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([DPLOLQJI DOQG 'LVPLVVLOJ WKH $SUJIXEPLHOOWVY. HRWIRWKH S
6XSHUOXPLODO 7UDYHO DV SRVLWNG R\RILQRWWKDZ OLQN
+DZNLQV DOQOG RWKHUYV

$%675%&7

7KLV WKHVLVY VHHNV WR GHPROLVK DQ\OLGWHDRM DRIQFKUQUL
IDU GLVWDQW VWDUV ZLWKLQ D R/XKFIXQI DQOHDW L AN DAKHR Z L (
IRXQGHG RQ IDXOW\ WKLQNLQJ P,SGH.FR QLVGNHUDD MVH VXGE ON KL
DW DOO D SRVVLELOLW\

7KH DPELWLRXV H[SODQDWLRQVHRBUQW KZH \8 R WK IE LSOCL\WWADR
RI WLPH DQG ZLWK PDNLQJ PDOOMBROWHH & SIW(LIO/ \@ H V Q D/
6SHFLDO 5HODWLYLW\ 7KH\ LQYRG@YH $DPHWX OB DIQIE] WK
H[SORLWLQJ RI TXHVWLRQDEOH WLPH DQG VSDFH GLODW|

, HIDPLQH WKHVH FODLPV DQG IIPQ8HDXOI)NG ZILWHK WHKYHH B D
H[SHULPHQWY RQ ZKLFK WKHVH DVVHQWLRIQWW UH EDVHG
HUURQHRXV DUJXPHQWY KDYH EHHQ RE¥HRQWG PW XOJ FH U

(<:25'6

$OFXELHUUH $QGURPHGD EODFN KROHMR EHRLENVQVWHLQ
JUDYLWDWLRQDO OHQVLQJ + D XWNKIHP\D WOLLIFNK WO L Q INJRKAV NFIO R |
VSDFHWLPH VSDWLDO GLODWLRRL GBB3GIAFLDDYHOODWLFHW\
‘'LODWLRQ WZLQV ZDUS VSHHG WUDYHO ZRUPKROHYV

&217(176

&KDSWHU

7LPH DQG 6SDFH 'LODWLRQ H[DPLQHG

'LYHUVH 7LPH WKH /LIKW &ORFN

'LYHUVH WLPH &RQIOLFWLRQ ([SHULHQFH &DUULDJH
2EVHUYLQJ /LIKW %HDPV

&KDSWHU
7KH OLVOHDGLQJ '"HSLFWLRQV RI 6BRQNHWLPH DQG LWV |PS
IRU :DUS 6SHHG 7UDYHO



6SDFHWLPH
%ODFN KROHV LQ 6SDFHWLPH

*HRGHVLFV DQG FXUYHG VSDFHWLPH

ILIKW

6SDFHWLPH DD MXWHLU UHOHYDQFH WR VXSHUOXPLQDO W
JLJKW SDUWLFOH ZDYH GXDOLW\

6SDFHWLPH DQG WKH SDVVDJH RI OLJKW

JLJKW GLVUXSWLRQ

*UDYLWDWLRQDO OHQVLQJ

SUHGLFWHG LGHDV DQG WKHLU WRIQXRXY VROXWLRQV IRL
WUDYHO WKURXJK 6SDFHWLPH

"RUPKROHYV

7KH $OFXELHUUH :DUS 'ULYH

7ZLQV 3DUDGR[ JHRGHVLF UHDVRQLQJ

,QFRUUHFW $VVXPSWLRQV DQG 5HVXOWYV

2WKHU 2SLQLRQV SURYLGLQJ SURRI IRU WKLV 3DUDGR]
$QGURPHGD SDUDGR[ JHRGHVLF UHDVRQLQJ

,QFRUUHFW $VVXPSWLRQV DQG 5HVXOWYV
3ORWWLQJ WKH $VWURQDXW V -RXUQH\

2WKHU 2SLQLRQV SURYLGLQJ SURRI IRU WKLV 3DUDGR]
$QGURPHGD WULS JHRGHVLF UHDVRQLQJ

,QFRUUHFW $VVXPSWLRQV DQG 5HVXOWYV

$QGURPHGD DQG RWKHU REVHUYHUV UHDVRQLQJ

7LPH GLODWLRQ (UURQHRXV 6FLHQWLILF 3URRI
6XSHUOXPLQDO 7UDYHO &RQFHSWV DQG WKH +DZNLQV DQ
OLQNRZVNL VSDFHWLPH GLDJUDPV

&KDSWHU
ODWKHPDWLFV

&KDSWHU
$ "HWDLOHG &ULWLFLVP RI WKHLR['LDPWIKRDY EHOLHI LQ

2QH /DVW :RUG
IJLJKW &ORFN 3KRWRJUDSKV

$FNQRZOHGJHPHQWYV
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/LPH DQG 6SDFH 'LODWLRQ H[DPLQHG

, KRSH LQ WKLV FKDSWHU W RHJRB/QWFO B DSROAL @/H RRYQZ/KNHLL
WKH PDWKHPDWLFDO HTXDWLR QNVDRIG WPKH'LODWY WQ DWH
W LV WKH LQWHUFRQQHFWHG SUEOG P\ GRIRW FEIHWQPH EH|
GLVVLPLODU IRU GLITHUHQW RERH WRKW\Q AK IGRK/ \§ BQF RV W
D VSDFHFUDIW WKDW FDQ EH DFFRPASOLFRMNG G RB K LHXYLHF |
7KHUHIRUH , VWDUW E\ VWXG\LQR QW Z3 MWK QO( MQHN RFLL\DF
6SHFLDO 5HODWLYLW\ HVSHFLDROWERHUGL ®& B WIVRIY DWK M/
FRUQHUVWRQH RI WKH FRQFHSW RI VSDWLDO GLODWLRQ

7KH SDJHV RI :LNLSHGLD +\SHU SK\@LFYO)LRXURMD DB O(LD
SK\WVLFLVWV VXFK DV 6WHSKHQ +DZNIOQJ 5%VVBQ &R[ -LP
BWDQQDUG DQG KXQGUHGYV RI RWEHKIL @ OWK H [SRXQGWWV R
GLODWLRQ DQG WKHLU FRQFRPLWDQWOFRQBYFWLRQ DER X

7KLV ZLGHVSUHDG FRQILGHQFH LV DOPWRWWLBQWLUHO\ ED
HPSOR\PHQW RI WKH IDPRXV 3\W K RXR K MD [ SHUHFPUHHPVW R |
IDVW WUDYHOOLQJ SDUDOOHO RIKW RYS U ER H@QKER GV K \H WK
K\SRWHQXVH FRUUHVSRQGV WR WK HR EWLHPWHY KD GAKW\DW DVQ (
WKH VKRUWHU XSULJKW DUP UHSGHYHBWD WHFHR QG PH X
REVHUYHU

7KLV LV LQFRUUHFW FRQFHSWXDOO\

SHPDLQLQJ SURRI DULVHV IURP LQHRXKPGXWHYH H[SGEULP
IURP PDWKHPDWLFDO HTXDWLRQV DHE FROOGGHIAQ ZKLFK
HUURQHRXVO\ RQ WKH DERYH 3\WKDIJRKHDRIRYUMXP®OWRR |
IDXOW\

8QIRUWXQDWHO\ WKH LGHD RIL¥FSIDWPEHY RBL OBWWRQQRUL
GLUHRQYVHTXHQFH RI WKH WLPH GLODNMOIR) WKOWHSEYDMQE
GLVWDQFHYV FDQ EH PDQLSXODWH®&RS\RVDD KDW BOKDWR 2B EW
VSDFH WUDYHO ,Q WKLV HVVD\ ,SUL@Q®F LGGHOA RO L @ KF R 0O OHSH
WKRXJKW WR SURYH P\ SRLQW
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'LDJUDP $ UHPLQGHU RI (LQVVWEHL@ Y IPODWLRHM GRQ|WKHQF
IRU WZR REVHUYHUV




6R OHW V H[DPLQH WKLV LV\DXBULKKIWWORKMNM FRQFHSW

ILJKW ERXQFHV EHWZHHQ WZR W § DAWUHIDYCH @A H3D WD OVKHW K
PLUURUV VHHV WKH OLJKW ERXQFW RWHRNGEWWIZ®RHIK WKI
$ GLVWDQW REVHUYHU H[SHULHQFHV WKKHUWLRPHHDWDEHL Q.
OLJKW VSHHG LV D FRQVWDQW WHKHURPX\WN Y OGHRHUVREVRIRN HD
UXQQLQJ PRUH VORZO\ WKDQ KLV RZQ

,9(56( 7,0( 7T+(/,*+7 &/12&.

/IHW XV LPDJLQH D EHDP RI OLJKWLWUW K H BV L QIDWZXKR B RAXK
UHIOHFWLQJ EHWZHHQ DGMDFHQMW RUU PZRW K LLQQ DD VISHIHIEA X
VSDFHFUDIW ,Q WKLV FDVH WKH OL 1KQWI1RV IRORMMWFRNVHG |
$EHUGHHQ LQ 6FRWODQG D GLVWDQFH RI PLOHV

7ZR RSSRVLQJ PLUURUYV RQH DW HDFKKS REDWELRQWKBLNE
VOLGLQJ WUDFNV FRUUHFWO\ VLWXDWHHGRW ROIDEBIORQH D
VDWHOOLWHYV

7KH WZR WUDFNV ZKLFK HQDEOH WK PHWBEXROWWR) VOLG
EHDFKHV ERWK EHLQJ DW WKH VDRFKHWL WKINR MEURD/FHN V HIDU
RI WKH VDPH OHQJWK DV HDFK RWHKHWBQODOERWK KDWH VI
HQJDJH ZLWK D FRJZKHHO GULYH |IURBUFRINFKDHGE HOWR UV
RWKHU SHUIHFWO\ DQG FDQ EH RRYSBUMRFWKH OHIW DQG
VIQFKURQLVDWLRQ

$ OLJKW SXOVH FDQ FRYHU WKLV GQQ®WDQFH LQ RI C
.l WKH VRXWKHUQ PLUURU LV RGQIQ\I SO DWW VHQOE HDLP ¥ B QHE
SRLQWHG WKURXJK WKH FHQWWH R1 WRDIMWGWRWHKH PHQWR
WKH $EHUGHHQ PLUURU )URP WKIWVHWRX®FLQJ OLJKW E

7KH (DUWK V HTXDWRU WXUQV DWSPBIY XRRXUPDWHO\ PL
7KH (DUWK PRYHV DURXQG WKH VXQ MMV B\ SBR[ IKFRD\WH O\
7KH VXQ WUDYHOV DW PSK HWF HWF

BOLJKWO\ GHSHQGLQJ XSRQ ZKHWK HLY KV R HWHX ¥ 3/HUHDG W DI
DW WKH WLPH LW FDQ EH VHH® QVEDOOWIKRHVWPIRYIH W XD RS
ZD\ Rl WKH DSSURDFKLQJ OLJKW EHSR GGW U DY 5 OV KB $)XQ0 \
VLIJQLILFDQW DPRXQW VXFK WKDW IMKM BGDWHWKHEHDP ZlI
$EHUGHHQ PLUURU V FHQWUH SRLQW



'LDJUDP WZR UHIOHFWLQJ PLUURUV RQ WKH 8. FRDVWO
6R KHUH ZH KDYH VHW XS D ODUJH RQG VKRUQ R QOUDIE W H |

FORFN DV WKH EHDP LV FRQWLQXRXVDODR GHVOWHFQWHG EHW
PLUURUYV

1HW ZH HQJDJH WKH PRWRUV DQG YRRRXY ERWKRPLKH R U
‘HVW 7KH OLJKW EHDP GRHV QRWRYIQREZ /WXKHNPKDV RIRV C
LQHUWLD VR LV XQDIIHFWHG E\ WK R IPWHK H RRLW WRIWW N@W/ LD
IDFH RQH DQRWKHU SHUIHFWO\ VR WKH EHDWPXNAV VWLC
EHWZHHQ WKH PLUURUV RYHU H[DCGR/@ALWKIG WV IFIRHR ©® MOQLDN
DV LW GLG ZKHQ ILUVW VHW LQ PRWLRQ
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'LDJUDP WKH‘PLUURUV DUH GULYHQ WR Wi

7KH UHVXOW RI WKLV GLVSODF HPH QWIJRWWEHHD PLLLWRRBRYV L\
ORQJHU SDVVLQJ IURP WKH FHQVRXE FRIQH DEIXF NL W/WARLLD CE XU
PDWFKLQJ SRLQWYV EXW VOLJKWION WRUWRHWDVWHUQ HG.

W FDQ EH VHHQ WKDW LI WKHVH @XR \RB SRV GQ.L PH Q DRV \
HTXDO GLVWDQFH WR WKH :HVWQW®G\ EERHX QADGIDEHOP ZL
HVFDSLQJ IURP WKH HDVWHUQ HGUIRLRIURQYW RU DQRWKHU

7KH SRLQW RI WKLV LPDJLQDWIOAMNWUQDWREZY WRKRKRE WA
H[SHULPHQW HPSOR\LQJ D OLJKW BBRFNFWLYMHEHER VERE
WZR PLUURUWNS HE ZEBQ@\ KH DWWHPSWV WR PRYH WKH FC
IURP LWV LQLWLDO SRVLWLRQ

7R XVH VXFK D FORFN WRL G HPRWIMRIX W WH WWLIDWVW KH FORF
KDYH IXUWKHU WR WUDYHO DV H[SHUHHQFKBQED DQWOXML
OLJKW FORFN GRHNQRKHFRPEXWMNVW FDQORWYHU EH |
DOWKRXJK WKH PLUURUV FDQ EH D)PX KWWK WU QN RD WK IUW R UO
ULJKW DQJOHV FDQ QHYHU UHIOHFW REOLTXHO\

,Q DGGLWLRQ VKRXOGOQMKHI BERYNHQWULRBHZD\V RQ WKHL
WKH UHIOHFWLQJ OLJKW EHDP RUO R QH) RYLWPEW K HWUWRLOU
WKHVH PLUURUV DUH RI FRXUVH »PW® YRIQW KHQURXR\ED @ | W8
EHDP 7KRVH PLUURUV WKHUKIRWHY I WR QRRAH VW\DW/ IRA
JDOD[\ DQG EH\RQG ZKHUHDV W K HOQHE® HFFR\L\QLN B/HHEDRN OW
WUDSSHG LQ LWV RULJLQDOPYORPD@ SDWK DV LQ GLD.



‘H PXVW DJUHH WKHUHIRUH WKDW ® EN MPKHDRLQRM WEH D (
WKDW D EHDP KDV QR NQRZOHGJIRY HRHDKWH L DKIHOWEHSH Q G T
FUHDWHG E\ PRWRU GULYHV RU WKHLU WUDYHO ZLWKLQ \

7KH LQFRUUHFW DVVXPSWLRQ RNR QNSRM\BDIIMWAHKLY PDW
KDYH IXO0\ WRRKE LWPERUR\PHQW RI D ULJKW DRJOH WULDQ
GLIIHULQJ WLPH VSDQV IRU GLIITHULQJ UHIHUHQWLDO IUD

7TKHUHIRUH OHW XV EXLOG D VPDOEHYBUHWIRQ\RWWKH &
NHHSLQJ ZLWK (LQVWHLQ V GUDZWRIVHZKURKR BZVOID PR Qf
FOREN GLDJUDP

‘'LDJUDP OLJKW FOREN

7KH ZKROH EDVLV RI WLPH GLODWWMR @ DUHIAWHYROND SUHP

WKHUHIRUH QR WKHRU\ FDQ EH EDVHG XSRQ LW

‘H KDYH GLVFRYHUHG WKDW PRYLQDAMIKMWKIIOLQHJRP GLD

WKH EHDP IRUFHV WKH EHDP WR PRH P WRRMYG VGW R BIUHDEJ
ILQDOO\ WR HVFDSH ZKHQ WKH WRUBRQW COLUWH WPKHRHY HEG DAPF



‘'LDJUDP D OLJKW FORFN SXVKRIGEBIDIPLQVWKWRIQHK LUHF
PRUH SXVK DQG WKH EHDP ZLOO HVFDSH

+RZHYHU FOHDUO\ XQWLO SODQHWDIHRWLRYH 6 HIXW DECHMAP
HVFDSH DQ\ZAZD\@RMH WKH PLUURUV IRU DQG DQW DORQJ W

RI WKH OLJKW V GLUHFWLRQ RILW ODFYRHDW IDQYXW KHRWEARX Q E |
WKH OLJKW I[URP WKHLU FHQWUHYV

‘'LDJUDP OLJKW FORFN SXVKHBWK) GLUHFWLRQ RI EHD|

$OVR LI FRQWLQXLQJ WR OLHLRQ FOPIRNQMYE R EGHV SWKKH W Z
RQ WKHZKERWW WKH EHDP FRQWLQXHV LWMEWAKNHDQG IRL
PLUURUV ZKLFK WKHUHIRUH VW D'\H BHKQIVQD WNBK-EY) S DUWL F
DQRWKHU 7KH\ FRQWLQXH WR ERXQUHHWKHFREMHBPEORN D
WKHLU VXUIDFHV



‘'LDJUDP OLJKW FORFN WZLVWH® YXE B ODOKIMWWR. RQRU
DQRWKHU

S$VWURQDXWY RQ WKH ,QWHUQDWD®RQRO® BB DFH 6WDWLRQ
NLORPHWUHV SHU KRXU UHODWL XHO/RR MWNKUHNM UBMHIQ HDKW K
WKHP \HW DUH XQDZDUH RI WKHMH UBGCLWURHY YMORHEFEW!
VXFK DV ZH KDYH EHHQ H[DPLQLQJURXRKOE JLW GEH RKIXU W
VSDFH ZRXOG DOVR KDYH QR NQRADBIGYHORGL®RZDIWDVW 1
NQRZOHGJH RI  VSHHG UHTXLUHWLGEGHE WD G HIIDVWGDR QB HJ HJ
RI ZKLFK ZRXOG EH XQNQRZDEOH

