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3OHQDU\�6HVVLRQ��DZDUG�OHFWXUHV�RQO\���$ZDUG�OHFWXUH 36����

$UVHQLF�DQG�RWKHU�*HRJHQLF�&RQWDPLQDQWV�LQ�*URXQGZDWHU�૱�D�*OREDO�&KDOOHQJH

$��9RHJHOLQ�����6��+XJ���

�(DZDJ��6ZLVV�)HGHUDO�,QVWLWXWH�RI�$TXDWLF�6FLHQFH�DQG�7HFKQRORJ\��8HEHUODQGVWUDVVH����������
'XHEHQGRUI��6ZLW]HUODQG���$QGUHDV�YRHJHOLQ#HDZDJ�FK���6WHSKDQ�KXJ#HDZDJ�FK

*URXQGZDWHU LV WKH PDLQ GULQNLQJ DQG LUULJDWLRQ ZDWHU UHVRXUFH LQ PDQ\ UHJLRQV DURXQG WKH ZRUOG�
1DWXUDO FRQWDPLQDWLRQ RI JURXQGZDWHU ZLWK JHRJHQLF FRQWDPLQDQWV �H�J�� DUVHQLF� PDQJDQHVH�
IOXRULGH� XUDQLXP� WKDOOLXP� SRVHV D PDMRU KHDOWK WKUHDW WR KXQGUHGV RI PLOOLRQV RI SHRSOH
ZRUOGZLGH� (VSHFLDOO\ SUREOHPDWLF LV DUVHQLF GXH WR LWV DEXQGDQFH DQG WR[LFLW\� 7R ILQG VROXWLRQV WR
WKLV JOREDO FKDOOHQJH� LW LV HVVHQWLDO WR QRW RQO\ XQGHUVWDQG WKH ELRJHRFKHPLFDO PHFKDQLVPV WKDW
FRQWURO WKH UHOHDVH RI JHRJHQLF FRQWDPLQDQWV DQG WKHLU IDWH LQ VRLOV DQG DTXLIHUV� EXW DOVR WR
SUHGLFW DUHDV DW ULVN RI FRQWDPLQDWLRQ DQG WR GHVLJQ VWUDWHJLHV IRU ZDWHU WUHDWPHQW DQG IRU
PLQLPL]LQJ FRQWDPLQDQW WUDQVIHU LQWR WKH IRRG FKDLQ� 2XU WHDP DGGUHVVHV WKHVH FKDOOHQJHV E\
FRPELQLQJ IXQGDPHQWDO DQG DSSOLHG UHVHDUFK DV ZHOO DV H[SHULPHQWDO DQG PRGHOLQJ DSSURDFKHV�
WKHUHE\ FRQWULEXWLQJ WR WKH PLWLJDWLRQ DQG SUHYHQWLRQ RI SXEOLF KHDOWK KD]DUGV UHODWHG WR JHRJHQLF
FRQWDPLQDQWV�
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3OHQDU\�6HVVLRQ��DZDUG�OHFWXUHV�RQO\���$ZDUG�OHFWXUH 36����

���<HDUV�RI�0HGLFLQDO�&KHPLVWU\�૱�$OZD\V�ORRN�DW�WKH�EULJKW�VLGH��RI�OLIH�

&��%RVV�

�,GRUVLD�3KDUPDFHXWLFDOV�/WG��+HJHQKHLPHUPDWWZHJ����������$OOVFKZLO��6ZLW]HUODQG
FKULVWRSK�ERVV#LGRUVLD�FRP

7KLV OHFWXUH ZLOO VXPPDUL]H D SHUVRQDO SHUVSHFWLYH RI NH\ OHDUQLQJV IURP SURMHFWV WKH DXWKRU ZDV
LQYROYHG LQ RYHU WKH ODVW �� \HDUV� H�J� WKH GLVFRYHU\ RIPDFLWHQWDQ� WKH PRVW VXFFHVVIXO PROHFXOH
WR GDWH IURP WKLV SHUVRQDO FROOHFWLRQ� PDUNHWHG E\ -	- IRU WKH WUHDWPHQW RI SXOPRQDU\ DUWHULDO
K\SHUWHQVLRQ �3$+� >�@ RU WKH GLVFRYHU\ RI $&7�������� D GXDO RUH[LQ UHFHSWRU DQWDJRQLVW IRU WKH
WUHDWPHQW RI LQVRPQLD ZLWK WKH VKRUWHVW VWRU\ IURP WKH VFUHHQLQJ KLW WR WKH GUXJ >�@ RU WKH
LGHQWLILFDWLRQ RI $&7�������� DQRWKHU GXDO RUH[LQ UHFHSWRU DQWDJRQLVW LQ SKDVH � FOLQLFDO WULDOV E\
,GRUVLD IRU WKH WUHDWPHQW RI LQVRPQLD GLVRUGHUV >�@ �ਆ*RRG WKLQJV FRPH WR WKRVH ZKR ZDLWਇ�� DQG
ILQDOO\ WKH VHOHFWLRQ RI$&7�������� DQ DQWLPDODULDO GUXJ ZLWK D QRYHO PHFKDQLVP RI DFWLRQ�
UHSUHVHQWLQJ WKH PRVW FROODERUDWLYH SURMHFW LQ WKH DXWKRUV H[SHULHQFH UHVXOWLQJ LQ D FRPSRXQG LQ
SKDVH���FOLQLFDO�GHYHORSPHQW�>�@�

,Q DGGLWLRQ� WKHUH ZLOO EH D EULHI GLVFXVVLRQ RQ WKH LPSRUWDQFH RI WKH VFUHHQLQJ FRPSRXQG
FROOHFWLRQ� DV D NH\ DVVHW IRU GUXJ GLVFRYHU\� DQG WKH PHDVXUHV ,GRUVLD LPSOHPHQWHG WR REWDLQ
RSWLPDO KLWV IURP KLJK�WKURXJKSXW VFUHHQLQJ �+76� FDPSDLJQV >�@� 'UXJ GLVFRYHU\ LV D PXOWL�
GLVFLSOLQDU\ EXVLQHVV ZLWK XQOLPLWHG H[FLWLQJ FKDOOHQJHV DVNLQJ IRU H[FHVVLYH RSWLPLVP ZKHQ
WDFNOLQJ�WKHP�LQ�D�SOD\IXO�PDQQHU�

>�@�0�+��%ROOL��&��%RVV��&��%LQNHUW��HW�DO��-��0HG��&KHP����������������������
>�@�&��%RVV��&��%ULVEDUH�5RFK��0�$��6WHLQHU��HW�DO��&KHP0HG&KHP���������������������
>�@ $� 7UHLEHU� 5� GH .DQWHU� &� 5RFK� -� *DWILHOG� &� %RVV� HW DO� -� 3KDUPDFRO� ([S� 7KHU�� ����� ����
��������
>�@�&��%RVV��+��$LVVDRXL��1��$PDUDO��HW�DO��&KHP0HG&KHP���������������������
>�@�&��%RVV��-��+D]HPDQQ��7��.LPPHUOLQ��0��Y��.RUII�HW�DO��&KLPLD������������������
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3KRWRFKHPLFDO�'HDURPDWL]DWLRQ�RI�1RQDFWLYDWHG�$UHQHV

'��6DUODK�

�5RJHU�$GDPV�/DERUDWRU\��'HSDUWPHQW�RI�&KHPLVWU\��8QLYHUVLW\�RI�,OOLQRLV��8UEDQD��,OOLQRLV�������
8QLWHG�6WDWHV���VDUODK#LOOLQRLV�HGX

6PDOO� KHWHURDWRP�FRQWDLQLQJ FRPSOH[ PROHFXOHV DUH KLJKO\ GHVLUHG LQ DOO DUHDV RI FKHPLVWU\� EXW
WKH\ DUH DOVR RIWHQ GLIILFXOW WR DFFHVV� 6HOHFWLYH WUDQVIRUPDWLRQV RI DURPDWLF FRPSRXQGV FRXOG
SURYLGH D PRUH GLUHFW URXWH WR VXFK GHVLUDEOH WDUJHWV� KRZHYHU� WKH PDQ\ FKDOOHQJHV DVVRFLDWHG
ZLWK GHDURPDWLYH IXQFWLRQDOL]DWLRQ KDYH OHIW WKHVH W\SHV RI UHDFWLRQV ZLGHO\ XQGHUGHYHORSHG� 2XU
JURXS KDV EHHQ GHYHORSLQJ QHZ VWUDWHJLHV WKDW EULGJH WKH JDS EHWZHHQ GHDURPDWL]DWLRQ DQG
DONHQH FKHPLVWU\� ,Q SXUVXLW RI WKLV JRDO� ZH KDYH HVWDEOLVKHG GHDURPDWLYH IXQFWLRQDOL]DWLRQV XVLQJ
VPDOO PROHFXOHV૱DUHQRSKLOHV� $UHQRSKLOHV SKRWRFKHPLFDOO\ UHDFWV ZLWK DUHQHV LQ >���@ IDVKLRQ�
HQDEOLQJ UHDFWLRQV RI IRUPDOO\ LVRODWHG DONHQHV LQ DURPDWLF VXEVWUDWHV� 7KXV� ZHOO�HVWDEOLVKHG ROHILQ
UHDFWLRQV� VXFK DV GLK\GUR[\ODWLRQ DQG UHGXFWLRQ >�@� FDQ QRZ EH PRUH GLUHFWO\ DSSOLHG WR DUHQHV�
$GGLWLRQDOO\� DUHQRSKLOHV LQ FRPELQDWLRQ ZLWK WUDQVLWLRQ PHWDO FDWDO\VLV SURYLGH XQLTXH SODWIRUP >��
�@ DQG HQDEOH WKH UDSLG DFFHVV WR D GLYHUVH UDQJH RI SURGXFWV WKDW DUH ERWK FKDOOHQJLQJ WR
V\QWKHVL]H YLD H[LVWLQJ PHWKRGV DQG FRPSOHPHQWDU\ WR WKRVH DFTXLUHG WKURXJK ELRORJLFDO RU
FKHPLFDO GHDURPDWLYH SURFHVVHV� )LQDOO\� XVLQJ WKLV PHWKRGRORJ\ ZH KDYH UHFHQWO\ FRPSOHWHG WKH
V\QWKHVLV RI VHYHUDO FRPSOH[ DQWLFDQFHU QDWXUDO SURGXFWV� LQFOXGLQJ SDQFUDWLVWDWLQV� O\FRULFLGLQH�
DQG�QDUFLFODVLQH�>����@�

>�@�(��+��6RXWKJDWH��-��3RVSHFK��-��)X��'��5��+RO\FURVV��'��6DUODK��1DWXUH�&KHP���������������૱����
>�@�0��2NXPXUD��$��6��6KYHG��'��6DUODK��-��$P��&KHP��6RF�����������������૱������
>�@ /� :� +HUQDQGH]� 8� .O¸FNQHU� -� 3RVSHFK� /� +DXVV� '� 6DUODK� -� $P� &KHP� 6RF�� ����� ����
����૱�����
>�@�(��+��6RXWKJDWH��'��5��+RO\FURVV��'��6DUODK��$QJHZ��&KHP��,QW��(G����������������૱������
>�@ /� :� +HUQDQGH]� -� 3RVSHFK� 8� .ORHFNQHU� 7� :� %LQJKDP� '� 6DUODK� -� $P� &KHP� 6RF�� �����
����������૱������
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$OWHUQDWLYH�VROYHQWV��IURP�D�FRPSOLDQFH�GULYHQ�DFWLYLW\�WR�D�WULJJHU�IRU�LQQRYDWLRQ

