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7KH )DU 8OWUDYLROHW 6SHFWURVFRSLF ([SORUHU �)86(�� VFKHGXOHG IRU D VXPPHU ���� ODXQFK� LV DQ DVWURSK\VLFV VDWHOOLWH

GHVLJQHG WR SURYLGH KLJK VSHFWUDO UHVROYLQJ SRZHU �O�'O  ��������������� RYHU WKH LQWHUYDO ����������� QP� 7KH )86(

RSWLFDO SDWK FRQVLVWV RI IRXU FR�DOLJQHG� QRUPDO LQFLGHQFH� RII�D[LV SDUDEROLF SULPDU\ PLUURUV ZKLFK LOOXPLQDWH VHSDUDWH

5RZODQG FLUFOH VSHFWURJUDSK FKDQQHOV HTXLSSHG ZLWK KRORJUDSKLF JUDWLQJV DQG GHOD\ OLQH PLFURFKDQQHO SODWH GHWHFWRUV� 7KH

VSHFWURJUDSK FRPSULVHV WKH XSSHU KDOI RI WKH LQVWUXPHQW VWUXFWXUH� DQG ZDV LQWHUQDOO\ DOLJQHG SULRU WR GHOLYHU\ WR WKH

LQWHJUDWLRQ WHDP�

:H GHVFULEH WKH RSWLFDO DOLJQPHQWV FDUULHG RXW GXULQJ LQWHJUDWLRQ RI WKH VDWHOOLWH� LQFOXGLQJ RII�D[LV SULPDU\ PLUURUV� V\VWHP

DSHUWXUH VWRSV� DQG EDIIOH DVVHPEOLHV� 'XH WR FRVW DQG VFKHGXOH FRQVWUDLQWV� D VLPSOLILHG DOLJQPHQW SURFHGXUH IRU WKH

SULPDU\ PLUURUV ZDV LPSOHPHQWHG XVLQJ D YLVLEOH OLJKW� GRXEOH SDVV V\VWHP LQ FRPELQDWLRQ ZLWK PHWURORJ\ RI DOLJQPHQW

UHIHUHQFHV RQ WKH PLUURU VXEVWUDWHV� 6WULFW FRQWDPLQDWLRQ DQG H[SRVXUH UHTXLUHPHQWV PHDQW WKDW WKH PLUURUV KDG WR EH

PDLQWDLQHG LQ D QLWURJHQ�SXUJHG HQYLURQPHQW GXULQJ DOLJQPHQW� 7KH DSHUWXUH VWRS LQ IURQW RI HDFK SULPDU\ PLUURU ZDV

DOLJQHG WR WKH UHVSHFWLYH JUDWLQJ DSHUWXUH XVLQJ D ODVHU UHIOHFWHG IURP WKH PLUURU WKURXJK WKH VSHFWURJUDSK VOLW DQG RQWR WKH

JUDWLQJ FRUQHUV� %DIIOH DVVHPEOLHV ZHUH DOVR DOLJQHG DW WKLV VWDJH XVLQJ WKHRGROLWHV DQG DOLJQPHQW FXEHV� ,Q DGGLWLRQ� OLJKW

SDWK FKHFNV ZHUH SHUIRUPHG WR ORRN IRU REVWUXFWLRQV� DQG D VLJQLILFDQW SUREOHP ZDV XQFRYHUHG HDUO\ HQRXJK WR EH FRUUHFWHG

ZLWKRXW VLJQLILFDQW VFKHGXOH LPSDFW�

.(< :25'6� )86(� RSWLFDO DOLJQPHQW� XOWUDYLROHW� RII�D[LV SDUDEROD� FRQWDPLQDWLRQ

�� ,1752'8&7,21

)86( LV D 1$6$ VDWHOOLWH SURJUDP LQWHQGHG WR REWDLQ KLJK UHVROXWLRQ IDU XOWUDYLROHW �)89� VSHFWUD IURP DVWURQRPLFDO

VRXUFHV� ,W ZDV FRQFHLYHG DQG IDEULFDWHG E\ 7KH -RKQV +RSNLQV 8QLYHUVLW\ �-+8� DQG DQ LQWHUQDWLRQDO WHDP RI FRUSRUDWLRQV�

XQLYHUVLWLHV� DQG JRYHUQPHQW DJHQFLHV� ,W LV FXUUHQWO\ VFKHGXOHG IRU D -XQH ���� ODXQFK DERDUG D 'HOWD ,, URFNHW IURP WKH

&DSH &DQDYHUDO $LU 6WDWLRQ�

)86( FRQVLVWV RI IRXU FRDOLJQHG WHOHVFRSHV� ZKLFK IRFXV )89 SKRWRQV LQWR WKH VOLWV RI 5RZODQG FLUFOH VSHFWURJUDSKV� 7KH

VSHFWURJUDSKV ZHUH GHYHORSHG DQG DOLJQHG DW WKH &HQWHU IRU $VWURSK\VLFV DQG 6SDFH $VWURQRP\ DW WKH 8QLYHUVLW\ RI

&RORUDGR�
�
7KH IRXU WHOHVFRSHV FRQVLVW RI ��� E\ ��� PP DSHUWXUH RII�D[LV SDUDEROLF �2$3� PLUURUV ZLWK D IRFDO OHQJWK RI

���� PP� PDQXIDFWXUHG E\ 69*�7LQVOH\ /DERUDWRULHV�
�
$GGLWLRQDO GHVFULSWLRQV RI WKH )86( RSWLFDO V\VWHP DUH DYDLODEOH�

�



&RUUHVSRQGHQFH� (PDLO� VMF#SKD�MKX�HGX� :::� KWWS���IXVH�SKD�MKX�HGX�� 7HOHSKRQH� ������������� )D[� ��������

����
� 69*�7LQVOH\ /DERUDWRULHV� ���� /DNHVLGH 'ULYH� 5LFKPRQG� &DOLIRUQLD ����������



2XU SDSHU SULPDULO\ FRYHUV WKH PHWKRGV XVHG WR DOLJQ WKH 2$3V WR WKH VOLWV RI WKH VSHFWURJUDSKV� 7KH DOLJQPHQW ZDV

FRPSOLFDWHG E\ D QXPEHU RI FULWLFDO LVVXHV� LQFOXGLQJ FRDOLJQPHQW RI WKH IRXU PLUURUV� PDLQWDLQLQJ WKH SDUWLFXODWH DQG

PROHFXODU FOHDQOLQHVV RI WKH RSWLFV� DQG FRQWUROOLQJ VFKHGXOH DQG FRVW� 7KLV DFWLYLW\ WRRN SODFH LQ HDUO\ ���� DW 7KH -RKQV

+RSNLQV 8QLYHUVLW\©V $SSOLHG 3K\VLFV /DERUDWRU\ �$3/��
°

2WKHU DXWKRUV GHVFULEH FRQFHSWXDOO\ VLPLODU DOLJQPHQW PHWKRGV IRU 2$3V�
���

:H FRQFHQWUDWH KHUH RQ DVSHFWV WKDW DUH

XQLTXH WR WKLV SURJUDP� SULPDULO\ WKRVH UHODWLQJ WR WKH FRPSOLFDWLQJ LVVXHV PHQWLRQHG DERYH�

5HTXLUHPHQWV IRU WKH DOLJQPHQW RI WKH )86( WHOHVFRSH PLUURUV WR WKH VSHFWURJUDSK VOLWV ZHUH GHYHORSHG E\ WRS�GRZQ

EXGJHWLQJ RI RYHUDOO LQVWUXPHQW SHUIRUPDQFH UHTXLUHPHQWV �7DEOH ��� 7KH GULYHUV IRU WKHVH UHTXLUHPHQWV ZHUH HIIHFWLYH

FROOHFWLQJ DUHD RI WKH LQVWUXPHQW DQG UDQJH RI PRWLRQ RI WKH IOLJKW DFWXDWRUV� (DFK PLUURU KDV WKUHH LQGHSHQGHQW DFWXDWRUV WR

FRQWURO IRFXV DQG URWDWLRQ DERXW ; DQG < GXULQJ IOLJKW� 7KH WZR URWDWLRQV DOORZ FRDOLJQPHQW RI HDFK PLUURU WR LWV

VSHFWURJUDSK VOLW� (DFK DFWXDWRU KDV D UDQJH RI r��� PP� :H GHILQH WKH IROORZLQJ FRRUGLQDWH V\VWHP� �= DORQJ WKH OLQH RI

VLJKW RI WKH LQVWUXPHQW� DQG ; DORQJ WKH GLUHFWLRQ IURP WKH PLUURU YHUWH[ WR LWV JHRPHWULF FHQWHU�

7DEOH �� 7HOHVFRSH 0LUURU $OLJQPHQW 5HTXLUHPHQWV

'HJUHH RI )UHHGRP 0D[LPXP (UURU 'ULYLQJ )DFWRU

; 7UDQVODWLRQ r ��� PP &ROOHFWLQJ DUHD

< 7UDQVODWLRQ r ��� PP &ROOHFWLQJ DUHD

= 7UDQVODWLRQ r ��� PP 5DQJH RI DFWXDWRU PRWLRQ

5RWDWLRQ DERXW ; r �� DUFVHFRQGV 5DQJH RI DFWXDWRU PRWLRQ

5RWDWLRQ DERXW < r �� DUFVHFRQGV 5DQJH RI DFWXDWRU PRWLRQ

5RWDWLRQ DERXW = r � DUFPLQXWHV &ROOHFWLQJ DUHD

&ROOHFWLQJ DUHD GULYHQ UHTXLUHPHQWV ZHUH OLPLWHG E\ LQFUHDVH LQ LPDJH VL]H IURP WKH WHOHVFRSH PLUURUV� 7KH UHTXLUHPHQW RQ

WKH PLUURUV LV WKDW ��� RI WKH FROOHFWHG )89 OLJKW DW ��� QP SDVV WKURXJK WKH )86( ���� DUFVHFRQG VOLW� )ORZ�GRZQ

EXGJHWLQJ RI WKLV UHTXLUHPHQW DOORZV FRPD IURP DERXW � DUFPLQXWH RI PLVDOLJQPHQW LQ ERWK URWDWLRQV�

�� '(6&5,37,21 2) 0,5525 $/,*10(17 0(7+2'

:KHQ WKH QRUPDO LQFLGHQFH )86( GHVLJQ ZDV FRQFHLYHG LQ ����� WKH EDVHOLQH PHWKRG IRU DOLJQLQJ WKH WHOHVFRSH PLUURUV WR

WKH VSHFWURJUDSK VOLWV ZDV WR XVH )89 OLJKW IURP D FROOLPDWRU V\VWHP� $ FXVWRP�EXLOW YDFXXP FKDPEHU DQG FRVWO\ V\VWHP

IRU PRYLQJ DQG ORFNLQJ GRZQ RSWLFDO HOHPHQWV ZRXOG KDYH EHHQ UHTXLUHG� 7KLV PHWKRG ZRXOG KDYH KDG WKH DGYDQWDJH RI

DOORZLQJ IRU ¦HQG�WR�HQG§ RSWLFDO WHVWLQJ� EXW WKDW UHTXLUHPHQW ZDV IXOILOOHG DV SDUW RI WKH VDWHOOLWH OHYHO WKHUPDO�YDFXXP

WHVW�
�

&RVW DQG VFKHGXOH FRQVWUDLQWV IRUFHG WKH DEDQGRQPHQW RI WKLV FRQFHSW LQ ����� $OWHUQDWLYH FRQFHSWV ZHUH LQYHVWLJDWHG� D

GRXEOH SDVV PHWKRG ZDV FKRVHQ� DQG SURFHGXUHV DQG *6( KDUGZDUH GHYHORSHG LQ ���� DQG ����� 7KH VHOHFWHG PHWKRG

PLQLPL]HG JURXQG VXSSRUW HTXLSPHQW �*6(� GHYHORSPHQW FRVW DQG HIIRUW� DQG DOORZHG IRU DOLJQPHQW WR EH FRPSOHWHG LQ

DSSUR[LPDWHO\ RQH PRQWK LQ SDUDOOHO ZLWK RWKHU DFWLYLWLHV� $ WHVW EHQFK ZDV VHW XS XVLQJ DQ RQ�D[LV SDUDEROLF PLUURU PDVNHG

GRZQ WR VLPXODWH D KDOI�VFDOH YHUVLRQ RI WKH )86( PLUURUV� :KLOH WKLV WHVW EHQFK ZDV XVHIXO� LW ZDV QRW IXOO\ H[SORLWHG GXH

WR VWDIILQJ OLPLWDWLRQV�

���� 6XPPDU\ RI JHQHUDOL]HG DOLJQPHQW UHTXLUHPHQWV

6LPSOLILHG� WKH GHVLUHG HQG UHVXOW RI WKH )86( SULPDU\ PLUURU DOLJQPHQW ZDV WR KDYH DOO IRXU PLUURUV© RSWLFDO D[HV SDUDOOHO

WR RQH DQRWKHU DQG SDVVLQJ WKURXJK WKHLU UHVSHFWLYH VSHFWURJUDSK VOLWV LQ WKH SODQH RI WKH IRFDO SODQH DVVHPEOLHV �)3$��

7KHVH UHTXLUHPHQWV DOORZ DOO IRXU FKDQQHOV WR REVHUYH D VLQJOH FROOLPDWHG VRXUFH� :KLOH WKH PLUURUV GR KDYH DFWXDWRUV WKDW

°
7KH -RKQV +RSNLQV 8QLYHUVLW\� $SSOLHG 3K\VLFV /DERUDWRU\� ����� -RKQV +RSNLQV 5RDG� /DXUHO� 0DU\ODQG ����������



DOORZ FRDOLJQPHQW WR EH GRQH LQ IOLJKW� WKH DPRXQW RI PRWLRQ XVHG PXVW EH NHSW VPDOO WR DYRLG WKH LQWURGXFWLRQ RI

VLJQLILFDQW FRPD LQWR WKH V\VWHP�

7KH RSWLFDO D[HV PXVW DOVR EH SDUDOOHO WR WKH LQVWUXPHQW OLQH RI VLJKW� 7KLV UHTXLUHPHQW SUHYHQWV OLJKW ORVV WKURXJK WKH

V\VWHP� E\ LQVXULQJ WKDW WKH EDIIOHV DQG WKH VSHFWURJUDSK GLIIUDFWLRQ JUDWLQJV DUH DOLJQHG WR WKH HQWUDQFH SXSLO RI WKH V\VWHP�

7KH ILQDO UHTXLUHPHQW ZDV WR KDYH WKH SULPDU\ PLUURUV IRFXVHG WR WKHLU UHVSHFWLYH VOLWV� )OLJKW DFWXDWRUV DUH DOVR SURYLGHG

IRU IRFXV� EXW WKHLU XVDJH LV OLPLWHG WR FRUUHFWLRQ RI VPDOO UHVLGXDO HUURUV IURP WKH DOLJQPHQW SURFHVV� DV ZHOO DV FKDQJHV WKDW

RFFXU LQ IOLJKW VXFK DV VWUXFWXUDO VKULQNDJH FDXVHG E\ ZDWHU GHVRUSWLRQ�

���� 6XPPDU\ RI DOLJQPHQW PHWKRG

7KH PHWKRG XVHG IRU DOLJQPHQW ZDV FRPSULVHG RI WKH IROORZLQJ WDVNV�

x 'HWHUPLQDWLRQ RI SULPDU\ PLUURU RSWLFDO D[HV DQG WUDQVIHU RI DQJXODU LQIRUPDWLRQ WR UHIHUHQFHV

x 'HWHUPLQDWLRQ RI LQVWUXPHQW OLQH RI VLJKW DQG WUDQVIHU RI DQJXODU LQIRUPDWLRQ WR UHIHUHQFHV

x 5RWDWLRQDO DOLJQPHQW RI SULPDU\ PLUURUV WR LQVWUXPHQW OLQH RI VLJKW XVLQJ UHIHUHQFHV

x $OLJQPHQW RI DQ DXWRFROOLPDWLQJ IODW WR WKH LQVWUXPHQW OLQH RI VLJKW

x 3URMHFWLQJ OLJKW EDFNZDUGV WKURXJK WKH VSHFWURJUDSK VOLW WR GRXEOH SDVV RII WKH PLUURU� DQG WUDQVODWLQJ WKH PLUURU WR

PRYH WKH UHWXUQ LPDJH RQWR WKH VOLW

x ([DPLQLQJ WKH IRFXV RI WKH UHWXUQ LPDJH� DQG SLVWRQLQJ WKH PLUURU WR SURGXFH EHVW IRFXV RQ WKH VDPH SODQH DV WKH VOLW

LWVHOI

���� 0HWKRG XVHG IRU DOLJQPHQW

'XULQJ RSWLFDO WHVWLQJ RI WKH SULPDU\ PLUURU DVVHPEOLHV� DQ LQWHUIHURPHWHU ZDV

XVHG WR GHWHUPLQH EHVW DOLJQPHQW RI WKH PLUURU WR DQ DXWRFROOLPDWLQJ IODW LQ

GRXEOH�SDVV PRGH� 7KH QRUPDO WR WKH IODW ZDV WKHUHE\ DVVXPHG WR EH SDUDOOHO WR

WKH SULPDU\©V RSWLFDO D[LV� 7KHRGROLWHV ZHUH WKHQ XVHG WR PHDVXUH WKH DQJOHV

EHWZHHQ WKH QRUPDO DQG WZR DOLJQPHQW UHIHUHQFHV DWWDFKHG WR RUWKRJRQDO VLGHV

RI WKH SULPDU\�

$ VXUYH\ RI WKH VWUXFWXUH ZDV FRQGXFWHG XVLQJ WKHRGROLWHV DQG WLOW OHYHOV WR

GHWHUPLQH WKH OLQH RI VLJKW RI WKH LQVWUXPHQW� %DVHG RQ WKLV GDWD� WKHRGROLWH

PHWURORJ\ ZDV XVHG WR SODFH WKH RSWLFDO D[HV RI WKH LQVWUXPHQW DQG WKH SULPDU\

PLUURUV DORQJ WKH ]HQLWK YHFWRU� DQG DOLJQ WKH DXWRFROOLPDWLQJ IODW QRUPDOV

SDUDOOHO WR WKH JUDYLW\ YHFWRU�

7KH VSHFWURJUDSK VOLW ZDV WKHQ EDFNOLW� /LJKW IURP WKH VOLW ILOOHG WKH SULPDU\

PLUURU DQG ZDV FROOLPDWHG� 7KH FROOLPDWHG EHDP ZDV DXWRUHIOHFWHG IURP WKH IODW

PLUURU EDFN WR WKH SULPDU\� ZKLFK IRFXVHG LW EDFN QHDU WKH VOLW� $ PLFURVFRSH

ZDV XVHG WR GHWHUPLQH WKH LPDJH ORFDWLRQ� 7KH PLUURU ZDV WKHQ WUDQVODWHG LQ ;

