDO SOQH DSSURDFK 2 Q WH RWHU KDQG IRU WH ORZ F\FOH IDWJXH

UHJLP H VWDLQ EDVHG FRXQWUSDUW KDYH EHHQ SURSRVHG DV Z HOODV HQHUJ\ EDVHG FULWULD

$ FFRUGLQJ W WKH FUWFDOSODQH DSSURDFK IDWJXH EHKDYLRXUXQGHUP XOAND[ LDOOGRDGLQJ LV DQDO VHG LQ W R
VWSV ) LuvWO WH FUMWFDOS®MQH GHILQHG DV WKH SQH RI P D[ LP XP GDP DJH LV WKHRUHWFDO3 GHWUP LQHG
E\ P D[ LP LVLQJ D FRP ELQDWRQ RI WH DP SAWGHV DQG RUP D[ LP XP YDOXHV RI VRP H VWHVV FRP SRQHQW
6 HFRQGO WH IDWJXH IDLOXUH DVVHVVP HQWLV FDUULHG RXWE\ HP SR\ LQJ VRP H VWHVV FRP SRQHQW DFWQJ RQ
WH FUMMFDOS®MQH GHGXFHG LQ WH ILUUWWVWS $ V KDV EHHQ VKRZ Q E\ % URZ Q DQG 0 LOH IDWJXH SURFHVV FDQ
EH GLVWQJ XLVKHG LQ W R VWJHV IDWJXH FUDFN QXFOHDWRQ 6WJH , DQG IDWJXH FUDFN JURZ W 6 WJH ,,

6 XFK VWJHV DUH FKDUDFWULVHG E\ GLIIHUHQWFUDFN SOQH RULHQWWRQV DQG FUDFN JURZ W P RGHV 0 RGH , RU



0 RGH,, ,,, + HQFH WH FUWFDOS®MQH DSSURDFKHV GLITHUHQWDW GHSHQGLQJ RQ Z KLFK VWJH LV FRQVLGHUHG
LQ GHILQLQJ WH FUWFDOSM®MQH RULHQWWRQ 1 RW WDWFULMMWFDOSMQH P RGHOV VKRXOG EH DECH WVR SUHGLFWERW

WH IDWJXH OQIH DQG WKH GRP LQDQWIDLOXUH SCDQH V

$ VP HQWRQHG DERYH P XOAD[ LDO RDGLQJ LQGXFHV P XOAD[ LDO VWHVV VWDLQ VWWYV Z KHUH WH LQGLYLGXDO
FRP SRQHQW RI WKH VWHVV VWDLQ WHQVRU LQ JHQHUDO GHYHORS QRQ SURSRUWRQDO 7 KLV LV WKH P DLQ

UHDVRQ Z K\ XQGHU YDULDEOH DP SAWGH RDGLQJ FRP P RQ UDLQ ICRZ GHFRP SRVLWRQ XVHG IRU
FRQYHUVLRQ RI WKH FRQWQXRXV ORDG KLVWU\ IRU RDG F\ FOHV VHSDUDWRQ IDLOV 7 KH P RVWRIWQ XVHG
VROXWRQ KRZ W JHWRYHU WLV REVWFO LV W SHURUP WH UDLQ ICRZ DQDO VLV RI VRP H VSHFLILF ORDG
FRP SRQHQWRQO EXWQR FOHDU DQG SHUVXDVLYH SURRI RI LW IXQFWRQDAW Z DV VKRZ Q XS W QRZ : H
WHUHIRUH Z DQWWR FKHFN DOVR DQRWHU DSSURDFK SURSRVHG E\ 3 URI 6 WIDQRY Z KR MRLQV RXUFRQVRUWXP

Z LWKLQ WKH VWII DWWH & 7 8 Z LWK D UHYROXWRQDW LGHD RI LQWJUDWRQ RI GDP DJH GLIIHUHQWDO/ Z LWKRXW
IRUP LQJ DQ\ F\ FOHV 7 KH P HWKRG Z DV UHSHDWGO SXEQVKHG LQ WKH QLQHWHYV RI WH W FHOQWUW EXWXS W

QRZ QR MUJH VFDOH WHVWQJ RI LW IXQFWRQDOAW KDV EHHQ GRQH 3 UDJ7 LF$ SURMFWZ LW LW V\ VWVHP DWF
FKHFN Rl H[ LVWQJ P HWRGV RQ DYDLODEOH H[ SHULP HQWO GDW Z LOO EH WH |LUVW DUJH VFDOH WHVWRI WLV
P HWKRG 7 KH P HWRG LV FHUWLQO Z RUW WVWQJ EHFDXVH RI LW XQLTXH Z D\ Rl VROXWRQ Z KLFK QR RWHU

P HWKRG FXUUHQW) XVHV

3 LV IRFXVHG RQ WH QRWK HIITHFW RQ IDWJXH QIH 7 KH VROXWRQ LV WHUH ORRNHG IRU XQGHU DQ
DVVXP SWRQ RI XQLD[ LDOH[ WVHUQDOORDGLQJ 7 KH QRWK HIITHFWXVH LQ FRQMXQFWRQ Z LW HMMVWF 6 1 FXUYHV LV
SUHIHUUHG LQ RXU SRLQWRI YLHZ RYHU FRP P RQ HODVWF SMVWF VROXWRQ EDVHG RQ H 1 FXUYHV 7 KH VDP H
SRVWODW LV YDOAG DOVR LQ WKH P XOAD[ LDORDGLQJ GRP DLQ LQ : 3 EXWWH VIWKDWRQ LV QHYHUWHGCHVV HY HQ
P RUH FRP SOFDWG E\ WH P XOAND[ LDOW 1 R WRROIRUD FRQYHUVLRQ RI HODVWF ) ( UHVXOW W HOVWF S DMVWF
DV LWLV RIWHQ XVHG LQ XQLD[ LDODQDO VLV 1 HXEHU * QQND « LV FRP P RQO DFFHSWG Z LWLQ P XOAD[ LDO
DQDO VHV DQG WKXV WKH GHSHQGHQF\ RQ WKHH 1 FXUYH OGHDGV W WHRQO Z D\ RI VROXWRQ £ I X0 HODVWF
SMVWF ) ( $ ,Q VXFK D FDVH DQ\ TXLFN DWAMLQDELOW RI IDWJXH UHVXOW XQGHU D P RUH FRP S OH[

RDGLQJ LV UHDO RQO IRU YHU\ VKRUW (RDG KLVWULHY FRQVWQW DP SAWGH (RDGLQJ RU XQGHU WKH

DFFHSWQFH RI YHU\ GUDVWF VKRUWQLQJ RI WKH ORDG KLVWRU\ : H Z RXOG ONH WR WDNH WKH EHVW
VROXWRQV HYDOXDWHG Z LWKLQ : 3 DQG H[ WHQG WKHP WR : 3 © H NQRZ VKDW) HP ) DWXVHV LW RZ Q
VROXWRQ Z LWKLQ WKH 6 1 FRQFHSWDV Z HOO EXWDQ\ LW P RUH H[ WHQVLYH SXECF YHULILFDWRQ LV P LVVLQJ : H

