
�'���3UHJDQJOLRQLF�QHXURQV�UHOHDVH�DFHW\OFKROLQH��$&K�
�(���3UHJDQJOLRQLF�QHXURQV�RULJLQDWH�LQ�WKH�WKRUDFROXPEDU�VSLQDO�FRUG
�)���3RVWJDQJOLRQLF�QHXURQV�V\QDSVH�RQ�HIIHFWRU�RUJDQV
�*���3RVWJDQJOLRQLF�QHXURQV�UHOHDVH�HSLQHSKULQH
�+���3RVWJDQJOLRQLF�QHXURQV�UHOHDVH�$&K

����:KLFK�DXWRQRPLF�UHFHSWRU�PHGLDWHV�DQ�LQFUHDVH�LQ�KHDUW�UDWH"
�$���$GUHQHUJLF�͠��UHFHSWRUV
�%���$GUHQHUJLF�͡��UHFHSWRUV
�&���$GUHQHUJLF�͡��UHFHSWRUV
�'���&KROLQHUJLF�PXVFDULQLF�UHFHSWRUV
�(���&KROLQHUJLF�QLFRWLQLF�UHFHSWRUV

����&XWWLQJ�ZKLFK�VWUXFWXUH�RQ�WKH�OHIW�VLGH�FDXVHV�WRWDO�EOLQGQHVV�LQ�WKH�OHIW�H\H"
�$���2SWLF�QHUYH
�%���2SWLF�FKLDVP
�&���2SWLF�WUDFW
�'���*HQLFXORFDOFDULQH�WUDFW

���� � :KLFK� UHIOH[� LV� UHVSRQVLEOH� IRU� PRQRV\QDSWLF� H[FLWDWLRQ� RI� LSVLODWHUDO
KRPRQ\PRXV�PXVFOH"

�$���6WUHWFK�UHIOH[��P\RWDWLF�
�%���*ROJL�WHQGRQ�UHIOH[��LQYHUVH�P\RWDWLF�
�&���)OH[RU�ZLWKGUDZDO�UHIOH[
�'���6XEOLPLQDO�RFFOXVLRQ�UHIOH[

���� �:KLFK� W\SH�RI�FHOO� LQ� WKH�YLVXDO�FRUWH[� UHVSRQGV�EHVW� WR�D�PRYLQJ�EDU�RI
OLJKW"

�$���6LPSOH
�%���&RPSOH[
�&���+\SHUFRPSOH[
�'���%LSRODU
�(���*DQJOLRQ

�����$GPLQLVWUDWLRQ�RI�ZKLFK�RI�WKH�IROORZLQJ�GUXJV�LV�FRQWUDLQGLFDWHG�LQ�D����
\HDU�ROG�FKLOG�ZLWK�D�KLVWRU\�RI�DVWKPD"

�$���$OEXWHURO
�%���(SLQHSKULQH
�&���,VRSURWHUHQRO



�'���1RUHSLQHSKULQH
�(���3URSUDQRORO

���� � :KLFK� DGUHQHUJLF� UHFHSWRU� SURGXFHV� LWV� VWLPXODWRU\� HIIHFWV� E\� WKH
IRUPDWLRQ� RI� LQRVLWRO� ������WULSKRVSKDWH� �,3��� DQG� DQ� LQFUHDVH� LQ
LQWUDFHOOXODU�>&D��@"

�$���͠��5HFHSWRUV
�%���͠��5HFHSWRUV
�&���͡��5HFHSWRUV
�'���͡��5HFHSWRUV
�(���0XVFDULQLF�UHFHSWRUV
�)���1LFRWLQLF�UHFHSWRUV

�����7KH�H[FHVVLYH�PXVFOH�WRQH�SURGXFHG�LQ�GHFHUHEUDWH�ULJLGLW\�FDQ�EH�UHYHUVHG
E\

�$���VWLPXODWLRQ�RI�JURXS�,D�DIIHUHQWV
�%���FXWWLQJ�WKH�GRUVDO�URRWV
�&���WUDQVHFWLRQ�RI�FHUHEHOODU�FRQQHFWLRQV�WR�WKH�ODWHUDO�YHVWLEXODU�QXFOHXV
�'���VWLPXODWLRQ�RI�͠�PRWRQHXURQV
�(���VWLPXODWLRQ�RI�͢�PRWRQHXURQV

�����:KLFK�RI�WKH�IROORZLQJ�SDUWV�RI�WKH�ERG\�KDV�FRUWLFDO�PRWRQHXURQV�ZLWK�WKH
ODUJHVW�UHSUHVHQWDWLRQ�RQ�WKH�SULPDU\�PRWRU�FRUWH[��DUHD���"

�$���6KRXOGHU
�%���$QNOH
�&���)LQJHUV
�'���(OERZ
�(���.QHH

���� � :KLFK� DXWRQRPLF� UHFHSWRU� PHGLDWHV� VHFUHWLRQ� RI� HSLQHSKULQH� E\� WKH
DGUHQDO�PHGXOOD"

�$���$GUHQHUJLF�͠��UHFHSWRUV
�%���$GUHQHUJLF�͡��UHFHSWRUV
�&���$GUHQHUJLF�͡��UHFHSWRUV
�'���&KROLQHUJLF�PXVFDULQLF�UHFHSWRUV
�(���&KROLQHUJLF�QLFRWLQLF�UHFHSWRUV

