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0RQWUpDO��4XpEHF�+�&��3���&DQDGD

)UDQFRLV�3DFKHW
6RQ\�&RPSXWHU�6FLHQFH�/DERUDWRU\

��5XH�$P\RW��������3DULV
SDFKHW#FVO�VRQ\�IU

$EVWUDFW

&',)�LV�D�VWDQGDUG�IRU�UHSUHVHQWLQJ�PRGHOV�WKDW�DOORZV�&$6(�WRROV�WKDW�GR
QRW� VXSSRUW� WKH� VDPH� QRWDWLRQ� DQG�RU� WKH� VDPH� VHPDQWLFV�� WR� H[FKDQJH
PRGHOV� ZLWK� D� PLQLPXP� ORVV� RI� LQIRUPDWLRQ�� DQG� D� PD[LPXP� OHYHO� RI
DFFXUDF\��7KH�&',)�GRHV�VR�E\�����GHILQLQJ�D�ODQJXDJH�IRU�GHILQLQJ�QRWDWLRQ
�PHWD�PHWD�PRGHO���DQG����SUHIL[LQJ�PRGHO�GHVFULSWLRQV� LQ�D�JLYHQ�QRWDWLRQ
E\�D�GHILQLWLRQ�RI�WKDW�QRWDWLRQ��LW�LV�WKH�UHVSRQVLELOLW\�RI�DQ�LPSRUWHU�WR�PDS
WKH� FRQVWUXFWV� RI� WKH� H[SRUWHU� WR� LWV� RZQ�� 7KH� PDSSLQJ� FDQ� EH� IDLUO\
VWUDLJKWIRUZDUG�IRU�D�ZLGH�UDQJH�RI�YDULDWLRQV�EHWZHHQ�&$6(�WRRO�QRWDWLRQV�
ZLWK�PLQLPXP�ORVV�RI�LQIRUPDWLRQ��EXW�UHTXLUHV�PRUH�ZRUN�ZKHQ�WKH�VRXUFH
DQG� WDUJHW� QRWDWLRQV� VXSSRUW� D� GLIIHUHQW� QXPEHU� RI� DEVWUDFWLRQ� OHYHOV��:H
ORRN� DW� VRPH� RI� WKH� LVVXHV� LQYROYHG�� DQG� SURSRVH� DORQJ� WKH� ZD\� VRPH
WUDQVIRUPDWLRQ�SDWWHUQV�

��� ,QWURGXFWLRQ

*HQHUDOO\� VSHDNLQJ�� ZH� XVH� WKH� WHUP� PHWDPRGHOLQJ� WR� UHIHU� WR� WKH� SUDFWLFH� RI� UHSUHVHQWLQJ
FRPSXWDWLRQDO� HQWLWLHV� DW� PRUH� LQVWDQWLDWLRQ� OHYHOV� WKDQ� WKH� XVXDO� WZR�� LQVWDQFH� DQG� FODVV�� %\
FRPSXWDWLRQDO�HQWLW\�ZH�PHDQ�SXUH�GDWD��HQWLWLHV���REMHFWV� LQ�WKH�22�VHQVH�� WDVNV��SURFHVVHV��RU
DQ\�RWKHU�FRPSXWDWLRQDO�DUWLIDFW� WKDW�FDQ�EH�FUHDWHG��PRGLILHG�RU�RWKHUZLVH�PDQLSXODWHG�GXULQJ
WKH�H[HFXWLRQ�RI�D�SURJUDP��7KH�QHHG�IRU�PHWDPRGHOV�LV�PRUH�IUHTXHQW�WKDQ�RQH�PLJKW�ILUVW�WKLQN�
DQG� KDV� EHHQ� SUDFWLFHG� IRU� VRPH� WLPH�� :H� LGHQWLILHG� WKUHH� ³W\SLFDO´� RFFXUUHQFHV� RI
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PHWDPRGHOLQJ�� ZKLFK� ZH� GHVFULEHG� DV�� ��� DQ� DEVWUDFWLRQ� RI� GRPDLQ� NQRZOHGJH�� ��� WKH
UHSUHVHQWDWLRQ� RI� UHSUHVHQWDWLRQ� ODQJXDJHV�� DQG� ��� DQ� DEVWUDFWLRQ� RI� FRPSXWDWLRQDO� EHKDYLRUV
>0LOL�	�3DFKHW������@��$FFRUGLQJ�WR�RXU�FDWHJRUL]DWLRQ��WKH�&',)�VWDQGDUG�IDOOV�LQWR�WKH�VHFRQG
FDWHJRU\��&',)�LV�D�VWDQGDUG�IRU�UHSUHVHQWLQJ�PRGHOV�WKDW�DOORZV�&$6(�WRROV�WKDW�GR�QRW�VXSSRUW
WKH� VDPH� QRWDWLRQ� DQG�RU� WKH� VDPH� VHPDQWLFV�� WR� H[FKDQJH� PRGHOV� ZLWK� D� PLQLPXP� ORVV� RI
LQIRUPDWLRQ��DQG�D�PD[LPXP�OHYHO�RI�DFFXUDF\��7KH�VWDQGDUG�GRHV�VR�E\�����GHILQLQJ�D�ODQJXDJH
IRU�GHILQLQJ�QRWDWLRQV��PHWD�PHWD�PRGHO���DQG����SUHIL[LQJ�PRGHO�GHVFULSWLRQV�LQ�D�JLYHQ�QRWDWLRQ
E\�D�GHILQLWLRQ�RI� WKDW�QRWDWLRQ�� ,Q� D�PRGHO� H[FKDQJH� WUDQVDFWLRQ�� LW� LV� WKH� UHVSRQVLELOLW\�RI� WKH
LPSRUWHU�WR�PDS�WKH�FRQVWUXFWV�RI�WKH�H[SRUWHU�WR�LWV�RZQ�FRQVWUXFWV�

7KH�WUDQVIRUPDWLRQV�IURP�RQH�PRGHOLQJ�QRWDWLRQ�WR�DQRWKHU�FDQ�EH�PRUH�RU�OHVV�VWUDLJKWIRUZDUG�
DQG� PRUH� RU� OHVV� LQIRUPDWLRQ� ORVVOHVV�� GHSHQGLQJ� RQ� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� XQGHUO\LQJ
VHPDQWLFV��ERWK�LQ�WHUPV�RI�FRYHUDJH��H�J��RQH�QRWDWLRQ�XVHV�IDU�PRUH�FRQVWUXFWV�WKDQ�WKH�RWKHU��
DQG� LW� WHUPV� RI� VWUXFWXULQJ� �H�J�� XVLQJ� D� GLIIHUHQW� VHPDQWLF� EUHDNGRZQ� RI� LQIRUPDWLRQ��� 7KH
GLIIHUHQFH�EHWZHHQ�WKH�VRXUFH�DQG�WDUJHW�QRWDWLRQV�PD\�EH�UHIOHFWHG�LQ�WKH�VL]H��QXPEHU�RI�UXOHV�
DQG�FODVV�RI� WKH�UHTXLUHG�WUDQVIRUPDWLRQ�JUDPPDU��H�J��D�FRQWH[W�IUHH�YHUVXV�D�FRQWH[W�VHQVLWLYH
JUDPPDU��� DQG� WKH� UHYHUVLELOLW\� RI� WKH� WUDQVIRUPDWLRQ�� H�J�� WKH� H[WHQW� WR� ZKLFK� 7��R7�[�� LV
GLIIHUHQW� IURP� � [�� ,Q� WKLV� SDSHU��ZH� DUH� FRQFHUQHG�ZLWK� WKH�PDSSLQJ� IURP� D� QRWDWLRQ� WKDW� XVHV
GRPDLQ�PHWDPRGHOLQJ�FRQVWUXFWV�WR�RQH�WKDW�GRHVQ¶W�

:H�ILUVW�ORRN�DW�DQ�LQVWDQFH�RI�D�GRPDLQ�PRGHO�ZLWK�VHYHUDO�OHYHOV�RI�DEVWUDFWLRQ��,Q�VHFWLRQ����ZH
GLVFXVV�WUDQVIRUPDWLRQ�UXOHV�WR�D�PRGHO�WKDW�XVHV�D�VLQJOH�OHYHO��:H�FRQFOXGH�LQ�VHFWLRQ���

��� 0HWDPRGHOLQJ�DV�DEVWUDFWLRQ�RI�GRPDLQ�NQRZOHGJH

&RQVLGHU� WKH� H[DPSOH� RI� D� 6DYLQJV� 	� /RDQV� $VVRFLDWLRQ� ZKRVH� PHPEHU� LQVWLWXWLRQV� RIIHU
GLIIHUHQW�NLQGV�RI�ORDQV�ZLWK�YDULRXV�SD\PHQW�VFKHGXOHV��7KLV�LV�D�VLPSOLILHG�YHUVLRQ�RI�DQ�DFWXDO
PRGHOLQJ�SUREOHP��IRU�RQH�VXFK�LQVWLWXWLRQ��RQ�ZKLFK�WKH�DXWKRU�KDV�ZRUNHG��*HQHUDOO\�VSHDNLQJ�
GLIIHUHQW�W\SHV�RI�ORDQV�KDYH�GLIIHUHQW�SD\PHQW�IRUPXODV��7KH�DVVRFLDWLRQ�EHWZHHQ�W\SHV�RI�ORDQV
DQG�SD\PHQW�IRUPXODV�LV�SUDFWLFDOO\�LQGXVWU\�ZLGH��)RU�H[DPSOH��DOO�VWXGHQW�ORDQV�KDYH�DQ�LQLWLDO
GHIHUPHQW�SHULRG��DIWHU�ZKLFK�UHJXODU�SD\PHQWV�PXVW�EH�PDGH�DW�D�PLQLPXP�SDFH��EXW�D�VWXGHQW
PD\�SD\�WKH�UHPDLQLQJ�EDODQFH�LQ�IXOO�DW�DQ\�SRLQW�LQ�WLPH��,W�LV�DOVR�DOPRVW�DOZD\V�WKH�FDVH�WKDW
PRUWJDJHV� DUH� WR�EH�SDLG�EDFN� DFFRUGLQJ� WR� VRPH� UHJXODU� SD\PHQWV�� DQG� IXOO� SD\PHQWV� XVXDOO\
FDUU\�D�SHQDOW\��EHFDXVH�OHQGLQJ�LQVWLWXWLRQV�XVXDOO\�WXUQ�DURXQG�DQG�VHOO�PRUWJDJHV�WR�SRWHQWLDO
LQYHVWRUV�ZLWK�D�JXDUDQWHHG�UDWH�RI�DQQXDO�UHWXUQ��)RU�HDFK�RQH�RI�WKHVH�PRGHV�RI�SD\PHQW��WKHUH
DUH�D�QXPEHU�RI�SDUDPHWHUV�VXFK�DV�IUHTXHQF\�RI�SD\PHQW��UDQJHV�RI�DOORZDEOH�SHUFHQWDJHV��HWF�
'LIIHUHQW�PHPEHU�LQVWLWXWLRQV�RI�DQ�6	/�$VVRFLDWLRQ�PD\�RIIHU�GLIIHUHQW�VXEVHWV�RI�WKHVH�UDQJHV�
)RU� H[DPSOH�� LQVWLWXWLRQ� $� ZLOO� RIIHU� �� PRQWK�� ��� �� DQG� �� \HDU� IL[HG�UDWH� PRUWJDJHV�� ZKLOH
LQVWLWXWLRQ�%�ZLOO�RIIHU����������DQG���\HDU�IL[HG�UDWH�PRUWJDJHV��$Q�LQGLYLGXDO�ZKR�ZDONV�LQWR�D
SDUWLFXODU�LQVWLWXWLRQ��H�J��$��ZLOO�JHW�D�PRUWJDJH�ZLWK�D�VLQJOH�YDOXH�IURP�WKHVH�SDUDPHWHUV��H�J��D
��\HDU�IL[HG�UDWH��PRUWJDJH�

$�ILUVW�FXW�REMHFW�PRGHO�IRU�WKLV�SUREOHP�ORRNV�OLNH�)LJXUH����7KLV�PRGHO�VD\V�WKDW�©�D�ORDQ�ª�LV
SD\DEOH�DFFRUGLQJ�WR�©�D�SD\PHQW�VFKHGXOH�ª���DQG�WKDW�WKHUH�DUH�PDQ\�W\SHV�RI�ORDQV��DQG�PDQ\
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W\SHV�RI�SD\PHQW�VFKHGXOHV��:KDW�LW�IDLOV� WR�VD\�LV�ZKLFK�VFKHGXOHV�RI�SD\PHQW�DUH�DSSURSULDWH
IRU� ZKLFK� W\SHV� RI� ORDQV�� LQ� JHQHUDO�� DQG� IRU� LQGLYLGXDO� LQVWLWXWLRQV�� ,I� ZH� KDG� RQH� SD\PHQW
VFKHGXOH� SHU� ORDQ� W\SH�� ZH� FRXOG� UHSUHVHQW� WKLV� HDVLO\� ZLWKLQ� WKLV� PRGHO� E\� VSHFLDOL]LQJ� WKH
DVVRFLDWLRQ�©�3D\DEOH�$FFRUGLQJ�ª�LQWR�WKUHH��RU�PRUH��PRUH�VSHFLILF�DVVRFLDWLRQV��+RZHYHU��WKH
FRPELQDWLRQV� FDQ� EH� QXPHURXV�� DQG� ZKHQ� ZH� WDNH� LQWR� DFFRXQW� WKH� VSHFLILFV� RI� LQGLYLGXDO
LQVWLWXWLRQV��WKH\�EHFRPH�XQZLHOG\�

'HIHUUHG�PLQ��UHJ�
SD\DEOH�IXOO

)L[HG
5HJXODU

0LQB0RQWKO\
SD\DEOH�LQ�IXOO

3$<0(17
6&+('8/(

35Ç7B(78'(6
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0257*$*( &216��/2$1

3D\DEOHB$FFRUGLQJ

678'(17
/2$1

PRQWKO\3D\PHQW�
GXUDWLRQ��

SHULRG
DPRXQW

VWDUW'DWH

SHULRG

DPRXQW

)LJXUH����$�VLPSOLVWLF�PRGHO�RI�ORDQV�DQG�SD\PHQW�VFKHGXOHV�

:KDW�LV�UHDOO\�DW�LVVXH�KHUH�LV�WKH�IDFW�WKDW�ZH�DUH�DWWHPSWLQJ�WR�UHSUHVHQW�LQIRUPDWLRQ�DERXW�WZR
DVSHFWV������DERXW�DFFRXQW�W\SHV��DQG����DERXW�VSHFLILF�DFFRXQWV�RI�WKHVH�W\SHV���WKH�ODWWHU�KDYH�WR
DELGH�E\�WKH�FRQVWUDLQWV�DQG�SDUDPHWHUV�RI� WKH�IRUPHU��7KH�REMHFW�PRGHO�RI�)LJXUH���VKRZV�©�D
PRGHO� RIª� WKH� DVVRFLDWLRQV� EHWZHHQ� LQGLYLGXDO� DFFRXQWV� DQG� LQGLYLGXDO� SD\PHQW� VFKHGXOHV� EXW
YHU\�OLWWOH�DERXW�DFFRXQW�W\SHV�LQ�JHQHUDO��� LI�ZH�UHVWULFW�RXUVHOYHV�WR�D�VLQJOH�LQVWLWXWLRQ�� LW�PD\
VKRZ�ZKLFK�SD\PHQW�VFKHGXOHV�DSSO\�WR�ZKLFK�DFFRXQWV�IRU�WKLV�SDUWLFXODU�LQVWLWXWLRQ��:H�ZRXOG
QHHG�D� VHSDUDWH�PRGHO� IRU� HDFK� LQVWLWXWLRQ�� 7KH�ZD\� RI� KDQGOLQJ� WKLV� FRQVLVWV� RI� UHSUHVHQWLQJ
LQIRUPDWLRQ� H[SOLFLWO\� DERXW� W\SHV� RI� ORDQV�� W\SHV� RI� SD\PHQW� VFKHGXOHV�� DQG� LQVWLWXWLRQV�
H[SOLFLWO\��)LJXUH���VKRZV�VXFK�D�PRGHO�
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,167,787,21

⊆
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SDUDPHWHUV����

)LJXUH����$�FRPSOHWH�PRGHO�LQFOXGLQJ�D�PHWDPRGHO�

7KH� XSSHU� SDUW� RI� WKH� PRGHO� LV� HTXLYDOHQW� WR� WKH� PRGHO� RI� )LJXUH� ��� 7KH� ORZHU� SDUW� LV� WKH
PHWDPRGHO�� 7KH� FODVVHV�/RDQ7\SH� DQG�3D\PHQW6FKHGXOH7\SH� UHSUHVHQW� W\SHV� � RU� FODVVHV� RI
ORDQV� DQG�SD\PHQW� VFKHGXOHV�� UHVSHFWLYHO\�� L�H�� FODVVHV�ZKRVH� LQVWDQFHV� DUH� WKHPVHOYHV� FODVVHV�
7KH� IDFW� WKDW� D� SDUWLFXODU� LQVWLWXWLRQ� XVHV� D� VSHFLILF� VXEVHW� RI� WKH� VHW� RI� SD\PHQW� VFKHGXOHV
SUDFWLFHG�E\�WKH�LQGXVWU\�DW�ODUJH�LV�UHSUHVHQWHG�E\�WKH�VXEVHW�UHODWLRQVKLS��⊆�LQ�)LJXUH����EHWZHHQ
WKH� DVVRFLDWLRQ� � WKDW� LV� VSHFLILF� WR� LQGLYLGXDO� LQVWLWXWLRQ�� DQG� WKH� JHQHUDO� RQH�� � 7KH� GDWD� RU
NQRZOHGJH� WKDW� ZRXOG� KDYH� EHHQ� HPERGLHG� LQ� VHSDUDWH� PRGHOV�� RQH� SHU� LQVWLWXWLRQ�� LV� QRZ
UHSUHVHQWHG�E\�D�VLQJOH��PHWD�PRGHO��ORZHU�SDUW�RI�)LJXUH�����DQG�VRPH�VSHFLILF�LQVWDQFHV�RI�WKDW
PRGHO��H�J��D�WDEOH���)LJXUHV��D�DQG���E�VKRZ�H[FHUSWV�RI�WKH�WDEOH�WKDW�UHSUHVHQW�WKH�PHWD�GDWD�
������������������������������������������������
��6RPH�ILQDQFLDO�LQVWLWXWLRQV�PD\�DOORZ�SD\PHQWV�RI�XS�WR�����RI�RZHG�FDSLWDO��DQQXDOO\��ZLWKRXW�SHQDOW\�

$FFRXQW�W\SH 3D\PHQW�VFKHGXOH�W\SH
0RUWJDJH )L[HG5HJ���'HIHUUHG
6XGHQW/RDQ 'HIHUUHG�� 3D\DEOH)XOO�

)L[HG5HJXODU
« «
)LJXUH���D��5HSUHVHQWLQJ�LQGXVWU\�ZLGH�GDWD�

$FFRXQW�W\SH %UDQFK 3D\PHQW�VFKHGXOH�W\SH
0RUWJDJH %��� )L[HG5HJXODU
6WXGHQW/RDQ %��� 'HIHUUHG�3D\DEOH)XOO
« « «

)LJXUH���E��5HSUHVHQWLQJ�EUDQFK�GDWD�

7KH�H[SOLFLW�SUHVHQFH�RI�WKLV�LQIRUPDWLRQ�LV�DOVR�YDOXDEOH�IRU�WKH�SXUSRVHV�RI�FRGLQJ�WKH�GHVLUHG
EHKDYLRU�FRQFLVHO\�DQG�JHQHULFDOO\�
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��� ([FKDQJLQJ�PRGHOV�DQG�PHWDPRGHOV�ZLWK�&',)

���� 7KH�H[SRUWHU¶V�SRLQW�RI�YLHZ
7R�UHSUHVHQW�WKH�PRGHOV�LQ�)LJXUH����DORQJ�ZLWK�WKH�FRUUHVSRQGLQJ�WDEOHV��ZH�QHHG�WR�GHILQH�WKH
IROORZLQJ�FRQVWUXFWV�
•� $Q�(QWLW\7\SH�ZKLFK�ZLOO�UHSUHVHQW�$FFRXQW7\SH�DQG�3D\PHQW6FKHGXOH7\SH
•� $Q�(QWLW\� ZKLFK�ZLOO� UHSUHVHQW�$FFRXQW��0RUWJDJH�� HWF��� DORQJ�ZLWK� WKH� YDULRXV� SD\PHQW

VFKHGXOH�W\SHV��VXFK�DV�)L[HG5HJXODU��'HIHUUHG��HWF�
•� (LWKHU�GHILQH�D�*HQHUDO$VVRFLDWLRQ�ZKLFK�FDQ�OLQN�LQVWDQFHV�RI�(QWLW\�DPRQJ�HDFK�RWKHU��DQG

LQVWDQFHV� RI� (QWLW\7\SH� DPRQJ� HDFK� RWKHU�� RU� HYHQ� LQVWDQFHV� RI� (QWLW\� WR� LQVWDQFHV� RI
(QWLW\7\SH��RU�GHILQH�WZR��RU�WKUHH��W\SHV�RI�DVVRFLDWLRQV��DQG

•� 6RPH� VRUW� RI� DQ� ,QVWDQFH7\SH� RI� WKH� FRUUHVSRQGLQJ� DVVRFLDWLRQV� WR� FRPPXQLFDWH� WKH� GDWD
LQKHUHQW�LQ�WKH�WZR�WDEOHV�

2QFH�WKHVH�VWUXFWXUHV�KDYH�EHHQ�GHILQHG�� WKHQ�ZH�FDQ�VHQG�WKH�PRGHO�DV�D�VWUHDP�RI�FRQVWUXFWV
ORRNLQJ�OLNHL�

���GHILQLWLRQ�RI�PHWDPRGHO�HQWLWLHV��L�H��(QWLW\7\SH��(QWLW\��$WWULEXWH��$VVRFLDWLRQ��HWF�
0(7$2%-(&7�0HWD(QWLW\�1DPH� �(QWLW\7\SH�«
0(7$2%-(&7�0HWD5HODWLRQ�1DPH �*HQHUDO$VVRFLDWLRQ�«
«
���GHILQLWLRQ�RI�PRGHO
0(7$(17,7<�(QWLW\7\SH�1DPH $FFRXQW7\SH�,G� �(7����«
0(7$(17,7<�$WWULEXWH�1DPH �$FFRXQW7\SH1DPH�RQ(QWLW\ $FFRXQW7\SH�«
0(7$(17,7<�(QWLW\�1DPH $FFRXQW�,G (����«
0(7$5(/$7,21�*HQHUDO$VVRFLDWLRQ�1DPH �6SHFLDOL]DWLRQ�,G �*$��
0(7$(17,7<�5ROH�1DPH 6XSHUFODVV�UHODWLRQ 6SHFLDOL]DWLRQ

