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$EVWUDFW
$ ]LQF FRQWDLQLQJ PLFURSRURXV JDOORSKRVSKDWH ZLWK WKH 8/0�� VWUXFWXUH KDV EHHQ

K\GURWKHUPDOO\ V\QWKHVLVHG LQ WKH SUHVHQFH RI IOXRULGH LRQV DQG ����GLDPLQRKH[DQH DV D

VWUXFWXUH�GLUHFWLQJ DJHQW� ,W ZDV FKDUDFWHULVHG XVLQJ VLQJOH�FU\VWDO ;�UD\ GLIIUDFWLRQ

�5 ����� DQG ('$; HOHPHQWDO DQDO\VLV� 7KH FRPSRXQG FU\VWDOOLVHV LQ WKH RUWKRUKRPELF

VSDFH JURXS 3����� ZLWK XQLW FHOO SDUDPHWHUV D  ���������� c� E  ��������� c� F  
����������� c� ('$; DQDO\VLV UHYHDOHG XS WR ���� ZW�� RI ]LQF LQ WKH VWUXFWXUH� 7KH
H[DPLQDWLRQ RI *D�2 ERQG GLVWDQFHV VKRZHG WKDW ]LQF LV SUHIHUHQWLDOO\ ORFDWHG RQ RQH RI WKH
��FRRUGLQDWHG JDOOLXP VLWHV� 1R ]LQF ZDV IRXQG RQ WKH H[WUD�IUDPHZRUN SRVLWLRQV� 7KH WZR
����GLDPLQRKH[DQH WHPSODWH PROHFXOHV DUH ZHOO GHILQHG� 7KH QLWURJHQ DWRPV RQ ERWK
WHPSODWH PROHFXOHV DUH RUGHUHG DQG K\GURJHQ ERQGHG WR IUDPHZRUN R[\JHQ DQG IOXRULQH
DWRPV� 7KUHH RI WKH WZHOYH FDUERQ DWRPV DUH GLVRUGHUHG� HDFK RYHU WZR VLWHV�

,QWURGXFWLRQ

0ROHFXODU� VLHYHV� DUH� FU\VWDOOLQH� PDWHULDOV� ZLWK� RSHQ� IUDPHZRUN� VWUXFWXUHV�

DPRQJ�ZKLFK�]HROLWHV�DUH�WKH�PRVW�UHSUHVHQWDWLYH�JURXS��7KH\�DUH�ZLGHO\�XVHG�LQ�JDV

VHSDUDWLRQV�� LRQ� H[FKDQJH� DQG� FDWDO\VLV���5HFHQWO\��PDQ\� QHZ� ]HROLWH�OLNH� VWUXFWXUHV

VXFK� DV� DOXPLQRSKRVSKDWHV����� JDOORSKRVSKDWHV���� DQG� ]LQFRSKRVSKDWHV�� ZLWK� QHZ

SRVVLEOH� DSSOLFDWLRQV� KDYH� EHHQ� UHSRUWHG�� &RPSDUHG� WR� ]HROLWHV�� DOXPLQRSKRVSKDWHV

DQG� JDOORSKRVSKDWHV� SRVVHVV� PRUH� FRPSOLFDWHG� IUDPHZRUN� VWUXFWXUHV�� ZKLFK� UHVXOW

IURP� D� YDULHW\� RI� FRRUGLQDWLRQ� SRVVLELOLWLHV� RI� DOXPLQLXP� DQG� JDOOLXP� DWRPV�� 7KH

LQWURGXFWLRQ�RI� VPDOO� DPRXQWV�RI� WUDQVLWLRQ�PHWDO� DWRPV� VXFK� DV�&R��0Q��1L� HWF�� RQ

WKH�DOXPLQLXP�RU�JDOOLXP�IUDPHZRUN�VLWHV�FUHDWH�QHJDWLYH�FKDUJHV�LQ�RWKHUZLVH�QHXWUDO

IUDPHZRUNV��ZKLFK�PDNH� WKLV�PLFURSRURXV�PDWHULDOV� SRWHQWLDO� VROLG�DFLG� FDWDO\VWV����
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7KH� DPRXQWV� RI� LQFRUSRUDWHG� PHWDOV� GHSHQG� RQ� WKH� VWUXFWXUH� W\SH� DQG� FKHPLFDO