DQG < WR SODFH WKH UHWXUQ LPDJH RI WKH VOLW YHU\ FORVH WR WKH VOLW LWVHOI �)LJXUH ���

7KH UHWXUQ LPDJH ZDV WKHQ H[DPLQHG ZLWK WKH PLFURVFRSH� DQG D PHDVXUHPHQW

PDGH RI IRFXV ORFDWLRQ ZLWK UHVSHFW WR WKH VOLW SODQH� 7KH SULPDU\ PLUURU ZDV

WKHQ DGMXVWHG LQ IRFXV WR FRUUHFW DQ\ GLIIHUHQFH IRXQG� 7KH SURFHVV ZDV UHSHDWHG

VHYHUDO WLPHV XQWLO DOO HUURUV ZHUH ZLWKLQ WROHUDQFH VLPXOWDQHRXVO\�

��� &RQWDPLQDWLRQ FRQWURO

7KH )86( RSWLFV KDYH WLJKW FRQWDPLQDWLRQ UHTXLUHPHQWV� FDXVHG E\ WKHLU XVH LQ

WKH )89� 6XUIDFH UHTXLUHPHQWV DUH OHYHO ��� $��� DV GHVFULEHG LQ 0,/�67'�

3ULPDU\ 0LUURU

��� PP 3HOOLFOH

)3$

DXWRFROOLPDWLRQ IODW

���� PP

0LFURVFRSH

/LJKW

)LJXUH �� 2SWLFDO 3DWK IRU $OLJQPHQW



����&� 7KLV LV URXJKO\ WKH HTXLYDOHQW RI YLVXDOO\ GHWHFWLQJ �� RU IHZHU SDUWLFOHV RYHU WKH HQWLUH DUHD RI WKH PLUURU VXUIDFH�

XVLQJ D VWURQJ ZKLWH OLJKW LQ D GDUNHQHG URRP� 7KH OLPLWV RQ PROHFXODU FRQWDPLQDWLRQ ZHUH IXUWKHU GHILQHG WR DYHUDJH d

��� QP WKLFNQHVV RI K\GURFDUERQV RYHU WKH HQWLUH VXUIDFH� ZKLFK IRU PRVW VXEVWDQFHV LV OHVV WKDQ RQH PROHFXODU OD\HU�

7ZR RI WKH PLUURU DQG JUDWLQJ SDLUV DUH FRDWHG ZLWK $O � /L)� ZKLFK LV K\JURVFRSLF� 7KLV W\SH RI FRDWLQJ TXLFNO\ ORVHV LWV

89 UHIOHFWLYLW\ LQ ¦QRUPDO§ URRP KXPLGLW\ RI ��� RU PRUH� ,Q RUGHU WR SUHYHQW WKLV ORVV RI UHIOHFWLYLW\� WKH RSWLFV ZHUH

SURWHFWHG E\ D VPDOO� VHDOHG� QLWURJHQ�SXUJHG HQYLURQPHQW GXULQJ WKH YDVW PDMRULW\ RI LQVWUXPHQW LQWHJUDWLRQ� $OWKRXJK

DOLJQPHQW ZDV SHUIRUPHG LQ D FODVV ��N FOHDQURRP� ZLWK FRQWUROOHG KXPLGLW\� UHTXLUHPHQWV ZHUH LPSRVHG WR QRW H[SRVH WKH

RSWLFDO HOHPHQWV WR WKHVH FRQGLWLRQV IRU PRUH WKDQ WHQV RI PLQXWHV WRWDO� 7KLV UHTXLUHPHQW� FRPELQHG ZLWK RXU HVWLPDWH RI

WKH WLPH UHTXLUHG WR FRPSOHWH WKH WDVN� IRUFHG WKH XVH RI D QLWURJHQ�SXUJHG HQYLURQPHQW IRU WKH DOLJQPHQW�

���� 5LVNV DVVRFLDWHG ZLWK WKLV DOLJQPHQW PHWKRG

:KLOH WKLV PHWKRG RI DOLJQPHQW ZDV UHODWLYHO\ VWUDLJKWIRUZDUG� DQG PXFK VLPSOHU LQ LPSOHPHQWDWLRQ WKDQ WKH RULJLQDO

YDFXXP )89 PHWKRG� LW GLG KROG VLJQLILFDQW ULVN� 7KH SULPDU\ ULVN ZDV WKDW LW UHTXLUHG D VHULHV RI PHDVXUHPHQWV� DW YDULRXV

OHYHOV RI DVVHPEO\� WKDW KDG OLPLWHG RSSRUWXQLWLHV IRU UHYHULILFDWLRQ� ,I DQ\ GDWXP IURP DQ\ VWHS ZDV LQ HUURU� LW ZRXOG KDYH

JRQH XQGHWHFWHG WKURXJK WKH DOLJQPHQW SURFHVV� UHVXOWLQJ LQ D PLVORFDWLRQ RI WKH SULPDU\ PLUURU ZLWK UHVSHFW WR WKH

VSHFWURJUDSK VOLW� 7KH YDFXXP PHWKRG GLUHFWO\ GHPRQVWUDWHV ZKHWKHU WKH )89 LPDJHV DUH VPDOO HQRXJK WR EH ZLWKLQ

UHTXLUHPHQWV� 7KH PHWKRG XVHG RQ )86(� KRZHYHU� IRUFHG YHULILFDWLRQ WR ZDLW XQWLO WKH RSWLFDO HQG�WR�HQG WHVW� ZKLFK

RFFXUUHG PXFK ODWHU LQ WKH IORZ� ZKHQ HUURUV ZRXOG KDYH EHHQ H[WUHPHO\ GLIILFXOW WR FRUUHFW�

:KLOH H[WUHPH FDUH ZDV XVHG WR SUHYHQW D FRQWDPLQDWLRQ HYHQW� WKHUH ZDV QR GLUHFW PHWKRG WR PRQLWRU IRU RQH� +XPLGLW\ RI

WKH SXUJHG HQYLURQPHQW ZDV REVHUYHG� DQG RSWLFDO ZLWQHVV PLUURUV FKHFNHG IRU UHIOHFWLYLW\ DIWHU DOLJQPHQW� EXW WKHUH ZDV

ULVN WKDW DQ DFFLGHQW ZRXOG RFFXU XQNQRZQ XQWLO ZHOO DIWHU WKH IDFW�

�� 35(�&$/,%5$7,21 2) 5()(5(1&( )/$76

7KH ILUVW VWHS RI WKH DOLJQPHQW SURFHVV RFFXUUHG ZKLOH WKH SULPDU\ PLUURUV ZHUH EHLQJ IDEULFDWHG DQG DVVHPEOHG� $W WKDW

WLPH� PHDVXUHPHQWV ZHUH PDGH UHODWLQJ WKH PLUURU RSWLFDO D[HV WR DOLJQPHQW UHIHUHQFHV RQ WKH VLGHV RI WKH PLUURU VXEVWUDWHV�

���� 3ULPDU\ PLUURU FRQILJXUDWLRQ

7KH RII�D[LV VHFWLRQV RI WKH )86( PLUURUV GR QRW FRQWDLQ WKH SDUDEROD YHUWH[� 7KH LVVXH RI DOLJQPHQW UHIHUHQFHV ZDV

FRQVLGHUHG HDUO\ LQ WKH GHVLJQ RI WKH PLUURUV� OHDGLQJ WR WKH LQFRUSRUDWLRQ RI DOLJQPHQW IODWV SROLVKHG LQWR WKH VLGHV RI WKH

PLUURU VXEVWUDWHV �)LJXUH ��� 7KH SROLVKHG VXUIDFH LV RQ D UDLVHG ERVV FUHDWHG GXULQJ JULQGLQJ RI WKH VXEVWUDWH� SURMHFWLQJ �

PP RXW IURP WKH VXEVWUDWH HGJH� DSSUR[LPDWHO\ �� PP VTXDUH� 7KH IODWV DUH ORFDWHG LQ WKH FHQWHU RI HDFK PLUURU VLGH H[FHSW

WKDW QHDUHVW WR WKH YHUWH[� 2QO\ WZR RUWKRJRQDO IODWV DUH QHHGHG IRU DOLJQPHQW SXUSRVHV� EXW WKUHH ZHUH LQFOXGHG WR PDNH WKH

VXEVWUDWHV LQWHUFKDQJHDEOH RQ WKH RSWLFDO EHQFK�

���� 3ULPDU\ PLUURU FRQWDPLQDWLRQ FRQWURO

/LQH�RI�VLJKW DFFHVV WR WKH IODWV LV YLD SRUWV LQ WKH VLGHV RI D WKLQ� FRPSRVLWH� WKHUPDOO\ UHJXODWHG ¦SLH�SDQ§ VXUURXQGLQJ

HDFK PLUURU� ZKLFK DOVR IRUPV SDUW RI WKH SXUJH HQFORVXUH� 7KH RULJLQDO SODQ ZDV WR LQVWDOO ZLQGRZV LQ WKH SRUWV GXULQJ

,	7 WR DOORZ WKH IODWV WR EH YLHZHG ZLWK D WKHRGROLWH DW DQ\ WLPH ZLWKRXW GLVWXUELQJ WKH PLUURU SXUJH� +RZHYHU� ZH GHFLGHG

LQ WKH HQG QRW WR FRDW WKH IODWV GXH WR VFKHGXOH DQG FRQWDPLQDWLRQ FRQFHUQV� DQG WKH ULVN WR WKH PLUURUV IURP DGGLWLRQDO

KDQGOLQJ� 7KLV FUHDWHG D SUREOHP IRU WKHRGROLWH ZRUN� KRZHYHU� EHFDXVH HTXDO�LQWHQVLW\ DXWRFROOLPDWLRQ LPDJHV ZRXOG EH

UHWXUQHG IURP ERWK VXUIDFHV RI WKH SRUW ZLQGRZV DV ZHOO DV WKH XQFRDWHG IODWV� 7KHUHIRUH� WKH SRUW FRYHUV ZHUH FRPSOHWHO\

UHPRYHG GXULQJ DOLJQPHQW PHDVXUHPHQWV� EXW RQO\ DV ORQJ DV QHHGHG WR DFWXDOO\ WDNH D WKHRGROLWH UHDGLQJ� 5HODWLYH

KXPLGLW\ UHDGLQJV ZHUH WDNHQ SHULRGLFDOO\ DW WKH SRUW RSHQLQJV EHIRUH WKH FRYHUV ZHUH UHLQVWDOOHG� DQG ZHUH FRQVLVWHQWO\ OHVV

WKDQ ����



���� $QJXODU FDOLEUDWLRQ

7ZR DQJOHV DUH LPSRUWDQW IRU HDFK UHIHUHQFH IODW� WKH ZHGJH EHWZHHQ WKH IODW DQG LWV FRUUHVSRQGLQJ PLUURU VLGH� DQG WKH

DQJOH EHWZHHQ WKH RSWLFDO D[LV DQG WKH VXUIDFH RI WKH IODW� 7KH ZHGJH DQJOH ZDV PHDVXUHG PHFKDQLFDOO\ WR EH � �

DUFPLQXWHV IRU DQ\ IODW� ZKLFK PHDQW DOO FRXOG EH DVVXPHG WR EH SDUDOOHO WR WKH PLUURU VLGHV IRU DOLJQPHQW SXUSRVHV� 7KH

DQJOH ZLWK UHVSHFW WR WKH RSWLFDO D[LV ZDV FDOLEUDWHG WZLFH� RQFH E\ WKH PLUURU YHQGRU GXULQJ ILQDO DFFHSWDQFH WHVWLQJ� DQG

DJDLQ DW -+8 EHIRUH GHOLYHU\ RI WKH PLUURU DVVHPEOLHV WR WKH ,	7 WHDP� %RWK FDOLEUDWLRQV ZHUH SHUIRUPHG LQ D GRXEOH�SDVV

DXWRFROOLPDWLRQ VHWXS DIWHU RSWLPL]LQJ WKH DOLJQPHQW RI WKH V\VWHP LQWHUIHURPHWULFDOO\� 7KH VHWXS XVHG DW -+8 WR PHDVXUH

WKH DQWL�YHUWH[�VLGH UHIHUHQFH IODW LV VKRZQ LQ )LJXUH �� $OLJQPHQW RI WKH )86( 2$3 WR WKH DXWRFROOLPDWLQJ �$&� PLUURU

ZDV DGMXVWHG IRU PLQLPXP UPV ZDYHIURQW HUURU DV UHSRUWHG E\ WKH LQWHUIHURPHWHU� 7KLV SXWV WKH RSWLFDO D[LV RI WKH 2$3

QRUPDO WR WKH VXUIDFH RI WKH $& PLUURU� 7KHRGROLWH 7� ZDV WKHQ DOLJQHG WR WKH $& PLUURU DQG 7� WR WKH UHIHUHQFH IODW� DQG

D]LPXWK UHDGLQJV WDNHQ� 7KH WKHRGROLWHV ZHUH WKHQ ERUHVLJKWHG WR HDFK RWKHU� D]LPXWK DQJOHV UHFRUGHG� DQG WKH DQJOH

EHWZHHQ WKH $& PLUURU DQG WKH UHIHUHQFH IODW FDOFXODWHG� 1RWH WKDW WKH ILJXUH HUURU RI WKH PLUURUV ZDV GHJUDGHG GXULQJ

DVVHPEO\ EXLOG�XS �IURP a����O WR ����O UPV�� ZKLFK PDNHV WKH DOLJQPHQW RI WKH DXWRFROOLPDWLRQ VHWXS OHVV GHWHUPLQDWH�

7KLV PRVW OLNHO\ DFFRXQWV IRU WKH W\SLFDO IHZ WR VHYHUDO WHQV RI DUFVHFRQGV GLIIHUHQFH EHWZHHQ WKH FDOLEUDWLRQV� H[FHSW IRU DQ

XQH[SODLQHG WZR DUFPLQXWH GLIIHUHQFH IRU RQH UHIHUHQFH IODW�

)LJXUH �� 0LUURU 5HIHUHQFH )ODWV )LJXUH �� 5HIHUHQFH )ODW &DOLEUDWLRQ 6HWXS

�� *5281' 6833257 (48,30(17 '(6,*1 $1' ,03/(0(17$7,21

7KH DOLJQPHQW JURXQG VXSSRUW HTXLSPHQW IRU WKH )86( SULPDU\ PLUURU DOLJQPHQW SURFHGXUH ZDV GHYHORSHG WR VDWLVI\ WKH

IROORZLQJ UHTXLUHPHQWV�

x 3URYLGH D GHSWK RI IRFXV RI OHVV WKDQ ��� PLFURQV

x &RQWDLQ WKH SULPDU\ PLUURU LQ D QLWURJHQ SXUJH HQYLURQPHQW

x ,PDJH WKH VOLW DQG UHWXUQ LQ RUGHU WR UHVROYH �� PLFURQV

x (VWDEOLVK WKH )86( RSWLFDO D[LV WR ZLWKLQ �� DUFVHFRQGV

7KHUH DUH IRXU PDMRU VXEV\VWHPV RI WKH HQWLUH DOLJQPHQW *6(� VRXUFH� DXWRFROOLPDWLQJ PLUURU VXSSRUW DVVHPEO\� )3$

LPDJLQJ DVVHPEO\� DQG PHWURORJ\ VXSSRUW VHWXS�

���� 6RXUFH

7KH VRXUFH FKRVHQ WR EDFN�LOOXPLQDWH WKH VOLW ZDV DQ LQH[SHQVLYH ILEHU RSWLF V\VWHP DYDLODEOH FRPPHUFLDOO\ RII�WKH�VKHOI� $

ODPS ZDV RXWILWWHG ZLWK D VL[WHHQ IRRW OHQJWK RI Ú LQFK GLDPHWHU ILEHU RSWLF� 7KLV DOORZHG WKH VRXUFH WR VWD\ DW IORRU OHYHO

ZKLOH WKH RXWSXW ZDV SRVLWLRQHG DERYH WKH )3$ �)LJXUH ��� $ FRQYHQLHQWO\ ORFDWHG EUDFNHW RQ D VXSSRUW VWUXW RI WKH



VSHFWURJUDSK DVVHPEO\ DOORZHG WKH ILEHU RSWLF WR EH KHOG E\ DQ DUWLFXODWLQJ VXSSRUW DUP� 7KLV JDYH JUHDW IOH[LELOLW\ LQ

PRYLQJ DQG SRVLWLRQLQJ WKH ILEHU VRXUFH EHKLQG WKH )3$ IRU PD[LPXP OLJKW WUDQVPLVVLRQ WKURXJK WKH VOLW�

)LJXUH �� )LEHU 6RXUFH DQG 0LFURVFRSH 1HDU )3$

���� 0LUURU 6XSSRUW $VVHPEO\

7KH ODUJHVW VHFWLRQ RI DOLJQPHQW *6( ZDV WKH DXWRFROOLPDWLQJ PLUURU VXSSRUW DVVHPEO\� 7KH GULYLQJ GHVLJQ FULWHULD RI WKLV

DVVHPEO\ ZDV WKH VL]H RI WKH DXWRFROOLPDWLQJ PLUURU UHTXLUHG WR DFKLHYH WKH DSSURSULDWH GHSWK RI IRFXV �'2)�� 7KH UHTXLUHG

)�� LV JLYHQ E\ WKH UHODWLRQVKLS�

'2) �O)��
�
RU )�� ��'2)���O�

$VVXPLQJ D ZDYHOHQJWK RI ��� QP IRU D ZKLWH OLJKW VRXUFH DQG D IRFDO OHQJWK RI ���� PP IRU WKH )86( SULPDU\ PLUURUV�

WKLV OHDGV WR DW OHDVW DQ )��� EHDP WR SURYLGH WKH UHTXLUHG GHSWK RI IRFXV RU D PLUURU RI DW OHDVW ��� PP LQ GLDPHWHU� :H

VHOHFWHG D ��� PP [ ��� PP UHFWDQJXODU O��� IODW ZKLFK ZRXOG SURYLGH DQ DSSUR[LPDWHO\ )�� EHDP DQG '2) RI ��

PLFURQV�

7R SUHSDUH WKH DXWRFROOLPDWLQJ PLUURU� D RQH LQFK DOLJQPHQW FXEH ZDV ERQGHG RQWR LWV UHDU VXUIDFH� 7KHRGROLWH PHWURORJ\

ZDV XVHG WR GHWHUPLQH WKH RULHQWDWLRQ RI DOO FXEH IDFHV ZLWK UHVSHFW WR WKH IODW QRUPDO� 7KLV LQIRUPDWLRQ ZDV ODWHU XVHG WR

DOLJQ WKH PLUURU WR WKH )86( RSWLFDO D[LV�

7KH QH[W LWHP FKRVHQ ZDV D ��� PP [ ��� PP FOHDU SHOOLFOH WKDW ZRXOG EH PRXQWHG QH[W WR WKH DXWRFROOLPDWLRQ PLUURU�

7KLV ZRXOG DOORZ SDVVDJH RI WKH LQFRPLQJ DQG RXWJRLQJ EHDPV EHWZHHQ WKH )3$ DQG WKH SULPDU\ PLUURU ZLWKRXW

LQWURGXFLQJ DQ\ VLJQLILFDQW IRFXV VKLIWV RU DEHUUDWLRQV �)LJXUH ��� $ EHDP PDS ZDV FUHDWHG WR GHWHUPLQH WKH KHLJKW DW ZKLFK

WKH PLUURU DQG SHOOLFOH KDG WR EH ORFDWHG DERYH WKH SULPDU\ PLUURU WR HQVXUH WKDW QR SDUW RI WKH EHDP ZRXOG EH YLJQHWWHG�

7KH PLUURU�SHOOLFOH QHHGHG WR EH DW OHDVW ���� PP DERYH WKH SULPDU\ PLUURU�

$ VXSSRUW SODWH IRU WKH PLUURU�SHOOLFOH DQG D VXSSRUW DVVHPEO\ IRU WKLV SODWH ZHUH GHVLJQHG WR LQWHUIDFH ZLWK WKH )86(

SULPDU\ VWUXFWXUH LQWHJUDWLRQ GROO\� $Q H[WUXGHG DOXPLQXP VXSSRUW IUDPH ZDV GHYHORSHG ZKLFK EROWHG RQWR WKH GROO\ DQG

VWUDGGOHG WKH SULPDU\ PLUURU DVVHPEOLHV RQ WKH PLUURU EHQFK� 7KLV IUDPH VXSSRUWHG WZR DOXPLQXP SODWHV ���� PP DERYH



WKH SULPDU\ PLUURUV� (DFK SODWH KHOG DQ DXWRFROOLPDWLQJ PLUURU DQG SHOOLFOH QH[W WR HDFK RWKHU ZLWK WKH PLUURU PRXQWHG

IDFH GRZQ LQ DQ DSHUWXUH LQ WKH SODWH� $QJXODU DGMXVWPHQW RI WKH DXWRFROOLPDWLQJ PLUURU ZDV PDGH XVLQJ WKUHH MDFN VFUHZV�

7KH SODWH DOVR IRUPHG D VHDO ZLWK WKH PLUURU ULP� DQG LQFOXGHG D VHULHV RI DOXPLQXP DQJOHV RQ WKH XQGHUVLGH ZKLFK IRUPHG

D SHULPHWHU DURXQG WKH DUHD RXWVLGH WKH PLUURU�SHOOLFOH� 7KHVH DQJOHV DOORZHG IRU D OXPDOOR\ EDJ WR EH WDSHG WR WKH

XQGHUVLGH RI WKH SODWH� 7KLV EDJ ZDV H[WHQGHG GRZQ WR WKH SULPDU\ PLUURU DVVHPEO\ DQG VHFXUHG WR WKH SLH SDQ� 7KLV

SURYLGHG WKH VHDOHG HQYLURQPHQW LQ ZKLFK D GU\ QLWURJHQ SXUJH FRXOG EH PDLQWDLQHG WR SURWHFW WKH PLUURU FRDWLQJ GXULQJ WKH

DOLJQPHQW SURFHVV� 1RWH WKDW ZLWQHVV VDPSOHV ZHUH XVHG WR PHDVXUH UHIOHFWLYLW\ EHIRUH DQG DIWHU DOLJQPHQW� DQG QR FKDQJHV

ZHUH UHFRUGHG�

���� )3$ LPDJLQJ DVVHPEO\

7KH )3$ LPDJLQJ DVVHPEO\ YLHZHG WKH )3$ VOLW DQG LWV UHWXUQ IURP WKH PLUURU DVVHPEO\� $ PLFURVFRSH ZDV UHTXLUHG WKDW

ZDV SRZHUIXO HQRXJK WR UHVROYH WKH )3$ VOLW DQG UHWXUQ� VPDOO HQRXJK WR EH PRXQWHG LQ WKH H[WUHPHO\ WLJKW HQYHORSH RI WKH

VSHFWURJUDSK VWUXFWXUH EHKLQG WKH )3$� DQG FRXOG EH SODFHG IDU HQRXJK DZD\ IURP WKH )3$ VXFK WKDW WKH ERG\ RI WKH

PLFURVFRSH ZRXOG QRW EORFN WKH LQFRPLQJ RU RXWJRLQJ OLJKW� 8SRQ HYDOXDWLRQ RI VHYHUDO V\VWHPV� D YLGHR PLFURVFRSH ZDV

FKRVHQ IRU LWV ��� WR � LQFK IRFDO GLVWDQFH DQG LWV UHVROYLQJ FDSDELOLW\� $JDLQ� ZH ZHUH DEOH WR WDNH DGYDQWDJH RI VRPH

FRQYHQLHQWO\ SODFHG PRXQWLQJ KROHV RQ WKH VSHFWURJUDSK VWUXFWXUH WR FUHDWH D EUDFNHW ZKLFK KHOG D WKUHH D[LV WUDQVODWRU

XSRQ ZKLFK WKH PLFURVFRSH ZDV PRXQWHG� $ VPDOO &&' FDPHUD ZDV WKHQ DWWDFKHG WR WKH PLFURVFRSH DQG LWV SRZHU DQG

YLGHR RXWSXW OHDGV URXWHG GRZQ WR IORRU OHYHO WR D YLGHR PRQLWRU� 7KH WKUHH D[LV WUDQVODWRU DOORZHG WKH PLFURVFRSH WR EH

PRYHG LQ RUGHU WR ILQG WKH LPDJHV DV ZHOO DV WR IRFXV RQ WKH VOLW RU LPDJH DV UHTXLUHG�

���� 0HWURORJ\ VHW�XS

$XWRFROOLPDWLQJ WKHRGROLWHV ZHUH XVHG WR HVWDEOLVK WKH RULHQWDWLRQ RI DOO UHOHYDQW FRPSRQHQWV RI WKH DOLJQPHQW V\VWHP� ZLWK

WKH REMHFWLYH RI SODFLQJ WKH RSWLFDO D[HV SDUDOOHO WR WKH JUDYLW\ YHFWRU� 7KH VSHFWURJUDSK KDG D PDVWHU UHIHUHQFH RSWLFDO FXEH

ZKLFK KDG EHHQ SUHYLRXVO\ PHDVXUHG WR WKH )86( RSWLFDO D[LV� 7KHRGROLWHV ZHUH SRVLWLRQHG WR DXWRFROOLPDWH RQ WKH

DSSURSULDWH FXEH IDFHV� DQG WKH OHYHOLQJ IHHW RI WKH LQWHJUDWLRQ GROO\ DGMXVWHG XQWLO WKH DXWRFROOLPDWLRQ UHWXUQV ZHUH DW WKH

NQRZQ HOHYDWLRQ YDOXHV WR SODFH WKH )86( RSWLFDO D[LV SDUDOOHO WR WKH JUDYLW\ YHFWRU�

7ZR DGGLWLRQDO WKHRGROLWHV ZHUH XVHG WR DXWRFROOLPDWH RQ WKH DOLJQPHQW IODWV RQ WKH VLGHV RI WKH SULPDU\ PLUURUV� 7KH

PHDVXUHPHQWV GHVFULEHG LQ VHFWLRQ ��� KDG FDOLEUDWHG WKH SRLQWLQJ GLUHFWLRQ RI WKHVH IODWV ZLWK UHVSHFW WR WKH SULPDU\ PLUURU

RSWLFDO D[LV� $JDLQ� WKH DSSURSULDWH HOHYDWLRQ YDOXHV ZHUH FDOFXODWHG DQG VHW RQ WKH WKHRGROLWHV� 0DQXDO DOLJQPHQW VFUHZV

XQGHU WKH SULPDU\ PLUURU DVVHPEOLHV ZHUH WKHQ DGMXVWHG LQ RUGHU WR EULQJ WKH SULPDU\ PLUURU RSWLFDO D[HV SDUDOOHO WR JUDYLW\

�)LJXUH ���

���� $OLJQPHQW SURFHGXUH IORZ

$ GHWDLOHG SURFHGXUH ZDV SUHSDUHG LQ DGYDQFH� GHVFULELQJ DOO VWHSV UHTXLUHG WR

DOLJQ WKH WHOHVFRSH PLUURUV�
�

7KH ILUVW VWHS LQ WKH SURFHGXUH ZDV WR SRVLWLRQ WKH VXSSRUW IUDPHZRUN DQG

PLUURU�SHOOLFOH SODWHV RYHU WKH DSSURSULDWH SULPDU\ PLUURUV� 7KH PLFURVFRSHV

DQG LOOXPLQDWLQJ ILEHUV ZHUH DOVR LQVWDOOHG DW WKH DSSURSULDWH ORFDWLRQV RQ WKH

VSHFWURJUDSK VWUXFWXUH� 7KH SXUJH EDJ ZDV WKHQ FRQVWUXFWHG EHWZHHQ WKH

PLUURU�SHOOLFOH SODWH DQG WKH SULPDU\ PLUURU SLH SDQ� 7KLV DOORZHG WKH UHPRYDO

RI WKH OH[DQ FRYHU ZKLFK QRUPDOO\ SURWHFWHG WKH SULPDU\ PLUURU VXUIDFH� 7KH

WKHRGROLWHV ZHUH WKHQ XVHG WR VHW WKH RSWLFDO D[HV RI WKH LQVWUXPHQW �YLD MDFNV

XQGHU WKH LQVWUXPHQW GROO\�� WKH DXWRFROOLPDWLRQ PLUURU� DQG WKH SULPDU\ PLUURU

SDUDOOHO WR JUDYLW\ UHIHUHQFH�

$W WKLV SRLQW� WKH LOOXPLQDWLQJ ILEHU ZDV SRVLWLRQHG EHKLQG WKH )3$ VOLWV LQ RUGHU

WR SURMHFW OLJKW WKURXJK WKH SHOOLFOH WR WKH SULPDU\ PLUURU� 7KH PRVW GLIILFXOW

SDUW ZDV WKHQ WR GHWHUPLQH ZKHUH WKH UHWXUQ LPDJH ZDV ORFDWHG� ,W ZDV XVXDOO\

+X

+Y
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telescope to gravity
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gravity via reference  cube
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level and set roll of 
primary mirror

)LJXUH �� 7KHRGROLWH 6HW 8S



IRXQG RQ RU QHDU WKH )3$ XVLQJ D SLHFH RI FOHDQ URRP SDSHU DV D YLHZLQJ VFUHHQ� 2QFH IRXQG� WKH LPDJH ZDV PRYHG RQWR

WKH )3$ QHDU WKH VOLWV E\ WUDQVODWLQJ WKH SULPDU\ PLUURU KRUL]RQWDOO\ DORQJ LQVWUXPHQW ; DQG < D[HV� 7KH YLGHR PLFURVFRSH

FRXOG WKHQ EH SRVLWLRQHG WR YLHZ ERWK WKH )3$ VOLW DQG LWV UHWXUQ LPDJH� 7KH SULPDU\ PLUURU DVVHPEO\ ZDV WKHQ PRYHG LQ ;

DQG < WR SRVLWLRQ WKH UHWXUQ LPDJH GLUHFWO\ RQ WKH VOLW DQG DOVR PRYHG LQ = WR IRFXV WKH LPDJH DW WKH )3$� 7KH ; DQG <

PRWLRQ ZDV LQLWLDOO\ GRQH XVLQJ WZR WUDQVODWLRQDO VWDJHV� EXW ZH TXLFNO\ GLVFRYHUHG WKDW PDQXDO PRWLRQ SURGXFHG EHWWHU

UHVXOWV� DQG WKH VWDJHV ZHUH GLVFDUGHG� 7KH PLFURVFRSH LPDJHV RI WKH VOLW DQG UHWXUQ ZHUH UHFRUGHG E\ FRQQHFWLQJ WKH YLGHR

RXWSXW WR D IUDPH JUDEEHU LQVWDOOHG LQ D SHUVRQDO FRPSXWHU �)LJXUH ���

$IWHU DOLJQPHQW� WKH PLUURU DVVHPEO\ ZDV VHFXUHG LQ SRVLWLRQ DQG SLQQHG� 7KH VDPH VHW�XS DQG SURFHGXUH ZDV WKHQ XVHG WR

YHULI\ WKDW WKH PLUURU DOLJQPHQW VWLOO PHW DOO FULWHULD DIWHU SLQQLQJ ZDV DFFRPSOLVKHG�

)LJXUH �� 6OLW �7RS� DQG 5HWXUQ ,PDJH

�� 27+(5 $/,*10(176 3(5)250('

���� 0LUURU DSHUWXUH VWRS

7KH )86( PLUURUV HDFK KDYH DQ DGMXVWDEOH DSHUWXUH VWRS ORFDWHG MXVW DERYH WKHLU UHIOHFWLQJ VXUIDFHV� 7KHVH VWRSV DUH

LQGHSHQGHQWO\ DGMXVWDEOH RQ DOO IRXU VLGHV� DQG PDWFK WKH WZR FXW�RII FRUQHUV RI WKH JUDWLQJV� 0LUURU DSHUWXUH VWRS

DOLJQPHQW LQYROYHG PDSSLQJ WKH SURMHFWLRQ RI WKH JUDWLQJV RQWR WKH PLUURUV XVLQJ D ODVHU SURMHFWHG WKURXJK WKH VSHFWURJUDSK

VOLWV� 7KH VL[ FRUQHUV RI WKH JUDWLQJ VWRSV ZHUH GHWHUPLQHG DV FULWLFDO PDSSLQJ IHDWXUHV� 7KH )3$©V FRQWDLQ D VHW RI WKUHH

VOLWV ��� ����� DQG �� DUFVHFRQG� O\LQJ DORQJ D OLQH SDUDOOHO WR WKH <�D[LV� UHTXLULQJ ERWK H[WUHPH VOLWV WR EH XVHG DQG WKHUHE\

FUHDWLQJ WZR VOLJKWO\ RIIVHW SURMHFWLRQV� 7KH DSHUWXUH VWRSV ZHUH WKHUHIRUH SRVLWLRQHG LQ RUGHU WR XQGHUILOO WKH JUDWLQJV

WKURXJK DQ\ VOLW�

7KH KDUGZDUH FRQVLVWHG RI D FROOLPDWHG ODVHU VRXUFH DQG D VPDOO DGMXVWDEOH WXUQLQJ PLUURU� 7KH ODVHU ZDV VHW XS DZD\ IURP

WKH LQVWUXPHQW DQG DLPHG WR VHQG LWV EHDP KRUL]RQWDOO\ RYHU WR WKH WXUQLQJ PLUURU� 7KH WXUQLQJ PLUURU ZDV WKHQ DOLJQHG

DERYH WKH SULPDU\ PLUURU VXFK WKDW LW VWHHUHG WKH EHDP GRZQ DORQJ WKH RSWLFDO D[LV WR EH UHIOHFWHG RII WKH PLUURU DQG XS

WKURXJK WKH VOLW� 7KH SUHYLRXV DOLJQPHQW RI WKH PLUURU WR WKH VOLW DVVXUHG WKDW WKH LQFRPLQJ EHDP ZDV SDUDOOHO WR WKH RSWLFDO

D[LV LQ WKLV FRQILJXUDWLRQ� 7KLV LWHUDWLYH DOLJQPHQW SURFHVV FRXOG EH TXLWH FXPEHUVRPH� DV QRW RQO\ GLG WKH DQJXODU SRVLWLRQ

KDYH WR EH IDLUO\ DFFXUDWH� EXW WKH EHDP DOVR QHHGHG WR VWULNH WKH PLUURU DW LWV DSSURSULDWH PDSSLQJ SRLQW �VHH )LJXUH ���

)RUWXQDWHO\� YLHZLQJ WKH ODVHU VSRW RQ WKH JUDWLQJ ZDV DFWXDOO\ DLGHG E\ WKH KLJK OHYHOV RI GLIIUDFWLRQ WKURXJK WKH VPDOO VOLWV�

ZKLFK IRUPHG ¨FURVVKDLUV© WKDW UHPRYHG WKH JXHVVZRUN RI WDUJHWLQJ WKH JUDWLQJ©V UDGLXVHG FRUQHUV� 7KH VWRSV ZHUH ILQDOO\

SRVLWLRQHG WR RYHUVKDGRZ WKH HGJHV RI WKH JUDWLQJV E\ DERXW � PP WR SURYLGH PDUJLQ IRU SRVVLEOH PRYHPHQW� 2QFH DOO WKH

VWRSV ZHUH LQ WKHLU GHVLUHG ORFDWLRQV� WKH\ ZHUH ORFNHG LQWR SODFH� DQG YHULILHG D ILQDO WLPH�

$JDLQ� H[SRVXUH RI WKH RSWLFDO FRDWLQJV ZDV DQ LVVXH� VR D SOH[LJODVV FRYHU ZLWK VPDOO� FRYHUDEOH SRUWV LQ WKH GHVLUHG

ORFDWLRQV ZDV SODFHG RYHU WKH PLUURUV� ZKLOH D VLPSOH WKLQ VKHHW RI WUDQVSDUHQW Q\ORQ SURWHFWHG WKH JUDWLQJV� 7KLV

SURFHGXUH� KRZHYHU� ZDV GRQH RQO\ RQ WKH 6L& FKDQQHOV� DV LW ZDV GHFLGHG WKDW WKH H[SRVXUH RI WKH /L) FRDWLQJV ZRXOG OLNHO\

GHJUDGH WKH VLJQDO PRUH WKDQ VLPSO\ VHWWLQJ WKH VWRSV DW WKHLU VPDOOHVW DSHUWXUH� :H IHOW VHFXUH LQ WKLV DVVXPSWLRQ DIWHU WKH

6L& FKDQQHO VWRSV ZRXQG XS LQ WKHLU SUHGLFWHG ORFDWLRQV�



)LJXUH �� $SHUWXUH 6WRS $OLJQPHQW 'LDJUDP

���� %DIIOH LQWHUIHUHQFH FKHFNRXW DQG DOLJQPHQW

2QH RI WKH REMHFWLYHV RI WKH EDIIOH YHULILFDWLRQ SODQ ZDV WR GHWHUPLQH LI WKH )3$ DSHUWXUHV DQG EDIIOH YDQHV ZHUH SODFHG

FRUUHFWO\ ZLWK UHVSHFW WR HDFK RWKHU� $ PLVDOLJQPHQW RI WKHVH IHDWXUHV FRXOG FDXVH WKH LQFRPLQJ OLJKW IURP WKH SULPDU\

PLUURU WR EH YLJQHWWHG ZLWK D FRUUHVSRQGLQJ ORVV RI VLJQDO� $ QRYHO ZD\ ZDV GHYHORSHG WR SODFH D WKHRGROLWH WHOHVFRSH DW WKH

H[DFW SRVLWLRQ RI WKH LQERDUG DQG RXWERDUG HGJHV RI WKH SULPDU\ PLUURU ZLWK UHVSHFW WR WKH EDIIOH UHIHUHQFHV� $Q RSHUDWRU

FRXOG WKHQ YLHZ GLUHFWO\ RU VKLQH D OLJKW WKURXJK WKH WHOHVFRSH DQG VHH DQ\ SRWHQWLDO LQWHUIHUHQFHV�

7KH ILUVW VWHS LQYROYHG SODFLQJ DQ RSWLFDO FXEH RQ WKH EDIIOH VWUXFWXUH WR VHUYH DV D IXWXUH UHIHUHQFH� 2QFH ERQGHG� VWDQGDUG

WKHRGROLWH PHWURORJ\ PHWKRGV ZHUH XVHG WR GHWHUPLQH WKH RULHQWDWLRQ RI WKH FXEH ZLWK UHVSHFW WR WKH EDIIOH FRRUGLQDWH

V\VWHP� 7KH EDIIOH FRRUGLQDWH V\VWHP ZDV GHILQHG ZKHQ WKH EDIIOH ZDV SODFHG RQ LWV PRXQWLQJ SRLQWV RQ D OHYHOHG VXUIDFH

WDEOH� ZKLFK IL[HG WKH WLS�WLOW RI WKH ; D[LV SDUDOOHO WR JUDYLW\� 7KH GLUHFWLRQ RI WKH = D[LV ZDV GHWHUPLQHG E\ KDYLQJ D

WKHRGROLWH �7�� SRVLWLRQHG WR VLJKW DORQJ WKH OHQJWK RI WKH EDIIOH VXFK WKDW LW ZDV SDUDOOHO WR WKH VWUXFWXUH ORQJHURQ �)LJXUH

��� 7UDQVIHUULQJ WKLV FRRUGLQDWH V\VWHP WR WKH RSWLFDO FXEH SURYLGHG D UHIHUHQFH IRU IXWXUH EDIIOH YHULILFDWLRQ PHDVXUHPHQWV

DQG DOLJQPHQW RI WKH EDIIOH WR WKH LQVWUXPHQW�

7KH YDQH DQG DSHUWXUH YHULILFDWLRQ SURFHGXUH WRRN DGYDQWDJH RI WKH IDFW WKDW WKH WKHRGROLWHV EHLQJ XVHG KDG D UHIHUHQFH PDUN

RQ WKH VLGH RI WKH WKHRGROLWH ERG\ ZKLFK LV ORFDWHG RQ WKH WHOHVFRSH HOHYDWLRQ D[LV DQG GLVSODFHG D NQRZQ GLVWDQFH IURP WKH

