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'U�6HHPD�%RVH 3URIHVVRU�	�+HDG��'HSDUWPHQW� RI�0LFURELRORJ\��+LQG� ,QVWLWXWH� RI�0HGLFDO�6FLHQFHV��
6DIHGDEDG��8WWDU�3UDGHVK��,QGLD�&RUUHVSRQGLQJ�$XWKRU

'U�6DPHHQD�
-DZDLG�

3*�6WXGHQW��'HSDUWPHQW�RI�0LFURELRORJ\��+LQG�,QVWLWXWH�RI�0HGLFDO�6FLHQFHV��6DIHGDEDG��
8WWDU�3UDGHVK��,QGLD�

'U�*DXUDY�9LVKDO 3*�6WXGHQW��'HSDUWPHQW�RI�0LFURELRORJ\��+LQG�,QVWLWXWH�RI�0HGLFDO�6FLHQFHV��6DIHGDEDG��
8WWDU�3UDGHVK��,QGLD�

'U�$QMDOL�$JDUZDO $VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�0LFURELRORJ\��+LQG�,QVWLWXWH�RI�0HGLFDO�6FLHQFHV��
6DIHGDEDG��8WWDU�3UDGHVK��,QGLD�

.(<:25'6

,1752'8&7,21�±
8ULQDU\�WUDFW�LQIHFWLRQ�LV�RQH�RI�WKH�FRPPRQHVW�LQIHFWLRXV�GLVHDVHV�LQ�D�

������KRVSLWDO�VHW�XS��,W�LV�WKLUG�PRVW�FRPPRQ�LQIHFWLRQ�UHSRUWHG�LQ�,QGLD�
(PHUJHQFH�RI�PXOWLGUXJ�UHVLVWDQW��0'5��EDFWHULD�LV�D�PDWWHU�RI�JUDYH�
FRQFHUQ�ZRUOGZLGH��,W�SRVHV�D�VHULRXV�FKDOOHQJH�WR�FRQWURO�LQIHFWLRQV�LQ�
D�KHDOWK�FDUH�IDFLOLW\��(YHU\�\HDU��DSSUR[LPDWHO\�����PLOOLRQ�SDWLHQWV�
VXIIHU� IURP� XULQDU\� WUDFW� LQIHFWLRQ� JOREDOO\�� 8QGHUVWDQGLQJ� RI�
HWLRORJLFDO� XURSDWKRJHQV� DQG� WKHLU� DQWLELRWLF� VHQVLWLYLW\� SDWWHUQ� LV�
HVVHQWLDO�IRU�D�SDUWLFXODU�UHJLRQ�DW�D�SDUWLFXODU�WLPH�SHULRG��(PSLULFDO�
WKHUDS\�DQG�GLVFRQWLQXDWLRQ�RI�DQWLELRWLF�ZLWKRXW�PHGLFDO�DGYLFH�LV�D�
FRPPRQ�SUDFWLFH� LQ� D� UXUDO� VHW� XS��7KLV� FDXVHV� HPHUJHQFH�RI�GUXJ�

����UHVLVWDQW� EDFWHULD� 7KHUHIRUH�� WKLV� VWXG\� ZDV� XQGHUWDNHQ� WR� GHWHFW�
DQWLELRWLF� UHVLVWDQW� XURSDWKRJHQV� IURP� LQGRRU� SDWLHQWV� DQG� WKHLU�
DQWLELRWLF�VHQVLWLYLW\�SDWWHUQ�
�
0$7(5,$/�$1'�0(7+2'6
7KLV�ZDV�D�SURVSHFWLYH��FURVV��VHFWLRQDO�VWXG\��7KH�VWXG\�SHULRG�ZDV���
PRQWKV��7KLV�VWXG\�ZDV�FDUULHG�RXW�LQ�D�WHUWLDU\�FDUH�WHDFKLQJ�KRVSLWDO�
VLWXDWHG�LQ�UXUDO�8WWDU�3UDGHVK��,QGLD��

6WXG\� SRSXODWLRQ� �� 7KH� FOLQLFDOO\� VXVSHFWHG� FDVHV� RI� XULQDU\� WUDFW�
LQIHFWLRQV�DGPLWWHG� LQ� WKLV�KRVSLWDO�ZHUH� LQFOXGHG�LQ� WKH�VWXG\��7KH�
FULWHULD�IRU� LQFOXVLRQ�RI�SDWLHQWV�FOLQLFDOO\�VXVSHFWHG�RI�KDYLQJ�87,�

RZHUH� IROORZLQJ�� !�� &� WHPSHUDWXUH�� XUJHQF\�� IUHTXHQF\� DQG�
VXSUDSXELF� WHQGHUQHVV�� ,Q� WKH� PLFURELRORJ\� ODERUDWRU\�� 87,� ZDV�
GLDJQRVHG�E\�SUHVHQFH�RI�PRUH�WKDQ���SXV�FHOOV��KLJK�SRZHU�¿HOG�LQ�XQ�

��FHQWULIXJHG�XULQH�VDPSOHV��PRUH�WKDQ��� FRORQ\�IRUPLQJ�XQLW�PO�RI�
FHQWULIXJHG�XULQH�DQG� LVRODWLRQ�RI�QRW�PRUH� WKDQ� WZR�RUJDQLVPV�RQ�

�FXOWXUH �

7KH�XULQH�VDPSOHV�ZHUH�FROOHFWHG�IURP�FOHDQ�±�FDWFK�PLG�VWUHDP�XULQH�
RU� IURP� VDPSOLQJ� RI� LQGZHOOLQJ� FDWKHWHU�ZLWK� WKH� KHOS� RI� D� VWHULOH�
V\ULQJH�� 8ULQH� VDPSOHV� ZHUH� LQRFXODWHG� RQ� EORRG� DJDU� DQG�

��0DF&RQNH\
V�DJDU�DQG� LQFXEDWHG�DW��� &HOVLXV� IRU���� WR����KRXUV��
���,GHQWL¿FDWLRQ�RI�FXOWXUH�LVRODWHV�ZDV�GRQH�DV�SHU�VWDQGDUG�SURWRFROV�

$QWLELRWLF��$QWLELRWLF�VXVFHSWLELOLW\�WHVW�RI�DOO�WKH�LVRODWHV�IURP�FOLQLFDO�
XULQH�VDPSOHV�ZHUH�GRQH�XVLQJ�PRGL¿HG�.LUE\� �%DXHU�GLVN�GLIIXVLRQ�
PHWKRG�� ���� $QWLELRWLF� GLVNV� XVHG� IRU� WKLV� VWXG\� ZHUH� IROORZLQJ��
DPSLFLOOLQ����ȝ�J���FHIWD]LGLPH����ȝ�J���$PLNDFLQ����ȝJ���1HWLOP\FLQ�
���ȝJ��� FLSURÀR[DFLQ� ��ȝ� J��� WLFDUFLOOLQ� ���ȝ� J��� FHIHSLPH� ���ȝ� J���

SLSHUDFLOOLQ�WD]REDFWDP��������ȝ�J���,PLSHQHP����ȝ�J���FROLVWLQ����ȝ�
J���SRO\P\[LQ�%����ȝ�J���QLWURIXUDQWRLQ�����ȝ�J���YDQFRP\FLQ����ȝ�J���
FHIR[LWLQ� ���ȝ�J��� WLJHF\FOLQH� ���ȝ�J��� DPR[LFLOOLQ�FODXYXODQLF�DFLG�
������ȝ�J��DQG�IRVIRP\FLQ�����ȝ�J���$QWLELRWLF�VHQVLWLYLW\�WHVW�ZDV�
GRQH� IROORZLQJ� FOLQLFDO� DQG� ODERUDWRU\� VWDQGDUG� LQVWLWXWH� �&/6,��

���JXLGHOLQHV� �&RQWURO� VWUDLQV�XVHG� IRU� WKH�VWXG\�ZHUH� WKH� IROORZLQJ��
(VFKHULFKLD� FROL� �$7&&� �������� .OHEVLHOOD� SQHXPRQLDH� �$7&&�
�������� (QWHURFRFFXV� IDHFDOLV� �$7&&� �������� 3VHXGRPRQDV�
DHUXJLQRVD� �$7&&� ������� DQG� 6WDSK\ORFRFFXV� DXUHXV� �$7&&�
��������

$OO�WKH�PHGLD��ELRFKHPLFDOV�DQG�DQWLELRWLF�GLVFV�ZHUH�SURFXUHG�IURP�
+L��0HGLD��3YW�/WG��,QGLD��

$OO� WKH� FOLQLFDO� LVRODWHV�ZHUH� VFUHHQHG� IRU�([WHQGHG� VSHFWUXP�EHWD�
ODFWDPDVHV�� XVLQJ� FHIR[LWLQ� �&7;�� DQG� FHIWD]LGLPH� �&$=�� GLVFV� LQ�
FRPELQDWLRQ�ZLWK�FODXYXODQLF�DFLG��3RVLWLYH�¿QGLQJV�ZHUH�FRQ¿UPHG�

70 �E\�(]\�0,& �VWULS�DYDLODEOH�IURP�+L��0HGLD��3YW�/WG��,QGLD��

0HWDOOR�EHWD�ODFWDPDVHV�SURGXFWLRQ�E\�FOLQLFDO�LVRODWHV�ZHUH�GRQH�E\���
PHWKRGV��FDUEDSHQHP��('7$�FRPELQHG�GLVF�PHWKRG�DQG�,30�±�('7$�
(�WHVW�RU�0%/�(�WHVW�VWULS�DYDLODEOH�IURP�+L��0HGLD��3YW�/WG��,QGLD��7KH�

��WHVWV�ZHUH�FRQGXFWHG�DV�SHU�LQVWUXFWLRQV�RI�PDQXIDFWXUHU��

.QRZQ�(6%/�SURGXFHU�DQG�0%/�SURGXFHU�ZHUH�XVHG�DV�FRQWURO�
�
5(68/76�
7DEOH� ��� 'LVWULEXWLRQV� RI� EDFWHULDO� LVRODWHV� IURP� SRVLWLYH� XULQH�
FXOWXUH��Q� �����

7KH� KLJKHVW� QXPEHU� RI� XURSDWKRJHQV� ZDV� (VFKHULFKLD� FROL�
������������ IROORZHG� E\� (QWHURFRFFXV� IDHFDOLV� ��� ����������
.OHEVLHOOD� SQHXPRQLDH� ��� ���������� 3VHXGRPRQDV� DHUXJLQRVD� ���
���������DQG�6WDSK\ORFRFXV�DXUHXV�������������

,17(51$7,21$/�-2851$/�2)�6&,(17,),&�5(6($5&+

0LFURELRORJ\

,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWL¿F�5HVHDUFK �

9ROXPH���_�,VVXH���_�$SULO������_�35,17�,661�1R������������

%DFWHULDO�LVRODWHV 7RWDO�1XPEHU 3HUFHQWDJH
(VFKHULFKLD�FROL ��� �����
(QWHURFRFFXV�IDHFDOLV �� ��
.OHEVLHOOD�SQHXPRQLDH �� �����
3VHXGRPRQDV�DHUXJLQRVD �� �����
6WDSK\ORFRFFXV�DXUHXV �� ����

$QWLELRWLFV (�FROL
Q ����

(�IDHFDOLV
Q ���

.�SQHXPRQLDH
Q ��

3�DHUXJLQRVD�
Q ���

6�DXUHXV
Q ��

$PSLFLOOLQ � � � � �
$PR[LFLOOLQ��FODXYXODQLF�DFLG � ���������� � � ��������
$PLNDFLQ ������������ ���������� ���������� ���������� ���������
9DQFRP\FLQ � ������� � � ���������
&HIWD]LGLPH ����������� ���������� � ���������� ����������
&HIR[LWLQ ����������� ���������� � ���������� ���������
7LFDUFLOOLQ ���������� � ���������� ���������� �
&LSURÀR[DFLQ ���������� ������� ���������� ���������� ����������

7DEOH����$QWLPLFURELDO�VHQVLWLYLW\�SDWWHUQ�RI�XURSDWKRJHQV�,VRODWHV���7RWDO�QXPEHU�RI�LVRODWHV�IURP�FOLQLFDO�XULQH�VDPSOHV������



� ,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWL¿F�5HVHDUFK

8ULQDU\� LVRODWHV� VKRZHG� KLJK� VXVFHSWLELOLW\� DJDLQVW� 7LJHF\FOLQH��
1LWURIXUDQWRLQ�DQG�)RVIRP\FLQ��&ROLVWLQ�DQG�3RO\P\[LQ�%�ZHUH�RQO\�
XVHG� DJDLQVW� 3VHXGRPRQDV� DHUXJLQRVD� DQG� IRXQG� WR� EH� �����
VHQVLWLYH�

',6&866,21�±�
���8ULQDU\�WUDFW�LQIHFWLRQ�LV�WKH�WKLUG�PRVW�FRPPRQ�LQIHFWLRQ�LQ�,QGLD�

(YHU\�\HDU��DSSUR[LPDWHO\�����PLOOLRQ�SRSXODWLRQV�VXIIHU�IURP�87,�
JOREDOO\�� 8ULQH� FXOWXUH� DQG� PLFURVFRS\� DUH� FRQVLGHUHG� DV� D� JROG�

��VWDQGDUG�IRU�GHWHFWLRQ�RI�8ULQDU\�WUDFW�LQIHFWLRQ��
�
,Q� RXU� VWXG\�� FRPPRQHVW� XURSDWKRJHQV� ZDV� (VFKHULFKLD� FROL�
������������ IROORZHG� E\� (QWHURFRFFXV� IDHFDOLV� ��� ����������
.OHEVLHOOD� SQHXPRQLDH� ��� ���������� 3VHXGRPRQDV� DHUXJLQRVD� ���
���������DQG�6WDSK\ORFRFXV�DXUHXV�������������VLPLODU�SDWWHUQ�ZHUH�

��REVHUYHG�E\�RWKHU�UHVHDUFKHUV�DOVR�
�
3URGXFWLRQ�RI�0HWDOOR�EHWD�ODFWDPDVH��0%/��E\�WKH�PLFURRUJDQLVPV�
FDXVHV�,PLSHQHP�UHVLVWDQFH�DQG�LQFUHDVHV�WKH�PRUWDOLW\�UDWH�RI�LQIHFWHG�
SDWLHQWV��7KHUHIRUH�� WLPHO\� LGHQWL¿FDWLRQ�RI�0%/�SURGXFLQJ� VWUDLQV�
DQG� VWULFW� LVRODWLRQ� RI� SDWLHQWV�� SUHYHQW� IXUWKHU� VSUHDG� RI� 0%/�
SURGXFLQJ�JHQHV�WR�RWKHU�JUDP�QHJDWLYH�EDFWHULD��1LWURIXUDQWRLQ�LV�DQ�
H[FHOOHQW�GUXJ�DJDLQVW�(QWHURFRFFDO�XULQDU\�WUDFW�LQIHFWLRQ�DQG�RWKHU�
PLFURRUJDQLVPV�FDXVLQJ�ORZHU�XULQDU\�WUDFW�LQIHFWLRQ��,W�KDV�EHHQ�XVHG�
IRU�SDVW�PDQ\�\HDUV�DQG�VWLOO�VKRZV�YHU\� OLWWOH�UHVLVWDQFH�� ,W� LV�ERWK�
EDFWHULRVWDWLF�DQG�EDFWHULFLGDO�DQG�UHVLVWDQW�PXWDQWV�DUH�YHU\�UDUH��1R�
FURVV�UHVLVWDQFH� ZDV� UHSRUWHG� EHWZHHQ� 1LWURIXUDQWRLQ� DQG� RWKHU�
DQWLELRWLFV�� ,W� LV� HIIHFWLYH� DJDLQVW� ERWK� (�� IDHFDOLV� DQG� (�� IDFLXP�

���LQFOXGLQJ� PRVW� RI� WKH�95(� 1LWURIXUDQWRLQ� FDQ� EH� JLYHQ� LQ� HDUO\�
�����SUHJQDQF\�DOVR��

�
,Q�RXU�VWXG\��������������(�FROL�ZHUH�(6%/�SURGXFHUV��IROORZHG�E\�
����������� .�� SQHXPRQLDH�� :H� DOVR� QRWLFHG� WKDW� ��� ���������
3�DHUXJLQRVD�DQG�����������(�FROL�ZHUH�0%/�SURGXFHUV��$OO�(6%/�
DQG� 0%/� SURGXFLQJ� VWUDLQV� RI� LVRODWHV� IURP� XULQH� VDPSOHV� ZHUH�
PXOWLGUXJ� UHVLVWDQW�� 7KHVH� ¿QGLQJV� ZHUH� VLPLODU� WR� WKH� VWXGLHV�

�����������FRQGXFWHG�E\�RWKHU�UHVHDUFKHUV��
�
'XH� WR� KLJK� LQFLGHQFH� RI� 0'5� XURSDWKRJHQV�� WKH� XVH� RI� ROGHU�
DQWLELRWLFV�OLNH�QLWURIXUDQWRLQ�DQG�IRVIRP\FLQ�KDV�LQFUHDVHG�LQ�FOLQLFDO�
SUDFWLFH��5HYHUVDO�RI�VXVFHSWLELOLW\�WR�1LWURIXUDQWRLQ�DQG�IRVIRP\FLQ�LV�
SUREDEO\�GXH�WR�QRQ�XVDJH�RI�WKHVH�GUXJV�IRU�D�ORQJ�SHULRG��
�
)RVIRP\FLQ� LV�XVHG�DV� D� VLQJOH�RUDO�GRVH� LQ�FDVH�RI�XQFRPSOLFDWHG�
XULQDU\� WUDFW� LQIHFWLRQ��)RVIRP\FLQ� LQKLELWV�HQROS\UXY\O� WUDQVIHUDVH�
WKDW�LV�HVVHQWLDO�IRU�DQ\�PLFURRUJDQLVP�KDYLQJ�PXUDPLF�DFLG�LQ�LWV�FHOO�
ZDOO��)RVIRP\FLQ�UHVLVWDQFH�LV�PDLQO\�GXH�WR�PXWDWLRQ�DQG�SODVPLG�
PHGLDWHG��$FFRUGLQJ�WR�0DUWLQ�HW�DO��GLVN�GLIIXVLRQ�PHWKRG�LV�QRW�D�
VXLWDEOH�PHWKRG�WR�GHWHFW�IRVIRP\FLQ�VHQVLWLYLW\�DQG�IRU�WKDW��PLQLPXP�

��������LQKLELWRU\�FRQFHQWUDWLRQ�RI�WKH�GUXJ�VKRXOG�EH�DVVHVVHG��
�
,Q�RXU�VWXG\��1LWURIXUDQWRLQ�DQG�IRVIRP\FLQ�ZHUH�IRXQG� WR�EH�YHU\�
XVHIXO�IRU�WKH�WUHDWPHQW�DJDLQVW�0'5�XURSDWKRJHQV��HYHQ�LQ�*UDP�

�����������SRVLWLYH�FRFFL��7KLV�¿QGLQJ�ZDV�VXSSRUWHG�E\�RWKHU�VWXGLHV�DOVR��
�
&21&/86,21�±�
0LFURVFRS\�� XULQH� FXOWXUH� DQG� DQWLELRWLF� VHQVLWLYLW\� RI� FDXVDWLYH�
RUJDQLVPV� DUH� VWLOO� PDLQ� VWUDWHJ\� IRU� WUHDWPHQW� 87,�� *HRJUDSKLFDO�
YDULDWLRQ�PD\�RFFXU� IURP�SODFH� WR�SODFH�DQG� WLPH� WR� WLPH��6KLIW�RI�
DQWLELRWLF�UHVLVWDQFH�SDWWHUQ�IURP�RQH�GUXJ�WR�RWKHU�VKRXOG�EH�UHFRUGHG�
DW�UHJXODU�LQWHUYDO��$�SURSHU�DQWLELRWLF�SROLF\�VKRXOG�EH�PDGH�E\�HYHU\�
KHDOWK�±�FDUH�IDFLOLW\�WR�SUHYHQW�LQGLVFULPLQDWH�XVH�RI�DQWLELRWLFV�DQG�
HPHUJHQFH�RI�0'5�XURSDWKRJHQV�

5()(5(1&(6�±�
���� $NUDP��0���6KDKLG��0���DQG�.KDQ��$��8����������(WLRORJ\�DQG�DQWLELRWLF�UHVLV��WDQFH�

SDWWHUQV��RI� FRPPXQLW\�DFTXLUHG� XULQDU\� WUDFW� LQIHFWLRQV� LQ� -10&�+RVSLWDO�$OLJDUK��
,QGLD��$QQ��&OLQ��0LFURELRO��$QWLPLFURE��������GRL������������������������

���� .RWKDUL�� $��� DQG� 6DJDU�� 9�� �������� $QWLELRWLF� UHVLVWDQFH� LQ� SDWKRJHQV� FDXVLQJ�
FRPPXQLW\�DFTXLUHG�XULQDU\�WUDFW�LQIHFWLRQV�LQ�,QGLD��D�PXOWLFHQWHU�VWXG\��-��,QIHFW��'HY��

&WULHV��������±�����GRL���������������������������
���� 3UDNDVK��'���DQG�6D[HQD��5��6����������'LVWULEXWLRQ�DQG�DQWLPLFURELDO�VXV��FHSWLELOLW\�

SDWWHUQ�RI�EDFWHULDO�SDWKRJHQV�FDXVLQJ�XULQDU\�WUDFW�LQIHFWLRQ�LQ�XUEDQ�FRPPXQLW\�RI�
0HHUXW�&LW\��,QGLD��,651�0LFURELRO���������������GRL����������������������

���� 6XQD\DQD�6DKD����6ULGKDUD�1D\DN�����,QGUDQL�%KDWWDFKDU\\D�����6XPDQ�6DKD�����$PLW�.��
0DQGDO� ���� �� 6XEKDQLO� &KDNUDERUW\� �� �� 5DELQGUDQDWK� %KDWWDFKDU\\D�� �� 5DQDGKLU�
&KDNUDERUW\�����2FWDYLR�/��)UDQFR�������6DQWL�0��0DQGDO������DQG�$PLW�%DVDN����
8QGHUVWDQGLQJ�WKH�SDWWHUQV�RI�DQWLELRWLF�VXVFHSWLELOLW\�RI�EDFWHULD�FDXVLQJ�XULQDU\�WUDFW�
LQIHFWLRQ�LQ�:HVW�%HQJDO��,QGLD��)URQWLHUV�LQ�PLFURELRO��6HSWHPEHU������_�9ROXPH���_�
$UWLFOH�����_�����

���� 6RRG��6���DQG�*XSWD��5����������$QWLELRWLF�UHVLVWDQFH�SDWWHUQ�RI�FRPPXQLW\�DFTXLUHG�
XURSDWKRJHQV�DW�D�WHUWLDU\�FDUH�KRVSLWDO�LQ�-DLSXU��5DMDVWKDQ��,QGLDQ�-��&RPPXQLW\�0HG��
������±����GRL��������������������������

���� &ROOHH�-*��0LOHV�56��:DWW�%��7HVWV�IRU�LGHQWL¿FDWLRQ�RI�EDFWHULD��,Q��&ROOHH�-*��)UDVHU�
$*�� 0DUPLRQ� %3�� 6LPPRQV� $�� HGV�� 0DFNLH� DQG� 0F� &DUWQH\� 3UDFWLFDO� 0HGLFDO�
0LFURELRORJ\����WK�HG��6LQJDSRUH��&KXUFKLOO�/LYLQJVWRQH�����������������

���� 7KH�FOLQLFDO�DQG�ODERUDWRU\�VWDQGDUGV�LQVWLWXWH��3HUIRUPDQFH�VWDQGDUGV�IRU�DQWLPLFURELDO�
VXVFHSWLELOLW\� WHVWLQJ�� 7ZHQW\�VL[� LQIRUPDWLRQDO� VXSSOHPHQW�� 3HQQV\OYDQLD� �������
86$�� ������ $YDLODEOH� DW�� KWWS���YFKPHGLFDO�DMXPV�DF�LU�BYFKPHGLFDO�GRFXPHQ�
WV�&/6,��������SGI��

���� &OLQLFDO� DQG� /DERUDWRU\� 6WDQGDUGV� ,QVWLWXWH� �&/6,��� 3HUIRUPDQFH� 6WDQGDUGV� IRU�
$QWLPLFURELDO�6XVFHSWLELOLW\�7HVWLQJ��7ZHQW\�WKLUG�,QIRUPDWLRQDO�6XSSOHPHQW��9RO������
QXPEHU���:D\QH��3HQQV\OYDQLD��86$��&/6,��������3S���������

���� *XSWD� .�� +RRWDQ� 70�� 6WDPP� :(�� ,QFUHDVLQJ� DQWLPLFURELDO� UHVLVWDQFH� DQG� WKH�
PDQDJHPHQW� RI� XQFRPSOLFDWHG� FRPPXQLW\�� DFTXLUHG� XULQDU\� WUDFW� LQIHFWLRQV�� $QQ��
,QWHUQ�0HG��������������������

����� <DQ�--��7VDL�6+�&KXDQJ�&/��&RPSDULVDQ�RI�GRXEOH��GLVN��FRPELQHG�GLVF�DQG�(��WHVW�
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