7TKHUHIRUH ZKLOVW LQ ORQJIFWRBEROOWQQJIKMQD § GGAKAD
PRYHPHQW UHTXLUHG LQ RUGHU WXR WR M&K W KH LEEBHDUWPV F HDQ@
IURP WKH HIITHFWV RI SODQHWDUWHPRYHRHD WD IWHKMD LVQUIDVS
OLJKW VSHHG UHIOHFWLRQV

7TKHUHIRUH EDVLQJ D KXJHO\ ZL G HWUBHREPFKO. QW KOS RW KH VL
IODZHG FRQFHSW UHJDUGLQJ WKHOEHKWYERKENR IKD WO B &
YHU\ PDQ\ VXEVHTXHQW LQFRUUHFW FRMRFENVLRQV DOO
UHDVVHVVHG

WA WHOMNRVFRQFHLYH RI D WKHRU\ ZKLFKRUBTXLUHYV WKH
SURSHUW\ ZK\WIKFDYO\ LPR8RY¥NRXDPGHEH OLNH VXJIJHVWLQJ
EHDPV SDVVHG WKURXJK VROLG REMRHHVOW DH FA\RDFO GE® B I
WKH FRQVWUXFWLRQ RI WKRVH REMHFWYV

I[LIKW FDQQRW SDVV WKURXJK DQ\HIROQY ¢ RAEEHWH K MQ JVIR) RVFF
WKH LI LV PHDQLQJOHVY 7R FODLPRPRWKHYHPSBR Y HEODH
FULWHULD RI DQ REOLTXH UHIOHFWLRQ LV VLPLODUO\ ZR



‘H FDQ KHRRIESOHWH QL QHWHWE V LGHD RI XVLQJ 3\WKDJR!
GHWHUPLQH D JUHDWHU WUDYHIRG LD/ WRDFR) BRECQWHO Y H
OLJKW DQG WKLV LPSDFWV VHYHUHMDRQVERAHOWWDRBY F

', 9(56( 7.0(  &21)/.&7.1* (:3(5,(1&(

7KHUH LV RQH RWKHU SHUWL QHQWK VWRBORAW B [IDHOULHP H Q
FRQFHSW WKDW ZH VKRXOG H[DPLQH DQG UHIXWH KHUH
7KLV LV WKH H[SHULPHQW GHVFUEEXQU LD FH QWU DO/ WLJK\
PRYLQJ WUDLQ FDUULDJH DQG KRS UWWHDG BH IYHUHABD & G\
WZR REVHUYHUV

7KH LGHD SXUSRUWV WKDW IRU DJWWDYR®ONIQH BB WH@I
RFFXUULQJ IODVK ZLOO DSSHDUWRWRLKNLMDERWXIHURQW DQ
VLPXOWDQHRXVO\ ZKLOVW IRU D\ ZROOWDVV W H LRNEH HWWHAU W
DSSURDFKLQJ FDUULDJH ZDOO WERQRW H HWWKUHH DOADLVEKI KELDAW |
ZDOO

7KLV SUHVXPHV WKDW WKH VRXUFBJRHVWWRBWADVK IRU W}
FHQWUDO SRLQW LQ WKH WUDYHOMERU FBVUSRQ G ZRKEB RO
WKH UDLOZD\ VOHHS R RYHHWEKIL FKDWK HZDV SDVVLQJ ZKH
IODVKHG PHDQLQJ WKDWE RWHK R ESHWLWHQBW VRKH IODVK Kl
WKH UHDU ZDOO ILUVW

‘'LDJUDP WKH VLPLODU H[SHULHQRKWY IDG §DFVEVHHQU WK UD G
UHJDUGLQJ D FHQWUDO IOADKUBLMIKW LQ D WUDYHOO
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$Q\ OLJKW EHDP V RULJLQ LWV VRXKUFRFDIFWHRQ QQKWKH Z
YDJDULHV RI VSDFH DQG WKDW 8RR IDFH RE¥YKWR EHUFRPPR
REYLRXV RU QRW

7TKHUH LV QR VXFK WKLQJ DV DQQIFEHVRQ YWHFKURBRH-BQ UH I
VXEVHTXHQWO\ ORFDWH SRVLWLWHRQ XXAH WRKHK FVHR X ULFCHI
KDV HPLWWHG LWV EHDP RI OLJKKW OWKBWIRRXAQU FB Q¥ QVHXYXHU
HIDFWO\ GHWHUPLQHG DJDLQ

GLDJUDP D SXOVH RI OLJKWSBPQWWHG IURP 0D
6BWHSKHQ +DZNLQV DVVHUWY WKDWDW [3SMWHVRF 00D KWV L
DQG DW D SDUWLFXODU SRLQW LQ VWDZEH QVKSQH DE RN\
VSKHUH RI OLJKW ZKRVH VL]H DQ® SRR WINH R/G HHIG RIQW KB
VRXUFH

,Q GLDJUDP D EHDP RI OLJKW LW GWHLEBN 6 RNLR) V BWDREM WWKR
PRPHQW RI LWV VROUWWEOHMWMKDNWKHEHDP LV VXEMHFWHG WR PF
DZD\ IURP LWV LQLWLDO ORFDWURK E E WW K HU RRWEHAP IHRXQV RR
WKH (DUWK DURXQG WKH VXQ DQGVEKHVRKRVWPRY VHI\DRN K W

‘'LDJUDP KDV D JURXS RI 6SDQLVEKH®R\W [EFHIMW VHPD W AKH G,
IURP D WUDQVPLWWHU LQ ODGUIGGWR MRKMHW ERXID GVR HZ BE R/\A
WKHVH HPLVVLRQV IRU WKUHH DQGHL KW OZ L\WBUWZHBRY K Q
EHDPV RI OLJKW EHLQJ JHQHUDWPBG RENFKRNDO\ RIRDVXKIHQJ



WKRVH REVHUYHUV WKH SXOVH ZRXOGSERQWVQMIHRWR EH
WKH VDPH VRXUFH LQ IURQW RI WKHP

‘'LDJUDP D JURXS ZDWFK EHDPV EXNUQB HPLWWHG IURP O

+RZHYHU REVHUYLQJ WKH SODQHWDUJWUPRY HEHQW ZRXNV O L
FDQ XQGHUVWDQG ZKDW DQRWKHU HRERP\HHPHWWR®SOG R/MH
ODGULG RYHU D WKUHH DQG D KIDBH WHWDDQSEHWLIRKEQ \BIORBXE
&HQWDXUL

&OHDUO\ WKH \®U DRMFRVMLRIEMDLIEDHEY WMGKH FRQV WD QW
UHORFDWLRQ RI WKH VRXUFH 2QRMKUHSINVDK H® K\CKWD W DENH
DQG LV WDNLQJ LV WRWDOO\ LQBFISE QGRXQWE IR $MK HO LYK
UD\ RQFH HPLWWHG LV QR ORQUENULMVH¥RMHGFHRY LQIOX|
FKDQJLQJ ORFDWLRQ

,Q WKH WKUHH DQG D KDOI \HDUVRZQS BB Q RXVFIWXDBPICR Y HP H (
ORFDWLRQ LQ WKH ZKROH YRLGSPRIQLYKFOL  KWVKRXWRHLJ
IDU IDU DzZD\ IURP ZKHUH LW ZDVHODMHELG WKRRVLBHDP ZDV |

Position in space
of the original source
of that beam after
3.5 years :

Path of
SUN




GLDJUDP EHDP WUDFNV HPLWWHG UWEFRPDWKWHMQRQPHE\ 6SD (
DQ REVHUYHU RQ $OSKD &HQWDXUUK DWKWKHRYPBWK PRYH

‘'LDJUDP VKRZLQJ DOO WKH SXONMALRQVWIKWH WK HPLR/X/U F
PRYHV WKURXJK VSDFH DV YLHZHG EQWBOKWREVHUYHU RQ

$V (DUWK PRYHV WKURXJK WKH BRUFBHHUVHO WKKDRHBR YW
ORFDWLRQ LQ WKH JUHDWHU VFWHRDH RV WKEHRYIN ZKIHFRULC
LOQGLFDWH WKH SDWK RI HDFK EH\DRPAL OW UPHYHHOU HPYLAMWN H C
FRLQFLGH ZLWK RQH DQRWKHU WKHUHRRDWLRQURIVBGFWL
REVHUYHU DQG LUUHVSHFWLYH RIHGKD/W WELRKEWHYYHU P
RFFXUULQJ WKH GLIIHULQJ WUDNBFWRUHHYDIOQ & SBRBHDRI

6RPH SK\VLFLVWV FKRRVH WR H[SORMNRDQ EXDQH BRH IO IHRAW
SDUDOOHO PLUURUV WR H[SOBHGW LRZ YL IOW WIVR ¢ KORNXK B G
EH FOHDU WKDW HYHQ D UHJXODDVMW]/ERM LEHLBU DH WL VDW Pk
DW DQ RQERDUG WDUJHW ZRXROL& HYSQHWIDW QB U IJWWH 35X QWK
JRDO ZLOO KDYH PRYHG RXW RI WEBHIJKBA RI WKH DSSURDF



Static
rocket

‘'LDJUDP &RORXUHG SXOVHV DUHIWPYWWNKGFHUBRR ® VSD
WUDYHO LQ D VSDWLDOO\ XSZDWXB LWBEWW @ V7 WK I5\X D
LQGHSHQGHQW RI WKH IRUZDUG PRWLRQ RI WKH FUDIW

/TKH VWDWLF URFNHW RI LPDJH VKRIZFPSXQ LIQW R U Q DODK W
VRXUFH DQG WKHVH SXOVHV VWULNH MWWXH WDUJHW LPPHC

2QFH WKH URFNHW LV DW KLJK VSHA®YOD Q QGHPH. S\H/DHG @ WOF
LWV VRXUFH DV ZH KDYH VHHQ HVDH CGXIDY HERMEVHNV KHUHIR |
KLW WKH WDUJHW GXH WR WK HURPWWHJ GL UBBWGE RPGQR R L R
DSSURDFKLQJ OLJKW SXOVH
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DOG LWV LPSOLEDWLROQV IRU ZDUS VSHHG WUDYHO

,Q WKLV FKDSWHU , ZDQW WR GLVFXVWHKRY GR@WWNRERUD
PRGHO RI VSDFHWLPH UHOLHV HAL\ M ¥ DWXK/HMPLD WATFW L R @ |
&KDSWHU DQG DOO WRR VLPSORWLQIUFRRWPLEKLFK UHS
SKHQRPHQD DUH FRQVLGHUDEO\ RILVQHDGDQW WR¥AHDQD
K\SRWKHVHVY WR EH RYHUORRNHG

, KRSH WR VKRZ WKURXJK PRUH RDVWHIMQVG NY¥EHRIWILIRK V
EHOLHIV WKDW WKH SUREDEL®YDWW RALEALIQP FHEOAH WRLW U
KXPDQ OLIHWLPH LV WKXV LQFRUUHFW

63$&(7.0(

7LPH LV ZKDW SDVVHV EHWZHHQ FDXWVWRQG HOQWNW LW J
DOORZLQJ DQG FDXVLQJ HQWURS\

+HUPDQ OLQNRZVNL SURSRVHG XQLIRIQVUSWKH WKWK H GLP
IRXUWK GLPHQVLRQ RI WLPH QOLRLIOH[WV NMSREGBW HBHI UWR
(LQVWHLQ V 6SHFLDO 5HODWLY IR\ R,WD KIFDDAWEKHHHP@ WVLKAD CR X
PRGHO ZKLFK FRPELQHY VSDFH DQGGNRPH Y.HXQMRVD RWL @JO |
ZRYHQ FRQWLQXXP DEOH WR GHVRAUMEH FRUNPRUWH KIQLI
WKH 8QLYHUVH ,Q GLDJUDPV LW LV GUDZQ DV D PHVK

7KH SUHVHQFH RI ODUJH DPRXQWV RIYRWMH RY HQHUJ\ LQ
FRQVLGHUHG WR EH DEOH WR GLVWRRHWKVKAKR YBDBHWLP]
(LQVWHLQ PDLQWDLQV WKDW ZH X®IGHIUNFWD REG JOMNL \ED U .

OLQNRZVNL FODLPHG WKDW FRRUGLQDWHAKHQH SRBHWLP}
ZKHQ HYHQWYV WDNH SODFH 'LPHQVLRDFRPSIRQIHQWMGH UV V
RI DQ LPDJUQDBVYWHP ZKLFK GHWHUPLQH WKH JHRPHWU\ R
LQKHUHQW K\SRWKHWLFDO JHRGWBWL\R @R\ BEQQJ WKH L
SDUWLFOHY DQG OLJKW EHDPYV

7KH DQDORJ\ LV GUDZQ RI D SODEBG EHR RO LDQ JOHDIOFD HQV W
ZLWK WKH VKHHW GLVWRUWLQJZKIWK ®XWKHYLGREQRR @/ KA
$GGLWLRQDOO\ LW LV VXJIJHVWHG RAMX VW H. M DRPH SKBAHHWV DL
ZLOO UROO WRZDUGV WKH ERZOLQJ EDOO

$QG KHUH ZH FRPH WR WKH FUX[ RW KMKH DFUINRLERIH PV §FCDW IOF
WUXH Rl WKRVH EDOOV EHLQJ RIQVMN DKRZK FID@GWKHE MBPW
EH WUXH LQ VSDFH ZKHQ HOW WHMWHDIQHQWRUW "



W LV WKH YHU\ GHSLFWLRQ Rl VSDEHWLPHW\WVEEWLQJ UH S
GLVWRUWDEOH PDWUL[ UHDFW LKQDWV R DWKHX BV R/[ILRQ WQ JR |
.| PDWWHU GRHV EHQG D VSDFHWRBH HY BAR A HFHDXW K®J SRV
JUDYLW\ ZK\ ZRXOG RUXDWRBEISEKIDROW [ERQL Q

/IHW XV ORRN DW VRPH H[DPSOHV RDWKXIREGMDUHQW HIIHI
VSDFHWLPH PDWUL[ WKDW UHODRMH WR FXUUHQWO\ XSKH(

'LDJUDP ZKDW LV DFNQRZOHGJHW K-V (PHIWX W RE VI IRIG
WKH IDEULF RI VSDFHWLPH

$ERYH ZH KDYH WKH VSDFHWLPH IDSODR W H8UB8 WAIKDWH G VE
GLVWRUWHG E\ WKH FORVHQHVYV RJUMXIGHL ¥ D& DR IQWKLH KB G
LQ D GRZQZDUG GLUHFWLRQ PD\KK GRIW WKBIQFER.@YH @ X M
PD\EH EHFDXVH ZH FDQQRW JLYH XS MWXH GRIQRIMUBNJUD
QRU FDQ ZH DEDQGRQ WKH QDWXUDH \KR URPRQLOWK ZKLF

8QIRUWXQDWHO\ WKLV UHVXOWYV DQ DL B G&H 8 HFRVFHRW RR D
KRULJRQWDO OHYHO VXUIDFH UBIGG HVKH W LIG F \B VQ RS\R QR (



LOW MASS STAR HIGH MASS NEUTRON STAR
'LDJUDP DQRWKHU LQFRUUH FOAD WS UWHSMH WD W H RRD W/ IU WK

$JDLQ LQ GLDJUDP ZH DUH VKIRZDQOQI> KOR WU DRFQ W D O LANDH/
HITHFW RQ WKDW JULG FDXVHG BYIWHQLUKRW RBNKAMNV DQG |

$OWKRXJK WKLV LV D LQWHQGHG BW $L ¥ W DD DKW HRUNEZ B G (
HITHFW LW LV D WRWDOO\ PLVOHBGPQWFEZRYD VRR BHIQ\YLVDJF
VSDFHWLPH PDWUL[ DV LW LJQRWHKHWKIE ILDFBXWRDW |
FRQFHSW QMWYERXO®BOYH KRULJRQWDO SHRRWHDIIHFWHG LC
GLUHFWLRQ

7TKHVH LPDJHVY DUH VWXFN LQ D (XFOLGHDQ XQLYHUVH

(YHQ ZKLOVW WKH VSDFHWLPH PD\WUQLRWVDVSWUFOGH@Q O\ D
IXQFWLRQDO SKHQRPHQD DQ\ LPSRFWHRS DRBBVYW\XSRQ L\
FRQFHSWXDOLVHG ZLWKLQ WK HX 8 RFIHWR/ B QVRKD R/UL BIHIK 7
PDVV VWDU FDQ QHYHU ORRN OLNH DWO REMMHENL BKXIR DRHCEG
LQWR D QHW

%YHFDXVH ZH DUH FXUUHQWO\ DFFHSWOL. @D OUHDHEOKO WKL
VSDFH ZLGH PDWUL[ WKHQ ZH KDYH) WRWE B \D KXV MW WRIQBHW
SODQH LV VHULRXVO\ IODZHG 7RHSEWRWR WKHVNRIOH ARXDG\
WKHUHIRUH UHTXLUH WKH WKHRUMHWQFRE FIRVOMWU X PMMKUR
GLPHQVLRQDO JULG RI VSDFHWLPGW 7KRFNSARXWOKEO\DW HD
VXUURXQG HDFK PDVV E\ ZKLFK LW LV GLVWRUWHG