WHOHVFRSH RSWLFDO D[LV� 7KLV VXEMHFW WKHRGROLWH �7� LQ ILJXUH� ZDV DOLJQHG WR WKH EDIIOH D[HV E\ UHIHUHQFLQJ WKH EDIIOH RSWLFDO

FXEH� DQG WKHQ RIIVHW E\ NQRZQ DPRXQWV LQ HOHYDWLRQ WR VLPXODWH D UD\ RULJLQDWLQJ IURP RQH RI WKH PLUURU H[WUHPHV� $

WKHRGROLWH FRRUGLQDWH PHDVXUHPHQW V\VWHP �&XELF 3UHFLVLRQ $,06 ,,,� WKHRGROLWHV 7� DQG 7�� ZDV VHW XS WR PHDVXUH NQRZQ

WDUJHWV RQ WKH EDIIOH DQG WKH UHIHUHQFH PDUN RQ WKH VLGH RI WKH VXEMHFW WKHRGROLWH� 7KH WKHRGROLWH ZDV WKHQ WUDQVODWHG DV

UHTXLUHG WR SXW LWV WHOHVFRSH RSWLFDO D[LV DW WKH H[DFW SRLQW ZKHUH WKH PLUURU H[WUHPHV ZRXOG EH� 7KLV ZDV DQ LWHUDWLYH

SURFHVV WKDW UHTXLUHG FRQWLQXDOO\ UH�DOLJQLQJ LQ D]LPXWK DQG HOHYDWLRQ XQWLO WKH DSSURSULDWH FRRUGLQDWH ORFDWLRQ ZDV

DFKLHYHG� 2QFH DOLJQHG� WKH WHOHVFRSH RSWLFDO D[LV ZDV FROLQHDU ZLWK WKH H[SHFWHG OLJKW SDWK RI D UD\ HPDQDWLQJ IURP WKDW

SRLQW RQ WKH PLUURU �)LJXUH ��� 7KH WKHRGROLWH RSHUDWRU VLPSO\ ORRNHG WKURXJK WKH WHOHVFRSH DQG IRFXVHG WKURXJK WKH EDIIOH

DSHUWXUH� $Q\WKLQJ YLHZHG RQ WKH WKHRGROLWH UHWLFOH ZRXOG EH FRQVLGHUHG DQ REVWUXFWLRQ� $ EULJKW OLJKW ZDV DOVR VXEVWLWXWHG

IRU WKH DXWRFROOLPDWLRQ ODPS VXFK WKDW WKH WKHRGROLWH DFWXDOO\ SURMHFWHG D EHDP RI OLJKW WKURXJK WKH EDIIOH� ,QWHUIHUHQFHV

IURP WKH EDIIOH YDQHV DQG WKH )3$ DSHUWXUHV FRXOG WKHQ EH VHHQ E\ REVHUYHUV YLHZLQJ ORFDWLRQV IURP ZKHUH WKH OLJKW EHDP

ZDV UHIOHFWLQJ� 7KLV SURFHVV ZDV UHSHDWHG IRU WZR ORFDWLRQV SHU EDIIOH WXEH UHSUHVHQWLQJ WKH LQERDUG DQG RXWERDUG HGJHV RI

WKH SULPDU\ PLUURUV�

7KH RSWLFDO UHIHUHQFH FXEH ZDV XVHG WR YHULI\ WKH DOLJQPHQW RI WKH EDIIOH DVVHPEO\ RQFH LQWHJUDWHG WR WKH LQVWUXPHQW

VWUXFWXUH� $JDLQ VWDQGDUG WKHRGROLWH PHWURORJ\ PHWKRGV ZHUH XVHG WR PHDVXUH WKH RULHQWDWLRQ RI WKH EDIIOH UHIHUHQFH FXEHV

ZLWK UHVSHFW WR WKH LQVWUXPHQW VWUXFWXUH UHIHUHQFH FXEHV� 7KH DQDO\]HG GDWD GHWHUPLQHG WKH ILQDO RULHQWDWLRQ RI WKH EDIIOH

D[HV ZLWK UHVSHFW WR WKH WHOHVFRSH RSWLFDO D[LV�
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)LJXUH �� %DIIOH $SHUWXUH DQG $OLJQPHQW 9HULILFDWLRQ

���� 2SWLFDO SDWK FKHFNV

8SRQ ILQDO DVVHPEO\ RI WKH RSWLFDO V\VWHP� WKH UHVXOWLQJ RSWLFDO SDWKV ZHUH FKHFNHG IRU YLJQHWWLQJ RU RWKHU LQWHUIHUHQFHV�

7KH PDLQ SDWK RI FRQFHUQ ZDV IURP WKH PLUURUV WR WKH JUDWLQJV� WKURXJK WKH VOLWV DQG WKHLU DVVRFLDWHG )RFDO &DYLW\ &ORVHRXW

�)&&� DVVHPEOLHV� $JDLQ� DQ H[WHUQDO ODVHU GLUHFWLQJ D KRUL]RQWDO EHDP WR D WXUQLQJ PLUURU ZDV XVHG� 7KLV WLPH� KRZHYHU�

WKH WXUQLQJ PLUURU VWHHUHG WKH EHDP GLUHFWO\ XS WR WKH VOLWV UDWKHU WKDQ ERXQFLQJ LW RII WKH SULPDU\ PLUURU ILUVW� $OO SDWKV

ZHUH WKHQ FKHFNHG WR ORRN IRU IHDWXUHV REVWUXFWLQJ WKH EHDP�

7KH SURFHGXUH IRU HDFK FKDQQHO ZDV WR SRVLWLRQ WKH WXUQLQJ PLUURU DERYH WKH WHOHVFRSH PLUURU DQG ORFDWH WKH ODVHU RQ LW VXFK

WKDW� YLHZHG IURP WKH VOLW RU WKH JUDWLQJ� WKH DSSDUHQW VRXUFH ZDV MXVW RXWVLGH WKH DSHUWXUH VWRS� 7KLV ¨HOERZ URRP© ZDV RQ

WKH RUGHU RI �� PP� )URP HDFK RI WKH VL[ FRUQHUV RI WKH DSHUWXUH VWRS� WKH EHDP ZDV WKHQ GLUHFWHG WR WKH H[WHQWV RI WKH

)3$©V� DV ZHOO DV WKURXJK HDFK RI WKH WKUHH VOLWV� DQG HYDOXDWHG DV WR ZKHWKHU LW UHDFKHG WKH JUDWLQJ XQREVWUXFWHG�

'XULQJ WKLV SURFHVV LW ZDV GLVFRYHUHG WKDW QRW DOO FRPELQDWLRQV RI UD\ DQJOHV KDG EHHQ WDNHQ LQWR DFFRXQW ZKHQ GHVLJQLQJ

WKH )&&©V� DQG WKDW WKH ODVHU ZDV FOLSSHG E\ RQH RI LWV LQWHUQDO VXUIDFHV� 1RWH WKDW WKH )&&©V DUH D VHSDUDWH DVVHPEO\ IURP

WKH EDIIOH� DQG FRXOG RQO\ EH FKHFNHG IRU YLJQHWWLQJ DIWHU LQVWDOODWLRQ� 7KH SDUWV ZHUH UHPRYHG DQG UHZRUNHG WR

DFFRPPRGDWH WKH QHFHVVDU\ YLHZ DQJOHV� 7KH\ ZHUH WKHQ UHLQVWDOOHG DQG DOO RSWLFDO SDWKV ZHUH YHULILHG�

�� &21&/86,21

,Q JHQHUDO� WKH PHWKRG DQG LPSOHPHQWDWLRQ RI WKH RSWLFDO DOLJQPHQWV GHVFULEHG KHUHLQ ZHUH VDWLVIDFWRU\� 0HDVXUHG UHVXOWV

DUH VKRZQ �7DEOH ���



7DEOH �� 7HOHVFRSH 0LUURU $OLJQPHQW 5HVXOWV

'HJUHH RI )UHHGRP 0LUURU /L) �� 0LUURU /L) �� 0LUURU 6L& �� 0LUURU 6L& ��

; ORFDWLRQ HUURU

�XQFRUUHFWDEOH�

��� PP ��� PP  ��� PP ��� PP 

< ORFDWLRQ HUURU

�XQFRUUHFWDEOH�

��� PP  ��� PP ��� PP ���� PP

= �IRFXV� ���� PP  �� PP �� PP ���� PP 

5RWDWLRQ DERXW ; �IRU

FRDOLJQPHQW�

�� DUFVHFRQGV  �� DUFVHFRQGV  � DUFVHFRQGV � DUFVHFRQGV

5RWDWLRQ DERXW < �IRU

FRDOLJQPHQW�

� DUFVHFRQGV ��� DUFVHFRQGV  �� DUFVHFRQG �� DUFVHFRQGV

5RWDWLRQ DERXW =

�XQFRUUHFWDEOH�

��� DUFPLQXWHV ��� DUFPLQXWHV ���� DUFPLQXWHV ���� DUFPLQXWHV 

,WHPV PDUNHG ZLWK DQ  DUH RXWVLGH WKH RULJLQDO EXGJHWHG DOORFDWLRQ� 7KRVH LQ WKH WZR ¦ORFDWLRQ HUURU§ URZV ZHUH FORVH

HQRXJK WR WKH DOORZDEOH WKDW WKH\ ZHUH DFFHSWHG RYHU VFKHGXOH GHOD\V IRU FRUUHFWLYH DFWLRQ� 7KH IRFXV DQG ; DQG < URWDWLRQV

RXWVLGH RI DOORFDWLRQ ZHUH DFFHSWHG E\ UHEXGJHWLQJ WKH UDQJH RI PRWLRQ RI WKH IOLJKW PHFKDQLVPV� 7KH VLQJOH = URWDWLRQ

RXWVLGH DOORFDWLRQ ZDV DFFHSWHG DV WKH RULJLQDO EXGJHW ZDV GHWHUPLQHG WR KDYH EHHQ WRR WLJKW�

/LPLWHG GDWD IURP WKH RSWLFDO HQG�WR�HQG WHVW LQGLFDWHV WKDW QR JURVV HUURUV LQ SRVLWLRQLQJ ZHUH PDGH� EXW DUH QRW RI KLJK