�����&XWWLQJ�ZKLFK�VWUXFWXUH�RQ�WKH�ULJKW�VLGH�FDXVHV�EOLQGQHVV�LQ�WKH�WHPSRUDO



ILHOG�RI�WKH�OHIW�H\H�DQG�WKH�QDVDO�ILHOG�RI�WKH�ULJKW�H\H"
�$���2SWLF�QHUYH
�%���2SWLF�FKLDVP
�&���2SWLF�WUDFW
�'���*HQLFXORFDOFDULQH�WUDFW

�����$�EDOOHW�GDQFHU�VSLQV�WR�WKH�OHIW��'XULQJ�WKH�VSLQ��KHU�H\HV�VQDS�TXLFNO\�WR
WKH�OHIW��7KLV�IDVW�H\H�PRYHPHQW�LV

�$���Q\VWDJPXV
�%���SRVWURWDWRU\�Q\VWDJPXV
�&���DWD[LD
�'���DSKDVLD

���� � :KLFK� RI� WKH� IROORZLQJ� KDV� D� PXFK� ORZHU� FRQFHQWUDWLRQ� LQ� WKH
FHUHEURVSLQDO�IOXLG��&6)��WKDQ�LQ�FHUHEUDO�FDSLOODU\�EORRG"

�$���1D�
�%���.�

�&���2VPRODULW\
�'���3URWHLQ
�(���0J��

���� � :KLFK� RI� WKH� IROORZLQJ� DXWRQRPLF� GUXJV� DFWV� E\� VWLPXODWLQJ� DGHQ\ODWH
F\FODVH"

�$���$WURSLQH
�%���&ORQLGLQH
�&���&XUDUH
�'���1RUHSLQHSKULQH
�(���3KHQWRODPLQH
�)���3KHQ\OHSKULQH
�*���3URSUDQRORO

�����:KLFK�RI�WKH�IROORZLQJ�LV�D�VWHS�LQ�SKRWRUHFHSWLRQ�LQ�WKH�URGV"
�$���/LJKW�FRQYHUWV�DOO�WUDQV�UHWLQDO�WR����FLV�UHWLQDO
�%���0HWDUKRGRSVLQ�,,�DFWLYDWHV�WUDQVGXFLQ
�&���&\FOLF�JXDQRVLQH�PRQRSKRVSKDWH��F*03��OHYHOV�LQFUHDVH
�'���5RGV�GHSRODUL]H
�(���*OXWDPDWH�UHOHDVH�LQFUHDVHV

�����3DWKRJHQV�WKDW�SURGXFH�IHYHU�FDXVH



�$���GHFUHDVHG�SURGXFWLRQ�RI�LQWHUOHXNLQ����,/���
�%���GHFUHDVHG�VHW�SRLQW�WHPSHUDWXUH�LQ�WKH�K\SRWKDODPXV
�&���VKLYHULQJ
�'���YDVRGLODWLRQ�RI�EORRG�YHVVHOV�LQ�WKH�VNLQ

�����:KLFK�RI�WKH�IROORZLQJ�VWDWHPHQWV�DERXW�WKH�ROIDFWRU\�V\VWHP�LV�WUXH"
�$���7KH�UHFHSWRU�FHOOV�DUH�QHXURQV
�%���7KH�UHFHSWRU�FHOOV�DUH�VORXJKHG�RII�DQG�DUH�QRW�UHSODFHG
�&���$[RQV�RI�FUDQLDO�QHUYH��&1��,�DUH�$�GHOWD�ILEHUV
�'���$[RQV�IURP�UHFHSWRU�FHOOV�V\QDSVH�LQ�WKH�SUHSLULIRUP�FRUWH[
�(���)UDFWXUHV�RI�WKH�FULEULIRUP�SODWH�FDQ�FDXVH�LQDELOLW\�WR�GHWHFW�DPPRQLD

�����$�OHVLRQ�RI�WKH�FKRUGD�W\PSDQL�QHUYH�ZRXOG�PRVW�OLNHO\�UHVXOW�LQ
�$���LPSDLUHG�ROIDFWRU\�IXQFWLRQ
�%���LPSDLUHG�YHVWLEXODU�IXQFWLRQ
�&���LPSDLUHG�DXGLWRU\�IXQFWLRQ
�'���LPSDLUHG�WDVWH�IXQFWLRQ
�(���QHUYH�GHDIQHVV

���� �:KLFK� RI� WKH� IROORZLQJ�ZRXOG� SURGXFH�PD[LPXP� H[FLWDWLRQ� RI� WKH� KDLU
FHOOV�LQ�WKH�ULJKW�KRUL]RQWDO�VHPLFLUFXODU�FDQDO"

�$���+\SHUSRODUL]DWLRQ�RI�WKH�KDLU�FHOOV
�%���%HQGLQJ�WKH�VWHUHRFLOLD�DZD\�IURP�WKH�NLQRFLOLD
�&���5DSLG�DVFHQW�LQ�DQ�HOHYDWRU
�'���5RWDWLQJ�WKH�KHDG�WR�WKH�ULJKW

���� � 7KH� LQDELOLW\� WR� SHUIRUP� UDSLGO\� DOWHUQDWLQJ� PRYHPHQWV
�G\VGLDGRFKRNLQHVLD��LV�DVVRFLDWHG�ZLWK�OHVLRQV�RI�WKH

�$���SUHPRWRU�FRUWH[
�%���PRWRU�FRUWH[
�&���FHUHEHOOXP
�'���VXEVWDQWLD�QLJUD
�(���PHGXOOD

���� � :KLFK� DXWRQRPLF� UHFHSWRU� LV� DFWLYDWHG� E\� ORZ� FRQFHQWUDWLRQV� RI
HSLQHSKULQH�UHOHDVHG�IURP�WKH�DGUHQDO�PHGXOOD�DQG�FDXVHV�YDVRGLODWLRQ"

�$���$GUHQHUJLF�͠��UHFHSWRUV
�%���$GUHQHUJLF�͡��UHFHSWRUV
�&���$GUHQHUJLF�͡��UHFHSWRUV



�'���&KROLQHUJLF�PXVFDULQLF�UHFHSWRUV
�(���&KROLQHUJLF�QLFRWLQLF�UHFHSWRUV

���� � &RPSOHWH� WUDQVHFWLRQ� RI� WKH� VSLQDO� FRUG� DW� WKH� OHYHO� RI� 7�� ZRXOG� PRVW
OLNHO\�UHVXOW�LQ

�$���WHPSRUDU\�ORVV�RI�VWUHWFK�UHIOH[HV�EHORZ�WKH�OHVLRQ
�%���WHPSRUDU\�ORVV�RI�FRQVFLRXV�SURSULRFHSWLRQ�EHORZ�WKH�OHVLRQ
�&���SHUPDQHQW�ORVV�RI�YROXQWDU\�FRQWURO�RI�PRYHPHQW�DERYH�WKH�OHVLRQ
�'���SHUPDQHQW�ORVV�RI�FRQVFLRXVQHVV�DERYH�WKH�OHVLRQ

�����6HQVRU\�UHFHSWRU�SRWHQWLDOV
�$���DUH�DFWLRQ�SRWHQWLDOV
�%���DOZD\V�EULQJ�WKH�PHPEUDQH�SRWHQWLDO�RI�D�UHFHSWRU�FHOO�WRZDUG�WKUHVKROG
�&���DOZD\V�EULQJ�WKH�PHPEUDQH�SRWHQWLDO�RI�D�UHFHSWRU�FHOO�DZD\�IURP�WKUHVKROG
�'���DUH�JUDGHG�LQ�VL]H��GHSHQGLQJ�RQ�VWLPXOXV�LQWHQVLW\
�(���DUH�DOO�RU�QRQH

���� �&XWWLQJ�ZKLFK�VWUXFWXUH�FDXVHV�EOLQGQHVV�LQ�WKH�WHPSRUDO�ILHOGV�RI�WKH�OHIW
DQG�ULJKW�H\HV"

�$���2SWLF�QHUYH
�%���2SWLF�FKLDVP
�&���2SWLF�WUDFW
�'���*HQLFXORFDOFDULQH�WUDFW

���� �:KLFK� RI� WKH� IROORZLQJ� VWUXFWXUHV� KDV� D� SULPDU\� IXQFWLRQ� WR� FRRUGLQDWH
UDWH��UDQJH��IRUFH��DQG�GLUHFWLRQ�RI�PRYHPHQW"

�$���3ULPDU\�PRWRU�FRUWH[
�%���3UHPRWRU�FRUWH[�DQG�VXSSOHPHQWDU\�PRWRU�FRUWH[
�&���3UHIURQWDO�FRUWH[
�'���%DVDO�JDQJOLD
�(���&HUHEHOOXP

���� � :KLFK� UHIOH[� LV� UHVSRQVLEOH� IRU� SRO\V\QDSWLF� H[FLWDWLRQ� RI� FRQWUDODWHUDO
H[WHQVRUV"

�$���6WUHWFK�UHIOH[��P\RWDWLF�
�%���*ROJL�WHQGRQ�UHIOH[��LQYHUVH�P\RWDWLF�
�&���)OH[RU�ZLWKGUDZDO�UHIOH[
�'���6XEOLPLQDO�RFFOXVLRQ�UHIOH[



�����:KLFK�RI�WKH�IROORZLQJ�LV�D�FKDUDFWHULVWLF�RI�QXFOHDU�EDJ�ILEHUV"
�$���7KH\�DUH�RQH�W\SH�RI�H[WUDIXVDO�PXVFOH�ILEHU
�%���7KH\�GHWHFW�G\QDPLF�FKDQJHV�LQ�PXVFOH�OHQJWK
�&���7KH\�JLYH�ULVH�WR�JURXS�,E�DIIHUHQWV
�'���7KH\�DUH�LQQHUYDWHG�E\�͠�PRWRQHXURQV

���� �0XVFOH� VWUHWFK� OHDGV� WR� D� GLUHFW� LQFUHDVH� LQ� ILULQJ� UDWH� RI�ZKLFK� W\SH� RI
QHUYH"