)��*DOORX�

�&KHPLFDO�	�$QDO\WLFDO�'HYHORSPHQW��1RYDUWLV�3KDUPD�$*�������%DVHO��6ZLW]HUODQG

'XULQJ RXU HYDOXDWLRQ RI WKH SRWHQWLDO RI VXUIDFWDQW WHFKQRORJ\ LQ FROODERUDWLRQ ZLWK 3URIHVVRUV
/LSVKXW] DQG +DQGD������ �� ZH KDYH LGHQWLILHG D YDULHW\ RI VWUDLJKWIRUZDUG DQG KLJKO\ DGYDQWDJHRXV
WUDQVIRUPDWLRQVDQG DSSOLHG WKHP VXFFHVVIXOO\ RQ�VFDOH RQ YDULRXV FKHPR DQG ELRFDWDO\WLF
WUDQVIRUPDWLRQV���� ,PSOHPHQWDWLRQ RI WKH WHFKQRORJ\ W\SLFDOO\ UHVXOWV LQWR VLJQLILFDQW EHQHILWV
DFURVV RXU HQWLUH SRUWIROLR� QRW MXVW IURP DQ HQYLURQPHQWDO VWDQGSRLQW EXW DOVR IURP DQ HFRQRPLF
DQG SURGXFWLYLW\ SHUVSHFWLYH� 7R QDPH D IHZ� UHGXFWLRQ RI RUJDQLF VROYHQW FRQVXPSWLRQ� ZDWHU XVH
DQG F\FOH WLPH� PLOGHU UHDFWLRQ FRQGLWLRQV� LPSURYHG \LHOGV DQG VHOHFWLYLWLHV� ZKLFK DOO FRQWULEXWH
WR�LPSURYHG�SURFHVV�SHUIRUPDQFH�DQG�ORZHU�PDQXIDFWXULQJ�FRVWV����

7KHVH VXUIDFWDQW PHGLDWHG UHDFWLRQV FDQ EH XS�VFDOHG LQ WKH DOUHDG\ H[LVWLQJ PXOWL�SXUSRVH
IDFLOLWLHV RI SKDUPDFHXWLFDO RU FKHPLFDO RUJDQL]DWLRQV� XVLQJ D FDWDO\WLF DPRXQW RI D FRPELQDWLRQ RI
D QRQ�LRQLF GHVLJQHU VXUIDFWDQW �H�J� 73*6�����0� ),�����0� LQ ZDWHU� DQG D ZHOO�FKRVHQ RUJDQLF FR�
VROYHQW LQVWHDG RI WUDGLWLRQDO DQG XQGHVLUDEOH RUJDQLF VROYHQWV����:H QRZ VWDUW JDLQLQJ LQVLJKW RQWR
WKH SK\VLFDO SKHQRPHQD LQYROYHG DQG WKH UROH RI WKH YDULRXV FRPSRQHQWV RI WKH V\VWHP DQG XWLOL]H
WKLV�NQRZ�KRZ�WR�GHVLJQ�HYHQ�EHWWHU�FDWDO\WLF�V\VWHPV����

>�@ 6HH IRU H[DPSOH� 6FLHQFH����� ���� ����� $QJ� &KHP� ,QW� (G� ����� ��� ����� $QJ� &KHP�
,QW��(G�����������������
>�@ -� $P� &KHP� 6RF� ����� ���� ������ 2UJ� /HWW� ����� ��� ����� 2UJ� /HWW� ����� ��� �����2UJ�
3URF��5HV��'HY����������������
>�@ &KHP� 6FL������ �� ����� $&6 &DWDO� ����� �� ��� ����� -� 2UJ� &KHP������ GRL�
��������DFV�MRF��E������
>�@ *UHHQ &KHP� ����� ��� ��� 1DW� 5HY� &KHP������ �� ����1DWXUH
&RPP��������DFFHSWHG��GRL�RUJ���������V������������������
>�@�$&6�6XVWDLQ�&KHP��(QJ����������������
>�@�2UJ��3URF��5HV��'HY�����������������
>�@�2UJ��/HWW�����������������(XU��-��2UJ��&KHP����������������
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