Z RXOG AANH WR FRP SDUH LWZ LW RWHUVROXWRQV WH ILQDOP RVWVXFFHVVIXO3UDJ7 LF 6 1 DQGH 1 P HWRGV

7 KH P XOAD[ LDO VROXWRQ LV DOQUHDG\ ILUP O EDVHG LQ 3UDJ7 LF £ VHH HJ VRP H RI LW UHVXOWN LQ WH RSHQ

) DW LP GDWEDVH K W\ Z ZZ SUDJWF FRP H[ SHULP HQW SKS 7 KH FXUUHQW VROXWRQ LV QHYHUWHOHVV

IRFXVHG DERYH DOOW ORDGLQJ DURXQG WH IDWJXH QP LW LH W SXUHO KLIK F\ FOH IDWJXH FDOFXMWRQV 7 KH
Z RUNV RQ QP LWHG QIHWP H VROXWRQ LQ WLV FDWHJRUW KDYH DOQUHDG\ VWUWHG EXWKDYH W EH VXEVWQWDGCO
H[ WHQGHG LQ ERW WH 6 1 DQG H 1 SDUW RI WKH VROXWRQ $ VXEVWQWDOUHMWRQVKLS W : 3 LV H[ SHFWHG
Z KLOH WKH FRP ELQDWRQ RI ERW HIITHFW VWGLHG LQ WHVH W R : 3 QRWK DQG P XOAD[ LDAW HIIHFW LV

DEVROXWO QHFHVVDW IRUDQ\ LQGXVWLDOSUDFWFH

0 XOMD[LDOORDG VWOWH LV LQWLQVLF WR P DQ\ LQGXVWLDODSSOAFDWRQV ,WFRQFHUQV WKH FRQWFWIDWJ XH
RDG VWOWH DURXQG ULYHW ORDG VWOW RQ WKH FUDFN WS HW ' H IDFW DQ\ QRWKHG VSHFLP HQ KDV D
P XOMD[ LDO ORFDO ORDG VWOWH LQ WKH QRWK LWHA HYHQ LI WH H[ WHUQDO ORDGLQJ LV XQLD[LDO 7 KH
XQGHUVWQGLQJ WR WLV FRP SCH[ SKHQRP HQRQ DQG WH TXHVWRQ Z KHQ WKH VLP SOHU XQLD[ LDO

P HWKRGV FDQ EH XVHG LV Rl SDUDP RXQWLP SRUWQFH WR DQ\ VXFFHVVIXOVWXFW UDOGHVLI Q
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7 KH HQJLQHHULQJ VROXWRQ RI IDWJXH LQ Z HOGV LV XVXDOO EDVHG RQ ( XURFRGH RU % 6 VWQGDUGV LQ
FRP P HUFLDO IDWJXH DSSAQFDWRQV : HOGV DUH D UHDO FRP SOFDWRQ LQ WH FRP SXWWRQ * WH\ LQGXFH

UHVLGX DO VWHVVHV QRQ KRP RJHQHLW DQG VXEVWQWDOD LQFUHDVH SUREDELAOW RI LP SURSHU WHFKQRORJLFDO
RSHUDWRQV 7 KH P XOMSOH RI GLIITHUHQW HIITHFW MLQW Z KHQHYHU WH\ DUH SOMFHG DQ\ Z KHUH RQ D UHDO
VWX FWUH JUHDW) FRP SOFDWYV UHFRJQLWRQ RI P HQWRQHG SDUWDO LP SDFW 7 KHUHIRUH WHUH LV D (RWRI

VSDFH Z KHUH WVR FRQWQXH LQ WKH UHVHDUFK

7 KHUH LV QR VROXWRQ FXUUHQW) LP SCHP HQWG LQ 3UDJ7 LF 2 XUYLVLRQV H[ SHFWLP SCHP HQWWRQ RI % 6

DQG ( XURFRGH ILUVYW : H Z DQWW FRP SDUH LP SCHP HQWWRQV RI WKHVH W R VWQGDUGV LQ GLIIHUHQWIDWJ XH



VROYHUV EHFDXVH Z H DVVXP H WKDWWH UHVXOW FRXOG GLIITHU 7 KDQNV W LW RULJLQ ( XURFRGH DQG % 6
VWQGDUGY DUH WRR FRQVHUYDWYH IRU DVVHVVP HQWRI KLIK VWHQJW VWXFWUHV 7 KHUH LV QR FDWJRU WDW
Z RXOG LQFOXGH HJ $ ,6, VWHO Z KLFK Z LOO EH WHVWG LQ WH H[ SHULP HQWO VHFWRQ RI 3 UDJ7 LF$
XQMHVV WKH XVHU DFFHSW VLI QLILFDQWUHGXFWRQ RI LW VWHQJW DQG GXUDELOW YDOXHV UHODWG W WH XVH RI
6 1 FXUYHV RI FRP P RQ VWXFWUDOVWHO/Y 7 KH DGDSWWRQ RI WKH VWQGDUGV IRU KLJKHU VWHQJ W VWHO/

XVHG LQ DLUFUDIWLQGX VW\ WXV DORZ V VLI QL LFDQWJIDLQ LQ WKH SHUIRUP DQFH RI WKHVH VWHHO/

/ DWHUD IRFXV RQ WKH VROXWRQ EDVHG RQ LQWUQDOIRUFHV DV SURSRVHG E\ 3 LQJVKD ' RQJ LP SCHP HQWG LQ D
VSHFLILF Z D\ LQ 9 HUW P RGXOH RI ) H 6 DIH VKRXOG IRORZ 7 KH FRQFHSWLVY EDVHG RQ WKH IDFWW DWW H
IRUFH IORZ WK URXJK WKH VWXFWUH LV TXLW Z HOOFRYHUHG HYHQ LQ FDVHV Z KHUH WKH P HVK TXDOW GRHV
QRWDORZ FRUUHFWHYDOXDWRQ RI VWDLQV DQG VWHVVHV 7 KLV LV D JUHDWDGYDQWJH LQ HQJLQHHULQJ
SUDFWFH RI ) ( P RGHO/ SUHSDUDWRQ 2 XU JRDO KHUH LV UHODWG W LQWRGXFWRQ RI WH QRGDO IRUFH
FRQFHSWW 3 UDJ7 LF DQG LW WVWQJ Z LW YDULRXV FRP SXWWRQDO P HWKRGV ,Q FRQMXQFWRQ Z LW VSRW
Z HOGGV LW LP SOHP HQWOWRQ LV D VWHS WRZ DUGV : 3 Z KHUH DQ DQDRJIRXYV FRQFHSWZ LOOEH HYDOX DWHG
RQ ULYHWHG VWXFWUHV + HUH LQ : 3 LWQHYHUWHOMHVV FRQFHUQV D OUJH DP RXQWRI Z RUN GHGLFDWG W

VW G\ RI IRUFH ICRZ WURXJK Z HOGHG VWXFWUHYV DQG LW DSSURSULDW Z D\ RI ) ( P RGHOOQJ

7 KH WKHRU Rl FUMWFDOGLVWQFHV 7 &' HODERUDWRQ DQG WHVWQJ RI Z KLFK LV SCDQQHG LQ : 3 DQG : 3

KDV DOQUHDG\ EHHQ WHVWG DOVR LQ WKLV FDWHJRU W P RUH H[ WVHQVLYH WHVWQJ Z RXOG EH GHVLUDECH 8 VLQJ KRW
VSRWDSSURDFK Z LOOEH WVWG DQG DGDSWG IRUFRQGLWRQ RI WLQ Z DOOZ HOGHG VWXFWUH P DGH IURP KLJK
VWHHO $ P HVK GHQVLW DQG TXDAW RI ) (0 P RGHO/ Z LOOEH P RQLWUHG LQ SUDFWFDOH[ DP SCHV RI IDWJXH
DVVHVVP HQWRI UHDO VWX FWUHYV DQG WH LQIOXHQFH Z LOOEH FRP SDUH IRU HDFK RI WHVWG P HWRG RI IDWJXH

HYDOXDWRQ

7 KH P RVWFRP P RQ Z HOGHG VWXFWUHV GHVLI QHG LQ ( YHNWUDUH UHODWHG W XQGHUFDUULDJH HQJLQH EHG DQG
FRQWRO V\ VWHP Z KLFK FOHDUO EHRQJ W YHU LP SRUWMWQWSDUW LQ WH DLUFUDIW 7 KHUH LV VRP H SRWQWDO
KLGGHQ LQ WH H[ SHFWWRQ WDWVSRWZ HOGV FRXOG EH XVHG LQ VRP H SDUW RI WH DLUFUDIWVWXFWUHV ,Q
FRP SDULVRQ WR WH ULYHWQJ WH VSRWZ HOGLQJ GRHV QRWLQYROYH DQ\ H[ WD Z HLIKW ULYHW DGGHG W WH
VWX FWUHYV DQG WKH SRWQWDORI MRLQWIDLOXUH GHWFWRQ LV KLJKHU EHFDXVH WH FUMWFDOCOGRFDOW VW\ V EDUH
DQG FOHDUO YLVLEH 7 KH DOXP LQLXP Z KLFK LV D WDGLWRQDOP DWULDOLQ DHURVSDFH P DQXIDFWULQJ WDQNV
W LW ORZ GHQVLW LV QHYHUWHGCHVV D ELWGLIILFXOVWR VSRWZ HOGLQJ GXH W LW KLIK WHUP DOFRQGXFWY LW

ORZ P HOMQJ UDQJH DQG SURSHQVLW W IRUP R[ LGH VXU DFH ILCP : H WKXV GR QRWZ DQWW HYDOXDW WH
SRWQWDO LWHA EXWZ H Z RX0G ONH W FRQFHQWDW RQ WH WVN RI WH ORDG ICRZ DQG SRVVLELOWHV RI

IDWJ XH SUHGLFWRQ
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.1 WKH IDWJXH VROXWRQ LQ Z HOGV LV FRP SOLFDW G DQG SURQH W WKH DSSHDUDQFH RI XQH[ SHFWHG HIITHFW WKH
SURECHP RI ULYHWG VWXFWUHV LV HYHQ P RUH FRP SOLFDWG 7 KH\ DUH SUHGLVSRVHG W SUREQHP V LQGXFHG E\
QRQ SHU HFWWFKQRORJLFDO RSHUDWRQV 7 KH FULWFDO IDLOXUH ORFDWRQ LV XVXDOO KLGGHQ XQGHU WKH ULYHW
LWHO DQG DWWKH P DWQJ VXUIDFHV RI WH VKHHW W EH MLQHG Z KLFK P HDQV WDWWH FUDFN LV TXLW ORQJ
RQFH LWFDQ EH GHWHFWG E\ YLVXDORURWHU 1 ' 7 P HDQV 7 KH IDWJXH VROXWRQ RIWQ FRQFHQWIDWYV RQ
SUHYHQWRQ RI IDWJXH SUREGHP DSSHDUDQFH GL IHUHQW WHFKQRORJLFDO RSHUDWRQV LQGXFLQJ
FRP SUHVVLYH ORDGV DWWKH KROHV HW VXEVWQWDWG E\ WHVW $ Q DQDO WFDOVROXWRQ GHVFULELQJ SHDN
VWHVVHV DWWH ULYHWKROH EDVHG RQ VWHVV FRQFHQWDWRQ DQG VHFRQGDUW EHQGLQJ VWHVVHV LV DYDLCDE CH
+ RZ HYHU WKLV VROXWRQ VWOOCFNV WKH LQIOXHQFH RI WKH FRP SCH[ LQWUQDOVWHVV GLVWILE XWRQ FDXVHG E\ WKH
ULY HWQJ SURFHVV

IWK LQ WKLV SURMHFW DW | LUVW LP SURYHP HQW VKRXOG EH P DGH RI DYDLDEGH DQDO WFDO VROXWRQV
y$7(& ' 87 Z KLFK Z LOOWHQ EH H[ WHQGHG W DQG LQFOXGHG LQ ) ( DSSOFDWRQV ( 9 ( %8 7
(9 ( %87 ZRXOG ONH W WVWWH SRVVLELAW RI H[ WIQVLRQ Rl WH QRGDOLQWUQDOIRUFHV FRQFHSWLQ RUGHU
WR GHVFULEH WH SDUWRI WKH VWXFWUH QLIH XS W LQLWDWRQ RI DQ HQJLQHHULQJ FUDFN 7 KLV SDUWRI OLIHWP H LV
QHFHVVDU DERYH DODOIRU DOO DLUS@QHV EDVHG RQ WH FRQFHSWRI VDIH OLIH Z KLFK FDQ EH RIWQ IRXQG E\
VP DOCHU DQG P HGLXP VL] H DLUFUDIWP DQX I DF W UHUV
7 KH FRQFHSWUHDOL HG Z LWKLQ ( 9 ( %8 7 WQGHP LV EDVHG RQ WKH UHT XLUHP HQW QHFHVVDU IRUDQ\ DLUFUDIW
GHVLIQHU ( 9 ( LQ LW GHVLIQ HIIRUWVHDUFKHV IRUD SURSHU Z D\ IRUFRXQWQJ LQ WKH ULYHWICH[ LELAW VR WKDW
DU H P RGHOV FRP SULVLQJ RI WH VKHO VNLQ RI WKH DLUIUDP H DQG EDW P HP EHUV VWIIHQHUV VWLQJ HUV

DQG SRWQWDOO ULYHW Z HUH UHDQ] DECH LQ WKLV VLP SQILHG IRUP Z LW QR SUHFLVH ULYHWQJ P RGHOOQJ Z KLOH



SUHVHUYLQJ WH RYHUDOO HODVWF FKDUDFWULVWFV RI WH DLUIUDP H 7 KH MRLQWP HP EHU Z RXOG EH VLP X DDWHG
HLWK HU E\ D GLUHFWOQNDJH RI WKH SRLQW RQ MRLQHG VKHHW RU E\ D GHGLFDWG HOHP HQW 7 KHUH LV DW
CHDVWRQH I X UWK HU UHT X LUHP HQWzx WKH ULYHW KDV W EH SOMFHG WR DQ DUELWDU\ SMFHRQ WH) ( P RGHO
Z LWK QR VS HFLILF UHT X LUHP HQW RQ WH ) ( P HVK DGMDFHQWW LW+ WKH\ QHHG QRWW VWUWDQG HQG DW
QRGHV RI WKH VKHOO HOHP HQW 7 KLV SRVW ODW P HDQV WWKDWWH DXWP DWRQ RI WH P HVK JHQHUDWRQ FRXOQOG
EH XVHG XS W P D[ LP XP DQG WH ULYHWHQWWHYV Z RXOG EH SMFHG RQO DIWU WH P HVKLQJ RI WH VKHQOO
VWX F WK UHV

