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,Q�SUHYLRXV�SXEOLFDWLRQV��UHJUHVVLRQ�PRGHOV�DUH�ILWWHG�WR�GDWD�LQ�WKH�IRUP�RI�)LJ����
WR�SUHGLFW�Z����IURP�G���JURXSV�$��%�DQG�&�DUH�GHVFULEHG�ODWHU��6RPH�UHVHDUFKHUV�VKRZ�
KRZ�D�FXUVRU\�DQDO\VLV�RI�UHJUHVVLRQ�UHVLGXDOV�PD\�IDLO�WR�GHWHFW�WKH�SUHVHQFH�RI�WZR�
VHSDUDWH�FOXVWHUV��)RU�SORWWLQJ�DQG�VXEVHTXHQW�DQDO\VLV��WKH�FRGHV�/��6�DQG�0�DUH�
UHSUHVHQWHG�QXPHULFDOO\�DV������DQG���UHVSHFWLYHO\��
:H�VWDUW�E\�REVHUYLQJ�WKDW�WKH�GDWD�FRQVLVW�RI�WZR�LQWHUZRYHQ�WLPH�VHULHV��^G�`�DQG�

^Z�`��)LJ����GLVSOD\V�WKH�ILUVW�����REVHUYDWLRQV�RI�̂GW`�SORWWHG�DJDLQVW�HYHQW�QXPEHU��
WKH�UHPDLQLQJ�����YDOXHV��DQG�WKH�SORW�RI�̂�ZW`��EHKDYH�VLPLODUO\��7KHVH�VHULHV�H[KLELW�
KLJKO\�RVFLOODWRU\�EHKDYLRXU��HVVHQWLDOO\�DOWHUQDWLQJ�EHWZHHQ�WZR�OHYHOV��$�FORVHU�ORRN�
VKRZV�WKDW�D�ORZ�OHYHO�LV�DOZD\V�IROORZHG�E\�D�KLJK�OHYHO��DQG�D�KLJK�OHYHO�LV�YHU\�RIWHQ��
EXW�QRW�DOZD\V��IROORZHG�E\�D�ORZ�OHYHO��
$�VLPSOH�FRQVLGHUDWLRQ�RI�WKH�SK\VLFDO�PHFKDQLVP�VXJJHVWV�WKDW�WKH�UHODWLRQVKLS�

EHWZHHQ�GW�DQG�ZW�LV�LPSRUWDQW��ZW�LV�WKH�OHQJWK�RI�WLPH�WDNHQ�WR�KHDW�WKH�ZDWHU�WR�EH�
H[SHOOHG�RYHU�WKH�LQWHUYDO�GW��6LQFH�WKH�̂ZW`�YDOXHV�DUH�WKH�LQWHUYDO�WLPHV�EHWZHHQ�WKH�
VWDUWV�RI�WKH�HUXSWLRQV��ZW�H[FHHGV�WKH�DFWXDO�ZDLWLQJ�WLPH��+RZHYHU��WKH�GLIIHUHQFH�LV�
XQLPSRUWDQW�DV�GW�LV�FRQVLGHUDEO\�VPDOOHU�WKDQ�ZW�LQ�PDJQLWXGH��)LJ����SORWV�GW�YHUVXV�
ZW�DQG�VKRZV�FOHDUO\�WKH�H[LVWHQFH�RI�WKUHH�VHSDUDWH�FOXVWHUV��$��%�DQG�&��FRUUHVSRQG��
LQJ�DSSUR[LPDWHO\�ZLWK�GLYLVLRQV�DW���DQG����RQ�WKH�GW�DQG�ZW�D[HV��7KHUH�LV�QRZ�OHVV�
HYLGHQFH�RI�D�UHODWLRQVKLS�EHWZHHQ�G��DQG�ZW�ZLWKLQ�HDFK�FOXVWHU��$OVR��D�VKRUW�ZDLWLQJ�
WLPH�LV�DOZD\V�IROORZHG�E\�D�ORQJ�HUXSWLRQ�WLPH�EXW�D�ORQJ�ZDLWLQJ�WLPH�LV�IROORZHG�E\�
VKRUW�DQG�ORQJ�HUXSWLRQ�WLPHV�LQ�URXJKO\�HTXDO�SURSRUWLRQV��&RQVHTXHQWO\��WR�XQGHU��
VWDQG�WKH�PHFKDQLVP�RI�WKH�VHULHV�ZH�FRQVLGHU�WKH�MRLQW�EHKDYLRXU�RI�DW�OHDVW�WKH�WKUHH�
YDULDEOHV��ZW��GW��ZW������)LJV���DQG���GLVSOD\�WZR�RI�WKH�SRVVLEOH�ELYDULDWH�SORWV��7KH�
SDWWHUQ�RI�WKH�WKLUG��ZW���DJDLQVW�ZW��LV�YLUWXDOO\�WKH�VDPH�DV�)LJ�����+DSSLO\��WKH�
VSHFLDO�QDWXUH�RI�WKH�JURXSLQJV�ZLWKLQ�WKHVH�SURMHFWLRQV�DOORZV�WKH�WKUHH�GLPHQVLRQDO�
SDWWHUQ�WR�EH�LGHQWLILHG��DV�LQ�)LJ�����ZKHUH�RQO\�WKUHH�FORXGV��$��%��&��DUH�HYLGHQW��
)LJ����LV�WKH�SURMHFWLRQ�RI�WKHVH�FORXGV�RQ�WR�WKH��ZW����GW��SODQH��7KH�UHJUHVVLRQ�

HIIHFW�DW�WKH�XSSHU�OHYHO�LV�HQKDQFHG�E\�WKH�VXSHUSRVLWLRQ�RI�FORXGV�$�DQG�%�ZKLFK�KDYH�
D�VOLJKW�UHODWLYH�VKLIW��7KH�UHJUHVVLRQ�HIIHFW�RI�ZDLWLQJ�WLPH�RQ�SUHYLRXV�GXUDWLRQ�WLPH�
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)LJ����� 'XUDWLRQ�GW�YHUVXV�SUHYLRXV�ZDLWLQJ�WLPH�ZW�

LV�JUHDWO\�UHGXFHG�IRU�HDFK�JURXS��$�VPDOO�HIIHFW�SHUVLVWV�EXW�D�IRUPDO�DVVHVVPHQW�RI�LWV�
VLJQLILFDQFH�LV�KLQGHUHG�E\�DXWRFRUUHODWLRQ�DPRQJ�WKH�GDWD��

��� 7HQWDWLYH�3K\VLFDO�0RGHO�

7KH�H[LVWHQFH�RI�WZR�GLVWLQFW�SDWWHUQV�LQ�D�JH\VHU
V�EHKDYLRXU�LV�UDUH��7KH�IROORZLQJ�
GHVFULSWLRQ�RI�D�FRQFHLYDEOH�VFKHPH�LV�EDVHG�RQ�5LQHKDUW���������SS�����������DQG�LV�
LOOXVWUDWHG�E\�)LJ�����5LQHKDUW���������S��������

6WDJH���� 7KH�WXEH�LV�IXOO�RI�ZDWHU�ZKLFK�LV�KHDWHG�E\�WKH�VXUURXQGLQJ�URFNV��7KH�
ZDWHU�LV�KHDWHG�DERYH�WKH�QRUPDO�ERLOLQJ�WHPSHUDWXUH�EHFDXVH�RI�LQFUHDVHG�SUHVVXUH�
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)LJ����� 6NHWFK�RI�WKH�WKUHH�GLPHQVLRQDO�FRQILJXUDWLRQ�DPRQJ�̂ZW��G���Z����̀�

GXH�WR�WKH�PDVV�RI�ZDWHU�ZKLFK�LV�RQ�WRS��WKH�GHHSHU�WKH�ZDWHU�WKH�KLJKHU�WKH�WHPSHUD��
WXUH�UHTXLUHG�IRU�ERLOLQJ��0RUHRYHU��
ZKHUHDV�WKH�ZDWHU�LQ�WKH�WXEH�LV�VXSHUKHDWHG�ZLWK�
UHVSHFW�WR�WKH�DPELHQW�ERLOLQJ�SRLQW�DW�WKH�PRXWK�RI�WKH�JH\VHU��WKH�ZDWHU�WHPSHUDWXUH�
DW�GHSWK�LV�IDU�EHORZ�WKH�ERLOLQJ�SRLQW�FXUYH�WKDW�PXVW�EH�DSSOLHG�WR�D�YHUWLFDO�FROXPQ�
RI�ZDWHU
��
6WDJH���� :KHQ�WKH�WRS�ZDWHU�UHDFKHV�WKH�ERLOLQJ�WHPSHUDWXUH��LW�EHFRPHV�VWHDP�

DQG�PRYHV�WRZDUGV�WKH�VXUIDFH��7KH�SUHVVXUH�DW�WKH�ERWWRP�WKHQ�GURSV�UDSLGO\�WR�WKH�
QRUPDO�OHYHO�DQG��E\�DQ�LQGXFWLRQ�HIIHFW��WKH�ERWWRP�ZDWHU�UDSLGO\�EHFRPHV�VWHDP��
7KLV�FDVFDGLQJ�PHFKDQLVP�LV�UHSHDWHG�VHYHUDO�WLPHV��DV�ZDWHU�LV�FRQYHUWHG�LQWR�VWHDP��
WKH�SUHVVXUH�RQ�ORZHU�ZDWHU�LV�GHFUHDVHG��FDXVLQJ�WKH�SURGXFWLRQ�RI�PRUH�VWHDP�DQG�
WULJJHULQJ�WKH�HUXSWLRQ��
6WDJH��D�� 
,I�DW�WKH�WLPH�RI�FDVFDGLQJ�WKH�WHPSHUDWXUH�LQ�WKH�ORZHU�UHJLRQV�LV�ORZHU�

WKDQ�PLJKW�EH�H[SHFWHG��FDVFDGLQJ�VWRSV�VKRUW�RI�WKH�ERWWRP�DQG�WKH�SOD\�LV�VKRUW�
�
6WDJH��E�� $OWHUQDWLYHO\��
ZKHQ�WKH�WHPSHUDWXUH�LV�FRPSDUDWLYHO\�KLJK�DW�WKHVH�

GHSWKV��FDVFDGLQJ�ZRUNV�LWVHOI�GRZQ�PXFK�IDUWKHU�DQG�WKH�SOD\�LV�ORQJ
��
6WDJH���� 7KH�JH\VHU�WXEH�LV�FRPSOHWHO\�RU�SDUWO\�HPSW\��UHDG\�WR�EH�ILOOHG�ZLWK�QHZ�

ZDWHU��

:H�GR�QRW�GLVFXVV�JHRORJLFDO�UHDVRQV�IRU�WKH�IDFW�WKDW�VRPHWLPHV�WKH�FDVFDGLQJ�
HIIHFW�ZRUNV�GRZQ�WR�WKH�ERWWRP�RI�WKH�WXEH�ZKLOH�DW�RWKHU�WLPHV�LW�VWRSV�HDUOLHU��:H�
VLPSO\�QRWH�WKH�SKHQRPHQRQ�DQG�GLVFXVV�LWV�FRQVHTXHQFHV��6WDJHV��D�DQG��E�DUH�
DVVRFLDWHG�ZLWK�VKRUW�DQG�ORQJ�ZDLWLQJ�WLPHV�IRU�WKH�QH[W�HUXSWLRQ��,Q�VWDJH��D��WKH�
V\VWHP�VWDUWV�D�QHZ�F\FOH�SDUWLDOO\�ILOOHG�ZLWK�KRW�ZDWHU�VR�WKDW�WKH�IROORZLQJ�KHDWLQJ�
WLPH�LV�VKRUWHU��DW�WKH�QHZ�HUXSWLRQ�WKH�HQWLUH�WXEH�ZLOO�EH�HPSWLHG��VLQFH�SDUW�RI�WKH�
ZDWHU�KDG�DOUHDG\�EHHQ�KHDWHG�LQ�WKH�SUHYLRXV�F\FOH��

7KLV�GHVFULSWLRQ�VXJJHVWV�D�WZR�VWDWH�0DUNRY�FKDLQ�DV�D�PRGHO�IRU�WKH�RVFLOODWLRQV�
EHWZHHQ�WKH�KLJK�DQG�ORZ�OHYHOV�DQG�LPSOLHV�WKDW�WKH�YDULDEOHV�GW�DQG�ZW�,�PD\�EH�
UHJDUGHG�DV�HTXLYDOHQW�LQGLFDWRUV�RI�WKH�VWDWH�RI�WKH�V\VWHP��7KLV�LV�FRUURERUDWHG�E\�
)LJ�����ZKHUH�ORZ�GW�LV�DVVRFLDWHG�ZLWK�ORZ�ZW������DQG�KLJK�GW�ZLWK�KLJK�ZW�����VHH�DOVR�
)LJ����RI�'HQE\�DQG�3UHJLERQ���������ZKHUH�SORWV�RI�̂ GW`�DQG�̂ ZW���̀�DJDLQVW�HYHQW�
QXPEHU�DUH�VXSHULPSRVHG��)LQDOO\��WKH�FURVV�FRUUHODWLRQ�EHWZHHQ�WKH�WZR�VHULHV�LV�
IRXQG�WR�EH�KLJKO\�V\PPHWULFDO�DERXW�]HUR��LPSO\LQJ�WKDW�WKH�VHULHV�DUH�
LQ�SKDVH
��
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)LJ����� 6NHWFK�RI�WKH�FRQMHFWXUHG�JH\VHU�PHFKDQLVP��IURP�5LQHKDUW���������

7KH�RULJLQDO�GDWD�DUH�GLVFUHWL]HG�WR�ORZ�KLJK�IRUP�E\�GLYLVLRQ�DW���DQG����RQ�WKH�
RULJLQDO�VFDOHV��DVVRFLDWLQJ�WKH�QXPHULFDO�YDOXHV���DQG���WR�ORZ�DQG�KLJK�UHVSHFWLYHO\�
IRU�FRQYHQLHQFH��'HQRWLQJ�E\�̂'�`�DQG�̂ �:��̀�WKH�WZR�GLVFUHWL]HG�SURFHVVHV��WKH��L��M�WK�
HQWU\�RI�WKH�0DUNRY�WUDQVLWLRQ�PDWUL[�3'�RI�̂'��̀�JLYHV�

SU^'W� M-'WB � L`� �L ����� � �����

DQG�VLPLODUO\�IRU�̂�:W�̀��6WDQGDUG�HVWLPDWLRQ�RI�WKH�WUDQVLWLRQ�PDWULFHV�OHDGV�WR�

aaaa� �� ��

������ ������� �: � ��� �������

ZKLOH�WKH�UHODWLYH�IUHTXHQFLHV�RI�KLJK�VWDWHV�DUH�

S' ������� SZ� ������
IRU�̂'W`�DQG�̂ �:W`�UHVSHFWLYHO\��7KHVH�PDWULFHV�DQG�IUHTXHQFLHV�DUH�FOHDUO\�VLPLODU��
6XFK�D�GLVFUHWL]DWLRQ�RI�WKH�GDWD�LJQRUHV�VRPH�LQIRUPDWLRQ��+RZHYHU��WKH�DOWHUQD��

WLRQ�EHWZHHQ�WKH�WZR�OHYHOV�LV�WKH�PRVW�LPSRUWDQW�IHDWXUH�DQG�WKH�YDULDWLRQ�ZLWKLQ�
JURXSV�LV�FRPSDUDWLYHO\�VPDOO��DV�WKH�VXPPDU\�VWDWLVWLFV�LQ�7DEOH���VKRZ��

,Q�YLHZ�RI�WKHVH�UHPDUNV�DQG�WKH�HTXLYDOHQFH�EHWZHHQ�̂GW��DQG�^ZW���ZH�FRQ��
FHQWUDWH�RQ�WKH�GLVFUHWL]HG�SURFHVV�̂'W`��

��� 6HFRQG�RUGHU�0RGHO�

$�FKHFN�RQ�WKH�DGHTXDF\�RI�WKH�PRGHO�FDQ�EH�REWDLQHG�E\�FRPSDULQJ�WKH�REVHUYHG�
DXWRFRUUHODWLRQV�ZLWK�WKRVH�REWDLQHG�XQGHU�WKH�0DUNRY�DVVXPSWLRQ��7KH�ILUVW�HLJKW�
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7$%/(� ��
6XPPDU\�VWDWLVWLFV�IRU�̂G�`�DQG�̂ZW`�

^GM`� ^Z�`�
0HDQ� 6WDQGDUG�GHYLDWLRQ� 0HDQ� 6WDQGDUG�GHYLDWLRQ�

3RROHG�JURXSV� ������ ������ ������� �������
/RZ�JURXS� ������ ������ ������� ������
+LJK�JURXS� ������ ������ ������� ������

WHUPV�RI�WKH�REVHUYHG�DXWRFRUUHODWLRQ�IXQFWLRQ��$&)��DQG�SDUWLDO�DXWRFRUUHODWLRQ�
IXQFWLRQ��3$&)��IRU�WKH�̂'W`�SURFHVV�DUH�DV�IROORZV��

ODJ� �� �� �� �� �� �� �� ��
$&)� ������� ������ ������� ������ ������� ������ ������� ������
3$&)� ������� ������ ������� ������ ������� ������� ������ ������

7KH�$&)�FOHDUO\�GRHV�QRW�VKRZ�WKH�JHRPHWULF�GHFD\�ZKLFK�ZRXOG�EH�H[SHFWHG�XQGHU�D�
0DUNRY�PRGHO��0RUHRYHU��ZKLOH�WKH�3$&)�DIWHU�ODJ���VKRXOG�EH�FORVH�WR�]HUR��WKH�
VHFRQG�WHUP�RI�WKH�3$&)�LV�KLJK�ZKHQ�FRPSDUHG�ZLWK�WKH�XVXDO�VWDQGDUG�HUURU�IRU�DQ�
DXWRUHJUHVVLYH�VHULHV����������
7KH�$&)�DQG�3$&)�JLYHQ�DERYH�SRLQW�WRZDUGV�D�VHFRQG�RUGHU�0DUNRY�FKDLQ��$Q�

HVWLPDWH�RI�WKH�FRUUHVSRQGLQJ�WUDQVLWLRQ�PDWUL[�IRU�̂'W`�LV�

�2����� ������� �������
������� �� ������ ������ ����
������ �� �� ��
������� �� ������ ������

ZKHUH�WKH�WKUHH�VWDWHV�FRUUHVSRQG�WR��ORZ��KLJK����KLJK��ORZ��DQG��KLJK��KLJK���DQG�WKH�
�ORZ��ORZ��VWDWH�FDQQRW�RFFXU��7KLV�FRQILUPV�WKDW�WKH�ILUVW�RUGHU�PRGHO�LV�LQDGHTXDWH��
,I�D�WKLUG�RUGHU�0DUNRY�FKDLQ�LV�ILWWHG��WKH�HVWLPDWHV�SURGXFHG�DUH�FRQVLVWHQW�ZLWK�D�
VHFRQG�RUGHU�PRGHO��
8QGHU�WKH�DVVXPSWLRQ�RI�D�VHFRQG�RUGHU�0DUNRY�FKDLQ�ZLWK�WUDQVLWLRQ�PDWUL[������D�

VWDQGDUG�FRPSXWDWLRQ�RI�WKH�VWDWLRQDU\�SUREDELOLWLHV�IRU�WKH����������������DQG��������
VWDWHV�JLYHV��������������DQG��������VR�WKDW�WKH�VWDWLRQDU\�SUREDELOLW\�RI�WKH�KLJK�VWDWH�
LV��������������� �������DV�EHIRUH��EXW�QRZ�WKHUH�LV�D�PXFK�FORVHU�DJUHHPHQW�ZLWK�WKH�
DXWRFRUUHODWLRQ�SDWWHUQ��FRPSXWDWLRQ�RI�WKH�ILUVW�HLJKW�WHUPV�RI�WKH�WKHRUHWLFDO�$&)�
XQGHU�PRGHO�����JLYHV�

������� ������ ������� ������ ������� ������ ������� ������

ZKLFK�DUH�LQ�FORVH�DJUHHPHQW�ZLWK�WKH�REVHUYHG�WHUPV��
+RZHYHU��WKH�ILUVW�IHZ�WHUPV�RI�WKH�$&)�DQG�3$&)�UHYHDO�RQO\�SDUW�RI�WKH�SLFWXUH��

$�SORW�RI�WKH�$&)�RI�WKH�RULJLQDO�GLVFUHWL]HG�GDWD�RYHU�D�PXFK�ZLGHU�UDQJH�LV�JLYHQ�LQ�
)LJ�����IURP�ZKLFK�LW�LV�FOHDU�WKDW�WKH�FRUUHODWLRQV�GR�QRW�JR�WR�]HUR�DW�KLJK�ODJV��7KHUH�
LV�D�FOHDU�UHFXUUHQW�FOXVWHULQJ�HIIHFW��$�YHU\�VLPLODU�SLFWXUH�LV�REWDLQHG�IURP�WKH�̂�:W-�
SURFHVV��

7R�FKHFN�WKH�ILWWHG�PRGHO��VHYHUDO�VHULHV�RI�OHQJWK�����ZHUH�VLPXODWHG�IURP�WKH�
ILWWHG�VHFRQG�RUGHU�0DUNRY�FKDLQ��7KH�UDQGRP�QXPEHU�JHQHUDWRU�RI�:LFKPDQQ�DQG�
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/DJ�

)LJ����� $XWRFRUUHODWLRQ�IXQFWLRQ�RI�̂'W`�
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/DJ�

)LJ����� $XWRFRUUHODWLRQ�IXQFWLRQ�RI�GDWD�VLPXODWHG�IURP�WKH�ILWWHG�VHFRQG�RUGHU�0DUNRY�FKDLQ�
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+LOO��������ZDV�XVHG��7KH�$&)�RI�RQH�RI�WKHVH�VHULHV��)LJ�����LV�TXDOLWDWLYHO\�VLPLODU�WR�
WKDW�RI�WKH�REVHUYHG�̂'�`� SURFHVV��7KH�VLPXODWLRQV�VKRZHG�JUHDW�YDULDELOLW\�LQ�WKH�
QXPEHU��ORFDWLRQV�DQG�ZLGWKV�RI�WKH�FOXVWHUV��,W�ZDV�QHFHVVDU\�WR�LQFUHDVH�WKH�OHQJWK�RI�
WKH�VLPXODWHG�VHULHV�WR������EHIRUH�WKH�FOXVWHUV�GLVDSSHDUHG��OHDYLQJ�RQO\�WKH�ILUVW����
WHUPV�GHFUHDVLQJ�UHJXODUO\�WR�]HUR��7KH�SUHVHQFH�RI�WKHVH�FOXVWHUV�LQ�WKH�REVHUYHG�$&)�
WKHUHIRUH�GRHV�QRW�SURYLGH�FRQYLQFLQJ�HYLGHQFH�RI�D�IDLOXUH�RI�WKH�PRGHO��DV�LW�LV�FRQ��
VLVWHQW�ZLWK�IOXFWXDWLRQV�ZKLFK�DULVH�IURP�VDPSOLQJ�HUURUV��
7KH�WHQWDWLYH�SK\VLFDO�PRGHO�H[SODLQV�VHYHUDO�IHDWXUHV�RI�WKH�GDWD�EXW�GRHV�QRW�

H[SODLQ�WKH�SDWWHUQV�RI�WKH�$&)�DQG�3$&)��7KHVH�DUH�FRQVLVWHQW�ZLWK�D�VHFRQG�RUGHU�
0DUNRY�FKDLQ��ZKLFK�UHTXLUHV�D� PRUH�VRSKLVWLFDWHG�JHRORJLFDO�LQWHUSUHWDWLRQ��
$OWKRXJK�WKH�RVFLOODWLRQV�RI�WKH�$&)�DUH�FRQVLVWHQW�ZLWK�D�VHFRQG�RUGHU�0DUNRY�
FKDLQ�PRGHO��RQO\�WKH�DQDO\VLV�RI�D�PXFK�ORQJHU�VHULHV�RI�GDWD�PD\�UXOH�RXW�WKH�H[LV��
WHQFH�RI�PRUH�FRPSOH[�SDWWHUQV��

$FNQRZOHGJHPHQWV�

:H�DUH�YHU\�JUDWHIXO�IRU�WKH�H[WHQVLYH�KHOS�RI�5��$��+XWFKLQVRQ�DQG�WR�*��%HOOLHQL�
IRU�DGGLWLRQDO�DGYLFH�RQ�JHRORJLFDO�DVSHFWV��7KH�KHOSIXO�FRPPHQWV�RI�6��:HLVEHUJ��
%��:��6LOYHUPDQ��*��0DVDURWWR��'��9HUH�-RQHV�DQG�WZR�UHIHUHHV�ZHUH�PXFK�DSSUH��
FLDWHG��7KH�VXSSRUW�RI�WKH�6FLHQFH�DQG�(QJLQHHULQJ�5HVHDUFK�&RXQFLO��WKH�%ULWLVK�
&RXQFLO�DQG�WKH�,WDOLDQ�0LQLVWU\�RI�(GXFDWLRQ�LQ�ILQDQFLQJ�YLVLWV�EHWZHHQ�3DGXD�DQG�
*ODVJRZ�LV�JUDWHIXOO\�DFNQRZOHGJHG��

5HIHUHQFHV�

%LUFK��)��DQG�.HQQHG\��*��&���������1RWHV�RQ�JH\VHU�WHPSHUDWXUH�LQ�,FHODQG�DQG�<HOORZVWRQH�1DWLRQDO�
3DUN��,Q�*HRSK\VLFDO�0RQRJUDSK�6HULHV��YRO������)ORZ�DQG�)UDFWXUH�5RFNV��HGV�+��&��+HDUG��,��<��
%RUJ��1��/��&DUWHU�DQG�&��%��5DOHLJK���SS�����������:DVKLQJWRQ�'&��$PHULFDQ�*HRSK\VLFDO�8QLRQ��

&RRN��5��'�� DQG�:HLVEHUJ��6���������5HVLGXDOV�DQG�,QIOXHQFH�LQ�5HJUHVVLRQ��/RQGRQ��&KDSPDQ�DQG�
+DOO��

'HQE\��/��DQG�3UHJLERQ��'���������$Q�H[DPSOH�RI�WKH�XVH�RI�JUDSKLFV�LQ�UHJUHVVLRQ��$P��6WDWLVWQ������
�������

5LQHKDUW��-��6�� �������7KHUPDO�DQG�VHLVPLF�LQGLFDWLRQV�RI�2OG�)DLWKIXO�*H\VHU
V�LQQHU�ZRUNLQJ��-��
*HRSK\V��5HV����������������

6LOYHUPDQ��%��:���������6RPH�DVSHFWV�RI�WKH�VSOLQH�VPRRWKLQJ�DSSURDFK�WR�QRQ�SDUDPHWULF�UHJUHVVLRQ�
FXUYH�ILWWLQJ��ZLWK�GLVFXVVLRQ���-��5��6WDWLVW��6RF��%������������

:HLVEHUJ��6���������$SSOLHG�/LQHDU�5HJUHVVLRQ��SS�����������1HZ�<RUN��:LOH\��
:LFKPDQQ��%��$��DQG�+LOO��,��'�� �������$OJRULWKP�$6������$Q�HIILFLHQW�DQG�SRUWDEOH�SVHXGR�UDQGRP�
QXPEHU�JHQHUDWRU��$SSO��6WDWLVW����������������
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