HQRXJK TXDOLW\ WR VKRZ DJUHHPHQW ZLWK RXU PHDVXUHG HUURUV� ,QIRUPDWLRQ IURP LQ�IOLJKW DOLJQPHQW WHVWLQJ LV QRW \HW

DYDLODEOH�

6RPH OHVVRQV OHDUQHG DUH GHVFULEHG EHORZ�

���� 6FKHGXOH

7KH FRPSOHWH PLUURU DOLJQPHQW DFWLYLW\� LQFOXGLQJ SLQQLQJ DQG UHFKHFN� ZDV EDVHOLQHG WR WDNH DSSUR[LPDWHO\ RQH PRQWK RI

VWDQGDUG ZRUNLQJ KRXUV� $FWXDO UXQQLQJ WLPH ZDV DSSUR[LPDWHO\ GRXEOH WKLV� 7KHUH ZHUH VHYHUDO UHDVRQV IRU WKH GHOD\�

VXFK DV D ORQJHU OHDUQLQJ FXUYH WKDQ H[SHFWHG� WKH LQHIILFLHQF\ RI ZRUNLQJ URWDWLQJ VKLIWV �GD\�HYHQLQJ�� DQG HUURUV PDGH

GXULQJ WKH SURFHVV�

:KLOH ZH GLG VRPH EHQFK WHVWLQJ RI RXU SURFHGXUH LQ DGYDQFH� ZH ZRXOG KDYH VDYHG FRQVLGHUDEOH WLPH RQ WKH LQVWUXPHQW

VFKHGXOH©V FULWLFDO SDWK LI ZH KDG GRQH D KLJK�ILGHOLW\ WHVW RI WKH PHWKRG EHIRUHKDQG� 2XU OHDUQLQJ FXUYH GXULQJ WKH DFWLYLW\

ZDV YHU\ VWHHS� DQG RXU ODVW DOLJQPHQW WRRN DSSUR[LPDWHO\ RQH�WHQWK WKH WLPH RI WKH ILUVW� $ WHVW DQG SUDFWLFH VHVVLRQ RI WKH

PHWKRGV XVLQJ WKH IOLJKW VWUXFWXUH DQG DQ HQJLQHHULQJ WHVW XQLW PLUURU ZRXOG KDYH VXEWUDFWHG D PLQLPXP RI RQH WR WZR

ZHHNV RII WKH FULWLFDO SDWK�

���� &RVW

7KH FRVW RI WKLV DFWLYLW\ ZDV ZHOO FRQWUROOHG� RXWVLGH RI WKDW GLUHFWO\ DVVRFLDWHG ZLWK VFKHGXOH� :LWK WKH H[FHSWLRQ RI WKH

IUDPHZRUN WR KROG WKH IODWV� WKH PLFURVFRSHV� WKH SHOOLFOHV� DQG WKH PLUURU WUDQVODWRUV �ZKLFK ZHUH QRW XVHG�� DOO KDUGZDUH

XVHG ZDV H[LVWLQJ RU ERUURZHG IURP RWKHU LQVWLWXWLRQV�

���� 3URFHGXUH

7KH XVH RI D GHWDLOHG ZULWWHQ SURFHGXUH ZDV KHOSIXO IRU HQVXULQJ WKDW DOO UHTXLUHG KDUGZDUH ZDV LQ SODFH LQ DGYDQFH� DQG IRU

HVWDEOLVKLQJ D EDVLF PHWKRGRORJ\� ,W ZDV DOVR KHOSIXO IRU KDYLQJ D FORVHRXW FKHFNOLVW WR EH UHYLHZHG EHIRUH WKH HQG RI HDFK

PDMRU SKDVH RI WKH DOLJQPHQW� +RZHYHU� ZH TXLFNO\ IRXQG WKDW ZH ZHUH GHYLDWLQJ IURP WKH SURFHGXUH PXFK PRUH WKDQ

H[SHFWHG� DQG UHVRUWHG WR D FRPELQDWLRQ RI ODERUDWRU\ QRWHERRN DQG SURFHGXUH WR GRFXPHQW ZKDW ZDV GRQH� ,W LV RXU RSLQLRQ



WKDW VSHQGLQJ VRPHZKDW OHVV WLPH RQ SURGXFLQJ D YHU\ JRRG IRUPDO SURFHGXUH� DQG PRUH WLPH RQ SUDFWLFLQJ SDUWV RI WKH

SURFHGXUH RQ QRQ�IOLJKW KDUGZDUH ZRXOG KDYH EHHQ PRUH EHQHILFLDO WR WKH SURJUDP�

���� (UURUV 0DGH

7KH PRVW VLJQLILFDQW HUURU ZH PDGH ZDV DFFLGHQWDOO\ URWDWLQJ RQH DXWRFROOLPDWLQJ IODW ���q IURP LWV LQWHQGHG RULHQWDWLRQ�

UHVXOWLQJ LQ D VHYHUDO DUFPLQXWH HUURU LQ WKH GLUHFWLRQ LWV VXUIDFH QRUPDO� 7KH HUURU ZDV GLVFRYHUHG DIWHU WKH PLUURU KDG LWV

VKHDU SLQV LQVWDOOHG� GXULQJ WKH ILQDO DOLJQPHQW FKHFN� ZKHQ WKH LPDJH IHOO IDU IURP WKH VOLW� )RUWXQDWHO\� ZH ZHUH DEOH WR

UHPRYH WKH SLQV DQG FRUUHFW WKH DOLJQPHQW HUURU� ZLWK D FRVW RI DERXW � VKLIWV WLPH� :H ZHUH XQDEOH WR GHWHUPLQH WKH FDXVH

RI WKLV HUURU �WKH IODW ZDV PDUNHG� DQG WKH SURFHGXUH VSHFLILFDOO\ KDG XV FKHFN WKH URWDWLRQ��

7KHUH ZDV DOVR D ODUJH �DSSUR[LPDWHO\ WZR DUFPLQXWHV� GLIIHUHQFH LQ WKH FDOLEUDWLRQ RI WKH RSWLFDO D[LV DQJOH WR RQH PLUURU©V

UHIHUHQFH IODW EHWZHHQ PHDVXUHPHQWV PDGH DW WKH PLUURU YHQGRU DQG DW -+8� :H GHFLGHG WR XVH WKH QXPEHUV REWDLQHG DW

-+8� DV WKH\ KDG EHHQ PHDVXUHG ZLWK WKH PLUURU FORVHU WR LWV ILQDO FRQILJXUDWLRQ� 7KLV LV DOVR D IDLUO\ ¦VRIW§ HUURU DQG HYHQ

LI WKH YHQGRU©V QXPEHU ZDV FRUUHFW� ZRXOG UHVXOW LQ D YHU\ VOLJKW �QRW PHDVXUHDEOH LQ IOLJKW� ORVV LQ SHUIRUPDQFH�

$&.12:/('*(0(176

)86( LV VXSSRUWHG WKURXJK WKH ([SORUHUV 3URJUDP RIILFH DW *RGGDUG 6SDFH )OLJKW &HQWHU� DQG PDQDJHG ZLWKLQ WKH &HQWHU

IRU $VWURSK\VLFDO 6FLHQFHV DW 7KH -RKQV +RSNLQV 8QLYHUVLW\� 7KH DXWKRUV ZRXOG OLNH WR WKDQN 'DQ &DUULJDQ� -RUGDQ (YDQV�

7LP +RUQHU� 'RXJ 0F*XIIH\� 3DXO 1LNXOOD� 9LFNL 5REHUWV� DQG -XG\ <LHQJHU IRU WKHLU VXSSRUW RI WKLV DOLJQPHQW ZRUN� 7KLV

ZRUN ZDV VXSSRUWHG E\ 1$6$ FRQWUDFW 1$6��������

5()(5(1&(6

� (� :LONLQVRQ� -� *UHHQ� 6� 2VWHUPDQ� .� %URZQVEHUJHU� DQG '� 6DKQRZ� ¦,QWHJUDWLRQ� $OLJQPHQW� DQG ,QLWLDO 3HUIRUPDQFH 5HVXOWV RI

WKH )DU 8OWUDYLROHW 6SHFWURVFRSLF ([SORUHU �)86(� 6SHFWURJUDSK�§ 63,(� YRO� ����� SDJHV ������ ����
� -� *UHHQ� (� :LONLQVRQ� DQG 6� )ULHGPDQ� ¦7KH GHVLJQ RI WKH )DU 8OWUDYLROHW 6SHFWURVFRSLF ([SORUHU VSHFWURJUDSK�§ 63,(� YRO� �����

SDJHV ������ ����
� &� %RQG� &� 3LSDQ ¦+RZ WR $OLJQ DQ 2II�D[LV 3DUDEROLF 0LUURU§� 63,( YROXPH ����� SDJHV �������� ����
� 0� 5XGD� ,QWURGXFWLRQ WR 2SWLFDO $OLJQPHQW 7HFKQLTXHV� FODVV QRWHV IURP &ROOHJH RI (QJLQHHULQJ� 8QLYHUVLW\ RI :LVFRQVLQ�0DGLVRQ
� 6� &RQDUG� .� 5HGPDQ� 5� %DUNKRXVHU� '� 0F*XIIH\� 6� 6PHH� 5� 2KO� DQG *� .XVKQHU� ¦+DUGZDUH DQG PHWKRGV RI WKH RSWLFDO HQG�WR�

HQG WHVW RI WKH )DU�8OWUDYLROHW 6SHFWURVFRSLF ([SORUHU �)86(��§ 63,(� YRO� ���� � ���� �WKLV YROXPH�
� 6� &RQDUG ¦0LUURU ,QVWDOODWLRQ DQG $OLJQPHQW�§ )86(�7$3������ LQWHUQDO )86( GRFXPHQW


