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7KLV� DUWLFOH� LV� GHYRWHG� WR� FRPSDULVRQ� RI� YDULRXV� DSSURDFKHV� WRZDUGV� VHQWLPHQW�
DQDO\VLV� �SRODULW\�FODVVLILFDWLRQ��RI� WKH�(QJOLVK� ILQDQFLDO�QHZV��7KH�SXUSRVH�RI� WKH�
ZRUN� LV� WR� FKHFN�� ZHDWKHU� KLJKHU� TXDOLW\� (QJOLVK� WH[WV� ZRXOG� KDYH� KLJKHU�
FODVVLILFDWLRQ�TXDOLW\�DQG�WKH�OLQNV�EHWZHHQ�TXDOLW\�RI�SRODULW\�FODVVLILFDWLRQ�DQG�WKH�
DUFKLWHFWXUHV�RI� WKH� FKRVHQ� V\VWHPV��7KH� DSSURDFKHV�� SUHVHQWHG�RQ�6HP(YDO������
FRPSHWLWLRQ�LQ�WKH�DSSURSULDWH�FDWHJRU\�RI�WDVNV� DUH�WDNHQ�DV�WKH�EDVLV��$�VSHFLDOO\�
FROOHFWHG� GDWDVHW� LV� XVHG� DV� WKH� VRXUFH� RI� (QJOLVK� ILQDQFLDO� QHZV�� ,Q� WKH� HQG�� D�
FRQFOXVLRQ�LV�PDGH�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�TXDOLW\�RI�WKH�VRXUFH�RI�(QJOLVK�
ILQDQFLDO� QHZV� DQG� WKH� TXDOLW\� RI� WKH� QHZV� GDWD� VHQWLPHQW� DQDO\VLV�� PDGH� E\� WKH�
FRPSDUHG�V\VWHPV��

.H\ZRUGV� /LQJXLVWLFV��7H[W��6HQWLPHQW�$QDO\VLV��3RODULW\�'HWHFWLRQ�

���,QWURGXFWLRQ
6HQWLPHQW�DQDO\VLV�LV�ZLGHO\�XVHG�WR�DQDO\]H�SHRSOH�RSLQLRQV�DQG�PRRGV�LQ�

YDULRXV�(QJOLVK�WH[WV��6HQWLPHQW�DQDO\VLV�RI�ILQDQFLDO�GRPDLQ�LV�GLIIHUHQW�IURP�RWKHU�
GRPDLQV��7KH� VHQWLPHQWV� RI� (QJOLVK� WH[WV� DUH� LPSRUWDQW� VRXUFH� WKDW� IRUPV�PDUNHW�
G\QDPLFV�JOREDOO\��*RRQDWLODNH�	�+HUDWK��������9DQ�GH�.DXWHU�HW�DO����������

,Q�WKH�OLWHUDWXUH�WKHUH�DUH�GLIIHUHQW�ZD\V�WR�IRUPDOL]H�WKH�PRGHO�RI�RSLQLRQV��
'LIIHUHQW�WHUPLQRORJ\�LV�DOVR�XVHG��,Q�(QJOLVK��WKLV�DUHD�RI�VWXG\�LV�FRPPRQO\�UHIHUUHG�
WR�DV�RSLQLRQ�PLQLQJ�DQG�VHQWLPHQW�DQDO\VLV��'HVSLWH�WKH�IDFW�WKDW�WKH�NH\�LV�RQO\�RQH�
RI�WKH�FKDUDFWHULVWLFV�RI�WKH�RSLQLRQ��LW�LV�WKH�SUREOHP�RI�FODVVLILFDWLRQ�RI�WKH�NH\�LV�
WKH�PRVW�IUHTXHQWO\�VWXGLHG�LQ�RXU�GD\V��7KLV�FDQ�EH�H[SODLQHG�E\�VHYHUDO�UHDVRQV�

�� 7KH�GHILQLWLRQ�RI�WKH�DXWKRU�DQG�WKH�WRSLF�LV�PXFK�PRUH�GLIILFXOW�WKDQ�
WKH�FODVVLILFDWLRQ�RI�NH\��VR�LW�PDNHV�VHQVH�WR�ILUVW�VROYH�D�VLPSOHU�
SUREOHP��DQG�WKHQ�VZLWFK�WR�WKH�UHVW��9DQ�GH�.DXWHU�HW�DO���������

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

(UHPHHYD�� *� 5��� 0DUW\QRYD�� (�9��� .KDNLPRYD�� $� $��� ,OLNRYD�� /� (�� �������� 6HQWLPHQW�
DQDO\VLV�RQ�(QJOLVK�ILQDQFLDO�QHZV��-RXUQDO�RI�5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�������
����

� .D]DQ�)HGHUDO�8QLYHUVLW\��JX]HOLNVDQRYD#UDPEOHU�UX
� .D]DQ�)HGHUDO�8QLYHUVLW\
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�� ,Q�PDQ\�FDVHV��ZH�RQO\�QHHG� WR�GHWHUPLQH� WKH�NH\��EHFDXVH�RWKHU�
FKDUDFWHULVWLFV�DUH�DOUHDG\�NQRZQ�WR�XV��)RU�H[DPSOH��LI�ZH�FROOHFW�
RSLQLRQV� IURP� EORJV�� XVXDOO\� WKH� DXWKRUV� RI� WKH� RSLQLRQV� DUH� WKH�
DXWKRUV�RI� WKH�SRVWV�� L�H��ZH�GR�QRW� QHHG� WR�GHWHUPLQH� WKH� DXWKRU��
$OVR��ZH�RIWHQ�DOUHDG\�NQRZ�WKH�WRSLF��IRU�H[DPSOH��LI�ZH�VHDUFK�IRU�
WKH� NH\ZRUG� �:LQGRZV� ��� LQ� 7ZLWWHU�� WKHQ� ZH� RQO\� QHHG� WR�
GHWHUPLQH�WKH�WRQH�RI�WKH�IRXQG�WZHHWV��2I�FRXUVH��WKLV�GRHV�QRW�ZRUN�
LQ�DOO�FDVHV��EXW�RQO\� LQ�PRVW�RI� WKHP��%XW� WKHVH�DVVXPSWLRQV�FDQ�
JUHDWO\�VLPSOLI\�WKH�DOUHDG\�GLIILFXOW�WDVN��&RUWLV�HW�DO�� �������

6HQWLPHQW�DQDO\VLV�ILQGV�LWV�SUDFWLFDO�DSSOLFDWLRQ�LQ�GLIIHUHQW�ILHOGV�

x VRFLRORJ\�² FROOHFW�GDWD� IURP�VRFLDO��QHWZRUNV��VXFK�DV�UHOLJLRXV�
EHOLHIV�

x SROLWLFDO�VFLHQFH�² FROOHFW�GDWD�IURP�EORJV�DERXW�SROLWLFDO�YLHZV�RI�
WKH�SRSXODWLRQ

x PDUNHWLQJ�² DQDO\]H�7ZLWWHU�WR�ILQG�RXW�ZKLFK�ODSWRS�PRGHO�LV�PRVW�
LQ�GHPDQG

x PHGLFLQH�DQG�SV\FKRORJ\�² GHWHUPLQH�GHSUHVVLRQ�LQ�VRFLDO�XVHUV��
1HWZRUNV
�

6HQWLPHQW�DQDO\VLV�LV�XVXDOO\�GHILQHG�DV�RQH�RI�WKH�WDVNV�RI�FRPSXWDWLRQDO�
OLQJXLVWLFV�� L�H�� LW� LV�DVVXPHG�WKDW�ZH�FDQ� ILQG�DQG�FODVVLI\� VHQWLPHQW�XVLQJ�QDWXUDO�
ODQJXDJH�SURFHVVLQJ�WRROV��VXFK�DV�WDJJHUV��SDUVHUV��HWF����.DU�HW�DO����������0DNLQJ�D�
ODUJH� JHQHUDOL]DWLRQ�� ZH� FDQ� GLYLGH� WKH� H[LVWLQJ� DSSURDFKHV� LQWR� WKH� IROORZLQJ�
FDWHJRULHV�

�� 5XOH�EDVHG�DSSURDFKHV

�� 'LFWLRQDU\�EDVHG�DSSURDFKHV

�� 0DFKLQH�OHDUQLQJ�ZLWK�D�WHDFKHU

�� 0DFKLQH�OHDUQLQJ�ZLWKRXW�D�WHDFKHU

7KH�ILUVW�W\SH�RI�V\VWHP�FRQVLVWV�RI�D�VHW�RI�UXOHV��DSSO\LQJ�ZKLFK�WKH�V\VWHP�
PDNHV�D�FRQFOXVLRQ�DERXW�WKH�WRQDOLW\�RI�WKH�WH[W��)RU�H[DPSOH��IRU�WKH�VHQWHQFH��,�
ORYH�MXLFH���\RX�FDQ�DSSO\�WKH�IROORZLQJ�UXOH�

,I� WKH� SUHGLFDWH� ��ORYH��� LV� LQFOXGHG� LQ� WKH� SRVLWLYH� VHW� RI� YHUEV� ��ORYH���
�DGRUH����OLNH����DSSURYH�������DQG�WKHUH�LV�QR�QHJDWLRQ�LQ�WKH�VHQWHQFH��WKHQ�FODVVLI\�
WKH�NH\�DV��SRVLWLYH��

0DQ\�FRPPHUFLDO�V\VWHPV�XVH�WKLV�DSSURDFK��GHVSLWH�WKH�IDFW�WKDW�LW�UHTXLUHV�
D�ORW�RI�FRVWV��EHFDXVH�IRU�WKH�JRRG�RSHUDWLRQ�RI�WKH�V\VWHP�\RX�QHHG�WR�PDNH�D�ODUJH�
QXPEHU�RI�UXOHV��2IWHQ�WKH�UXOHV�DUH�WLHG�WR�D�VSHFLILF�GRPDLQ��IRU�H[DPSOH���UHVWDXUDQW�
WKHPH���DQG�ZKHQ�\RX�FKDQJH�WKH�GRPDLQ���FDPHUD�UHYLHZ���\RX�QHHG�WR�UH�PDNH�
WKH�UXOHV��3LYRYDURYD�HW�DO����������1HYHUWKHOHVV��WKLV�DSSURDFK�LV�WKH�PRVW�DFFXUDWH�
LI�WKHUH�LV�D�JRRG�UXOH�EDVH��EXW�LW�LV�QRW�LQWHUHVWLQJ�IRU�UHVHDUFK�
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'LFWLRQDU\�EDVHG� DSSURDFKHV� XVH� VR�FDOOHG� DIIHFWLYH� OH[LFRQV� �WRQDO�
GLFWLRQDULHV�� WR�DQDO\]H�WH[W��,Q�D�VLPSOH�IRUP��D�WRQDO�GLFWLRQDU\�LV�D�OLVW�RI�ZRUGV�
ZLWK�WKH�PHDQLQJ�RI�WKH�NH\�IRU�HDFK�ZRUG��6REROHYD��������

7R�DQDO\]H�WKH�WH[W��\RX�FDQ�XVH�WKH�IROORZLQJ�DOJRULWKP��ILUVW��DVVLJQ�HDFK�
ZRUG�LQ�WKH�WH[W�WR�LWV�NH\�YDOXH�IURP�WKH�GLFWLRQDU\��LI�LW�LV�SUHVHQW�LQ�WKH�GLFWLRQDU\���
DQG� WKHQ� FDOFXODWH� WKH� JHQHUDO� WRQH� RI� WKH� HQWLUH� WH[W�� 7KHUH� DUH� GLIIHUHQW�ZD\V� WR�
FDOFXODWH� WKH�*HQHUDO� WRQDOLW\��7KH� VLPSOHVW� RI� WKHP� LV� WKH� DULWKPHWLF�PHDQ� RI� DOO�
YDOXHV��0RUH�GLIILFXOW�² WR�WUDLQ�WKH�FODVVLILHU��HJ��QHXUDO�QHWZRUN���

0DFKLQH� OHDUQLQJ� ZLWK� D� WHDFKHU� LV� WKH� PRVW� FRPPRQ� PHWKRG� XVHG� LQ�
UHVHDUFK��,WV�HVVHQFH�LV�WR�WUDLQ�WKH�PDFKLQH�FODVVLILHU�RQ�D�FROOHFWLRQ�RI�SUH�ODEHOHG�
WH[WV��DQG� WKHQ�XVH� WKH�UHVXOWLQJ�PRGHO� WR�DQDO\]H�QHZ�GRFXPHQWV�� ,W� LV�DERXW� WKLV�
PHWKRG�WKDW�,�ZLOO�WHOO�\RX�IXUWKHU�

0DFKLQH�OHDUQLQJ�ZLWKRXW�D�WHDFKHU�LV�SUREDEO\�WKH�PRVW�LQWHUHVWLQJ�DQG�DW�
WKH�VDPH�WLPH�WKH�OHDVW�DFFXUDWH�PHWKRG�RI�VHQWLPHQW�DQDO\VLV��2QH�H[DPSOH�RI�WKLV�
PHWKRG�LV�DXWRPDWLF�GRFXPHQW�FOXVWHULQJ�

6W\OLVWLF�VHQWLPHQW��-RKQ�	�9HFKWRPRYD��������RI�WKH�WH[W�KHOSV�WKH�DXWKRU�
WR�H[SUHVV�

x DWWLWXGH�WR�UHDOLW\�

x YDOXHV��LGHDOV��EHOLHIV�

x PHQWDO�DWWLWXGH�

x VHOI�DVVHVVPHQW�� DVVHVVPHQW� RI� WKH� VXEMHFW� RI� VSHHFK� DQG� WKH�
DGGUHVVHH�RQ�DQ�HPRWLRQDO��QRW�UDWLRQDO��EDVLV�

VHQWLPHQW� KDV� D� SRZHUIXO� LPSDFW� RQ� WKH� SV\FKR�HPRWLRQDO� VSKHUH� RI� WKH�
DGGUHVVHH��(PRWLRQDO�DQG�H[SUHVVLYH�LQIOXHQFH�LV�WUDQVPLWWHG

� ODQJXDJH�PHDQV��PRUSKRORJ\��YRFDEXODU\��LQFOXGLQJ�WURSHLF���ZRUG�
IRUPDWLRQ��SKRQLFV��

� WH[W� PRGHOV� �UKHWRULFDO� DQG� FRPSRVLWLRQDO� WHFKQLTXHV�� ILJXUHV� RI�
VSHHFK��DUFKLWHFWRQLFV���0RRUH�	�5D\VRQ��������

,I�WKH�WKHPDWLF�DQG�ORJLFDO�FKDLQV�RI�WKH�WH[W�DUH�OLQHDU��WKH�VHQWLPHQW��DV�ZHOO�
DV� PRGDOLW\�� LV� ORFDWHG� LQ� WKH� WH[W� E\� ILHOGV� RI� GLIIHUHQW� HPRWLRQDO� DQG� YROLWLRQDO�
VDWXUDWLRQ�� 7KLV� PHDQV� WKDW� LQ� GLIIHUHQW� SDUWV� RI� WKH� WH[W� WKH� DXWKRU� FRQFHQWUDWHV�
OLQJXLVWLF��FRPSRVLWLRQDO�PHDQV��HPRWLRQDOO\�HQKDQFLQJ�WKH�VLJQLILFDQFH�RI�WKH�IDFW��
HYDOXDWLRQ��ZLOO�

7KH� W\SH� RI� WH[WXDO� VHQWLPHQW� GHSHQGV� RQ� WKH� W\SH� RI� SXEOLFDWLRQ�� WKH�
HGLWRULDO�SROLF\�RI�WKH�PDVV�PHGLD��,Q�PRGHUQ�MRXUQDOLVP��\RX�FDQ�ILQG�WKUHH�PDLQ�
W\SHV� RI� VW\OLVWLF� VHQWLPHQW� FRUUHVSRQGLQJ� WR� WKH� �PRRG�� �SURILOH�� RI� SXEOLFDWLRQV�
�&DEDQVNLHW�HW�DO���������

���RSSRVLWLRQ��QHJDWLYH�WRQH��RIWHQ�UHVXOWLQJ�LQ�YHUEDO�DJJUHVVLRQ��

���DSSURYLQJ��SRVLWLYH�WRQH��EDVLF�VSHHFK�WDFWLFV�± FRPSOLPHQW��



6HQWLPHQW�$QDO\VLV�RQ�(QJOLVK�)LQDQFLDO�1HZV�_����

���HPSKDVL]HG�REMHFWLYH��QHXWUDO�VW\OLVWLF�WRQH��

7KH��RSSRVLWLRQ�� WH[WV� DUH� FKDUDFWHUL]HG�E\� DQ� DJJUHVVLYH� WRQH��ZKHQ� WKH�
SXEOLFLVW��LQVWHDG�RI�WKRURXJKO\�DQG�REMHFWLYHO\�DQDO\]LQJ�WKH�DUJXPHQWV�RI�WKH�RWKHU�
VLGH��VHHNV�WR�VHL]H�WKH�LQLWLDWLYH�DQG�GLVFUHGLW�KLV��RSSRQHQW��E\�DQ\�PHDQV��7KH�PDLQ�
VSHHFK� WDFWLF� LQ� WKLV� W\SH�RI� WH[W� LV� ODEHOLQJ� �6DOHLUR� HW� DO��� �������7KH� DEVHQFH�RI�
ORJLFDO�DUJXPHQWV�LV�YHLOHG�E\�SV\FKRHPRWLRQDO�LPDJHV�WKDW�SDLQW�D�QHJDWLYH�SLFWXUH�
RI�PRGHUQ�UHDOLW\��7KH�DXWKRU
V�SRVLWLRQ�LQ�VXFK�WH[WV�LV�WRWDOLWDULDQ��L�H��WKHUH�LV�QR�
GLDORJXH�ZLWK�WKH�RSSRQHQW��EXW�WKH�VXSSUHVVLRQ�RI�VRPHRQH�HOVH
V�RSLQLRQ��0RRUH�	�
5D\VRQ��������

,Q� WKH� WH[WV� RI� SUR�JRYHUQPHQW� SXEOLFDWLRQV�� WKH� FRPPXQLFDWLYH� WDVN� RI�
ZKLFK�LV�WR�DVVHUW�LQ�WKH�PDVV�FRQVFLRXVQHVV�WKH�LGHRORJ\�DGRSWHG�E\�WKH�UXOLQJ�HOLWH��
WKH�VW\OLVWLF�WRQH��RQ�WKH�FRQWUDU\��UHFHLYHV�DQ�DSSURYLQJ�FRORULQJ��VRFLDO�DQG�SHUVRQDO�
LGHRORJHPV� DUH� VXUURXQGHG� E\� D� �VZHHW�� FRQWH[W�� DSSURYDO� DQG� H[KRUWDWLRQ�
�SHUVXDVLRQ��&RXQFLO���,Q�WH[WV�RI�WKLV�W\SH��WKH�DGGUHVVHH�XVHV�WULFNV��LQ�SDUWLFXODU��WKH�
UHSODFHPHQW� RI� ORJLFDO� DUJXPHQWV� ZLWK� SRVLWLYHO\� FRORUHG� HPRWLRQDO� GHILQLWLRQV��
ZKLFK� FRQWULEXWHV� WR� WKH� SURPRWLRQ� RI� D� JLYHQ� LGHD� DQG� LWV� DVVLPLODWLRQ� WKURXJK�
HPRWLRQV��QRW�UHDVRQ�

7KH�WRQH�RI�WKH�HPSKDWLF�REMHFWLYH��WKH�DXWKRU�VHHNV�WR�VKRZ�LWV�YHUDFLW\�DQG�
LPSDUWLDOLW\��6REROHYD���������7KH�WH[WV�GR�QRW�FRQWDLQ�H[SOLFLW�VLJQDOV�RI�HYDOXDWLRQ��
EXW�ZKHQ�FDUHIXOO\�UHDG��WKH�LPSDFW�RFFXUV�DW�WKH�GHHS�OHYHO�RI�WKH�WH[W��WKH�QXPEHU�
RI� SRVLWLYH� DQG� QHJDWLYH� IDFWV� DQG� GHWDLOV�� WKH� FRPSRVLWLRQDO� VWUHQJWKHQLQJ� RI� WKH�
JLYHQ�PHDQLQJV�ZLWK�WKH�KHOS�RI�YDULDEOH�UHSHWLWLRQV��HWF����*KRVK�HW�DO����������+HUH�
WKH� LQIOXHQFLQJ� IRUFH� RQ� FRQVFLRXVQHVV� RI� WKH� DGGUHVVHH� LV� LPSOLFLW�� EXW� QRW� OHVV�
HIIHFWLYH�DV�GRHV�QRW�FDXVH�UHMHFWLRQ�DQG�REMHFWLRQ�

7R�JDLQ�PRUH�LQVLJKW�DERXW�VHQWLPHQWV�LQ�(QJOLVK�ILQDQFLDO�WH[WV��6HP(YDO��
,QWHUQDWLRQDO�:RUNVKRS� RQ� 6HPDQWLF� (YDOXDWLRQ�� RUJDQL]HG� D� VSHFLDO� WDVN�� ³)LQH�
*UDLQHG�6HQWLPHQW�$QDO\VLV�RQ�)LQDQFLDO�0LFUREORJV�DQG�1HZV´��IRU�WKH�FRPSHWLWLRQ�
RI�������

2XU�SXUSRVH�ZDV�WR�LQYHVWLJDWH�WKH�UHVXOWV�RI�WKH�FRPSHWLWLRQ�DQG�WR�SHUIRUP�
RXU�RZQ�HYDOXDWLRQ�RI�VHOHFWHG�FRPSHWLWRUV�RQ�WKH�&RUSXV�RI�%XVLQHVV�1HZV��D�VRXUFH�
RI�(QJOLVK�)LQDQFLDO�7H[WV�WKDW�LV�ODUJHU�DQG�PRUH�LQIRUPDWLYH�WKDQ�WKH�WH[WV��SURYLGHG�
RQ�WKH�FRPSHWLWLRQ��7KH�&RUSXV�RI�%XVLQHVV�1HZV�ZDV�LQWURGXFHG�DQG�SURYLGHG�E\�
WKH�FRPSHWLWRU�RI�6HP(YDO�������+&6�WHDP�IURP�WKH�8QLYHUVLW\�RI�+HOVLQNL��&RUWLV�
.��HW�DO���������

6HYHUDO� FRPSHWLWRUV� SURYLGH� WKHLU� V\VWHPV� LQ� RSHQ�VRXUFH� IRUPDW�� VR� LW� LV�
SRVVLEOH�WR�UHSURGXFH�DQG�UH�HYDOXDWH�WKH�ZRUNV��,Q�WKLV�DUWLFOH��ZH�OLPLWHG�RXU�WDVN�WR�
FRPSDULQJ�RQO\�WZR�V\VWHPV��WKH�V\VWHP��.DU�HW�DO����������E\�5L78$/�8+�WHDP��
DQG�WKH�V\VWHP��3LYRYDURYD�HW�DO����������SURYLGHG�E\�WKH�DXWKRUV�RI�WKH�&RUSXV�RI�
%XVLQHVV�1HZV��+&6�WHDP��6REROHYD��������
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���0HWKRGRORJ\
7KH� SDSHUV� E\� WKH� FRPSHWLWRUV� SURYLGH� GHWDLOHG� H[SODQDWLRQV� RI� WKHLU�

V\VWHPV��7KH�PDLQ�DUFKLWHFWXUHV�RI�WKH�PRGHOV�DUH�VKRZQ�EHORZ�

)LJ���� 0DLQ�$UFKLWHFWXUH�RI�&11�0RGHO�E\�+&6�7HDP

+&6�V\VWHP�UHOLHV�RQ�&11�PRGHO��5L78$/�8+�V\VWHP�KDV�WKH�IROORZLQJ�
VWUXFWXUH��WKDW�FRPELQHV�&11V�DQG�%L�*58V�

)LJ�����0DLQ�$UFKLWHFWXUH�RI�WKH�6\VWHP�E\�5L78$/�8+�7HDP

&RVLQH�VLPLODULW\��-RKQ�	�9HFKWRPRYD���������WKH�VDPH�PHWULF��DV�XVHG�RQ�
6HP(YDO�������ZDV�FKRVHQ�KHUH�IRU�PRGHO�HYDOXDWLRQ��,WV�IRUPXOD��ZKHUH�*�LV�WKH�
YHFWRU�RI�JROG�VWDQGDUG�VFRUHV�DQG�3�LV�WKH�YHFWRU�RI�VFRUHV�SUHGLFWHG�E\�WKH�V\VWHP��
LV�SUHVHQWHG�EHORZ�
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���� 7HFKQLFDO�'HWDLOV�DQG�&RPPHQWV��+&6

7KH�V\VWHP�ZDV�WHVWHG�LQ�WKH�VDPH�FRQILJXUDWLRQ�DV�LQLWLDOO\�JLYHQ��DV�LW�LV�
DOUHDG\�WUDLQHG�RQ�RWKHU�GDWD�VDPSOHV�IURP�WKH�&RUSXV�RI�%XVLQHVV�1HZV�ZLWK�JRRG�
FRQILJXUDWLRQ�RSWLRQV��0RRUH�	�5D\VRQ���������%XW�LW�PLJKW�EH�ZRUWK\�WR�H[SHULPHQW�
IXUWKHU�ZLWK�FRQILJXUDWLRQV�LQ�µSRODULW\�FQQ�FODVVLILHUV¶�DQG�WR�UHWUDLQ�WKH�PRGHO��

7KH�LPSOHPHQWDWLRQ�RI�+&6�V\VWHP��DGDSWHG�IRU�D�QHZ�GDWD�VRXUFH��FRXOG�
EH�IRXQG�KHUH��KWWSV���ELWEXFNHW�RUJ�VHQWLPHQWDOV�VHPHYDOB����BVROXWLRQBDQDO\VLV�

���� 7HFKQLFDO�'HWDLOV�DQG�&RPPHQWV��5L78$/�8+

7KLV� V\VWHP� XVHV� FDFKLQJ� KHDYLO\�� /RWV� RI� DGGLWLRQDO� IHDWXUHV� VKRXOG� EH�
JHQHUDWHG�DQG�VDYHG�DV�SNO�V�EHIRUH�ODXQFKLQJ�WKH�PRGHO¶V�WUDLQLQJ��&DEDQVNL�HW�DO���
�������

%LQDU\�ELJUDPV�DQG�WULJUDPV�JHQHUDWLRQ�UHVXOWV�LQ����*E�ILOH�HDFK��ODWHU�WKLV�
UHTXLUHV�PRUH� WKDQ� ���*E�5$0� WR� WUDLQ� �WKDW¶V�ZK\� ILQDOO\�ZH� GLGQ¶W� XVH� WKHP���
$OPRVW�DOO�IHDWXUHV�ZHUH�UHVWRUHG��YLD�HGLWHG�DQG�DGDSWHG�FRGH�IURP�CSUHSDUHBGDWDC�
IROGHU�� DQG� ZHUH� VDYHG� WR� SNO�V�� DQG� WKH� UHVW� RI� IHDWXUHV� ZHUH� QRW� XVHG� RQ� WKH�
FRPSHWLWLRQ�E\�WKH�FODLPV�RI�WKH�DXWKRUV��

7KH�V\VWHP�LV�WUDLQHG�RQ������VDPSOHV�IURP�WKH�&RUSXV�RI�%XVLQHVV�1HZV��
DQG�WHVWHG�RQ�WKH�UHPDLQLQJ�RQHV�IURP������VDPSOHV��

:KLOH�+&6� V\VWHP� WKUHDWV� WKH� WDVN� DV� FODVVLILFDWLRQ� SUREOHP� DQG� UHWXUQV�
UHVXOWV�DV�SUREDELOLWLHV��5L78$/�8+�V\VWHP�XVHV�UHJUHVVLRQ�PRGHO��

7KH� V\VWHP� LV� TXLWH� KHDY\� IRU� H[SHULPHQWLQJ�� LQLWLDOO\� LW�ZDV� DGDSWHG� IRU�
ZRUNLQJ�RQ�FOXVWHU��

'XH�WR�WKH�KHDYLQHVV�RI�WKH�V\VWHP��IXUWKHU�H[SHULPHQWV�ZLWK�WKLV�V\VWHP�DUH�
QRW�YHU\�UHDOLVWLF�ZLWKRXW�ULFK�KDUGZDUH�UHVRXUFHV��6DOHLUR�HW�DO�����������

7KH�LPSOHPHQWDWLRQ�RI�5L78$/�8+�V\VWHP��DGDSWHG�IRU�D�QHZ�GDWD�VRXUFH��
FRXOG�EH�IRXQG�KHUH��KWWSV���ELWEXFNHW�RUJ�VHQWLPHQWDOV�VHPHYDO������WDVN���ULWXDOXK

���5HVXOWV

:H� LQYHVWLJDWHG� WKH� UHVXOWV� RI� WKH� FRPSHWLWLRQ� DQG� HYDOXDWHG� +&6� DQG�
5L78$/�8+�V\VWHPV�RQ�WKH�&RUSXV�RI�%XVLQHVV�1HZV�
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+&6�DQG�5L78$/�8+�6\VWHPV�RQ�WKH�&RUSXV�RI�%XVLQHVV�1HZV

1DPH &RVLQH�VLPLODULW\�
RQ�WHVW�VHW

7HVW�VHW�VL]H &RVLQH�VLPLODULW\�
IURP�WKH�FRPSHWLWLRQ�

UHVXOWV

+&6��IXOOWHVW� ���������� ����� ����

+&6��RQ�WKH�VDPH�
GDWD�DV�5L78$/�

8+�

���������� ���� ����

5L78$/�8+ ��������� ���� �����

���'LVFXVVLRQ
$V�ZH�FDQ�VHH��ERWK�V\VWHPV�EHQHILW�VWURQJO\�IURP�XVLQJ�ODUJHU�(QJOLVK�WH[WV�

IURP� WKH�&RUSXV� RI�%XVLQHVV�1HZV��$OVR�� WKH� GLIIHUHQFH� LQ� WKH� SRODULW\� GHWHFWLRQ�
TXDOLW\� LV� ORZHU�RQ� WKH�ELJJHU� WH[WV��$OWKRXJK�5L78$/�8+�V\VWHP�UHTXLUHV�PRUH�
UHVRXUFHV�DQG�LQFOXGHV�KHDY\�IHDWXUH�JHQHUDWLRQ�SURFHVV��LWV�UHVXOWV�DUH�EHWWHU��EXW�VWLOO�
FORVH�WR�+&6�UHVXOWV��DQG�PXFK�FORVHU��WKDQ�LQ�WKH�FRPSHWLWLRQ���+&6�DFKLHYHG�PXFK�
KLJKHU� UHVXOWV� WKDQ�RQ� WKH�FRPSHWLWLRQ�GDWD��ZKLFK�PD\�VKRZ�� WKDW�+&6�V\VWHP� LV�
EHWWHU�LQ�H[WUDFWLQJ�LQIRUPDWLRQ�GLUHFWO\�IURP�WKH�GDWD��ZKLOH�LQ�5L78$/�8+�V\VWHP�
DGGLWLRQDO�IHDWXUHV�SURYLGH�WKH�KLJKHU�TXDOLW\��

7KH�FXUUHQW�ZRUN�ZDV�OLPLWHG�WR�FRPSDULVRQ�RI�WZR�FRPSHWLWRUV��KRZHYHU�
UHHYDOXDWLQJ�WKH�IROORZLQJ�V\VWHPV�PD\�EH�LQWHUHVWLQJ�DV�IXWXUH�ZRUN�

x 8:�)LQ6HQW� DW� 6HP(YDO������ 7DVN� ��� 6HQWLPHQW� $QDO\VLV� RQ�
)LQDQFLDO� 1HZV� +HDGOLQHV� XVLQJ� 7UDLQLQJ� 'DWDVHW� $XJPHQWDWLRQ�
�6REROHYD������������SODFH���QG�WUDFN���OLQN�WR�WKH�LPSOHPHQWDWLRQ��
KWWSV���JLWKXE�FRP�Y�Q����VHPHYDO�����WDVN��EORE�PDVWHU�

x /DQFDVWHU�$�DW�6HP(YDO������7DVN����(YDOXDWLRQ�PHWULFV�PDWWHU��
SUHGLFWLQJ� VHQWLPHQW� IURP� ILQDQFLDO� QHZV� KHDGOLQHV� �-RKQ� 	�
9HFKWRPRYD�����������SODFH���QG�WUDFN���OLQN�WR�WKH�LPSOHPHQWDWLRQ��
KWWSV���JLWKXE�FRP�DSPRRUH��VHPHYDO

x ++8�DW�6HP(YDO������7DVN����)LQH�*UDLQHG�6HQWLPHQW�$QDO\VLV�RQ�
)LQDQFLDO�'DWD�XVLQJ�0DFKLQH�/HDUQLQJ�0HWKRGV��0RRUH�	�5D\VRQ��
������ ��� SODFH�� �VW� WUDFN��� OLQN� WR� WKH� LPSOHPHQWDWLRQ��
KWWSV���JLWKXE�FRP�WRFDE�6HP(YDO����7DVN�

x )(83�DW�6HP(YDO������7DVN����3UHGLFWLQJ�6HQWLPHQW�3RODULW\�DQG�
,QWHQVLW\�ZLWK�)LQDQFLDO�:RUG�(PEHGGLQJV��&DEDQVNL�HW�DO���������
��� SODFH�� �VW� WUDFN��� OLQN� WR� WKH� LPSOHPHQWDWLRQ��
KWWSV���JLWKXE�FRP�VDOHLUR�6HP(YDO�����7DVN�



6HQWLPHQW�$QDO\VLV�RQ�(QJOLVK�)LQDQFLDO�1HZV�_����

���6XPPDU\
:H� FRPSDUHG� WZR� V\VWHPV�� WKDW� ZHUH� FUHDWHG� IRU� VROYLQJ� 7DVN��� IURP�

6HP(YDO������� DGDSWLQJ� WKHP� IRU� QHZ� GDWD� VRXUFH�ZLWK� ULFKHU� (QJOLVK� WH[WV�� DQG�
REVHUYHG�UHVXOWV�ZLWK�KLJKHU�TXDOLW\�LQ�JHQHUDO�DQG�OHVV�GLIIHUHQFH�LQ�TXDOLW\�

���&RQFOXVLRQ
&UHDWLQJ� D� V\VWHP� RI� VHQWLPHQW� DQDO\VLV� LV� D� FKDOOHQJLQJ� WDVN�� EXW� TXLWH�

IHDVLEOH��LI�WKH�GDWD�LV�DYDLODEOH�IRU�WUDLQLQJ�DQG�SUH�VSHFLILHG�GRPDLQ��WKH�VXEMHFW���
:KHQ�XVLQJ�PDFKLQH�OHDUQLQJ��LW�LV�LPSRUWDQW�WR�WHVW�GLIIHUHQW�SDUDPHWHUV�WR�ILQG�WKH�
RQHV� WKDW� ZRUN� EHVW� RQ� WKH� WHVW� GDWD�� ,Q� SDUWLFXODU�� \RX� QHHG� WR� WHVW� GLIIHUHQW�
FODVVLILFDWLRQ�DOJRULWKPV��1%��690���IHDWXUH�VHW� �XQLJUDPV��ELJUDPV��FKDUDFWHU�1�
JUDPV���IHDWXUH�ZHLJKLQJ�IXQFWLRQ��7KHUH�DUH�VWLOO�D�ORW�RI�ZD\V�WR�LPSURYH�VHQWLPHQW�
FODVVLILFDWLRQ�� VXFK� DV� XVLQJ� WRQDO� GLFWLRQDULHV�� DGGLWLRQDO� OLQJXLVWLF IHDWXUHV� �IRU�
H[DPSOH��SDUWV�RI�VSHHFK���DQG�JHQHUDO�ZD\V�WR�LPSURYH�PDFKLQH�OHDUQLQJ��ERRVWLQJ��
EDJJLQJ��HWF���

$FNQRZOHGJPHQWV
7KH�ZRUN� LV�SHUIRUPHG�DFFRUGLQJ� WR� WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�

&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�

:H�ZRXOG OLNH�WR�H[SUHVV�GHHS�JUDWLWXGH�WR�3URIHVVRU�5RPDQ�<DQJDUEHU�IRU�
KLV�DGYLFH�DQG� WR�8QLYHUVLW\�RI�+HOVLQNL� IRU�KHOS�DQG� IRU�SURYLGLQJ�FRPSXWDWLRQDO�
FOXVWHU�

5HIHUHQFHV

&DEDQVNL��7���5RPEHUJ��-���	�&RQUDG��6����������++8�DW�6HP(YDO������7DVN����)LQH�
*UDLQHG� 6HQWLPHQW� $QDO\VLV� RQ� )LQDQFLDO� 'DWD� XVLQJ� 0DFKLQH� /HDUQLQJ�
0HWKRGV�� 3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� :RUNVKRS� RQ� 6HPDQWLF�
(YDOXDWLRQ��6HP(YDO��������ɋ����������

&RUWLV��.�� HW� DO�� ��������6HPHYDO������ WDVN���� )LQH�JUDLQHG� VHQWLPHQW� DQDO\VLV� RQ�
ILQDQFLDO�PLFUREORJV�DQG�QHZV��3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�:RUNVKRS�
RQ�6HPDQWLF�(YDOXDWLRQ��6HP(YDO����������������

*KRVK�� $��� HW� DO�� �������� 6HPHYDO������ WDVN� ���� 6HQWLPHQW� DQDO\VLV� RI� ILJXUDWLYH�
ODQJXDJH�LQ�WZLWWHU��3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�:RUNVKRS�RQ�6HPDQWLF�
(YDOXDWLRQ��6HP(YDO������� ��������

*RRQDWLODNH��5���	�+HUDWK��6����������7KH�YRODWLOLW\�RI�WKH�VWRFN�PDUNHW�DQG�QHZV��
,QWHUQDWLRQDO�5HVHDUFK�-RXUQDO�RI�)LQDQFH�DQG�(FRQRPLFV���������������

-RKQ��9���	�9HFKWRPRYD��2����������6HQWLPHQW�DQDO\VLV�RQ�ILQDQFLDO�QHZV�KHDGOLQHV�
XVLQJ�WUDLQLQJ�GDWDVHW�DXJPHQWDWLRQ��$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV�
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3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� :RUNVKRS� RQ� 6HPDQWLF� (YDOXDWLRQ�
�6HP(YDO���������SS������������DU;LY������������

.DU��6���0DKDUMDQ��6���	�6RORULR��7����������5L78$/�8+�DW�6HP(YDO������WDVN����
6HQWLPHQW�DQDO\VLV�RQ�ILQDQFLDO�GDWD�XVLQJ�QHXUDO�QHWZRUNV��3URFHHGLQJV�RI�WKH�
��WK� ,QWHUQDWLRQDO�:RUNVKRS� RQ� 6HPDQWLF� (YDOXDWLRQ� �6HP(YDO�������� ����
����

0RRUH��$���	�5D\VRQ��3����������/DQFDVWHU�$�DW�6HP(YDO������7DVN����(YDOXDWLRQ�
PHWULFV� PDWWHU�� SUHGLFWLQJ� VHQWLPHQW� IURP� ILQDQFLDO� QHZV� KHDGOLQHV�
3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�:RUNVKRS�RQ�6HPDQWLF�(YDOXDWLRQ��$U[LY�
3UHSULQW�$U[LY�������������

3LYRYDURYD�� /�� HW� DO�� �������� +&6� DW� 6HP(YDO������ WDVN� ��� 3RODULW\� GHWHFWLRQ� LQ�
EXVLQHVV�QHZV� XVLQJ� FRQYROXWLRQDO� QHXUDO� QHWZRUNV��3URFHHGLQJV�RI� WKH���WK�
,QWHUQDWLRQDO�:RUNVKRS�RQ�6HPDQWLF�(YDOXDWLRQ��6HP(YDO������� ��������

6DOHLUR��3��HW�DO����������)HXS�DW�6HP(YDO������WDVN����3UHGLFWLQJ�VHQWLPHQW�SRODULW\�
DQG� LQWHQVLW\� ZLWK� ILQDQFLDO� ZRUG� HPEHGGLQJV� 3URFHHGLQJV� RI� WKH� ��WK�
,QWHUQDWLRQDO� :RUNVKRS� RQ� 6HPDQWLF� (YDOXDWLRQ� $U[LY� 3UHSULQW�
$U[LY�������������

6REROHYD�� 1�� 3�� �������� ([SDQGHG� PHWDSKRU� DQG� GRXEOH� DFWXDOL]DWLRQ� RI�
SKUDVHRORJLFDO�XQLWV�LQ�DGYHUWLVLQJ�WH[WV��-RXUQDO�RI�/DQJXDJH�DQG�/LWHUDWXUH��
��������������

6REROHYD�� 3�� 1�� �������� /LQJXRFXOWXURORJLFDO� DVSHFWV� RI� WKH� FRQWH[WXDO� XVH� RI�
SKUDVHRORJLFDO� XQLWV� LQ� DGYHUWLVLQJ� VORJDQV�� 9HVWQLN�
7RPVNRJRJRVXGDUVWYHQQRJR� XQLYHUVLWHWD�� )LORORJL\D�� ���� ���������
������������������������

9DQ�GH�.DXWHU��0���%UHHVFK��'���	�+RVWH��9����������)LQH�JUDLQHG�DQDO\VLV�RI�H[SOLFLW�
DQG� LPSOLFLW� VHQWLPHQW� LQ� ILQDQFLDO� QHZV� DUWLFOHV�� ([SHUW� 6\VWHPV� ZLWK�
$SSOLFDWLRQV��������������������


