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ODQXIDFWXUHU SURYLGHG VSHFLxFDWLRQVWIRUM KH 9DUM
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WKHGLTHUHQW GDWD SURFHVVLQJVWHSYV ZKLOHWKH WDE
SOHV WKHQXPEHURIVDPSOHVUHPRYHG WKHSHUFHQWD.
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$FFXUDF\DQG SUHFLVLRQIRUWDUJHWY FROODSVHG DFUT
LV SUHVHQWHG ZLWK ERWK WKHPHDQDQG PHGLDQ DQJXOD
3UHFLVLRQLVUHSRUWHG XVLQJVWDQGDUG GHYLDWLRQ ¢
WKHURRWPHDQVTXDUHGRILQWHU VDPSOHGLVWDQFHV
5HVXOWV RISODQQHG FRPSDULVRQV XVLQJD*DPPD UHJUF
UDF\GDOWOUHSUHVHQW WKH UHUIILHW X HFER BR 16 M DIFHQWQ W H U
WKH UHJUHVVLRQ FR&VWCFQ XMV WHKHH JUDQG PHDQ SRVLWLR
YLVXDODQJOHDFURVYV ERW K4G HY i@ B I/ F DRVIHD W K B M/ YADKOHX HLY
RIWKHSUHGLFWRULQWKHFRPSDULVRQKDGD ODUJHUDY#
WKDQ WKHVHFRQGIDEFWRU 3RVLWLYHYDOXHVLQGLFDWH
DODUJHUDYHUDJH SRVLWLRQRIVHW L H ORZHUDFFXUDEF
FRQWUDVWVRQWKHHVWLPDWHG PDUJLQDO PHDQV ZLWK %
5HVXOWV RI]JHUR LQUDWHG *DPPD UHJUHVVLRQ PRGHO ZL)
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IDFWRU> 9RQBSHYDWH WKDW WKHVHFRQG OHYHO RIWKH SUL
FLVLRQRIVHW L H ORZHUSUHFLVLRQ ,QWHUDFWLRQVD
HVWLPDWHG PDUJLQDO PHDQV ZLWK %RQIHUURQL FRUUHF)
(\HWUDFNLQJVWDWHVDQG GDWD ORVVUHSRUWHG E\ WKH
GXULQJWKHH[SHULPHQWDO VHVVLRQ

(VWLPDWHG FRHNFLHQWV IRUWKH OLQHBUFOIE HiGe HIHFW V
- U/EBRP x[HGDQG UD @G FORJMIFHFMMWH QW WKH UHOUHVVLRQ FF
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VFRSLFDOO\E\VRPHRQHZLWK VLPXODWHG FHQWUDO YLVX

