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6XPPDU\

3LSHOLQHG� SURFHVVRUV� RSHUDWH� TXLFNO\� EHFDXVH� WKH\� FDQ� VWDUW� SURFHVVLQJ� DQ� LQVWUXFWLRQ

EHIRUH�WKH�SUHYLRXV�RQH�KDV�EHHQ�FRPSOHWHG���,Q�RUGHU�WR�GR�WKLV��WKH�FRPSXWHU�PXVW�EH�DEOH�WR

SUHGLFW� ZKDW� WKH� QH[W� LQVWUXFWLRQ� ZLOO� EH� EHIRUH� WKH� SUHYLRXV� LQVWUXFWLRQ� KDV� EHHQ� SURFHVVHG�

0RVW� SLSHOLQHG� SURFHVVRUV� XVH� WKH� WZR�ELW� VFKHPH� IRU� SURJUDP� IORZ� SUHGLFWLRQ�� � 7KLV� SURMHFW

LQWURGXFHV�WKH�0DUNRY�DQG�UXQ�OHQJWK�VFKHPHV��DQG�VKRZV�WKDW�WKH\�DUH�PRUH�DFFXUDWH�WKDQ�WKH

WZR�ELW�VFKHPH�IRU�VRPH�SURJUDPV�
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$EVWUDFW

3LSHOLQHG� SURFHVVRUV� PXVW� DFFXUDWHO\� SUHGLFW� WKH� GLUHFWLRQ� RI� FRQGLWLRQDO� EUDQFKHV� WR

SUHYHQW�SDXVHV�LQ�SURJUDP�H[HFXWLRQ���7KH�VWDWLVWLFDO�SURSHUWLHV�RI�WKH�EHKDYLRU�RI�EUDQFKHV�DQG

WKHLU� LPSOLFDWLRQV� WRZDUGV�EUDQFK�SUHGLFWLRQ�DUH�H[SORUHG� LQ� WKLV�SDSHU�� � ,W�ZDV�GLVFRYHUHG� WKDW

VWDWLVWLFDO�LQIRUPDWLRQ�RQ�WKH�SDVW�EHKDYLRU�RI�D�EUDQFK�FDQ�EH�XVHG�WR�DFFXUDWHO\�GHWHUPLQH�WKH

IXWXUH� EHKDYLRU� RI� WKH� EUDQFK�� � )RU� DFWXDO� SURJUDP� EUDQFKHV�� WKH� OHQJWK�WZR�0DUNRY� VFKHPH

PDGH� XS� WR� ���� IHZHU� SUHGLFWLRQ� PLVWDNHV� WKDQ� WKH� FRQYHQWLRQDO� WZR�ELW� VFKHPH�� DQG� WKH

UXQ�OHQJWK� VFKHPH�PDGH� XS� WR� ���� IHZHU� SUHGLFWLRQ�PLVWDNHV� WKDQ� WKH� WZR�ELW� VFKHPH�� � 7KH

EHKDYLRU� RI� WKHVH� WZR� SUHGLFWLRQ� VFKHPHV� RQ� VLPXODWHG� EUDQFKHV� LV� XVHG� WR� H[SODLQ�ZK\� WKH\

RXWSHUIRUP�WKH�WZR�ELW�VFKHPH�RQ�DFWXDO�SURJUDPV�
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3URSHUWLHV�RI�%UDQFK�3UHGLFWLRQ�6FKHPHV

����,QWURGXFWLRQ
,Q�RUGHU�WR�RSHUDWH�TXLFNO\��FRPSXWHU�KDUGZDUH�PXVW�DFFXUDWHO\�SUHGLFW�SURJUDP�IORZ�VR

WKDW�WKH�FRUUHFW�SRUWLRQV�RI�WKH�SURJUDP�FDQ�EH�IHWFKHG�IRU�IXWXUH�H[HFXWLRQ�>�@���,I�WKH�KDUGZDUH

SUHGLFWV� LQFRUUHFWO\�� WKHQ� SURFHVVLQJ�PXVW� VWRS� ZKLOH� WKH� FRUUHFW� LQVWUXFWLRQV� DUH� IHWFKHG�� � 7R

VLPSOLI\� WKHVH�SUHGLFWLRQV��SURJUDPV�DUH�RIWHQ�GLYLGHG� LQWR�EDVLF�EORFNV��ZKLFK�DUH� VHFWLRQV�RI

FRGH�WKDW�DUH�DOZD\V�H[HFXWHG�WRJHWKHU�� �%DVLF�EORFNV�HQG�ZLWK�D�MXPS�VWDWHPHQW��D�FRQGLWLRQDO

EUDQFK��RU�ULJKW�EHIRUH�D�OLQH�UHIHUHQFHG�E\�D�MXPS�RU�EUDQFK�VWDWHPHQW��DQG�WKH\�GR�QRW�FRQWDLQ

DQ\� LQWHUQDO� EUDQFKLQJ� RU� MXPSLQJ� VWDWHPHQWV�� � 7KH� IROORZLQJ� VHJPHQW� RI� FRGH�� IRU� H[DPSOH�

FRQWDLQV�IRXU�EDVLF�EORFNV�

EDVLF EORFN �

LI [!�� WKHQ JRWR OLQH D

EDVLF EORFN �

JRWR OLQH E

D� EDVLF EORFN �

E� EDVLF EORFN �

3URJUDP�IORZ�DIWHU�D�EORFN�ZKLFK�GRHV�QRW�HQG� LQ�D�FRQGLWLRQDO�EUDQFK��EORFNV���DQG��� LQ� WKH

H[DPSOH�DERYH��LV�HDV\�WR�SUHGLFW�EHFDXVH�WKH�QH[W�EORFN�WR�EH�H[HFXWHG�LV�WKH�VDPH�HYHU\�WLPH�

%ORFNV���DQG���� IRU� LQVWDQFH�� DUH�DOZD\V� IROORZHG�E\� WKH�H[HFXWLRQ�RI�EORFN���� �3URJUDP�IORZ

DIWHU�D�EORFN�ZKLFK�GRHV�HQG�LQ�D�FRQGLWLRQDO�EUDQFK��EORFN���LQ�WKH�H[DPSOH���LV�QRW�VR�HDV\�WR

SUHGLFW�EHFDXVH�WKH�QH[W�EORFN�WR�EH�H[HFXWHG�GHSHQGV�RQ�WKH�YDOXH�RI�WKH�WHVW�FRQGLWLRQ���,I�[!��

WKHQ� WKH� EUDQFK� LV� WDNHQ� DQG� SURJUDP� H[HFXWLRQ� FRQWLQXHV� DW� EORFN� ��� � 2WKHUZLVH�� SURJUDP

H[HFXWLRQ� IDOOV� WKURXJK� WR� EORFN� ��� � 4XLFNO\� DQG� DFFXUDWHO\� SUHGLFWLQJ� WKH� GLUHFWLRQ� RI� WKHVH

FRQGLWLRQDO� EUDQFK� VWDWHPHQWV� LV� HVVHQWLDO� LQ� SLSHOLQHG� SURFHVVRUV�� � :LWKRXW� D� SUHGLFWLRQ

PHFKDQLVP��WKH�SURFHVVRU�ZRXOG�KDYH�WR�GHWHUPLQH�LI�[!���EHIRUH�IHWFKLQJ�WKH�QH[W�LQVWUXFWLRQ�

WKXV�FUHDWLQJ�D�JDS�LQ�WKH�SLSHOLQH���:LWK�D�SUHGLFWLRQ�PHFKDQLVP��KRZHYHU��WKH�QH[W�LQVWUXFWLRQ

FDQ�EH�IHWFKHG�EHIRUH�WKH�YDOXH�RI�[�LV�HYHQ�NQRZQ�

+LVWRU\�EDVHG�DSSURDFKHV�WR�WKH�EUDQFK�SUHGLFWLRQ�SUREOHP�EDVH�WKHLU�SUHGLFWLRQV�RQ�WKH

SUHYLRXV�EHKDYLRU�RI� WKH�EUDQFK��DQG�DUH�FODVVLILHG�DV�HLWKHU�G\QDPLF�RU�VWDWLF�� �6WDWLF�VFKHPHV

SUHGLFW� WKH� GLUHFWLRQ� RI� HDFK� EUDQFK� DW� FRPSLOH� WLPH�� DQG� QHYHU� FKDQJH� WKLV� SUHGLFWLRQ� DIWHU

FRPSLODWLRQ�� �7KLV� LV� XVXDOO\�GRQH�E\� UXQQLQJ� WKH�SURJUDP�ZLWK� WHVW� GDWD�� DQG� WKHQ�EDVLQJ� WKH

SUHGLFWLRQ�RQ�WKH�GLUHFWLRQ�WKDW�ZDV�PRVW�RIWHQ�WDNHQ�IRU�HDFK�EUDQFK�GXULQJ�WKH�WHVW�UXQ�� �2QH

EHQHILW�RI�VWDWLF�VFKHPHV�LV�WKDW�WKH\�LPSURYH�WKH�HIILFLHQF\�RI�JOREDO�RSWLPL]HUV�>�@���'\QDPLF

VFKHPHV�� RQ� WKH� RWKHU� KDQG��PRGLI\� WKHLU� SUHGLFWLRQV� DV� WKH� SURJUDP� H[HFXWHV�� �2QH� FRPPRQ

LPSOHPHQWDWLRQ� RI� WKLV� DSSURDFK� LV� WKH� WZR�ELW� VFKHPH�� LQ� ZKLFK� HDFK� FRQGLWLRQDO� EUDQFK� LV

DVVRFLDWHG�ZLWK�D�WZR�ELW�VDWXUDWLQJ�FRXQWHU�>�@�� �$�WZR�ELW�FRXQWHU�YDOXH�RI���RU���SUHGLFWV�WKH

DVVRFLDWHG�EUDQFK�WR�IDOO�WKURXJK��ZKLOH�D�FRXQWHU�YDOXH�RI���RU���SUHGLFWV�WKH�EUDQFK�WR�EH�WDNHQ�

,QLWLDOO\��HDFK�FRXQWHU�LV�VHHGHG�ZLWK�D�YDOXH�RI�����(DFK�WDNHQ�EUDQFK�LQFUHPHQWV�D�FRXQWHU��DQG

HDFK� IDOO�WKURXJK�EUDQFK�GHFUHPHQWV� WKDW� FRXQWHU�� �7KLV� DOORZV� WKH� WZR�ELW� VFKHPH� WR� DGDSW� WR

FKDQJHV�LQ�D�EUDQFK
V�EHKDYLRU�
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0DQ\�RWKHU�VROXWLRQV�WR�WKH�EUDQFK�SUHGLFWLRQ�SUREOHP�KDYH�EHHQ�VXJJHVWHG��<RXQJ�DQG