,Q WKH FDVH RI GLDJUDP WKH DY WIQ ZRRKOKBG EN FRPSC
VSKHULFDO GLVWRUWLRQ WKH HAOHFWD YRH WKL EK QIGQW K H
| D E U LDF@OQJ H F WILRIGO/O \

, ZLOO DGGUHVV WKLV GLVLQJHQKRXW DEXWES DB XB@HQMN I
UHSUHVHQWDWLRQ Rl WKH IDEUERHU H SIXFH DB ISPH BQBIL Q
FRQVHTXHQFHV Rl WKLV UHSUHVH®W®W RV LCRQ KW/I | 1D F\M LHDYI HW
PRUH GLVWXUELQJ



‘'LDJUDP WKH FRQFHSW RI ULSSWHRHLQ WKH IDEULF RI "

7KH EDVLF GLDJUDPV , DP XVLQJ UG SPDBEBW M RD®HWDN X &
UHVROYH WKH HIIHFWV Rl PDVV RQ D VSDFHWLPH PDWUL]
, OWHUVSHUVHG ZLWK WKHVH DUH PDRMNR X@QEEAH UMW CRY) ® |
WKH VSDFHWLPH PRGHO ZKLFK ZH DD DR QXWHKXWY HVVD\ |
K\SRWKHVLV

$JDLQ GLDJUDP SXUSRUWV WRKEHPERQV®W BDWSIDEHS®Q P
WKXV WR UHYHDO KRZ WKH XQLYHU\R 2BD FW BDR/HG QHD
$W ILUVW LW GRHV DSSHDU WR E$WL RWX B H NV K H PIH QH/A\R GRD
VWRQH WKURZQ LQWR D SR @3 RVEKMULIWOLW K& U DR WMDX
WKDW KDV EHHQ YDJXHO\ GLVWXUERGPEW KD WDWOLIHO® DY E
SODQH

7KLV ,PDJH RI *UDYLWDWLRQDO ZWKHMD F3R MK QDWW QH FI
ULSSOHV WKXV FDXVHG ZRXOG VXWWODQ BIGID@GIL QURP W
VSKHWHRW DV DQ H[SDQGLQJ FLUFOH

7KH FHQWUDO QRWLRQ RI WKH %L L RAD K DWW HRKIN 18D LW HIHU
LV WKH VDPH LQ DOO GLUHFWLR QR TKH WHRLY QLR KB QR
FORFNZLVH RU DQWLFORFNZLVH ,W KDV QR GLUHFWLRQ
7KLV LV NQRZQ DV WKH &RVPRORJVFRDKD3N LDKHSBWH UZ WIK
REVHUYHU LV DQG LQ ZKLFKHYHU GWWKHFS\QLRQI WAKHDW REV
DSSHDUV WKH VDPH

, WKHUHIRUH PDLQWDLQ WKDW LV WKH DR QFKHHSQVZRI1 K/ISDHF
DEDQGRQ WKHVH VLPSOLVWLF GUDZALKQ PR DK G RWPEBOH [RQ E
YLHZ RI KRZ VXFK D PDWUL[ ZRXOG EBYXW Y$IQTK W& DA IHF W |
PD\ OHDG XV RQ WR ZKHWKHU RRJ \QBRBWHW YDYW BH \B\R B QI
WKURXJK VSDFH LQ DQ DFFHSWDEOH KXPDQ WLPH IUDPH



'LDJUDP .l WKH PDVV RI (DUW K DEFHHQ\GE.\P WV WHK HIDEW KE \R | \
VKRXOG DIIHFW D PDWUL[ WKDW DO @ RI\@ AVRP\BW VKWRIQLJ] R Q W

+HUH ZH KDYH RQ WKH OHIW IRQ BSVHW IGYIDHZIQQYJR D VEIOI
WKUHH GLPHQVLRQDO DIIHFW RI D RDWVIVPR QP /\W H LR R BIHWKR
RQ WKH ULJKW WKRVH DIIHFWHGVBIOHD @BV EVRXUKW LQ FC

%/$&. +2/(6 LQ 63%$&(7,0(

$ EODFN KROH LV FRQVLGHUHG WRUBBLRQ HR PHIDEF HRDLPOI\
H[KLELWLQJ VXFK D KXJH JUDY IR\WKA DR Q DOFDW & UPF @ L RKQ
HVFDSH IURP ZLWKLQ LW

YXUWKHU WR WKH JUDYLWDWLRQD®HWIDBFWN BWELFXWIHG |
SUHGLFWV WKDW JUHDWHU GHIRUPZWH®Q @QVKRIJNODFHWLP}
FRPSDFW PDVV LV SUHVHQW KDYLQJ BRHHRDVRUFRHG E\ WKF
VWDUV DW WKH HQG Rl WKHLU OLIH F\FOH

OLOOLRQV RI VRODU PDVVHV PD\ EH FRQKNXWPHG E\ D EODF
DEVRUSWLRQ ZLOO IRUP D VXSHUP DWW LEH EQ® ZK LKFKOH 7
QRWKLQJ FDQ HVFDSH LV NQRZQ DV WXPH GYWRIW+RUL]RQ
VXSHUPDVVLYH EODFN KROHV H[LVW LQ WKH FHQWUHV RI

‘'LDJUDP WKH FXUUHQW LGHD LR} WGK B HIJHL R H RV U FEBDAD3\N ¢
KROH



$JDLQ LQ WKHVH LPDJHV FUXFLDQ@GVO HNVKWH LEIFRVRRRHIER JEVF D (
PHQWLRQHG DW WKH EHJLQQLQBBREXHFN EKW R WHWH W KHU
VLPSOLILFDWLRQ RI DQ LGHD V)oRK KXWR WK RD WD\OGHOD ID@LNH
JRQH IURP ZKLFK WR GHPRQVWUDWB DFRHKWROHWE B 0. GILW W
EHJV IXUWKHU TXHVWLRQV

K\ GRHV WKH VXSHU GHQVH PDVV DWR®®&HIKWWUDWFRM GLL
PDWHULDO LQ RQH GLUHFWLRQ" RKBHW LV GRZQZDUGV IU

K\ GRHV WKH VXSHU PDVV DSSDUHQ@IWODERMH QK DIYRP WK
QR LQIOXHQFH RQ PDWHULDOQHEHIORIEQWZ R B YX\HW LOBHN L ¥
GRHV LW QRW DWW DDPWDRPRWEGLIDM IURP

SHUKDSV LW VKRXOG LQLWLDOOG BH DIUWDPQEBVO R WAKH. K
ORRNV UDWKHU OLNH WKH FRQFHSRD WIHD LW R BIRKARO H D\
GLUHFWLRQV EHIRUH UHDOLVLQJSRKNNWEZ® IPXLANW VRIUMH O3
E\ WKH VXSHU PODDOYHIDDRPURXQG LW

'LDJUDP $ EODFN KROH DEOH WE®&HDW WRIDFRW PO WWIUG IBD
DQG ULJKW IURP VLGHYV

SHUKDSV LW ZRXOG EH PRUH XVHIRDO WEOIDFN.-XBROH WK HDLC
JORRH LQIOXHQFH ZLWK WKH HYHQW \KKRRIJI HRMWE WIKGIJ AL RIS
RI WKH PDVV V DXWKRULW\



‘'LDJUDP D JOREDO XQGHUVWD EGIDFN KIRWKIH HITHFWV R

I ZH FDQ FRPH WR WHUPV ZLWK WKLWVWRQH WK HXRRDGHO AR
VSDFHWLPH ZH FDQ VHH IURP VHYHWKBO I©OWLFRGW® KDDL
FRQIXVHG WKHLU WKLQNLQJ

%RE %YHUPDQ 2XU VXQ V HQRUPRXV PDVV BHBYHVVHYV VS

EDOO UHVWLQJ RQ D UXEEHU VKKHIWNRORDWNDOQR QW WBLUV 72Kt
UXEEHU PHPEUDQH DQG FXUYLQJO\ DWFWVIRMHRNDNVRIDWYV V\

*(2'(6.&6 DOG &859(' 63%$&(7,0(

7KLV OHDGV RQ WR H[DPLQLQJ WKWH FPRQMAHSW WKDW VSDF

7KH XQVHHQ PDWUL[ RI VSDFHWLPHHGE@HNRDSYHUYBIG® LV S
HYHU\ZKHUH DQG LWV FRQILJXUDW LRI GMIKMDH R UKR ZP B Q\
REMHFW PXVW PRYH WKURXJK LW

(LQVWHLQ GHILQHG JUDYLW)\ DV RXZADA HLPD VR/IL Y S DFEEMM E R
7KH VWURQJHU WKH JUDYLW\ WKH PRUH VSDFHWLPH LV Z]

W LV FODLPHG WKDW LQ VSDFHWLRHDINRRHDWUKVEZH EQBD @
EHLQJ WKH VKRUWHVW GLVWDQFH HEQGWZHH®Y WZ K BBEV IQG\HV
DFFHSWDEOH WR DJUHH WKDW D Q\WH LKDIN PIRWVV. RZ @ KUR X J
WUDMHFWRU\ Rl PRWLRQ DV ZHOO DV LWV RZQ SDVVDJH

JURP WKLV LW LV GHWHUPLQHG VOIOIRX W S/IKFHH PR PH PWH G\ VR
DQ REMHFW WR EH SUHGLFWDEOHFXBYH®%HUWU P $/XIDHYW WEDW
LYV DV D ZKROH FXUYHG LQ D SKHUMALIEWX MU RE IHWHDFONDL R ® H
GLVWRUWLRQ DSSOLFDEOH DQ\ZKHUXHO XKD EKB MK M/ KB\ SAH
RI VSDFHWLPH GRHV QRW RI LWNHONKDQORZORKWLEP\H KV
EHQW DOO RYHU WKH SODFH YH\UHI IGIUHHAW GRIQVHHYV  LQ

JURP *HQHUDO 5HODWLYLW\ ZH KD¥WYHQ WK RW VIJUMFHW/L AH/ L
JHRPHWU\ DQG WKDW XVXDOO\\BOQWISDOQWOQFQRQIUHH IUF



JUDYLWDWLRQDO IRUFH IDOOVW&RQFBHWURPY HQW3EDREA
XSRQ D :RUOG /LQH RU D *HRGHWIFU WKW K HVLIKW WHH H P V
JHRGHVLFVDWOWKRKEEBOHRK RI WKHLU FXUYHV EHREDJOGLFWDWH
DIITHFW RI SUR[LPDWH GRPLQDQWERDR/AY B\ | IHIODO QR BKOLOFKE
DQG DW GLIITHUHQW SURSHU GLVWDQFHYV

W LV HDV\ WR XQGHUVWDQG JUHRW ESOEBIBVWEHL SO BX|
RU RWKHU VSKHULFDO REMHFW D VLAY EIN PDRHENVHYL G H Q
DURXQG WKH (DUWK ,Q VSDFHWLRB MRIHBGEH\VLEO RE MHHW
IUHH IDOO 7KDW LV RQH WKDW DY LQWRDWVY RDDBFM UFR DQ

'LDJUDP RUOG OLQHYV

*LYHQ WKHVH WHQHWY RI VSDFHWLHMRH DZBH CHD@HWHR UK K /W
DURXQG DRXWOBUEH FXRWIHGE RQ D JHRGHVLF RU ZLWKLQ D
GLPHQVLRQDO VSDFHWLPH JHRPHWBM RDWXHGYBADWKWH L C
PDVV 7KLV SDUWLFXODU HYHQW RIDW K H (EHQGULIEIOR | W KDE

D ORFDO PDWWHU QRW RQH YWRUBROQWAXULEYXNVDR W R UIRX HKY
VSDFH

*UDYLW\N BUREH % LV 1DVD V VDWHOPH®W WRVPIKEDINXRN FR
WKH JHRGHWLF HIIHFW RI VSDFHWLPHN G ® @G BWHXWD B\Q
DWWUDFWLRQ HITHFW GXH WR YWWH LP/D \ZW R XY B BQ B WWARK
PHDVXUH DQ\ VLPLODU HIIHFWV RKHU PXUN®GI&G VSDFHWLPI

$V ZLWK DLUFUDIW URXWHYV DURXSDF MWHPHDDWK JHRGHYV
FRQVLGHUHG WR EH WKH VKRUW H\QVNDS FW K V HEH WZSHDHF®! W Z
%XW WR UHODWH WKLV SKHQRPH®B QXR HMVBEM RLU DIBSM\F Bl W W
LGHD KDV WHFKQLFDO SUREOHPVH EHFIHOM. RIKXBIQ IV & I FIHQ
GLIIHUHQW ZD\V WR SDUDPHWHULVH D VKRUWHVW SDWK



[, *+7
I[LIKW LV XQLTXH DQG QRQ LOWDAH.WD®%HD WW RY FHFODWHRWQ R E
D FHUWDLQ SURSRUWLRQ RI WKH HOHFWURPDJQHWLF VSFH

/I[LIKW RULJLQDWHY ZKHQ DQ HOBIBWUROQH WKHAOKEG®DE RHIQW
GRZQ DQ RUELW WRZDUGV WKH QRWRIDXNI QKBHKW LW HPLW
W LV VXJIJHVWHG WKDW SKRWRQVDAWWHH FMUKHD WIHIGEDQJ |

OD[ SODQFN LQLWLDOO\ GHVFULE @G VOW OKIWS D ¥ NEHHW § JRH PLC
FDOOHG TXDQWD WKLV QDPH LV QRRAHXYYSHUVGGHG E\ S
4AXDQWXP WKHRU\ \B\WRMRDR D\DUIBYH SDFEFNHWYV

,Q D YDFXXP OLJKW WUDWYHOWHDW SHU VHFRQG DQG DOO
FRORXUV RI WKH VSHFWUXP ZKHWKWH ©H$HOWDWHDY HROU D:
VDPH VSHHG

‘'H XQGHUVWDQG WKDW HOHPHQW D UA EOLUONGLLRDIHEORUF M W R
HYHU\WKLQJ LQ WKH XQLYHU\GF O@EGIWW DV XKLHBHARYH |
ZRXOG VHHP XQOLNHO\ WKDW OLJKMUFRX\O CURPQB QYL RQY Kiq
FROOHFWLRQ RI SDUWLFOHYV

+RZHYHU WKHUH DUH SK\VLFLVWV H\KRHLLQ\E MW WHKQOW ODZ

OLFKDHO %URRNV IRU H[DPSOH L @QWRIWWYVSWWKDMQ HAH SKIRPW
VD\LQJ WKDW WKH FORVHU \RX JRORR WKW IMSHHGREV O)R!
SKRWRQ WUDYHOOLQJ DW WKH W5 KHRG RH[ODVWKW WLPH VL

%ULDQ &R[ DJUHHV OLJKW GRH\HQ@RDZ\E H@H | DWS KIRR\PRW K |
WUDYHOOLQJ DW WKH VSHHG R @EHW MWVHW® H § 5 BWZHRWS R HQC
LQ WKH 8QLYHUVH LV JHUR 1R WLPWISH ZKR? HREQ D YSKRAM|
LV D LQILQLWHO\ WKLQ SDQFDNH FRAKSHUPRWHBQ ® WKKHG
SKRWRQ

JURP RXU SHUVSHFWLYH KHUH R QKW UMD YH FDLQQYIRON |
PLOOLRQV RI \HDUV DFURVV WKHVXSHYNBMRAWLW W R PVWK
QR PHDQLQJ EHFDXVH IRU LW QR WLPH SDVVHV DW DOO

/IHW V TXHVWLRQ WKHVH VWDWHPHQWYV

, ] OLJKW LV PDGH RI SDUWLFOHVWEKBYQHZED YWRKOBVLW HH
EHKDYH GLIITHUHQWO\ IURP DQ\ BWKXR W KBOLIMAVWIOMHN ZURKI
WLPH DQG SURSHU GLVWDQFH

SURSHU WLPH EHLQJ GHILQHG DVHWRHGHG IRQVRDAVD ZRRX O G
DFFRPSDQ\LQJ WKH REMHFW DV LW PRYHV EHWZHHQ WZR
, I ZH XVH OLJKW WR GHWHUPLQMW KVK B HFWWRDMFRS R | K\RVE DR
LW ERWK WUDYHO IRU PLOOLRRQVDRMW KH DMMKX VI ERIR QUKBPNS M
RI HISHULHQFLQJ SURSHU WOQRHWVPRRGRXHW DQ VR WD NW H(
WKLQ SDQFDNH"



JLJKW FOHDUO\ KDV QR PLQG RIXMDE G HFAQN P QFER RW MEKHWU H
DZDUH RI WLPH DQG GLVWDQFH LEXW WV &KDMW FFD@R XJK W
FDSDELOLWLHV"

.l WLPH KDV QR PHDQLQJ IRU OLDK® WKMHQ WORR KBDNFOR
PHDQLQJ IRU D VSDFHFUDIW

([FHSW WKDW FDEHDPRQYWUXHG IRU WKH FUDIW LQ DV P:
DIITHFWV WKH FRQVXPSWLRQ RI IXHPRXQG JWKMH WD IDLQG G
FRXUVHFD@EMKWIIHFWHG E\ WLPH DV LW GLPXQUWKHYV ZLW Kk
ODZ