FRPSRVLWLRQ�RI�WKH�VSHFLILF�SKRVSKDWH�

6HYHUDO� SDSHUV� DERXW� WKH� V\QWKHVLV�� FKDUDFWHULVDWLRQ� DQG� FDWDO\WLF� SURSHUWLHV� RI

JDOORSKDVSKDWHV�KDYH�EHHQ�SXEOLVKHG�XQWLO�QRZ��ZLWK�WKH�HPSKDVLV�RQ�WKH�PRVW�ZHOO�

NQRZQ� RSHQ�IUDPHZRUN� JDOORSKDVSKDWH� FORYHULWH�ZLWK� VXSHUFDJHV� RI� ���c� GLDPHWHU

DQG�IUHH�DSHUWXUH�RI������c���+RZHYHU��IHZ�VXFFHVVIXO�DWWHPSWV�KDYH�EHHQ�UHSRUWHG�RQ

WKH� LQFRUSRUDWLRQ� RI� IRUHLJQ� DWRPV� LQWR� IUDPHZRUN� RU� H[WUD�IUDPHZRUN� VLWHV� RI

FORYHULWH� RU� RWKHU� PLFURSRURXV� JDOORSKDVSKDWHV�� 7KH� ILUVW� WZR� H[DPSOHV� ZHUH

&R*D32�/$8�DQG�&R*D32�/7$����ZKLFK�ZHUH�LVRODWHG�IURP�*D32� JHOV�FRQWDLQLQJ

VPDOO� DPRXQWV� RI� FREDOW�� /RZ� FRQWHQWV� RI� KHWHURPHWDOV� �=Q�� 6L�� 7L�� &R��1L�� )H� DQG

0J�� LQ� WKH� FORYHULWH� VWUXFWXUH� W\SH� KDYH� EHHQ� UHSRUWHG�� EXW� KDYH� QRW� \HW� EHHQ

TXDQWLILHG���

8/0��� LV� D� ODUJH� SRUH� PLFURSRURXV� R[RIOXRULQDWHG� JDOORSKRVSKDWH� ZLWK

FKHPLFDO� FRPSRVLWLRQ� RI� *D���32�����+32����2+��)��� ZKLFK� ZDV� ILUVW� V\QWKHVL]HG

DQG�FKDUDFWHUL]HG�LQ������E\�/RLVHDX�)HUH\����,W�FU\VWDOOLVHV�LQ�DQ�RUWKRUKRPELF�VSDFH

JURXS�3������ZLWK� XQLW� FHOO� SDUDPHWHUV�D�  � ����������c��E�  � ����������c�� DQG�F�  

����������c��7KH�WKUHH�GLPHQVLRQDO�QHWZRUN�LQ�ZKLFK�JDOOLXP�DWRPV�DUH�IRXU��� ILYH�

DQG� DOVR� VL[�FRRUGLQDWHG�� FRQWDLQV� ����� ��� DQG� ��PHPEHU� ULQJ� FKDQQHOV�� 7KH

GLSURWRQDWHG� ����GLDPLQRKH[DQH� PROHFXOHV� DUH� ORFDWHG� LQ� WKH� ���PHPEHU� ULQJ

FKDQQHOV��ZKRVH� IUHH� DSHUWXUH� LV� ������ î� �����c��+HUH�ZH� UHSRUW� WKH� V\QWKHVLV� DQG

VWUXFWXUH�RI�D�]LQF�FRQWDLQLQJ�JDOORSKRVSKDWH�ZLWK�WKH�8/0���VWUXFWXUH�W\SH�

([SHULPHQWDO

6\QWKHVLV

7KH�V\QWKHVLV�ZDV�FDUULHG�RXW�K\GURWKHUPDOO\�LQ�7HIORQ�OLQHG�DXWRFODYHV�XQGHU

DXWRJHQHRXV�SUHVVXUH��*DOOLXP�,,,�� R[LGH�� RUWKRSKRVSKRULF� DFLG�� DQG� ]LQF�,,�� DFHWDWH

ZHUH�XVHG�DV�JDOOLXP��SKRVSKRURXV�DQG�]LQF�VRXUFHV��7DEOH�����+LJKHU�PRODU�DPRXQW

RI�]LQF�OHG�WR�WKH�IRUPDWLRQ�RI�DQ�XQLGHQWLILHG�]LQF�JDOORSKRVSKDWH�
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7DEOH����5HDFWLRQ�JHO�PRODU�FRPSRVLWLRQ