6PLWK� GHYHORSHG� D� VWDWLF� VFKHPH�ZKLFK� LPSURYHV� VWDWLF� EUDQFK� SUHGLFWLRQ� DFFXUDF\� E\� WDNLQJ

DGYDQWDJH�RI�WKH�FRUUHODWLRQ�WKDW�RIWHQ�H[LVWV�EHWZHHQ�WKH�EHKDYLRU�RI�D�EUDQFK�DQG�WKH�SDWK�WKDW

ZDV�WDNHQ�WR�JHW�WR�WKDW�EUDQFK�>�@���7KHLU�DOJRULWKP�GRHV�WKLV�E\�FUHDWLQJ�DQRWKHU�FRS\�RI�D�EORFN

RI�FRGH�LI�VRPH�SDWKV�WR�WKDW�EORFN�FDXVH�LW�WR�WDNH�PRUH�RIWHQ�DQG�RWKHUV�FDXVH�LW�WR�IDOO�WKURXJK

PRUH�RIWHQ���$IWHU�WKH�EORFN�LV�GXSOLFDWHG�DQG�WKH�FRUUHFW�SDWKV�DUH�OLQNHG�WR�HDFK�EORFN��RQH�FRS\

FDQ� SUHGLFW� WDNH� DQG� WKH� RWKHU� FDQ� SUHGLFW� IDOO� WKURXJK�� � '\QDPLF� VFKHPHV� FDQ� DOVR� WDNH

DGYDQWDJH� RI� WKH� FRUUHODWLRQ� DPRQJ� WKH� EHKDYLRUV� RI� GLIIHUHQW� EUDQFKHV�� � 2QH� LPSOHPHQWDWLRQ

LQYROYHV�UHFRUGLQJ�WKH�WDNH���IDOO�WKURXJK�EHKDYLRU�RI�WKH�ODVW� �EUDQFKHV�H[HFXWHG���(DFK�EUDQFKQ

LV� DVVRFLDWHG� ZLWK� D� WDEOH� RI� � WZR�ELW� FRXQWHUV�� DQG� WKH� EHKDYLRU� RI� WKH� ODVW� � EUDQFKHV�Q Q

GHWHUPLQHV�ZKLFK�FRXQWHU�WR�XVH�>�@�

7KLV� SDSHU� LJQRUHV� EUDQFK� FRUUHODWLRQ� LQIRUPDWLRQ� WR� FRQFHQWUDWH� RQ� KRZ� PXFK� RI� D

EUDQFK
V� EHKDYLRU� FDQ�EH�GHWHUPLQHG� IURP� LWV� KLVWRU\� DORQH�� �7KUHH� VWDWLVWLFDO� SURSHUWLHV�RI� WKH

WDNH���IDOO�WKURXJK�VHTXHQFHV�RI�EUDQFKHV�DUH�H[SORUHG���(DFK�RI�WKHVH�SURSHUWLHV�FDQ�EH�XVHG�WR

SUHGLFW�IXWXUH�EUDQFK�EHKDYLRU���7KLV�LV�GRQH�E\�XVLQJ�WKH�VWDWLVWLF�WR�FDOFXODWH�WKH�SUREDELOLW\�WKDW

WKH�EUDQFK�ZLOO�EH�WDNHQ�QH[W���7KH�EUDQFK�VKRXOG�EH�SUHGLFWHG�WDNHQ�LI�WKLV�SUREDELOLW\�LV�JUHDWHU

WKDQ�����DQG�VKRXOG�EH�SUHGLFWHG�IDOO�WKURXJK�RWKHUZLVH�

7KH�ILUVW�SURSHUW\�XQGHU�FRQVLGHUDWLRQ�LV�WKH�SHUFHQW�RI�WKH�WLPH�WKH�EUDQFK�LV�WDNHQ���7KH

SUHGLFWLRQ� VFKHPH� DVVRFLDWHG� ZLWK� WKLV� SURSHUW\�� SURILOH� SUHGLFWLRQ�� DOZD\V� SUHGLFWV� WDNH� LI� D

EUDQFK� ZDV� WDNHQ� PRUH� WKDQ� KDOI� RI� WKH� WLPH� LQ� WKH� WHVW�� DQG� DOZD\V� SUHGLFWV� IDOO� WKURXJK

RWKHUZLVH�

7KH�VHFRQG�SURSHUW\�DVVRFLDWHV�D�VHW�RI�0DUNRY�FKDLQ�SUREDELOLWLHV�ZLWK�WKH�EHKDYLRU�RI

WKH�EUDQFK�� �0DUNRY�FKDLQV� DUH� VHTXHQFHV� IRU�ZKLFK� WKH� WHUPV�GHSHQG�SUREDELOLVWLFDOO\�RQ� WKH

SUHYLRXV�WHUPV�LQ�WKH�VHTXHQFH���)RU�D�VHTXHQFH�RI�WDNHV�DQG�IDOO�WKURXJKV��WKH�OHQJWK� �0DUNRYQ

FKDLQ�SUREDELOLWLHV�ZRXOG�EH�WKH�SUREDELOLWLHV�WKDW�D�WDNH�RFFXUV�JLYHQ�WKH�SUHYLRXV� �WHUPV�LQ�WKHQ

VHOI�KLVWRU\� VHTXHQFH�� �)RU�H[DPSOH�� LI�ZH� OHW�7�VWDQG� IRU� WDNH�DQG�)� IRU� IDOO� WKURXJK�� WKHQ� WKH

OHQJWK� WZR�0DUNRY� FKDLQ� SUREDELOLWLHV� ZRXOG� EH�� WKH� SUREDELOLW\� 77� LV� IROORZHG� E\� D� 7�� WKH

SUREDELOLW\�7)�LV�IROORZHG�E\�D�7��WKH�SUREDELOLW\�)7�LV�IROORZHG�E\�D�7��DQG�WKH�SUREDELOLW\�))�LV

IROORZHG� E\� D� 7�� � $V� LQ� SURILOH� SUHGLFWLRQ�� WKHVH� SUREDELOLWLHV� FDQ� EH� XVHG� WR� SUHGLFW� WKH

VXEVHTXHQW� EHKDYLRU� RI� WKH� EUDQFK�� � 6PLWK� DQG�/HH� >�@� FRQVLGHU�0DUNRY� SUHGLFWLRQ� EULHIO\� LQ

WKHLU�SDSHU�

7KH� ILQDO� SURSHUW\� LV� WKH� UXQ�OHQJWK� GLVWULEXWLRQ�� � $� UXQ� FRQVLVWV� RI� RQH� RU� PRUH

FRQVHFXWLYH�WDNHV�RU�IDOO�WKURXJKV��VR�WKH�UXQ�OHQJWK�GLVWULEXWLRQ�LV�VLPSO\�WKH�GLVWULEXWLRQ�RI�WKH

OHQJWKV�RI�UXQV�IRU�D�EUDQFK���,I� �JLYHV�WKH�SURSRUWLRQ�RI�IDOO�WKURXJK�UXQV�WKDW�DUH�RI�OHQJWK� �I(Q) Q

DQG� �LV�WKH�OHQJWK�RI�D�IDOO�WKURXJK�VWUHWFK�WKDW�KDVQ
W�HQGHG�\HW��WKHQ�WKH�SUREDELOLW\�WKH�EUDQFK[

ZLOO�EH�WDNHQ�QH[W�LV�SURE�IDOO�WKURXJK�VWUHWFK�LV�RI�OHQJWK� �JLYHQ�WKDW�IDOO�WKURXJK�VWUHWFK�LV�DW[

OHDVW� RI� OHQJWK� �� ZKLFK� HTXDOV� �� � ,I� WKLV� SUREDELOLW\� LV� JUHDWHU� WKDQ� ���� WKHQ� WKH� EUDQFK[
I([)

Σ
L=[

∞
I(L)

VKRXOG�EH�SUHGLFWHG�WDNHQ���$�VLPLODU�PHWKRG�FDQ�EH�XVHG�WR�SUHGLFW�ZKHQ�D�IDOO�WKURXJK�ZLOO�HQG

D�UXQ�RI�WDNHV���7KH�DXWKRU�KDV�QRW�IRXQG�DQ\�UHIHUHQFH�WR�UXQ�OHQJWK�SUHGLFWLRQ�DOJRULWKPV�LQ�WKH

OLWHUDWXUH�
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����0DWHULDOV�DQG�0HWKRGV
������$UWLILFLDOO\�JHQHUDWHG�VHTXHQFHV