2 QFH WKLV ) ( $ VROXWRQ LV RSWP LVHG WKHQ D FCHDU VLP LODULW W : 3 FDQ EH VHHQ % RWK VROXXWRQV
GR QRWP RGHOWH VWHVV RU VWDLQ ILHOGVY DURXQG WKH MRLQWLQ GHWLORU FRUUHFWO DWDO 7 KH IRUFH
IORZ WKURXJK WKH MRLQWFDOFXMDWG E\ WKH ) ($ VKRXOG QHYHUW HOHVV FRUUHVSRQG WR WKH UHDAOW DV
P XFK DV SRVVLE ™H

,Q FRP SDULVRQ W VSRW Z HOGHG MLQW ULYHWQJ KDV P RUH SURFHVV YDULDEOHV = WLV LV QRW RQO WH
WLFNQHVV RI WKH VKHHW EXWDO/R WH WSH RI ULYHW WHLU GLP HQVLRQ XVH RI D VHDDQW TXDOAW RI WH
SURGXFWRQ IRUFH LQGXFHG HW 7 KLV LV WKH UHDVRQ Z K\ WH DP RXQWRI P DQ P RQWY GHGLFDWG W WLV
VROXWRQ Z DV VHWLQ VXFK D zZ D\ DV FDQ EH VHHQ LQ WH : 3 7 DVN 7 KH VROXWRQ LV SADQQHG W EH
VLP XOMDQHRXVQO LP SOHP HQWG DQG WHVWG LQ 3UDJ7 LF Z LW WH P DMRU JRDO RI ILWEQJ WKH H[ SHULP HQWO
UHVXOW WR ) ( $ DQG 3 UDJ7 LF UHVXOW , WLV FHDU QHYHUW HOHVV WK DWRQQ QP LWG QXP EHU RI ULYHWDQG

VKHHW FRQILIXUDWRQV DV EHLQJ H[ SHULP HQWHG Z LOOEH FRYHUHG Z LWKLQ WH 3 UDJ7 LF$ SURMFW

3 I+ < 7+ ( &20 0 (5&( $92,'662/87,21 ,1 &20 326,7 (6"

7 KH XVH RI FRP SRVLW P DWULDOV KDV VHHQ FRQVLGHUDEGH JURZ W LQ P DQ\ LQGXVW\ VHFWUV LQ CDWHU SDUWRI
W H W FHQWUW DQG WLV JURZ W KDV FRQWQXHG LQW WH VW FHQWK U\ 7 KH LQWHUHVW LQ FRP SRVLW
P DWULDOV LV GULYHQ ERW E\ SHURUP DQFH IDFWUV DQG HQYLURQP HQWO IDFW UV 7 KH P DWHULDOTV KLJKHU
VSHFLILF VWHQJW DQG VWIIQHVV KDV FDWSXOHG WH XVH RI WKHVH P DWHULDOY LQW WKH FLYLOADQ DHURVSDFH
P DUNHW 7 KHVH VDP H SURSHUWHV DCRQJ Z LW HQHUJ\ DEVRUSWRQ KDYH P DGH YDVWLP SURYHP HQW W WH
SHU RUP DQFH RI P DQ\ VSRUW LQFOXGLQJ * UDQG 3 UL[ UDFLQJ VNLLQJ JRAO DQG WHQQLV & RP SRVLW P DWULDOV
DUH SHUKDSV WH RQOQ P DWULDO RI FKRLFH LQ FHUWLQ KLIKO FRUURVLYH HQYLURQP HQW VXFK DV WH
SHWRFKHP LFDO LQGXVW\ 7 KHVH P DWULDOY DUH DOVR QRZ EHLQJ VHMHFWG IRU HQYLURQP HQWO UHDVRQV
EHFDXVH WHLU (RZ VSHFLILF Z HW KWOHDGYV W I XHOVDYLQJV LQ WKH WDQVSRUWLQGXVWAN DORZ V IRUWH GHVLIQ

Rl CDUJH Z LQG WUELQH EGHY DQG FDQ EH XVHG LQ FRQVWXFWRQ SURMIFW IRURQJHUSURGXFWQYHV

+ RZ HYHU GHVSLW WLV JURZ W LQ WH GHP DQG DQG XVH IRU FRP SRVLW P DWULDOY WHLU ORQJ WHUP

SURSHUWHV Z KHQ H[ SRVHG W D FRP ELQDWRQ RI LQ VHUYLFH IDWJXH ORDGV DQG HQYLURQP HQW DUH VWOO QRW
Z HOO FKDUDFWAULVHG ,Q DGGLWRQ P DQ\ RI WKH GHVLJQ P HWKRGV DUH EDVHG RQ VWWF SURSHUWHYV DQG |DLOXUH
FULWHULD 7 KH HITHFWRI H[ SRVXUH W KHDW P RLVWUH VRO'HQW DFLGV R]RQH K\ GURFDUERQV LQ DGGLWRQ W
WH IDWJXH ORDGV HW P D\ GHJUDGH WH P DWULDOTV VWIIQHVV DQG VWHQJW OHDGLQJ W FUDFNV DQG
XOAP DWO |IDLOXUH RI WKH P DWULDOV WVR P HHWLW SXUSRVH 7 KH OOFN RI CRQJ WHUP GDW RU RI D UREXVW
IDWJXHP HWKRGRORJI\ WDWZ LOOS UHGLFWS URJ UHVVLYH GDP DJH DQG WKH UHVLGXDOSURSHUWHY DQG | X W UH

QlH DUH W R RI WKH P DMRU LVVXHV VWOOKLQGHULQJ WHLU Z LGHU XVH RU GHDGLQJ WR RYHU GHVLJ Q

+ RZ HYHU Z IWK WKH LQFUHDVH RI FRP SRVLWYV XVDJH LQ IDWJXH GRP LQDQW VWXFWUHV VXFK DV IDQ
EDOGHVY KHOQFRS WU URWU V\ WHP V Z LQG WK UELQHV S UHVVXULVHG FRP P HUFLDOMHW = D IDWJXH DQDO VLV