�$���͠�0RWRQHXURQV
�%���͢�0RWRQHXURQV
�&���*URXS�,D�ILEHUV
�'���*URXS�,E�ILEHUV

���� �$� ���\HDU�ROG�ZRPDQ�ZLWK� HOHYDWHG� EORRG� SUHVVXUH�� YLVXDO� GLVWXUEDQFHV�
DQG� YRPLWLQJ� KDV� LQFUHDVHG� XULQDU\� H[FUHWLRQ� RI� ��PHWKR[\���
K\GUR[\PDQGHOLF�DFLG��90$���$�FRPSXWHUL]HG�WRPRJUDSKLF�VFDQ�VKRZV�DQ
DGUHQDO� PDVV� WKDW� LV� FRQVLVWHQW� ZLWK� D� GLDJQRVLV� RI� SKHRFKURPRF\WRPD�
:KLOH� DZDLWLQJ� VXUJHU\� WR� UHPRYH� WKH� WXPRU�� VKH� LV� WUHDWHG� ZLWK
SKHQR[\EHQ]DPLQH�WR�ORZHU�KHU�EORRG�SUHVVXUH��:KDW�LV�WKH�PHFKDQLVP�RI
WKLV�DFWLRQ�RI�WKH�GUXJ"

�$���,QFUHDVLQJ�F\FOLF�DGHQRVLQH�PRQRSKRVSKDWH��F$03�
�%���'HFUHDVLQJ�F$03
�&���,QFUHDVLQJ�LQRVLWRO�������WULSKRVSKDWH��,3���&D��
�'���'HFUHDVLQJ�,3��&D��
�(���2SHQLQJ�1D��.��FKDQQHOV
�)���&ORVLQJ�1D��.��FKDQQHOV

���� � 3DWLHQWV� DUH� HQUROOHG� LQ� WULDOV� RI� D� QHZ� DWURSLQH� DQDORJXH��:KLFK� RI� WKH
IROORZLQJ�ZRXOG�EH�H[SHFWHG"

�$���,QFUHDVHG�$9�QRGH�FRQGXFWLRQ�YHORFLW\
�%���,QFUHDVHG�JDVWULF�DFLGLW\
�&���3XSLOODU\�FRQVWULFWLRQ
�'���6XVWDLQHG�HUHFWLRQ
�(���,QFUHDVHG�VZHDWLQJ

$QVZHUV�DQG�([SODQDWLRQV
����7KH�DQVZHU�LV�(�>,�&���D@��+H[DPHWKRQLXP�LV�D�QLFRWLQLF�EORFNHU��EXW�LW�DFWV



RQO\� DW� JDQJOLRQLF� �QRW� QHXURPXVFXODU� MXQFWLRQ�� QLFRWLQLF� UHFHSWRUV�� 7KLV
SKDUPDFRORJLF� GLVWLQFWLRQ� HPSKDVL]HV� WKDW� QLFRWLQLF� UHFHSWRUV� DW� WKHVH� WZR
ORFDWLRQV��DOWKRXJK�VLPLODU��DUH�QRW�LGHQWLFDO�

����7KH�DQVZHU�LV�-�>,�&���D��7DEOH����@��3UD]RVLQ�LV�D�VSHFLILF�DQWDJRQLVW�RI�͠�
UHFHSWRUV�� ZKLFK� DUH� SUHVHQW� LQ� YDVFXODU� VPRRWK� PXVFOH�� EXW� QRW� LQ� WKH� KHDUW�
,QKLELWLRQ�RI�͠��UHFHSWRUV�UHVXOWV�LQ�YDVRGLODWLRQ�RI�WKH�FXWDQHRXV�DQG�VSODQFKQLF
YDVFXODU� EHGV�� GHFUHDVHG� WRWDO� SHULSKHUDO� UHVLVWDQFH�� DQG� GHFUHDVHG� EORRG
SUHVVXUH�

����7KH�DQVZHU�LV�%�>,�&���E��7DEOH����@��0LRVLV�LV�D�SDUDV\PSDWKHWLF�PXVFDULQLF
UHVSRQVH�WKDW�LQYROYHV�FRQWUDFWLRQ�RI�WKH�FLUFXODU�PXVFOH�RI�WKH�LULV��'LODWLRQ�RI
WKH�EURQFKLROHV��HMDFXODWLRQ��FRQVWULFWLRQ�RI� WKH�JDVWURLQWHVWLQDO� �*,��VSKLQFWHUV�
DQG�LQFUHDVHG�FDUGLDF�FRQWUDFWLOLW\�DUH�DOO�V\PSDWKHWLF�͠�RU�͡�UHVSRQVHV�

��� �7KH�DQVZHU�LV�$�>,,�)���E��7DEOH����@��&�ILEHUV��VORZ�SDLQ��DUH�WKH�VPDOOHVW
QHUYH�ILEHUV�DQG�WKHUHIRUH�KDYH�WKH�VORZHVW�FRQGXFWLRQ�YHORFLW\�

����7KH�DQVZHU�LV�$�>,,�&���F������7DEOH����@��2I�WKH�WZR�W\SHV�RI�SKRWRUHFHSWRUV�
WKH� URGV� DUH� PRUH� VHQVLWLYH� WR� ORZ�LQWHQVLW\� OLJKW� DQG� WKHUHIRUH� DUH� PRUH
LPSRUWDQW�WKDQ�WKH�FRQHV�IRU�QLJKW�YLVLRQ��7KH\�DGDSW�WR�GDUNQHVV�DIWHU�WKH�FRQHV�
5RGV� DUH� QRW� SUHVHQW� LQ� WKH� IRYHD�� 7KH� FRQHV� DUH� SULPDULO\� LQYROYHG� LQ� FRORU
YLVLRQ�

����7KH�DQVZHU�LV�$�>,,�'��@��6RXQG�IUHTXHQFLHV�FDQ�EH�HQFRGHG�E\�WKH�RUJDQ�RI
&RUWL�EHFDXVH�RI�GLIIHUHQFHV�LQ�SURSHUWLHV�DORQJ�WKH�EDVLODU�PHPEUDQH��7KH�EDVH
RI�WKH�EDVLODU�PHPEUDQH�LV�QDUURZ�DQG�VWLII��DQG�KDLU�FHOOV�RQ�LW�DUH�DFWLYDWHG�E\
KLJK�IUHTXHQFLHV��7KH�DSH[�RI�WKH�EDVLODU�PHPEUDQH�LV�ZLGH�DQG�FRPSOLDQW��DQG
KDLU�FHOOV�RQ�LW�DUH�DFWLYDWHG�E\�ORZ�IUHTXHQFLHV�

����7KH�DQVZHU�LV�(�>,�$��%��7DEOH������)LJXUH����@��6\PSDWKHWLF�SUHJDQJOLRQLF
QHXURQV� RULJLQDWH� LQ� VSLQDO� FRUG� VHJPHQWV� ���/ߙ�7 7KXV�� WKH� GHVLJQDWLRQ� LV
WKRUDFROXPEDU��7KH�V\PSDWKHWLF�QHUYRXV�V\VWHP�LV�IXUWKHU�FKDUDFWHUL]HG�E\�VKRUW
SUHJDQJOLRQLF�QHXURQV�WKDW�V\QDSVH�LQ�JDQJOLD�ORFDWHG�LQ�WKH�SDUDYHUWHEUDO�FKDLQ
�QRW� LQ� WKH� HIIHFWRU� RUJDQV�� DQG� SRVWJDQJOLRQLF� QHXURQV� WKDW� UHOHDVH
QRUHSLQHSKULQH� �QRW� HSLQHSKULQH��� &RPPRQ� IHDWXUHV� RI� WKH� V\PSDWKHWLF� DQG
SDUDV\PSDWKHWLF� QHUYRXV� V\VWHPV� DUH� SUHJDQJOLRQLF� QHXURQV� WKDW� UHOHDVH
DFHW\OFKROLQH��$&K��DQG�SRVWJDQJOLRQLF�QHXURQV�WKDW�V\QDSVH�LQ�HIIHFWRU�RUJDQV�

����7KH�DQVZHU�LV�%�>,�&���F@��+HDUW�UDWH�LV�LQFUHDVHG�E\�WKH�VWLPXODWRU\�HIIHFW�RI
QRUHSLQHSKULQH� RQ� ͡�� UHFHSWRUV� LQ� WKH� VLQRDWULDO� �6$�� QRGH�� 7KHUH� DUH� DOVR
V\PSDWKHWLF�͡��UHFHSWRUV�LQ�WKH�KHDUW�WKDW�UHJXODWH�FRQWUDFWLOLW\�



����7KH�DQVZHU�LV�$�>,,�&���D@��&XWWLQJ�WKH�RSWLF�QHUYH�IURP�WKH�OHIW�H\H�FDXVHV
EOLQGQHVV� LQ� WKH� OHIW� H\H� EHFDXVH� WKH� ILEHUV� KDYH� QRW� \HW� FURVVHG� DW� WKH� RSWLF
FKLDVP�

�����7KH�DQVZHU�LV�$�>,,,�&��@��7KH�VWUHWFK�UHIOH[�LV�WKH�PRQRV\QDSWLF�UHVSRQVH
WR�VWUHWFKLQJ�RI�D�PXVFOH��7KH�UHIOH[�SURGXFHV�FRQWUDFWLRQ�DQG�WKHQ�VKRUWHQLQJ�RI
WKH�PXVFOH�WKDW�ZDV�RULJLQDOO\�VWUHWFKHG��KRPRQ\PRXV�PXVFOH��

���� �7KH�DQVZHU�LV�%� >,,�&���E����@��&RPSOH[�FHOOV� UHVSRQG� WR�PRYLQJ�EDUV�RU
HGJHV�ZLWK� WKH�FRUUHFW�RULHQWDWLRQ��6LPSOH�FHOOV� UHVSRQG� WR� VWDWLRQDU\�EDUV��DQG
K\SHUFRPSOH[� FHOOV� UHVSRQG� WR� OLQHV�� FXUYHV�� DQG� DQJOHV��%LSRODU� DQG� JDQJOLRQ
FHOOV�DUH�IRXQG�LQ�WKH�UHWLQD��QRW�LQ�WKH�YLVXDO�FRUWH[�

�����7KH�DQVZHU�LV�(�>,�&���G��7DEOH����@��$VWKPD��D�GLVHDVH�LQYROYLQJ�LQFUHDVHG
UHVLVWDQFH�RI� WKH�XSSHU�DLUZD\V�� LV� WUHDWHG�E\�DGPLQLVWHULQJ�GUXJV� WKDW�SURGXFH
EURQFKLRODU� GLODWLRQ� �L�H��� ͡�� DJRQLVWV��� ͡�� $JRQLVWV� LQFOXGH� LVRSURWHUHQRO�
DOEXWHURO�� HSLQHSKULQH�� DQG�� WR� D� OHVVHU� H[WHQW�� QRUHSLQHSKULQH�� ͡��$QWDJRQLVWV�
VXFK�DV�SURSUDQRORO��DUH�VWULFWO\�FRQWUDLQGLFDWHG�EHFDXVH�WKH\�FDXVH�FRQVWULFWLRQ
RI�WKH�EURQFKLROHV�

���� �7KH�DQVZHU� LV�$� >,�&� �� D@��$GUHQHUJLF� ͠�� UHFHSWRUV� SURGXFH� SK\VLRORJLF
DFWLRQV� E\� VWLPXODWLQJ� WKH� IRUPDWLRQ� RI� LQRVLWRO� ������WULSKRVSKDWH� �,3��� DQG
FDXVLQJ�D� VXEVHTXHQW� LQFUHDVH� LQ� LQWUDFHOOXODU� >&D��@��%RWK�͡�� DQG�͡�� UHFHSWRUV
DFW� E\� VWLPXODWLQJ� DGHQ\ODWH� F\FODVH� DQG� LQFUHDVLQJ� WKH� SURGXFWLRQ� RI� F\FOLF
DGHQRVLQH�PRQRSKRVSKDWH� �F$03���͠��5HFHSWRUV� LQKLELW� DGHQ\ODWH� F\FODVH� DQG
GHFUHDVH�F$03�OHYHOV��0XVFDULQLF�DQG�QLFRWLQLF�UHFHSWRUV�DUH�FKROLQHUJLF�
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UHIOH[�PXVFOH�VSLQGOH�DFWLYLW\��6WLPXODWLRQ�RI�JURXS�,D�DIIHUHQWV�ZRXOG�HQKDQFH�
QRW� GLPLQLVK�� WKLV� UHIOH[� DFWLYLW\�� &XWWLQJ� WKH� GRUVDO� URRWV� ZRXOG� EORFN� WKH
UHIOH[HV��6WLPXODWLRQ�RI�͠��DQG�͢�PRWRQHXURQV�ZRXOG�VWLPXODWH�PXVFOHV�GLUHFWO\�

���� �7KH� DQVZHU� LV� &� >,,� %� �@�� 5HSUHVHQWDWLRQ� RQ� WKH� PRWRU� KRPXQFXOXV� LV
JUHDWHVW� IRU� WKRVH� VWUXFWXUHV� WKDW� DUH� LQYROYHG� LQ� WKH� PRVW� FRPSOLFDWHG
PRYHPHQWVߚWKH�ILQJHUV��KDQGV��DQG�IDFH�

���� �7KH� DQVZHU� LV� (� >,� &� �� D�� )LJXUH� ���@�� 3UHJDQJOLRQLF� V\PSDWKHWLF� ILEHUV
V\QDSVH�RQ� WKH� FKURPDIILQ� FHOOV� RI� WKH� DGUHQDO�PHGXOOD� DW� D� QLFRWLQLF� UHFHSWRU�
(SLQHSKULQH� DQG�� WR� D� OHVVHU� H[WHQW�� QRUHSLQHSKULQH� DUH� UHOHDVHG� LQWR� WKH
FLUFXODWLRQ�
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QDVDO�ILHOG�DVFHQG�WRJHWKHU�LQ�WKH�ULJKW�RSWLF�WUDFW�

�����7KH�DQVZHU�LV�$�>,,�(��@��7KH�IDVW�H\H�PRYHPHQW�WKDW�RFFXUV�GXULQJ�D�VSLQ
LV� Q\VWDJPXV�� ,W� RFFXUV� LQ� WKH� VDPH� GLUHFWLRQ� DV� WKH� URWDWLRQ�� $IWHU� WKH� VSLQ�
SRVWURWDWRU\�Q\VWDJPXV�RFFXUV�LQ�WKH�RSSRVLWH�GLUHFWLRQ�

���� �7KH�DQVZHU�LV�'�>9�%��7DEOH����@��&HUHEURVSLQDO�IOXLG��&6)��LV�VLPLODU�LQ
FRPSRVLWLRQ� WR� WKH� LQWHUVWLWLDO� IOXLG� RI� WKH� EUDLQ�� 7KHUHIRUH�� LW� LV� VLPLODU� WR� DQ
XOWUDILOWUDWH� RI� SODVPD� DQG� KDV� D� YHU\� ORZ� SURWHLQ� FRQFHQWUDWLRQ� EHFDXVH� ODUJH
SURWHLQ� PROHFXOHV� FDQQRW� FURVV� WKH� EORRGߙEUDLQ� EDUULHU�� 7KHUH� DUH� RWKHU
GLIIHUHQFHV� LQ� FRPSRVLWLRQ� EHWZHHQ� &6)� DQG� EORRG� WKDW� DUH� FUHDWHG� E\
WUDQVSRUWHUV� LQ� WKH�FKRURLG�SOH[XV��EXW� WKH� ORZ�SURWHLQ�FRQFHQWUDWLRQ�RI�&6)� LV
WKH�PRVW�GUDPDWLF�GLIIHUHQFH�
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͡�� DQG� ͡�� DGUHQHUJLF� DJRQLVWV� DFW� E\� VWLPXODWLQJ� DGHQ\ODWH� F\FODVH�
1RUHSLQHSKULQH� LV�D�͡�DJRQLVW��$WURSLQH� LV�D�PXVFDULQLF�FKROLQHUJLF�DQWDJRQLVW�
&ORQLGLQH� LV� DQ� ͠�� DGUHQHUJLF� DJRQLVW�� &XUDUH� LV� D� QLFRWLQLF� FKROLQHUJLF
DQWDJRQLVW��3KHQWRODPLQH�LV�DQ�͠��DGUHQHUJLF�DQWDJRQLVW��3KHQ\OHSKULQH�LV�DQ�͠�
DGUHQHUJLF�DJRQLVW��3URSUDQRORO�LV�D�͡��DQG�͡��DGUHQHUJLF�DQWDJRQLVW�

�����7KH�DQVZHU�LV�%�>,,�&��@��3KRWRUHFHSWLRQ�LQYROYHV�WKH�IROORZLQJ�VWHSV��/LJKW
FRQYHUWV� ���FLV� UHWLQDO� WR� DOO�WUDQV� UHWLQDO�� ZKLFK� LV� FRQYHUWHG� WR� VXFK
LQWHUPHGLDWHV� DV�PHWDUKRGRSVLQ� ,,��0HWDUKRGRSVLQ� ,,� DFWLYDWHV� D� VWLPXODWRU\�*
SURWHLQ� �WUDQVGXFLQ��� ZKLFK� DFWLYDWHV� D� SKRVSKRGLHVWHUDVH�� 3KRVSKRGLHVWHUDVH
EUHDNV�GRZQ�F\FOLF� JXDQRVLQH�PRQRSKRVSKDWH� �F*03��� VR� LQWUDFHOOXODU� F*03
OHYHOV� GHFUHDVH�� FDXVLQJ� FORVXUH� RI� 1D�� FKDQQHOV� LQ� WKH� SKRWRUHFHSWRU� FHOO
PHPEUDQH� DQG� K\SHUSRODUL]DWLRQ�� +\SHUSRODUL]DWLRQ� RI� WKH� SKRWRUHFHSWRU� FHOO
PHPEUDQH� LQKLELWV� UHOHDVH� RI� WKH� QHXURWUDQVPLWWHU�� JOXWDPDWH�� ,I� WKH� GHFUHDVHG
UHOHDVH� RI� JOXWDPDWH� LQWHUDFWV� ZLWK� LRQRWURSLF� UHFHSWRUV� RQ� ELSRODU� FHOOV�� WKHUH
ZLOO� EH� LQKLELWLRQ� �GHFUHDVHG� H[FLWDWLRQ��� ,I� WKH� GHFUHDVHG� UHOHDVH� RI� JOXWDPDWH
LQWHUDFWV� ZLWK�PHWDERWURSLF� UHFHSWRUV� RQ� ELSRODU� FHOOV�� WKHUH�ZLOO� EH� H[FLWDWLRQ
�GHFUHDVHG�LQKLELWLRQ��
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SKDJRF\WLF� FHOOV�� ,/��� WKHQ� DFWV� WR� LQFUHDVH� WKH� SURGXFWLRQ� RI� SURVWDJODQGLQV�
XOWLPDWHO\� UDLVLQJ� WKH� WHPSHUDWXUH� VHW� SRLQW� LQ� WKH� DQWHULRU� K\SRWKDODPXV�� 7KH
K\SRWKDODPXV�QRZߡ�WKLQNVߢ� WKDW� WKH�ERG\� WHPSHUDWXUH� LV� WRR� ORZ� �EHFDXVH� WKH
FRUH� WHPSHUDWXUH� LV� ORZHU� WKDQ� WKH� QHZ� VHW�SRLQW� WHPSHUDWXUH�� DQG� LQLWLDWHV
PHFKDQLVPV� IRU� JHQHUDWLQJ� KHDWߚVKLYHULQJ�� YDVRFRQVWULFWLRQ�� DQG� VKXQWLQJ� RI
EORRG�DZD\�IURP�WKH�YHQRXV�SOH[XV�QHDU�WKH�VNLQ�VXUIDFH�
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GHOLFDWH� ROIDFWRU\� QHUYHV� DQG� WKHUHE\� HOLPLQDWH� WKH� VHQVH� RI� VPHOO� �DQRVPLD��
KRZHYHU��WKH�DELOLW\�WR�GHWHFW�DPPRQLD�LV�OHIW�LQWDFW��2OIDFWRU\�UHFHSWRU�FHOOV�DUH
XQLTXH� LQ� WKDW� WKH\� DUH� WUXH� QHXURQV� WKDW� DUH� FRQWLQXRXVO\� UHSODFHG� IURP
XQGLIIHUHQWLDWHG�VWHP�FHOOV�
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DQJXODU� DFFHOHUDWLRQ� RU� URWDWLRQ�� +DLU� FHOOV� RI� WKH� ULJKW� VHPLFLUFXODU� FDQDO� DUH
H[FLWHG� �GHSRODUL]HG�� ZKHQ� WKHUH� LV� URWDWLRQ� WR� WKH� ULJKW�� 7KLV� URWDWLRQ� FDXVHV
EHQGLQJ� RI� WKH� VWHUHRFLOLD� WRZDUG� WKH� NLQRFLOLD�� DQG� WKLV� EHQGLQJ� SURGXFHV
GHSRODUL]DWLRQ�RI�WKH�KDLU�FHOO��$VFHQW�LQ�DQ�HOHYDWRU�ZRXOG�DFWLYDWH�WKH�VDFFXOHV�
ZKLFK�GHWHFW�OLQHDU�DFFHOHUDWLRQ�
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IXQFWLRQ� RI� WKH� FHUHEHOOXP�� /HVLRQV� RI� WKH� FHUHEHOOXP� FDXVH� DWD[LD�� ODFN� RI