6DPSOH 3�2� *D�2� =Q2 +) '$+
 +�2

=Q8/0�� � ���� ���� � � ���

'$+ ����GLDPLQRKH[DQH

7KH�UHDFWLRQ�JHO�ZDV�SUHSDUHG�DV� IROORZV��JDOOLXP�,,,��R[LGH�DQG�D� VROXWLRQ�RI

]LQF�,,�� DFHWDWH� ZHUH� VXFFHVVLYHO\� DGGHG� WR� VWLUUHG� GLOXWHG� RUWKRSKRVSKRULF� DFLG

VROXWLRQ�� 7KHQ� D� GURSZLVH� DGGLWLRQ� RI� GLOXWHG� +)� DQG� WKH� WHPSODWLQJ� DJHQW�� ����

GLDPLQRKH[DQH� ZDV� SHUIRUPHG�� 7KH� V\VWHP� ZDV� WKRURXJKO\� VWLUUHG� DW� URRP

WHPSHUDWXUH��HDFK�WLPH�SULRU�WR�WKH�DGGLWLRQ�RI�WKH�QH[W�FRPSRQHQW��7KH�UHVXOWLQJ�JHO

ZDV�DJHG�IRU���KRXUV�LQ�WKH�DLU�DQG�WKHQ�WKH�JHO�ZDV�ORDGHG�LQ�7HIORQ�OLQHG�VWDLQOHVV

VWHHO� DXWRFODYHV� IROORZHG� E\� KHDWLQJ� DW� ���� q&� XQGHU� DXWRJHQRXV� SUHVVXUH� IRU� ��

KRXUV�

7DEOH����:HLJKW�DPRXQWV�RI�UHDJHQWV�XVHG�LQ�V\QWKHVLV�JHOV�IRU�=Q8/0����J�

=Q�&+�&22��
��+�2 *D�2� +�32� +�1��&+����1+� +) +�2

���� ���� ���� ���� ���� �����

$IWHU�FU\VWDOOLVDWLRQ��WKH�DXWRFODYHV�ZHUH�FRROHG�GRZQ�WR�URRP�WHPSHUDWXUH�DQG

WKH�SURGXFWV�ZHUH�ZDVKHG� DQG�GULHG� DW� ������� �&��7KH�S+�RI� WKH� LQLWLDO� JHO� UDLVHG

IURP�����EHIRUH�UHDFWLRQ�WR���DW� WKH�HQG�RI� WKH�UHDFWLRQ��$OO�PDVVHV�RI� WKH�UHDFWDQWV

XVHG�DUH�VKRZQ�LQ�7DEOH���

&KDUDFWHULVDWLRQ

$�WUDQVSDUHQW�FU\VWDO�RI������[������[������PP��VL]H�ZDV�PRXQWHG�RQ�D�JODVV

ILEUH� IRU� URRP�WHPSHUDWXUH� LQWHQVLW\� GDWD� FROOHFWLRQ� RQ� D� URWDWLQJ�DQRGH� 5LJDNX

$)&�5� GLIIUDFWRPHWHU� ZLWK� JUDSKLWH�PRQRFKURPDWHG� &X.D� UDGLDWLRQ� �������� c��

7KH�RUWKRUKRPELF�FHOO�FRQVWDQWV�ZHUH�GHWHUPLQHG�E\�OHDVW�VTXDUHV�UHILQHPHQW�RQ� WKH

EDVLV� RI� ��� UHIOHFWLRQV�� /RUHQW]�� SRODULVDWLRQ� DQG� HPSLULFDO� DEVRUSWLRQ� FRUUHFWLRQV

EDVHG�RQ�D]LPXWKDO�VFDQV�ZHUH�DSSOLHG�WR�WKH�LQWHQVLW\�GDWD��)XUWKHU�GHWDLOV�RI�WKH�GDWD
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FROOHFWLRQ� DQG� UHGXFWLRQ� DUH� FRQWDLQHG� LQ� 7DEOH� ���1HXWUDO� DWRPLF� VFDWWHULQJ� IDFWRUV

ZHUH�XVHG�IRU�DOO�DWRPV���

7KH�HOHPHQWDO�DQDO\VLV�ZDV�FDUULHG�RXW�RQ�ILYH�VLQJOH�FU\VWDOV�XVLQJ�DQ�('$;

�HQHUJ\�GLVSHUVLRQ�DQDO\VLV�E\�;�UD\��DQDO\WLFDO�V\VWHP��75$&25�(';���DWWDFKHG�WR

D� VFDQQLQJ� HOHFWURQ�PLFURVFRSH� �-(2/� -;$����$��� 7KH� DPRXQW� RI� =Q� YDULHG� IURP

�����WR������ZW�����7KH�YDULDWLRQV�LQ�WKH�]LQF�DPRXQW�UHIOHFW�DQ�LUUHJXODU�GLVWULEXWLRQ

RI�]LQF�LQ�WKH�FU\VWDOV�

7DEOH����&U\VWDOORJUDSKLF�SDUDPHWHUV�IRU�=Q8/0��

(PSLULFDO IRUPXOD &��+��)���*D�1�2��3�=Q

)RUPXOD ZHLJKW ������

&U\VWDO FRORXU� KDELW WUDQVSDUHQW� QHHGOH

&U\VWDO V\VWHP RUWKRUKRPELF

D�c� ����������

E�c� ���������

F�c� �����������

9�c�� �������

= �

6SDFH JURXS 3�����

'&�0JP��� �����

KNO GDWD OLPLWV �dKd��� �dNd��� �dOd��

�TPD[�q� ������

� VWDQGDUG UHIOHFWLRQV IRU LQWHQVLW\ FKDQJH �� � ��� �� � ��� ���� ��� ���

,QWHQVLW\ GHFD\ ��� ����

5LQW ������

P�&X.D� �PP��� ����

$EVRUSWLRQ FRUUHFWLRQ HPSLULFDO

7PLQ� 7PD[ ������ �����

7RWDO GDWD ����

2EVHUYHG GDWD �,t�V�,�� ����

3DUDPHWHUV ���

5 �RQ )�� �����

5Z �RQ )
�� �����

'UPD[ �Hc
��� �����

'UPLQ �Hc
��� ������
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6LQJOH�FU\VWDO�VWUXFWXUH�DQDO\VLV