DQG GHVLIQ P HWKRGRORJ\ LV YIMDOW WH FRQWQXHG VSHFLI LFDWRQ RI WKHVH P DWULD OV

$ ELOW WR UHOADEO SUHGLFWWH IDWJXH QlH DQG GDP DJH WOHUDQFH RI FRP SRVLW VWXFWUHV VXEMFWG W
G\ QDP LF ORDG LV Rl SDUDP RXQW LP SRUWMWQFH ' HYHORSP HQW RI VWQGDUG JHQHUDO WRO/ IRU SUHGLFWQJ
IDWJXH RI FRP SRVLW P DWULDOV LV YHU FRP SCH[ P DLQO EHFDXVH D QXP EHU RI GL IHUHQW GDP DJH
P HFKDQLVP V P D\ EH SUHVHQWDWGLI IHUHQWORFDWRQV 7 KH W R P DLQ DSSURDFKHV HP SR\ HG IRU SUHGLFWQJ
IDWJ XH RI FRP SRVLWV FDQ EH FOOVVLILHG DV HLWHU P HFKDQLVWF RU SKHQRP HQRORJLFDO 7 KH P HFKDQLVWF
DSSURDFK XVHV GDP DJH WOHUDQFH P H/KRGV WR GLVFUHWO P RGHOWH LQLWDWRQ DQG JURZ W RI GDP DJH 7 KH
SKHQRP HQRORJLFDO DSSURDFK XVHV WH VDIH QlIH SULQFLSOGHV W GHILQH IDWJXH OQIH LQ WUP V RI
P DFURVFRSLFDOO P HDVXUHG SURSHUWHV ,WLV SURSRVHG WDWERW DSSURDFKHV EH LP SCHP HQWG LQW WH

3 UDJ WF
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7 KH QAOVWRI| 3 UDJ7 LF$ SDUWFLSDQW LV TXLW ORQJ $ V UHIDUGV WH LQGLYLGXDO: 3V WH P RVWRI WHP DUH
EDVHG RQ D FRODERUDWRQ RI GLIITHUHQW RUJ DQL] DWRQV % HFDXVH WH SURMFW LQYROYHV UHOWYHO
H[ WHQVLYH VFRSH RI SURJUDP P LQJ Z RUN DQG Z H VKRXOG HQVXUH WKDWWH QHZ LGHDV ERUQ LQ YDULRXV : 3V
DUH UHDQ] DECH Z LWKLQ 3UDJ7 LF RUDQ\ RWHUSURJUDP P LQJ WRRO WH FRRUGLQDWRQ RI WKH P RVWRI : 3V Z DV
VHWW W R SHUVRQ * UHVHDUFK FRRUGLQDWU DQG 6 : LP SOHP HQWWRQ FRRUGLQDWU 0 RUH RQ WLV SRLQWLV

O
JLYHQ LQ 6 HF & K\ ED 1 HQDCH] HQ ]GURMRGND] U

7 KHUH LV D RWRI Z RUN GRQH LQ FRP SDULVRQ RI GLIIHUHQWSEG : SDFNDJHV 0 D[LP XP HP SKDVLV KDV WR EH
SMFHG RQ V\ VWHP DWVDWRQ RI WH H[SHULP HQWDO GDW S URFHVVLQJ ) ($ VLP XODWRQV IDWJ X H
VLP XDOWRQV Z D\'V RI DQ HYDOXDWRQ RI UHVXOMQJ GDW 7 KLV LV WKH QHFHVVDUW FRQGLWRQ LI WH P XWDO
FRP SDULVRQ RI GLIIHUHQWP HWRGYV DQG DSSURDFKHV RQ DQ\ (DUJHU GDW VHWVKRXOG RFFXU 7 KLV VKRXGOG EH LQ
MU H FRQWDVWW FRQWP SRUDU UHVHDUFK SUDFWFH Z KHUH WH H[ SHULP HQWO GDW VHW DUH HLWHU T XLW
VP DOORU WH\ DUH QRWSXEQVKHG FRP SCGHWO : H VHH WLV SUREGHP DV WH P DLQ UHDVRQ Z K\ WHUH DUH VR
P DQ\ GLIIHUHQW W SHV RI VROXWRQV DYDLODEGH EXW QR FODU P XWDO YHULILFDWRQ LV GLVSRVDEO 7 KH
H[ SHULHQFH JDLQHG W URXJKRXW W H GHYHORSP HQW RI ) DW LP RQ QQH , QWHUQHW GDWEDVH

K WAS Z Z Z SUDJWF FRP H[ SHULP HQW SKS VKRZ V WKDWW LV XQVDWVIDFWU\ VWOW RI WKHDUWFDQ EH

VX UP RXQWHG

7 KH P RVWRI WKH UHVXOW VKRXOG EH SXEQVKHG DV Z LGHO DV SRVVLEGH LQ RUGHUW SURYLGH D EHWHU VXSSRUW
IRU DOO WKRVH VP DOO DQG P HGLXP VL] HG FRP SDQLHV WDW2Z RXOG QNH W XVH DQ\ IDWJXH VRIW DUH 7 KH
FRP P RQ GLVVHP LQDWRQ SROQOF\ LV FUHDWG DQG UHDQ]HG LQ : 3 VHH 6 HF KHUH Z LW D JUHDW
HP SKDVLV RQ WKH RSHQ ,QWHUQHWVROXWRQ Z KLFK VKRXOG VLP XOMWQHRXVO VHUYH DV WKH FROHFWYH LQWHUIDFH

o
IRUDOOSURMFWSDUWHUVY VHH 6 HF & K\ ED 1 HQDOH] HQ | GURMRGND] U

' XULQJ WH Z RUN D JUHDWDFFHQW VKRXOG EH JLYHQ W JDWHULQJ WH LQIRUP DWRQ DQUHDG\ DYDLODEOH LQ
GLITHUHQWSUHYLRXV UHVHDUFK Z RUNV DQG SDSHUV 7 KHVH GDW Z LOOEH FROHFWG DQG LQFOXGHG LQW RXU WHVW

GDWEDVH Z KLFK Z LOOVHUYH DV WKH P DLQ LQSXWIRUWH YHULILFDWRQ RI WH YDULRXV WHVWG VRIW DUH

9 HU\ LP SRUWQWSODFH LQ RXU SMQV LV JLYHQ WR WH EXLOGLQJ RI ) ($ P RGHO/ VLP XODWQJ WH H[ SHULP HQWO
FRQGLWRQV 7 KH JUHDWDGYDQWJH RI VKDULQJ WRVH FRP SCH[ ) ($ P RGHO/ DQG WXV VSDULQJ VLIQLILFDQW

HITRUWIRUWH P RVWRI WH SDUMFLSDQW VKRXOG EH KLIKQJ KWG

3 "2 (6 (9 (5<%2"' < . 12: $%287 ,7

7 KH SUREOHP RI SUHVHQWVLWDWRQ LQ FRP P HUFLDOVRIW DUH WRRO/ KDV EHHQ DOQUHDG\ P HQWRQHG ,WLV QRWD
VSHFLILF SUREHP UHODWG W IDWJXH ) ($ SRVWSURFHVVRUV LWLV P XFK P RUH JHQHUDO HJ LQ WH ) ($
FDWJ RU LWHQ 3 HRSH WQG W EHOHYH WDWWH FRP SXWU DQG WH VRIW DUH WH\ KDYH FDQ VROYH WHLU
SUREOHP DQG HYHUW WLQJ WH\ KDYH W GR LV WVR LQVHUWWH P RGHO VRP HKRZ DQG HWWH FRP SXWWRQ EH

ux Q

% XWQRWRQO WH KXP DQ IDFWU FDQ KDYH GHYDVWWQJ HITHFWRQ WH TXDAW RI WH SUHGLFWRQ DV LWLV E\

) (8 HJ Z URQJO EXLONDQG ORDGHG P RGHO ,I WKH XVHU XVHV Z URQJ FRP SXWWRQDOIDWJXH P RGHO EH LW
GXH W LQVXIILFLHQWGRFXP HQWWRQ WDWZ RX0OG RWHUZ LVH WVHOOKLP QRWW XVH LWRU GXH W LQDFFHVVLE LOW

RI DQRWHU VROXWRQ WH UHVXOW FDQ EH FRP SOHWO P LVAHDGLQJ I WKHUH LV QR XQLI\ LQJ SK\VLFDO
EDFNJURXQG GHVFULELQJ WH IDWJXH GDP DJLQJ SKHQRP HQRQ LQ Z KR LW VFRSH KRZ WH XVHU FDQ HYHQ
H[ SHFWWDWKH FDQ JHWULI KWUHVXOWN" + DV KH VHHQ UHVXOW RI WH P HWKKRG XQGHU VLP LODU VSHFLILF (RDG
FRQGLWRQ ERXQGDU FRQGLWRQV RUP DWULDO 8 VXDOO WLV LV QRWWH FDVH 3HRSOH : $ 1 7 W UHO RQ WKLV
P HUH ILFWRQ 7 KHUH LV WVKH H[ SHFWWRQ KLGGHQ W DWLI VXFK DQ DQDO VLV KDV QRWEHHQ GRQH E\ WH VRIW DUH

SURGXFHUKLP VHO WH UHVHDUFKHU Z KR KDG LQYHQWG WLV P HKRG RUKLV IRCCRZ HUV GLG LW

H VHH WDW WH UHVSRQVLELOW IRU WH UHVXOVN YDOAGLW LV VXEVHTXHQW). WDQVP LWHG IURP WH IDWJXH
DQDO VW Z KR KDG QRWEHHQ WHUH WH IDWJXH VROFHU FRXOG P D\EH GR WDWDQRWHU Z D\ Z LWK P RUH
FRQVHUYDWVP LQYROYHG W WH VRIW DUH SURGXFHU Z KR DQ\ Z D\ GLVFOOLP V DQ\ UHVSRQVLELOW IRU WH
ORVVHV LQFXUUHG E\ WH XVH RI KLV VRIW DUH DQG IURP WH VRIW DUH SURGXFHU IXUKHU WDQVP LWHG W WH
UHVHDUF KHU LQYHQWU Z KR LQ IDFWKDV QR UHVSRQVLELOW + KH SURYLGHG RQO WH LGHD KDG QP LWG

IXQGLQJ DQG WP H VR KH WVHVWG KLV QHZ P HWRG RQ GDW KH KDG



7 KH IDWJ XH DQDO VWLV UHVSRQVLEH IRUKLV Z RUN EXWZ RXOG GNH WR VKL WLWWR WH VRIW DUH WH VRIW DUH
SURGXFHULV UHVSRQVLEOH IRUKLV Z RUN EXWGHQLHV LW DQG WH UHVHDUFKHU LV QRWUHVSRQVLECOH DWDC 6 R Z KR
LV KH RQH WVR EH ECDP HG KHUH" ,| DQ\ WKLQJ KDSSHQV WH IDWJXH DQDO VWZ LOOEH EMP HG EHFDXVH KH Z DV VR
VW SLG WR XVH WH VRIW DUH Z KLFK KDV QRWEHHQ YHULILHG IRUVXFK D XVH $ QG QR P DWHU KRZ P XFK WH
ERVVHV SUHVVHG KLP VWDWWH VRIW DUH KDV WR EH XVHG LQVWDG RI IDWJXH H[ SHULP HQW DQG QR P DWWHU KRZ

WH VRIW DUH UHVHOOHUV FODLP HG WH VRIW DUH LV P DUYHOORXYV DQG HDV\ W EH XVHG

, I WKH FRQFHSWRI YLUWDO GHVLJQ VKRXOG EH HIITHFWYHO XVHG DQ\ WP H LQ WKH IXWUH WH RYHUDOO
VIWKDWRQ KDV W EH VXEVWQWDOO FKDQJHG 2 XU SULP H LGHD LV WKDWWHUH VKRXOG EH D SXEQF ERG\
Z KLFK Z RX0G WWKRURXJKQ HYDOXDW WH VLIWKDWRQ LQ WKH GHYHORSP HQWRI QHZ P HWRGV RURQ WH P DUNHWRI

WH IDWJXH VROYHUVY ,W IXQFWRQ Z RXOG EH G\ DGLF

f W VHOHFWLQWUHVWQJ QHZ P HWRGV IRU ®DUJH VFDOH WVHVYWQJ RQ XS W GDW UHWLHYHG H[ SHULP HQWO

GDW

f W FKHFN DQ\ QHZ FDOFXMWRQ P HWKKRG WDWLV LP SCGHP HQWG W FRP P HUFLDOO P DUNHWG VRIW DUH

1 RZ DGD\'V FRQVWWWRQ RI VXFK D GRFXP HQWWRQ RIILFH DQG LW UXQ LV DQ H[ SHQVLYH LGHD 7 KH 3UDJ7 LF$

SURMIFWQHYHUWHCHVY Z RXOG AANH WVR VWUWWH GLVFXVVLRQ DERXWLW HVWEQVKP HQWDWCOHDVW

7 KH Z RUVWLQ WKH FXUUHQWVLW DWRQ LV WKDWWH XVHU GRHV QRWKDYH DQ\ P HDVXUH KRZ W UHODW WH CRDG DQG
VSHFLP HQV FRQGLWRQV W WH TXDAW RI SUHGLFWRQ UHVXOWN 7 KH H[ WHQWRI WH WVWQJ FRQGLWRQV RI WH
P RVWFRQWP SRUDU |IDWJXH FULMWULD LV WVRR QP LWG HYHQ IRU DQ H[ SHULHQFHG UHVHDUFKHU QRWRQO IRU D

FRP P RQ HQJLQHHUZ KR KDV QP LWG P HDQV DQG WP H W VHDUFK |IRU LW

%\ WLV SURMHFW Z H KRSH W EXLOG D QXFOHXV RI D QDUJHUP RYHP HQWWDWFRXOG |ILQD0O HLWHU SHUVXDGH WH
6 : P DQXIDFWUHU WDW WH GRFXP HQWWRQ JRLQJ Z LW WHLU SURGXFW KDV W EH P XFK WRURXJK RU
VWP XODOW WH HVYWEQVKP HQWRI WH GRFXP HQWWRQ RIILFH FRP P RQ W DO IDWJXH DQDO VW DQG VRIW DUH
7 KLV LV WKH RQQ Z D\ KRZ WH SRWQWDO XVHUV FRXOG EH Z DUQHG WDWWH SURGXFW WH\ XVH FRXOG JLYH

