
$�*HQHWLF�$OJRULWKP�$SSURDFK�WR�6RIWZDUH�&RPSRQHQWV�6HDUFK�XVLQJ
6RIWZDUH�)XQFWLRQDO�5HTXLUHPHQW�&KHFNOLVW

:LZDW�9DWDQDZRRG��DQG�3UDEKDV�&KRQJVWLWYDWDQD�

'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ
)DFXOW\�RI�(QJLQHHULQJ��&KXODORQJNRUQ�8QLYHUVLW\��%DQJNRN�������7KDLODQG

(PDLO��ZLZDW#FKXOD�DF�WK���SUDEKDV#FKXOD�DF�WK�

$EVWUDFW

,Q�WKLV�SDSHU��ZH�SUHVHQW�JHQHWLF�DOJRULWKP�IRU�VRIWZDUH�FRPSRQHQWV�VHDUFKLQJ�DW� WKH
HDUO\� VWDJH� RI� FRQFHSWXDO� GHVLJQ��:H� SURSRVH� DQ� DOWHUQDWLYH� WR� FRQYHUW� VRIWZDUH� IXQFWLRQDO
UHTXLUHPHQWV� FKHFNOLVW�� D� PDQGDWRU\� FKHFNOLVW� LQ� VRIWZDUH� UHTXLUHPHQWV� VSHFLILFDWLRQ
GRFXPHQW� SURGXFHG� E\� VRIWZDUH� DQDO\VW�� LQWR� D� VHW� RI� FRPSXWDWLRQDO� RSHUDWLRQV� ZKLFK� LV
QHHGHG� DV� WKH� NH\� WR� VHDUFK� IRU� VRIWZDUH� FRPSRQHQW� FDQGLGDWHV� IURP� FRPSRQHQW� OLEUDULHV�
0RUHRYHU��FRPSRQHQW�VHDUFKLQJ�LV�SUDFWLFDOO\�SHUIRUPHG�WR�VHOHFW�QRW�RQO\�WKH�PRVW�UHOHYDQW
FDQGLGDWH�EXW�DOVR�VHYHUDO�IHDVLEOH�VHWV�RI�FRPSRQHQW�FDQGLGDWHV�WKDW�DUH�FDSDEOH�WR�VDWLVI\�DOO
H[SHFWHG�RSHUDWLRQV�

,Q�RXU�DSSURDFK��LW�LV�FRQVLGHUHG�DV�DQ�RSWLPL]DWLRQ�SUREOHP�WR�VHDUFK�D�VHW�RI�VRIWZDUH
FRPSRQHQW� FDQGLGDWHV� WKDW� LV�PRVW� ILW� WR� JLYHQ� FRQVWUDLQWV�� 7R� FRQVLGHU� DW� OHDVW�1� VRIWZDUH
FRPSRQHQWV� DQG� DW� OHDVW�7� RSHUDWLRQV� H[SHFWHG� WR� VDWLVI\� WKH� IXQFWLRQDO� UHTXLUHPHQWV� RI� DQ
DSSOLFDWLRQ�� WKH� FRPSRQHQW� VHDUFK� VSDFH� LV� H[SRQHQWLDO�� ,Q� RXU� H[SHULPHQWV� ZLWK� V\QWKHWLF
GDWD��ZH�LQYHVWLJDWHG�WKH�FDVH�RI�1� �����DQG�7� ������7KH�UHVXOWV�GHPRQVWUDWHG�WKDW�JHQHWLF
DOJRULWKP�LV�DSSOLFDEOH�DQG�SURGXFHV�D�VHW�RI�VROXWLRQV�DORQJ�ZLWK�WKH�RUGHU�RI�PHULW�

���,QWURGXFWLRQ

'HPDQGV� IRU� KLJKHU� VRIWZDUH� SURGXFWLRQ� DQG� ORZHU�PDLQWHQDQFH� FRVW�ZLWK� H[SHFWHG
TXDOLW\� FDQ� EH� PHW� E\� UHXVLQJ� DSSURYDO� H[LVWLQJ� VRIWZDUH� FRPSRQHQWV�� 5HXVH� WHFKQLTXH� LV
ZLGHO\� DFFHSWHG�� HVSHFLDOO\� IRU� FRPSOH[� DQG� ODUJH�VFDOH� VRIWZDUH� DSSOLFDWLRQV�� 5HFHQWO\�� D
EUDQG� QHZ� VRIWZDUH� GHYHORSPHQW� SURFHVV� FDOOHG� &RPSRQHQW�%DVHG� 6RIWZDUH� 'HYHORSPHQW
�&%6'�� LV� LQWURGXFHG��PHQWLRQHG� LQ� >���@�� ,Q�&%6'��VRIWZDUH�DQDO\VLV�DQG�GHVLJQ�SKDVH� LQ
VRIWZDUH�GHYHORSPHQW�OLIH�F\FOH�EHFRPH�PRUH�FULWLFDO�VLQFH�D�VRIWZDUH�DSSOLFDWLRQ�LV�H[SHFWHG
WR�EH�FRQVWUXFWHG�E\�VHW�RI�H[LVWLQJ�VRIWZDUH�FRPSRQHQWV�DQG� WKHLU� LQWHUFRQQHFWLRQV�ZLWKRXW
ZULWLQJ� SURJUDP� FRGH� IURP� VFUDWFK�� ,Q� SUDFWLFDO�� WKH� QXPEHU� RI� VRIWZDUH� FRPSRQHQWV
WHQWDWLYHO\�LQFUHDVHV�DV�WLPH�JRHV�E\�DQG�ODUJH�QXPEHUV�RI�VRIWZDUH�FRPSRQHQWV�DUH�GHVLUDEOH
LQ� RUGHU� WR� SURYLGH� VRIWZDUH� GHVLJQHU�ZLWK� YDULHW\� RI� SRVVLEOH� FKRLFHV��+RZHYHU�� LW� LV� YHU\
GLIILFXOW�DQG�KLJKO\�WLPH�FRQVXPHG�WR�VHDUFK�D�UHOHYDQW�VHW�RI�H[SHFWHG�FRPSRQHQWV�DQG�WKHLU
VXEVWLWXWHV�IURP�D�ODUJH�QXPEHU�RI�H[LVWLQJ�FRPSRQHQWV�

,Q�WKLV�SDSHU��ZH�SUHVHQW�JHQHWLF�DOJRULWKP�IRU�VRIWZDUH�FRPSRQHQWV�VHDUFKLQJ�DW� WKH
HDUO\� VWDJH� RI� FRQFHSWXDO� GHVLJQ��:H� SURSRVH� DQ� DOWHUQDWLYH� WR� FRQYHUW� VRIWZDUH� IXQFWLRQDO
UHTXLUHPHQWV� FKHFNOLVW�� D� PDQGDWRU\� FKHFNOLVW� LQ� VRIWZDUH� UHTXLUHPHQWV� VSHFLILFDWLRQ
GRFXPHQW� SURGXFHG� E\� VRIWZDUH� DQDO\VW�� LQWR� D� VHW� RI� FRPSXWDWLRQDO� RSHUDWLRQV� ZKLFK� LV
QHHGHG� DV� WKH� NH\� WR� VHDUFK� IRU� VRIWZDUH� FRPSRQHQW� FDQGLGDWHV� IURP� FRPSRQHQW� OLEUDULHV�
)LUVWO\�� HDFK�RI� VRIWZDUH� IXQFWLRQDO� UHTXLUHPHQWV� LV� GHFRPSRVHG� LQWR� D� VHW� RI� SUHFRQGLWLRQV
DQG� DVVRFLDWHG� DFWLRQV� ±� XVLQJ� GHFLVLRQ� WDEOH� WHFKQLTXH�� 6HFRQGO\�� DOO� RI� WKH� DFWLRQV
GHFRPSRVHG�DUH�FRQYHUWHG� LQWR�D�VHW�RI�FRPSXWDWLRQDO�RSHUDWLRQV�XVLQJ�$FWLRQ�WR�2SHUDWLRQ



PDSSLQJ� WDEOH�� ,Q� JHQHUDO� FRPSRQHQW� OLEUDULHV�� D� VRIWZDUH� FRPSRQHQW� $3,� LV� YLVLEOH� IRU
GHYHORSHUV�DQG�GHVFULEHG�LQ�WHUPV�RI�FRPSRQHQW¶V�RSHUDWLRQV��DOVR�FDOOHG�PHWKRGV��DQG�WKHLU
LQWHUIDFH�SDUDPHWHUV��7KXV�� FRPSRQHQW� VHDUFKLQJ� LV�SUDFWLFDOO\�SHUIRUPHG� WR� VHOHFW� QRW�RQO\
WKH�PRVW� UHOHYDQW� FDQGLGDWH� EXW� DOVR� VHYHUDO� IHDVLEOH� VHWV� RI� FRPSRQHQW� FDQGLGDWHV� WKDW� DUH
FDSDEOH� WR� VDWLVI\� DOO� H[SHFWHG� RSHUDWLRQV�� $OO� RI� WKH� HQWULHV� LQ� VRIWZDUH� IXQFWLRQDO
UHTXLUHPHQWV�DUH�LPSOLFLWO\�VDWLVILHG�DQG�PDNH�VRIWZDUH�GHYHORSPHQW�HIIRUWV�PRUH�SUHGLFWDEOH
DW�WKH�HDUO\�VWDJH�RI�FRQFHSWXDO�GHVLJQ�EHIRUH�SURFHHGLQJ�LWV�LPSOHPHQWDWLRQ�

,Q�RXU�DSSURDFK��LW�LV�FRQVLGHUHG�DV�DQ�RSWLPL]DWLRQ�SUREOHP�WR�VHDUFK�D�VHW�RI�VRIWZDUH
FRPSRQHQW�FDQGLGDWHV�WKDW�LV�PRVW�ILW� WR�JLYHQ�FRQVWUDLQWV���PLQLPXP�FRVW�DQG�GHYHORSPHQW
HIIRUWV�� 7KLV� SDSHU� LV� RUJDQL]HG� DV� IROORZ�� 6HFWLRQ� �� EULHIO\� GHVFULEHV� VRIWZDUH� IXQFWLRQDO
UHTXLUHPHQWV� DQG� KRZ� WR� GHILQH� SUHFRQGLWLRQV� DQG� DVVRFLDWHG� DFWLRQV� LQ� � GHFLVLRQ� WDEOH�
6HFWLRQ� �� GHILQHV� $FWLRQ�WR�2SHUDWLRQ� DQG� &RPSRQHQW�WR�2SHUDWLRQ� PDSSLQJ� WDEOHV�� 7KH
H[SHULPHQWDWLRQ� RQ� VHDUFKLQJ� VRIWZDUH� FRPSRQHQW� FDQGLGDWHV� XVLQJ� JHQHWLF� DOJRULWKP� LV
UHSRUWHG�LQ�VHFWLRQ����6HFWLRQ���LV�RXU�FRQFOXVLRQ�

���6RIWZDUH�)XQFWLRQDO�5HTXLUHPHQWV�&KHFNOLVW

,Q�JHQHUDO�� VRIWZDUH� UHTXLUHPHQWV� VSHFLILFDWLRQ�GRFXPHQW� �656�� LV� H[SHFWHG� WR�EH� FRPSOHWH
EHIRUH� SXUVXLQJ� VRIWZDUH� GHVLJQ� SKDVH�� (DFK� IXQFWLRQDO� EHKDYLRU� RI� WDUJHW� VRIWZDUH
DSSOLFDWLRQ�LV�FROOHFWHG�IURP�HQG�XVHUV�DQG�GRFXPHQWHG��,Q�RXU�DSSURDFK��VRIWZDUH�IXQFWLRQDO
UHTXLUHPHQW�FKHFNOLVW��ZKLFK�LV�D�PDQGDWRU\�VHFWLRQ�LQ�656��LV�H[SORLWHG��(DFK�RI�IXQFWLRQDO
UHTXLUHPHQWV�LV�ZULWWHQ�LQ�HLWKHU�(QJOLVK�ODQJXDJH�RU�7KDL�ODQJXDJH�LV�FRQVLGHUHG�DV�D�UXOH�LQ
GHFLVLRQ�WDEOH��VKRZQ�LQ�ILJXUH����>�@�PHQWLRQV�GHFLVLRQ�WDEOH�DV�D�SHUIHFW� WRRO� WR�GHVFULEH�D
FRPSOLFDWH� HYHQW� KDSSHQHG�� 6RIWZDUH� DQDO\VW� PD\� XVH� GHFLVLRQ� WDEOH� WR� LGHQWLI\� D� VHW� RI
UHTXLUHG� DVVRFLDWHG� DFWLRQV� WR� VDWLVI\� VSHFLILHG� DQ\� FRPELQDWLRQ� RI� GHILQHG� SUHFRQGLWLRQV
KDSSHQHG� LQ� WKH� VRIWZDUH� V\VWHP�� :LWK� WKLV� DOWHUQDWLYH� RI� GHVFULELQJ�� WKH� UHTXLUHPHQW
VSHFLILFDWLRQV�DUH�XQDPELJXRXVO\�GHILQHG�

7R�EH�IRUPDOO\��ZH�FDQ�GHVFULEH�VRIWZDUH�IXQFWLRQDO�UHTXLUHPHQW�FKHFNOLVW�E\�XVLQJ�D
GHFLVLRQ�WDEOH��DV�D�VHW�RI�UXOHV��[�\��DV�IROORZ�

6SHFLILFDWLRQ� �^��[�\����33UHFRQGLWLRQ�u�3$FWLRQ�_���[��33UHFRQGLWLRQ�
\��\���3$FWLRQ�f���[�� �\�������[�� �\�����\�� �\���`

ZKHUH�6SHFLILFDWLRQ�LV�D�VHW�RI�PDQ\�WR�RQH�UHODWLRQV�IURP�SRZHU�VHW�RI�3UHFRQGLWLRQ
WR�SRZHU�VHW�RI�$FWLRQ��3UHFRQGLWLRQ�LV�D�VHW�RI�FRQGLWLRQV�ZKLFK�LV�YDOLG�LQ�DQ\�SDUWLFXODU�WLPH
DQG��$FWLRQ�LV�D�VHW�RI�DVVRFLDWHG�DFWLRQV�WR�EH�SHUIRUPHG��)RU�H[DPSOH����^³FODVV�RSHQV´��³D
QHZ� VWXGHQW� UHJLVWHUV´`�� ^³DGG� VWXGHQW� LQ� WKH� FODVV´�� ³SULQW� FODVV� VFKHGXOH´`� �� LV� D� UXOH
GHVFULELQJ�KRZ�WR�HQUROO�D�VWXGHQW�IRU�D�FODVV��HWF�

&RQVLGHULQJ� VSHFLILFDWLRQ� UXOHV�GHILQHG�� WKH�SRVVLEOH� QXPEHU� RI� UXOHV� LV� H[SRQHQWLDO�
7KXV�� LW�PHDQV�D�GHFLVLRQ�WDEOH�LV�HIILFLHQW�HQRXJK�WR�GHILQH�D�FRPSOLFDWH�VSHFLILFDWLRQ�UXOH�
+RZHYHU��LW�LV�VWLOO�QRW�VLPSOH�WR�SUDFWLFDOO\�GHILQH�SUHFRQGLWLRQV�DQG�DFWLRQV�

���'HILQH�0DSSLQJ�7DEOH

$OO�PDUNHG� DFWLRQV� IURP� VSHFLILFDWLRQ� UXOHV�� FDOOHG� WDUJHW� DFWLRQV�� DUH� JDWKHUHG� DQG
XVHG�DV�NH\V�WR�VHDUFK�WDUJHW�FRPSRQHQWV��,Q�RXU�DSSURDFK��ERWK�DFWLRQV�DQG�FRPSRQHQWV�DUH
GHILQHG�DV�D�VHW�RI�FRPSXWDWLRQDO�RSHUDWLRQV�VR�WKDW�D�VHW�RI�VRIWZDUH�FRPSRQHQWV�LV�SRVVLEO\



VHDUFKDEOH�DV�WR�SHUIRUP�DOO�RI�RSHUDWLRQV�QHHGHG�LQ�WDUJHW�DFWLRQV�IRU�D�VRIWZDUH�DSSOLFDWLRQ�
(DFK� DFWLRQ� LV� PDSSHG� LQWR� D� VHW� RI� RSHUDWLRQ� XVLQJ� $FWLRQ�WR�2SHUDWLRQ� PDSSLQJ� WDEOH�
VKRZQ�LQ�ILJXUH���

*LYHQ� D� VHW� RI� FRPSXWDWLRQDO� RSHUDWLRQV� FDOOHG� 2SHUDWLRQ�� $FWLRQ�WR�2SHUDWLRQ
�$FWLRQ7DE��DQG�&RPSRQHQW�WR�2SHUDWLRQ��&RPSRQHQW7DE��PDSSLQJ�WDEOH��VKRZQ�LQ�ILJXUH��
DQG����DUH�IRUPDOO\�GHILQHG�DV�IROORZ�

$FWLRQ7DE� �^��D�E����$FWLRQ�u�32SHUDWLRQ�_���D��$FWLRQ��E��E���32SHUDWLRQ�f
��D�� E�������D�� E�����E�� �E��`

&RPSRQHQW7DE� �^��F�G����&RPSRQHQW�u�32SHUDWLRQ�_���F��&RPSRQHQW�
G��G���32SHUDWLRQ�f���F�� G�������F�� G�����G�� �G���`

ZKHUH� &RPSRQHQW� LV� D� VHW� RI� FRPSRQHQWV� WR� EH� VHOHFWHG�� 7KH� PDSSLQJ� WDEOHV� DUH
VLPSO\�D�VHW�RI�PDQ\�WR�RQH�UHODWLRQV�IURP�HLWKHU�DFWLRQ�RU�FRPSRQHQW�WR�D�VHW�RI�RSHUDWLRQV�
2XU� DSSURDFK� IRU� VHDUFKLQJ� LV� WR� ILQG� D� VHW� RI� ILQDO� FRPSRQHQWV�� FDOOHG�7DUJHW&RPSRQHQW�
ZKLFK�SHUIRUP�DOO�RI�WDUJHW�DFWLRQV��FDOOHG�7DUJHW$FWLRQ��:H�IXUWKHU�RXU�IRUPDO�GHVFULSWLRQV�DV
IROORZ�

7DUJHW$FWLRQ�� � ����UDQ�6SHFLILFDWLRQ�
7DUJHW&RPSRQHQW� �^�F���&RPSRQHQW�_���F��&RPSRQHQW��G��G���32SHUDWLRQ�

D��7DUJHW$FWLRQ�f����F�� G�����&RPSRQHQW7DE��
��D�� G�����$FWLRQ7DE����G�� ��G���`

*HQHWLF� $OJRULWKP� WHFKQLTXH� LV� XVHG� WR� VHDUFK� VHYHUDO� 7DUJHW&RPSRQHQW� VHWV� ZLWK
PLQLPXP� FRVW� DV� ILQDO� UHVXOWV�� )RU� DQ\� FRPSRQHQW� F�� DQG� F�� VHOHFWHG� ZLWKLQ� WKH� VDPH� VHW
7DUJHW&RPSRQHQW�� ERWK� FRPSRQHQWV� PD\� SURYLGH� WKH� FDSDELOLW\� RI� SHUIRUPLQJ� WKH� VDPH
RSHUDWLRQ�
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)LJXUH����$Q�H[DPSOH�RI�GHFLVLRQ�WDEOH�
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)LJXUH����$Q�H[DPSOH�RI�$FWLRQ�WR�2SHUDWLRQ�PDSSLQJ�WDEOH
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&RPSRQHQW��

)LJXUH����$Q�H[DPSOH�RI�&RPSRQHQW�WR�2SHUDWLRQ�PDS�WDEOH

���([SHULPHQWV�DQG�5HVXOWV

,Q� RXU� H[SHULPHQWV�� JHQHWLF� DOJRULWKP� LV� H[SHFWHG� WR� LOOXVWUDWH� WKH� DELOLW\� RI
FRPSRQHQWV�VHDUFKLQJ�DQG�SURSRVH�WKH�EHVW� WDUJHW�FRPSRQHQW�VHW�IRU�VRIWZDUH�GHVLJQHU�ZLWK
PLQLPXP�HVWLPDWHG�FRVW�RI�HIIRUWV��+RZHYHU��VLQFH�WKH�FDSDELOLW\�RI�D�FRPSRQHQW�PD\�YDU\�
ZH�LQYHVWLJDWH�WKH�HIIHFW�RI�ERWK�VSHFLDO�SXUSRVH�FRPSRQHQWV�DQG�PXOWL�SXUSRVH�FRPSRQHQWV
WR� FRPSRQHQW� VHDUFK� DV� ZHOO�� 6SHFLDO�SXUSRVH� DQG�PXOWL�SXUSRVH� FRPSRQHQWV� DUH� IRUPDOO\
GHILQHG�DV�IROORZ�

6SHFLDO&RPSRQHQW7DE� �^��F�G����&RPSRQHQW�u�32SHUDWLRQ�_���F��&RPSRQHQW��G��G��
32SHUDWLRQ�f���F�� G�������F�� G�����G�� �G�����G�d����`

0XOWL&RPSRQHQW7DE� �^��F�G����&RPSRQHQW�u�32SHUDWLRQ�_���F��&RPSRQHQW��G��G��
32SHUDWLRQ�f���F�� G�������F�� G�����G�� �G�����G�!��
���G�d�����`

ZKHUH� 6SHFLDO&RPSRQHQW7DE� DQG�0XOWL&RPSRQHQW7DE� GHQRWH� FRPSRQHQW� PDSSLQJ
WDEOHV�DQG���GHQRWH�WKH�QXPEHU�RI�PHPEHUV�LQ�D�VHW��=�QRWDWLRQ�LQ�>�@��

8VLQJ�JHQHWLF�DOJRULWKPV�IRU�VHDUFKLQJ��DQ�REMHFWLYH�IXQFWLRQ�LV�UHTXLUHG�DV�WR�HYDOXDWH
WKH�VXUYLYDO�VHW�RI�HDFK�JHQHUDWLRQ��2XU�FRVW�PRGHO�GHILQHV�DQ�HTXDWLRQ�WR�FDOFXODWH�HVWLPDWLRQ
RI� FRVW� RI� HIIRUWV�� $� VHW� RI� FRPSRQHQWV� ZLWK� PLQLPXP� FRVW� RI� HIIRUWV� LV� WKH� VXUYLYRU�



6SHFLILFDWLRQ� UXOHV�� FRPSRQHQWV� DQG� RSHUDWLRQV� DUH� V\QWKHWLFDOO\� EXLOW� ±� DW� OHDVW� ���
FRPSRQHQWV�DQG�����FRPSXWDWLRQDO�RSHUDWLRQV�DUH�H[SHFWHG�

����*HQHWLF�(QFRGLQJ

*$� SUREOHPV� DUH� W\SLFDOO\� HQFRGHG� DV� DQ� Q�GLJLW� VWULQJ� WKDW� UHSUHVHQWV� D� FRPSOHWH
VROXWLRQ� WR� WKH�SUREOHP�� ,Q�RXU� H[SHULPHQWV�� D� FKURPRVRPH� LV� FRPSRVHG� RI�1� WXSOHV��(DFK
WXSOH� LV� GHILQHG� DV� WKUHH� DWWULEXWHV�� DFWLRQ�� RSHUDWLRQ� DQG� FRPSRQHQW� DV� �DFWL�� RSL�� FRPSL��
)LJXUH���VKRZV�D�FKURPRVRPH�RI��1�WXSOHV�

�DFW���RS���FRPS�� �DFW���RS���FRPS�� «� �DFW1��RS1��FRPS1�

)LJXUH����&KURPRVRPH�HQFRGLQJ�DV�D�VWUHDP�RI�WXSOH��DFWLRQ��RSHUDWLRQ��FRPSRQHQW�

����*HQHWLF�3DUDPHWHUV

,Q�RXU�H[SHULPHQWV��ZH�DSSOLHG�JHQHWLF�SDUDPHWHUV�DV�VKRZQ�LQ�7DEOH��

7DEOH����*HQHWLF�SDUDPHWHUV�EHLQJ�XVHG�LQ�*$�H[SHULPHQWV

3DUDPHWHU 9DOXH
6HOHFWLRQ�6WUDWHJ\ 7RXUQDPHQW�VL]H��
0XWDWLRQ�6WUDWHJ\ &KDQJH�RQH�JHQH
3F�3UREDELOLW\�RI�&URVVRYHU ���
3P�3UREDELOLW\�RI�0XWDWLRQ ���
3RSXODWLRQ �����

8QOLNH� WKH� W\SLFDO� JHQHWLF� DOJRULWKPV�� LQLWLDO� VHWV� RI� FKURPRVRPHV� DUH� UDQGRPO\
JHQHUDWHG�ZLWK�WKH�SRVVLEOH�VROXWLRQV�IURP�6SHFLDO&RPSRQHQW7DE��0XOWL&RPSRQHQW7DE��DQG
$FWLRQ7DE� GHILQHG� HDUOLHU�� 7KXV�� HDFK� FKURPRVRPH� LQ� DQ\� JHQHUDWLRQ� LV� DOZD\V� IHDVLEOH
VROXWLRQ��'XULQJ�WKH�H[SHULPHQWV��WKH�FURVVRYHU�DQG�PXWDWLRQ�WHFKQLTXHV�DOZD\V�SUHVHUYH�WKH
IHDVLEOH�FKURPRVRPH�DV�ZHOO�

����&RVW�0RGHO

:H� VLPSO\� GHILQH� D� FRVW� HVWLPDWLRQ� IXQFWLRQ�&RVW�� LQ� WHUPV� RI� LQGLUHFW� HIIRUWV� WR� EH
XVHG�DV�IROORZV�

&RVW� � ������
�������
DUJ

¦
�

��
WHW&RPSRQHQ7&RPSRQHQW

LLL

L

&RPSRQHQW2FFXU&RXQW&RPSRQHQW&&RPSRQHQW&

ZKHUH� &�� DQG� &�� FDOFXODWH� LQLWLDO� HIIRUW� DQG� PRGLILFDWLRQ� HIIRUW� UHVSHFWLYHO\�
2FFXU&RXQW�UHWXUQV�WKH�QXPEHU�RI�PRGLILFDWLRQ�IRU�HDFK�&RPSRQHQWL���)LJXUH���VKRZV�VDPSOH
RI�LQLWLDO�HIIRUW�DQG�PRGLILFDWLRQ�HIIRUW�IRU�&��DQG�&���:H�VLPSO\�DVVXPH�WKDW�LQLWLDO�HIIRUW�RI
UHXVLQJ� HDFK� FRPSRQHQW� YDULHV�ZLWK� WKH� QXPEHU� RI� FRPSXWDWLRQDO� RSHUDWLRQV� VHUYHG��ZKLOH
PRGLILFDWLRQ�HIIRUW�RI�HDFK�FRPSRQHQW�LV�DSSUR[LPDWHO\�RQH�WKLUG�RI�LQLWLDO�HIIRUW�
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)LJXUH����6DPSOH�RI�LQLWLDO�DQG�PRGLILFDWLRQ�HIIRUW�RI�FRPSRQHQWV

