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&��/HHQD���5�9��3UDVDG��DQG�
.�9��-DPXQD�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\�
9HWHULQDU\�&ROOHJH��+HEEDO��%DQJDORUH�5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
$JH�ZLVH�PLFURDQDWRPLFDO� VWXGLHV�

ZHUH�FDUULHG�RXW�RQ� WKH�VSOHHQ�RI�SRVW�KDWFK�
*LULUDMD� ELUGV�� �+LVWRORJLFDO�� KLVWRPHWULFDO� DQG�
KLVWRFKHPLFDO� FKDQJHV�ZHUH� UHFRUGHG� IURP�
GD\�ROG�WR�LQYROXWDU\�SHULRG��7KH�GLIIHUHQWLDWLRQ�
LQWR� VWURPDO� DQG� FHOOXODU� FRQVWLWXHQWV� RI� UHG�
DQG�ZKLWH� SXOS�ZHUH� VWXGLHG�� � 7KH�SUHVHQFH�
RI� JHUPLQDO� FHQWUHV� ZDV� FRQILUPHG� DQG� LWV�
DJH�ZLVH� DYHUDJH� QXPEHUV�ZHUH� UHFRUGHG���
0DFURSKDJHV� DQG� SHULDUWHULRODU�PDFURSKDJH�
VKHDWKV�ZHUH�DOVR�VWXGLHG�
.H\� ZRUGV�� ,QYROXWLRQ�� *LULUDMD�� VSOHHQ��
KLVWRORJ\�

*LULUDMD� LV� D� V\QWKHWLF� GXDO� SXUSRVH�
FRORXUHG� VWUDLQ� RI� FKLFNHQ� GHYHORSHG� DW�
8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV��%DQJDORUH��
E\� FURVVLQJ� WKH� H[RWLF� EURLOHU� EUHHGV�:KLWH�
3O\PRWK�5RFN��5HG�&RUQLVK�DQG�1HZ�+DPSVKLUH�
�3LUDQL�HW�DO������������6SOHHQ�LV�D�URXQG��UHGGLVK�
EURZQ� VHFRQGDU\� O\PSKRLG� RUJDQ� O\LQJ� FORVH�
WR� WKH� ULJKW� VLGH� RI� WKH� MXQFWLRQ� EHWZHHQ� WKH�
SURYHQWULFXOXV� DQG� JL]]DUG� �+RGJHV�� �������
6WXGLHV�RQ�WKH�LQYROXWDU\�FKDQJHV�LQ�WKH�VSOHHQ�
RI�FKLFNHQ�DUH�VFDQW\�DQG�VRPH�FRQWURYHUVLHV�
UHJDUGLQJ�WKH�IXQFWLRQDO�FODVVL¿FDWLRQ�RI�DYLDQ�
VSOHHQ�DQG�WKH�SUHVHQFH��DEVHQFH�RI�JHUPLQDO�
FHQWUHV�LQ�VSOHHQ�VWLOO�UHPDLQ���7KH�SUHVHQW�VWXG\�
ZDV�XQGHUWDNHQ�WR�LQYHVWLJDWH�WKH�DJH�UHODWHG�
KLVWRORJLFDO�� KLVWRFKHPLFDO� DQG� KLVWRPHWULFDO�
YDULDWLRQV�LQ�WKH�FKLFNHQ�VSOHHQ�

0DWHULDOV�DQG�0HWKRGV
$�WRWDO�RI����ELUGV�ZHUH�UHDUHG�VHSDUDWHO\�

DW� WKH�8$6�SRXOWU\� IDUP��%DQJDORUH� IURP�GD\�
ROG�WR����ZHHNV��6SOHHQ�ZDV�FROOHFWHG�IURP���
ELUGV�HDFK�HYHU\�DOWHUQDWH�ZHHN��7LVVXH�SLHFHV�
IURP�WKH�VSOHHQ�ZHUH�¿[HG�LQ�¿[DWLYHV�QDPHO\�
����QHXWUDO� EXIIHUHG� IRUPDOLQ�� %RXLQ¶V� ÀXLG��
O\PSKDWLF� WLVVXH� ¿[DWLYH� DQG�=HQNHU¶V� DFHWLF�
ÀXLG��7KH� WLVVXH� SLHFHV�ZHUH� SURFHVVHG� IRU�
SDUDI¿Q�HPEHGGLQJ��VHFWLRQV�ZHUH�FXW�DW���P�
WKLFNQHVV� DQG�ZHUH� VWDLQHG� E\� KHPDWR[\OLQ�
DQG� HRVLQ�� � 9DQ� JHLVRQ¶V� VWDLQ� IRU� FROODJHQ�
¿EHUV��0DVVRQ¶V� WULFKURPH�PHWKRG��PHWKRG�
IRU� UHWLFXOLQ� �.LHUQDQ�� ������:HLJHUW¶V� HODVWLF�
VWDLQ�DQG�PHWK\O�JUHHQ�S\URQLQ�PHWKRG�IRU�WKH�
GHPRQVWUDWLRQ�RI�'1$�DQG�51$��/XQD��������

7KH�SDUDI¿Q�VHFWLRQV�ZHUH�DOVR�VXEMHFWHG�
WR� SHULRGLF� DFLG�6FKLII¶V� UHDFWLRQ�� DOFLDQ� EOXH�
PHWKRG� �IRU�PXFRVXEVWDQFHV� DW� S+������ DQG�
WROXLGLQH� EOXH�PHWKRG� �IRU�PHWDFKURPDVLD��
�/XQD�� ������� &U\RVWDW� VHFWLRQV� RI� ���P�
WKLFNQHVV�ZHUH�REWDLQHG�IURP�IUHVK�WLVVXHV�DQG�
ZHUH�XVHG�IRU�*RPRUL¶V�DONDOLQH�SKRVSKDWDVH�
FREDOW�PHWKRG��*RPRUL¶V� DFLG� SKRVSKDWDVH�
PHWKRG�DQG�RLO�UHG�2�LQ�SURS\OHQH�JO\FRO�PHWKRG�
IRU�OLSLGV��6LQJK�DQG�6XORFKDQD��������

)RU� PLFURPHWU\� WKUHH� VHFWLRQV� IURP�
SUR[LPDO��PLGGOH�DQG�GLVWDO�SDUWV�RI�WKH�VSOHHQ�
ZHUH�FROOHFWHG�IURP�ELUGV�RI�DOO�DJH�JURXSV�DQG�
PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�ZLWK�DQ�(UPD�
RFXODU�PLFURPHWHU��7KH�FDSVXOH�WKLFNQHVV�RI�WKH�


3DUW�RI�0�9�6F��WKHVLV�VXEPLWWHG�E\�WKH�¿UVW�DXWKRU�WR�8�$�6��%DQJDORUH
���$VVLVWDQW�3URIHVVRU��'HSW��RI�9HWHULQDU\�$QDWRP\��&9$6��3RRNRGH�
&RUUHVSRQGLQJ�DXWKRU�(�PDLO�OHHQD#NYDVX�DF�LQ
���3URIHVVRU�DQG�+HDG�
���3URIHVVRU
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VSOHHQ� �DYHUDJH�RI���� UHDGLQJV��DQG�QXPEHU�
RI� JHUPLQDO� FHQWHUV� �SHU� ���PLFURVFRSLFDO�
¿HOGV��ZHUH�UHFRUGHG���7KH�GDWD�ZDV�DQDO\]HG�
VWDWLVWLFDOO\��6QHGHFRU�DQG�&RFKUDQ�������
5HVXOWV�DQG�'LVFXVVLRQ

7KH�DGXOW� FKLFNHQ� VSOHHQ� VKRZHG� WKH�
IROORZLQJ�KLVWRORJLFDO�IHDWXUHV���7KH�VSOHHQ�ZDV�
HQFORVHG�E\�D�WKLQ�¿EURXV�FDSVXOH���7UDEHFXODH�
ZHUH� OHVV� GHYHORSHG� DQG� WKH� SDUHQFK\PD�
ORRNHG� XQLIRUP�� � 7KH� VWURPD� FRQVLVWHG� RI�
UHWLFXODU� ¿EUHV�ZKLFK�ZHUH� SDUWLFXODUO\� GHQVH�
DURXQG� DUWHULHV�� � 7KH� SDUHQFK\PD�ZDV� QRW�
RUJDQL]HG� LQWR� UHG� DQG� ZKLWH� SXOS� ZKLFK�
FRQFXUUHG�ZLWK� WKH� REVHUYDWLRQV� RI�.LQJ� DQG�
0F/HOODQG� �������� � 7KH� UHG� SXOS� FRQVLVWHG�
RI� FRUG� OLNH� DUUDQJHPHQW� RI� UHWLFXODU� FHOOV�
LQWHUVSHUVHG�ZLWK� YHQRXV� VLQXVHV� DQG� EORRG�
FHOOV���7KH�ZKLWH�SXOS�FRQVLVWHG�RI�O\PSKRF\WH�
FOXVWHUV��O\PSKRLG�IROOLFOHV�DQG�ZKLWH�EORRG�FHOOV���
7KH�SUHGRPLQDQFH�RI�O\PSKRLG�FHOOV�YDULHG�ZLWK�
WKH�DFWLYLW\�RI�WKH�QHDUE\�JHUPLQDO�FHQWUHV�

*HUPLQDO�FHQWUHV�ZHUH�REVHUYHG�LQ�WKH�
ZKLWH� SXOS� IURP� WKH� ��WK� GD\� RQZDUGV� �3ODWH�
�����+RZHYHU��,QGX�HW�DO����������UHSRUWHG�WKDW�
�LQ� GXFNV�� JHUPLQDO� FHQWUHV� DSSHDUHG� E\� ���
GD\V� RQO\�� � 7KH� JHUPLQDO� FHQWUHV� VKRZHG� D�
SDOH�FLUFXPVFULEHG�SRUWLRQ�FRQWDLQLQJ�GLYLGLQJ�
O\PSKRF\WHV���0DFURSKDJHV�ZLWK�GDUN�VWDLQLQJ�
LQFOXVLRQV��SODVPD�FHOOV�DQG�GHQGULWLF�FHOOV�ZHUH�
DOVR�VHHQ�LQ�WKH�JHUPLQDO�FHQWUHV�

0DUJLQDO�]RQH�FRYHULQJ�WKH�ZKLWH�SXOS�DV�
VHHQ�LQ�WKH�PDPPDOLDQ�VSOHHQ�ZDV�QRW�REVHUYHG�
LQ�FKLFNHQ����3HULDUWHULRODU�PDFURSKDJH�VKHDWKV�
�3$06��ZHUH�GHWHFWHG�ZKHQ�VWDLQHG�XVLQJ�WKH�
3UXVVLDQ�EOXH�UHDFWLRQ���0DFURSKDJHV�KDG�ODUJH�
YHVLFXODU� QXFOHXV�ZLWK� SLJPHQWV�� � %OXH� DQG�
:HLVV��������VWDWHG�WKDW�LQ�WKH�VSOHHQ��3$06�
DUH�WKH�PDMRU�VLWHV�RI�FOHDUDQFH�RI�EORRG�ERUQH�
SDUWLFOHV���7KH�PDFURSKDJHV�ZHUH�DOVR�VOLJKWO\�
DOFLDO� EOXH� SRVLWLYH� LQGLFDWLQJ� WKHLU� VHFUHWRU\�
QDWXUH���+HPRVLGHULQ�FRQWHQW�RI�PDFURSKDJHV�
ZDV�LGHQWL¿HG�LQ�DOO�WKH�DJH�JURXSV�VWXGLHG���7KH�
PDFURSKDJHV�DOVR�JDYH�D�SRVLWLYH�UHDFWLRQ�WR�
O\VRVRPDO�HQ]\PH�DFLG�SKRVSKDWDVH���0D[LPRY�
DQG�%ORRP�� ������� UHSRUWHG� VLPLODU� ¿QGLQJV���
7KH�VSOHHQ�DOVR�GLVSRVHG�RII�HIIHWH�HU\WKURF\WHV�
E\�SKDJRF\WRVLV�ZLWKLQ�PDFURSKDJHV�RI�UHG�SXOS�
�7L]]DUG��������

,Q� WKH�GD\�ROG� VWDJH�� WKH�SDUHQFK\PD�
ZDV�QRW�GLIIHUHQWLDWHG� LQWR�UHG�SXOS�DQG�ZKLWH�
SXOS�� � 7KH� GHYHORSPHQW� RI� ZKLWH� SXOS� ZDV�

VFDQW� DQG�ZDV� REVHUYHG� E\� ��� GD\V�� � ,QGX�
HW�DO���������UHSRUWHG�WKH�GHYHORSPHQW�RI�ZKLWH�
SXOS� LQ� GXFNV� E\� ��� GD\V� LWVHOI�� �:KLWH� SXOS�
ZDV� VHHQ� DV� O\PSKDWLF� DJJUHJDWLRQV� DURXQG�
ODUJHU� EORRG� YHVVHOV�� � 6LPLODU� REVHUYDWLRQV�
ZHUH� PDGH� E\� +DVKLPRWR� DQG� 6XJLPXUD�
�������LQ�GXFNV��7KH�UHG�SXOS�ZDV�SUHGRPLQDQW�
LPPHGLDWHO\� DIWHU� KDWFKLQJ�� � 7KHUH� LV� DQ�
RXWSRXULQJ�RI�KHWHURSKLOOV�IURP�VSOHHQ�IROORZHG�
E\�PDVVLYH�LQFUHDVH�LQ�QXPEHU�RI�O\PSKRF\WHV�
���KRXUV�DIWHU�KDWFKLQJ���7KH�FKLFNHQ�VSOHHQ�LV�
FRQVLGHUHG�WR�EH�LQYROYHG�LQ�JUDQXORSRHVLV�DQG�
HU\WKURSRLHVLV�GXULQJ�HPEU\RQLF�GHYHORSPHQW�
DQG� KDV� QR� UROH� LQ� HPEU\RQLF� O\PSKRSRHVLV�
�7L]]DUG�� ������� /\PSKRLG� V\VWHP�RI� VSOHHQ�
KDV�LWV�PDMRU�GHYHORSPHQW�DIWHU�KDWFKLQJ�ZKHQ�
DQWLJHQ�FKDOOHQJH�EHJLQV���9HQRXV�VLQXVHV�ZHUH�
DSSDUHQW�DW�GD\�RQH�DQG�ZHUH�ZHOO�GH¿QHG�E\�
RQH�ZHHN���%ORRG�YHVVHOV�ZHUH�QXPHURXV�HYHQ�

)LJ����*HUPLQDO�FHQWUHV�RI�VSOHHQ����+�	�(�;�����

)LJ����%ORRG�YHVVHOV�ZLWK�GHSOHWHG�3$/6�DURXQG�LW���+�	�(�;�����

)LJ����3HULYDVFXODU�VSDFHV�ZLWK�DONDOLQH�SKRVSKDWLVH�UHDFWLRQ���$ONDOLQH�3KRVSKDWDVH�;�����
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DW�GD\�RQH�VWDJH�DQG�SRVVHVVHG�DOO�WKH�WXQLFV���
/\PSKDWLF� DJJUHJDWLRQV� ZHUH� VHHQ� DURXQG�
ODUJHU�EORRG�YHVVHOV�DORQH���&DSVXOH�ZDV�ZHOO�
GHYHORSHG� DW� GD\� RQH�� �2WKHU� FHOOV� VHHQ� LQ�
WKH�GD\�ROG�VSOHHQ�FRQVLVWHG�RI�UHWLFXODU�FHOOV��
O\PSKRF\WHV�� O\PSKREODVWV�� KHWHURSKLOOV� DQG�
PDFURSKDJHV�

%\�WKH�¿UVW�ZHHN�WKHUH�ZDV�D�WHQGHQF\�
WRZDUGV� IRUPDWLRQ� RI� SHULDUWHULRODU� O\PSKDWLF�
VKHDWKV� �3$/6�� DURXQG� ODUJH�DUWHULHV� WKRXJK�
ZHOO�GH¿QHG�3$/6�ZHUH�VHHQ�RQO\�E\���ZHHNV�
RI�DJH���%\���ZHHNV��WZR�GLVWLQFW�SDUWV�RI�ZKLWH�
SXOS�� WKH� JHUPLQDO� FHQWHUV� DQG� 3$/6�ZHUH�
LGHQWL¿HG��

,Q� WKH� LQYROXWDU\� SHULRG� �HLJKW�ZHHNV���
WKHUH�ZDV�DWURSK\�RI�ZKLWH� SXOS�� �7KHUH�ZDV�
KRZHYHU�OLWWOH�RU�QR�FKDQJH�LQ�VSOHHQ�IROOLFOHV��
D� ¿QGLQJ� LQ� DJUHHPHQW�ZLWK� WKH�REVHUYDWLRQV�
RI�+HFVHU�HW�DO�����������$V�DJH�DGYDQFHG��WKH�
EORRG�YHVVHOV�VKRZHG�HPSW\�VSDFHV�RU�GHSOHWHG�
3$/6�DURXQG�WKHP��3ODWH������%\�DERXW����ZHHNV�
WKHUH�ZDV�DQ�LQFUHDVH�LQ�VLQXVRLGDO�VSDFHV�

7KH� FDSVXOH�� JHUPLQDO� FHQWUHV� DQG�
SHULYDVFXODU�VSDFHV�LQFOXGLQJ�YHQRXV�VLQXVHV�
VKRZHG�PLOG�DONDOLQH�SKRVSKDWDVH��3ODWH����DQG�
PRGHUDWH�DFLG�SKRVSKDWDVH�DFWLYLW\���5XVNDQHQ�
HW� DO�� ������� KRZHYHU� VWDWHG� WKDW� WKH� VSOHHQ�
RI�FKLFNHQ�GLG�QRW�VKRZ�DQ\�DUHDV�RI�VSHFL¿F�
ORFDWLRQ� IRU� DFLG� DQG� DONDOLQH� SKRVSKDWDVHV���
$FLG� SKRVSKDWDVH� DFWLYLW\�ZDV� GLIIXVH� LQ� WKH�
VSOHQLF� VWURPD� DQG�ZDV� SUREDEO\� VKRZQ� E\�
SKDJRF\WLF�FHOOV���$ONDOLQH�SKRVSKDWDVH�DFWLYLW\�
ZDV� DOVR� VHHQ� LQ� WKH� FDSVXOH�� 5HVXOWV� RI�
KLVWRPHWULFDO�VWXGLHV�DUH�GHSLFWHG�LQ�WDEOH���

7KH�FDSVXOH�WKLFNQHVV�VKRZHG�WKH�PRVW�
GUDVWLF� LQFUHDVH� LQ�VL]H�GXULQJ� WKH� IRXUWK�DQG�

WZHQWLHWK�ZHHN���,W�JUDGXDOO\�LQFUHDVHG�IURP����
�P�DW�GD\�RQH�WR�����P�E\����ZHHNV���*HUPLQDO�
FHQWUHV�ZHUH� ¿UVW� REVHUYHG� DW� ��ZHHNV� DQG�
ODWHU�WKHLU�QXPEHU�LQFUHDVHG�VLJQL¿FDQWO\�E\����
ZHHNV�DQG� UHPDLQHG�DW�D�PRUHRYHU�FRQVWDQW�
YDOXH�WKHUHDIWHU���

'XH� WR� WKH� DEVHQFH� RI� D�ZHOO� GH¿QHG�
FDSVXODU�WUDEHFXODU�V\VWHP�DQG�SUHGRPLQDQFH�
RI� O\PSKDWLF� WLVVXH� LQ�DGXOW� VWDJH�� WKH�VSOHHQ�
RI� WKH�FKLFNHQ�FDQ�EH�FODVVL¿HG�DV�GHIHQVLYH�
VSOHHQ� EDVHG� RQ� WKH� FODVVL¿FDWLRQ� E\�%DQNV�
���������:KHWKHU�RU�QRW�WKH�VSOHHQ�VHUYHV�DV�D�
UHVHUYRLU�RI�EORRG�LQ�FKLFNHQ�LV�D�PDWWHU�UHTXLULQJ�
IXUWKHU�GHWDLOHG�VWXG\�
$FNQRZOHGJHPHQW

7KH�DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�WKH�
¿QDQFLDO� DVVLVWDQFH� RI� WKH� ,QGLDQ�&RXQFLO� RI�
$JULFXOWXUDO�UHVHDUFK��1HZ�'HOKL�LQ�WKH�IRUP�RI�
-5)�IRU�FRQGXFWLQJ�WKLV�VWXG\�
5HIHUHQFHV
%DQNV��:�-������� +LVWRORJ\�DQG�FRPSDUDWLYH�

RUJDQRORJ\��$�WH[W�DWODV��:LOOLDPV�DQG�
:LONLQV�&R���%DOWLPRUH��SS���������

%OXH�� -�� DQG�:HLVV�� /�� ������ � 3HULDUWHULDO�
PDFURSKDJH� VKHDWKV� �HOOLSVRLGV�� LQ�
FDWV�VSOHHQ��DQ�HOHFWURQ�PLFURVFRSLF�
VWXG\��$P��-��$QDW����������������

+DVKLPRWR�� <�� DQG� 6XJLPXUD�� 0�� ������
'LVWULEXWLRQ� DQG� PRUSKRORJ\� RI�
DQWLERG\� SURGXFLQJ� FHOOV� LQ� GXFNV���
-DS��-��9HW��6FL��������������

+HFVDU��/���2OWHDQ��6��DQG�+DGQDJ\��&��������
$JH�FKDQJHV�LQ�VSOHHQ�PRUSKRORJ\�LQ�
FDWWOH��SLJV�DQG�VKHHS��9HW��%XOO��������
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�������������
+RGJHV��5�'�� ������7KH�+LVWRORJ\� RI� )RZO���

$FDGHPLF� SUHVV� � /RQGRQ� � SS��
��������

,QGX��9��5���&KXQJDWK��-�-���+DUVKDQ��.�5���/XF\��
.�0��DQG�0D\D��6�������� �3RVWQDWDO�
GHYHORSPHQW� RI� VSOHHQ� LQ� :KLWH�
3HNLQ� GXFN�� � ,QGLDQ� -�� 3RXOW�� 6FL���
�����������

.LHUQDQ� � - �$� � ����� � +LVWR ORJLFD O � DQG�
+LVWRFKHPLFDO�0HWKRGV��7KHRU\� DQG�
SUDFWLFH�� �VW� HG�� 3HUJPRQ� 3UHVV��
2[IRUG��SS��������

.LQJ��$�6��DQG�0F�/HOODQG��-��������)RUP�DQG�
IXQFWLRQ� LQ� ELUGV��$FDGHPLF� SUHVV��
&DOLIRUQLD��SS���������

/XQD��,�*��������0DQXDO�RI�+LVWRORJLFDO�6WDLQLQJ�
0HWKRGV�RI�WKH�$UPHG�)RUFHV�,QVWLWXWH�
RI�3DWKRORJ\����UG�HG��0F*UDZ�+LOO�%RRN�
&R���1HZ�<RUN��SS���������

0D[LPRZ��$�$��DQG�%ORRP��:��������$�7H[W�ERRN�
RI� +LVWRORJ\���WK� HG��:�%�6DXQGHUV�

&RPSDQ\��3KLODGHOSKLD��SS��������
3LUDQL��1��� �5RPDQRY��0��1��� �*DQSXOH��6��3���

'HYHJRZGD�� *�� DQG� 3UDVDG�� '�� 7���
������0LFURVDWHOOLWH�DQDO\VLV�RI�JHQHWLF�
GLYHUVLW\�LQ�,QGLDQ�FKLFNHQ�SRSXODWLRQV���
-��3RXOW��6FL� ����������

5XVNDQHQ��2���7RLYDQHQ��$��DQG�5DHNDOOLR��-��
������+LVWRFKHPLFDO�FKDUDFWHULVDWLRQ�
RI� FKLFNHQ� O\PSKRLG� WLVVXHV�� �'HY��
&RPS��,PP�����������������

6LQJK�� 8�%�� � DQG� 6XORFKDQD�� 6�� ������$�
/DERUDWRU\�0DQXDO�RI��+LVWRORJLFDO�DQG�
+LVWRFKHPLFDO� 7HFKQLTXHV��� .RWKDUL�
0HGLFDO�3XEOLVKLQJ�+RXVH��%RPED\���
SS�������

6QHGHFRU��*��:�� DQG�&RFKUDQ��:��*�� ������
6WDWLVWLFDO�0HWKRGV���WK�HG���(DVW�:HVW���
3UHVV�3YW�/WG��1HZ�'HOKL��SS���������

7L]]DUG�� ,�� 5�� ������9HWHULQDU\� ,PPXQRORJ\��
$Q�,QWURGXFWLRQ���WK�HG��:�%��6DXQGHUV�
&RPSDQ\���3KLODGHOSKLD��SS���������

�


