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0RGHO�&KHFNLQJ



Ɣ $OO�NLQGV�RI�FRPSRQHQWV��V\QFKURQRXV��DV\QFKURQRXV��WLPHG��K\EULG��FRQWLQXRXV�
FRPSRQHQWV��KDYH�DQ�XQGHUO\LQJ�WUDQVLWLRQ�V\VWHP

Ɣ 6WDWH�LQ�WKH�WUDQVLWLRQ�V\VWHP�XQGHUO\LQJ�D�FRPSRQHQW�FDSWXUHV�DQ\�JLYHQ�
UXQWLPH�FRQILJXUDWLRQ�RI�WKH�FRPSRQHQW

Ɣ ,I�D�FRPSRQHQW�KDV�ILQLWH�LQSXW�RXWSXW�W\SHV�DQG�D�ILQLWH�QXPEHU�RI�³VWDWHV´�LQ�LWV�
(60��WKHQ�LW�KDV�D�ILQLWH�VWDWH�WUDQVLWLRQ�V\VWHP

Ɣ &RQWLQXRXV�FRPSRQHQWV��7LPHG�3URFHVVHV��+\EULG�3URFHVVHV�LQ�JHQHUDO��KDYH�
LQILQLWH�QXPEHU�RI�VWDWHV

7UDQVLWLRQ�6\VWHPV�DQG�VWDWH



�/DEHO��7UDQVLWLRQ�6\VWHP
$�7UDQVLWLRQ�6\VWHP�76�LV�D�WXSOH���6��,��$FW��ᆲ7ᆳ��$3��/!
Ɣ �6��VHW�RI�VWDWH��ILQLWH�RU�FRXQWDEOH�LQILQLWH
Ɣ �,䎚6��VHW�RI�LQLWLDO�VWDWH��ILQLWH�RU�FRXQWDEOH�LQILQLWH
Ɣ �$FW��6HW�RI�DFWLRQV
Ɣ �ᆲ7ᆳ��LV�D�VHW�RI�WUDQVLWLRQ�UHODWLRQ�6�$FW�6��VL䚏

ᶓLVL�����
Ɣ �$3��VHW�RI�DWRPLF�SURSRVLWLRQ�RQ�6
Ɣ �/�6�ĺ�$3���LV�D�ODEHOLQJ�IXQFWLRQ��ZKHUH��$3�LV�WKH�DOSKDEHW



7UDQVLWLRQ�6\VWHP

Ɣ $�H[HFXWLRQ�LV�DQ��LQILQLWH��DOWHUQDWLQJ�VHTXHQFH�RI�VWDWHV�VL�DQG�DFWLRQV�ᶓL�
V�W��6L䚏

ᶓLVL��������
H�J���ȡ �V��DV�E�V�EV�EV�«�

Ɣ $�SDWK�LV�D�VHTXHQFH�RI�VWDWHV�LQ�WKH�76��VWDUWLQJ�IURP�DQ�LQLWLDO�VWDWH�DQG�
HLWKHU�HQGLQJ�LQ�D�WHUPLQDO�VWDWH��RU�LQILQLWH����
H�J��ı� �V��V��V��V��V�«�

Ɣ $�WUDFH�LV�WKH�FRUUHVSRQGLQJ�VHTXHQFH�RI�ODEHOV�RYHU�WKH�DOSKDEHW�
H�J��/�V��/�V��/�V��/�V��/�V����� S^S�T`TTT�
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'HVLUDEOH�EHKDYLRUV�RI�D�76

Ɣ �IhQg<DYI�DIP<pQ]g�]N�<�0/��GINQ[IG�Q[�jIgZh�]N�<EEIdj<DYI�¥NQ[QjI�]g�
Q[NQ[QjI¦�hIfkI[EIh�]N�hj<jIh

Ɣ /<NIjs�dg]dIgjs�E<[�DI�hdIEQNQIG�Ds�d<gjQjQ][Q[O�jPI�hj<jIh����Q[j]�<�
h<NI�k[h<NI�hIj
ż ����ђ���������ђ�������Ϲࡦ������ϝ
ż �[s�NQ[QjI�hIfkI[EI�jP<j�I[Gh�Q[�<�hj<jI��ϟ�������Qh�<�qQj[Ihh�j]�

k[GIhQg<DYI�DIP<pQ]g��]g�QN�<YY�¥Q[NQ[QjI¦�hIfkI[EIh�hj<gjQ[O�Ng]Z�
<[�Q[QjQ<Y�hj<jI�[IpIg�Q[EYkGI�<�hj<jI�Ng]Z���������jPI[�jPI�0/�Qh�
h<NI�

Ɣ <[�qI�khI�<�Z][Qj]g�j]�EY<hhQNs�Q[NQ[QjI�DIP<pQ]gh�Q[j]�O]]G�]g�D<G�



&DQ�ZH�XVH�D�PRQLWRU�WR�FODVVLI\�LQILQLWH�EHKDYLRUV�LQWR�JRRG�RU�EDG"
<HV��XVLQJ�WKHRUHWLFDO�PRGHO�RI�%�FKL�DXWRPDWD�SURSRVHG�E\�-��5LFKDUG�%�FKL�LQ�����

%�FKL�DXWRPDWRQ

([WHQVLRQ�RI�ILQLWH�VWDWH�DXWRPDWD�WR�DFFHSW�LQILQLWH�VWULQJV
$�%�FKL�DXWRPDWRQ�LV�WXSOH�$ �4�,�į�Ȉ�)!�
Ɣ 4��ILQLWH�VHW�RI�VWDWHV��OLNH�D�76��±
Ɣ 4��LV�D�VHW�RI�LQLWLDO�VWDWHV��OLNH�D�76��±
Ɣ Ȉ�LV�D�ILQLWH�DOSKDEHW��OLNH�D�76��±
Ɣ į�LV�D�WUDQVLWLRQ�UHODWLRQ��į��6䡔Ȉ��ĺ�6��OLNH�D�76�
Ɣ )�䎚�4�LV�D�VHW�RI�DFFHSWLQJ�VWDWHV
$Q�LQILQLWH�VHTXHQFH�RI�VWDWHV��D�SDWK�WUDFH�ᶣ���LV�DFFHSWHG�LII�LW�FRQWDLQV�DFFHSWLQJ�
VWDWHV��IURP�)��LQILQLWHO\�RIWHQ



%�FKL�DXWRPDWRQ

(YHU\�/7/�IRUPXOD�ĳ�FDQ�EH�FRQYHUWHG�WR�D�%�FKL�PRQLWRU�DXWRPDWRQ�$ĳ

([DPSOH��:KDW�LV�WKH�ODQJXDJH�RI�$�"



%�FKL�DXWRPDWRQ�([DPSOH�

	�������Ş����������������������������ò�������������������������������������������������������	��������������

Ɣ 1RWH�WKDW�WKLV�LV�D�QRQGHWHUPLQLVWLF�
%�FKL�DXWRPDWRQ

Ɣ $��DFFHSWV�ȡ�LI�WKHUH�H[LVWV�D�SDWK�
DORQJ�ZKLFK�D�VWDWH�LQ�)�DSSHDUV�
LQILQLWHO\�RIWHQ

Ɣ :KDW�LV�WKH�ODQJXDJH�RI�$�"

Ɣ 6��^T��TI�`���Ȉ��^���`��)��^TI`
Ɣ 7UDQVLWLRQV���DV�VKRZQ�

ż /7/�IRUPXOD�)*�[ ��



%�FKL�DXWRPDWRQ�([DPSOH��

Ɣ 6��^T��T��`���Ȉ��^���`��)��^T�`
Ɣ 7UDQVLWLRQV���DV�VKRZQ�

:KDW�LV�WKH�ODQJXDJH�RI�$�"
�/7/�IRUPXOD�

*��[ ��䋻)�\ ���
Ɣ ,�H��DOZD\V�ZKHQ��[ ����LQ�VRPH�

IXWXUH�VWHS���\ ��
Ɣ ,Q�RWKHU�ZRUGV���[ ���PXVW�EH�

IROORZHG�E\��\ ��



0RGHO�&KHFNLQJ�3UREOHP�

*LYHQ�D�PRGHO�0��D�VWDWH�V��DQG�D�SURSHUW\�3��WKH�PRGHO�FKHFNLQJ�SUREOHP�LV�WR�
GHWHUPLQH�LI�0��V�_ �3�

Ɣ ,I�3�LV�D�/7/�IRUPXOD�ĳ��WKHQ�0��V�_ �ĳ�LI�DQG�RQO\�LI�ı�_ �ĳ�IRU�HDFK�ı�WUDFH�RI�0�
VXFK�WKDW�ı>�@� �V��L�H��LI�DQG�RQO\�LI��WKH�ODQJXDJH�RI��0��V��LV�FRQWDLQHG�LQ�WKH�
ODQJXDJH�RI�ĳ��/�0��V��䎚�/�ĳ��

Ɣ ,I�3�LV�D�&7/�IRUPXOD�ĳ��WKHQ�WKH�VDWLVIDFWLRQ�0��V�_ �ĳ�KDV�WKH�XVXDO�PHDQLQJ�
Ɣ $QDORJRXVO\��LI�ĳ�LV�JLYHQ�E\�DQ�DXWRPDWRQ�$��WKHQ�0��V�_ �$�LI�DQG�RQO\�LI�/�0��

V��䎚�/�$�



0&�IRU�/7/�
7R�VROYH�WKH�PRGHO�FKHFNLQJ�SUREOHP�IRU�/7/�IRU�D�PRGHO�0V��IL[LQJ�WKH�
LQLWLDO�VWDWH�V���WKH�LGHD�LV�
Ɣ QHJDWH�WKH�/7/�IRUPXOD�ĳ
Ɣ FRYHUW�WKH�/7/�IRUPXOD�¤ĳ�LQWR�DQ�HTXLYDOHQW�%�FKL
Ɣ DXWRPDWRQ�$¤ĳ
Ɣ FRQVWUXFW�WKH�SURGXFW�EHWZHHQ�WKH�RULJLQDO�PRGHO�DQG�WKH�DXWRPDWRQ�

$¤ĳ��REWDLQLQJ�DQRWKHU�%�FKL�DXWRPDWRQ
Ɣ 0V�䎫�$¤ĳ
Ɣ $SSO\�D�JUDSK�DOJRULWKP��LGHQWLILFDWLRQ�RI�VWURQJO\�FRQQHFWHG�

FRPSRQHQWV��WR�WKH�SURGXFW�DXWRPDWRQ�WR�WHVW�IRU�ODQJXDJH�HPSWLQHVV�



0&�IRU�/7/�

/7/�PRGHO�FKHFNLQJ�LV�UHGXFHG�WR�FKHFNLQJ�ZKHWKHU�DQ�DFFHSW�VWDWH�LV�YLVLWHG�LQ�76�䎫�$¤ĳ�LQILQLWHO\�RIWHQ�



6\QFKURQRXV��3URGXFW�

/7/�PRGHO�FKHFNLQJ�LV�UHGXFHG�WR�FKHFNLQJ�ZKHWKHU�DQ�DFFHSW�VWDWH�LV�YLVLWHG�LQ�76�䎫�$¤ĳ�LQILQLWHO\�RIWHQ�

)RU�D�WUDQVLWLRQ�V\VWHP�76 �6��,��$FW��ᆲ7ᆳ��$3��/!�DQG�D�DXWRPDWD�$ �4�,�į��$3�)!�

76�䎫�$� ��6¶��$FW��ᆲ7ᆳ¶��,¶��$3¶�/¶�

Ɣ �6¶ 6�4
Ɣ �,¶� �^�ᆴ�V����T�ᆵ�_�V��䌜�,�䌻�䌗�T��䌜�4����T�ĺ

/�V���T�`
Ɣ �$FW��6HW�RI�DFWLRQV
Ɣ �$3¶ 4
Ɣ �/¶ ��V�T! ^T`�
Ɣ �ᆲ7ᆳ¶��



6\QFKURQRXV��3URGXFW�
([DPSOH��6LPSOH�7UDĴF�/LJKW�ZLWK���PRGHV��UHG�DQG�JUHHQ��

��/7/�IRUPXOD�WR�FKHFN�

76�7�IRU�WKH�WUDIILF�OLJKW� 1%$�$¤ĳ�IRU

 䋻�%ODFNERDUG�FRQVWUXFWLRQ�RI�7�䎫�$¤ĳ�



6\QFKURQRXV��3URGXFW�
([DPSOH��6LPSOH�7UDĴF�/LJKW�ZLWK���PRGHV��UHG�DQG�JUHHQ��

��/7/�IRUPXOD�WR�FKHFN�

<HV��6WDWH��V���T�!�FDQ�EH�VHHQ�DW�PRVW�RQFH��DQG�VWDWH��V��T�!�LV�QRW�UHDFKDEOH��
 䋻�7KHUH�LV�QR�FRPPRQ�WUDFH�EHWZHHQ�7�DQG�$¤ĳ



��



&7/



Ɣ &7/�LV�D�EUDQFKLQJ�WLPH�ORJLF��L�H��UHDVRQLQJ�RYHU�WKH�WUHH�RI�H[HFXWLRQV��L�H�
�RQH�³WLPH�LQVWDQW´�PD\�KDYH�VHYHUDO�SRVVLEOH�VXFFHVVRU�³WLPH�LQVWDQWV´

Ɣ ,WV�PRGHOV�XVXDOO\�UHSUHVHQWLQJ�FRPSXWDWLRQV��LQ�ZKLFK�WKH�EUDQFKLQJ�VWUXFWXUH�LV�
XVHG�WR�GHVFULEH�XQFHUWDLQW\��LJQRUDQFH�LQ�D�QRQ�GHWHUPLQLVWLF�ZD\

Ɣ :H�FDUH�DERXW�&7/�EHFDXVH�
ż 7KHUH�DUH�VRPH�SURSHUWLHV�WKDW�FDQQRW�EH�H[SUHVVHG�LQ�/7/��EXW�FDQ�EH�H[SUHVVHG�LQ�&7/��DQG�

YLFHYHUVD��
)URP�HYHU\�V\VWHP�VWDWH��WKHUH�LV�D�V\VWHP�H[HFXWLRQ�WKDW�WDNHV�LW�EDFN�WR�WKH�LQLWLDO�VWDWH��DOVR�NQRZQ�
DV�WKH�UHVHW�SURSHUW\�

ż &DQ�H[SUHVV�LQWHUHVWLQJ�SURSHUWLHV�IRU�PXOWL�DJHQW�V\VWHPV

&RPSXWDWLRQ�7UHH�/RJLF



҄ %DVLFDOO\�D�WUHH�WKDW�
FRQVLGHUV�³DOO�
SRVVLELOLWLHV´�LQ�D�
UHDFWLYH�SURJUDP

&RPSXWDWLRQ�7UHH

+g]EIhh

�Q[QjI�/j<jI�Z<EPQ[I



&7/�6\QWD[

6WDWH�)RUPXODH
ĳ�䍋 �S�_�¤ĳ�_�ĳ䌻ĳ�_�(ᶪ�_�$ᶪ�

3DWK�)RUPXODH
ᶪ�䍋 �ĳ�_�;ĳ�_�ĳ8ĳ�



&7/�6\QWD[
6\QWD[�RI�&7/

ĳ�䍋 �S�_�¤ĳ�_��ĳ䌻ĳ� _ 3URS��LQ���QHJDWLRQ��FRQMXQFWLRQ
᪵᫈ᶨ _ ([LVWV�1H;W�6WHS
᪵)ᶨ _ ([LVWV�D�)XWXUH�6WHS
᪵*ᶨ _ ([LVWV�DQ�H[HFXWLRQ�ZKHUH��*OREDOO\�LQ�DOO�VWHSV

᪵ᶨ8ᶨ _ ([LVWV�DQ�H[HFXWLRQ�ZKHUH�LQ�DOO�VWHSV�8QWLO�LQ�VRPH�VWHS

$᫈ᶨ _ ,Q�$OO�1H;W�6WHSV
$)ᶨ _ ,Q�$OO�SRVVLEOH�IXWXUH�SDWKV��WKHUH�LV�D�IXWXUH�VWHS
$*ᶨ _ ,Q�$OO�SRVVLEOH�IXWXUH�SDWKV��*OREDOO\�LQ�DOO�VWHSV

$ᶨ8ᶨ _ ,Q�$OO�SRVVLEOH�IXWXUH�H[HFXWLRQV��LQ�DOO�VWHSV�8QWLO�LQ�VRPH�VWHS



&7/�VHPDQWLFV
Ɣ +<jP�dg]dIgjQIh��dg]dIgjQIh�]N�<[s�OQpI[�d<jP�]g�IrIEkjQ][�Q[�

jPI�dg]Og<Z

Ɣ +<jP�-k<[jQNQE<jQ][��
ż �ȥ��IrQhjI[jQ<Y�fk<[jQNQE<jQ][��jPIgI�IrQhjh�<�d<jP�¥]kj�]N�<�OQpI[�hj<jI¦�

N]g�qPQEP�ȥ�P]YGh

ż �ȥ��k[QpIgh<Y�fk<[jQNQE<jQ][��N]g�IpIgs�d<jP�¥]kj�]N�<�OQpI[�hj<jI¦��ȥ�
P]YGh��



&7/�VHPDQWLFV

�]g��YY�IrIEkjQ][h �pI[jk<YYs��[�/]ZI��kjkgI�hjId

Ɣ �r<ZdYI�0 �]dIg<j]g�

���	���



&7/�VHPDQWLFV�WKURXJK�H[DPSOHV
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&7/�VHPDQWLFV�WKURXJK�H[DPSOHV
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&7/�2SHUDWRU�IXQ



�

&7/�DGYDQWDJHV�DQG�OLPLWDWLRQV



7LPHG�$XWRPDWD
)LQLWH�VWDWH�WLPHG�DXWRPDWRQ��D�PDFKLQH�ZKHUH�DOO�VWDWH�YDULDEOHV�RWKHU�WKDQ�FORFN�YDULDEOHV�KDYH�ILQLWH�
W\SHV��H�J��%RROHDQ��HQXPV�

6WDWH�VSDFH�RI�WLPHG�DXWRPDWD�LV�LQILQLWH��FORFNV�FDQ�EHFRPH�DUELWUDULO\�ODUJH��

$Q�DXWRPDWD�ZLWK�

Ɣ $�VHW�RI�FORFN�&
Ɣ $�VHW�RI�FORFN�FRQVWUDLQWV�RQ�WKH�WUDQVLWLRQ�



7LPHG�&RPSXWDWLRQ�7UHH�/RJLF�7&7/

6WDWH�)RUPXODH
ĳ�䍋 �S�_�¤ĳ�_�ĳ䌻ĳ�_�(ᶪ�_�$ᶪ�

3DWK�)RUPXODH
ᶪ�䍋 �ĳ��_�ĳ8,ĳ�



7&7/�([DPSOH

Ɣ $>RII8>����@RQ@

Ɣ ()����@�E



7LPHG�$XWRPDWD�0RGHO�
&KHFNLQJ



%DVLF�0HWKRG��$EVWUDFWLRQ

Ɣ *LYHQ��D�FRQFUHWH�V\VWHP��KHUH�D�WLPHG�DXWRPDWRQ�
Ɣ *RDO��UHGXFH�WKH�VL]H�RI�WKH�V\VWHP�E\�DEVWUDFWLRQ��KHUH�UHGXFH�LQILQLWH�VWDWH�

VSDFH�WR�D�ILQLWH�RQH�
Ɣ 5HVXOW��DEVWUDFW�V\VWHP��KHUH�D�UHJLRQ�WUDQVLWLRQ�V\VWHP�

%HKDYLRUDOO\�HTXLYDOHQW�DEVWUDFWLRQ��,I�WUHDWHG�DV�D�EODFN�ER[��ZH�FDQQRW�
GLVWLQJXLVK�WKH�DEVWUDFWLRQ�IURP�WKH�RULJLQDO�LQ�H[SHULPHQWV�

([DPSOH��,QSXW�RXWSXW�EHKDYLRU�IRU�SURJUDPV�

)RU�PRGHO�FKHFNLQJ��ERWK�VDWLVI\�WKH�VDPH�IRUPXODV�RI�WKH�XQGHUO\LQJ�ORJLF�



0RGHO�FKHFNLQJ�IRU�WLPHG�DXWRPDWD

,QSXW��WLPHG�DXWRPDWRQ�7��7&7/�IRUPXOD�ᶪ
2XWSXW��WKH�DQVZHU�ZKHWKHU�7�䎻�ᶪ

�� (OLPLQDWH�WLPLQJ�SDUDPHWHUV�RI�ᶪ��SURYLGHV�&7/�IRUPXOD�ᶪ¶�ZLWK�FORFN�
FRQVWUDLQWV

�� &UHDWH�ILQLWH�DEVWUDFWLRQ�RI�WKH�VWDWH�VSDFH�RI�7
�� &UHDWH�DEVWUDFW�VWDWH�WUDQVLWLRQ�V\VWHP�576�VXFK�WKDW�7�䎻�ᶪ�LII�576�䎻�ᶪ¶
�� $SSO\�&7/�PRGHO�FKHFNLQJ�WR�FKHFN�ZKHWKHU�576�䎻�ᶪ¶



�� (OLPLQDWLQJ�WLPLQJ�SDUDPHWHUV

/HW�7�EH�D�WLPHG�DXWRPDWRQ�ZLWK�FORFNV�&�DQG�DWRPLF�SURSRVLWLRQV�$3��/HW�7¶�UHVXOW�
IURP�7�E\�DGGLQJ�D�IUHVK�FORFN�]�ZKLFK�QHYHU�JHWV�UHVHW�

)RU�DQ\�VWDWH�V�RI�7�LW�KROGV�WKDW

�� 7�V� 䎻7&7/�(�ᶪ�8
-�ᶨ��LII�

7¶�UHVHW�]��LQ�V� 䎻7&7/�(�ᶪ�8��]�䌞�-��䌻�ᶨ�
�� 7�V� 䎻7&7/�$�ᶪ�8

-�ᶨ��LII�
7¶�UHVHW�]��LQ�V� 䎻7&7/�$�ᶪ�8��]�䌞�-��䌻�ᶨ�

�� 7��V� 䎻7&7/��()
��ᶨ�LII�

7¶�UHVHW�]��LQ�V� 䎻7&7/��()���]������䌻�ᶨ�
�� 7��V� 䎻7&7/��(*

��ᶨ�LII�
7¶�UHVHW�]��LQ�V� 䎻7&7/��(*���]������ĺ�ᶨ�

��



���)LQLWH�VWDWH�VSDFH�DEVWUDFWLRQ

:H�VHDUFK�IRU�DQ�HTXLYDOHQFH�UHODWLRQ�a�RQ�VWDWHV�VXFK�WKDW�HTXLYDOHQW�VWDWHV�
VDWLVI\�WKH�VDPH��VXE�IRUPXODV�ᶪ¶�RFFXUULQJ�LQ�WKH�WLPHG�DXWRPDWRQ�7�RU�LQ�WKH�
VSHFLILFDWLRQ�ᶪ��V�a�V¶�䋻��V�䎻�ᶪ¶�LII�V¶�䎻�ᶪ¶��

*RDO��ILQG�D�ILQLWH�QXPEHU�RI�HTXLYDOHQFH�FODVVHV�

'HILQLWLRQ��%LVLPXODWLRQ���$VVXPH�DQ�/676�ZLWK�VWDWHV�Ȉ�DQG�HGJH�UHODWLRQ�ĺ��/HW�
$3�EH�D�VHW�RI�DWRPLF�SURSRVLWLRQV�DQG�/��Ȉĺ�$3�D�ODEHOLQJ�IXQFWLRQ��$�ELVLPXODWLRQ�
IRU�/676�LV�DQ�HTXLYDOHQFH�UHODWLRQ�§�䎚�ȈîȈ�VXFK�WKDW�IRU�DOO�V�§V�
�� /�V��� �/�V��
�� IRU�DOO�V�¶䌞Ȉ�ZLWK�V�ĺDV�¶�WKHUH�H[LVWV�V�¶�䌞�Ȉ�VXFK�WKDW�V�ĺDV�¶�DQG�V�¶�§�V�¶

��



7LPH�DEVWUDFW�ELVLPXODWLRQ

$�WLPH�DEVWUDFW�ELVLPXODWLRQ�IRU�D�WLPHG�DXWRPDWRQ�7�LV�DQ�HTXLYDOHQFH�UHODWLRQ�§�
䎚�ȈîȈ�VXFK�WKDW�IRU�DOO�V���V��䌞�Ȉ�VDWLVI\LQJ�V��§�V�
Ɣ /�V��� �/�V��
Ɣ IRU�DOO�V�¶䌞�Ȉ�ZLWK�V�ĺDV�¶�WKHUH�H[LVWV�V�¶�䌞�Ȉ�VXFK�WKDW�V�ĺDV�¶�DQG�V�¶�§�V�¶
Ɣ IRU�DOO�V�¶䌞�Ȉ�ZLWK�V�ĺWV�¶�WKHUH�H[LVWV�V�¶�䌞�Ȉ�VXFK�WKDW�V�ĺWV�¶�DQG�V�¶�§�V�¶

,QWXLWLRQ��JLYHQ�7$�7�DQG�D�WLPHG�ELVLPXODWLRQ�WKHQ

ʌ���V��ĺ��V���ĺ��V�ĺ«

ʌ¶��V¶��ĺ��V�¶ĺ��V�¶ĺ���

��

§§§



)LQLWH�VWDWH�VSDFH�DEVWUDFWLRQ

)RU�WLPHG�DXWRPDWD��VWDWHV�V� ��O�Ȟ��DQG�V¶� ��O¶�Ȟ¶��DUH�HTXLYDOHQW��LI�

Ɣ O� �O¶
Ɣ V�DQG�V¶�VDWLVI\�WKH�VDPH�FORFN�FRQVWUDLQWV�

ż )RU�[���F��F�䌞䉯��Ȟ�䎻�[���F�䋽�Ȟ�[����F�䋽�Ȟ�[�એ���F
ż )RU�[���F��F�䌞䉯��Ȟ�䎻�[���F�䋽�Ȟ�[����F�䋽�Ȟ�[�એ���F�䌼��Ȟ�[�એ� �F�䌻�IUDF�Ȟ�[��� ���

3UREOHP��FUHDWHV�LQILQLWHO\�PDQ\�FODVVHV�

,GHD��ZH�FDQQRW�GLVWLQJXLVK�FODVVHV�IRU�YDOXHV�ODUJHU�WKDQ�WKH�ODUJHVW�FRQVWDQW�F�LQ�7�

6ROXWLRQ��FROOHFW�DOO�HTXLYDOHQFH�FODVVHV�IRU�YDOXHV�ODUJHU�WKDQ�F�

��

1RWDWLRQ��Ȟ� �YDOXDWLRQ
Ȟ�[�� �YDOXDWLRQ�RI�YDULDEOH�[



)LQLWH�VWDWH�VSDFH�DEVWUDFWLRQ

/DUJHVW�FRQVWDQWV�F[� ����F\� ��

��

����[�����䌻�����\����

����[�����䌻�\� ���

[� ���䌻�\� ��

[�!���䌻�����\����



)LQLWH�VWDWH�VSDFH�DEVWUDFWLRQ

/DUJHVW�FRQVWDQWV�F[� ����F\� ��

��

5HTXLUH�IXUWKHU�UHILQHPHQW�
([DPSOH�

\����

O
[����

���

���

XQERXQGHG�UHJLRQ�U�:H�FDOO�FHOOV�LQ�WKLV�UHILQHG�JULG�UHJLRQV�



0RGHO�FKHFNLQJ�IRU�WLPHG�DXWRPDWD

,QSXW��WLPHG�DXWRPDWRQ�7��7&7/�IRUPXOD�ᶪ
2XWSXW��WKH�DQVZHU�ZKHWKHU�7�䎻�ᶪ

�� (OLPLQDWH�WLPLQJ�SDUDPHWHUV�RI�ᶪ��SURYLGHV�&7/�IRUPXOD�ᶪ¶�ZLWK�FORFN�
FRQVWUDLQWV

�� &UHDWH�ILQLWH�DEVWUDFWLRQ�RI�WKH�VWDWH�VSDFH�RI�7
�� &UHDWH�DEVWUDFW�VWDWH�WUDQVLWLRQ�V\VWHP�576�VXFK�WKDW�7�䎻�ᶪ�LII�576�䎻�ᶪ¶
�� $SSO\�&7/�PRGHO�FKHFNLQJ�WR�FKHFN�ZKHWKHU�576�䎻�ᶪ¶



���5HJLRQ�WUDQVLWLRQ�V\VWHP

:H�KDYH�WZR�NLQGV�RI�WUDQVLWLRQV�EHWZHHQ�UHJLRQV��WLPH�HODSVH�DQG�GLVFUHWH�MXPSV�

*LYHQ�UHJLRQV�U��U¶��U¶� �VXFF�U��LI

Ɣ U� �U¶� �U���RU
Ɣ U���U���U���U¶��DQG�IRU�DOO�ᶟ�LQ�U��

䌗G䌞䉷!����ᶟ���G�䌞�U¶�䌻�䌔�����G¶���G��ᶟ���G¶�䌞�U�䌾�U¶��

,QWXLWLRQ��U¶� �VXFF�U��LI�HLWKHU�ERWK�DUH�WKH�XQERXQGHG�UHJLRQ�RU�LI�U¶�FDQ�EH�UHDFKHG�E\�
WLPH�HODSVH�DQG�LV�WKH�GLUHFW�VXFFHVVRU�UHJLRQ�

��



���5HJLRQ�WUDQVLWLRQ�V\VWHP

7KH�UHJLRQ�WUDQVLWLRQ�V\VWHP��576��5�IRU�D�WLPHG�DXWRPDWRQ�7�DQG�D�7&7/�IRUPXOD�
ᶪ�RYHU�DWRPLF�SURSRVLWLRQV�$3�LV�GHILQHG�DV�
Ɣ 7KH�VWDWH�VHW�Ȉ�LV�WKH�VHW�RI�DOO�UHJLRQV��O�9��LQ�7�ZKHUH�9�䌞�,QY�O�
Ɣ 7KH�LQLWLDO�UHJLRQ�LV�EXLOG�IURP�WKH�LQLWLDO�VWDWHV�RI�7
Ɣ 7KH�WUDQVLWLRQ�UHODWLRQ�LV�H[WHQGHG�WR�WLPH�VXFFHVVRU�UHJLRQV�YLD�VXFF�U��DQG�

MXPS�VXFFHVVRU�UHJLRQV��VHH�H[DPSOHV�

7KH�VHW�RI�DWRPLF�SURSRVLWLRQV�$3¶�RI�5�LV�JLYHQ�DV�$3�䌾�$&&�7��䌾�$&&�ᶪ���WKH�
ODEHOLQJ�IXQFWLRQ�/��O�9��¶� �/�O��䌾�^J�䌞�$3¶�?�$3�_�9�䎻�J`�

,GHD��$GG�$3V�WR�EH�DEOH�WR�ODEHO�UHJLRQV�ZKLFK�VDWLVI\�FHUWDLQ�DWRPLF�FORFN�
FRQVWUDLQWV��$&&��

��



0RGHO�FKHFNLQJ�IRU�WLPHG�DXWRPDWD

,QSXW��WLPHG�DXWRPDWRQ�7��7&7/�IRUPXOD�ᶪ
2XWSXW��WKH�DQVZHU�ZKHWKHU�7�䎻�ᶪ

�� (OLPLQDWH�WLPLQJ�SDUDPHWHUV�RI�ᶪ��SURYLGHV�&7/�IRUPXOD�ᶪ¶�ZLWK�FORFN�
FRQVWUDLQWV

�� &UHDWH�ILQLWH�DEVWUDFWLRQ�RI�WKH�VWDWH�VSDFH�RI�7
�� &UHDWH�DEVWUDFW�VWDWH�WUDQVLWLRQ�V\VWHP�576�VXFK�WKDW�7�䎻�ᶪ�LII�576�䎻�ᶪ¶
�� $SSO\�&7/�PRGHO�FKHFNLQJ�WR�FKHFN�ZKHWKHU�576�䎻�ᶪ¶



���&7/�0RGHO�&KHFNLQJ
Ɣ &RQYHUW�IRUPXOD�WR�H[LVWHQWLDO�QRUPDO�IRUP��(1)�
Ɣ 5HFXUVLYHO\��ERWWRP�XS�

ż 8VH�SDUVH�WUHH�RI�WKH�FRQYHUWHG�IRUPXOD
ż &RPSXWH�6$7�VHWV�RI�OHDI�QRGHV
ż 5HFXUVLYHO\��&RPSXWH�6$7�VHW�RI�SDUHQW�QRGHV�XQWLO�URRW�LV�UHDFKHG

([DPSOH�SDUVH�WUHH�
ᶪ��$�D�8��E�䌼�¤�F�� $

D

8

䌼

E ¤

F



&RPSXWLQJ�6DW�VHWV

*LYHQ�/76�ZLWK�VWDWHV�V�䌞�6��DWRPLF�SURSRVLWLRQV�$3�DQG�&7/�IRUPXODV�ᶪ�ᶨ�LW�KROGV�

Ɣ 6DW�WUXH�� �6
Ɣ 6DW�D�� �^V�䌞�6�_�D�䌞�/�V��`�IRU�DQ\�D�LQ�$3
Ɣ 6DW�ᶪ䌻ᶨ�� �6DW�ᶪ��ŀ�6DW�ᶨ�
Ɣ 6DW�¤ᶨ�� �6�?�6DW�ᶨ�
Ɣ 6DW�(�ᶪ8ᶨ��� �VPDOOHVW�VXEVHW�7�RI�6�ZKHUH�

ż 6DW�ᶨ��䎚�7�DQG
ż V�䌞�6DW�ᶪ��DQG�3RVW�V��ŀ�7���䌙�LPSOLHV�V�䌞�7

Ɣ 6DW�()ᶨ�� �^V�䌞�6�_�3RVW�V��ŀ�6DW�ᶨ����䌙`
Ɣ 6DW�(*ᶨ�� �ODUJHVW�VXEVHW�7�RI�6�ZKHUH

ż 7�䎚��6DW�ᶨ��DQG
ż V�䌞�7�LPSOLHV�3RVW�V��ŀ�7���䌙

��

,QWXLWLRQ��XQWLO��
(YHU\�VWDWH�VDWLVI\LQJ�ᶨ�GLUHFWO\�VDWLVILHV�WKH�
IRUPXOD�DQG�HYHU\�VWDWH�IURP�ZKLFK�VXFK�D�
VWDWH�FDQ�EH�UHDFKHG�ZKLOH�VDWLVI\LQJ�ᶪ�LV�
DGGHG�WR�WKH�VDW�VHW�



Ɣ 6DW�D�� �^���������`
Ɣ 6DW�E�� �^�`
Ɣ 6DW�F�� �^�������`

Ɣ 6DW�¤F�� �^�`
Ɣ 6DW�E�䌼¤F�� �^�`
Ɣ 6DW�$�D�8��E�䌼�¤F��� �^�`

���&7/�0RGHO�&KHFNLQJ
ᶪ��$�D�8��E�䌼�¤�F��
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