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���6DODX�,EUDKLP��7�7���6DOLKX��6�$
�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH

)DFXOW\�RI�&RPPXQLFDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV
30%������8QLYHUVLW\�RI�,ORULQ��.ZDUD�6WDWH��1LJHULD�

�'HSDUWPHQW�RI�3K\VLFDO�6FLHQFHV��&RPSXWHU�6FLHQFH�8QLW
30%�,����$O�+LNPDK�8QLYHUVLW\�.ZDUD�6WDWH��1LJHULD�

D\LVDWZXUDROD#JPDLO�FRP
��WDRIHHNDWVDODX#JPDLO�FRP��VDOLKX�VD#XQLORULQ�HGX�QJ

&RUUHVSRQGLQJ���DXWKRU

$%675$&7
1LJHULDQ� WHOHFRPV� LQGXVWU\� KDV� ZLWQHVVHG� D� UDSLG� JURZWK� LQ� WKH� ODVW� WZR� GHFDGHV�� 7KH� JURZWK� KDV�

FRQWULEXWHG�WR�WKH�VRFLDO�HFRQRPLF�JURZWK�DQG�GHYHORSPHQW�RI�WKH�FRXQWU\��,Q�IDFW��1LJHULDQ�WHOHFRPV�LQGXVWU\�LV�
SUHVHQWO\� UHIHUUHG� WR�DV� WKH�IDVWHVW�JURZLQJ� LQGXVWU\� LQ�$IULFD��+RZHYHU�� WKH�JURZWK�GRHV�QRW�FRPH�ZLWKRXW� WKH�
GLIILFXOWLHV�RI�LQDGHTXDWH�TXDOLW\�RI�VHUYLFH�DQG�FXVWRPHU�GLVVDWLVIDFWLRQ�ZLWK�WKH�PRELOH�QHWZRUN�VHUYLFHV�7KHVH�
FKDOOHQJHV� KDV� FDXVHG� DQ� LQFUHDVH� LQ� FXVWRPHU� FKXUQ� DQG� DWWULWLRQ� UDWH�� 7KHUHIRUH�� WKLV� VWXG\� FRQGXFWHG� D�
&ULWLFDO�UHYLHZ�RQ�SUHYLRXV�VWXGLHV�WR�KLJKOLJKWV�WKH�FKDOOHQJHV�IDFLQJ�WKH�1LJHULDQ�WHOHFRPV�LQGXVWU\��7KLV�VWXG\�
REVHUYHG� WKH� PDLQ� FKDOOHQJHV� IDFLQJ� WKH� 1LJHULDQ� WHOHFRPV� LQGXVWU\� DUH� ZHDN� LQIUDVWUXFWXUH�� LPSURSHU�
PDQDJHPHQW�RI�FXVWRPHU�H[SHFWDWLRQV�GDPDJHV�RI�QHWZRUN�LQIUDVWUXFWXUHV�DQG�LQDGHTXDWH�SRZHU�VXSSO\��%DVHG�
RQ�WKH�VWDWHG�FKDOOHQJHV��WKLV�VWXG\�SURSRVHG�WKH�XVH�RI�ELJ�GDWD�DQDO\WLFV�WKDW�FDQ�EH�XVHG�E\�WKH�012V�WR�HQVXUH�
DGHTXDWH�PDQDJHPHQW�RI�PRELOH�QHWZRUN�SHUIRUPDQFH��7KH�VWXG\�HQYLVDJHG�WKDW�WKH�XVH�RI�ELJ�GDWD�DQDO\WLFV�LQ�
1LJHULDQ� WHOHFRPV� LQGXVWU\� ZLOO� HQDEOH� WKH� PRELOH� QHWZRUN� RSHUDWRUV� WR� XQGHUVWDQG� WKH� GHWHULRUDWLRQ� LQ� WKH�
QHWZRUN� WUDIILF�� NLQG� RI� UHVRXUFHV� XWLOLVHG�� ZKHUH� WKH� IXWXUH� WUDIILF� SUREOHPV�PD\� RFFXU� DQG� SODQ� RQ� KRZ� WR�
HIILFLHQWO\�UHDOORFDWH�LQIUDVWUXFWXUDO�PRELOH�QHWZRUN�UHVRXUFHV�

.H\ZRUGV��&XVWRPHU�6DWLVIDFWLRQ��%LJ�GDWD�DQDO\WLFV��WHOHFRPV�LQGXVWU\��4XDOLW\�RI�6HUYLFH��PRELOH�QHWZRUN�
RSHUDWRUV��PRELOH�QHWZRUN��

��� ,1752'8&7,21
7KH� WHOHFRPPXQLFDWLRQV� �WHOHFRPV�� LQGXVWU\� KDV�

H[SHULHQFHG� D� WUHPHQGRXV� JURZWK� DQG� LQQRYDWLRQ�RYHU�
WKH� SDVW� GHFDGHV�� 7KH� JURZWK� KDV� LPSDFWHG� WKH�
JOREDOLVDWLRQ�� LQWHUQDOLVDWLRQ�DQG�HIIHFWLYH�FRRUGLQDWLRQ�
RI�HFRQRPLF�DFWLYLWLHV� LQ�1LJHULD� >�@��)RU� LQVWDQFH�� >�@
UHSRUWHG�WKDW�WKH�1LJHULDQ�WHOHFRPV�LQGXVWU\�FRQWULEXWHG�
WR� WKH� 1LJHULDQ� HFRQRP\� ZLWK� ����� *URVV� GRPHVWLF�
SURGXFW��*'3��LQ��������6LPLODUO\��WKH�1LJHULD�WHOHFRPV�
LQGXVWU\�KDV�HQKDQFHG�EXVLQHVV�SURGXFWLYLW\�WKURXJK�DQ�
HQDEOLQJ� LQIRUPDWLRQ� IORZV� RQ� SULFHV�� TXDQWLWLHV� DQG�
TXDOLW\�� ZKLFK� LQ� WXUQ� LPSURYHG� WKH� VHUYLFH� HIILFLHQF\�
RI�PRELOH�ZRUNHUV�� LPSURYHG� MRE�VHDUFK��SURPRWLRQ�RI�
HQWUHSUHQHXULDOLVP� DV� ZHOO� DV� UHGXFWLRQ� LQ� EXVLQHVV�
FRVWV� DQG� WUDYHO� WLPH� >�@�� ,Q� DGGLWLRQ�� WKH� WHOHFRPV�
LQGXVWU\� KDV� LPSURYHG� WKH� HIIHFWLYH� GHOLYHU\� RI� SXEOLF�
VHUYLFHV�DQG�VXSSRUW�VRFLDO�GHYHORSPHQW�E\�RIIHULQJ�DQ�
HIIHFWLYH� KHDOWK� FDUH� DQG� HGXFDWLRQ� VHUYLFHV� WR� WKH�
UHPRWH�DQG�XQGHU�VHUYHG�DUHDV�WKURXJK�WKH�SURYLVLRQ�RI�
PRELOH�JRYHUQPHQW� LQFHQWLYH� DQG� PRELOH� DSSOLFDWLRQV
>�@�

$OWKRXJK�� WKH� WHOHFRPV� LQGXVWU\� KDG� LPPHQVHO\�
FRQWULEXWHG� WR�1LJHULDQ¶V� VRFLDO� HFRQRP\� JURZWK� DQG�
GHYHORSPHQW�� +RZHYHU�� WKHVH� FRQWULEXWLRQ� GRHV� QRW�
FRPH�ZLWKRXW�WKH�SUREOHPV�RI�4XDOLW\�RI�6HUYLFH��4R6��
SURYLVLRQLQJ�� FXVWRPHU� GLVVDWLVIDFWLRQ�� UHVRXUFH�

DOORFDWLRQ�PDQDJHPHQW�DQG�D�ILHUFH�FRPSHWLWLRQ�DPRQJ�
GLIIHUHQW� 0RELOH� 1HWZRUN� 2SHUDWRUV� �012V��
>�@�>�@�>�@�� 8QGHU� WKHVH� FLUFXPVWDQFHV�� WKH� WHOHFRPV�
LQGXVWU\� VHHNV� WKH� XVH� RI� DGYDQFHG� WHFKQRORJLHV� WR�
DVVLVW�WKH 012V�WR�LPSURYH�WKHLU�GHOLYHUHG�VHUYLFHV�DQG�
HQKDQFH�FXVWRPHU�VDWLVIDFWLRQ�

7KHUHIRUH�� WKLV� SDSHU� FULWLFDOO\� H[DPLQHG� SUHYLRXV�
VWXGLHV� WR� GHWHUPLQH� 1LJHULD� WHOHFRPV� JURZWK�
SRWHQWLDOV�� WKH�FKDOOHQJHV� IDFLQJ� WKH�1LJHULDQ� WHOHFRPV�
LQGXVWU\� DQG� GLVFXVVHG� KRZ� ELJ� GDWD� DQDO\WLFV� FDQ� EH�
XVHG� LQ� 1LJHULDQ� WHOHFRPV� LQGXVWU\� WR� DLG� VHUYLFH�
SURYLVLRQLQJ��7KH�XVH�RI�ELJ�GDWD�DQDO\WLFV�LQ�1LJHULDQ�
WHOHFRPV� LQGXVWU\� ZLOO� DLG� WKH� 012V� XQGHUVWDQG�
FXVWRPHUV¶� UHTXLUHPHQWV�DQG�H[SHFWDWLRQV��2QH�ZD\� WR�
LPSURYH� WKH�PRELOH� QHWZRUN� VHUYLFHV� WKURXJK�ELJ�GDWD�
DQDO\WLFV� LV� PDNLQJ� VHQVH� RXW� RI� WKH� GDWD� REWDLQHG� LQ�
PRELOH�QHWZRUN� WUDIILF��7KLV�ZLOO�HQDEOH� WKH�SURFHVV�RI�
VHHNLQJ� LQVLJKWV� DERXW� WKH� URRW� FDXVHV� RI� GHWHULRUDWLRQ�
LQ� WKH�PRELOH�QHWZRUN�� ,Q�DGGLWLRQ�� WKH�XVH�RI�ELJ�GDWD�
DQDO\WLFV� FDQ� DVVLVW� WKH� 012V� WR� GHWHUPLQH� KRZ� WKH�
QHWZRUN� HOHPHQWV� DUH� LQWHUFRQQHFWHG� DQG� KRZ� WKH�
YDULDWLRQV� RI� WKH�4R6� SDUDPHWHUV�PHDVXUHPHQWV� DIIHFW�
ERWK�WKH�YRLFH�DQG�GDWD�VHUYLFHV�

7KH� UHPDLQGHU� RI� WKLV� DUWLFOH� LV� RUJDQL]HG� DV�
IROORZV�� 6HFWLRQ� �� H[SORUHV� WKH� 1LJHULDQ� WHOHFRPV�
JURZWK�SRWHQWLDOV��)ROORZHG�E\�VHFWLRQ���WKDW�GLVFXVVHV�
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WKH� FKDOOHQJHV� IDFLQJ� 1LJHULDQ� PRELOH� WHOHFRPV�
LQGXVWU\�� 6HFWLRQ� �� SUHVHQWV� DQ� RYHUYLHZ� RI� ELJ� GDWD�
DQDO\WLFV� D� G� WHFKQLTXHV�� 6HFWLRQ� �� KLJKOLJKWV� WKH�
LPSDFWV� RI� ELJ� GDWD� DQDO\WLFV� LQ� PRELOH� WHOHFRPV�
LQGXVWU\�� � /DVWO\�� VHFWLRQ� �� SUHVHQWV� WKH� FRQFOXVLRQ��
OLPLWDWLRQV�DQG�LPSOLFDWLRQV�RI�WKLV�VWXG\�

��� 1,*(5,$�7(/(&206�*52:7+�
327(17,$/6
7KH� UDSLG� FKDQJHV� LQ� WKH� GHYHORSPHQW� DQG�

UHQRYDWLRQ� RI� WKH� 1LJHULDQ� WHOHFRPV� LQGXVWU\� FDQ� EH�
WUDFHG� EDFN� WR� WKH� OLEHUDOLVDWLRQ� RI� WHOHFRPV� LQGXVWU\�
ZKLFK�JDYH�ELUWK�WR�WKH�XVDJH�RI�PRELOH�*OREDO�6\VWHP�
IRU� 0RELOH� &RPPXQLFDWLRQV� �*60�� LQ� ������ 7KH�
OLEHUDOLVDWLRQ� IDFLOLWDWHV� WKH� HVWDEOLVKPHQW� RI� WHOHFRPV�
UHJXODWRU\� ERG\� LQ� OLHX� RI� 1LJHULDQ� &RPPXQLFDWLRQV�
&RPPLVVLRQ��1&&���1&&�LV�UHVSRQVLEOH�IRU�FUHDWLQJ�DQ�
HQDEOLQJ�FRPSHWLWLYH�HQYLURQPHQW�DPRQJ�WKH�012V�LQ�
WKH� LQGXVWU\�� WR�HQVXUH� WKH�SURYLVLRQ�RI�TXDOLWDWLYH�DQG�
HIIHFWLYH�WHOHFRPV�VHUYLFHV�WKURXJKRXW�WKH�FRXQWU\�>�@�

7KH� DGYHQW� RI� WKH� PRELOH� *60� RYHUFRPHV� WKH�
1LJHULDQ� 7HOHFRPPXQLFDWLRQV� �1,7(/�¶V� PRQRSROLVW�
REVHUYHG� LQ� WKH� WHOHFRP� LQGXVWU\�� WKHUHE\�DOORZLQJ� WKH�
HIIHFWLYH� RSHUDWLRQV� RI� WKH� SULYDWH� 012V� LQ� WKH�
WHOHFRPV� LQGXVWU\�� $PRQJ� WKH� HDUO\� SULYDWH� 012V�
OLFHQVHG�E\�1&&�WR�RSHUDWH�LQ�WKH�WHOHFRPV�LQGXVWU\�LQ
����� DUH� 0RELOH� 7HOHSKRQH� 1HWZRUN� �071��� 0RELOH�
7HOHFRPV� �0�7(/�� DQG� 9PRELOH� >�@�� 6XEVHTXHQWO\��
*/2%$&20� OLPLWHG� �*/2�� DQG� (PLUDWH� 7HOHFRP�
PXQLFDWLRQ� &RPSDQ\� �(7,6$/$7�� ZHUH� DOVR� JUDQWHG�
OLFHQVH� E\� WKH� 1&&� WR� RSHUDWH� DV� RQH� RI� WKH� SULYDWH�
012V� LQ� WKH� WHOHFRPV� LQGXVWU\ LQ� ����� DQG� �����
UHVSHFWLYHO\�

7KH� LQFUHDVH� LQ� WKH� QXPEHU� RI� 012V� JUDQWHG�
OLFHQVH� WR�RSHUDWH� LQ� WKH� WHOHFRPV� LQGXVWU\� FRQWULEXWHG�
LPPHQVHO\� WR� WKH� QXPEHU� RI� PRELOH� QHWZRUN�
VXEVFULEHUV� LQ� WKH� FRXQWU\�� )RU� LQVWDQFH�� WKHUH� ZDV� D�
VSRQWDQHRXV� LQFUHDVH� LQ� QXPEHU� RI� PRELOH� QHWZRUN�
VXEVFULEHUV� �FXVWRPHUV�� IURP� ����� PLOOLRQ� WR� �������
PLOOLRQ�ZLWK�D�UDSLG�LQFUHDVH�LQ�WHOHGHQVLW\�IURP�������
WR� �������� EHWZHHQ� ����� DQG� ����� UHVSHFWLYHO\>�@��
6LPLODUO\��WKH�JURZWK�KDV�LPPHQVHO\�FRQWULEXWHG�WR�WKH�
1LJHULDQ� *URVV� 'RPHVWLF� 3URGXFW� �*'3�� UDQJLQJ�
EHWZHHQ� ����� WR� ���� LQ� ����� DQG� �����
UHVSHFWLYHO\>�@�>�@�� $V� D� UHVXOW� RI� WKLV� JURZWK�� WKH�
1LJHULDQ� WHOHFRPV� LQGXVWU\� LV� UHJDUGHG� DV� WKH� IDVWHVW�
JURZLQJ� WHOHFRPV� LQGXVWU\� LQ� $IULFD�� EHFDXVH� WKH�
WHOHFRPV� LQGXVWU\� KDV� H[SHULHQFHG� D� PDMRU�
WUDQVIRUPDWLRQ� LQ� WHUPV� RI� JURZWK�� WHFKQRORJLFDO�
FRQWHQW�DQG�PDUNHW�VWUXFWXUH�>�@�

,Q� WKH� VDPH� ZD\�� WKH� WHOHFRPV� LQGXVWU\� LV� WKH�
ODUJHVW�JHQHUDWRU�RI�)RUHLJQ�'LUHFW�,QYHVWPHQW��)',��WR�
1LJHULD� DIWHU� WKH� RLO� DQG� JDV� LQGXVWU\�� 2PRQL\L>��@
LQGLFDWHG�WKDW�DIWHU�WKH�HFRQRPLF�OLEHUDOLVDWLRQ�LQ�������
WKH�)',�LQ�WHOHFRPV�LQGXVWU\�FDPH�DERXW����%LOOLRQ�86�
'ROODUV�LQ�������7KLV�HQDEOHV�IHZ�LQWHUQDWLRQDO�DJHQFLHV�
DQG� LQVWLWXWLRQV� VXFK� DV� ,QWHUQDWLRQDO� )LQDQFH�
&RUSRUDWLRQ� �,)&��� ([SRUW�,PSRUW� %DQN� RI� WKH 8QLWHG�
6WDWHV��WKH�$IULFDQ�'HYHORSPHQW�%DQN��$)'%��DQG�WKH�
'HYHORSPHQW�%DQN�RI�6RXWKHUQ�$IULFD� WR� LQYHVW� LQ� WKH�
1LJHULDQ�WHOHFRPV�LQGXVWU\�>��@�

,Q�DGGLWLRQ�� WKH�JURZWK�KDG�FRQWULEXWHG� WR�D�EHWWHU�
TXDOLW\� RI� OLIH� DV� VHYHUDO� SHRSOH� KDG� EHHQ� GLUHFWO\� RU�
LQGLUHFWO\�EHQHILWHG�IURP�WKH�HPSOR\PHQW�JHQHUDWHG�E\�
WKH�012V�VXFK�DV�QDWLRQZLGH�PRELOH�QHWZRUN�GHDOHUV��
YHQGRUV�DQG�WKH�XELTXLWRXV�XPEUHOOD�VWDQG�FDOO�FHQWUHV��
6XEVHTXHQWO\��WR�HQDEOH�WKH�WHOHFRPV�LQGXVWU\��PDLQWDLQ�
LWV� VWDWXV� DV� WKH� IDVWHVW� JURZLQJ� WHOHFRPV� LQGXVWU\� LQ�
$IULFD� WLOO� ������ WKH� WHOHFRPV� LQGXVWU\� KDG� SODQ� WR�
LPSURYH�LWV�FRQWULEXWLRQ�WR�WKH�QDWLRQ¶V�*'3�IURP�����
WR�����E\������ >�@ /LNHZLVH��1&&�KDV�DOVR�SURPLVHG�
WR�SURYLGH�DQ�HQDEOLQJ�HQYLURQPHQW��JRRG�SROLFLHV�DQG�
VROYH� WKH� FKDOOHQJHV� IDFHG�E\� WKH� LQGXVWU\�� LQ�RUGHU� WR�
DFWXDOLVH� WKH� LQGXVWU\� WDUJHW�E\������� �)RU� WKLV� UHDVRQV�
WKH� WHOHFRPV� LQGXVWU\� LV� SHUFHLYHG� DV� DQ� HQDEOLQJ�
LQGXVWU\� WKDW�FDQ� WUDQVIRUP�DOO�VHFWRUV�DQG�HQKDQFH� WKH�
VRFLR�HFRQRPLF�GHYHORSPHQW�LQ�WKH�FRXQWU\�

��� &+$//(1*(6�)$&,1*�1,*(5,$1�
02%,/(�7(/(&206�,1'8675<
'HVSLWH�WKH�DIRUHPHQWLRQHG�DFKLHYHPHQWV�PDGH�E\�

WKH�WHOHFRPV�LQGXVWU\�DQG�WKH�FRQWULEXWLRQV�PDGH�WR�WKH�
GHYHORSPHQW� RI� WKH� HFRQRP\�� WKH� WHOHFRPV� LQGXVWU\� LV�
VWLOO� IDFHG� ZLWK� VHULHV� RI� FKDOOHQJHV� LQKLELWLQJ� WKHLU�
VSHHG\� SURJUHVV� LQ� 1LJHULD�� 6HYHUDO� VWXGLHV� KDG�
LQGLFDWHG� WKDW� VRPH� RI� WKH� FKDOOHQJHV� IDFHG� E\� WKH�
WHOHFRPV� LQGXVWU\� LQ� 1LJHULD� DUH� DV� D� UHVXOW� RI� ZHDN�
LQIUDVWUXFWXUH�� LPSURSHU� PDQDJHPHQW� RI� FXVWRPHU�
H[SHFWDWLRQV�� GDPDJHV� RI� QHWZRUN� LQIUDVWUXFWXUHV��
LQDGHTXDWH� SRZHU� VXSSO\�� LOOHJDO� UHJXODWLRQV� E\� WKH�
WHOHFRPV� UHJXODWRUV�� WD[DWLRQ� LPSRVHG� E\� WKH�
*RYHUQPHQW�DQG�GHOD\�LQ�VHFXULQJ�DSSURYDO�RI�VLWHV�IRU�
QHZ�EDVH� WUDQVPLVVLRQ�VWDWLRQV� >�@�� >��@�� >��@�� >�@�� >�@��
>�@�� >��@�� >��@�� >��@�� >��@�� $OO� WKHVH� FKDOOHQJHV�
FRQWULEXWHG�WR�WKH SUREOHP�RI�LQDGHTXDWH�SURYLVLRQ�4R6�
DQG� GLVVDWLVIDFWLRQ� RI� WKH� PRELOH� QHWZRUN� VXEVFULEHUV�
>�@�>��@�� 7KHUHE\� FDXVLQJ� WKH� LQFUHDVH� LQ� FXVWRPHU�
FKXUQ� DQG� DWWULWLRQ� UDWH� >�@�� +HQFH�� WKH� FXVWRPHUV� DUH�
VHULRXVO\�IDFHG�ZLWK�WKH�SUREOHP�RI�GHFLGLQJ�WKH�012V�
WR�FKRRVH�EDVHG�RQ�FRVW�FRPSDULVRQ�DQG�EHWWHU� VHUYLFH�
EHQHILWV�� ,Q� IDFW�� LW� ZDV� REVHUYHG� WKDW� DFWLYH� PRELOH�
LQWHUQHW� FXVWRPHUV� KDYH� UHGXFHG� E\� ���� PLOOLRQ� LQ�
'HFHPEHU�� ������ WKHUHE\� FDXVLQJ� D� GHFUHDVH� LQ� WKH�
WHOHGHQVLW\�IURP���������WR���������>��@�

6LPLODUO\�� 1&&� DOVR� VKRZHG� WKDW� WKHUH� ZDV� D�
GUDVWLF� GHFUHDVH� LQ� WKH� QXPEHU� RI� PRELOH� QHWZRUN�
VXEVFULEHUV� IURP� ������PLOOLRQ� WR� ������PLOOLRQ� DQG� D�
GURS�LQ�WHOHGHQVLW\�IURP���������WR����������EHWZHHQ�
'HFHPEHU�������DQG�0DUFK�������UHVSHFWLYHO\>�@��7KLV�
SRVH� D� VHULRXV FKDOOHQJH� RQ� ERWK� WKH� UHJXODWRU\� ERG\�
DQG� WKH� 012V� EHFDXVH� WKH� 012V� KDV� H[SHULHQFHG� D�
GUDVWLF� GHFUHDVH� LQFRPH�ZLWKLQ� D� VKRUW� SHULRG�RI� WLPH��
DQG� WKH� FXVWRPHUV� DUH� DOVR� FRPSODLQLQJ� RI� LQDGHTXDWH�
SURYLVLRQ� RI� 4R6� UHVXOWLQJ� LQ� GLVVDWLVIDFWLRQ� ZLWK� WKH�
SURYLGHG�QHWZRUN�VHUYLFH��+HQFH��WKH�FKDOOHQJHV�IDFLQJ�
1LJHULDQ� PRELOH� WHOHFRPV� LQGXVWU\� LV� VXPPDULVHG� LQ�
WDEOH�����EHORZ�
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7DEOH������&KDOOHQJHV�IDFLQJ�1LJHULDQ�0RELOH�
7HOHFRPV�,QGXVWU\

1R $XWKRUV &KDOOHQJHV�
� >�@ :HDN�,QIUDVWUXFWXUH�EDVH�

5HJXODWRU� LQFRPSHWHQF\� LQ�
HQDEOLQJ�ODZ�DQG�UHJXODWLRQ�
,QDGHTXDWH�WDULII�UHJXODWLRQV�
,PSURSHU� PDQDJHPHQW� RI�
FXVWRPHU�H[SHFWDWLRQ�
,QDGHTXDWH�SRZHU�VXSSO\�
6SHFWUXP�SODQQLQJ�DQG�DOORFDWLRQ�
SUREOHPV�

� >�@��>�@ ,QDGHTXDWH� PDQDJHPHQW� RI� UDGLR�
IUHTXHQF\� DPRQJ� VXEVFULEHUV�
UHVXOWLQJ� LQ� SRRU� VHUYLFHV� E\� WKH�
012V� DQG� GLIILFXOWLHV� LQ�
6DWLVI\LQJ� PRELOH� QHWZRUN�
VXEVFULEHUV��

� >�@ 4R6� SUREOHP� DV� D� UHVXOW� RI�
YDQGDOLVP� RI� LQIUDVWUXFWXUH��
QHWZRUN� IDLOXUH� GXH� WR� QHWZRUN�
FRQJHVWLRQ�� VORZ� GRZQORDG� DQG�
FRQQHFWLRQ�GURSV��

� >��@ 5LVH�RI�FKXUQ�DQG�DWWULWLRQ�UDWH��
� >��@ 'HOD\� LQ� VHFXULQJ� DSSURYDO� IRU�

VLWHV�IRU�QHZ�EDVH�VWDWLRQV�
+DUDVVPHQW� E\� VRPH� JRYHUQPHQW�
DJHQFLHV� HVSHFLDOO\� DW� WKH� VWDWH�
DQG�ORFDO�JRYHUQPHQW�OHYHOV��

� >��@ ,QVWDELOLW\�SRZHU�VXSSO\�
6HFXULW\�LQIUDVWUXFWXUH�
,QWHU�QHWZRUN� FRQQHFWLYLW\�
SUREOHPV��VXFK�DV�FDOO�GURSV��FDOO�
VHW�XS�IDLOXUH�DQG�FDOO�UHWHQWLRQ���
1HWZRUN�FRQJHVWLRQ�
*HQHUDO� SRRU� 4R6� LQ� PRELOH�
QHWZRUNV��

� >�@ 'LVVDWLVIDFWLRQ� ZLWK� WKH� SURYLGHG�
4R6� VXFK� DV� FDOO� GURS� GXULQJ�
WHOHSKRQ\��ORZ�YRLFH�TXDOLW\��SRRU�
LQWHUFRQQHFWLYLW\� DQG� SRRU�
UHFHSWLRQ�RQ�QHWZRUN�
+LJK� ELOOLQJ� V\VWHP� RQ� PRELOH�
QHWZRUN�VHUYLFH�
3UREOHPV� RI� WHOHGHQVLW\� �QHWZRUN�
FRQJHVWLRQ�� LQ� WKH� DUHDV� FRYHUHG�
E\�WKH�012V��

� >��@ /RQJ�GHOD\�LQ�REWDLQLQJ�SHUPLW�
0XOWLSOH�DQG�LOOHJDO�UHJXODWLRQV�
7D[DWLRQ�DW IHGHUDO��VWDWH�DQG�ORFDO�
JRYHUQPHQW�OHYHOV�
'DPDJH� RI� ILEUH� LQIUDVWUXFWXUH�
GXULQJ�URDG�ZRUNV�
/DFN� RI� JUHHQ� HQHUJ\� LQLWLDWLYHV�
DQG�VXSSRUW�

� >��@ 3RRU�QHWZRUN�FRYHUDJH�
8QVDWLVIDFWRU\� FXVWRPHU� FDUH�
VXSSRUW�
,QFUHDVH�LQ�QXPEHU�RI�GLVVDWLVILHG�
FXVWRPHUV�DV�D�UHVXOW�RI�SRRU�4R6�

��� %,*�'$7$�$1$/<7,&6
2UJDQLVDWLRQV� VXFK� DV� WHOHFRPV� LQGXVWU\� FROOHFWV��

VWRUH�DQG�DQDO\VH�PDVVLYH�DPRXQWV�RI�GDWD��7KHVH�GDWD�
DUH� XVXDOO\� UHIHUUHG� WR� DV� ELJ� GDWD� EHFDXVH� RI� LWV�
ULFKQHVV� LQ� YROXPH�� YHORFLW\�� YHUDFLW\�� YDOXH� DQG�
YDULHW\�� 9ROXPH� LV� WKH� PRVW� LPSRUWDQW� DQG� GLVWLQFWLYH�
FULWHULD�RI�ELJ�GDWD��EHFDXVH� LW�GHVFULEHV� WKH� VL]H�� VFDOH�
DQG�DPRXQW�RI� WKH�GDWD� LQ� WHUPV�RI� WHUDE\WHV��H[DE\WHV�
RU�SHWDE\WHV�>��@�

9HORFLW\� UHIHUV� WR� WKH� UDWH� RI� VSHHG� DW� ZKLFK� WKH�
GDWD�DUH�JHQHUDWHG�DQG�WKH�UHVXOWLQJ�DFFHOHUDWHG�JURZWK�
RI�WKH�GDWD�>��@��9DULHW\�GHVFULEHG�WKH�GLVSDUDWH�VRXUFHV�
RI� GDWD� JHQHUDWHG�ZLWK� WKH� RUJDQLVDWLRQ� >��@�� 9DOXH� LV�
DOVR� DQ� LPSRUWDQW� IHDWXUH� RI� ELJ� GDWD�� EHFDXVH� LW�
FRPSULVHV�RI� WKH�SRWHQWLDO� RI� WKH�GDWD� WR�EH�XVHG� IRU� D�
SDUWLFXODU� DQDO\WLFV� SURFHVV�� 9HUDFLW\� GHVFULEHV� WKH�
TXDOLW\�RI�WKH�GDWD�WR�EH�XVHG�IRU�DQDO\WLFV�SURFHVVHV�LQ�
WHUPV�RI� FRQVLVWHQF\�� DFFXUDF\� DQG� WUXVW�ZRUWKLQHVV�RI�
WKH�GDWD�>��@�

$OO� WKHVH� FKDUDFWHULVWLFV�RI� ELJ�GDWD� FRPSULVHV� WKH�
W\SLFDO� IHDWXUH� RI� WKH� NLQGV� RI� GDWD� JHQHUDWHG� LQ� WKH�
WHOHFRPV� LQGXVWU\�� %LJ� GDWD� KDV� WKH� SRWHQWLDOV� WR�
JHQHUDWH� QHZ� LQVLJKW� LQIRUPDWLRQ� DERXW� WKH� VHUYLFHV�
SURYLGHG�E\�WKH�012V�DQG�IDFLOLWDWHV�WKH�FUHDWLRQ�RI�D�
QHZ�JHQHUDWLRQ�VXSSRUW�GDWD�PDQDJHPHQW� >��@ WKDW�DLG�
WKH� RUJDQLVDWLRQ¶V� GHFLVLRQ� PDNLQJ� LQ� LPSURYLQJ� WKHLU�
VHUYLFHV�WKURXJK�WKH�DQDO\WLFDO�SURFHVVHV�

+RZHYHU��WKHUH�LV�D�JURZLQJ�GHEDWH�DERXW�KRZ�WKH�
WHOHFRPV� LQGXVWU\�PD[LPLVH� WKH�EHQHILWV�RI�ELJ�GDWD� LQ�
LPSURYLQJ� WKHLU� VHUYLFHV� >��@�� 7KHUHIRUH�� WHOHFRPV�
LQGXVWU\�LV�DFWLYHO\�VHHNLQJ�ZD\V�RI�LQWHQVLI\LQJ�WKH�XVH�
RI� ELJ� GDWD� DQDO\WLFV� WR� LPSURYH� WKH� H[LVWLQJ� VHUYLFHV�
DQG� FUHDWHV� QHZ� RQHV�� LQ� RUGHU� WR� HQDEOH� FXVWRPHU�
VDWLVIDFWLRQ�DQG�PHHW�FXVWRPHUV¶�H[SHFWDWLRQV�

%LJ� GDWD� DQDO\WLFV� FRPSULVHV� RI� GHVFULSWLYH�
DQDO\WLFV��SUHGLFWLYH�DQDO\WLFV�DQG�SUHVFULSWLYH�DQDO\WLFV�
>��@�� 7KH� GHVFULSWLYH� DQDO\WLFV� HQDEOHV� WKH� SURFHVV� RI�
H[SORULQJ� KLVWRULFDO� WUHQGV� RI� GDWD� WR� H[WUDFW� XVHIXO�
LQIRUPDWLRQ� IURP� WKH� GDWD� >��@�� 7KLV� IDFLOLWDWHV� WKH�
SURFHVV�RI� SURYLGLQJ� DQVZHUV� WR�ZKDW�KDSSHQHG� LQ� WKH�
VHUYLFHV�SURYLGHG�E\�WKH�012V�LQ�WKH�SDVW�

3UHGLFWLYH� DQDO\WLFV� HPSOR\V� WKH� XVH� RI� KLVWRULFDO�
GDWD�WR�SUHGLFW�WKH�IXWXUH�RXWFRPH�RI�SURYLGHG�VHUYLFHV��
7KHVH�DQDO\WLFV�SUHGLFW� WKH�IXWXUH�DVVXPSWLRQ�EDVHG�RQ�
WKH� SDVW� IDLOXUHV� REVHUYHG� LQ� WKH� GDWDVHW� >��@�� 7KLV�
DQVZHUV�WKH�TXHVWLRQV�DERXW�ZKDW�LV�OLNHO\�WR�KDSSHQ�LQ�
IXWXUH� E\� XQFRYHULQJ� WKH� SDWWHUQV� DQG� UHODWLRQVKLSV� LQ�
WKH� GDWDVHWV�� 3UHVFULSWLYH� DQDO\WLFV� DLG� WKH� SURFHVV� RI�
GHFLVLRQ� PDNLQJ� E\� JDLQLQJ� LQVLJKWV� LQWR� WKH� VHUYLFHV�
SURYLGHG�E\�WKH�012V�>��@�

7KLV� XVXDOO\� DQVZHUV� WKH� TXHVWLRQV� DERXW� ZKDW�
VKRXOG�EH�GRQH�E\� WKH�012V�E\�SURYLGLQJ�DQ�RSWLPDO�
VROXWLRQ� WR� LPSURYH� WKH� VHUYLFHV� SURYLGHG� LQ� WKH�
WHOHFRPV�LQGXVWU\��$OWKRXJK��DOO� WKHVH�DQDO\WLFV�DLG�WKH�
SURFHVV� RI� DQDO\VLQJ� KLVWRULFDO� WUHQGV� RI� GDWD� DQG�
SUHGLFW� WKH� IXWXUH�� LQ� RUGHU� WR� SURYLGH� RU� VXJJHVW� DQ�
RSWLPDO� VROXWLRQ� WKDW� FDQ� EH� XVHG� WR� LPSURYH� WKH�
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VHUYLFHV� SURYLGHG� E\� WKH� 012V� LQ� WKH� WHOHFRPV�
LQGXVWU\��7KHUHIRUH�� LW� LV� HVVHQWLDO� WR�EH�ZHOO� LQIRUPHG�
DERXW� WKH�GLIIHUHQW� WHFKQLTXHV� WKDW�DUH�XVXDOO\�XVHG�IRU�
H[WUDFWLQJ�LQIRUPDWLRQ�IURP�WKH�KLVWRULFDO�GDWDVHW��

��� %LJ�'DWD�$QDO\WLFV�7HFKQLTXHV
2UJDQLVDWLRQV�XVXDOO\�HPSOR\ WKH�XVH�RI�DQDO\WLFDO�

WHFKQLTXHV�WR�HIILFLHQWO\�SURFHVV�WKH�PDVVLYH�DPRXQW�RI�
GDWD� �ELJ� GDWD�� ZLWKLQ� D� OLPLWHG� UXQ� WLPH�� 1XPEHU� RI�
VWXGLHV�KDYH�KLJKOLJKWHG�WKH�WHFKQLTXHV�WKDW�FDQ�EH�XVHG�
IRU� WKH� GLIIHUHQW� W\SHV� RI� DQDO\WLFDO� SURFHVVHV� �VXFK� DV�
GHVFULSWLYH�� SUHGLFWLYH� DQG� SUHVFULSWLYH� >��@�>��@�>��@��
7KH� WHFKQLTXHV� FRPPRQO\� XVHG� IRU� DQDO\VLQJ�ELJ�GDWD�
FRPSULVHV� RI� VHYHUDO� GLVFLSOLQHV� VXFK� DV� GDWD� PLQLQJ��
PDFKLQH� OHDUQLQJ� DQG� VWDWLVWLFDO� WHFKQLTXHV�� ZKLFK� DUH�
XVHG�WR�FDSWXUH��DQDO\VH�DQG�YLVXDOLVH�WKH�GDWDVHWV�>��@�

7KH� VWDWLVWLFDO� WHFKQLTXHV� DUH� XVHG� LQ� ELJ� GDWD� WR�
RUJDQLVH� DQG� LQWHUSUHW� GDWD�� 7KLV� DLG� WKH� SURFHVV� RI�
H[SORULQJ� WKH� FRUUHODWLRQ�� FDVXDO� UHODWLRQVKLS� DQG�
QXPHULFDO� GHVFULSWLRQ� RI� WKH� GDWDVHW� >��@�� 7KLV�
WHFKQLTXH� LV� FRPPRQO\� XVHG� IRU� GHVFULSWLYH� DQDO\WLFV�
WKURXJK�GHVFULSWLYH�VWDWLVWLFV�VXFK�DV�WKH�PHDQ��PHGLDQ��
VWDQGDUG�GHYLDWLRQ�� UDQJH� DQG�KLVWRJUDP��7KH� UHVXOW� RI�
WKH� VWDWLVWLFDO� WHFKQLTXH� LV� RIWHQ� GLVSOD\HG� WKURXJK�
FKDUWV�� OLQHV� DQG� JUDSKLFV�� 7KH� LQIRUPDWLRQ� H[WUDFWHG�
WKURXJK� WKH� GHVFULSWLYH� DQDO\WLFV� DUH� RIWHQ� XVHG� IRU�
RWKHU� DQDO\WLFV� SURFHVVHV� OLNH� SUHGLFWLYH� DQG�
SUHVFULSWLYH�DQDO\WLFV�

'DWD�PLQLQJ� DQG�PDFKLQH� OHDUQLQJ� WHFKQLTXHV� DUH�
XVHG� WR� H[WUDFW� YDOXDEOH� LQVLJKWV� LQ� WKH� GDWDVHWV�� 7KH\�
HQDEOH� WKH� SURFHVV� RI� NQRZOHGJH� GLVFRYHU\� E\�
SURYLGLQJ� DQ� DXWRPDWLF� LQWHOOLJHQW� GHFLVLRQ�� 7KHVH�
WHFKQLTXHV� DGRSW� WKH� XVH� RI� VHYHUDO� PHWKRGV� VXFK� DV�
FOXVWHULQJ� DQDO\VLV�� FODVVLILFDWLRQ� DQDO\VLV�� UHJUHVVLRQ�
DQDO\VLV� DQG� DVVRFLDWLRQ� UXOH� OHDUQLQJ>��@�� $OWKRXJK��
ELJ�GDWD�PLQLQJ�LV�PRUH�FKDOOHQJLQJ�WKDQ�WKH�WUDGLWLRQDO�
GDWD�PLQLQJ��EHFDXVH�WKH�ELJ�GDWD�PLQLQJ�FRPSULVHV�RI�
DQ� H[WHQGHG� YHUVLRQ� RI� WKH� WUDGLWLRQDO� GDWD� PLQLQJ�
WHFKQLTXHV�>��@�

7KH�PDFKLQH� OHDUQLQJ� DQG� GDWD�PLQLQJ� WHFKQLTXHV�
LV�XVHG�IRU�ERWK�WKH�GHVFULSWLYH�DQG�SUHGLFWLYH�DQDO\WLFV�
IRU�DQDO\VLQJ�DQG�SUHGLFWLQJ� WKH� IXWXUH�RXWFRPH�RI� WKH�
GDWDVHW�� 2WKHU� WHFKQLTXHV� LQFOXGH� PDWKHPDWLFDO�
SURJUDPPLQJ�� KHXULVWLFV� VHDUFK� DQG� VLPXODWLRQ�
PRGHOOLQJ� FRPPRQO\� XVHG� WR� LGHQWLI\� RSWLPDO� DFWLRQ
>��@��$OO�WKH�DIRUHPHQWLRQHG�WHFKQLTXHV�FDQ�VXSSRUW�WKH�
ELJ� GDWD� WHFKQRORJLHV� WKDW� FRPSULVHV� RI� $SDFKH�
0DKRXW��'U\DG��$SDFKH�+DGRRS�DQG�0DS5HGXFH�>��@�

7KH� ELJ� GDWD� WHFKQRORJLHV� KDYH� WKH� SRWHQWLDOV� WR�
DFFRPPRGDWH� WKH� ELJ� GDWD� WHFKQLTXHV� LQ� WKH� IRUP� RI�
DOJRULWKPV� IRU� DQDO\VLQJ� WKH� ODUJH� GDWDVHW� DQG� DGGUHVV�
WKH� FRPSOH[� UHDO�OLIH� SUREOHPV�� 6LPLODUO\�� WKH�
DOJRULWKPV�XVHG�LQ�ELJ�GDWD�DQDO\WLFV�SURFHVV�KDV�D�KXJH�
SRWHQWLDO� WR� JDLQ� D� YHU\� JRRG� DQDO\WLFV� GULYHQ� LQVLJKW�
VXFK� DV� QHWZRUN SODQQLQJ� DQG� UHVRXUFH� DOORFDWLRQ�
PDQDJHPHQW� DERXW� WKH� PRELOH� WHOHFRPV� VHUYLFHV��
7KHUHIRUH�� WKH�012V� FDQ� HPSOR\� WKH� XVH� RI� ELJ� GDWD�
DQDO\WLFV�WR�DQDO\VH�WKH�KLVWRULFDO�GDWD�JHQHUDWHG�LQ�WKH�
PRELOH�QHWZRUN�WUDIILF��

��� ,PSDFW�RI�%LJ�'DWD�$QDOW\WLFV�LQ�0RELOH�
7HOHFRPV�,QGXVWU\
%LJ� GDWD� DQDO\WLFV�� PRVW� HVSHFLDOO\� WKH� SUHGLFWLYH�

DQDO\WLFV�KDV�WKH�SRWHQWLDOV�WR�LQIRUP�WKH�012V�ZKHUH�
DQG� ZKHQ� D� SURDFWLYH� PHDVXUH� DUH� UHTXLUHG� WR� EH�
SURYLGHG��LQ�RUGHU�WR�VDWLVI\�WKH�IXWXUH�GHPDQG�RI�WKHLU�
FXVWRPHUV�� 6LPLODUO\�� WKH� LQIRUPDWLRQ� FRQVWLWXWHG� LQ�
QHWZRUN� GDWD� FDQ� IRUP� D� EDVLV� RI� SUHGLFWLYH� DQDO\WLFV��
EHFDXVH� VXFK� GDWD� FRQVLVWV� RI� 4R6� SDUDPHWHUV�
PHDVXUHPHQW�YDULDWLRQV�WKDW�RFFXUUHG�LQ�UHDO�WLPH�RI�WKH�
PRELOH� QHWZRUN�� 7KHUHE\�� HQDEOLQJ� WKH� 012V� WR�
XQGHUVWDQG�WKH�GHWHULRUDWLRQ LQ�WKH�QHWZRUN�WUDIILF��NLQG�
RI� UHVRXUFHV�XWLOLVHG��ZKHUH� WKH� IXWXUH� WUDIILF�SUREOHPV�
PD\� RFFXU� DQG� DLG� WKH� 012V� WR� SODQ� RQ� KRZ� WR�
HIILFLHQWO\� UHDOORFDWH� LQIUDVWUXFWXUDO� PRELOH� QHWZRUN�
UHVRXUFHV�

,Q� DGGLWLRQ�� QXPEHU� RI� VWXGLHV� KDYH� GHVFULEHG�
GLIIHUHQW�ZD\V�E\�ZKLFK�ELJ�GDWD� DQDO\WLFV� FDQ� LPSDFW�
WKH�WHOHFRPV�LQGXVWU\�LQ�RUGHU�WR�DLG�VHUYLFH�HIILFLHQFLHV�
RI�WKH�012V�LQ�WHOHFRPV�LQGXVWU\�>��@� >��@� >��@� >��@�
>��@��7KHVH�DUH�H[SODLQHG�EHORZ�
�L� 1HWZRUN� 3ODQQLQJ� DQG� PDQDJHPHQW� 7KH�

SURFHVV�RI�DQDO\VLQJ�WKH�QHWZRUN�WUDIILF�GDWD�LQ�UHDO�
WLPH� ZRXOG� DVVLVW� WKH� 012V� WR� RSWLPLVH� WKHLU�
QHWZRUN� DQG� HQVXUH� JRRG� SURYLVLRQ� RI� 4R6� >��@��
7KLV� LV� HQYLVDJHG� WR� HQKDQFH� WKH� RSHUDWLRQDO�
HIILFLHQFLHV� LQ� WKH� PRELOH� QHWZRUN� SHUIRUPDQFH��
7KLV� WHQGV� WR� DVVLVW� WKH� 012V� WR� DGMXVW� WKHLU�
QHWZRUN� WUDIILF� UHTXLUHPHQW� DQG� LPSURYH� WKH�
UHVRXUFH� DOORFDWLRQ� HIILFLHQF\� WKURXJK� WKH� XVH� RI�
LQWHOOLJHQW� LQVLJKW� GLVFRYHUHG� LQ� WKH� ELJ� GDWD�
DQDO\WLFV�SURFHVVHV�>��@��,Q�RWKHU�ZRUGV��WKH�LQVLJKW�
GLVFRYHUHG�LQ�WKH�ELJ�GDWD�DQDO\WLFV�SURFHVV�ZRXOG�
HQDEOH�WKH 012V�WR�DSSURSULDWHO\�DOORFDWH�QHWZRUN�
LQIUDVWUXFWXUH� UHVRXUFHV�� 6XEVHTXHQWO\�� D� JRRG�
QHWZRUN�SODQQLQJ�DQG�PDQDJHPHQW�WKURXJK�WKH�ELJ�
GDWD�DQDO\WLFV�ZRXOG�VROYH� WKH�FKDOOHQJHV�RI�ZHDN�
LQIUDVWUXFWXUH� EDVH�� LQDGHTXDWH� PDQDJHPHQW� RI�
UDGLR� IUHTXHQF\� DPRQJ� WKH VXEVFULEHUV� DV�ZHOO� DV��
VSHFWUXP�SODQQLQJ�DQG�DOORFDWLRQ��

�LL� &XVWRPHU� 3URILOLQJ�� 7KH� KLVWRULFDO� GDWD� REWDLQHG�
IURP� WKH� QHWZRUN� WUDIILF� KDV� WKH� SRWHQWLDOV� WR�
FDSWXUH� D� UDQJH� RI� EHKDYLRXUDO� GDWD� RI� WKH�
FXVWRPHUV� WKDW� FRQVLVWV� RI� WKH� FXVWRPHU� PRELOLW\��
VRFLDO� QHWZRUN� SDWWHUQV� DQG� FRQVXPSWLRQ�
SUHIHUHQFHV >��@�� &ROOHFWLYHO\�� WKHVH� GDWD� FDQ� EH�
XVHG� LQ� ELJ� GDWD� DQDO\WLFV� SURFHVVHV� WR� GHWHUPLQH�
WKH� FXVWRPHU� LQWHUHVW�� VRFLR�HFRQRPLF� FODVV��
FXVWRPHU� VHJPHQWDWLRQ�� OLNHOLKRRG� RI� FKXUQ�� OHYHO�
RI� LQWHUHVW� RI� FXVWRPHUV�� PRELOLW\� SURILOH� DQG�
WUDFNHG� WKH� GLVVDWLVILHG� FXVWRPHUV� >��@�� >��@�� %LJ�
GDWD� DQDO\WLFV� FDQ� HQDEOH� WKH� SURFHVV� RI�
GHWHUPLQLQJ� WKH� FXVWRPHU� LQWHUHVW� EDVHG� RQ� WKH�
FXVWRPHU�VSHQGLQJ��W\SH�RI�GHYLFHV�XVHG�RU�ZHEVLWH�
YLVLWHG >��@�� 6LPLODUO\�� ELJ� GDWD� DQDO\WLFV� FDQ
GHWHUPLQH� WKH� OLNHOLKRRG� WR� FKXUQ�� WKLV� PHDQV� WKH�
QXPEHU� RI� FXVWRPHUV� OLNHO\� WR� OHDYH� WKH� VHUYLFHV�
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SURYLGHG� E\� D� SDUWLFXODU� 012� >��@�� 7KLV� LV�
DFKLHYDEOH� E\� DQDO\VLQJ� DQG� WDUJHWLQJ� WKH�
FXVWRPHUV¶�H[LVWLQJ� VHUYLFH�XVDJH�EHKDYLRXU��6XFK�
DQDO\VLV� ZRXOG� SURYLGH� QHZ� UHWHQWLRQ� RIIHUV� E\�
WDUJHWLQJ�WKH�URRW�FDXVH�RI�FXVWRPHU�GLVVDWLVIDFWLRQ�
>��@�� /LNHZLVH�� GHWHUPLQLQJ� WKH� OHYHO� RI� LQIOXHQFH�
RI� FXVWRPHUV� ZRXOG� DLG� WKH�012V� WR� WDUJHW� HDFK�
FXVWRPHU�ZLWK� SURPRWLRQV� DQG� LQFHQWLYHV�� WKHUHE\�
OHYHUDJLQJ� WKH� PRELOLW\� SURILOH� IRU� ORFDWLRQ�EDVHG�
VHUYLFHV��

�LLL� 3UH�HPSWLYH� 6HUYLFH� TXDOLW\� PDQDJHPHQW� %LJ�
GDWD�DQDO\WLFV�KDV� WKH�DELOLW\� WR�HPSOR\� WKH�XVH�RI�
GDWD�JHQHUDWHG�IURP�WKH�QHWZRUN�WUDIILF�WR�PHDVXUH�
WKH�GHOLYHUHG�VHUYLFHV�WKURXJK�UHDO�WLPH�DQDO\VLV�RI�
4R6�SDUDPHWHUV�PHDVXUHPHQW�>��@��7KLV�IDFLOLWDWHV�
WKH� SURFHVV� RI� H[WUDFWLQJ� DQG� FRPELQLQJ� VHUYLFH�
FRPSRQHQWV�WR�FUHDWH�D�XQLTXH�VHUYLFH�EXQGOHV�WKDW�
DUH�FRUUHODWHG� WR� WKH�TXDOLW\�SDUDPHWHUV��6LPLODUO\��
ELJ� GDWD� DQDO\WLFV� SURYLGH� EHWWHU� LQVLJKWV� DQG�
YLVLELOLW\� RYHU� WLPH� E\� HYDOXDWLQJ� WKH� QHWZRUN�
SHUIRUPDQFH� DQG� 4R6� SURYLVLRQLQJ� IURP� D�
FXVWRPHU� ± FHQWULF� SHUVSHFWLYH�� VXFK� WKDW� WKH�
012V� FDQ� WDNH� D� SURDFWLYH� PHDVXUH� EHIRUH� D�
FHUWDLQ�SUREOHP�ZRXOG�DULVH��

�LY� &XVWRPHU�([SHULHQFH�DQG�PDUNHWLQJ��,Q�JHQHUDO��
WKH� PRELOH� QHWZRUN� VHUYLFHV� RSHUDWH� LQ� UHDO�WLPH��
7KXV�� LW� LV� LPSHUDWLYH� WR� DQWLFLSDWH� SRRU� FXVWRPHU�
H[SHULHQFH�LQ�UHDO�WLPH�RU�QHDU�UHDO�WLPH�VR�WKDW�WKH�
012V�FDQ�GHDO�ZLWK�VXFK�LVVXHV�SURDFWLYHO\�EHIRUH�
LW� FRPSOHWHO\� GHWHULRUDWH� WKH� PRELOH� QHWZRUN�
VHUYLFHV� SURYLGHG� E\� WKH� 012V>��@�� +HQFH��
HQDEOLQJ� WKH� 012V� WR� UHVSRQG� WR� FXVWRPHU�
H[SHULHQFH� LVVXHV� LQ� D� YHU\� VKRUW� WLPH�� ,Q� RWKHU�
ZRUGV�� XVLQJ� ELJ� GDWD� DQDO\WLFV� WR� DQDO\VH� WKH�
QHWZRUN� GDWD� WHQGV� WR� HQKDQFH� DFFXUDWH� ELOOLQJ��
WLPHO\� UHVSRQVH� WR� FXVWRPHU� LVVXHV�� SHUVRQDOLVHG�
RIIHUV� EDVHG� RQ� FRQWH[WXDO� LQVLJKW�� 4R6�
SULRULWLVDWLRQ�EDVHG�RQ�FXVWRPHU�OLIH�WLPH�YDOXH�DQG�
DELOLW\�WR�FRQGXFW�DGYDQFHG FXVWRPHU�VHJPHQWDWLRQ�
>��@�
6XEVHTXHQWO\��E\� OHYHUDJLQJ� WKH�ELJ�GDWD�DQDO\WLFV�

WR�PDQDJH� WKH�PRELOH�QHWZRUN�VHUYLFHV� LQ� UHDO�WLPH�RU�
QHDU� UHDO�WLPH� FUHDWHV DQ� HQDEOLQJ� HQYLURQPHQW� IRU� WKH�
012V�WR�XQGHUVWDQG�WKHLU�FXVWRPHU�EHKDYLRXU��LQ�RUGHU�
WR� LPSURYH� WKH� VDOHV� DQG�PDUNHWLQJ� RSSRUWXQLWLHV�� � $W�
WKH� VDPH� WLPH�� IDFLOLWDWLQJ� WKH� 012V� WR� SURYLGH�
PHDVXUHV� RI� PHHWLQJ� WKH� FXVWRPHU¶V� H[SHFWDWLRQV
SURPSW� UHVSRQVH� WR� QHWZRUN� LVVXHV� DQG� HQKDQFH� WKHLU�
VHUYLFHV� VR� DV� WR� SURYLGH� 4R6� VDWLVIDFWRU\� VHUYLFHV WR�
WKH�FXVWRPHUV��

��� &21&/86,216
7KLV�VWXG\�SURYLGHV�D�FRQFHSWXDO�H[SORUDWLRQ�RI�WKH�

1LJHULD� WHOHFRPV� JURZWK� SRWHQWLDO� DQG� WKH� FKDOOHQJHV�
IDFLQJ� WKH� 1LJHULD� WHOHFRPV� LQGXVWU\�� � (TXDOO\�� WKLV�
VWXG\� KLJKOLJKWHG� KRZ� ELJ� GDWD� DQDO\WLFV� FDQ� HQKDQFH�
WKH� SURYLVLRQ� RI� D� JRRG� 4R6� DQG� LPSURYH� WKH�
VDWLVIDFWLRQ�RI�FXVWRPHUV�ZLWK�PRELOH�QHWZRUN�VHUYLFHV��

$OWKRXJK�� ELJ� GDWD� DQDO\WLFV� PD\� QRW� VROYH� WKH�
FKDOOHQJHV� RI� LQDGHTXDWH� SRZHU� VXSSO\� LQ� 1LJHULD��
+RZHYHU�� LW�FDQ�EH�XVHG�WR�HIILFLHQWO\�PDQDJH�WKH�ZD\�
WKH�012V�SURYLGH�WKHLU�VHUYLFHV��E\�GHWHFWLQJ�WKH�DUHDV�
WKDW�LV�DIIHFWHG�E\�LQDGHTXDWH�SRZHU�VXSSO\�DQG�SURYLGH�
DQ�DOWHUQDWLYH�SURYLVLRQ�RI�SRZHU�VXSSO\�LQ�VXFK�DUHDV��
6LPLODUO\�� 1&&� VKRXOG� SURYLGH� PHDVXUH� WKDW� HQVXUHV�
FRPSHWHQW� ODZ� DQG� UHJXODWLRQV� LQ� DUHDV� ZKHUH� LW� LV�
ODFNLQJ��PRVW�HVSHFLDOO\�ZKHQ�WKH�012V�DUH�IDFHG�ZLWK�
JHWWLQJ� D� ORFDWLRQ� WR� EH� XVHG IRU� EDVH� WUDQVPLVVLRQ�
VWDWLRQ�

7KLV� VWXG\� LV� EDVHG� RQ� FULWLFDO� UHYLHZ�RI� SUHYLRXV�
VWXGLHV�� +RZHYHU�� WKH� VLJQLILFDQFH� RI� WKLV� VWXG\� LV� WR�
NHHS� WKH� 012V� LQIRUPHG� RQ� WKH� XVDJH� RI� ELJ� GDWD�
DQDO\WLFV�WR�HDVH�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�4R6�DQG�
FXVWRPHU� VDWLVIDFWLRQ�� )XWXUH� ZRUN� ZLOO� H[SORUHV� WKH�
012V� SHUIRUPDQFH� XVLQJ� WKH� GDWD� JDWKHUHG� IURP� WKH�
PRELOH�QHWZRUN�WUDIILF�

5()(5(1&(6

>�@� %�� $GL�� ³$Q� HYDOXDWLRQ� RI� WKH� 1LJHULDQ�
7HOHFRPPXQLFDWLRQ� ,QGXVWU\� FRPSHWLWLYHQHVV��
$SSOLFDWLRQ RI� 3RUWHU¶V� )LYH� )RUFHV� 0RGHO�´�
:RUOG�-RXUQDO�RI�6RFLDO�6FLHQFHV���YRO�����QR�����
SS���������������

>�@� 3�� (NZXMXUX� DQG� 3�� 2ILOL�� ³7HOHFRPV�� RWKHUV�
FRQWULEXWH� ����� WR� 1LJHULD¶V� *'3�´� 9DQJXDUG�
0HGLD� /LPLWHG�� 1LJHULD��� ��� $SULO� ������
>2QOLQH@�� $YDLODEOH��
KWWS���ZZZ�YDQJXDUGQJU�FRP��������� WHOHFRPV�
RWKHUV�FRQWULEXWH�����QLJHULDV�JGS��� >$FFHVVHG�
���-XO\�����@�

>�@� *60$��³'LJLWDO�,QFOXVLRQ�DQG�WKH�UROH�RI�PRELOH�
LQ� 1LJHULD�´� 2FWREHU� ������ >2QOLQH@�� $YDLODEOH��
KWWS���ZZZ�JVPD�FRP�PRELOHIRUGHYHORSPHQW�ZS
�FRQWHQW�XSORDGV���������*60$B1LJHULD�
5HSRUWB:(%�SGI��>$FFHVVHG����-XO\�����@�

>�@� 0�� $�� 0DZROL�� ³/LEHUDOLVDWLRQ� RI� WKH� 1LJHULDQ�
WHOHFRPPXQLFDWLRQ� VHFWRU�� $� FULWLFDO� UHYLHZ�´�
-RXUQDO� RI� UHVHDUFK� LQ� QDWLRQDO� GHYHORSPHQW� ��
YRO�����QR�����������

>�@� $�� 2�� +DVVDQ�� ³7HOHFRPPXQLFDWLRQV� 5HIRUP�
DQG� (IIHFWV� RI� &RPSHWLWLRQ� RQ� $YDLODELOLW\��
4XDOLW\�DQG�&RVW�RI�6HUYLFHV�LQ�1LJHULD�´�3XEOLF�
3ROLF\�DQG�$GPLQLVWUDWLRQ�5HVHDUFK�������SS����
����������

>�@� )�� /RQJH�� ³6XEVFULEHUV¶� 3HUFHSWLRQ� RI� WKH�
4XDOLW\�RI�6HUYLFH� �4R6��RI� WKH�*OREDO�6\VWHP�
IRU� 0RELOH� 6HUYLFHV� LQ� ,EDGDQ�� 1LJHULD�´�
&RPSXWLQJ�� ,QIRUPDWLRQ� 6\VWHPV� DQG�
'HYHORSPHQW� ,QIRUPDWLFV� -RXUQDO��� ���� ��SS�� ��
����������

>�@� 1&&�� ³1LJHULDQ� &RPPXQLFDWLRQV� &RPPLV�
VLRQ�´� 1LJHULDQ� &RPPXQLFDWLRQV� &RPPLVVLRQ��
>2QOLQH@�� $YDLODEOH��
KWWS���ZZZ�QFF�JRY�QJ�LQGH[�SKS"RSWLRQ FRPB
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FRQWHQW	YLHZ IURQWSDJH	,WHPLG �����
>$FFHVVHG����-XO\�����@�

>�@� (�� (OHEHNH�� 5�� 8GRILD� DQG� .�� ,UXRPD��
³7HOHFRPV� LQGXVWU\� WR� FRQWULEXWH� ���� WR� *'3�
E\������´�9DQJXDUG�0HGLD�/LPLWHG��1LJHULD�����
-XO\� ������ >2QOLQH@�� $YDLODEOH��
KWWS���ZZZ�YDQJXDUGQJU�
FRP���������WHOHFRPV�LQGXVWU\�WR�FRQWULEXWH�
���WR�JGS�E\��������>$FFHVVHG����-XO\�����@�

>�@� %��(��$��2JKRMDIRU��*��&��0HVLNH��&��,��2PRHUD�
DQG�5��'��%DNDUH��³0RGHOOLQJ�WHOHFRP�FXVWRPHU�
DWWULWLRQ� XVLQJ� ORJLVWLF� UHJUHVVLRQ�´� $IULFDQ�
-RXUQDO� RI� 0DUNHWLQJ� 0DQDJHPHQW� ����� �� SS��
����������������

>��@� 7�� 2PRQL\L�� ³1LJHULD�� 'ULYLQJ� 1DWLRQDO�
'HYHORSPHQW� 7KURXJK� 7HOHFRPPXQLFDWLRQV�´�
DOO$IULFD�� ��� 1RYHPEHU� ������ >2QOLQH@��
$YDLODEOH�� KWWS���DOODIULFD�FRP�VWRULHV�
�������������KWPO�� >$FFHVVHG� ��� 6HSWHPEHU�
����@�

>��@� 2�� ,ZXDJZX�� ³7KH� 5HYROXWLRQDU\� <HDUV��
1LJHULDெV� 7HOHFRPPXQLFDWLRQ� ,QGXVWU\� ����� ±
�����´�,QWHUQDWLRQDO�-RXUQDO�RI�5HVHDUFK�LQ�$UWV�
DQG� 6RFLDO� 6FLHQFHV�� YRO�� ��� QR�� ��� SS�� �������
������

>��@� %��0��.XER\H��%��.��$OHVH��2��)DMX\LJEH�DQG�2��
6�� $GHZDOH�� ³'HYHORSPHQW� RI� PRGHOV� IRU�
PDQDJLQJ�QHWZRUN�FRQJHVWLRQ�RQ�JOREDO� V\VWHP�
IRU� PRELOH� FRPPXQLFDWLRQ� �*60�� LQ� 1LJHULD�´�
-RXUQDO� RI� :LUHOHVV� 1HWZRUNLQJ� DQG�
&RPPXQLFDWLRQV� ����� GRL��
��������M�MZQF��������������SS��������������

>��@� %�� 0�� .XER\H�� ³2SWLPL]DWLRQ� PRGHOV� IRU�
PLQLPL]LQJ� FRQJHVWLRQ� LQ� *OREDO� 6\VWHP� IRU�
0RELOH� &RPPXQLFDWLRQV� �*60�� LQ� 1LJHULD�´�
-RXUQDO� 0HGLD� DQG� &RPPXQLFDWLRQ� 6WXGLHV� ��
YRO�����QR�����SS�����������������

>��@�0��.XOL\D��.��$ERX��=��$OL\X�DQG�0��/HOH�� ³$�
UHYLHZ� RI� PRELOH� EURDGEDQG� SHQHWUDWLRQ� LQ�
1LJHULD�´� 3URFHHGLQJV� RI� WKH� $FDGHPLF�
&RQIHUHQFH� RI� $IULFDQ� 6FKRODU� 3XEOLFDWLRQV� 	�
5HVHDUFK� ,QWHUQDWLRQDO� RQ� 1HZ� 6WUDWHJLHV� DQG�
$SSURDFKHV�������������

>��@� ,�� 1QRFKLUL�� ³(YDOXDWLRQ� 2I� 7KH� 4XDOLW\� 2I�
6HUYLFH� RI� *OREDO� 6\VWHP� IRU� 0RELOH�
7HOHFRPPXQLFDWLRQ� �*60�� RSHUDWRUV� ,Q�
1LJHULD�´� -RXUQDO� RI� 0XOWLGLVFLSOLQDU\�
(QJLQHHULQJ� 6FLHQFH� DQG� 7HFKQRORJ\� �-0(67��
������SS�������������������

>��@� -�� ,VDERQD� DQG� 0�� (NSHQ\RQJ�� ³(QG�8VHU�
VDWLVIDFWLRQ� DVVHVVPHQW� DSSURDFK� IRU� HIILFLHQW�
QHWZRUNV� SHUIRUPDQFH� PRQLWRULQJ� LQ� ZLUHOHVV�
FRPPXQLFDWLRQ� V\VWHPV�´� $IULFDQ� -RXUQDO� RI�
&RPSXWLQJ�	�,&7�������SS��������������

>��@� 3UHPLXP7LPHV1LJHULD�� ³1LJHULD¶V� DFWLYH�
WHOHFRPV� VXEVFULEHUV� GRZQ� E\� RQH� PLOOLRQ� ±
1&&�´� 3UHPLXP� WLPHV� 1LJHULD�� ��� )HEUXDU\�
������ >2QOLQH@�� $YDLODEOH�� KWWS���ZZZ�
SUHPLXP�WLPHVQJ�FRP�EXVLQHVV�EXVLQHVV�
GDWD��������QLJHULDV�DFWLYH�WHOHFRPV�
VXEVFULEHUV�RQH�PLOOLRQ�QFF�KWPO�� >$FFHVVHG� ���
-XO\�����@�

>��@� <�� 'HPFKHQNR�� 3�� *URVVR�� &�� GH� /DDW� DQG� 3��
0HPEUH\�� ³$GGUHVVLQJ� %LJ� 'DWD� ,VVXHV� LQ�
6FLHQWLILF�'DWD�,QIUDVWUXFWXUH�´�,(((�������

>��@� /��'XDQ�DQG�<��;LRQJ�� ³%LJ�GDWD�DQDO\WLFV�DQG�
EXVLQHVV� DQDO\WLFV�´� -RXUQDO� RI� 0DQDJHPHQW�
$QDO\WLFV� ����� GRL��
������������������������������ �� SS�� ������
������

>��@�0�� /�� %HUJHU� DQG� ]9�� 'REDQ�� ³%LJ� GDWD��
DGYDQFHG� DQDO\WLFV� DQG� WKH� IXWXUH� RI�
FRPSDUDWLYH� HIIHFWLYHQHVV� UHVHDUFK�´� -RXUQDO� RI�
FRPSDUDWLYH�HIIHFWLYHQHVV�UHVHDUFK��YRO�����QR�����
SS�����������������

>��@� +�� -�� :DWVRQ�� ³%LJ� GDWD� DQDO\WLFV�� &RQFHSWV��
WHFKQRORJLHV� DQG� DSSOLFDWLRQV�´� &RPPXQL�
FDWLRQV� RI� WKH� $VVRFLDWLRQ� IRU� ,QIRUPDWLRQ�
6\VWHPV���������SS�������������������

>��@� ,78�� ³0HDVXULQJ� WKH� LQIRUPDWLRQ� VRFLHW\�
UHSRUW�´� ,QWHUQDWLRQDO� WHOHFRPPXQLFDWLRQ� XQLRQ��
*HQHYD�������

>��@� +�� 0RXVDQLI�� +�� 6DEDK�� <�� 'RXLML� DQG� <�� 2��
6D\DG��³)URP�ELJ�GDWD�WR�ELJ�SURMHFWV��D�VWHS�E\�
VWHS� URDGPDS�´� LQ� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
)XWXUH�,QWHUQHW�RI�7KLQJV�DQG�&ORXG��������

>��@� '�� $URUD� DQG� 3�� 0DOLN�� ³$QDO\WLFV�� .H\� WR� JR�
IURP� JHQHUDWLQJ� ELJ� GDWD� WR� GHULYLQJ� EXVLQHVV�
YDOXH�´� LQ� ,(((�)LUVW� ,QWHUQDWLRQDO�&RQIHUHQFH�
RQ� %LJ� 'DWD� &RPSXWLQJ� 6HUYLFH� DQG�
$SSOLFDWLRQV��������

>��@� $�� *DQGRPL� DQG� 0�� +DLGHU�� ³%H\RQG� WKH�
K\SH�%LJ�GDWD�FRQFHSWV��PHWKRGV�DQG�DQDO\WLFV�´�
,QWHUQDWLRQDO� MRXUQDO� RI� LQIRUPDWLRQ�
PDQDJHPHQW�����SS�����������������

>��@� &�� 3�� &KHQ� DQG� &��<�� =KDQJ�� ³'DWD� LQWHQVLYH�
DSSOLFDWLRQV�� FKDOOHQJHV�� WHFKQLTXHV� DQG�
WHFKQRORJLHV�� $� VXUYH\� RQ� ELJ� GDWD�´�
,QIRUPDWLRQ� VFLHQFH�� KWWS���G[�GRL�RUJ�
��������M�LQV��������������SS��������������

>��@� +��+X��<��:HQ��7��6��&KXD�DQG�;��/L��³7RZDUG�
VFDODEOH� V\VWHPV� IRU� ELJ� GDWD� DQDO\WLFV�� $�
WHFKQRORJ\� WXWRULDO�´� ,(((� GRL��
��������$&&(66��������������� SS�� ���������
������

>��@� -�� 6SLHVV�� <�� 7
-RHQV�� 5�� 'UDJQHD�� 3�� 6SHQFHU�
DQG� /�� 3KLOLSSDUW�� ³8VLQJ� ELJ� GDWD� WR� LPSURYH�
FXVWRPHU�H[SHULHQFH�DQG�EXVLQHVV�SHUIRUPDQFH�´�
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%HOO� ODEV� WHFKQLFDO� MRXUQDO� ������ GRL��
��������EOWM��������SS��������������

>��@� +�� <LQ�� <�� -LDQJ�� &�� /LQ�� <�� /XR� DQG� <�� /LX��
³%LJ� GDWD�� 7UDQVIRUPLQJ� WKH� GHVLJQ� SKLORVRSK\�
RI� IXWXUH� LQWHUQHW�´� ,(((� 1HWZRUN�� SS�� �������
������

>��@� .��=KHQJ��=��<DQJ��.��=KDQJ��3��&KDW]LPLVLRV��
.�� <DQJ� DQG� :�� ;LDQJ�� ³%LJ� GDWD�GULYHQ�
RSWLPL]DWLRQ� IRU�PRELOH� QHWZRUNV� WRZDUGV��*�´�
,(((�QHWZRUN��SS���������������

>��@� $�� %DQHUMHH�� ³$GYDQFHG� SUHGLFWLYH� QHWZRUN�
DQDO\WLFV�� 2SWLPL]H� \RXU� QHWZRUN� LQYHVWPHQW�
DQG� WUDQVIRUP� FXVWRPHU� H[SHULHQFH�´� )HEUXDU\�
������ >2QOLQH@�� $YDLODEOH�� KWWS���ZZZ�VDV�
FRP�HQBXV�ZKLWHSDSHUV�DGYDQFHG�SUHGLFWLYH�
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