7KH5HDOLW\ 9LUWXDOLW\&RQWLQXXPDV GHVFULEHGLQ
$QWLTXHVWHUHRVFRSHPDQXIDFWXUHGE\8QGHUZRRG 8
PDGHRIZRRG DOXPLQXP DQGEURZQYHOYHW 7KHGHYLFI
LQ1HZ<RUN 6WHUHRVFRSHFRXUWHV\RIP\GHDUIULHQG -
6LPSOLXHG VSHFLXxFDWLRQVIRUWKUHHNLQGV RIKHDG PF
UHDOLW\ YLGHRVHH WKURXJKDXJPHQWHG UHDOLW\ DQG
([DPSOHVIURP (XURSHDQDUW WKDW VKRZFDVHKRZD VHQ\
PRQRFXODU RUSLFWRULDO GHSWKFXHV URPOHIWWRU
PRUHGHSWKWRWKHLPDIJHVWKURXJKOLQHDU SHUVSHFW|
WH[WXUHIJUDGOHQW Fl1 4; E\*LRW[WRIF E\)UDJ
RQDU® D®G u!a[O ;B®;; i" E\&DUDYDJJLRDUHVKRZQ
9LVXDO H[DPSOHV RISLFWRULDO GHSWK FXHVIURP OHIW W
VKDGLQJ DQG FDVW VKDGRZV
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$VFUHHQVKRWRIWKHYLUWXDOHQYLURQPHQW IURP WKH
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7TDUJHW REMHFWV LQWKHDERYHJURXQG FRQGLWLRQ IRU (
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&ORVHXSLPDJHVRIWKHH[SHULPHQWDO VWLPXOLXVHG Lt
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IURPWKHFHQWHU (DFKWDUJHW ZDV D8 DIQWQXXY ZLOWK D
DQLQQHU G4sDPLHAXIB O BIQ JO H
JUHTXHQF\GHQVLW\SORWRIDFFXUDF\GDWDLQ WKH +7& 9
IRUH OHIW DQGDIWHU ULJKW H\HWUDFNLQJGDWD SURF]
4 4 SORWV RIHPSLULFDOYV xWWHG GDWD IRUDFFXUDF\ C
6FDWWHUSORWY RIWKHJD]HSRVLWLRQVLQ GHJUHHV YLV
HDFKRIWKHQLQH X[DWLRQ WDUJHWV 'DWDDUH SORWWHG
9DUMR ;5 ULJKW %ODFNFURVV SRLQWVLQGLFDWH WKH"
SRVLWLR@V EKLRRGRUUHVSRQGVWR RIWKHWRWDO GDW
FOLSSHG WRLPSURYHWKHYLVLELOLW\RIWKH SORW
9LROLQ SORWV IRUDFFXUDF\GDWD OHIW DQGIRUSUHFLYV
LQGLFDWHG E\D SRLQW

JRUHVW SORWYV @B SLFWLQUWHYIDFFHWLRQV IRUDFFXUDF\ OF
JRUSUHFLVLRQ GDWD ZH SORW WKHPHDQUDWLRV IURP RX
VWDWLVWLFDO FRPSDULVRQVDUHPDGHUHODWLYHWR WK
IHUURQL FRUUHFWHG IRUPXOWLSOHFRPSDULVRQV



,PDJHV FDSWXUHV IURP 6WHDP95{V z95 YLHZ{RIWKH VLPXC
ULHQFHG E\SDUWLFLSDQWY QRYLVLRQORVV OHIW FHQ\
ORVV ULJKW 7KHURDWLQJFXEHWDUJHWLVVKRZQLVDDO
7KHYLUWXDOHQYLURQPHQW XVHG IRUWKHDGDSWDWLRQ
7KHORZFRQWUDVW OHIW DQGKLJKFRQWUDVW ULJKW G
'DWD GLVWULEXWLRQVIRUGLVWDQFHMXGJHPHQWV DV PH
VSRQVHWLPHPHDVXUHPHQWY ULJKW IRUWKHGLVWDQFH
RIWKHUHVSRQVHWLPH 57 GLVWULEXWLRQKDVEHHQFOL
7KLV GLVWULEXWLRQKDVDPD[LPXPYDOXHRI V
7KHVROLG OLQHV VKRZWKHDYHUDJH ZDONHG GLVWDQFH |
JHW GLVWDQFHYV 7KHGRWWHG OLQHUHSUHVHQWY YHULG!L
WKHUDZ ZDONHG GLVWDQFH

(VWLPDWHG PDUJLQDO PHDQV RI ZDONHG GLVWDQFHV IRU
SEHVXOWV RI 96KNDRQZR\RQWUDVW LQWHUDFWLRQV IRU ZDO
9LROLQ SORWV RIUHVSRQVHWLPHVIRUHDFKYLVLRQFRQ(
6LPSOHVORSHV RINMWDIQEQ /RWWK FRQXxGHQFHLQWHUYDOV



3qEO,

7 ™ %o 3 E %oq2]|- %o



bid:;1>00 7 47 0;1"0184 ;71 7T U ;4 47
1é O O .4 iO1;EH 1 >4; Ou 1i[ 4d.
O0..dE

$OEHUW &DPXV

1 30E°..@eOce0s3

5%o|’%OQE'TM 3E0|—I%02

$IRUPLGDEOH FKDOOHQJHIRULPPHUVLYHWHFKQRORJ\LV WKH
WLRQ $OWKRXIKKXPDQVDGHSWO\SHUFHLYHDQGDFW XSRQ SK
UHDOLW\ 05 wZKLFKUHIHUVWRDEURDGVSHFWUXPRIGHYLFHYV
LFDOVHQVRU\LQIRUPDWLRQLQWRDVLQJOHSHUFHSWWSHRSOF
@ LWKLQWKHJIDPXWRIFRQWHPSRUDU\O5GHYLFHYV YLUWXD
YLUWXDOLPDJHV ZKLOHDXJPHQWHG UHDOLW\ $5 GLVSOD\V UEL
'"HSWKPLVSHUFHSWLRQ LQZKLFKRQH{VHVWLPDWHV RIGLVWL
DGYHUVHO\DIHFW SHRSOH{VDELOLW\WR GHWHUPLQHWKH SRVIL
RIGHSWKLY SDUWLFXODUO\LPSRUWDQWIRUWUDLQLQJDQG JXI
LQSHRSOH{VSHUFHSWLRQRIVSDFHIRUWKHVHDSSOLFDWLRQV
RYHUUHOLDQFHRQLPDIJHJIJXLGHG QDYLJDWLRQFDQLQWURGXFFH
WRDQDWRPLFDOVWUXFWXUHV LQ D @X® QIGFIOFODVAW K SSX UL A R\Y/}
PRELOHVFDQDIHFWGULYLQJMXGIJPHQWVDQGVDIHW\ZKHQ WK
YHKLFOHVDUHLQFRUWHFWO\SHUFHLYHG >

, QFRPSOHWHO\YLUWXDO HQYLURQPHQWY OLNHWKRVHUHQG
VLRQKDVEHHQHVWDEOLVKHGLQKHDG PRXQWHG GLVSOD\V +0
WRYLUWXDOWDUJHWV DUHXQGHUHVWLPDWHG@ QRVYHUIRDOJIH >
WKHFRQWULEXWLQJIDFWRUVIRUWKHGLVWRUWLRQRIGHSWK &
RIYLHZ > @DQG WKHZHLIJKWRI+0'VOLNHWKRVHXVIKEG WRUHQ
<HWOHVVUHVHDUFKKDVEHHQFRQGXFWHGRQGHYLFHV WKDW L
OLNHWKRVHUHQGHUHGE\$5+0'V $OWKRXJKD UHFHDAN WUHQG
;1 4. OAKLFKUHIHUVWR LQWHUPHGLDWH GLVWDQFHV EHWZHHQ [
WHU® >KDVEHIXQWRHPHUJH > @QWWKHUHVXOWY RIGLVWI
WLRQ VWXGLHVLQ $5DUHPRUHYDULDEOHWKDQWKHUHVXOWYV |
DQGYLVXDO GHSWK SHD¥EAZEWORY KREWILWRQDO GHSWK SHUFHSW
+0'V 6HFWLR@PRUHGHWDLO ODWHULQ WKLY GLVVHUWDWLRAQ
2QHSRVVLEOHH[SODQDWLRQIRUWKHYDULDELOLW\RIUHVXO!
YLUWXDOJUDSKLFVDUHLQWHJIJUDWSBRRPRRFRPCSIRUQW K FX\DH
$5GHYLFHVLVYWKDWREMHFWV DSSHDU }URDW\~ ,Q RWKHU ZRUG
VXUIDFHV UDWKHUWKDQOLHRQWRSRIWKHP <HWIHZVWXGLH)
VXUIDFHFRQWDFWEHWZHHQ YLUWXDO REMHFWV DQGUHDO ZRU
, QWKHUHDO ZRUOG WKHSHUFHSWLRQRIVXUIDFHFRQWDFW V
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OLJKWLQJLQIRUPD®VORQH[DPSOH FDVW VKDGRZV ZKLFKDUH FI
WZHHQD OLJKW VRXUFHDQGDQREMHFW DUHSRZHUIXO FXHV IR
QHDUE\VXUIDFHV 7KHUROHRIFDVW VKDGRZVLQ GHSWK SHUFH
KDVEHHQ ZHOO GHPRQVWUDWHG LQ WUDGLWLRQDO SHUFHSWLR
1LDQG FROOHD@XOH/G. HUVWEBQ HW DO >

+RZHYHU UHQGHULQJUHDOLVWLFOLJKWLQJHIHFWVLQGHYLF
SKRQHVDQG $5+0'VWFDQ EHH[SHQVLYH )XUWKHUPRUH $5+0'V
UHQGHULQJ OLNHWKHOLFURVRIW +ROR/HQV DQGODJLF/HDS
LVWLFDOO\ 7KLVPDNHV WKHWDVNRIUHQGHULQJUHDOLVWLFF
PXFKRIWKHFXUUHQW UHVHDUFKRQ VKDGRZVLQ $5+0'VKDV EHF
UHDOLVWLFVKDGRZVJLYHQ WKH OLPLW D\@L RQMRD D8 G HWYDLN @
VKDGRZV QHFHVVDU\WR FUHDWH VXUIDFHFRQWDFW"
 QWKHxHOGRI$5 VRPHUHVHDUFKHUV KDYHWKHRUL]HG WKDW
DQGUHDOREMHFWY HJ FRQULFWLQJGHSWKIURPVKDGLQJLQ
PLVSHUFHSWLRQLQWKHV® GLRBYDHY >L1 ZH ORRN DW FDVW VKD
SOH SULRUUHVHDUFK E\ . HAJ K PWH® HDRREF/RAOUDHADH & AMMKD W WK H Y L
VKDGRZVFDQEHPDQLSXODWHG WR XQQDWXUDO H[WHQWV ZKLO
SHUFHSWLRQ $OWKRXJK.HUVWHQ{VVWXG\ZDVFRQGXFWHGLQ
WKHLU ZRUN SURYLGHV VRPHHYLGHQFHWKDW QRQ SKRWRUHDC
HQKDQFLQJGHSWK SHUFHSWLRQLQ $5ZKHQ UHDOLVWLF JUDSKI
%HFDXVHFDVW VKDGRZV SOD\DQLPSRUWDQW UROHLQ GHSWK
LQYHVWLIJDWHG KRZWKHPDQQHULQ ZKLFKZHUHQGHU FDVW VKI
VXUIDFHFRQWDFW )RUWKLVLQYHVWLIJDWLRQ ZHGLUHFWO\HY
PXOWLSOHO05+0'VWHDFKRIZKLFKXWLOL]JHGD GLTHUHQW DSSUR
‘HPDQLSXODWHG WKHSUHVHQFHRIFDVW VKDGRZ WKHDSSHDUI
DWHG REMHFW DQGPRUHRYHUIRXUH[SHULPHQWY 7KH SUHVHC
DFFXUDF\RIVXUIDFHFRQWDFW MXGJPHQWY +RZHYHU UHPDUN
RIWHQ PRUHDFFXUDWHIRUQRQ SKRWRUHDOLVWLFWKDQUHDO
GLVSOD\ZDVFDSDEOHRIUHQGHULQJGDUNFRORUYDOXHV 7KH
RIDVXUIDFHFRQWDFWFXH OLNHDFDVWVKDGRZ LVLPSRUWDQ
MHFW LQ VSDFH YLVXDOO\UHDOLVWLFVKDGRZVPD\QRW EH QHF
7JREHWWHU XQGHUVWDQG WKLVEHKDYLRUDQGWR GHVFULEH L
YHVWLIJDWHWKHHIHFWRIVXUIDFHFRQWDFW FXHVDQG REMHFW
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