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,QWHUQDWLRQDO�(GLWRULDO�5HYLHZ�%RDUG�

0DJHG�$OL��%UXQHO�8���8.�
3DXO�$OSDU��0DUEXUJ�8���*HUPDQ\�
&KDQGUD�$PDUDYDGL��:HVWHUQ�,OOLQRLV�8���86$�
(]HQGX�$ULZD��/RQGRQ�0HWURSROLWDQ�8���8.�
.RODZROH�2��%DPLGXUR��6DPWD�&RQVXOWLQJ�/LPLWHG��8.�
-RQJERN�%\XQ��3RLQW�/RPD�1D]DUHQH�8���86$�
0DLJD�&KDQJ��$WKDEDVFD�8���&DQDGD�
6HUJLR�'DYDORV��8��RI�:DVKLQJWRQ�±�7DFRPD��86$�
&DWKHULQH�'Z\HU��3DFH�8���86$�
$KPHG�(OUDJDO��7KH�*HUPDQ�8��LQ�&DLUR��(J\SW�
0�(��)D\DG��6DQ�-RVp�6WDWH�8���86$�
-DPHO�)HNL��8��RI�6ID[��7XQLVLD�
5XJD\DK� *\� +DVKLP�� 8�� 7HNQRORJL� 0$5$� �8L70���
0DOD\VLD�

6WHSKDQ�.|QLJ��+DQRYHU�8�� RI�$SSOLHG� 6FLHQFHV� DQG�
$UWV��*HUPDQ\�

$OL�6HUKDQ�.R\XQFXJLO��&DSLWDO�0DUNHWV�%RDUG��7XUNH\�
0LFKDHO�/DQH��8��RI�6RXWKHUQ�4XHHQVODQG��$XVWUDOLD�
;LQ�/XR��8��RI�1HZ�0H[LFR��86$�

/LQGVD\�-RKQVWRQ��0DQDJLQJ�'LUHFWRU
-HQQLIHU�<RGHU��3URGXFWLRQ�(GLWRU

$GDP�%RQG��-RXUQDO�'HYHORSPHQW�(GLWRU

-HII�6Q\GHU��&RS\�(GLWRU�
$OO\VRQ�6WHQJHO��(GLWRULDO�$VVLVWDQW
,DQ�/HLVWHU��3URGXFWLRQ�$VVLVWDQW

,*,�(GLWRULDO�

(GLWRU�LQ�&KLHI�� 9LUJLQLD�0��0LRUL��6DLQW�-RVHSK¶V�8��86$
5LFKDUG�7��+HUVFKHO��6DLQW�-RVHSK¶V�8��86$

$VVRFLDWH�(GLWRUV�� 0DUN�&RQZD\��2UDFOH��86$�
7KRPDV�'DYHQSRUW��%DEVRQ�&ROOHJH��86$�
-RKQ�(GZDUGV��$VWRQ�8���8.�
'RQDOG�)DUPHU��0LFURVRIW��86$�
+HUEHUW�.LUN��6$6��86$�
5RQDOG�.OLPEHUJ��6DLQW�-RVHSK¶V�8���86$�
'RURWK\�0LOOHU��6L[�6LJPD�%,��86$�
+DPLG�1HPDWL��8��RI�1RUWK�&DUROLQD�DW�*UHHQVERUR��86$�
0LFKDHO�5DSSD��1RUWK�&DUROLQD�6WDWH�8���86$�
%HQMDPLQ�6KDR��$UL]RQD�6WDWH�8���86$�
'DYLG�6WHLJHU��8��RI�0DLQH��86$�
5REHUW�6W��/RXLV��$UL]RQD�6WDWH�8���86$�
%DUEDUD�:L[RQ��8��RI�9LUJLQLD��86$

(GLWRULDO�$VVLVWDQW�� /RLV�$UFKLEDOG��6DLQW�-RVHSK¶V�8���86$

,-%,5�(GLWRULDO�%RDUG



7KH�,QWHUQDWLRQDO�-RXUQDO�RI�%XVLQHVV�,QWHOOLJHQFH�5HVHDUFK�LV�LQGH[HG�RU�OLVWHG�LQ�WKH�IROORZLQJ��%DFRQ¶V�
0HGLD�'LUHFWRU\��&DEHOO¶V�'LUHFWRULHV��'%/3��*RRJOH�6FKRODU��,163(&��/LEUDU\�	�,QIRUPDWLRQ�6FLHQFH�
$EVWUDFWV��/,6$���0HGLD)LQGHU��7KH�6WDQGDUG�3HULRGLFDO�'LUHFWRU\��8OULFK¶V�3HULRGLFDOV�'LUHFWRU\

&RS\ULJKW
7KH�,QWHUQDWLRQDO�-RXUQDO�RI�%XVLQHVV�,QWHOOLJHQFH�5HVHDUFK��,-%,5���,661������������H,661������
�������&RS\ULJKW��������,*,�*OREDO��$OO�ULJKWV��LQFOXGLQJ�WUDQVODWLRQ�LQWR�RWKHU�ODQJXDJHV�UHVHUYHG�E\�WKH�
SXEOLVKHU��1R�SDUW�RI�WKLV�MRXUQDO�PD\�EH�UHSURGXFHG�RU�XVHG�LQ�DQ\�IRUP�RU�E\�DQ\�PHDQV�ZLWKRXW�ZLWWHQ�
SHUPLVVLRQ�IURP�WKH�SXEOLVKHU��H[FHSW�IRU�QRQFRPPHUFLDO��HGXFDWLRQDO�XVH�LQFOXGLQJ�FODVVURRP�WHDFKLQJ�
SXUSRVHV��3URGXFW�RU�FRPSDQ\�QDPHV�XVHG�LQ�WKLV�MRXUQDO�DUH�IRU�LGHQWL¿FDWLRQ�SXUSRVHV�RQO\��,QFOXVLRQ�
RI�WKH�QDPHV�RI�WKH�SURGXFWV�RU�FRPSDQLHV�GRHV�QRW�LQGLFDWH�D�FODLP�RI�RZQHUVKLS�E\�,*,�*OREDO�RI�WKH�
WUDGHPDUN�RU�UHJLVWHUHG�WUDGHPDUN��7KH�YLHZV�H[SUHVVHG�LQ� WKLV� MRXUQDO�DUH� WKRVH�RI� WKH�DXWKRUV�EXW�QRW�
QHFFHVVDULO\�RI�,*,�*OREDO�

�ђѠђюџѐѕȱ�џѡіѐљђѠ
���������,-%,5������������ &RUUHODWLRQ�EHWZHHQ�WKH�(FRQRP\�1HZV�DQG�6WRFN�0DUNHW�LQ�7XUNH\

6DGL�(YUHQ�6HNHU��'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ��,VWDQEXO�8QLYHUVLW\��,VWDQEXO��5HSXEOLF�RI�7XUNH\ ��������,-%,5��������������

&LKDQ�0HUW��'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�7H[DV�DW�'DOODV��7;��86$��������,-%,5��������������

.KDOHG�$O�1DDPL��'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�7H[DV�DW�'DOODV��7;��86$��������,-%,5��������������

1XUL�2]DOS��7XUNLVK�6FLHQFH�)RXQGDWLRQ��,VWDQEXO��5HSXEOLF�RI�7XUNH\��������,-%,5��������������

8JXU�$\DQ��7XUNLVK�6FLHQFH�)RXQGDWLRQ��,VWDQEXO��5HSXEOLF�RI�7XUNH\��������,-%,5��������������

����������,-%,5������������ 3URSRVH�D�&RQFHSWXDO�0RGHO�RI�$GDSWLYH�&RPSHWLWLYH�,QWHOOLJHQFH��$&,�
6DUHK�0RKDPPDGDOLDQ��)DFXOW\�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ��6KDKLG�%HKHVKWL�8QLYHUVLW\��

7HKUDQ��,UDQ��������,-%,5��������������

(VODP�1D]HPL��)DFXOW\�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ��6KDKLG�%HKHVKWL�8QLYHUVLW\��7HKUDQ��,UDQ ��������,-%,5��������������

0RKDPPDG�-DIDU�7DURNK��)DFXOW\�RI�,QGXVWULDO�(QJLQHHULQJ��.KDMHK�1DVLU�7RRVL�8QLYHUVLW\��7HKUDQ��,UDQ ��������,-%,5��������������

����������,-%,5������������ $�+LHUDUFK\�RI�0HWDGDWD�(OHPHQWV�IRU�%XVLQHVV�,QWHOOLJHQFH�,QIRUPDWLRQ�5HVRXUFH�5HWULHYDO
1HLO�)RVKD\��'HSDUWPHQW�RI�,QIRUPDWLRQ�6\VWHPV��6W��)UDQFLV�;DYLHU�8QLYHUVLW\��$QWLJRQLVK��&DQDGD��������,-%,5��������������

7RGG�%R\OH��'HSDUWPHQW�RI�,QIRUPDWLRQ�6\VWHPV��6W��)UDQFLV�;DYLHU�8QLYHUVLW\��$QWLJRQLVK��&DQDGD��������,-%,5��������������

����������,-%,5������������ 'HWHUPLQDQWV�RI�3URFHVV�&KDQJH�2XWFRPH��$Q�([SORUDWRU\�&DVH�6WXG\�5HVHDUFK�0RGHO
&KHOVH\�+LOO�(VOHU��'HSDUWPHQW�RI�'HFLVLRQ�6FLHQFH��'UH[HO�8QLYHUVLW\��3KLODGHOSKLD��3$��86$��������,-%,5��������������

����������,-%,5������������ 7RZDUGV�$XWRPDWLRQ�RI�%XVLQHVV�,QWHOOLJHQFH�6HUYLFHV�8VLQJ�+\EULG�,QWHOOLJHQW�6\VWHP�$SSURDFK
5��0��6RQDU��6KDLOHVK�-�0HKWD�6FKRRO�RI�0DQDJHPHQW��,QGLDQ�,QVWLWXWH�RI�7HFKQRORJ\��0XPEDL��,QGLD ��������,-%,5��������������

7DEOH�RI�&RQWHQWV

2FWREHU�'HFHPEHU�������9RO�����1R���

,QWHUQDWLRQDO�-RXUQDO�RI�
%XVLQHVV�,QWHOOLJHQFH�

5HVHDUFK�
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&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

$%675$&7
'HSHQGLQJ�RQ�WKH�PDUNHW�VWUHQJWK�DQG�VWUXFWXUH��LW�LV�D�NQRZQ�IDFW�WKDW�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKH�VWRFN�
PDUNHW�YDOXHV�DQG�WKH�FRQWHQW�LQ�QHZVSDSHUV��7KH�FRUUHODWLRQ�LQFUHDVHV�LQ�ZHDN�DQG�VSHFXODWLYH�PDUNHWV��ZKLOH�
WKH\�QHYHU�JHW�UHGXFHG�WR�]HUR�LQ�WKH�VWURQJHVW�PDUNHWV��7KLV�UHVHDUFK�IRFXVHV�RQ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�
HFRQRPLF�QHZV�SXEOLVKHG�LQ�D�KLJKO\�FLUFXODWLQJ�QHZVSDSHU�LQ�7XUNH\�DQG�WKH�VWRFN�PDUNHW�FORVLQJ�YDOXHV�LQ�
7XUNH\��,Q�WKH�UHVHDUFK�VHYHUDO�IHDWXUH�H[WUDFWLRQ�PHWKRGRORJLHV�DUH�LPSOHPHQWHG�RQ�ERWK�RI�WKH�GDWD�VRXUFHV��
ZKLFK�DUH�WKH�VWRFN�PDUNHW�YDOXHV�DQG�HFRQRPLF�QHZV��6LQFH�WKH�HFRQRPLF�QHZV�LV�LQ�QDWXUDO�ODQJXDJH�IRU�
PDW��WKH�WH[W�PLQLQJ�WHFKQLTXH��WHUP�IUHTXHQF\�±�LQYHUVH�GRFXPHQW�IUHTXHQF\�LV�LPSOHPHQWHG��2Q�WKH�RWKHU�
KDQG��WKH�WLPH�VHULHV�DQDO\VLV�PHWKRGV�OLNH�UDQGRP�ZDON��%ROOLQJHU�EDQG��PRYLQJ�DYHUDJH�RU�GLIIHUHQFH�DUH�
DSSOLHG�RYHU�WKH�VWRFN�PDUNHW�YDOXHV��$IWHU�WKH�IHDWXUH�H[WUDFWLRQ�VWHS��WKH�FODVVL¿FDWLRQ�PHWKRGV�DUH�EXLOW�
RQ�WKH�ZHOO�NQRZQ�FODVVL¿HUV�VXSSRUW�YHFWRU�PDFKLQH��N�QHDUHVW�QHLJKERUKRRG�DQG�GHFLVLRQ�WUHH��0RUHRYHU��
DQ�HQVHPEOH�FODVVL¿HU�EDVHG�RQ�PDMRULW\�YRWLQJ�LV�LPSOHPHQWHG�RQ�WRS�RI�WKHVH�FODVVL¿HUV��7KH�VXFFHVV�UDWHV�
VKRZ�WKDW�WKH�UHVXOWV�DUH�VDWLVIDFWRU\�WR�FODLP�WKH�PHWKRGV�LPSOHPHQWHG�LQ�WKLV�VWXG\�FDQ�EH�VSUHDG�WR�IXWXUH�
UHVHDUFK�ZLWK�VLPLODU�GDWD�VHWV�IURP�RWKHU�FRXQWULHV�

&RUUHODWLRQ�EHWZHHQ�WKH�
(FRQRP\�1HZV�DQG�6WRFN�

0DUNHW�LQ�7XUNH\
6DGL�(YUHQ�6HNHU��'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ��,VWDQEXO�8QLYHUVLW\��,VWDQEXO��

5HSXEOLF�RI�7XUNH\

&LKDQ�0HUW��'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�7H[DV�DW�'DOODV��7;��86$

.KDOHG�$O�1DDPL��'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�7H[DV�DW�'DOODV��7;��86$

1XUL�2]DOS��7XUNLVK�6FLHQFH�)RXQGDWLRQ��,VWDQEXO��5HSXEOLF�RI�7XUNH\

8JXU�$\DQ��7XUNLVK�6FLHQFH�)RXQGDWLRQ��,VWDQEXO��5HSXEOLF�RI�7XUNH\

.H\ZRUGV�� &ODVVL¿FDWLRQ��N�1HDUHVW�1HLJKERUV�$OJRULWKP��N11���6HQWLPHQWDO�$QDO\VLV��6WRFN�0DUNHW�
$QDO\VLV��6XSSRUW�9HFWRU�0DFKLQHV��690���7H[W�0LQLQJ��7LPH�6HULHV�$QDO\VLV

���,1752'8&7,21

7KLV�VWXG\� LV�EXLOW�RQ� WZR�GDWDVHWV��7KH�ILUVW�
RQH�LV�WKH�HFRQRPLF�QHZV�IURP�RQH�RI�WKH�KLJK�
FLUFXODWLQJ�QHZVSDSHUV�LQ�7XUNH\��ZKLFK�KDYH�

VSHFLDO�SDJHV�IRU�HFRQRPLF�QHZV��:H�KDYH�FRO�
OHFWHG�RQO\�HFRQRPLF�QHZV��ZKLFK�DUH�VHSDUDWH�
IURP�RWKHU�QHZV�OLNH�VSRUWV�RU�ORFDO�QHZV�HWF��
7KH�VHFRQG�GDWDVHW�LV�WKH�VWRFN�PDUNHW�FORVLQJ�
YDOXHV�DQG�ZH�KDYH�DSSOLHG�VHYHUDO�WLPH�VHULHV�

'2,����������LMELU�����������
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����,QWHUQDWLRQDO�-RXUQDO�RI�%XVLQHVV�,QWHOOLJHQFH�5HVHDUFK��������������2FWREHU�'HFHPEHU�����

DQDO\VHV�RYHU�LW��7KH�SURSHUWLHV�RI�WKH�GDWDVHW�
ZLOO�EH�H[SODLQHG�LQ�WKH�H[SHULPHQWV�VHFWLRQ��
:H�KDYH�SURFHVVHG�WKH�QHZV�WH[W�YLD�WKH�WH[W�
PLQLQJ�DSSURDFK�FDOOHG�WHUP�IUHTXHQF\�±�LQ�
YHUVH�GRFXPHQW�IUHTXHQF\��7)�,')��ZKLFK�ZLOO�
EH�H[SODLQHG�LQ�WKH�PHWKRGRORJ\�VHFWLRQ��2Q�
WKH�RWKHU�KDQG��ZH�KDYH�SURFHVVHG� WKH�VWRFN�
PDUNHW� FORVLQJ� YDOXHV� E\� XVLQJ� WLPH� VHULHV�
DQDO\VLV��ZKLFK�DUH�UDQGRP�ZDON��5:���%RO�
OLQJHU�EDQG��%%���UHODWLYH�VWUHQJWK�LQGH[��56,���
PRYLQJ� DYHUDJH� FRQYHUJHQFH� �� GLYHUJHQFH�
�0$&'���PRPHQWXP��UDWH�RI�FKDQJH��52&���
DFFHOHUDWLRQ�� GLIIHUHQFH� DQG� WKHLU� YDULDWLRQV��
)LQDOO\�ZH� KDYH� LQYHVWLJDWHG� WKH� FRUUHODWLRQ�
EHWZHHQ� WKHVH� WZR� IHDWXUH� YHFWRUV� E\� XVLQJ�
WKH�VXSSRUW�YHFWRU�PDFKLQHV��690���N�QHDUHVW�
QHLJKERUKRRG��.11��DQG�GHFLVLRQ�WUHH�EDVHG�
FODVVLILFDWLRQ��&������)XUWKHUPRUH�DQ�HQVHPEOH�
FODVVLILFDWLRQ�EDVHG�RQ�PDMRULW\�YRWH�OHDUQLQJ�
�0D9/��LV�LPSOHPHQWHG�RQ�WRS�RI�WKHVH�WKUHH�
FODVVLILHUV��ZKLFK�LV�GLVFXVVHG�LQ�WKH�VHFWLRQ�RI�
FODVVLILFDWLRQ��$OVR�LQ�WKLV�SDSHU��ZH�GLVFXVV�WKH�
LPSOHPHQWDWLRQ�GHWDLOV�DQG�WKH�PHWKRGRORJ\�RI�
HYDOXDWLRQ�RYHU�WKH�FODVVLILFDWLRQ�UHVXOWV��LQ�WKH�
HYDOXDWLRQ�VHFWLRQ�

���352%/(0�67$7(0(17

:H�KDYH�WZR�GDWDVHWV��WKH�HFRQRP\�QHZV�DQG�
VWRFN�PDUNHW�FORVLQJ�YDOXHV��DQG�ZH�KDYH�DS�
SOLHG�D�OD\HUHG�DSSURDFK�LQ�WKLV�VWXG\��DV�LOOXV�
WUDWHG�E\�)LJXUH����$W�WKH�ERWWRP�OHYHO�VWDUWLQJ�
IURP�WKH�GDWDVHWV��ZH�EXLOG�D�IHDWXUH�H[WUDFWLRQ�
PHWKRGRORJ\��)RU�WKH�HFRQRPLF�QHZV��ZKLFK�LV�
LQ�QDWXUDO�ODQJXDJH��ZH�KDYH�DSSOLHG�VHQWLPHQWDO�
DQDO\VLV�YLD�WKH�WH[W�PLQLQJ�PHWKRGRORJLHV��2Q�
WKH�RWKHU�KDQG��ZH�KDYH�DSSOLHG� WKH� UDQGRP�
ZDON�PHWKRG� IRU� WKH� IHDWXUH� H[WUDFWLRQ� IURP�
WKH�VWRFN�PDUNHW�FORVLQJ�YDOXHV�

7KH� FRUUHODWLRQ� EHWZHHQ� QHZV� DQG� WKH�
VWRFN�PDUNHW� LV� RQH� RI� WKH� LQGLFDWRUV� RI� WKH�
VSHFXODWLYH�PDUNHWV��1LNIDUMDP��(PDG]DGHK��
	�0XWKDL\DK��������

2QH�RI�WKH�GLIILFXOWLHV�LQ�WKLV�VWXG\�LV�GHDO�
LQJ�ZLWK�WKH�QDWXUDO�ODQJXDJH�GDWD�VRXUFH��ZKLFK�
UHTXLUHV�D�IHDWXUH�H[WUDFWLRQ��7KH�RWKHU�GLIILFXOW\�
LV�GHDOLQJ�ZLWK�D�VWRFN�PDUNHW�YDOXH��ZKLFK�LV�
FRQVLGHUHG�DV�D�VLJQDO��7KH�VL]H�RI�GDWD�ZH�DUH�
GHDOLQJ�ZLWK��ZKLFK�FDQ�EH�FRQVLGHUHG�ELJ�GDWD��
LV�DOVR�SUREOHPDWLF��7KH�GDWDVHW�KROGV���������
GLVWLQFW�ZRUGV�DQG�ZKHQ�WKH�IHDWXUH�YHFWRU�RI�

)LJXUH����%RWWRP�XS�RYHUYLHZ�RI�VWXG\
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,QWHUQDWLRQDO�-RXUQDO�RI�%XVLQHVV�,QWHOOLJHQFH�5HVHDUFK��������������2FWREHU�'HFHPEHU���������

HDFK�HFRQRPLF�QHZV�LWHP�LV�FROOHFWHG��WKH�WRWDO�
VL]H�RI�WKH�IHDWXUH�YHFWRU�LV�EH\RQG�����*%\WH��
ZKLFK�LV�EH\RQG�WKH�FRPSXWDWLRQ�FDSDFLW\�RI�
D� VLQJOH� FRPSXWHU� ZLWK� WKHVH� FODVVLILFDWLRQ�
DOJRULWKPV��)RU�H[DPSOH��RQO\�RQH�RI�WKH�FODV�
VLILFDWLRQ�DOJRULWKPV��ZH�ZLOO�FDOO�690�UHTXLUHV�
VOLJKWO\�PRUH�PHPRU\�WKDQ��7%\WH�LQ�WKLV�FDVH�

���5(/$7('�:25.

5HVHDUFK� DERXW� VWRFN� PDUNHWV� KDV� DOZD\V�
EHHQ�DQ� LQWHUHVWLQJ�DUHD�RI� VWXG\�EHFDXVH�RI�
LWV�LPSDFW�RQ�WKH�EXVLQHVV�DQG�ILQDQFLDO�ZRUOG��
)XUWKHUPRUH��WKH�GHYHORSPHQWV�LQ�WKH�FRPSXWHU�
VFLHQFH�ILHOG�KDYH�RSHQHG�D�GRRU�WR�UHVHDUFK�RQ�
WKH�VWRFN�PDUNHWV�SDUDOOHO�WR�WH[W�EDVHG�QHZV�
DIWHU�����V��0RVW�RI�WKH�ZRUNV�XVH�WH[W�PLQLQJ�
WRROV�RYHU�WKH�QHZV��)RU�H[DPSOH��RQH�RI�WKH�
SRSXODU�PHWKRGV�LV�WR�XVH�WKH�EDJ�RI�ZRUGV����
���ZKHUH�VRPH�XVH�ORFDO�GLFWLRQDULHV�������RU�
VRPH�XVH�VRPH�WH[W�PLQLQJ�WRROV�OLNH�,%0�7H[W�
0LQHU�)XQJ��<X��	�/DP���������2WKHUV�XVH�WKH�
7)�,')�DSSURDFK��������VRPH�SUHGHILQHG�WHUP�
GLFWLRQDULHV�5DFKOLQ��/DVW��$OEHUJ��	�.DQGHO��
������RU�SDUW�RI�VSHHFK�WDJJLQJ��0DKDMDQ��'H\��
	�+DTXH��������DQG�FRQFHSW�PDSV��6RQL��(FN��
-DQ��	�8]D\���������$OVR�FODVVLILFDWLRQ�YDULHV�
IURP�ODWHQW�'ULFKOHW�DOORFDWLRQ��0DKDMDQ��'H\��
	�+DTXH��������WR�690�������RU�GHFLVLRQ�WUHH�
�5DFKOLQ��/DVW��$OEHUJ��	�.DQGHO���������7KH�
VXFFHVV�UDWHV�YDU\�IURP�����WR�����DQG�WKH�
GDWD� VRXUFHV� DUH� 5HXWHUV� PDUNHW� ����� H[WUD�
�)XQJ��<X��	�/DP���������351HZVZLUH��0LW�
WHUPD\HU�	�.QROPD\HU��1HZV&$76��$�1HZV�
&DWHJRUL]DWLRQ�DQG�7UDGLQJ�6\VWHP���������)7�
,QWHOOLJHQFH��6RQL��(FN��-DQ��	�8]D\���������
$XVWUDOLDQ� )LQDQFLDO� 5HYLHZ�+DOJDPXJH�� <��
	�+VX���������)RUEHV�DQG�5HXWHUV�ZHE�VLWHV�
�5DFKOLQ��/DVW��$OEHUJ��	�.DQGHO���������<DKRR�
)LQDQFH� �6FKXPDNHU�	�&KHQ��������RU�:DOO�
6WUHHW�-RXUQDO��0DKDMDQ��'H\��	�+DTXH��������

:KLOH�WKHUH�LV�D�JUHDW�DPRXQW�RI�SXEOLVKHG�
DUWLFOHV� DERXW�PDFKLQH� OHDUQLQJ�� WLPH� VHULHV��
RWKHU�FODVVLILFDWLRQ�DQG�UHJUHVVLRQ�PHWKRGV�LQ�
SUHGLFWLRQ�RI�VWRFN�PDUNHW�SULFHV��WKH�QXPEHUV�
RI�DUWLFOHV�LQYROYLQJ�WKH�DSSOLFDWLRQ�RI�ILQGLQJ�
FRUUHODWLRQ� EHWZHHQ� VWRFN� PDUNHW� DQG� GDLO\�

QHZV� XVLQJ� WH[W� PLQLQJ� WHFKQLTXHV� DUH� ORZ��
1HZV��HVSHFLDOO\�HFRQRPLF�QHZV�EDVHG�VWRFN�
PDUNHW�SUHGLFWLRQ��FDQ�EH�FRQVLGHUHG�DV�D�WH[W�
FODVVLILFDWLRQ�PLQLQJ�WDVN��7KH�PDLQ�DLP�LV�WR�
SUHGLFW�VRPH�DVSHFWV�RI�WKH�VWRFN�PDUNHW�VXFK�
DV�SULFH�RU�YRODWLOLW\�EDVHG�RQ�WKH�QHZV�FRQWHQW�
RU�GHULYHG�WH[W�IHDWXUHV��%DVHG�RQ�D�IRUHFDVWLQJ�
JRDO��D�VHW�RI�ILQDO�FODVVHV�DUH�GHILQHG��VXFK�DV�
³8S´��LQFUHDVH�LQ�SULFH���³'RZQ´��GHFUHDVH�LQ�
SULFH���³%DODQFH´��QR�FKDQJH�LQ�SULFH���HWF��$OO�
SURSRVHG�DOJRULWKPV�DUH�VXSSRVHG�WR�FODVVLI\�
WKH�LQFRPLQJ�QHZV�LQWR�WKHVH�FODVVHV�

2QH�RI�WKH�ILUVW�ZRUNV�RQ�IRUHFDVWLQJ�VWRFN�
PDUNHW�XVHV�KLQWV��VWDWLVWLFV��UDWLRV�DQG�LQWHU�
SUHWDWLRQV�RI�WUHQG�FKDUWLQJ�WHFKQLTXHV��OLVWHG�
E\�GRPDLQ�H[SHUWV�WR�SUHGLFW�ZHHNO\�83¶V�DQG�
'2:1¶V�RI�WKH�VWRFN�PDUNHW��%UDXQ���������
*HQHUDOO\�� SXEOLVKHG� UHODWHG� ZRUNV� DUH� EXLOW�
DURXQG�D�FHQWUDO�OHDUQLQJ�DOJRULWKP��PRVWO\�D�
FODVVLILHU��IRU�SUHGLFWLQJ�WKH�VHQWLPHQW��SULFH�
GLUHFWLRQ��RI�QHZV�DUWLFOHV��:XWULFK�HW�DO���������
WU\�WR�SUHGLFW�VWRFN�PDUNHW�LQGLFHV�XVLQJ�LQIRU�
PDWLRQ�FRQWDLQHG�LQ�DUWLFOHV�SXEOLVKHG�LQ�7KH�
:DOO�6WUHHW�-RXUQDO��ZZZ�ZVM�FRP���)LQDQFLDO�
7LPHV��ZZZ�IW�FRP���5HXWHUV��ZZZ�LQYHVWRROV�
FRP���'RZ�-RQHV��ZZZ�DVLDQXSGDWH�FRP���DQG�
%ORRPEHUJ� �ZZZ�EORRPEHUJ�FRP�� EDVHG� RQ�
N�11� OHDUQLQJ� DOJRULWKP� DQG� WKH� (XFOLGHDQ�
VLPLODULW\�PHDVXUH�

6LPLODUO\�� 0LWWHUPD\HU� ������� WULHV� WR�
SUHGLFW� SULFH� WUHQGV� �LQFOLQH�� GHFOLQH� RU� IODW��
LPPHGLDWHO\� DIWHU� SUHVV� UHOHDVH�SXEOLFDWLRQV��
³*RRG�QHZV´�DUWLFOHV�DUH�FDWHJRUL]HG�DV�LQFOLQH�
LI�WKH�VWRFN�SULFH�UHOHYDQW�WR�WKH�JLYHQ�DUWLFOH�KDV�
LQFUHDVHG�ZLWK�D�SHHN�RI�DW�OHDVW�����IURP�LWV�
RULJLQDO�YDOXH�DW�WKH�SXEOLFDWLRQ�WLPH�DW�VRPH�
SRLQW�GXULQJ�WKH����PLQXWHV�WKDW�IROORZV��7KH�
DYHUDJH�SULFH�OHYHO�LQ�WKLV�SHULRG�KDV�WR�EH�DW�
OHDVW� ���DERYH� WKH� SULFH� DW� SXEOLFDWLRQ�� )RU�
³%DG�QHZV´�WKH�RSSRVLWH�LV�WUXH��WKH�PRYHPHQWV�
KDYH�WR�EH�LQ�WKH�QHJDWLYH�GLUHFWLRQ�LQVWHDG��7KH�
UHVW�RI�WKH�DUWLFOHV�LQ�EHWZHHQ�DUH�FODVVLILHG�DV�
³1R�PRYHUV´�

6FKXPDNHU�DQG�&KHQ��������VWXGLHG�WKH�
HIIHFW�RI�ILQDQFLDO�QHZV�DUWLFOHV�RQ�WKUHH�GLIIHU�
HQW�GHULYHG�WH[W�PLQLQJ�IHDWXUHV��%DJ�RI�:RUGV��
1RXQ�3KUDVHV��DQG�1DPHG�(QWLWLHV��DQG�WKHLU�
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DELOLW\� WR�JXHVV�GLVFUHWH�QXPEHU�VWRFN�SULFHV�
DIWHU�DQ�DUWLFOH�UHOHDVH��ZKLFK�LV�D�UHJUHVVLRQ�
SUREOHP�DQG�QRW�D�FDWHJRUL]DWLRQ�SUREOHP��,Q�
WKLV� VWXG\�� 1DPHG� (QWLWLHV� IHDWXUHV� VFKHPH�
JLYHV�EHWWHU�UHVXOWV�WKDQ�WKH�%DJ�RI�:RUGV�RQ�
��FODVV�690�DOJRULWKP�

0LWWHUPD\HU�DQG�.QROPD\HU��������SUR�
SRVHG�DQ�DXWRPDWHG�WH[W�FDWHJRUL]DWLRQ�V\VWHP�
XVLQJ�D�KDQG�PDGH�WKHVDXUXV�WR�IRUHFDVW�LQWUDGD\�
VWRFN�SULFH�WUHQGV�IURP�LQIRUPDWLRQ�FRQWDLQHG�
LQ�SUHVV� UHOHDVHV��7KLV� V\VWHP� LQFOXGHV� WKUHH�
HQJLQHV�� WKH�GRFXPHQW�SUHSURFHVVLQJ�(QJLQH�
DXWRPDWLFDOO\� SUHSURFHVVHV� LQFRPLQJ� SUHVV�
UHOHDVHV�� WKH� FDWHJRUL]DWLRQ� HQJLQH� VRUWV� WKH�
SUHVV� UHOHDVHV� LQWR� GLIIHUHQW� FDWHJRULHV� DQG��
ILQDOO\��WKH�WUDGLQJ�HQJLQH�WULJJHUV�WUDGLQJ�UHF�
RPPHQGDWLRQV�IRU�WKH�FRUUHVSRQGLQJ�VHFXULW\��
7KH�V\VWHP�FUHDWHV�WKH�IHDWXUH�OLVW�ZLWK�WKH�EDJ�
RI�ZRUGV�PHWKRG�XVLQJ�HLWKHU�WULYLDO�IXQFWLRQV�
OLNH�&ROOHFWLRQ�7HUP�)UHTXHQF\��&7)���,QYHUVH�
'RFXPHQW�)UHTXHQF\��,')���DQG�&7)[,')�RU�
$7&�VSHFLILF�IXQFWLRQV�OLNH�&KL�VTXDUHG��&+,���
,QIRUPDWLRQ�*DLQ��,*���DQG�2GG¶V�5DWLR��25��

)DOLQRXVV��������GHYHORSHG�D�PHWKRGRORJ\�
ZKLFK�XVHV�VRPH�WLPH�VHULHV�VHJPHQWDWLRQ�WHFK�
QLTXHV�WR�ILQG�VWRFN�SULFH�WUHQGV�E\�UHGXFLQJ�WKH�
QRLVH�LQ�WKH�SULFH�FXUYH��7ZR�GLIIHUHQW�PHWKRGV�
RI�ODEHOLQJ�WKH�QHZV�DUWLFOHV�ZHUH�LQWURGXFHG��
0HWKRG�RQH�LV�³REVHUYHG�WLPH�ODJ´��ZKLFK�KDV�
D�WLPH�ODJ�EHWZHHQ�SXEOLVKLQJ�WLPH�DQG�ZKHQ�
WKH�SXEOLF�DEVRUEV�DQG�DFWV�RQ�LW��7KH�VHFRQG�
PHWKRG�LV�EXLOW�RQ�WKH�HIILFLHQW�PDUNHW�WKHRU\��
ZKLFK�VWDWHV�WKDW�WKHUH�LV�QR�WLPH�ODJ�EHWZHHQ�
SXEOLVKLQJ�WLPH�DQG�PDUNHW�FRUUHFWLRQ�IRU�WKLV�
SLHFH�RI�LQIRUPDWLRQ�

6FKXPDNHU� DQG� &KHQ� ������� SURSRVHG�
DQRWKHU� OHDUQLQJ� V\VWHP� QDPHG� WKH�$UL]RQD�
)LQDQFLDO�7H[W�6\VWHP�WKDW�XVHV�ILQDQFLDO�QHZV�
DUWLFOHV�DQG�VWRFN�TXRWHV�DV�LWV�LQSXW�WR�SUHGLFW�
IHDWXUH�VWRFN�SULFH�PRYHPHQWV��7KLV�V\VWHP�XVHV�
SURSHU�QRXQV�WKDW�RFFXU�WKUHH�RU�PRUH�WLPHV�WR�
EH�LQFOXGHG�LQ�WKH�IHDWXUH�VHW��,W�GLVWLQJXLVKHV�
LWVHOI�E\�XVLQJ�D�VXSSRUW�YHFWRU�UHJUHVVLRQ��695��
DOJRULWKP�LQVWHDG�RI�D�FODVVLILFDWLRQ�LQ�RUGHU�WR�
SUHGLFW�D�IXWXUH�SULFH�YDOXH�ZKHQ�JLYHQ�DQ�DUWLFOH�

7DQ��������GHVFULEHV�D�FODVVLILHU�EDVHG�RQ�
ODEHOLQJ�E\�WUDGLQJ�YROXPH�RU�E\�UHWXUQV�WKDW�
FDQ�RQO\�SUHGLFW�ZKHWKHU� D�QHZV�DUWLFOH�ZLOO�
LQLWLDWH�D�KLJK�QXPEHU�RI�WUDGHV�RU�QRW��LW�FDQQRW�
SUHGLFW�WKH�GLUHFWLRQ�RI�WKH�SULFH�PRYHPHQW��7KH�
GLYLVLRQ�RI�WKH�YROXPH�ODEHOV�LV�FRQWUROOHG�E\�
ZKHWKHU�WKH�JLYHQ�YROXPH�LV�DERYH�RU�EHORZ�
WKH�DYHUDJH�WUDGLQJ�YROXPH��/DEHOLQJ�E\�UHWXUQV�
ORRNV�IRU�DEQRUPDO�UHWXUQ�DPRXQWV�DQG�ODEHOV�
QHZV�DUWLFOHV�IURP�WKDW�

2XU�DLP�LV� WR�SXW�D�QHZ�GDWDVHW� LQWR�WKH�
OLWHUDWXUH�DQG�WR�VWXG\�WKH�FRUUHODWLRQ�EHWZHHQ�
WKH� QHZ� GDWDVHW� DQG� VWRFN� PDUNHW� YDOXHV� LQ�
7XUNH\�ZKHUH�IXUWKHU�UHVHDUFK�FDQ�EH�SODFHG�IRU�
WKH�PDUNHW�VWUXFWXUH�DQG�VWUHQJWK�LQ�WKH�IXWXUH�

���%$&.*5281'

