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3UHGLFWLQJ�WKH�,PSDFW�RI�,QIRUPDWLRQ�6\VWHPV��
WR�$FFRXQWLQJ�LQ�*UHHFH�XVLQJ�)X]]\�&RJQLWLYH�0DSV�

�
$WKDQDVLRV�.��7VDGLUDV���7KHRIDQLV�.DUDJLRUJRV��

��'HSDUW��RI�$SSOLHG�,QIRUPDWLFV����'HSDUW��RI�%XVLQHVV�$GPLQLVWUDWLRQ��
8QLYHUVLW\�RI�0DFHGRQLD��(JQDWLDV������3�2�%R[������

7KHVVDORQLNL��������*UHHFH�
�
$EVWUDFW�� ,Q� WKLV� SDSHU� ZH� XVH� )X]]\� &RJQLWLYH�0DSV� �)&0V��� D� ZHOO�HVWDEOLVKHG� $UWLILFLDO�
,QWHOOLJHQFH�WHFKQLTXH�WKDW�LQFRUSRUDWHV�LGHDV�IURP�$UWLILFLDO�1HXUDO�1HWZRUNV�DQG�)X]]\�/RJLF��
WR� FUHDWH� D� G\QDPLF� PRGHO� IRU� SUHGLFWLQJ� WKH� FKDQJHV� WKDW� WKH� DSSOLFDWLRQ� RI� ,QIRUPDWLRQ�
6\VWHPV�ZLOO�EULQJ�WR�$FFRXQWDQWV�LQ�*UHHFH��7KH�ZD\V�WKDW�$FFRXQWDQWV�RSHUDWH�LQ�*UHHFH�ZLOO�
FKDQJH� GUDPDWLFDOO\� LQ� WKH� QH[W� IHZ� \HDUV�� E\� WKH� DSSOLFDWLRQ� RI� QHZ� WHFKQRORJLHV� �H�J��
REOLJDWRU\� HOHFWURQLF� VXEPLVVLRQ� RI� 9$7� VWDWHPHQWV��� )&0V� FUHDWH� PRGHOV� DV� FROOHFWLRQV� RI�
FRQFHSWV� DQG� WKH� YDULRXV� FDXVDO� UHODWLRQV� WKDW� H[LVW� EHWZHHQ� WKHVH� FRQFHSWV�� 7KH� SUHGLFWLRQ�
FDSDELOLWLHV� RI� WKH� )&0� VWUXFWXUH� DUH� H[DPLQHG� DQG� SUHVHQWHG� XVLQJ� WZR� PRGHOV� GHYHORSHG�
EDVHG�RQ� WKH�EHOLHIV�RI�D�GRPDLQ�H[SHUW��7KH�PRGHOV�DUH� ILUVW�H[DPLQHG�VWDWLFDOO\�XVLQJ�JUDSK�
WKHRU\� WHFKQLTXHV� EXW� DOVR� G\QDPLFDOO\� WKRXJKW� VLPXODWLRQV� WR� HVWLPDWH� WKH� LPSDFW� WKDW� WKH�
DSSOLFDWLRQ� RI� ,QIRUPDWLRQ� 6\VWHPV� ZLOO� KDYH� WR� $FFRXQWDQWV� LQ� *UHHFH�� � 6FHQDULRV� DUH�
LQWURGXFHG�DQG�SUHGLFWLRQV�DUH�PDGH��

�
���,QWURGXFWLRQ�WR�)X]]\�&RJQLWLYH�0DSV�
�
&RJQLWLYH�0DS��&0��PRGHOV�ZHUH�LQWURGXFHG�LQ�WKH�ODWH�����¶V�E\�$[HOURG�DQG�ZHUH�
XVHG� LQLWLDOO\� IRU� 'HFLVLRQ�0DNLQJ� >�@�� $[HOURG� VWXGLHG� WKH� VWUXFWXUDO� DQG� GHFLVLRQ�
SRWHQWLDOV�RI�VXFK�PRGHOV�DQG�LGHQWLILHG�WKHLU�H[SODQDWLRQ�DQG�SUHGLFWLRQ�FDSDELOLWLHV�
>�@��7KH�LQWURGXFWLRQ�RI�)X]]\�/RJLF�JDYH�QHZ�UHSUHVHQWLQJ�FDSDELOLWLHV�WR�&0V�DQG�
OHG�WR�WKH�GHYHORSPHQW�RI�)X]]\�&RJQLWLYH�0DSV�E\�.RVNR�LQ�WKH�ODWH�����¶V�>�@��>�@��
7KH�XVH�RI�IX]]\�ORJLF�DOORZV�WKH�UHSUHVHQWDWLRQ�ERWK�RI�WKH�W\SH��SRVLWLYH�RU�QHJDWLYH��
RI�WKH�FDXVDO�UHODWLRQVKLSV�WKDW�H[LVW�DPRQJ�WKH�FRQFHSWV�RI�WKH�PRGHO�EXW�DOVR�RI�WKH�
GHJUHH�RI�WKH�FDXVDO�UHODWLRQVKLS��
�
)&0V� PRGHOV� DUH� FUHDWHG� DV� FROOHFWLRQV� RI� FRQFHSWV� DQG� WKH� YDULRXV� FDXVDO�
UHODWLRQVKLSV� WKDW� H[LVW� EHWZHHQ� WKHVH� FRQFHSWV�� 7KH� FRQFHSWV� DUH� UHSUHVHQWHG� E\�
QRGHV� DQG� WKH� FDXVDO� UHODWLRQVKLSV� E\� GLUHFWHG� DUFV� EHWZHHQ� WKH� QRGHV�� (DFK� DUF� LV�
DFFRPSDQLHG�E\�D�ZHLJKW� WKDW�GHILQHV� WKH�GHJUHH�RI� WKH�FDXVDO� UHODWLRQ�EHWZHHQ� WKH�
WZR�QRGHV��7KH�VLJQ�RI�WKH�ZHLJKW�GHWHUPLQHV�WKH�SRVLWLYH�RU�QHJDWLYH�FDXVDO�UHODWLRQ�
EHWZHHQ�WKH� WZR�FRQFHSWV�QRGHV��$Q�H[DPSOH�RI�)&0�LV�JLYHQ�LQ�ILJXUH����VKRZLQJ�
WKH�FDXVDO�UHODWLRQVKLSV�WKDW�ZHUH�LGHQWLILHG�LQ�D�FDU�LQGXVWU\��>�@���
�
7KH�PDLQ� DUHDV� ZKHUH� )&0V� DUH� XVHG� DUH�� D�� 'HFLVLRQ�0DNLQJ�� E�� )RUHFDVWLQJ�� F��
([SODQDWLRQ��RI�DFWLRQV�DOUHDG\�PDGH��DQG�G��6WUDWHJLF�3ODQQLQJ��$�JUHDW�QXPEHU�RI�

�����������������������������������������������������������
� 6XSSRUWHG� E\� D� SRVWGRFWRUDO� VFKRODUVKLS� E\� WKH� *UHHN� 1DWLRQDO� 6FKRODUVKLSV� )RXQGDWLRQ�
�,.<��
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)&0V�KDYH�EHHQ�GHYHORSHG�FRQFHUQLQJ�WKH�EXVLQHVV�LQGXVWU\�DQG�ILQDQFLDO�DFWLYLWLHV��
7DEOH�,�JLYHV�VRPH�VXFK�UHIHUHQFHV�IRXQG�LQ�ELEOLRJUDSK\��

+LJK�3URILWV

8QLRQ�5DLVHV

)RUHLJQ

&RPSHWLWLRQ

/RZHU�3ULFHV

+LJK�6DOHV

&XVWRPHUV

6DWLVIDFWLRQ

6DIHU�9HKLFOHV

�
)LJXUH����)&0�PRGHO�RI�D�FDU�LQGXVWU\��

�PRGLILHG�YHUVLRQ�RI�RULJLQDO�WDNHQ�IURP�>�@��
�

7DEOH�,�
&RJQLWLYH�0DS�WRSLF� 5HIHUHQFH�

-DSDQ¶V�DQG�86$¶V�LQGXVWU\� >�@�
7KH�VWUDWHJ\�RI�1H;7�FRPSXWHU�&RPSDQ\� >�@�
7KH�VWUDWHJ\�RI�6RQ\�&RPSDQ\� >�@�
86$¶V�HFRQRP\� >�@�
7KH�LQWURGXFWLRQ�RI�QHZ�GULQN�LQ�WKH�PDUNHW� >�@�
0HDVXULQJ�WKH�HIILFLHQF\�RI�D�FRPSDQ\¶V�GHSDUWPHQWV� >�@�
7KH�GHYHORSPHQW�SKDVHV�RI�D�FRPSDQ\� >��@�
7KH�VDOHV�RI�D�FRPSDQ\� >��@�
7KH�PDQDJHPHQW�RI�D�FRPSDQ\� >��@��>��@�
7KH�EXUHDXFUDF\�LQ�FRPSDQLHV� >��@�

�
$OWKRXJK� LQ�)&0V� WKH�GHJUHH�RI� WKH�FDXVDO� UHODWLRQVKLSV� FRXOG�EH� UHSUHVHQWHG�E\�D�
QXPEHU�LQ�WKH�LQWHUYDO�>����@��HDFK�FRQFHSW�FRXOG�EH�HLWKHU�DFWLYDWHG�RU�QRW�DFWLYDWHG��
LQ� D� VWULFW� ELQDU\� PDQQHU�� ,Q� ������ &HUWDLQW\� 1HXURQ� )X]]\� &RJQLWLYH� 0DSV�
�&1)&0V�� ZHUH� LQWURGXFHG� >��@� WR� RYHUFRPH� WKLV� OLPLWDWLRQ�� &1)&0V� SURYLGH�
DGGLWLRQDO�IX]]LILFDWLRQ�WR�)&0V�E\�DOORZLQJ�HDFK�FRQFHSW¶V�DFWLYDWLRQ�WR�EH�DFWLYDWHG�
MXVW�WR�D�GHJUHH��,Q�WKLV�ZD\�WKH�DFWLYDWLRQ�OHYHO�RI�HDFK�FRQFHSW�FDQ�EH�DQ\�YDOXH�RI�
WKH�LQWHUYDO�>����@�DQG�QRW�RQO\�RQH�RI�WKH�WZR�OHYHOV�±��DQG�����7KH�DJJUHJDWLRQ�RI�WKH�
LQIOXHQFHV� WKDW� HDFK� FRQFHSW� UHFHLYHV� IURP� RWKHU� FRQFHSWV� LV� KDQGOHG� E\� IXQFWLRQ�
I
0
��� WKDW� ZDV� XVHG� LQ� 0<&,1� ([SHUW� 6\VWHP� >��@�� >��@� IRU� FHUWDLQW\� IDFWRUV¶�

KDQGOLQJ��7KH�G\QDPLFDO�EHKDYLRXU�DQG�WKH�FKDUDFWHULVWLFV�RI�WKLV�IXQFWLRQ�DUH�VWXGLHG�
LQ� >��@��&HUWDLQW\�1HXURQV�DUH�GHILQHG�DV�DUWLILFLDO�QHXURQV� WKDW�XVH� WKLV� IXQFWLRQ�DV�
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WKHLU�WKUHVKROG�IXQFWLRQ�>��@��8VLQJ�VXFK�QHXURQV��WKH�XSGDWLQJ�IXQFWLRQ�RI�&1)&0V�
DV�D�G\QDPLFDO�HYROYLQJ�V\VWHP�LV�WKH�IROORZLQJ��
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LV� WKH� IXQFWLRQ� WKDW�ZDV�XVHG� IRU� WKH�DJJUHJDWLRQ�RI�FHUWDLQW\� IDFWRUV� WR� WKH�0<&,1�
H[SHUW�V\VWHP��
�
���,QIRUPDWLRQ�6\VWHPV���7$;,6��
7KH�*UHHN�*HQHUDO� 6HFUHWDU\� RI� ,QIRUPDWLRQ� 6\VWHPV� �KWWS���ZZZ�JVLV�JRY�JU��� KDV�
GHYHORSHG� D� SODQ� IRU� WKH� FRQVWUXFWLRQ� RI� ,QIRUPDWLRQ� 6\VWHPV� WKDW� ZLOO� IDFLOLWDWH�
FLWL]HQV�DQG�FRPSDQLHV�WR�WKHLU�YDULRXV�WUDQVDFWLRQV�ZLWK�WD[�RIILFHV��7KH�GHYHORSPHQW�
RI� 7$;,6� V\VWHP� �KWWSV���ZZZ�WD[LVQHW�JU�ZHE��� SURYLGHV� *UHHN� &LWL]HQV� DQG�
$FFRXQWDQWV�YDULRXV�HOHFWURQLF�VHUYLFHV�VXFK�DV��

x� 7KH�HOHFWURQLF�VXEPLVVLRQ�RI�9$7�VWDWHPHQWV��H�9$7��
x� 7KH�HOHFWURQLF�VXEPLVVLRQ�RI�WD[�VWDWHPHQWV��
x� 7KH�HOHFWURQLF�FOHDUDQFH�RI�WD[�VWDWHPHQWV�
x� 7KH�HOHFWURQLF�SD\PHQW�RI�FDU�FLUFXODWLRQ�WD[HV��
�

7KH�HOHFWURQLF�VXEPLVVLRQ�RI�9$7�VKHHWV�ZLOO�EH�PDQGDWRU\� LQ�������KWWS���ZZZ�H�
JRY�JU�DUWLFOH�SKS"VLG �����PDNLQJ�H[WUHPHO\�ELJ�WKH�DFFRXQWDQWV¶�QHHG�IRU�FRPSXWHU�
VNLOOV�� 6HUYLFHV� SURYLGHG� E\� 7$;,6� KDYH� EHHQ� KRQRUHG� E\� WKH� (XURSHDQ� 8QLRQ�
�KWWSV���ZZZ�WD[LVQHW�JU�ZHE�HX�FIP���
�
7KH�DFWLRQV�WDNHQ�LQ�WKH�GHYHORSPHQW�RI�7$;,6�LV�D�SDUW�RI�WKH�*UHHN�6WUDWHJLF�3ODQ�
IRU� (OHFWURQLF� *RYHUQDQFH� �KWWS���ZZZ�H�JRY�JU��� 6\VWHPV� OLNH� 7$;,6� VKRXOG�
LQWHUDFW� ZLWK� FRPSDQLHV¶� PRGHUQ� $FFRXQWLQJ� ,QIRUPDWLRQ� 6\VWHPV� >��@�� >��@� WR�
LQWHJUDWH�WKH�VHUYLFHV��
�
���&RQVWUXFWLRQ�RI�)&0�0RGHOV�
�
,Q�RXU�VWXG\��WZR�)&0�PRGHOV�ZHUH�GHYHORSHG��7KH�ILUVW�PRGHO�FRQFHUQV�WKH�LPSDFW�
RI� WKH� DSSOLFDWLRQ� RI� ,QIRUPDWLRQ� 6\VWHPV� WR� *UHHN� $FFRXQWDQWV�� ZKLOH� WKH� VHFRQG�
PRGHO�VWXGLHV�WKH�ZD\�WKDW�WKLV�LPSDFW�ZLOO�EH�VSUHDG�WR�*UHHN�$FFRXQWDQWV�DFFRUGLQJ�
WR�WKHLU�FRPSXWHU�VNLOO�FDSDELOLWLHV�DQG�WKHLU�DWWLWXGH�WRZDUGV�QHZ�WHFKQRORJ\��
�
7R�GHYHORS� D� UHOLDEOH�)&0�PRGHO�� DOO� WKH� QHFHVVDU\� UXOHV� WKDW� HQVXUH� LWV� UHOLDELOLW\�
VKRXOG�EH�IROORZHG��7KH�PDLQ�WZR�PHWKRGV�IRU�WKH�FRQVWUXFWLRQ�RI�)&0V�DUH��
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D�� 7KH�4XHVWLRQQDLUH�PHWKRG�>��@��>��@�ZKLFK�LQYROYHV�LQWHUYLHZV�DQG�ILOOLQJ�LQ�
RI�TXHVWLRQQDLUHV�E\�GRPDLQ�H[SHUWV��

E�� 7KH� 'RFXPHQWDU\� &RGLQJ� PHWKRG� � >��@� ZKLFK� LQYROYHV� WKH� V\VWHPDWLF�
HQFRGLQJ�RI�GRFXPHQWV�WKDW�SUHVHQW�WKH�DVVHUWLRQV�RI�D�VSHFLILF�SHUVRQ�IRU�WKH�
VSHFLILF�WRSLF��

)RU�WKH�FRQVWUXFWLRQ�RI�ERWK�)&0V�PRGHOV�ZH�IROORZHG�WKH�ILUVW�PHWKRG��LQWHUYLHZLQJ�
DQG� DOVR� VXSSO\LQJ�ZLWK� TXHVWLRQQDLUHV� D� GRPDLQ� H[SHUW�� 7KH� GRPDLQ� H[SHUW� ZDV� D�
IDFXOW\� PHPEHU� RI� WKH� %XVLQHVV� $GPLQLVWUDWLRQ� 'HSDUWPHQW� RI� WKH� 8QLYHUVLW\� RI�
0DFHGRQLD��'XULQJ�WKH�LQWHUYLHZV��WKH�FRQFHSWV�WKDW�VKRXOG�EH�LQFOXGHG�LQ�WKH�PRGHO�
ZHUH�LGHQWLILHG��7KH�OLVW�RI�WKH�FRQFHSWV�WKDW�ZHUH�LGHQWLILHG�DV�SOD\LQJ�LPSRUWDQW�UROH�
LQ�WKH�ILUVW�)&0�PRGHO�DQG�VKRXOG�EH�LQFOXGHG�LQ�LW��DUH�WKH�IROORZLQJ���

���,QIRUPDWLRQ�6\VWHPV��7$;,6���
���6HUYLFHV�WR�&LWL]HQV�
���6HUYLFHV�WR�$FFRXQWDQWV�

���$FFRXQWDQWV
�VXSSO\�
���,QFRPH�RI�$FFRXQWDQWV�
���1XPEHU�RI�$FFRXQWDQWV�

�
,Q� TXHVWLRQQDLUHV� WKH� FDXVDO� UHODWLRQVKLSV� WKDW� H[LVWV� EHWZHHQ� WKHVH� FRQFHSWV� ZHUH�
GHILQHG��DFFRPSDQLHG�E\� WKH�GHJUHH� WR�ZKLFK�D�FRQFHSW� LQIOXHQFHV�DQRWKHU�FRQFHSW��
7KH�IRUPDW�RI�WKH�TXHVWLRQQDLUH�LV�JLYHQ�LQ�ILJXUH����
�

7$;,6�ZLOO�

LQFUHDVH�
�GHFUHDVH�DQG�WR�

ZKLFK�GHJUHH�WKH�

IROORZLQJ��

9HU\�%LJ� %LJ� 0RGHUDWH� 6PDOO� 9HU\�

6PDOO�

1RQH�

6HUYLFHV�WR�
&LWL]HQV�

� � � � � � � � � � �

6HUYLFHV�WR�

$FFRXQWDQWV�

� � � � � � � � � � �

$FFRXQWDQWV
�
VXSSO\�

� � � � � � � � � � �

««� � � � � � � � � � � �
1XPHULFDO�ZHLJKWV� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��

)LJXUH����3DUW�RI�WKH�TXHVWLRQQDLUH�FRQFHUQLQJ�WKH�
�LPSDFW�RI�,QIRUPDWLRQ�6\VWHPV�WR�$FFRXQWDQWV�

�
7KH�H[SHUW�KDG�WR�ILOO�LQ�WKH�VLJQ���RU�±�ZKHWKHU�KH�EHOLHYHG�WKDW�WKHUH�LV�D�SRVLWLYH�RU�
QHJDWLYH� FDXVDO� UHODWLRQVKLS� EHWZHHQ� WKH� FRQFHSWV�� 7KH� GHJUHH� RI� WKHVH� FDXVDO�
UHODWLRQVKLSV�ZDV�FDSWXUHG�E\�DOORZLQJ�WKH�H[SHUW�WR�ILOO�LQ�WKH�VLJQ�LQ�RQH�RI�WKH�ILHOGV�
³9HU\�%LJ´��³%LJ´��³0RGHUDWH´��³6PDOO´��³9HU\�6PDOO´��7KHVH�OLQJXLVWLF�YDOXHV�FRXOG�
EH� WUDQVIRUPHG� LQWR�QXPHULFDO�ZHLJKWV�E\� DVVLJQLQJ�ZHLJKWV� IURP� WKH� LQWHUYDO� >���@�
DFFRUGLQJ�WR�WKH�ZD\�WKDW�LV�VKRZQ�LQ�ILJXUH����,I�DFFRUGLQJ�WR�KLV�EHOLHI�WKHUH�LV�QR�
FDXVDO� UHODWLRQVKLS�� WKH� ILHOG� ³QRQH´� FRXOG� EH� FKHFNHG�� $IWHU� VWXG\LQJ� WKH�
TXHVWLRQQDLUHV� DQG� WDNLQJ� WKH� ZHLJKWV� LGHQWLILHG� E\� WKH� H[SHUW�� WKH� ILUVW� PRGHO� ZDV�
GHYHORSHG�ZKLFK�LV�SUHVHQWHG�LQ�ILJXUH�����
�
6WDWHPHQWV� IURP� WKH� GRPDLQ� H[SHUW� WKDW� ZHUH� WDNHQ� LQWR� DFFRXQW� GXULQJ� WKH�
FRQVWUXFWLRQ�RI�WKH�)&0�PRGHO�DUH�WKH�IROORZLQJ��
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��� ,QIRUPDWLRQ� V\VWHPV� � �7$;,6�� LQFUHDVH� VHUYLFHV� SURYLGHG� WR�&LWL]HQV� DQG�
$FFRXQWDQWV�� ,Q� UHWXUQ� WKH\� DVN� IRU� WKH� DSSOLFDWLRQ� RI� PRUH� DQG� EHWWHU�
VHUYLFHV��

��� ,QIRUPDWLRQ�V\VWHPV� ��7$;,6�� LQFUHDVH� WKH�DYDLODELOLW\�RI�$FFRXQWDQWV�E\�
GHFUHDVLQJ�WKH�WLPH�WKDW�$FFRXQWDQWV�KDYH�WR�LQWHUDFW�ZLWK�WD[�RIILFHV��7KLV�
JLYHV� $FFRXQWDQWV� PRUH� IUHH� WLPH� GXULQJ� WKH� ZRUNLQJ� KRXUV� DQG� WKH�
SRWHQWLDOV�WR�VHUYH�PRUH�FXVWRPHUV��

��� �7KH� SRVVLELOLW\� WR� GR� PRUH� ZRUN� LQ� WKH� VDPH� WLPH� RU� WR� VHUYH� PRUH�
FXVWRPHUV� LQFUHDVHV� WKH� FRPSHWLWLRQ� EHWZHHQ� $FFRXQWDQWV� DQG� WKLV� PD\�
GHFUHDVH�WKHLU�LQFRPH��

��� $Q� LQFUHDVH� RU� GHFUHDVH� LQ� WKH� LQFRPH� RI� $FFRXQWDQWV� ZLOO� FDXVH�
FRUUHVSRQGLQJO\�DQ�LQFUHDVH�RU�GHFUHDVH�LQ�WKH�QXPEHU�RI�$FFRXQWDQWV��

��� $Q� LQFUHDVH� RU� GHFUHDVH� LQ� WKH� QXPEHU� RI� $FFRXQWDQWV� ZLOO� FDXVH�
FRUUHVSRQGLQJO\�DQ�LQFUHDVH�RU�GHFUHDVH�LQ�WKH�VXSSO\�RI�$FFRXQWDQWV�LQ�WKH�
*UHHN�/DERXU�0DUNHW��

,QIRUPDWLRQ�6\VWHPV

�7$;,6�

$FFRXQWDQWV

6XSSO\

6HUYLFHV�WR

$FFRXQWDQWV

6HUYLFHV�WR

&LWL]HQV

1XPEHU�RI

$FFRXQWDQWV

,QFRPH�2I

$FFRXQWDQWV

� �

�

&�

&�

&�

&�

&�
&� ���

���
���

���

���

���� ���

���

�
)LJXUH����)&0�PRGHO�IRU�WKH�LPSDFW�RI�,QIRUPDWLRQ�6\VWHPV�WR�*UHHN�$FFRXQWDQWV�

�
,Q� WKH� VHFRQG�PRGHO��ZH� IRFXV�RQ� WKH� VWXG\�RI� WKH�HIIHFW� WKDW� WKH�DSSOLFDWLRQ�RI� WKH�
QHZ�WHFKQRORJ\�ZLOO�KDYH�WR�$FFRXQWDQWV��GHSHQGLQJ�RQ�ZKHWKHU�WKH\�DUH�FDSDEOH�RI�
XVLQJ�WKLV�WHFKQRORJ\��)RU�WKLV�UHDVRQ�ZH�VHSDUDWH�WKH�$FFRXQWDQWV�LQWR�WKH�IROORZLQJ�
WZR�FDWHJRULHV��
D�� 1HZ�(UD�$FFRXQWDQWV��7KHVH�DUH� WKH�$FFRXQWDQWV� WKDW�DUH�ZLOOLQJ� WR�XVH�DQG�JHW�

WKH�DGYDQWDJHV� WKDW� ,QIRUPDWLRQ�6\VWHPV�SURYLGH��7KH\�KDYH� WKH�EDVLF�FRPSXWHU�
VNLOOV�DQG�WKH\�DUH�WUDLQHG�RU�ZLOOLQJ�WR�EH�WUDLQHG�LQ�WKH�XVH�RI�,QWHUQHW�DQG�QHZ�
,QIRUPDWLRQ� 6\VWHPV�� LQ� RUGHU� WR� IROORZ� WKH� HYROXWLRQ� WKDW� QHZ� VHUYLFHV� DQG�
WHFKQRORJLHV�EULQJ�WR�$FFRXQWLQJ��

E�� 3DVW�(UD�$FFRXQWDQWV��7KHVH� DUH� WKH�$FFRXQWDQWV� WKDW� DUH� QRW�ZLOOLQJ� WR�XVH� WKH�
QHZ�WHFKQRORJ\�EXW�WKH\�DUH�GHWHUPLQHG�WR�NHHS�ZRUNLQJ�LQ�WKH�VDPH�FODVVLFDO�ZD\�
WKH\�XVHG�WR�ZRUN��DOO�WKHVH�\HDUV��
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�
$IWHU� H[WHQVLYH� LQWHUYLHZV� ZLWK� WKH� GRPDLQ� H[SHUW�� WKH� FRQFHSWV� WKDW� VKRXOG� EH�
LQFOXGHG�LQ�WKH�PRGHO�ZHUH�LGHQWLILHG�DV�IROORZV���
�
�
��� ,QIRUPDWLRQ�6\VWHPV��7$;,6���

��� 6HUYLFHV�WR�&LWL]HQV�

��� 6HUYLFHV�WR�$FFRXQWDQWV�
��� &XVWRPHUV�VHUYHG�E\�D�1HZ�(UD�

$FFRXQWDQW�

��� &XVWRPHUV� VHUYHG� E\� D� 3DVW� (UD�
$FFRXQWDQW�

��� 7RWDO�&XVWRPHUV�VHUYHG�E\�1HZ�(UD�

$FFRXQWDQWV�

��� 7RWDO�&XVWRPHUV�VHUYHG�E\�3DVW�(UD�
$FFRXQWDQWV�

��� ,QFRPH�RI�1HZ�(UD�$FFRXQWDQWV�

��� ,QFRPH�RI�3DVW�(UD�$FFRXQWDQWV�
���� 5DWLR�1HZ�(UD�$FFRXQWDQWV� WR�3DVW�HUD�

$FFRXQWDQWV�

��
8VLQJ�TXHVWLRQQDLUHV��DV�WKDW�RI�ILJXUH����WKH�FDXVDO�UHODWLRQVKLSV�WKDW�H[LVWV�EHWZHHQ�
WKH� FRQFHSWV� DERYH� ZHUH� GHILQHG�� DFFRPSDQLHG� E\� WKH� GHJUHH� WR� ZKLFK� D� FRQFHSW�
LQIOXHQFHV� HYHU\� RWKHU� FRQFHSW�� 8VLQJ� WKH� FRQFHSWV� DQG� ZHLJKWV� LGHQWLILHG� E\� WKH�
H[SHUW��WKH�PRGHO�RI�ILJXUH���ZDV�GHYHORSHG���
�

,QIRUPDWLRQ�6\VWHPV

�7$;,6�

&XVWRPHUV�VHUYLFHG

E\�D�1HZ�(UD

�$FFRXQWDQW

6HUYLFHV�WR

$FFRXQWDQWV
6HUYLFHV�WR�&LWL]HQV

&XVWRPHUV�VHUYLFHG

E\�D�3DVW�(UD

$FFRXQWDQW

5DWLR�1HZ�(UD�$FFRXQWDQWV

�3DVW�(UD�$FFRXQWDQWV

7RWDO�QXPEHU�RI

&XVWRPHUV�VHUYLFHG�E\

�1HZ�(UD�$FFRXQWDQWV

,QFRPH�2I�3DVW�(UD

$FFRXQWDQWV

,QFRPH�2I�1HZ�(UD

$FFRXQWDQWV

7RWDO�QXPEHU�RI

&XVWRPHUV�VHUYLFHG�E\

3DVW�(UD�$FFRXQWDQWV

�
�

�

�

&�

&�

&�

&�
&�

&�

&�

&�

&�

&��

���

���

���

���

���
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���
���

���

���

���
����
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�
)LJXUH�����)&0�PRGHO�IRU�WKH�LPSDFW�RI�,QIRUPDWLRQ�6\VWHPV�

�WR�WKH�WZR�FDWHJRULHV�RI�$FFRXQWDQWV��
�
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6RPH�RI� WKH�VWDWHPHQWV�IURP� WKH�GRPDLQ�H[SHUW� WKDW�ZHUH� WDNHQ� LQWR�DFFRXQW�GXULQJ�
WKH�FRQVWUXFWLRQ�RI�WKH�)&0�PRGHO�DUH�WKH�IROORZLQJ��
��� ,QIRUPDWLRQ� V\VWHPV� � �7$;,6�� ZLOO� LQFUHDVH� WKH� DYDLODELOLW\� RI� 1HZ� (UD�

$FFRXQWDQWV�E\�GHFUHDVLQJ�WKH�WLPH�WKDW�WKH\�KDYH�WR�LQWHUDFW�ZLWK�WD[�RIILFHV��7KLV�
ZLOO�QRW�KDSSHQ�WR�3DVW�(UD�$FFRXQWDQWV��7KLV�JLYHV�1HZ�(UD�$FFRXQWDQWV�PRUH�
IUHH�WLPH�GXULQJ�WKH�ZRUNLQJ�KRXUV�DQG�WKH�SRWHQWLDOV�WR�VHUYH�PRUH�FXVWRPHUV��

��� 7KH�SRVVLELOLW\�RI�1HZ�(UD�$FFRXQWDQWV�WR�VHUYH�PRUH�FXVWRPHUV�ZLOO�SRWHQWLDOO\�
GHFUHDVH�WKH�FXVWRPHUV�VHUYHG�E\�3DVW�(UD�$FFRXQWDQWV��

��� 1HZ�(UD�$FFRXQWDQWV� LQFRPH�ZLOO� LQFUHDVH� �GHFUHDVH�� LI� WKH\� VHUYH�PRUH� �OHVV��
FXVWRPHUV��

��� $Q� LQFUHDVH� RU� GHFUHDVH� LQ� WKH� LQFRPH�RI�1HZ�3DVW�(UD�$FFRXQWDQWV�ZLOO� FDXVH�
FRUUHVSRQGLQJO\� DQ� LQFUHDVH� RU� GHFUHDVH� LQ� WKH� QXPEHU� RI� 1HZ�3DVW� (UD�
$FFRXQWDQWV��DIIHFWLQJ�FRUUHVSRQGLQJO\� WKH�5DWLR�1HZ�(UD�$FFRXQWDQWV�3DVW�(UD�
$FFRXQWDQWV��

��� 7KH� WRWDO�QXPEHU�RI�FXVWRPHUV� WKDW�1HZ�(UD�$FFRXQWDQWV� VHUYH� LQFUHDVHV�DV� WKH�
UDWLR�1HZ�(UD�$FFRXQWDQWV�3DVW�(UD�$FFRXQWDQWV�LV�LQFUHDVHG�RU�DV�WKH�QXPEHU�RI�
FXVWRPHUV�WKDW�D�1HZ�(UD�$FFRXQWDQW�FDQ�VHUYH�LV�LQFUHDVHG��

�

7KH� WZR� PRGHOV� FUHDWHG� DUH� VWXGLHG� LQ� WKH� IROORZLQJ� VHFWLRQV� ERWK� VWDWLFDOO\� DQG�
G\QDPLFDOO\��

�
���6WDWLF�$QDO\VLV�RI�)&0�0RGHOV�
�

7KH� VWDWLF� DQDO\VLV� RI� WKH� PRGHO� LV� EDVHG� RQ� VWXG\LQJ� WKH� FKDUDFWHULVWLFV� RI� WKH�
ZHLJKWHG�GLUHFWHG�JUDSK�WKDW�UHSUHVHQW�WKH�PRGHO��XVLQJ�JUDSK�WKHRU\�WHFKQLTXHV��7KH�
PRVW�LPSRUWDQW�IHDWXUH�WKDW�VKRXOG�EH�VWXGLHG�LV�WKDW�RI�WKH�IHHG�EDFN�F\FOHV�WKDW�H[LVW�
LQ�WKH�JUDSK��(DFK�F\FOH�LV�DFFRPSDQLHG�E\�D�VLJQ��LGHQWLILHG�E\�PXOWLSO\LQJ�WKH�VLJQV�
RI�WKH�DUFV�WKDW�SDUWLFLSDWH�LQ�WKH�F\FOH��3RVLWLYH�F\FOHV�EHKDYLRXU�LV�WKDW�RI�DPSOLI\LQJ�
DQ\�LQLWLDO�FKDQJH��OHDGLQJ�WR�D�FRQVWDQW�LQFUHDVH�LQ�FDVH�DQ�LQFUHDVH�LV�LQWURGXFHG�WR�
WKH� V\VWHP�� 7KLV� LV� ZK\� WKH\� DUH� DOVR� FDOOHG� GHYLDWLRQ� DPSOLI\LQJ� F\FOHV�� >��@�
DXJPHQWLQJ� F\FOHV� >��@� RU� YLFLRXV� F\FOHV� >��@�� >��@�� >�@�� $Q� H[DPSOH� RI� D�
SRVLWLYH�YLFLRXV�F\FOH�LV�WKDW�RI�&��,QIRUPDWLRQ�6\VWHPV��7$;,6��Ö�&���6HUYLFHV�WR�
&LWL]HQV��Ö�&��,QIRUPDWLRQ�6\VWHPV��7$;,6���7KURXJK�WKLV�F\FOH�WKH�XVH�RI�7$;,6�
DQG�WKH�VHUYLFHV�SURYLGHG�WR�&LWL]HQV�ZLOO�FRQVWDQWO\�LQFUHDVH��
�

1HJDWLYH�F\FOHV�RQ�WKH�RWKHU�KDQG��FRXQWHUDFW�DQ\�LQLWLDO�FKDQJH��7KLV�PHDQV�WKDW�WKH\�
OHDG�WR�D�GHFUHDVH�LQ�WKH�FDVH�ZKHUH�DQ�LQFUHDVH�LV�LQWURGXFHG�LQ�WKH�F\FOH��1HJDWLYH�
F\FOHV� DUH� DOVR� FDOOHG� GHYLDWLRQ� FRXQWHUDFWLQJ� F\FOHV� >��@�� LQKLELWLQJ� F\FOHV� >��@� RU�
YLUWXRXV�F\FOHV�>��@��>��@��>�@��$Q�H[DPSOH�RI�D�QHJDWLYH�YLUWXRXV�F\FOH�LV�WKDW�RI�&��
�$FFRXQWDQWV
� 6XSSO\�� Ö���� &�� �,QFRPH� RI� $FFRXQWDQWV�� Ö� &�� �1XPEHU� RI�
$FFRXQWDQWV�� Ö� &�� �$FFRXQWDQWV
� 6XSSO\��� 7KURXJK� WKLV� F\FOH� WKH� FRQFHSWV�
SDUWLFLSDWLQJ�LQ�WKH�F\FOH�ZLOO�SHULRGLFDOO\�LQFUHDVH�DQG�GHFUHDVH���
�

7KH�PRGHO�RI�ILJXUH���KDV�WKUHH�F\FOHV�WKDW�DSSHDU�LQ�7DEOH�,,��7KH�WZR�SRVLWLYH�F\FOHV�
DQG�RQH�QHJDWLYH�F\FOH�DUH�SUHVHQWHG�LQ�ILJXUH���ZLWK�F\FOHV�KDYLQJ�LQ�WKHLU�FHQWHUV�WKH�
FRUUHVSRQGLQJ�VLJQ��7KH�H[LVWHQFH�RI�RQH�QHJDWLYH�F\FOH�LQGLFDWHV�WKDW�WKH�PRGHO�FDQ�
EHFRPH�XQVWDEOH�OHDGLQJ�WR�WKH�SHULRGLFDO�LQFUHDVH�DQG�GHFUHDVH�RI�WKH�DFWLYDWLRQ�OHYHO�
RI�LWV�FRQFHSWV��
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7DEOH�,,�

� &\FOHV� 6LJQ�RI�F\FOH�

�� &��Ö&��Ö�&�� ��
�� &��Ö&��Ö�&��� ��
�� &��Ö&��Ö�&��Ö�&�� ��

�

7KH�PRGHO�RI�ILJXUH���KDV�IRXU�F\FOHV�WKDW�DSSHDU�LQ�7DEOH�,,,�DQG�DUH�VKRZQ�LQ�ILJXUH�
��ZLWK� F\FOHV� KDYLQJ� LQ� WKHLU� FHQWHUV� WKH� FRUUHVSRQGLQJ� VLJQ��2QFH� DJDLQ� WKHUH� LV� D�
QHJDWLYH�F\FOH�LQ�WKH�PRGHO��WKDW�PD\�FDXVH�LQVWDELOLW\�WR�WKH�PRGHO���

7DEOH�,,,�

� &\FOHV� 6LJQ�RI�F\FOH�

�� &��Ö&��Ö�&�� ��
�� &��Ö&��Ö�&��� ��
�� &��Ö&��Ö�&���Ö����&�� ��
�� &��Ö&��Ö����&���Ö������� ��

�

$QRWKHU�ZD\�WR�H[DPLQH�VWDWLFDOO\�WKH�PRGHO¶V�JUDSK�LV�E\�FDOFXODWLQJ�LWV�GHQVLW\�>�@��
7KH�GHQVLW\�G�LV�GHILQHG�DV��

��� �

 

QQ

P
G �

ZKHUH�P� LV� WKH�QXPEHU�RI�DUFV� LQ� WKH�PRGHO�DQG�Q� LV� WKH�QXPEHU�RI�FRQFHSWV�RI� WKH�
PRGHO� �SURGXFW� Q�Q���� LV� HTXDO� WR� WKH� PD[LPXP� QXPEHU� RI� DUFV� WKDW� D� JUDSK� RI� Q�
QRGHV�FDQ� �KDYH���'HQVLW\�JLYHV�DQ� LQGLFDWLRQ�RI� WKH�FRPSOH[LW\�RI� WKH�PRGHO��+LJK�
GHQVLW\�LQGLFDWHV�LQFUHDVHG�FRPSOH[LW\�LQ�WKH�PRGHO�DQG�UHVSHFWLYHO\�WR�WKH�SUREOHP�
WKDW�WKH�PRGHO�UHSUHVHQWV��7KH�GHQVLW\�RI�WKH�JUDSK�LQ�ILJXUH���LV�����[��� ������ZKLFK�
LV�KLJK��7KH�GHQVLW\�RI�WKH�JUDSK�LQ�ILJXUH���LV�������[��� ������ZKLFK�LV�DOVR�KLJK��
�

*UDSK�7KHRU\�SURYLGHV�DOVR�WKH�QRWLRQ�RI�QRGH¶V�LPSRUWDQFH�>�@�WKDW�DVVLVWV�WKH�VWDWLF�
DQDO\VLV�RI�)&0�PRGHOV��1RGH¶V�LPSRUWDQFH��RU�FRJQLWLYH�FRQFHSWXDO�FHQWUDOLW\�DV�LW�
LV� FDOOHG� E\� RWKHUV� >�@�� >��@�� JLYHV� DQ� LQGLFDWLRQ� RI� WKH� LPSRUWDQFH� WKDW� WKH�
QRGH�FRQFHSW�KDV�IRU�WKH�PRGHO��E\�PHDVXULQJ�WKH�GHJUHH�WR�ZKLFK�WKH�QRGH�LV�FHQWUDO�
WR�WKH�JUDSK��7KH�LPSRUWDQFH�RI�D�QRGH�L�LV�HYDOXDWHG�DV�

������ LRXWLLQLLPS � �
ZKHUH� LQ�L�� LV� WKH� QXPEHU� RI� LQFRPLQJ� DUFV� RI� QRGH� L� DQG� RXW�L�� LV� WKH� QXPEHU� RI�
RXWFRPLQJ�DUFV�RI�QRGH�L��$FFRUGLQJ�WR�WKLV�GHILQLWLRQ��WKH�LPSRUWDQFH�RI�WKH�QRGHV�RI�
WKH�)&0�PRGHO�RI�ILJXUH���LV�WKH�IROORZLQJ��

&�� &�� &�� &�� &�� &��
�� �� �� �� �� ��

�

$V�LW�LV�H[SHFWHG��FRQFHSW�&��,QIRUPDWLRQ�6\VWHPV��7$;,6��LV�IRXQG�WR�EH�WKH�PRVW�
FHQWUDO��DQG�LPSRUWDQW�WR�WKH�PRGHO��7KH�LPSRUWDQFH�RI�WKH�QRGHV�RI�WKH�)&0�PRGHO�
RI�ILJXUH���IROORZV��2QFH�DJDLQ�FRQFHSW�&��,QIRUPDWLRQ�6\VWHPV��7$;,6��LV�IRXQG�WR�
EH�WKH�PRVW�FHQWUDO�DQG�LPSRUWDQW��

&�� &�� &�� &�� &�� &�� &�� &�� &�� &���
�� �� �� �� �� �� �� �� �� ��

�
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���'\QDPLFDO�$QDO\VLV�
�

$IWHU� VRPH� LQGLFDWLRQV� IRU� VWDELOLW\� RU� LQVWDELOLW\� RI� WKH� PRGHOV� IURP� WKH� VWDWLF�
DQDO\VLV�� FRQFOXVLRQV� DUH� GUDZQ� E\� UXQQLQJ� VLPXODWLRQV� RI� WKH� PRGHOV�� 7KH� WZR�
PRGHOV�ZHUH�VLPXODWHG�XVLQJ�WKH�&1)&0�WHFKQLTXH�WKDW�ZDV�PHQWLRQHG�LQ�VHFWLRQ����
�

,Q�WKH�LQWURGXFWLRQ�RI�VFHQDULRV�LQ�WKH�ILUVW�PRGHO�ZH�XVHG�WKH�DVVHUWLRQ�RI�WKH�GRPDLQ�
H[SHUW� WKDW� WKH� *UHHN� (FRQRP\� GHYHORSPHQW� FUHDWHV� D� GHPDQG� IRU� $FFRXQWDQWV��
ZKLFK�LQ�WXUQ�DIIHFWV��OLWWOH���GHJUHH������LQ�D�QHJDWLYH�ZD\�WKH�VXSSO\�RI�$FFRXQWDQWV��
,Q�WKH�ILUVW��ZKDW�LI��VFHQDULR�ZH�H[DPLQHG�PRGHO
V�SUHGLFWLRQ�LQ�WKH�FDVH�ZKHUH�WKH�
GHYHORSPHQW�RI�WKH�*UHHN�(FRQRP\�ZDV��ORZ���������,QWURGXFLQJ�WKLV�VFHQDULR�LQ�WKH�
PRGHO�RI�ILJXUH����ZH�OHIW�WKH�FRQFHSWV�RI�WKH�V\VWHP�IUHH�WR�LQWHUDFW�DQG�DIWHU�DOPRVW�
���LWHUDWLRQV�WKH�V\VWHP�UHDFKHG�DQ�HTXLOLEULXP�SRLQW��7KH�HTXLOLEULXP�SRLQW��ZLWK�WKH�
DFWLYDWLRQ�OHYHOV�RI�DOO�FRQFHSWV�DW�HTXLOLEULXP��LV�JLYHQ�LQ�7DEOH�,9��7KH�WUDQVLWLRQ�RI�
WKH�V\VWHP�WR�HTXLOLEULXP�LV�VKRZQ�LQ�ILJXUH�����

7$%/(�,9�

&RQFHSW�
,QIRUPDWLRQ�
6\VWHPV�
�7$;,6��

6HUYLFHV�
WR�

&LWL]HQV�

6HUYLFHV�WR�
$FFRXQWDQ

WV�

$FFRXQWDQ
WV
�VXSSO\�

,QFRPH�
RI�

$FFRXQW
DQWV�

1XPEHU�RI�
$FFRXQWDQ

WV�

$FWLYDWLRQ�
OHYHO�DW�

(TXLOLEULXP�
������ ������ ������ ������� ������ ������

�

:H� FDQ� VHH� WKDW� WKHUH� LV� D� ELJ� LQFUHDVH� LQ� WKH� VHUYLFHV� WKDW� ,QIRUPDWLRQ� 6\VWHPV�
�7$;,6��SURYLGH�WR�&LWL]HQV�DQG�$FFRXQWDQWV��$OWKRXJK�6\VWHPV�OLNH�7$;,6�WHQG�WR�
LQFUHDVH�$FFRXQWDQWV
� 6XSSO\�� WKH�RYHUDOO�$FFRXQWDQWV
� VXSSO\� LV� GHFUHDVHG� ���������
GXH� WR� WKH� HYHQ� OLWWOH� GHYHORSPHQW� RI� WKH� *UHHN� (FRQRP\�� $Q� LQFUHDVH� LV� DOVR�
SUHGLFWHG� WR� WKH� LQFRPH�RI�$FFRXQWDQWV� ��������GXH� WR� WKH�GHFUHDVH�RI�$FFRXQWDQWV
�
VXSSO\�DQG�WKH�GHYHORSPHQW�RI�WKH�*UHHN�(FRQRP\��$Q�LQFUHDVH�LV�DOVR�SUHGLFWHG�LQ�
WKH�QXPEHU�RI�$FFRXQWDQWV����������

�
)LJXUH�����7UDQVLWLRQ�SKDVH�RI�)&0�PRGHO�FRQFHUQLQJ�WKH�LPSDFW�

�RI�,QIRUPDWLRQ�V\VWHPV�WR�$FFRXQWDQWV�LQ�*UHHFH��
�6FHQDULR����'HYHORSPHQW�RI�*UHHN�(FRQRP\�LV�ORZ��������
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,Q� WKH� VHFRQG��ZKDW�LI�� VFHQDULR�ZH�H[DPLQHG�PRGHO
V�SUHGLFWLRQ� LQ� WKH�FDVH�ZKHUH�
WKH�GHYHORSPHQW�RI� WKH�*UHHN�(FRQRP\�ZDV��YHU\� ORZ�� ������� ,QWURGXFLQJ� WKLV� QHZ�
VFHQDULR�WR�WKH�PRGHO�RI�ILJXUH����ZH�OHIW�WKH�FRQFHSWV�RI�WKH�V\VWHP�IUHH�WR�LQWHUDFW��
7KH� FRQFHSWV� RI� WKH� V\VWHP� DIWHU� DOPRVW� ���� LWHUDWLRQV� UHDFKHG� RQFH� DJDLQ� DQ�
HTXLOLEULXP�SRLQW��7KH�HTXLOLEULXP�SRLQW��ZLWK�WKH�DFWLYDWLRQ�OHYHOV�RI�DOO�FRQFHSWV�DW�
HTXLOLEULXP��LV�JLYHQ�LQ�7DEOH�9��7KH�WUDQVLWLRQ�RI�WKH�V\VWHP�WR�HTXLOLEULXP�LV�VKRZQ�
LQ�ILJXUH����
�

7$%/(�9�

&RQFHSW�
,QIRUPDWLRQ�
6\VWHPV�
�7$;,6��

6HUYLFHV�
WR�

&LWL]HQV�

6HUYLFHV�WR�
$FFRXQWDQ

WV�

$FFRXQWDQ
WV
�VXSSO\�

,QFRPH�
RI�

$FFRXQW
DQWV�

1XPEHU�RI�
$FFRXQWDQ

WV�

$FWLYDWLRQ�
OHYHO�DW�

(TXLOLEULXP�
������ ������ ������ ������� ������ ������

�

:H�QRWLFH�WKDW�WKH�SUHGLFWLRQ�IRU�WKH�ILUVW�WKUHH�FRQFHSWV�RI�WKH�PRGHO�UHPDLQ�WKH�VDPH�
ZLWK� WKRVH� RI� VFHQDULR� ���� IRUHFDVWLQJ� ELJ� LQFUHDVH� LQ� WKH� VHUYLFHV� WKDW� ,QIRUPDWLRQ�
6\VWHPV��7$;,6��SURYLGH�WR�&LWL]HQV�DQG�$FFRXQWDQWV��7KH�SUHGLFWLRQV�RI� WKH�RWKHU�
WKUHH� FRQFHSWV� DUH� KDYH� FKDQJHG�� $IWHU� VWURQJ� LQWHUDFWLRQV� EHWZHHQ� WKHVH� WKUHH�
FRQFHSWV��DV�VKRZQ�LQ�ILJXUH����WKH�RYHUDOO�$FFRXQWDQWV
�VXSSO\�LV�SUHGLFWHG�WR�UHPDLQ�
DOPRVW� WKH� VDPH� �D� WLQ\� GHFUHDVH� RI� ������� LV� SUHGLFWHG��� � $� WLQ\� LQFUHDVH� LV� DOVR�
SUHGLFWHG� LQ� WKH� LQFRPH� RI� $FFRXQWDQWV� �������� GXH� WR� WKDW� WLQ\� GHFUHDVH� LQ�
$FFRXQWDQWV
�VXSSO\�DQG�WKH�YHU\�ORZ�GHYHORSPHQW�RI�WKH�*UHHN�(FRQRP\��$�VLPLODU�
VPDOO� LQFUHDVH� LV� SUHGLFWHG� DOVR� IRU� WKH� QXPEHU� RI� $FFRXQWDQWV� ��������� :H� FDQ�
FRQFOXGH� WKDW� HYHQ� D� YHU\� ORZ� GHYHORSPHQW� RI� WKH� *UHHN� (FRQRP\� FDQ� NHHS�
$FFRXQWDQWV
� 6XSSO\�� $FFRXQWDQWV� LQFRPH� DQG� WKH� QXPEHU� RI� $FFRXQWDQWV� WR� WKH�
FXUUHQW�OHYHOV��

�
)LJXUH�����7UDQVLWLRQ�SKDVH�RI�)&0�PRGHO�FRQFHUQLQJ�WKH�LPSDFW��

RI�,QIRUPDWLRQ�V\VWHPV�WR�$FFRXQWDQWV�LQ�*UHHFH��
�6FHQDULR����'HYHORSPHQW�RI�*UHHN�(FRQRP\�LV�YHU\�ORZ��������

�
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,Q�WKH�WKLUG��ZKDW�LI��VFHQDULR�ZH�ZDQWHG�WR�VHH�PRGHO
V�SUHGLFWLRQ�LQ�WKH�FDVH�ZKHUH�
WKHUH�ZDV�QRW�DQ\�GHYHORSPHQW�LQ�WKH�*UHHN�(FRQRP\���GHYHORSPHQW� ����,QWURGXFLQJ�
WKLV�QHZ�VFHQDULR�WR�WKH�PRGHO�RI�ILJXUH����ZH�OHIW�WKH�FRQFHSWV�RI�WKH�V\VWHP�IUHH�WR�
LQWHUDFW��7KH�FRQFHSWV�RI�WKH�V\VWHP�DIWHU�DOPRVW�����LWHUDWLRQV�UHDFKHG�RQFH�DJDLQ�DQ�
HTXLOLEULXP�SRLQW��7KH�HTXLOLEULXP�SRLQW��ZLWK�WKH�DFWLYDWLRQ�OHYHOV�RI�DOO�FRQFHSWV�DW�
HTXLOLEULXP��LV�JLYHQ�LQ�7DEOH�9,��7KH�WUDQVLWLRQ�RI�WKH�V\VWHP�WR�HTXLOLEULXP�LV�VKRZQ�
LQ�ILJXUH����
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(TXLOLEULXP�

������ ������ ������ ������ ������� �������

�

,Q� WKLV� WKLUG� VFHQDULR�� LW� FDQ� EH� DOVR� QRWLFHG� WKDW� WKH� SUHGLFWLRQV� IRU� WKH� ILUVW� WKUHH�
FRQFHSWV�RI�WKH�PRGHO�UHPDLQ�WKH�VDPH�ZLWK�WKRVH�RI�VFHQDULRV����DQG�����IRUHFDVWLQJ�
ELJ� LQFUHDVH� WR� WKH� VHUYLFHV� WKDW� ,QIRUPDWLRQ�6\VWHPV� �7$;,6��SURYLGHV� WR�&LWL]HQV�
DQG�$FFRXQWDQWV��7KH�SUHGLFWLRQV�RI�WKH�RWKHU�WKUHH�FRQFHSWV�DUH�RQFH�DJDLQ�FKDQJHG��
$IWHU� VRPH� LQWHUDFWLRQV� EHWZHHQ� WKHVH� WKUHH� FRQFHSWV�� DV� VKRZQ� LQ� ILJXUH� ��� WKH�
RYHUDOO�$FFRXQWDQWV
�6XSSO\�LV�SUHGLFWHG�WR�LQFUHDVH��HYHQ�WR�D�VPDOO�GHJUHH�RI���������
7KH�LQFRPH�RI�$FFRXQWDQWV�LV�GHFUHDVLQJ����������GXH�WR�WKDW�LQFUHDVH�RI�$FFRXQWDQWV
�
6XSSO\�DQG�EHFDXVH�WKHUH�LV�WKH�QRW�DQ\�LQIOXHQFH�IURP�*UHHN�(FRQRP\�GHYHORSPHQW��
7KHUH�LV�DOVR�D�VPDOO�GHFUHDVH�LV�LQ�WKH�QXPEHU�RI�$FFRXQWDQWV�����������:H�FRQFOXGH�
WKDW� QR�GHYHORSPHQW� LQ�*UHHN�(FRQRP\�DQG� WKH�DSSOLFDWLRQ�RI� V\VWHPV� OLNH�7$;,6�
FDQ�LQFUHDVH�$FFRXQWDQWV
�6XSSO\�DQG�GHFUHDVH�ERWK�WKH�QXPEHU�RI�$FFRXQWDQWV�DQG�
$FFRXQWDQWV¶�LQFRPH��

�
�)LJXUH�����7UDQVLWLRQ�SKDVH�RI�)&0�PRGHO�FRQFHUQLQJ�WKH�LPSDFW��

RI�,QIRUPDWLRQ�V\VWHPV�WR�$FFRXQWDQWV�LQ�*UHHFH��
�6FHQDULR�����1R�'HYHORSPHQW�RI�*UHHN�(FRQRP\��GHYHORSPHQW ����

�
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7R� VHH� WR� LPSDFW� WKDW� WKH� $SSOLFDWLRQ� RI� ,QIRUPDWLRQ� 6\VWHPV� WR� WKH� 1HZ� (UD�
$FFRXQWDQWV� DQG� 3DVW� (UD� $FFRXQWDQWV�� VLPXODWLRQV� ZHUH� PDGH� IRU� )&0�PRGHO� RI�
ILJXUH� ��� 7KH� FRQFHSWV� RI� WKH� PRGHO� ZHUH� OHIW� IUHH� WR� LQWHUDFW�� $IWHU� DOPRVW� ���
LWHUDWLRQV� WKH� V\VWHP� UHDFKHG� DQ� HTXLOLEULXP� SRLQW�� 7KH� HTXLOLEULXP� SRLQW�� ZLWK� WKH�
DFWLYDWLRQ�OHYHOV�RI�DOO�FRQFHSWV�DW�HTXLOLEULXP��LV�JLYHQ�LQ�7DEOH�9,,��7KH�WUDQVLWLRQ�RI�
WKH�V\VWHP�WR�HTXLOLEULXP�LV�VKRZQ�LQ�ILJXUH����
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)URP� WKH� DFWLYDWLRQ� OHYHOV� DW� HTXLOLEULXP�� ZH� FDQ� VHH� WKDW� WKH� V\VWHP� SUHGLFWV� DQ�
LQFUHDVH� LQ� WKH� VHUYLFHV� WKDW� ,QIRUPDWLRQ� 6\VWHPV� �7$;,6�� SURYLGH� WR�&LWL]HQV� DQG�
$FFRXQWDQWV�� 7KHUH� LV� DQ� LQFUHDVH� �������� LQ� WKH� ³&XVWRPHUV� VHUYHG� E\� D�1HZ�(UD�
$FFRXQWDQW´�DQG��LQ�FRQWUDU\��D�ODUJHU�GHFUHDVH����������LQ�WKH�³&XVWRPHUV�VHUYHG�E\�
D� 3DVW� (UD� $FFRXQWDQW´�� ,Q� D� VLPLODU� ZD\� ³7RWDO� &XVWRPHUV� VHUYHG� E\� 1HZ� (UD�
$FFRXQWDQWV´� KDYH� LQFUHDVHG� �������� ZKLOH� � ³7RWDO� &XVWRPHUV� VHUYHG� E\� 3DVW� (UD�
$FFRXQWDQWV´� KDYH� UDWKHU� GHFUHDVHG� ���������� 7KH� ³5DWLR� 1HZ� (UD� $FFRXQWDQWV� WR�
3DVW� HUD�$FFRXQWDQWV´� KDV� FRQVLGHUDEO\� LQFUHDVHG� �������� VKRZLQJ� WKH� LQWHQWLRQV�RI�
$FFRXQWDQWV� WR� IROORZ� WKH� FKDQJHV� WKDW� QHZ� WHFKQRORJ\� EULQJV�� )XUWKHUPRUH� WKH�
³,QFRPH�RI�1HZ�(UD�$FFRXQWDQWV´�KDV� LQFUHDVHG���������ZKLOH� WKH�³,QFRPH�RI�3DVW�
(UD�$FFRXQWDQWV´�LV�TXLWH�GHFUHDVHG�����������

�
)LJXUH�����7UDQVLWLRQ�SKDVH�RI�)&0�PRGHO�FRQFHUQLQJ�WKH�LPSDFW�RI�,QIRUPDWLRQ�

6\VWHPV�WR�1HZ�(UD�DQG�3DVW�(UD�$FFRXQWDQWV�LQ�*UHHFH��
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���6XPPDU\�±�&RQFOXVLRQV�
�
8VLQJ�WKH�)&0�PHWKRG��WZR�)&0�PRGHOV�ZHUH�FUHDWHG�LQ�RUGHU�WR�DGMXGLFDWH�IRU�WKH�
LPSDFW� RI� ,QIRUPDWLRQ� 6\VWHPV� WR� $FFRXQWDQWV� LQ� *UHHFH� EDVHG� RQ� WKH� YLHZV� RI� D�
GRPDLQ� H[SHUW��7KH�PRGHO�ZDV� H[DPLQHG� VWDWLFDOO\� DQG� WKH� VLJQV�RI�PRGHOV¶� F\FOHV�
ZHUH�LGHQWLILHG��8VLQJ�WKH�&1)&0�WHFKQLTXH�IRU�VLPXODWLRQV��YDULRXV�VFHQDULRV�ZHUH�
LQWURGXFHG�WR�WKH�PRGHO�� �7KURXJK�WKH�VWXG\�RI� WKH�VLPXODWLRQV��WKH�FRQFOXVLRQV�WKDW�
ZHUH�GUDZQ�DUH�WKH�IROORZLQJ��

D�� ,QIRUPDWLRQ� 6\VWHPV� OLNH� 7$;,6� WKDW� IDFLOLWDWH� &LWL]HQV� DQG� $FFRXQWDQWV�
ZLOO�LQFUHDVH�WKH�TXDQWLW\�DQG�TXDOLW\�RI�VHUYLFHV�SURYLGHG�E\�DFFRXQWDQWV��

E�� ,I�WKH�GHYHORSPHQW�RI�*UHHN�(FRQRP\�LV�³ORZ´�RU�³YHU\�ORZ´��WKH�LQFRPH�RI�
$FFRXQWDQWV� DQG� WKH� $FFRXQWDQWV
� 6XSSO\� LQ� WKH� *UHHN� ODERXU� PDUNHW� LV�
H[SHFW� WR� VOLJKWO\� LQFUHDVH� RU� UHPDLQ� VWDEOH� WR� FXUUHQW� OHYHOV�� ZKLOH� QR�
GHYHORSPHQW� RI� WKH� *UHHN� (FRQRP\� ZLOO� GHFUHDVH� WKH� LQFRPH� RI�
$FFRXQWDQWV�DQG�WKH�$FFRXQWDQWV
�6XSSO\��

F�� 1HZ�(UD�$FFRXQWDQWV�FDSDEOH�RI�XVLQJ�WKH�QHZ�WHFKQRORJLHV�ZLOO�VHUYH�PRUH�
DQG� PRUH� FXVWRPHUV�� LQFUHDVLQJ� WKHLU� LQFRPH�� ZKLOH� 3DVW� (UD� $FFRXQWDQWV�
ZLOO�VHUYH�IHZHU�FXVWRPHUV��GHFUHDVLQJ�FRQVLGHUDEO\�WKHLU�LQFRPH��

G�� 0DQ\� 3DVW� (UD� $FFRXQWDQWV� GXH� WR� WKH� VLWXDWLRQ� ZLOO� EHFRPH� 1HZ� (UD�
$FFRXQWDQWV�� 7KLV� HYROXWLRQ� FDQ� EH� DFKLHYHG� RQO\� ZLWK� WKH� VXSSRUW� RI�
HGXFDWLRQDO�LQVWLWXWHV��WKDW�ZLOO�RIIHU�WR�$FFRXQWDQWV��WKH�QHFHVVDU\�VHPLQDUV�
RU�FRQWLQXLQJ�HGXFDWLRQ�FRXUVHV� LQ�RUGHU� WR�SURYLGH� WKHP�ZLWK� WKH�HVVHQWLDO�
VNLOOV�WR�XVH�QHZ�WHFKQRORJLHV��

,Q� WKLV� VWXG\�� WKH� &1)&0� IOH[LEOH� VWUXFWXUH� LV� SURYHG� WR� EH� VXLWDEOH� IRU� PDNLQJ�
SUHGLFWLRQV� LQ� IX]]\� DQG� XQFHUWDLQ� VLWXDWLRQV� OLNH� WKH� LQWURGXFWLRQ� RI� QHZ�
WHFKQRORJLHV�� 7KURXJK� VLPXODWLRQV�� SUHGLFWLRQV� FDQ� EH� PDGH� DQG� VFHQDULRV� FDQ� EH�
LQWURGXFHG�DQG�WHVWHG��7KH� LPSRUWDQW�NH\� IRU� WKH�VXFFHVV�RI�DQ�)&0�PRGHO�UHPDLQV�
WKH�YDOLGLW\�RI�WKH�NQRZOHGJH�WKDW�LV�H[WUDFWHG�IURP�GRPDLQ�H[SHUWV�DQG�LV�XVHG�IRU�WKH�
FUHDWLRQ�RI�WKH�PRGHO���
�
5HIHUHQFHV�
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>�@� %��.RVNR��³)X]]\�&RJQLWLYH�0DSV�´�,QWHUQDWLRQDO�-RXUQDO�RI�0DQ�0DFKLQH�6WXGLHV��YRO������SS���������
������

>�@� %��.RVNR��1HXUDO�1HWZRUNV�DQG�)X]]\�6\VWHPV��3UHQWLFH�+DOO��������

>�@� 5��&��(EHUKDUW�DQG�5��:��'REELQV��1HXUDO�1HWZRUN�3&�7RROV��$FDGHPLF�3UHVV��������
>�@� 5��7DEHU��³.QRZOHGJH�3URFHVVLQJ�ZLWK�)X]]\�&RJQLWLYH�0DSV�´�([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV��YRO��

���SS���������������

>�@� 0�� *�� %RXJRQ�� ³&RQJUHJDWH� &RJQLWLYH� 0DSV�� $� 8QLILHG� '\QDPLF� 7KHRU\� RI� 2UJDQL]DWLRQ� DQG�
6WUDWHJ\�´�-RXUQDO�RI�0DQDJHPHQW�6WXGLHV��YRO������SS�����������������

>�@� 0��&DXGLOO��³8VLQJ�1HXUDO�1HWV��)X]]\�&RJQLWLYH�0DSV�´�$,�([SHUW��SS���������������

>�@� .�� /DQJILHOG�6PLWK� DQG� $�� :LUWK�� ³0HDVXULQJ� 'LIIHUHQFHV� %HWZHHQ� &RJQLWLYH� 0DSV�´� -RXUQDO� RI�
2SHUDWLRQDO�5HVHDUFK�6RFLHW\��YRO������SS�������������������

>�@� $��5��0RQWD]HPL�DQG�'��:��&RQUDWK��³7KH�8VH�RI�&RJQLWLYH�0DSSLQJ�IRU�,QIRUPDWLRQ�5HTXLUHPHQWV�

$QDO\VLV�´�0,6�4XDUWHUO\��YRO������SS���������������
>��@�0��0DVXFK��³9LFLRXV�&LUFOHV�LQ�2UJDQL]DWLRQV�´�$GPLQLVWUDWLYH�6FLHQFH�4XDUWHUO\��YRO������SS���������

������

>��@�:�� (�� 3UDFKW�� ³*,602�� $� 9LVXDO� 3UREOHP�6WUXFWXULQJ� DQG� .QRZOHGJH�2UJDQL]DWLRQ� 7RRO�´� ,(((�
7UDQVDFWLRQV�RQ�6\VWHPV��0DQ��DQG�&\EHUQHWLFV��YRO������SS�����������������



� �

>��@�3��&RVVHWWH� DQG�0��$XGHW�� ³0DSSLQJ�RI� DQ� ,GLRV\QFUDWLF�6FKHPD�´�-RXUQDO�RI�0DQDJHPHQW�6WXGLHV��

YRO������SS�����������������

>��@�%��%LOOPDQ�DQG�-��)��&RXUWQH\��³$XWRPDWHG�'LVFRYHU\�LQ�0DQDJHULDO�3UREOHP�)RUPXODWLRQ��)RUPDWLRQ�
RI�&DXVDO�+\SRWKHVHV�IRU�&RJQLWLYH�0DSSLQJ�´�'HFLVLRQ�6FLHQFHVC��YRO������SS���������������

>��@�$��.��7VDGLUDV�DQG�.��*��0DUJDULWLV��³&RJQLWLYH�0DSSLQJ�DQG�WKH�&HUWDLQW\�1HXURQ�)X]]\�&RJQLWLYH�

0DSV�´�,QIRUPDWLRQ�6FLHQFHV��YRO�������SS�����������������
>��@�(��+��6KRUWOLIIH��&RPSXWHU�EDVHG�0HGLFDO�&RQVXOWDWLRQV�0<&,1��1HZ�<RUN��(OVHYLHU��������

>��@�%�� *�� %XFKDQDQ� DQG� (�� +�� 6KRUWOLIIH��5XOH�%DVHG� ([SHUW� 6\VWHPV�� 7KH�0<&,1� ([SHULPHQWV� RI� WKH�

6WDQIRUG�+HXULVWLF�3URJUDPPLQJ�3URMHFW��5HDGLQJ��0$��$GGLVRQ�:HVOH\��������
>��@�$��.��7VDGLUDV�DQG�.��*��0DUJDULWLV��³7KH�0<&,1�&HUWDLQW\�)DFWRU�+DQGOLQJ�)XQFWLRQ�DV�8QLQRUP�

2SHUDWRU�DQG�LWV�8VH�DV�7KUHVKROG�)XQFWLRQ�LQ�$UWLILFLDO�1HXURQV�´�)XVV\�6HW�DQG�6\VWHPV��YRO������SS��

���������������
>��@�$��.�� 7VDGLUDV� DQG�.��*��0DUJDULWLV�� ³8VLQJ�&HUWDLQW\�1HXURQV� LQ� )X]]\�&RJQLWLYH�0DSV�´�1HXUDO�

1HWZRUN�:RUOG��YRO�����SS�����������������

>��@�0��5RPQH\��$FFRXQWLQJ�,QIRUPDWLRQ�6\VWHPV���WK�(GLWLRQ��$GGLVRQ�:HVOH\��������
>��@�8��*HOLQDV��$��2UDP��DQG�:��:LJJLQV��$FFRXQWLQJ�,QIRUPDWLRQ�6\VWHPV��6RXWK�:HVWHUQ��������

>��@�)�� 5�� 5REHUWV�� ³6WUDWHJ\� IRU� 7KH� (QHUJ\� &ULVLV�� 7KH� &DVH� RI� &RPPXWHU� 7UDQVSRUWDWLRQ� 3ROLF\�´� LQ�

6WXFWXUH�RI�'HFLVLRQ��7KH�&RJQLWLYH�0DSV�RI�3ROLWLFDO�(OLWHV��5��$[HOURG��(G��3ULQFHWRQ��1HZ�-HUVH\��
3ULQFHWRQ�8QLYHUVLW\�3UHVV��������SS�����������

>��@�)�� 6�� 5REHUWV�� ³:HLJKWHG� 'LJUDSK�0RGHOV� IRU� WKH� $VVHVVPHQW� RI� (QHUJ\� 8VH� DQG� $LU� 3ROOXWLRQ� LQ�

7UDQVSRUWDWLRQ�6\VWHPV�´�(QYLURQPHQW�DQG�3ODQQLQJ��YRO�����SS�����������������
>��@�0��7��:ULJKWVRQ��³7KH�'RFXPHQWDU\�&RGLQJ�0HWKRG�´�LQ�6WUXFWXUH�RI�'HFLVLRQ��7KH�&RJQLWLYH�0DSV�

RI�3ROLWLFDO�(OLWHV��5��$[HOURG��(G��3ULQFHWRQ��1HZ�-HUVH\��3ULQFHWRQ�8QLYHUVLW\�3UHVV��������SS������

�����
>��@�$�� 5DPDSUDVDG� DQG� (�� 3RRQ�� ³$�&RPSXWHU� ,QWHUDFWLYH� 7HFKQLTXH� IRU�0DSSLQJ� ,QIOXHQFH�'LDJUDPV�

�0,1'��´�6WUDWHJLF�0DQDJHPHQW�-RXUQDO��YRO�����SS�����������������
>��@�.��1DNDPXUD��6��,ZDL��DQG�7��6DZDUDJL��³'HFLVLRQ�6XSSRUW�8VLQJ�&DXVDWLRQ�.QRZOHGJH�%DVH�´�,(((�

7UDQVDFWLRQV�RQ�6\VWHPV��0DQ��$QG�&\EHUQHWLFV��YRO������SS�����������������


	header: 2nd Hellenic Conf. on AI, SETN-2002, 11-12 April 2002, Thessaloniki, Greece, Proceedings, Companion Volume, pp. 307-320


