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:DOGHPDU .DUZIRRAWNLU]JHFLRQR

'"HSDUWPERPWB XWHU 6FLHQFHY :DUVDZ 8QLYHUVLW\ RI /LIH 6FLHQFHV LQ
&RQWDFWKGOGHWDZAROMUVI\QRZVNDUV]DZAD LM OGHPDUBNDUZRZVNL#VJJZ SO

$57&/1( ,1)2 $%675%$&7
SUWLFOH KLVWRU\ &RQWHPSRUDU\ UHVHDUFK DQG SURGXFWLRQ DFWLYLW\ U|
5HEH LOBIGE K FROOHFWLQJ D YDULHW\ RI LQIRUPDWLRQ WKLV DOVR DS
5HFHLQWIBHLYLVHG IRUP ILHOG RI DJULFXOWXUH 7RGD\ WKH YDVW PDMRULW\ RI Ul
6HSWHPEHU L@GLIJLWDO IRUP )$2 RE WHH PRAWDUD BRI, IKUPDWLRQ
$FFHSIAWREHU ODQDJHPHQW 6WDQGDUGY SUHVHQWY DQ $JUR7DJJHU WI
GRFXPHQWYV LQ WKH ILHOG RI DJULFXDWXUH ZKLFK LV GH
.H\ZRUGYV OLVK ODQJXDJH ([WUDFWLRQ RI NQRZOHGJH LV QRW YH
LQGH[LQJ ODQJXDJHV VXFK DWVZI3WR LDVK DD QHRMHBVLYH LQIOHFWLRQ
LGWUDWLQJ VRXUFHV RI L%‘ﬁé)FtR’/WLFWKH IROORZLQJ SDUWV RI VSHHFK LQIOHFW YHU

VHPDQWLF QHWZRUN

NORZOHGJIH PDODIHPHQW DGMHFWLYHV DQG SURQRXQV 3URSHU LQGH[LQJ UHTXLUH

RI JUDPPDWLFDO IRUPV WR ZKLFK WKH DXWKRUV KDYH X\
RI WBRHDLVK ODQJXDJH DQG KDYH GHYHORSHG D SURJUDPP
ORUHRYHU WKH DOJRULWKPYV IRU GHWHUPLQLQJ ZHLJKWV F
YDOLGLW\ Rl WKH DSSRLQWPHQWY WDNLQJ LQWR DFFRXGC
WHUPV DQG WKHLU SRVLWLRQ LQ WRIBOGGRFXPHQW ZHUH G
PHQWHG

 QWURGXFWLRQ

,Q WKH PRGHUQ ZRUOG LQIRUPDWLRQ NQRZOHGJH DQG VNLOC
GDWD LV VLIJQLILFDQW (YSHRY \J UEHLDON. MU WWH F B R RO RUK BVOL Q IRU P D \
DUH JURZLQJ IDVWHU DQG DUH DW WKH VDPH WLRH PRUH DYDLOL
QRORJ\ HQDEOHV WKHLU VHDUFKLQJ DQG DQDO\VLV :H KDYH PR
UHVHDUFK UHVXOMSHGHVFQWSWRRQY HRWYV Rl VWDWLVWLFDO GDWLD
EH DQDO\WHG ZLWKRXW DSSURSULDWH WHFKQRORJLFDO WRROV
EHFRPH LQGLVSHQVDEOH LQ WKH SURFHVVHV RI VHDUFKLQJ
NQRZOHGJH \DXYAK. UDWEBWLRQ FRQFHUQV DOVR LWXHV IURP WKH
HQWO\ SXEOLFDWLRQV RI DUWLFOHV UHVHDUFK UHVXOWV RU UF
DQ HOHFWURQLF IRUP DQG ,QWHUQHW LV ZLGHOWRO®OLHG IRU \
IUHTXHQWO\ RFFXUV SDUDOOHO ZLWK D GLJLWDGGIRUP EXW LW F
DU\ 6LPXOWDQHRXVO\ D UHYHUVH SURFHVV LV JRLQJ RQ SDSHL
DJR DUH GLJLWL]HG LQ RUGHU WR DRl GUWB Wb RV \UL DLFPHWLVR G
UHVRXUFHV ZLWKRXW ZKLFK VHDUFKLQJ HYHQ ZLWK WKH XVH RI
FRQVXPLQJ LV LQGLVSHQVDEOH
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&ODVVLILFDWLRQ RI VFLHQWLILF SXEOLFDWLRQV LV HDVLHU W
LQ ELEOLRHIHLHHQFHY WR RWKHU SXEOLFDWLRQV KRZHYHU VXFI
VXIILFLHQW &ODVVLILFDWLRQ RI LQWHUQHW ZHEVLWHV RU RWKF
LV VOLJKWO\ PRUH GLIILFXOW ,Q VXFK FDVHV DRDXWRPDWLF LQG
XVHIXO ,W DOVR HQDEOHV GHWHUPLQDWLRQ RI UHODWLRQV EF
JHQHUDWLRQ RI VHPDQWLF UHODWLRQV ZKLFK LV XVHIXO DOVR |
LQGH[DWLRQ LV XVHG E\ SIREEKFOVDVY XKICAKER BOREENIDY HY/Z R U N
DOO WKH WLPH DUH D IRXQGDWLRQ RI VXFFHVV RI *RRJOH FRPSE
LQ VHDUFK HQJLQHV DUH EDVHG RQ WKH QXPEHH RI FRQQHFWLF
FKDQLFDO LQGH[LQJ RI ZRUGV ZKLFKERF®RW HR® WHKKHW HV K Bl UHHV K DV
EHHQ DWWHPSWV RI VHPDQWLF GHVFULSWLRQ RI UHVRXUFHV LQ
ZHUH SUHVHQWHG IRU H[DPSOH LQ WKH SDSHU ZULWWHQ E\ .DUZ
UHVRXUFHV D VWDQGDUG RI RRIHDYGWBR XHE G HQHERDG! Q DW X U H
ILQHG 3UHVHQWO\ RQH RI WKH QHZHVW LQLWLDWLYH FRQFHUQI
ZKLFK LV D FRPSRVLQJ SDUW RI +70/ RQWKRORJ\ SUHSDUHG IR
VFKHPD RUJ SRUWDOH® UIHDHWR WK R IVXISSBBEXY WKH LQLWLDWLYH Il
ZKLFK DUH VHDUFKHG IRU WKH PRVW RIWHQ LQ WKH ,QWHUQHW
SUHSDUHG RQO\ LQ (QJOLVK GRHV QRW LQFOXGH FRQFHSWV UHC
DIJULFXOW®OWBDMWHURFLSHY ZKLFK DUH RIWHQ VEBDUFKHG IRU E\
FHSWV ZKLFK HQDEOH SODFLQJ DGYHUWLVHPHQWY SUHYDLO VF
VDU\ LQ OHDUQLQJ DUH QRW Rl WKH PRVW LQWHUHVW IRU DGYHU

,QGH[LQJ GRFXPHQMWAV XN DERW @ RUPDWLFV LW KDV EHHQ IUHT;
WKH SUREOHPV RI DXWRPDWLF WUDQVODWLRQ RF WH[WV ,W ZDV
WURQLF IRUP FRQVWLWXWHG RQO\ D PDUJLQ RI LQIRUPDWLYH U}
WLPHV RI WWHJHWWHDODLQ DQ LPSRUWDQW PHDQLQJ DQDO\VLV |
LQIRUPDWLRQ LV FRPPRQO\ XVHG IRU H[DPSOH LQ WKH VFRSH
,QYHVWLJDWLRQ RI VHPDQWLF UHODWLRQV EHWZHHQ FRQFHSWYV
WKH XO/MWRIPDWLF FRQFOXGLQJ PHWKRGV ,QGH[LQJ D PRUH JHQ!
IURP GRFXPHQWYVY LV GLIILFXOW LQ ODQJXDJHV ZXLFK KDYH DQ
JXDJH LV RQH RI WKHP 7KH IROORZLQJ SDUWV RI VSHHFK DUH L¢
DGMHFWLYHY DQG SURQRXQV ORUHRYHU WKH QXPEHU RI IRUPV
RYHU RQH KXQGUHG LQIOHFWLRQDO IRUPV B64RZQLN - ]\ND 3ROVL
WLYH 'XH WR H[WHQVLYH LQIOHFWLRQ WKH GUIFOAHAKY RI DXWRP
XVHG IRU 3ROLVK JHQHUDWHYV PDQ\ DUWLILFLDO FRQFHSWV ZK
FRQFHSW O0DQ\ VFLHQWLILF SDSHUV LQ DJULFXOWXUH DUH ZUL
UHVXOWYV IURP WKH IDFW WKDW SD SHREFOWHP W K BW A L HFGI RUWHDF K
FRXQWU\ 6XFK VLWXDWLRQ WDNHV SODFH DOVR LQ 3RODQG

7KH LQLWLDO REMHFWLYH RI WKLV SDSHU ZDV WR LQYHVWLJD\
WH[WV UHODWHG WR DJULFXOWXUH LQ 3ROLVKZHTKHQVEDVHG RQ
D ILHOG D SURWRW\SH RI DXWKRU V VI\VWHP IRW LQGH[LQJ GRF
PHQWHG 7KH SDSHU SUHVHQWY UHVXOWYV RI FRQWHPSRUDU\ UF
EDVHG RQ WKH REWDLQHG LQGH[LQJ UHVXOWV
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7TRROV IRU LQGH[DWLRQ RI WH[WYV

,VVXHV RI LQIRUPDWLRQ UHWULHYDO IURP WH[W GRFXPHQWV I
REMHFW RI UHVHDUFK LQ WKH ILHOG Rl SUREBBWHALEOD D QDWXUDC
DJHPHQW RI NQRZOHGJH IRU PDQ\ \HDUV ,Q FRUPOWRWQRQOHW ULH
DQG PDQQHUV RI VWRULQJ DQG DFFHVV WR LW ,W PD\ EH VDLG W
RI LQIRUPDWLRQ UHWULHYDO LV ILQGLQJ PDWHULDO XVXDOO\
PDWLRQ UHTXLUHPHQWY IURP DPRQLEIFRFERWHBWLROQDQEVRDOC
HW DO ,QGH[LQJ D WH[W LV D SDUW RI WKHQSURFHVV RI LQ
WH[W 7KH LQGH[DWLRQ SURFHVV LV JHQHUDOO\ WKH ILUVW VWH
WKH V\VWHP PD\ VHOHFW AFRE GIDQINWERR PKAHH QWHRIV TXHVWLRQ
SRUWDQW WHFKQLTXHVSDEWORH® THE RIG WH{ERIDIWLRQ RI VWHP\
RFFXUULQJ LQ LQVOHFR\PLEIIQ \(QDIRWKWKPYV RlI VWBPPLQJ KDYH EF
RSHG 7KH PRVW SRSW®DBE\ DRUL W IRYLQV 3DLFH +XVN 3L
+X VN DQG 3RUWHUD 3RUWHU DQ H[WHQVLYH UHYLHZ R
WKH VHFRQG FKDSWHU 0DQQLQJ HW DO ODMRULW)\ RI PHW
(QJOLVK WKXIVDEEWIWHREWY WKHVH PHWKRGY WR WKH (DVWHUQ (
EHHQ PDGH 'RODPLF DQG 6DYR\ 2Q WKH RWKHU KDQG UHF
GHVFULEHG IRU H[DPSOH LQ 0DQQLQJ V SDSHU RQ WKLV ED\
LQ (QJBIWX VWBDUWYV RI VSHHFK WDJJLQJ LV TXLWH SUHFLVH B5HFI
WKH LVVXH RI VFLHQWLILF LQIRUPDWLRQ UHWULHYDO DQG LQ S
KDYH EHHQ ZULWWHQ WKH\ DUH GHYRWHG JHQBHUDOO\ WR VSH

,Q RUGHU WR FDUU\ RXW LQGH[LQJ WKH XVH RI H[LVWLQJ F
3KUDVH ([WUDFWRU E\ 6HPDWH[W RU VHUYLFH E\ $OFKHP\$3, LV
PDLQOFRR®HUFLDO VROXWLRQV RU GHPRK \DW UDUDIQNHO B RIGIGW L R Q
/IDE 7THUPLQRORJ\ ([WUDFWLRQ KWW H[VOWERMW EQRQ VRW V&K & NDHHRN
7H[/H[$Q KWWS WH[OH[DQ VRXUFHIRUJH QHW 6LPLODUO\ WR S
FRQFHUQ (QJOLVK RU VSHFLILF WD QJZA¥ZI MR F VWG X \DH/U& BIWO D@IX LR
KRPH LQGH[ KWPO 'HYHORSLQJ RZQ DOJRULWKPV VSHFLDOL]JHG
LV DOVR SRVVLEOH UHVHDUFK LQ WKLV ILHOG ZHUH FDUULHG RX

7KLV SDSHU WDFNOHV WKH LVVXH RI LQGH[LQJ WH[W LQ SXEO
JHQHUDOO\ LQ OLIH VFLHQFHV ,Q WKLV ILHOG $JUR7DJJHU ZKl
7KHVDXUXV $*5292& DV D VHW RI DGPLVVLEOWLNDNMILZRIUGY LV C
XQGHUWDNHQ E\ )$2

$V D SDUW RI WKLY LQLWLDWLYH DQ LQWHUQHKN V\VWHP ZDV G
QRORJ\ .DQSXU PRUHRYHU DQ DQDORJRXV V\WVWHP LV FUHDWH
FRPSDQ\ XQIRUWXQDWHO\ ERWK\ WRRYB L\OD BGIR Y SR BHIIHRIG HF
WUDFWV WKH PRVW LPSRUWDQW FRQFHSWYV DQG SUHVHQWY WKHI
$JUR7DJJHU DQDO\WHV FRQFHSWYV IURP (QJOLVK YHUVLRQ RI WKH
LV D POOOQNXDJH GLFWLRQDU\ LQFIRGEHAK FRQKX\E WIYQ DIDEARW U D F W
DUWLFOH ZULWWHQ LQ (QJOLVK DQG (QJODNKXDRM GSUSODFHG LQ
VHQWY WKH UHVXOW RI LQGH[LQJ WKH DUWLFQE ZULWWHQ E\
IRUPDW\F]Q\ VIVWHP SR]\VRHWDQLDS GRGXMNKVRZIHROQLF]\FK QD SU
JLDUQLDND NRRRRU&ELQJ WR WKH DERYH WKH UHVXOW LV QRW XV
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LQIRUPDWLRQ LQ 3ROLVK )$2 FRRSHUDWHYV DOVR ZLWK 8QLYHUV
WRRO +LYH ,QGBHRWHR Q ERS HB/X¥MED X U X V
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JLXUH ([DPSOH RI FRQFHSWV H[WUDFWHG IURP DUWLFOH LQ 3ROL)

7KLV ODVW VHUYLFH LNVHEDR/WEEY RCH [(SUW RRQRK DO DRKIH VRK P
FKDUJH DQG DOORZV LQGH[DWLRQ Rl URGRMRWPADWWREBUGYV WK
UHVXOW RI LQGH[LQJ LV SUHVHQWHG RQ WKRIG HEH® \OLQ\H 1L J $
\WHV RQO\ FRQFHSWV IURP (QJOLVK YHUVLRQ RIQWKHVDXUXV $*5
FHUQV WKH DEVWUDFW RI DQ DUWL¥BEWKHGEWWYHQJXQ HQ JORWYKH WJ
WKH VDPH IDUWHEOMH ZWWFERUBYQJ WR WKH DERYH WKH UHVXOW
D SHUVRQ ZKR VHHNV LQIRUPDWLRQ LQ 3ROLVK

$XWKRUV ZLWK WKH XVH RI $JUR7DJJHU FDUULHG RXW D URZ R
RX®RFXPHQWV LQ 3ROLVK ERWK RI VFLHQWLILF DUWLFOHV DQG
LV H[SOLFLW DOWKRXJKODGIAADEH WIROHKPOAWKY WKH LQGH[DWLR
FDUULHG RXW RQO\ LQ (QJOLVK DQG LQ WKHRISUSREOQW IRUP LW
WLRQ LQ 3ROLVK 7KH FRQGLWLRQ IRU REWDLQLQN D UHDVRQDEC
HG LQWR 3ROLVK LV D JRRG DEVWUDFW DQG WKH VHW RI NH\ ZRL
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JLXUHS5HVXOW RI LQGH[LQJ DUWLFOH LQ 3ROLVK

$ SURWRW\SH RIWKWHRBHPDPWWLFOHY LQ 3ROLVK

'XULQJ WKH H[HFXWLRQ RI WKH SURMHFW RQ WKH NQRZOHGJH |
,QIRUPDWLFV RI WKH :DUVDZ 8QLYHUVLW\ RI /LIH 6FLHQFHV 1
]JDU] G]DQLD ZLHG] Z SURGXNFML U R DOQIDIHPNHQ WRR ROS/ORQWQRIZ O
GXFWLRQ@ D QHHG WR LQGH[ UHVRXUFHV KDV RFFXUUHG 6LQF
JLYHQ UHOHYDQW UHVXOWV LW ZDV GHFLGHG WR FUHDWH WKH |
IRUPXODWHG LQGH[LQJ SDSHUW BWHOLVXHGELIO) GRADGH[RQG W@
VXEMHFW UHODWHG WR DJULFXOWXUH EDVHG RQD$*5292& WKHVD
WLRQV EHWZHHQ SXEOLFDWLRQV ZDV DQ DGGLWLIRQDO UHTXLUHF
WLHV RI ZRUGV IUHH 'LFWURQQLWKRRSRQ LVIKF HIQ/HV ZDV XVHG Z
LPSRUWDQW IRU DXWKRUV 7KLV GLFWLRQDU\ LV EHLQJ H[WHQG
GHYHORSPHQW DQG HGLWLQJ RI WKH GLFWLRQDU\ VLPLODUO\ WF
'LNLSHGLD EXWDMKB PBRIQWMR@®WLKLIK OHYHO 3UHVHQWO\ LW FR
WLRQV DQG WKH ZKROH FRQWHQW PD\ EH ORDGHG LQ WKH WH[W
VI\VWHP ZDV FUHDWHG L @ HWUKHH D UE® LWHHHF \8 X H M HRODW iYW VLR Q R
3+3 OPMIH DQG WE4/ ZBIVH MSSOLHG 'DWD EDVH RI 3ROLVK ZRUG\
ZKLFK LQFOXGHV LQIOHFWLRQ IRUPV GDWD IURP WKH GLFWLRQD

,Q RUGHU WR VWRUH ZRUGVY DQG WKHLU YDULMWKIEHY LQ WKH O
UHFRUGV RI ZKLFK LQFOXGH +LVHDG@WDLGJ MGIWRLNDKHRWDEG® )R
64RZQLNRZD >'LFWIRQD WEDMIFP@UP RI D ZRUG )RUPD 2GPLHQQI
JRUR®Y RQH RI IRUPV RI D ZRUG &] i 0RO X RHPIMWQIRR BSHHFK @
RQ WKH SDUW RI VSHHFK &]\ 2 GRIQFOX\GH K H W KRLP DOV ORI G WZIKE W K
LV DQ LQIOHFWHG ZRUG ,W PHDQV WKDW WKH 'LFWLRQDU\ )RUF
QXPEHU GHSHQGY RQ WKH QXPEHU RI GLIFKUHQ@WLIMFRD® 7DEOH I
WDWHV ILQGLQJ D ZRUG VWHP LQ WKH FROXPQ ,QIOHFWHG )RU
D ZRUG LV LQ WKH GLFWLRQDU\ WKHQ WKH UHPDLQLQJ ILHOGV D
WKH SDUW RI VSHHFK ZDV D VHULRPXEHBUREVOHPLEHWUHVKINVSHXQ S
O\WHG ZKLFK LV SUHVHQWHG LQ WKH GLDJUDP ILJ 7KH SUHVI
WR UHFRJQL]H WKH SDUWV RI VSHHFK IRU ZRUGV SODFHG LQ WKHI
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RQH IRUP LQEQXGHRWEBQSIDUWNHRV WBRIME PD[LPXP | LQFOXG
DGMHFWLYHV WKH WKLUG PD[LPXP [ UHSUHVHQWY QRXQV Wk