] WKH VSHHG RI OLJKW LV L Q GRS HQIPHYW LRV R WKW LE H H.I\&
RZQ QRQ DFFHOHUDWLQJ UHIHUHQFH IUDPH

7KXV WKHUH DUH VHYHUDO SULQFPSOMKDINW B SIHDW HWRZ L
FRQWUDGLFW WKLV YLHZ RI OLJKMWNVNZKHUMAHKED U W BV IRRWXIQ

63%&(7.0( *,9(16

DOG WKHLU UHOHYDOQOFH WR VXSHUOXPLQDO WUDYHO

$ GHILQLQJ FKDUDFWHULVWLF RM VG DFSHDFHRH. PM VKB W
LQYDULDQW
6XUHO\ WKLV PHDQV WKDW D GLVWDQFRWRLPDWSTKF MW DRMH R
REMHFW VSHHGLQJ DW F "

7TKHUH LV D FRQVHQVXYV WKURXJKEREKQMIWKWY RKQE Y WKWH |
WKURXJK VSDFHWLPH
6 XUHO\ WKLY PHDQV WKDW D SDWKKBY QLR KP WHKKU ROKIK S/LE
RI D VSDFHFUDIW"

(YHU\ REVHUYHU PXVW DJUHH RQ VKHQ SIDYFHHOML\WPH GLV
HYHQ LI WKH\ GR QRW DJUHH RQ WIKWH®LVWDQFH DQG WLF
.1 DQ HYHQW D VSDFHFUDIW OFRDBPHV HBDRKH U @G G K DAL
SODQHW SURYLGHV DQ HVWDEOLWDKW®& H/ §DPHWLAHNVGEN W |
DSSOLFDEOH IRU D EHDP Rl OLJKDFHIWEPRPBFLQJ WKDW VDP

(YHU\WKLQJ PRYHVY RYHU VSDFH WLPH DW WKH VDPH V¢
ILIKW XVHV XS DOO LWV VSDFHWLPR XYIXHWE&SDFXRMMPGRL P R
VR GRLQJ WUDYHOV DW WKH FRVPLEVWIHHG QIOPLW 7KH V
6SDFHWLPH PXVW GLIIHU IRU WKH VSDFHFUDIW

7KH /DZV RI 3K\WLFV DUH LGB Q@ LOFFDFCH O @ WBOADL QR H U W L L
UHIHUHQFH 7KLV LV SHUKDSV WKH WRINW X B § R UXWD\W KD S\
WKH ODZV RI SK\VLFV DIIHFWLQJ D FUKK W.IQH USBFHFUDIV
JRYHUQLQJ OLJKW

YXUWKHU WR WKLV WKHUH DUH GLWMBWIDYDRREQ AN UL Q/XK M I
FKDUDFWHULVWLFV RI VSDFHWLPH ®WHWZHHQ LWV JUHDW}



OLQNRZVNL VSDPH LLGMRONHNO IUDPH RI UHIHUHQFH LQ Z
DUH VLPXO W DIHHRFROOE/ILE @ HYHV WK IH B WWZIHHD WKRVH WZR
HYHQWY DW WKH WLPH DW ZKLFK WKH HYHQWYV RFFXU
YRU OLQNRWZKHWUH LV RQO\ RQH WLPHOLQH JHRRGHVLF WKDYV
WLPH OLNH VHSDUDWHG HYHQWHNX DI W KADKWH JHRGIHHWLVE L
SURSHUEWWZHHQ WKRVH WZR HYHQWV

OLQNRZVNL DOVR ILQGV D GLIIHUHQKU Y BWIKH BQ\RISHLP IO |
RI UHIHUHQFH VKRXOG WKRVH FXBXBG GULKH UGWIHIPSRUDO
VSDWLDOO\ 7KH IRUPHU EHLQJ VKRUWHU WKH ODWWHU

(LQVWHLQ V ILHOG HTXIDWERQVYH®EL FWDMHNVWRIBDW.W V SRV
SDLU RI ZLGHO\ VHSDUDWRIGHHW K QIPLR GHR LKNOHY BHRGHVLF W
FRQQHFWV,QVKKHPK LQVWDQFHVY WKH SURSHU WLPHV DORC
JHRGHVLEDRMQ JBQHUDO EBQWBKIHRYDMPH JHRGHVLFV LQ VX
LQVWDQFHV LWDVFSRMWWDED AFRRQHFWY WKH WZR HYHQWYV
D ORQJHU RU D VKRUWHU SURSHU WLPH WKDQ WKH JHRGH

W ZRXOG VHHP WKDW LW FDQQR/D\NXONVRW D W L FEOW GD\LEHH L |
ZLWKRXW WKH LQWHUUXSWLRQ BUQLQRO XI$SQ F H VRL PR W HRQ
WR D FXUYH 7KH LPSOLFDWLRQ ROIHWKVWHHMLQKDWRHRSOF
WKH QRWLRQDO HIITHFWV RI VS D FHWL MR X\URQ H H & RF E HWZKLHW
D KXPDQ OLIHWLPH FDQQRW XVHIWKOWHPSORR\DHIHRGHYV

[, *+7 3%$57.&/( :$9( '8%/,7<

1RZ , DP JRLQJ WR VXJIJHVW WKDW ILWKBGCHD PNLBIKW F R DEHW
89 DQG ,QIlUD UHG WRR HDFK FRQWKBIL DD EKQH & B8 KW RRIIHW
FRORXUV RI OLJKW LUUHVSHFWIHWHDRY WKIHF & LWIKRNAH W | U
HOHFWURPDJQHWLF ILHOGY RVFLOODWH

‘'LDJUDP SDFNHWYV RI OLJKW

I[LIKW KDV WKH DELOLW\ WR LO/OXPRGRWH D X KDE REFMBEBE
EH\RQG LW 7KLV ZDV WKH WKLQADRYJNRBKIOQ ® MO\DUHDR R(
SDUWLFOHYV

7KH GRXEOH VOLW H[SHULPHQ@WNZDOGHH LIDH VZ B H DK &/L D K'VE H ¥
SURMHFWHG WRZDUGYV D SODQH LQWKEBR VO IEWW WZXR @D
DEOH WR SDVV WKRXJK ERWK %H\RPRSP®IKGHV GIKDD JWHK/H V |
LQ WKH SDWK OHQJWK RI ERWK ZDFUHVDWHDXODM LQ D SKI
LOQWHUIHUHQFH SDWWHUQ

%RWK D ZDWHU ZDYH DQG DRURXPQG PHR¥M RGO PHGLXP

RI ZKLFK LW IGRPANGHRIMW ZRXOG VHHP WR EHKDYH LQ D \
ZKHUHE\ D VWULQJ RI PROHFXOHVSBHIDH MRVWRHR SURYGQ
PRWLRQ



3HUKDSVY OLNH ZKLWH OLJKW SDVYGRYLEKDRXIBYDH SHQVR
JHW VHSDUDWHG ZLWK VRPH SD DDA R WKKHRX KV K R XILK W
VHFRQG

7KH ZHDNQHVV RI WKH ZDYH WKHRU\ 2CG0VGWIOBNYWVWLIJKW ZD

ZRXOG QHHG D PHGLXP IRU WUDQVPRLWRLEDP KHOQBKWRH (
ZDYH SDUWLFOH GXDOLW\

63$&(7.0( DOG WKH 3$66%*( 2) /,*+7

, ZDQW WR H[DPLQH IXUWKHU WHKRWR S RMUKHWVH.O OW R D Vid WR W
VSHHG RI OLJKW WKH VSDFHWLPH LYW Q DHWEKHHWZGILHYH O
LV JHUR

, IWKH VSDFHWLPH GLVWDQFH LV |HBRWRRPRHORDKMW L KRR UFWD\
ZLWK LW WKH FRQVHTXHQFH WKDWHMY WRBDWPQEIJ&WIRUP
EHWZHHQ VRXUFH DQG WDUJHW"

, ] WKH ZKROH 8QLYHUVH LV [RSDQLEBEKMH DRR P Q UIHMAWHHEO L @
GLUHFWLRQ RI WKH PRWIKHD RZKW WHLYKRWHR/MHQW IRU WKH
HITHFW RI FRVPLF PDVVHV WR LQIOXHIHWMLHRD GVDWHR @A
URXWHG"

'K\ ZRXOG D SKRWRQ KDYH D G LWSLFRAMIWRLCP R | GR.R/W/IDRQF HL L \
JHUR" ,W ZRXOG QHHG QR VSHHG DW DOO

.l IJURP RXU SHUVSHFWLYH KHUH R QKD WK YHOFDLR Y SRD N
PLOOLRQV RI \HDUV DFURVV WKH XQUR HDWDVWH RXKILY PXVW E
PHDVXUHPHQWY RI RXU SODFH LQ WRKA ARNVBRDOLW\PXVW
W FDQ EH FRQVLGHUHG WKDW IRWKDQ\QROPADPLWH ®EMMH
PHDQLQJ UHTXLUHV FRQVFLRXVQHVRX Y%XNVREMHF WW LD.C
DEOH WR H[HFXWH RU DFKLHYH D IXQFWLRQ

'LDJUDP WKH JUDYLWDWLRQ HIHHERXRILD IS D EHHDW R | P
RQ D GLDJUDP WKDW DYRLGY WKH &RVPRORJLFDO 3ULQFL



2QFH PRUH ZH KDYH WR GHDO ZLWHK PAXKDWQWLIOPWRHY D
DFNQRZOHGJH WKDW WKHUH LVL@QRWKSH 8EGRAZGUOHIW RU U

YRU XV WR EH DEOH WR FRQWHPB3I® KW MH WRHKDDWH DD O W
HIDFW XQGHUVWDQGLQJ RI WKHK BHRDYNVRX O LR K O/LWK\B WD
VSHHG FRPSDULVRQV KDYH WR EH WDMGKH TRXQWGIHMHIGR R | DOX
WKH ERXQGDU\ E\ ZKLFK ZH DFNQR ZIDYHJ HD W KDHD S R DHLVE LDC
WR IDU GLVWDQW VWDUYV

.1 IRU OLJKW WKH 8QLYHUVHNKN DXHQIZRLWWQWWHV\YDEL
WKDW WKH SDVVDJH RI OLJKW FDQDEWH. QQOMXPRFWG QRW
EXW E\ DQ\ FKDLQ Rl FHOHVWLDO PIDWWMMIDYH®RVH SUR]

$Q\ LQIOXHQWLDO PDVVHV ZLODQIRVD\E H Q/ MM HR XS\ DLIQ P (
DERYH EXW WKH\ ZLOO EH VFDW W MKHGODR WK WD) \S DDV HHQ
UHGLUHFWLQJ RI WKH OLJKW VHFRXURIH\ ZLOO EH LQ HYH
7KLV SDUWLFXODU FRQNGXWRKBQ/ LW KWW RRRIE® RYHUDOO
VSDFHWLPH EXW WKDW VSDFHWLPH PLJKW EH ZDY\

%HFDXVH RI WKH NQRZQ LOQWHUWX®WLRBY RQBRUZDNVK DAY VEZHR
DUH RIWHQ DGGLWLRQDOO\ IRRPGING/ ED QG RHMHRRMWDRRQ RW
WKHUHIRUH UHTXLUHV PDQ\ PHDV XHP BQWW RH S Y /DK F
DYHUDJH EHFDXVH Rl WKLV

'LDJUDP WKH JUDYLWDWLRQNY HHHFRXWLQJSD EQIBDW NI
OLJKW WKDW SURYLGHV D PLVOHD ¢GZLRVAWELHROYV MWD QY& HQJ
FRVPRV DOVR RQ D GLDJUDP WKDW QFREGM WKH &RVPRO

, OLIJKW LV MXVW PROHFXOHV WKRLWKKWUSHDMRVIWRO H® FWKH
LQGLYLGXDO PROHFXOH EXW WHRKHBH IWRW RV | WK B HNER MVR®
PROHFXOH WR PROHFXOH DW WKHWERMWE& RSBHGKWQGKXYV



GLVWDQFH GXULQJ WKLY WUDQVPLVMVHWRE RI BRRWRQWR WD U
ZDYH SDUWLFOHV WKHQ WKH\ ZR X6 K\ EHF VXAEMHUAHE WR WK
RYHU WLPH SDUWLFOHV FDQ GHKXKRWXW KHUMDR WHKIDW LQ G L
WLPH SDVVHV IRU D SKRWRQ

[,*+7 ',65837,21

I WKH SUHGLFWHG HIITHFWV RI VS DVKHN(PHWKUPRNRIWU HF W
ZLWKLQ WKH VRODU V\VWHP $QGIURPHGDWDHRY HDPSOH 2
RFFDVLRQDOO\ RFFOXGHG E\ LOQOXPHUBE®@H WKV HV FDSE
VWUDLJKW OLQH RI OLJKW IURP WKDW GLVWDQW JDOD]\

,Q IDFW LW PXVW EH SRVVLEOHZIRWGWRMHUYKIKIRPGEHHE W
VSDFH FRPSOHWHO\ WR DYRLG UHODFKWQ J LLYAH\Q WWKLDDAL JAKIW
KDV WR QHIJRWLDWH D SDWK WKRIRXWD DVID/QDKWRYKR»XQG
GDQFLQJ DERXW OLNH WKH EDMOUWDPD SLQ EDOO PDFKLQ

$FFRUGLQJ WR WKH (DUWK V SRWHWYRQLQHOGDWYNWY WRQWE
UHODWLYH WR WKH LQLWLD®&HK URXW W RXIUWK D W KGHL DKW JAX
FRQVLGHUDEO\ DV LW DIIHFWHG RIJW DWHIOWMDW H B QD ONIKRH B M
WKRVH PDVVHV LQ DGGLWLRQ WIRWKKHVEZIDEG MOLW H G B W\WW

‘'LDJUDP OLJKW V SLQ EDOO PDFKLQH



*5$9.,7%$7.21%/ /(16,1*

*UDYLWDWLRQDO OHQVLQJ RUYLIAWIOIOQY M[WKBBBORWH
UHODWLYLW\ DQG QRZ SURYHQ SURRYQ ®H VKDV PW U B YRHEDV WLK
WKH LQGLYLGXDO DIIHFWV RI VLQJXODU FHOHVWLDO REM

‘'LDJUDP *UDYLWDWLRQDO OHQVLQJ

.l WKH OLJKW VRXUFH DQG WKH POV VINQGLWKW REQHU YV
RULJLQDO OLJKW EHDP ZLOO D $DPHIVU YOH/ DHQVQ D D BR XIGIE \
WKHUH LV DQ\ PLVDOLJQPHQW WK H PRIEDM WQWW RADGO VHH

7KH JUDYLWDWLRQDO ILHOG RMR MSDIF[N FDQGH WK GF DX
RQ D JUHDWHU VFDOH SDVVLQJ ORBXWHWGDVR MHZ i€ H UEHH Q W
HOVH

7TKH 7ZLQ 4XDVDU 6%6 DSSHDHVXOMWW QR LUWPRDR MWK H
JUDYLWDWLRQDO OHQVLQJ HIIHFW EDXWKGWEL WRR RKDW B (5
LQ WKH OLQH RI VLIKW EHWZHHQ WKH (DUWK DQG WKH TX

$V DOZD\V WKH GLDJUDPV DERYH UHZB RH\BKOQW. BVWR® VLP
WKLV FDVH OLJKW %\ DOORZLQJ MXWVG RQHHGFRYR L € \E MIKR
IDFW WKDW OLJKW LV D EURDG ZB/\KK WXDRW QGOXPD QD \DI
WKHUHIRUH QR PDWWHU ZKDWWH® EO FHRS\RWMOLR @ LWV G
SHUFHQWDJH FDQ RQO\ EH DQ LQVSKRWRBPNQW RFELQURQ
WRZDUGV XV



‘'LDJUDP RQO\ D VPDOO DUHD RIHAMMUMXERX€ G HOLW KB/OL V
GLVWRUWLRQ

35(',&7(' ,'($6 DOQG WKHLU 7(18286 62/87,216 )25

683(5/80,1$/ WUDYHO WKURXJK 63$&(7,0(
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1RZ ZH FRPH WR WKH FHQWUDO SRQQYWPRKIOWN WILL\R @ KR SWVKAHU
SRVVLELOLW\ WKDW WLPH DQG NSRV¥HLLUOMVWALIROF ALDVD D
VXSHUOXPLQDO VSHHGYV



3DUW RI WKH FXUUHQW EH©DRIL §X O [3RNVW L P HOR.DW RL [
LV WKDW LQ GRLQJ VR ZH PD\ \WWRDQLOMDIW W BDVSIEDYUHIQ BA |
FLUFXPQDYLJDWLQJ RU SHQHWUDWHQ R XPXFHKOR HW KDH) @ S T
GLVWDQW SODQHWYV 7KXV WKH ZRUPKROH FRQFHSW

$IJDLQ WKH GHILFLHQW YLVXDO PWVYBK®OHYBRMWHIMWLIRHQYV RR
IDEULF RI VSDFHWLPH DOORZV IRD @G  HASOHSWERQERZKHU'
EUHDFKHG RU LQILOWUDWHG WKXWKFWKBR/WIQWLEROB \KRE
DOORZ D VWUDQJH DFFHVV IURP RQH SDUW RI VSDFH LQW

7KH GLDJUDP EHORZ ORRNV YHU\ S\UGDXWIKEBOH XQWY ONVK O M
ZRUNLQJ LQ D VLQJOH IODW SORPWH PQWVIRZH HMPHFQLBRW QM X
DGMDFHQW VSDFHWLPH EXW WKHKHWROH RI VSDFHWLPH

‘'LDJUDP VXJIHVWLQJ WKDW D H BRUPKROWH U RXOGN SHUIRY
FHOHVWLDO MRXUQH\

JLUVWO\ QR VXJIJHVWLRQ KDV HYHU ENRQGPH BPRQWRU Q
EH DEOH WR EHQG WKH VSDFHWIWPHHN EVULFK WKDR/XIOW
UHWXUQV DORQJ D SDUDOOHO OBHHVWR WKDW ZKLFK KD



'LDJUDP WKH EOXH ER[ UHSUHWHQSDF WL PHKRQWUR] W
LQ ZKLFK D VPDOOHU LQQHU SDKW KOWJEHHY ZDUSHG W

+HUH ZH KDYH WKH VDPH QRWLRQ [RARHNKEKXKW IALWRKUWKRQ R
FRQVLGHUDWLRQ RI WKH VXUURXDGE®RILQYROZBM HRY WH® F -
&DQ D ZRUPKROH EH FUHDWHG DNJUPRVKH IODW FRQFHS\

:LWK WKH DERYH LPDJH WDNERQW ®ERD WRG WV IOHD DIHW H
FKXQN RI VSDFHWLPH WKH EOXWH WRH EWRIGL Gl RIWDKRD
SDUW RI VSDFHWLPH ITURR @GQHRRFDRD YIRO KRPH ,QLWLDOO
REORQJ ER[ QRZ VKRZQ EHQW LQWR WBHQWHRADSH RI D KRL

/IHW V HIDPLQH WKH LPSOLFDWLRQWRFKNBEQVHEUBRDMNGHU SL

J)LUVWO\ FRXOG WKHUH HYHU EH D PO WD YXEIQHFLRIQWO\ GF
EHQGLQJ D WKUHH GLPHQVLRQDO FHAORGHVRI VIDFFHWLPI
XVLQJ WKUHH GLPHQVLRQDO WR WHRH QHOWHK DWAWRHIOKN P R
FRXUVH LQFOXGHV WKH WLPH HOHPHQW

7KH PDVV ZRXOG KDYH WR EH DWDSRL QRN BREXWHWEKRRO @&/
VWLOO KDYH D JUDYLWDWLRQD QO LHFHHPW KRBV BK M SFAKDXEHNG

1H[W LQ JUDEELQJ DQG EHQGLQJFMWKLXFKQD® I FRMKORIN R
ZRXOG OHDYH WKH RUDQJH ER[HGFKUWK N RFXXPH 6 VD UR X QC
ORZHU OHQJWK RI WKH DIIHFWHGOV IHIVHE HEH RDRVEH[ S U |
YDFDQW

+RZ WR H[SODLQ WKLV HPSWLQHVV E\ PDWKV RU RWKHUZ|



1HW ZH DVN ZKDW KDV KDSSHQHG WR KMOXVA W R DX P HXRIIOW:
DURXQG YROXPH KDV QRZ RFFXSLHGRXW IRM WKADYBHG R

1H[W WKH PDVV DW $ ZRXOG DOWRURVS HOU DHQWH WIQI ISWFS\V
RQ WKH VSDFHWLPH IDEULF DURXOXY® IDNQEREKMWWHKH VREWK R(
SXOO0O $ JOREDO JUDYLWDWLRQBOGHMWRW WRXK® GV R RPG GIlY
JUHDWHU H[WHQW

1H[W QRZ ZBRSMOMHFHG WKH (DUWK DQG WKH BBQNWDQW SC
EXW ZLWKLQ D FKXQN RI VSDFHWRIRPROHEKKDMHRWO®G WK
EHIJLQQLQJ DQG LWV HQG"

'K\ ZRXOG LW KDQGLO\ VWDUWHWQEBKWHSDE PHW OBW HIOUH |
DVVXPHG LQ GLDJUDP " 7BRVORBEPHROM EW GHVLJQHG L
D FRQYHQLHQW ORFDWLRQ IRU VKWRXW BGHUFXLWLQJ D VSEC

7KHUH V PRUH
7KH ZKROH FRQFHSW Rl ZRUPKROH VY QMWW R | RVSKHRU WS QUKL
MRXUQH\ EHWZHHQ WZR SODQHWYV +REWYHBXKREFPRH V X
LJIQRUH WKH UHODWLRQVKLS WK R'$B FS-OMIPHWE L K MR U \B H RF
ZLWK RWKHU FHOHVWLDO ERGLHVZIZKHIRV SDEMHR IR LV Z
DFFRPPRGDWH D JDWHZD\ WR DQRWKHU ZRUOG"

7KH WKHRUHWLFDO H[SHULPHQW H QRALDIUD BODROWRZEH
PRYHG FORVHU WR (DUWK WR | D FELHOA 2VDHADH WAKKHL W X/ R U W H
ERGLHV 6XSSRVLQJ WKHUH ZDV&D GRWRKH W RHW KN W QD @ LED
SRVLWLRQ RI WKH RUDQJH SOD QW DERHILW K H QRE RN QWL C
FKXQN RI VSDFHWLPH

KDW ZRXOG WKH QRHD B W HRWYZ\HKALG JUBH HD@ G WDKHHRUDQJH
SODQHW RU EHWZHHQ DRI REVHQ BIOWWY RY (D UWK

7KH PRUH ZH DOORZ IRU WKH FUKIFIMX® RUGHIDDPSPORG B M
GLDJUDP WKH PRUH ZH FDQ VHH.M\K RILOWWH DEWDEOH D
PHDQLQJ WKDW D MRXUQH\ VKRUWKXQRRY \2RIUPKRQR QLN I
VRPH DW EHVW QHEXORXV HTXDWLRQV

1RZ ZH FRPH WR WKH PRUH EL]DUUWKHRQEOGNWREY BHKDU
VSHHG PDQRHXYULQJ ZLWKLQ D VSDWHQL RH WD RH E[\ R K H
UHDUUDQJHPHQW RI LWV YHU\ IDEULF

7+( $/&8%.(55( :$53 '5,9¢

7KH $OFXELHUUH :DUS '"ULYH EHOKIBDYH\WH VY QLW K H B RIVW L K H(
PDVV LQ RUGHU WR FUHDWH D ZDYWKQWXRXIDE DIV RVW 3
SURSHOOLQJ WKH VKLS PRUH TXLHGSOYRXCHGFW D DWW HOWRIQV |
I[lUHH IDOO JHRGHVLF LQ DQ DFAHBOUHHNDWDOYR ADHE EXEEDE
DQG DFFHOHUDWLQJ EXW IHHOLQJ QHLWKHU

7KH FUDIW ZRXOG FRQWUDFW V ®M0F M SIOF HURKDRL RG LW DWW &
LQ LWV RZQ UHIHUHQFH IUDPH LHMGRRNOL DKRW B KW H& XD
DUULYH DW GHVWLQDWLRQV DKHDG RI OLJKW LWVHOI



+RZHYHU WKH LGHD FKHUU\ SLFNVPHURPHWHKE\ WWHRU\ RI
DOORZV IRU D IRUZDUG WKUXVWI SKRYRGW G LE \EM KLYG/ RU
FUDIW EXW LJQRUHV WKH HTXDXQBWGERP HRN L \DH KROAH R
PDWUL[ O\LQJ LQ IURQW RI W RY DALWDAM GAKLHKWARQ BIDF W
PRWLRQ

'LDJUDP 7KH $OFXELHUUH :DUS 'ULYH

7KLV LGHD LV DFWXDOO\ FRQVLVWWQRQZXAL VEXK WL QU WHUQ\\W
SK\VLFDOO\ SUDFWLFDO WKXV EHL@WBH FHHWH F& CH BDJARRSRO
GRHV QRW FRQVWLWXWH DQ\ N\ AR ® RD @ XKWOWWXDRIG V. \D QW
XQLYHUVDO WUXWK

‘H FDQQRW UHO\ RQ HTXDWLRQV WWR LSO ROLN@HJSDDRAWLFDE
WKHRUHWLFDO SK\VLFV QRU WR HIFKWG®J XD Z IOL K VDDRUR V
VWDUV LQ D WLPH VKRUWHU W RBDIQ WHK I W HWADDNAHHQ VES\ DAL X
GLVWDQFH

7KH GLDOHFWLF DERYH VKRXOG KDWH FEIUBE B DFS H QWX ULER
DUHQD LQ ZKLFK WKH QRWLRQ FEIHHQSEOOREHGD\WRWEHMD Y H (
QXUWXUHG 1RZ ZH LQYHVWLJDWH WHKB XOL\WQROPWWDFWE H

1H[W , DP JRLQJ WR UHIHU PRRWRB\EWRUWBKE &RE O DK HA
YRUVKDZ EXW RFFDVLRQDOO\ H[WWR GIQF.D X & HH O HQH HP\L QX
SK\VLFLVWV (DFK GHIHQG DQG SUHMHE SHJ MRS B/IVU W L F X
FRQFHUQLQJ VXSHUOXPLQDO WUDYHGOL @D I/ KGR X IHKURI IQWH Q
H[SODQDWLRQ IRU D VLPLODU RXWFRPH

7KH 7ZLQV 3DUDGR[ H[SORLWYV WKRIGORWHWR @V R | DVCSDDRH
IRU DQ DVWURQDXW WZLQ WR SDWH ZKILONW RZIKQH\ HDWW KL
RQ ZKLFK WKH VWD\ DW KRPH WZISDXDPNVKHU W\HBD3IJR/UD U\



$ URFNHW WUDYHOOLQJ FORVHRWRUMKKHYSRHGORIRQLOK
\HDU MRXUQH\ LQ \HDUV H[SOGRGEMWALQWLVRKH WKHRU\ RI '

W LV WKH HPSOR\PHQW R VSDFHWWP&RD Q ERIUNVK®HE VU F ON L
XSRQ LQ PDNLQJ WKHLU DVVHUWLRQV

7:,1 6 3$5%'2; *(2'(6.& 5(%$621,1*

‘'LDJUDP ODWFKLQJ JHRGHVLFV RHWLPBIOO V WUDYHO L(

JURP GLDJUDP ZH KDYH WZR LQVWQ® PHEDROIOR@HBDQ WK
DQRWKHU PDQ FDWFKLQJ LW

,Q WKH ILUVW FDVH WKH WKUR Z D GHV WD O HW DR GHWDN RQ
TXLWH D WLPH WR UHDFK WKH FDWFKLQJ PDQ

,Q WKH VHFRQG FDVH WKH WKURZWUW H EPW WHKHUE D & DVGE.I
WDNHV D OLQHDU SDWK LW WUNDHOWY WD RKRURRIWHG LV WD
TXLFNO\

,Q THZWRQLDQ VSDFH WKH EDO O VWHIVN E X¥WZ RWKHJ\ GLIIHU
VSDFHWLPH K\SRWKHVLV DVVHUWYV WHKDDMWVWK/H \WKRIR NE R W K
WUDYHOOHG RQ JHRGHVLFV

7KLV LV ZKHUH FHUWDLQ IDFWRUV RH VSDWKMW WURHDODLO W
NQRZQ ZRUOG

‘H DUH DVNHG WRDODF M EPWHWLPH XQLILHV VSDFH DQG WL
WKDW LQ DQ\ SDUWLFXODU HYHQWWWHKH ARV HNVY 8B FLHV WK
HISHQGHG WKH PRUH WLPH WKDW EWY MWD WHO@ YWHODEBVYV V

/IRRNLQJ DW WKH DERYIHH@EBFWD R | L\QE WKEHWV.IR W KH KLJK
WKURZQ EDODUWDW MH OMLRIMNWD KHH ORZ WKURZQ EDOO JL



ERWK EHIJDQ DQG FRPSOHWHG WKHRU@WRNKBID MAN Ul WRLAP MV K
KDV FRQVHTXHQWO\ HODSVHG $QGNKKLND FBVS ®/IXIDMQW KM
KLIJKHU EDOO KDV XVHG XS PRUH WEBHHWKQ@®@ WKHUWHWRIWD
WKURZQ EDOO

2EYLRXVO\ LQ FRPPRQ 1HZWRQLDQ VEBIFKLWK MW RSBRY LW F
EDOO KDV XVHG XDPBRWHVIILFAH :KHUHDV WKH ORZ WK
KDV WUDYHOOHG D VKRUWHU GLVW DIQFG DOWL WHIB YHO O H
VRRQHU

7KLV FRPSDULVRQ RI JHRGHVLF URXW@®W WRGOAHGE VDRV RS |
WKH 7ZLQV 3DUDGR]|

7KH &R[ )RUVKDZ OLQNRZVNL GLIDFHRVLPH MR BWH WK
D WUDYHOOLQJ DVWURQDXW WRKXY VDAL WEOWRKFWARDKQ &
ZKLOVW WKH VHFRQG SURWDJRQL V@ DWZN I9UU HEMFIDXW HR @ I(
WKH VSDFHWLPH LQIOXHQFH DJIRUFNB\DUH WROG IDU P

‘'LDJUDP GHVFULELQJ WKH &R[ )RUSRBAWAH) V MRXUQ

7KH WZLQV VWDUW DQG ILQLVK WRE KXBWWW DW WKH VDF
7KH DVWURQDXW WDNHV D ORQJHUW \KRPHHWZDQ K6WKDQ K
WUDYHOV QRUWK HDVW QHDU WXUHQVSBHIGIG R U DY HIOW QMR-
ZHVW DJDLQ QHDU WKH VSHHG BW®LJKW WR JHW EDFN V

6SDFHWLPH WKHRU\ GHPDQGV WKDW WEH BVRIW OWKH VWD\
WUDYHOOHG WKURXJK WLPH VKH WKWWWIDPYHH /WD YRHROUWCHH ¢
TXLFNO\ WKDQ WEKROKIWWR@BEBRW PRUH RI KHU VSDFHWLPI
VSDFH WKHUHB\HXRILRE WX SWLPH 7KH WKHRU\ WKXV FRQF



VWD\ DW KRPH WZLQ PRUW WD/MHH IKEIMGQRW XVHG DQ\ RI K
VSDAKXKRWLHQW LQ KHU VSDFHWLPH

,1&255(&7 $668037,216 $1' 5(68/76

W LV LQFRUUHFW WR FODLP KMKWD WOR&RH VWHD\ DW KRPH
VSDFH VROHO\ E\ QRW WUDY HORRRH RUPPKW ISHD UDIBGW K 7
GLVUHIJDUGY WKH PRYHPHQW RI WKH (DMUWIKQZKMLAXOKO® R FDI
ZKHQ WKH WZLQV SDUWHG VHH GLDJUDP
7KH (DUWK DQG WKXV WKH VWD\ WMWGKRP W/ RWPH @ S B YL (K
TXRWLHQW LQ WUDYHOOLQJ WK UWHRBOHK W KR WKRWRKR VW MPKHH L
TXRWLHQW

,Q OLQNRZVNL VSDFH WR ZKLFK MWK} &HRQ DRUHWKIIZ LO O>
GHJUHH OLQH UHSUHVHQWYV W K HQV SAHHX VRU YK RWE H& R B H
OLQH ZLWKRXW WUDYHOOLQJ IBWWUHWM WKW R UQ LRIK W K H RI2\HY
DSSHDUV LQ GLDJUDP WR GQS EMRZ PD NGB JUMKDOWL S
RI KHU WULS LPSRVVLEOH

7KH FXUYH RI KHU WUDYHO LV DOVRVHQWB WU R §{ HRA WHXG
DFFHOHUDWLRQ VKRXOG EH GUDZQ DV D FRIDODX''MHB XUYH D
GLVWDQFH LV EHLQJ DFKLHYHG RYHU WLPH VHH GLDJUD



‘'LDJUDP WKH DVWURQDXW WZLQ V PLOH WULS

7KH VSDWLDO GLVWDQFH RQ WKH :DDREN LIQVV)S®NG RE K DDAV

WKH DVWURQDXW UHDFKHV LV JRRHQ@HIR E\DKMHLWFXU Q JDW
KRPH

1RZ &R[ )RUVKDZ PD\ FODLP WKQ®\ WMKSHDV WQRH® X W
\HDUV SDVVLQJ IRU KHUVHOI EXVDWWK KD ¥B BLPVWHKG R Q
(DUWK % XW W KJHH \ WWRY RIWDW K WR W KH \HDU PDUN D'
RXU WLPHOLQH



7TKHUHIRUH ZKHQ WKH DVWURQDXWQ@Q@DOQBXQMXH KDV DFW:
VRPHZKHUH ZKLOVW WKH (DUWK KDWDUWY HGRWOUNRMXBIK W
ZKHWKHU KHU MRXUQH\ ZDV WKH KRW UHW R U QMIGH WK R D WM
DIWHU (DUWK \HDUYV

&OHDUO\ KHU HDUWKERXQG WZLWWKV R® @K IGAHKD GK HE XX\B GV K
EHLQJ KDV WUDYHOOHG XS W KIMUWSLRPLHION. QBIQBRWKKM LV 2
WKH DVWUWRQDYXW DWW WKRHR HQG RI KHU WULS

W LV GLVLQJHQXRXV WKHQ W RV WHRIUKRW®E KPHX FBFWWK M/ KDW
ZDQGHUHG DERXW L QD\COEREPS O KW HK® W/LKPHH V®OLPBIV D Q F H
WKH (DUWK 7KHVH WZR ILIXUHV QB MR EWLPE GCHBEGW R J
VSDFH DV VKH KDV GRQH ERWK"

0 LW LV WUXH WKDW WKH SURG X FHAT )RD WISOF 1 W WHKHVIS\D WE |
GLVWDQFH WUDYHOOHG DQG RY HLRODLY WWL FD-O YR AILHI MRV
PRUH WLPH DQG OHVV VSDFH RU PRUWRK/ISDIFH \DQGPDMRVY
GLOHPPD LQ DFFHSWLQJ WKLV SKHQRPHQD RI VSDFHWLPF

7KH IRUPXOD IRU VSDFHWLPH 16 FREWLGHOH G DDYGE HE\Q J

QRZ ZH KDYH VRPH YHU\ VHULRXV GRXEWN DERXW W
+RZHYHU LQLWLDOO\ WKHRUHWLRRQQ BX\NRULFRXYOD/ |R
68 FW 8 [8 JDYH WKHP SUREOHPDWLF DQRNEHUV 6§
RI KDQG WKLV HTXDWLRQ ZDV FKDQJRAGQ XWMKMLSQXV V|

7KLV WKHQ DOORZHG WKH FODLP WKIHWW W VISDHHWLP I
IROORZ D SDWK WKDW KDV | 7KHW 8/DW BW MWRKMHH W .
DVWURQDXW WZLQ V ZLOO EH VHRUWHXUXWLOLVLQJ
HTXDWLRQ EHFDXVH LW QRZ GULOEBNDWIKAVINKIDNVZ H KD
SRVLWLYH [ 8 7KH FODLP WKHQ IROMZRROVDWKHDW WKH
IDVWHU WKDQ WKH DVWURQDXW DV [VEKHL YU PHYUHRO V X S
6R VKH DJHV PRWHD Q XE K SPODWMKBEH PDWLFV WR WKH UHVF

/IHW XV H[DPLQH IXUWKHU WKLV LVVXH

3/277.,1* 7+( $67521$87 6 -2853(DIUDP UHG OLQH

7KH SORWWLQJ RI WKH MRXUQH\®REWWHK H UWTURIQIHPHM QW .
KHU SDWK QHYHU IDOOLQJ EHORBMHKD WI FOLWKW JUHHQ O
%\ WKH &R[ )RUVKDZ GHPDQG VKH DW R HOHH DIMWHW I RO X H
GRW WKHQ GHFHOHUDWHY EHIRUH WXUQLQJ EDFN

7KH GHSLFWLRQ RI WKLV ILUVIMWVE DU W URD MHHRUOAMR U L SV E B Y\ €
VWHHSO\ IURP WKH VWDUW FXUYD@DHODHMRFORWH U G\HR EH
OLQH

7KLV OLQH FDQ QHYHU EH F RIPAH N O/ IMIKAKRGKIDKVR X MVHWLR/L VW
\HDU VWDJH RI WKH MRXUQH\ $ VWHSWHKWQON QK ZFHRHMHIG F
VSHHG FUXLVH

$IWHU WKH ILUVW EOXH GRW LRUGWIKH GHU DYWL IDQ WHD WK H
DURXQG SRLQW



7KXV KHU WUDMBDEZWRIR PFVYKHHYSHHG RI OLJKW OLQH

$W WKH WXUQ DURXQG SRLQW VKBLEHJIJVR K KH W D BNMHFAR
VWDUWYV VWHHSO\ DV EHIRUH JUDEBRB®OS DAXDNOYQ RO ZQ WWF
VSHHG RI OLJKW OLQH DJDLQ

6KH WKHQ UHDFKHV WKH VHFRQG ER XGHH BHROVH UDWHA ©ORH D HQ\
IRU \HDUV 7KHUHIRUH ZH VHHQKHRED®6KN Q5 RD WAJ DXYNH.@ F X
PRUH WLPH WKDQ VSDFH IRU KHU WR FRPSOHWH KHU MRX

6XFK UHVXOWY GR VHHP WR EHQHIWWKWHRRRWKHKDODUDFWHU ID
2XU DVWURQDXW KDV EHHQ DURXQGVKRHDMWV¥ROABXYVDLKH
KDV EHHQ DEOH WR WUDYHO IRVWIKXQQ W!ILKMHO LLR/QR/QROI\ P L OHH
ROGHU

,W LV VDLG WKDW LI VRPHWKLQJWRMNKQGVFRVNRRALRRHD W R \E

‘'LDJUDP 6SDFHWLPH WKHUPRPHWHU

7KH VSDFHWLPH WKHUPRPHWHU DE RYH W U DOYHHFOW VDW KW KLH:
VDPH VSHHG WKURXJK VSDFH WLPH MRPHR*VMARWYKHLU V
PRVWO\ IRU GLVWDQFH VRPH PRVWO\ IRU WLPH

$ FKDUDFWHU ZKRVH VSDFHWLPH LV WHZBRXOHQWWHIY H\OW K
HTXDOO\ WKURXJK ERWK WLPH DQG VSDFH

7R PDWFK WKLV RYHUDOO VSDFHWWPHN HPS HHRUWHH WH. PW UD F
VSDFHWLPH ZRXOG WUDYHO OHVV IDU WKDQ $
&KDUDFWHU & FRXOG EH WKH DVWIULRQDXM RN ZKHKU V¥ KRHK
ORW RI KHU VSDFH

7TKHQ ZH FRPH WKH UHGXFWLR DG DENYXHBXWKHYDEBOWRQ
KDV VROHO\ XVHG XS WKHLU WLPHXW Q\CK KDA/D Q VKKK S RIQW F
ZKLFK KH VWDQGYV LV WUDYHOOLQUYY PDQGLRQ PLOHV HY
&KDUDFWHU ( ZKR LQ XVLQJ X8 W\OWLKHVIRUSB¥HU ZROOJ |
IURP DQ\ ORFDWLRQ WR DQ\ RWKHU LQ JHUR WLPH



7KH &R[ )RUVKDZ H[SODQDWLRQ IRU GLHDOUDP GHVFUL
DFFHOHUDMWL@® DW \HDU VLPLODU GHFHOHYUDWLR® WR U]
DQG D \HDU DFFHOHUDWLRQ DQGHU\ WBW &t 6 HOR Y DU R

&R[ )J)RUVKDZ LQVLVW WKDW 7 KHPKMBHWWOQRNH @ IDWKH J

IXQGDPHQWDO FRQVLGHUDW L RQ | ZK BVQGHAY W CSEHULLVHKQ FOH VWRK
WKH WZR WZLQV

+RZHYHUFRPKSLO/HW HOW KRHUIZHMDW HTXLYDOHQFH SULQFLSO
DVVHUWY WKDW RQH FDQQRW GLVWIQDXLWA BERWE ZARV)LR
XQGHU DFFHUKHDWULRMTXUDDXowQwy DOVR J

7KH VWD\ DW KRPH WZLQ LV WHKHVYMNPRURB IRPSFHUDM QKAH.DQ J
WUDYHOOLQJ VIMFHULHJFFHWKRLWUWSDFHWLPH PXVW WKHU
GXULQJ WKH ZKROH RI WKH DVWURQDXW V WULS

'LWK &R[ J)RUVKDZ VXJIJHVWLQJ W¥ DN GAHH FIRQA WRDQDX W
DFFHOHUDWLRQ RU GHFHOHUDWLR Q (PHUDWLVDW K DWPWKR | LV
UHIHUHQFH 7KLV FODLP LV GHQLHGKIR BWH BDEWDHVWR EHO
GHOLYHU WKH LGHQWLFDO UHVXOWYV

27+4(5 23,1,216 3529,',1* 3522) IRU WKLV SDUDGR]

SHIHUULQJ WR WKH VDPH SDU BGQRRIM & XK\EWH W& oW DXQWKIHU G
HITHFWV SURGXFHG E\ DQ DFFHOHUDKMLW @ PXIBIGWEKH VDPH
SURGXFHG E\ DQ HTXLYDOHQW JUDYLWDWLRQDO ILHOG”

DQG

8:H FDQ WKHUHIRUH UHSODFH WKHLPDDLWDUDFFHOHUDW
JUDYLWDWLRQDO ILHOG

2WKHU SK\VLFLVWV ZKHQ UHFRXR \@GRQD LWKWYH/ DPH ULGG
DFFHOHUDWLRQ KRZHYHU %RWK &KDNO® W AHURU LDHY/G 5 X\
KDYLQJ D VLPLODU RXWFRPH D®GXUMSHHG IRWTEQUH D
LQHUWLDO IUDPH WR H[LVAMKHR B RPVRK \B RV RVIKBIO/REZL\E KH (D |
WZLQ WR H[LVW ZLWKLQ DQ LQHUWLDO IUDPH

$0 .KDOLOL UHOLHV RQ WKH DF RHROGREDMWUR® WD RG GHFHO|
LJQRULQJ WKH IDFW WKDW LW WFRW R & UEW KDIQH W B H WIS [PRHY
IRU KLV DFFRXQW RI WKH 7ZLQV 3DUDGR[ H[SODLQLQJ
$OLFH WKH DVWURQDXW IHHOXKWEWWHPAREWKRRPHKHU M
REVHUYHU UHPDLQV VWXFN RQ WKH JHQWO\ URWDWLQJ

&OHDUO\ WKHUH LV FRQVLGHUDE @R QN & HXWLIRFL DWR Q J \
HDFK RI ZKRP H[SHFW WR FRQYLQFHDWHRI WKLV ULGLFXO

7R DSSO\ WKLV VSDFHWLPH UHDVRQRRQUGQHNXPIWLQJ RQH J|
\HDUV WKH (DUWK ZLWK D VHFRQG JHRGWVLFHM XU @H\ F
FRPSDUDWLYH UDWLR RI WR WERRW®GNKH ERIO\HW KDLQ
EDWVPDQ LQ GLDJUDP DERYH KM VARXDLG W DMKWR D E L



WRRN KDOI D PLQXWH EHIRUH EHLARXBPGBGX WKW HWH W RRWH-
KRXUV WR DUULYH DW WKH FDWFKHUOA KBQ8 W D@l RAGHML F
RURPHWKLQJ LV DVNHZ ZLWK WKH PDWKV"

$1'520('$ 3$5%'2; *(2'(6.& 5($621,1~

JURP DERYH VSDFHWLPH DVVHUWY WHKDWHBKW R HWWBLY RIBM
RQ WKHLU RZQ DV ORQJ DV WKH\ DWW RWH IDQ& R WKKHJ \DPEH
DUULYH DW WKH VDPH SRLQW DV HDKK RWAKH UH RVGKHY PR \
RI VSDFHWLPH

'LWK VSDFHWLPH EHLQJ WKRXJKW RO O\ WW K H DHUY-HIDNV . Q
WKH XQLYHUVH WDNH SODFH WKHQ\ D& O DNKPIW) WQAH QHH C
VSDFHWLPH D FHUWDLQ WLPH DIQRX D R\ DLF\DI® RKIIDML D O

)RU WKH &R[ )RUVKDZ H[SODQDMWRR @ RO OLKRH SSR\IKME LIOD
DFFRPSOLVKHG LQ \HDUV WKH\ \WWPDUDR®Q ID[CGOREW (L
XWLOLVLQJ WKH 3\WK DJRUHD QKHLFXDWLRSH [ KDYH
VDWLVIDEFWRULO\ GHEXQNHG LQ &KDSWHU

‘'LDJUDP WKH &R[ )RUVKDZ HTXLEGBDEOAMBDAWHLOO XVLQJ

&R[ )RUVKDZ JLYH WKHLU GLDJUD M DURLPI IG UMHQM FQ R E N Q/F (
VSHFLRXVO\ FRQWLQXH WR P D L QN@DIMDK WRK DMK M KNS & Mi HHJUX
DJDLQVW WKDW RI WKH XSULJKM) VW LQ QH GRSV MWQIWW WY I\
WKHLU WZR REVHUYHUV



GLDJUDP WKH VSHFLRXV DIITHFWLNORG WMVHDWOKEWHL QNLQJ R

7KLV LV WKH &R[ )RUVKDZ FODLP VXMHFE MKW SL BBIDH IGRHIS L
(DUWK WR WUDYHO WKURXJK WKIH RWYWPDJRIWKRYAWHWLPH
UHOHYDQW SDUW RI WKH VSDFHWDBRPR @D WIW K B\ LK F VB R
EHLQJ VKRUWHQHG LQ WKH GLUHFWLRQ RI LWV WUDYHO

,Q DQ DWWHPSW WR SX]]JOH RXW KREQWKHARIRNV )RQEKDZ [
WDNLQJ D WHQHW IURP WKH JLYHIQWZR VEOEBWDOMW S R/S
LQ VSDFHWLPH JHRPHWU\ DV EHLQJ KW K DVKNHK VCEDGV B R G |
RULHQWDWLRQ EHLQJ WKDW WHKHJIVDDSDWKMUHH PLOOLRQ

%HORZ GLDJUDP LV D 1IHZWRQUDWKGVYDJUBPUJHSUHVHC
SUHGLFWHG WULS IRU D URFNHWOMBRODQPH\LQJ WR WKH $Q

7KLV WZR GLPHQVLRQDO GUDZLQW KWK RRXWW UDWJ K& WHY HQ:
DEDQGRQLQJ WKH FXUYHV RI VSDKH \8HBSH UKNRAHY BQ GD W
DUULYDO SRLQWYV DUH FRPPRQ

'LDJUDP DQ XQDWWDLQDEOH FRPSDULVRQ



7KH EOXH ILJXUHV DUH WKRVH BWWUL ERKBWNG RIRRXKH H[S
DVWURQDXW 7KHVH DUH FRPSDURDG QLG UWNHKSH HYHI@ \O HQJ]
GLVWDQFH RI PLOOLRQ OLJKW \HDUV

,Q GLDJUDP WKH URFNHW LV KZ&HMKHW KRR QRWWAKH W L
GHFLGH WR DFFHSW LW KDV WDNHRU \HBWO/OIRRQ WK B UDN V
IRU D EHDP RI OLJKW 7KH URFNMNWG FEHNDWP R I OLZBWG O\
WRZDUGV $QGURPHGD

'LWK WKH VSHHG Rl OLJKW EHLQG RQ GMWS/HORHDAM RW MHK®!
EHDP PXVW WDNH PLOOLRQ \HDWW M/ RVEBEBHRW MWPKIDW *D (
FDQQRW EH SUHVHQWHG WR UH QUFIDWHIQZK DQ ZIQINQRW®HO\
IURP 6SHFWURVFRS\ WKDW HOHFWURPBJQHWLF UDGLDWL
$W WKH PRPHQW RI WKH OLJKW Y WHWP IKDWLHR Q WPK IO G URQWP D
RI WUDYHO UHPDLQLQJ LUUHVSHRWLYH RRKRW W SRQ2BWW

7KHUH LV DQRWKHU HYHQ PRUH IXXRIDPRQWIRDZLNYXHPZLV
$YRLGLQJ FRPSOLFDWHG PDWKH P DGMLIKWZ\HH DLUQ/GLW K D W
TXLQWLOOLRQ PLOHYV

] WKH URFNHW LV DQ HLJKWKWR W WL OHIOW D O OT K WQ Z\LO0D
WLPHV LWV REZR UHDFKWQGURPHGD

.l WLPH GLODWLRQ FDQ FRQWUDF\E\VWLO/RG L QW DVQ PHH WIR
SDVV PRUH VORZO\ WKHQ E\ WKH D FHRQWUBDIDFWKBE UR¥FW
LQ WKH GLUHFWLRQ RI LWV WUDYHO

1IHYHUWKHOWWKDOH LR W UDYHO WLPHWXLOWLRDQ R LIKW
HYHQ ZLWK LWV UHGXFHG HQJLQHPLM{M DQG UHGXFHG IXF

'K\ WKHQ VKRXOG WKLV FUDIW V WULVS WWDN H FOXO/& WDRRH"

'LDJUDP D QHDU OLJKW VSHHSS BU B QW VW B D WHIQ 1GQ.J/ W\D
DV VHHQ E\ DQ RXWVLGH REVHUYHU P4&RHWKUDDWH WR OVR
WUDYHO D GLVWDQFH RI TXLRM. XGILRRWNVLPHY WKH U



,1&255(&7 $668037.,216 $1' 5(68/76

%YHORZ LV WKH VSDFHWLPH GLDJUDPWU L Z KMH KD&HKP RIRPW |
$QGURPHGD WKH UHG OLQH EHLGUMMWKMDW RH DQHHF QW

UHSUHVHQWLQJ OLQNRZVNL V FODLPRWKBDMW YLIRIO VYWHIBGER
DQ\ DFWLRQ EHORZ WKDW GHJUHH OLQH

‘'LDJUDP D URFNHWV WULS WR $QGURPHGD



+HUH ZH VHH OLJKW JUHHQ OLEMWLWIU DY HPLOO@LIRMWO LR K \K
WULS LQ PLOOLRQ \HDUV 7KH DF BHIGRHPHBWLIQY URFNHW |
PLOOLRQ \HDUV WUDYHOOLQJ F&R\VHV W BRI W SSWHBRR'IL Q
WKH WLPH OLQH LQ WKH VDPH ZDRHG/DERWRX@EGWKH 06 B
D \HDU OHYHO RQ WKH WLPHOL®D W KH Z RX-O/GV E 6 DURLZKG
7KHUH LV QR SODFH RQ DQ\ JUDSHKXWKDLW JFPQRE NFIRQY & OH\
VSDFHFUDIW DV RSSRVHG WR D SURSHU WLPH FORFN R

1 VXFK D VXSHUOXPLQDO HYHQW ZRXI® G FEHV WEKDNV W B HV FR
RQH GD\ V WUDYHO WKH UR¥NH MY EDHKIKQRBQKBRW OZH. IO E H
(DUWK LQ6KH ZLOO EH DEOH WR FRXQW[WLKEH WLWRIQVIRY V W
&U\WWDO 3DODFH

$IWHU WKUHH GD\V WUDYHOOL QJGWKKH DAVKHI RROXWY R L @B
9

$IWHU GD\V LQ VSDFH VKH ZLO ®&HIH WHEWH 1\W RL QH FROLPGH Ui
WKH 30HLVWRFHQH DJH

+DOI ZD\ WKURXJK KLV MRXUQH\ H¥KWRX O LVF K HE Bl DWW URR QDOLX
WRZDUG $QGURPHGD WKLV SXOWHKRIGLL\IW QIR XDGDIU UL
PLOOLRQ \HDUV ODWHU

'LWK WKH URFNHW KDYLQJ RQO\ J \WEHWRWWEDRDN® ZHO]
HDVLO\ RXWSDFLQJ WKLV EHDP F RIQLW KWGRLAEYW\Q D Z\DKH W |
IURP LWV VRXUFH DW F LUUHVSHFWLYH Rl WKDW VRXU

$1'520('$ DOG 27+(5 2%6(59(56 5(%$621,1*

W ZDV *DOLOHR ZKR DVNHG ZKDWLIWRKWKH 2 WMUHHQID @6
LQ DIRUHVW SDUDGR|[ DQG WKLV WRKRYV®WXRBRQHRLW KW DOOCs (
WKHRUSBWREDRI WLPH GLODWLRQ UHO LR RRROWW K R CRLE/ANAW

KDW ZRXOG WLPH EH DQG KRRERMKMOBHGV GLIIHU LI QRW

$OVR ZKDW LI WVKHRUES/ HDDWY DU WR FRPSOLFDWH WKH LVVXH
WKLUG REVHUYHU EH LQYROYHG LQ D VSDFHWLPH GLDJUL

‘'LDJUDP DQ DVWURQRPHU LQ WKBUY/GRRP VGD FB WD\ W

+HUH DQ DVWURQRPHU RQ $QGURPHWR ZLBAYO R -ONEAH WR ZI
WR ORRNV WRZDUGV KLV JDOD]|\

.1 D VSDFHVKLS WRRN RIl IURP (DWW K PWOKMMH@BWDUV D
RXU DOLHQ ZRXOG EH VHHLQJ DWHHLQ JQRIZIK WHI ZRK VX H



FUDMDWNYH RITJOOMKX WKH WKDW OLJKW KDV WKDONHQ PLOO
$QGURPHGD

JURP WKH VSDFHWLPH GLDJUDP DBERFNEW ZIRQA O/GI HE W K L
KDOI zD\ WR $QGURPHGD DIWHU PROHIK®RHADWUW K I/Q CDYLH €
, ] RXU DOLHQ ZHUH WR KDYH RIZDHRBNH@® DWXX O V IR LRO O IRIE
\HDUV DJR ZKHQ KH VvDZ WKH WDKW RRXO® \Pdd HWKW® HV KLC
URFNHW DW D KDOI ZzD\ SRLQW *HYBQDQKINW RD\ LH VWP Q B
ZH FOHDUO\ GR QRW DFFHSW WKDWMWMWRKM/ BOVEK RQOLJIKW |
VLIQLILFDQW DPRXQW E\ WKH PDWUL[ RI VSDFHWLPH

$IWHU D PLOOHQQLD RI JHQHWDW VRMIWHUHNVKH WPR PXH W QV
RII ZKDW ZRXOG WKLV DVWURQRPH G W IGH WEKLQ/G D RN M W
KDOIl ZD\ WR KLV KRPH SODQHW +R@VAR XIQ & HKH WKIBIWD MW
UHVSHFW OLJKW VSHHG"

JHW XV QRZ LQWURGXFH RWKHU FNDR)LFWWWY RQRD MWW H FK
SDVVHV WKURXJK WKH ELOOLRQV RIUWIMDUWRRI WKH OLON\
$QGURPHGD VKH SDVVHV WKH OLWWOIK)MWR DO RRFXEHQW
DUH RXU DGGLWLRQDO RXWVLGHVREN BDYYWHIRQ DNRWMMVK HF B RIF
WLFNLQJ VORZO\ DQG DOO SURWIRRSUNKNHQYLAQ RD YW L\R
WKH\ ZLOO QRW IDLO WR FRPSUMWKHDWGWKKHR BVIRSHIWG GIN
KDV WUDYHOOHG DQG KDV \HW WR WUDYHO

‘'LDJUDP 2WKHU REVHUYHUV RI WKH IOLJKW WR $QGURP

+HUH ZH KDYH VRPH RWKHU DOLHQ REVHUYHUYV

ILIJKW IURP WKH WDNH RIl IODVKUZRXO GOLHRWK\BDUNMQ $ D
/I[LIKW IURP WKH WDNH RIl IODVKUZRXOG WHDORKK DAGDHE % L
/I[LIKW IURP WKH WDNH RIl IODVKUZRXOG UHDRKKRVDAGBDMHE & LC
ILIKW IURP WKH WDNH RIl IODVKUZRXOG UHDRKKRVDAGDMH ' D

7KHUHIRUH DOWKRXJK WKH DVW URQBDKIMQ Pl U R WHQ Q VQWKIH
$ \HDUV % \HDUV & WZHQW)\ QLQH \HDUV DEHF D X\WKL U
KHU FORFN UXQV VORZO\ WKH SRRUJDH® WKRRNBIK VPKN W
VDPH QXPEHU RI \HDUV WKDW WKH DOLHQV UHFRJQLVH

2EYLRXVO\ WKH URFNHW KDV WR GR RV&HJ SWIRFSHH UQMRL O HV
PDWWHU KRZ LWV FDSWDLQ GLVDJUHHYV



&OHDUO\ VRPHWKLQJ GRHVQ W DGG XS

7.0(',/$7.,21 (5521(286 6&,(17,),& 3522)

W LV P\ WKV VXFK DV WKH +DIHOH DQGSURSDLIDIWHSHULPI
HQWKXVLDVWLF VFLHQWLVWYV ZKR KILMK WKH S DRYHH DGR P H
EHOLHYH WKDW DOORZ LGHDV I IRKAHWIHRHDA/L CCDAMWLRQ WR E|

7TKHLU QRZ IDPRXV HSLVRGH RI WWBRLYY OQLRQUUFWRPWF F
FODLPHG WKDW RQ ODQGLQJ WKDW VX KWKUDF®RH XNIVRXN DF
FKHFNHG JURXQG EDVHG WLPHSLHFH

7KH DFWXDO WUXWK LV

7ZR VFLHQWLVWYVY OHVVUV +DIHOH DU G- DHINWX B D VKRR F
FORPRR/ WKH\ FRXOG JHQHUDOLVRIQDIDQGERAOHSIOWF\ LQ
2FWREHU DQG IOHZ IRU PDQ\ KRXUV

‘'LDJUDP +DIHOH DQG .HBRWRW R ZILMV K O/RRIK N VU

2Q ODQGLQJ WKH WLPHV RQ WKHVNUQFORIPMK WHHHS®R OR
1DYDO 2EVHUYDWRUYZBYDYVOHIKWHNMHPH GLITHUHQFH WKH
EHLQJ WKDW 3LI D PDQ OLYHG IRUKLV \G DIWHVIODRGJI VISUHRND (
ZRUOG KH ZRXOG DIWHU WKDW WWPBM DEH KRKXIQ JHAL @ ED G
WHQ WKRXVDQGWKY RI D VHFRQ GD MKLSMHD[BE W GI\UH RO O
FDHVLXP FORFNV

2WKHU ZLGHO\ NQRZQ SURRIV XRWNHNE Z HWEKLAD W KR Q RDQJ®F
KwWwS ZzzZ SK\VLFVP\WKV RUJ XN WLPHGLODWLRQ KWP

'KHUH LQFRQVLVWHQFLHV LQ WKH ARUREZ@MY RVOBIQGI RWRP D\
GLIITHUHQW FRQFOXVLRQV UHJD WS H@IWWKHQ GWIHKWISHO WD)



UHIHUHQFH IUDPHV QRW RQO\ ZIRW K YHHQ /WG BAXRV VGKKHH WVLRF
SK\VLFDO LQWHUDFWLRQ RI V\VWHPWRBOWKK DHQDRIG WR W
HYHQWYV

KWWS SK\V RUJ QHZV GLVFBYWUR@PXDVDUV GRQW
P\VWLILHV KWPO
‘KHUH HYHQWY DVVRFLDWHYV ZLWK TREBV®UWODGBRRYRW H[KL

KWWS JVMRXUQDO QHW 6FLHQFHUWRXUQDOV 5HVHDUFK
SHODWLYLW\ 7KHRU\ 'RZQORDG
(LQVWHLQ V WLPH GLODWLRQ FRQRHSW PHRMKHRGVYURQJ E\

KWWS ZZZ DOWHUQDWLYHSK\VIWF RUJ ERRN 7LPH'LOD
7KH UHIHUHQFH IUDPH DUJXPHQW

DQRQG IURP P\ HDUOLHU HVVD\

KWWS JVMRXUQDO QHW G6FLHQFH 9RXZQDOV % FDWBC
FRQFHUQLQJ WKH PLVXQGHUVWDQGLWHKHR/YDUPKR® FURKF D
&ROOLGHU

683(5 /80,1%$/ 75%$9(/ &21&(376 DOG WKH +%$:.,16 DQG

0,1.2:6., VSDFHWLPH GLDJUDPV

$ IXUWKHU ZD\ WR ORRN DW WKH D¥¥XH YV LRIJWHKKI ISWE X PILEC
MRXUQH\V LV WR FRQVLGHU WKH K\SIRQ\K HWVKM RI 6 WHSKH
VSDFHWLPH GLDJUDPV RI OLQNRZVNL DOOXGHG WR HDUO
BWHSKHQ +DZNLQJ FRPSDUHV HYHQWWVHQ NSOWFH®/ ERHD ZL \
VWRQH WKURZQ LQWR D SRQG



'LDJUDP H[SDQGLQJ ULSSOHVKW ZDRSDW DIWRL QS OURFY D3
HYHQW

7KLV LV YLUWXDOO\ D VSDFHWLEHM BMVMDHQDBN XS/Z WKGEYV TUI
WKH WZR VSDFH D[HV

,Q OLQNRZVNL V VSDFHWLPH GLDJUDPAHKSDVKREYV WKH |X\
FRQHVY DERYH DQG EHORZ WKH [ VSD[SH RLMH® QERDN ZH
OLQNRZVNL PDLQWDLQV WKDW WKFHASHMG RO@ZDIKW WKU
PDNHV DQ DQJOH RI GHJUHHV ZLWK HLWKHU D[LV



‘'LDJUDP OLQNRZVNL VSDFHWLPH GLDJUDP

7DNLQJ WKLV LGHD LQWR WKH FRVPL¥FHK WVXF K HD\Z NLKH
VXQ G\LQJ DQG SORWV WKH LP SR W\RH RV KOH DHOIDUDARK RAKK/U
VSDFHWLPH GLDJUDP

‘'LDJUDP WKH SDWK RI WKH (P DWKHFQ Q WV KR-H HON. KWV D UVRS
WLPH GLVWDQFH WKH FRRUGLQDWHYV RI ZKLFK ZH FDQ Gt



ILIKW I URP WKH VXQ WDNHV HLIJIKBKRXQ& WHKWHWRKQHDFK (

VXGGHQO\ JR RXW +DZNLQV SORWV VWRKHNVBKERMNH WE&D FHW
H[SHULHQFLQJ WKLV GLVDVWHU

+H GUDZV D OLQNRZVNL FRQH RI IXWAXKH GIYIHKQAWHPDQDWL

*LYHQ WKH SURSHU GLVWDQFH WKDW DMK K S(DJUWNK KDV U

SURMHFWLRQ KDV WKH (DUWK FRHQBLSHQ JDZL W KJWW DR Q3
LQWHUYDO

1RZ OHWV ORRN DJDLQ DW WKH &R[PLABOVRQ ZOD UK WPHDW

GLVWDQFH EHLQJ DEOH WR EH FROWRD DVHUHESDWIRWIL PH\HD L
DVVLVWHG VSDFHFUDIW

‘'LDJUDP FRPSDULQJ WKH MRXUQRMORJKONVISJORAFH (BU DMKV
$QGURPHGD



+HUH ZH HVWDEOLVK WKH | XW>XUH\ AMRIQHH WRINGIL R KIW Q Bl QK |
WKH URFNHW

$ SODQHW IURP WKH $QGURPHGDPABD/[\IURP T UQ/W L OVQLLR
XSZDUGV DV GRHV (DUWK WKURUYRBRR WKMHHW DINH QRLIKW F
HYHQW DQG WKH $QGURPHGD SODQROWLWQDFINWNKW RHRB N C
DFFHSWHG OLJKW \HDU GLVWDQFH IURP (DUWK

$KDOI VIHRHFGBHW SORWWHG WKURXJK WKH VDPH VSDFHWI
$QGURPHGLDQ SODQHW LQ VL[WWDRIMOOLRQ \HDUV QRW IL

7KH (DUWK WUDYHOV RQO\ RQ WKWLWHPSDYNYW®J VR XIMH&L
\HDUV %XW WKH URFNHW"

, VXJIHVW WKDW WKH DVWURQDMWHSURY NRHVR UG PV HR XY Ek
IXHO DERXW KDOI ZzD\ 5RFNHW GHWDLDNWWWEF UDN KOG W LIRDW F
\HDUYV

&RQVLGHULQJ KRZ PDWKHPDWLFV GREXRBDMWHOWKHD¥YHB QD
WKHUH DUH PDQ\ ZzD\V LQ ZKLFK WKH HJDPHGH %DHEGRHA PD\
ZH KDYH D FRPSDULVRQ RI WKH V SHMIGIRW VISHKMGDJDLQVYV
VSDFHFUDIW

+RZHYHU WKHUH VHHPV QR ZD\ RI PDWKKH BIWHBRMO RN UH S
\HDUV FRLQFLGLQJ ZLWK PLOOLRQ OLJKW \HDUYV



‘'LDJUDP 7KH MRXUQH\ GLUHFWHR@ W D OHEBKWMW QG KDO



&+$37(5
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%HIRUH ZH ORRN DW WKH ILQDODRRMNWNKWRHURZKHRIH , HYDO X
JRUVKDZ V WKHVHYVY |, DGG EHORZ VHYKUBPK I HDPBOHV DQ:
VKRZ KRZ ZLGHVSUHDG LV WKH XQHDDIQ @ WDKK ZKX¥K PDWI
HISHULPHQWDO SURFHGXUHV DUH YAOHZHH @&/ K,.DW/L M Q@ DV K HWH
PH WR TXHVWLRQ VR PXFK FXUUHQWO\ DFFHSWHG WKRXJ]

$ FDUGLQDO UXOH IRU DQ\ UHVHDDWK\R X YFOMYLRW VVOIBW L
\RXU K\SRWKHVLV LQ \RXU UHVXOWV

%HIRUH \RX JR WR \RXU GDWD ZL WK YRIXW R/ WDWH. \DWLFDO
K\SRWKHVLV WR WHVW

1 \RXU K\SRWKHVLV FRPHV IURP D/QKHU MW LIQU QR N HSDWHDL QY
DQDO\VLQJ WKH VDPH GDWD WRPRRRIRUWKMW SURFOLHRUY V
GLODWLRQ KDV DULVHQ WKURXJK WKLV HUURQHRXV DSSU

7KHUH DUH YHU\ PDQ\ H[DPSOH RI| P DQWK\H ROV MF WK IDYHS H [ S
EHHQ XVHG WR SURYH VFLHQWLHG GMEXBW H\GK DWK KD MHR
LW LV QRW XQUHDVRQDEOH WR D\RDXP W KROOIW VF XOLQUH Q W |
FXUUHQW H[SHULPHQWYV PLJKW ZH® @ UVXQFRRXWFWR EH X

$IWHU WKH ILUVW ZRUOG ZDU WHIGH S IUR @/ WWRK DURGY EH(W RDVO\
WKHRU\ RI WKH GHIOHFWLRQ RIMHUKMKREAHGH EBHVYRUDVDOER
DV WKRVH WKH\ ZHUH WU\LQJ WR BHOUXR®WY ZMUW KH WO E
DV D SURSHU SURRI RI ZKDW WKH\ VRXJKW

7KH 6 WHDG\ 6WDWH WKHRU\ RI WKH 8QL YIHDWFWH XZPWLDQ RW
GHEXQNHG LQ DIWHU ZKLFK LW ZDV DEDQGRQHG

, Q (LQVWHLQ KLPVHOI ZDV VR VXUW DWKICAWWWBM 8H Y H
PRGLILHG KLV WKHRU\ WR PDNH MXIL W DHSWRF FIDEO OH @&/\ L Q
&RVPRORJLFDO &RQVWDQW LQWR KLV HTXDWLRQV

1RZ LW LV DFFHSWHG WKDW GDUN PDWWHU PDNHV )
8QLYHUVH EXW ZH KDYH QHYHU IRXQG DQ\



'LWK UHJDUG WR HQHUJ\ FRQVHUYDWLRWY WY WKH ZKF
GLVDJUHH DERXW ILJXUHV EXWQADN W SVWRH WKV -DQP D W
VDPH HTXDWLRQV

$OVR RFFDVLRQDOO\ PDWKV KDV WR XVH LPDJLQDU!
UHVXOWYV

.XUW *RGHO vD\V WKDW HYHU\ PDWKHPDWLFDO SURF

VRPHWKLQJ WKDW LV QRMUBURYDEOKLWU YWHKDW LV HQW
WUXVWZRUWK\ DERXW PDWKHPDWLFV

$Q0G XQWUXVWZRUWK\ LV WKH FKRLFHTWR WRREQ W\ \W R XWOC
SURYH D SRLQW 7KH 3\WKDJR UHD R Q-DIPFHS MROE @/HK I\ \SXL
IRU VSDFHWLPH KDG PDWKHPDWLFLDQXVFIFRRRS D CPRLH)XW O\ V