UHVXOW Z KLFK FDQ EH P LVOHDGLQJ XQGHU SDUWFX U FLUFXP VWQFHV

7 KHZ D\ WR DWADLQ WKLV JRDOLV EDVHG RQ H[ SHULHQFH JDLQHG GXULQJ WKH HVWEQVKP HQWRI WKH ) DW LP

GDWEDVH KW\ Z Z Z SUDJWF FRP H[ SHULP HOW SKS 7 KH ,QWHUQHW SURYLGHV WKH ULJKWP HGLXP

Z KLFK LV P XFK P RUH LQWHUDFWYH W DQ DQ\ KDUGFRS\ RU MRXUQDOSXEOQFDWRQ 1 RW KRZ UDUHO DQ
HUUDW LV SULQWHG LQ ,QWHUQDWRQDO-RXUQDORI ) DWJXH 7 KH H[ SHULHQFH Z LW ) DW LP VKRZ V WKDWD ELJ SDuw
Rl WKH SDSHUV FRQWLQV VRP H IDFWDOHUURUV Z KLFK DUH LQFXUUHG E\ W SHVHWLQJ Z URQJ FRUUHFWRQV E\ WH
DXWRUW EHQHYRMHQWDGRSWRQ RI H[ SHULP HQWOGDW IURP RWHUSDSHU HW % XWDQ\ WKKLQJ Z KDWLV SULQWG
WHUH LV OANH D JUDYHVWQH * WH Z DIWQJ WP H IRUDQ\ SXEGQFDWRQ LV YHU ORQJ DQG SHRSMH Z KR ILQG WH
Z URQJ SDSHU OODWU KDYH QRWDQ\ QRWRQ WDWWLV LWLV Z URQJ DQG UHYLVHG LQ VRP H ODWHU QXP EHU RI WH

MR X UQDO

, QWHUQHWLY QRWDV GHDG Z KDWLV SULQWG WK HUH LV DFWXDODQG FDQ EH DQ\ WP H FRUUHFWG = LQ IDFW
P XFK P RUH HP SKDVLV VKRXOG EH SODFHG RQ D GRFXP HQWWRQ RI WKH FRUUHFWRQV VR WKDWWH XVHUV NQHZ

WDWVRP HWLQJ OANH WDWKDSSHQHG 7 KH EDVLF FRQFHSWZ RXOG EH DGDSWG IURP ) DW LP DQG IXUWHU
H[ WWQGHG 7 KHUH KDV WVR EH D VHWRI GDWEDVHV 7 KH ORZ HVWOHYHOLV WKH GHYHORI UHIHUHQFHV WR LQGLYLGXDO
SDSHUV 7 KH QH[ WOHYHO LV WKH GDWEDVH GHVFULELQJ P DWULDO YDOXHV ( DFK P DWULDO WKHUH LV UHODWG W D
UHIHUHQFHG SDSHU 7 KH QH[ WOHYHO LV WKH VHWRI GDWEDVHV GHVFULELQJ VHWRI H[ SHULP HQW Z LW VLP LODU
FRQGLWRQV = LWUHMOWYV W VRP H VSHFLILF P DWULDO Z D\ RI ORDGLQJ MLQWFRQGLWRQV DQG VRP H VSHFLILF
UHIHUHQFH 7 KHQ WHUH LV WKH GDWEDVH VHWUHIHUULQJ WR LQGLYLGXDORDG FRQGLWRQV ERXQGDW FRQGLWRQV

HW + LH W RQH VSHFLILF WVWYWIURP D VHWRI WVW W Z KLFK LWUHODWYV $ QG |ILQDOO WHUH LV WKH VHWRI

IDWJ XH SUHGLFWRQ UHVXOW + WH\ UHODW WR LQGLYLGXDOFDOFXMWRQ P HWKRGV DQG W LQGLYLGXDOIDWJI XH WHVW

7KH GDWEDVH VHW FDQ EH FUHDWG DV TXLW RSHQ W QHZ XVHUV DQG QRW RQQO W 3 UDJ7 LF$
SDUWFLSDQW $ Q\ XVHU Z KR DGGV D QHZ LWP EHFRP HV LW P DQDJHU * KH KDV W WNH FDUH RI LW ,I KH
FKHFNV VRP H GDW LQ GDWEDVH DQG ILQGV LWFRUUHFWKH FDQ VLI Q LW 7 KH VLJQV FRQILUP YDOAGLW RI WH GDW
LWVHP DQG FDQ EH SHUFHLYHG DV D P DUN RI TXDAQW ,I VRP HERG\ GLVDJUHHV Z LW DQ LWP LQ WKH GDWEDVH KH
FDQ FKDQJH LW LI KH LV LW P DQDJHU RU FDQ SXEQFO SURSRVH LW P RGLILFDWRQ W WH P DQDJHU 7 KH
P DQDJHU FDQ HLWHU DFFHSWILWRU UHMAFWLWZ LWLQ WH ILUP O VHWSHULRG ,I KH GRHV QRWGR DQ\ WKLQJ KLV

P DQDJHU SULYLOHJH LV SDVVHG WR WKH SURSRVHU Z KR FRQILUP V WKH SURSRVHG FKDQJHV



7 KLV LV RQO D EULHI VNHWK KRZ W HQVXUH WKDWWH GDW H[ SHULP HQWG DQG FROHFWG GXULQJ WKH 3 UDJ7 LF$
SURMIFWFDQ EH XVHG DQG SXEQVKHG Z LWK WH ODUJHVWSRVVLECGH LP SDFWDQG DELOW W LQWLIXH SHRSOH Z KR
VKRXOG UHI CHF WW HP 7 KHUH LV VRP H WP H QHFHVVDW W JHWWH LQIRUP DWRQ RQ WKH GDWEDVH VHW H[ LVWHQFH
W WH HQJLQHHUDQG UHVHDUFK SXEOQF EXWRXUMLQHG HITRUW SDSHUV LQ VFLHQWILF DQG HQJLQHHULQJ MR XUQDOV
KROGLQJ RI WH DQQXDO 3UDJ7 LF 8 VHUY & RQIHUHQFH DQG RI WH P XOMSOH RI Z RUNVKRSV RQ WH
FRP SXWWRQDO IDWJXH VKRXOG P DQDJH LW 0 RUHRYHU WH LQWUDFWYH FRQFHSWRI GDW LQVHUWRQ RSHQ
W DQ\ QHZ GDW LQSXWGRQH E\ YDULRXV RJJHG XVHUV SURYLGHV WKH KRSH WKDWDOOWH UHWLHYHG GDW