UHSUHVHQW YHUEV 8QIRUWXQDWHO\ WKHVH DUH DPELJXR
LV QRW VXIILFLHQW W R VSHHFHRFIQ LYR PHKBIGDHAW LYHY DQG QRXQV
QXPEHU RI LQIOHFWLRQV ,Q RUGHU WR GLIIHUHQWLDWH DGMHF
EDVLF IRUP VKRXOG EH DQDO\WHG $ VLPLODU VLWXDWLRQ WDNH
QXPEHU RI LRUBNFRMLRQV VXIILFHV 7KH IROORZLQJ UXOHV KHOS
RI VSHHFK ,I WKH EDVLF IRUP HQGV LQ L RU \ DQG DW WKH V
ELJJHU WKDQ WKHQ ZH GHDO ZLWK DQ DGMHFWWKH ,I WKH EDV
VDPH WLPH QXPEHU RI YDULHWLHV LV ELJJHU WKDQ  WKHQ ZH C
YDULHWLHV LV ELJJHU WKDQ DQG DW WKH VDPH WLPH WKH HQC
F RU U WKHQ ZH GHDO ZLWK D QRXQ

JLXUHS5HODWERWYHKH®) GLFWLRQDU\ IRUP DQG WKH QXPEHU RI LQI

'XULQJ LQGH[LQJ RI SXEOLFDWLRQV RQ DJULFXOWXUH QHZ ZRL
DSSHDUHG ,Q WKH VSHFLDOLVW ODQJXDJH ZRUGV ZKLFK DUH
3ROLVK OD@FXXRBHXVHKLRFFXU O0DQ\ Rl WKHP RULJLQV LQ /DWLQ F
RU EDFWHULD PDQ\ RI WKHP LV D FRPELQDWLRQ RI WZR RU PRUI
RI ZRUGV Rl IRUHLJQ RULJLQ DUH JHQHUDOO\ GLIIHUHQW WKDQ
LQI®WHRQ RI 3ROLVK VLPLODULW\ RI QHZ ZRUGV ZLWK WKRVH LQ
WKLV SXUSRVH WKH PHWKRG EDVHG RQ +DPPLQJ GLVWDQFH LV X
QH[W ZRUG LV FKHFNHG LI LW LV WKLV QH[WWRGG Q WERW SUHYV
GLFWLRQDU\ DQG WKHQ ZH FKHFN LQ WKH DX[LOLDU\ GLFWLRQDU
WKH QHZ WHUP KDYH DOUHDG\ EHHQ UHFRUGHG ,I| WKH ZRUG LV
ZKHWKHU D VWHP LV DOUHDG\ SUHMVHQRW PLRNH\D | "KKFVDL R DIG GQ B
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ZH DGG D ZRUG WR WKH EDVH DV D QRXQ ,QGH[LQJ LQ RXU V\VV
WKH QXPEHU RI WLPHV WKH ZRUG DSSHDUV LQ WKH WH[W ,Q PI
VSRQGV WR RQH FRQFHSW LQ WKH WHI[W

7HVWV RKHFEHHQ FDUULHG VR IDU SURYHG WKIDW LW LV SRVVI
WLRQV LQWR WZR JURXSV WKH ILUVW JURXS FRQVLVW LQ ZRUG)
WH[W IURP WR DSSUR]J WKH VHFRQG JURXSLIUH ZRUGV ZKL
WKH WH[W 2Q WKH LQYHVWLJDWHG JURXS RI DUWLFOHV IURP DJ
WKDW SDSHUV RQ WKH VLPLODU VXEMHFW KDYH WKH VDPH ZRUG
IUHTXHQWO\ 7KH UHODWLRQ EHWZHHQ FRCHGPRR/IK G RS XX Q R X (
ZKLFK FDQ EH XVHG WR EXLOG D ZRUG HJ FRZ KDYH EDFWHU
GDWD DOORZHG IRUPDWLRQ RI D VLPSOH VHPDQWLF QHWZRUN EI
IUHTXHQWO\ RFFXUULQJ ZRUGYV DRGDFER QM WH BVWPKHWU ERGL 8 U R VHE
WKH SDSHU E\ :UJHFLRQR DQG .DUZRZVNL

&RQFOXVLRQ

7KH LQGH[LBD WV \VRARHISMIMGS XEOLFDWLRQV LQ WIKH WH[W IRUP R
LQJ DV D WH[W IURP ZHE VLWHV RU IURP BWFLOREPBW FLKIQWLILF
ILUVW WHVWV RI D SURWRW\SH DOORZ FRQFOXVLRQ WKDW UHV>
LVRODWLRQ RI EDVLF WHUPV LV SRVVLEOH 6LQFH UHVHDUFK FF
DQG OLIH VFLHQFHVY FRRSHUDWLRQ® ZQM K V8 OD\DIMHEK V \V§ HI2 92 & H
VWHS VKRXOG EH SUHSDUDWLRQ RI LQWHUIDFHV LURU UHDGLQJ G
PDWHO\ LW LV QHFHVVDU\ WR SUHSDUH D ERG\ VWXE RI WH[WV
ZKLFK ZRXOG HQDEOH IXWKHHU\LYWSIPRYHPHQW R

SHIHUHQFHYV

$JUR7DJJHU 3R(WMSQM®IOPV IDR RUJ DJURWDJJHU
%UDQQ\ ( 7TH[W 6XPPDUL]LEUDEQ PROLVWHUVND :\G]LD&D (OHNWURWHFKQL
WANL ,QIRUPDW\NSI*+L . (JDHNYW UBQHSIXEOLNRZDQD

'RODPLF 6DYR\ - BWHPPLQJ $SSURDFKHV $BYD@WHW (X RSHDQ /D
OXOWLOLQJXDO DQG O0XOWLP RGO QOHRURRW YRQ 5HWULHYDO
*XSWD 6 ODQQLQJ &' $QDO\]LQJ WKH '\QDPSRA¥WY RHVHDUFK E\ (

6FLHQWLIBAUBRBEHGBYQJV RI WKH )LIWK ,QWHUQDWLRQDO -RLQW &RQIH
3URFHWR]JQNDQR ] KWWS QOS \PWWDQIAB®RESEX SEEV JXSWD
.DUZRZVNL : 2QWRORJLHV DQG $JU IQAX ®W R @EBWUBDBAWLRIMVLRQ 0D Q
VIVWHPV LQ PDEBJBHOM&ARZLHFNL $ 2U4RZVNL :8/6 3UHVV :DUV]DZD
IRYLQV - '"HYHORSPHQW R Ol FRADHALFIDQD) BODAVOWWRRQ DQG &RPS
WLRQDO /LQJXLVWLFV
0D QQ &QY 3RBBHHFK 7DJJLQJ IURP WR ,V ,W 7LPH IRU 6RPH /L
&RPSXWDWLRQDO /LQJXLVWLFV DQG ,Q0BHOQIHHQW&BHYWO3URFHVVLQ.

0DQQLQJ &' 5DJKDYDQ 3 ,@RMKXRIGFHW R Q QVRHVQ&REEDBG JH
8QLYHUVLW\ 3UHVV ,6%1

3DLFH & +XVN * SEBFOWGK H,B8  BRVWHFFP H U

3RUWHU 0 $Q DOJRULVWBKRJIBDPVXIIL[ VWULSSLQJ

64RZQLN - ]\ND 3ROVNIXFR] ZZZ VMS SO
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7H]DXUXV $*52RP& NIKQWRV]S DLPV IDR RUJ VWDQGDUGY DJURYRF DERXW
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