:H�KDYH�LPSOHPHQWHG�7)�,')�DQG�5:�PHWKRGV�
DV�DOUHDG\�H[SODLQHG�LQ�WKH�LQWURGXFWLRQ��WKLV�
VHFWLRQ�ZLOO�GLVFXVV�WKHVH�PHWKRGV�LQ�GHWDLO��$OVR�
RQH�RI�WKH�GLIILFXOWLHV�LV�WKH�QXPEHU�RI�ZRUGV�
ZH�DUH�GHDOLQJ�ZLWK��:H�KDYH�LPSOHPHQWHG�WKH�
LQIRUPDWLRQ� JDLQ� FDOFXODWLRQ� IRU� HOLPLQDWLQJ�
VRPH�RI�WKH�IHDWXUHV�

�����7HUP�)UHTXHQF\��,QYHUVH�
'RFXPHQW�)UHTXHQF\

)RU�WKH�7)�,')�FDOFXODWLRQ�LV�JLYHQ�LQ�(TXD�
WLRQ���

tfidf t d D tf t d x idf t D� � � �( ) = ( ) ( ) � ���

ZKHUH�W�LV�WKH�VHOHFWHG�WHUP��G�LV�WKH�VHOHFWHG�
GRFXPHQW�DQG�'�LV�DOO�GRFXPHQWV�LQ�WKH�FRUSXV��
$OVR�7)�,')�FDOFXODWLRQ�LQ�DERYH�IRUPXOD�LV�
EXLOW�RYHU�WHUP�IUHTXHQF\��7)��DQG�LQYHUVH�GRFX�
PHQW�IUHTXHQF\��,')���ZKLFK�FDQ�EH�UHZULWWHQ�
DV�LQ�(TXDWLRQ���
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ZKHUH�I�LV�WKH�IUHTXHQF\�IXQFWLRQ�DQG�Z�LV�WKH�
ZRUG�ZLWK�PD[LPXP�RFFXUUHQFH��$OVR�WKH�IRU�
PXODWLRQ�RI�,')�LV�JLYHQ�LQ�(TXDWLRQ���

id t D log
D

d D t d
,

:
( ) =
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ZKHUH�_'_�LQGLFDWHV�WKH�FDUGLQDOLW\�RI�'��ZKLFK�
LV�WKH�WRWDO�QXPEHU�RI�GRFXPHQWV�LQ�WKH�FRUSXV�

�����)LQDQFLDO�7LPH�6HULHV�$QDO\VLV

7KH�VWRFN�PDUNHW�FORVLQJ�YDOXHV�DUH�FROOHFWHG�
IURP�WKH�ZHE�SDJH�RI�WKH�,VWDQEXO�6WRFN�0DU�
NHW� ZKLFK� LV� DYDLODEOH� IRU� SXEOLF� GRZQORDG�
DQG�XVDJH�

$V�GHPRQVWUDWHG� LQ�)LJXUH���� WKH�YDOXHV�
DUH�LQ�ORFDO�FXUUHQF\��ZKLFK�LV�7XUNLVK�/LUD�WKDW�
ZH�ZLOO�LJQRUH��7KLV�VHFWLRQ�IRFXVHV�RQ�WKH�WLPH�
VHULHV�DQDO\VLV�PHWKRGV��:H�ZLOO�WU\�WR�EULHIO\�
H[SODLQ�WKH�PHWKRGV�DQG�WKHLU�YDULDWLRQV�

�������5DQGRP�:DON

:H� XVH� D� UHODWLYH� IHDWXUH� H[WUDFWLRQ�PHWKRG�
DQG�JHW�WKH�GLIIHUHQFH�EHWZHHQ�WZR�FRQVHFXWLYH�
FORVLQJ�YDOXHV�OLNH�IRU�DQ\�&L���&�ZKHUH�&�LV�WKH�
VHW�RI�FORVLQJ�YDOXHV��ZH�FROOHFW�SDLUV�RI��&W��
&W��!�IRU�HDFK�QHZV�ZKHUH�W�LV�WKH�SXEOLFDWLRQ�
GDWH�RI�WKH�QHZV�

7KH�FROOHFWHG�IHDWXUHV�WKHQ�VXEWUDFW�IURP�
HDFK�RWKHU�WR�VHH�LI�WKHUH�LV�DQ�LQFUHDVH�RU�GH�
FUHDVH�LQ�WKH�FORVLQJ�YDOXH�RI�WKH�VWRFN�PDUNHW�
DV�LQ�(TXDWLRQ���

Feature C Ct t= − −� � ���

,I�WKH�IHDWXUH�YDOXH�RI�WKH�FORVLQJ�YDOXHV�RI�
WKH�VWRFN�PDUNHW�LV�SRVLWLYH������ZH�FRQVLGHU�LW�
DV����LI�WKH�YDOXH�LV�QHJDWLYH�����ZH�FRQVLGHU�LW�
DV�����$OVR�WKHUH�DUH�VRPH�GDWHV�ZKLFK�GR�QRW�
KROG�WKH�FORVLQJ�YDOXHV�VXFK�DV�ZHHNHQGV��)RU�
WKRVH�GDWHV�ZH�FRQVLGHU�WKH�FODVV�ODEHO�RI�WKH�
QHZV�DV���

7KLV�DSSURDFK�FDQ�EH�FRQVLGHUHG�DV�UDQ�
GRP�ZDON�LQ�WKH�OLWHUDWXUH��7KH�IRUPXODWLRQ�RI�
UDQGRP�ZDON� LV� JLYHQ� DV� LQ�(TXDWLRQ��� �/X��
+XDQJ��=KDQJ��	�&KHQ��������

s Zn
j

n

j=
=
∑
�

� ���

ZKHUH�=M�LV�WKH�UDQGRP�HYHQW�DQG�WKH�LQLWLDO�YDOXH�
RI�ZDON�VWDUWV�E\���ZKHUH�6�� ����7KH�Q�LQ�WKH�
(TXDWLRQ���GHWHUPLQHV�WKH�OHQJWK�RI�WKH�ZDON�
DQG�LQ�RXU�VWXG\�WKH�OHQJWK�RI�ZDON�LV�OLPLWHG�
ZLWK�RQO\���IRU�HDFK�FDVHV��$QRWKHU�YDULDWLRQ�
RI�UDQGRP�ZDON�LV�H[WHQGLQJ�WKH�ZDON�OHQJWK��

)LJXUH����,VWDQEXO�VWRFN�PDUNHW�FORVLQJ�YDOXHV�IRU���\HDUV
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:H�KDYH�WULHG�ERWK�PHWKRGV�DV�VHSDUDWH�VLJQDO�
SURFHVVLQJ�DSSURDFKHV�LQ�RXU�VWXG\�

�������0RYLQJ�$YHUDJH

0RYLQJ�DYHUDJH�LV�D�ILQDQFLDO�DQDO\VLV�PRGHO�
ZKLFK�FDQ�EH�DSSOLHG�RQ� WKH� WLPH�VHULHV� OLNH�
WKH� VWRFN� PDUNHW� YDOXHV�� 7KHUH� DUH� VHYHUDO�
YDULDWLRQV�RI� WKH�PHWKRG�OLNH�VLPSOH�PRYLQJ�
DYHUDJH� �60$��� FXPXODWLYH�PRYLQJ� DYHUDJH�
�&0$��� ZHLJKWHG� PRYLQJ� DYHUDJH� �:0$���
RU�H[SRQHQWLDO�PRYLQJ�DYHUDJH��(0$���'XU�
LQJ�WKLV�VWXG\�ZH�KDYH�XVHG�60$�IRU�WKH�56,�
FDOFXODWLRQ��ZKLFK�ZLOO�EH�H[SODLQHG�LQ�WKH�QH[W�
VXEVHFWLRQ�DQG�PRYLQJ�DYHUDJH�FRQYHUJHQFH�
�� GLYHUJHQFH� �0$&'�� DV� D� VHSDUDWH�PHWKRG�
�5RVHQEODWW��������

7KH�VLPSOHVW�IRUP�RI�PRYLQJ�DYHUDJH�LV�
FDOFXODWLQJ�WKH�PHDQ�RI�WKH�JLYHQ�WLPH�SHULRG�
DV�GHPRQVWUDWHG�LQ�(TXDWLRQ���
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ZKHUH�W�LV�WKH�FXUUHQW�WLPH�YDOXH�FDOFXODWHG�DQG�
Q�LV�WKH�ZLQGRZ�VL]H�RQ�WKH�WLPH�VHULHV�DQG�3L�
LV�WKH�SULFH�YDOXH�RQ�WLPH�L�

$OVR�WKH�60$�FDOFXODWLRQ�FDQ�EH�IROORZHG�
LQ�DQ�LWHUDWLYH�PDQQHU�DIWHU�WKH�LQLWLDO�60$�YDOXH�
LV�FDOFXODWHG��:0$�RQ�WKH�RWKHU�KDQG�GHILQHV�
VRPH�ZHLJKWV�WR�WKH�SULFH�YDOXHV��3L��GHSHQGLQJ�
RQ�WKHLU�GLVWDQFH�WR�WKH�FXUUHQW�WLPH��W��
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7KH�RQO\�GLIIHUHQFH�EHWZHHQ�WKH�:0$�LQ�
(TXDWLRQ���DQG�60$�LQ�(TXDWLRQ���LV�WKH�FRHI�
ILFLHQWV�RI�WKH�SULFH�YDOXHV�3L�ZKHUH�WKH�YDOXH�
JHWV�KLJKHU�ZKHQ�WKH�GDWH�RI�SULFH�JHWV�FORVH�
WR�WKH�FXUUHQW�WLPH�W�

$QRWKHU� YDULDWLRQ� RI�PRYLQJ� DYHUDJH� LV�
WKH� H[SRQHQWLDO�PRYLQJ� DYHUDJH� �(0$�� DQG�
WKH� FRHIILFLHQWV� LQFUHDVH� H[SRQHQWLDOO\�ZKHQ�

WKH�SULFH�WLPH�JHWV�FORVHU�LQ�WKH�WLPH�VHULHV�WR�
WKH�FXUUHQW�WLPH�W�
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,Q� WKH�(TXDWLRQ��� WKH� RQO\�GLIIHUHQFH� LV�
WKH� FRHIILFLHQWV� DUH� JHWWLQJ� H[SRQHQWLDO� DQG�
WKH�RUGHU�RI�WKH�FRHIILFLHQWV�LV�JHWWLQJ�KLJKHU�
ZKHQ�WKH�FDOFXODWHG�SULFH�YDOXH�JHWV�FORVHU�WR�
WKH�FDOFXODWLRQ�SRLQW�RQ�WKH�WLPH�VHULHV��$OVR�WKH�
YDOXH�RI�Į�LV�WKH�LQGLFDWRU�RI�WKH�VWUHQJWK�RI�WKH�
FRHIILFLHQWV��ZKHUH�KLJKHU�Į�YDOXHV�LQGLFDWH�OHVV�
LPSRUWDQFH�RI�WKH�ROGHU�SULFHV��2ULJLQDOO\�(0$�
GRHVQ¶W�GHDO�ZLWK�WKH�QXPEHU�RI�SULFHV�KDQGOHG�
LQ�WKH�ZLQGRZ�VL]H��LQVWHDG�WKH�Į�YDOXH�GHWHU�
PLQHV�WKH�QXPEHU�RI�VLJQLILFDQW�FRHIILFLHQWV��
EXW�EHFDXVH�RI�WKH�LPSOHPHQWDWLRQ�OLPLWDWLRQV��
ZH�KDYH�OLPLWHG�WKH�QXPEHU�RI�ZLQGRZ�VL]H�E\�
D�FRQVWDQW�YDULDEOH�

0RYLQJ�DYHUDJH�FRQYHUJHQFH���GLYHUJHQFH�
�0$&'��LV�DQRWKHU�PHWKRG�RI�DQDO\VLV�EXLOW�RQ�
0$�DQG�GHDOV�ZLWK�WZR�GLIIHUHQW�WLPH�OHQJWK�RQ�
WKH�VHULHV��ZKLFK�FDQ�EH�QDPHG�DV�VKRUW�DQG�
ORQJ�SHULRGV�

MACD EMA EMAshort long= −Å � ���

7KH�VKRUW�DQG�ORQJ�WHUPV�DUH�EXLOW�RQ�WKH�
Q�SDUDPHWHU�RI�(0$��)RU�H[DPSOH�LQ�RXU�DS�
SOLFDWLRQ�ZH�KDYH�VKRUW�DV����GD\V�DQG�ORQJ�DV�
���GD\V�DQG�WKH�RXWSXW�LV�VKRZQ�LQ�)LJXUH���

,Q�)LJXUH����WKH�1LQH3HU0$�YDOXHV�DUH�WKH�
(0$��ZKLFK�LV�WKH�H[SRQHQWLDO�PRYLQJ�DYHUDJH�
IRU���GD\V�

�������5HODWLYH�6WUHQJWK�,QGH[

5HODWLYH� VWUHQJWK� LQGH[� �56,�� �+HFKW�� ������
LV�D�PHWKRG�EXLOW�RYHU�WKH�H[SRQHQWLDO�PRYLQJ�
DYHUDJH��(0$��ZKLFK�LV�DOUHDG\�H[SODLQHG�LQ�
WKH�³PRYLQJ�DYHUDJH´�VXE�VHFWLRQ��)RU�WZR�FRQ�
VHFXWLYH�FORVLQJ�YDOXHV��H�J��&QRZ��&SUHYLRXV���&��
ZKHUH�&�LV�WKH�WLPH�VHULHV�RI�WKH�FORVLQJ�YDOXHV�
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LQ�WKH�VWRFN�PDUNHW��WKHUH�DUH�WKUHH�SRVVLELOL�
WLHV��ZKLFK�DUH�&QRZ���&SUHYLRXV�RU�&QRZ�!�&SUHYLRXV�
RU�&QRZ� �&SUHYLRXV��IRU�DOO�WKHVH�SRVVLELOLWLHV�WKH�
56,�FDOFXODWLRQ�FDQ�EH�GHPRQVWUDWHG�DV�LQ�WKH�
(TXDWLRQ����

RSI
RS

= −
+

100
100

1
� ����

ZKHUH�56�DV�LQ�(TXDWLRQ����

RS
EMA

EMA
U n

D n

= �

�

� ����

ZKHUH�(0$�LV�WKH�H[SRQHQWLDO�PRYLQJ�DYHUDJH�DV�
H[SODLQHG�LQ�WKH�PRYLQJ�DYHUDJH�VXEVHFWLRQ�DQG�
8�DQG�'�YDOXHV�DUH�DV�LQ�(TXDWLRQ�����VHH�%R[����

7KH�56,�YDOXHV�DIWHU�SURFHVVLQJ�RYHU�WKH�
,VWDQEXO�VWRFN�PDUNHW�FORVLQJ�YDOXHV�DUH�GHP�
RQVWUDWHG�LQ�)LJXUH���

�������0RPHQWXP�DQG�
5DWH�RI�&KDQJH

%RWK�WLPH�VHULHV�DQDO\VLV�PHWKRGV�DUH�VLPLODU�
WR�HDFK�RWKHU��0RPHQWXP�DLPV�WR�FDOFXODWH�WKH�
FKDQJH�RQ�WKH�Q�GD\�LQWHUYDO�DQG�FDQ�EH�FDOFX�
ODWHG�DV�LQ�WKH�(TXDWLRQ�����6FKDONRII��������

momentum C Cn now now n= − − � ����

6LPLODUO\�UDWH�RI�FKDQJH�FDQ�EH�FDOFXODWHG�
DV�WKH�UDWLR�RI�PRPHQWXP�RYHU�WKH�LQWHUYDO�DV�
LQ�WKH�(TXDWLRQ����

rateof change
momentum

Cn
n

now n

Å Å =
−

� ����

RU� LI� WKH�PRPHQWXP�YDOXH� LV�VXEVWLWXWHG�� WKH�
(TXDWLRQ����FDQ�EH�UHZULWWHQ�DV�LQ�WKH�(TXDWLRQ�
����6FKDONRII��������

)LJXUH����0$&'�YDOXHV�RI�,VWDQEXO�VWRFN�PDUNHW�FORVLQJ�YDOXHV
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rateof change
C C

Cn
now now n

now n

Å Å
Å

Å=
− −

−

� ����

0RPHQWXP� YDOXHV� DUH� GHPRQVWUDWHG� LQ�
)LJXUH���DQG�WKH�52&�YDOXHV�DUH�GHPRQVWUDWHG�
LQ�)LJXUH���

5DWH� RI� FKDQJH� LQ� WKLV� FDVH� KDV� D� KLJK�
DOWHUQDWLRQ�EHWZHHQ�����DQG�����

�������%ROOLQJHU�%DQG

%ROOLQJHU�EDQG�SURFHVVLQJ�\LHOGV�D�FKDQQHO�RI�
XSSHU��ORZHU�DQG�PLGGOH�%ROOLQJHU�EDQGV��7KH�

FDOFXODWLRQV� FDQ� EH� GRQH� DV� LQ� (TXDWLRQ� ���
�6FKDONRII��������

BB MA

BB if MA K

BB
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upper n
i t n
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n n
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=
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=

= −
∑ 1 σ

== −
∑ <
t n
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n nif MA K1, σ
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7KH�σ
N
�YDOXHV�LQ�WKH�(TXDWLRQ����LQGLFDWH�

WKH�VWDQGDUG�GHYLDWLRQ�IRU�WKH�JLYHQ�WLPH�LQWHU�

)LJXUH����56,�YDOXHV�RI�,VWDQEXO�VWRFN�PDUNHW�FORVLQJ�YDOXHV

)LJXUH����0RPHQWXP�YDOXHV�RI�,VWDQEXO�VWRFN�PDUNHW�FORVLQJ�YDOXHV
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YDO�Q��$OVR�WKH�.�YDOXH�LV�D�FRQVWDQW��ZKLFK�LV�
WDNHQ�DV����LQ�RXU�FDVH�

)LJXUH� �� GHPRQVWUDWHV� WKH� PLGGOH� %RO�
OLQJHU�EDQG�DSSOLHG�RYHU�VWRFN�PDUNHW�FORVLQJ�
WLPH�VHULHV�

�������$FFHOHUDWLRQ�DQG�'LIIHUHQFH

7LPH�VHULHV�DFFHOHUDWLRQ�LV�DQRWKHU�PHWKRG�RI�
DQDO\VLV��7KH�PHWKRG�FDQ�EH�IRUPDOL]HG�DV�LQ�
WKH�(TXDWLRQ�����6FKDONRII��������

Acc diff MACD Histogramn= ( )� � ����

7KH� DSSURDFK� RI� DFFHOHUDWLRQ� LV� JHWWLQJ�
WKH� GLIIHUHQFH� EHWZHHQ� WKH� PRYLQJ� DYHUDJH�
FRQYHUJHQFH���GLYHUJHQFH�DQG�WKH�KLVWRJUDP�RI�
WKH�WLPH�VHULHV�ZKLFK�LV�WKH�VLJQDO�LWVHOI�

7KH� GLIIHUHQFH� �RU� FRQYHUJHQFH� �� GLYHU�
JHQFH��EHWZHHQ�WZR�WLPH�VHULHV��RU�VLJQDOV��LV�
FRQVLGHUHG� D� VXEWUDFWLRQ� EHWZHHQ� WZR� VHULHV�
GD\�E\�GD\�

7KH�KLVWRJUDP�RQ�WKH�RWKHU�KDQG�LV�WKH�GLI�
IHUHQFH�EHWZHHQ�0$&'�DQG�WKH�VLJQDO�LWVHOI�

)LJXUH� �� GHPRQVWUDWHV� WKH� RXWSXW� RI� DF�
FHOHUDWLRQ�RYHU�WKH�VWRFN�PDUNHW�FORVLQJ�YDOXHV�

)LJXUH����52&�YDOXHV�RI�,VWDQEXO�VWRFN�PDUNHW�FORVLQJ�YDOXHV

)LJXUH����0LGGOH�%%�YDOXHV�RI�,VWDQEXO�VWRFN�PDUNHW�FORVLQJ�YDOXHV
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)LJXUH� �� GHPRQVWUDWHV� WKH� WLPH� VHULHV�
DQDO\VLV�QDPHG�³GLIIHUHQFH´��DSSOLHG�RYHU�WKH�
VWRFN�PDUNHW�YDOXHV�

3OHDVH�QRWH�WKDW�WKH�DFFHOHUDWLRQ�LV�VPRRWKHU�
EHFDXVH�RI�WKH�DYHUDJH�FDOFXODWLRQ�WDNLQJ�D�SDUW�
LQ�WKH�IRUPXODWLRQ�

�����,QIRUPDWLRQ�*DLQ

7KH� LQIRUPDWLRQ�JDLQ�RI�DOO� WKH� WHUPV� LV�FDO�
FXODWHG�DQG�RUGHUHG�LQ�GHVFHQGLQJ�RUGHU��/HW�
$WWU�EH� WKH�VHW�RI�DOO�DWWULEXWHV�DQG�([�EH� WKH�
VHW�RI�DOO�WUDLQLQJ�H[DPSOHV��YDOXH�[�D��ZLWK�[�

)LJXUH����$FFHOHUDWLRQ�DSSOLHG�RQ�,VWDQEXO�6WRFN�0DUNHW

)LJXUH����'LIIHUHQFH�DSSOLHG�RQ�,VWDQEXO�6WRFN�0DUNHW
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��([�GHILQHV�WKH�YDOXH�RI�D�VSHFLILF�H[DPSOH�[�
RU�DWWULEXWH�D���$WWU��+��VSHFLILHV�WKH�HQWURS\��
7KH�LQIRUPDWLRQ�JDLQ�IRU�DQ�DWWULEXWH�D���$WWU�
LV�GHILQHG�DV�LQ�(TXDWLRQ����
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$OVR�HQWURS\�LQ�WKH�LQIRUPDWLRQ�JDLQ�FDO�
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�����$UWLILFLDO�1HXUDO�1HWZRUN��$11�

7KH�SXUSRVH�RI�$11�VWXGLHV� LV�DGDSWLQJ� WKH�
ELRORJLFDO�QHXUDO�QHWZRUNV�LQWR�GDWD�SURFHVVLQJ��
0XOWL�OD\HU�SHUFHSWURQ��0/3��LV�D�GHYHORSHG�
YHUVLRQ�RI�$11��ZKLFK�RUJDQL]HV�WKH�QHXURQV�
LQWR� OD\HUV�DV� LQSXW��RXWSXW�RU�KLGGHQ� OD\HUV��
)LJXUH����GHPRQVWUDWHV�WKH�DSSURDFK�LQ�D�GDWD�
IORZ�EHWZHHQ� OD\HUV� �5RVHQEODWW���������7KH�
$11�PRGHO�KDV�EHHQ�RQH�RI�WKH�DWWUDFWLYH�WRROV�
XVHG� LQ� JHR�HQJLQHHULQJ� DSSOLFDWLRQV� GXH� WR�
LWV�KLJK�SHUIRUPDQFH�LQ�WKH�PRGHOLQJ�RI�QRQ�

OLQHDU�PXOWL�YDULDWH�SUREOHPV��+HFKW�1LHOVHQ�
�+HFKW�� ������ DQG�6FKDONRII� ������� LQGLFDWH�
WKDW� DQ�$11�PD\� EH� GHILQHG� DV� D� VWUXFWXUH�
FRPSULVHG�RI�GHQVHO\�LQWHUFRQQHFWHG�DGDSWLYH�
VLPSOH�SURFHVVLQJ�HOHPHQWV�WKDW�DUH�FDSDEOH�RI�
SHUIRUPLQJ�PDVVLYHO\�SDUDOOHO�FRPSXWDWLRQV�IRU�
GDWD�SURFHVVLQJ�DQG�NQRZOHGJH�UHSUHVHQWDWLRQ�

7KH� LQSXW� OD\HU� LV� GLUHFWO\� FRQQHFWHG� WR�
WKH�LQSXWV�ZKLFK�ZLOO�EH�SURFHVVHG�ZLWKLQ�WKH�
V\VWHP��7KH�KLGGHQ�OD\HU�FDQ�KROG�PRUH�WKDQ�
RQH�OD\HU�GHSHQGLQJ�RQ�WKH�FRPSOH[LW\�RI�WKH�
V\VWHP�DQG�ILQDOO\�WKH�RXWSXW�OD\HU�KROGV�WKH�
UHVXOWV�� )LJXUH� ��� FDQ� EH� GHWDLOHG� LI� HDFK� RI�
WKH� OD\HUV� LV� GHPRQVWUDWHG�E\� D� UHDO� QXPEHU�
RI�QHXURQV��)LJXUH����LV�D�GHWDLOHG�YHUVLRQ�RI�
)LJXUH����ZLWK�PXOWLSOH�QHXURQV�LQ�HDFK�RI�WKH�
OD\HUV��3OHDVH�QRWH�WKDW�HDFK�QHXURQ�RQ�D�OD\HU�
LV�GLUHFWO\�FRQQHFWHG�WR�DOO�WKH�QHXURQV�RQ�WKH�
QH[W�OD\HU�

(DFK�RI�WKH�FRQQHFWLRQV�LQ�)LJXUH�����ZKLFK�
DUH�FDOOHG�D�V\QDSVLV�LQ�D�ELRORJLFDO�YLHZ��KDV�D�
ZHLJKW�YDOXH��ZKLFK�LV�D�FRHIILFLHQW�WR�WKH�YDOXH�
RQ�WKH�QHXURQ�ZKLFK�LV�LQGLFDWHG�E\�³ZLM´��ZKHUH�
L�DQG�M�LQGLFHV�DUH�WKH�ZHLJKW�YDOXH�EHWZHHQ�WKH�
QHXURQV�L�DQG�M��:DVVHUPDQ�	�6FKZDUW]��������

7KH�DLP�RI� WKLV�VWXG\� LV� WR�FDOFXODWH� WKH�
EHVW�SRVVLEOH�YDOXHV�RI�WKH�ZHLJKWV�LQ�)LJXUH�
����'XULQJ�WKLV�FDOFXODWLRQ�WKH�EDFN�SURSDJD�
WLRQ�DOJRULWKP�LV�LPSOHPHQWHG��7KH�DOJRULWKP�
FKDQJHV�WKH�ZHLJKW�YDOXHV�RQ�WKH�V\QDSVHV�E\�
WKH�UHVXOW�DFKLHYHG�RQ�WKH�RXWSXW�OD\HU�

0RVW�RI�WKH�$11�V\VWHPV�XVH�WKH�VLJPRLG�
IXQFWLRQ�IRU�WKH�GHFLVLRQ�RI�ILULQJ�WKH�QHXURQ�
�0LWFKHOO���������7KH�JHQHULF�IRUPXOD�RI� WKH�
VLJPRLG� IXQFWLRQ� LV� JLYHQ� LQ� (TXDWLRQ� ����
0LWFKHOO�XVHV�WKH�ZRUG�³ORJLVWLF�IXQFWLRQ´�DQG�
WKH�³VLJPRLG�IXQFWLRQ´�V\QRQ\PRXVO\��+H�DOVR�

)LJXUH�����'DWD�IORZ�EHWZHHQ�OD\HUV
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FDOOV�WKLV�IXQFWLRQ�D�³VTXDVKLQJ�IXQFWLRQ´�DQG�
WKH�VLJPRLG��D�N�D��ORJLVWLF��IXQFWLRQ�LV�XVHG�WR�
FRPSUHVV�WKH�RXWSXWV�RI�WKH�³QHXURQV´�LQ�PXOWL�
OD\HU�QHXUDO�QHWV��7KH�JHQHULF�WZR�GLPHQVLRQDO�
YLHZ�RI�WKH�IXQFWLRQ�LV�JLYHQ�LQ�)LJXUH����

f x
e x

( )=
+ −

1

1
� ����

%HVLGHV�WKH�DERYH�$11�LQIRUPDWLRQ��GXU�
LQJ�WKLV�VWXG\�WKH�WZR�SDUDPHWHUV�RI�$11�KDYH�

FUXFLDO� UROHV�ZKLFK�DUH� OHDUQLQJ� UDWH�DQG� WKH�
PRPHQWXP�IDFWRU�

7KH�OHDUQLQJ�UDWH�RI�WKH�$11�LV�GHQRWHG�
E\�Į��ZKLFK�YDULHV�IURP���WR����7KH�OHDUQLQJ�
UDWH� LV� D� SDUDPHWHU� WR� FRQWURO� WKH� DPRXQW� RI�
ZHLJKW�DGMXVWPHQW�DW�HDFK�VWHS�RI�WUDLQLQJ�WR�
GHWHUPLQH�WKH�OHDUQLQJ�UDWH�DW�HDFK�VWHS��,W�DIIHFWV�
WKH�FRQYHUJHQFH�RI�EDFN�SURSDJDWLRQ�QHWZRUN�
�%31���$�ODUJH�YDOXH�RI�Į�LQGLFDWHV�WKH�IDVWHU�
OHDUQLQJ�ZLWK�KLJK�SUREDELOLW\�RI�HUURU��ZKLOH�
WKH� ORZHU� OHDUQLQJ� UDWH� LQGLFDWHV� VORZHU� EXW�
UREXVW�OHDUQLQJ�

)LJXUH�����*HQHULF�YLHZ�RI�0/3�ZLWK�PXOWLSOH�LQSXW�DQG�ZHLJKW�YDOXHV�RI�WKH�V\QDSVHV

)LJXUH�����9LVXDOL]DWLRQ�RI�VLJPRLG�IXQFWLRQ
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$�VHFRQG�FUXFLDO�SDUDPHWHU�RI�$11�LV�WKH�
PRPHQWXP��ZKLFK�LV�GHQRWHG�E\�Ș�DQG�YDULHV�
IURP���WR����7KH�PRPHQWXP�LV�XVHG�WR�VSHHG�
XS�WKH�SURFHVV��%31�KDV�WZR�PDMRU�GLVDGYDQ�
WDJHV�ZKLFK�DUH�ODUJHU�WUDLQLQJ�WLPH�DQG�VORZ�
FRQYHUJHQFH��7KH�PRPHQWXP�SDUDPHWHU�KHOSV�
WR� LPSURYH� WKH�FRQYHUJHQFH�DQG� WKH� WUDLQLQJ�
WLPH�ZKLOH�UHGXFLQJ�WKH�RVFLOODWLRQ�RI�OHDUQLQJ�

�����&����7UHH

&����PHWKRG��4XUHVKL��0LU]D��	�$ULI��������LV�
D�GHFLVLRQ�WUHH�EDVHG�FODVVLILFDWLRQ�DOJRULWKP��
7KH�WUHH�LV�EXLOW�E\�XVLQJ�WKH�LQIRUPDWLRQ�JDLQ�
RI�HDFK�IHDWXUH�LQ�WKH�IHDWXUH�YHFWRU�

7KH�DOJRULWKP�VWDUWV�ZLWK�D�WUDLQLQJ�GDWD�VHW�
6��ZKHUH�6 �^V���V��«�VQ`�ZKHUH�HDFK�VDPSOH�VL�
KDV�D�S�GLPHQVLRQDO�IHDWXUH�YHFWRU��)9��

)RU�HDFK�VDPSOH�VL��)9� �̂ [�L��[�L�«�[SL`�DQG�
WKH�LQIRUPDWLRQ�JDLQ�RI�HDFK�YDOXHV�ZRXOG�EH�
,*� �^LJ�[�L���LJ�[�L��«�LJ�[SL�`�

7KH�DOJRULWKP�FUHDWHV�D�GHFLVLRQ�WUHH�ZKHUH�
HDFK�QRGH�GHILQHV�D�GHFLVLRQ�WR�HLWKHU�VLGH�

7KH�KLJKHVW�LQIRUPDWLRQ�JDLQ�YDOXH�LV�VH�
OHFWHG�IRU�WKH�WRS�PRVW�GHFLVLRQ�QRGH�DQG�WKH�

GHFLVLRQ�FULWHULD�ZLWK�WKH�VHFRQG�KLJKHVW�JDLQ�
LV� SODFHG� RQ� WKH� QH[W� OHYHO��/HW� LJ� �[LN�� !� LJ�
�[LP��IRU�WKH�)LJXUH�����7KH�WUHH�LV�FRQVWUXFWHG�
E\�IROORZLQJ�D�VLPLODU�DSSURDFK�IRU� WKH�QH[W�
OHYHOV��)LQDOO\�DW� WKH� OHDYHV�� WKH� VDPSOHV�DUH�
SODFHG�DIWHU�WKH�WUDLQLQJ�

$W�WKH�WLPH�RI�WHVWLQJ��WKH�IHDWXUHV�H[WUDFWHG�
IURP�WHVW�VDPSOHV�DUH�TXHVWLRQHG�YLD�WKH�GHFLVLRQ�
QRGHV�LQ�WKH�WUHH�IURP�URRW�WR�OHDYHV��7KH�ILQDO�
OHDI�LV�DFFHSWHG�DV�WKH�FODVV�RI�WKH�WHVW�VDPSOH�

&����KDV�DQ�DGYDQWDJH�RQ�RWKHU�GHFLVLRQ�
WUHHV�� VLQFH� LW� XVHV� WKH� LQIRUPDWLRQ� JDLQ� DQG�
QRUPDOL]DWLRQ�DQG�DOVR�LW�XVHV�WKH�SUXQLQJ�IRU�
WKH�WLPH�SHUIRUPDQFH�

�����6XSSRUW�9HFWRU�0DFKLQH��690�

7KH� UHDVRQ� IRU� DSSO\LQJ�690�PHWKRG� DV� LQ�
)LJXUH����RYHU�WKH�GDWDVHW�LV�WR�GHWHUPLQH�WKH�
ERXQGDULHV�EHWZHHQ�FODVVHV������

690� DLPV� WR� FODVVLI\� WKH� VDPSOHV� LQWR�
JURXSV� DQG� GHILQH� D� ERXQGDU\� EHWZHHQ� WKH�
JURXSV��690�DOVR�WULHV�WR�ILQG�RXW�WKH�PD[LPXP�
PDUJLQ�SRVVLELOLW\�EHWZHHQ�WKH�JURXSV������

)LJXUH�����&����WUHH�GHPRQVWUDWLRQ
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RI� I �DQG� J �DUH�FRQVLGHUHG��$OVR�690�FDQ�XVH�
D�UDGLDO�EDVLV�IXQFWLRQ�DQG�RQH�RI�WKH�RSWLRQV�
LV�WKH�*DXVVLDQ�NHUQHO�IXQFWLRQ��TXRWHG�LQ�(TXD�
WLRQ����DQG����
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)LQDOO\��WKH�FODVV�LV�GHWHUPLQHG�E\�WKH�UHVXOW�
DFKLHYHG�IURP�.�IXQFWLRQ�

�����.�1HDUHVW�
1HLJKERUKRRG��.11�

7KH�N��F�QHLJKERUKRRG��RU�N��F�[��LQ�VKRUW��RI�D�
8�RXWOLHU�[�LV�WKH�VHW�RI�N�FODVV�F�LQVWDQFHV�WKDW�
DUH�QHDUHVW�WR�[��N�QHDUHVW�FODVV�F�QHLJKERUV�RI�[��

7KH�.�11��:DVVHUPDQ�	�6FKZDUW]��������
LV�H[SODLQHG�LQ�)LJXUH�����+HUH�N�LV�D�XVHU�GHILQHG�
SDUDPHWHU��)RU�H[DPSOH��N��F��[��RI�DQ�8�RXWOLHUV�
[�LV�WKH�N�QHDUHVW�FODVV�F��QHLJKERUV�RI�[�

/HW�$ �&RXW�T�[��EH�WKH�PHDQ�GLVWDQFH�RI�D�
8�RXWOLHU�[�WR�LWV�N�QHDUHVW�8�RXWOLHU�QHLJKERUV��
$OVR��OHW�$ �&�T�[��EH�WKH�PHDQ�GLVWDQFH�IURP�[�
WR�LWV�N�F�[���DQG�OHW�$ �&PLQ�T�[��EH�WKH�PLQLPXP�
DPRQJ� DOO� $ � &�T�[��� F� �� ^6HW� RI� H[LVWLQJ�
FODVVHV`��,Q�RUGHU�ZRUGV��N��FPLQ�LV�WKH�QHDUHVW�
H[LVWLQJ�FODVV�QHLJKERUKRRG�RI�[��7KHQ�N�16&�
RI�[�LV�JLYHQ�LQ�(TXDWLRQ����
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EDVHG��0D9/�RU�0DUYHO���0DVXG��HW�DO���������
HQVHPEOH�PHWKRG� WR� FRPELQH� WKUHH� GLIIHUHQW�

)LJXUH�����690�ERXQGDU\�DQG�PDUJLQV



&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

,QWHUQDWLRQDO�-RXUQDO�RI�%XVLQHVV�,QWHOOLJHQFH�5HVHDUFK��������������2FWREHU�'HFHPEHU����������

FODVVLILFDWLRQ�PHWKRGV��09�FDQ�EH�FRQVLGHUHG�
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WKH�FODVV�ZLWK�WKH�KLJKHVW�YRWH�
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7KH�HUURU�UDWH�RI�WKH�V\VWHP�LV�FDOFXODWHG�WKURXJK�
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DFKLHYHG�IURP�WKH�LPSOHPHQWDWLRQ�RI�WKH�DOJR�
ULWKP��7KH�506(�UHVXOW�RI���LV�FRQVLGHUHG�LGHDO�
DQG�ORZHU�YDOXHV�FORVH�WR���DUH�UHODWLYHO\�EHWWHU�

%\�WKH�UHVXOWV�IHWFKHG�IURP�WKH�RXWSXW�OD\HU�
DQG�WKH�FDOFXODWLRQ�RI�506(��WKH�DOJRULWKP�EDFN�
SURSDJDWHV�WR�WKH�ZHLJKW�YDOXHV�RI�WKH�V\QDSVHV�

$OVR�WKH�UHVXOWV�DUH�LQWHUSUHWHG�E\�XVLQJ�D�
VHFRQG�HUURU�FDOFXODWLRQ�PHWKRG�556(��5RRW�
5HODWLYH� 6TXDUHG� (UURU�� DQG� WKH� FDOFXODWLRQ�
LV� JLYHQ� LQ� (TXDWLRQ� ��� �4XUHVKL��0LU]D��	�
$ULI��������

x
P T

T T
rmse

ij j
j

n

j
j

n
=

−( )

−( )
=

=

∑

∑
1

2

1

� ����

ZKHUH�3LM�LV�WKH�YDOXH�SUHGLFWHG�IRU�WKH�VDPSOH�
FDVH� J ��7M�LV�WKH�WDUJHW�YDOXH�IRU�VDPSOH�FDVH�M�
DQG�4 �LV�FDOFXODWHG�E\�(TXDWLRQ�����4XUHVKL��
0LU]D��	�$ULI��������
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FDVHV���7M�LV�WKH�WDUJHW�YDOXH�IRU�VDPSOH�FDVH�M��
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)RU� D�SHUIHFW� ILW�� WKH�QXPHUDWRU� LV� HTXDO�
WR���DQG�(L ��6R��WKH�(L�LQGH[�UDQJHV�IURP���
WR�LQILQLW\��ZLWK���FRUUHVSRQGLQJ�WR�WKH�LGHDO�

$OVR� WKH� VXFFHVV� UDWH� RI� SUHGLFWLRQ� DQG�
H[SHFWDWLRQ�FDQ�EH�PHDVXUHG�DV�WKH�I�PHDVXUH�
PHWKRG�� 7KH� I�PHDVXUH� PHWKRG� LV� EXLOW� RQ�
7DEOH���

7KH�FDOFXODWLRQ�RI�I�PHDVXUH�FDQ�EH�JLYHQ�
DV�LQ�(TXDWLRQ����GHSHQGLQJ�RQ�7DEOH���
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,Q�WKLV�VWXG\�WKH�GDWDVHW�LV�LQ�QDWXUDO�ODQJXDJH�
DQG�VRPH�SUHSURFHVVLQJ�IRU�WKH�IHDWXUH�H[WUDF�
WLRQ�IURP�WKH�GDWD�VRXUFH�LV�UHTXLUHG��7KH�ILUVW�
DSSURDFK�LV�WR�DSSO\�WKH�7)�,')�IRU�WKH�DOO�WHUPV�
LQ�WKH�GDWD�VRXUFH��8QIRUWXQDWHO\�WKH�KDUGZDUH�
LQ� WKH�VWXG\�HQYLURQPHQW�ZDV�QRW�TXDOLI\LQJ�
WKH�UHTXLUHPHQWV�IRU�WKH�IHDWXUH�H[WUDFWLRQ�RI�
DOO�WKH�WHUPV�LQ�GDWD�VRXUFH�ZKLFK�LV���������

�����'DWDVHW

:H�KDYH�LPSOHPHQWHG�RXU�DSSURDFK�DQG�7DEOH�
��GHPRQVWUDWHV�WKH�IHDWXUHV�RI�WKH�GDWDVHWV�

7KH�GDWDVHW� LQ�7DEOH��� LV�FROOHFWHG� IURP�
WKH�ZHE�VLWH�RI�D�KLJK�FLUFXODWLQJ�QHZVSDSHU�
LQ�7XUNH\��7KH�GDWD�LV�FROOHFWHG�GLUHFWO\�IURP�
D�GDWDEDVH�VR�WKH�QRLV\�SDUWV�RQ�WKH�ZHE�SDJH�
OLNH�DGV��FRPPHQWV��OLQNV�WR�RWKHU�QHZV��HWF��DUH�
DYRLGHG��$QRWKHU�SUREOHP�LV�WKH�QRLVH�RI�+70/�
WDJV�LQ�WKH�GDWDEDVH�HQWULHV�IRU�IRUPDWWLQJ�WKH�
WH[W�RI�QHZV��7KH�GDWD�KDV�SUHSURFHVVHG�DQG�
DOO�WKH�+70/�WDJV�DUH�UHPRYHG�IURP�WKH�QHZV�
DQG�DOVR�DOO�SXQFWXDWLRQV�DQG�VWRS�ZRUGV�DUH�
UHPRYHG�LQ�WKH�SUHSURFHVVLQJ�SKDVH�

�����)HDWXUH�([WUDFWLRQ

:H�KDYH�LPSOHPHQWHG�D�IHDWXUH�H[WUDFWLRQ�DO�
JRULWKP�LQ�RUGHU�WR�H[WUDFW�WZR�IHDWXUH�YHFWRUV�

7DEOH����7KH�I�PHDVXUH�PHWKRG�

3UHGLFWLRQV

([SHFWDWLRQV

3RVLWLYH 1HJDWLYH

7UXH 7UXH�3RVLWLYH 7UXH�1HJDWLYH

)DOVH )DOVH�3RVLWLYH )DOVH�1HJDWLYH
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$OJRULWKP���GHPRQVWUDWHV� WKH�H[WUDFWLRQ�
RI�WZR�YHFWRUV��RQH�IURP�WKH�HFRQRPLF�QHZV�
FRUSXV�DQG�DQRWKHU�IURP�WKH�FORVLQJ�YDOXHV�RI�
WKH�VWRFN�PDUNHW��:H�KDYH�OLPLWHG�WKH�QXPEHU�
RI�IHDWXUHV�WR�����DQG�WKH�7RS����IXQFWLRQ�JHWV�
WKH�WRSPRVW�����IHDWXUHV�IURP�WKH�IHDWXUH�YHFWRU�

7KH�9��IHDWXUH�YHFWRU�LV�FDOFXODWHG�HDVLO\�
E\�FKHFNLQJ�WKH�FORVLQJ�YDOXH�RI�WKH�HFRQRPLF�
QHZV�RQ�WKH�GDWH��7KHUH�DUH�VRPH�QHZV�LWHPV�
ZKLFK�DUH�SXEOLVKHG�GXULQJ�WKH�WLPH�WKH�VWRFN�
PDUNHW�LV�FORVHG�OLNH�RQ�ZHHNHQGV�DQG�ZH�KDYH�
FRQVLGHUHG�WKHVH�YDOXHV�DV�D�WKLUG�FODVV�EHVLGHV�
WKH�LQFUHDVH�DQG�GHFUHDVH�FODVVHV�

7KH�FRUUHODWLRQ�DOJRULWKPV�UXQ�RYHU�WKH�WZR�
YHFWRUV�9��DQG�9��H[WUDFWHG�YLD�WKH�$OJRULWKP���

'XULQJ�WKH�H[HFXWLRQ�RI�WKH�DOJRULWKP��WKH�
H[HFXWLRQ�UHTXLUHV�PRUH�PHPRU\�WKDQ�WKH�DYDLO�
DEOH�KDUGZDUH��ZKHUH�ZH�UXQ�WKH�DOJRULWKPV�RQ�D�
LQWHO���&38�DQG��*%\WH�RI�5$0��7KH�UHTXLUHG�
PHPRU\�IRU�ORDGLQJ�WKH�GDWD�VHW�LV�FDOFXODWHG�
LQ�(TXDWLRQ����
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$OVR�WKH�FODVVLILFDWLRQ�DOJRULWKPV�UHTXLUH�
VRPH�H[HFXWLRQ�VSDFH�RYHU�WKH�ORDGHG�GDWD��,Q�
WKH�FDVH�ZLWK�IRXU�FODVVLILFDWLRQ�DOJRULWKPV�DQG�
D�0D9/�HQVHPEOH�DOJRULWKP�RQ�WRS�RI� WKHVH�
FODVVLILHUV��WKH�UHTXLUHG�PHPRU\�LV�PXFK�KLJKHU�

$V�D�VROXWLRQ�ZH�KDYH�OLPLWHG�WKH�QXPEHU�
RI� ZRUGV� ZLWK� WKH� KLJKHVW� RFFXUHQFHV�� 7KH�
QXPEHU�RI�RFFXUHQFHV�RQ�RXU�LPSOHPHQWDWLRQ�
LV����DQG�D�ZRUG� LV� WDNHQ� LQWR�FRQVLGHUDWLRQ�
DIWHU�WKLV�QXPEHU�RI�RFFXUHQFHV��7KH�ZRUGV�DS�
SHDULQJ�DERYH�WKLV�WKUHVKROG�YDOXH�LV������DQG�
WKH�PHPRU\�UHTXLUHG�LV�UHGXFHG�WR����0%\WH�
ZKLFK�LV�HDVLHU�WR�KDQGOH�LQ�WKH�5$0�

7KH�IHDWXUH�YHFWRU�H[WUDFWLRQ�LV�DERXW����
PLQXWHV�RQ�DYHUDJH�IRU�WKH�HFRQRPLF�QHZV�

7DEOH����3URSHUWLHV�RI�WKH�GDWDVHW�

1HZV

��RI�1HZV ����

$XWKRUV ����

7H[WV�SHU�$XWKRU 0HDQ��ȝ���������
6WGGHY�ı���������

$YHUDJH�ZRUG�OHQJWK a���

����/HW�(�EH�(FRQRP\�1HZV�&RUSXV�
����/HW�&�EH�&ORVLQJV�RI�6WRFNPDUNHW��
����)RU�HDFK�(L���(
������)RU�HDFK�7HUPM���(L

�������LI�FRXQW�7HUPM�!����
�������7M�ĸ�7)�,')�RI�7HUPM�
������&L�ĸ�FORVLQJBYDOXH�GDWH�(L�����&
����,*LM�ĸ�,QIRUPDWLRQ�*DLQ��7HUPM�(L�
����9��ĸ7RS����VRUW�,*��
����9�ĸ&

$OJRULWKP����)HDWXUH�H[WUDFWLRQ�PHWKRGV
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�����&ODVVLILFDWLRQ

7KH�UHVXOWV�RI�H[HFXWLRQV�IRU�WKH�.11�DOJRULWKP�
FDQ�EH�VXPPDUL]HG�LQ�7DEOH����WKH�H[HFXWLRQ�LV�
KDQGOHG�ZLWK�Q ��

7KH�VXFFHVV�UDWHV�LQ�7DEOH���DUH�WKH�SHU�
FHQWDJH�RI�FRUUHFWO\�FODVVLILHG� LQVWDQFHV��)RU�
H[DPSOH��WKH�VXFFHVV�UDWH�RI�5DQGRP�:DON�ZLWK�
OHQJWK ��FDQ�EH�FRQVLGHUHG�DV�WKH�����RI�WKH�
LQVWDQFHV�DUH�FRUUHFWO\�FODVVLILHG�WR�SUHGLFW�DQ�
LQFUHDVH��GHFUHDVH�RU�QR�FKDQJH� LQ� WKH� VWRFN�
PDUNHW�YDOXH�GHSHQGLQJ�RQ�WKH�HFRQRPLF�QHZV�
SURFHVVHG�

$OO�WKH�QLQH�PHWKRGV�DUH�VXLWDEOH�IRU�WKH�
FRUUHODWLRQ�DQG�WKH�KLJKHVW�VXFFHVV�LV�DFKLHYHG�
IURP�WKH�%ROOLQJHU�%DQG�ZLWK�����FRUUHFWO\�
FODVVLILHG�QHZV�

7DEOH���VXPPDUL]HV� WKH�UHVXOWV�JDWKHUHG�
IURP� WKH� GHFLVLRQ� WUHH� DOJRULWKP��$JDLQ� WKH�
%ROOLQJHU�EDQG�DQDO\VLV�PHWKRG�LV�OHDGLQJ�ZLWK�
D�VXFFHVV�UDWH�KLJKHU�WKDQ�����

690�FODVVLILFDWLRQ�PHWKRG�KDV�WKH�KLJK�
HVW� VXFFHVV� UDWH� DPRQJ� DOO� WKH� FODVVLILFDWLRQ�
PHWKRGV��7KH�VXFFHVV�UDWH�DV�GHPRQVWUDWHG�LQ�
7DEOH���LV�DOPRVW�����ZKLFK�LV�VOLJKWO\�KLJKHU�
WKDQ�WKH�&����GHFLVLRQ�WUHH�DSSURDFK�

7DEOH����(UURU�DQG�VXFFHVV�UDWHV�RI�.11��Q ��

I�0HDVXUH�
$YHUDJH 506( 5$( &RUUHFWO\�

&ODVVLILHG

5DQGRP�:DON ����� ������ ������ ������

%ROOLQJHU�%DQG ����� ������ ������ ������

0RYLQJ�$YHUDJH ����� ������ ������ ������

0RPHQWXP ����� ������ ������ ������

'LIIHUHQFH ����� ����� ������ ������

56, ����� ������ ������ ������

52& ����� ������ ������ ������

3HULRGLF�$YHUDJH ����� ����� ������ ������

5DQGRP�:DON�/HQJWK � ����� ����� ������ ������

7DEOH����(UURU�DQG�VXFFHVV�UDWHV�RI�&����GHFLVLRQ�WUHH�

I�0HDVXUH�
$YHUDJH 506( 5$( &RUUHFWO\�

&ODVVLILHG
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ILHU�ZH�KDYH�DSSOLHG��WKHUH�LV�D�����FRUUHODWLRQ�
EHWZHHQ�WKHVH�WZR�GDWDVHWV��7KLV�VWXG\�DOVR�IRU�
WKH�ILUVW�WLPH�WDNHV�FDUH�RI�WKH�HIIHFW�RI�WLPH�VHULHV�
DQDO\VLV�DQG�WKH�FODVVLILFDWLRQ�PHWKRG�WRJHWKHU��
1LQH�GLIIHUHQW�WLPH�VHULHV�DQDO\VLV�DQG�IRXU�GLI�
IHUHQW�FODVVLILFDWLRQ�DUH�WHVWHG�RQ�WKH�GDWDVHWV�
DQG�UHVXOWV�DUH�GHPRQVWUDWHG��)URP�WKH�UHVXOWV�
ZH�FDQ�FRQFOXGH�WKDW�WKH�%ROOLQJHU�EDQG�DQG�
690�PHWKRGV�DUH�WKH�PRVW�VXFFHVVIXO�PHWKRGV�
DPRQJ�WKH�PHWKRGV�VWXGLHG�LQ�WKLV�SDSHU�

'XULQJ�WKLV�VWXG\��ZH�KDYH�DOVR�GHDOW�ZLWK�
WH[W�PLQLQJ�RYHU�ELJ�GDWD�DQG�IHDWXUH�UHGXFWLRQ�
EHFDXVH� RI� WKH� SK\VLFDO� OLPLWDWLRQ� DQG� WLPH�
VHULHV�DQDO\VLV�DSSURDFK�RYHU�WKH�VWRFN�PDUNHW�

:H�EHOLHYH�WKH�UHVXOWV�ZRXOG�EH�EHQHILFLDO�
IRU�IXUWKHU�UHVHDUFK�RQ�WKH�ILQDQFH�DQG�HFRQRP\�
ILHOGV� DV�ZHOO� DV� WKH� GDWD�PLQLQJ� ILHOG��$V� D�

IXWXUH�ZRUN��PRUH�FODVVLILHUV�FDQ�EH�DGGHG�RU�
DQ�HQVHPEOH�DSSURDFK�FDQ�EH�DSSOLHG�RYHU�WKH�
FODVVLILFDWLRQ�SKDVH�DQG�DOVR�VRPH�QHZ�IHDWXUH�
H[WUDFWLRQ�PHWKRGV�FDQ�EH�DSSOLHG�OLNH�XVLQJ�
SDUW�RI�VSHHFK�WDJJLQJ�DQG�VR�RQ�

5()(5(1&(6

%UDXQ�� +��� 	� &KDQGOHU�� -�� 6�� �������� 3UHGLFWLQJ�
VWRFN� PDUNHW� EHKDYLRU� WKURXJK� UXOH� LQGXFWLRQ��
DQ� DSSOLFDWLRQ� RI� WKH� OHDUQLQJ�IURPH[DPSOH� DS�
SURDFK�� 'HFLVLRQ� 6FLHQFHV�� ������� ���±�����
GRL���������M����������������WE������[

)XQJ��*��3���<X�� -��;���	�/DP��:�� ��������1HZV�
VHQVLWLYH� VWRFN� WUHQG� SUHGLFWLRQ��/HFWXUH�1RWHV� LQ�
&RPSXWHU�6FLHQFH����������±����

)LJXUH�����6XPPDUL]DWLRQ�RI�WKH�VXFFHVV�UDWHV�IURP�WLPH�VHULHV�DQDO\VLV
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+DOJDPXJH��6��<��=���	�+VX��$����������&RPELQLQJ�
1HZV�DQG�7HFKQLFDO�,QGLFDWRUV�LQ�'DLO\�6WRFN�3ULFH�
7UHQGV�3UHGLFWLRQ��$GYDQFHV�LQ�1HXUDO�1HWZRUNV���
,611�������/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH���
������SS�������������6SULQJHU�9HUODJ�+HLGHOEHUJ�

+HFKW��1��5����������.ROPRJRURY¶V�PDSSLQJ�QHXUDO�
QHWZRUN�H[LVWHQFH�WKHRUHP��,(((�)LUVW�$QQXDO�,Q�
WHUQDWLRQDO�&RQIHUHQFH�RQ�1HXUDO�1HWZRUNV�����SS��
�������6DQ�'LHJR��86$�

/X��+��0���+XDQJ��1��:���=KDQJ��=���	�&KHQ��7��-��
��������,GHQWLI\LQJ�)LUP�6SHFLILF�5LVN�6WDWHPHQWV�LQ�
1HZV�$UWLFOHV��3$,6,�µ���3URFHHGLQJV�RI�WKH�3DFLILF�
$VLD�:RUNVKRS�RQ�,QWHOOLJHQFH�DQG�6HFXULW\�,QIRUPDW�
LFV��SS����������6SULQJHU�9HUODJ�%HUOLQ��+HLGHOEHUJ�

0DKDMDQ��$���'H\��/���	�+DTXH��6��0����������0LQLQJ�
)LQDQFLDO�1HZV�IRU�0DMRU�(YHQWV�DQG�7KHLU�,PSDFWV�
RQ� WKH� 0DUNHW��:HE� ,QWHOOLJHQFH� DQG� ,QWHOOLJHQW�
$JHQW�7HFKQRORJ\�� ������:,�,$7� µ���� ,(((�:,&�
$&0�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�����SS����������

0DKPRXG��6���	�(O�0HOHJ\��0��7����������(YDOXDWLRQ�
RI�GLYHUVLW\�PHDVXUHV�IRU�PXOWLSOH�FODVVLILHU�IXVLRQ�E\�
PDMRULW\�YRWLQJ��(OHFWULFDO��(OHFWURQLF�DQG�&RPSXWHU�
(QJLQHHULQJ��������,&((&�µ���������,QWHUQDWLRQDO�
&RQIHUHQFH�RQ���SS������������

0DVXG��0��0���$O�.KDWHHE��7��0���.KDQ��/���$J�
JDUZDO��&���*DR��-���+DQ��-���	�7KXUDLVLQJKDP��%��
��������'HWHFWLQJ�5HFXUULQJ�DQG�1RYHO�&ODVVHV�LQ�
&RQFHSW�'ULIWLQJ�'DWD�6WUHDPV��,&'0�µ���3URFHHG�
LQJV�RI�WKH������,(((���WK�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�'DWD�0LQLQJ��SS��������������:DVKLQJWRQ��'&��
86$��,(((�&RPSXWHU�6RFLHW\�

0LWFKHOO�� 7�� 0�� ��������0DFKLQH� OHDUQLQJ�� 1HZ�
<RUN��0F*UDZ�+LOO�

0LWWHUPD\HU�� 0��$�� �������� )RUHFDVWLQJ� LQWUDGD\�
VWRFN� SULFH� WUHQGV� ZLWK� WH[W� PLQLQJ� WHFKQLTXHV��
+,&66�µ���3URFHHGLQJV�RI�WKH�3URFHHGLQJV�RI�WKH�
��WK�$QQXDO�+DZDLL� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�
6\VWHP� 6FLHQFHV� �+,&66¶����� ��� SS�� ������� ,(((�
&RPSXWHU�6RFLHW\�:DVKLQJWRQ��'&��86$�

0LWWHUPD\HU��0��$���	�.QROPD\HU��*�� )�� ��������
1HZV&$76��$�1HZV�&DWHJRUL]DWLRQ� DQG�7UDGLQJ�
6\VWHP��,&'0�µ����3URFHHGLQJV�RI�WKH�6L[WK�,QWHUQD�
WLRQDO�&RQIHUHQFH�RQ�'DWD�0LQLQJ��SS��������������
,(((�&RPSXWHU�6RFLHW\�

1LNIDUMDP��$��� (PDG]DGHK�� (��� 	�0XWKDL\DK�� 6��
��������7H[W�PLQLQJ� DSSURDFKHV� IRU� VWRFN�PDUNHW�
SUHGLFWLRQ��&RPSXWHU�DQG�$XWRPDWLRQ�(QJLQHHULQJ�
�,&&$(��������7KH��QG�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�����SS�����������

4XUHVKL��6���0LU]D��6��0���	�$ULI��0��+�� ��������
)LWQHVV� IXQFWLRQ� HYDOXDWLRQ� IRU� LPDJH� UHFRQVWUXF�
WLRQ�XVLQJ�ELQDU\�JHQHWLF�DOJRULWKP�IRU�SDUDOHO�UD\�
WUDQVPLVVLRQ�WRPRJUDSK\��(PHUJLQJ�7HFKQRORJLHV��
������,&(7�µ����,QWHUQDWLRQDO�&RQIHUHQFH�RQ���SS��
�����������,VODPDEDG��3DNLVWDQ�

5DFKOLQ�� *��� /DVW��0���$OEHUJ�� '��� 	� .DQGHO��$��
��������$'0,5$/��$�'DWD�0LQLQJ�%DVHG�)LQDQFLDO�
7UDGLQJ� 6\VWHP��&RPSXWDWLRQDO� ,QWHOOLJHQFH� DQG�
'DWD�0LQLQJ��������&,'0�������,(((�6\PSRVLXP�
RQ��SS��������������GRL����������&,'0�������������

5RVHQEODWW��)����������3ULQFLSOHV�RI�QHXURG\QDPLFV��
SHUFHSWURQV� DQG� WKH� WKHRU\� RI� EUDLQ�PHFKDQLVPV��
:DVKLQJWRQ��6SDUWDQ�%RRNV�

6FKDONRII��5��-����������$UWLILFLDO�QHXUDO�QHWZRUN��
1HZ�<RUN��0F*UDZ�+LOO�

6FKXPDNHU�� 5�� 3��� 	� &KHQ�� +�� �������� 7H[WXDO�
DQDO\VLV�RI�VWRFN�PDUNHW�SUHGLFWLRQ�XVLQJ�EUHDNLQJ�
ILQDQFLDO�QHZV�7KH�$=)LQ�7H[W�V\VWHP��>72,6@��$&0�
7UDQVDFWLRQV�RQ�,QIRUPDWLRQ�6\VWHPV����������±����
GRL������������������������

6RQL��$���(FN��9���-DQ��1���	�8]D\��.����������3UHGLF�
WLRQ�RI�VWRFN�SULFH�PRYHPHQWV�EDVHG�RQ�FRQFHSW�PDS�
LQIRUPDWLRQ�� ,(((� 6\PSRVLXP� RQ� &RPSXWDWLRQDO�
,QWHOOLJHQFH�LQ�0XOWLFULWHULD�'HFLVLRQ�0DNLQJ���SS��
�����������+RQROXOX��+,�

7DQ��)��+���Q�G����,QWHUSUHWLQJ�1HZV�)ODVKHV�IRU�$X�
WRPDWLF�6WRFN�3ULFH�0RYHPHQW�3UHGLFWLRQ��(UDVPXV�
8QLYHUVLW\�5RWWHUGDP�

7UDSSH��:���	�:DVKLQJWRQ��/��&����������,QWURGXF�
WLRQ�WR�&U\SWRJUDSK\�ZLWK�&RGLQJ�7KHRU\��3HDUVRQ�
3UHQWLFH�+DOO�

:DVVHUPDQ��3��'���	�6FKZDUW]��7�� ��������1HXUDO�
QHWZRUNV�,,��:KDW�DUH�WKH\�DQG�ZK\�LV�HYHU\ERG\�VR�
LQWHUHVWHG�LQ�WKHP�QRZ"�,(((�([SHUW����������±����
GRL����������������

:XWKULFK��%���&KR��9���/HXQJ��6���3HUPXQHWLOOHNH��'���
6DQNDUDQ��.���	�=KDQJ��-����������'DLO\�VWRFN�PDUNHW�
IRUHFDVW�IURP�WH[WXDO�ZHE�GDWD��60&���&RQIHUHQFH�
3URFHHGLQJV������,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
6\VWHPV�0DQ�DQG�&\EHUQHWLFV�&DW�1R��&+�������
���SS�������������,HHH�

<DKLD��0��(���	�,EUDKLP��%����������.�QHDUHVW�QHLJK�
ERU�DQG�&����DOJRULWKPV�DV�GDWD�PLQLQJ�PHWKRGV��
DGYDQWDJHV�DQG�GLIILFXOWLHV��&RPSXWHU�6\VWHPV�DQG�
$SSOLFDWLRQV��������%RRN�RI�$EVWUDFWV��$&6�,(((�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ���S��������7XQLV��7XQLVLD�
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