����&RQGXFWLQJ�([SHULPHQWV

:H� LQYHVWLJDWH� ��� FDVHV� RI� 6SHFLILFDWLRQ� ZKLFK� DUH� UDQGRPO\� JHQHUDWHG� ZLWK
H[SHULPHQWV� VHWWLQJV� LQ� WDEOH� ��� (DFK� DFWLRQ� LQ� 6SHFLILFDWLRQ� SHUIRUPV� �� WR� �� RSHUDWLRQV�
6SHFLDO�SXUSRVH�DQG�PXOWL�SXUSRVH�FRPSRQHQWV�DUH�H[SHFWHG�WR�VHUYH���WR���RSHUDWLRQV�DQG��
WR����RSHUDWLRQV�UHVSHFWLYHO\��6SHFLDO�SXUSRVH�FRPSRQHQW�LV�FDOOHG�ILQH�JUDLQ�FRPSRQHQW�WKDW
LV�GHYHORSHG�IRU�VSHFLDO�SXUSRVH�RSHUDWLRQV�ZKLOH�PXOWL�SXUSRVH�FRPSRQHQW�LV�FDOOHG�FRDUVH�
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HIIRUWV�DUH�H[SHFWHG�WR�UHXVH�RQFH�
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7RWDO�5HXVH�&RVW
7RWDO�,QLWLDO�&RVW

)LJXUH����&RVW�RI�HIIRUWV�E\�*$�IRU����FDVHV�RI�VSHFLILFDWLRQ�UXOHV

����5HVXOWV

$V�VKRZQ�LQ�WKH�UHVXOWV�LQ�ILJXUH����JHQHWLF�DOJRULWKP�SHUIRUPV�D�UHPDUNDEOH�VRIWZDUH
FRPSRQHQW� VHDUFKLQJ�� 7KH� FRVW� RI� HIIRUWV� GHFUHDVHV� DQG� FRQYHUJHV� DW� D� VWDEOH� YDOXH� LQ� WKH



���WK�JHQHUDWLRQ��6RIWZDUH�GHVLJQHU� LV�DEOH� WR�SUHGLFW� WKH�PLQLPXP�HIIRUW� WR�EH� LQYHVWHG�IRU
GHYHORSLQJ�DQ�DSSOLFDWLRQ��$V�VKRZQ�LQ�WDEOH����FRVW�RI�HIIRUWV�LV�DSSUR[LPDWHO\��������PDQ�
KRXUV� IRU� DQ� DSSOLFDWLRQ� RI� VL]H� ���� RSHUDWLRQV�� &RVW� RI� HIIRUWV� RQ� UHXVLQJ� VHOHFWHG
FRPSRQHQWV� LV� DSSUR[LPDWHO\� ���� RI� WRWDO� FRVW�� *$� LOOXVWUDWHV� WKH� DELOLW\� RI� VHOHFWLQJ� WKH
VROXWLRQV�IURP�ERWK�6SHFLDO&RPSRQHQW7DE�DQG�0XOWL&RPSRQHQW7DE�WDEOH�

���&RQFOXVLRQV

$V� GHPRQVWUDWHG� LQ� WKH� H[SHULPHQWV�� VRIWZDUH� GHVLJQHU� PD\� IRUPXODWH� D� VHDUFKLQJ
SUREOHP�WR�VHOHFW�D�VHW�RI� UHOHYDQW� VRIWZDUH�FRPSRQHQWV�ZLWK�DQ\� FRQVWUDLQWV� UHTXLUHG��7KLV
DSSURDFK�SURYLGHV�VHYHUDO�VHWV�RI� WDUJHW�FRPSRQHQWV� IRU�VRIWZDUH� DUFKLWHFWXUDO�GHVLJQ� UDWKHU
WKDQ�RQO\�RQH�EHVW�VROXWLRQ��0RUHRYHU��HDFK�WDUJHW�VHW�RI�FRPSRQHQWV�LV�SURSRVHG�LQ�WKH�RUGHU
RI�PHULW� VR� WKDW� VRIWZDUH� GHVLJQHU� LV� DEOH� WR� VHOHFW� DQ\� VXEVWLWXWH� DQG� WKH� VHDUFK� SURFHVV� LV
UHSHDWDEOH� ZLWK� PLQLPXP� HIIRUWV� LI� DQ\� FRQVWUDLQW� RU� VSHFLILFDWLRQ� UXOH� LV� DGMXVWHG�� 7KH
VHDUFKLQJ� SUREOHP� LV� DSSOLFDEOH� E\� VLPSO\� XVLQJ� GLUHFW� HQFRGLQJ�PHWKRG� DV� H[SHULPHQWHG�
7KH�UHVXOWV�DUH�VDWLVIDFWRU\�
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