FRRUGLQDWLRQ��SRRU�H[HFXWLRQ�RI�PRYHPHQW��GHOD\�LQ�LQLWLDWLRQ�RI�PRYHPHQW��DQG
LQDELOLW\� WR� SHUIRUP� UDSLGO\� DOWHUQDWLQJ� PRYHPHQWV�� 7KH� SUHPRWRU� DQG� PRWRU
FRUWLFHV� SODQ� DQG� H[HFXWH� PRYHPHQWV�� /HVLRQV� RI� WKH� VXEVWDQWLD� QLJUD�� D
FRPSRQHQW� RI� WKH� EDVDO� JDQJOLD�� UHVXOW� LQ� WUHPRUV�� OHDG�SLSH� ULJLGLW\�� DQG� SRRU
PXVFOH�WRQH��3DUNLQVRQ�GLVHDVH��
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%HFDXVH�͡��UHFHSWRUV�DUH�PRUH�VHQVLWLYH�WR�HSLQHSKULQH�WKDQ�DUH�͠�UHFHSWRUV��ORZ
GRVHV� RI� HSLQHSKULQH� SURGXFH� YDVRGLODWLRQ�� DQG� KLJK� GRVHV� SURGXFH
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VKRFNߢ� DQG� ORVV� RI� DOO� UHIOH[HV� EHORZ� WKH� OHYHO� RI� WKH� OHVLRQ�� 7KHVH� UHIOH[HV�
ZKLFK�DUH�ORFDO�FLUFXLWV�ZLWKLQ�WKH�VSLQDO�FRUG��ZLOO�UHWXUQ�ZLWK�WLPH�RU�EHFRPH
K\SHUVHQVLWLYH�� 3URSULRFHSWLRQ� LV� SHUPDQHQWO\� �UDWKHU� WKDQ� WHPSRUDULO\�� ORVW
EHFDXVH�RI� WKH� LQWHUUXSWLRQ�RI�VHQVRU\�QHUYH�ILEHUV��)LEHUV�DERYH� WKH� OHVLRQ�DUH
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XVHG�ZKHQ�D�SHUVRQ�WRXFKHV�D�KRW�VWRYH�RU�VWHSV�RQ�D�WDFN��2Q�WKH�LSVLODWHUDO�VLGH
RI� WKH�SDLQIXO� VWLPXOXV�� WKHUH� LV� IOH[LRQ� �ZLWKGUDZDO���RQ� WKH�FRQWUDODWHUDO� VLGH�
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PXVFOH� ILEHU� WKDW� PDNH� XS� PXVFOH� VSLQGOHV�� 7KH\� GHWHFW� G\QDPLF� FKDQJHV� LQ
PXVFOH� OHQJWK�� JLYH� ULVH� WR� JURXS� ,D� DIIHUHQW� ILEHUV�� DQG� DUH� LQQHUYDWHG� E\� ͢�
PRWRQHXURQV��7KH�RWKHU� W\SH�RI� LQWUDIXVDO�ILEHU�� WKH�QXFOHDU�FKDLQ�ILEHU��GHWHFWV
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WKH� DGUHQDO� PHGXOOD� WKDW� VHFUHWHV� H[FHVVLYH� DPRXQWV� RI� QRUHSLQHSKULQH� DQG
HSLQHSKULQH�� ,QFUHDVHG� EORRG� SUHVVXUH� LV� GXH� WR� DFWLYDWLRQ� RI� ͠�� UHFHSWRUV� RQ
YDVFXODU� VPRRWK� PXVFOH� DQG� DFWLYDWLRQ� RI� ͡�� UHFHSWRUV� LQ� WKH� KHDUW�
3KHQR[\EHQ]DPLQH� GHFUHDVHV� EORRG� SUHVVXUH� E\� DFWLQJ� DV� DQ� ͠�� UHFHSWRU
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0XVFDULQLF� UHFHSWRUV� VORZ� $9� QRGH� FRQGXFWLRQ� YHORFLW\�� WKXV�� PXVFDULQLF
EORFNLQJ� DJHQWV� ZRXOG� LQFUHDVH� $9� QRGH� FRQGXFWLRQ� YHORFLW\�� 0XVFDULQLF
UHFHSWRUV� LQFUHDVH�JDVWULF� DFLG� VHFUHWLRQ�� FRQVWULFW� WKH�SXSLOV��PHGLDWH� HUHFWLRQ�
DQG� FDXVH� VZHDWLQJ� �YLD� V\PSDWKHWLF� FKROLQHUJLF� LQQHUYDWLRQ� RI� VZHDW� JODQGV��
WKXV��EORFNLQJ�PXVFDULQLF�UHFHSWRUV�ZLOO�LQKLELW�DOO�RI�WKRVH�DFWLRQV�


