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0XVLFDO�,QVWUXPHQW�5HFRJQLWLRQ�8VLQJ�$UWLILFLDO�
1HXUDO�1HWZRUN�

0DKPRXG�6KLUD]L��$OLUH]D�.KDQWH\PRRUL��%DKUDP�6DGHJKL�%LJKDP�
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFHV�DQG�,QIRUPDWLRQ�7HFKQRORJ\�

,QVWLWXWH�IRU�$GYDQFHG�6WXGLHV�LQ�%DVLF�6FLHQFHV��,$6%6��
=DQMDQ��,UDQ�

^P�VKLUD]L��NKDQWH\PRRUL��EBVDGHJKLBE`#LDVEV�DF�LU�

$EVWUDFW²� 7KLV� SDSHU� DGGUHVVHV� PXVLFDO� VRXQGV� UHFRJQLWLRQ�
SURGXFHG� E\� GLIIHUHQW� LQVWUXPHQW� DQG� IRFXV� RQ� FODVVLILFDWLRQ� RI�
LQVWUXPHQW� WRQHV�� $UFKLWHFWXUH� RI� EDFN�SURSDJDWLRQ� DQG�
QHWZRUNV� DUH� DSSOLHG� DV� FODVVLILHUV�� 7KH� GLVFUHWH� )RXULHU�
WUDQVIRUP� YHFWRUV�� PHDQ�� DQG� YDULDQFH� H[WUDFWHG� IURP� HDFK�
VHJPHQW�DUH�XVHG�DV�SDUDPHWHUV��7KH�0XVLF�,QVWUXPHQW�6DPSOH�
'DWDEDVH� �8,2:$�� LV� XVHG� IRU� WKLV� H[SHULPHQW��7KH�QXPEHU�RI�
LQVWUXPHQW� LV� ���� :H� XVH� ��� GLIIHUHQW� VWUXFWXUHV� RI� QHXUDO�
QHWZRUNV� IRU� UHFRJQLWLRQ� WKHVH� LQVWUXPHQWV� DQG� FRPSDUH� WKH�
UHVXOWV��(]]DLGL�+DVVDQ�>�@�REWDLQHG�65���� ������E\�0/3�ZLWK�
���� ����� DQG�����XQLWV� LQ� WKH�PLGGOH� OD\HU�ZLWKRXW� LPSDFWLQJ� RI�
WUDLQLQJ�GDWD�VHW��:H�REWDLQ�65���� ������XVLQJ�D�GLIIHUHQW�ZD\�
IRU�DQDO\]LQJ�WKH�PXVLF�VRXQGV��

.H\ZRUGV�FRPSRQHQW�� 0XVLFDO� LQVWUXPHQW� UHFRJQLWLRQ��
&ODVVLILFDWLRQ�� %DFN�3URSDJDWLRQ� 1HXUDO� 1HWZRUN�� 0XOWLOD\HU�
3HUFHSWURQ��0/3��

,� ,1752'8&7,21

$XWRPDWLF� LQVWUXPHQW� UHFRJQLWLRQ� LV� D� VXEWDVN� RI� PXVLFDO�
FRQWHQW� LGHQWLILFDWLRQ�� 5HFHQWO\� PDQ\� VWXGLHV� KDYH� EHHQ�
RULHQWHG�WR�PXVLFDO�VLJQDO�DQDO\VLV�DQG�SURFHVVLQJ�LQ�RUGHU� WR�
UHVSRQG�WR�WKH�KLJK�GHPDQG�RI�LQWHUQHW�XVHUV�DQG�WR�FRXQWOHVV�
PXOWLPHGLD�DSSOLFDWLRQV��7KH�GHPDQG�LQFOXGHV�DXGLR�LQGH[LQJ��
DXWRPDWLF� WUDQVFULSWLRQ�� JHQUH� FODVVLILFDWLRQ�� VLQJHU�
LGHQWLILFDWLRQ�DQG�LQVWUXPHQW�UHFRJQLWLRQ�>�@��
���9DULRXV� DWWHPSWV� KDYH� EHHQ� PDGH� WR� FRQVWUXFW� DXWRPDWLF�
PXVLFDO� LQVWUXPHQW� UHFRJQLWLRQ� V\VWHPV� >���@�� 5HVHDUFKHUV�
KDYH�XVHG�GLIIHUHQW�DSSURDFKHV�DQG�VFRSHV��DFKLHYLQJ�GLIIHUHQW�
SHUIRUPDQFHV��0RVW�V\VWHPV�KDYH�RSHUDWHG�RQ� LVRODWHG�QRWHV��
RIWHQ� WDNHQ� IURP� WKH� VDPH�� VLQJOH� VRXUFH�� DQG� KDYLQJ� QRWHV�
RYHU� D� YHU\� VPDOO� SLWFK� UDQJH�� 7KHUH� DUH� PDQ\� PHWKRGV� IRU�
LQVWUXPHQW� UHFRJQLWLRQ�� ZKLFK� XVH� FRPPRQ� VSHFWUR�WHPSRUDO�
SURSHUWLHV�OLNH�FHSVWUDO�FRHIILFLHQWV�RU�VSHFWUDO�HQYHORSHV���
���,Q� WKLV� SDSHU�� ZH� XVH� WKH� DUWLILFLDO� QHXUDO� QHWZRUN� IRU�
LQVWUXPHQW�UHFRJQLWLRQ��7KH�XWLOLW\�RI�DUWLILFLDO�QHXUDO�QHWZRUN�
PRGHOV�OLHV�LQ�WKH�IDFW�WKDW�WKH\�FDQ�EH�XVHG�WR�LQIHU�D�IXQFWLRQ�
IURP�REVHUYDWLRQV�DQG�DOVR�WR�XVH�LW��7KLV�LV�SDUWLFXODUO\�XVHIXO�

LQ�DSSOLFDWLRQV�ZKHUH�WKH�FRPSOH[LW\�RI�WKH�GDWD�RU�WDVN�PDNHV�
WKH�GHVLJQ�RI�VXFK�D�IXQFWLRQ�E\�KDQG�LPSUDFWLFDO��

$UWLILFLDO� 1HXUDO� 1HWZRUN� �$11�� LV� D� PRGHO� WKDW� LV�
LQVSLUHG�IURP�KXPDQ�ELRORJLFDO�FHOOV��7KH�$11�PDLQ�SURSHUW\�
LV� WKDW� LW� LV� DEOH� WR� OHDUQ� IURP� LQSXW� �8QVXSHUYLVHG��RU� LQSXW�
RXWSXW��6XSHUYLVHG��DQG�VXEVHTXHQWO\�SURGXFH�RXWSXW�IRU�QHZ�
LQSXW�GDWD��

7KH� 0XOWLOD\HU� 3HUFHSWURQ� �0/3�� QHXUDO� QHWZRUNV� KDYH�
RQH�LQSXW�OD\HU��7KH�LQSXW�GDWD�DUH�JLYHQ�WR�WKH�QHWZRUN�IURP�
LQSXW� OD\HU��7KHVH�QHWZRUNV�KDYH�RQH�RU�PRUH�PLGGOH� OD\HUV��
7KH�HQFRGHG�RXWSXW�GDWD�DUH�SURGXFHG�E\�RXWSXW�OD\HU��

$� ZHOO� NQRZQ� NLQG� RI� WKH� 0/3� LV� RQH� ZLWK� %DFN�
3URSDJDWLRQ� �%3�� QHXUDO� QHWZRUN�� ,Q� WKLV� SDSHU�� ZH� XVH� WKLV�
NLQG� RI� QHXUDO� QHWZRUN� WKDW� LV� OHDUQHG� IURP� XQVXSHUYLVHG�
OHDUQLQJ�DOJRULWKPV��
������(]]DLGL� +DVVDQ� >�@� SURSRVHG� WKH� XVH� RI� GLIIHUHQW� QHXUDO�
QHWZRUNV� VWUXFWXUHV� IRU� PXVLF� LQVWUXPHQWV� UHFRJQLWLRQ�� +H�
XVHG� D� 0XOWLOD\HU� 3HUFHSWURQ� �0/3�� QHXUDO� QHWZRUN� ZLWK�
EDFN�SURSDJDWLRQ� IRU� FODVVLI\� ��� DQG� ��� PXVLF� LQVWUXPHQWV��
7KH�IDVWHVW�DQG�VWHHSHVW�GHVFHQW�ZLWK�WKH�PRPHQWXP�DOJRULWKP�
XVHG�LQ�WKH�WUDLQLQJ�SURFHVV�WR�XSGDWH�WKH�QHWZRUNV�ZHLJKW�DQG�
ELDVHV�LQ�WKH�QHJDWLYH�GLUHFWLRQ�RI�WKH�JUDGLHQW��
�����,Q�WKLV�SDSHU��ZH�XVH�GLIIHUHQW�VWUXFWXUHV�RI�QHXUDO�QHWZRUNV�
IRU�UHFRJQLWLRQ����LQVWUXPHQWV�DQG�FRPSDUH�WKH�UHVXOWV��

�����7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQL]HG� DV� IROORZLQJ�� 7KH�
0/3�ZLWK�%DFN�3URSDJDWLRQ�QHXUDO�QHWZRUN�LV�GLVFXVVHG�LQ�WKH�
6HFWLRQ� ,,� JHQHUDOO\�� 7ZR� FRPPRQ� NLQGV� RI� WKH� OHDUQLQJ�
DOJRULWKPV� WKDW�ZH�XVH� LQ� WKLV�SDSHU�DUH�HODERUDWHG� LQ�6HFWLRQ�
,,,��DQG�ILQDOO\�WKH�H[SHULPHQWDO�UHVXOWV�DUH�SUHVHQWHG�LQ�6HFWLRQ�
,9�

,,� %$&.�3523$*$7,21�1(85$/�1(7:25.

7KH� RXWSXW� IURP� D EDFNSURSDJDWLRQ� QHXUDO� QHWZRUN� LV�
FRPSXWHG�XVLQJ�D�SURFHGXUH�NQRZQ�DV� WKH� IRUZDUG�EDFNZDUG�
SDVV���

,Q� IRUZDUG� SDVV� WKH� LQSXW� OD\HU� SURSDJDWHV� D� SDUWLFXODU�
LQSXW� YHFWRU¶V� FRPSRQHQWV� WR� HDFK� QRGH� LQ� WKH�PLGGOH� OD\HU��
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7KH�6HFRQG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RQWHPSRUDU\�,VVXHV�LQ�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFHV

7KHQ� WKH� PLGGOH� OD\HU� QRGHV� FRPSXWH� RXWSXW� YDOXHV�� ZKLFK�
EHFRPH� LQSXWV� WR� WKH� QRGHV� RI� WKH� RXWSXW� OD\HU�� 7KH� RXWSXW�
OD\HU�QRGHV�FRPSXWH�WKH�QHWZRUN�RXWSXW�IRU�D�SDUWLFXODU�LQSXW�
YHFWRU��
�����7KH� IRUZDUG� SDVV� SURGXFHV� DQ� RXWSXW� YHFWRU� IRU� D� JLYHQ�
LQSXW�YHFWRU�EDVHG�RQ�WKH�FXUUHQW�VWDWH�RI�WKH�QHWZRUN�ZHLJKWV��
7KH�ZHLJKWV� DUH� DGMXVWHG� WR� UHGXFH� WKH� HUURU� E\� SURSDJDWLQJ�
WKH� RXWSXW� HUURU� EDFNZDUG� WKURXJK� WKH� QHWZRUN�� %HFDXVH� WKH�
GHVLUHG�RXWSXW� IRU�HDFK�QRGH� LV�NQRZQ�� LQ�EDFNZDUG�SDVV� WKH�
QHWZRUN� FRPSXWHV� HUURU� YDOXHV� IRU� HDFK� QRGH� LQ� WKH� RXWSXW�
OD\HU�� 7KHUHIRUH�� WKH� QHWZRUN� FRPSXWHV� WKH� HUURU� IRU� WKH�
PLGGOH� OD\HU�QRGHV��7KH� DPRXQW�RI� HUURU�GXH� WR� HDFK�PLGGOH�
OD\HU�QRGH�GHSHQGV�RQ� WKH� VL]H�RI� WKH�ZHLJKW� DVVLJQHG� WR� WKH�
FRQQHFWLRQ�EHWZHHQ� WKH� WZR�QRGHV��7KHQ� WKH�QHWZRUN�DGMXVWV�
WKH�ZHLJKW�YDOXHV� WR� LPSURYH�QHWZRUN�SHUIRUPDQFH�XVLQJ� WKH�
'HOWD�5XOH��)LQDOO\��WKH�QHWZRUN�FRPSXWHV�WKH�RYHUDOO�HUURU�WR�
WHVW� QHWZRUN� SHUIRUPDQFH�� 7KH� WUDLQLQJ� VHW� LV� UHSHDWHGO\�
SUHVHQWHG� WR� WKH� QHWZRUN� DQG� WKH�ZHLJKW� YDOXHV� DUH� DGMXVWHG�
XQWLO�WKH�RYHUDOO�HUURU�LV�EHORZ�D�SUHGHWHUPLQHG�WROHUDQFH��

,� /($51,1*�$/*25,7+06

6XSHUYLVHG�OHDUQLQJ�UHTXLUHV�D�WUDLQLQJ�VHW�WKDW�FRQVLVWV�RI�
LQSXW� YHFWRU� DQG� D� WDUJHW� YHFWRU� DVVRFLDWHG� ZLWK� HDFK� LQSXW�
YHFWRU�� 7KH� 11� OHDUQHU� XVHV� WKH� WDUJHW� YHFWRU� WR� GHWHUPLQH�
KRZ�ZHOO� LW� KDV� OHDUQHG�� DQG� WR� JXLGH� DGMXVWPHQWV� WR�ZHLJKW�
YDOXHV� WR� UHGXFH� LWV� RYHUDOO� HUURU�� 7KH� ZHLJKW� XSGDWLQJ� LV�
JHQHUDOO\�GHVFULEHG�DV��
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+HUH� ZLM��Q��LV�GHWHUPLQHG�E\�OHDUQLQJ�DOJRULWKP�DQG�ZLM�Q��
LV� LQLWLDOL]HG� UDQGRPO\�� ,Q� WKLV� SDSHU�� WKH� IROORZLQJ� WZR�
VXSHUYLVHG�DOJRULWKPV�KDYH�EHHQ�HPSOR\HG�DQG�WKHLU�SUHGLFWLRQ�
SRZHU�DQG�WKHLU�SHUIRUPDQFHV�KDYH�EHHQ�FRPSDUHG��

$� *UDGLHQW�'HVFHQW�%3�DOJRULWKP�

,Q�WKLV�DOJRULWKP��OHDUQLQJ�LWHUDWLRQ�FRQVLVWV�RI�WZR�SKDVHV�
IRUZDUG� SDVV��ZKLFK� VLPSO\� FDOFXODWHV� WKH� RXWSXW�V�� YDOXH� RI�
WKH�11� IRU� HDFK� WUDLQLQJ�SDWWHUQ�� DQG�EDFNZDUG�SURSDJDWLRQ��
ZKLFK�SURSDJDWHV�IURP�WKH�RXWSXW�OD\HU�WRZDUG�WKH�LQSXW�OD\HU�
ZKHUH� ZHLJKWV� DUH� DGMXVWHG� DV� IXQFWLRQV� RI� WKH� EDFN�
SURSDJDWLRQ�HUURU�VLJQDO��

,Q�WKLV�DOJRULWKP��WKH�6XP�6TXDUHG�(UURU��66(��LV�XVHG�DV�
WKH� REMHFWLYH� IXQFWLRQ�� DQG� WKH� HUURU� RI� RXWSXW� QHXURQ� M�
FRPSXWHV�DV�IROORZV��
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ZKHUH� GM�Q�� DQG� \M�Q�� DUH� UHVSHFWLYHO\� WKH� WDUJHW� DQG� WKH�
DFWXDO�YDOXHV�RI�WKH�M�WK�RXWSXW�XQLW��

7KH�WRWDO�PHDQ�VTXDUHG�HUURU�LV�WKH�DYHUDJH�RI�WKH�QHWZRUN�
HUURUV�RI�WKH�WUDLQLQJ�H[DPSOHV��
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$�ZHLJKWHG�VXP�DM��IRU�WKH�JLYHQ�LQSXW�[L��DQG�ZHLJKWV�ZLM��
LV�FRPSXWHG�DV�IROORZV��
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+HUH�Q�LV�WKH�QXPEHU�RI�LQSXWV�WR�RQH�QHXURQ��
7KH� VWDQGDUG� VLJPRLG� DFWLYDWLRQ� IXQFWLRQ� ZLWK� YDOXHV�

EHWZHHQ���DQG���LV�XVHG�WR�GHWHUPLQH�WKH�RXWSXW�DW�QHXURQ�M��

MDMM
H

DI\
�

�
�� ������������������������������

:HLJKWV�DUH�XSGDWHG�DFFRUGLQJ�WR�IROORZLQJ�HTXDWLRQ��
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�LV�OHDUQLQJ�UDWH��

%� *UDGLHQW�'HVFHQW�%3�ZLWK�PRPPHQWXP�DOJRULWKPV�

7KH� FRQYHUJHQFH� RI� WKH� QHWZRUN� E\� EDFN� SURSDJDWLRQ� LV�
FUXFLDO�SUREOHP�EHFDXVH�LW�UHTXLUHV�PXFK�LWHUDWLRQ��7R�PLWLJDWH�
WKLV�SUREOHP��D�SDUDPHWHU�FDOOHG�³0RPHQWXP´��FDQ�EH�DGGHG�
WR�%3�OHDUQLQJ�PHWKRG�E\�PDNLQJ�ZHLJKW�FKDQJHV�HTXDO�WR�WKH�
VXP�RI�IUDFWLRQ�RI�WKH�ODVW�ZHLJKW�FKDQJH�DQG�WKH�QHZ�FKDQJH�
VXJJHVWHG�E\�

���������� WZWZWZWZ LMLMLMLM ����

ZKHUH� LV� PRPHQWXP� FRQVWDQW�� 7KH� PRPHQWXP� LV� DQ�
HIIHFWLYH�PHDQV�QRW�RQO\�WR�DFFHOHUDWH�WKH�WUDLQLQJ�EXW�DOVR�WR�
DOORZ�WKH�QHWZRUN�WR�UHVSRQG�WR�WKH��ORFDO��JUDGLHQW�>�@��

,� (;3(5,0(17$/�5(68/76

7KLV�SDSHU�DGGUHVVHV�PXVLFDO�VRXQGV�UHFRJQLWLRQ�SURGXFHG�
E\� GLIIHUHQW� LQVWUXPHQWV� DQG� IRFXVHV� RQ� WKH� FODVVLILFDWLRQ� RI�
LQVWUXPHQW� WRQHV�� :H� XVH� GLIIHUHQW� VWUXFWXUHV� RI� QHXUDO�
QHWZRUNV� IRU� WKH� UHFRJQLWLRQ� RI� ��� W\SHV� RI� LQVWUXPHQWV� DQG�
FRPSDUH�WKH�UHVXOWV��
(]]DLGL� +DVVDQ� >�@� REWDLQHG� 65 � ���� ������ DQG�
65���� ������ E\� 0/3� ZLWK� ���� ����� DQG� ���� XQLWV� LQ� WKH�
PLGGOH�OD\HU�ZLWKRXW�LPSDFWLQJ�RI�WUDLQLQJ�GDWD�VHW��:H�REWDLQ�
65���� ������ XVLQJ� D� GLIIHUHQW�ZD\� IRU� DQDO\]LQJ� WKH�PXVLF�
VRXQGV�� DQG� 0/3� ZLWK� GLIIHUHQW� SDUDPHWHUV� IRU� WKH� PXVLFDO�
LQVWUXPHQW�UHFRJQLWLRQ�ZLWKRXW�LPSDFWLQJ�RI�WUDLQLQJ�GDWD�VHW��

� 65�����LV�WKH�VFRUH�UHFRJQLWLRQ�IRU�LQVWUXPHQWV�LGHQWLILFDWLRQ�
ZLWK�0/3�QHWZRUNV�IRU����LQVWUXPHQWV
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$� 'DWDEDVH�

7KH�FROOHFWLRQ�RI�LQVWUXPHQWV�XVHG�LQ�WKLV�ZRUN�LV�IURP�WKH�
GDWDEDVH� RI� WKH� 8QLYHUVLW\� RI� ,RZD� >�@�� PXVLFDO� LQVWUXPHQW�
VDPSOHV��7KH�FROOHFWLRQ� LV�FRPSRVHG�RI���� LQVWUXPHQWV�ZKLFK�
DUH�DV�WKH�IROORZLQJ��)OXWH��%DVV�)OXWH��%DVV�&ODULQHW��6RSUDQR�
6D[RSKRQH�� %E� &ODULQHW�� %DVVRRQ�� $OWR� 6D[RSKRQH�� )UHQFK�
+RUQ�� 7HQRU� 7URPERQH�� 9LROLQ�� $OWR� )OXWH�� %E� 7UXPSHW��
'RXEOH�%DVV��DQG�3LDQR���

7KH�IUHTXHQF\�RI�DOO�VDPSOHV�LV������.+]�DQG�WKH�QXPEHU�
RI� VDPSOH� IRU� HDFK� LQVWUXPHQW� LV� QRW� HTXDO� LQ� WKH� FROOHFWLRQ�
DERYH�� 6RPH� RI� WKHVH� LQVWUXPHQWV�� OLNH� %DVV� )OXWH�� KDYH� ���
VDPSOHV�DQG�VRPH�RI�WKH�RWKHUV��OLNH�3LDQR��KDYH�����VDPSOHV��
:H�ZDQW�WR�XVH�D�VHW�RI����VDPSOHV�IRU�DOO�WKHVH�LQVWUXPHQWV�DV�
LQSXW� LQ� RXU�ZRUN�� 6LQFH� HDFK� VDPSOH� LQ� WKLV� FROOHFWLRQ� SOD\V�
WKH� UHSHDWHG� QRWH�� IRU� LQFUHDVLQJ� WKH� QXPEHU� RI� HQWULHV�� HDFK�
VDPSOH� LV� GLYLGHG� LQWR� VHYHUDO� SDUWV� ZLWK� HTXDO� OHQJWKV��
7KHUHIRUH�� D� VHW� RI� ��� VDPSOHV� IRU� DOO� WKHVH� LQVWUXPHQWV� LV�
H[WUDFWHG�DQG�XVHG�LQ�WKLV�ZRUN�����SHUFHQW�RI�WKHVH�VDPSOHV�DUH�
XVHG� IRU� WUDLQLQJ� DQG� WKH� UHVW� RI� WKHP� DUH� XVHG� WR� WHVW� WKH�
QHWZRUN��

%� $QDO\VLV�RI�PXVLF�

+HUH��ZH�ILUVW�UHDG�HDFK�RI�WKH�VDPSOHV�DV�D�VLJQDO��7KHQ�ZH�
DQDO\]H�WKHVH�VDPSOHV�IRU�XVLQJ�DV�LQSXW�RI�WKH�QHXUDO�QHWZRUN��
,Q� WKH� DQDO\VLV� SURFHGXUH� ZH� ILUVW� FDOFXODWH� WKH� )DVW� )RXULHU�
7UDQVIRUP��))7��RI�WKH�LQSXW�YHFWRU��7KH�))7�RXWSXW�LV�GLYLGHG�
LQWR�����VHFWLRQV�ZLWK�WKH�VDPH�OHQJWK��0HDQ�DQG�YDULDQFH�RI�
GDWD�LQ�HDFK�VHFWLRQ�LV�FDOFXODWHG�DV�WKH�LQGLFDWRU�IRU�WKDW��7KHVH�
LQGLFDWRUV� DUH� XVHG� IRU� FRQVWUXFWLQJ� WKH� RXWSXW� YHFWRU� IRU� WKLV�
VWHS�� 2EYLRXVO\�� WKH� OHQJWK� RI� WKH� RXWSXW� YHFWRU� LV� ����� 7KLV�
RXWSXW�YHFWRU�LV�WKH�RQH�XVHG�LQ�WKH�QHXUDO�QHWZRUN��2QH�VDPSOH�
RI�D�SDUWLFXODU�VLJQDO��WKH�))7�RI�WKLV�VLJQDO��DQG�WKH�RXWSXW�RI�
DQDO\VLV�VWHS�DUH�VKRZQ�LQ�)LJ�����

&� 7UDLQ�DQG�7HVW�

:H� XVH� D� 0XOWLOD\HU� 3HUFHSWURQ� �0/3�� QHXUDO� QHWZRUN�
ZLWK� EDFN�SURSDJDWLRQ� DV� D� FODVVLILHU�� 7KH� QXPEHU� RI� WKH�
H[LVWLQJ�FHOOV� LQ� WKH�KLGGHQ� OD\HU� LV� WDNHQ�IURP� WKH� IROORZLQJ�
QXPEHUV���������������DQG�����

7ZR�OHDUQLQJ�DOJRULWKPV��GHVFULEHG�LQ�WKH�6HFWLRQ�,,,��DUH�
XVHG� IRU� FRPSDULQJ� WKH� UHVXOWV�� )LUVW� RQH� LV� WKH� JUDGLHQW�
GHVFHQW� EDFN�SURSDJDWLRQ� ZLWK� DGDSWLYH� OHDUQLQJ� UDWH�
�7UDLQJG[��� DQG� WKH� ODWWHU� RQH� LV� WKH� IDVWHVW� DQG� VWHHSHVW�
GHVFHQW�ZLWK�WKH�PRPHQWXP�DOJRULWKP��7UDLQJGP���,Q�ERWK�RI�
WKH� DERYH� FDVHV�� WKH� PXOWLOD\HU� QHWZRUN� XVHV� WKH� VLJPRLG�
WUDQVIHU�IXQFWLRQ��7KH�QXPEHU�RI�WKH�LWHUDWLRQV�LV�VHW�WR�����LQ�
WKH� OHDUQLQJ� SURFHGXUH�� ,Q� WKH� VHFRQG� FDVH�� WKDW� XVHV� WKH�
PRPHQWXP�DOJRULWKP�DV�WKH�WUDLQLQJ�IXQFWLRQ��WKH�OHDUQLQJ�UDWH�
LV�IL[HG�WR�����DQG�WKH�PRPHQWXP�FRQVWDQW�LV�IL[HG�WR�����

,Q� WKLV� SDSHU� ZH� ZDQW� WR� XVH� ��� GLIIHUHQW� VWUXFWXUHV� RI�
0/3� IRU� FRPSDULQJ� WKH� UHVXOWV�� 7KHVH� VWUXFWXUHV� FRQVWUXFWHG�
IURP� WKUHH� SDUDPHWHUV�� 7KHVH� SDUDPHWHUV� FRQVLVW� RI� WZR�
OHDUQLQJ�DOJRULWKPV��6HFWLRQ�,,,��� WKH�QXPEHU�RI�PLGGOH� OD\HUV�
�RQH� RU� WKUHH��� DQG� WKH� QXPEHU� RI� FHOOV� LQ� HDFK�PLGGOH� OD\HU�
��������������DQG�������,Q�RUGHU�WR�IDFLOLWDWH�DQDO\VLV�RI�UHVXOWV��
ZH� DUH� PL[HG� WKH� VWUXFWXUHV� ZKLFK� XVLQJ� WKH� VDPH� OHDUQLQJ�
DOJRULWKP�DQG�WKH�VDPH�QXPEHU�RI�PLGGOH�OD\HU��7KHUHIRUH��ZH�
KDYH� �� QHZ� VWUXFWXUHV� WKDW� HDFK� RI� WKHP� FRQWDLQV� IRXU� VXE�
VWUXFWXUHV��7KH�GLIIHUHQFH�RI�WKHVH�VXE�VWUXFWXUHV�LV�WKH�QXPEHU�
RI� FHOOV� LQ� HDFK�PLGGOH� OD\HU��$V� VKRZHG� LQ�7DEOH� ,�� HDFK� RI�
WKHVH�VWUXFWXUHV�KDYH�RQH�12��,Q�FRQWLQXDQFH RI�WKLV�SDSHU�ZH�
UHIHUHQFH�WR�HDFK�VWUXFWXUH�ZLWK�LWV�VWUXFWXUH�12��

7$%/(�,�������'LIIHUHQW�VWUXFWXUHV�RI�0/3�WKDW�XVHG�LQ�WKLV�SDSHU

6WUXFWXUH� 1XPEHU�RI�
PLGGOH�OD\HU�

7UDLQLQJ�IXQFWLRQ�

,� �� 7UDLQJG[�
,,� �� 7UDLQJG[�
,,,� �� 7UDLQJGP�
,9� �� 7UDLQJGP�

,GHQWLI\�DSSOLFDEOH�VSRQVRU�V�KHUH��,I�QR�VSRQVRUV��GHOHWH�WKLV�WH[W�ER[��
�VSRQVRUV��

,GHQWLI\�DSSOLFDEOH�VSRQVRU�V�KHUH��,I�QR�VSRQVRUV��GHOHWH�WKLV�WH[W�ER[��
�VSRQVRUV��

)LJ������D��6DPSOH�RI�D�VLJQDO��E��))7�RXWSXW�IRU�VLJQDO�WKDW�VKRZQ�LQ��D���F��2XWSXW�RI�DQDO\VLV�VWHS�

���



7KH�6HFRQG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RQWHPSRUDU\�,VVXHV�LQ�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFHV

$FFRUGLQJ� WR� WKH� SUHYLRXV� VWXGLHV�� WZR� FULWHULRQV� QDPHO\�
0DMRU�5DWLR��0$5��DQG�0LQRU�5DWLR��0,5��ZHUH�SURSRVHG�WR�
FDOFXODWH�WKH�VFRUH�SHUIRUPDQFH��7KH�0$5�FULWHULRQ�FRQVLGHUV�
DQ�LQVWUXPHQW�DV�UHFRJQL]HG�LI�WKH�VFRUH�SHUIRUPDQFH�LV�EHWWHU�
WKDQ�DOO�WKH�RWKHU�LQVWUXPHQWV�DQG�KLJKHU�WKDQ������7KH�0,5�
FULWHULRQ� H[SUHVVHV� DQ� LQVWUXPHQW� DV� UHFRJQL]HG� LI� WKH� VFRUH�
SHUIRUPDQFH� LV� RQO\�EHWWHU� WKDQ� DOO� WKH�RWKHU� LQVWUXPHQWV� DQG�
ORZHU�WKDQ������

7DEOH� ,,� SUHVHQWHG� LQ� WKLV� VHFWLRQ� LOOXVWUDWHV� WKH� GLDJRQDO�
VFRUH� UHFRJQLWLRQ� RI� WKH� FRQIXVLRQ� PDWUL[� IRU� VWUXFWXUHV�
QXPEHUV� ,� WR� ,9�� UHVSHFWLYHO\�� 7KH� YDOXH� RI� HDFK� FHOO� LQ� WKH�
7DEOH�,,,�LV�65�����FRUUHVSRQGV�WR�WKH�VFRUH�SHUIRUPDQFH�ZLWK�
���FRQVLGHUHG�LQVWUXPHQWV�DGGHG�WR�WKH�VFRUH�REWDLQHG�IURP�WKH�
0$5�DQG�0,5�FULWHULRQV��UHVSHFWLYHO\��

$V�VKRZQ� LQ�7DEOH� ,,��ZLWK�XVLQJ�7UDLQJG[�DV� WKH� WUDLQLQJ�
IXQFWLRQ�IRU�D�QHWZRUN�ZLWK�RQH�PLGGOH�OD\HU��6WUXFWXUH�,���WKH�
EHVW� VFRUH� UHFRJQLWLRQ� �65��� ZKLFK� LV� REWDLQHG� IRU� ���
LQVWUXPHQWV��LV�������IRU�WKH�PLGGOH�OD\HU�FRQVLVWHG�RI����XQLWV�
)RU� D� QHXUDO� QHWZRUN�� WKDW� XVHV� WKH� 7UDLQJG[� DV� D� WUDLQLQJ�
IXQFWLRQ�DQG�KDV�WKUHH�PLGGOH�OD\HUV��6WUXFWXUH�,,���WKH�EHVW�65�
LV�REWDLQHG�IRU����������DQG�����XQLWV�LQ�HDFK�PLGGOH�OD\HU��7KH�
EHVW� 65�� ZKLFK� LV� REWDLQHG� ZLWK� XVLQJ� WKH� 6WUXFWXUH� ,,,�� LV�
FDOFXODWHG� ������ IRU� WKH�PLGGOH� OD\HU� FRQVLVWHG� RI� ���� XQLWV��
)LQDOO\�� XVLQJ� WKH�6WUXFWXUH� ,9�� WKH�EHVW� VFRUH�SHUIRUPDQFH� LV�
FDOFXODWHG�������IRU�D�QHXUDO�QHWZRUN�WKDW�XVHV�7UDLQJGP�DV�WKH�
WUDLQLQJ� IXQFWLRQ� DQG� KDV� WKUHH�PLGGOH� OD\HUV�ZLWK� ��� DQG� ���
XQLWV�LQ�HDFK�RQH��

7$%/(�,,���7KH�VFRUH�UHFRJQLWLRQ�RI����LQVWUXPHQWV�IRU�PXOWLOD\HU�SHUFHSWURQ�
QHXUDO�QHWZRUN�

6WUXFWXUH�
6FRUH�3HUIRUPDQFH�

��� ��� ���� ����
,� ������ ������ ������ ������
,,� ������ ������ ������ ������
,,,� ������ ����� ������ �����
,9� ������ ������ ����� �����

����$V�FDQ�EH�VHHQ�IURP�7DEOH�,,�ZLWK�FKDQJLQJ�WKH�QXPEHU�RI�
XQLWV� LQ� PLGGOH� OD\HU� LQ� WKH� 6WUXFWXUHV� ,� DQG� ,,� WKH� VFRUH�
SHUIRUPDQFH�GRHV�QRW�FKDQJH�GUDVWLFDOO\��EXW� WKLV�KDSSHQV�E\�
FKDQJLQJ� WKH� QXPEHU� RI� XQLWV� LQ� PLGGOH� OD\HUV� LQ� WKH�
6WUXFWXUHV�,,,�DQG�,9���

,Q� )LJ�� ��� WKHVH� UHVXOWV� DUH� FRPSDUHG�� ,Q� WKLV� ILJXUH� WKH�
QXPEHU� RI� XQLWV� LQ� HDFK� PLGGOH� OD\HU� LV� SORWWHG� YHUVXV� WKH�
VFRUH� SHUIRUPDQFH� WR� FRPSDUH� WKH� HIIHFWV� RI� XVLQJ� WZR�
GLIIHUHQW� W\SHV�RI� WUDLQLQJ�IXQFWLRQV� WKDW� LV�XVHG� LQ�RXU�ZRUN��
7KH�UHG�DQG�JUHHQ�OLQHV�DUH�UHODWHG�WR�7UDLQJG[�DQG�7UDLQJGP�
UHVSHFWLYHO\��
)LJ�� ��D�� FRPSDUHV� WKH� UHVXOWV� REWDLQHG� IURP� XVLQJ� WKH�
7UDLQJG[� ZLWK� WKH� UHVXOWV� JDLQHG� IURP� XVLQJ� 7UDLQJGP� LQ� D�
QHXUDO�QHWZRUN�WKDW�KDV�RQH�PLGGOH�OD\HU��1HYHUWKHOHVV�ERWK�RI�
WKHVH� WUDLQLQJ� IXQFWLRQV� JLYH� XV� WKH� VDPH� VFRUH� SHUIRUPDQFH�
��������� WKHUH� LV� DQ� LPSRUWDQW� GLIIHUHQFH� EHWZHHQ� WKHLU�
EHKDYLRUV��7KH�VFRUH�SHUIRUPDQFH�FDOFXODWHG�E\� WKH�7UDLQJG[�
LV�DOPRVW�FRQVWDQW�IRU�DQ\�QXPEHU�RI�XQLWV�LQ�WKH�PLGGOH�OD\HU��
ZKLOH�WKLV�TXDQWLW\�FKDQJHV�VKDUSO\�ZKHQ�XVLQJ�WKH�7UDLQJGP��

)RU� DQ� 0/3� ZLWK� WKUHH� PLGGOH� OD\HUV� DQG� HDFK� RQH�
FRQVLVWHG� RI� ��� DQG� ��� XQLWV�� WKH� VFRUH� SHUIRUPDQFH� RI�
7UDLQJGP�LV�EHWWHU�WKDQ�WKH�VFRUH�SHUIRUPDQFH�RI�7UDLQJG[��DV�
ZDV�VKRZQ�LQ�)LJ����E���,Q�VSLWH�RI�WKLV�IDFW��WKH�7UDLQJGP�GRHV�
QRW�KDYH�D�VWDEOH�EHKDYLRU� WKDW� LV�QRW�D�JRRG�SRLQW�DERXW� WKLV�
WUDLQLQJ�IXQFWLRQ��

)LJ�� �� VKRZV� WKDW� IRU� LQVWUXPHQW� UHFRJQLWLRQ� LW� LV� PXFK�
EHWWHU� WR� XVH� 7UDLQJG[� LQVWHDG� RI� 7UDLQJGP�� EHFDXVH� WKH�
VWDELOLW\�KHOSV�WR�UHDFK�DQ�DFFHSWDEOH�UHVSRQVH�VRRQHU��

&21&/86,21

,Q� WKLV� VWXG\�� ZH� DUH� LQWHUHVWHG� LQ� WKH� LQVWUXPHQW�
LGHQWLILFDWLRQ�WDVN�LQ�WKH�PRQRSKRQLF�FRQWH[W��:H�XVH�WKH�)DVW�
)RXULHU� 7UDQVIRUP� �))7�� DQG� PHDQ� DQG� YDULDQFH� H[WUDFWHG�
IURP� HDFK� VHJPHQW� WKDW� XVHG� DV� SDUDPHWHUV�� :H� REWDLQHG�
GLIIHUHQW� VFRUH� UHFRJQLWLRQV�ZLWK�GLIIHUHQW� VWUXFWXUHV�RI�QHXUDO�
QHWZRUN��7KH�EHVW�VFRUH�UHFRJQLWLRQ�WKDW�REWDLQHG�LQ�WKLV�VWXG\�

)LJ�����7UDLQJG[�YV��7UDLQJGP��D��:LWK�RQH�PLGGOH�OD\HU��E��:LWK�WKUHH�PLGGOH�OD\HUV�

���



&,&,6¶����,$6%6��=DQMDQ��,UDQ��0D\����-XQH��������

LV� �������(]]DLGL�+DVVDQ� >�@�REWDLQHG�65���� ������E\�0/3�
ZLWK� ���� ����� DQG� ���� XQLWV� LQ� WKH� PLGGOH� OD\HU� ZLWKRXW�
LPSDFWLQJ�RI�WUDLQLQJ�GDWD�VHW���

)RU� LQVWUXPHQW� UHFRJQLWLRQ��XVLQJ� WKH�7UDLQJG[�DV� WUDLQLQJ�
IXQFWLRQ� FKDQJLQJ� WKH� QXPEHU� RI� XQLWV� LQ� WKH� KLGGHQ� OD\HUV��
GRHV�QRW�FKDQJH� WKH�VFRUH�SHUIRUPDQFH�VXEVWDQWLDOO\��EXW�ZLWK�
WKH�7UDLQJGP�DV�WUDLQLQJ�IXQFWLRQ�FKDQJLQJ�WKH�QXPEHU�RI�XQLWV�
LQ� WKH� KLGGHQ� OD\HUV�� FKDQJH� WKH� VFRUH� SHUIRUPDQFH�
VXEVWDQWLDOO\�� 7KHQ� WUDLQLQJ� IXQFWLRQ� KDV� LPSRUWDQW� UROH� LQ�
LQVWUXPHQW�UHFRJQLWLRQ��

5()(5(1&(6
>�@ (��+DVVDQ��³,QVWUXPHQWV�UHFRJQLWLRQ�XVLQJ�QHXUDO�QHWZRUNV�DQG�VSHFWUDO�

LQIRUPDWLRQ´��&RQIHUHQFH�6(7,7�������+DPPDPHW�������0DUFK��������
>�@ *�� 0D]DUDNLV�� 3�� 7]HYHOHNRV�� DQG� *�� .RXURXSHWURJORX�� �0XVLFDO�

LQVWUXPHQW� UHFRJQLWLRQ� DQG� FODVVLILFDWLRQ� XVLQJ� WLPH� HQFRGHG� VLJQDO�
SURFHVVLQJ� DQG� IDVW� DUWLILFLDO� QHXUDO� QHWZRUNV���/HFWXUH� 1RWHV� LQ�
$UWLILFLDO�,QWHOOLJHQFH��/1$,���YRO�������SS����������������

>�@ (�� %HQHWRV�� 0�� .RWWL�� DQG� &�� .RWURSRXORV�� ³/DUJH� VFDOH� PXVLFDO�
LQVWUXPHQW� LGHQWLILFDWLRQ��� LQ� 3URF�� �WK� 6RXQG� DQG� 0XVLF� &RPSXWLQJ�
&RQI���SS�����������-XO\�������

>�@ (��%HQHWRV��0��.RWWL��&��.RWURSRXORV���$SSO\LQJ�6XSHUYLVHG�&ODVVLILHUV�
%DVHG� RQ� QRQ�QHJDWLYH� 0DWUL[� )DFWRUL]DWLRQ� 7R� 0XVLFDO� ,QVWUXPHQW�
&ODVVLILFDWLRQ�QRQ�QHJDWLYH�0DWUL[�)DFWRUL]DWLRQ�7R�0XVLFDO�,QVWUXPHQW�
&ODVVLILFDWLRQ���LQ�3URF��,(((�,QW�&RQI��0XOWLPHGLD�	�([SR��-XO\�������

>�@ 6�� +D\NLQ�� �1HXUDO� 1HWZRUNV�� $� &RPSUHKHQVLYH��� VHFRQG� HGLWLRQ��
3UHQWLFH�+DOO��������

>�@ 8QLYHUVLW\� RI� � ORZD
V� 0XVLF� ,QVWUXPHQW� 6DPSOHV��
KWWS���WKHUHPLQ�PXVLF�XLRZD�HGX�0,6�KWPO
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