
$EVWUDFW
7KLV� SDSHU� SUHVHQWV� DQ� LQQRYDWLYH� KLHUDUFKLFDO� IHHGEDFN
DGDSWDWLRQ� PHWKRG� WKDW� HIILFLHQWO\� FRQWUROV� WKH� G\QDPLF
4R6� EHKDYLRU� RI� UHDO�WLPH� GLVWULEXWHG� GDWD�IORZ
DSSOLFDWLRQV�� VXFK� DV� VHQVRU�EDVHG� GDWD� VWUHDPV� RU
PLVVLRQ�FULWLFDO� FRPPDQG� DQG� FRQWURO� DSSOLFDWLRQV�� :H
DSSOLHG� WKLV� PHWKRG� LQ� WKH� FRQWH[W� RI� WKH� 5HDO� 7LPH
$GDSWLYH� 5HVRXUFH� 0DQDJHPHQW�� V\VWHP�� D� PLGGOHZDUH
DUFKLWHFWXUH� IRU� UHVRXUFH� PDQDJHPHQW� ZLWK� VXSSRUW� IRU
LQWHJUDWHG� VHUYLFHV�� GHYHORSHG� DW� WKH� +RQH\ZHOO
7HFKQRORJ\�&HQWHU��:H� SUHVHQW� WKH� DQDO\WLFDO�PRGHO� IRU
IHHGEDFN� DGDSWDWLRQ� IRU� SHULRGLF� GLVWULEXWHG� GDWD�IORZ
DSSOLFDWLRQV�DQG�ZH�GHVFULEH�H[SHULPHQWDO�UHVXOWV� IRU�DQ
$XWRPDWLF� 7DUJHW� 5HFRJQLWLRQ� SLSHOLQH� DSSOLFDWLRQ� DQG
WKH� LPSDFW� RI� KLHUDUFKLFDO� IHHGEDFN� DGDSWDWLRQ� RQ� WKH
DSSOLFDWLRQ�EHKDYLRU�DQG�LWV�4R6�SDUDPHWHUV�

���,QWURGXFWLRQ

,Q�UHFHQW�\HDUV��WKHUH�KDYH�EHHQ�VHYHUDO�HIIRUWV�WR�EXLOG
DGDSWLYH�UHVRXUFH�PDQDJHPHQW�V\VWHPV�IRU�KHWHURJHQHRXV
UHVRXUFHV� ZLWK� UHDO�WLPH� FRQVWUDLQWV� >������������@�� 7KLV
SDSHU� SUHVHQWV� GHYHORSPHQWV� RI� WKH�5HDO� 7LPH�$GDSWLYH
5HVRXUFH�0DQDJHPHQW���57$50��V\VWHP�>���@��GHVLJQHG
DW�WKH�+RQH\ZHOO�7HFKQRORJ\�&HQWHU�

7KH� 57$50� V\VWHP� GHILQHV� D� KLHUDUFKLFDO� UHVRXUFH
PDQDJHPHQW� DUFKLWHFWXUH� WKDW� SURYLGHV� WKH� IROORZLQJ
EDVLF� VHUYLFHV� >���@�� ���� VFDODEOH� HQG�WR�HQG� FULWLFDOLW\�
EDVHG�4XDOLW\� RI� 6HUYLFH� �4R6�� FRQWUDFW� QHJRWLDWLRQ� WKDW
DOORZV�GLVWULEXWHG�DSSOLFDWLRQV�WR�VKDUH�FRPPRQ�UHVRXUFHV
ZKLOH�PD[LPL]LQJ� WKHLU�XWLOL]DWLRQ�DQG�H[HFXWLRQ�TXDOLW\�
���� HQG�WR�HQG� 4R6� DGDSWDWLRQ� WKDW� G\QDPLFDOO\� DGMXVW
DSSOLFDWLRQ� UHVRXUFH� XWLOL]DWLRQ� DFFRUGLQJ� WR� WKHLU
DYDLODELOLW\� ZKLOH� RSWLPL]LQJ� DSSOLFDWLRQ� 4R6�� ���
LQWHJUDWHG� VHUYLFHV� IRU� &38� DQG� QHWZRUN� UHVRXUFHV� ZLWK
HQG�WR�HQG�4R6� JXDUDQWHHV� DQG� ���� UHDO�WLPH� DSSOLFDWLRQ
4R6� PRQLWRULQJ� IRU� LQWHJUDWHG� VHUYLFHV�� $Q� LQQRYDWLYH
IHDWXUH� RI�57$50� LV� WKH� KLHUDUFKLFDO� UHVRXUFH� PDQDJH�
PHQW� DUFKLWHFWXUH� WKDW� XQLILHV� KHWHURJHQHRXV� UHVRXUFHV

����������������������������������������������������������
��)XQGHG�E\�'$53$�XQGHU�15D'�&RQWUDFW�QXPEHU�1���������&������

DQG� WKHLU� PDQDJHPHQW� IXQFWLRQV� LQWR� D� XQLIRUP� DEVWUDFW
UHVRXUFH� PRGHO�� ,Q� WKLV� SDSHU�� ZH� UHIHU� WR� VHUYLFHV� DQG
UHVRXUFHV� LQWHUFKDQJHDEO\�� 7KH� FHQWUDO� SLHFH� RI� WKH
DUFKLWHFWXUH�LV�WKH�6HUYLFH�0DQDJHU��D�UHFXUVLYH�VWUXFWXUDO
FRPSRQHQW��7KLV� HQFDSVXODWHV� D� VHW� RI� VHUYLFHV� DQG� WKHLU
PDQDJHPHQW� IXQFWLRQV�� %HFDXVH� DOO� VHUYLFH� PDQDJHUV
H[SRUW� WKH� VDPH� FRPPRQ� LQWHUIDFH�� LW� EHFRPHV� HDV\� WR
EXLOG� OD\HUHG� KLHUDUFKLHV� UHFXUVLYHO\�� LQ� ZKLFK
KHWHURJHQHRXV� VHUYLFHV� DUH� LQWHJUDWHG� ERWWRP�XS�� 7KLV
DOVR� KHOSV� UDSLG� REMHFW�RULHQWHG� SURWRW\SLQJ� DQG
GHYHORSPHQW�

0DQ\� PLVVLRQ±FULWLFDO� GLVWULEXWHG� FRPPDQG� DQG
FRQWURO� DSSOLFDWLRQV�� VXFK� DV� $XWRPDWLF� 7DUJHW
5HFRJQLWLRQ� �$75�� >�@�� H[KLELW� D� GHJUHH� RI� IOH[LELOLW\�
WKH\� WROHUDWH�D�UDQJH�RI�4R6�DQG�UHVRXUFH�XVDJH�DERYH�D
PLQLPXP� OLPLW�� 7KHLU� SHUIRUPDQFH� GHSHQGV� RQ� WKH
DOORFDWHG� UHVRXUFHV�� XVXDOO\� VSHFLILHG� E\� D� FRQWUDFW�� DQG
WKH\� DUH� UHDG\� WR� WUDGH� RII� VRPH� DSSOLFDWLRQ� VHUYLFH
TXDOLW\�WR�VDYH�WKH�FULWLFDO�VHUYLFHV��)RU�WKHVH�DSSOLFDWLRQV�
LW� LV� LPSRUWDQW� WR� KDYH� D� PHFKDQLVP� WKDW� UHJXODWHV� WKHLU
G\QDPLF� EHKDYLRU� DQG� SURWHFWV� WKHP� IURP� FRQWUDFW
YLRODWLRQV�

7KH� PDLQ� FRQWULEXWLRQ� RI� WKLV� SDSHU� LV� D� QHZ
KLHUDUFKLFDO� 4R6�EDVHG� UHDO�WLPH� IHHGEDFN� DGDSWDWLRQ
PHWKRG� IRU� SHULRGLF� GLVWULEXWHG� GDWD�IORZ� DSSOLFDWLRQV
ZLWK� SDUDOOHO�SLSHOLQH� VWUXFWXUH�� :H� KDYH� GHYHORSHG� DQ
DQDO\WLFDO� PRGHO� WKDW� HQDEOHV� FRQWURO� RI� WKH� HQG�WR�HQG
4R6� EHKDYLRU� IRU� WKH� HQWLUH� GLVWULEXWHG� DSSOLFDWLRQ� E\
DGMXVWLQJ�WKH�LQSXW�UDWH�LQ�WKH�SLSHOLQH��7KLV�PRGHO�FDQ�EH
JHQHUDOO\�DSSOLHG�WR�DQ\�W\SH�RI�SHULRGLF�DSSOLFDWLRQ�ZLWK
GDWD�IORZ� SLSHOLQH� VWUXFWXUH� DQG� D� FRPSDWLEOH� 4R6
UHSUHVHQWDWLRQ��VXFK�DV�PXOWLPHGLD�VWUHDPV�DQG�GLVWULEXWHG
FRPPDQG�DQG�FRQWURO�DSSOLFDWLRQV��:H�DSSOLHG�WKLV�PRGHO
RI�IHHGEDFN�DGDSWDWLRQ�WR�RXU�57$50�LQWHJUDWHG�VHUYLFH
SURYLGHU� DQG� H[SHULPHQWHG� ZLWK� D� GLVWULEXWHG� $75
DSSOLFDWLRQ�

2WKHU�DGDSWLYH�UHDO�WLPH�UHVRXUFH�PDQDJHPHQW�V\VWHPV
DUH�*506�>���@��$5$�>�����@�DQG�4XDO0DQ�>�@��*506
KDV� D� KLHUDUFKLFDO� VWUXFWXUH� WKDW� UHIOHFWV� WKH� DSSOLFDWLRQ
GDWD� IORZ� DQG� GRHV� QRW� RIIHU� IHHGEDFN� DGDSWDWLRQ�� 7KH
$5$� IUDPHZRUN� >��@� SURYLGHV� IHHGEDFN� DGDSWDWLRQ� IRU
DSSOLFDWLRQV� KDYLQJ� D� GLVFUHWH� VHW� RI� DFFHSWDEOH

+LHUDUFKLFDO�)HHGEDFN�$GDSWDWLRQ�IRU
5HDO�7LPH�6HQVRU�%DVHG�'LVWULEXWHG�$SSOLFDWLRQV

0LKDHOD�&DUGHL��,RQXW�&DUGHL�5DNHVK�-KD��$OODODJKDWWD�3DYDQ
+RQH\ZHOO�7HFKQRORJ\�&HQWHU

�����7HFKQRORJ\�'ULYH��0LQQHDSROLV��01��������86$
^PLKDHOD��LRQXW`#FV�XPQ�HGX��^MKD��SDYDQ`#KWF�KRQH\ZHOO�FRP
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FRQILJXUDWLRQV� ZLWK� VSHFLILF� UHVRXUFH� QHHGV� DQG� DF�
FRPSOLVKHV� IHHGEDFN�DGDSWDWLRQ�E\� UHVRXUFH� UHDOORFDWLRQ�
>�@� SURSRVHV� D� IHHGEDFN� DGDSWDWLRQ� PHWKRG� WKDW� DGMXVWV
WKH� UDWH� RI� GDWD� VHQW� IURP� D� VHUYHU� WR� FOLHQWV� EDVHG� RQ
REVHUYDWLRQ� DQG� SUHGLFWLRQ� XVLQJ� D� FRQWURO�WKHRUHWLFDO
PRGHO�� 7KH� V\VWHP� GHVFULEHG� LQ� >�@� XVHV� GLJLWDO� FRQWURO
WKHRU\� WR� GHWHUPLQH� WKH� VWDWHV� RI� WKH� DGDSWLYH� V\VWHP�
ZKLFK� PD\� DFWLYDWH� FRQWURO� DOJRULWKPV� IRU� DGDSWDWLRQ�
$QRWKHU� DGDSWLYH� UHVRXUFH� PDQDJHPHQW� V\VWHP� LV
4XDO0DQ� >�@�� GHVLJQHG� IRU� GLVWULEXWHG� PXOWLPHGLD
DSSOLFDWLRQV�

2XU�ZRUN�GLIIHUV�IURP�WKHVH�DSSURDFKHV�DW�WKH�UHVRXUFH
PDQDJHPHQW� DUFKLWHFWXUH� OHYHO�� E\� VXSSRUWLQJ� RWKHU
DSSOLFDWLRQ� SDUDGLJPV� RU� E\� WKH� ZD\� LW� DFFRPSOLVKHV
IHHGEDFN�DGDSWDWLRQ�

7KH� UHVW� RI� WKLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q
6HFWLRQ���ZH�EULHIO\�GHVFULEH�WKH�KLHUDUFKLFDO�DUFKLWHFWXUH
RI� WKH�57$50� V\VWHP�� 6HFWLRQ� �� SUHVHQWV� WKH� IHHGEDFN
DGDSWDWLRQ� PRGHO� DQG� DQDO\VLV� IRU� WKH� SHULRGLF� SDUDOOHO�
SLSHOLQH� DSSOLFDWLRQV�� 6HFWLRQ� �� FRQWLQXHV� ZLWK� WKH
GHVFULSWLRQ� RI� WKH� KLHUDUFKLFDO� IHHGEDFN� DGDSWDWLRQ� LQ
57$50�� WKH�$75�H[SHULPHQW�� SHUIRUPDQFH�PHWULFV� DQG
HYDOXDWLRQ��DQG� WKH� LPSDFW�RI� IHHGEDFN�DGDSWDWLRQ�RQ� WKH
$75� 4R6�� 6HFWLRQ� �� FRQFOXGHV� WKH� SDSHU� DQG� SUHVHQWV
GLUHFWLRQV�IRU�IXWXUH�ZRUN�

���7KH�5HDO�7LPH�$GDSWLYH�5HVRXUFH
0DQDJHPHQW�DUFKLWHFWXUH

7KLV�VHFWLRQ�SUHVHQWV�EULHIO\�WKH�EDVLFV�RI�WKH�57$50
V\VWHP��)RU�PRUH�GHWDLOHG�LQIRUPDWLRQ�SOHDVH�UHIHU�WR�>�@�

:H� KDYH� LPSOHPHQWHG� DQ� 57$50� SURWRW\SH� WKDW
VXSSRUWV�SHULRGLF� LQGHSHQGHQW� WDVNV�DQG�SHULRGLF�SDUDOOHO
SLSHOLQH� DSSOLFDWLRQV� ZLWK� UHDO�WLPH� UHTXLUHPHQWV�� 7KH
57$50�V\VWHP�LV�EXLOW�DV�D�PLGGOHZDUH�OD\HU�DERYH�WKH
RSHUDWLQJ�V\VWHP�DQG�QHWZRUN�UHVRXUFHV��57$50�DOORZV
VHUYLFH� LQLWLDWLRQ� UHTXHVWV� �DGPLVVLRQ� UHTXHVWV�� IURP
FOLHQWV� DQG� YLHZV� DSSOLFDWLRQV� DV� VHUYLFH� FRQVXPHUV�
57$50� VXSSRUWV� D� PXOWLGLPHQVLRQDO� UHSUHVHQWDWLRQ� RI
4R6�� GHILQHG� E\� D� VHW� RI� SDUDPHWHUV� �H�J�� UDWH�� ODWHQF\�
MLWWHU��VSHFLILHG�DV�D�UDQJH�>4R6PLQ��4R6PD[@��7KH�57$50
V\VWHP� VWULYHV� WR� DOORFDWH� WKH� EHVW� DYDLODEOH� VHUYLFHV� WR
DSSOLFDWLRQV�ZLWK�SULRULW\�IRU�RQHV�WKDW�DUH�PRUH�FULWLFDO�

�����+LHUDUFKLFDO�DGDSWLYH�VHUYLFH�PDQDJHPHQW
IRU�LQWHJUDWHG�VHUYLFHV

7KH� EDVLF� EORFNV� RI� WKH�57$50� UHFXUVLYH� KLHUDUFK\�
WKH� 6HUYLFH� 0DQDJHU� �60��� SURYLGH� PDQDJHPHQW
IXQFWLRQV� IRU� UHVRXUFHV�� VXFK� DV� &38� RU� QHWZRUN
UHVRXUFHV�� DQG� GLUHFWO\� FRQWURO� UHVRXUFH� XWLOL]DWLRQ� E\
DSSOLFDWLRQ�FRPSRQHQWV��+LJKHU�OHYHO�VHUYLFH�FRPSRVLWLRQ
LV�EDVHG�RQ� ORZHU�OHYHO� VHUYLFHV�� JLYLQJ� ULVH� WR� D� VHUYLFH
KLHUDUFK\�� 2QH� XVH� RI� D� VHUYLFH� KLHUDUFK\� LV� WR� SURYLGH
DEVWUDFW�RU�LQWHJUDWHG�UHVRXUFHV�IRU�FOLHQWV�

)LJXUH� �� GHSLFWV� D� VLPSOH� UXQWLPH� FRQILJXUDWLRQ� ZLWK
WZR�GLIIHUHQW�ORZHU�OHYHO�60V��/60���D�&38�DQG�D�1HW�
ZRUN� 60� DW� WKH� ERWWRP� RI� WKH� KLHUDUFK\�� DQG� D� KLJKHU�
OHYHO� 60� �+60�� WKDW� LQWHJUDWHV� &38� DQG� QHWZRUN
VHUYLFHV�� 7ZR� DSSOLFDWLRQV� DFFHVV� VHUYLFHV� IURP� WKH
V\VWHP�

�����$GDSWDWLRQ

57$50� UHFRJQL]HV� WKUHH� VLWXDWLRQV�ZKHQ� DSSOLFDWLRQ
4R6� PD\� EH� FKDQJHG� DIWHU� DGPLVVLRQ� >���@�� ��D�� 4R6
UHGXFWLRQ� RI� ORZHU� FULWLFDOLW\� DSSOLFDWLRQV� ZKHQ� D� QHZ
DSSOLFDWLRQ� LV� DGPLWWHG�� ��E�� 4R6� H[SDQVLRQ� ZKHQ
DSSOLFDWLRQV� GHSDUW� DQG� UHOHDVH� UHVRXUFHV�� DQG� ���
IHHGEDFN�DGDSWDWLRQ��:KLOH� ��D�� DQG� ��E�� LPSO\� FRQWUDFW
FKDQJHV� DQG� LQYROYH� RWKHU� DSSOLFDWLRQV�� IHHGEDFN
DGDSWDWLRQ� GRHV� QRW� FKDQJH� WKH� FRQWUDFW�� EXW� RQO\� YDULHV
WKH�FXUUHQW�RSHUDWLRQDO�SRLQW�RI�WKH�DSSOLFDWLRQ�ZLWKLQ�WKH
FRQWUDFWHG�4R6� UHJLRQ�� )HHGEDFN� DGDSWDWLRQ� LV� WULJJHUHG
RQO\�E\�VLJQLILFDQW�FKDQJHV� LQ�DSSOLFDWLRQ�EHKDYLRU��VXFK
DV� UHVRXUFH� RYHUORDG� WKDW� UHVXOWV� LQ� D� ORZHULQJ� RI� 4R6
RSHUDWLQJ� SRLQW�� UHVRXUFH� XQGHUXWLOL]DWLRQ� WKDW� SURPSWV
57$50�WR� LQFUHDVH� WKH� DSSOLFDWLRQ�4R6�RSHUDWLQJ�SRLQW
ZLWKLQ� WKH� FRQWUDFWHG� 4R6� UHJLRQ� DQG� 4R6� FRQWUDFW
YLRODWLRQV�WKDW�UHTXLUH�FRUUHFWLYH�DFWLRQV��6HFWLRQV���DQG��
GHWDLO��IHHGEDFN�DGDSWDWLRQ�IRU�SLSHOLQH�DSSOLFDWLRQV�

�����6HUYLFH�0DQDJHU�LQVWDQFHV

:H� FXUUHQWO\� KDYH� LPSOHPHQWHG� WKUHH� VHUYLFH
PDQDJHUV��&38��1HWZRUN�DQG�D�KLJKHU�OHYHO�3LSHOLQH�60�
$OO� 6HUYLFH� 0DQDJHUV� KDYH� D� FRPSRQHQW�EDVHG� LQWHUQDO
DUFKLWHFWXUH�ZLWK�SOXJ�DQG�SOD\�IHDWXUHV�>�@�

������� &38� 6HUYLFH� 0DQDJHU�� 7KH� &38� 60� SURYLGHV
SHULRGLF�DSSOLFDWLRQV�DFFHVV�WR�D�SURFHVVRU�UHVRXUFH��(DFK
FRPSXWLQJ� QRGH� KDV� D� &38� 60�� DOORZLQJ� FRQFXUUHQW
DSSOLFDWLRQV� WR� VKDUH� D� &38�� 7KH� DSSOLFDWLRQ� 4R6� LV
ELGLPHQVLRQDO��DSSOLFDWLRQ�H[HFXWLRQ�UDWH��5��DQG�LWHUDWLRQ
H[HFXWLRQ�WLPH��:����7KH�VSHFLILF�&38�VFKHGXOLQJ�SROLF\
LV� LVRODWHG� ZLWKLQ� WKH� 6FKHGXOHU� FRPSRQHQW� DQG� WKH
0RQLWRU� FRPSRQHQW� WUDFNV� WKH� &38� XWLOL]DWLRQ�� &38

)LJXUH����6DPSOH�57$50�KLHUDUFK\

,QWHJUDWHG
6HUYLFH
0DQDJHU

&38�60

1HWZRUN
60

&OLHQW

$33� $33�
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IHHGEDFN�DGDSWDWLRQ�LV�SUHVHQWHG�LQ�PRUH�GHWDLO�LQ�VHFWLRQ
��

������� 1HWZRUN� 6HUYLFH� 0DQDJHU�� :H� LQWHJUDWHG� WKH
1HW([� UHDO�WLPH� QHWZRUN� VHUYLFH� PDQDJHU� >����@� IURP
7H[DV� $	0� 8QLYHUVLW\� LQWR� WKH� 57$50� V\VWHP� E\
EXLOGLQJ�D�ZUDSSHU�DURXQG�LW��1HW([�UXQV�DV�D�PLGGOHZDUH
DQG� SURYLGHV� FRQQHFWLRQ�RULHQWHG� UHDO�WLPH
FRPPXQLFDWLRQ� ZLWK� JXDUDQWHHG� GHOD\� DQG� EDQGZLGWK
RYHU� FRPPHUFLDO� QHWZRUN� LQIUDVWUXFWXUHV�� VXFK� DV� $70
DQG�VZLWFKHG�(WKHUQHW�

������� 3LSHOLQH� 6HUYLFH�0DQDJHU�� 7KH� 3LSHOLQH� 6HUYLFH
0DQDJHU� �360�� LV� D� KLJKHU�OHYHO� 60� WKDW� DJJUHJDWHV
VHUYLFHV� IURP� ORZHU�OHYHO� 60V� �&38�� 1HWZRUN�� RWKHU
+60V�� LQWR� D� UHSUHVHQWDWLRQ� VXLWHG� IRU� SLSHOLQH
DSSOLFDWLRQV��$�360�FOLHQW�FDQ�EH�D�XVHU�RU�DQRWKHU�+60�

2XU� 360� VXSSRUWV� SHULRGLF� LQGHSHQGHQW� WDVNV� DQG
SHULRGLF� SDUDOOHO� SLSHOLQH� DSSOLFDWLRQV�� FRQVLVWLQJ� RI
FRPPXQLFDWLQJ� VWDJHV� LQ� DQ� DUELWUDU\� FRQILJXUDWLRQ��ZLWK
D�VLQJOH�VRXUFH�DQG�D�VLQJOH�VLQN�QRGH�

)RU�SHULRGLF�SLSHOLQH�DSSOLFDWLRQV��WKH�4R6�FRQVLVWV�RI
HQG�WR�HQG� PHVVDJH� ODWHQF\� DQG� UDWH� IRU� WKH� ILQDO� VWDJH�
7KH� DGPLVVLRQ� FRQWUDFW� DOVR� FRQWDLQV� H[HFXWLRQ� WLPH� IRU
HDFK� VWDJH� DV� ZHOO� DV� WKH� PHVVDJH� VL]H� IRU� HDFK
FRQQHFWLRQ�� ,W� LV� WKH� MRE� RI� WKH� SLSHOLQH� 7UDQVODWRU
FRPSRQHQW�� WR�GHFRPSRVH� WKH� LQWHJUDWHG�VHUYLFH� SLSHOLQH
UHTXHVW� LQWR� &38� DQG� QHWZRUN� DGPLVVLRQ� UHTXHVWV�� 7KH
DGPLVVLRQ�SURWRFRO�LV�GHVFULEHG�H[WHQVLYHO\�LQ�>�@�

7KH� 360� DOVR� SURYLGHV� KLHUDUFKLFDO� IHHGEDFN
DGDSWDWLRQ� WKDW� FRQWLQXRXVO\� PRQLWRUV� DSSOLFDWLRQ� 4R6
SDUDPHWHUV� DQG� FRQWUROV� WKHLU� UHVRXUFH� XWLOL]DWLRQ�� WDNLQJ
FRUUHFWLYH�DFWLRQV�LI�QHFHVVDU\��UHIHU�WR�VHFWLRQ����

���)HHGEDFN�DGDSWDWLRQ�PRGHO�DQG�DQDO\VLV
IRU�SLSHOLQH�DSSOLFDWLRQV

7KLV� VHFWLRQ� SUHVHQWV� D� PRGHO� IRU� SHULRGLF� SLSHOLQH
DSSOLFDWLRQV�DQG�LQWURGXFHV�DQ�HIILFLHQW�DQG�VWDEOH�PHWKRG
IRU� IHHGEDFN� DGDSWDWLRQ�� :H� FRQVLGHU� WKH� HQG�WR�HQG
ODWHQF\� DV� WKH� PRVW� FULWLFDO� 4R6� SDUDPHWHU�� 7KH� PDLQ
UHVXOW� LV� WKDW� E\� DGMXVWLQJ� RQO\� WKH� SHULRG� IRU� WKH� LQSXW
VHQVRU�� WKH� V\VWHP� FRQWUROV� WKH� HQG�WR�HQG� ODWHQF\� RI� D
SLSHOLQH� DSSOLFDWLRQ�� :H� IXUWKHU� SURYH� WKH� FRQYHUJHQFH
DQG� VWDELOLW\� RI� WKLV� DOJRULWKP�� )LUVW�� ZH� OLVW� VRPH
DVVXPSWLRQV�

$� SLSHOLQH� DSSOLFDWLRQ� FRQVLVWV� RI� VWDJH� WDVNV� WKDW
SURFHVV� GDWD� VHTXHQWLDOO\�� :H� DVVXPH� D� VHQVRU� HQWHUV
SHULRGLFDOO\� GDWD� IUDPHV� LQ� WKH� SLSHOLQH�� (DFK� IUDPH� LV
SURFHVVHG�E\�HDFK�VWDJH�LQ�WXUQ�DQG�WKHQ�VHQW� WR� WKH�QH[W
VWDJH�� $� FORFN�EDVHG� SLSHOLQH� DVVXPHV� WKDW� HDFK� VWDJH
RSHUDWLRQ� LV� V\QFKURQRXV� DQG� SHULRGLF�� ,I� D� IUDPH� LV
DYDLODEOH�IRU�SURFHVVLQJ�DW� WKH�EHJLQQLQJ�RI�D�SHULRG�� WKH
VWDJH�ZLOO� SURFHVV� DQG� VHQG� LW� WR� WKH� QH[W� VWDJH�V�� LQ� WKH
GDWD� IORZ�� ,I� QR� IUDPH� LV� DYDLODEOH� DW� WKH� EHJLQQLQJ� RI� D

SHULRG��WKH�VWDJH�ZLOO�EORFN�XQWLO�WKH�EHJLQQLQJ�RI�WKH�QH[W
SHULRG��ZKHQ�LW�ZLOO�UHSHDW�WKH�VDPH�F\FOH�

2XU� PRGHO� LJQRUHV� WKH� QHWZRUN� FRPPXQLFDWLRQ
RYHUKHDG�EHWZHHQ�WZR�VWDJHV��7KLV�DVVXPSWLRQ�ZRXOG�QRW
DIIHFW� WKH� IHHGEDFN� DGDSWDWLRQ� IRU� WKH� $XWRPDWLF� 7DUJHW
5HFRJQLWLRQ� H[SHULPHQW� EHFDXVH� RI� WKH� ODUJH� GLVSDULW\
EHWZHHQ� WKH� VWDJH� SHULRG� ����V�� DQG� FRPPXQLFDWLRQ
ODWHQF\������V��

7KH� DQDO\VLV� DVVXPHV� WKDW� WKH� H[HFXWLRQ� WLPH� DQG
SHULRG�RI�HDFK�VWDJH�DUH�FRQVWDQW��7KHVH�SDUDPHWHUV�PD\
YDU\�DV� WKH�SLSHOLQH� DSSOLFDWLRQ� HYROYHV� LQ� WLPH�� DQG�RXU
DQDO\VLV�UHODWHV�ZLWK�D�SDUWLFXODU� LQVWDQFH�RI� WLPH��,W�VD\V
WKDW�LI�VWDUWLQJ�ZLWK�WKDW�PRPHQW�WKH�VHQVRU�LQSXW�SHULRG�LV
DGMXVWHG� RYHU� VRPH� YDOXH�� WKHQ�� ZLWK� WKH� FXUUHQWO\� VHW
SDUDPHWHUV��WKH�SLSHOLQH�ODWHQF\�ZLOO�H[KLELW�GHWHUPLQLVWLF
EHKDYLRU��,Q�WKLV�ZD\��WKH�DQDO\VLV�PD\�EH�DSSOLHG�DW�DQ\
WLPH�LQVWDQFH�IRU�WKH�FRUUHVSRQGLQJ�SDUDPHWHUV�

6HFWLRQ�����SUHVHQWV�RXU�PDLQ�ILQGLQJV�DQG�DQ�H[DPSOH
IRU� WKH� FORFN�EDVHG� VLPSOH� SLSHOLQH�� 6HFWLRQ� ���
JHQHUDOL]HV� IRU� FORFN�EDVHG� SLSHOLQH� ZLWK� FRPSRVLWH
VWDJHV�

:H� KDYH� DOVR� DQDO\]HG� WKH� HYHQW�GULYHQ� SLSHOLQH
PRGHO�� ZKLFK� PD\� EH� XVHIXO� IRU� RWKHU� W\SHV� RI
DSSOLFDWLRQV��7KLV�PRGHO� DVVXPHV� DSHULRGLF� VWDJHV��7KH\
PD\� VWDUW� H[HFXWLRQ� RI� D� IUDPH� ZKHQHYHU� LW� EHFRPHV
DYDLODEOH��7KH� UHVXOWV�REWDLQHG� IRU� WKLV�PRGHO�DUH� VLPLODU
WR�WKRVH�RI�WKH�FORFN�EDVHG�PRGHO��WKH�VHQVRU�LQSXW�SHULRG
LV�WKH�RQO\� IDFWRU� WKH�SLSHOLQH�DSSOLFDWLRQ�QHHGV� WR�DGMXVW

WR� FRQWURO� WKH� SLSHOLQH� HQG�WR�HQG� ODWHQF\�� 'XH� WR� WKH
VSDFH�OLPLWDWLRQ��ZH�GR�QRW�GHVFULEH�WKLV�PRGHO�KHUH�

�����&ORFN�EDVHG�VLPSOH�SLSHOLQH

&RQVLGHU�D�SLSHOLQH�ZLWK�1���VWDJHV�IURP�)LJXUH���DQG
WKH�QH[W�QRWDWLRQV��1���LV�WRWDO�QXPEHU�RI�VWDJHV��7�LV�WKH
SHULRG� DW� ZKLFK� WKH� VHQVRU� SXVKHV� IUDPHV� LQWR� WKH
SLSHOLQH��,W�PD\�FKDQJH�RYHU�WLPH��EXW�ZH�DVVXPH�LW�VWD\V
FRQVWDQW� VWDUWLQJ�ZLWK� WKH� IUDPH� ZLWK� ZKLFK� ZH� GHYHORS
WKH� DQDO\VLV�� &�L�� LV� WKH� H[HFXWLRQ� �SURFHVVLQJ�� WLPH� RQ
VWDJH�L��7�L��LV�WKH�SHULRG�RI�VWDJH�L����7�L��≥ &�L���:�L��Q��LV
WKH�ZDLWLQJ� WLPH� IRU� IUDPH� Q� DW� VWDJH� L�� ,W� UHSUHVHQWV� WKH
WLPH� WKH� IUDPH� QHHGV� WR� ZDLW� EHIRUH� EHLQJ� SURFHVVHG� E\
WKH�VWDJH�L��,W�LV�JUHDWHU�WKDQ���LI�WKH�VWDJH�L�GLG�QRW�ILQLVK
SURFHVVLQJ�WKH�SUHYLRXV�IUDPH��:�L��Q��≥���DQG�:�L��Q�� 
PD[�>�WRXW�L��Q������WRXW�L����Q�����@���ZKHUH�WRXW�L�Q��LV�WKH�WLPH
DW�ZKLFK�VWDJH�L�SURGXFHV�RXWSXW�IRU�IUDPH�Q�

6�L�� Q�� LV� WKH� V\QFKURQL]DWLRQ� WLPH�� ,W� LV� WKH� WLPH� WKH
IUDPH� Q� ZDLWV� WR� V\QFKURQL]H� ZLWK� WKH� EHJLQQLQJ� RI� WKH
QH[W�SHULRG��IRU�VWDJH�L��$OZD\V���≤�6�L��Q��≤�7�L����O�L��Q��LV

)LJXUH����/LQHDU��VLPSOH�SLSHOLQH

«

VWDJH1VWDJH�7
VHQVRU

VWDJH�
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WKH�ODWHQF\�IRU�IUDPH�Q�DW�VWDJH�L���O�L��Q�� �&�L����:�L��Q���
6�L�� Q�� �� H�L�� Q�� LV� WKH� HQG�WR�HQG� ODWHQF\� XS� WR� DQG
LQFOXGLQJ�WKH�VWDJH�L��IRU�IUDPH�Q���H�L��Q�� �ΣM ���L��O�M��Q�

/�Q�� LV� WKH� HQG�WR�HQG� ODWHQF\� IRU� WKH�ZKROH� SLSHOLQH�
IRU�IUDPH�Q��/�Q�� �H�1��Q�� �ΣM ���1��O�M��Q�� �ΣM ���1�&�M���
ΣM ���1��:�M��Q����ΣM ���1��6�M��Q�

'HILQLWLRQ���
7KH� SLSHOLQH� LV� LQ� WKH� VWDWH� 6N� �� ZKHUH� ��≤� N�≤�1�� IRU� D
IUDPH�[��LI�IRU�DOO�L� ����N�WKH�UHODWLRQ������LV�WUXH�
������������H�L��[��≤�ΣM ���L��&�M����7�M������������������������������������

2EVHUYDWLRQ��,I�D�SLSHOLQH�LV�LQ�WKH�VWDWH�6N��WKHQ�LW�LV�DOVR
LQ�VWDWHV�6N����6N����6N����«��6��

'HILQLWLRQ���
:H�GHILQH�WKH�VWDEOH�UHJLRQ�IRU�WKH�HQG�WR�HQG�ODWHQF\�DV
WKH�LQWHUYDO�>�ΣM ���1��&�M���ΣM ���1���&�M����7�M����@��

:H�VD\�WKH�SLSHOLQH�LV�LQ�WKH�VWDEOH�UHJLRQ�LI�LWV�HQG�WR�HQG
ODWHQF\�LV�ZLWKLQ�WKH�DERYH�LQWHUYDO�

,I�D�SLSHOLQH�LV�LQ�WKH�VWDWH�61��IRU�IUDPH�[�WKHQ�LW�LV�LQ
WKH�VWDEOH�UHJLRQ��EHFDXVH�

ΣM ���1��&�M��≤�/�[��≤�ΣM ���1���&�M����7�M���

7KH� OHIW� OLPLW� IRU� /�[�� LV� HYLGHQW�� EHFDXVH
/�[�� �ΣM ���1�&�M����ΣM ���1��:�M��[����ΣM ���1��6�M��[��DQG
ΣM ���1��:�M��[��≥ � ,  DQG���ΣM ���1��6�M��[� ≥��.

)URP�WKH�DSSOLFDWLRQ�SRLQW�RI�YLHZ� LW� LV� LPSRUWDQW� WKH
SLSHOLQH� ODWHQF\� EH� OLPLWHG� E\� DQ� XSSHU� ERXQG�� EHFDXVH
WKLV� JXDUDQWHHV� LW� GRHV� QRW� LQFUHDVH� LQILQLWHO\� RYHU� WLPH�
7KH� VWDEOH� UHJLRQ� RI� D� SLSHOLQH� FRUUHVSRQGV� WR� RSWLPDO
SLSHOLQH�EHKDYLRU�� LQ� WKH� VHQVH� WKDW� WKH� HQG�WR�HQG� IUDPH
ODWHQF\� LV� ERXQGHG�� :H� SUHVHQW� QH[W� WZR� WKHRUHPV�� WKH
ILUVW� UHIHUV� WR� VWDELOLW\� DQG� WKH� VHFRQG� KDQGOHV� WKH
FRQGLWLRQ�IRU�FRQYHUJHQFH�

%XW�EHIRUH� WKDW��/HPPD���SURYHV�D�UHODWLRQ�XVHIXO� IRU
WKH�WKHRUHPV¶�SURRIV�

/HPPD���
,I�:�L��Q��!���WKHQ�WKH�IROORZLQJ�UHODWLRQ�LV�WUXH�
H�L��Q�� �H�L��Q������7�L���±��7���������������������������������������

3URRI�
:�L��Q��!���⇒�:�L��Q�� �WRXW�L��Q������WRXW�L����Q�
WRXW�L��Q����!�WRXW�L����Q��⇒�6�L��Q�� �7�L��±�&�L�
O�L��Q�� �&�L����:�L��Q����6�L��Q�� 
 &�L����:�L��Q����7�L��±�&�L�� �:�L��Q����7�L�
:�L��Q�� �WRXW�L��Q����±�WVHQVRU�Q������WRXW�L����Q����WVHQVRU�Q���
ZKHUH�WVHQVRU�[��LV�WKH�WLPH�LQVWDQFH�ZKHQ�WKH�VHQVRU�VHQGV
IUDPH�[�
:�L��Q�� �H�L��Q��������WRXW�L����Q����WVHQVRU�Q������7�����7� �H�L�
Q����±�H�L����Q����7
:�L��Q�� �H�L��Q������ ��H�L����Q���� O�L��Q������ O�L��Q�� ��7�⇒
:�L��Q�� �H�L��Q����±�H�L��Q����O�L��Q��±�7��
,PSOLHV�H�L��Q�� �H�L��Q������7�L��±�7�

∴
7KHRUHP� �� UHIHUV� WR� WKH� FDVH� ZKHQ� SLSHOLQH� LV� LQ� WKH

VWDEOH� UHJLRQ�� ,W� SURYHV� WKDW� LW� LV� HQRXJK� WR�PDLQWDLQ� WKH
VHQVRU� LQSXW�SHULRG�JUHDWHU� WKDQ� WKH�SHULRG�RI� HDFK� VWDJH
LQ�RUGHU�WR�NHHS�WKH�SLSHOLQH�LQ�WKH�VWDEOH�UHJLRQ�

7KHRUHP����VWDELOLW\��
,I�WKH�SLSHOLQH�LV�LQ�WKH�VWDEOH�UHJLRQ�IRU�IUDPH�Q���DQG�WKH
VHQVRU� LQSXW�SHULRG�7�≥� �PD[L ���1� 7�L��� WKHQ� WKH� SLSHOLQH
VWD\V�LQ�WKH�VWDEOH�UHJLRQ�IRU�IUDPH�Q�
3URRI�
:H�VKRZ�PRUH�JHQHUDOO\��WKDW�LI�WKH�SLSHOLQH�LV�LQ�WKH�VWDWH
6N� IRU� D� IUDPH� Q���� �� ≤� N� ≤� 1�� DQG� WKH� LQSXW� SHULRG
7�≥�PD[L ���N�7�L��� WKHQ� WKH�SLSHOLQH� LV� LQ� WKH�VWDWH�6N� � IRU
IUDPH�Q�

:H�VKRZ�E\�LQGXFWLRQ�WKDW�H�L��Q��≤�ΣM ���L���&�M����7�M���
∀�L� ����N
6WHS���IRU�L ���:H�VKRZ�WKDW�H����Q��≤�&������7������
We have one of the cases:
•� :����Q�� ���⇒�6���Q��≤�7����⇒�:����Q����6���� Q���
&����≤�7������&����⇒��H����Q��≤�7������&���
•� :���� Q�� !� �� ⇒� H���Q��  � H���� Q���� �� 7���� �� 7� �XVH
UHODWLRQ������7�≥�PD[L ���.�7�L��⇒�7����7�≤���⇒��H����Q��≤
H����Q������7KH�SLSHOLQH�LV�LQ�VWDWH�6N�IRU�IUDPH�Q���⇒
H����Q����≤�7������&�������⇒���H����Q��≤�7������&���

6WHS���VXSSRVH�H�L��Q��≤��∑M ���L��7�M����&�M�����IRU�L���N��:H
VKRZ�WKDW��H�L����Q��≤��∑M ���L����7�M����&�M���
We have one of the cases:
•� :�L����Q�� �����6�L����Q��≤�7�L����⇒�:�L����Q��6�L���
Q����&�L����≤�7�L������&�L���
:H� NQRZ� WKDW� � H�L�� Q�� ≤� ∑M ���L�� 7�M�� �� &�M�� ��� ,PSOLHV
H�L���Q��≤�∑M ���L����7�M����&�M����
•� :�L���Q��!���⇒�H�L����Q�� �H�L����Q������7�L����±�7�
�XVH� UHODWLRQ� ���� 7� ≥� PD[M ���.� 7�M��⇒� 7�L���� �� 7� ≤� �� �
LPSOLHV�H�L����Q��≤�H�L����Q���
7KH�SLSHOLQH�LV�LQ�VWDWH�6N�IRU�IUDPH�Q���⇒
H�L����Q����≤�∑M ���L����7�M����&�M���
,PSOLHV�WKDW�H�L����Q��≤�∑M ���L����7�M����&�M����
∴

7KHRUHP���UHIHUV�WR�WKH�FDVH�ZKHQ�WKH�SLSHOLQH�LV�QRW�LQ
WKH�VWDEOH�UHJLRQ��,W�SURYLGHV�D�VROXWLRQ� WR� WKH�FDVH�ZKHQ
WKH� SLSHOLQH� ODWHQF\� LV� WRR� KLJK�� DQG� LW� SURYHV� WKDW� LW� LV
HQRXJK�WR�DGMXVW�WKH�VHQVRU�LQSXW�SHULRG�LQ�RUGHU�WR�EULQJ
WKH� SLSHOLQH� HQG�WR�HQG� ODWHQF\� LQWR� WKH� VWDEOH� UHJLRQ�
ZKHQ�WKH�ODWHQF\�LV�VXSHULRU�OLPLWHG�

7KHRUHP�����FRQYHUJHQFH��
,I�WKH�SLSHOLQH�LV�QRW�LQ�WKH�VWDEOH�UHJLRQ�IRU�IUDPH�Q���DQG
VWDUWLQJ� ZLWK� WKH� IUDPH� Q� WKH� VHQVRU� LQSXW� SHULRG
7� !� PD[L ���1� 7�L��� WKHQ� WKH� SLSHOLQH� FRQYHUJHV� LQWR� WKH
VWDEOH�UHJLRQ�DIWHU�D�ILQLWH�QXPEHU�RI�IUDPHV�
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3URRI�
/HW� XV�QRWH� WKH�SLSHOLQH�FXUUHQW� VWDWH� ,��ZKHUH� ,�≠�61�

:H� VKRZ� E\� LQGXFWLRQ� WKDW� VWDUWLQJ� ZLWK� IUDPH� Q� WKH
SLSHOLQH�EHKDYHV�OLNH�

,→�6��→�6��→�6��→��������→61
�������P�����P������P������������������P1

ZKHUH�
PL��LV�WKH�QXPEHU�RI��IUDPHV�QHHGHG�E\�WKH�SLSHOLQH�LQ

VWDWH�6L��� WR�FRQYHUJH� LQ� WKH� VWDWH�6L�� � ���≤� L�≤�1��PL�≥���
∀���≤�L�≤�1
6WHS��� �VKRZ�WKDW� � ,→�6��DIWHU�D� ILQLWH�QXPEHU�RI� IUDPHV
P���6XSSRVH��,≠�6����RWKHUZLVH�ZH�DUH�GRQH��ZLWK�P�� ����
:H� VKRZ� WKDW� IRU� HDFK� QHZ� DUULYLQJ� IUDPH� [�� H���[�
GHFUHDVHV� FRPSDUHG� ZLWK� SUHYLRXV� IUDPH� YDOXH�� XQWLO� LW
EHFRPHV�OHVV�WKDQ�7������&�����DW�ZKLFK�WLPH�WKH�SLSHOLQH
LV�LQ�VWDWH�6���:H�KDYH�RQH�RI�WKH�FDVHV�
•� :����[�� ��� �⇒�H����[�� �:����[����6����[����&����≤
7������&����⇒�VWDUWLQJ�ZLWK�WKLV�IUDPH�[�WKH�SLSHOLQH�LV�LQ
VWDWH�6��
•� :���� [� �� !���⇒� H���� [��  � H���� [���� ��7���� ��7� � �XVH
UHODWLRQ�����7�!�PD[L ���17�L��⇒�7����±�7������LPSOLHV�WKDW
H����[����H����[����⇒�HQG�WR�HQG�ODWHQF\�XS�WR�WKH�VWDJH��
GHFUHDVHV�EHWZHHQ�IUDPHV�[���DQG�[�

7KH� VDPH� SURFHVV� KDSSHQV� DJDLQ� RYHU� VXFFHVVLYH
IUDPHV��XQWLO�WKH�SLSHOLQH�JHWV�LQ�WKH�VWDWH�6���7KH�QXPEHU
RI�IUDPHV�DIWHU�ZKLFK�WKH�SLSHOLQH�JHWV�LQ�VWDWH�6��LV��

ZKHUH�H�����LV�WKH�HQG�WR�HQG�ODWHQF\�XS�WR�VWDJH����ZKHQ
SLSHOLQH�LV�LQ�VWDWH�,�
1RWH��WKH�JUHDWHU�WKH�LQSXW�SHULRG�7��WKH�VPDOOHU�PR��VR�WKH
HDUOLHU�WKH�SLSHOLQH�FRQYHUJHV�WR�VWDJH�6��
6WHS��� 6XSSRVH� WKH� SLSHOLQH� LV� LQ� WKH� VWDWH� 6L��:H� VKRZ
WKDW� DIWHU� D� ILQLWH� QXPEHU� RI� IUDPHV�� PL���� WKH� SLSHOLQH
HQWHUV� VWDWH� 6L���� 6XSSRVH� WKH� SLSHOLQH� LV� QRW� LQ
6L���RWKHUZLVH�ZH�DUH�GRQH�ZLWK�PL��� ���
⇒�HQG�WR�HQG�ODWHQF\�XS�WR�WKH�VWDJH�L��� 
 �H�L����!�∑M ���L����7�M����&�M���

:H�VKRZ�WKDW�IRU�HDFK�QHZ�DUULYLQJ�IUDPH�[���H�L����[�
GHFUHDVHV� FRPSDUHG� ZLWK� SUHYLRXV� IUDPH� YDOXH�� XQWLO� LW
EHFRPHV�OHVV�WKDQ��∑M ���L����7�M����&�M�����LQ�ZKLFK�PRPHQW
WKH�SLSHOLQH�LV�LQ�VWDWH�6L�����

:H�KDYH�RQH�RI�WKH�FDVHV�
•� :�L���� [��  � ��⇒� H�L���� [��  � H�L�� [�� ��:�L���� [�� �
6�L����[����&�L����≤�H�L��[����7�L������&�L���
:H�NQRZ�WKDW�H�L��[��≤��∑M ���L��7�M����&�M����⇒�H�L����[��≤
∑M ���L����7�M����&�M���
⇒�VWDUWLQJ�ZLWK�WKLV�IUDPH�[�WKH�SLSHOLQH�LV�LQ�VWDWH�6L���
•� :�L����[��!���⇒�H�L����[�� �H�L����[������7�L������7
�XVH�UHODWLRQ�����7�!�PD[M ���1�7�M��⇒�7�L����±�7�����⇒
H�L����[����H�L����[�����⇒�HQG�WR�HQG�GHOD\�XS�WR�WKH�VWDJH
L��� GHFUHDVHV� EHWZHHQ� IUDPHV� [��� DQG� [�� 7KH� VDPH
EHKDYLRU�UHSHDWV�RYHU�VXFFHVVLYH�IUDPHV��XQWLO�WKH�SLSHOLQH

JHWV� LQ� WKH� VWDWH� 6L���� 7KH� QXPEHU� RI� IUDPHV� DIWHU� ZKLFK
WKH�SLSHOLQH�JHWV�LQ�VWDWH�6�L���LV�

ZKHUH�H�L���� LV� WKH�SLSHOLQH�HQG�WR�HQG� ODWHQF\�XS� WR� WKH
VWDJH�L����DW�WKH�LQVWDQFH�WKH�SLSHOLQH�JHWV�WR�VWDWH�6L�
1RWH�� WKH�JUHDWHU� WKH� LQSXW�SHULRG�7�� WKH� VPDOOHU�PL���� VR
WKH�HDUOLHU�WKH�SLSHOLQH�FRQYHUJHV�LQ�VWDJH�6L���

:H� KDYH� SURYHG� WKDW� E\� LQFUHDVLQJ� WKH� VHQVRU� LQSXW
SHULRG�DERYH� WKH�PD[LPXP�SHULRG�RI� DOO� SLSHOLQH� VWDJHV�
WKH�HQG�WR�HQG�ODWHQF\�FRQYHUJHV�WR�WKH�VWDEOH�UHJLRQ��7KH
WKHRUHWLFDO�UHVXOWV�SUHVHQWHG�EHIRUH�SURYHG�WKH�VWDELOLW\�RI
RXU�SLSHOLQH�FRQWURO�PHWKRG�

7KH�QH[W� H[DPSOH� LOOXVWUDWHV�KRZ� WKH�SLSHOLQH� HQG�WR�
HQG� ODWHQF\� FRQYHUJHV� LQ� WLPH� WR� WKH� VWDEOH� UHJLRQ�ZKHQ
WKH�LQSXW�VHQVRU�SHULRG�LV�VHW�DERYH� WKH�PD[LPXP�SHULRG
RI�DOO�VWDJHV��&RQVLGHU�WKH�IROORZLQJ�LQVWDQFH�RI�D���VWDJH
SLSHOLQH�LQ�)LJXUH���

7�L�� � � � ������

&�L�� � � �� �� � � �

� � �� � � � � �

ZDLWLQJ�WLPH

)LJXUH����([DPSOH�RI�OLQHDU�SLSHOLQH

ZKHUH� 7�L��� &�L��� 7� DQG� WKH� ODWHQF\� DUH� UHSUHVHQWHG� LQ
DUELWUDU\� WLPH� XQLWV�� 7KH� HQG�WR�HQG� ODWHQF\� LV� ����� WKH
VWDEOH� UHJLRQ� LV� >���� ��@�� DQG� PD[L ����7�L��  � ���� ,Q
FRQIRUPLW\�ZLWK�7KHRUHP���� LI� WKH� VHQVRU� LQSXW�SHULRG� LV
JUHDWHU� WKDQ� ���� WKH� HQG�WR�HQG� ODWHQF\� FRQYHUJHV� WR� WKH
VWDEOH� UHJLRQ�� )LJXUH� �� VKRZV� WKH� SLSHOLQH� EHKDYLRU� LQ
WLPH� IRU� 7�  � ���� ��� DQG� ���� :H� FDQ� REVHUYH� WKDW� WKH
JUHDWHU�WKH�VHQVRU�LQSXW�SHULRG�7�LV��WKH�HDUOLHU�WKH�SLSHOLQH
HQWHUV� WKH� VWDEOH� UHJLRQ�� $FFRUGLQJ� WR� 7KHRUHP� ��� RQFH
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7LQSXW �� 7LQSXW ��
7LQSXW �� LQI�VWDEOH�UHJLRQ
VXS�VWDEOH�UHJLRQ

)LJXUH����/DWHQF\�YDULDWLRQ�GHSHQGLQJ�RQ�7LQSXW









−

+−=
���

�����������
�

77

&7H
P



















+−

+−+
=

∑
+

=
+ ���

���������
�

�

� L77

M&M7LH

P

L

M

L

IEEE ISORC 2000



WKH� SLSHOLQH� HQWHUV� WKH� VWDEOH� UHJLRQ�� LW� UHPDLQV� WKHUH� DV
ORQJ�DV�7�≥����

�����*HQHUDOL]DWLRQ�IRU�FORFN�EDVHG�SLSHOLQH�ZLWK
FRPSRVLWH�VWDJHV

6RPH� GLVWULEXWHG� GDWD�IORZ� DSSOLFDWLRQV� KDYH� D
FRPSOH[� VWUXFWXUH� ZLWK� EUDQFKHV� DQG� SDUDOOHO� VXEVWDJHV�
2QH�H[DPSOH�LV�WKH�$75�DSSOLFDWLRQ�GHSLFWHG�LQ�)LJXUH���
:H� PRGHO� WKHVH� DUFKLWHFWXUHV� DV� D� OLQHDU� SLSHOLQH� ZLWK
VLPSOH�DQG�FRPSRVLWH�VWDJHV��$�VLPSOH�VWDJH�UHSUHVHQWV�D
VLQJOH�� LQGLYLVLEOH� WDVN� WKDW� SURFHVVHV� D� IUDPH�� $
FRPSRVLWH� VWDJH� L� FRQVLVWV� RI� VXEVWDJHV� DUUDQJHG� LQ
SDUDOOHO�EUDQFKHV� WKDW�SURFHVV�SDUWV�RI�D�IUDPH��$�EUDQFK
ZRUNV�OLNH�WKH�VLPSOH�OLQHDU�SLSHOLQH�SUHVHQWHG�LQ�6HFWLRQ
�����:KHQ� WKH� ODVW� VXEVWDJH� RI� HDFK� EUDQFK� ILQLVKHV� WKH
SURFHVVLQJ��WKH�IUDPH�LV�UHDVVHPEOHG�DW�VWDJH�L���

:H� SURYHG� WKDW� IRU� SLSHOLQHV� ZLWK� FRPSRVLWH� VWDJHV
WKH� UHVXOWV� REWDLQHG� SUHYLRXVO\� IRU� FORFN�EDVHG� VLPSOH
SLSHOLQH�DUH�YDOLG��VHWWLQJ�WKH�LQSXW�SHULRG�JUHDWHU�WKDQ�WKH
PD[LPXP� SHULRG� RI� DOO� VWDJHV�VXEVWDJHV� JXDUDQWHHV� WKH
SLSHOLQH� FRQYHUJHQFH� WR� WKH� VWDEOH� UHJLRQ� DIWHU� D� ILQLWH
QXPEHU� RI� IUDPHV�� 2QFH� LW� HQWHUV� WKH� VWDEOH� UHJLRQ�� WKH
SLSHOLQH�UHPDLQV�WKHUH�DV�ORQJ�DV�WKH�VHQVRU�LQSXW�SHULRG�LV
JUHDWHU� WKDQ� WKH�PD[LPXP�SHULRG�RI�DOO� VWDJHV�VXEVWDJHV�
'XH�WR�VSDFH�OLPLWDWLRQ�ZH�GR�QRW�SUHVHQW�KHUH�WKH�IRUPDO
SURRIV�

���57$50�KLHUDUFKLFDO�IHHGEDFN�DGDSWDWLRQ
IRU�SLSHOLQH�DSSOLFDWLRQV

7KH�WRS�PRVW�+60�WKDW�UHFHLYHV�WKH�DGPLVVLRQ�UHTXHVW
GLUHFWO\� IURP� WKH� FOLHQW� UHPDLQV� LQ� FRQWURO� RI� WKH
DSSOLFDWLRQ�4R6� DQG� LWV� G\QDPLFV� IRU� LWV� HQWLUH� OLIHWLPH�
7KDW�+60� LV� UHVSRQVLEOH� IRU�PDLQWDLQLQJ� WKH� GLVWULEXWHG
DSSOLFDWLRQ¶V� 4R6� ZLWKLQ� WKH� FRQWUDFWHG� UHJLRQ� DQG� WR
LPSURYH�LW�ZKHQ�SRVVLEOH�XVLQJ�IHHGEDFN�DGDSWDWLRQ��7KH
UHVRXUFH� PDQDJHPHQW� V\VWHP� PXVW� UHDFW� TXLFNO\� DQG
DGMXVW� RQOLQH� WKH� DSSOLFDWLRQ� SDUDPHWHUV� LQ� FDVH� RI
DOORFDWHG�UHVRXUFH�DEXVH�RU�FRQWUDFW�YLRODWLRQ�

�7KH�57$50�KLHUDUFK\�FRQVLVWV�RI�D�SLSHOLQH�+60��D
QHWZRUN�60�DQG�VHYHUDO�&38�60V��7KH�QHWZRUN�60�GRHV
QRW� SURYLGH� IHHGEDFN� DGDSWDWLRQ�� 7KH� UHVHUYHG� QHWZRUN
UHVRXUFHV�PXVW�FRYHU� WKH�HQWLUH�UDQJH�RI�DSSOLFDWLRQ�UDWH�
$FFRUGLQJ�WR�RXU�DQDO\VLV��LW�LV�SRVVLEOH�WR�FRQWURO�WKH�HQG�
WR�HQG� IUDPH� ODWHQF\� IRU� WKH� HQWLUH� SLSHOLQH� MXVW� E\
FRQWUROOLQJ�WKH�UDWH�RI�WKH�LQSXW�VHQVRU�RU�ILUVW�VWDJH��7KLV
DOORZV�WKH�&38�60V�WR�FRQGXFW�ORFDO�IHHGEDFN�DGDSWDWLRQ
IRU� HDFK� LQGLYLGXDO� SLSHOLQH� VWDJH� LQ� RUGHU� WR� SURYLGH
ORFDOO\� WKH� EHVW� 4R6� ZLWKLQ� WKH� FRQWUDFWHG� UDQJH�� 7KXV�
IHHGEDFN� DGDSWDWLRQ� IRU� WKH� HQWLUH� SLSHOLQH� DQG� &38
VWDJHV�LV�FRQGXFWHG�LQGHSHQGHQWO\�

�����&38�6HUYLFH�0DQDJHU�IHHGEDFN�DGDSWDWLRQ

&38� 60V� UXQ� SLSHOLQH� VWDJHV� MXVW� OLNH� DQ\� UHJXODU
SHULRGLF�LQGHSHQGHQW�WDVN��,Q�IDFW�&38�60V�KDYH�QR�LGHD
WKHVH� WDVNV� DUH� SDUW� RI� D� KLJKHU� OHYHO� HQWLW\�� DQG� WKH\
SHUIRUP�DOO�57$50�IXQFWLRQV�LQ�WKH�VDPH�ZD\��7KH�&38
60� 4R6� FRQVLVWV� RI� UDWH� DQG� LWHUDWLRQ� ZRUNORDG
�H[HFXWLRQ� WLPH��� ERWK� VSHFLILHG� DV� LQWHUYDOV� >PLQ��PD[@�
7KH�&38�60�FDQ�GLUHFWO\�FRQWURO�WKH�DSSOLFDWLRQ�UDWH��EXW
FDQQRW�WRXFK�WKH�DSSOLFDWLRQ�ZRUNORDG��7KH�&38�60�XVHV
WKH� SURGXFW� &38BXWLOL]DWLRQ   5DWH [ :RUNORDG� WR� DVVHV
VFKHGXODELOLW\�� $SSOLFDWLRQV� VHQG� WKHLU� DFWXDO� 4R6� DV
HYHQWV� WR� &38� 60�PRQLWRU� DW� WKH� HQG� RI� HDFK� SHULRGLF
LWHUDWLRQ��7KH�DSSOLFDWLRQ�LV�DOORFDWHG�D�FRQVWDQW�IUDFWLRQ�/
RI� WKH� WRWDO� SURFHVVRU� WLPH�� $W� DQ\� WLPH� WKH� FXUUHQW
RSHUDWLRQDO�SRLQW��&23��PD\�YDU\�VR�WKDW�5�[�:�≤�/��7KH
&38�60�DGMXVWV�WKH�FXUUHQW�RSHUDWLRQDO�SRLQW�

��LQFUHDVH�UDWH�ZKHQ�ZRUNORDG�GHFUHDVHV
��GHFUHDVH�UDWH�RQ�RYHUORDG

�����3LSHOLQH�IHHGEDFN�DGDSWDWLRQ

7KH� SLSHOLQH�4R6� SDUDPHWHU� ZH� FRQVLGHU� FULWLFDO� DQG
ZDQW�WR�FRQWURO�LV�WKH�HQG�WR�HQG�ODWHQF\��$V�WKH�SLSHOLQH
HYROYHV� LQ� WLPH�� UDWHV�RI� LQWHUPHGLDWH� VWDJHV�PD\�FKDQJH
DV� D� UHVXOW� RI� &38� 60� IHHGEDFN� DGDSWDWLRQ�� ,Q� QRUPDO
FLUFXPVWDQFHV� WKH� LQSXW� VHQVRU� SHULRG� LV�PDLQWDLQHG� DW� D
YDOXH�JUHDWHU�WKDQ�WKH�SHULRG�RI�DQ\�VWDJH�VXEVWDJH�RI�WKH
SDUDOOHO�SLSHOLQH�DSSOLFDWLRQ��EXW�LW�FDQ�JHW�ORZHU�EHFDXVH
RI� LQGHSHQGHQW� &38� IHHGEDFN� DGDSWDWLRQ�� :KHQ
DFFXPXODWLRQ�RI�TXHXHV�EHWZHHQ�VWDJHV�LQFUHDVHV�WKH�HQG�
WR�HQG� ODWHQF\� EH\RQG� D� PD[LPXP� WKUHVKROG�� WKH� 360
VHWV� WKH� LQSXW� VHQVRU� SHULRG� DW� WKH�PD[LPXP�YDOXH� IURP
WKH� SLSHOLQH� FRQWUDFW��$� ILQLWH� VWDWH�PDFKLQH� LQ� WKH� 360
PDLQWDLQV� WKLV�PD[LPDO�SHULRG� IRU�D� IL[HG� WLPH��DOORZLQJ
WKH�TXHXHV�WR�HPSW\��7KHQ�� WKH�360�VHWV�DJDLQ� WKH� LQSXW
VHQVRU� UDWH� WR� WKH� PD[LPDO� SHULRG� RI� DOO� VWDJHV�� ,Q� WKLV
ZD\��ZH�NQRZ� WKDW� WKH� HQG�WR�HQG� ODWHQF\�GHFUHDVHV� DQG
DIWHU� D� ILQLWH� QXPEHU� RI� IUDPHV� WKH� SLSHOLQH� HQWHUV� WKH
VWDEOH� UHJLRQ�� 7KLV� VLPSOH� LPSOHPHQWDWLRQ� DOORZV� WKH
ODWHQF\� WR� RVFLOODWH� ZLWKLQ� WKH� VWDEOH� UHJLRQ�� $� PRUH
VRSKLVWLFDWHG� DOJRULWKP�� WRSLF� IRU� IXWXUH� UHVHDUFK�� ZRXOG
XVH�WDUJHW�KLVWRU\�DQG�SUHGLFWLRQ�WR�VPRRWK�WKH�ODWHQF\�

2XU� PHWKRG� LV� VLPSOH� DQG� HIILFLHQW�� DV� WKH� RQO\
SDUDPHWHU�WR�EH�DGMXVWHG�LV�WKH�VHQVRU�LQSXW�SHULRG��ZKLOH
WKH� SLSHOLQH� VWDJHV� DUH� FRQWUROOHG� RQO\� E\� WKH
FRUUHVSRQGLQJ� &38� 60�� 7KLV� PHFKDQLVP� DYRLGV� FRVWO\
FRPPXQLFDWLRQ� DQG� FRRUGLQDWLRQ� EHWZHHQ� WKH� +60� DQG
DOO� WKH�&38�60V�� 7KH� LQIRUPDWLRQ� UHTXLUHG� IRU� SLSHOLQH
IHHGEDFN�DGDSWDWLRQ�LV�PLQLPDO��WKH�HQG�WR�HQG�ODWHQF\�IRU
WKH�FXUUHQW�IUDPH�DQG�WKH�PD[LPDO�SHULRG�RI�DOO�VWDJHV�

$QRWKHU�RSWLRQ�IRU�SLSHOLQH�IHHGEDFN�DGDSWDWLRQ�ZRXOG
KDYH�EHHQ�WR�OHW�WKH�360�GLUHFWO\�DGMXVW�RQOLQH�WKH�UDWH�IRU
HDFK�VWDJH��,Q�WKLV�FDVH�WKH�360�ZRXOG�KDYH�WR�NHHS�WUDFN
RI� WKH� FXUUHQW� ZRUNORDG� DQG� UDWH�� DQG� PD\EH� TXHXH
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OHQJWKV� IRU� DOO� VWDJHV�� LPSO\LQJ� H[WUD� FRPPXQLFDWLRQ�
SURFHVVLQJ� RYHUKHDG� DQG� ORZHU� UHVRXUFH� XWLOL]DWLRQ� IRU
&38�VHUYLFH�PDQDJHUV�

�����7KH�$XWRPDWLF�7DUJHW�5HFRJQLWLRQ
H[SHULPHQW

7R� WHVW� WKH� IHHGEDFN� DGDSWDWLRQ� PHFKDQLVP� ZH
GHVLJQHG�D�VLPSOH�H[SHULPHQW�ZLWK�D�WUXH�PLVVLRQ�FULWLFDO
DSSOLFDWLRQ�� 7KH� $75� SLSHOLQH�� GHSLFWHG� LQ� )LJXUH� ��
SURFHVVHV� LQFRPLQJ� YLGHR� IUDPHV� DQG� GLVSOD\V� GHWHFWHG
WDUJHWV�� 7KH� VHQVRU� �VWDJH� ��� JHQHUDWHV� IUDPHV� WKDW� SDVV
WKURXJK�D�VHTXHQFH�RI�ILOWHUV�DQG�SURFHVVLQJ�HOHPHQWV�XS
WR�VWDJH���WKDW�GLVSOD\V�WKH�RULJLQDO�LPDJH�DQG�WKH�WDUJHWV�
7KH���ELW�� ���[����SL[HO��PRQRFKURPH� IUDPHV� FRQWDLQ� D
YDULDEOH�QXPEHU�RI�WDUJHWV��IURP���WR������6WDJHV������DQG
��H[SRVH�D�YDULDEOH�ZRUNORDG��SURSRUWLRQDO�WR�WKH�QXPEHU
RI�GHWHFWHG� WDUJHWV��:LWKRXW�SLSHOLQH�IHHGEDFN�DGDSWDWLRQ
WKLV� ZRXOG� JHQHUDWH� DFFXPXODWLRQV� RI� IUDPHV� LQ� TXHXHV
ZLWK�ODWHQF\�LQFUHDVH�

�����3HUIRUPDQFH�PHWULFV�DQG�DOJRULWKP
HYDOXDWLRQ

:H� XVHG� WKUHH� ���0+]� 17� 'HOO� :RUNVWDWLRQ� ���
PDFKLQHV��FRQQHFWHG�YLD�D�)RUH�$70�VZLWFK�ZLWK�2&��F
����0ESV��OLQNV��(DFK�PDFKLQH�UXQV�D�&38�60��%RWK�WKH
QHWZRUN� 60� DQG� WKH� SLSHOLQH� 60� UXQ� RQ� RQH� RI� WKRVH
WKUHH�PDFKLQHV��DQG�ZH�FRQVLGHU�WKHLU�RZQ�&38�UHVRXUFH
FRQVXPSWLRQ�QHJOLJLEOH��,QWHU�60�&25%$�VLJQDOLQJ�XVHV
D�VHFRQGDU\�)DVW�(WKHUQHW�QHWZRUN��VR�WKDW�WKH�$70�OLQHV
UHPDLQ������DYDLODEOH� IRU� WKH�SLSHOLQH��)RU�SUHFLVH� WLPH
PHDVXUHPHQWV�ZH�XVHG�WKH�17�SHUIRUPDQFH�FRXQWHU�

7KH� DFFHSWDEOH� RXWSXW� IUDPH� SHULRG� IURP� WKH� $75
SLSHOLQH� FRQWUDFW� LV� LQ� >���@V�� DQG� WKH� IUDPH� ODWHQF\� LV
>������@V��7KH�VHYHQ�$75�VWDJHV� UXQ�DW�D�YDULDEOH�ZRUN�
ORDG� ZLWKLQ� >��������@V� DQG� ZLWKLQ� WKH� VDPH� SHULRG
LQWHUYDO�>���@�V�

:H� ILUVW� SUHVHQW� WLPLQJ� PHDVXUHPHQWV� IRU� IHHGEDFN
DGDSWDWLRQ� DW� WKH� &38� 60� DQG� 360� 60� OHYHO�� :H
PHDVXUHG� WKH� SURFHVVLQJ� RYHUKHDG� RI� WKH� IHHGEDFN
DGDSWDWLRQ�FRGH�DQG�WKH�WLPH�LW�WDNHV�WKH�60�WR�UHDFW�IURP

WKH� PRPHQW� LW� UHFHLYHV� WKH� FXUUHQW� 4R6� IURP� WKH
DSSOLFDWLRQ�XQWLO�LWV�DGDSWDWLRQ�FRPPDQG�LV�HQIRUFHG�

)RU�&38�IHHGEDFN�DGDSWDWLRQ��GHWHFWLRQ�DQG�HQIRUFLQJ
WKH�4R6�DGDSWDWLRQ� WDNHV�DURXQG����PV� �7DEOH��������PV
RI� WKH� WLPH� EHLQJ� VSHQW� LQ� D� VHWBTRV��� RSHUDWLRQ�� D� WZR�
ZD\� QRUPDO� &25%$� FDOO�� 7KH� SLSHOLQH� DGDSWDWLRQ� HQ�
IRUFHPHQW� LQFOXGHV� D� VHWBTRV��� FDOO� WR� WKH� &38� 60� WKDW
FRQWUROV� WKH� VHQVRU� �RU� ILUVW� VWDJH�� WKDW� FDOOV� GLUHFWO\� WKH
DSSOLFDWLRQ� ZLWK� D� VHWBTRV��� FDOO�� 7KLV� H[SODLQV� ZK\
HQDFWLQJ�SLSHOLQH�4R6�DGDSWDWLRQ�WDNHV�DOPRVW�GRXEOH�WKH
WLPH�WKDQ�WKDW�IRU�&38�60�4R6�

7KH� DFWXDO� UDWH� DQG� ZRUNORDG� YDULDWLRQ� RI� VWDJH� �� LV
VKRZQ�LQ�)LJXUH����7KH�VWDJH�KDV�D�YDULDEOH�ZRUNORDG�DQG
WKLV� FDXVHV� WKH� &38� 60� WR� FKDQJH� WKH� UDWH�� 3RLQWV� $
LQGLFDWH�RYHUORDG�WKDW�WULJJHUV�UDWH�GHFUHDVH�DQG�SRLQWV�%

LQGLFDWH�FKURQLF�XQGHUXWLOL]DWLRQ�WKDW�WULJJHU�UDWH�LQFUHDVH�
7KH� SLSHOLQH� IHHGEDFN� DGDSWDWLRQ� PHFKDQLVP� PDNHV

VXUH�WKH�HQG�WR�HQG�ODWHQF\�DQG�UDWH�VWD\�LQ�WKH�FRQWUDFWHG
UDQJH� IRU� WKH�HQWLUH�$75�SLSHOLQH� �)LJXUH����� ,Q�RUGHU� WR
SUDFWLFDOO\�GHPRQVWUDWH� LWV� HIIHFWLYHQHVV��ZH�GLVDEOHG� WKH
SLSHOLQH� IHHGEDFN� DGDSWDWLRQ� DIWHU� VRPH� WLPH� ZKLOH
NHHSLQJ� WKH� VHQVRU� LQSXW�SHULRG� DW� D� VXVWDLQHG� ORZ�YDOXH
RI� ����V� �����+]��� $FFXPXODWLRQ� RI� IUDPHV� LQ� VWDJH
TXHXHV� JHQHUDWHG� DQ� LQFUHDVLQJ� ODWHQF\�� $� GRWWHG� OLQH
EHWZHHQ� SRLQWV� $� DQG�%�PDUNV� WKH� WLPH� ZKHQ� IHHGEDFN
DGDSWDWLRQ� ZDV� GLVDEOHG��:KHQ� WKH� ODWHQF\� UHDFKHG� ��V�
H[FHHGLQJ� WKH� PD[LPDO� FRQWUDFWHG� YDOXH�� ZH� UH�HQDEOHG
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��� ��� ��� ��� ��� ��� ���

([SHULPHQW�WLPH��VHFRQGV�

:RUNORDG 5DWH &38�/RDG 5DWH�[�:RUNORDG

$

%

)LJXUH����&38�60�IHHGEDFN�DGDSWDWLRQ�IRU�D
WDVN�ZLWK�YDULDEOH�ZRUNORDG

�

�

�

� � � �

)UDPH�$UULYDO�3HULRG(QG�WR�(QG�/DWHQF\
WLPH

)LJXUH����$75�SLSHOLQH�DSSOLFDWLRQ�DQG�4R6

'HWHFWLRQ�DQG
GHFLVLRQ

SURFHVVLQJ

'HFLVLRQ

(QDFWPHQW

7RWDO

7LPH

&38�60 ������PV ������PV ������PV

3LSHOLQH�60 ������PV ������PV ������PV

7DEOH����)HHGEDFN�DGDSWDWLRQ�SHUIRUPDQFH

UHVXOWV�IRU�&38�60�DQG�360
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SLSHOLQH� IHHGEDFN� DGDSWDWLRQ��7KH�360� VHQVRU� LQFUHDVHG
WKH� VHQVRU� LQSXW� SHULRG� XS� DW� �V� �%���$IWHU� D� EULHI� VSLNH
FDXVHG� E\� WKH� LQHUWLD� RI�PRUH� WKDQ� ��� IUDPHV� DOUHDG\� LQ
WUDQVLW�WKURXJK�WKH�SLSHOLQH��WKH�ODWHQF\�ZHQW�UDSLGO\�GRZQ
�%�È�&���EHORZ�WKH�PD[LPDO�WKUHVKROG�

7KH� SUHOLPLQDU\� $75� H[SHULPHQW� VKRZV� WKDW� RXU
KLHUDUFKLFDO� IHHGEDFN� DGDSWDWLRQ� DOJRULWKP� SURYHV� WR� EH
HIIHFWLYH� DQG� HIILFLHQW�� 'HWHFWLRQ�� GHFLVLRQ� DQG
HQIRUFHPHQW� DW� WKH�SLSHOLQH� OHYHO� WDNH� OHVV� WKDQ��PV�DQG
LQYROYH� RQO\� WKH�&38�60V� IRU� WKH� VHQVRU� VWDJH� DQG� WKH
ODVW� VWDJH� WKDW� DFWXDOO\� UHSRUWV� WKH� ODWHQF\� DQG� UDWH��6WLOO�
IXUWKHU� UHVHDUFK� ZRXOG� EH� QHFHVVDU\� WR� IXOO\� DVVHVV� WKH
LPSDFW� RI� WKH� 60� KLHUDUFK\� RQ� IHHGEDFN� DGDSWDWLRQ
SHUIRUPDQFH�

���&RQFOXVLRQ

7KLV� SDSHU� SUHVHQWHG� DQ� LQQRYDWLYH� IHHGEDFN
DGDSWDWLRQ� PHFKDQLVP� IRU� GLVWULEXWHG� GDWD�IORZ
DSSOLFDWLRQV�ZLWK�UHDO�WLPH�UHTXLUHPHQWV�LQ�WKH�FRQWH[W�RI
WKH�57$50�SURMHFW��:H�GHILQHG�DQ�DQDO\WLFDO�PRGHO�DQG
ZH�SURYHG�LWV�FRUUHFWQHVV�DQG�VWDELOLW\��:H�GHPRQVWUDWHG
LWV� HIIHFWLYHQHVV� E\� UXQQLQJ� DQ� $XWRPDWLF� 7DUJHW
5HFRJQLWLRQ�SDUDOOHO�SLSHOLQH�DSSOLFDWLRQ�RQ�D�QHWZRUN�RI
ZRUNVWDWLRQV� PDQDJHG� E\� WKH� 57$50� V\VWHP�� 2XU
KLHUDUFKLFDO� SLSHOLQH� FRQWURO� PHWKRG� XVHV� PLQLPDO
LQIRUPDWLRQ�DERXW�WKH�FXUUHQW�VWDWH�RI�WKH�DSSOLFDWLRQ�DQG
UHTXLUHV� RQO\� RQH� DFWLRQ� WR� FRUUHFW� WKH� HQG�WR�HQG� IUDPH
ODWHQF\�� ZKLOH� DOORZLQJ� IHHGEDFN� DGDSWDWLRQ� DW� WKH� &38
OHYHO�WR�IXQFWLRQ�LQGHSHQGHQWO\�

�$� GLUHFWLRQ� IRU� IXWXUH� ZRUN� LV� WR� DGG� SUHGLFWLRQ
IHDWXUHV�WR�WKH�FXUUHQW�IHHGEDFN�DGDSWDWLRQ�PHWKRG��5LJKW
QRZ�� LW� RQO\� WDNHV� FRUUHFWLYH� DFWLRQV�ZKHQ� WKH�4R6� IDOOV
EHORZ� D� WKUHVKROG�� 3UHYHQWLYH� DFWLRQV� ZRXOG� IXUWKHU
GHFUHDVH� WKH�RYHUDOO�SLSHOLQH�UHDFWLRQ� WLPH��:H�DOVR�SODQ
WR� VWXG\� IHHGEDFN� DGDSWDWLRQ� IRU� SDUDOOHO� SLSHOLQH
DSSOLFDWLRQV�ZKHUH�VHYHUDO�SLSHOLQH�+60V�KDYH�H[FOXVLYH

FRQWURO�RYHU�SDUWV��VXE�SLSHOLQHV��RI�WKH�HQWLUH�GLVWULEXWHG
DSSOLFDWLRQ�

5HIHUHQFHV

>�@� &DUGHL�� ,��� -KD�� 5��� &DUGHL�� 0��� 3DYDQ�� $��� ³+LHUDUFKLFDO
$UFKLWHFWXUH�IRU�5HDO�7LPH�$GDSWLYH�5HVRXUFH�0DQDJHPHQW´��WR
DSSHDU� LQ� 3URFHHGLQJV� RI� WKH� ,),3�$&0� 0LGGOHZDUH� ����
FRQIHUHQFH
>�@�'HYDOOD�� %��� 6DKRR��$���*XDQ��<��� /L�&��� %HWWDWL�� 5��� =KDR�
:��� ³$GDSWLYH� &RQQHFWLRQ� $GPLVVLRQ� &RQWURO� IRU� 0LVVLRQ
&ULWLFDO� 5HDO�7LPH� &RPPXQLFDWLRQ� 1HWZRUNV´�� WR� DSSHDU� LQ
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