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2%-(&7,9(�� 7R� GHWHUPLQH� ZKHWKHU� WKH� SXOS� FKDPEHU� IORRU� RI� PDQGLEXODU� ILUVW� SHUPDQHQW� PRODUV� LV� 
DOZD\V�FHQWUDOO\�ORFDWHG��ODZ�RI�FHQWUDOLW\��DW�WKH�OHYHO�RI�FHPHQWR�HQDPHO�MXQFWLRQ��&(-��RU�RII-FHQWHUHG�
�PHVLREXFFDOO\�� 
0(7+2'2/2*<��7KLV�FURVV-VHFWLRQDO�DQDO\WLFDO�VWXG\�ZDV�FRQGXFWHG�DW�'HQWDO�23'�/LDTXDW�8QLYHUVLW\�
RI� 0HGLFDO� 	� +HDOWK� 6FLHQFHV�� -DPVKRUR� �� +\GHUDEDG� IURP� -XQH� WR� 'HFHPEHU� ����� ZLWK� SUREDELOLW\� 
FRQVHFXWLYH� VDPSOLQJ� WHFKQLTXH�� 7RWDO� ���� H[WUDFWHG� WHHWK� ZHUH� GHFRURQDWHG� DW� FHPHQWR-HQDPHO� 
MXQFWLRQ�OHYHO�DQG�SKRWRJUDSKHG��3DLQW�PLOLPHWHU�JULG�ZDV�VXSHULPSRVHG�RQ�SKRWRJUDSK�DQG�SRVLWLRQ�RI�
SXOS� FKDPEHU�ZDV�PHDVXUHG� FHQWHUHG� RU� RII-FHQWHUHG�� ,QFOXVLRQ�&ULWHULD�ZDV� VHW� DV� DJHV� RI� ��� WR� ���
\HDUV�RI�HLWKHU�JHQGHU��LQFOXGHG�H[WUDFWHG�PDQGLEXODU�ILUVW�SHUPDQHQW�PRODU�WHHWK�RI�ERWK�JHQGHUV�ZLWK�
LQWDFW� FURZQ� DQG� URRW� PRUSKRORJ\� ZLWKRXW� DQ\� UHVWRUDWLRQ� DQG� GHQWLQ� FDULHV�� (QGRGRQWLFDOO\� WUHDWHG�
WHHWK�� KHDYLO\� UHVWRUHG� WHHWK�� DQG� WHHWK� ZLWK� GHHS� QRQ-FDULRXV� FHUYLFDO� OHVLRQV� ZHUH� H[FOXGHG�� 7KH� 
FROOHFWHG�GDWD�ZDV�DQDO\]HG�RQ�6366�YHUVLRQ�����ZLWK�S-YDOXH�RI�OHVV�WKDQ������ 
5(68/76�� 7RWDO� ������ �Q ����� VSHFLPHQV�ZHUH� REVHUYHG� WR� KDYH�PHVLREXFFDO� RII-FHQWHU� ORFDWLRQ� RI�
SXOS�FKDPEHU�DQG�������������KDG�FHQWUDOO\�ORFDWHG�SXOS�FKDPEHU��3-YDOXH���������,Q�DJH-JURXS�����-���
\HDUV��� ���� VSHFLPHQV� REVHUYHG� ZLWK� FHQWUDOO\� ORFDWHG� SXOS� FKDPEHU� DQG� RQO\� ��� VSHFLPHQV� KDG� 
RII-FHQWHU� ORFDWLRQ� RI� SXOS� FKDPEHU�� ,Q� DJH-JURXS�� ���-��� \HDUV��� ��� VSHFLPHQV� KDG� FHQWUDO� ORFDWLRQ�
ZKLOH�����REVHUYHG�WR�KDYH�RII-FHQWHUHG��PHVLREXFFDOO\��SRVLWLRQ�RI�SXOS�FKDPEHU��S-YDOXH�RI�������� 
&21&/86,21��/RFDWLRQ�RI�WKH�SXOS�FKDPEHU�RI�PDQGLEXODU�ILUVW�PRODU�LV�PHVLREXFFDOO\�RII-FHQWHUHG�LQ�
PDMRULW\�RI�VSHFLPHQV� 
.(<:25'6��/RFDWLRQ�RI�3XOS�&KDPEHU��/RZHU�ILUVW�3HUPDQHQW�0RODUV� 
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6XFFHVV� RI� HQGRGRQWLF� WKHUDS\� LV� GHSHQGHQW� RQ� 
FRPSUHKHQVLYH� NQRZOHGJH� RI� LQWHUQDO� DQDWRP\� RI�
WRRWK� LQ�DGGLWLRQ� WR�HVVHQWLDO�SURFHGXUDO�VWHSV��7KHVH�
EDVLF�VWHSV� LQFOXGH�DFFHVV�FDYLW\��FKHPR-PHFKDQLFDO�
SUHSDUDWLRQ�DQG�WKUHH-GLPHQVLRQDO�KHUPHWLF�VHDOLQJ�RI�
WKH� URRW�FDQDO�V\VWHP�-���7KH�GHVLJQ�RI�DFFHVV�FDYLW\�
SUHSDUDWLRQ� LV� GLFWDWHG� E\� DQDWRP\� RI� SXOS� FKDPEHU�
�3&���$QDWRP\�PD\�YDU\�QRW�RQO\�EHWZHHQ�WHHWK�W\SHV�
EXW� DOVR� ZLWKLQ� VDPH� W\SH� RI� WHHWK�� %HVLGH� WKLV� WKH�
VWXGLHV�KDYH�GHPRQVWUDWHG�FRPSOH[LWLHV�RI�URRW�FDQDO�
V\VWHP�� ZLWK� YDU\LQJ� FRQILJXUDWLRQV� RI� URRW� FDQDO�� 
YDULDEOH�VL]HV�RI�3&��DFFHVVRU\�DQG�ODWHUDO�FDQDOV����-���
7RRWK�VWUXFWXUH�FRQVHUYDWLRQ�LV�DOVR�LPSRUWDQW�DV�OLWWOH�
RYHU� UHGXFWLRQ� RI� WRRWK� VXEVWDQFH� PD\� SURGXFH� 
VLJQLILFDQW�GHFUHDVH� LQ�WRRWK�VWLIIQHVV���'XULQJ�DFFHVV�
FDYLW\� SUHSDUDWLRQ� HQGRGRQWLF�PLVKDSV� OLNH�� IDLOXUH� WR�
ORFDWH� WKH�FDQDOV�� IDLOXUH� WR�VKDSH��FOHDQ�DQG� LUULJDWH�
WKH� FDQDO�� OHGJH� IRUPDWLRQ�� LQVWUXPHQW� VHSDUDWLRQ�� 
LQFUHDVH� FXVSDO� GHIOHFWLRQ� DQG� FXVS� IUDFWXUH� ZKLFK�
SUHGLVSRVH� WR� IDLOXUH�RI� URRW�FDQDO� WUHDWPHQW��PD\�EH�
SUHYHQWHG� E\� DGKHULQJ� WR� EDVLF� SULQFLSOHV� RI� DFFHVV�
FDYLW\�SUHSDUDWLRQ�������&HPHQWR-HQDPHO�MXQFWLRQ��&(-��
LV� WKH� PRVW� LPSRUWDQW� DQG� UHOLDEOH� DQDWRPLFDO� 

ODQGPDUN� IRU� GHWHUPLQDWLRQ� RI� ORFDWLRQ� RI� 3&��� 7KH�
SURSRVHG�ODZ�RI�FHQWUDOLW\�IRU�UHODWLRQVKLS�RI�WKH�3&�WR�
FOLQLFDO� FURZQ� VD\V� WKDW� ³WKH� IORRU� RI� SXOS� FKDPEHU� 
DOZD\V� ORFDWHG� DW� WKH� FHQWHU� RI� WRRWK� DW� WKH� &(-� 
OHYHO´��� 6RPH� RWKHU� VWXGLHV� DOVR� VXSSRUW� WKH� FHQWUDO�
SRVLWLRQ�RI� WKH�3&�DW�&(-�����:KLOH�0LFNHO�$.��������
DUH� RI� WKH� RSLQLRQ� WKDW� 3&� LQ� PDQGLEXODU� ILUVW� 
SHUPDQHQW� PRODU� OLH� PRUH� OLQJXDO� SRVLWLRQ� DW� &(-� 
OHYHO��%XW�FRQWUDU\�WR�WKLV�*RRGLV�&-��������GHILQHG�LQ�
KLV� ZRUN� DERXW� WKH� FKDPEHU� RI� PDQGLEXODU� ILUVW� 
SHUPDQHQW� PRODU� WKDW� 3&� SODFHG� EHORZ� FHQWUDO�
JURRYH��EXFFDO-OLQJXDO�JURRYH��PHVLDO-EXFFDO�FXVS�DQG�
PHVLDO� PDUJLQDO� ULGJH�� $OO� DERYH� IRXU� ODQGPDUNV� DUH�
ORFDWHG� PHVLDOO\� RYHU� WKH� WRRWK�� )ORRU� RI� 3&� LV� 
FRQWDLQHG� ZLWK� DQDWRPLF� ODQGPDUNV� ZKLFK� KHOS� WR� 
ORFDWH�WKH�FDQDO�RULILFHV�-���)RU�WKH�DFFHVV�RSHQLQJ�RI�
PDQGLEXODU� ILUVW� PRODU� �0)0��� PHVLDO� ERXQGDU\� LV� LQ�
OLQH�ZLWK�PHVLDO�FXS�WLS��ZKLOH�GLVWDO�ERXQGDU\�LV�EXFFDO
-OLQJXDO� JURRYH�� DQG� 3&� UDUHO\� FURVVHV� WKHVH� 
ERXQGDULHV��� %HVLGH� WKLV� FOLQLFLDQ� PXVW� IRFXV� RQ� WKH�
IORRU� RI� 3&� EHFDXVH� RFFXUUHQFH� RI� H[WUD� FDQDO� LV� 
DOZD\V�VXVSHFWHG�LQ�PDQGLEXODU�PRODUV�� 
1XPHURXV� VWXGLHV� KDYH� VKRZQ� KLJKO\� YDULDEOH� 
DQDWRP\�RI�WKH�0)0�WKDW�QHHGV�H[WUD�DWWHQWLRQ�GXULQJ�
DFFHVV� RSHQLQJ��� 0)0� WRRWK� LV� WKH� PRVW� IUHTXHQWO\�
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SHUIRUDWHG� DQG� KHDYLO\� UHVWRUHG� WRRWK� LQ� PDQGLEOH��
0)0�SOD\V� LPSRUWDQW�UROH� LQ�PDVWLFDWLRQ�DQG�KHOSV� LQ�
PDLQWDLQLQJ� WKH� FRQWLQXLW\� RI� GHQWDO� DUFK� DQG� YHUWLFDO�
GLPHQVLRQ� RI� RFFOXVLRQ� DQG�PDLQWDLQV� WKH� SRVLWLRQ� RI�
FKHHNV�	�WRQJXH��3URSHU�HQGRGRQWLF�WUHDWPHQW�DOORZV�
SUHVHUYDWLRQ�RI�WKHVH�WHHWK�DQG�LQWHJULW\�LQ�GHQWR-IDFLDO�
V\VWHP������ 

,Q�WHUPV�RI�HWKQLF�GLYHUVLW\�RI�3&�ORFDWLRQ��D�YHU\�IHZ�
VWXGLHV� KDYH� EHHQ� FRQGXFWHG� DQG� PHQWLRQHG� LQ� WKH�
HQGRGRQWLF�OLWHUDWXUH��6WXGLHV�VXJJHVW�WKDW�HWKQLFLW\� LV�
LQIOXHQFLQJ�IDFWRU�IRU�DQDWRPLF�YDULDWLRQV�DQG�LW�VKRXOG�
EH� FRQVLGHUHG� GXULQJ� SUH-RSHUDWLYH� HYDOXDWLRQ� SKDVH�
RI� URRW� FDQDO� WKHUDS\�� 7KHUHIRUH�� WKLV� VWXG\� ZDV� 
FRQGXFWHG� RQ� 0)0� LQ� 3DNLVWDQL� SRSXODWLRQ� VWXG\� 
VDPSOH� WR� FKHFN� WKH� DOWHUQDWH� K\SRWKHVLV�� ZLWK� WKH�
REMHFWLYH� WR� GHWHUPLQH� WKH� FHQWHUHG� RU� RII-FHQWHUHG�
�PHVLREXFFDOO\�� SRVLWLRQ� RI� SXOS� FKDPEHU� RI� 
PDQGLEXODU�ILUVW�SHUPDQHQW�PRODUV�DW�FHPHQWR�HQDPHO�
MXQFWLRQ�LQ�3DNLVWDQL�SRSXODWLRQ�VDPSOH� 

0(7+2'2/2*< 

7KLV�FURVV-VHFWLRQDO�DQDO\WLFDO�VWXG\�ZDV�FRQGXFWHG�DW�
'HQWDO� 23'� /LDTXDW� 8QLYHUVLW\� RI� 0HGLFDO� 	� +HDOWK�
6FLHQFHV� �/80+6�� -DPVKRUR� �� +\GHUDEDG�� 6LQGK��
3DNLVWDQ�IURP�-XQH�WR�'HFHPEHU������ZLWK�SUREDELOLW\�
FRQVHFXWLYH�VDPSOLQJ� WHFKQLTXH��6DPSOH�VL]H� IRU� WKLV�
VWXG\� ZDV� FDOFXODWHG� WKURXJK� 2SHQ� (SL� WRRO� VDPSOH�
VL]H� FDOFXODWRU�� *LYHQ� WKH� SRSXODWLRQ� RI� �PLOOLRQ�
�GHIDXOW� IRU� ODUJH� SRSXODWLRQ��� VLQFH� WKH� IUHTXHQF\� RI�
ORFDWLRQ�RI�SXOS�FKDPEHU�PHVLREXFFDOO\�ZDV�XQNQRZQ��
KHQFH�ZH�KDYH�WDNHQ�LW�DV�����DW�FRQILGHQFH�LQWHUYDO�
�����:H�XVHG� IROORZLQJ� WHUPV�DQG�GHILQLWLRQV� LQ� WKLV�
VWXG\�� 

· 3XOS� &KDPEHU�� ,W� LV� DQ� DUHD� RI� DQDWRPLF� FURZQ�
DQG�WUXQN�RI�URRW�WKDW�FRQWDLQV�SXOS�WLVVXH� 

· &HPHQWR-(QDPHO�-XQFWLRQ��&(-���$UHD�RI�WRRWK�DW�
ZKLFK� DQDWRPLF� FURZQ� HQGV� DQG� DQDWRPLF� URRW�
EHJLQV� 25� DW� ZKLFK� HQDPHO� RI� FURZQ� HQGV� DQG�
FHPHQWXP�RI�URRW�EHJLQV� 

· /DZ�RI�&HQWUDOLW\�� ³7KH� IORRU�RI� WKH�SXOS�FKDPEHU�
LV�DOZD\V�ORFDWHG�LQ�WKH�FHQWHU�RI�WRRWK�DW�WKH�OHYHO�
RI�&(-´�Ϯ 

· Kī-&HQWUDOO\�� 7KH� FKDPEHU� LV� FRQVLGHUHG� RII-
FHQWHU�ZKHQ�LW�LV�GHYLDWHG�IURP�PHDVXUHG�DYHUDJH�
FHQWUH�RI�WRRWK�WR�HLWKHU�PHVLDOO\�RU�OLQJXDOO\�� 

,QFOXVLRQ�&ULWHULD�ZDV�VHW�DV�DJHV�RI����WR����\HDUV�RI�
HLWKHU�JHQGHU��:H� LQFOXGHG�H[WUDFWHG�PDQGLEXODU� ILUVW�
SHUPDQHQW� PRODU� WHHWK� RI� ERWK� JHQGHUV� ZLWK� LQWDFW�
FURZQ� DQG� URRW� PRUSKRORJ\� ZLWKRXW� DQ\� UHVWRUDWLRQ�
DQG�GHQWLQ�FDULHV��:H�H[FOXGHG�HQGRGRQWLFDOO\�WUHDWHG�
WHHWK�� KHDYLO\� UHVWRUHG� WHHWK�� DQG� WHHWK� ZLWK� GHHS� 
QRQ-FDULRXV�FHUYLFDO�OHVLRQV� 
7RWDO�����H[WUDFWHG�PDQGLEXODU�ILUVW�SHUPDQHQW�PRODUV�
IXOILOOLQJ�LQFOXVLRQ�FULWHULD�ZHUH�LQFOXGHG�LQ�VWXG\��7HHWK�
ZHUH� FROOHFWHG� IURP� GHQWDO� RXWSDWLHQW� GHSDUWPHQW�
�23'�� RI� /LDTXDW� 8QLYHUVLW\� 0HGLFDO� DQG� +HDOWK� 
6FLHQFHV� -DPVKRUR�� /LDTXDW� XQLYHUVLW\� KRVSLWDO� 

+\GHUDEDG� DQG� SULYDWH� FOLQLFV� RI� +\GHUDEDG�� 6LQGK��
3DNLVWDQ��3DWLHQWV�ZHUH�FRQVHQWHG� IRU� WKHLU�H[WUDFWHG�
WRRWK� WR�EH� XVHG� IRU� UHVHDUFK�SXUSRVH�� DQG�D�ZULWWHQ�
FRQVHQW� IRUP� ZDV� JRW� VLJQHG� E\� HYHU\� SDWLHQW�� 
([WUDFWHG� WHHWK� ZHUH� FOHDQHG� ZLWK� FRWWRQ� DQG� 
GLVLQIHFWHG� LQ� VRGLXP� K\SRFKORULWH� VROXWLRQ� IRU� ���
KRXUV�DQG�VWRUHG�LQ�QRUPDO�VDOLQH��$OO�WHHWK�ZHUH�WKHQ�
PROGHG�LQ�VRIW�SODVWHU�SHUSHQGLFXODU�WR�KRUL]RQWDO�D[LV��
7HHWK�ZHUH�FXW�DW�FHPHQWR-HQDPHO�MXQFWLRQ�OHYHO�ZLWK�
KLJK-VSHHG� KDQG� SLHFH� XVLQJ� GLDPRQG� GLVF�� 3XOS�
FKDPEHU� RI� HYHU\� WRRWK� ZDV� LUULJDWHG� DQG� FOHDQHG� 
XVLQJ� VRGLXP� K\SRFKORULWH� VROXWLRQ�� 3KRWRJUDSKV� RI�
HDFK�WRRWK�ZHUH�WDNHQ�ZLWK�FDPHUD��&DQRQ�,;86������
����� 0HJD� 3L[HOV�� DIWHU� VHFWLRQLQJ� WKH� WRRWK�� 7KHQ�
SKRWRJUDSKV� ZHUH� WUDQVIHUUHG� WR� FRPSXWHU�� E\� 
XVLQJ� µ3DLQW¶�� DOO� SKRWRJUDSKV� ZHUH� LQGLYLGXDOO\� 
VXSHULPSRVHG�RQ���PP�JULG�DQG�UXOHU��0HDVXUHPHQWV�
IURP� RXWHU� ZDOO� RI� WRRWK� WR� SXOS� FKDPEHU� ZDOO� ZHUH�
WDNHQ�DQG�DYHUDJH�FHQWHU�ZDV�FDOFXODWHG�DQG�SRVLWLRQ�
RI�SXOS�FKDPEHU�ZDV�REVHUYHG�ZKHWKHU� LW� LV�FHQWUDOO\�
SODFHG� RU� RII-FHQWHUHG� PHVLREXFFDOO\�� 7KH� FROOHFWHG�
GDWD� ZDV� DQDO\]HG� RQ� 6WDWLVWLFDO� 3DFNDJH� 6RFLDO� 
6FLHQFHV��6366��YHUVLRQ�����ZLWK�S-YDOXH�RI�OHVV�WKDQ�
������ZKLFK�LV�VLJQLILFDQW��)UHTXHQFLHV�DQG�SHUFHQWDJH�
ZHUH� DQDO\]HG� LQ� PDOH� DQG� IHPDOH� JHQGHUV�� 7KH� 
FKL-VTXDUH� WHVW� ZDV� DSSOLHG� RQ� IROORZLQJ� YDULDEOHV��
$JH� *URXS� ���-��\HDUV�� ��-��\HDUV��� *HQGHU� �PDOH�
DQG� IHPDOH��� DQG� ORFDWLRQ� RI� 3&� �FHQWUDOO\� DQG� 
PHVLREXFFDOO\�RII-FHQWUDOO\�SODFHG�� 

5(68/76 

5HVXOWV�ZHUH�EDVHG�RQ�DYHUDJH�PHDVXUHPHQWV�WDNHQ�
RQ� SKRWRJUDSKV� XVLQJ� PLOOLPHWHU-JXLGLQJ� JULG� RYHU�
SKRWRJUDSKV�� &HQWUDOO\�� ORFDWHG� 3&� RQ� DYHUDJH� 
PHDVXUHPHQWV� �)LJXUH� ,�� DQG� PHVLREXFFDOO\� RII-
FHQWUDOO\�SRVLWLRQHG�3&��)LJXUH�,,�� 
7RWDO� ���� VSHFLPHQV� ZHUH� FROOHFWHG�� RXW� RI� ZKLFK��
�������Q �����RI�GDWD�ZHUH�FROOHFWHG�IURP�PDOHV�DQG�
������� �Q ����� ZHUH� FROOHFWHG� IURP� IHPDOHV�� ,Q�
PDOHV�� ��� WHHWK� KDG� FHQWUDOO\� ORFDWHG� DQG� ���� WHHWK�
KDG� PHVLREXFFDOO\� RII-FHQWHU� SRVLWLRQ� RI� 3&�� ,Q� 
IHPDOHV�� ��� WHHWK� KDG� FHQWUDO� ORFDWLRQ� DQG� ��� KDG� 
RII-FHQWHU�ORFDWLRQ�RI�3&��WKHVH�YDOXHV�ZHUH�REVHUYHG�
ZLWK� VLJQLILFDQW� 3-YDOXH� RI� ������ �7DEOH� ,��� 
0HVLREXFFDOO\�RII-FHQWHUHG�SXOS�FKDPEHU�ORFDWLRQ�ZDV�
REVHUYHG� LQ� ������ �Q ����� VSHFLPHQV� ZKLOH� ������
������ZHUH�FHQWUDOO\�ORFDWHG�3&� 
5HJDUGLQJ� WZR� DJH� JURXSV�� ���� WHHWK� ZHUH� IURP� 
SDWLHQWV� ZLWK� DJH� UDQJH� IURP� ��� WR� ��� \HDUV� �$JH�
JURXS��� DQG� ���� WHHWK� ZHUH� IURP� SDWLHQWV� ZLWK� DJH�
UDQJH� IURP� ��� WR� ��� \HDUV� �$JH� JURXS� ���� ,Q� $JH�
JURXS��������VSHFLPHQV�ZHUH�REVHUYHG�ZLWK�FHQWUDOO\�
ORFDWHG� 3&� DQG� ��� VSHFLPHQV� KDG� PHVLREXFFDOO\� 
RII-FHQWHU� ORFDWLRQ� RI� 3&�� ,Q� DJH� JURXS� ��� ��� 
VSHFLPHQV� KDG� FHQWHU� ORFDWLRQ� RI� 3&� DQG� ���� ZHUH�
REVHUYHG�WR�KDYH�PHVLREXFFDOO\�RII-FHQWHU�SRVLWLRQ�RI�
3&��ZLWK�VLJQLILFDQW�S-YDOXH�RI������� 

/RFDWLRQ�RI�3XOS�&KDPEHU�LQ�/RZHU�)LUVW�3HUPDQHQW�0RODUV 
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7$%/(�,��38/3�&+$0%(5�/2&$7,21� 
$JH�*URXS��$JH-JURXS��� ���-���\HDUV�ROG�� 
$JH-JURXS��� ���-���\HDU�ROG 


3-YDOXH�RI�OHVV�WKDQ������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�
VLJQLILFDQW� 
',6&866,21� 

0DQGLEXODU� ILUVW� PRODU� �0)0�� LV� WKH� PRVW� IUHTXHQWO\�
HQGRGRQWLFDOO\� WUHDWHG� WRRWK������� /LWHUDWXUH� FRQILUPV�
WKDW� WKHUH� LV� UDFLDO� YDULDQFH� LQ� WKH� FRURQDO� DQG� 
UDGLFXODU� PRUSKRORJ\� RI� WKH� WHHWK�� 6HYHUDO� VWXGLHV� 
UHSRUWHG�QXPEHU�RI�YDULDEOHV�RI� URRW�FDQDO�V\VWHP�RI�
0)0� IURP� RQH� SRSXODWLRQ� WR� DQRWKHU������� 6WXG\� E\�
:DONHU�57� ������� RQ�PDQGLEXODU�PRODUV� RI� &KLQHVH�

SRSXODWLRQ� GHWHUPLQHG� WKDW� WKHLU� SRSXODWLRQ� KDV� 
GLIIHUHQW� URRW� FDQDO� V\VWHP� WKDQ� &DXFDVLDQ� DQG� 
$IULFDQV�� 6WXG\� E\�:DVWL� )� ������� RQ� 6RXWK� $VLDQV�
�3DNLVWDQL��SRSXODWLRQ�UHSRUWHG�WKDW�URRW�FDQDO�V\VWHP�
RI�WKHVH�SRSXODWLRQV�GLIIHUHQW�IURP�&DXFDVLDQV��.LP�(�
������� UHSRUWHG� LQ� WKHLU� VWXG\� DQG� DJUHHG� ZLWK� WKH�
VWXGLHV�E\�:DONHU�57��������DQG�:DVWL�)��������DQG�
IRXQG� YDULDWLRQV� DPRQJ� URRW� OHQJWKV� RI� &DXFDVLDQV�
DQG�$VLDQV�SRSXODWLRQ��&DOLVNDQ�0.� �������REVHUYHG�
SHUPDQHQW� WHHWK� LQ� 7XUNLVK� SRSXODWLRQ� DQG� UHSRUWHG�
YDULDWLRQ� LQ� URRW� FDQDO� FRQILJXUDWLRQV� IURP� RWKHU� 
SRSXODWLRQV�� *XODELYDOD� .� ������� HYDOXDWHG� 
PDQGLEXODU� PRODUV� LQ� %XUPHVH� SRSXODWLRQ� DQG� 
UHSRUWHG� YDULDEOH� URRW� FDQDO� FRQILJXUDWLRQ�� $OO� WKHVH�
VWXGLHV� FRQFOXGHG� WKDW� ERWK� HWKQLFLW\� RULJLQ� DQG� 
JHQGHU� PD\� EH� FRQVLGHUHG� EHIRUH� SHUIRUPLQJ� 
HQGRGRQWLF� WUHDWPHQW�� $NKODJKL� 10� HW� DO���� DOVR� 
UHSRUWHG�YDULDWLRQ�LQ�URRW�OHQJWK�DQG�QXPEHU�LQ�,UDQLDQ�
SRSXODWLRQ�� $KPHG� +$� ������� VWXGLHG� WHHWK� RI� 
6XGDQHVH� SRSXODWLRQ� DQG� UHSRUWHG� GLIIHUHQW� 
SHUFHQWDJH�RI� URRW�FDQDO�QXPEHUV�DQG�FRQILJXUDWLRQV�
WKDQ�:DONHU�57� ������� DQG�:DVWL�)� ��������,Q�WHUPV�
RI�HWKQLF�YDULDQFH� WKLV�VWXG\� LV� LQ�DJUHHPHQW�ZLWK� WKH�
ILQGLQJV�RI�WKH�DERYH�VWXGLHV� 
5HJDUGLQJ� FHQWHUHG� DQG� RII� FHQWHUHG� ORFDWLRQ� RI� WKH�
3&�ZH� IRXQG�������RI�SRSXODWLRQ�KDG�PHVLREXFFDOO\�
RII-FHQWHUHG� ORFDWHG� SXOS� FKDPEHU�� ZLWK� VOLJKW� 
SUHGLOHFWLRQ� LQ�PDOHV� IRU� RII-FHQWHU� ORFDWLRQ�� 6XEMHFWV�
KDYLQJ�DJH�UDQJH�IURP���-���\HDUV��$JH�JURXS����KDG�
ORFDWLRQ� RI� SXOS� FKDPEHU� RII-FHQWHUHG� PHVLREXFFDO\�
FRQVLGHULQJ� D� VLJQLILFDQW� S-YDOXH� RI� �������5HVXOWV� RI�
WKLV� VWXG\� DUH� LQ� FRQWUDVW� WR� .UDQVQHU¶V� ODZ� RI� 
FHQWUDOLW\�� .UDVQHU¶V� ODZ� RI� FHQWUDOLW\� SRVWXODWHV� WKDW�
3&� IORRU� LV� DOZD\V� ORFDWHG� FHQWUDOO\� DW� WKH� OHYHO� RI� 
FHPHQW�HQDPHO�MXQFWLRQ��7KH\�REVHUYHG�����H[WUDFWHG�
WHHWK�WR�YLVXDOL]H�DQDWRP\�RI�WHHWK��DQG�IRXQG�3&�ZDV�
FHQWUDOO\�SODFHG�LQ�WKHLU�SRSXODWLRQ���6WXG\�E\�5DWXUL�3�
������ DQG� RWKHUV��DJUHHG� ZLWK� ILQGLQJV� RI� .UDVQHU� 3�
������� )LQGLQJV� RI� WKLV� VWXG\� QRW� FRQVLVWHQW� ZLWK� WKH�
UHVXOWV�RI�DERYH�VWXGLHV�DV�ZH�IRXQG�RII-FHQWHUHG�SXOS�
FKDPEHU� ZLWK� VOLJKW� PHVLR-EXFFDO� H[WHQVLRQ�� 0LFNHO�
$. � �������FRQFOXGHG�LQ�WKHLU�VWXG\�RQ�0)0��WKDW�3&�
SRVLWLRQ�DW�&(-�OHYHO� LV�PRUH�OLQJXDOOO\��7KLV�ILQGLQJ�LV�
RSSRVLWH� WR� RXU� UHVXOWV� DV� ZH� QRWLFHG� PHVLR-EXFFDO� 
RII-FHQWHU�ORFDWLRQ�RI�3&�ZLWK�FRPSXWHU�JHQHUDWHG�JLUG�
DQG�UXOHU�IRU�PHDVXUHPHQWV�� 
9DULDEOH� UHVXOWV� RI� WKLV� VWXG\� DUH� SDUWLDOO\� FRQVLVWHQW�
ZLWK� HDUOLHU� VWXGLHV� ZKLFK� UHSRUWHG� SRSXODWLRQ� 
YDULDWLRQV��������-���� ,Q� RXU� SRSXODWLRQ� VDPSOH� 3&� ZDV�
QRW� DOZD\V� FHQWUDOO\� ORFDWHG� UDWKHU� LW� ZDV� IRXQG� 
PHVLREXFFDOO\� RII-FHQWHUHG� �LQ� ������� DW� WKH� OHYHO� RI�
&(-� DV� VKRZQ� LQ� 7DEOH� ,,�� )LQGLQJV� RI�*RUGX\VXV�2�

$EGXO�4DGLU�.KDQ�'DOO��6DUZDQDQG��6DUZDW�%DWRRO��6XUDM�$URUD��6DLIXOODK�4XUHVKL��0XKDPPDG�$KPHG�%DUL 
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������RQ�PDQGLEXODU�VHFRQG�PRODUV�FRQILUP�WKDW�WHHWK�
ZLWK� WKUHH� RULILFHV� VKRZHG� VOLJKW� PHVLR-EXFFXDO� 
LQFOLQDWLRQ�� 7KHVH� ILQGLQJV� DUH� VLPLODU� WR� RXU� 
REVHUYDWLRQV��EXW�ZH�REVHUYHG�WKLV�LQFOLQDWLRQ�LQ�0)0�� 
$JH� UHODWHG� FKDQJHV� DOVR� FRQWULEXWH� FKDQJHV� LQ� 3&�
PRUSKRORJ\��6HFRQGDU\�GHQWLQH�GHSRVLWLRQ�RFFXUV�RQ�
WKH� ZDOOV� DQG� IORRU� RI� WKH� 3&�� 7KHVH� FKDQJHV� KDYH�
GLUHFW� LPSDFW� RQ� UHGXFWLRQ� LQ� YROXPH� RI� SXOS� VSDFH��
EHVLGHV� D� VPDOO� JHQGHU� GLIIHUHQFH� LQ� VL]HV� RI� SXOS� 
YROXPH�� 3XOS� FDYLW\� VLJQLILFDQWO\� UHGXFHV� LQ� YROXPH�
IURP� WKH� DJH� RI� ��-��� XQWLO� ��–��� \HDUV� DQG� QR� 
VLJQLILFDQW� FKDQJHV� RFFXU� DIWHU� ��� \HDUV� RI� DJH� DQG�
WKLV� UHGXFWLRQ� LQ� VL]H� RFFXUV� PRVWO\� LQ� PHVLDO-GLVWDO�
GLUHFWLRQ����-���� 5HVXOW� RI� SUHVHQW� VWXG\� DOVR� OLHV� LQ�
DJUHHPHQW� ZLWK� SUHYLRXV� VWXGLHV� UHJDUGLQJ� DJH�
FKDQJHV�EXW�ZH�KDYH�QRW�PHDVXUHG�YHUWLFDO�KHLJKW�RI�
WKH�3&�VHSDUDWHO\�� ,QVWHDG�RI� WKLV�ZH�UHOLHG�WRWDOO\�RQ�
VDPH� PHWKRGRORJ\� RI� VWXG\� DQG� IRXQG� VXEMHFWV� 
EHWZHHQ� ��� \HDUV� WR� ��� \HDUV� DJHV� KDYH� PRUH� 
PHVLREXFFDO� RII-FHQWHUHG� SODFHG� 3&� DW� WKH� OHYHO� RI�
&(-� 
3UHVHQW� VWXG\� ZDV� GHVLJQHG� WR� H[SORUH� 3&� 
PRUSKRORJ\�LQ�3DNLVWDQL�SRSXODWLRQ�DV�LW�ZDV�REVHUYHG�
RYHU� WKH� \HDUV�FOLQLFDOO\�E\�FRUUHVSRQGLQJ�DXWKRU� WKDW�
3&� LQ� PDQGLEXODU� PRODUV� ZDV� VOLJKWO\� PHVLREXFFDOO\�
RII-FHQWHUHG�� WKHUHIRUH� DOWHUQDWH� K\SRWKHVLV� ZDV� 
WHVWHG�� 7UDGLWLRQDO� HQGRGRQWLF� DFFHVV� FDYLW\� 
SUHSDUDWLRQV�DUH�PRUH�LQYDVLYH�DQG�UHTXLUH�UHPRYDO�RI�
VRXQGHU� WRRWK� VWUXFWXUH� RQ� OLQJXDO� VLGH� ZKLFK� 
GHFUHDVHV� WKH� IUDFWXUH� UHVLVWDQFH� RI� WRRWK� VWUXFWXUH�
DQG� UHQGHUV� LW� WR� IUDFWXUH� DQG� XOWLPDWHO\� IDLOXUH� RI� 
WUHDWPHQW� DQG� ORVV� RI� WRRWK��� $FFRUGLQJ� 5DKLPL� 6�
������� WKDW� WKH� FRQYHQWLRQDO� QRWLRQ� UHJDUGLQJ� 
WULDQJXODU-VKDSHG� DFFHVV� FDYLW\� GHVLJQ� PD\� QRW� 
DOZD\V�LPLWDWH�WKH�DQDWRP\�RI�WKH�SXOS�FKDPEHU�IORRU��
0DWRV� +� ������� FRQFOXGHG� WKDW� WKH� VKDSH� RI� URRWV� 
RIWHQ� IODWWHQHG� LQ� WKH� PHVLRGLVWDO� VXUIDFH� LQ� 0)0��
KHQFH� URRW� FDQDOV� IODWWHQHG� PHVLROLQJXDOO\� DQG� 
HORQJDWHG� EXFFROLQJXDOO\�� &RQWUDU\� WR� DERYH� 
VWDWHPHQW� :LOFR[� /5� ������� UHFRPPHQG� DFFHVV� 
SUHSDUDWLRQ� RI� PRODU� WHHWK� VKRXOG� EH� FHQWHUHG� DQG�
VKRXOG� QRW� H[WHQG� WR� WKH� PHVLDO� SLW� RU� WKH� PHVLDO� 
PDUJLQDO� ULGJH�� 7KHVH� UHFRPPHQGDWLRQV� PD\� EH� 
VXLWDEOH� IRU� WKH� SRSXODWLRQ� VWXGLHG�� 7H[W� ERRN� 
UHFRPPHQGDWLRQV��PD\� QRW� EH� IROORZHG� IRU� DFFHVV�
FDYLWLHV�LQ�SRVWHULRU�WHHWK�DV�WKHUH�LV�QR�LGHDO�RFFOXVDO�
PRUSKRORJ\� DQG� XQGHUQHDWK� LGHQWLFDO� ORFDWLRQ� RI� WKH�
3&� LQ� HYHU\� SDWLHQW�� %HIRUH� VWDUWLQJ� HQGRGRQWLF� 
SURFHGXUH�� WKH� HQGRGRQWLVW� PXVW� FRQVLGHU� 
PRUSKRORJLFDO�� UDFLDO� DQG� KHUHGLWDU\� SDWWHUQV� RI� 
SDWLHQWV������ &DUURWWH� 3� ������� LQ� KLV� FOLQLFDO� 

GHPRQVWUDWLRQ� VXJJHVWHG� WKDW� DFFHVV� FDYLW\� 
UHSUHVHQWV� WKH� VKDSH� RI� WKH�3&�� DQG� IODUHG� XS� RQ� WR�
WKH� PHVLREXFFDO� SRUWLRQ� RI� WKH� RFFOXVDO� VXUIDFH� IRU�
FRQYHQLHQFH�IRUP��KLV�FOLQLFDO�DSSURDFK�DXJPHQWV�WKH�
ILQGLQJV�RI�WKLV�VWXG\��3DWHO�6��������DUH�DOVR�RI�VDPH�
RSLQLRQ� WKDW� PHVLR-EXFFDO� FDQDO� RSHQLQJ� LV� UHJXODUO\�
ORFDWHG�EHORZ�WKH�WLS�RI�PHVLR-EXFFDO�FXVS��7KHUHIRUH��
IRU� SUHGLFWDEOH� UHVXOWV� RQH� PXVW� FRQVLGHU� WKH� 
PRUSKRORJLFDO� GLVVLPLODULWLHV� RI� YDULRXV� HWKQLF� JURXSV�
EHIRUH�WKH�VWDUW�RI�HQGRGRQWLF�WUHDWPHQW� 

&21&/86,21 

7KH� ODZ� RI� FHQWUDOLW\� VD\V� WKDW� WKH� IORRU� RI� SXOS� 
FKDPEHU�DOZD\V�ORFDWHG�DW�WKH�FHQWHU�RI�WRRWK�DW�&(-��
EXW� WKLV� ODZ� LV� QRW� DSSOLFDEOH� RQ� HYHU\� SRSXODWLRQ� DV�
VKRZQ� LQ� RXU� UHVXOWV�� :H� FRQFOXGH� WKDW� WKH� SXOS� 
FKDPEHU�LQ�ORZHU�ILUVW�SHUPDQHQW�PRODUV�LV�QRW�DOZD\V�
SRVLWLRQHG�DW�WKH�FHQWHU�RI�WRRWK�DW�WKH�OHYHO�RI�&(-�EXW�
WKH� ORFDWLRQ� RI� WKH� SXOS� FKDPEHU� RI� PDQGLEXODU� ILUVW�
PRODU� LV� PHVLREXFFDOO\� RII-FHQWHUHG� LQ� 3DNLVWDQL� 
SRSXODWLRQ�VDPSOH� 

/LPLWDWLRQV�� 2XU� UHVXOWV� GR� QRW� UHSUHVHQW� DOO� 
3DNLVWDQL� SRSXODWLRQ�� WKLV� VWXG\� ZDV� SHUIRUPHG� RQ� 
OLPLWHG�DUHD�RI�ORFDO�SRSXODWLRQ� 

(WKLFDO� SHUPLVVLRQ�� /LDTXDW�8QLYHUVLW\�RI�0HGLFDO�
	� +HDOWK� 6FLHQFHV� OHWWHU� 1R�� $6	5%-������� � GDWHG�� 
�-�-����� 

&RQIOLFW�RI�,QWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW� 

)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\� 

5()(5(1&(6 

�� +DUJUHDYHV�.0��%HUPDQ�/+��5RWVWHLQ� ,��&RKHQ¶V�
3DWKZD\V� RI� WKH� 3XOS�� ��WK� HGLWLRQ�� 3XEOLVKHU��
(OVHYLHU�+HDOWK�6FLHQFHV�'LYLVLRQ������� 

�� .UDVQHU� 3�� 5DQNRZ� +-�� $QDWRP\� RI� WKH� 
SXOS-FKDPEHU� IORRU�� -� (QGRG�� ������ ������� �-����
GRL������������������-���������-������ 

�� 0DUJDULW� 5�� $QGUHL� 2&�� 0HUFXW� 9�� $QDWRPLFDO� 
YDULDWLRQ� RI� PDQGLEXODU� VHFRQG� PRODU� DQG� LWV� 
LPSOLFDWLRQV� LQ� HQGRGRQWLF� WUHDWPHQW�� 5RP� -� 
0RUSKRO�(PEU\RO������������������-�� 

�� /RNDGH�-��5DZODQL�6��%DKHWL�5��5R\�6��&KDQGDN�
0�� /RKH� 9�� 0RUSKRORJLFDO� 0HDVXUHPHQWV� RI� 
$QDWRPLF�/DQGPDUNV�LQ�+XPDQ�0DQGLEXODU�0RODU�
3XOS�&KDPEHUV�-�$Q�,Q�YLYR�6WXG\��-�.RU�'HQW�6FL��
�������������-���GRL���������MNGV�������������� 

�� 9HUWXFFL� )-�� 5RRW� FDQDO� PRUSKRORJ\� DQG� LWV� 
UHODWLRQVKLS� WR� HQGRGRQWLF� SURFHGXUH�� (QGRGF�
7RS�� ������ ������� �-���� GRL���������M�����-������
����������[� 

/RFDWLRQ�RI�3XOS�&KDPEHU�LQ�/RZHU�)LUVW�3HUPDQHQW�0RODUV 

��� 
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�� $O� $PUL� 0'�� $O--RKDQ\� 6�� 6KHUIXGKLQ� +�� $O� 
6KDPPDUL� %�� $O�0RKHIHU� 6�� $O� 6DORXP�0�� HW� DO��
)UDFWXUH� UHVLVWDQFH� RI� HQGRGRQWLFDOO\� WUHDWHG� 
PDQGLEXODU� ILUVW�PRODUV� ZLWK� FRQVHUYDWLYH� DFFHVV�
FDYLW\� DQG� GLIIHUHQW� UHVWRUDWLYH� WHFKQLTXHV�� $Q� 
LQ-YLWUR�VWXG\��$XVW�(QGRG�-� ���������������-�����
GRL����������DHM������� 

�� 0F&DEH�36��$YRLGLQJ�SHUIRUDWLRQV�LQ�HQGRGRQWLFV��
-�,U�'HQW�$VVRF������������������-��� 

�� 5DWXUL� 3�� *LULMD� 6�� 6XEDVK� 76�� 0DQJDOD� 70�� 
8QUDYHOOLQJ� WKH� P\VWHULHV� RI� SXOS� FKDPEHU�� -� 
(QGRGRQWRORJ\��������������-�� 

�� *RUGX\VXV� 2� 1DJDV� (� &HKUHOL� =&� *RUGX\VXV�
0� <LOPD]�=��/RFDOL]DWLRQ�RI� URRW�FDQDO�RULILFHV� LQ�
PDQGLEXODU� VHFRQG�PRODUV� LQ� UHODWLRQ� WR� RFFOXVDO�
GLPHQVLRQ�� ,QW� (QGRG� -� ������ �������� ���-��� 
GRL����������M�����-����������������[� 

��� 0LFNHO�$.� &KRJOH�6 � %LQJKDP�5 � 6HOI�0 � %RJOH�
-�� $� FRUUHODWLRQ� VWXG\� RI� RFFOXVDO� DQG� SXOS� 
FKDPEHU�DQDWRP\��WKH�PDQGLEXODU�ILUVW�PRODU��*HQ�
'HQW�����������������-� 

��� *RRGLV� &-�� 0DQGLEXODU� 0RODU� (QGRGRQWLF� 
7UHDWPHQW�� PD[LPL]LQJ� HIILFLHQW� DQG� VDIH� 
HQGRGRQWLF� WKHUDS\��'HQW�$FDG�&RQW�(GXF��������
$YDLODEOH� IURP�� KWWSV���GHQWDODFDGHP\RIFH�FRP� �
FRXUVHV������SGI�PDQGLBPRODUBHQGRWUWPQW�SGI� 

��� 5D]PL� +�� 6KRNRXKLQHMDG� 1�� +RRVK\DU� 0�� $Q� ,Q�
9LWUR� 6WXG\� RI� WKH� 1XPEHU� RI� 'LVWDO� 5RRWV� DQG� 
&DQDOV� LQ� PDQGLEXODU� )LUVW� 0RODUV� LQ� ,UDQLDQ� 
3RSXODWLRQ��,UDQ�(QGRG�-�����������������-��� 

��� $NKODJKL� 10�� .KDOLODN� =�� 9DWDQSRXU� 0�� 
0XKDPPDGL� 6�� 3LUPRUDGL� 6�� )D]O\DE� 0�� HW� DO��
5RRW� FDQDO� DQDWRP\� DQG� PRUSKRORJ\� RI� ILUVW� 
PRODUV�LQ�D�VHOHFWHG�,UDQLDQ�SRSXODWLRQ��$Q�,Q�YLWUR�
VWXG\�� ,UDQ� (QGRG� -�� ������ ������� ��-����
GRL����������LHM��������� 

��� :DONHU� 57�� 5RRW� IRUP� DQG� FDQDO� DQDWRP\� RI� 
PDQGLEXODU� ILUVW� PRODUV� LQ� D� VRXWKHUQ� &KLQHVH�
SRSXODWLRQ��(QGRG�'HQW�7UDXPDWRO����������������
-����GRL���������M�����-����������WE�������[� 

��� :DVWL� )�� 6KHDUHU� $&�� :LOVRQ� 1+�� 5RRW� FDQDO� 
V\VWHPV� RI� WKH� PDQGLEXODU� DQG� PD[LOODU\� ILUVW� 
SHUPDQHQW�PRODU�WHHWK�RI�VRXWK�$VLDQ�3DNLVWDQLV��
,QW� (QGRG� -�� ������ ������� ���-��� GRL�� ��������
M�����-����������������[� 

��� .LP�(��)DOODKUDVWHJDU�$��+XU�<<��-XQJ�,<��.LP�6��
/HH� 6-�� 'LIIHUHQFH� LQ� URRW� FDQDO� OHQJWK� EHWZHHQ�
$VLDQV�DQG�&DXFDVLDQV��,QW�(QGRG�-���������������
���-����GRL���������M�����-����������������[� 

��� &DOLVNDQ�0.�� 3HKOLYDQ� <�� 6HSHWFLRJOX� )�� 7XUNXQ�
0��7XQFHU�66��5RRW� FDQDO�PRUSKRORJ\�RI� KXPDQ�

SHUPDQHQW�WHHWK�LQ�D�7XUNLVK�SRSXODWLRQ��-�(QGRG��
������������� ���-���GRL�� ��������6����-��������
�����-�� 

��� *XODELYDOD�.��$XQJ�7+��$ODYL�$��1J�</��5RRW�DQG�
FDQDO�PRUSKRORJ\�RI�%XUPHVH�PDQGLEXODU�PRODUV��
,QW� (QGRG� -�� ������ ������� ���-���� GRL�� ��������
M�����-����������������[� 

��� $KPHG�+$��$EX-EDNU�1+��<DKLD�1$��,EUDKLP�<(��
5RRW� DQG� FDQDO� PRUSKRORJ\� RI� SHUPDQHQW� 
PDQGLEXODU�PRODUV� LQ� D� 6XGDQHVH�SRSXODWLRQ�� ,QW�
(QGRG� -�� ������ �������� ���-���� GRL�� ��������
M�����-���������������[� 

��� )DUD]� 6$�� 7DULT� $�� -DPHHO� $�� 5RRW� FDQDO� 
PRUSKRORJ\� RI� PDQGLEXODU� ILUVW� SHUPDQHQW� 
PRODU-�.DUDFKL�VDPSOH��3DN�2UDO�'HQW�-����������
��������-�� 

��� 0DUWtQH]-%HUQD� $�� %DGDQHOOL� 3�� 0DQGLEXODU� ILUVW�
PRODUV�ZLWK�VL[�URRW�FDQDOV��-�(QGRG���������������
���-������������6����-�������������-�� 

��� 6ULQDWK�6��6RPDVXQGDUDP�-��'LPHQVLRQV�RI�3XOS�
&KDPEHU� DQG� )XUFDO� 'HQWLQ� LQ� 0DQGLEXODU� )LUVW�
0RODU�LQ�6RXWK�,QGLDQ�3RSXODWLRQ-�$�5DGLRJUDSKLF�
6WXG\��-�3KDUP�6FL�5HV������������������-� 

��� 6FKURHGHU� +(�� .UH\� *�� 3UHLVLJ� (�� $JH-UHODWHG�
FKDQJHV� RI� WKH� SXOSDO� GHQWLQ�ZDOO� LQ� KXPDQ� IURQW�
WHHWK�� 6FKZHL]� 0RQDWVVFKU� =DKQPHG�� ������ ���
����������-��� 

��� .DYDV� $�� 7XPHQ� (&�� 9ROXPHWULF� SXOS� FKDPEHUV�
PHDVXUHPHQWV� LQ� PDQGLEXODU� DQG� PD[LOODU\� 
SHUPDQHQW�ILUVW�PRODU�XVLQJ�FRQH-EHDP�FRPSXWHG�
WRPRJUDSK\� E\� DJH� DQG� JHQGHU�� ,QW� 'HQW� 5HV��
������ ������ ��-���� GRL���������LQWGHQWUHV�������
YRO��QR���� 

��� 5DKLPL�6��6KDKL�6��/RWIL�0��=DQG�9��$EGROUDKLPL�
0�� (V¶KDJKL� 5�� 5RRW� FDQDO� FRQILJXUDWLRQ� DQG� WKH�
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