
%D\HVLDQ�$QDO\VLV�IRU�1RUPDO�'DWDZLWK�6NHZ�1RUPDO�3ULRUV$QDOLVL�%D\HVLDQD�3HU�'DWL�1RUPDOL�4XDQGR�/D'LVWULEX]LRQH�$�3ULRUL�(¶�1RUPDOH�$VLPPHWULFD1LFROD�/RSHUILGR8QLYHUVLWj�GL�8UELQR��IDFROWj�GL�(FRQRPLD9LD�6DIIL�����������8UELQR��38���,7$/<QLFROD#HFRQ�XQLXUE�LW
5LDVVXQWR�� ,O� ODYRUR� FRQVLGHUD� XQ� VHPSOLFH� PRGHOOR� JHUDUFKLFR� QRUPDOH� GRYH� OD�GLVWULEX]LRQH�D�SULRUL�SHU�OD�PHGLD�GHOOD�SRSROD]LRQH�q�GL�WLSR�QRUPDOH�DVLPPHWULFR��6L�GLPRVWUD�FKH�DQFKH�OD�GLVWULEX]LRQH�PDUJLQDOH�GHOOH�RVVHUYD]LRQL�q�QRUPDOH DVLPPHWULFD�H�FKH�OD�GLVWULEX]LRQH�SUHGLWWLYD�q�HVSULPLELOH�DQDOLWLFDPHQWH�
.H\ZRUGV��VNHZ�QRUPDO�GLVWULEXWLRQ��%D\HVLDQ�SUHGLFWLRQ
,QWURGXFWLRQ
2¶+DJDQ�DQG�/HRQDUG��������GLVFXVVHG�D�%D\HVLDQ�DSSURDFK�WR�LQIHUHQFH�RQ�WKH�PHDQ�TRI� D� QRUPDO� GLVWULEXWLRQ� ZLWK� D� NQRZQ� YDULDQFH�� 7KH\� PRGHOHG� WKLV� XQFHUWDLQW\�KLHUDFKLFDOO\��DVVXPLQJ�WKDW�WKH�SULRU�GLVWULEXWLRQ�RQ�T ZDV�FRQGLWLRQDOO\�QRUPDO��JLYHQ�WKH� PHDQ� ] RI� T LWVHOI�� 7KH� GLVWULEXWLRQ� RI� � ]�� PRUHRYHU�� ZDV� FKRVHQ� WR� EH� QRUPDO�WUXQFDWHG�DW�RULJLQ��+HQFH�WKH�PDUJLQDO�GLVWULEXWLRQ�RI�T KDG�WKH�IROORZLQJ�IRUP�

���
ZKHUH� I�[�� DQG�)�[�� DUH� WKH� SUREDELOLW\� GHQVLW\� IXQFWLRQ� DQG� FXPXODWLYH� GLVWULEXWLRQ�IXQFWLRQ� RI� D� VWDQGDUG� QRUPDO� GLVWULEXWLRQ� UHVSHFWLYHO\��:H� VKDOO� UHIHU� WR� WKH� DERYH�GLVWULEXWLRQ�DV�JHQHUDOL]HG�VNHZ�QRUPDO�ZLWK� ORFDWLRQ�SDUDPHWHU�P�� VFDOH�SDUDPHWHU�V��VKDSH�SDUDPHWHU�G DQG� WUXQFDWLRQ�SDUDPHWHU�W��*61�P�V�G�W���7KH�ZRUG�³JHQHUDOL]HG´�UHPLQGV�WKDW�WKH�VNHZ�QRUPDO�61�P�V�D���$]]DOLQL��������LV�D�JHQHUDOL]HG�VNHZ�QRUPDO�GLVWULEXWLRQ�ZLWK�WUXQFDWLRQ�SDUDPHWHU�VHW�HTXDO�WR�]HUR�6NHZ� QRUPDO� GLVWULEXWLRQ�� ZKLFK� DSSHDUV� LQ� GLIIHUHQW� DUHDV�� VXFK� DV� HFRQRPHWULFV��$LJQHU�HW�DO����������%LRPHWULFV� �5REHUWV��������DQG�ILQDQFH� �%DUWROXFFL�HW�DO���������ZDV�JHQHUDOL]HG�WR�WKH�PXOWLYDULDWH�FDVH��$]]DOLQL�DQG�'DOOD�9DOOH��������DV�IROORZV�
��� � � � �> @�.����� �) [
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ZKHUH�IQ�[_PP��66�� LV� WKH�S�G�I��RI�D�Q�GLPHQVLRQDO� �QRUPDO�GLVWULEXWLRQ�ZLWK�PHDQ�PP DQG�YDULDQFH� 66�� :H� VKDOO� ZULWH� 61�PP��66��DD�� WR� GHQRWH� WKDW� WKH� GLVWULEXWLRQ� ���� LV� Q�GLPHQVLRQDO�VNHZ�QRUPDO�ZLWK�ORFDWLRQ�YHFWRU�PP��VFDOH�PDWUL[�66 DQG�VKDSH�YHFWRU�DD�$SSOLFDWLRQV� RI WKH�PXOWLYDULDWH� VNHZ�QRUPDO� GLVWULEXWLRQ� LQFOXGH� LQIHUHQFH� IURP� QRQ�UDQGRP� VDPSOHV� �&RSDV� DQG� /L�� ������ DV�ZHOO� DV� GLVFULPLQDQW� DQDO\VLV� DQG� JUDSKLFDO�PRGHOV��$]]DOLQL�DQG�&DSLWDQLR��������7KH�DERYH�DSSOLFDWLRQV�DUH�IUHTXHQWLVW�LQ�QDWXUH��EXW�GLVWULEXWLRQ�����SOD\V�D�UHOHYDQW�UROH�ZLWKLQ� WKH� 2¶+DJDQ� DQG� /HRQDUG� PRGHO�� WRR�� � 7KH� MRLQW� GLVWULEXWLRQ� RI� WKH� GDWD� LV�PXOWLYDULDWH�VNHZ�QRUPDO��ZKHQ�WKH�SULRU�GLVWULEXWLRQ�LV�VNHZ�QRUPDO��0RUHRYHU�XQGHU�WKH�VDPH�DVVXPSWLRQV��WKH�SUHGLFWLYH�GLVWULEXWLRQ�LV�JHQHUDOL]HG�VNHZ�QRUPDO�7KH� SUHVHQW� SDSHU� GHDOV� ZLWK� WKH� XQLYDULDWH� FDVH� RQO\� �L�H�� WKH� PHDQ� LV� D� VFDODU���([WHQVLRQ� WR� WKH� PXOWLYDULDWH� FDVH�� ZKHUH� WKH� PHDQ� LV� D� YHFWRU� VXEMHFW� WR� OLQHDU�FRQVWUDLQWV��LV�GHDOW�ZLWK�LQ�D�ZRUN�ZKLFK�LV�FXUUHQWO\�LQ�SURJUHVV�
0DUJLQDO�GLVWULEXWLRQ7KHRUHP� �� /HW� ;��;��«�;Q EH� D� UDQGRP� VDPSOH� IURP� WKH� FRQGLWLRQDO� GLVWULEXWLRQ�1�T�V���� ZKHUH� 4 LV� 61�P�Y�O��� 7KHQ� WKH� PDUJLQDO� GHQVLW\� RI� ;��;��«�;Q� LV�PXOWLYDULDWH�VNHZ�QRUPDO�

���6NHWFK�RI�SURRI��7KH�PDUJLQDO�GHQVLW\�RI��;��;��«�;Q LV�
���
'HILQH�QRZ�WKH�LQWHJUDQG�YDULDEOH�Z�
���
7KHQ�����LV�HTXLYDOHQW�WR

���
$SSO\�QRZ�D ZHOO�NQRZQ�SURSHUW\�RI�QRUPDO�LQWHJUDOV��2ZHQ��������DQG�ZULWH�
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���%\�GHILQLWLRQ��WKH�DERYH�GHQVLW\�LV�HTXLYDOHQW�WR�����DQG�WKLV�FRPSOHWHV�WKH�SURRI��3UHGLFWLYH�GLVWULEXWLRQ
7KHRUHP��� /HW�[��«[Q EH�D�UDQGRP�VDPSOH�IURP�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�1�T�V����ZKHUH�4 LV�61�P�Y�O���7KHQ�WKH�SUHGLFWLYH�GLVWULEXWLRQ�RI�;Q�� �DVVXPHG�FRQGLWLRQDOO\�LQGHSHQGHQW�RI��DQG�ZLWK�WKH�VDPH�GLVWULEXWLRQ�RI�;��«;Q ��LV�JHQHUDOL]HG�VNHZ�QRUPDO��7KDW�LV�

���6NHWFK�RI�SURRI� IURP�WKHRUHP���ZH�NQRZ�WKDW�WKH�MRLQW�GLVWULEXWLRQ�RI��;��;��«�;Q��LV�PXOWLYDULDWH�VNHZ�QRUPDO��VR�WKDW

���
)URP�WKH�GHILQLWLRQV�RI��P[��VQ�GQ DQG�W[ ZH�FDQ�UHZULWH������DV�IROORZV�

���
7KH�ILUVW�UDWLR�LQ�WKH�DERYH�HTXDWLRQ�LV�WKH�FRQGLWLRQDO�GHQVLW\�RI�;Q�� JLYHQ�;��;��«�;QZKHQ� ;��;��«�;Q��� DUH� DVVXPHG� WR� EH� H[FKDQJHDEOH� DQG� QRUPDOO\� GLVWULEXWHG� ZLWK�(�;L� P�� 9�;L� Y��V��� &�;L�;M� Y��� :H� FDQ� WKHUHIRUH� DSSO\� VWDQGDUG� UHVXOWV� RI�HTXLFRUUHODWLRQ�PDWULFHV�
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5HFDOO� QRZ� WKH� GHILQLWLRQ� RI� JHQHUDOL]HG� VNHZ�QRUPDO� GLVWULEXWLRQ� DQG� WKH� SURRI� LVFRPSOHWH�
%D\HVLDQ�SUHGLFWLRQ
7KHRUHP��� /HW�[��«[Q EH�D�UDQGRP�VDPSOH�IURP�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�1�T�V����ZKHUH�4 LV� 61�P�Y�O���7KHQ� WKH�%D\HVLDQ� SUHGLFWLRQ��ZLWK� UHVSHFW� WR� WKH� VTXDUH� ORVV�IXQFWLRQ��DQG�WKH�FRUUHVSRQGLQJ�H[SHFWHG�ORVV��DUH

����
7KH�SURRI�IRU�WKLV�WKHRUHP�HDVLO\�IROORZV�IURP�VWDQGDUG�LQWHJUDWLRQ�WHFKQLTXHV�5HIHUHQFHV
$LJQHU�'�-���/RYHOO��&�$�.�����6FKPLG��3���������)RUPXODWLRQ�DQG�HVWLPDWLRQ�RI�VWRFKDVWLF�IURQWLHU�SURGXFWLRQ�IXQFWLRQ�PRGHO��-RXUQDO�RI�(FRQRPHWULFV�����������$]]DOLQL��$���������$�FODVV�RI�GLVWULEXWLRQV�ZKLFK�LQFOXGHV�WKH�QRUPDO�RQHV��6FDQGLQDYLDQ�-RXUQDO�RI�6WDWLVWLFV������������$]]DOLQL��$����'DOOD�9DOOH��$����������7KH�PXOWLYDULDWH�VNHZ�QRUPDO�GLVWULEXWLRQ��%LRPHWULND� ������������$]]DOLQL��$����&DSLWDQLR��$���������6WDWLVWLFDO�DSSOLFDWLRQV�RI�WKH�PXOWLYDULDWH�VNHZ�QRUPDO�GLVWULEXWLRQ��-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��%��������������%DUWROXFFL�)���'H�/XFD�*���/RSHUILGR�1��������$�JHQHUDOL]DWLRQ�IRU�VNHZQHVV�LQ�WKH�EDVLF�VWRFKDVWLF�YRODWLOLW\�PRGHO��LQ�3URFHHGLQJV�RI�WKH���WK ,QWHUQDWLRQDO�ZRUNVKRS�RQ�6WDWLVWLFDO�0RGHOOLQJ���������&RSDV��-�E���/L�+�*���������,QIHUHQFH�IURP�QRQUDQGRP�VDPSOHV��-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�VRFLHW\�%������������2¶+DJDQ�$��/HRQDUG�7���������%D\HV�HVWLPDWLRQ�VXEMHFW�WR�XQFHUWDLQW\�DERXW�SDUDPHWHU�FRQVWUDLQWV��%LRPHWULND ������������5REHUWV�&���������$�FRUUHODWLRQ�PRGHO�XVHIXO�LQ�WKH�VWXG\�RI�WZLQV��-RXUQDO�RI�WKH�$PHULFDQ��VWDWLVWLFDO�$VVRFLDWLRQ�����2ZHQ�'��%��������$�WDEOH�RI�QRUPDO�LQWHJUDOV��&RPPXQLFDWLRQV�LQ 6WDWLVWLFV�%�������������
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