
1RQ�V\PPHWULF�&RUUHVSRQGHQFH�$QDO\VLV�IRU�2UGHUHG�7ZR�ZD\�&RQWLQJHQF\�7DEOH�/¶$QDOLVL�1RQ�6LPPHWULFD�GHOOH�&RUULVSRQGHQ]H�SHU�XQD�WDEHOOD�GL�FRQWLQJHQ]D�RUGLQDOH/XLJL�'¶$PEUD'HSDUWPHQW�RI�0DWKHPDWLFV�DQG�6WDWLVWLFV��8QLYHUVLW\�RI�1DSOHVGDPEUD#XQLQD�LW5RVDULD�/RPEDUGR�'HSDUWPHQW�RI�0DQDJHPHQW��$FFRXQWLQJ�DQG�4XDQWLWDWLYH�0HWKRGV�6�8�1URVDULD�ORPEDUGR#�XQLQD��LW3LHWUR�$PHQWD'HSDUWPHQW�RI�(FRQRPLFV��0DWKHPDWLFV�DQG��6WDWLVWLFV�8QLYHUVLW\�RI�/HFFHDPHQWD#XQLOH�LW
5LDVVXQWR� /D� ULFHUFD� GL� YDULDELOL� ODWHQWL� LQ� XQD� WDEHOOD� GL� FRQWLQJHQ]D� D� GXH� YLH� LQ�SUHVHQ]D� GL� XQD� YDULDELOH� RUGLQDOH� QRQ� SXz� HVVHUH� DIIURQWDWD� FRQ� OH� PHWRGRORJLH�FODVVLFKH� GHOO¶DQDOLVL� PXOWLGLPHQVLRQDOH� GHL� GDWL� FRPH� O¶$QDOLVL� GHOOH� &RUULVSRQGHQ]H��*UHHQDFUH�������R�O¶$QDOLVL�1RQ�6LPPHWULFD�GHOOH�&RUULVSRQGHQ]H��'¶$PEUD�	�/DXUR�������� SRLFKp� WDOL� PHWRGRORJLH� QRQ� WHQJRQR� FRQWR� GL� XQD� VWUXWWXUD� RUGLQDOH� QHOOH�PRGDOLWj�ULJD�H�R�FRORQQD�Qp�GL�XQ¶HYHQWXDOH�WUHQG�SUHVHQWH�QHL�GDWL��,Q�TXHVWR�DUWLFROR�VL�SURSRQH�XQ�QXRYR�DSSURFFLR�SHU�OR�VWXGLR�GHOOD�GLSHQGHQ]D�WUD�XQD�YDULDELOH�RUGLQDOH�H�XQ¶DOWUD� QRQ� RUGLQDOH� XWLOL]]DQGR� L� SROLQRPL� RUWRJRQDOL� �(PHUVRQ� ������ DO� ILQH� GL�HYLGHQ]LDUH�LO�WUHQG�GHL�GDWL�
.H\ZRUGV�� 2UGLQDO� &RQWLQJHQF\� 7DEOH� 1RQ�6\PPHWULF� &RUUHVSRQGHQFH� $QDO\VLV�2UWKRJRQDO�3RO\QRPLDOV�
�� ,QWURGXFWLRQ
3HDUVRQ¶V�SKL�VTXDUH� DV� WDX�QXPHUDWRU��*RRGPDQ�	�.UXVNDO�������/LJKW�	�0DUJROLQ�������� ZKLFK� DUH� RQ� WKH� EDVLV� RI� &RUUHVSRQGHQFH� $QDO\VLV� �&$�� DQG�1RQ�V\PPHWULF�&RUUHVSRQGHQFH�$QDO\VLV��16&$���UHVSHFWLYHO\��DUH�LPSRUWDQW��VWDWLVWLFV�IRU�WKH�DQDO\VLV�RI�FDWHJRULFDO�GDWD��EXW�WKH\�GR�QRW�WDNH�WKH�RUGHULQJ�RI�WKH�URZ�DQG�FROXPQ�FDWHJRULHV�LQWR�DFFRXQW��6RPHWLPHV�SORWWLQJ�WKH�FDWHJRULHV�RI�RUGHUHG�YDULDEOHV� LW�ZLOO�SRVVLEOH�WR�REVHUYH�D�WUHQG�ZKLFK�GRHV�QRW�SOD\�DQ\�UROH�LQ�RXU�FDOFXODWHG�VWDWLVWLFV��:KDW�ZH�ZDQW�LV�D�VWDWLVWLF�ZKLFK�WDNHV�RUGHU�LQWR�DFFRXQW�,Q�OLWHUDWXUH��D�JUHDW�YDULHW\�RI�ZRUNV�GHDO�ZLWK�WKH�LQIRUPDWLRQ�DERXW�WKH�VWUXFWXUH�RI�WKH�RUGLQDO� YDULDEOH�� :H� FDQ� GLVWLQJXLVK� EHWZHHQ� PHWKRGV� ZKLFK� LPSRVH� WKH� RUGHU�
� 7KH�SUHVHQW�SDSHU�LV�ILQDQFLDOO\�VXSSRUWHG�E\�WKH�$WHQHR�IXQG�������UHVSRQVLEOH�GRWW��/RPEDUGR�5���DQG E\�&RILQ�����IXQG��UHVSRQVLEOH�SURI��'¶$PEUD�/���
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�� 2UWKRJRQDO�3RO\QRPLDOV�IRU�RUGHUHG�FRQWLQJHQF\�WDEOHV
,Q�WKLV�VHFWLRQ�D�EULHI�GHVFULSWLRQ�RI�WKH�RUWKRJRQDO�SRO\QRPLDOV�SUHVHQWHG�E\�(PHUVRQ��������IRU�FRQWLQJHQF\�WDEOHV�LV�JLYHQ�/HW� 1 DQG� 3 1�Q ^ `LMLM SQQ   � EH� WKH� DEVROXWH� DQG� UHODWLYH� WZR�ZD\� FRQWLQJHQF\�WDEOHV�� UHVSHFWLYHO\��RI�GLPHQVLRQ�,�-��ZLWK� , WKH�QXPEHU�RI�FDWHJRULHV�RI� WKH� UHVSRQVH�YDULDEOH� DQG�- WKH� FDWHJRU\� QXPEHU�RI� WKH�SUHGLFWRU�YDULDEOH��REVHUYHG�RQ� WKH� VDPH�QLQGLYLGXDO�� /HW� ¦  - �M LMSL�S DQG� ¦  , �L LMS�MS EH� WKH� URZ� DQG� FROXPQ� PDUJLQDOV��
UHVSHFWLYHO\�� 6XSSRVH� WKDW� 3� KDV� RUGHUHG� FROXPQ� FDWHJRULHV�� WKH� VHW� RI� FROXPQ�RUWKRJRQDO�SRO\QRPLDOV�� FRPSXWHG�E\� WKH� JHQHUDO� UHFXUUHQFH� IRUPXOD� �(PHUVRQ�������%HK��������DUH�SODFHG�LQWR�D��-�-��PDWUL[�%
�ZKRVH�JHQHUDO�WHUP�LV� � �MEY
 ��7KH�FROXPQ�SRO\QRPLDOV�DUH�RUWKRJRQDO�ZLWK�UHVSHFW�WR�WKH�GLDJRQDO�PHWULF� ^ `�MM S ' �
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2EVHUYH� WKDW� WKH� WUDQVSRVH� PDWUL[� RI� RUWKRJRQDO� SRO\QRPLDOV� LV� HTXDO� WR� WKH LQYHUVH��� 
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% DQG� GHILQLQJ� ��M �
'%%Ö  WKH� RUWKRJRQDO� FRQVWUDLQW� FDQ� EH� ZULWWHQ� DV�,
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%Ö   ��$VVXPLQJ� WKDW� WKH� ILUVW� FROXPQ� RI� ^ `
 ���
 ME%  LV� WKH� WULYLDO� RUWKRJRQDO� SRO\QRPLDOV�ZKRVH HOHPHQWV� DUH�DOO� HTXDO� WR���� DQG�DOVR� WKDW� �
 ���  �ME �IRU� M ��«�-���7KH�JHQHUDO�UHFXUUHQFH�UHODWLRQ�RI�(PHUVRQ�IRU�FRPSXWLQJ�WKH�FROXPQ�RUWKRJRQDO�SRO\QRPLDOV��FDQ�EH�ZULWWHQ�DV� � �> @
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7KH�JHQHUDO� UHFXUUHQFH� UHODWLRQV�RI� ������������ DUH�RQO\� DEOH� WR�EH�XVHG�ZKHQ�D� VHW�RI�RUGHUHG�FROXPQ�FDWHJRULHV�V�M���IRU�M ������ �� �� �� ��-��LV�XVHG��2EVHUYH�WKDW�ZKHQ�WKH�URZ�FDWHJRULHV�DUH�DVVXPHG�WR�EH�RUGHUHG��D�VLPLODU�VHW�RI�URZ�RUWKRJRQDO�SRO\QRPLDOV�� 
 ��XLDIRU��X ��������������,��FDQ�EH�GHULYHG��7KH�RUWKRJRQDO�SRO\QRPLDOV�DUH�QRW�QHZ�DQG�KDYH�UHFHQWO\� EHHQ�XVHG� LQ�RUGHUHG�&$ �%HVW�	�5D\QHU��������7KHVH�SRO\QRPLDOV�FRXOG�EH�FRPSXWHG�ZLWK�UHVSHFW�WR�GLIIHUHQW�VFRULQJ�VFKHPHV�GHILQLQJ�WKH�RUGHUHG�VWUXFWXUH�RI�WKH�FDWHJRULHV� VXFK� DV� QDWXUDO� VFRUHV�� PLGUDQN VFRUHV� �1DLU� ������� 1LVKLVDWR¶VFRUHV��1LVKLVDWR�	�$UUL� ������RU� UHJUHVVLRQ�RQHV� �'¶$PEUD�HW�DO�� �������GLIIHUHQW� VFKHPHV�FDQ�KDYH�GLVWLQFW�DIIHFWV�RQ�WKH�DQDO\VLV��$JUHVWL��������7KH�JHQHUDO�VFKHPH�WKDW�ZLOO�EH�XVHG� LQ� WKLV�ZRUN� LV� WKH�QDWXUDO� VFRUH�VFKHPH�H[SUHVVHG�E\� WKH� LQWHJHU�YDOXHV� ^ `M IRU�M �����-��
���1RQ�6\PPHWULF�&RUUHVSRQGHQFH�$QDO\VLV�IRU�RUGHUHG�FDWHJRULHV
,Q�WKLV�VHFWLRQ�DIWHU�EULHIO\�UHVXPH�16&$ �'¶$PEUD�	�/DXUR��������ZH�GLVFXVV�6LQJO\�2UGHUHG�16&$ �6216&$�� LQ�WZR�GLIIHUHQW�YHUVLRQV��WR�DQDO\VH�WKH�GHSHQGHQFH�EHWZHHQ�D�FDWHJRULFDO�UHVSRQVH�DQG�DQ�RUGLQDO�SUHGLFWRU�YDULDEOH�&RQVLGHU�WKH�URZ���FROXPQ��PDUJLQDOV��DV�WKH�HVWLPDWHG�SUREDELOLW\�WKDW�DQ�LQGLYLGXDO�LV�LQ�URZ�L �FROXPQ�M��LUUHVSHFWLYH�RI�WKH�FROXPQ��URZ��ZKR�EHORQJV�WR�'HILQH� �� LMS 33 DV�WKH�FHQWHUHG�FROXPQ�SURILOH�PDWUL[�ZKRVH�JHQHUDO�WHUP�LV�
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%\ D�JHQHUDOLVDWLRQ�RI�WKH�6LQJXODU�9DOXH�'HFRPSRVLWLRQ��WKH�IXOO�UDQN���-�, DQG�0 -��UHSUHVHQWDWLRQ�RI�WKH�FROXPQV�DQG��URZV�RI�33 LV�IRXQG�
MXLX0

X XLM ED¦  � OS �����
ZKHUH� XO LV�WKH�VLQJXODU�YDOXH�DQG�WKH ^ `LXX D D DQG� ^ `MXX E E DUH�WKH�RUWKRQRUPDO�VLQJXODU�YHFWRUV�LQ�DQ�XQZHLJKWHG�DQG�ZHLJKWHG�PHWULF��UHVSHFWLYHO\
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LIMXMXM XX XXEES� 
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�
����$Q�$OWHUQDWLYH�$SSURDFK�WR�16&$��6LQJO\�2UGHUHG�16&$
9DULRXV�SDSHUV�GHDOW�ZLWK�SDUWLWLRQLQJ� WKH� V\PPHWULF� FKL�VTXDUHG� VWDWLVWLF�ZLWK�RQH�RU�WZR�RUGHUHG�FDWHJRULHV��%HVW�	�5D\QHU���������,Q�WKLV�SDSHU�ZH�SURSRVH�WKH�SDUWLWLRQLQJ�RI�WKH�QXPHUDWRU�RI�WDX�VWDWLVWLF��WKURXJK�WKH�XVH�RI�RUWKRJRQDO�SRO\QRPLDOV�7KH� RUWKRJRQDO SRO\QRPLDOV� SHUPLWV� WR� WDNH� LQWR� DFFRXQW� WKH� RUGHUHG� VWUXFWXUH� LQ� WKH�W RSWLPL]DWLRQ��WKH�WHFKQLTXH�SURSRVHG��LV�FDOOHG�6LQJO\�2UGHUHG�16&$��6216&$����7KLV�DSSURDFK�HQDEOHV�WR�LGHQWLI\�ZKDW��HIIHFW�WKH�RUGHUHG�FROXPQV�KDV�XSRQ�WKH�URZV�8VLQJ�RUWKRJRQDO�SRO\QRPLDOV�ZH�DUH�DEOH�WR�SDUWLWLRQ�WKH�LQHUWLD�LQ�OLQHDU��TXDGUDWLF�DQG�KLJKHU�RUGHU�FRPSRQHQWV��WDNLQJ�LQWR�DFFRXQW�WKH�RUGHU�LQIRUPDWLRQ�LQ��WKH�GHSHQGHQFH�VWXG\� EHWZHHQ�YDULDEOHV� 6XSSRVH�ZH�KDYH� D� WZR�ZD\� FRQWLQJHQF\� WDEOH�ZLWK�RUGHUHG�FROXPQV�DQG�XQRUGHUHG�URZV��:H�VWDWH�WKDW�WKH�WDX�VWDWLVWLF�QXPHUDWRU�FDQ�EH�SDUWLWLRQHG�ZLWK�UHVSHFW�WR�WKH�RUWKRJRQDO�SRO\QRPLDOV�VR�WKDW�

– 194 –



¦¦ 
�
   ,

L
-
Y LYWDX ]1 M �

�
�

��____ '= ZKHUH�� ¦ ¸̧¹·¨̈©§ � -
M YMLM

LMLY ESSS] � ����
Ö �����

QRWH�WKDW� M�Y�EÖ LV�WKH�JHQHULF�HOHPHQW�RI�WKH�RUWKRJRQDO�SRO\QRPLDOV�RI�RUGHU�Y DVVRFLDWHG�WR� WKH� MWK FROXPQ�FDWHJRU\�� �7KH�DGYDQWDJH�RI� WKLV� WUDQVIRUPDWLRQ�LV� WR�SUHVHUYH�DOO� WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�GDWD��SRLQWLQJ�RXW�WKH�WUHQG�JLYHQ�E\�WKH�RUGLQDO�YDULDEOH�,Q�PDWUL[� QRWDWLRQ�� ZH� FDQ�ZULWH� %Ö= 33 ZKHUH� ^ `��Ö%Ö YME LV� WKH� -u - PDWUL[�FRQWDLQLQJ� WKH� -� RUWKRJRQDO� SRO\QRPLDOV�� 7R� SURYH� ������� ZH� FRQVLGHU� WKH� RUWKR�QRUPDOL]DWLRQ�FRQVWUDLQW�RQ�WKH�RUWKRJRQDO�SRO\QRPLDOV��IRUPXOD������DQG��\LHOG
�

� �
�

� �
�
� LM,

L
-
M M�M�Y�MLM

LM,
L

-
M

-
YWDX SESSSS1 33¦¦¦¦¦     
�
  ¸̧¹·¨̈©§ � ����

Ö
SURYLQJ�HTXDWLRQ��������7KHUHIRUH�ZH�FDQ�ZULWH� � ¦¦¦¦¦ �

  
�
  

�
   � �

��
�
�

�
�

�
�

��� -
Y Y,

L
-
Y LY,

L
-
Y LLYWDX 1]]]1 W

EHFDXVH� �� �� ��� ¦¦¦¦¦       ¸̧¹·¨̈©§ � ¸̧¹·¨̈©§ � ,
L LM

LM-
M

,
L �M�LM

LM-
ML,

�L SSSESSS] ����
Ö

,W�FDQ�EH�VKRZQ�WKDW�LI�DVVXPH�WKDW� �����1]LY | WKHQ� W������� �� ,18 LV�XQGHU�WKH�QXOO�LSRWKHVLV�RI�LQGHSHQGHQFH�GLVWULEXWHG��DV�D� � ������ �� -,F �$JUHVWL�������.URRQHQEHUJ�	 /RPEDUGR�������6216&$� DOORZV�WR�UHSUHVHQW�WKH�FROXPQ�FDWHJRULHV�E\�PHDQV�RI�WKH�FRRUGLQDWHV�JLYHQ�E\� ¦�  �
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� ��1HYHUWKHOHVV�WKLV�DSSURDFK�GRHV�QRW�SHUPLW�WR� UHSUHVHQW� WKH� URZ� FDWHJRULHV� E\� ODWHQW� YDULDEOHV� RU� WKH� GHSHQGHQFH� EHWZHHQ� WKH�FROXPQ�DQG�URZ�FDWHJRULHV��)RU�WKLV�UHDVRQ�ZH�SURSRVH�DQ�DOWHUQDWLYH�DSSURDFK�WR�VLQJO\�RUGHUHG�16&$ WKDW�ZH�FDOO�6216&$��

����$Q�LQWHJUDWHG�$SSURDFK�XVLQJ�VLQJXODU�YHFWRUV�DQG�RUWKRJRQDO�SRO\QRPLD OV�
6XSSRVH�ZH�KDYH�D�WZR�ZD\�FRQWLQJHQF\� WDEOH�ZLWK�RUGHUHG�FROXPQV�DQG�QRQ�RUGHUHG�URZV��7KHQ�ZH�FDQ�SDUWLWLRQ�WKH�WDX¶V�QXPHUDWRU�XVLQJ�RUWKRJRQDO�SRO\QRPLDOV�IRU� WKH�RUGHUHG� FROXPQV� �HTXDWLRQ� ����� DQG� VLQJXODU� YHFWRUV� �HTXDWLRQ� ����� IRU� WKH� XQRUGHUHG�URZV�7KH�6216&$��RI�WKH� WDX1 SDUWLWLRQ��XVLQJ�WKH�RUWKRJRQDO�SRO\QRPLDOV��GHWHUPLQHV�WKH�ODWHQW� YDULDEOHV� LQ� WHUPV� RI� VLQJXODU� YHFWRUV� DQG� WUHQG� FRPSRQHQWV RI� WKH� URZ� DQG�FROXPQ�FDWHJRULHV��UHVSHFWLYHO\��,W�ZLOO�EH�SRVVLEOH�WR�YLVXDOL]H�GDWD�WUHQG��DQG�PHDVXUH�WKH�SURSRUWLRQDO�LQFUHDVH�LQ�SUHGLFWDELOLW\�IRU�D�URZ�FDWHJRU\�JLYHQ�D�FROXPQ�RQH��
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