PHWD(QWLW\ (QWLW\�_�(QWLW\7\SH
0(7$5(/$7,21�*HQHUDO$VVRFLDWLRQ�1DPH �0HPEHUVKLS�,G �*$��
*HQHUDO$VVRFLDWLRQ�0HPEHUVKLS�PHPEHU �$FFRXQW�FODVV $FFRXQW7\SH
«
���GHILQLWLRQ�RI�GDWD
5HODWLRQ,QVWDQFH�3D\PHQW6FKHGXOH)RU,QGXVWU\�DFFRXQW7\SH 6WXGHQW/RDQ

�������3D\PHQW6FKHGXOH7\SH )L[HG5HJXODU

5HODWLRQ,QVWDQFH�3D\PHQW6FKHGXOH)RU,QGXVWU\�DFFRXQW7\SH 6WXGHQW/RDQ
�������3D\PHQW6FKHGXOH7\SH 'HIHUUHG

«
,Q� DGGLWLRQ� WR� WKLV� VWUXFWXUDO� LQIRUPDWLRQ�� WKH� H[FKDQJH� IRUPDW� PLJKW� LQFOXGH� JUDSKLFDO
LQIRUPDWLRQ�DERXW�WKH�OD\RXW�RI�WKH�PRGHO�DQG�WKH�GRPDLQ�PHWDPRGHO�VKRZQ�LQ�)LJXUH���

7KHUH� LV� VRPH� FRQIXVLRQ� LQ� WKLV� PRGHO� DV� WR� ZKHWKHU� ZH� VKRXOG� FRQVLGHU� WKH� VSHFLDOL]DWLRQ
UHODWLRQVKLS�DV�DQ�DWRPLF�WHUPLQDO�FRQVWUXFW�RI�WKH�VRXUFH�ODQJXDJH��DW�WKH�VDPH�OHYHO�DV�(QWLW\�RU
(QWLW\7\SH�� RU� ZKHWKHU� LW� LV� WR� EH� FRQVLGHUHG� DV� D� VSHFLILF� LQVWDQFH� RI� D� JHQHUDO� DVVRFLDWLRQ

������������������������������������������������
L�7KH�DXWKRU�LV�QRW�IDPLOLDU�ZLWK�WKH�&',)�PHWD�PHWD�PRGHO��DQG�WKH�QDPHV�RU�FRQVWUXFWV�VKRZQ�GR�QRW� UHIOHFW� WKH
FRQWHQWV�RI�WKH�VWDQGDUG�
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EHWZHHQ�PHWD�HQWLWLHV��ZKLFK�LQFOXGHV�WKH�UHSUHVHQWDWLRQ�RI�DUELWUDU\�DVVRFLDWLRQV�EHWZHHQ�HQWLWLHV
�H�J�� :RUNV)RU�� RU� WKH� UHSUHVHQWDWLRQ� RI� DUELWUDU\� DVVRFLDWLRQV� EHWZHHQ� HQWLW\� W\SHV
�6SHFLDOL]DWLRQ�� 0HPEHUVKLS�� 3DUWLWLRQ�� HWF���� ,Q� WKH� DERYH� H[DPSOH�� ZH� DVVXPH� WKH� VHFRQG
LQWHUSUHWDWLRQ��,I�ZH�ORRN�DW�WKLV�PRGHO�RQ�WKH�UHFHLYLQJ�HQG��0HPEHUVKLS��6SHFLDOL]DWLRQ��DQG�DQ\
NLQG�RI�DVVRFLDWLRQ��H�J��D�SHUVRQ�:RUNV)RU�D�FRPSDQ\��PLJKW�ZHOO�ORRN�DOLNH��EHFDXVH�WKH�DFWXDO
GLVWLQFWLRQV�DUH�QRW�V\QWDFWLF��EXW�UDWKHU�VHPDQWLF��)RU�LQVWDQFH��ZKDW�LW�PHDQV�IRU�D�FODVV�W\SH�WR
EH�D�VXEFODVV�VXEW\SH�RI�DQRWKHU�LV�EHKDYLRUDO�LQ�WKH�VHQVH�WKDW�LW�GLFWDWHV�KRZ�SDUWV�RI�WKH�PRGHO
DUH� DIIHFWHG� E\� FKDQJHV� LQ� WKH� UHODWHG� SDUWV� �H�J�� LQKHULWDQFH� RI� DWWULEXWHV�� IRU� WKH� FDVH� RI
VSHFLDOL]DWLRQ���7KH�VDPH�JRHV�IRU�PHPEHUVKLS��H�J��WKH�³DSSOLFDELOLW\�UHLILFDWLRQ�RI�DWWULEXWHV´��

&',)�GRHV�PDNH�D�SURYLVLRQ�IRU�WKH�VXEW\SH�UHODWLRQ��ZKLFK�LV�SDUW�RI�WKH�PHWD�PHWD�PRGHO��DQG
LWV�VHPDQWLFV�DUH�XQGHUVWRRG�DFURVV��EXW�ZH�DUH�QRW�FHUWDLQ�WKDW�WKH�VHPDQWLFV�RI�WKH�PHPEHUVKLS
UHODWLRQ��ZKLFK�LV�LPSOLFLW�WR�WKH�PHWD�PHWD�PRGHO��DUH�UHFRJQL]HG�H[SOLFLWO\�DV��UHODWLRQVKLSV�WKDW
QHHG�WR�EH�H[SUHVVHG�DQG�PDQLSXODWHG�

7KHUH�LV�VRPH�TXHVWLRQ�DV�WR�ZKHWKHU�WKH�DFWXDO� UHODWLRQVKLS�VKRXOG�EH�FDOOHG�³PHPEHUVKLS´�RU
³LV� PRGHOOHG� E\´�� 7KH� ILUVW� LV� SXUHO\� H[WHQVLRQDO� �PHPEHUVKLS�� ZKLOH� WKH� VHFRQG� UHODWHV� DQ
LQGLYLGXDO�WR�DQ�LQWHQVLRQDO�UHSUHVHQWDWLRQ�RI�LWV�FODVV�>0LOL�	�3DFKHW������@�

���� 7KH�LPSRUWHU¶V�SRLQW�RI�YLHZ���PHWDPRGHOLQJ�SDWWHUQV
:KLFKHYHU�ZD\�ZH�FKRRVH�WR�FRQYH\�WKH�PHWDPRGHOLQJ�GLPHQVLRQ�LQ�WKH�H[FKDQJHG�PRGHO�WR�WKH
LPSRUWHU��WKH�ODWWHU�KDV�WR�ILQG�D�IDLWKIXO�DQG�RSHUDWLRQDO�PRGHO�LQ�WKH�WDUJHW�ODQJXDJH�

,Q�WKH�UHPDLQGHU�RI�WKLV�VHFWLRQ��ZH�ORRN�DW�D�FRXSOH�RI�DQDO\VLV�GHVLJQ�SDWWHUQV�WKDW�HQDEOH�XV�WR
UHSUHVHQW�PHWDPRGHOV�LQ�ODQJXDJHV�HQYLURQPHQWV�WKDW�VXSSRUW�RQO\�WZR�OHYHOV�RI�DEVWUDFWLRQ�

������ $�EDVLF�SDWWHUQ���UHSUHVHQWLQJ�WZR�OHYHOV�RI�LQVWDQWLDWLRQ

)LJXUH� �� VKRZV� WKH� REMHFW� PRGHO� RI� D� GHVLJQ� SDWWHUQ� ZH� XVHG� PDQ\� WLPHV� WR� UHSUHVHQW� FODVV
LQIRUPDWLRQ�H[SOLFLWO\�GXULQJ�UXQ�WLPH��,PSOHPHQWDWLRQ�ZLVH��LQVWDQFHV�RI�2EMHFW7\SH�KDYH�WZR
GLFWLRQDULHV��RQH� WR�KROG�GHVFULSWLRQV�RI�DWWULEXWHV� �DFFHVVLEOH�E\�DWWULEXWH�QDPH��RU� µDWW1DPH¶��
L�H�� LQVWDQFHV� RI� FODVV�3URSHUW\�� DQG� RQH� WR� KROG� FRPSRQHQWV�� L�H�� RWKHU� LQVWDQFHV� RI� WKH� FODVV
2EMHFW7\SH�� DFFHVVLEOH� E\� FRPSRQHQW� UROH� QDPH� �H�J�� µOHIW/HJ¶� DQG� µULJKW/HJ¶�� ERWK� RI�ZKLFK
FRXOG� EH� LQVWDQFHV� RI�/HJ��� $Q� DFWXDO� REMHFW� ZLOO� EH� UHSUHVHQWHG� E\� DQ� LQVWDQFH� RI� WKH� FODVV
2EMHFW�RU�RQH�RI�LWV�VXEFODVVHV��(DFK�REMHFW��LQVWDQFH�RI�2EMHFW��ZLOO�DOVR�KDYH�WZR�GLFWLRQDULHV�
RQH� WR�KROG�DWWULEXWH�YDOXHV� �LQVWDQFHV�RI�3URSHUW\9DOXH��DFFHVVLEOH�E\�µDWW1DPH¶���DQG�RQH� WR
KROG� FRPSRQHQWV� �LQVWDQFHV� RI�2EMHFW� RU� RQH� RI� LWV� VXEFODVVHV�� DFFHVVLEOH� E\� µUROH1DPH¶��
2EMHFWV� SRLQW� WR� WKH� LQVWDQFH� RI�2EMHFW7\SH� WKDW� GHVFULEHV� WKHP�� 7KH� FODVV�2EMHFW� �DQG� LWV
VXEFODVVHV��ZLOO� LPSOHPHQW�D�FRQVWUXFWRU� WKDW� WDNHV�DQ�LQVWDQFH�RI�2EMHFW7\SH�DV�DQ�DUJXPHQW�
IURP� ZKLFK� WR� LQLWLDOL]H� WKH� GLFWLRQDULHV�� ,I� WKH� FODVVHV� RI� REMHFWV� LQ� WKH� DSSOLFDWLRQ� KDYH� QR
GLVWLQJXLVKLQJ� EHKDYLRU� H[FHSW� IRU� WKH� FRPSRQHQW� DQG� DWWULEXWH� DFFHVV�PHWKRGV�� DOO� WKH� FODVVHV
FDQ�EH�UHSUHVHQWHG�E\�D�VLQJOH�FODVV��2EMHFW�
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)LJXUH����6LPXODWLQJ�PHWD�W\SHV�LQ�DQ�HQYLURQPHQW�WKDW�GRHV�QRW�VXSSRUW�WKHP�

7KLV�SDWWHUQ�KDV�SURYHQ�XVHIXO�IRU�FDVHV�ZKHUH�ZH�KDYH�WR�GHDO�ZLWK�VHYHUDO�FODVVHV�ZLWK�FRPSOH[
GDWD� VWUXFWXUHV� EXW� ZKRVH� EHKDYLRU� LV� QR�� RU� OLWWOH�� PRUH� WKDQ� VWUXFWXUH� DFFHVV��� DOO� WKH� DFFHVV
PHWKRGV� FDQ� EH� FRGHG� JHQHULFDOO\� DV� WDEOH� DFFHVV� PHWKRGV�� ,W� VXSSRUWV� WKH� DGGLWLRQ� RI� QHZ
DWWULEXWHV� WR� H[LVWLQJ� FODVVHV� GXULQJ� WLPH�� DQG� WKH� DGGLWLRQ� RI� QHZ� FODVVHV� DOWRJHWKHU�� 2QH
DSSOLFDWLRQ� DUHD� LQ�ZKLFK� WKLV� SDWWHUQ�ZDV� XVHG�ZDV� D� &$'� DSSOLFDWLRQ� WKDW� PDQLSXODWHG� ��'
REMHFWV� GUDZQ� E\� WKH� XVHU� ZLWK� D� GUDZLQJ� HGLWRU�� 7KH� VHFRQG� DSSOLFDWLRQ� KDG� WR� GR� ZLWK� WKH
SURFHVVLQJ� �DQDO\VLV� DQG� URXWLQJ�� RI�PHVVDJHV� LQ� DQ� DYLRQLFV�PHVVDJH� SURFHVVLQJ� V\VWHP� IRU� D
PDMRU�86�$LUOLQH��ZKHUH�LQFRPLQJ�PHVVDJHV�KDYH�XQSUHGLFWDEOH�VWUXFWXUH�DQG�FRQWHQWV�

������ 7KH�=LJ�=DJ�SDWWHUQ���LPSOHPHQWLQJ�PXOWL�OHYHO�PHWDFODVVHV�

:H�RZH�WKLV�SDWWHUQ�WR�6DKUDRXL�DQG��5HYDXOW��>6DKUDRXL�����@�� >5HYDXOW	6DKUDRXL�����@��DQG
WKH�0pWD*HQ�V\VWHP��0pWD*HQ�LV�D�6PDOOWDON�EDVHG�&$6(�WRRO�JHQHUDWRU�WKDW�JHQHUDWHV�WRROV�WKDW
WUDQVIRUP�PRGHOV� LQ� D� VRXUFH� GHVFULSWLRQ� ODQJXDJH� �H�J�� DQDO\VLV�PRGHO�� WR�PRGHOV� LQ� D� WDUJHW
GHVFULSWLRQ�ODQJXDJH��H�J��GHVLJQ�RU�LPSOHPHQWDWLRQ�PRGHO���0pWD*HQ�WDNHV�DV�LQSXW�D�GHVFULSWLRQ
RI�D�VRXUFH�ODQJXDJH��D�GHVFULSWLRQ�RI�D�WDUJHW�ODQJXDJH��DQG�VHW�RI�UXOHV�IRU�WUDQVIRUPLQJ�VRXUFH
ODQJXDJH� FRQVWUXFWV� WR� WDUJHW� ODQJXDJH� FRQVWUXFWV�� ,W� RXWSXWV� D� JUDSKLFDO� HGLWRU� IRU� WKH� VRXUFH
ODQJXDJH�� D� WUDQVIRUPDWLRQ� SURFHGXUH�� DQG� D� JUDSKLFDO� HGLWRU� IRU� WKH� WDUJHW� ODQJXDJH
>6DKUDRXL�����@�

$OWKRXJK� 6PDOOWDON� VXSSRUWV� PHWDFODVVHV�� LW� VXSSRUWV� RQO\� RQH� OHYHO� RI� PHWDFODVVHV�� DQG
PHWDFODVVHV�KDYH�VLQJOH�LQVWDQFHV��0HWD*HQ�UHTXLUHV�VHYHUDO�OHYHOV�RI�LQVWDQWLDWLRQ�ZKLFK�FDQQRW
EH�DFFRPPRGDWHG�E\�6PDOOWDON¶V� LQVWDQFH�È�FODVV�È�PHWDFODVV�FKDLQ��7KH�=,*�=$*�SDWWHUQ� LV
LOOXVWUDWHG� LQ� )LJXUH� ��� 7KLV� SDWWHUQ� PD\� EH� XVHG� ZLWK� WRROV� WKDW� VXSSRUW� WZR� OHYHOV� RI
LQVWDQWLDWLRQ�
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)LJXUH����7KH�=,*�=$*�SDWWHUQ�

��� 'LVFXVVLRQ

:H� LGHQWLILHG� WKUHH� ³W\SLFDO´� RFFXUUHQFHV� RI� PHWDPRGHOLQJ�� ZKLFK� ZH� GHVFULEHG� DV�� ��� DQ
DEVWUDFWLRQ� RI� GRPDLQ� NQRZOHGJH�� ��� WKH� UHSUHVHQWDWLRQ� RI� UHSUHVHQWDWLRQ� ODQJXDJHV�� DQG� ��� DQ
DEVWUDFWLRQ�RI�FRPSXWDWLRQDO�EHKDYLRUV�>0LOL�	�3DFKHW������@��$FFRUGLQJ�WR�RXU�FDWHJRUL]DWLRQ�
WKH�&',)�VWDQGDUG�IDOOV�LQWR�WKH�VHFRQG�FDWHJRU\��&',)�LV�D�VWDQGDUG�IRU�UHSUHVHQWLQJ�PRGHOV�WKDW
DOORZV�&$6(�WRROV�WKDW�GR�QRW�VXSSRUW�WKH�VDPH�QRWDWLRQ�DQG�RU�WKH�VDPH�VHPDQWLFV��WR�H[FKDQJH
PRGHOV� ZLWK� D� PLQLPXP� ORVV� RI� LQIRUPDWLRQ�� DQG� D� PD[LPXP� OHYHO� RI� DFFXUDF\�� ,Q� D� PRGHO
H[FKDQJH�WUDQVDFWLRQ��LW�LV�WKH�UHVSRQVLELOLW\�RI�WKH��LPSRUWHU�WR�PDS�WKH�FRQVWUXFWV�RI�WKH�H[SRUWHU
WR�LWV�RZQ�FRQVWUXFWV��,Q�WKLV�SDSHU��ZH�WRRN�D�FORVHU�ORRN�DW�WKH�SUREOHP�RI�PDSSLQJ�PRGHOV�WKDW
VXSSRUW�GLIIHUHQW�OHYHOV�RI�DEVWUDFWLRQ�IRU�GRPDLQ�NQRZOHGJH��WR�RQHV�WKDW�VXSSRUW�WKH�XVXDO�WZR
�LQVWDQFH�DQG�FODVV���%HFDXVH�&',)�VXSSRUWV�RQO\�OLPLWHG�VHPDQWLF�VSHFLILFDWLRQ�RI�PHWDPRGHOLQJ
FRQVWUXFWV��L�H��PRGHOLQJ�ODQJXDJHV����ZH�VXVSHFW�WKDW�VSHFLDO�FRQVWUXFWV�PD\�QHHG�WR�EH�DGGHG�WR
WKH�PHWD�PHWD�PRGHO�ZLWK� DJUHHG�XSRQ� VHPDQWLFV��:H�DOVR� VXVSHFW� WKDW�ZKLOH� WKDW� HQVXUHV� WKH
DFFXUDF\� RI� WKH� H[SRUWHG�PRGHO�� LPSRUWHUV� WKDW� GR� QRW� VXSSRUW� GRPDLQ�PHWDPRGHOLQJ� QHHG� WR
DSSO\� DQDO\VLV�GHVLJQ� SDWWHUQV� IRU� VXSSRUWLQJ� VHYHUDO� OHYHOV� RI� DEVWUDFWLRQ�� ,Q
>0LOL	3DFKHW�����@��ZH�GLVFXVVHG�VRPH�RI�WKH�EHKDYLRUDO�DVSHFWV�UHODWHG�WR�WKH�DSSOLFDWLRQ�RI�WKH
GHVLJQ�SDWWHUQV��H�J��KRZ�FODVV�PHWKRGV�PD\�EH�KDQGOHG�LQ�D�FODVVOHVV�ODQJXDJHV���$�ORW�RI�ZRUN
UHPDLQV� WR� EH� GRQH� WR� WUDQVODWH� WKHVH� JXLGHOLQHV� LQWR� UHOLDEOH� WUDQVIRUPDWLRQ� UXOHV� WKDW�PD\� EH
DSSOLHG� WR� VRPH� RI� WKH� RSHUDWLRQDO�EHKDYLRUDO� PRGHOV� FRYHUHG� E\� &',)� �H�J�� WKH� GDWD� IORZ
PRGHOLQJ�DQG�VWDWH�HYHQW�VXEMHFW�DUHDV��

$FNQRZOHGJHPHQWV�
2YHU� KDOI� WKH� PDWHULDO� LQ� WKLV� SRVLWLRQ� SDSHU� LV� WDNHQ� IURP� D� �EHWWHU� ZULWWHQ�� SDSHU
DXWKRUHG�ZLWK�)UDQoRLV�3DFKHW��VHH�UHIHUHQFH�>0LOL�	�3DFKHW������@�EHORZ���ZKLFK��LWVHOI�
EHQHILWHG�IURP�GLVFXVVLRQV�DW�D������2236/$�ZRUNVKRS�RQ�PHWDPRGHOLQJ�FR�RUJDQL]HG
E\�WKH�DXWKRU��VHH�>0LOL�HW�DO�������@���DQG�VXEVHTXHQW�GLVFXVVLRQV�ZLWK�-HDQ�%p]LYLQ�DQG
-LP�2GHOO��LQ�SHUVRQ��RU�PRGHUDWHG�WKURXJK�WKH�2$	'7)�PDLOLQJ�OLVW�
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��� 5HIHUHQFHV
�>%H]LYLQ�����@�-HDQ�%p]LYLQ��CC7HFKQRORJLH�REMHW�HW� LQJpQLpULH�GHV�EHVRLQV� ��XQH�UpFRQFLOLDWLRQ

QpFHVVDLUH�¶¶�/
2EMHW��YRO�����Q����S��������������
>%ODKD�	�3UHPHUODQL������@
�>%ULRW� 	� &RLQWH�����@� -HDQ�3LHUUH� %ULRW� DQG� 3LHUUH� &RLQWH�� CC3URJUDPPLQJ� ZLWK� ([SOLFLW

0HWDFODVVHV�LQ�6PDOOWDON�����¶¶�2236/$¶����1HZ�2UOHDQV����������
�>0LOL�HW�DO�������E@�+DIHGK�0LOL��)UDQoRLV�3DFKHW��,OKDP�%HQK\D\D��DQG�)UHGHULFN�(GG\��CC5HSRUW

RQ� WKH� 2236/$
��� :RUNVKRS� RQ� 0HWDPRGHOLQJ�¶¶� $GGHQGXP� WR� WKH� 2236/$
��
SURFHHGLQJV��$&0�6,*3/$1�QRWLFHV�

>0LOL�	�3DFKHW������@�+DIHGK�0LOL�DQG�)UDQoRLV�3DFKHW��,OKDP�%HQK\D\D��CC0HWDPRGHOLQJ�GHVLJQ
SDWWHUQV¶¶��VXEPLWWHG�WR�VSHFLDO�LVVXH�RI�,QIRUPDWLRQ�6\VWHPV��$Q�,QWHUQDWLRQDO�-RXUQDO�RQ
PHWDPRGHOLQJ��$SULO������

�>0LVVDRXL�HW�DO������@�5RNLD�0LVVDRXL��+RXDUL�6DKUDRXL��DQG�5REHUW�*RGLQ��CC�0LJUDWLQJ�WR�DQ
2EMHFW�2ULHQWHG� 'DWDEDVH� 8VLQJ� 6HPDQWLF� &OXVWHULQJ� DQG� 7UDQVIRUPDWLRQ� 5XOHV� �¶¶� WR
DSSHDU�LQ�.QRZOHGJH�DQG�'DWD�(QJLQHHULQJ�������

>5HYDXOW� 	� 6DKUDRXL�� ����@� 1LFRODV� 5HYDXOW� DQG� +RXDUL� 6DKUDRXL�� CC$� 0HWDPRGHOLQJ
7HFKQLTXH��� �7KH�0pWD*HQ�6\VWHP�¶¶� LQ�3URFHHGLQJV�RI�722/6�(XURSH� ¶����9HUVDLOOHV�
)UDQFH�������

>6DKUDRXL�����@�+RXDUL�6DKUDRXL��$SSOLFDWLRQ�GH�OD�PpWD�PRGpOLVDWLRQ�j�OD�JpQpUDWLRQ�GHV�RXWLOV
GH�FRQFHSWLRQ�HW�GH�PLVH�HQ�RHXYUH�GH�EDVHV�GH�GRQQpHV��'RFWRUDO�7KHVLV��8QLYHUVLW\�RI
3LHUUH�	�0DULH�&XULH��3DULV����������


