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7KLV SDSHU LQYHVWLJDWHV WKH SHUIRUPDQFH RI DJJUHV�
VLYH DQG SHVVLPLVWLF PXOWLGDWDEDVH �0'%6� WUDQVDF�
WLRQ PDQDJHPHQW SURWRFROV ZLWK GLmHUHQW WUDQVDFWLRQ
VXEPLVVLRQ FKDUDFWHULVWLFV� :H KDYH XVHG D GHWDLOHG
VLPXODWLRQ VWXG\ LQ D UHDOLVWLF 0'%6 HQYLURQPHQW WR
VWXG\ WKHLU SHUIRUPDQFH� 7KH DJJUHVVLYH DOJRULWKP
GLVSOD\HG YHU\ SRRU SHUIRUPDQFH DQG GLG QRW VFDOH ZHOO
ZKHQ SUHVHQWHG ZLWK KLJKHU GDWDEDVH ORDGV� 7KH SHV�
VLPLVWLF DOJRULWKP KDG PXFK EHWWHU SHUIRUPDQFH DQG
VFDODELOLW\ XQGHU DOO GDWDEDVH ORDGV� 7KXV� WKLV ZRUN
GHPRQVWUDWHV WKDW RSWLPLVWLF SURWRFROV VXmHU VXUSULV�
LQJO\ ZRUVH SHUIRUPDQFH WKDQ PRUH SHVVLPLVWLF� VHULDO�
OLNH SURWRFROV� GXH WR WKH KLJK DERUW UDWHV DQG FRQ�
oLFWV DPRQJ JOREDO WUDQVDFWLRQV SUHVHQW LQ RSWLPLVWLF
SURWRFROV� 7KLV FRQWUDGLFWV RXU LQWXLWLRQ DERXW VXFK
V\VWHPV DQG GHPRQVWUDWHV WKH XQLTXH FKDOOHQJHV IDFHG
E\ UHVHDUFKHUV LQ WKLV GLpFXOW HQYLURQPHQW�

.H\ZRUGV� PXOWLGDWDEDVH � WUDQVDFWLRQ PDQDJH�
PHQW � LQWHJUDWLRQ � LQWHURSHUDELOLW\

� ,QWURGXFWLRQ

$ PXOWLGDWDEDVH V\VWHP �0'%6� LV D FROOHFWLRQ RI
DXWRQRPRXV GDWDEDVHV SDUWLFLSDWLQJ LQ D JOREDO IHG�
HUDWLRQ WR H[FKDQJH GDWD� 0XOWLGDWDEDVHV DUH LPSRU�
WDQW LQ LQGXVWU\ EHFDXVH WKH\ DOORZ GLYHUVH DQG GLV�
WULEXWHG GDWD VRXUFHV WR EH LQWHJUDWHG� 6XFK DQ LQ�
WHJUDWHG V\VWHP DOORZV FRPSOH[ V\VWHP�ZLGH EXVLQHVV
PDQDJHPHQW�OHYHO TXHULHV WR EH FRQVWUXFWHG� ,Q VKRUW�
WKH\ DOORZ LQWHURSHUDWLELOLW\ EHWZHHQ GDWD V\VWHPV�

(QVXULQJ FRQVLVWHQF\ RI WKH GDWD LQ HDFK DX�
WRQRPRXV GDWDEDVH LV GLpFXOW EHFDXVH WKH JOREDO
OHYHO WUDQVDFWLRQ PDQDJHU FDQQRW GLUHFWO\ DFFHVV OR�
FDO GDWDEDVH REMHFWV� 6HYHUDO WUDQVDFWLRQ PDQDJHPHQW
SURWRFROV KDYH EHHQ SURSRVHG WR DOORZ JOREDO WUDQV�
DFWLRQV DFFHVV WR GDWD DFURVV QXPHURXV DXWRQRPRXV
GDWDEDVHV� EXW WKHUH KDV EHHQ QR GRFXPHQWHG ZRUN
FRPSDULQJ WKH SHUIRUPDQFH RI WKH SURSRVHG SURWRFROV�
7KLV ZRUN EXLOGV D 0'%6 VLPXODWRU WR LQYHVWLJDWH WKH

SHUIRUPDQFH RI WZR VXFK SURWRFROV� WKH 7LFNHW 0HWKRG
DOJRULWKP >�@� DQG WKH *OREDO 6HULDO 6FKHGXOHU >�@�

7KLV ZRUN FRQWULEXWHV WR H[LVWLQJ ZRUN E\ FRQ�
VWUXFWLQJ D JHQHUDO� 0'%6 VLPXODWRU FDSDEOH RI VLP�
XODWLQJ DQ\ JOREDO WUDQVDFWLRQ PDQDJHPHQW SURWRFRO
DQG 0'%6 FRQnJXUDWLRQ� 7KH VLPXODWLRQ V\VWHP FDQ
EH XVHG WR LQYHVWLJDWH QHZ SURWRFROV XQGHU YDU\LQJ
0'%6 ORDGV DQG RUJDQL]DWLRQV DQG GHWHUPLQH DQ DS�
SURSULDWH SURWRFRO IRU D JLYHQ 0'%6 LPSOHPHQWDWLRQ�
)LQDOO\� WKH VLPXODWLRQ VWXGLHV RQ WKH WZR DOJRULWKPV
\LHOG PDQ\ LQWHUHVWLQJ UHVXOWV LQFOXGLQJ WKH UHVXOW WKDW
DJJUHVVLYH VXEWUDQVDFWLRQ VXEPLVVLRQ UHVXOWV LQ ZRUVH
SHUIRUPDQFH WKDQ PRUH VHULDO VXEPLVVLRQ DSSURDFKHV�
7KLV UHVXOW LV YHU\ LPSRUWDQW ZKHQ GHVLJQLQJ D 0'%6
DQG QHZ WUDQVDFWLRQ PDQDJHPHQW SURWRFROV�

� 0XOWLGDWDEDVH $UFKLWHFWXUH

7KH EDVLF 0'%6 DUFKLWHFWXUH �VHH )LJXUH �� FRQ�
VLVWV RI D JOREDO WUDQVDFWLRQ PDQDJHU �*70� ZKLFK
KDQGOHV WKH H[HFXWLRQ RI JOREDO WUDQVDFWLRQV �*7V� DQG
LV UHVSRQVLEOH IRU GLYLGLQJ WKHP LQWR VXEWUDQVDFWLRQV
�67V� IRU VXEPLVVLRQ WR WKH ORFDO GDWDEDVH V\VWHPV
�/'%6V� SDUWLFLSDWLQJ LQ WKH 0'%6� (DFK /'%6 LQ
WKH V\VWHP KDV DQ DVVRFLDWHG JOREDO WUDQVDFWLRQ VHUYHU
�*76� ZKLFK FRQYHUWV WKH VXEWUDQVDFWLRQV LVVXHG E\
WKH *70 LQWR D IRUP XVDEOH E\ WKH /'%6� &HUWDLQ DO�
JRULWKPV DOVR UHO\ RQ WKH *76 IRU FRQFXUUHQF\ FRQWURO
DQG VLPXODWLQJ IHDWXUHV� VXFK DV YLVLEOH �3&� WKDW WKH
/'%6 GRHV QRW SURYLGH� (DFK /'%6 LV DXWRQRPRXV
VR PRGLnFDWLRQV DUH QRW DOORZHG� )LQDOO\� ORFDO WUDQV�
DFWLRQV QRW XQGHU WKH FRQWURO RI WKH *70 DUH DOORZHG
DW HDFK /'%6 DV LI WKH /'%6 ZDV QRW SDUWLFLSDWLQJ LQ
WKH 0'%6�

� 3UHYLRXV :RUN

7KHUH KDYH EHHQ VHYHUDO DOJRULWKPV SURSRVHG WR
KDQGOH WKH 0'%6 FRQFXUUHQF\ FRQWURO SUREOHP� 7KH
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)LJXUH �� 0'%6 $UFKLWHFWXUH

WZR DOJRULWKPV H[DPLQHG LQ WKLV SDSHU DUH WKH 7LFNHW
0HWKRG >�@� DQG WKH *OREDO 6HULDO 6FKHGXOHU >�@�

7KH WLFNHW *70 LV D PHWKRG IRU JOREDO FRQFXUUHQF\
FRQWURO SURSRVHG E\ *HRUJDNRSRORXV HW DO�>�@� 7KH ED�
VLF LGHD LV WKDW QRUPDOO\ XQGHWHFWDEOH ORFDO FRQoLFWV
FDQ EH GHWHFWHG E\ IRUFLQJ HYHU\ VXEWUDQVDFWLRQ RI
D JOREDO WUDQVDFWLRQ WR �WDNH�D�WLFNHW� DW WKH /'%6�
*OREDO WUDQVDFWLRQV FDQ WKHQ EH VHULDOL]HG EDVHG RQ
WKLV WLFNHW LQIRUPDWLRQ� $ JOREDO GHDGORFN GHWHFWLRQ
DOJRULWKP �EDVHG RQ WLPHRXWV� LV QHFHVVDU\ WR SUHYHQW
JOREDO GHDGORFNV�

7KH *OREDO 6HULDO 6FKHGXOHU �*66� HQVXUHV 0'%�
VHULDOL]DEOH VFKHGXOHV E\ VXEPLWWLQJ JOREDO WUDQVDF�
WLRQV VHULDOO\>�@� ,W GHWHUPLQHV LI DOO DFWLYH JOREDO WUDQV�
DFWLRQV DFFHVV QR PRUH WKDQ RQH RI WKH GDWDEDVHV DF�
FHVVHG E\ WKH JOREDO WUDQVDFWLRQ �*7� EHLQJ VFKHGXOHG�
7KH *7 ZLWK RQO\ RQH VXEWUDQVDFWLRQ ZLOO DOZD\V PHHW
WKLV FRQGLWLRQ DQG WKXV FDQ DOZD\V EH VXEPLWWHG�

7KHUH KDV EHHQ D ORW RI ZRUN GRQH RQ VLPXODWLQJ
GDWDEDVH V\VWHPV� 0LFKDHO &DUH\ KDV EHHQ LQYROYHG
LQ H[WHQVLYH VLPXODWLRQ VWXGLHV RQ FRQFXUUHQF\ FRQWURO
DOJRULWKPV LQ ERWK FHQWUDOL]HG GDWDEDVHV >�@ DQG GLV�
WULEXWHG GDWDEDVHV >�@� +RZHYHU� WKH DPRXQW RI VLPX�
ODWLRQ ZRUN SHUIRUPHG RQ PXOWLGDWDEDVH V\VWHPV LV H[�
WUHPHO\ OLPLWHG� 7R RXU NQRZOHGJH� QR JHQHUDO 0'%6
VLPXODWLRQ V\VWHP KDV EHHQ FRQVWUXFWHG WR FRPSDUH
GLmHUHQW WUDQVDFWLRQ PDQDJHUV� 7UDQVDFWLRQ PDQDJH�
PHQW LQ PXOWLGDWDEDVHV LV D KDUGHU SUREOHP WKDQ LQ
GLVWULEXWHG GDWDEDVHV EHFDXVH HDFK GDWDEDVH LQ WKH
0'%6 LV DXWRQRPRXV�

� 6LPXODWLRQ $UFKLWHFWXUH

7KH 0'%6 VLPXODWRU ZDV GHYHORSHG XVLQJ D &��
OLEUDU\ GHVLJQHG DW 9ULMH 8QLYHUVLWHLW >�@ ZKLFK SUR�
YLGHV D &�� LQWHUIDFH IRU FRPPRQ VLPXODWLRQ UHTXLUH�
PHQWV LQFOXGLQJ HYHQW VFKHGXOLQJ� VWDWLVWLFV JDWKHU�
LQJ� DQG UDQGRP QXPEHU JHQHUDWLRQ� 7KH VLPXODWLRQ
V\VWHP FRQVLVWV RI DSSUR[LPDWHO\ ������������� OLQHV
RI &�� FRGH DQG LV VWUXFWXUHG XVLQJ REMHFW�RULHQWHG
WHFKQLTXHV WR OLPLW FRGH GXSOLFDWLRQ�

6LPXODWLQJ D 0'%6 UHTXLUHV VLPXODWLRQ RI ERWK OR�
FDO GDWDEDVHV �DQG WKHLU ORFDO WUDQVDFWLRQV� SDUWLFL�
SDWLQJ LQ WKH 0'%6� DQG WKH JOREDO�OHYHO WUDQVDFWLRQ
PDQDJHPHQW SURWRFROV KDQGOLQJ WKH VXEPLVVLRQ DQG
H[HFXWLRQ RI JOREDO WUDQVDFWLRQV� 7KH IROORZLQJ LV D
EULHI GHVFULSWLRQ RI WKH VLPXODWLRQ V\VWHP ZLWK D PRUH
GHWDLOHG GHVFULSWLRQ DYDLODEOH LQ >�@�

��� /'%6 6LPXODWLRQ

:H KDYH GHYHORSHG D JHQHULF ORFDO GDWDEDVH �/'%6�
VLPXODWRU GHVLJQHG WR KDQGOH GLmHUHQW WUDQVDFWLRQ
PDQDJHUV ZLWK YDU\LQJ GDWDEDVH FRQnJXUDWLRQV� 7KH
GDWDEDVH VLPXODWLRQ LV FDSDEOH RI PRGHOLQJ RQH
GDWDEDVH DQG LWV WUDQVDFWLRQV� &ROOHFWLRQV RI WKHVH
�ORFDO� GDWDEDVHV FDQ WKHQ EH FRPELQHG LQWR D 0'%6
VLPXODWLRQ� $OWKRXJK LW LV W\SLFDO WR XVH D /'%6 VLP�
XODWRU DV SDUW RI D 0'%6 VLPXODWLRQ� LW LV SRVVLEOH WR
VLPXODWH D /'%6 ZLWKRXW FRQVLGHULQJ JOREDO WUDQVDF�
WLRQV�

)RU WKLV VWXG\� UHODWLRQDO GDWDEDVHV XVLQJ VWULFW
WZR�SKDVH �VWULFW��3/� ORFNLQJ IRU WUDQVDFWLRQ PDQ�
DJHPHQW �70� ZHUH VLPXODWHG� $OO /'%6V LQ WKH
0'%6 VLPXODWLRQV XVH WKH UHODWLRQDO VWULFW��3/ SUR�
WRFRO DQG SURYLGH D YLVLEOH��3& IRU XVH E\ *70 DO�
JRULWKPV� /RFNLQJ DFWLYLWLHV DUH DVVXPHG WR WDNH ]HUR
WLPH� 7KH VLPXODWLRQ JDWKHUV VWDWLVWLFV RQ WKH QXPEHU
RI WUDQVDFWLRQV �FRPPLWWHG DQG DERUWHG�� WKURXJKSXWV
LQ ERWK WUDQVDFWLRQV�VHF DQG E\WHV�VHF�� DQG WKH DYHU�
DJH WUDQVDFWLRQ H[HFXWLRQ WLPH�

��� 0'%6 6LPXODWLRQ

7KH PXOWLGDWDEDVH VLPXODWRU FDQ KDQGOH PXOWLSOH
0'%6 FRQnJXUDWLRQV DQG GLmHUHQW JOREDO WUDQVDFWLRQ
PDQDJHUV �*70V�� 7KH 0'%6 VLPXODWRU LV GLYLGHG
LQWR D VHW RI FODVVHV ZKLFK SURYLGH WKH 0'%6 IXQFWLRQ�
DOLW\� 7HVWLQJ GLmHUHQW 0'%6 WUDQVDFWLRQ PDQDJHUV
RQO\ UHTXLUHV UHGHnQLQJ WKH RQH FODVV DVVRFLDWHG ZLWK
WUDQVDFWLRQ PDQDJHU VSHFLnF IXQFWLRQV� 7KLV DOORZV IRU
JUHDWHU FRGH UHXVH DQG FRQWLQXLW\ DFURVV VLPXODWLRQV�

)RU WKLV VWXG\� WKH WZR *70V VLPXODWHG DUH WKH
7LFNHW 0HWKRG DOJRULWKP DQG WKH *OREDO 6HULDO 6FKHG�



XOHU� (DFK DOJRULWKP LV LPSOHPHQWHG H[DFWO\ DV GH�
WDLOHG LQ WKHLU UHVSHFWLYH SDSHUV�

� 6LPXODWLRQ 3DUDPHWHUV

$ ORFDO GDWDEDVH VLPXODWLRQ ZDV SHUIRUPHG WR YDO�
LGDWH WKH V\VWHP DQG GHWHUPLQH KRZ LQFUHDVLQJ WKH
WUDQVDFWLRQ JHQHUDWLRQ IUHTXHQF\ �GDWDEDVH ORDG� DI�
IHFWV GDWDEDVH SHUIRUPDQFH� 7KHVH SHUIRUPDQFH VWDWLV�
WLFV ZHUH WKHQ XVHG WR FRQnJXUH WKH ORFDO GDWDEDVHV LQ
WKH 0'%6 VLPXODWLRQV�

7KH GDWDEDVH FRQVLVWV RI � UHODWLRQV DQG D VHW RI UHS�
UHVHQWDWLYH UHDG DQG XSGDWH TXHULHV� %DVHG RQ WKH VL]H
RI WKH UHODWLRQV� WKH SUREDELOLWLHV RI TXHU\ RFFXUHQFH�
DQG WKH GDWDEDVH SURFHVVLQJ VSHHG� WKH DYHUDJH WLPH
WR H[HFXWH D TXHU\ VKRXOG EH ���� VHFRQGV LI QR GDWD
DFFHVV FRQoLFWV DUH HQFRXQWHUHG�

7KH ORFDO GDWDEDVH VLPXODWRU ZDV UXQ �� WLPHV IRU
���� VHFRQGV� 6WDWLVWLFV ZHUH JDWKHUHG RQ WUDQVDF�
WLRQ UHVLGHQFH WLPH DQG REMHFW ORFN WLPHV� ZDLW WLPHV�
DQG TXHXH VL]HV� ,QWHUDUULYDO WLPHV DUH JHQHUDWHG XV�
LQJ DQ H[SRQHQWLDO IXQFWLRQ� 7KH VLPXODWLRQ VKRZV
WKDW WKH DYHUDJH WUDQVDFWLRQ UHVLGHQFH WLPH LQFUHDVHV
UDSLGO\ DV WKH PHDQ LQWHUDUULYDO WLPH GHFUHDVHV EHORZ
��� WUDQVDFWLRQV�VHF� 1RWH WKDW WKH V\VWHP GRHV QRW
JHW RYHUORDGHG DW DQ DUULYDO UDWH RI � WUDQVDFWLRQ�VHF
DV TXHXLQJ WKHRU\ ZRXOG VXJJHVW EHFDXVH WKH LQFUHDVHG
SDUDOOHOLVP SURYLGHG E\ H[HFXWLQJ PXOWLSOH UHDG WUDQV�
DFWLRQV VLPXOWDQHRXVO\ DOORZV IRU D KLJKHU DUULYDO UDWH
WKDQ FRXOG QRUPDOO\ EH DFKLHYHG�

��� 0'%6 3DUDPHWHUV

7KH VLPXODWHG 0'%6 FRQnJXUDWLRQ FRQVLVWHG RI �
QHDUO\ LGHQWLFDO /'%6V� /RFDO GDWDEDVHV � DQG � DUH
LGHQWLFDO� /RFDO GDWDEDVH � KDV WKH VDPH REMHFW VL]HV DV
WKH RWKHU ORFDO GDWDEDVHV� EXW VRPH REMHFWV KDYH GLmHU�
HQW QDPHV� (DFK /'%6 KDV D ORFDO WUDQVDFWLRQ DUULYDO
UDWH RI � WUDQVDFWLRQ�VHF� DQG D DYHUDJH TXHU\ H[HFX�
WLRQ WLPH RI ���� VHFRQGV� )LQDOO\� DOO ORFDO GDWDEDVH
REMHFWV DUH DYDLODEOH LQ WKH JOREDO YLHZ�

7KH VHW RI JOREDO TXHULHV WR WKH 0'%6 FDQ DFFHVV
IURP � WR � /'%6V� ,I DOO JOREDO VXEWUDQVDFWLRQV DUH
H[HFXWHG VHULDOO\� WKH DYHUDJH JOREDO WUDQVDFWLRQ H[H�
FXWLRQ WLPH LV ��� VHF DQG WKH PD[LPXP WLPH LV ���
VHF� ,I DOO *67V DUH H[HFXWHG LQ SDUDOOHO� WKH DYHUDJH
JOREDO WUDQVDFWLRQ H[HFXWLRQ WLPH LV ��� VHF ZLWK WKH
PD[LPXP EHLQJ � VHF�

7KH 0'%6 VLPXODWRU LV UXQ �� WLPHV IRU ��� JOREDO
WUDQVDFWLRQV� $ JOREDO WUDQVDFWLRQ PXVW FRPPLW EH�
IRUH LW LV DOORZHG WR OHDYH WKH V\VWHP� VR LW PD\ EH

UHVWDUWHG PDQ\ WLPHV XQWLO LW FRPPLWV� $IWHU JHQHU�
DWLQJ ��� JOREDO WUDQVDFWLRQV� WKH JOREDO WUDQVDFWLRQ
JHQHUDWRU �*7 JHQ� QR ORQJHU VXEPLWV JOREDO WUDQVDF�
WLRQV� DOWKRXJK WKH ORFDO GDWDEDVH WUDQVDFWLRQ JHQHUD�
WRUV FRQWLQXDOO\ VXEPLW ORFDO WUDQVDFWLRQV� $OO /'%6
DUULYDO SURFHVVHV DUH H[SRQHQWLDO ZLWK PHDQ RI � VHF�
7KH *7 JHQ SURFHVV LV H[SRQHQWLDO DQG KDV WKH VDPH
VWDUWLQJ VHHG IRU ERWK *70 SURWRFROV� 7KXV� WKH VHW
RI ��� *7V JHQHUDWHG ZLOO EH H[DFWO\ WKH VDPH IRU ERWK
*70V DQG ERWK *70V PXVW KDQGOH WKH VDPH ORDG�

7KH VLPXODWLRQ UDQ IRU ��� WUDQVDFWLRQV EHFDXVH WKH
7LFNHW 0HWKRG DOJRULWKP IDLOHG ZKHQ SUHVHQWHG ZLWK
KLJK JOREDO WUDQVDFWLRQ DUULYDO UDWHV RU ORQJ VLPXODWLRQ
WLPHV� $ YDOXH RI ��� WUDQVDFWLRQV ZDV FKRVHQ LQ RUGHU
WR KDYH D PHDQLQJIXO FRPSDULVRQ� 7KH *66 DOJRULWKP
GLG QRW VXmHU WKHVH IDLOLQJV DQG FRXOG EH UXQ IRU ������
WUDQVDFWLRQV RU PRUH ZLWK YHU\ KLJK JOREDO WUDQVDFWLRQ
DUULYDO UDWHV� :H PXVW VWUHVV WKDW WKH VLPXODWLRQ IDLOHG
EHFDXVH RI WKH FKDUDFWHULVWLFV RI WKH 7LFNHW 0HWKRG DO�
JRULWKP DQG QRW GXH WR VRIWZDUH RU KDUGZDUH SUREOHPV
LQ WKH VLPXODWLRQ LPSOHPHQWDWLRQ�

6WDWLVWLFV ZHUH JDWKHUHG RQ WKH QXPEHU RI JOREDO
WUDQVDFWLRQ DERUWV� DQG WKH PHDQ DQG PD[LPXP JOREDO
WUDQVDFWLRQ UHVLGHQFH WLPHV� $OVR� WKH QXPEHU RI
DERUWV DQG DYHUDJH WUDQVDFWLRQ H[HFXWLRQ WLPH ZHUH
UHFRUGHG DW HDFK /'%6�

��� 6FDODELOLW\ DQG 5HDOLVP $UJXPHQWV

7KH W\SH DQG IUHTXHQF\ RI ERWK ORFDO DQG JOREDO
TXHULHV LV FRPSOHWHO\ GHnQHG LQ LQSXW nOHV ZKLFK FDQ
EH YDULHG DV QHHGHG� &XUUHQWO\� ERWK ORFDO DQG JOREDO
OHYHO TXHULHV DUH UHDG�RQO\ ZLWK DERXW DQ ��� SURED�
ELOLW\ ZKLFK WUDFNV UHDO '%06 TXHU\ PL[HV�

6LQFH WKH /'%6V DUH GLVWULEXWHG� WKH WLPH WR FRP�
PXQLFDWH EHWZHHQ WKH JOREDO OHYHO �0'%6� DQG WKH
/'%6V WKURXJK WKH *76 LV GHSHQGHQW RQ WKH 0'%6
LPSOHPHQWDWLRQ DQG QHWZRUN�UHODWHG LVVXHV� +RZHYHU�
IRU WKH SXUSRVH RI WKHVH VLPXODWLRQV� WKLV FRPPXQLFD�
WLRQ WLPH LV VHW WR ]HUR� 2EYLRXVO\ LQ D UHDO V\VWHP�
WKLV ZRXOG EH XQUHDOLVWLF� EXW WKH YDOXH LV WKH VDPH
DFURVV DOO VLPXODWLRQ H[SHULPHQWV VR LW ZRXOG KDYH D
XQLIRUP LPSDFW�

7KH SURFHVVLQJ VSHHG RI HDFK /'%6 LV FRQVLGHUHG DQ
�LQnQLWH UHVRXUFH� DV WKHUH DUH QR UHVWULFWLRQV RQ SDU�
DOOHOLVP DQG GLYLGLQJ WKLV UHVRXUFH� )RU H[DPSOH� PDQ\
UHDG WUDQVDFWLRQV FDQ EH H[HFXWLQJ VLPXOWDQHRXOV\ DQG
HDFK ZLOO UHFHLYH WKH PD[LPXP SURFHVVLQJ VSHHG� 7KLV
LQnQLWH UHVRXUFH DVVXPSWLRQ KDV EHHQ XVHG LQ RWKHU
VLPXODWLRQ SDSHUV�

7KH ]HUR FRPPXQLFDWLRQ WLPH DQG LQnQLWH UHVRXUFH
DVVXPSWLRQV DUH XVHG WR GHWHUPLQH ZKLFK *70 DOJR�
ULWKP SHUIRUPV EHVW XQGHU LGHQWLFDO FRPPXQLFDWLRQ



FRQGLWLRQV EDVHG VROHO\ RQ WKH UHVWULFWLRQV RQ SHUIRU�
PDQFH�SDUDOOHOLVP LQKHUHQW LQ WKH DOJRULWKP DQG LWV
PDQDJHPHQW SURFHGXUHV� DQG LQGHSHQGHQW RI WKH HQ�
YLURQPHQW RU 0'%6 FRQnJXUDWLRQ� 0RGHOLQJ QRQ�]HUR
FRPPXQLFDWLRQ WLPHV DQG UHVRXUFH FRQWHQWLRQ FDQ EH
HDVLO\ DGGHG WR WKH VLPXODWLRQ WR FRQVLGHU WKHVH SHU�
IRUPDQFH DVSHFWV RI WKH 0'%6� +RZHYHU� FRPPXQL�
FDWLRQ DQG KDUGZDUH GHOD\V DFWXDOO\ UHSUHVHQW D YHU\
VPDOO RYHUKHDG LQ WKH V\VWHP FRPSDUHG WR WKH RYHU�
KHDG UHVXOWLQJ IURP WKH JOREDO WUDQVDFWLRQ PDQDJHU
PDLQWDLQLQJ WKH FRQVLVWHQF\ RI WKH GDWD�

� 6LPXODWLRQ 5HVXOWV

7KH VLPXODWLRQV \LHOGHG VRPH LQWHUHVWLQJ UHVXOWV
WKDW ZHUH XQH[SHFWHG� 7KH PRVW LPSRUWDQW UHVXOW LV
WKDW WKH DGGLWLRQDO FRQFXUUHQF\ RI WKH 7LFNHW 0HWKRG
DOJRULWKP LV PRUH RI D GUDZEDFN WKDQ DQ DVVHW�

��� 7XQLQJ WKH 7LFNHW 0HWKRG

7KH 7LFNHW 0HWKRG *70 KDV WZR SDUDPHWHUV FULWL�
FDO WR LWV SHUIRUPDQFH� 7KH\ DUH WKH WLPHRXW YDOXH DV�
VLJQHG WR D JOREDO WUDQVDFWLRQ� DQG WKH WLPH IRU JOREDO
WUDQVDFWLRQ UHVXEPLVVLRQ DIWHU DERUW� ,I WKHVH SDUDP�
HWHUV DUH QRW SURSHUO\ FRQnJXUHG� SHUIRUPDQFH ZLOO
GHFUHDVH GXH WR KLJK WUDQVDFWLRQ DERUW UDWHV� JOREDO
GHDGORFNV� DQG /'%6 RYHUORDGLQJ�

��� &RPSDULQJ WKH 7ZR 3URWRFROV

%RWK WKH 7LFNHW 0HWKRG DOJRULWKP DQG WKH *66
DOJRULWKP ZHUH UXQ RQ WKH LGHQWLFDO 0'%6 FRQnJX�
UDWLRQ RXWOLQHG� %RWK DOJRULWKPV ZHUH SUHVHQWHG ZLWK
WKH VDPH ORFDO DQG JOREDO WUDQVDFWLRQV� 7KH UHVXOWV LQ�
GLFDWH WKH IXQGDPHQWDO oDZV ZLWK WKH 7LFNHW 0HWKRG
DOJRULWKP� DQG WKH KLGGHQ EHQHnWV RI WKH *66 DOJR�
ULWKP� )LJXUH � VKRZV WKH UHVLGHQFH WLPH RI JOREDO
WUDQVDFWLRQV IRU ERWK SURWRFROV� DQG )LJXUH � VKRZV
WKH UHVLGHQFH WLPH RI DOO WUDQVDFWLRQV DW ORFDO GDWDEDVH
��

7KH PDMRU GLmHUHQFH EHWZHHQ WKH WZR DOJRULWKPV LV
KRZ WKH VXEPLVVLRQ RI WKH JOREDO WUDQVDFWLRQV �DQG
WKHLU VXEWUDQVDFWLRQV� DUH FRQWUROOHG� 7KH 7LFNHW
0HWKRG VXEPLWV DOO VXEWUDQVDFWLRQV ZKHQ D JOREDO
WUDQVDFWLRQ LV VXEPLWWHG� 7KH WLFNHW LQ HDFK /'%6�
DQG WKH *6* FKHFN LQVXUHV JOREDO VHULDOL]DELOLW\� EXW
WKHUH LV QR JOREDO oRZ FRQWURO� 7KLV RIWHQ UHVXOWV LQ
ORZHU FRQFXUUHQF\ DV WKH /'%6V EHFRPH RYHUORDGHG
ZKLFK FDXVHV HYHQ PRUH JOREDO WUDQVDFWLRQV WR WLPHRXW
DQG DERUW� 5HVWDUWHG DERUWHG WUDQVDFWLRQV UHHQWHU WKH
V\VWHP FRPSHWLQJ IRU UHVRXUFHV DJDLQ� HVSHFLDOO\ WKH
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)LJXUH �� 7UDQVDFWLRQ UHV� WLPHV DW /'%6 � YV� *7
DUULYDO 5DWH

WLFNHW UHVRXUFH� :LWKRXW JOREDO�OHYHO oRZ FRQWURO� WKH
7LFNHW 0HWKRG FDQQRW JXDUDQWHH WKDW WUDQVDFWLRQV DUH
FRPPLWWHG LQ WKH RUGHU WKH\ DUH UHFHLYHG ZKLFK RIWHQ
UHVXOWV LQ KLJKO\ YDULDEOH JOREDO UHVLGHQFH WLPHV DQG
DERUW UDWHV� 7KLV KLJK YDULDELOLW\ H[SODLQV WKH XQH[�
SHFWHG MXPS LQ UHVLGHQFH WLPH DW /'%6 � IRU D JOREDO
LQWHUDUULYDO WLPH RI �� VHFRQGV� 7KH 7LFNHW 0HWKRG DO�
JRULWKP LV KLJKO\ VHQVLWLYH WR WLPLQJ LVVXHV� DQG LQ WKLV
FDVH� VXmHUHG HYHQ ZRUVH SHUIRUPDQFH WKDQ H[SHFWHG�

7KH *66 DOJRULWKP LV GHDGORFN�IUHH DQG GRHV QRW
FDXVH JOREDO WUDQVDFWLRQ DERUWV� 7KLV DOORZV WKH DY�
HUDJH DQG PD[LPXP *7 UHVLGHQFH WLPHV WR EH IDLUO\
FRQVLVWHQW XQWLO WKH DUULYDO UDWH SDVVHV WKH WKUHVKROG RI
DERXW � WUDQVDFWLRQV�VHF� 7KH DYHUDJH *7 UHVLGHQFH
WLPH LV YHU\ ORZ DQG WHQGV WR EH DURXQG � VHFRQGV



ZKLFK LV VRPHZKHUH LQ EHWZHHQ WKH DYHUDJH SDUDOOHO
H[HFXWLRQ WLPH ���� VHF� DQG WKH DYHUDJH VHULDO H[HFX�
WLRQ WLPH ���� VHF�� $OVR� WUDQVDFWLRQV DUH FRPPLWWHG
LQ WKH RUGHU WKH\ DUULYH ZKLFK IXUWKHU UHGXFHV WKH DY�
HUDJH UHVLGHQFH WLPH�

$W WKH ORFDO OHYHO� WKH *66 DOJRULWKP FDXVHV QR OR�
FDO DERUWV� DQG WKH JOREDO UHVLGHQFH WLPH DW DQ /'%6
GRHV QRW GHSHQG RQ WKH JOREDO DUULYDO UDWH� 7KXV�
WKH WRWDO UHVLGHQFH WLPH RI DOO /'%6 WUDQVDFWLRQV LV
QRW DmHFWHG E\ WKH JOREDO DUULYDO UDWH� 7KH VWDELO�
LW\ RI WKH UHVLGHQFH WLPH DW WKH /'%6V DULVHV EHFDXVH
WKH *66 DOJRULWKP LPSOHPHQWV ERWK FRQFXUUHQF\ FRQ�
WURO DQG oRZ�FRQWURO DW WKH JOREDO OHYHO� *OREDO VXE�
WUDQVDFWLRQV DUH RQO\ VXEPLWWHG ZKHQ QR FRQoLFWV FDQ
DULVH ZKLFK OLPLWV WKH QXPEHU RI JOREDO VXEWUDQVDF�
WLRQV DFWLYH DW DQ\ /'%6� DQG FRQVHTXHQWO\ SUHYHQWV
WKH 0'%6 IURP RYHUORDGLQJ D /'%6 ZLWK JOREDO VXE�
WUDQVDFWLRQV� $OWKRXJK SHUIRUPDQFH PD\ EH GHFUHDVHG
VOLJKWO\ E\ H[HFXWLQJ VRPH 67V VHULDOO\� WKLV SHUIRU�
PDQFH LV PRUH WKDQ PDGH XS IRU E\ OLPLWLQJ WKH EXUGHQ
SODFHG RQ WKH /'%6V E\ JOREDO WUDQVDFWLRQV� 7KXV�
JOREDO VXEWUDQVDFWLRQV WKDW DUH VXEPLWWHG WR D /'%6
FDQ H[HFXWH IDVWHU WKDQ LI WKH\ ZHUH FRPSHWLQJ IRU
WKH VDPH UHVRXUFHV ZLWK RWKHU JOREDO VXEWUDQVDFWLRQV�
*OREDO�OHYHO oRZ�FRQWURO LV HVSHFLDOO\ LPSRUWDQW ZKHQ
WKH JOREDO WUDQVDFWLRQ DUULYDO UDWH LV KLJK DQG ZKHQ
RQH RU PRUH /'%6V DUH KHDYLO\ ORDGHG�

,Q WHUPV RI LPSOHPHQWDWLRQ� WKH *66 LV DOVR PXFK
HDVLHU WR EXLOG DQG FRQnJXUH� ,W LV KLJKO\ UREXVW DQG
LV RQO\ VOLJKWHG HmHFWHG E\ LQFUHDVHV LQ /'%6 ORDG�
TXHU\ PL[ FKDQJHV� RU YDU\LQJ JOREDO WUDQVDFWLRQ VXE�
PLVVLRQ UDWHV� 7KH 7LFNHW 0HWKRG DOJRULWKP LV KLJKO\
VXVFHSWLEOH WR SHUIRUPDQFH FRQFHUQV LI WKH GHDGORFN GH�
WHFWLRQ WLPH DQG WKH UHVWDUW WLPH DUH QRW SURSHUO\ FRQ�
nJXUHG� 8QIRUWXQDWHO\� WKH SHUIRUPDQFH YDULHV JUHDWO\
HYHQ ZLWKLQ WKH VDPH FRQnJXUDWLRQ� $OVR� LW LV QH[W WR
LPSRVVLEOH WR SURSHUO\ FRQnJXUH WKH V\VWHP WR KDQGOH
FKDQJLQJ 0'%6 FRQGLWLRQV� )RU H[DPSOH� WKH *66 FDQ
HDVLO\ KDQGOH ORFDO WUDQVDFWLRQ DUULYDO UDWHV RI OHVV WKDQ
RQH VHFRQG IRU WKH JLYHQ 0'%6 FRQnJXUDWLRQ� 7KH
7LFNHW 0HWKRG DOJRULWKP GRHV QRW HYHQ FRPSOHWH WKH
VLPXODWLRQ IRU VXFK YDOXHV DV LW JHWV VWXFN LQ ORQJ F\FOHV
RI JOREDO DERUWV DQG UHVWDUWV� 7KH 7LFNHW 0HWKRG ZLWK
LWV KLJK DERUW�UHVXEPLVVLRQ UDWH DQG XVH RI SUHSDUH�
WR�FRPPLW LV VOLJKWO\ IDYRUHG RYHU WKH *66 DOJRULWKP
ZKLFK GRHV QRW DERUW *7V RU XVH SUHSDUH�WR�FRPPLW LQ
WKLV VLPXODWLRQ HQYLURQPHQW EHFDXVH RI WKH ]HUR FRP�
PXQLFDWLRQ WLPH�

� &RQFOXVLRQ DQG )XWXUH :RUN

7KLV SDSHU SUHVHQWHG D JHQHUDO 0'%6 VLPXODWLRQ
V\VWHP ZKLFK ZDV XVHG WR LQYHVWLJDWH WKH SHUIRUPDQFH
RI WZR GLmHUHQW *70 DOJRULWKPV� 7KH VLPXODWLRQV
VKRZHG WKDW WKH *66 DOJRULWKP LV VXSHULRU EHFDXVH LW
UREXVWO\ KDQGOHV GLmHUHQW JOREDO WUDQVDFWLRQ DQG ORFDO
WUDQVDFWLRQ DUULYDO UDWHV� ,W KDV EHWWHU SHUIRUPDQFH LQ
DOO VLWXDWLRQV DQG RmHUV PRUH FRQVLVWHQW JOREDO WUDQV�
DFWLRQ UHVLGHQFH WLPHV� 7KH 7LFNHW 0HWKRG DOJRULWKP
LV KLJKO\ GHSHQGHQW RQ DUULYDO UDWHV DQG DERUW IUHTXHQ�
FLHV DQG VXmHUV IURP SRRU SHUIRUPDQFH DQG KLJKO\ YDUL�
DEOH WUDQVDFWLRQ UHVLGHQFH WLPHV�

)XWXUH ZRUN LQYROYHV H[WHQGLQJ WKH VLPXODWRU WR
KDQGOH GLmHUHQW ORFDO DQG JOREDO WUDQVDFWLRQ PDQDJHUV
DQG GDWDEDVH PRGHOV� ,W ZRXOG EH LQWHUHVWLQJ IXWXUH
ZRUN WR GHWHUPLQH LI RWKHU JOREDO WUDQVDFWLRQ PDQ�
DJHPHQW DOJRULWKPV ZKLFK GR QRW SURYLGH JOREDO�OHYHO
oRZ FRQWURO KDYH WKH VDPH SHUIRUPDQFH OLDELOLWLHV DV
WKH 7LFNHW 0HWKRG *70�
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