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6FKHGXOLQJ�DQG�4R6

7KH� SULPDU\� PHFKDQLVP� IRU� WKH� SURYLVLRQ� RI
JXDUDQWHHG� TXDOLW\� RI� VHUYLFH� LQ� D� GLVWULEXWHG
FRPSXWLQJ� V\VWHP� LV� WKH� XVDJH� RI� LQWHOOLJHQW
VFKHGXOLQJ� PHFKDQLVPV�� $� GLVWULEXWHG� FRP�
SXWDWLRQ� FRQVLVWV� RI�D� VHW�RI� WDVNV�� VRPH� DUH
LQWHUUHODWHG�� VRPH� DUH� QRW�� 7KH� QHWZRUN
EDQGZLGWK�QHHGHG�WR�UXQ�WKHVH�WDVNV�GHSHQGV
XSRQ� WKH� JUDQXODULW\� RI� WKH� WDVNV�� FR�ORFDWLRQ
DQG� WKH� GHJUHH� RI� IDXOW� WROHUDQFH� QHHGHG�
$OVR�� WKH� WXUQDURXQG� WLPH�RI�D�FRPSXWDWLRQ� LV
GHWHUPLQHG�E\�KRZ�ZHOO� WKH� WDVNV�DUH�VSUHDG
RQ�WKH�VHW�RI�FRPSXWLQJ�HQJLQHV�

7KH� 4R6� PHWULFV� ZH� XVH� WR� GHWHUPLQH� WKH
HIILFDF\�RI�WKH�XQGHUO\LQJ�V\VWHP�LV�

�� 'LODWLRQ��7KH�UDWLR�RI�DFWXDO�H[HFXWLRQ�WLPH
RYHU�LGHDO�H[HFXWLRQ�WLPH��7KLV�PHWULF�LV
UHODWHG�WR�WKH�ZHOO�NQRZQ�PHWULF�RI�WLPHOL�
QHVV�

�� )DXOW�7ROHUDQFH��7KH�QXPEHU�RI�IDLOXUHV
WKDW�FDQ�EH�WROHUDWHG�E\�WKH�UXQQLQJ�FRP�
SXWDWLRQ�

�� 1HWZRUN�'HPDQG��7KH�EDQGZLGWK�XVDJH
RI�WKH�XQGHUO\LQJ�QHWZRUN��7KLV�PHWULF�FDQ
EH�YDULHG�WR�FRQWURO�QHWZRUN�XVDJH�

7KHVH� PHWULFV� FDQ� EH� WXQHG� WR� D� SDUWLFXODU
DSSOLFDWLRQ�UXQQLQJ�RQ�D�QHWZRUN�ZLWK�D�JLYHQ
4R6� SURSHUWLHV� E\� XVLQJ� VHYHUDO� WXQDEOH
VFKHGXOLQJ� PHFKDQLVPV� ZH� KDYH� GHYHORSHG�
7KH�SDUDPHWHUV�RI�WKH�WXQDEOH�VFKHGXOHU

�� %XQFKLQJ� �*UDQXODULW\� 0DQDJHPHQW��
+LJK� JUDQXODULW\� OHDGV� WR� EHWWHU� GLODWLRQ
�VKRUWHU� H[HFXWLRQ� WLPHV��� EXW� UHTXLUHV
KLJKHU�UHOLDELOLW\�IURP�WKH�XQGHUO\LQJ�SURF�
HVVLQJ�V\VWHP�

�� 0HPRU\� &KHFNSRLQW� )UHTXHQF\�� 7KH
QXPEHU�RI� WLPHV� WKH�PHPRU\� LV� V\QFKUR�
QL]HG� LQ� D� EXQFKHG� H[HFXWLRQ� ±� WKLV� GLF�
WDWHV� WKH� IDXOW�PDVNLQJ� EHKDYLRU� DQG� LV
GHSHQGHQW� RQ� WKH� QHWZRUN� EDQGZLGWK
DYDLODEOH�

�� 3UHHPSWLRQ�� 8VDJH� RI� SUHHPSWLRQ� LQ�
FUHDVHV� WKH� WLPHOLQHVV�� EXW� UHTXLUHG
KLJKHU�QHWZRUN�EDQGZLGWK�

7KH�HQYLURQPHQW

&RQVLGHU� D� FOXVWHU� RI� ZRUNVWDWLRQV�� UXQQLQJ� D
SDUDOOHO� DSSOLFDWLRQ�� 7KH� DSSOLFDWLRQ� GLYLGHV
LWVHOI�LQWR�D�VHW�RI�WDVNV��(DFK�WDVN�FDQ�EH�ORQJ
UXQQLQJ��RU�YHU\�VKRUW� UXQQLQJ��7KH�VFKHGXOHU
DVVLJQV� WKHVH� WDVNV� WR� D� VHW� RI� ZRUNVWDWLRQV�
2IWHQ� WKH� WDVNV� DUH� QRW� RI� HTXDO� OHQJWK�� WKH
PDFKLQHV�DUH� QRW� RI� HTXDO� VSHHGV� DQG� WDVNV
FDQ� FUHDWH� IXUWKHU� VXEWDVNV�� 7KHVH� VLWXDWLRQV
OHDG� WR� QRQ�RSWLPDO� PDWFKHV� RI� ZRUNHUV� WR
WDVNV�FDXVLQJ�H[HFXWLRQV�WKDW�GR�QRW�FRPSOHWH
DV�TXLFNO\�DV� LW�ZRXOG�EH�SRVVLEOH� LQ�D�EHWWHU�
PDWFKHG� FDVH�� $OVR�� WKH� JUDQXODULWLHV� RI� WKH
WDVNV�PD\�EH�VPDOO��OHDGLQJ�WR�KLJK�RYHUKHDG�

7KH� JRRGQHVV� RI� D� PDWFK� DQG� WKH� QHHG� IRU
PDQDJLQJ� JUDQXODULWLHV� SURGXFHV� GLIIHUHQW
VWUDWHJLHV�WKDW�KDV�LPSDFW�RQ�WKH�QHWZRUN�WUDI�
ILF�JHQHUDWHG�E\�WKH�PDQDJHPHQW�V\VWHP��7KH
4R6�QHHGV�RI� WKH�DSSOLFDWLRQ�FDQ�EH�XVHG� WR
WXQH� WKH� VFKHGXOLQJ� RI� VXFK� VFKHGXOHUV� WR
HQVXUH�D�EDODQFH�EHWZHHQ�QHWZRUN�XVDJH�DQG
VSHHGXS�

�'LVWULEXWHG�6FKHGXOLQJ

2XU�UHVHDUFK�KDV�DGGUHVVHG�VXFK�SUREOHPV�LQ
D�YDULHW\�RI�ZD\V��:H�KDYH�GHYHORSHG�VFKHG�
XOLQJ� DOJRULWKPV�� ERWK� QRQ�SUHHPSWLYH� DQG

0HFKDQLVPV�IRU�4R6�'ULYHQ�6FKHGXOLQJ
0DQDJLQJ�7DVNV�LQ�D�'LVWULEXWHG�HQYLURQPHQW

'LODWLRQ

1HWZRUN�'HPDQG

)DXOW�7ROHUDQFH
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SUHHPSWLYH� WKDW� SURYLGH� JRRG� WKURXJKSXWV� LQ
PDQDJLQJ� GLVWULEXWHG� FRPSXWDWLRQV�� HYHQ
ZKHQ� WKH� JUDQXODULWLHV� RI� WDVNV� DUH� VPDOO�
7KHVH� WHFKQLTXHV� OHQG� WKHPVHOYHV� DV� LGHDO
PHFKDQLVPV� IRU� 4R6� GULYHQ� VFKHGXOLQJ�� 7KH
WZR� PDMRU� WHFKQRORJLHV� XVHG� LQ� EXLOGLQJ� RXU
VFKHGXOHUV�DUH�SUHHPSWLRQ�DQG�WDVN�EXQFKLQJ�
$OVR� LQWUD�EXQFK� FKHFNSRLQWLQJ� LV� DQRWKHU
WHFKQLTXH� RI�SURYLGLQJ� KLJKHU�4R6� DW� WKH� H[�
SHQVH�RI�KLJKHU�1HWZRUN�'HPDQG�

3UHHPSWLYH�6FKHGXOLQJ

$OO� PXOWLWDVNLQJ� RSHUDWLQJ� V\VWHPV� XVH� SUH�
HPSWLYH� VFKHGXOLQJ�� 0DQ\� PXOWLSURFHVVRU
V\VWHPV� DOVR� HPSOR\� SUHHPSWLYH� LQWHU�WDVN
VFKHGXOLQJ� ZKHQ� WKH\� UXQ� SDUDOOHO� FRPSXWD�
WLRQV��+RZHYHU��SUHHPSWLYH�VFKHGXOLQJ� LQ�GLV�
WULEXWHG�V\VWHPV�LV�UDUH��LI�QRW�QRQH[LVWHQW��:H
KDYH� IRXQG� WKDW� WZR� SDUWLFXODU� SUH�HPSWLYH
VFKHGXOHUV� KDYH� FKDUDFWHULVWLFV� VXLWDEOH� IRU
4R6�GULYHQ�VFKHGXOLQJ�LQ�GLVWULEXWH�V\VWHPV�

7KH� ILUVW� DOJRULWKP� LV� D� YDULDWLRQ� RI� WKH� ZHOO�
NQRZQ�URXQG�URELQ�DOJRULWKP��:H�FDOO� WKLV� WKH
'LVWULEXWHG�� )DXOW�WROHUDQW� 5RXQG� 5RELQ� DOJR�
ULWKP�� ,Q� WKLV� DOJRULWKP�� D� VHW� RI� Q� WDVNV� LV
VFKHGXOHG�RQ�P�PDFKLQHV�� ZKHUH�Q� LV� ODUJHU
WKDQ�P��,QLWLDOO\��WKH�ILUVW�P�WDVNV�DUH�DVVLJQHG
WR� WKH� P� PDFKLQHV�� 7KHQ�� DIWHU� D� VSHFLILHG
DPRXQW� RI� WLPH� �WLPH� TXDQWXP��� DOO� WDVNV� DUH
SUHHPSWHG�DQG�WKH�QH[W�P�WDVNV�DUH�DVVLJQHG�
7KLV� FRQWLQXHV� LQ� D� FLUFXODU� IDVKLRQ� XQWLO� DOO
WDVNV�DUH�FRPSOHWHG�

7KH�VHFRQG�LV�WKH�3UHHPSWLYH�7DVN�%XQFKLQJ
DOJRULWKP�� $OO� Q� WDVNV� DUH� EXQFKHG� LQWR� P
EXQFKHV� DQG� DVVLJQHG� WR� WKH� P� PDFKLQHV�
:KHQ�D�PDFKLQH� ILQLVKHV� LWV�DVVLJQHG�EXQFK�
DOO� WKH� WDVNV� RQ� DOO� RWKHU� PDFKLQHV� DUH� SUH�
HPSWHG� DQG� DOO� WKH� UHPDLQLQJ� WDVNV� DUH� FRO�
OHFWHG� DQG� UH�EXQFKHG� �LQWR� P� VHWV�� DQG� DV�
VLJQHG� DJDLQ�� 7KLV� DOJRULWKP� ZRUNV� ZHOO� IRU
ERWK� ODUJH�JUDLQHG� DQG� ILQH�JUDLQHG� WDVNV
HYHQ�ZKHQ�PDFKLQH�VSHHGV�DQG� WDVN� OHQJWKV
YDU\�

3HUIRUPDQFH

7KH� ILQDO� V\VWHP� UXQV� ZHOO�� DQG� SHUIRUPDQFH
UHVXOWV� DUH� YHU\� HQFRXUDJLQJ�� :H� IRXQG� WKDW

WKH�URXQG�URELQ�VFKHGXOHU�SURYLGHG�DFFHSWDEOH
SHUIRUPDQFH� RQ� ODUJH� JUDLQHG� SURJUDPV�� EXW
ZDV� KDPSHUHG� E\� WKH� PLJUDWLRQ� RYHUKHDG�
7KH�WDVN�EXQFKLQJ�VFKHGXOHU�SHUIRUPHG�UHDOO\
ZHOO�LQ�D�ZLGH�YDULHW\�RI�VLWXDWLRQV�

:H�DUH�FXUUHQWO\�LQFRUSRUDWLQJ�WKHVH�PHWKRGV
LQWR�D�IURQW�HQG�WKDW�FRQWUROV� WKH�4R6�PHWULFV
IRU�WKH�GLVWULEXWHG�FRPSXWDWLRQ��IRU�ODWHU� LQFRU�
SRUDWLRQ� LQWR�D�FRPSUHKHQVLYH�UHVRXUFH�PDQ�
DJHPHQW�V\VWHP�
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3UHHPSWLYH�7DVN�%XQFKLQJ

(IIHFWV�RI�GLIIHUHQW�VFKHGXOLQJ
SURWRFROV�RQ�FRPSXWDWLRQV
ZLWK�YDU\LQJ�JUDQXODULWLHV


