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7HFKQLFDO�DQDO\VLV�LQGLFDWRUV�DUH�ZLGHO\�XVHG�E\�WUDGHUV�WR�SUHGLFW�IXWXUH�SULFH�OHYHOV�DQG�
KHQFH� HQKDQFH� WUDGLQJ� SURILWDELOLW\�� � 7UDGHUV� RIWHQ� XVH� KLJK� IUHTXHQF\� SULFH� �L�H�� LQWUD�
GD\�� GDWD�ZKHQ� FDOFXODWLQJ� VXFK� LQGLFDWRUV�� ZKLFK� DUH� WKHQ� XVHG� DV� WKH� EDVLV� IRU� WUDGH�
HQWU\�UXOHV��6LPLODU�UXOHV��DORQJ�ZLWK�VWDQGDUG�H[LW�UXOHV�DLPHG�DW�UHGXFLQJ�GRZQVLGH�ULVN��
DUH� WKHQ� XVHG� WR� H[LW� WKHVH� WUDGHV�� � ,Q� WKLV� SDSHU� ZH� WHVW� D� ZLGH� UDQJH� RI� ZHOO� NQRZQ�
WHFKQLFDO�LQGLFDWRUV�RQ�D�VHW�RI�86�'ROODU�%ULWLVK�3RXQG�6SRW�);�WLFN�GDWD�IURP���������
DJJUHJDWHG�WR�YDULRXV�LQWUD�GD\�IUHTXHQFLHV���:H�ILQG�WKDW�IHZ�RI�WKH�UXOHV��ZKHWKHU�EDVHG�
RQ�WKH�ZHOO�NQRZQ�DQG�WHVWHG�PRYLQJ�DYHUDJH�FURVVRYHU�RU�RQ�VRPH�RI�WKH�PRUH�HVRWHULF�
DQG�XQWHVWHG� LQGLFDWRUV�� DUH� FRQVLVWHQWO\�SURILWDEOH�ZKHQ� WUDGHG�XQGHU� UHDOLVWLF� VOLSSDJH�
FRQGLWLRQV�� � )XUWKHUPRUH�� ZH� YDU\� WKH� VOLSSDJH� UHJLPH� WR� UHSUHVHQW� GLIIHUHQFHV� LQ� WKH�
HIILFLHQF\�RI�WUDGH�H[HFXWLRQ�H�J��EHWZHHQ�D�EDQN�WUDGHU�DQG�D�VPDOO�µKHGJH¶�IXQG�EXW�VWLOO�
ILQG� WKH� UXOHV� WR� EH� ORVV�PDNLQJ�� � :KHQ� WKH� UXOHV� DUH� UHYHUVHG�� ORVVHV� DUH� VWLOO� IRXQG��
LQGLFDWLQJ� WKH� ORVVHV� QRW� WR� EH� HFRQRPLFDOO\� VLJQLILFDQW� ±� D� UHVXOW� WKDW� VXSSRUWV� WKH�
HIILFLHQW�PDUNHW�K\SRWKHVLV��



�

� ,QWURGXFWLRQ�
���� 7KH�8VH�RI�7HFKQLFDO�$QDO\VLV�
7HFKQLFDO� DQDO\VLV� �7$�� LV� WKH� FRQVFLRXV� DQG� GHOLEHUDWH� VWXG\� RI� PDUNHW� SULFH� KLVWRU\�
ZLWK� D� YLHZ� WR� SUHGLFWLQJ� IXWXUH� SULFH� FKDQJH� DQG� KHQFH� HQKDQFH� WUDGLQJ� SURILWDELOLW\�����
7KH�RULJLQV�RI� WHFKQLFDO� DQDO\VLV� OLH� LQ� WKH�ZULWLQJV�RI�&KDUOHV�'RZ� LQ� WKH�:DOO�6WUHHW�
-RXUQDO� DW� WKH� VWDUW� RI� WKLV� FHQWXU\�� � $OWKRXJK� 'RZ� RQO\� FRQVLGHUHG� VWRFNV�� WHFKQLFDO�
DQDO\VLV� KDV� EHHQ� H[WHQGHG� WR� PDQ\� RWKHU� PDUNHWV�� LQFOXGLQJ� IRUHLJQ� H[FKDQJH���
6LPLODUO\�� WKH�ZRUN�RI�'RZ�KDV�EHHQ�H[WHQGHG�LQWR�ZKDW� LV�QRZ�D�PXFK�PRUH�FRPSOH[�
GRFWULQH���
�
,Q�WKHLU�VXUYH\V��7D\ORU�DQG�$OOHQ��������������IRXQG�WKDW�RYHU�����RI�VXUYH\HG�/RQGRQ�
IRUHLJQ�H[FKDQJH�GHDOHUV�DQG�WUDGHUV�XVH�WHFKQLFDO�DQDO\VLV�RI�VRPH�VRUW���)XUWKHUPRUH��D�
�����VXUYH\�RI� IRUHLJQ�H[FKDQJH�GHDOHUV� LQ�+RQJ�.RQJ�E\�/XL�DQG�0ROH� ������� IRXQG�
WHFKQLFDO� DQDO\VLV� WR�EH� VLJQLILFDQWO\�PRUH�SRSXODU� WKDQ�IXQGDPHQWDO�DQDO\VLV� DW� VKRUWHU�
WLPH�KRUL]RQV���
�
0DQ\� WUDGHUV� XVH� WHFKQLFDO� DQDO\VLV� LQ� D� GHFLVLRQ� VXSSRUW� FDSDFLW\�� ZKHUH� VLJQDOV�
UHVXOWLQJ� IURP�7$�DUH�XVHG� WR� µFRQILUP¶� WKH� WUDGHU¶V� LQFOLQDWLRQ� WR� HQWHU� D� WUDGH� GXH� WR�
VRPH�RWKHU�LQIRUPDWLRQ���,Q�IDFW��PDQ\�EDQNV�HPSOR\�WHFKQLFDO�DQDO\VWV�VROHO\�WR�SURYLGH�
LQIRUPDWLRQ�RQ�WHFKQLFDO�WUDGLQJ�VLJQDOV�WR�LWV�GHDOHUV�DQG�WUDGHUV���)XUWKHUPRUH��D�ORW�RI�
IXQGDPHQWDO�WUDGHUV�UHO\�RQ�7$�ZKHQ�LW�FRPHV�WR�WKH�H[DFW�SRLQW�RI�WUDGH�HQWU\�DQG�WUDGH�
H[LW���$OVR��LW�LV�FRPPRQ�IRU�WUDGHUV�WR�VZLWFK�EHWZHHQ�XVLQJ�WHFKQLFDO�DQDO\VLV�DQG�RWKHU�
PHWKRGV��GHSHQGLQJ�RQ�ZKDW�WKH\�JDXJH�WR�EH�WKH�VWURQJHVW�VLJQDO���)LQDOO\��PDQ\�WUDGHUV�
XVH�7$�DORQH�ZKHQ�FRQVLGHULQJ�WUDGH�HQWU\�DQG�H[LW��
��

������������������������������ �������������������
1 This definition is sometimes too constricting since some technical analysts also study the historical 

volume and open interest of a market 
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���� 5HYLHZ�RI�3UHYLRXV�:RUN�
7HFKQLFDO� DQDO\VLV�FDQ�EH�VSOLW� LQWR� WZR�PDLQ�FDWHJRULHV� �� WKH�VWXG\�RI�SDWWHUQV�DQG� WKH�
VWXG\� RI� LQGLFDWRUV�� ,Q� SUHYLRXV� ZRUN� �'HPSVWHU� DQG� -RQHV� �����D�� ����E���� ZH� KDYH�
DQDO\VHG�WKH�SURILWDELOLW\�RI�WHFKQLFDO�WUDGLQJ�SDWWHUQV�EXW�LQ�WKLV�ZRUN�ZH�ZLOO�VWXG\�WKH�
SURILWDELOLW\�RI�WHFKQLFDO�LQGLFDWRUV���7HFKQLFDO�LQGLFDWRUV�DUH�IXQFWLRQV�RI�KLVWRULF�PDUNHW�
SULFH� WKDW� DUH� XVHG� WR� LGHQWLI\� FXUUHQW� SULFH� PRYHPHQWV� LQ� WKH� FRQWH[W� RI� SDVW� PDUNHW�
%HKDYLRXU� DQG� KHQFH� LGHQWLI\� SRWHQWLDOO\� SURILWDEOH� WUDGLQJ� RSSRUWXQLWLHV�� 7HFKQLFDO�
LQGLFDWRUV� DUH� JHQHUDOO\� SRSXODU�ZLWK� FRQVWUXFWRUV� RI� WUDGLQJ� V\VWHPV� DV� D� UHVXOW� RI� WKH�
HDVH�ZLWK�ZKLFK�VXFK�LQGLFDWRUV�FDQ�EH�H[SUHVVHG�DOJHEUDLFDOO\�DQG�REMHFWLYHO\���)RU�WKH�
VDPH�UHDVRQV��WKH�PDMRULW\�RI�DFDGHPLF�ZRUN�LQ�WKH�ILHOG�RI�WHFKQLFDO�DQDO\VLV�FRYHUV�RQO\�
WHFKQLFDO� LQGLFDWRUV��$�OLWDQ\�RI�SUDFWLWLRQHU� OLWHUDWXUH�H[LVWV��LQ�ERRN�IRUP��RQ�WHFKQLFDO�
LQGLFDWRUV�LQFOXGLQJ�6FKZDJHU���������������3ULQJ���������0XUSK\��������DQG�&ROE\�DQG�
0H\HUV� �������� � +RZHYHU�� JLYHQ� WKH� ZLGH� XVH� DQG� FRYHUDJH� RI� WHFKQLFDO� DQDO\VLV� E\�
SUDFWLWLRQHUV��WKH�DPRXQW�RI�DFDGHPLF�DWWHQWLRQ�SDLG�WR�WKLV�DUHD�LV�UHODWLYHO\�ORZ��
�
$OWKRXJK� WHFKQLFDO� DQDO\VLV�KDV�EHHQ�XVHG�ZLGHO\�DPRQJVW�SUDFWLWLRQHU� IRU�PDQ\�\HDUV��
DFDGHPLF�RSLQLRQ��XQWLO�UHFHQWO\��KDV�EHHQ�DOPRVW�XQDQLPRXV�LQ�WKDW�SULFH�EDVHG�WHFKQLFDO�
WUDGLQJ� UXOHV� WKDW� FDQ� EH� UHOLHG� RQ� WR� PDNH� PRQH\� FRQVLVWHQWO\� GR� QRW� H[LVW�� � (DUO\�
HYLGHQFH�WR�WKLV�HQG�E\�$OH[DQGHU��������������FRQVLGHUHG�WUDGLQJ�WKH�VWRFN�PDUNHW�XVLQJ�
ILOWHU� UXOHV� �EX\� LI�PDUNHW� ULVHV�E\�����VD\�� DQG�VHOO� LI�PDUNHW� IDOOV�E\� WKH�VDPH��� �7KLV�
VWXG\� IRXQG�VXFK� VWUDWHJLHV� WR�EH�XQSURILWDEOH�DIWHU� WUDQVDFWLRQ�FRVWV�� � 6LPLODU� HYLGHQFH�
ZDV� SURYLGHG� E\� )DPD� DQG�%OXPH� �������ZKR� VWXGLHG� ILOWHU� UXOHV� RQ� D� QXPEHU� RI�86�
VWRFNV�� �'HVSLWH� VRPH�FRQWUDU\� HYLGHQFH�E\�&RRWQHU� ��������ZKR� IRXQG� SURILWDELOLW\� LQ�
PRYLQJ� DYHUDJH� UXOHV�� PRVW� RI� WKHVH� HDUO\� �����V�� VWXGLHV� IRXQG� QR� HYLGHQFH� RI� WKH�
H[LVWHQFH� RI� SURILWDEOH� WHFKQLFDO� WUDGLQJ� UXOHV� DQG� )DPD� ������� VXPPDULVHG� E\�
GLVPLVVLQJ� WHFKQLFDO� DQDO\VLV� DV� D� IXWLOH� XQGHUWDNLQJ�� � 7KLV�� KRZHYHU�� GLG� QRW� GHWHU�
SUDFWLWLRQHUV��
�
0RUH�UHFHQWO\��VLJQLILFDQW�H[FHVV�UHWXUQV�IURP�WKH�VLPXODWHG�WUDGLQJ�RI�WHFKQLFDO�UXOHV�LQ�
WKH�VWRFN�PDUNHWV�KDYH�EHHQ� IRXQG�E\�%URFN�HW� DO� �������� � �7KH\�DQDO\VHG�D�YDULHW\�RI�
VLPSOH� LQGLFDWRU�EDVHG� UXOHV�� UDWKHU� WKDQ� MXVW� D� ILOWHU�� � )XUWKHUPRUH�� WKH\� DGGUHVVHG� WKH�
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TXHVWLRQ� RI� ZKHWKHU� VXFK� UXOHV� FRXOG� SURGXFH� H[FHVV� UHWXUQV� ZKHQ� WHVWHG� RQ� SRSXODU�
PDUNHW�PRGHOV� VXFK� DV� D� UDQGRP�ZDON�� DQ� DXWRUHJUHVVLYH�PRGHO� DQG�*$5&+�PRGHOV���
%RRWVWUDSSLQJ�VLPXODWLRQV�ZHUH�SHUIRUPHG�DQG� LQGLFDWHG� WKDW�QRQH�RI� WKH�PRGHOV�FRXOG�
H[SODLQ�WKHLU�UHVXOWV���
�
%DVVHPELQGHU� DQG�&KDQ� ������� IRXQG� VLPLODU� H[FHVV� UHWXUQV�ZKHQ� WHVWLQJ� WKH� UXOHV� RI�
%URFN�HW�DO�RQ�$VLDQ�PDUNHWV�DOWKRXJK�+XGVRQ�HW�DO��������IRXQG�WKDW�WKH�XVH�RI�WHFKQLFDO�
WUDGLQJ�UXOHV�ZRXOG�QRW�DOORZ�LQYHVWRUV� WR�PDNH�H[FHVV�UHWXUQV�DIWHU�WUDQVDFWLRQ�FRVWV�LQ�
8.�VWRFN�PDUNHWV���
�
)XUWKHU� DGYDQFHV� LQ� WKLV� ILHOG� KDYH� EHHQ� PDGH� E\� 6XOOLYDQ� HW� DO� �������� � 7KH\� DSSO\�
PHWKRGV� LQWURGXFHG� E\� :KLWH� ������� WKDW� WDNH� DFFRXQW� RI� WKH� SRVVLELOLW\� RI� µGDWD�
VQRRSLQJ¶�±�WKH�XVH�RI�GDWD�PRUH�WKDQ�RQFH�LQ�PRGHO�VHOHFWLRQ���+RZHYHU��WKH�DQDO\VLV�RI�
%URFN�HW�DO�LV�VWLOO�IRXQG�WR�KROG�XQGHU�WKLV�VFUXWLQ\��
�
,Q�WKH�IRUHLJQ�H[FKDQJH�PDUNHWV��VHYHUDO�VWXGLHV�LQ�D�VLPLODU�IDVKLRQ�WR�%URFN�HW�DO�KDYH�
GRFXPHQWHG� WKH� H[LVWHQFH� RI� H[FHVV� UHWXUQV� IURP� WUDGLQJ� UXOHV� EDVHG� RQ� WHFKQLFDO�
LQGLFDWRUV��'RROH\�DQG�6FKDIIHU���������6ZHHQH\���������/HYLFK�DQG�7KRPDV���������,Q�
PRUH� UHFHQW�ZRUN�$OOHQ� DQG�.DUMDODLQHQ� ������� DQG�1HHO\��:HOOHU� DQG�'LWWPDU� �������
KDYH� XVHG� JHQHWLF� SURJUDPPHV� WR� µGLVFRYHU¶� WHFKQLFDO� WUDGLQJ� UXOHV� LQ� HTXLW\� DQG� );�
PDUNHWV��UHVSHFWLYHO\��ZLWK�RQO\�WKH�ODWWHU�UHSRUWLQJ�H[FHVV�UHWXUQV���
�
)LQDOO\�� LQWUD�GD\�GDWD�KDV�EHHQ�XVHG�E\�*HQFD\�HW� DO� �������DQG�'XQLV�HW� DO� ������� LQ�
YHU\� VSHFLILF� FLUFXPVWDQFHV� EXW�� XS� WR� QRZ�� WKH� XVH� RI� LQWUD�GD\� GDWD� ZKHQ� DQDO\VLQJ�
WHFKQLFDO�WUDGLQJ�UXOHV�KDV�QRW�EHHQ�SUDFWLVHG�LQ�DQ\�ZLGH�UDQJLQJ�VWXG\���
�
�
���� 7HFKQLFDO�$QDO\VLV�DQG�0DUNHW�(IILFLHQF\�
0RVW�DFDGHPLF�VWXG\�RI�WHFKQLFDO�DQDO\VLV�LV�GULYHQ�E\�WKH�TXHVWLRQ�RI�PDUNHW�HIILFLHQF\���
,I�PDUNHWV� DUH� HIILFLHQW� WKHQ� FRPSHWLWLRQ� DPRQJVW� WHFKQLFDO� DQDO\VWV�ZRXOG� HQVXUH� WKDW�
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SDVW�SULFHV�FRXOG�QRW�EH�XVHG�WR�SUHGLFW�IXWXUH�SULFH�FKDQJHV�VR��DV�VRRQ�DV�D�SULFH�SDWWHUQ�
LV�GLVFRYHUHG��LW�ZRXOG�GLVDSSHDU��+RZHYHU��LQ�D�VHTXHO�WR�KLV�FODVVLF�VXUYH\��)DPD��������
DFNQRZOHGJHV�*URVVPDQ�DQG�6WLJOLW]¶V��������FULWLTXH�RI� WKH� WUDGLWLRQDO�YLHZ�RI�PDUNHW�
HIILFLHQF\�ZKLFK�LJQRUHG�WKH�FRVW�RI�LQIRUPDWLRQ�JDWKHULQJ�DQG�OHDUQLQJ���,Q�WKLV�YLHZ��D�
GHJUHH�RI�SURILWDELOLW\�LQ�WHFKQLFDO�WUDGLQJ�LV�FRQVLVWHQW�ZLWK�PDUNHW�HIILFLHQF\�VLQFH�VXFK�
SURILWV�DOORZ�WKH� �XQPHDVXUHG��FRVW�RI� OHDUQLQJ��+RZHYHU�� WKLV�FRVW� LV�QRW�D� IXQFWLRQ�RI�
LQYHVWHG� FDSLWDO��ZKHUHDV� WUDGLQJ� SURILWDELOLW\� LV�� UHVXOWLQJ� LQ� WUDGHUV�ZLWK� ODUJH� HQRXJK�
WUDGH�VL]H�EHLQJ�DEOH�WR�SURGXFH�H[FHVV�UHWXUQV�DIWHU�µOHDUQLQJ�FRVW¶�LQ�OLTXLG�PDUNHWV��
�
,QWXLWLYHO\�� WHFKQLFDO� WUDGLQJ� UXOHV�ZLOO� EH�SURILWDEOH� LI� WKH\� VXFFHVVIXOO\�SUHGLFW�PDUNHW�
PRYHPHQW�DQG�VLJQDO�DFWLRQ�DFFRUGLQJO\��VXJJHVWLQJ�D�OLQN�EHWZHHQ�SURILWDELOLW\�DQG�WKH�
DELOLW\� WR� IRUHFDVW�� � 7KHUH� LV� VRPH� HPSLULFDO� HYLGHQFH� WKDW� ILQDQFLDO� UHWXUQ� VHULHV� DUH�
QRQOLQHDU� �*XLOODXPH� HW� DO� ������� IRU� H[DPSOH�� DQG� 1HIWFL� ������� KDV� DUJXHG� WKDW�
WHFKQLFDO� DQDO\VLV� PD\� EH� DQ� LQIRUPDO� DWWHPSW� E\� WUDGHUV� WR� H[SORLW� VXFK� QRQOLQHDULW\���
+RZHYHU�� /H%DURQ� ������� KDV� DGGUHVVHG� WKLV� LVVXH� DQG� VKRZQ� WKDW� LW� LV� SRVVLEOH� WR�
FRQVWUXFW�OLQHDU�PRGHOV�WKDW�PDWFK�DXWRFRUUHODWLRQV�LQ�IRUHLJQ�H[FKDQJH�GDWD�DQG�SURGXFH�
VLPLODU� WHFKQLFDO� WUDGLQJ�UXOH�UHWXUQV�� LPSO\LQJ�WKDW�QRQOLQHDULW\� LQ� UHWXUQ�VHULHV� LV�QRW�D�
QHFHVVDU\�FRQGLWLRQ�IRU�WHFKQLFDO�WUDGLQJ�UXOH�SURILWDELOLW\��
�
$QRWKHU�DUJXPHQW�LV�WKDW�WUDGLQJ�UXOHV�PD\�EH�SURILWDEOH�EHFDXVH�VXFK�VWUDWHJLHV�LQYROYH�
EHDULQJ� ULVN� DQG� H[FHVV� UHWXUQ� VLPSO\� UHIOHFWV� D� KLJK� OHYHO� RI� ULVN� UDWKHU� WKDQ�PDUNHWV�
EHLQJ�LQHIILFLHQW��EXW�WKLV�KDV�EHHQ�IRXQG�QRW�WR�EH�VR�E\�%URFN�HW�DO���������LQ�WKH�VWRFN�
PDUNHW��DQG�E\�1HHO\�:HOOHU�DQG�'LWWPDU���������LQ�IRUHLJQ�H[FKDQJH���
�
�
���� 7KH�8VH�RI�,QWUD�'D\�'DWD�
7KH�FRQVLGHUDWLRQ�RI�VXFK�GDWD�LV�SDUWLFXODUO\�RI�XVH�ZKHQ�DQDO\VLQJ�UHWXUQV�RI�WHFKQLFDO�
WUDGLQJ�UXOHV��PDQ\�WUDGHUV�DSSO\�VXFK�UXOHV�DW�LQWUD�GD\�IUHTXHQFLHV��DQG�RI�WKRVH�WUDGHUV�
������������������������������ �������������������
2 As a whole, the operations of intra-day FX traders account for 75% of FX market volume (Bank of 

International Settlements (1998) 
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ZKR�RQO\�DQDO\VH�GDLO\�GDWD�IRU�HQWU\�VLJQDOV��PDQ\�ZLOO�XVH�LQWUD�GD\�GDWD�IRU�WUDGH�H[LW��
HVSHFLDOO\�ZKHQ� VWRSV� DUH� SODFHG� LQ� WKH�PDUNHW�� �$V� D� UHVXOW�� WKH� XVH� RI� LQWUD�GD\� GDWD�
ZKHQ�DQDO\VLQJ�WUDGLQJ�UXOHV�DGGV�UHDOLVP��
�
3UHYLRXV�ZRUN�LQ�WKLV�DUHD�FRQVLVWV�RI�WHVWLQJ�D�VPDOO�UDQJH�RI�YHU\�VLPSOH�UXOHV�RQ�GDLO\�
GDWD� XQGHU� D� IL[HG� VOLSSDJH�� UHJLPH�� 7KLV� ODFN� RI� XVDJH� LV� GXH� WR� XQDYDLODELOLW\� DQG�
FRPSXWDWLRQDO�GLIILFXOW\��6RPH�SUHYLRXV�ZRUN�KDV�FRQVLGHUHG�LQWUD�GD\�GDWD��*HQFD\�HW�DO�
��������'XQLV�HW�DO���������IRU�H[DPSOH��DV�GLVFXVVHG�LQ�6HFWLRQ������EXW�FRQVLGHUV�RQO\�D�
VSHFLILF�UXOHV���,Q�WKLV�SDSHU��ZH�DLP�WR�WHVW�D�PXFK�ZLGHU�UDQJH�RI�UXOHV�RQ�GDLO\�GDWD�DQG�
LQWUD�GD\�GDWD�DW�IUHTXHQFLHV�UDQJLQJ�IURP�PLQXWHO\�WKURXJK�WR���KRXUO\�DQG�FRQVLGHU�WKH�
HIIHFWV�RI�VOLSSDJH�RQ�SURILWDELOLW\�� � �:H�WHVW�UXOHV�EDVHG�RQ�LQGLFDWRUV�UDQJLQJ�IURP�WKH�
PXFK�WHVWHG�PRYLQJ�DYHUDJH�WR�WKH�PRUH�FRPSOH[�FRPPRGLW\�FKDQQHO�LQGH[���5XOHV�DUH�
WHVWHG�DW�D�ZLGH�UDQJH�RI�SDUDPHWHU�YDOXHV�DQG��ZKHQ�UXOHV�DUH�ORVV�PDNLQJ��WKH�VWUDWHJ\�
LV�UHYHUVHG���7KH�PRVW�SURILWDEOH�UXOHV�EDVHG�RQ�HDFK�LQGLFDWRU�DUH�WHVWHG�RXW�RI�VDPSOH���
)LQDOO\��WR�HOLPLQDWH�VXUYLYRU�ELDV��WKH�PRVW��LQ�VDPSOH��SURILWDEOH�UXOHV�IRU�HDFK�LQGLFDWRU�
DUH�FRPELQHG�WR�IRUP�D�SRUWIROLR�ZKLFK�LWVHOI�LV�WHVWHG�RXW�RI�VDPSOH��
�
�
�� 7KH�'DWD�
7KLV� DQDO\VLV�ZDV� FDUULHG� RXW� RQ� VSRW� IRUHLJQ� H[FKDQJH� �);�� WLFN�� GDWD� IRU� WKH�%ULWLVK�
3RXQG�86�'ROODU�H[FKDQJH�UDWH��%386��RU�µVSRW�FDEOH¶�DV�LW�LV�VRPHWLPHV�FDOOHG��UDQJLQJ�
IURP������������LQFOXVLYH��
�
7KLV� GDWD�ZDV� VXSSOLHG� E\�&4*�'DWD� )DFWRU\� DQG�)XWXUH6RXUFH�� WZR�ZHOO� NQRZQ�GDWD�
SURYLGHUV���7KH�&4*�GDWD��UDQJLQJ�IURP�����������LQFOXVLYH��ZDV�JDWKHUHG�IURP�D�QXPEHU�
������������������������������ �������������������
3 Slippage is a concept that is often alluded to but rarely specified.  In this work, we take slippage to be the 

penalty incurred when a trade is placed as a result of differences between actual execution price and quoted 

mid-price combined with transaction costs.  As a result, we have one penalty that covers both potential 

sources of slippage. 
4 Here, a new data point, or tick, is recorded with every change in price.  As a result, there are often several 

ticks per minute. 
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RI� );�EURNHUV�ZKHUHDV� WKH� � )XWXUH6RXUFH�GDWD�� VWRUHG� IURP�D� OLYH� VDWHOOLWH� IHHG�YLD� WKH�
2PHJD�7UDGH6WDWLRQ� XWLOLW\�� LV� WKH� DPDOJDPDWHG� SURGXFW� RI�PDMRU� EDQN� );�TXRWHV� DQG�
PDNHV�XS�WKH�UHPDLQLQJ�SDUW�RI� WKH�GDWDVHW�� �7KH�IDFW� WKDW� WKH�GDWDVHW�FRQVLVWV�RI�TXRWHV�
IURP�WZR�GLIIHUHQW�VRXUFH�SURYLGHUV� LV�QRW� LGHDO��EXW�VXFK�SUREOHPV�DUH� W\SLFDO�ZLWK� WKH�
DQDO\VLV� RI� KLJK� IUHTXHQF\� GDWD� EDVHG� RQ� QRQ�H[FKDQJH� WUDGHG� LQVWUXPHQWV�� VLQFH� WKH�
PDMRULW\�RI�OLYH�WLFN�GDWD�SURYLGHUV�GR�QRW�UHWDLQ�KLVWRULFDO�GDWD��
�
7KH�FRQYHQWLRQ�IRU�TXRWLQJ�%386�LV�WR�TXRWH�D�ILYH�GLJLW�ILJXUH�WKDW�UHSUHVHQWV�WKH�YDOXH�
RI�RQH�%ULWLVK�SRXQG�LQ�86�GROODUV��PRVW�RWKHU�FXUUHQFLHV�DUH�TXRWHG�LQ�D�VW\OH�RSSRVLWH�WR�
WKLV��ZLWK�DQ� LPSOLFLW�GHFLPDO�SRLQW� DIWHU� WKH� ILUVW�GLJLW��H�J��D�%386�UDWH�TXRWHG�������
PHDQV���� ����������
�
7KH�&4*�GDWD�FRQVLVWV�RI�ELG�DQG�DVN�SULFHV�±� WKH�SULFH� WKDW� WKH�TXRWHU�ZRXOG�EX\�DQG�
VHOO�%ULWLVK�SRXQGV�IRU��UHVSHFWLYHO\��LI�DSSURDFKHG�LQ�WKH�PDUNHW���7KH�GLIIHUHQFH�EHWZHHQ�
WKH�ELG�DQG�WKH�DVN��ELG�±�DVN��LV�FDOOHG�WKH�VSUHDG��7KH�FRQYHQWLRQ��ZKHQ�GHDOLQJ�ZLWK�
VXFK� GDWD�� LV� WR� FRQYHUW� LW� WR�PLGSRLQW� GDWD�� ò�ELG� �� DVN�� RU�� E\� GHILQLWLRQ�� �ELG� �� ò�
VSUHDG��RU���DVN���ò�VSUHDG���� ,Q�WKH�HYHQW�WKDW�ELG�DQG�DVN�TXRWHV�DUH�XQFRXSOHG��ZKLFK�
VRPHWLPHV�RFFXUV���WKH�ELG�RU�DVN�LV�FRQYHUWHG�WR�WKH�PLGSRLQW�E\�UHVSHFWLYHO\�DGGLQJ�RU�
VXEWUDFWLQJ�RQH�KDOI�RI�WKH�VSUHDG�FDOFXODWHG�IURP�WKH�ODVW�FRXSOHG�ELG�DVN��
�
7KH�DERYH�GDWD�WHQGV�WR�EH�ZHOO�FKHFNHG�IRU�HUURUV�E\�WKH�YHQGRU���$OO�WKH�VDPH��WKH�GDWD�
KDV�EHHQ�VFUHHQHG�IRU�VWUXFWXUDO�EUHDNGRZQ�DQG� LUUHJXODU�TXRWDWLRQ�E\�VZHHSLQJ�LW�ZLWK�
VLPSOH��SURSULHWDU\�VRIWZDUH�WKDW�FKHFNV�IRU�FRQIRUPLW\�WR�WKH�FRQYHQWLRQDO��IL[HG�ZLGWK��
FRPPD�VHSDUDWHG�$6&,,� IRUPDW�� IRU�ZHOO�RUGHUHG� WHPSRUDO� VWUXFWXUH� DQG� IRU� LUUHJXODUO\�
KLJK�RU�ORZ�WLFNV��ZKLFK�DUH�PRUH�WKDQ�����SLSV��IURP�WKH�ODVW�TXRWH����7KH�ODWWHU�KDV�EHHQ�
EDFNHG�XS�E\�LQVSHFWLRQ�RI�D�JUDSKLFDO�SRUWUD\DO�RI�WKH�GDWD��
�
7KH�GDWD�KDV�WKHQ�EHHQ�DJJUHJDWHG�WR�YDULRXV�IUHTXHQFLHV�LQ�WKH�VWDQGDUG�RSHQ�KLJK�ORZ�
FORVH�IRUPDW��2+/&���&RQVLGHU�WKH�VHW�RI�WLPH�VWDPSHG�WLFN�GDWD�^�TL��WL��_�����L���.���L��.�
������������������������������ �������������������
5 A pip is the minimum allowable change in price – in this case $0.0001. 
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³=�`�ZKHUH�.��LV�WKH�QXPEHU�RI� WLFNV� LQ�WKH�VHW��TL� LV� WKH�SULFH�OHYHO�RI�WKH�LWK�PLGSRLQW�
TXRWH�DQG�WL�LV�WKH�WLPH�DW�ZKLFK�WKH�LWK�WLFN�RFFXUUHG��FRQYHUWHG�WR�EH�PHDVXUHG�LQ�PLQXWHV�
HODSVHG�VLQFH�WKH�VWDUW� WLPH�±������±�DQG�GDWH�DQG�VR� � � � � W�� ����� �7KH�WLFNV�DUH�RUGHUHG�
WHPSRUDOO\�EXW�PRUH�WKDQ�RQH�WLFN�PD\�RFFXU�ZLWKLQ�WKH�VDPH�PLQXWH�DQG�VR�ZH�KDYH�WKH�
ZHDN� LQHTXDOLW\� WL� �� WL���� � :KHQ� VXFK� PXOWLSOH� WLFNV� RFFXU�� WKH\� DUH� OLVWHG� LQ� RUGHU� RI�
RFFXUUHQFH��
�
7KLV�VHW�LV�FRQYHUWHG�WR�VHWV�RI�GDWD�DJJUHJDWHG�WR�YDULRXV�IUHTXHQFLHV�t��GHQRWHG�DV�tPLQ�
IUHTXHQFLHV��H�J�� LI�t� ��� WKHQ�IUHTXHQF\�LV�PLQXWHO\�DQG�GHQRWHG��PLQ��EXW�����PLQ�LV�
FDOOHG�GDLO\���
�
7KH�DJJUHJDWLRQ�WR�2+/&�tPLQ�IUHTXHQFLHV�UHVXOWV�LQ�WKH�IROORZLQJ�GDWDVHW��

^�RM��KM��OM��FM��EM��_�����M���/���M��/�³=�`��
ZKHUH�
� EM� ��EM�����Qt�� Q�� �LQI^V�_�$�L�³�>��.@�V�W��WL�³�>EM����EM�����Vt���V³=�`�M�!���

E��� ���
�

RM� �TLR��� � � ZKHUH�LR�� �LQI^P�_�WP�³�>EM���t��EM�`�
FM� �TLF��� � � ZKHUH�LF�� �VXS^P�_�WP�³�>EM���t��EM�`�

�
KM� �PD[^TLR�TLR���«�TLF�`�
OM�� �PLQ^TLR�TLR���«�TLF�`�

�
7KH�LQGH[�M�LV�NQRZQ�DV�WKH�EDU�QXPEHU�DQG��E\�FRQYHQWLRQ��EM�LV�FRQYHUWHG�IURP�PLQXWHV�
HODSVHG�WR�WLPH�DQG�GDWH�IRUPDW�ZKHQ�TXRWHG���7KH�DERYH��VRPHZKDW�HVRWHULF��GHILQLWLRQV�
DUH�UHTXLUHG�VLQFH�WKH�GDWD�LV�VRPHWLPHV�VSDUVH�RXW�RI�SHDN�WUDGLQJ�WLPHV��
�
�
�
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�� 7KH�,QGLFDWRUV�
%HORZ��ZH�FRQVLGHU�WUDGLQJ�UXOHV�EDVHG�RQ�D�QXPEHU�RI�WKH�PRVW�SRSXODU�DQG�ZHOO�NQRZQ�
WHFKQLFDO�PDUNHW�LQGLFDWRUV�DQG�H[LW�VWUDWHJLHV�DQG�DSSO\�WKHP�WR�%386�GDWD�DW�WKH�GDLO\��
���PLQ�����PLQ����PLQ�DQG��PLQ�IUHTXHQFLHV�UDQJLQJ�IURP���������±�WKH�VDPSOH�GDWD��
�
$V�GLVFXVVHG�LQ�6HFWLRQ����SUHYLRXV�ZRUN�KDV�WHVWHG�WHFKQLFDO�WUDGLQJ�UXOHV�LQ�);�PDUNHWV�
EXW� QR� SXEOLVKHG� ZRUN� KDV� FRQVLGHUHG� VRPH� RI� WKH� PRUH� FRPSOH[� LQGLFDWRUV� WKDW� ZH�
FRQVLGHU�LQ�WKLV�ZRUN���$OVR��ZH�FRQVLGHU�WKH�UHDOLVWLF�FRQGLWLRQV�UHVXOWLQJ�IURP�WKH�XVH�RI�
LQWUD�GD\�GDWD�±�QRW�EHIRUH�FRQVLGHUHG�LQ�WKH�OLWHUDWXUH�LQ�WKH�FRQWH[W�RI�WHFKQLFDO�WUDGLQJ�
UXOHV�LQ�);�PDUNHWV��
�
:H� FRQVLGHU� HDFK� UXOH� DV� LW� VWDQGV� �6WUDWHJ\�$�� DQG�ZLWK� WKUHH�GLIIHUHQW� H[LW� VWUDWHJLHV�
�VRPHWLPHV�NQRZQ�DV�FDVK�PDQDJHPHQW�VWUDWHJLHV���
�
� 6WUDWHJ\�%�� H[LW�DIWHU�WUDGLQJ�SURILW�EHIRUH�VOLSSDJH� ����SLSV�

6WUDWHJ\�&�� ����SLS�WUDLOLQJ�VWRS��
6WUDWHJ\�'�� H[LW�DIWHU�WUDGLQJ�SURILW�EHIRUH�VOLSSDJH� ����SLSV�RU�LI�����SLS�

WUDLOLQJ�VWRS�LV�KLW��
�
)XUWKHUPRUH�� ZKHQ� UXOHV� EHKDYH� SDUWLFXODUO\� EDGO\�� ZH� FRQVLGHU� D� UHYHUVHG� VWUDWHJ\���
+HUH��LQVWHDG�RI�WDNLQJ�D�ORQJ�SRVLWLRQ�ZKHQ�WKH�UXOH�WHOOV�XV�ZH�WDNH�D�VKRUW�SRVLWLRQ�DQG�
YLFH�YHUVD���7KHVH�VWUDWHJLHV�DUH�VXIIL[HG�µU¶��
�
7KH�EHVW�VHW�RI�UXOHV�ZDV�GHHPHG�WR�EH�WKDW�ZKLFK�\LHOGHG�WKH�KLJKHVW�DYHUDJH�VOLSSDJH�
DGMXVWHG�SURILW��PHDVXUHG�LQ�SLSV�SHU�WUDGHG�%ULWLVK�3RXQG���)RU�H[DPSOH��LI�,�VROG�%ULWLVK�
3RXQGV� DW� �������� DQG� ERXJKW� DW� �������� WKHQ�P\�SLSV�SURILW� SHU� SRXQG� WUDGHG�EHIRUH�
VOLSSDJH�DQG�WUDQVDFWLRQ�FRVWV�ZRXOG�EH����������±��������� ��������� ����SLSV��
������������������������������ �������������������
6 A stop is a predetermined price level at which the trader will exit the trade. A stop that is placed in such a 

way that a trade is exited after the price moves a set amount from the maximum price attained during the 

trade (and vice versa for short trades) is known as a trailing stop (see Schwager (1996) and James & 

Thomas (1998)). 
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�
$V�ZLWK�SUHYLRXV�ZRUN��VHH�'HPSVWHU�DQG�-RQHV������D������E����ZH�XVH� WKH� IROORZLQJ�
VOLSSDJH�PRGHO��
�
$� IODW� ��� SLSV� SHU� URXQG� WXUQ� DUH� DOORZHG� IRU� WUDQVDFWLRQ� FRVWV� DQG� WR� FRPSHQVDWH� IRU�
GLVFUHSDQFLHV�EHWZHHQ�GDWD�DQG�DFWXDO�SULFH���,Q�DGGLWLRQ��WKH�IROORZLQJ�VOLSSDJH�SHU�WUDGH�
�QRW�URXQG�WXUQ��LV�GHGXFWHG�� �

WUDGH�WLPH�EHWZHHQ������DQG��������/RQGRQ�0DUNHW�� ��������SLSV�
� � WUDGH�WLPH�EHWZHHQ������DQG��������1HZ�<RUN�0DUNHW�� ������SLSV�
� � WUDGH�WLPH�EHWZHHQ������DQG��������$VLDQ�0DUNHW�� � ������SLSV��
�
7KH�IODW����SLS�DGGLWLRQ�WR�WKH�YDULDEOH�VOLSSDJH�PD\�EH�DQ�RYHUFRPSHQVDWLRQ�EXW��DV�ZH�
VHH�ODWHU��DV�ZH�DUH�PDLQO\�LQWHUHVWHG�LQ�SRWHQWLDO�ODUJH�SURILWV�DQG�ORVVHV��WKLV�GRHV�QRW�
KLQGHU�WKH�LQWHUSUHWDWLRQ�RI�UHVXOWV��
�
:H� DQDO\VH� WKH� VHQVLWLYLW\� RI� µWUDGLQJ� SURILWV¶� ZLWK� UHVSHFW� WR� VOLSSDJH� E\� YDU\LQJ� WKH�
IL[HG�SDUW�RI�WKH�VOLSSDJH�SHQDOW\�EHWZHHQ���DQG����SLSV�SHU�FRPSOHWHG�WUDGH��EX\�DQG�VHOO�
RU�VHOO�DQG�EX\��� �:H�FDQ�� WKHUHIRUH�� ILQG�UXOHV� WKDW�PD\�EH�SURILWDEOH�ZKHQ� WUDGHG� LQ�D�
ORZ�VOLSSDJH�HQYLURQPHQW�EXW�QRW�XQGHU�D�IXOO�VOLSSDJH�UHJLPH�H�J��IURP�D�EDQN�WUDGLQJ�
GHVN� DV� RSSRVHG� WR� WKURXJK� D� EURNHU�� � :H� GHQRWH� WKH� FRPSOHWH� VOLSSDJH� PRGHO�
�FRQWDLQLQJ� ERWK� ��� SLS� IL[HG� DQG� YDULDEOH� SDUWV�� DV� WKH� IXOO� VOLSSDJH� UHJLPH� DQG� WKH�
SDUWLDO�VOLSSDJH�PRGHO��MXVW�YDULDEOH�SDUWV��DV�WKH�UHOD[HG�VOLSSDJH�UHJLPH���$V�GHVFULEHG�
DERYH��SURILWV�DUH�PHDVXUHG�LQ�DFFXPXODWHG�SLSV�DQG�DUH�DGMXVWHG�IRU�VOLSSDJH��
�
:H�WKHQ�LGHQWLI\�WKH�PRVW�SURILWDEOH�UXOHV�WKDW�DUH�VWDEOH�WR�SDUDPHWHU�VKLIWV��L�H��ZH�DUH�
QRW�ORRNLQJ�IRU�µVSLNHV¶�LQ�SURILW�WKDW�PD\�ZHOO�RFFXU�E\�FKDQFH��EXW�UXOHV�WKDW�WUDGH�ZHOO�
RYHU�D�ZLGH�UDQJH�RI�FRQGLWLRQV��DQG�DSSO\�WKHP�WR�WKH�WHVW�GDWD�����������DQG�UHFRUGHG�
WKH�UHVXOWV�XQGHU�IXOO�DQG�UHOD[HG�VOLSSDJH�UHJLPHV��
�
)LQDOO\��ZH� FRPSDUH� WKH� UHWXUQV�RI�DOO� UXOHV� WKDW�DUH�SURILWDEOH�ZKHQ�DSSOLHG� WR� WKH� WHVW�
GDWD��
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�
5HVXOWV�WDEOHV�DQG�JUDSKV�DUH�SUHVHQWHG�DIWHU�6HFWLRQ����
�
���� 0RYLQJ�$YHUDJH�&URVVRYHU�
0RYLQJ�DYHUDJHV��0$V��DUH�XVHG�E\�WHFKQLFDO�WUDGHUV�WR�GHWHFW�PDUNHW�WUHQGV���$�VLPSOH�
PRYLQJ�DYHUDJH�LV�FDOFXODWHG�IURP�DQ�KLVWRULFDO�SULFH�VHULHV�DW�DQ\�SRLQW�LQ�WLPH�E\�WDNLQJ�
WKH� DULWKPHWLF� DYHUDJH� RI� WKH� ODVW� Q� FORVH� SRLQWV� �ZH� UHIHU� WR� Q� DV� WKH� UDQJH� RI� WKH�
DYHUDJH����9DULDWLRQV�RQ�WKLV�WKHPH�FDQ�LQFOXGH�ZHLJKWLQJ�WKH�FRQVWLWXHQWV�RI�WKH�DYHUDJH�
�LQFOXGLQJ� H[SRQHQWLDO� ZHLJKWLQJ�� DQG� XVLQJ� WKH� KLJK�� ORZ� RU� RSHQ� SRLQWV� RQ� HDFK� EDU�
LQVWHDG�RI�XVLQJ�FORVH�SRLQWV��
�
������ )RUPDO�'HILQLWLRQV�

�������� 6LPSOH�0RYLQJ�$YHUDJH��60$��
7KH�DULWKPHWLF�DYHUDJH�RI� WKH� ODVW�Q�EDUV� �VWDUWLQJ� IURP� WKH�FXUUHQW�EDU��� � )RUPDOO\��ZH�
GHILQH�WKH�Q�EDU�VLPSOH�PRYLQJ�DYHUDJH�DW�EDU�P��P���Q��Q!����60$�P�Q���DV�IROORZV��
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ZKHUH�FL�LV�WKH�FORVLQJ�SULFH�DW�EDU�L���1RWH��WKDW�60$�P���� �FP���
�
�������� :HLJKWHG�0RYLQJ�$YHUDJH��:0$��
7KH�ZHLJKWHG�VXP�RI�WKH�ODVW�Q�EDUV��VWDUWLQJ�IURP�WKH�FXUUHQW�EDU����)RUPDOO\��ZH�GHILQH�
WKH�ZHLJKWHG�Q�EDU�PRYLQJ�DYHUDJH�DW�EDU�P��P���Q��Q!����:0$�P�Q���DV�IROORZV��
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ZKHUH�FL�LV�WKH�FORVLQJ�SULFH�DW�EDU�L�DQG�ZL�LV�WKH�ZHLJKWLQJ�IDFWRU�RI�WKH�EDU�L�EDUV�EHIRUH�
FP������ZL������"L��DQG�� ��
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7KH�OLQHDU�ZHLJKWHG�PRYLQJ�DYHUDJH��/:0$��LV�WKH�:0$�P�P��ZLWK�
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=
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�����1RWH�
WKDW�WKH�/:0$�FDQ�EH�WKRXJKW�RI�DV�DQ�H[SRQHQWLDO�PRYLQJ�DYHUDJH��VHH�EHORZ��ZLWK�D�
VPRRWKLQJ�SDUDPHWHU�WKDW�GHFUHDVHV�DV\PSWRWLFDOO\�ZLWK�HDFK�VWHS��
�
�������� ([SRQHQWLDO�0RYLQJ�$YHUDJH��(0$��
7KH� H[SRQHQWLDO� PRYLQJ� DYHUDJH� LV� D� ZHLJKWHG� PRYLQJ� DYHUDJH� LQ� ZKLFK� ZHLJKWLQJ�
IDFWRUV� GHFUHDVH� DV\PSWRWLFDOO\�ZLWK� WKH�QXPEHU�RI� EDUV� EHIRUH�� �$V� D� UHVXOW�� WKH�(0$�
UHIOHFWV�WKH�HQWLUH�GDWD�VHULHV���)RUPDOO\��ZH�GHILQH�WKH�H[SRQHQWLDO�PRYLQJ�DYHUDJH�DW�EDU�
P��(0$�P��DV�IROORZV��
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ZKHUH�FL�LV�WKH�FORVLQJ�SULFH�DW�EDU�L�DQG�����a�������1RWH�DOVR�WKDW�
���a-aÊ QDV����Q

�
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*LYHQ�WKH�DERYH�GHILQLWLRQ��ZH�VHH�WKDW�(0$�P���� �aFP������a�(0$�P��DQG�LW�LV�WKLV�
GHILQLWLRQ� WKDW� LV�QRUPDOO\�XVHG� IRU�FDOFXODWLRQ�� �1RWH� WKDW� WKH�(0$�YDOXH�DW�DQ\�EDU� LV�
GHSHQGHQW�RQ�DOO�SUHFHGLQJ�EDUV�LQ�WKH�GDWD��
�
������ 7UDGLQJ�8VLQJ�0RYLQJ�$YHUDJHV�
7KHUH�DUH�YDULRXV�PHWKRGV�RI�XVLQJ�PRYLQJ�DYHUDJHV�DV�WUDGH�HQWU\�DQG�H[LW�UXOHV���7KH�
WZR�PDLQ�PHWKRGV�DUH�SULFH�DYHUDJH�FURVVRYHU�DQG�DYHUDJH�DYHUDJH�FURVVRYHU��
�������� 3ULFH�$YHUDJH�&URVVRYHU�
+HUH��D�ORQJ�WUDGH�LV�XVXDOO\�HQWHUHG�ZKHQ�WKH�PDUNHW�LV�LQ�DQ�XSZDUG�PRYH�DQG�WKH�SULFH�
OHYHO�DW�FORVH�FURVVHV� WKH� OHYHO�RI� WKH�PRYLQJ�DYHUDJH�DW� WKDW�EDU� �DQ�XSZDUG�FURVVLQJ����
7KH� WUDGH� LV� WKHQ� H[LWHG� ZKHQ� WKH� SULFH� UHFURVVHV� WKH� PRYLQJ� DYHUDJH� �D� GRZQZDUG�
FURVVLQJ��RU�ZKHQ�YDULRXV�FDVK�PDQDJHPHQW��VWRS�EHLQJ�KLW��SURILW�REMHFWLYH�LV�UHDFKHG��
HWF��� VLJQDOV� DUH� UHFHLYHG�� � 6LPLODUO\�� D� VKRUW� WUDGH� FDQ� EH� HQWHUHG� ZKHQ� GRZQZDUG�
FURVVLQJV�RFFXU�DQG�WUDGH�H[LW�WKHQ�RFFXUV�DIWHU�DQ�XSZDUG�FURVVLQJ��
�
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�������� $YHUDJH�$YHUDJH�&URVVRYHU�
2IWHQ��UDZ�SULFH�LV�LJQRUHG�DQG�D�VKRUW�WHUP��Q�VPDOO��PRYLQJ�DYHUDJH�LV�XVHG�LQVWHDG�DQG�
FRPSDUHG�WR�DQRWKHU��ORQJHU�WHUP�PRYLQJ�DYHUDJH��ZLWK�ODUJHU�Q�RU�(0$�XVHG���LQ�FHUWDLQ�
FDVHV�� WKLV� PHWKRG� LV� FDOOHG� PRYLQJ� DYHUDJH� FRQYHUJHQFH�GLYHUJHQFH� �0$&'����
$YHUDJH�DYHUDJH�FURVVRYHU�LV�E\�IDU�WKH�PRUH�FRPPRQ�VWUDWHJ\�RI�WKH�WZR�DQG�LW�LV�WKLV�
VWUDWHJ\�WKDW�ZH�WHVW�EHORZ��
�
,Q�ERWK�SULFH�DYHUDJH�DQG�DYHUDJH�DYHUDJH�FURVVRYHU�WHFKQLTXHV��RPLVVLRQ�RI�H[RJHQRXV�
H[LW�VWUDWHJLHV�UHVXOWV� LQ�DQ�DOZD\V�LQ� WKH�PDUNHW� VWUDWHJ\� �SURYLGHG�ERWK�ORQJ�DQG�VKRUW�
WUDGHV�DUH�SRVVLEOH����
�
������ )XUWKHU�&RPPHQWV�RQ�WKH�0RYLQJ�$YHUDJH�7UDGLQJ�5XOHV�
7KH�PRYLQJ� DYHUDJH� WUDGLQJ� UXOHV� DLP� WR� LGHQWLI\� WKH� HPHUJHQFH� RI� QHZ� WUHQGV� LQ� WKH�
PDUNHW�� �7KH�FKRLFH�RI�UDQJH��Q��IRU� WKH�VKRUW�WHUP�DQG�ORQJ�WHUP�PRYLQJ�DYHUDJHV�LV�D�
PRRW�SRLQW���(VVHQWLDOO\��VPDOOHU�Q�UHVXOWV�LQ�D�TXLFNHU�UHVSRQVH�WR�PDUNHW�PRYHV�EXW�DOVR�
WR�QRLVH���/DUJHU�Q�UHVXOWV�LQ�D�ORQJHU�WHUP�PRYLQJ�DYHUDJH�ZKLFK�ILOWHUV�RXW�WKH�QRLVH�EXW�
FDQ�EH�VORZ�WR�UHVSRQG�WR�FKDQJHV�LQ�PDUNHW�GLUHFWLRQ��
�
������ (PSLULFDO�5HVXOWV�
:H� KDYH� WHVWHG� WKH� VOLSSDJH� DGMXVWHG� SURILWDELOLW\� RI� YDULRXV� SULFH�DYHUDJH� DQG�
DYHUDJH�DYHUDJH� WUDGLQJ� UXOHV� WR�GDLO\�����PLQ�����PLQ����PLQ�DQG��PLQ�GDWD�RYHU� WKH�
VDPSOH� GDWD� VHW� �PLG� �������� LQFOXVLYH��� � 8VLQJ� D� QXPEHU� RI� VLPSOH�� H[SRQHQWLDO� DQG�
OLQHDUO\�ZHLJKWHG�PRYLQJ�DYHUDJHV�HYDOXDWHG�DW�YDULRXV�SDUDPHWHUV��ZH�KDYH�FRQVLGHUHG�
WKH� DOZD\V� LQ� WKH� PDUNHW� WUDGLQJ� VWUDWHJ\� GLVFXVVHG� DERYH� RQ� LWV� RZQ� DQG� DORQJ� ZLWK�
YDULRXV�RYHUODLG�FDVK�PDQDJHPHQW�VWUDWHJLHV��
�
,Q� )LJXUH� ������ DQG� $SSHQGL[� )LJXUHV� $��� ±� $���� ZH� SUHVHQW� WKH� VOLSSDJH� DGMXVWHG�
µWUDGLQJ�SURILWV¶� UHVXOWLQJ� IURP� WKH�DSSOLFDWLRQ�RI� WKH�FURVVRYHU� VWUDWHJLHV� WR� WKH� VDPSOH�
GDWD� DW� WKH� DERYH� PHQWLRQHG� IUHTXHQFLHV�� � :H� FRQVLGHU� VKRUW� WHUP� VLPSOH� PRYLQJ�
DYHUDJHV�ZLWK�Q�UDQJLQJ�IURP���WR����EDUV�FURVVLQJ�ORQJHU�WHUP�VLPSOH�PRYLQJ�DYHUDJHV�
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ZLWK�Q� UDQJLQJ� IURP���� WR�����EDUV��H[SRQHQWLDO�PRYLQJ�DYHUDJHV�ZLWK�a� UDQJLQJ� IURP�
���� WR�����DQG�D� OLQHDUO\�ZHLJKWHG�PRYLQJ�DYHUDJH�� � )XUWKHUPRUH��ZH� WHVW� WKH�VWUDWHJLHV�
ZLWKRXW� D� FDVK� PDQDJHPHQW� RYHUOD\� �6WUDWHJ\� $��� ZLWK� DQ� RYHUODLG� SURILW� REMHFWLYH� RI�
³H[LW�DIWHU�SURILW�EHIRUH�VOLSSDJH�H[FHHGV�����SLSV´��6WUDWHJ\�%���ZLWK�D�����SLS�WUDLOLQJ�
VWRS� �6WUDWHJ\� &�� DQG� ZLWK� ERWK� D� SURILW� REMHFWLYH� DQG� D� WUDLOLQJ� VWRS� �6WUDWHJ\� '����
5HYHUVHG�VWUDWHJLHV�DUH�VXIIL[HG�µU¶���
�
,Q� )LJXUH� ������� DERYH�� ZH� SORW� WKH� VOLSSDJH� DGMXVWHG� SURILWV� IRU� 6WUDWHJ\� $� DW� YDULRXV�
SDUDPHWHUV� DW� WKH� GDLO\� IUHTXHQF\�� � $PRQJVW� WKH� UHVXOWV�� ZH� ILQG� WKDW� WKHUH� DUH� IHZ�
SURILWDEOH� VWUDWHJLHV� DW� DQ\� IUHTXHQF\�� � )XUWKHUPRUH�� SURILWDEOH� VWUDWHJLHV� DUH� PDLQO\�
µVSLNHV¶�DW�D�SDUWLFXODU�VHW�RI�SDUDPHWHU�FR�RUGLQDWHV�DQG�VR�DUH�XQVWDEOH�WR�ZLWK�UHVSHFW�WR�
YDULDWLRQ� LQ� SDUDPHWHU�� 7KLV� ZRXOG� LPSO\� WKDW� SURILWV� DUH� IRUWXLWRXV� UDWKHU� WKDQ�
UHSUHVHQWDWLYH�RI�DQ\�PDUNHW�SKHQRPHQD��
�

,Q� $SSHQGL[� )LJXUHV� $��� ±� $���� $����� $���� DQG� $���� ZH� SUHVHQW� H[DPSOHV� RI� WKH�
VOLSSDJH� DGMXVWHG� µWUDGLQJ� SURILWV¶� UHVXOWLQJ� IURP� UHYHUVLQJ� WKH� SUHYLRXVO\� FRQVLGHUHG�
VWUDWHJLHV�� � 2QFH� PRUH�� ZH� ILQG� IHZ� SURILWDEOH� UXOHV� WKDW� DUH� VWDEOH� ZLWK� UHVSHFW� WR�
YDULDWLRQ�LQ�SDUDPHWHU�YDOXH��
�
)LQDOO\��ZH�DOORZ�WKH�IL[HG�SDUW�RI�WKH�VOLSSDJH�SHQDOW\�WR�YDU\�IURP�WKH�RULJLQDO����SLSV�
WR�]HUR���:H�GR�WKLV�WR�DQDO\VH�WKH�SURILWDELOLW\�RI�WKH�VWUDWHJLHV�DW�KLJKHU�IUHTXHQFLHV�WKDW�
WUDGH�PRUH�DQG�VR�DUH�PRUH�VHQVLWLYH�WR�VOLSSDJH���+HUH��ZH�ILQG�QR�DOWHUQDWLYH�SURILWDEOH�
UXOHV��
�
'HVSLWH�PRVW�VWUDWHJLHV�EHLQJ�XQSURILWDEOH��RU�LI�SURILWDEOH�WKHQ�XQVWDEOH�ZLWK�UHVSHFW�WR�
YDULDWLRQ�LQ�SDUDPHWHU��WKHUH�DUH�VRPH�µSRFNHWV¶�RI�SURILWDEOH�VWUDWHJLHV�WKDW�DUH�SURILWDEOH�
IRU�D�UHODWLYHO\�ZLGH�UDQJH�RI�SDUDPHWHU�YDOXHV��� ,Q�HDFK�FDVH��ZH�KDYH�FKRVHQ�WKH�PRVW�
SURILWDEOH�YDOXH�WKDW�H[KLELWV�VWDELOLW\�WR�FKDQJH�LQ�SDUDPHWHU�YDOXHV�DQG�WHVWHG�LW�RQ�RXW�
RI� VDPSOH�GDWD� �WKH� WHVW� GDWD�±��������� LQF��� DQG�SUHVHQW� WKH� UHVXOWV� LQ� )LJXUHV�������±�
��������XVLQJ�WKH�IROORZLQJ�QRPHQFODWXUH��

VWUDWHJ\�GDWD�IUHTXHQF\�VKRUW�WHUP�0$�SDUDPHWHU�ORQJ�WHUP�0$�SDUDPHWHU��
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�
$V� ZHOO� DV� FRQVLGHULQJ� SURILWDELOLW\� XQGHU� IXOO� VOLSSDJH� �DV� DERYH� ±� WLPH� GHSHQGHQW�
VOLSSDJH������SLSV�IL[HG���ZH�FRQVLGHU�D�UHOD[HG�VOLSSDJH�UHJLPH�FRQVLVWLQJ�RI� WKH� WLPH�
GHSHQGHQW�SRUWLRQ�ZLWK�QR�IL[HG�SDUW��LQ�WKH�IROORZLQJ�ILJXUHV��UHOD[HG�VOLSSDJH�LV�GHQRWHG�
E\�WKH�GRWWHG�OLQH��
�
:H�QRWH�WKDW�QRQH�RI�WKH�SURILWDEOH�VWUDWHJLHV�FRQWLQXHG�WR�UHPDLQ�VR�LQ�WKH�RXW�RI�VDPSOH�
WHVW� SHULRG�� (YHQ� ZKHQ� VOLSSDJH� ZDV� UHOD[HG� RQO\� RQH� VWUDWHJ\�� 6WUDWHJ\�
$����PLQ�0$�����0$�������PDNHV� D� VPDOO� SURILW�� � )XUWKHUPRUH��ZH� REVHUYH� WKDW� SRVW�
PLG�������WKH�VWUDWHJLHV�FKRVHQ�EHJDQ�WR�ORVH�PRQH\����
�
������ &RQFOXVLRQV�$ERXW�7UDGLQJ�8VLQJ�0RYLQJ�$YHUDJH��
$V� D�ZKROH��PRYLQJ� DYHUDJH� VWUDWHJLHV� DUH� QRW� SURILWDEOH� LQ� WKLV�PDUNHW�� � )XUWKHUPRUH��
UHYHUVLQJ� VWUDWHJLHV�GRHV�QRW� LPSURYH�SURILWDELOLW\�� �7KLV�ZRXOG� LPSO\� WKDW� WKH� VOLSSDJH�
FRVW�RI�LPSOHPHQWLQJ�WKHVH�VWUDWHJLHV�RXWZHLJKV�WKH�SRWHQWLDO�JDLQ����D�UHVXOW�WKDW�VXSSRUWV�
WKH�ZHDN�IRUP�RI�WKH�HIILFLHQW�PDUNHWV�K\SRWKHVLV��
�
3URILWDEOH�VWUDWHJLHV�RFFXU�DV�VSLNHV�LQ�RWKHUZLVH�ORVV�PDNLQJ�UHJLRQV�DQG�VR�DUH�XQVWDEOH�
WR� VKLIWV� LQ� SDUDPHWHU� YDOXHV�� � 7KLV�ZRXOG� LPSO\� WKDW� SURILWV� DUH� IRUWXLWRXV� UDWKHU� WKDQ�
UHSUHVHQWDWLYH�RI�DQ\�PDUNHW�SKHQRPHQD��
�
,W�LV�DOVR�RI�QRWH�WKDW�UHGXFWLRQ�RI�WKH�VOLSSDJH�SHQDOW\�GRHV�QRW�UHVXOW�LQ�WKH�VWUDWHJLHV�WKDW�
WUDGH�DW�KLJKHU� IUHTXHQFLHV� �DQG� VR�DUH�PRUH�VHQVLWLYH� WR�VOLSSDJH��EHFRPLQJ�SURILWDEOH���
:H� FDQ�� WKHUHIRUH�� GHGXFH� WKDW� WUDGLQJ� LQ� D� ORZ� VOLSSDJH� HQYLURQPHQW� �� IURP� D� EDQN�
WUDGLQJ�GHVN� DV�RSSRVHG� WR� WKURXJK� D�EURNHU�� IRU� H[DPSOH� ��ZLOO�QRW� UHVXOW� LQ�SURILWDEOH�
WUDGLQJ�DW�KLJKHU�IUHTXHQFLHV��
�
)LQDOO\��ZH�QRWH�WKDW�RXW�RI�WKH�VWUDWHJLHV�WKDW�ZHUH�DQDO\VHG�LQ�GHSWK��LQ�)LJXUHV�����������
QRQH�RI�WKHP�ZHUH�SURILWDEOH�SRVW�������ZKLFK�WLHV�LQ�ZLWK�DQHFGRWDO�HYLGHQFH�IURP�PDQ\�
WHFKQLFDO�WUDGHUV�ZKR�KDYH�QRWHG�WKH�GHPLVH�RI�PDUNHWV�PRYLQJ�LQ�µHDV\�WUHQGV¶���
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���� $GDSWLYH�0RYLQJ�$YHUDJHV�
7KH�DGDSWLYH�PRYLQJ�DYHUDJH��DV�GHILQHG�LQ�.DXIIPDQ��������LV�DQ�H[SRQHQWLDO�PRYLQJ�
DYHUDJH�LQ�ZKLFK�WKH�VPRRWKLQJ�SDUDPHWHU��a��LV�DOORZHG�WR�YDU\�LQ�LQYHUVH�SURSRUWLRQ�WR�
UHFHQW�PDUNHW�YRODWLOLW\���$V�ZLWK�RUGLQDU\�PRYLQJ�DYHUDJHV��$0$V�DUH�XVHG�E\�WHFKQLFDO�
WUDGHUV�WR�LQGLFDWH�WKH�IRUPDWLRQ�RI�WUHQGV��7KH�$0$�KDV�HYROYHG�RXW�RI�WKH�QHHG�IRU�DQ�
LQGLFDWRU� WKDW� µZLGHQV� LWV� IRFXV¶� WR� WKH� ORQJHU� WHUP�ZKHQ�PDUNHWV� DUH� QRLV\� DQG� KHQFH�
GRHV�QRW�JLYH�WUHQGLQJ�VLJQDOV�EDVHG�RQ�QRLVH�DORQH����
�
������ )RUPDO�'HILQLWLRQ�
:H�GHILQH�WKH�DGDSWLYH�PRYLQJ�DYHUDJH��$0$��DV�IROORZV��
�
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1RWH� WKDW�YRODWLOLW\� LV�PHDVXUHG�DV� WKH�UDWLR�RI� WKH�VXP�RI� WKH�DEVROXWH�FKDQJHV� LQ�SULFH�
EHWZHHQ�EDUV��VXP�RI�DEVROXWH���EDU�PRPHQWD��RYHU�N���EDUV� WR� WKH�DEVROXWH�FKDQJH�LQ�
SULFH�RYHU�N���EDUV��DEVROXWH�N���EDU�PRPHQWXP����7KLV�UDWLR�LV�SURSRUWLRQDO�WR�YRODWLOLW\�
DQG�UDQJHV�EHWZHHQ����DWWDLQHG�RQO\�LI�WKH�PDUNHW�PRYHV�LQ�D�µVWUDLJKW�OLQH¶�DQG�WUHQGLQJ��
DQG�����a�LV�WKHQ�WDNHQ�WR�EH�WKH�LQYHUVH�RI�WKLV�UDWLR��
�
������ 7UDGLQJ�8VLQJ�WKH�$0$�
:KHQ� WUDGLQJ� XVLQJ� PRYLQJ� DYHUDJH� FURVVRYHUV�� VKRUWHU� WHUP� LQGLFDWRUV� DUH� FRPSDUHG�
ZLWK� ORQJHU� WHUP� LQGLFDWRUV� ZLWK� D� KRSH� RI� GLVFRYHULQJ� WKH� HPHUJHQFH� RI� QHZ� WUHQGV���
:KHQ� WUDGLQJ�XVLQJ� WKH�$0$��ZH�RQO\� FRQVLGHU� WKH�RQH� LQGLFDWRU� VLQFH�� GHSHQGLQJ�RQ�
PDUNHWV�FRQGLWLRQV�� WKH�$0$�FDQ�H[KLELW� FKDUDFWHULVWLFV�RI� VKRUWHU� WHUP�RU� ORQJHU� WHUP�
PRYLQJ� DYHUDJHV�� � ,QVWHDG�� WKH� $0$� LV� XVXDOO\� WUDGHG� EDVHG� RQ� LWV� FXUUHQW� SRVLWLRQ�
UHODWLYH�WR�LWV�UHFHQW�KLVWRU\���)LUVW�ORFDO�KLJKV��OK��DQG�ORZV��OO��DUH�GHILQHG�DV�IROORZV��
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OKL� �$0$�N�L��� � LI�$0$�N�L���!�$0$�N�L����
OKL� �OKL��� � � RWKHUZLVH��
OOL� �$0$�N�L��� � LI�$0$�N�L�����$0$�N�L����
OOL� �OOL��� � � RWKHUZLVH��

�
7KHQ�� D� VKRUW� WUDGH� LV� SODFHG� LI� WKH� YDOXH� RI� WKH�$0$�PRYHV� D� IL[HG� DPRXQW� �)�� VD\��
EHORZ� WKH� YDOXH� RI� WKH� ORFDO� KLJK� DQG� D� ORQJ� WUDGH� LV� SODFHG� LI� WKH� YDOXH� RI� WKH�$0$�
PRYHV� D� IL[HG� DPRXQW� )� DERYH� WKH� YDOXH� RI� WKH� ORFDO� KLJK�� � ,Q� WKH� DQDO\VLV� EHORZ��ZH�
FRQVLGHU�)�WR�EH�D�IL[HG����SLSV��DV�LV�XVXDO���+RZHYHU��)�LV�QRW�DOZD\V�IL[HG�LQ�SUDFWLFH��
EXW� LV� RIWHQ� EDVHG� RQ� WKH� VWDQGDUG� GHYLDWLRQ� RI� FORVH� SULFH� RYHU� WKH� ODVW� IHZ� EDUV� �VHH�
.DXIIPDQ����������
��
������ )XUWKHU�&RPPHQWV�RQ�WKH�$0$�
$V� ZH� KDYH� VHHQ� DERYH�� WKH� VPRRWKLQJ� SDUDPHWHU� LQ� WKH� $0$� YDULHV� ZLWK� LQYHUVH�
SURSRUWLRQ�WR�PDUNHW�YRODWLOLW\�� �$V�D�UHVXOW��LQ�YRODWLOH�PDUNHWV�� OHVV�HPSKDVLV�LV�SODFHG�
RQ�FXUUHQW�SULFH�DQG�YLFH�YHUVD�IRU�PDUNHWV�ZKHUH� WUHQG�LV�PRUH�DSSDUHQW�� �%\�DOORZLQJ�
VXFK�YDULDELOLW\�� WKH� LQGLFDWRU�KDV�SRWHQWLDO� WR�EH� UHVSRQVLYH� WR�FKDQJHV� LQ� WUHQGV�ZKLOVW�
QRW�EHLQJ�RYHUO\�UHVSRQVLYH�WR�QRLVH��
�
������ (PSLULFDO�5HVXOWV�
:H�KDYH�WHVWHG�WKH�VOLSSDJH�DGMXVWHG�SURILWDELOLW\�UHVXOWLQJ�IURP�VLPXODWHG�WUDGLQJ�XVLQJ�
WKH�$0$�WUDGLQJ�UXOHV�RXWOLQHG�DERYH�RQ�GDLO\�����PLQ�����PLQ����PLQ�DQG��PLQ�GDWD�
RYHU�WKH�VDPSOH�GDWD�VHW��PLG���������LQFOXVLYH����:H�KDYH�XVHG�D�VHOHFWLRQ�RI�SDUDPHWHU�
YDOXHV� IRU� N� ����� ���� ���� ���� DQG������EDVHG�RQ� WKH�XVDJH� LQ� WKH�SUDFWLWLRQHU� OLWHUDWXUH�
DQG��DV�ZLWK�WKH�PRYLQJ�DYHUDJH�FURVVRYHUV��ZH�KDYH�FRQVLGHUHG�WKH�DOZD\V�LQ�WKH�PDUNHW�
WUDGLQJ�VWUDWHJ\�GLVFXVVHG�DERYH�RQ�LWV�RZQ�DQG�ZLWK�YDULRXV�RYHUODLG�FDVK�PDQDJHPHQW�
VWUDWHJLHV���$JDLQ��ZH�KDYH�FRQVLGHUHG�D�UHYHUVHG�VWUDWHJ\��VKRUW�LQVWHDG�RI�ORQJ�DQG�YLFH�
YHUVD��ZKHQ�UXOHV�KDYH�EHKDYHG�SDUWLFXODUO\�EDGO\�DQG�DQDO\VHG�WKH�VHQVLWLYLW\�RI�µWUDGLQJ�
SURILWV¶�ZLWK�UHVSHFW�WR�VOLSSDJH�E\�YDU\LQJ�WKH�IL[HG�SDUW�RI�WKH�VOLSSDJH�SHQDOW\�EHWZHHQ�
��DQG����SLSV�SHU�URXQG�WXUQ���
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�
,Q�7DEOHV������� ��������ZH�SUHVHQW� WKH� VOLSSDJH� DGMXVWHG� µWUDGLQJ�SURILWV¶� UHVXOWLQJ� IURP�
WKH� DSSOLFDWLRQ� RI� WKH� $0$� VWUDWHJLHV� WR� WKH� VDPSOH� GDWD� DW� WKH� DERYH� PHQWLRQHG�
IUHTXHQFLHV�� �$V� SUHYLRXVO\��ZH� WHVW� WKH� VWUDWHJLHV�ZLWKRXW� D� FDVK�PDQDJHPHQW� RYHUOD\�
�6WUDWHJ\�$���ZLWK�DQ�RYHUODLG�SURILW�REMHFWLYH�RI�³H[LW�DIWHU�SURILW�EHIRUH�VOLSSDJH�H[FHHGV�
����SLSV´� �6WUDWHJ\�%���ZLWK�D�����SLS� WUDLOLQJ�VWRS� �6WUDWHJ\�&��DQG�ZLWK�ERWK�D�SURILW�
REMHFWLYH�DQG�D�WUDLOLQJ�VWRS��6WUDWHJ\�'���DV�EHIRUH�ZH�DOVR�FRQVLGHU�UHYHUVHG�VWUDWHJLHV��
ZKLFK�DUH�VXIIL[HG�µU¶��
�
:H� VHH� IURP� WKH� UHVXOWV� WKDW� ZKHQ� WKH� WUDGLQJ� UXOH� LV� UDUHO\� SURILWDEOH� ZKHQ� XVHG� DV�
LQWHQGHG�� � )XUWKHUPRUH�� WKH� UHYHUVHG� UXOH� DSSHDUV� WR�EH�JHQHUDOO\� ORVV�PDNLQJ� IRU�PRVW�
H[LW� VWUDWHJLHV�DQG�SDUDPHWHU�YDOXHV�� �$OWKRXJK�SURILWV�VHHP�WR�EH�VSXULRXV��ZH� WHVW� WKH�
EHVW� SHUIRUPLQJ� VWUDWHJ\� DQG�� DV� FDQ� EH� VHHQ� IURP� )LJXUH� ������� WKH� UXOH�PDNHV� D� ORVV�
ZKHQ�WHVWHG�RXW�RI�VDPSOH��
�
$V�LQ�6HFWLRQ�[[[��ZH�WKHQ�DOORZ�WKH�IL[HG�SDUW�RI�WKH�VOLSSDJH�SHQDOW\�WR�YDU\�IURP�WKH�
RULJLQDO� ��� SLSV� WR� ]HUR�� � $V� FDQ� EH� VHHQ� IURP� 7DEOHV� ������ �� ������� WKLV� PDNHV� OLWWOH�
GLIIHUHQFH�WR�SURILWDELOLW\�LQ�JHQHUDO�DOWKRXJK�WKHUH�LV�VRPH�LPSURYHG�SURILWDELOLW\�DW�WKH�
�PLQ�IUHTXHQF\�DV�RQH�ZRXOG�H[SHFW��
�
������ �&RQFOXVLRQV�5HJDUGLQJ�7UDGLQJ�8VLQJ�7KH�$GDSWLYH�0RYLQJ�$YHUDJH��
$V� D� ZKROH�� DGDSWLYH� PRYLQJ� DYHUDJH� VWUDWHJLHV� DUH� QRW� SURILWDEOH� LQ� WKLV� PDUNHW���
5HYHUVLQJ�WKH�UXOH�GRHV�LPSURYH�SURILWDELOLW\�EXW�WKLV�GRHV�QRW�KROG�XQGHU�WHVW�FRQGLWLRQV���
5HGXFLQJ�WKH�VOLSSDJH�SHQDOW\�RQO\�PDUJLQDOO\�LPSURYHV�XSRQ�WKHVH�UHVXOWV���
�
�
���� 3ULFH�&KDQQHO�%UHDNRXW�
7KH� SULFH� FKDQQHO� EUHDNRXW� �3&%��� RU� UDQJH� EUHDNRXW� DV� LW� LV� VRPHWLPHV� NQRZQ�� LV�
GHILQHG� LQ� �&ROE\�DQG�0H\HUV� �������DQG� LV�RQH�RI� WKH� VLPSOHVW� WUDGLQJ� UXOHV�� �$� ORQJ�
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WUDGH�LV�SODFHG�ZKHQ�WKH�PDUNHW�FORVHV�DERYH�D�SUHYLRXV�KLJK�DQG�D�VKRUW�WUDGH�LV�SODFHG�
ZKHQ�WKH�PDUNHW�FORVHV�EHORZ�D�SUHYLRXV�ORZ���
�
������ )RUPDO�'HILQLWLRQ�
7KH�Q�SHULRG�WUDGLQJ�UDQJH�DW�EDU�P��P�!�Q��LV�GHILQHG�E\�WKH�IROORZLQJ�XSSHU��8�P�Q���
DQG�ORZHU��/�P�Q���ERXQGV�DV�IROORZV��

8�P�Q��� �PD[�FP����FP����«��FP�Q��
� � � /�P�Q���� �PLQ�FP����FP����«��FP�Q���
ZKHUH�FL�LV�WKH�FORVH�SULFH�RI��EDU�L��
�
������ 7UDGLQJ�8VLQJ�3&%�
7KH�WUDGLQJ�UXOH�IRU�WKH�3&%�LV�YHU\�VLPSOH��EX\�ORQJ�ZKHQ�FP�!�8�P�Q���VHOO�VKRUW�ZKHQ�
FP���/�P�Q����7KXV��LQ�WKH�DEVHQFH�RI�FDVK�PDQDJHPHQW�H[LW�VWUDWHJLHV��WKH�WUDGLQJ�UXOH�
HQVXUHV�WKDW�D�PDUNHW�SRVLWLRQ�LV�DOZD\V�KHOG��µDOZD\V�LQ�WKH�PDUNHW¶���
�
������ )XUWKHU�&RPPHQWV�RQ�WKH�3&%�
7KH�RQO\�SDUDPHWHU� WKDW�FDQ�EH�YDULHG�LV�Q�ZKLFK�UHSUHVHQWV� WKH�VL]H�RI� WKH�SHULRG�RYHU�
ZKLFK�ZH� FDOFXODWH� WKH� KLJK� DQG� ORZ�� � 7KXV�� WKH� ODUJHU� Q� LV� WKH�PRUH�PRQXPHQWDO� WKH�
EUHDNRXW�VKRXOG�EH�VLQFH�WKH�PDUNHW�ZRXOG�KDYH�EHHQ�WUDGLQJ�LQ�WKLV�KLJK�ORZ�UDQJH�IRU�D�
ORQJHU�WLPH��7KXV�WKH�EUHDNRXW�UXOH�DLPV�WR�LGHQWLI\�WKH�VWDUW�RI�QHZ�WUHQGV�DIWHU�SHULRGV�
RI�PDUNHW�VWDJQDWLRQ��
�
������ (PSLULFDO�5HVXOWV�
:H�KDYH�WHVWHG�WKH�VOLSSDJH�DGMXVWHG�SURILWDELOLW\�UHVXOWLQJ�IURP�VLPXODWHG�WUDGLQJ�XVLQJ�
WKH�3&%� WUDGLQJ� UXOHV�RXWOLQHG� DERYH�RQ�GDLO\�� ���PLQ�� ���PLQ�� ��PLQ� DQG��PLQ�GDWD�
RYHU� WKH� VDPSOH� GDWD� VHW� �PLG� �������� LQFOXVLYH��� �:H� KDYH� XVHG� D� ZLGH� VHOHFWLRQ� RI�
SDUDPHWHU�YDOXHV�IRU�Q���������������������DQG������DQG��DV�ZLWK�SUHYLRXV�UXOHV��ZH�KDYH�
FRQVLGHUHG�WKH�DOZD\V�LQ�WKH�PDUNHW�WUDGLQJ�VWUDWHJ\�GLVFXVVHG�DERYH�RQ�LWV�RZQ�DQG�ZLWK�
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YDULRXV� RYHUODLG� FDVK� PDQDJHPHQW� VWUDWHJLHV�� $V� SUHYLRXVO\�� ZH� KDYH� FRQVLGHUHG� WKH�
UHYHUVHG�VWUDWHJLHV�DQG�DQDO\VHG�VHQVLWLYLW\�WR�VOLSSDJH��
�
,Q�7DEOHV�������±�������ZH�SUHVHQW� WKH�VOLSSDJH�DGMXVWHG� µWUDGLQJ�SURILWV¶� UHVXOWLQJ� IURP�
WKH�DSSOLFDWLRQ�RI� WKH�UDQJH�EUHDNRXW�VWUDWHJLHV� WR� WKH�VDPSOH�GDWD�� �$V�EHIRUH��ZH�KDYH�
WHVWHG� WKH� UXOHV�ZLWK� 6WUDWHJLHV�$�'� DQG� DOVR� FRQVLGHUHG� UHYHUVHG� VWUDWHJLHV��ZKLFK� DUH�
VXIIL[HG�µU¶��
�
7KH�UXOHV�SURYH�WR�EH�RFFDVLRQDOO\�SURILWDEOH�ZLWK�ERWK�UHYHUVHG�DQG�RUGLQDU\�VWUDWHJLHV�
WKURXJKRXW�WKH�UDQJH�RI�IUHTXHQFLHV�ZLWK�WKH�H[FHSWLRQ�RI�WKH��PLQ�IUHTXHQF\���$OORZLQJ�
WKH�VOLSSDJH�SHQDOW\�WR�EH�UHOD[HG�DV�EHIRUH��ZH�ILQG�SURILWDEOH�VWUDWHJLHV�LQ�WKH�UHYHUVHG�
UXOH�DW�WKH��PLQ�IUHTXHQF\��
�
,Q�)LJXUH�������DQG�������ZH�VHH�WKH�UHVXOWV�RI�DSSO\LQJ�WKH�PRVW�SURILWDEOH�VWUDWHJLHV�LQ�
WKH�IXOO�DQG�UHOD[HG�VOLSSDJH�FDVHV�±�6WUDWHJLHV�$��DW����PLQ�DQG�&U�DW���PLQ��UHVSHFWLYHO\�
±�WR�WKH�WHVW�GDWD����
������ &RQFOXVLRQV�5HJDUGLQJ�7UDGLQJ�8VLQJ�7KH�3&%�
$OWKRXJK� SURILWDEOH� UXOHV� EDVHG� RQ� WKH� SULFH� FKDQQHO� EUHDNRXW� DUH� IHZ�� LW� FDQ� EH� VHHQ�
IURP� )LJXUHV� ������ DQG� ������ WKDW� ERWK� VWUDWHJLHV� WHVWHG� RXW� RI� VDPSOH� DUH� SURILWDEOH�
DOWKRXJK� RQH� RI� WKHP� RQO\� ZKHQ� VOLSSDJH� LV� UHOD[HG�� � 1RWH� DOVR� WKDW� IRU� WKH� EHVW�
SHUIRUPLQJ�3&%�VWUDWHJ\� �XQGHU� IXOO� VOLSSDJH��� DV�ZLWK� WKH�EHVW�SHUIRUPLQJ�VWUDWHJ\� IRU�
WKH� RWKHU� LQGLFDWRUV� WHVWHG� HDUOLHU�� WKH� EHVW� UHVXOWV� FDQ� EH� IRXQG�ZKHQ� WKHUH� LV� QR� FDVK�
PDQDJHPHQW�RYHUOD\��6WUDWHJ\�$���
�
�
���� 7KH�6WRFKDVWLF�
7KH�VWRFKDVWLF��DV�GHILQHG�LQ�&ROE\�DQG�0H\HUV��������DQG�6FKZDJHU���������LV�DQRWKHU�
LQGLFDWRU�ZKLFK�DLPV�WR�LGHQWLI\�WKH�HPHUJHQFH�RI�WUHQGV���,W�LV�EDVHG�RQ�WKH�SULQFLSOH�WKDW��
DV�PDUNHW� SULFH� ULVHV�� WKH�PDUNHW� FORVHV� QHDU� WKH�PDUNHW� KLJK� IRU� WKH� SDVW� IHZ�SHULRGV���
6LPLODUO\��DV�WKH�PDUNHW�SULFHV�GHFUHDVH��FORVLQJ�SULFHV�DUH�WKRXJKW�WR�EH�QHDU�WR�WKH�ORFDO�
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PDUNHW�ORZ��� ,Q�WKLV�LQVWDQFH�WKH�WHUP�µVWRFKDVWLF¶�LV�D�PLVQRPHU�DQG�KDV�IHZ�OLQNV�ZLWK�
WKH�PDWKHPDWLFDO�WHUP�RI�WKH�VDPH�QDPH���
�
������ )RUPDO�'HILQLWLRQ�
7KH�Q�SHULRG�VWRFKDVWLF��.�P�Q��DW�EDU�P��P���Q��LV�GHILQHG�E\�WKH�DV�IROORZV��

Q�/RZ�P�Q�+LJK�P�
Q�/RZ�P�F�Q�.�P� -

-= P ��
ZKHUH�+LJK�P�Q�� �PD[�FP����FP����«��FP�Q��DQG�/RZ�P�Q��� �PLQ�FP����FP����«��FP�Q���
ZKHUH�FL�LV�WKH�FORVH�SULFH�RI��EDU�L��
�
,Q� WKH� DQDO\VLV� RI� VWRFKDVWLFV� ZH� ZRUN� ZLWK� WKH� �� SHULRG� PRYLQJ� DYHUDJH� RI� .�P�Q���
XVXDOO\� UHIHUUHG� WR� DV� 6.�P�Q�� DQG� WKH� �� SHULRG�PRYLQJ� DYHUDJH� RI� 6.�� UHIHUUHG� WR� DV�
6'�P�Q����)RUPDOO\�
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DQG��
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Q�L�6.�P�Q�6'�P�
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�
������ 7UDGLQJ�8VLQJ�6WRFKDVWLFV�
7KHUH�DUH�PDQ\�UXOHV�IRU�WUDGLQJ�XVLQJ�VWRFKDVWLFV��VRPH�RI�ZKLFK�DUH�KLJKO\�VXEMHFWLYH�
DQG�FDQQRW�EH�HDVLO\� DXWRPDWHG�� �:H�KDYH�FKRVHQ� WR� WHVW� D�FRPPRQO\�XVHG� UXOH� WKDW� LV�
QHLWKHU� FRPSOH[� QRU� VXEMHFWLYH�� �+HUH�ZH�EX\� ORQJ�ZKHQ�6.�P�Q�� !�6'�P�Q�� DQG� VHOO�
VKRUW�ZKHQ�6.�P�Q����6'�P�Q��� �2QFH�PRUH�� LQ� WKH� DEVHQFH� RI� FDVK�PDQDJHPHQW� H[LW�
VWUDWHJLHV��WKLV�LV�DQ�µDOZD\V�LQ�WKH�PDUNHW¶�VWUDWHJ\��
�
������ )XUWKHU�&RPPHQW�RQ�WKH�6WRFKDVWLF�
$V�PHQWLRQHG�DERYH��WKH�VWRFKDVWLF�LV�EDVHG�RQ�WKH�SULQFLSDO�WKDW�WKH�PDUNHW�FORVHV�QHDU�
WKH� ORFDO�KLJK� LQ�HPHUJLQJ�XS�WUHQGV�DQG�QHDU� WKH� ORFDO� ORZ�LQ�GRZQ�WUHQGV�� �+RZHYHU��
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WKH� VWRFKDVWLF�� DV� LW� VWDQGV�� WHQGV� WR� MXPS� DURXQG� HUUDWLFDOO\� DV� ROG� GDWD� PRYHV� RXW� RI�
UDQJH���7KLV�LV�XQGHVLUDEOH�DV�LW�FDQ�OHDG�WR�IDOVH�VLJQDOV�DQG�VR�WKH�VWRFKDVWLF�LV�VPRRWKHG�
WZLFH�E\�WDNLQJ�VXFFHVVLYH�PRYLQJ�DYHUDJHV���
�
������ (PSLULFDO�5HVXOWV�
:H� KDYH� WHVWHG� WKH� WUDGLQJ� UXOH� GLVFXVVHG� LQ� 6HFWLRQ� ������ ZLWK� D� VHOHFWLRQ� RI� H[LW�
VWUDWHJLHV�DQG�UHYHUVHG�UXOHV�DW�D�QXPEHU�RI�IUHTXHQFLHV�GDWD�RYHU�WKH�VDPSOH�GDWD�VHW�DV�
ZLWK�SUHYLRXV�LQGLFDWRUV��
�
)URP�7DEOH�������ZH�VHH� WKDW� WKH�VWRFKDVWLF� WUDGLQJ�UXOH� LV�XQLIRUPO\�XQSURILWDEOH�DW�DOO�
WHVWHG� IUHTXHQFLHV�ZKHQ� WUDGHG�ZLWKRXW� H[LW� VWUDWHJLHV� DQG� XVLQJ� D� UHYHUVHG� UXOH� \LHOGV�
VLPLODU�UHVXOWV���7KH�LQWURGXFWLRQ�WKH�XVXDO�H[LW�VWUDWHJLHV�IDLO�WR�LPSURYH�RQ�WKHVH�UHVXOWV��
�
6LPLODUO\��IURP�7DEOH�������LW�FDQ�EH�VHHQ�WKDW�HYHQ�ZLWK�WKH�LQWURGXFWLRQ�RI�WKH�UHOD[HG�
VOLSSDJH�UHJLPH�WKH�LQGLFDWRU�IDLOV�WR�EH�SURILWDEOH��
�
������ &RQFOXVLRQV�5HJDUGLQJ�7UDGLQJ�8VLQJ�7KH�6WRFKDVWLF��
7KH�VWRFKDVWLF�KDV�SURYHQ�WR�EH�XQSURILWDEOH�ZKHQ�DSSOLHG�WR�WKH�VDPSOH�GDWD�DW�D�UDQJH�
RI�GLIIHUHQW�IUHTXHQFLHV�� �)XUWKHUPRUH��WKH�UHYHUVDO�RI�WKH�WUDGLQJ�UXOH�DQG�WKH�UHOD[DWLRQ�
RI�WKH�VOLSSDJH�UHJLPH�IDLOHG�WR�PDNH�DQ\�VLJQLILFDQW�LPSURYHPHQWV�WR�WKHVH�UHVXOWV��
�
�
���� 7KH�5HODWLYH�6WUHQJWK�,QGH[�
7KH�UHODWLYH�VWUHQJWK�LQGH[��56,���DV�GHILQHG�LQ�&ROE\�DQG�0H\HUV��������DQG�6FKZDJHU�
��������LV�DQ�LQGLFDWRU�WKDW�DLPV�WR�UHIOHFW�WKH�UDWLR�RI�PDUNHW�SULFH�LQFUHDVHV�WR�GHFUHDVHV���
8QOLNH�WKH�LQGLFDWRUV�SUHYLRXVO\�VWXGLHG��KRZHYHU��LW�LV�XVHG�LQ�D�FRQWUDULDQ�PDQQHU�LQ�DV�
PXFK� DV�ZKHQ� UHFHQW� JDLQV� KHDYLO\� RXWZHLJK� UHFHQW� ORVVHV�� D� VKRUW� WUDGH� LV� SODFHG� DQG�
YLFH�YHUVD���,Q�RWKHU�ZRUGV��WKH�PDUNHW�LV�H[SHFWHG�WR�EHKDYH�LQ�D�PHDQ�UHYHUWLQJ�PDQQHU�
�ZKHUHDV�WUHQG�IROORZLQJ�LQGLFDWRUV�EDQN�RQ�SHUVLVWHQW�EHKDYLRXU�
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�
������ )RUPDO�'HILQLWLRQ�
7KH�Q�SHULRG�56,��56,�P�Q��DW�EDU�P��P�!�Q����LV�GHILQHG�E\�WKH�DV�IROORZV��
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ZKHUH�FL�LV�WKH�FORVH�SULFH�RI��EDU�L��
�
������ 7UDGLQJ�8VLQJ�7KH�56,�
$V�PHQWLRQHG�DERYH��WKH�56,�LV�XVHG�LQ�D�FRQWUDULDQ�IDVKLRQ�ZLWK�WKH�DLP�RI�LGHQWLI\LQJ�
PDUNHWV�WKDW�DUH�µRYHUERXJKW¶�DQG�µRYHUVROG¶���:KHQ�WUDGLQJ�XVLQJ�WKH�56,��LW�LV�XVXDO�IRU�
WKH�PDUNHW� WR�EH�FRQVLGHUHG�RYHUERXJKW�ZKHQ� WKH�56,� LV� DERYH����DQG�D�VKRUW�SRVLWLRQ�
WDNHQ���6LPLODUO\��WKH�PDUNHW�LV�WKRXJKW�WR�EH�RYHUVROG�ZKHQ�EHORZ����DQG�D�ORQJ�SRVLWLRQ�
WDNHQ��
�
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������ )XUWKHU�&RPPHQWV�RQ�WKH�56,�
7KH�56,� WDNHV� YDOXHV� EHWZHHQ� �� �ZKHQ� WKH�PDUNHW� KDV�PRYHG� H[FOXVLYHO\� GRZQZDUGV�
RYHU�WKH�SDVW�Q�SHULRGV��DQG������ZKHQ�WKH�PDUNHW�KDV�PRYHG�H[FOXVLYHO\�XSZDUGV����7KH�
WUDGLQJ� WKUHVKROGV�RI� ��� DQG���� DUH� VHHPLQJO\� DUELWUDU\� DQG� VR� WKH� WKUHVKROG�RI� ���KDV�
DOVR�EHHQ� WHVWHG�EHORZ�� �7KH� LQFUHDVHV�DQG�GHFUHDVHV� LQ�PDUNHW�PRYHV�DUH�VPRRWKHG� LQ�
WKH�LQGLFDWRU�PDNLQJ�LW�OHVV�YRODWLOH�DV�D�UHVXOW�RI�GDWD�IDOOLQJ�RXW�RI�WKH�ORRNEDFN�ZLQGRZ���
'XH�WR�WKH�QDWXUH�RI�WKH�LQGLFDWRU��LWV�YDOXH�EHFRPHV�YHU\�VWDEOH�IRU�ODUJH�Q�DQG�VR�WKHUH�
DUH�IHZ�WUDGH�VLJQDOV��
�
������ (PSLULFDO�5HVXOWV�
:H� KDYH� WHVWHG� WKH� WUDGLQJ� UXOH� GLVFXVVHG� LQ� 6HFWLRQ� ������ ZLWK� D� VHOHFWLRQ� RI� H[LW�
VWUDWHJLHV� DQG� UHYHUVHG� UXOHV� DW� D� QXPEHU� RI� IUHTXHQFLHV� RYHU� WKH� VDPSOH� GDWD� VHW� �PLG�
��������LQFOXVLYH��DV�ZLWK�SUHYLRXV�LQGLFDWRUV���:H�KDYH�FRQVLGHUHG�YDOXHV�RI�Q�EHWZHHQ�
�� DQG� ��� DQG� WUDGLQJ� WKUHVKROGV� RI� ������ �DV� FRPPRQO\� XVHG� LQ� WKH� SUDFWLWLRQHU�
OLWHUDWXUH��� �8QOLNH�RWKHU�LQGLFDWRUV��ZH�KDYH�QRW�FRQVLGHUHG�YDOXHV�RI�Q�DERYH����VLQFH��
IRU�Q�!������WKLV�LQGLFDWRU�LV�YHU\�VWDEOH�DQG�RIIHUV�IHZ�WUDGLQJ�VLJQDOV��
�
,Q�7DEOHV��������������ZH�SUHVHQW�WKH�UHVXOWV�RI�DSSO\LQJ�WR�WKH�VDPSOH�GDWD�WKH�56,�ZLWK�D�
������ WKUHVKROG� DQG� 6WUDWHJLHV�$� WR�'� H[LW� RYHUOD\V�� UHVSHFWLYHO\�� � ,W� FDQ� EH� VHHQ� WKDW�
6WUDWHJ\� %U� ����� \LHOGHG� WKH� EHVW� WUDGLQJ� SURILWV� DQG� SURILWDELOLW\� LV� VWDEOH� WR� VKLIWV� LQ�
SDUDPHWHU�YDOXH���
�
)LJXUH� ������ VKRZV� WKH� UHVXOWV� RI� DSSO\LQJ� WKH� 56,� ������ ZLWK� Q�  � ��� DW� WKH� ���PLQ�
IUHTXHQF\�ZLWK�6WUDWHJ\�%U�H[LW�RYHUOD\��WKH�EHVW�SHUIRUPLQJ�UXOH��WR�WKH�WHVW�GDWD���,W�FDQ�
EH�VHHQ�WKDW�WKH�UXOH�LV�XQSURILWDEOH�ZKHQ�WHVWHG�RQ�XQVHHQ�GDWD��
�
������ &RQFOXVLRQV�5HJDUGLQJ�7UDGLQJ�8VLQJ�7KH�56,��
7KH�56,�LV�JHQHUDOO\�XQSURILWDEOH��HVSHFLDOO\�DW�KLJK�IUHTXHQFLHV�� �$W�ORZHU�IUHTXHQFLHV��
VRPH� UXOHV� DUH� SURILWDEOH� LQ� VDPSOH� EXW� RQO\� ZKHQ� UHYHUVHG�� � 7KH� EHVW� RI� WKHVH� UXOHV��
ZKHQ�WHVWHG�PDNHV�D�ORVV�RXW�RI�VDPSOH��HYHQ�ZKHQ�VOLSSDJH�LV�UHOD[HG��
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���� 7KH�&RPPRGLW\�&KDQQHO�,QGH[�
7KH� FRPPRGLW\� FKDQQHO� LQGH[� �&&,��� DV� GHILQHG� LQ� � &ROE\� DQG� 0H\HUV� ������� DQG�
6FKZDJHU� �������� LV� DQRWKHU� PRPHQWXP� EDVHG� WUHQG� IROORZLQJ� LQGH[�� � +RZHYHU�� LW� LV�
VFDOHG�E\�D�PHDVXUHPHQW�RI� WKH�GLVSHUVLRQ�RI�SULFH� OHYHO� DQG�PDNHV�XVH�RI� LQIRUPDWLRQ�
FRQWDLQHG�LQ�WKH�SHULRG�KLJK�DQG�ORZ�SULFHV�DV�ZHOO�DV�FORVLQJ�SULFH��
��
������ )RUPDO�'HILQLWLRQ�
7KH�Q�SHULRG�&&,��&&,�P�Q��DW�EDU�P��P���Q��LV�GHILQHG�E\�WKH�DV�IROORZV��

Q��P�'�����
Q��P�0�Q�0�P��Q�&&,�P� = ��
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Q��P�0Q�L�0�P��P�Q�' ��
ZKHUH�KL��OL��DQG�FL��DUH�WKH�EDU�KLJK��ORZ�DQG�FORVH�UHVSHFWLYHO\��
�
������ 7UDGLQJ�8VLQJ�7KH�&&,�
7KH�PRVW�FRPPRQ� WUDGLQJ�VWUDWHJ\� LV� WR�EX\�ZKHQ� WKH�&&,� ULVHV�DERYH����DQG�VHOO� WKH�
ORQJ�SRVLWLRQ�ZKHQ� WKH�&&,� IDOOV�EDFN�EHORZ����� �6LPLODUO\�� D� VKRUW�SRVLWLRQ� LV� HQWHUHG�
ZKHQ� WKH�&&,� IDOOV�EHORZ�±��DQG� WKDW�SRVLWLRQ�LV�FORVHG�ZKHQ� WKH�&&,� ULVHV�RQFH�PRUH�
DERYH������
�
������ )XUWKHU�&RPPHQWV�RQ�WKH�&&,�
7KH�&&,� LV�D�PRPHQWXP�LQGLFDWRU� WKDW� LV� VDLG� WR� UHIOHFW�QRQ�UDQGRP�IOXFWXDWLRQV� LQ� WKH�
PDUNHW��L�H��HPHUJLQJ�WUHQGV��ZKHQ�RXWVLGH�WKH����HQYHORSH�� �/LNH� WKH�DGDSWLYH�PRYLQJ�
DYHUDJH��WKH�&&,�XVHV�D�PRPHQWXP�PHDVXUHPHQW�VFDOHG�XVLQJ�D�GLVSHUVLRQ�PHDVXUHPHQW���
+RZHYHU�� WKH� &&,� FRQVLGHUV� GHYLDWLRQ� IURP� WKH� Q� SHULRG� PHDQ� UDWKHU� WKDQ� MXVW� D�
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FRQYROXWHG�PRYLQJ�DYHUDJH�PHDVXUHPHQW�DQG�VR�FDQ�EH�WUDGHG�XVLQJ�PRUH�REYLRXV�UXOHV���
)XUWKHUPRUH�� UDWKHU� WKDQ� FORVH� SRLQWV�� WKH� PHDQ� RI� WKH� PDUNHW� KLJK�� ORZ� DQG� FORVH� LV�
FRQVLGHUHG�DQG�KHQFH�LV� OHVV�SURQH�WR�\LHOGLQJ�DQ�H[DJJHUDWHG�YDOXH�EDVHG�RQ�DQ�HUUDWLF�
FORVH�SRLQW���7KH�GRZQVLGH�RI�WKLV��KRZHYHU��LV�WKDW�WKH�LQGLFDWRU�ZLOO�EH�VORZHU�WR�FDWFK�
PDUNHW�PRYHV�DQG�HVSHFLDOO\�VR�DW�ORZHU�IUHTXHQFLHV��
�
������ (PSLULFDO�5HVXOWV�
:H� KDYH� WHVWHG� WKH� WUDGLQJ� UXOH� GLVFXVVHG� LQ� 6HFWLRQ� ������ ZLWK� D� VHOHFWLRQ� RI� H[LW�
VWUDWHJLHV� DQG� UHYHUVHG� UXOHV� DW� D� QXPEHU� RI� IUHTXHQFLHV� RYHU� WKH� VDPSOH� GDWD� VHW� �PLG�
��������LQFOXVLYH��DV�ZLWK�SUHYLRXV�LQGLFDWRUV���:H�KDYH�FRQVLGHUHG�YDOXHV�RI�Q�EHWZHHQ�
�� DQG� ���� DV� ZLWK� SUHYLRXV� LQGLFDWRUV�� � )XUWKHUPRUH�� ZH� WU\� WZR� WKUHVKROGV� IRU�
EX\LQJ�VHOOLQJ���������DV�GLVFXVVHG�DERYH�DQG����L�H��EX\�ORQJ�ZKHQ�&&,�FURVVHV�DERYH����
VHOO�VKRUW�ZKHQ�LW�FURVVHV�EHORZ���
�
,Q� )LJXUHV� �����D�H� ZH� SUHVHQW� WKH� UHVXOWV� RI� DSSO\LQJ� WKH� &&,� ZLWK� D� �� WKUHVKROG�
�6WUDWHJLHV�$�'�QXPEHUHG�����UHVSHFWLYHO\��DQG�ZLWK�D��������WKUHVKROG��6WUDWHJLHV�$�'�
QXPEHUHG����� UHVSHFWLYHO\�� WR� WKH� VDPSOH�GDWD�� �:H� VHH� WKDW� IRU�PDQ\�YDOXHV�RI� Q�� WKH�
LQGLFDWRU� LV� FRQVLVWHQWO\�SURILWDEOH� DW� DOO�EXW� WKH�KLJKHU� IUHTXHQFLHV�ZKHQ�XVHG�ZLWK� WKH�
������WKUHVKROG���$W�DOO�SURILWDEOH�IUHTXHQFLHV��DQ�RSWLPDO�YDOXH�RI�Q�RFFXUV�DURXQG����DQG�
WKHQ�SURILWV�WHQG�WR�GHWHULRUDWH�DV�Q�LV�IXUWKHU�LQFUHDVHG���8QGHU�WKH�IXOO�VOLSSDJH�UHJLPH�LW�
FDQ� EH� VHHQ� WKDW� WKH� PRVW� SURILWDEOH� VWUDWHJ\� LV� 6WUDWHJ\� %� ZLWK� D� ������ WKUHVKROG� DW�
���PLQ�IUHTXHQF\�DQG�Q� ������,W�LV�DOVR�ZRUWK\�RI�QRWH�WKDW�WKLV�VWUDWHJ\�LV�SDUWLFXODUO\�
SURILWDEOH�DW�GDLO\�DQG����PLQ�IUHTXHQFLHV�DQG�LV�VWDEOH�WR�FKDQJHV�LQ�SDUDPHWHU��
�
:KHQ� ZH� DOORZ� VOLSSDJH� WR� EH� UHOD[HG� WKLV� VWUDWHJ\� UHPDLQV� WKH� EHVW� EXW� WKH� PRVW�
SURILWDEOH�OHYHO�WR�WUDGH�DW�VZLWFKHV�WR�WKH����PLQ�IUHTXHQF\��
�
5HYHUVHG� VWUDWHJLHV� ZHUH� DOVR� WHVWHG� EXW�� DV� RQH� ZRXOG� H[SHFW� IURP� WKH� DERYH� UHVXOWV��
SURYHG�WR�EH�ORVV�PDNLQJ��
�



� ��

,Q�)LJXUH�������ZH�SUHVHQW� WKH�UHVXOWV�RI�DSSO\LQJ�WKH�EHVW�SHUIRUPLQJ�VWUDWHJ\��RXWOLQHG�
DERYH�� RQ� WKH� WHVW� GDWD� VHW� ����������� � $V� FDQ� EH� VHHQ�� WKH� VWUDWHJ\� FRQWLQXHG� WR� EH�
SURILWDEOH�ZKHQ�DSSOLHG�WR�WKLV�XQVHHQ�GDWD���
�
������ &RQFOXVLRQV�5HJDUGLQJ�7UDGLQJ�8VLQJ�7KH�&&,��
7KH�&&,�LV�WKH�VHFRQG�RI�WKH�LQGLFDWRUV�WKDW�ZH�KDYH�WHVWHG�WKDW�UHPDLQV�SURILWDEOH�XQGHU�
WHVW�FRQGLWLRQV�ZLWK�IXOO�VOLSSDJH��WKH�RWKHU�EHLQJ�WKH�3&%����)XUWKHUPRUH��ERWK�WKH�&&,�
DQG�3&%�LQ�WKLV�FDVH�DUH��µXQUHYHUVHG¶���,W�LV�DOVR�ZRUWK\�RI�QRWH�WKDW�ZKHQ�WHVWHG�RXW�RI�
VDPSOH��WKH�EHKDYLRXU�RI�WKH�&&,�UXOH�LV�VLPLODU�WR�LWV�µLQ¶�VDPSOH�EHKDYLRXU�DQG�EHKDYHV�
LQ�D�FRQVLVWHQWO\�SURILWDEOH�PDQQHU�WKURXJKRXW��
�
�
���� &RPSDULVRQ�RI�3URILWDEOH�5XOHV�
:H�KDYH� VKRZQ�� DERYH�� WKDW� WKH�PDMRULW\�RI� WHFKQLFDO�PDUNHW� LQGLFDWRU� EDVHG� UXOHV� DUH�
ORVV�PDNLQJ�ZKHQ� DSSOLHG� WR�SULFH�GDWD�XQGHU� WHVW� FRQGLWLRQV�� �2QO\� UXOHV�EDVHG�RQ� WKH�
3&%�DQG�&&,��UHPDLQ�SURILWDEOH�ZKHQ�WHVWHG�RQ�XQVHHQ�GDWD�DQG�GR�VR�XQGHU�IXOO�VOLSSDJH�
DQG�LQ�DQ�XQ�UHYHUVHG�VWDWH���5XOHV�EDVHG�RQ�WKH�56,�DQG�$0$�VKRZ�VRPH�SURILWV�EXW�WKH�
EHVW�SHUIRUPDQFH�LV�DFKLHYHG�E\�UHYHUVLQJ�WKH�UXOHV�DQG�WKLV�SURILWDELOLW\�ODSVHV�ZKHQ�WKH�
UXOHV�DUH� WHVWHG�RXW�RI�VDPSOH�� VXJJHVWLQJ� WKDW� WKH�SURILWV�ZHUH�VSXULRXV�� �6LPLODUO\�� WKH�
PRYLQJ� DYHUDJH� UXOHV�ZHUH� JHQHUDOO\� ORVV�PDNLQJ� DQG� WKH� EHVW� RI� WKRVH� IHZ� WKDW� ZHUH�
SURILWDEOH�IDLOHG�WR�PDNH�D�SURILW�RXW�RI�VDPSOH�ZLWK�IXOO�VOLSSDJH��
�
%\�DQDO\VLV�RI�WKH�UHVXOWV�RI�DSSO\LQJ�WKH�UXOHV�WR�WKH�VDPSOH�GDWD���������LW�FDQ�EH�VHHQ�
WKDW�WKH�&&,�LV�E\�IDU�WKH�PRVW�VWDEOH�WR�VKLIWV�LQ�SDUDPHWHU��H[LW�VWUDWHJ\�DQG�IUHTXHQF\�RI�
XQGHUO\LQJ�GDWD�DQG��DV�ZH�KDYH�VHHQ��WKLV�VWDELOLW\�LV�ERUQH�RXW�LQ�WKH�WHVW���������UHVXOWV��
�
7DEOH��������EHORZ��GLVSOD\V�D�FRPSDULVRQ�RI�UHVXOWV�IRU�WKH�WZR��RXW�RI�VDPSOH��SURILWDEOH�
LQGLFDWRUV���:H�KDYH�SUHYLRXVO\�UHSRUWHG�µFXPXODWLYH�SURILW�SHU�WUDGHG�SRXQG¶�DV�D�UHVXOW�
RI�WKH�SRXQG�EHLQJ�WKH�XQGHUO\LQJ�LQVWUXPHQW�RI�WKH�TXRWDWLRQ����� ��[��DQG�WKLV�LV�D�JRRG�
WHVW�RI�SURILWDELOLW\���+RZHYHU��LQ�RUGHU�WR�UHSRUW�FRPSDUDWLYH�UHVXOWV��ZH�XVH�SHUFHQWDJH�



� ��

UHWXUQ� EDVHG� RQ� D� ���PLOOLRQ� WUDGLQJ� OLQH�ZKHUH� SURILWV� DUH� DOORZHG� WR� DFFXPXODWH� DQG�
WKHQ� µEDQNHG¶�DQG�FRQYHUWHG� WR�SHUFHQWDJH� UHWXUQV�RQ�DQ�DQQXDO�EDVLV�� �5HWXUQV�DUH�QRW�
FRPSRXQGHG�DV�ZH�DLP� WR�HPXODWH� WKH�SRVLWLRQ�RI�D�EDQN�WUDGHU�ZLWK�D�IL[HG�PD[LPXP�
SRVLWLRQ�VL]H���,W�VKRXOG�EH�QRWHG�WKDW�LQWHUHVW�UHYHQXH�RQ�WKH�WUDGHG�GROODUV�KDV�QRW�EHHQ�
FRQVLGHUHG�VLQFH�WKH�DOO�WUDGLQJ�RFFXUV�DW�LQWUD�GD\�IUHTXHQFLHV�DQG�VR�PLQXWH�E\�PLQXWH�
OLTXLGLW\� ZRXOG� QHHG� WR� EH� PDLQWDLQHG�� � )XUWKHUPRUH�� D� EDQN� WUDGHU� ZRXOG� QRW� EH�
UHZDUGHG�IRU� LQWHUHVW� LQFRPH�RQ�WUDGHG�DVVHWV�VLQFH�LW� LV�FRPPRQ�IRU�D�FUHGLW� OLQH� WR�EH�
WUDGHG�DV�RSSRVHG�WR�DFWXDO�IXQGV��
�
:H�VHH�WKDW��XQGHU�WKH�IXOO�VOLSSDJH�UHJLPH��WKH�&&,�DQG�3&%�ERWK�PDNH�SURILWV�EXW��LQ�
ERWK� FDVHV�� SURILWDELOLW\� LV� UHGXFHG�ZKHQ� WKH� UXOHV� DUH� FRQVLGHUHG� XQGHU� WHVW� FRQGLWLRQV�
DOWKRXJK� WKH� SURILW� LV� VWLOO� UHDVRQDEOH�� � ,W� VKRXOG� EH� QRWHG� WKDW� WKHVH� UHVXOWV� FRQWDLQ� DQ�
LPPHQVH� VXUYLYRU� ELDV� DQG� VKRXOG� QRW� EH� WDNHQ� WR� EH� RI� DQ\WKLQJ� RWKHU� WKDQ� JHQHUDO�
LQWHUHVW���8QGHU�D�UHOD[HG�VOLSSDJH�UHJLPH��WKH�&&,�LV�PRUH�SURILWDEOH�RYHUDOO�ERWK�LQ�DQG�
RXW�RI�VDPSOH����
�
)LJXUHV�������DQG�������VKRZ�DQQXDO�UHWXUQV�DQG�FXPXODWLYH�SURILWV�DQG�LW�FDQ�EH�VHHQ�WKDW�
�����ZDV�E\� IDU� WKH�PRVW�SURILWDEOH� \HDU� IRU� WKH�3&%�ZKHUHDV� WKH�&&,�PDGH� WKH�PRVW�
SURILWV�LQ�������

�
,W�ZDV�QRWHG�WKDW�WKH�DERYH�UHVXOWV�DERYH�FRQWDLQ�LPPHQVH�VHOHFWLRQ�ELDV�VLQFH�WKH\�ZHUH�
VHOHFWHG� DV� WKH� IHZ� UXOHV� WKDW�PDGH�D�SURILW�RXW�RI�VDPSOH�RXW�RI�D�SRSXODWLRQ�RI�PDQ\�
ORVLQJ�UXOHV�DQG�DFFRUGLQJO\��WKHVH�UHVXOWV�FRQWDLQ�QR�LPSOLFDWLRQV�IRU�PDUNHW�HIILFLHQF\���
7R� RYHUFRPH� VXFK� ELDV�� ZH� QRZ� FRQVLGHU� WKH� RXW�RI�VDPSOH� UHWXUQV� IURP� WUDGLQJ� D�
SRUWIROLR� RI� WKH� PRVW� SURILWDEOH� WUDGLQJ� �XQGHU� IXOO� VOLSSDJH�� UXOH� IRU� HDFK� LQGLFDWRU�
�ZKHUH�SURILWDEOH�UXOHV�H[LVWHG���QDPHO\�

0RYLQJ�$YHUDJH�6WUDWHJ\�$���PLQ�0$�����0$������DW���PLQ�IUHTXHQF\��
$GDSWLYH�0RYLQJ�$YHUDJH�6WUDWHJ\�$U������DW�GDLO\�IUHTXHQF\��
3&%�6WUDWHJ\�$�IRU�Q� �����DW����PLQ�IUHTXHQF\��
56,�6WUDWHJ\�%U�������Q� ����DW����PLQ�IUHTXHQF\��
&&,�6WUDWHJ\�%�������Q� ����DW����PLQ�IUHTXHQF\��
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6XFK�SRUWIROLR�FRQVWLWXHQWV�ZRXOG�EH�WKH�UDWLRQDO�FKRLFH�IRU�D�WHFKQLFDO�WUDGHU�ZKR�ZRXOG�
VHOHFW�KLV�UXOHV�RQ�WKH�EDVLV�RI�SDVW�SHUIRUPDQFH��
�
,W�FDQ�EH�VHHQ�IURP�7DEOH�������WKDW�VXFK�D�SRUWIROLR�PDNHV�DQ�RXW�RI�VDPSOH�ORVV�XQGHU�
IXOO�VOLSSDJH�DQG�MXVW�D�QHJOLJLEOH�JDLQ�XQGHU�UHOD[HG�VOLSSDJH���6XFK�UHVXOWV�DUH�LQ�DFFRUG��
ZLWK�WKH�HIILFLHQW�PDUNHW�K\SRWKHVLV��
�
�
�� 6XPPDU\�DQG�&RQFOXVLRQV�
:H� KDYH� FUHDWHG� WUDGLQJ� UXOHV� XVLQJ� D� QXPEHU� RI� WHFKQLFDO� PDUNHW� LQGLFDWRUV� DQG� H[LW�
VWUDWHJLHV� DQG� WHVWHG� WKHP� RQ� GDLO\� DQG� LQWUD�GD\� );� GDWD�� 7KH� PDMRULW\� RI� WHFKQLFDO�
WUDGLQJ�UXOHV�DUH�QRW�SURILWDEOH���6RPH�UXOHV�PDNH�D�SURILW�DQG�HYHQ�UHPDLQ�SURILWDEOH�RXW�
RI�VDPSOH�EXW�VXFK�UHVXOWV�KDYH�OLWWOH�VLJQLILFDQFH�GXH�WR�VHOHFWLRQ�ELDV���:KHQ�D�SRUWIROLR�
RI�EHVW�SHUIRUPLQJ�UXOHV�LV�FKRVHQ�RQ�WKH�EDVLV�RI�SDVW�SHUIRUPDQFH��WKH�ZD\�LQ�ZKLFK�D�
WUDGHU�PD\�FKRVH�UXOHV��WKH\�PDNH�D�ORVV�ZKHQ�WHVWHG�RQ�XQVHHQ�GDWD�±�D�UHVXOW�LQ�VXSSRUW�
RI�WKH�HIILFLHQW�PDUNHW�K\SRWKHVLV��
�
,W� LV�ZRUWK\�RI�QRWH�WKDW� LQGLFDWRU�EDVHG�UXOHV�DOVR�IDLOHG�WR�EH�SURILWDEOH�ZKHQ�UHYHUVHG�
LQGLFDWLQJ�WKDW��DOWKRXJK�SURILWV�PD\�EH�SRVVLEOH�LQ�IULFWLRQOHVV�PDUNHWV��DIWHU�VOLSSDJH�LV�
WDNHQ� LQWR� DFFRXQW� ORVVHV� DUH� IRXQG�� � 7KHVH� UHVXOWV� LQGLFDWH� WKDW� ORVVHV� DUH� QRW�
HFRQRPLFDOO\�VLJQLILFDQW��
��
7KH�PDMRULW\�RI�PRYLQJ�DYHUDJH�UXOHV�IDLOHG�WR�PDNH�D�SURILW�GHVSLWH�SUHYLRXV�ZRUN��H�J��
/HYLFK� DQG� 7KRPDV� �������� VKRZLQJ� VXFK� UXOHV� WR� EH� SURILWDEOH�� � +RZHYHU�� RQ� FORVHU�
LQVSHFWLRQ� LW� FDQ� EH� VHHQ� WKDW� VXFK� UXOHV� DUH� RQO\� ORVV�PDNLQJ� SRVW� �������� ±� D� UHVXOW�
ZKLFK� LV� VXSSRUWHG� E\� DQHFGRWDO� HYLGHQFH� IURP� WUDGHUV�� � )XUWKHUPRUH�� HYLGHQFH� RI�
VLJQLILFDQWO\�GLIIHUHQW� VWDWLVWLFDO�EHKDYLRXU�EHIRUH�DQG�DIWHU������ FDQ�EH� IRXQG� LQ� -RQHV�
��������
�
*LYHQ�WKH�YDVW�DPRXQW�RI�SUDFWLWLRQHU�OLWHUDWXUH�GHYRWHG�WR�WKH�UXOHV�WHVWHG�DERYH�DQG�WKH�
KLJK�OHYHO�RI�FUHGHQFH�JLYHQ�WR�WKHP�E\�WUDGHUV��LW�LV�VXUSULVLQJ�WKDW�WKH\�SURYH�WR�EH�ORVV�
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PDNLQJ�� � +RZHYHU�� D� WHFKQLFDO� WUDGHU� W\SLFDOO\� PDNHV� WUDGLQJ� GHFLVLRQV� EDVHG� RQ�
FRPELQDWLRQV� RI� D� QXPEHU� RI� UXOHV� DQG� LW� LV� WKLV� PHWKRG� RI� WUDGLQJ� WKDW� LV� VWXGLHG� LQ�
'HPSVWHU�	�-RQHV������F���
�
�
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)UHTXHQF\ Q )XOO�6OLSSDJH
)XOO�6OLSSDJH��
5HYHUVHG�5XOH

5HOD[HG�
6OLSSDJH

5HOD[HG�6OLSSDJH���
5HYHUVHG�5XOH

'DLO\ �� ����� ����� ����� �����
'DLO\ �� ����� ����� ����� �����
'DLO\ �� ����� ���� ����� ����
'DLO\ ��� ���� ����� ��� �����
'DLO\ ��� ����� ���� ����� ����
���PLQ �� ����� ������ ���� �����
���PLQ �� ����� ����� ����� ����
���PLQ �� ����� ����� ����� ���
���PLQ ��� ����� ����� ����� �����
���PLQ ��� ���� ����� ���� �����
���PLQ �� ������ ������ ����� ������
���PLQ �� ����� ������ ����� �����
���PLQ �� ������ ����� ����� ����
���PLQ ��� ����� ����� ����� �����
���PLQ ��� ����� ����� ����� ����
��PLQ �� ������ ������ ������ �����
��PLQ �� ������ ������ ����� ������
��PLQ �� ������ ������ ����� ������
��PLQ ��� ������ ������ ����� �����
��PLQ ��� ������ ����� ����� �����
�PLQ �� ������� ������ ������� ����
�PLQ �� ������� ������ ������ ������
�PLQ �� ������� ������ ������ �����
�PLQ ��� ������� ������ ������ ������
�PLQ ��� ������ ������ ������ ������

&XPXODWLYH�7UDGLQJ�3URILW

�
�

7DEOH�������� &XPXODWLYH�7UDGLQJ�3URILWV�IURP�$GDSWLYH�0RYLQJ�$YHUDJH�
6WUDWHJLHV�$�DQG�$U�XQGHU�)XOO�DQG�5HOD[HG�6OLSSDJH�5HJLPHV�



� ��

)UHTXHQF\ Q )XOO�6OLSSDJH
)XOO�6OLSSDJH��
5HYHUVHG�5XOH

5HOD[HG�
6OLSSDJH

5HOD[HG�6OLSSDJH���
5HYHUVHG�5XOH

'DLO\ �� ������ ����� ����� �����
'DLO\ �� ����� ����� ����� �����
'DLO\ �� ������ ����� ����� ���
'DLO\ ��� ����� ����� ���� �����
'DLO\ ��� ����� ���� ����� ����
���PLQ �� ������ ������ ����� ������
���PLQ �� ������ ������ ����� �����
���PLQ �� ������ ����� ����� �����
���PLQ ��� ����� ����� ����� �����
���PLQ ��� ����� ����� ���� �����
���PLQ �� ������ ������ ����� ������
���PLQ �� ������ ������ ����� �����
���PLQ �� ������ ������ ������ �����
���PLQ ��� ������ ������ ����� �����
���PLQ ��� ����� ����� ����� �����
��PLQ �� ������ ������ ������ ������
��PLQ �� ������ ������ ������ ������
��PLQ �� ������ ������ ����� ������
��PLQ ��� ������ ������ ������ �����
��PLQ ��� ������ ������ ������ �����
�PLQ �� ������� ������� ������� �����
�PLQ �� ������� ������ ������ ������
�PLQ �� ������� ������ ������ ������
�PLQ ��� ������� ������ ������ ������
�PLQ ��� ������ ������ ������ ������

&XPXODWLYH�7UDGLQJ�3URILW

�
�

7DEOH�������� &XPXODWLYH�7UDGLQJ�3URILWV�IURP�$GDSWLYH�0RYLQJ�$YHUDJH�
6WUDWHJLHV�%�DQG�%U�XQGHU�)XOO�DQG�5HOD[HG�6OLSSDJH�5HJLPHV�
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� ����� ��� ����� ����� ��� ���� �� ��� ��� ��� ����� ���� ��� ��� ����� ������ ������ ����� ��
� ����� ���� ����� ����� ���� ���� ��� ���� ���� ���� ����� ���� ��� ��� ����� ����� ����� ����� ���
� ����� ����� ����� ����� ��� ���� ��� ��� ����� ��� ���� ��� ��� ��� ������ ����� ����� ����� ���
�� ���� ����� ����� ����� ��� ���� ��� ���� ���� ��� ���� ���� ��� ���� ������ ����� ����� ����� ���
�� ���� ��� ����� ��� ��� ����� ���� ���� �� ��� ���� ��� ��� ��� ����� ����� ����� ���� ���
�� ����� ����� ����� ���� ���� ��� ��� ���� ��� ��� ��� ��� ��� ��� ����� ����� ����� ����� ���
�� ���� ����� ���� ���� �� ��� ��� ���� ��� ��� ���� ��� ��� ��� ����� ����� ����� ����� ����
�� ��� ����� ��� ��� ��� ��� ��� ���� ���� ��� ��� ��� ��� ��� ����� ����� ����� ����� ����
�� ���� ����� ���� ���� ���� ��� ��� ���� ��� ��� ���� ��� ��� ��� ����� ����� ����� ����� ����
�� ���� ����� ��� ����� ���� ���� ���� ���� ��� ��� ��� ���� ���� ���� ����� ����� ����� ���� ����
�� ��� ����� ����� ���� ��� ��� ��� ��� ��� ���� ��� ��� ��� ��� ����� ����� ����� ����� ����
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� ����� ����� ����� ����� ����� ����� ���� ����� ����� ����� ����� ���� ����� ��� ������ ������ ������ ������ ���
� ����� ����� ����� ����� ���� ���� ���� ����� ���� ����� ����� �� ���� ���� ������ ������ ������ ������ ����
� ����� ����� ����� ����� ���� ���� ��� ����� ����� ����� ����� ���� ����� ���� ������ ������ ������ ������ ����
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