(DFK�SUHGLFWLRQ�PHWKRG�ZDV� ILUVW� WHVWHG�RQ� DUWLILFLDOO\�JHQHUDWHG� VHTXHQFHV�EHFDXVH� WKH

EUDQFK� EHKDYLRU� RI� DFWXDO� SURJUDPV� LV� RIWHQ� FRPSOH[� DQG� VXEWOH�� � 7KH� SURJUDP�GHYHORSHG� IRU

WKHVH�WHVWV�SURPSWV�WKH�XVHU�IRU�LQIRUPDWLRQ�GHVFULELQJ�D�VHTXHQFH��WKHQ�FDOFXODWHV�WKH�DFFXUDF\

RI�WKH�WZR�ELW��SURILOH��0DUNRY��DQG�UXQ�OHQJWK�GLVWULEXWLRQ�VFKHPHV�RQ�WKDW�VHTXHQFH���7KH�XVHU

GHVFULEHV� WKH� VHTXHQFH� WR� WHVW� LQ� WHUPV� RI� WKH� VDPH� VWDWLVWLFDO� SURSHUWLHV� XVHG� E\� WKH� EUDQFK

SUHGLFWLRQ� VFKHPHV�� WKH� SHUFHQW� RI� WKH� WLPH� LW� LV� WDNHQ�� WKH�0DUNRY� FKDLQ� SUREDELOLWLHV�� RU� WKH

UXQ�OHQJWK�GLVWULEXWLRQ���$�VDPSOH�UXQ�RI�WKH�SURJUDP�LV�VKRZQ�LQ�6HFWLRQ�������,Q�WKLV�SURMHFW��WKH

SURJUDP�ZDV�XVHG�WR�GHWHUPLQH�KRZ�WKH�DFFXUDF\�RI�HDFK�SUHGLFWLRQ�VFKHPH�YDULHV�DV�D�IXQFWLRQ

RI� WKH� SURSRUWLRQ� RI� WDNHV� IRU� D� VHTXHQFH�� DQG� DV� D� IXQFWLRQ� RI� 0DUNRY� FKDLQ� SUREDELOLWLHV�

,QIRUPDWLRQ�DERXW�WKH�EHKDYLRU�RI�SUHGLFWLRQ�VFKHPHV�RQ�WKHVH�K\SRWKHWLFDO�VHTXHQFHV�ZLOO�DOORZ

XV�WR�EHWWHU�XQGHUVWDQG�WKHLU�EHKDYLRU�LQ�DFWXDO�SURJUDPV�

������$FWXDO�SURJUDPV

7KH�DFFXUDF\�RI�WKH�EUDQFK�SUHGLFWLRQ�DOJRULWKPV�IRU�DFWXDO�SURJUDPV�ZDV�GHWHUPLQHG�QRW

E\� DFWXDO� LPSOHPHQWDWLRQV� RI� WKH� DOJRULWKPV�� EXW� UDWKHU� E\� VLPXODWLRQV� RI� KRZ� ZHOO� WKH

DOJRULWKPV�ZRXOG� KDYH� UXQ� KDG� WKH\� EHHQ� LPSOHPHQWHG�� � 6LPXODWLRQV�ZHUH� XVHG� EHFDXVH� WKH\

DFFXUDWHO\�PRGHO� WKH� EHKDYLRU� RI� EUDQFK� SUHGLFWLRQ� DOJRULWKPV� DQG� DOORZ� IRU� IOH[LELOLW\� LQ� WKH

W\SHV�RI�SURJUDP�VWDWLVWLFV�WKDW�DUH�UHFRUGHG�

%HIRUH� WKH� VLPXODWLRQ� FRXOG� EH� UXQ�� D� WUDFH� ILOH� FRQWDLQLQJ� WKH� FRPSOHWH� SURJUDP� IORZ

QHHGHG�WR�EH�JHQHUDWHG���,Q�WKLV�H[SHULPHQW��WUDFHV�ZHUH�JHQHUDWHG�XVLQJ�SL[LH��D�WRRO�DYDLODEOH�IRU

WUDFLQJ� WKH� H[HFXWLRQ�RI�0,36�SURFHVVRUV�� �3L[LH�JHQHUDWHG� D� OLVW� RI� WKH� DGGUHVVHV�RI� WKH�EDVLF

EORFNV�IRU�DQ�H[HFXWDEOH�ILOH�DQG�FUHDWHG�D�PRGLILHG�YHUVLRQ�RI�WKLV�H[HFXWDEOH�ILOH�WKDW�RXWSXWV�DQ

LQVWUXFWLRQ�WUDFH�ZKHQ�UXQ���7KH�EDVLF�EORFN�DGGUHVVHV�DQG�WKH�LQVWUXFWLRQ�WUDFH�ZHUH�WKHQ�IHG�LQWR

D� VLPXODWRU� ZULWWHQ� E\� 6PLWK� DQG� KLV� VWXGHQWV� WR� WHVW� KLV� EUDQFK� FRUUHODWLRQ� DOJRULWKP�� � 7KLV

VLPXODWRU�ZDV�PRGLILHG�E\�WKH�DXWKRU�IRU�WKH�SXUSRVHV�RI�WKLV�SURMHFW�

:LWK� WKHVH� PRGLILFDWLRQV�� WKH� VLPXODWRU� RXWSXWV� VWDWLVWLFV� RQ� WKH� WDNH� �� IDOO�WKURXJK

VHTXHQFHV� RI� LQGLYLGXDO� EDVLF� EORFNV� LQ� WKH� SURJUDP� DQG� WKH� DFFXUDF\� RI� WKH� WZR�ELW�� SURILOH�

0DUNRY��DQG�UXQ�OHQJWK�VFKHPHV�IRU�WKH�SURJUDP�DV�D�ZKROH�DQG�IRU�LQGLYLGXDO�EORFNV���1R�RQH

DOJRULWKP�SURGXFHV�WKH�PRVW�DFFXUDWH�SUHGLFWLRQ�IRU�DOO�EUDQFKHV��VXJJHVWLQJ�D�K\EULG�SUHGLFWLRQ

DOJRULWKP� LQ�ZKLFK� HDFK�EUDQFK�XVHV� WKH�SUHGLFWLRQ� VFKHPH�ZKLFK�ZRUNHG� WKH�EHVW� GXULQJ� WKH

WUDLQLQJ�UXQV���7KH�VLPXODWRU�SULQWV�RXW�WKH�DFFXUDF\�IRU�WKLV�K\EULG�VFKHPH�DV�ZHOO���,QIRUPDWLRQ

QHHGHG� IRU� UXQ�OHQJWK� SUHGLFWLRQ� UHTXLUHV�PXFK�PRUH�PHPRU\� WKDQ� DQ\� RI� WKH� RWKHU� VFKHPHV�

$OWKRXJK�WKH�DPRXQW�RI�PHPRU\�QHHGHG�FRXOG�EH�HDVLO\�REWDLQHG�E\�WKH�VLPXODWRU��LW�ZRXOG�EH

TXLWH�H[SHQVLYH� WR� LPSOHPHQW� LQ�DQ�DFWXDO�KDUGZDUH�YHUVLRQ�� �7KXV�� WKH�VLPXODWRU�RQO\� UHFRUGV

UXQ�OHQJWK� SUHGLFWLRQ� LQIRUPDWLRQ� IRU� WKH� �� PRVW� FRPPRQO\� H[HFXWHG� EORFNV�� PHDQLQJ� WKDW� D

PXFK�VPDOOHU�DPRXQW�RI�PHPRU\�LV�UHTXLUHG�

7KH�VLPXODWRU�VWHSV�WKURXJK�D�WUDLQLQJ�WUDFH�WKUHH�WLPHV�WR�FROOHFW�WKH�LQIRUPDWLRQ�QHHGHG

E\�WKH�EUDQFK�SUHGLFWLRQ�DOJRULWKPV���2Q�WKH�ILUVW�SDVV��WKH�ILYH�PRVW�FRPPRQO\�H[HFXWHG�EORFNV

DUH� IRXQG� VR� WKDW� WKH� VLPXODWRU� ZLOO� NQRZ� IRU� ZKLFK� EORFNV� LW� QHHGV� WR� FROOHFW� UXQ�OHQJWK

GLVWULEXWLRQ� LQIRUPDWLRQ�� �2Q� WKH� VHFRQG� SDVV�� WKH� SURJUDP� WDEXODWHV� EUDQFK� VWDWLVWLFV� �SHUFHQW

WDNHQ�� 0DUNRY� FKDLQ� SUREDELOLWLHV�� DQG� UXQ�OHQJWK� GLVWULEXWLRQ� IRU� WKH� ILYH� PRVW� IUHTXHQWO\

H[HFXWHG�EORFNV��� �2Q� WKH� WKLUG�SDVV�� WKH� WZR�ELW��SURILOH��0DUNRY��DQG� UXQ�OHQJWK� VFKHPHV�DUH

3URSHUWLHV RI %UDQFK 3UHGLFWLRQ 6FKHPHV )UDQ] (GZDUG %RDV

�



VLPXODWHG� WR� GHWHUPLQH� WKH� PRVW� DFFXUDWH� DOJRULWKP� IRU� HDFK� EUDQFK� �QHHGHG� IRU� WKH� K\EULG

VFKHPH��

)LQDOO\�� WKH� SURJUDP� XVHV� DOO� RI� WKH� EUDQFK� SUHGLFWLRQ� LQIRUPDWLRQ� JDWKHUHG� LQ� WKH� ILUVW

WKUHH� SDVVHV� WR� SUHGLFW� SURJUDP� IORZ� LQ� DQ� LQVWUXFWLRQ� WUDFH�ZKLFK�PD\� EH� GLIIHUHQW� IURP� WKH

VDPSOH�WUDFH�XVHG�WR�WUDLQ�WKH�SUHGLFWLRQ�VFKHPHV���7KH�UHVXOWV�RI�WKH�SUHGLFWLRQV�DUH�UHFRUGHG�DV

EUDQFK�SUHGLFWLRQ�DFFXUDFLHV�

3URJUDP 'HVFULSWLRQ 3URJUDP LQSXW

D QHVWHG IRU ORRSV QRQH

E VTXDUH URRW FDOFXODWLRQ QRQH

F EXEEOH VRUW LQYHUWHG DUUD\

UDQGRP DUUD\

VRUWHG DUUD\

G TXLFN VRUW LQYHUWHG DUUD\

UDQGRP DUUD\

VRUWHG DUUD\

DZN SDWWHUQ VFDQQLQJ DQG SURFHVVLQJ H[WHQVLYH WHVW RI DZN

VLPSOH VFDQQLQJ DQG SULQWLQJ

FRPSUHVV 63(&LQW�� ILOH FRPSUHVVLRQ UHIHUHQFH LQSXW

�� SDJH SRVWVFULSW SDSHU

WURII *18 YHUVLRQ ��� WH[W IRUPDWWHU FVK PDQXDO SDJH

JFF PDQXDO SDJH

HVSUHVVR 63(&LQW�� ERROHDQ PLQLPL]DWLRQ UHIHUHQFH LQSXW �EFD�LQ�

UHIHUHQFH LQSXW �FSV�LQ�

7DEOH �� 3URJUDPV WHVWHG

7DEOH� �� VKRZV� WKH� SURJUDPV� WKDW� ZHUH� WHVWHG� XVLQJ� WKH� VLPXODWRU�� � $OO� SRVVLEOH

FRPELQDWLRQV� RI� LQSXW� GDWD� XVHG� GXULQJ� WUDLQLQJ� DQG� LQSXW� GDWD� XVHG� WR� WHVW� WKH� SUHGLFWLRQ

VFKHPHV�ZHUH�VLPXODWHG�

����5HVXOWV�DQG�'DWD
������$UWLILFLDOO\�JHQHUDWHG�VHTXHQFHV

3UHGLFWLRQ� DFFXUDFLHV� IRU� WKH� DUWLILFLDOO\� JHQHUDWHG� VHTXHQFHV� DUH� JUDSKHG� LQ� )LJXUHV� �

WKURXJK� ��� � )LJXUH� �� VKRZV� WKH� DFFXUDF\� RI�Q�ELW� DQG� SURILOH� VFKHPHV� IRU� UDQGRPO\�JHQHUDWHG

VHTXHQFHV� DV� WKH� SUREDELOLW\� WDNHQ� YDULHV� IURP� �� WR� ��� � 3URILOH� SUHGLFWLRQ� LV� WKH� EHVW� SRVVLEOH

SUHGLFWLRQ�VFKHPH�IRU�FRPSOHWHO\�UDQGRP�VHTXHQFHV�EHFDXVH�WKH�IXWXUH�EHKDYLRU�RI�WKH�VHTXHQFH

LV�LQGHSHQGHQW�RI�WKH�SUHYLRXV�EHKDYLRU�� �1�ELW�VFKHPHV�IRU�ZKLFK� �LV�ODUJH�EHKDYH�PXFK�OLNHQ

SURILOH�SUHGLFWLRQ�EHFDXVH�WKH�Q�ELW�FRXQWHU�ZLOO�PDNH�WKH�VDPH�SUHGLFWLRQ�DV�WKH�SURILOH�VFKHPH

DQG�ZLOO�QRW�FKDQJH�SUHGLFWLRQV�XQOHVV�WKHUH�LV�D�ORQJ�UXQ�RI�LQFRUUHFW�SUHGLFWLRQV���1�ELW�VFKHPHV

IRU� VPDOO� � GR� QRW� SHUIRUP� DV� ZHOO� EHFDXVH� WKH\� DUH� HDVLO\� LQIOXHQFHG� E\� UXQV� RI� LQFRUUHFWQ

SUHGLFWLRQV�

7KH�JUDSKV�IRU�WKH�DFFXUDF\�RI�OHQJWK����������DQG���0DUNRY�FKDLQ�SUHGLFWLRQ�DQG�IRU�WKH

DFFXUDF\�RI�WKH�UXQ�OHQJWK�VFKHPH�DUH�VXSHULPSRVHG�LQ�)LJXUH�����(DFK�RI�WKHVH�VFKHPHV�EHKDYHV

H[DFWO\�WKH�VDPH�DV�WKH�SURILOH�SUHGLFWLRQ�VFKHPH���0DUNRY�FKDLQ�SUHGLFWLRQ�DWWHPSWV�WR�LPSURYH

3URSHUWLHV RI %UDQFK 3UHGLFWLRQ 6FKHPHV )UDQ] (GZDUG %RDV

�



SUHGLFWLRQ�DFFXUDF\�E\�EDVLQJ�LWV�GHFLVLRQ�RQ�WKH�SUHYLRXV�EHKDYLRU�RI�WKH�EUDQFK��LQVWHDG�RI�MXVW

SUHGLFWLQJ� WKH�VDPH� WKLQJ�HYHU\� WLPH�DV� WKH�SURILOH�VFKHPH�GRHV�� �:LWK� UDQGRP�GDWD��KRZHYHU�

WKHUH�LV�QR�VHTXHQWLDO�FRUUHODWLRQ�WR�WDNH�DGYDQWDJH�RI��VR�WKH�0DUNRY�VFKHPH�SUHGLFWV�WKH�VDPH

HYHU\�WLPH���,I�WKH�SURSRUWLRQ�WDNHQ�LV�OHVV�WKDQ������WKHQ�WKH�SUREDELOLW\�WKDW�D�WDNH�UXQ�FRQWLQXHV

LV� OHVV� WKDQ�����DQG�WKH�SUREDELOLW\�D�IDOO�WKURXJK�UXQ�FRQWLQXHV� LV�JUHDWHU� WKDQ������FDXVLQJ�WKH

UXQ�OHQJWK� GLVWULEXWLRQ� VFKHPH� WR� SUHGLFW� IDOO� WKURXJK� HYHU\� WLPH�� � /LNHZLVH�� LI� WKH� SURSRUWLRQ

WDNHQ�LV�JUHDWHU� WKDQ������ WKH�UXQ�OHQJWK�VFKHPH�ZLOO�DOZD\V�SUHGLFW� WDNH��DJDLQ�UHVXOWLQJ�LQ� WKH

VDPH�SUHGLFWLRQ�DV�WKH�SURILOH�VFKHPH�

7KH� DFFXUDF\� RI� SUHGLFWLRQ� VFKHPHV� RQ� VHTXHQFHV� JHQHUDWHG� IURP� OHQJWK� RQH�0DUNRY

FKDLQ�SUREDELOLWLHV�LV�GLDJUDPPHG�LQ�)LJXUH�����,Q�HDFK�JUDSK��WKH�[�D[LV�LV�WKH�SUREDELOLW\�WKDW�D

IDOO�WKURXJK�LV�IROORZHG�E\�D�WDNH��DQG�WKH�\�D[LV�LV�WKH�SUREDELOLW\�WKDW�D�WDNH�LV�IROORZHG�E\�D�IDOO

WKURXJK�� � 7KH� OHIW�KDQG� VLGH� RI� WKH� JUDSK� FRUUHVSRQGV� WR� VHTXHQFHV� ZLWK� D� ORZ

IDOO�WKURXJK�WR�WDNH�WUDQVLWLRQ�SUREDELOLW\�DQG�WKXV�ORQJ�IDOO�WKURXJK�UXQV���7KH�ULJKW�KDQG�VLGH�RI

WKH� JUDSK� FRUUHVSRQGV� WR� VHTXHQFHV�ZLWK� VKRUW� IDOO�WKURXJK� UXQV�� �/LNHZLVH�� WKH� ERWWRP�RI� WKH

JUDSK� FRUUHVSRQGV� WR� VHTXHQFHV�ZLWK� D� ORZ� WDNH�WR�IDOO�WKURXJK� WUDQVLWLRQ� SUREDELOLW\� DQG� WKXV

ORQJ� WDNH� UXQV�� � 7KH� WRS� RI� WKH� JUDSK� FRUUHVSRQGV� WR� VHTXHQFHV� ZLWK� VKRUW� WDNH� UXQV�� � 1�ELW

VFKHPHV� ZRUN� EHVW� IRU� VHTXHQFHV� ZLWK� ORQJ� UXQV� WKDW� LW� FDQ� DGDSW� WR� DQG� ZRUVW� IRU� UDSLGO\

IOXFWXDWLQJ�VHTXHQFHV���7KXV��WKH\�ZRUN�ZHOO�LQ�WKH�ORZHU�OHIW�KDQG�FRUQHU�ZKHUH�ERWK�WDNH�DQG

IDOO�WKURXJK�UXQV�DUH� ORQJ�� �7KH�SURILOH�VFKHPH�LV�PRVW�DFFXUDWH�ZKHQ�WKH�VHTXHQFH�FRQVLVWV�RI

DOPRVW�DOO� IDOO� WKURXJKV�RU�DOO� WDNHV�� �%HFDXVH�RI� WKLV�� LW� LV�PRVW�DFFXUDWH� LQ� WKH�XSSHU�OHIW�KDQG

FRUQHU� RI� WKH� JUDSK� ZKLFK� FRUUHVSRQGV� WR� VHTXHQFHV� RI� PDLQO\� IDOO� WKURXJKV�� DQG� WKH

ORZHU�ULJKW�KDQG�FRUQHU�RI�WKH�JUDSK�ZKLFK�LV�PRVWO\�WDNHV���7KH�0DUNRY�VFKHPH�GRHV�QRW�ZRUN

DV�ZHOO� IRU� WKH� UHJLRQ� LQ� WKH� FHQWHU� RI� WKH�JUDSK�EHFDXVH� VHTXHQFHV�ZLWK�0DUNRY�SUREDELOLWLHV

DURXQG� ���� DUH� OHVV� VHTXHQWLDOO\� FRUUHODWHG� DQG� WKXV� KDUGHU� WR� SUHGLFW� WKDQ� WKRVH�ZLWK�0DUNRY

SUREDELOLWLHV�QHDU���RU���� �7KH�EHKDYLRU�RI� WKH� UXQ�OHQJWK�VFKHPH� LV�YHU\�VLPLODU� WR� WKDW�RI� WKH

0DUNRY� VFKHPH� EHFDXVH� LW� WRR� XVHV� WKH� UHFHQW� EHKDYLRU� RI� WKH� EUDQFK� WR� SUHGLFW� LWV� IXWXUH

EHKDYLRU�

)LJXUH���VKRZV�WKH�GDWD�IURP�)LJXUH���LQ�D�VOLJKWO\�GLIIHUHQW�IRUP���7KH�D[HV�LQ�)LJXUH��

VWLOO� UHSUHVHQW� WKH�)� WR�7� DQG�7� WR�)� WUDQVLWLRQ� SUREDELOLWLHV�� EXW� WKH� FRORU� RI� WKH� SRLQWV� LQ� WKH

JUDSK�QRZ�VKRZ�WKH�UHODWLYH�DFFXUDFLHV�RI�WKH�WZR�ELW��SURILOH��DQG�OHQJWK�WZR�0DUNRY�VFKHPHV�

7KH� EODFN� VTXDUHV� DUH� UHJLRQV�ZKHUH� WKH�0DUNRY� VFKHPH�RXWSHUIRUPHG� DOO� WKH� RWKHUV�� DQG� WKH

ZKLWH� UHJLRQ� LV� ZKHUH� QR� VFKHPH� KDG� D� VWDWLVWLFDOO\� VLJQLILFDQW� ����� FRQILGHQFH�� OHDG�� � 7KH

UXQ�OHQJWK� VFKHPH� ZDV� QRW� FRQVLGHUHG� LQ� WKLV� JUDSK� EHFDXVH� IRU� WKHVH� DUWLILFLDOO\� JHQHUDWHG

VHTXHQFHV��LWV�EHKDYLRU�LV�LGHQWLFDO�WR�WKDW�RI�WKH�0DUNRY�VFKHPH���0DUNRY�SUHGLFWLRQ�LV�UHPRYHG

3URSHUWLHV RI %UDQFK 3UHGLFWLRQ 6FKHPHV )UDQ] (GZDUG %RDV

�

)LJXUH �� $FFXUDF\ RI Q ELW DQG SURILOH VFKHPHV IRU

UDQGRP VHTXHQFHV�
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IURP�WKH�FRPSHWLWLRQ�LQ�)LJXUH���� �+HUH�� WKH�EODFN�UHJLRQ�VKRZV�ZKHUH�WKH� WZR�ELW�VFKHPH�GLG

EHVW�� WKH�JUD\�UHJLRQ�VKRZV�ZKHUH�QR�VFKHPH�KDG�D�VWDWLVWLFDOO\�VLJQLILFDQW� OHDG��DQG� WKH�ZKLWH

UHJLRQ�VKRZV�ZKHUH�WKH�SURILOH�VFKHPH�GLG�WKH�EHVW�

,I� ZH� DVVXPH� WKDW� OHQJWK� RQH� 0DUNRY� FKDLQV� DGHTXDWHO\� GHVFULEH� EUDQFK� EHKDYLRU� LQ

DFWXDO�SURJUDPV��WKHQ�ZH�FDQ�XVH�WKH�GDWD�VKRZQ�LQ�)LJXUHV�������DQG���WR�SUHGLFW�KRZ�ZHOO�WKHVH

DOJRULWKPV�ZLOO�SHUIRUP�RQ�UHDO�EUDQFKHV���)LJXUH���VKRZV�XV�WKDW�WKH�EHKDYLRU�RI�WKH�0DUNRY�DQG

UXQ�OHQJWK� VFKHPHV� RQ� WKHVH� VLPXODWHG� VHTXHQFHV� LV� LQGLVWLQJXLVKDEOH�� VR� ZH� FDQ� SUHGLFW� WKDW

0DUNRY�DQG�UXQ�OHQJWK�SUHGLFWLRQ�ZLOO�EH�HTXDOO\�DFFXUDWH�IRU�DFWXDO�SURJUDPV�

)RU�VHTXHQFHV�ZKLFK�FRUUHVSRQG�WR�WKH�ZKLWH�UHJLRQ�LQ�)LJXUH����WKH�0DUNRY��UXQ�OHQJWK�

DQG�SURILOH�VFKHPHV�DUH�HTXDOO\�DFFXUDWH��DQG�WKH�WZR�ELW�VFKHPH�PD\�EH�VOLJKWO\�OHVV�DFFXUDWH�

7KLV�LV�EHFDXVH�WKH�ZKLWH�UHJLRQ�FRPSULVHV�VHTXHQFHV�IRU�ZKLFK�WKH�SUREDELOLW\�DQ�)�LV�IROORZHG

E\�D�7��WKH�)�WR�7�WUDQVLWLRQ�SUREDELOLW\��DQG�WKH�SUREDELOLW\�D�7�LV�IROORZHG�E\�D�7������WKH�7�WR�)

WUDQVLWLRQ�SUREDELOLW\��DUH�HLWKHU�ERWK�JUHDWHU�WKDQ������RU�ERWK�OHVV�WKDQ�������7KXV��LQIRUPDWLRQ

DERXW� ZKHWKHU� WKH� EUDQFK� ZDV� WDNH� RU� IDOO� WKURXJK� RQ� LWV� ODVW� H[HFXWLRQ� GRHV� QRW� DIIHFW� WKH

0DUNRY�RU�UXQ�OHQJWK�VFKHPH
V�SUHGLFWLRQ�� �%RWK�VFKHPHV�ZLOO�PDNH�WKH�VDPH�SUHGLFWLRQ�HYHU\

WLPH�� MXVW� OLNH� WKH�SURILOH� VFKHPH�� �7KH� WZR�ELW� VFKHPH�PD\�SHUIRUP�VOLJKWO\�ZRUVH�EHFDXVH� LW

FRXOG�EH�OHDG�DVWUD\�E\�UXQV�RI�WZR�RU�PRUH�LQFRUUHFW�SUHGLFWLRQV�

,Q� WKH� EODFN� UHJLRQ� RI� )LJXUH� ��� KRZHYHU�� WKH� 0DUNRY� DQG� UXQ�OHQJWK� VFKHPHV� ZLOO

RXWSHUIRUP�WKH�RWKHUV�EHFDXVH�RI�WKHLU�DELOLW\�WR�XVH�VHTXHQWLDO�FRUUHODWLRQ�LQIRUPDWLRQ���7KXV��ZH

FDQ�SUHGLFW�WKDW�RYHUDOO��WKH�0DUNRY�DQG�UXQ�OHQJWK�VFKHPHV�ZLOO�EH�WKH�PRVW�DFFXUDWH�QRQ�K\EULG

VFKHPHV���7KH�K\EULG�VFKHPH�VKRXOG�RI�FRXUVH�SHUIRUP�WKH�EHVW�RYHUDOO�

3URSHUWLHV RI %UDQFK 3UHGLFWLRQ 6FKHPHV )UDQ] (GZDUG %RDV

�

)LJXUH �� $FFXUDF\ RI SUHGLFWLRQ VFKHPHV DV D IXQFWLRQ RI WUDQVLWLRQ SUREDELOLWLHV



������$FWXDO�SURJUDPV

7ZR�ELW 3URILOH 0DUNRY 5XQ�OHQJWK +\EULG

6DPH $YHUDJH UDQN � ��� � ��� �

$YHUDJH DFFXUDF\ ����� ����� ����� ����� �����

'LIIHUHQW $YHUDJH UDQN � ��� ��� � ���

$YHUDJH DFFXUDF\ ����� ����� ����� ���� �����

7DEOH �� &RPSDULVRQ RI EUDQFK SUHGLFWLRQ VFKHPH DFFXUDFLHV

7KH�UHVXOWV�RI�WKH�VLPXODWLRQ�RQ�DFWXDO�SURJUDPV�DUH�VKRZQ�LQ�7DEOH�����6DPH�UHIHUV�WR�WKH

VLPXODWLRQV�LQ�ZKLFK�WKH�VDPH�WUDFH�ZDV�XVHG�IRU�WUDLQLQJ�DQG�IRU�WHVWLQJ�SUHGLFWLRQ�VFKHPHV��DQG

GLIIHUHQW�UHIHUV�WR�WKH�VLPXODWLRQV�LQ�ZKLFK�GLIIHUHQW�WUDFHV�ZHUH�XVHG���7KH�K\EULG�VFKHPH�ZDV

WKH�PRVW�DFFXUDWH�HYHU\�WLPH�IRU�WKH�VDPH�VLPXODWLRQV�VLQFH�LW�XVHV�WKH�PRVW�DFFXUDWH�VFKHPH�IRU

HDFK� EUDQFK�� � ,Q� WKH� GLIIHUHQW� VLPXODWLRQV�� WKH� K\EULG� VFKHPH�ZDV� EHDWHQ� RQFH� E\� WKH� WZR�ELW

VFKHPH�� VXJJHVWLQJ� WKDW� WKH� SURSHUWLHV� RI� WKH� EUDQFKHV� LQ� WKH� WUDLQLQJ� WUDFHV� ZHUH� VXIILFLHQWO\

GLIIHUHQW� IURP� WKH� SURSHUWLHV� RI� WKH� EUDQFKHV� LQ� WKH� WHVWLQJ� WUDFHV� WKDW� WKH� EHVW� VFKHPH� IRU� D

EUDQFK�LQ�WKH�WUDLQLQJ�WUDFH�ZDV�RIWHQ�QRW�WKH�EHVW�VFKHPH�IRU�WKH�VDPH�EUDQFK�LQ�WKH�WHVWLQJ�WUDFH�

$V�ZDV�SUHGLFWHG�� WKH�0DUNRY�VFKHPH�KDV�WKH�VHFRQG�KLJKHVW�DYHUDJH�UDQN�IRU�ERWK�WKH

VDPH�DQG�GLIIHUHQW�VLPXODWLRQV���,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�GHVSLWH�KDYLQJ�D�KLJKHU�DYHUDJH�UDQN

WKDQ� WKH� WZR�ELW� VFKHPH�IRU� WKH�GLIIHUHQW�VLPXODWLRQV�� WKH�0DUNRY�VFKHPH�KDV�D� ORZHU�DYHUDJH

DFFXUDF\��7KLV�LV�GXH�WR�D�VLQJOH�WHVW�LQ�ZKLFK�WKH�WZR�ELW�VFKHPH�SHUIRUPHG�ZHOO��EXW�WKH�SURILOH�

0DUNRY��DQG� UXQ�OHQJWK� VFKHPHV�DOO�SHUIRUPHG�SRRUO\��7KLV� WHVW�� WKH� VDPH�RQH� WKDW�FDXVHG� WKH

K\EULG�VFKHPH�WR�EH�EHDWHQ��VKRZV�WKDW�G\QDPLF�VFKHPHV�DUH�HVVHQWLDO�LQ�SURJUDPV�IRU�ZKLFK�QR

UHOLDEOH�WUDLQLQJ�GDWD�LV�DYDLODEOH�RU�IRU�ZKLFK�WKH�UDQJH�RI�SRVVLEOH�LQSXWV�LV�YHU\�EURDG�

7KH� SUHGLFWLRQ� WKDW� WKH� 0DUNRY� VFKHPH� ZRXOG� RXWSHUIRUP� WKH� WZR�ELW� DQG� SURILOH

VFKHPHV� FDPH� IURP�)LJXUH����ZKLFK� VKRZV� WKDW� WKH�0DUNRY� VFKHPH�RXWSHUIRUPHG� WKH� WZR�ELW

DQG�SURILOH�VFKHPHV�IRU�FHUWDLQ�UDQJHV�RI�)�WR�7�DQG�7�WR�)�WUDQVLWLRQ�SUREDELOLWLHV��DQG�WLHG�ZLWK

WKH�SURILOH�VFKHPH�IRU�RWKHUV�� �7KH�UHOHYDQFH�RI�)LJXUH���WR�DFWXDO�EUDQFKHV�LV�GHPRQVWUDWHG�LQ

)LJXUH����ZKLFK�VKRZV�WKH�UHODWLYH�DFFXUDFLHV�RI�SUHGLFWLRQ�DOJRULWKPV�LQ�WHUPV�RI�WKH�WUDQVLWLRQ

3URSHUWLHV RI %UDQFK 3UHGLFWLRQ 6FKHPHV )UDQ] (GZDUG %RDV

�

)LJXUH �� 5HODWLYH DFFXUDFLHV RI WZR�ELW� SURILOH� DQG OHQJWK

� 0DUNRY VFKHPHV DV D IXQFWLRQ RI WKH WUDQVLWLRQ

SUREDELOLWLHV�

%ODFN  0DUNRY RXWSHUIRUPHG RWKHUV

:KLWH  1R VFKHPH KDG D VWDWLVWLFDOO\ VLJQLILFDQW OHDG ����

FRQILGHQFH�

)LJXUH �� 5HODWLYH DFFXUDFLHV RI WZR�ELW DQG SURILOH

SUHGLFWLRQ VFKHPHV DV D IXQFWLRQ RI WUDQVLWLRQ SUREDELOLWLHV�

%ODFN  7ZR�ELW VFKHPH RXWSHUIRUPHG RWKHUV

:KLWH  3URILOH VFKHPH RXWSHUIRUPHG RWKHUV

*UD\  1HLWKHU VFKHPH KDG D VWDWLVWLFDOO\ VLJQLILFDQW OHDG

���� FRQILGHQFH�



SUREDELOLWLHV� LQ� DFWXDO� EUDQFKHV�� � %DVHG� RQ� WKH� LQIRUPDWLRQ� LQ� )LJXUH� ��� WKH� 0DUNRY� VFKHPH

VKRXOG�GR�WKH�EHVW�UHODWLYH�WR�WKH�WZR�ELW�DQG�SURILOH�VFKHPHV�LQ�5HJLRQ����ZKLFK�FRUUHVSRQGV�WR

WKH� EODFN� UHJLRQ� LQ� )LJXUH� ��� � 7KH�0DUNRY� VFKHPH� VKRXOG� EH� WLHG�ZLWK� WKH� SURILOH� VFKHPH� LQ

UHJLRQ����ZKLFK�FRUUHVSRQGV�WR�WKH�ZKLWH�UHJLRQ�LQ�)LJXUH�����7KLV�LV�DSSUR[LPDWHO\�ZKDW�ZH�VHH

LQ�)LJXUH�����7KH�0DUNRY�VFKHPH�ZDV�WKH�PRVW�DFFXUDWH�LQ�����RI�WKH�EUDQFKHV�LQ�UHJLRQ�����$

WLH�IRU�PRVW�DFFXUDWH�RFFXUUHG�LQ�����RI�WKH�EUDQFKHV�LQ�UHJLRQ���

7KH�WZR�ELW�VFKHPH�KDV�WKH�IRXUWK�KLJKHVW�DYHUDJH�UDQN�IRU�WKH�VDPH�VLPXODWLRQV�DQG�WKH

WKLUG� KLJKHVW� DYHUDJH� UDQN� IRU� WKH� GLIIHUHQW� VLPXODWLRQV�� � 7KH� WZR�ELW� VFKHPH�ZDV� H[SHFWHG� WR

SHUIRUP�EHWWHU�LQ�UHODWLRQ�WR�WKH�RWKHU�VFKHPHV�IRU�WKH�GLIIHUHQW�VLPXODWLRQV�EHFDXVH�LW�LV�G\QDPLF

DQG� FDQ� DGDSW� WR� FKDQJLQJ� SURJUDP� FRQGLWLRQV� ZKHUHDV� SURILOH�� 0DUNRY�� DQG� UXQ�OHQJWK

SUHGLFWLRQ� DUH� VWDWLF� DQG� XQDEOH� WR� DGDSW�� � +RZHYHU�� WKH� WZR�ELW� VFKHPH
V� DYHUDJH� UDQN� EHLQJ

ORZHU�WKDQ�WKH�0DUNRY�VFKHPHV�DYHUDJH�UDQN�IRU�WKH�GLIIHUHQW�VLPXODWLRQV�VXJJHVWV�WKDW�PRVW�RI

WKH�SURJUDPV�WHVWHG�LQ�WKLV�H[SHULPHQW�KDG�IDLUO\�FRQVLVWHQW�EHKDYLRU�ZKHQ�JLYHQ�GLIIHUHQW�LQSXWV�

7KH�UXQ�OHQJWK�VFKHPH�SHUIRUPHG�QRWLFHDEO\�ZRUVH�WKDQ�WKH�0DUNRY�VFKHPH�LQ�ERWK�WKH

VDPH�DQG�GLIIHUHQW�VLPXODWLRQV���+RZHYHU��VLQFH�UXQ�OHQJWK�GLVWULEXWLRQV�ZHUH�RQO\�FROOHFWHG�IRU

WKH�ILYH�PRVW�FRPPRQO\�H[HFXWHG�EORFNV��WKH�UXQ�OHQJWK�VFKHPH�DFFXUDF\�UHIOHFWV�WKH�DFFXUDF\�RI

XVLQJ�UXQ�OHQJWK�SUHGLFWLRQ�RQ�WKRVH�ILYH�EORFNV��DQG�SURILOH�SUHGLFWLRQ�LQ�DOO�RI�WKH�RWKHU�EORFNV�

7KH�UXQ�OHQJWK�VFKHPH�ZDV�PRUH�DFFXUDWH�WKDQ�WKH�SURILOH�VFKHPH�LQ�ERWK�WKH�VDPH�DQG�GLIIHUHQW

VLPXODWLRQV��PHDQLQJ� WKDW� IRU� WKH� ILYH�PRVW�FRPPRQO\�H[HFXWHG�EORFNV�� WKH� UXQ�OHQJWK�VFKHPH

PXVW�KDYH�RXWSHUIRUPHG�WKH�SURILOH�VFKHPH�VLJQLILFDQWO\���7R�GHWHUPLQH�KRZ�ZHOO�WKH�UXQ�OHQJWK

VFKHPH� DFWXDOO\� SHUIRUPHG� UHTXLUHV� UHFDOFXODWLQJ� EUDQFK� SUHGLFWLRQ� DFFXUDF\� VWDWLVWLFV� VR� WKDW

WKH\�RQO\�UHIOHFW�WKH�FRQWULEXWLRQ�RI�WKH�ILYH�PRVW�FRPPRQO\�H[HFXWHG�EORFNV���7KHVH�UHFDOFXODWHG

UHVXOWV�DUH�VKRZQ�LQ�7DEOH���

7ZR�ELW 3URILOH 0DUNRY 5XQ�OHQJWK

6DPH $YHUDJH UDQN ��� ��� ��� ���

$YHUDJH DFFXUDF\ ����� ����� ����� ����

'LIIHUHQW $YHUDJH UDQN ��� ��� ��� �

$YHUDJH DFFXUDF\ ����� ����� ����� �����

7DEOH �� &RPSDULVRQ RI EUDQFK SUHGLFWLRQ VFKHPH DFFXUDFLHV IRU WKH ILYH PRVW

FRPPRQO\ H[HFXWHG EORFNV

7KH� UHODWLRQVKLSV� EHWZHHQ� WKH� WZR�ELW�� SURILOH�� DQG�0DUNRY� VFKHPHV� KDYH� QRW� FKDQJHG� PXFK

IURP�7DEOH������7KH�DYHUDJH�UDQNV�DUH�FRQVLVWHQWO\�KLJKHU�LQ�7DEOH���EHFDXVH�WKH�K\EULG�VFKHPH�LV

QRW�FRQVLGHUHG�WKHUH����+RZHYHU��ZH�FDQ�VHH�IURP�WKH�WDEOH�WKDW�WKH�UXQ�OHQJWK�VFKHPH�LV�WKH�PRVW

DFFXUDWH�LQ�WHUPV�RI�DYHUDJH�UDQN�IRU�WKH�EORFNV�RQ�ZKLFK�LW�LV�DFWXDOO\�XVHG���7KH�WZR�ELW�VFKHPH

KDG� D� KLJKHU� DYHUDJH� DFFXUDF\� IRU� WKH� GLIIHUHQW� VLPXODWLRQV� EHFDXVH� RI� WKH� VLQJOH� SURJUDP� LQ

ZKLFK� LW� SHUIRUPHG�PXFK� EHWWHU� WKDQ� WKH� RWKHU� VFKHPHV�� � 7KH� EHKDYLRU� RI� WKH� UXQ�OHQJWK� DQG

3URSHUWLHV RI %UDQFK 3UHGLFWLRQ 6FKHPHV )UDQ] (GZDUG %RDV

�

)LJXUH �� 5HODWLYH DFFXUDF\ RI WKH OHQJWK WZR 0DUNRY� WZR�ELW� DQG SURILOH

VFKHPHV LQ WHUPV RI WUDQVLWLRQ SUREDELOLWLHV IRU DFWXDO SURJUDPV�
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0DUNRY� VFKHPHV� ZDV� UHPDUNDEO\� VLPLODU� IRU� WKH� DUWLILFLDOO\� JHQHUDWHG� OHQJWK� RQH� 0DUNRY

VHTXHQFHV�� VXJJHVWLQJ� WKDW� DFWXDO� SURJUDP� EUDQFKHV� FRQWDLQ� QXDQFHV� WKDW� FDQQRW� EH� PRGHOHG

XVLQJ� OHQJWK� RQH� 0DUNRY� FKDLQV�� � 6SHFLILFDOO\�� OHQJWK� RQH� 0DUNRY� VHTXHQFHV� DOZD\V� KDYH

H[SRQHQWLDO� UXQ�OHQJWK� GLVWULEXWLRQV�� VR� DQ\� EUDQFK� ZKLFK� KDV� QRQ�H[SRQHQWLDO� UXQ�OHQJWK

GLVWULEXWLRQV�FRXOG�QRW�EH�SURSHUO\�UHSUHVHQWHG�E\�D�OHQJWK�RQH�0DUNRY�VHTXHQFH�

,Q�ODVW�SODFH�IRU�ERWK�WKH�VDPH�DQG�GLIIHUHQW�VLPXODWLRQV�LQ�7DEOH���LV�WKH�SURILOH�VFKHPH�

7KH� SURILOH� VFKHPH� LV� WKH� RQO\� RQH� RI� WKH� �� VFKHPHV� ZKLFK� GRHV� QRW� WDNH� DGYDQWDJH� RI� SDVW

KLVWRU\�

����'LVFXVVLRQ
7KH�SURSHUWLHV�RI�SUHGLFWLRQ�VFKHPHV�ZHUH�H[SORUHG�LQ�WKLV�SDSHU�QRW�RQO\�LQ�WKH�FRQWH[W

RI�DFWXDO�SURJUDPV��EXW�DOVR�LQ�WKH�PRUH�VLPSOLILHG�FRQWH[W�RI�DUWLILFLDOO\�JHQHUDWHG�VHTXHQFHV���,Q

WKLV�VLPSOLILHG�FRQWH[W�LW�LV�SRVVLEOH�WR�TXDQWLI\�WKH�EHKDYLRU�RI�EUDQFK�SUHGLFWLRQ�VFKHPHV�DQG�WR

GHWHUPLQH�WKH�SURSHUWLHV�RI�VHTXHQFHV�IRU�ZKLFK�D�SUHGLFWLRQ�VFKHPH�GRHV�ZHOO�RU�SRRUO\�

,W�LV�LPSRUWDQW�WR�NHHS�LQ�PLQG�WKDW�EUDQFK�SUHGLFWLRQ�DOJRULWKPV�PXVW�EH�LPSOHPHQWHG�LQ

KDUGZDUH�DQG�PXVW�EH�DEOH� WR�PDNH�SUHGLFWLRQV�TXLFNO\�� �7KLV�PHDQV�WKDW� WKHVH�DOJRULWKPV�FDQ

QRW�EH�H[WUHPHO\�FRPSOLFDWHG���7KH�K\EULG�VFKHPH�PD\�EH�WR�FRPSOLFDWHG�WR�EH�D�XVHIXO�EUDQFK

SUHGLFWLRQ�WRRO���7KH�0DUNRY�VFKHPH��KRZHYHU��VKRXOG�EH�TXLWH�HDV\�WR�LPSOHPHQW�LQ�KDUGZDUH�

(DFK�EUDQFK�QHHGV� WR�EH�DVVRFLDWHG�ZLWK�D� WZR�ELW�QXPEHU�ZKLFK�JLYHV� WKH�SDVW�KLVWRU\�RI� WKH

EUDQFK�� DQG� D� IL[HG� IRXU� ELW� QXPEHU�ZKRVH� QWK� GLJLW� JLYHV� WKH� SUHGLFWLRQ� IRU�ZKHQ� WKH� WZR�ELW

QXPEHU�HTXDOV�Q���7KH�UXQ�OHQJWK�DOJRULWKP�ZRXOG�EH�D�OLWWOH�KDUGHU�WR�LPSOHPHQW���,I�UXQ�OHQJWKV

RI�XS�WR� �DUH�UHFRUGHG��WKHQ�LW�UHTXLUHV�Q�ELWV�WR�VWRUH�WKH�OHQJWK�RI�WKH�FXUUHQW�UXQ��RQH�ELW�WR�Q

WHOO�LI�WKH�UXQ�LV�WDNH�RU�IDOO�WKURXJK��DQG�WZR� �ELW�QXPEHUV�IRU�SUHGLFWLRQ�LQIRUPDWLRQ���'XH�WR�Q

WKH� ODUJH�DPRXQW�RI�VWRUDJH�VSDFH� LQYROYHG�� WKH� UXQ�OHQJWK�VFKHPH�FRXOG�RQO\�EH� LPSOHPHQWHG

IRU�D�IHZ�EUDQFKHV�LQ�HDFK�SURJUDP���6RPH�RWKHU�DOJRULWKP��VXFK�DV�0DUNRY�SUHGLFWLRQ��FRXOG�EH

XVHG�IRU�WKH�UHVW�

$� SRVVLEOH� IXWXUH� H[SHULPHQW� ZRXOG� EH� WR� ILQG� DQ� DOJRULWKP� WKDW� ZRXOG� JHQHUDWH

VHTXHQFHV�RI�WDNHV�DQG�IDOO�WKURXJKV�ZKLFK�FORVHO\�PRGHOHG�EUDQFK�EHKDYLRU�LQ�DFWXDO�SURJUDPV�

7KLV� DOJRULWKP�ZRXOG� DOORZ� UHDOLVWLF� SUHGLFWLRQ� VFKHPH� VLPXODWLRQ� LQ�ZKLFK� WKH� H[SHULPHQWHU

FRXOG�FRQWURO�WKH�SDUDPHWHUV�

7KH�VLPXODWLRQV�RI�WKH�SUHGLFWLRQ�VFKHPHV�RQ�DFWXDO�SURJUDPV�VKRZHG�WKDW�WKH�OHQJWK�WZR

0DUNRY� VFKHPH� RXWSHUIRUPV� WKH� FRPPRQO\�XVHG� WZR�ELW� VFKHPH�� ,PSOHPHQWLQJ� D� 0DUNRY

VFKHPH� LQ�KDUGZDUH�ZRXOG�EH� DQ� LQWHUHVWLQJ� IXWXUH�SURMHFW� WKDW�ZRXOG� DOORZ�PHDVXUHPHQWV�RQ

KRZ�ZHOO� D�0DUNRY� VFKHPH�ZRXOG� GR� LQ� DFWXDO� SUDFWLFH�� � 2QH� GHILFLHQF\� RI� WKH�0DUNRY� DQG

UXQ�OHQJWK�VFKHPHV�LV�WKDW�WKH\�FDQQRW�DGDSW�WR�QHZ�SURJUDP�FRQGLWLRQV���,W�LV�SRVVLEOH�WR�PDNH

WKH�0DUNRY�DQG�UXQ�OHQJWK�VFKHPHV�DGDSWDEOH��LQVWHDG�RI�DVVRFLDWLQJ�D�IL[HG�SUHGLFWLRQ�ZLWK�HDFK

EUDQFK� KLVWRU\� RU� UXQ�OHQJWK�� DVVRFLDWH� D� WZR�ELW� FRXQWHU�� � 7KLV� ZRXOG� EH� DQRWKHU� LQWHUHVWLQJ

SRVVLEOH�IXWXUH�H[SHULPHQW�

����&RQFOXVLRQ
7KH�DFFXUDF\�RI�WKH�WZR�ELW��SURILOH��0DUNRY��UXQ�OHQJWK��DQG�K\EULG�SUHGLFWLRQ�VFKHPHV

XQGHU�GLIIHUHQW�FRQGLWLRQV�ZDV�PHDVXUHG�LQ�WKLV�SURMHFW���7KH�SUHGLFWLRQ�VFKHPHV�ZHUH�ILUVW�WHVWHG

RQ� VHTXHQFHV� ZLWK� VWDWLVWLFDO� SURSHUWLHV� VSHFLILHG� E\� WKH� H[SHULPHQWHU� LQ� RUGHU� WR� EHWWHU

XQGHUVWDQG�WKH�SURSHUWLHV�RI�VHTXHQFHV�IRU�ZKLFK�HDFK�VFKHPH�ZRUNV�EHVW���7KH�GDWD�IURP�WKHVH

3URSHUWLHV RI %UDQFK 3UHGLFWLRQ 6FKHPHV )UDQ] (GZDUG %RDV

�



WHVWV�VXJJHVWHG� WKDW�ERWK� WKH�0DUNRY�DQG�UXQ�OHQJWK�VFKHPHV�ZRXOG�EH�PRUH�DFFXUDWH� WKDQ� WKH

WZR�ELW�DQG�SURILOH�VFKHPHV�

(DFK� SUHGLFWLRQ� VFKHPH� ZDV� WKHQ� XVHG� WR� SUHGLFW� WKH� GLUHFWLRQ� RI� DFWXDO� SURJUDP

EUDQFKHV�� �$V�SUHGLFWHG�� WKH�0DUNRY� VFKHPH�RXWSHUIRUPHG� WKH� WZR�ELW�� SURILOH�� DQG� UXQ�OHQJWK

VFKHPHV� IRU� WKH� SURJUDPV� LQ�ZKLFK� WKH� LQSXW� DQG� RXWSXW� GDWD�ZHUH� WKH� VDPH�� �7KH� UXQ�OHQJWK

VFKHPH��ZKLFK�ZDV�RQO\�XVHG�RQ�WKH�ILYH�PRVW�FRPPRQO\�H[HFXWHG�EUDQFKHV�GXH�WR�WKH�UHODWLYHO\

ODUJH� DPRXQW� RI� PHPRU\� LW� UHTXLUHV�� ZDV� PRUH� DFFXUDWH� WKDQ� WKH� 0DUNRY� VFKHPH� IRU� WKRVH

EUDQFKHV�� �+RZHYHU��ERWK�WKH�0DUNRY�DQG�UXQ�OHQJWK�VFKHPHV�GR�QRW�SUHGLFW�DV�ZHOO�ZKHQ�WKH

LQSXW� XVHG� GXULQJ� WUDLQLQJ� LV� GLIIHUHQW� IURP� WKH� LQSXW� XVHG� GXULQJ� WKH� WHVW� RI� WKH� SUHGLFWLRQ

VFKHPH���)XUWKHU�UHVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�LI�PDNLQJ�WKH�0DUNRY�DQG�UXQ�OHQJWK�VFKHPHV

G\QDPLF�ZRXOG�LPSURYH�SUHGLFWLRQ�DFFXUDF\�

����$FNQRZOHGJPHQWV
,�ZRXOG� OLNH� WR� H[SUHVV�P\�DSSUHFLDWLRQ� WR�'U��0LNH�6PLWK�RI� WKH�'LYLVLRQ�RI�$SSOLHG

6FLHQFHV� DW�+DUYDUG�8QLYHUVLW\� IRU� SURYLGLQJ�PH�ZLWK� WKH� H[FLWLQJ� RSSRUWXQLW\� WR�ZRUN� DW� WKH

FXWWLQJ�HGJH�RI�UHVHDUFK�LQ�WKH�FRPSXWHU�ILHOG�DQG�WKXV�IXUWKHU�P\�NQRZOHGJH�RI�WKH�VXEMHFW���'U�

6PLWK�JHQHURXVO\�DOORZHG�PH�XVH�RI�KLV�FRPSXWHU�ODE��DQG�SURYLGHG�D�JUHDW�GHDO�RI�JXLGDQFH�DQG

HQFRXUDJHPHQW�RQ�P\�SURMHFW�

,�WKDQN�(OL�2OLQLFN�IRU�KLV�KHOSIXO�FRPPHQWV�RQ�P\�SDSHU�

,� ZRXOG� DOVR� OLNH� WR� WKDQN� WKH� &HQWHU� IRU� ([FHOOHQFH� LQ� (GXFDWLRQ� IRU� LQYLWLQJ� PH� WR

SDUWLFLSDWH� LQ� WKH� 5HVHDUFK� 6FLHQFH� ,QVWLWXWH�� � 56,� ZDV� ZLWKRXW� D� GRXEW� WKH� PRVW� LQIOXHQWLDO

H[SHULHQFH�LQ�P\�VFLHQWLILF�FDUHHU�

����5HIHUHQFHV
��� &�� <RXQJ� DQG�0�� 6PLWK�� �,PSURYLQJ� WKH� $FFXUDF\� RI� 6WDWLF� %UDQFK� 3UHGLFWLRQ� 8VLQJ

%UDQFK�&RUUHODWLRQ���3URFHHGLQJV�RI�WKH�6L[WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$UFKLWHFWXUDO

6XSSRUW�IRU�3URJUDPPLQJ�/DQJXDJHV�DQG�2SHUDWLQJ�6\VWHPV��2FWREHU��������������

��� -��/HH� DQG�$��6PLWK�� �%UDQFK�3UHGLFWLRQ�6WUDWHJLHV� DQG�%UDQFK�7DUJHW�%XIIHU�'HVLJQ��

&RPSXWHU���������-DQ�������

��� 0��/DP�DQG�5��:LOVRQ���/LPLWV�RI�&RQWURO�)ORZ�RQ�3DUDOOHOLVP���3URFHHGLQJV�RI�WKH���WK

$QQXDO�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RPSXWHU�$UFKLWHFWXUH��0D\������

��� -�� 6PLWK�� �$� 6WXG\� RI� %UDQFK� 3UHGLFWLRQ� 6WUDWHJLHV��� 3URFHHGLQJV� RI� WKH� �WK� $QQXDO

,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RPSXWHU�$UFKLWHFWXUH��-XQ�������

��� 6��3DQ��.��6R��DQG�-��5DKPHK���,PSURYLQJ�WKH�$FFXUDF\�RI�'\QDPLF�%UDQFK�3UHGLFWLRQ

8VLQJ�%UDQFK�&RUUHODWLRQ���3URFHHGLQJV�RI� WKH��WK�$QQXDO� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ

$UFKLWHFWXUDO�6XSSRUW�IRU�3URJUDPPLQJ�/DQJXDJHV�DQG�2SHUDWLQJ�6\VWHPV��2FW�������

��� 3��&KDQJ��6��0DKONH�� DQG�:��+ZX�� �8VLQJ�3URILOH� ,QIRUPDWLRQ� WR�$VVLVW�&ODVVLF�&RGH

2SWLPL]DWLRQV��� &HQWHU� IRU� 5HOLDEOH� DQG� +LJK�3HUIRUPDQFH� &RPSXWLQJ� 5HSRUW

&5+&��������8QLYHUVLW\�RI�,OOLQRLV�8UEDQD�&KDPSDLJQ��8UEDQD��,/��$SU�������

����6DPSOH�3URJUDP�2XWSXW
������$UWLILFLDO�6HTXHQFH�*HQHUDWRU

��� 6SHFLILF VHTXHQFH RU ��� 0DWUL[ RI VHTXHQFHV� �

7UDLQLQJ VHTXHQFH GHVFULSWLRQ

3URSHUWLHV RI %UDQFK 3UHGLFWLRQ 6FKHPHV )UDQ] (GZDUG %RDV
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2WKHU VHTXHQFH GHVFULSWLRQ
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1XPEHU RI H[HFXWHV WR WUDFH EDFN IRU 0DUNRY LQIR� �

1XPEHU RI WULDOV� ������
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����� WDNH VWUHWFKHV ZLWK DYHUDJH OHQJWK ��������
����� IDOO WKURXJK VWUHWFKHV ZLWK DYHUDJH OHQJWK ��������
3UHGLFWLRQ DFFXUDFLHV
��ELW DFFXUDF\� ����� � ������  ��������

6WDWH � � � ������  ��������
6WDWH � ����� � ������  ��������
6WDWH � ����� � ������  ��������
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3URILOH DFFXUDF\� ����� � ������  ��������
0DUNRY DFFXUDF\� ����� � ������  ��������
5XQ GLVWULEXWLRQ DFFXUDF\� ����� � ������  ��������

������6LPXODWRU

5DQ �KRPH�DWWLF�IERDV�[VLP�VUF�[VLP�KS RQ HVSUHVVR � 0RQ $XJ � �������� ����
7RWDO &\FOHV  ���������
67$7,& FRXQWV�
,QVWUXFWLRQV  ����� %DVLF%ORFNV  ����
&DOOV  ���� � ������ /RDGV  ���� �������� 6WRUHV  ���� ��������
123V  ���� � ����[ ELJJHU�

'<1$0,& FRXQWV�
,QVWUXFWLRQV  ��������� %DVLF%ORFNV  ��������
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����� IDOOWKUX VWUHWFKHV ZLWK DQ DYHUDJH OHQJWK RI ����
����� WDNH VWUHWFKHV ZLWK DQ DYHUDJH OHQJWK RI ������
��ELW VFKHPH� ������� � �������  ��������
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��ELW� �������� � ��������  ��������
3URILOH SUHGLFWLRQ� �������� � ��������  ��������
0DUNRY SUHGLFWLRQ� �������� � ��������  ��������
5XQ�OHQJWK SUHGLFWLRQ� �������� � ��������  ��������
%HVW�RI�HDFK SUHGLFWLRQ� �������� � ��������  ��������
%5$1&+ 35(',&7,21 $&&85$&,(6 �
3URILOH 'DWD� 1R SUHYLRXV SURILOH LQIRUPDWLRQ�
$// EUDQFKHV � SUHGLFW WDNHQ  ������ FRUUHFW
$// EUDQFKHV � SURILOH SUHGLFWLRQ  ������ FRUUHFW
$// EUDQFKHV � EHVW VWDWLF SUHGLFWLRQ  ������ FRUUHFW
&21',7,21$/ EUDQFKHV � SUHGLFW WDNHQ  ������ FRUUHFW
&21',7,21$/ EUDQFKHV � SURILOH SUHGLFWLRQ  ������ FRUUHFW
&21',7,21$/ EUDQFKHV � EHVW VWDWLF SUHGLFWLRQ  ������ FRUUHFW
&21',7,21$/ EUDQFKHV � VWDWLF FRUU� SUHG� �QR KWUHH�  ������ FRUUHFW
&21',7,21$/ EUDQFKHV � KHXULVWLF VWDWLF FRUU� SUHG� �QR KWUHH�  ������ FRUUHFW
&21',7,21$/ EUDQFKHV � KDUGZDUH FRUU� SUHG�  ������ FRUUHFW
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