Z LOOEH SUHVHUYHG DQG HYHQ P X OAS OHG DIWU WH HQG RI 3 UDJ7 LF$

6 7 0o (7+2' 2/2*< $1' $662¢&,$7 ("' : 25. 3/3%1

7 KH YHU |LUWWWDFWYLW WDWVWUW WH FRQVRUWXP P RWRQ LV UHODWHG W VWG\ RI 3UDJ7 LF GRQH LQ : 3

3UDJ7 LF Z LOOEH XVHG YHU\ H[ WVHQVLYHO Z LWLQ WH VROXWRQ RI : 3 :3 7 KH SDUWFLSDQW Z LVK WR KDYH
DQ DFFHVV W LW VRXUFH FRGH DQG LW SURYLVLRQ LV D QHFHVVDU UHTXLUHP HQWIRU VXFFHVVIXO UXQ RI WH
SURMIFW 7 KH VWG\ RI 3UDJ7 LF WXV FRP SULVHV RI ERW XVH RI LWWURXJK LW LQWU DFH DQG DELOW W
XQGHUVWQG GLITHUHQWSDUW RI LW VRXUFH FRGH ,Q IDFW VLQFH WKH P RVWRI WH SDUWMHUV Z LOOXVH UHVHDUF K HUV
IRU WKHLU LQSXWW WH VRXUFH FRGH DQG QRWWH SURIHVVLRQDO SURJUDP P HUV WH GHQJW RI WH SHULRG

DOORFDWG IRU: 3 FRXOG EH VXEVWQWDGOO KLJKHU

( YHNWUDORFDWG HYHQ KLJKHUQXP EHURI P DQ P RQWYV ,WKDV W HQVXUH FRP SCHWRQ DQG DFWDOVDWRQ RI
WH + HOS VI VWVHP WR 3 UDJ7 LF SUHFLVH GHVFULSWRQ RI LQGLYLGXDOIXQFWRQV DQG SURFHGXUHV DQG SUHS DUDWRQ
Rl1 H[ DP SOH FDVHV WKDWFRX0OG OHDG SDUWHUWY RURWHU XVHUVY WURXJK WH OGHDUQLQJ SHULRG 0 RUHRYHU LWLV
QHFHVVDUW W FRP SCHW WH DXWP DWRQ RI ) ( $ GDW LQSXWDQG RXWXWIURP 3UDJ7 LF EDFN W ) ( $ IRU

JUDSKLFDO SRVWSURFHVVLQJ 7 KH XS WVR GDWH VROXWRQ RI GDW LP SRUWW 3 UDJ7 LF Z RXCG EH WRR VORZ [IRU

WH QXP EHURI DQDO VHV SUHSDUHG Z LWKLQ : 3 : 3
7KH @ 3 : 3 Z RUN SDFNDJHV GLIITHU LQ WHLU IRFXV RQ YDULRXV IDWJXH SURECHP V : 3 aQRWKHV
rd
3 aP XOND[ LDORDGLQJ : 3 aZ HOGV : 3 aULYHW : 3 aFRP SRVLWV 7 KH\ DOOVWUWLQ WK H P RQW

th
RI WKH 3UDJ7 LF$ SURMFWFRXUVH DQG WH HYDOXDWRQ RI WKH UHVHDUFK HQGV DWWKH HQG RI WKH SURMFWLQ

P RQW 7 KH\ KDYH D YHU VLP LOODU VWXFWUH 7 KH UHVW RI WH |LU/YW\ HDU LV VSHQG RQ WH FRP SLODWRQ
DQDO VLV RI WH WRSLF SUHSDUDWRQ RI H[ SHULP HQW GHFLVLRQ Z KLFK FDOFXMWRQ P HWRGV VKRXOG EH

SULP DULO LP SCHP HQWHG WR 3 UDJ 7 LF

7 KH VHFRQG DQG WLUG \ HDUY DUH H[ SHULP HQWO 7 KH RQO H[ FHSWRQ LV : 3 aP XOMD[ LDO Z KHUH WH
FDSDFLW SURECHP V Z KLFK FRQFHUQ WH VRCH WHVWQJ IDFLOW DEOH WR SXWRQ D QRQ SURSRUWRQDOP XOAD[ LDO
RDGLQJ IRUFH WH FRQVRUWXP W SURRQJ WH WVWQJ IURP 0 RQW W 0 RQOW LH W \ HDUV
DORJI HWK HU % XWQRWRQO WH H[ SHULP HQWO SDUW Z LOO EH UHDQ] HG Z LWLQ WRVH \ HDUV 7 KH UHVHDUFK
LWHQ LP SCGHP HQWWRQV WH | LUVWY HULI LFDWRQ RI LP SCHP HQWG P HWRGV Z LW H[ SHULP HQWOGDW RU VHDUFK
IRU H[ SHULP HQWO GDW DYDLODEO HO/HZ KHUH KDYH W FRQWQXH HYHQ LQ WKLV SHULRG 7 KH GHFLVLRQ WNHQ LQ
WH HQG RI WH | LUVWW\ HDU FRQFHUQV LQ GHWLORQO WH lld\HDU WK H S1\HDURI W H WVHVWQJ 7 KH DQDO VLV RI
QHZ NQRZ OHGJH DQG RI UHVXOW RI WKH H[ SHULP HQW GRQH XS W QRZ SHUP LW UH HYDOXDWRQ DQG VHWAQJ RI
UHI LQHG H[ SHULP HQWO SURJ UDP IRU WH rd\ HDU 7 KH IRXUW \ HDU LV WONHQ DV D UHVHUYH LI DQ\ WKLQJ LQ WKH
H[ SHULP HQWO SURJUDP Z HQWZ URQJ EXWLW P DLQ IRFXV VKRXOG EH SMFHG RQ DQDO VLV RI DOO UHWILHY HG
GDW HYDOXDWRQ RI DOOWH UHVXOW REWLQHG HLWHU Z LWK WKH FRP P HUFLDOIDWJ XH VROYHUV RU Z LW 3 UDJ 7 LF
VHDUFK |IRU RSWP XP VROXWRQV LQ DOO FDWJRULHV DQG SUHSDUDWRQ RI FRP P RQ UHFRP P HQGDWRQV

FRQFHUQLQJ WH IDWJXH WSLFV DQG ) ( $ UHVXOW SRVWSURFHVVLQJ

$ YHU LP SRUMDQW SODFH LQ RXU SMQV LV UHDDWG W WH GLVVHP LOQDWRQ RI QRW RQO RXU FRQFOXVLRQV
FRQFHUQLQJ IDWJXH P HWRGV EXWDO/R RI WKH VHWS RI H[ SHULP HQW DQG SUHGLFWRQ UHVXON 7 KLV LV WKH RQO
Z D\ KRZ W SUHVHUYH WH DSSQFDELOW RI UHVXOW RI RXU SURMIFWW P D[ LP XP QXP EHU RI LQWUHVWG
SHUVRQV 7 KH VHWRI GDWEDVHV Z LW WH VWXFWUH DV GHVFULEHG LQ 6 HF Z LOOEH SUHSDUHG ,W LWHP V
VWXFWUH DQG UHODWRQV Z LOOEH SUHSDUHG LQ WKH S1\HDU DQG WH P DLQ IUDP HZ RUN Z LOOEH HVWEQVKHG LQ
WKH\ HDU 7 KH UHVWRI WH WP H WKH\ VKRXOG VHUYH WR LW GHILQHG SXUSRVH + LH SUHVHQWWRQ RI 3 UDJ7 LF$
UHVXOW Z KLFK Z LOO EH VXEVHTXHQW) LQSXWWHUH DQG RI DQ\ IXUKHU GDW WDWRWHU XVHUV DGG W WLV

QY LQJ VN VWHP