VLIQ LQ WKHBHTKWWLRPS WR 68 FW & [8

, W LV DFFHSWHG WKDW 4XDQWXP OHHRKYRQIGAAVEDGWURGXFH
HOHPHQW RI XQSUHGLFWDELOLW\ DQG UDQGRPQHVV LQW

5LFKDUG )H\QPDQ VDLG (YHU\WKLQJ ZH NQRZ LV RQ
DSSUR[LPDWLRQ

$Q0G -RKQ %XWWHUZRUWK FODLPV WKDKV SURYLQJ VR
H[SHULPHQW LV LPSRVVLEOH PRVWO\ LW V D PDWWH

(YHQ WKH ZRQGHUIXO SLHFH RI HTXLDB®UHR® DW &HUQ
&ROOLGHU WKDW SXUSRUWV WR GLVFRYHU HYHQ PR
DGPLWYV WKDW HYHQ D SHUIHFW GHWHFWRU ZRXOG E
EDFNJURXQG ZKLFK ZRXOG EH TXDQWWRHHFKDQLFLC
VLIQDO FORXGLQJ UHVXOWYV

&+$37(5
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$V D PDWFKLQJ ERRNHQG WR WKLY WWHKWLER[DPRRBRYRD AN |
K\SRWKHVLY FRQFHUQLQJ WKH FRQIOHEWHQY HDSYHWKHQF I
FRQWLQXH WR DGKHUH WR WKLV BRAGRL GRH WLWPHRQLDD \U LE
0\ FRPPHQWY DQG FULWLFLVP WKURXJKRXW DUH LQ D EO:

7KH\ HPEDUN XSRQ D GHYHORSPHQW[BD &S MALDIOWSKIHOLDWR :
WKRXJKW H[SHULPHQW LQ ZKLFK RVKSXWEREHIEGHU WKH R
OLJKWFORFN RQ D PRYLQJ WHIBLOFB®RQQFOXNGK QWERHU



SHQGXOXP FORFN %HLQJ LQ DQ HQFPRIVSEIGHY 8 FFHD Q\RW
WHOO ZKHWKHU RU QRW WKH\ DUH PRYLQJ

, FODLP WKDW DV WKH OLJKWFORF)NHFMWILAY 1 AERHDGPL DLWVH DL G
REYLRXV WR WKRVH FORFNV ZKHWKHU RU QRW WKH\ DUI

&R[ )YRUVKDZ WKHQ DSSHDU WRWRBMQUD ®LNVF W KWK FALKIHIQ |
PDLQWDLQ WKDW EHKX¥HHG LG K WIFDRE WO RIPOW K H
SHQGXOXP FORFN WKH\ ZRXRG GHHIWLRXW RONFQFLW ZR)>
RXW RI VIQF EXW LW ZRXOG DG WHKDW SR KGHES\D.QR\
DOORZ XV WR VD\ WKDW WKH FORFENV DUH PRYLQJ

7KHQ WKH\ DVVHWKHVRRYW.QJ OLJKWFORFN LV HGEXQQLQJ V.
E\ WKH REVHUYHU RQ WKH SO DWIGR WK HVK W R HVR PDRR NP\K W\
VORZKH SDVVDJH RI WLPH LV VORZHG DREZRURBQ QUKW RPR Y L
VRPHRQH RQ WKH SODWIRUP

7KLV VHHPV WR FR QW U DGLLYFHU NEKW EDHHQ WWKKCHWVFD RFN V. W |
DSSDUHQWO\ VKRZV WKDW WKH\ D O E VP FOYSHSHIGW) WG W
UXQQLQJ VORZ DOVR VKRZ WKH VDPH WKLQJ

&R[ )J)RUVKDZ IROORZ XS RQ WKH WRXWWRUY ZILOWKWMH L QUWVI
DVVHUWLRQ ZKLFK DJDLQ SURSRMHA DE B WIZH BIIQQW K\H- \VHJ Bl
SDVVHQJHU DQG SODWIRUP REVHUYHU

7KH\ VXJJHVW WKDW WKHVH WZR SURWHORQYLYWWRHD KN U
RZQ SRVLWQBOPHDVXUH WLPH XVLQJ WKHLU RZQ ZULVWZL

7KLV VRXQGV VWUDLJKWIRUZDUGVXBWRRYLDQ DQERTDUUH
XSZDUG WLPHOLQH GLUHFWLRQ ZH DUH DVVXUHG WKDW
WKH SDVVHQJHU RQ D WUDLQ ZKNVFEWDV RUOCHAHO BB G IR
KRXU FDQ VWLOO FRQVLGHU KLFGKWWYDKDEBRRR KD YH W UD
WKH SDVVHQJHU QHYHU OHIW KLV KHU VHDW

7KLV QHHGV IXUWKHU LQYHVWLJDWLRQ

<HV WKH SDVVHQJHU FRXOG EH WIIH HOW BIW L]H URRE GI H\FWD (
SURYLGLQJ ZH WKHQ DFFHSW WX MWW DFWNHKDR'WHORBRY GG WKH
&R[ )RUVKDZ DUJXH WKDW RQO\ WLPHHWYV WP KW BKIHRUWHWK |
LV KRXUV DQG V EHLQJ WKH VSDFHWLPH GLVWDQFH

%XW ZKHQ WKH\ FRQVLGHUVW/HOH ERHQW RURRHZ VLWWLQ.
WKH JURXQG VWDWLF UHODW LK RV WIRL @ KSHD YV U WK HX DW FK |
VXGGHQO\ DEDQGRQLQJ WKH ZKR LV PRYLQJ SULQFLSOH
7KH RXWVLGH REVHUYHU PHDV XU ©WD WILLYH \IDERG IGR\WMWD Q F F
WKDW WKH SDVVHQJHU KDV WUD Y HIDADMHRSZ LROU KK R XWR/ DW
FDOFXODWH WKH SDVVHQJHU V MRXUQH\ DV EHLQJ : Y7

7TDNLQJ WKLV IXUWKHU WKH\ WKHQ DOORZ
WKDW WKH SDVVHQJHU V WULS |IRWDIMWKHDRXKW VO ¢ 19 DRAEHWM LU

GLVWDQRPH RS V738



E\ DSSO\LIGDBWWEKDIJRUHDQ HIRKRMWKRY WKH\ FDOFXODW
WKDW

IRU WKH VWDWLF REVHUYHU W KL S/DWVH @RI WUMKR XD Q'+
SDVVHQJHU V RSLQLRQ RI WKH HYHQW

'RHY DQ RSLQLRQ RI WLPH DQG S OMLFAH ¥ RX®MGV SI® D FBHY\ I K |
VR SK\WLFDOO\ VXVSHFW"

, KDYH VDLG WKDW (LQVWHLQ V |KDAHGH & KRRX XKW LHNB B U |
SUHVXPSWLRQV

VR OHW XV H[DPLQH WKH DQRPDOLHYV

JLUVWO\ 7KLV LV DQ XQVRXQG DUJYXPRQW. G M UHEHDSWRWD
EHLQUHODWLYH WR WKHMHK (DRWKHU LV QRW

7KH RXWVLGH REVERQNUGHULE KLPVHOI DV UHODWLYH
KRZHYHU WKLY GRHV QRW SUHFOW&BWKH DO OLQPWRHW D
SURSRVLWLRQ VLWWLQJ RQ UDYWRGY ERIPDYRWWHKH RWKHU
(DUWK

7KH FRPPRQ ORFDOLW\ FDQQRWEHHWKH (DRWR K HREG ZKYH/D
WKH RWKHU SKILFPW B OR GIMBM FLDOO\ ZKHQ ERWK DUH LQ DC
DFFHOHUDWLQJ IUDPH RI UHIHUHQFH

1H[W DQG IXUWKHU WR WKH DERDGH D EBR¥WV ZKR KDV EH
PRYLQJ LW V QRW WKH SDVVHQWKDW §8X0IEQENHO U HIY KEUH!
WR SURYH WKH RSSRVLWH ,Q IDMPVGH Q ® YWKLVHED PO WWLF
DOPRVW LPSRVVLEOH IRY HUMR BH RRWDKRQLWKDQ PRYLQJ

1H[W VSDFHWLPH UXOHV VD\

WKGMYWDQFH EHWZHHQ HYDHIBAW KIVW. G YBIULWRMQJ PRYHYV
VSDFHWWPWKH VDPH VSHHG

$OVBLVWDQFHV LQ VSDFHWLPH DUH XQLYHUVDO

'RHV WKLV QRW PHDQ WKDW IRU ERWEH W KK B D&/MHQD € B HD
WUDYHOOHG E\ WKH SDVVHQJHU NNQUEOKLIY® @R FODONGH WKKH.
WWPDSVRMRLQFLGH DV WKH VWDUW DQGHNWGB GRLQWYV RI WK

1HW LI D ZULVWZDWFK LV D VDWLDAHAWRWH CDYWDEHDB V>
WKHQ LQ WKLV H[DPSOH ZK\ VKRHOIGQWKHKIH MV EFHHDWQ K IBLLU I
ZDWFKHV UHDG DIWHU WZR KRXUV W. WMWK HR X2MVYHW'\Q F KU

7KH DERYH UHIXWDWLRQ RI WKH WDHMVX®GWYW ZRXBGIG&R[ )R
DSSHDU DOVR WR FRXQWHU WKH VSEKBNWLPH ZD\ RI WKLQ
D D PRYLQJ FORFN XVHV XS VRPH RWLRHWMEHHEG TXR WDV R
PRYLQJ WKURXJK VSDFH OHDYLQJUBKVK WLPH IRBQQAWE/ Bl
PRYLQJ FORFN GRHVQ W PRYH VR IDVWFWRBR XZK LWIKPHVD \
D zD\ RI VD\LQJ WKDW LW WLFNV PRUH VORZO\

6SDFHWLPH FDQQRW XVH IRU LWV FH{S\®D QDA R UMRWERH
FRPSDUDEOH ZLWK QR PRYHPHQW ®QSD¥VHIJILNURQ BLP
SODQH ZKR KDV DOVR QHYHU OHIWHKKDVVWDWY FOQB&\D \
GLVWDQFH RI JHUR LI ZH DUH \RRWKH WKMWRRFDO UHODW



+RZ SOHDVDQWO\ VXUSULVHG WKHQ@ZKPXQVW KW K BDDH. W WD W |
ILQG WKDW WKH\ DUH DFWXDREDWLR @ GIHOHDWHQYW VGR \Z2W
WKH\ ZHUH RQ (DUWK" (XFOLGHDQ VSDFH GRHV VHHP SHU

7KHUHIRUHWRW D% OL\WKKDOWON I POWR WU B REBKBEUDFWHUV ZKR
DUH QRW PRYLQJ LW VHHPV DQ XIXWHIN® BRQVQRG X \RHIb
DV EHLQJ UHODWLYH WR RQHVHOI

‘KHQ RQH DUULYHV DW D FKRVHQ GHNVDIVQBHD WLARR WEKW D Q\
SRLQW RI GHSDUWXUH WKH FKDWUI YIQOWKKN VSG FHREBDWI
KDV WR EH YDOLG HVSHFLDOO\ LQ VSDFHWLPH

7KHUHIRUH PRUMIXD@\ MXVW W LHPYH SSWRAW B YR@IW W D W
HYHQW LI ZH DJUHH WKDW QRWKLQJ LV VWDWLF

7KH RQO\ SRVVLEOH VLJQLILFD QW HCHIDVD MYLHY M/ R LDAYRDMKLHRU
SDUWLFXODU FKRVHQD SPDRVWKIRJLNYWHQW

21( /$67 :25"'

$QG ODVWO\ JLYHQ WKDW WKLV WKHWBGHD VRHHMKHWR GHE X
SRVVLELOLW\ RI VXSHUOXPL QDDQWHHYIVLQIL VK RW PRESH
QRW XVH DQ\ Rl WKH DSSOLHG PDWKHADWEBFHWUPWMKH SK
HTXDWLRQV RI (LQVWHLQ OLQNRZWNKIHIRW VR D FAQMUDIQ SOV
LQWR GHHS VSDFH )RU WKHP DQ (D UMK ZKPDXD G V] ¥ HEL @ Bt
XSRQ

[, *+7 &/2&. 3+272*5$3+6

%HORZ DV D SKRWRJUDSKLF |IRRSKYRWHKD W SR GHPR GKW U
WKDW SDUDOOHO PLUURUV ZKHQREKRWH®@ JZALOMK DR WK B\
PRYHG EH\RQG WKH ZLGWK RI WKRVH PLUURUYV

+HUH ZH KDYH LPDJHV RI D ZRUNLRQ DOWIXBOD H GPRORINN HVAE W
ZLWK D JULG



,PDJH

,PDJH DERYH VKRZV D ZRUNLQJ @QLDKWDEORFRD \$RN G \WZILR
D JULG 7KH EHDP LV ERXQFLQJ BDWF XK DQG& VRG W KR RY KMK H
PLUURUV 7KH PDLQ IUDPH LV DS SGRYITKXDWH®\L\QZIR PR @&/ K
OHIW KDQG WDEOH HGJH



,PDJH

,Q LPDJH WKH OLJKWFORFN KDWK EHHQKAVR YBI\G AOIDQ BHND
E\ LWV QHZ SRVLWLRQ DW WKUHKHVWOE®HVVIURPGN KK H H |
ERXQFLQJ EHDP KDV VWD\HG LQ LW B®RNLBEXWQ VY HRIW LY
FHQWUDO WR WKH PLUURUYV



,PDJH

1RZ WKH OLJKW FORFN KDV EHHR VKIKWH® KYHIQ DXQUBWIX |
WKLUG VTXDUHV DQG WKH UHIOHFIWHIKED BKEDHR GLIH 0RO PARR/IW
PLUURUWWEQ®W GLUMRKWMOXIDAHRYHBWLG PDUN RQ WKH WDEOH

PRUH VOLJKW PRYHPHQW WR WKHDPH DW &R WMWK K HE B X IKPN
EHDP ZLOO HVFDSH



,PDJH

/IDVWO\ LPDJH ZH WZLVW WKB FKDIRKNZEOVR G UDHEFRAR®
QRZ RQ D GLDJRQDO WR WKH JUUQV7KIHVKRW R H LRLIUBPIRDK \
WKH\ UHPDLQ SDUDOOHO WR RQH DQRWKHU

(1°
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7KH 4XDQWXP 8QLYHUVH %ULDQ &RXDQG -HIl )RUVKDZ

'K\ GRHV ( OF %ULDQ &R[ DQG -HIl JRWVKDZ 'D &DSR 3

SHODWLYLW\ $ YHU\ VKRUW LQWUR[GKE® IBRQ Y HBXWLMAO O
3UHVYV

$WRPV 6SDFH WLPH DQG RWKHU FBRRD $WBRQ +3OOQ +DO



$ 4XHVWLRQ RI 7LPH 7KH XOWLRPIDGFH QWD GR[ $ PHEW MFRWO\
AXDQWXP 3K\WVLFV DQG WKH XOWLPD®RDLRHDOLW\ OLFKD
7KH VSHHG RI ODVV $ QHZ ORRN DWBBOBWIRRN\ 3KLOI
HGLWLRQ

7KH 3DUWLFOH DW WKH HQG RIRWKH BQHYRU®E 6HDQ &D
3XEOLFDWLRQV

7KH 7LPH ,00XVLRQ 'HQQLV $ :ULJKW H ERRN HGLWLRQ
6SDFH WLPH '\QDPLFV RI DQ LVRWUWBQK >R Q5®RIEGHIMU . H (
ODVVH 3K' H ERRN HGLWLRQ

7LPH WKHRU\ &KDUDFWHULVWLFV &KDWLPHY JHDYLWH DQC
ERRN HGLWLRQ

7KH 3DUWLFOHV RI WKH 8QLYHUVH -HIl <HH 3XE -HII <l
+LGGHQ LQ 30DLQ 6LJKW $QGUHXKRRBPDV 3XE $QGUHZ
6SHFLDO UHODWLYLW\ 2QH SDVW WXW PO \3IDXW % DFNH V8
AXDQWXP (LQVWHLQ %RKU D Q GWW K HQIDUMDWH GRH BB\ B LDAE
ODQMLW .XPDU ,FRQ %RRNV $OOHQ DQG 8QZLQ 3W\
)DVWHU WKDQ WKH VSHHG RI ORZKERRNAMRDR ODJXHLMR $
JLOQLWH WKHRU\ Rl WKH 8QLYHUYKILO 3RUCFRERXEKDUG 3X
&RQYHUJHQW 6SDFH -RKQ 3DXO &OHDU\ 3XE -3&

7KH /DZV RI 7TKHUPRG\QDPLFV 3HWHUNSVBNHYVY 2[IRUG 8
+DIHOH DQG .HDWLQJ +\SHU 3K\VLFV

7KH (PSHURU V 1HZ 0LQG 5RJHU 3HQURVH

7KH %LJ 4XHVWLRQV 3K\VLFV OLFKDHO %URRNV
3DUDGR[ -LP $0 .KDOLOL 7UDQVZRUOG 3XEOLVKHUV

$ %ULHI +LVWRU\ Rl 7LPH 6WHSKHQ +DZNLQV %DQWDP ¢
%ODFN KROHV DQG %DE\ 8QLYHUVHV FRSRMWH/SKHQ +DZNLQ\
6PDVKLQJ 3K\VLFV -RQ %XWWHUZRUWXS +HDGOLQH 3XE(
=RRP %RE %HUPDQ 2QHZRUOG 3XEOLFDWLRQYV

$W WKH (GJH RI 8QFHUWDLQW\ %®RAEXDHO %URRNV 3URIL
%DG 6FLHQFH %HQ *ROGDFUH )RUWK (VWDWH