7KH�UHILQHPHQW�ZDV� LQLWLDWHG�XVLQJ�WKH�FRRUGLQDWHV�IRU� WKH�SUHYLRXVO\�VROYHG

VWUXFWXUH� RI�8/0��� DV� D� VWDUWLQJ� SRLQW����$W� WKH� EHJLQQLQJ� DOO� RI� WKH� HLJKW� JDOOLXP

VLWHV�ZHUH� UHILQHG�ZLWK� IXOO� RFFXSDQF\� RI� JDOOLXP��7KH�*D�=Q� UDWLRV� RQ� WKHVH� VLWHV

ZHUH� QRW� UHILQHG� GXH� WR� WKH� VLPLODU� VFDWWHULQJ� SRZHU� RI� ERWK� HOHPHQWV�� 7KH

H[DPLQDWLRQ�RI�ERQG�GLVWDQFHV�OHG�XV�WR�UHILQH�WKH�*D����VLWH�ZLWK�IXOO�RFFXSDQF\�RI

]LQF�� 7KH� IUDPHZRUN� QRQ�K\GURJHQ� DWRPV�ZHUH� UHILQHG� DQLVRWURSLFDOO\�� 7KH� H[WUD�

IUDPHZRUN� QRQ�K\GURJHQ� DWRPV�� 2����� DQG� WKH� QLWURJHQ� DWRPV�� ZHUH� DOVR� UHILQHG

DQLVRWURSLFDOO\�� 2WKHU� QRQ�K\GURJHQ� DWRPV� ZHUH� UHILQHG� LVRWURSLFDOO\�� +� DWRPV� RQ

WHPSODWH� PROHFXOHV� ZHUH� LQFOXGHG� LQ� FDOFXODWHG� SRVLWLRQV�� 7KHUH� DUH� WZR� ����

GLDPLQRKH[DQH� PROHFXOHV� LQ� WKH� DV\PPHWULF� XQLW�� 7KH� ILUVW� LV� UHDVRQDOEO\� ZHOO

RUGHUHG��DOWKRXJK�VRPH�RI�WKH�WKHUPDO�SDUDPHWHUV�RI�WKH�&�DWRPV�DUH�KLJK��7DEOH����

)RU� WKH� RWKHU�PROHFXOH�� WKHUH� DUH� WZR� VLWHV� IRU� &���� DQG� &����� ZKRVH� RFFXSDQFLHV

ZHUH�FRQVWUDLQHG�WR�WKH�VXP�RI������&�����ZDV�DOVR�GLVRUGHUHG�RYHU���VLWHV��HDFK�ZLWK

DQ� RFFXSDQF\� RI� ����� ��� UHVWUDLQWV� ZHUH� SODFHG� RQ� WKH� ERQG� OHQJWKV� RI� ERWK

PROHFXOHV�

)LQDO� DWRPLF�SDUDPHWHUV�RI� QRQ�K\GURJHQ� DWRPV� IRU� WKH�=Q8/0��� VWUXFWXUH

DUH�OLVWHG�LQ�7DEOH���DQG�7DEOH���DQG�VHOHFWHG�ERQG�GLVWDQFHV�DQG�FRQWDFWV�LQ�7DEOH��

DQG� 7DEOH� ��� 6XSSOHPHQWDU\� PDWHULDO� LV� DYDLODEOH� IURP� WKH� DXWKRUV�� 7KH� 7H;DQ

VRIWZDUH���ZDV�XVHG�IRU�WKH�FRUUHODWLRQ�DQG�UHGXFWLRQ�RI�WKH�GDWD�DQG�6+(/;/�����

IRU� WKH� VWUXFWXUH� UHILQHPHQW�� $7206��� DQG� 2UWHS���� SURJUDPV� ZHUH� XVHG� IRU� WKH

GUDZLQJV�RI�WKH�VWUXFWXUH�

5HVXOWV�DQG�GLVFXVVLRQ

7KH� WLWOH� VWUXFWXUH� LV� EXLOW� RI� DOWHUQDWLQJ� 32�� DQG� ���� ���� DQG� ��FRRUGLQDWHG

*D�=Q�SRO\KHGUD��ZKLFK�IRUP���������DQG���PHPEHU�ULQJ�FKDQQHOV��)LJXUH��������7KH

XQLW�FHOO�SDUDPHWHUV�LQ�=Q8/0���DUH�ORQJHU�WKDQ�WKRVH�RI�8/0����WKH�GLIIHUHQFHV�DUH

������c�������c�DQG������c�IRU�D��E�DQG�F�GLPHQVLRQV��UHVSHFWLYHO\��7KLV�REVHUYDWLRQ

LV� LQ� DFFRUGDQFH� ZLWK� ]LQF� LQFRUSRUDWLRQ�� VLQFH� ]LQF� XVXDOO\� VXEVWLWXWHV� JDOOLXP� LQ
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RSHQ�IUDPHZRUN�VWUXFWXUHV�DQG�WKH�=Q���2�ERQG�LV�ORQJHU�WKDQ�WKH�*D���2�ERQG����$Q

DYHUDJH�WHWUDKHGUDO�*D�2�ERQG�LQ�*D�3�2���2+���&+���1+��LV����������c
���ZKLOH�WKH

DYHUDJH�WHWUDKHGUDO�=Q�2�ERQG�LQ�1D�>&R���=Q���32�@���+�2�LV���������c�
���0HDQ�*D�

2�)��ERQG�OHQJWKV�RI�WKH�HLJKW�FU\VWDOORJUDSKLFDOO\�GLIIHUHQW�*D�VLWHV�DUH�WKH�VDPH�RU

VOLJKWO\�ORQJHU�LQ�=Q8/0���WKDQ�LQ�WKH�]LQF�IUHH�DQDORJXH��WKH�GLIIHUHQFHV�DUH��������

c� IRU� *D����� �������� c� IRU� *D����� ���������� c� IRU� *D����� ���������� c� IRU� *D����

����������c�IRU�*D���������������c�IRU�*D���������������c�IRU�*D�����DQG����������

c� IRU� *D����� :H� PD\� FRQFOXGH� WKDW� ]LQF� LV� ORFDWHG� RQ� WKH� ��� DQG� DOVR� RQ� WKH� ��

FRRUGLQDWHG� IUDPHZRUN� JDOOLXP� VLWHV�� DOWKRXJK� PRVW� RI� WKH� YDOXHV� DUH� ZLWKLQ

H[SHULPHQWDO� HUURU�� 2QO\� IRU� WKH� *D���� VLWH� LQ� WULJRQDO�ELS\UDPLGDO� JHRPHWU\� LV� WKH

REVHUYHG�LQFUHDVH� LQ�ERQG�OHQJWK�VLJQLILFDQW��7DEOH�����PRVWO\�GXH�WR� WKH�*D����)���

ERQG� OHQJWK� ����������c� LQ�]LQF�IUHH�DQG����������c� LQ�RXU�VWUXFWXUH���:H�FRQFOXGH

WKDW� ]LQF� LV� SUHIHUHQWLDOO\� LQFRUSRUDWHG� RQ� WKH� *D���� VLWH� LQ� WKH� VWUXFWXUH�� )XOO

RFFXSDWLRQ�RI�WKH�*D����VLWH�ZLWK�]LQF�ZRXOG�FRUUHVSRQG�WR�����ZW����RI�=Q��ZKLFK�LV

LQ�DFFRUGDQFH�ZLWK�('$;�DQDO\VLV��7KHUH�ZDV�QR�HYLGHQFH�IRU�WKH�SUHVHQFH�RI�]LQF�LQ

H[WUD�IUDPHZRUN�SRVLWLRQV�RU�DQ\ZKHUH�HOVH�LQ�WKH�VWUXFWXUH�

)LJXUH����257(3�GUDZLQJ�DQG�D�ODEHOOLQJ�VFKHPH�RI�IUDPHZRUN�DWRPV�LQ�WKH
=Q8/0���DV\PPHWULF�XQLW�
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)RU� D� ORQJ� WLPH�� LW� ZDV� EHOLHYHG� WKDW� LQ� PLFURSRURXV� IUDPHZRUNV� WUDQVLWLRQ

PHWDO� LRQV� DUH� DOPRVW� H[FOXVLYHO\� VXEVWLWXWLQJ� DW� WHWUDKHGUDO� RU� RFWDKHGUDO� VLWHV�

+RZHYHU�� LQ� VRPH� UHFHQW�SXEOLFDWLRQV� LW�KDV�EHHQ� VKRZQ� WKDW� WUDQVLWLRQ�PHWDO� DWRPV

FDQ�DOVR�EH�SUHVHQW� LQ�RWKHU�FRRUGLQDWLRQV��HVSHFLDOO\�ZKHQ�IOXRULQH� LV�ERQGHG�WR� WKH

IUDPHZRUN�PHWDO�VLWHV��H�J��&R$32�&-�����&R*D32�/7$����

7KH�QHJDWLYH� FKDUJH� WKDW� LV� LQGXFHG�E\� WKH� VXEVWLWXWLRQ� RI�*D���ZLWK�=Q��� LV

XVXDOO\� FRPSHQVDWHG� E\� D� SURWRQDWLRQ� RI� WKH� QHLJKERXULQJ� 2� DWRPV�� +RZHYHU�� WKH

H[DPLQDWLRQ�RI�HOHFWURQ�GHQVLW\�DURXQG�R[\JHQ�DWRPV�DWWDFKHG�WR�=Q����GLG�QRW�VKRZ

DQ\� SHDNV��ZKLFK� FRXOG� EH� DVFULEHG� WR� K\GURJHQ� DWRPV�� VR�ZH� FRXOG� QRW�PDNH� DQ\

FRQFOXVLRQV� DERXW� WKH� SURWRQ� ORFDWLRQ�� $� GLVWRUWHG� WKHUPDO� HOOLSVRLG� RQ� *D���� VLWH

LQGLFDWHV�D�GLVSODFHPHQW�RI�*D�RYHU�WZR�VLWHV�

)LJXUH����257(3�GUDZLQJ�DQG�D�ODEHOOLQJ�VFKHPH�RI�WHPSODWH�PROHFXOHV�LQ�WKH
=Q8/0���DV\PPHWULF�XQLW�
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6WUXFWXUH� DQDO\VLV� RI� =Q8/0��� FOHDUHG� XS� VRPH� XQFHUWDLQWLHV� DERXW� WKH

WHPSODWH� DQG� ZDWHU� DWRPV�� ZKRVH� WHPSHUDWXUH� IDFWRUV� ZHUH� NHSW� IL[HG� LQ� VWUXFWXUH

GHWHUPLQDWLRQ� RI� 8/0���� 7KHUH� DUH� WZR� ����GLDPLQRKH[DQH� DQG� WKUHH� ZDWHU

PROHFXOHV�2������2����� DQG�2����� LQ� WKH� DV\PPHWULF� XQLW� RI� =Q8/0���� 7KH�&����

&�����DQG�&�����DWRPV�DUH�GLVRUGHUHG��HDFK�RYHU�WZR�VLWHV��7DEOH����)LJXUH�����7KH�1�

2�DQG�1�)�FRQWDFWV�DUH�VKRUW�DQG�VRPH�RI�WKHP�PD\�UHSUHVHQW�K\GURJHQ�ERQGV��7DEOH

���

)LJXUH����7HWUDKHGUDO�SUHVHQWDWLRQ�RI�=Q8/0���VWUXFWXUH������GLDPLQRKH[DQH
PROHFXOHV�DUH�ORFDWHG�LQ�WKH����PHPEHU�ULQJ�FKDQQHOV�
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&RQFOXVLRQV

7KH� XVH� RI� UHDFWLYH� ]LQF�,,�� DFHWDWH� DV� D�PHWDO� VRXUFH� KDV� OHDG� WR� D� VXFFHVVIXO

V\QWKHVLV�RI�]LQF�JDOORSKRVSKDWH�PROHFXODU� VLHYH�ZLWK�8/0���VWUXFWXUH� W\SH�� ,W�ZDV

VKRZQ�WKDW�]LQF�LV�VXEVWLWXWLQJ�XS�WR������ZW����RI�JDOOLXP�LQ�WKH�IUDPHZRUN��'XH�WR

VLPLODU�LRQLF�UDGLL�RI�]LQF�DQG�JDOOLXP��RQH�ZRXOG�H[SHFW�PRUH�]LQF�WR�EH�LQFRUSRUDWHG

LQ� WKH� VWUXFWXUH�� 1DPHO\�� LQ� VRPH� RSHQ�IUDPHZRUN� ]LQF� JDOORSKRVSKDWHV� WKH� =Q�*D

UDWLRV�DUH�RQH�RU�HYHQ�PRUH����7KH�ORZ�FRQWHQW�RI�]LQF�LQ�RXU�VWUXFWXUH�LV�SDUWO\�GXH�WR

WKH�IDFW�WKDW�WKH�8/0���VWUXFWXUH�IUDPHZRUN�LV�DOUHDG\�QHJDWLYHO\�FKDUJHG�GXH�WR�WKH

SUHVHQFH� RI� )��� DQG�2+�� JURXSV� DQG� WKDW� WKH� LQWURGXFWLRQ� RI� WKH� DGGLWLRQDO� QHJDWLYH

FKDUJH�E\�WKH�=Q���LQFRUSRUDWLRQ�RQ�*D���VLWHV�LV�GLIILFXOW�

$FNQRZOHGJHPHQW

:H�WKDQN�'U��8ZH�.ROLWVFK�IRU�KHOSIXO�GLVFXVVLRQ�DQG�IRU�UHDGLQJ�WKH�PDQXVFULSW�
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5HIHUHQFHV�DQG�1RWHV

�� %UHFN� '�:�� =HROLWH PROHFXODU 6LHYHV� :LOH\� 1HZ<RUN� �����

�� :LOVRQ� 6�7�� /RN� %�0�� 0HVVLQD� &�$�� &DQQDQ� 7�5� DQG )ODQLJHQ� (�0�� -� $P� &KHP� 6RF�

����� ���� SS� ����������

�� )ODQLJHQ� (�0�� ,QWURGXFWLRQ WR =HROLWH 6FLHQFH DQG 3UDFWLFH� (OVHYLHU� 1HZ<RUN� ����� SS ������

�� 0DUWHQV� -�$� DQG -DFREV� 3�$�� $GYDQFHG =HROLWH 6FLHQFH DQG $SSOLFDWLRQ� (OVHYLHU� $PVWHUGDP�

����� SS� ��������

�� 0HLHU� :�0�� 2OVRQ� '�+� DQG %DHUORFKHU� &K�� $WODV RI =HROLWH 6WUXFWXUH 7\SHV� (OVHYLHU� %RVWRQ�

�����

�� +DUYH\� *� DQG 0HLHU� :�0�� 6WXGLHV LQ 6XUIDFH 6FLHQFH 	 &DWDO\VLV� (OVHYLHU� $PVWHUGDP� �����

��$� SS� ��������

�� %DUUHW� 3�$�� 6DQNDU� *�� -RQHV� 5�+�� &DWORZ� &�5�$� DQG 7KRPDV� -�0�� -� 3K\V� &KHP� %� �����

���� SS� ����������

�� 6DQNDU� *�� 5DMD� 5� DQG 7KRPDV� -�0�� &DWDO\VLV /HWWHU� ����� ��� SS� ������

�� 5LFKWHU� 0�� =XERZD� +��/�� (FNHOW� 5� DQG )ULFNH� 5�� 0LFURSRURXV 0DWHULDO� ����� �� SS� ��������

��� <X� -�� &KHQ� -� DQG ;X� 5�� 0LFURSRURXV 0DWHULDOV ����� �� SS� ��������

��� =XERYD� +��/�� 6FKUHLHU� (�� -DQFNH� .�� 6WHLQLNH� 8� DQG )ULFNH� 5�� &ROOHFW� &]HFK� &KHP�

&RPPXQ� ����� ��� SS� ��������

��� /RLVHDX� 7� DQG )HUH\� *�� -RXUQDO RI 6ROLG 6WDWH &KHPLVWU\ ����� ���� SS� ��������

��� ,EHUV� -�$� DQG +DPLOWRQ� :�&� �(GV��� ,QWHUQDWLRQDO 7DEOHV IRU ;�UD\ &U\VWDOORJUDSK\� 9RO� ,9�

.\QRFK 3UHVV� %LUPLQJKDP� �����

��� 7H;VDQ � 7(;5$< 6WUXFWXUH $QDO\VLV 3DFNDJH� 0ROHFXODU 6WUXFWXUH &RUSRUDWLRQ� �����

��� 6KHOGULFN� *�0�� 6+(/;/���� 3URJUDP IRU &U\VWDO 6WUXFWXUH 5HILQHPHQW� 8QLYHUVLW\ RI *|WWLQJHQ�

*HUPDQ\� �����

��� 'RZW\� (�� $WRPV Y���� 6KDSH 6RIWZDUH� .LQJVSRUW� 86$� �����

��� )DUUXJLD� /��2UWHS� IRU :LQGRZV Y����� �����

��� =DEXNRYHF /RJDU� 1�� 0UDN� 0�� .DXFLF� 9� DQG *RORELF� $�� -� 6ROLG 6WDWH &KHP� ���� LQ SULQW�

��� /RLVHDX� 7�� 5LRX� '�� /LFKHURQ� 0� DQG )HUH\� *�� -� 6ROLG 6WDWH� &KHP� ����� ���� SS� ��������

��� 5DMLF� 1�� =DEXNRYHF /RJDU� 1� DQG .DXFLF� 9�� =HROLWHV ����� ��� SS� ��������

��� =DEXNRYHF /RJDU� 1�� *ROLF� /� DQG .DXFLF� 9�� 0LFURSRURXV 0DWHU� ����� �� SS� ������

��� <X� -�� &KHQ� -� DQG ;X� 5�� 0LFURSRURXV 0DWHU� ����� �� SS� ��������

3RY]HWHN

0LNURSRUR]QL FLQNRY JDORIRVIDW VWUXNWXUQHJD WLSD 8/0�� VPR VLQWHWL]LUDOL Y SULVRWQRVWL IOXRULGQLK

LRQRY LQ VWUXNWXUQHJD XVPHUMHYDOFD ����GLDPLQRKHNVDQD� 6WUXNWXUD SURGXNWD MH ELOD GRORþHQD ] PHWRGR

UHQWJHQVNH GLIUDNFLMH QD PRQRNULVWDOX LQ ('$; HOHPHQWQR DQDOL]R� 0DWHULDO NULVWDOL]LUD Y RUWRURPEVNL

3����� SURVWRUVNL VNXSLQL V SDUDPHWUL RVQRYQH FHOLFH D  ���������� c� E  ��������� c� F  
����������� c� ('$; DQDOL]D MH SRND]DOD SULVRWQRVW ���� XW�� FLQND Y VWUXNWXUL� ,] SUHJOHGD YH]QLK
UD]GDOM LQ NRWRY VPR XJRWRYLOL� GD VH FLQN SUHIHUHQþQR YJUDMXMH QD ��NRRUGLQLUDQD JDOLMHYD PHVWD� 1D

L]YHQRJURGQLK PHVWLK QL ELOR GRND]RY R SULVRWQRVWL FLQND� 'YH PROHNXOL ����GLDPLQRKHNVDQD Y

DVLPHWULþQL HQRWL VWD GREUR GHILQLUDQL� 'XãLNRYL DWRPL QD REHK PROHNXODK WHPSODWD VR XUHMHQL LQ YH]DQL

QD RJURGQH NLVLNRYH LQ IOXRURYH DWRPH ] YRGLNRYLPL YH]PL� 7ULMH RG GYDQDMVWLK DWRPRY RJOMLND VR

QHXUHMHQL� LQ VLFHU QD GYHK OHJDK�


