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0(06�%DVHG 2SWLFDO 6ZLWFK 'HVLJQ IRU

5HFRQnJXUDEOH� )DXOW�7ROHUDQW 2SWLFDO %DFNSODQHV

1LFKRODV 5� -DQNRZVNL� &KULVWRSKHU %REFRZVNL�

'DYLG =LSNLQ� DQG 5REHUW 5� .UFKQDYHN

5RZDQ 8QLYHUVLW\

*ODVVERUR� 1HZ -HUVH\

5RJHU '� &KDPEHUODLQ

:DVKLQJWRQ 8QLYHUVLW\

6W� /RXLV� 0LVVRXUL

$EVWUDFW

2QH RI WKH FULWLFDO FRPSRQHQWV LQ GHYHORSLQJ UH�
FRQnJXUDEOH� IDXOW�WROHUDQW RSWLFDO EDFNSODQHV LV D ORZ�
FRVW RSWLFDO VZLWFK� 0LFURHOHFWURPHFKDQLFDO V\VWHPV
�0(06� DUH D VWURQJ FDQGLGDWH IRU IDEULFDWLQJ D ORZ�
FRVW RSWLFDO VZLWFK� ,Q WKLV SDSHU� ZH GLVFXVV WKH GH�
VLJQ LVVXHV IRU VXFK D VZLWFK� )XUWKHUPRUH� XVLQJ WKH
PDWHULDO GLVFXVVHG LQ WKLV UHSRUW� ZH KDYH GHVLJQHG D
FRPSOHWH 0(06�EDVHG RSWLFDO VZLWFK� ,W ZDV VXEPLWWHG
IRU SURWRW\SH PDQXIDFWXULQJ LQ 0D\ �����

�� ,QWURGXFWLRQ

7KH SURWRW\SLFDO LQWHUIDFH WHFKQRORJ\ XVHG LQ
WLJKWO\�FRXSOHG V\VWHPV LV WKH EDFNSODQH� ,W LV FRP�
PRQO\ XVHG IRU WKH LQWHJUDWLRQ RI ERDUG�OHYHO VXEV\V�
WHPV LQWR D ODUJHU V\VWHP� 7KLV LV LOOXVWUDWHG LQ )LJ�
XUH �� ZKLFK VKRZV DQ HPEHGGHG SURFHVVLQJ V\VWHP
WKDW FRQWDLQV D QXPEHU RI LQWHUIDFH FDUGV �SURYLGLQJ
,�2 IXQFWLRQV�� D FDUG WKDW LPSOHPHQWV D VZLWFK IDE�
ULF� DQG VHYHUDO SURFHVVLQJ FDUGV� 7KHVH FDUGV DUH LQWHU�
FRQQHFWHG ZLWK D ERDUG WKDW GHOLYHUV VLJQDOV EHWZHHQ
WKH DWWDFKHG FDUGV� :KLOH KLVWRULFDOO\ WKHVH V\VWHPV
ZHUH EXV�EDVHG �H�J�� 90(�� WKH QHHG IRU LQFUHDVHG
SHUIRUPDQFH KDV OHG WR PRVW V\VWHPV LQFRUSRUDWLQJ D
VZLWFKHG LQWHUFRQQHFW �H�J�� 6&,� 0HUFXU\ &RPSXWHU
6\VWHPV
 5$&(ZD\�� KHQFH WKH LQFOXVLRQ RI WKH VZLWFK
IDEULF FDUG�

$ QHDUO\ LGHQWLFDO LOOXVWUDWLRQ FDQ EH XVHG WR GH�
VFULEH D VZLWFKLQJ V\VWHP IRU WHOHFRPPXQLFDWLRQV QHW�
ZRUNV� +HUH� WKH LQWHUIDFH FDUGV UHSUHVHQW OLQH FDUGV�
DQ $70 �$V\QFKURQRXV 7UDQVIHU 0RGH� VZLWFK IDEULF
LV LQ WKH FHQWHU RI WKH nJXUH� DQG WKH SURFHVVLQJ FDUGV
DUH QRW SUHVHQW� ,Q WKLV V\VWHP� DOWKRXJK WKH GHWDLOHG
IXQFWLRQV LPSOHPHQWHG E\ WKH DWWDFKHG FDUGV DUH VLJ�
QLnFDQWO\ GLmHUHQW WKDQ WKH nUVW H[DPSOH� WKH IXQFWLRQ

([WHUQDO

/LQNV
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&DUGV
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6ZLWFK )DEULF
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)LJXUH �� %DFNSODQH LQWHUFRQQHFW IRU D GLJLWDO V\V�

WHP�

SHUIRUPHG E\ WKH EDFNSODQH LQWHUFRQQHFW LV LGHQWLFDO�
GHOLYHU\ RI KLJK�VSHHG VLJQDOV IURP RQH FDUG WR DQRWKHU�

$V GHVFULEHG DERYH� WKH EDFNSODQH SURYLGHV D VHW RI
SDVVLYH SRLQW�WR�SRLQW FRQQHFWLRQV� ZLWK DFWLYH VZLWFK�
LQJ WDNLQJ SODFH RQ RQH �RU PRUH� RI WKH LQVWDOOHG FDUGV�
7KLV V\VWHP�OHYHO LQWHUFRQQHFWLRQ WHFKQLTXH SURYLGHV D
QXPEHU RI WHFKQLFDO DQG HFRQRPLF DGYDQWDJHV� 6\V�
WHP UHSDLU LV VLPSOLnHG VLQFH FDUGV FDQ EH HDVLO\ UH�
SODFHG� 6\VWHP H[SDQVLRQ FDQ EH VXSSRUWHG YLD HPSW\
VORWV� 6\VWHP XSJUDGHV DUH DOVR VWUDLJKWIRUZDUG YLD
FDUG UHSODFHPHQW� $V D UHVXOW� EDFNSODQH�EDVHG V\V�
WHPV DUH SHUYDVLYH LQ WKH GLJLWDO V\VWHPV DUHQD� IRU DQ
H[WUHPHO\ ZLGH YDULHW\ RI GHVLJQV� :LWK WKH SXVK WR
HYHU KLJKHU GDWD UDWHV� GHVLJQHUV DUH ORRNLQJ WR RSWLFV
IRU LPSURYHG LQWHUFRQQHFW EDQGZLGWK� DQG D QXPEHU
RI SDVVLYH RSWLFDO nEHU�EDVHG EDFNSODQH V\VWHPV KDYH
EHHQ FRQVWUXFWHG �H�J�� $7	7 0RQHW >�@��

$Q DGGLWLRQDO WHFKQLFDO FKDOOHQJH DVVRFLDWHG ZLWK
EDFNSODQH GHVLJQV LV WKH QHHG WR SURYLGH IRU IDXOW�
WROHUDQW� UHFRQnJXUDEOH V\VWHPV� %\ IDXOW WROHUDQFH ZH
PHDQ WKH DELOLW\ RI WKH V\VWHP WR NHHS RSHUDWLQJ LQ WKH
SUHVHQFH RI D IDXOW\ FRPSRQHQW �RU VXEV\VWHP�� *HQHU�
DOO\ IDXOWV� RQFH GHWHFWHG DQG LGHQWLnHG� DUH GHDOW ZLWK



E\ UHSODFLQJ IDXOW\ FRPSRQHQWV ZLWK QRQIDXOW\ FRPSR�
QHQWV �L�H�� VSDUHV DOUHDG\ LQVWDOOHG LQ WKH EDFNSODQH��

:KLOH LQWHUFKDQJH RI FRPSRQHQWV IRU IDXOW WROHUDQFH
JHQHUDOO\ PDLQWDLQV V\VWHP IXQFWLRQDOLW\� ZH UHIHU WR
UHFRQnJXUDWLRQ DV FRPSRQHQW FKDQJHV ZKLFK DOWHU IXQF�
WLRQDOLW\� 'R' LV DFWLYHO\ VXSSRUWLQJ WKH GHVLJQ RI V\V�
WHPV ZLWK WKLV FDSDELOLW\ WKURXJK WKH '$53$ $GDS�
WLYH &RPSXWLQJ 6\VWHPV SURJUDP >�@� ZKHUH UHFRQnJ�
XUDEOH SURFHVVLQJ QRGHV DUH WR EH WLHG WRJHWKHU ZLWK D
UHFRQnJXUDEOH LQWHUFRQQHFW� ,Q D WHOHFRPPXQLFDWLRQV
HQYLURQPHQW� IDVW UHFRQnJXUDELOLW\ SURYLGHV WKH DELOLW\
WR SHUIRUP G\QDPLF ORDG EDODQFLQJ� 7KDW LV� GHSHQG�
LQJ RQ WKH ORDG DVVRFLDWHG ZLWK LQGLYLGXDO FRQQHFWLRQV�
FHUWDLQ UHVRXUFHV �L�H�� OLQH FDUGV DQG nEHU OLQNV� FDQ EH
UHDVVLJQHG LQ UHDO WLPH VR WKDW VXpFLHQW EDQGZLGWK LV
PDGH DYDLODEOH WR KHDYLO\ ORDGHG FRPPXQLFDWLRQ SDWKV�

$GGLWLRQDOO\� LW LV RIWHQ QHFHVVDU\ WR UHFRQnJXUH V\V�
WHPV ZKHQ QHZ FRPSRQHQWV DUH PDQXDOO\ DGGHG RU UH�
PRYHG IURP WKH V\VWHP� 7KLV W\SLFDOO\ RFFXUV LQ D
V\VWHP XSJUDGH VLWXDWLRQ� 7KH DELOLW\ WR HDVLO\ UHFRQ�
nJXUH WKH EDFNSODQH WR VXSSRUW WKH XSJUDGH FDQ EH D
VLJQLnFDQW EHQHnW�

:H FDQ SURYLGH IRU IDXOW�WROHUDQFH DQG UHFRQnJX�
UDWLRQ E\ GHVLJQLQJ D EDFNSODQH ZKHUH WKH SRLQW�WR�
SRLQW RSWLFDO OLQNV FDQ E\ G\QDPLFDOO\ FKDQJHG �L�H��
VZLWFKHG�� +HUH� ZH GR QRW UHTXLUH IDVW VZLWFKLQJ� IRU
H[DPSOH RQ D SHU PHVVDJH EDVLV� EXW VORZ VZLWFKLQJ
�H�J�� � �� PV VZLWFKLQJ WLPH�� $ NH\ HOHPHQW UHTXLUHG
IRU VXFK D GHVLJQ LV D ORZ�FRVW� VPDOO�VL]H RSWLFDO VZLWFK
FDSDEOH RI VZLWFKLQJ D VLQJOH LQSXW nEHU EHWZHHQ WZR
RXWSXW nEHUV� +HUH� ZH GHVFULEH WKH GHVLJQ RI DQ RSWLFDO
nEHU VZLWFK FRQVWUXFWHG XVLQJ PLFURHOHFWURPHFKDQLFDO
V\VWHPV �0(06� WHFKQRORJ\� 7KLV GHVLJQ FDQ EH SUR�
GXFHG DW ORZ FRVW DQG LV FDSDEOH RI EHLQJ LQWHJUDWHG
LQWR DQ RSWLFDO EDFNSODQH�

6HYHUDO RSWLFDO VZLWFKHV KDYH EHHQ IDEULFDWHG XVLQJ
0(06 WHFKQRORJ\ >�� �� �@� +RZHYHU� OLWWOH KDV EHHQ
SXEOLVKHG RQ XVLQJ RSWLFDO nEHU DV DQ LQWHJUDO SDUW RI
WKH VZLWFK� 7KH DGYDQWDJHV RI XVLQJ RSWLFDO nEHU �OHQV�
OHVV� VZLWFKHV DUH� JUHDWHU DOLJQPHQW WROHUDQFH� VLPSOHU
DVVHPEO\� ORZ RSWLFDO ORVV� LQVHQVLWLYLW\ WR WKH FKDUDF�
WHULVWLFV RI WKH VLJQDOV EHLQJ WUDQVPLWWHG� DQG LQVHQVL�
WLYLW\ WR VLJQDO ZDYHOHQJWK�

1R DVVHPEO\ LV WKH NH\ WR SURGXFLQJ D ORZ�FRVW RSWL�
FDO VZLWFK� 2XU GHVLJQ VDWLVnHV WKLV FULWHULD� 7KH SUR�
WRW\SHV DUH EHLQJ IDEULFDWHG XVLQJ WKH 0803V �0XOWL�
8VHU 0(06 3URFHVV� SURFHVV DW &URQRV ,QWHJUDWHG
0LFURV\VWHPV �IRUPHUO\ 0&1&� LQ 1RUWK &DUROLQD�
2WKHU WKDQ WKH DWWDFKLQJ RI RSWLFDO nEHUV WR WKH FRP�
SOHWHG SURGXFW� 0803V ZLOO EH WKH RQO\ PDQXIDFWXU�
LQJ VWHS LQ WKH SURGXFWLRQ RI WKH GHYLFH� 7KH SURFHVV
ZLOO \LHOG D ZRUNLQJ VZLWFK DW DQ H[WUHPHO\ ORZ FRVW
ZKHQ FRPSDUHG WR RWKHU H[LVWLQJ RSWLFDO VZLWFKHV FXU�

UHQWO\ RQ WKH PDUNHW�

7KLV SDSHU GHVFULEHV VHYHUDO DVSHFWV RI WKH VZLWFK�
LQFOXGLQJ WKH NH\ HOHPHQWV RI WKH GHVLJQ� :H EHJLQ
ZLWK D EULHI GHVFULSWLRQ RI WKH VZLWFKLQJ GHYLFH� 7KHQ�
VRPH EDFNJURXQG LV JLYHQ DV WR WKH QDWXUH RI WKH WDVN WR
EH DFFRPSOLVKHG� L�H�� WKH EHQGLQJ RI DQ RSWLFDO nEHU�
1H[W� WKH PDMRU GHYLFH FRPSRQHQWV DUH GLVFXVVHG LQ
GHWDLO� )LQDOO\� VRPH WHVW VWUXFWXUHV WKDW ZHUH LQFOXGHG
RQ WKH IDEULFDWHG FKLS DUH GLVFXVVHG�

�� 6ZLWFK 'HVFULSWLRQ

)LJXUH � VKRZV D VFKHPDWLF GLDJUDP RI WKH RSWLFDO
VZLWFK� 7KH PRYLQJ HQG RI WKH RSWLFDO nEHU LV n[HG
WR WKH VOLGHU SLHFH� $ SDLU RI WKHUPDOO\ DFWXDWHG VWHS�
SHU PRWRUV� RSHUDWHG ���p RXW RI SKDVH� FRQWURO WKH
PRWLRQ RI WKH nEHU� 8VLQJ WKHUPDO DFWXDWLRQ� WKHVH
VWHSSHU PRWRUV F\FOH WKURXJK D VHTXHQFH RI PRYHPHQWV
XQWLO WKH nEHU KDV EHHQ PRYHG IURP 2XWSXW )LEHU �
WR 2XWSXW )LEHU �� 7KHUH DUH QR PHFKDQLVPV KROGLQJ
WKH nEHU LQ SODFH LQ WKH LQLWLDO �UHVW� SRVLWLRQ� )RU WKH
WLPH EHLQJ� ZH IHOW LW ZDV VXpFLHQW WR OHW WKH nEHU
V
VSULQJ IRUFH KROG LWVHOI LQ SRVLWLRQ ZKHQ LQ WKH VWUDLJKW
SRVLWLRQ� ,Q WKH H[WHQGHG RU EHQW SRVLWLRQ� D ORFNLQJ
PHFKDQLVP �ODWFK� LV XVHG WR KROG WKH nEHU LQ SODFH� $V
RQH FDQ UHDGLO\ VHH IURP )LJXUH �� WKLV LV QRW D VLPSOH
VZLWFK GHVLJQ� ,Q WKH SDUDJUDSKV WKDW IROORZ� DQ H[SOD�
QDWLRQ IRU WKH FRPSOH[LW\ ZLOO EH SURYLGHG� DORQJ ZLWK
WKH GHVLJQ TXHVWLRQV WKDW ZHUH DQVZHUHG DORQJ WKH ZD\�

�� 2SWLFDO )LEHU $QDO\VLV

6LQFH WKLV GHVLJQ ZLOO SULPDULO\ IRFXV RQ WKH PRYH�
PHQW RI D VLQJOH SLHFH RI RSWLFDO nEHU� ZH nUVW FRQVLGHU
WKH PHFKDQLFDO EHKDYLRU RI VXFK D nEHU� :H GHFLGHG
WR XVH ��� xP GLDPHWHU PXOWLPRGH RSWLFDO nEHU LQ WKLV
GHVLJQ� 0XOWLPRGH nEHU KDV D ODUJHU GLDPHWHU FRUH
��� xP� WKDQ GRHV VLQJOH�PRGH nEHU ��� xP�� 7KLV
DOORZV IRU PXFK JUHDWHU WROHUDQFHV ZKHQ DOLJQLQJ nEHUV
GXULQJ WKH VZLWFKLQJ SURFHVV�

7KH RSWLFDO nEHU XVHG ZLOO EH DUUDQJHG DV VKRZQ
LQ )LJXUH �� ,QLWLDOO\� LW ZLOO EH DOLJQHG ZLWK RQH RI WKH
RXWSXW nEHUV� 7KHQ� D IRUFH ZLOO EH DSSOLHG WR WKH nEHU�
EHQGLQJ LW LQWR DOLJQPHQW ZLWK WKH RWKHU RXWSXW nEHU�

$V FDQ EH VHHQ LQ WKH VNHWFK� DV m DSSURDFKHV �� L�H��
DV WKH RXWSXW nEHUV DUH SODFHG FORVHU WRJHWKHU� WKH WRWDO
GLVWDQFH WKDW QHHGV WR EH WUDYHOHG E\ WKH HQG RI WKH
nEHU� p� DSSURDFKHV WKH nEHU GLDPHWHU� G� 7KHUHIRUH�
WR PLQLPL]H WKH WUDYHO GLVWDQFH� WKH WZR RXWSXW nEHUV
VKRXOG EH SODFHG DV FORVH WRJHWKHU DV SRVVLEOH�
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)LJXUH �� 6FKHPDWLF GLDJUDP RI WKH 0(06�EDVHG RSWLFDO VZLWFK�

���� )LEHU %HQGLQJ &DOFXODWLRQV

7KH RSWLFDO nEHU FDQ EH PRGHOHG DV D VLPSOH FDQ�
WLOHYHU EHDP ZLWK D SRLQW ORDG DSSOLHG DW WKH IUHH HQG
�)LJXUH ��� ,QLWLDOO\� ZH ZLOO DVVXPH WKDW WKLV IRUFH LV
FRQVWDQW� $ IRUFH �3 � QHHGV WR EH DSSOLHG WR WKH nEHU
WR PRYH LW VXpFLHQW GLVWDQFH WR OLQH XS ZLWK WKH RWKHU
RXWSXW nEHU� 7KH GLVSODFHPHQW RI WKH nEHU HQG DV D
IXQFWLRQ RI WKH DSSOLHG IRUFH DQG WKH OHQJWK RI WKH FDQ�
WLOHYHU LV JLYHQ E\
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)LJXUH �� )LEHU EHQGLQJ IRUFH SORW�

VKRZV D VLJQLnFDQW GURS LQ WKH UHTXLUHG IRUFH RYHU WKH
���� PP UDQJH� 08036 DOORZV XV WR IDEULFDWH RXU
GHYLFH RQ D � FPd � FP FKLS� 'HSHQGLQJ RQ WKH VWUXF�
WXUH VL]HV LQ RXU GHVLJQ� ZH VKRXOG KDYH DQ DFWLYH nEHU
OHQJWK RI DERXW � PP� 8VLQJ WKLV YDOXH ZLWK HTXDWLRQ
��� \LHOGV

3  ��� x1� ���

7KLV LV WKH IRUFH WKDW RXU GHYLFH ZLOO QHHG WR SURGXFH
LQ RUGHU WR FRPSOHWH WKH VZLWFK RSHUDWLRQ�

�� 6ZLWFK 'HVLJQ

7KH SULPDU\ FRQVLGHUDWLRQ LQ WKLV GHVLJQ LV GHYHORS�
LQJ DQ DFWXDWRU WKDW FDQ EH XVHG WR VXFFHVVIXOO\ DFKLHYH



WKH UHTXLUHG IRUFH�GLVWDQFH FRPELQDWLRQ� 7KH IRUFH RI
��� x1 DQG D GLVSODFHPHQW RI ��� xP LV DQ H[WUHPHO\
ODUJH UHTXLUHPHQW IRU D 0(06 EDVHG DFWXDWRU� 6RPH
DPSOLnFDWLRQ PHWKRG ZLOO KDYH WR EH XVHG WR DFKLHYH
WKH GHVLUHG RXWSXW� :H ZLOO nUVW GHVFULEH WKH DFWXDWRU
W\SH WKDW ZH GHFLGHG WR XVH DQG WKHQ WKH DPSOLnHU DQG
LWV FRPSRQHQWV�

���� 7KH $FWXDWRU

$IWHU VRPH LQLWLDO UHVHDUFK� LW ZDV GHFLGHG WKDW WKHU�
PDO DFWXDWLRQ VKRXOG EH XVHG� 7KH RWKHU PDLQVWUHDP
RSWLRQ LV HOHFWURVWDWLF DFWXDWLRQ� EXW VR IDU� WKDW KDV
QRW EHHQ VHHQ WR EH FDSDEOH RI DFKLHYLQJ WKH IRUFHV DS�
SOLFDEOH WR RXU VLWXDWLRQ�
'LUHFW WKHUPDO H[SDQVLRQ� KRZHYHU� LV QRW WKH DQ�

VZHU� ,Q 08036� WKH RQO\ VWUXFWXUDO PDWHULDO DYDLO�
DEOH LV SRO\VLOLFRQ� 7KLV PDWHULDO KDV D UDWKHU ORZ FR�
HpFLHQW RI OLQHDU WKHUPDO H[SDQVLRQ �{��� SSP�p&��
7KHUHIRUH� WKH DFWXDWRUV WKHPVHOYHV ZLOO KDYH WR EH
FRQnJXUHG LQ VXFK D ZD\ DV WR PDJQLI\ WKHLU RZQ
IRUFH�GLVSODFHPHQW SURGXFWLRQ�
$QRWKHU FRQVLGHUDWLRQ ZLWK WKHUPDO DFWXDWRUV LV

WKDW WKH IRUFH FUHDWHG E\ VXFK DQ DFWXDWRU LV QRW
FRQVWDQW� 7KH IRUFH LV FUHDWHG E\ WKH LQGXFHG WKHU�
PDO VWUHVV LQ WKH PDWHULDO� 7KLV VWUHVV LV WUDQVIRUPHG
LQWR WKHUPDO VWUDLQ XQWLO D QHZ HTXLOLEULXP SRVLWLRQ LV
UHDFKHG� $V D UHVXOW� WKHUPDO IRUFH LV LQYHUVHO\ SURSRU�
WLRQDO WR DFWXDWRU GHoHFWLRQ�
)LJXUH � LV D VNHWFK RI DQ LQ�SODQH� EHQW�EHDP DF�

WXDWRU ZLWK n[HG VXSSRUWV >�@� )RU D SRO\VLOLFRQ EHQW�
EHDP DFWXDWRU ZLWK /  ���xP� t  ��� UDG� ZLGWK  
��xP� DQG WKLFNQHVV  ���xP� H[SHULPHQWV KDYH SUR�
GXFHG UHVXOWV VXFK DV WKDW VKRZQ LQ )LJXUH � >�@� ,Q WKH
VWXG\� IRUFH ZDV FDOFXODWHG IURP GLVSODFHPHQW PHDVXUH�
PHQWV XVLQJ GLmHUHQWLDO EHQW�EHDP DQDO\VLV� $V FDQ EH
VHHQ LQ WKH WZR JUDSKV� WKLV DFWXDWRU W\SH FDQ SURGXFH
D ODUJH IRUFH� EXW WKH GLVSODFHPHQW LV VLJQLnFDQWO\ ORZHU
WKDQ ZKDW ZH UHTXLUHG�

)LJXUH �� %HQW�EHDP DFWXDWRU GHVLJQ IURP >�@

)LJXUH �� %HQW�EHDP DFWXDWRU GLVSODFHPHQW DQG FDO�
FXODWHG PD[LPXP IRUFH IURP >�@�

,QGLYLGXDOO\� WKHVH VLPSOH EHDP DFWXDWRUV GR QRW
TXLWH PHHW WKH GHVLJQ QHHG� EXW WKH\ FDQ EH FRPELQHG
LQ FHUWDLQ ZD\V WR HQKDQFH WKHLU RYHUDOO SHUIRUPDQFH�
&RQQHFWLQJ WKHP LQ VHULHV �PHFKDQLFDOO\ LQ VHULHV� HOHF�
WULFDOO\ WKH\ DUH FRQQHFWHG LQ SDUDOOHO� ZLOO PDJQLI\
WKHLU IRUFH RXWSXW ZLWKRXW PRGLI\LQJ WKHLU GHoHFWLRQ
FKDUDFWHULVWLFV� ,Q DGGLWLRQ� WKHVH GHYLFHV FDQ EH FDV�
FDGHG� ZLWK UHVXOWV PXFK PRUH LPSUHVVLYH WKDQ IRU WKH
VLQJOH EHQW�EHDP DFWXDWRU� +RZHYHU� FDVFDGLQJ EHQW�
EHDP DFWXDWRUV UHTXLUHV FRQVLGHUDEOH UHDO HVWDWH DQG
SRZHU� ,W LV OLNHO\ WKDW D SURSHUO\ GHVLJQHG FDVFDGH
EHQW�EHDP DFWXDWRU ZRXOG KDYH D EHWWHU nJXUH RI PHULW
WKDQ VHULHV FRQQHFWHG EHQW�EHDP DFWXDWRUV� +RZHYHU�
IRU VLPSOLFLW\� ZH KDYH UXOHG WKHP RXW IRU WKLV GHVLJQ�
)LQDOO\� LW VKRXOG EH QRWHG WKDW WKH EHQW�EHDP DF�

WXDWRUV DQDO\]HG LQ >�@ ZHUH QRW RSWLPL]HG� 3URSHU
DQJXODU FRQnJXUDWLRQ FRXOG FKDQJH WKH DFWXDWRU SHU�
IRUPDQFH DV GLVFXVVHG E\ WKH DXWKRUV� ,Q RXU ZRUN�
ZH KDYH FKRVHQ DQ DQJOH WKDW SURGXFHV D NQRZQ
IRUFH�GLVSODFHPHQW SHUIRUPDQFH DQG LQFOXGHG VHYHUDO
WHVW VWUXFWXUHV WR VWXG\ WKH HmHFW RI GLmHUHQW EHQW�
EHDP DFWXDWRU JHRPHWULHV�

���� $PSOLnFDWLRQ 0HWKRGV

%HFDXVH ZH DUH XVLQJ DQ DFWXDWRU ZLWK D GHoHFWLRQ
PXFK OHVV WKDQ RXU UHTXLUHPHQW� EXW D IRUFH �ZKHQ PXO�
WLSOH DFWXDWRUV DUH FRQQHFWHG LQ VHULHV PHFKDQLFDOO\�
PXFK KLJKHU WKDQ RXU UHTXLUHPHQW� ZH FDQ XVH PH�



FKDQLFDO DPSOLnFDWLRQ PHWKRGV WR UHDFK WKH QHFHVVDU\
GHoHFWLRQ�

$FFRUGLQJ WR WKH EHQW�EHDP VWXG\ >�@� D EHQW�EHDP
DFWXDWRU ZLWK WKH JHRPHWU\ GHVFULEHG DERYH FDQ SUR�
GXFH D ]HUR�IRUFH GHoHFWLRQ RI DERXW � xP� DQG D ]HUR�
GHoHFWLRQ IRUFH RI DERXW ������� x1� 1RWH� IRU WKH
08036 SURFHVV� WKH ]HUR�GHoHFWLRQ IRUFH LV DSSUR[�
LPDWHO\ ������� x1 IRU WKLV GHVLJQ� $VVXPLQJ ZH XVH
� � RI WKH IXOO UDQJH GLVSODFHPHQW �{ �xP�� RXU RXWSXW
IRUFH ZLOO EH � � RI WKH WRWDO RXWSXW IRUFH RU { ���x1�
,Q RUGHU WR DFKLHYH ��� xP PRWLRQ ZLWK ��� x1 RXW�
SXW� ZH ZRXOG QHHG DERXW ������� RI WKHVH DFWXDWRUV
FRQQHFWHG WR D OHYHU ZLWK D PDJQLnFDWLRQ RI ����� 7KLV
LV GHnQLWHO\ QRW IHDVLEOH IRU RXU GHVLJQ� +RZHYHU� WKH
DFWXDWRU FRXOG PXFK PRUH HDVLO\ SURYLGH WKH QHHGHG
IRUFH RYHU VPDOOHU GLVWDQFHV� VXFK DV ����� xP� :LWK
WKLV PDJQLnFDWLRQ LQ PLQG� IRU DQ RXWSXW IRUFH RI ���
x1� ZH ZRXOG QHHG RQO\ ����� DFWXDWRUV� ZLWK DQ DP�
SOLnFDWLRQ RI � IRU WKH GLVWDQFH� 7KLV LV D PXFK PRUH
UHDOLVWLF QXPEHU�

6LQFH ZH FDQ PRUH HDVLO\ PRYH WKHVH VPDOOHU GLV�
WDQFHV� ZH UHTXLUH PXOWLSOH PRWLRQV WR DFKLHYH WKH WRWDO
GLVWDQFH RI ��� xP� 7KXV� ZH KDYH GHVLJQHG D VWHSSHU

PRWRU WR DFFRPSOLVK WKH PRYHPHQW�

����� 6WHSSHU 0RWRU 3ULQFLSOHV

7KH VWHSSHU PRWRU XVHV D WLPHG FRPELQDWLRQ RI D GULY�
LQJ DFWXDWRU �GULYHU� DQG D FODPSLQJ DFWXDWRU �SXVKHU��
7KHVH PRWLRQV DUH GHSLFWHG LQ )LJXUH �� $W UHVW� WKH
GULYLQJ DFWXDWRU ZRXOG QRW EH LQ FRQWDFW ZLWK WKH VOLG�
LQJ SLHFH WR EH PRYHG �VOLGHU�� $W WKH VWDUW RI WKH PR�
WLRQ F\FOH� WKH SXVKHU ZRXOG FODPS WKH GULYHU DJDLQVW
WKH VOLGHU� 7KHQ WKH GULYHU ZRXOG DFWXDWH� PRYLQJ WKH
VOLGHU LQ WKH GHVLUHG GLUHFWLRQ� $W IXOO H[WHQVLRQ� WKH
SXVKHU ZRXOG UHOHDVH WKH GULYHU DOORZLQJ LW WR SXOO EDFN
ZLWKRXW EHLQJ LQ FRQWDFW ZLWK WKH VOLGHU� 7KXV WKH
VOLGHU ZRXOG PDLQWDLQ LWV SRVLWLRQ� 7KH F\FOH LV WKHQ
UHSHDWHG DV RIWHQ DV LV QHHGHG WR REWDLQ WKH UHTXLUHG
PRWLRQ� 8VLQJ WKLV PHFKDQLVP� VHYHUDO DFWXDWRUV DUH
DWWDFKHG WR WKH SXVKHU DQG GULYHU SLHFHV� DQG WKH nEHU
LV VZLWFKHG LQ WKLV PDQQHU�

7KLV PHWKRG LV PRUH FRPSOLFDWHG WKDQ D PHWKRG XV�
LQJ GLUHFW DFWXDWRU DPSOLnFDWLRQ� ,VVXHV VXFK DV F\FOH
WLPH� WLPLQJ DOJRULWKPV DQG LQWHUPHGLDWH FODPSLQJ ZLOO
QHHG WR EH DGGUHVVHG ZKHQ PRYLQJ WKH nEHU� +RZHYHU�
JLYHQ WKH DYDLODEOH DFWXDWRUV� WKLV VHHPV WR EH WKH VLP�
SOHVW PHDQV FDSDEOH RI SHUIRUPLQJ WKH GHVLUHG WDVN� $V
VXFK� ZH WKHQ PXVW ORRN LQWR WKH GHVLJQ RI WKH LQGLYLG�
XDO VWHSSHU PRWRU FRPSRQHQWV�

7KH VWHSSHU PRWRU FRQVLVWV RI WKHUPDO DFWXDWRUV� DF�
WXDWRU FRQQHFWLRQV� SLQV� OHYHUV� WKH VOLGHU� GULYH SDZO�
DQG ODWFK� 5HIHU WR )LJXUH � IRU WKH SODFHPHQW RI WKHVH

(1 )

(5 )

(4 )(3)

(2 )

P usher

D river

S lide r

)LJXUH �� 6WHSSHU PRWRU F\FOH�

FRPSRQHQWV�

$FWXDWRUV $V PHQWLRQHG SUHYLRXVO\� ZH DUH XVLQJ
EHQW�EHDP DUUD\V� 7KHUH DUH WZR PDLQ W\SHV RI
DFWXDWRU DUUD\V LQ WKH VWHSSHU GHVLJQ� 7KH GULYH
DFWXDWRUV DUH DUUD\V RI �� EHDPV FRQQHFWHG LQ
VHULHV �PHFKDQLFDOO\�� 6LPLODUO\ FRQnJXUHG� DU�
UD\V RI � EHDPV DUH XVHG IRU WKH SXVKHU DQG ORFN
PHFKDQLVPV� 7KH EHDP FKDUDFWHULVWLFV DUH /  
���xP� t  ��� UDG� Z  �xP� DQG W  ���xP�

7KH EDVH SDGV DUH GHVLJQHG ZLWK D ODUJH DUHD WR
SURPRWH HYHQ FXUUHQW GLVWULEXWLRQ WR WKH EHDPV�
7KLV ODUJH DUHD DOVR DOORZV WKHP WR DFW DV VWDEOH
VXSSRUWV IRU WKH EHDPV� )LJXUH � VKRZV D VNHWFK
RI WKH GULYHU DFWXDWRU DUUD\�

SDG

SDG

EHDP DUUD\
FRQQHFWLQJ URG

)LJXUH �� 'ULYHU DFWXDWRU�

$FWXDWRU FRQQHFWLRQV 7KH DFWXDWRUV DWWDFK WR WKH
OHYHUV E\ D n[HG FRQQHFWLQJ URG� :H KDG RULJL�
QDOO\ ZDQWHG SLQ MRLQW FRQQHFWLRQV� 7KLV SURYHG
LPSUDFWLFDO IRU WZR UHDVRQV� �L� KRZ WR PDNH D �
GHJUHH RI IUHHGRP SLQ MRLQW ZLWK RQO\ D � VWUXF�
WXUDO OD\HU SURFHVV� DQG �LL� WKH 08036 SURFHVV
UHTXLUHG DW OHDVW � xP VSDFLQJ EHWZHHQ LQGLYLGXDO



FRPSRQHQWV RQ WKH VDPH OD\HU� 7KLV ZRXOG FUHDWH
HQRXJK EDFNODVK LQ WKH V\VWHP WR HOLPLQDWH PRVW
LI QRW DOO RI RXU DFWXDWRU RXWSXW PRWLRQ�

0(06 UHVHDUFK FRQGXFWHG DW %<8 >�@ KDV DG�
GUHVVHG WKH WRSLF RI KRZ WR FUHDWH IUHH SLQ MRLQWV
XVLQJ 08036� $ ULQJ�GLVN VWUXFWXUH LV XVHG LQ
ZKLFK RQH OLQN LV n[HG WR DQ RXWHU ULQJ ZKLOH WKH
RWKHU OLQN LV n[HG WR DQ LQQHU GLVN� 7KH n[HG
SRLQWV SUHYHQW YHUWLFDO PRWLRQ� :KLOH WKLV DG�
GUHVVHV RXU nUVW FRQFHUQ� ZH DUH VWLOO IDFHG ZLWK
WKH PLQLPXP VSDFLQJ GHVLJQ UXOH� 7KLV UXOH HVVHQ�
WLDOO\ QHJDWHG WKH XVH RI SLQ MRLQWV LQ WKH DFWXDWRU
FRQQHFWLRQV� $V D UHVXOW� WKH DFWXDWRU FRQQHFWLQJ
URGV DUH n[HG WR WKH OHYHU� 7KLV LV JRLQJ WR FUHDWH
VRPH PLQRU WRUVLRQ DQG EHQGLQJ� 7KLV LV DQ DUHD
WKDW FRXOG FDXVH VRPH ORVV RI SHUIRUPDQFH LQ WKH
GHVLJQ DQG ZLOO EH LQYHVWLJDWHG DIWHU WKH GHYLFHV
DUH IDEULFDWHG�

,Q DQ DWWHPSW WR PLQLPL]H WKH LPSDFW RI WKH n[HG
DWWDFKPHQWV� ZH WULHG WR GHVLJQ WKH FRQQHFWLQJ
URGV EDVHG RQ D SUHYLRXV VWHSSHU PRWRU GHVLJQ >�@�
,Q WKLV GHVLJQ� WKH FRQQHFWLQJ URGV DSSHDUHG WR
EH ����� xP ZLGH DQG DERXW ������� xP ORQJ�
7KH URGV WKDW ZH XVHG ZHUH DERXW �� xP ZLGH
DQG ������� xP ORQJ� 7KH FRQQHFWLQJ SRLQW LV D
��d �� xP� VTXDUH SDG�

/HYHU 7KH OHYHU LWVHOI LV UHODWLYHO\ VLPSOH LQ GHVLJQ�
$W RQH HQG LV D n[HG SLQ MRLQW� 7KLV SLQ LV DERXW
�� xP LQ GLDPHWHU� )RU D �[ GULYHU DPSOLnFDWLRQ�
ZH SODFHG WKH LQSXW OLQN DW ��� xP IURP WKH SLQ�
DQG WKH RXWSXW OLQN DW ��� xP� %DVHG RQ WRRWK
VL]H DQG VWUXFWXUH VSDFLQJ� ZH GHWHUPLQHG WKDW DQ
DYDLODEOH WUDYHO UDQJH RI �� xP ZRXOG EH QHHGHG
IRU WKH SXVKHU� 7KHUHIRUH� IRU WKLV OHYHU� ZH SODFHG
WKH LQSXW DW �� xP IURP WKH SLQ DQG WKH RXWSXW
DW ��� xP�

,Q DGGLWLRQ� IRU WKH SXVKHU� WKH HQG RI WKH OHYHU KDV
D VPDOO SURWUXVLRQ� 7KLV SURWUXVLRQ LV WKH FRQWDFW
SRLQW EHWZHHQ WKH SXVKHU DQG WKH GULYH SDZO�

6OLGHU 7KH VOLGHU LV GLYLGHG LQWR WKUHH PDLQ VHFWLRQV
^ WZR WRRWKHG VOLGLQJ VHFWLRQV DQG D FHQWUDO nEHU�
VXSSRUWLQJ VHFWLRQ� $OVR� WKHUH LV D ODWFK RQ WKH
OHIW VLGH IRU WKH ORFNLQJ PHFKDQLVP� 7KLV FDQ EH
VHHQ LQ )LJXUH ��

7KH WZR VOLGLQJ VHFWLRQV DUH DGDSWHG IURP D VOLGHU
GHVLJQ REWDLQHG IURP DQ 08036 GHVLJQ nOH� 7KH
RQH PDMRU PRGLnFDWLRQ PDGH WR WKHVH SLHFHV LV WKH
WRRWK VL]H DQG VSDFLQJ� 7KH RULJLQDO WHHWK ZHUH
GHVLJQHG IRU D UDFN DQG SLQLRQ VHWXS ZLWK FLUFXODU
JHDUV� %HFDXVH ZH KDYH D GULYH SDZO ZLWK PRPHQ�

)LJXUH �� 7KH VOLGHU�

WDU\ FRQWDFW� ZH PRGLnHG WKH WHHWK WR DOORZ IRU
PRUH FRQWDFW DUHD�

:H PDGH WKH WRRWK VSDFLQJ HTXDO WR WKH WRRWK VL]H�
:H HVWLPDWH WKDW WKH GULYH SDZO ZLOO PRYH DERXW
�� xP� VR WKH WHHWK DUH VSDFHG VXFK WKDW RQH SXVK
ZLOO DGYDQFH WKH WHHWK E\ RQH SRVLWLRQ� $ VNHWFK RI
WKH WHHWK LV VKRZQ LQ )LJXUH ��� 7RRWK FDOFXODWLRQV
DUH IXUWKHU GLVFXVVHG LQ WKH GULYH SDZO VHFWLRQ�

RULJLQDO WHHWK

PRGLILHG WHHWK

)LJXUH ��� 7RRWK PRGLnFDWLRQV�

'ULYH 3DZO 7KH WRRWKHG IDFH RI WKH GULYH SDZO LV
��� xP ORQJ� 7KHUH DUH �� WHHWK DORQJ WKLV OHQJWK�
$VVXPLQJ WKH EHVW FDVH ZKHUH DOO WHHWK DUH LQ FRQ�
WDFW ZLWK WKH VOLGHU� WKH IRUFH SHU WRRWK LV �� x1
���� x1��� WHHWK�� )RU WKH ZRUVW FDVH� DOO ��� x1
DUH DSSOLHG WR RQH WRRWK� /RRNLQJ DW WRRWK VKHDU
VWUHVV IRU WKLV ZRUVW FDVH FRQGLWLRQ� ZH KDYH
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6LQFH WKH PD[LPXP DOORZDEOH SRO\VLOLFRQ VKHDU
VWUHVV LV DERXW � *3D� ZH VKRXOG QRW KDYH WR ZRUU\
DERXW WKH GULYH WHHWK VKHDULQJ GXULQJ QRUPDO XV�
DJH� )LJXUH �� VKRZV D VNHWFK RI WKH GULYH SDZO�

/DWFK 7KH ODWFK ORFNV WKH VOLGHU LQWR SODFH LQ WKH VHF�
RQG SRVLWLRQ� ,W LV GHVLJQHG VR WKDW WKH VZLWFK FDQ
EH DW HLWKHU SRVLWLRQ ZLWK QR SRZHU EHLQJ XVHG E\
WKH V\VWHP� 3RZHU LV RQO\ UHTXLUHG WR PDNH WKH
VZLWFK PRYH WKH nEHU� EXW QRW KROG LW LQ SODFH�



)LJXUH ��� 7KH GULYH SDZO�

7KH ORFN LV HVVHQWLDOO\ D PXFK ORQJHU OHYHU� ,W UR�
WDWHV DERXW D n[HG SLQ� LGHQWLFDO WR WKH OHYHU SLQ�
�6HH )LJXUH ����

7KH WRWDO OHQJWK RI WKH ORFN IURP WKH SLQ LV
���� xP ZLWK WKH LQSXW SODFHG DW �� xP� 7KLV
ZLOO SURGXFH ����[ PRWLRQ DPSOLnFDWLRQ� $Q DFWX�
DWLRQ RI � xPZLOO UHVXOW LQ D �� xP GLVSODFHPHQW RI
WKH ODWFK HQG� 7KH KRRN SURWUXGHV LQWR WKH VOLGHU
E\ �� xP� 7KLV DOORZV IRU VRPH FOHDUDQFH EHWZHHQ
WKH WZR SLHFHV GXULQJ PRWLRQ�

7KH SRLQW RQ WKH ODWFK WKDW ZRXOG IDLO nUVW LV PRVW
OLNHO\ WKH SLQ� 'XULQJ WKH ORFNHG SRVLWLRQ� WKH
IRUFH GXH WR WKH EHQW nEHU ���� x1� ZLOO EH FRP�
SOHWHO\ DSSOLHG WR WKH ORFN� $QDO\]LQJ WKH VKHDU
RQ WKH SLQ� ZH KDYH
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7KLV LV DOVR ZHOO EHORZ WKH � *3D OLPLW�

)LJXUH ��� 7KH ODWFK�

�� 7HVW 6WUXFWXUHV

7KH VZLWFK GHVLJQ RQO\ XVHV DERXW ��� RI WKH WRWDO
DYDLODEOH FKLS DUHD� DQG WKHUH DUH �� ZLUH�ERQG SDGV
XQXVHG� 7R XVH VRPH RI WKLV H[WUD VSDFH� ZH GHFLGHG
WR GHYHORS VRPH WHVW VWUXFWXUHV WKDW ZLOO KHOS XV UHnQH
IXWXUH YHUVLRQV RI WKH VZLWFK GHVLJQ�
:H GHFLGHG WR GHYHORS WHVWV WR DQDO\]H WKH EHKDYLRU

RI WKH EHQW�EHDP DFWXDWRUV WKDW ZH DUH XVLQJ� 2I SUL�
PDU\ FRQFHUQ LV WKH HmHFW WKDW GLmHUHQW JHRPHWULHV ZLOO
KDYH RQ SHUIRUPDQFH� 7R GHWHUPLQH WKLV� ZH GHVLJQHG
EHQW�EHDP DFWXDWRUV ZLWK GLmHUHQW DQJOHV WR EH WHVWHG
IRU GLVSODFHPHQW DQG IRUFH RXWSXW�
7KH IROORZLQJ SDUDPHWHUV DUH WKH VDPH IRU HDFK

EHDP WHVWHG� /  ���xP� Z  �xP� DQG W  ���xP�

7KH DQJOHV XVHG IRU WKH WHVW DUH� ��� UDG� � UDG� � UDG�
� UDG� DQG � UDG�
)RU HDFK DQJOH FRQnJXUDWLRQ� WZR EHDPV ZHUH PDGH�

RQH IRU GLVSODFHPHQW PHDVXUHPHQWV� DQG WKH RWKHU IRU
IRUFH PHDVXUHPHQWV�

���� 'LVSODFHPHQW 7HVWLQJ %HDP

2Q WKH HQG RI WKH nUVW EHDP LQ HDFK SDLU D PLFURP�
HWHU LV DWWDFKHG� %HFDXVH ZH DUH QRW VXUH KRZ ZHOO
0803V FDQ SURGXFH D nQH PLFURPHWHU� ZH SXW WZR
VFDOHV ZLWK WKH SRLQWHU� DV FDQ EH VHHQ LQ )LJXUH ���
7KH ULJKW VFDOH KDV D PDUN HYHU\ PLFURPHWHU� 7KH OHIW
VFDOH LV VSDFHG ZLGHU� ZLWK D PDUN HYHU\ WZR PLFURP�
HWHUV�

� Pµ � Pµ

3RLQWHU

)LJXUH ��� 0LFURPHWHU�

���� )RUFH 7HVWLQJ %HDP

7KH VHFRQG EHDP LQ HDFK SDLU LV FRQQHFWHG WR D IRUFH
WHVWHU� 7KLV LV HVVHQWLDOO\ D FDQWLOHYHU EHDP ZLWK D
GLVSODFHPHQW VFDOH�

)RU HDVH LQ GHVLJQLQJ WKLV WHVWHU� ZH XVHG D EHDP
VLPLODU WR WKDW XVHG LQ PRGHOLQJ RWKHU 0(06 DFWXDWRUV
>�@� 7KLV IRUFH WHVWHU FDQ EH VHHQ LQ )LJXUH ���

)LJXUH ��� )RUFH WHVWHU�



$V WKH IRUFH LV DSSOLHG WR D ORFDWLRQ EHIRUH WKH
SRLQWHU� WKH OHQJWK D ZLOO GHoHFW DV D FDQWLOHYHU EHDP�
7KLV ZLOO EH D VPDOO GHoHFWLRQ� 7KH SRLQWHU PDJQLnHV
WKLV EHFDXVH HYHU\WKLQJ WR WKH ULJKW RI WKH IRUFH ZLOO
EH GLVSODFHG DFFRUGLQJ WR WKH DQJOH DW WKH IRUFH SRLQW�
7KH VL]H DQG VKDSH RI WKH SRLQWHU GRHV QRW DmHFW EHDP
EHQGLQJ LQ DQ\ ZD\ �QHJOHFWLQJ PDVV�� 7KH GHoHFWLRQ
IRUPXOD IRU WKLV WHVWHU LV
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ZKHUH G LV WKH GLVWDQFH WKH SRLQWHU PRYHV GXULQJ GHoHF�
WLRQ� )RU D PXFK ZHDNHU DFWXDWRU� W\SLFDO YDOXHV IRU WKH
DERYH HTXDWLRQ DUH W  �xP� D  ��xP� /  ���xP�
DQG Z  �xP� %DVHG RQ WKH DFWXDWRU FKDUDFWHULVWLFV
WKDW ZH DUH XVLQJ� WKH EHDP ZLGWK DQG OHQJWK PXVW
EH PRGLnHG WR NHHS WKH GHoHFWLRQ ZLWKLQ DQ DOORZDEOH
UDQJH� :H GHFLGHG WKDW EHFDXVH RI WKH SRVVLEOH YDUL�
DWLRQV LQ WKH IRUFH RXWSXW RI WKH DFWXDWRUV� G  �xP
VKRXOG LQGLFDWH D IRUFH RI ��� x1� .HHSLQJ OHQJWK WKH
VDPH� WR REWDLQ WKLV UHODWLRQVKLS� Z  ��xP�
:KDW ZH KRSH WR REWDLQ IURP WKHVH WHVWHUV DUH EH�

KDYLRUDO FXUYHV IRU YDULRXV EHQW�EHDP DFWXDWRUV� 3UL�
PDULO\� WKHVH FXUYHV LQFOXGH �L� GLVSODFHPHQW YV FXU�
UHQW� �LL� IRUFH YV FXUUHQW� �LLL� IRUFH YV GLVSODFHPHQW IRU
GLmHUHQW FXUUHQW OHYHOV� 7KH GLmHUHQW DFWXDWRUV FRXOG
WKHQ EH FRPSDUHG WR GHWHUPLQH WKH HmHFW WKDW JHRPH�
WU\ SOD\V RQ SHUIRUPDQFH� 'LVSODFHPHQW GDWD ZDV DO�
UHDG\ FROOHFWHG IRU EHQW�EHDP DFWXDWRUV ZLWK GLmHUHQW
DQJOHV >�@� EXW IRUFH GDWD ZDV QRW H[SHULPHQWDOO\ GHWHU�
PLQHG� WKXV OHDYLQJ VRPH LPSRUWDQW IDFWRUV LQ DFWXDWRU
GHVLJQ XQNQRZQ� 'HWHUPLQLQJ WKH EHKDYLRU RI WKHVH DF�
WXDWRUV FRXOG SURYH YHU\ EHQHnFLDO WR IXWXUH GHVLJQV�

�� &RQFOXVLRQ

0(06�EDVHG RSWLFDO VZLWFKHV DUH OLNHO\ WR EH FULWL�
FDO FRPSRQHQWV LQ WKH GHVLJQ RI IDXOW�WROHUDQW� UHFRQnJ�
XUDEOH� RSWLFDO EDFNSODQHV� 7KHLU SRWHQWLDO IRU ORZ FRVW
DQG KLJK GDWD WKURXJKSXW DUH GLVWLQJXLVKLQJ FKDUDFWHU�
LVWLFV FRPSDUHG WR PRUH WUDGLWLRQDO PHWKRGV RI RSWLFDO
VZLWFKLQJ� %XW WR UHDOL]H WKH SRWHQWLDO RI 0(06�EDVHG
RSWLFDO VZLWFKLQJ� QXPHURXV GHVLJQ TXHVWLRQV QHHG WR
EH DQVZHUHG� ,Q SDUWLFXODU� VZLWFKLQJ RSWLFDO nEHU� WKH
ZDYHJXLGH PDWHULDO RI FKRLFH IRU ORZ ORVV� UHTXLUHV ODUJH
GLVSODFHPHQW DQG VLJQLnFDQW IRUFHV� 7KHUPDO DFWXDWRUV
FDQ DFFRPSOLVK� EXW WKH UHVXOWLQJ VWUXFWXUHV DUH TXLWH
FRPSOH[ UHTXLULQJ GLVSODFHPHQW DPSOLnFDWLRQ DQG PXO�
WLSOH DFWXDWRUV WR DFKLHYH WKH QHFHVVDU\ IRUFH� ,Q WKLV
SDSHU� ZH GHVFULEH WKH GHVLJQ RI D 0(06�EDVHG RSWLFDO
VZLWFK WKDW XVHV D PXOWLSOH WKHUPDO DFWXDWRUV LQ FRQ�
MXQFWLRQ ZLWK D VWHSSHU PRWRU� 7KH VZLWFK LV FXUUHQWO\
EHLQJ IDEULFDWHG E\ &URQRV ,QWHJUDWHG 0LFURV\VWHPV�

$FNQRZOHGJPHQW

7KLV ZRUN ZDV VXSSRUWHG LQ SDUW E\ $LU )RUFH
�%0'2� FRQWUDFW )���������&������ 0LQ0$; 7HFK�
QRORJLHV� ,QF�� DQG 5RZDQ 8QLYHUVLW\�

5HIHUHQFHV

>�@ :DJQHU� 5�(�� $OIHUQHVV� 5�&�� 6DOHK� $�$�0��
*RRGPDQ� 0�6�� ?021(7� 0XOWLZDYHOHQJWK RS�
WLFDO QHWZRUNLQJ�� -RXU� RI /LJKWZDYH 7HFKQRORJ\�
��� ��������� �������

>�@ 0XQR]� -� /�� ?$GDSWLYH &RPSXWLQJ 6\VWHPV��
3URF� RI '$53$ 7HFK 
�� ^ ��WK 6\VWHPV DQG 7HFK�
QRORJ\ 6\PSRVLXP� 6HSWHPEHU �������

>�@ &RQJGRP� 3�� ?0LFURHOHFWURPHFKDQL�
FDO SKRWRQLF VZLWFKHV�� '$53$�(72�
KWWS���ZZZ�GDUSD�PLO�072�0(06�3URMHFWV���
0(06�7H[DV����KWPO�

>�@ .DLVHU� :�� ?0DQXIDFWXUDEOH PLFURDF�
WXDWRUV DQG VHQVRUV�� '$53$�(72�
KWWS���ZZZ�GDUSD�PLO�072�0(06�3URMHFWV���
0(06�8QLYHUVLW\����KWPO�

>�@ /DX� .� DQG 0XOOHU� 5�� ?$GDSWLYH PLFUR�
HOHFWURPHFKDQLFDO WHFKQRORJLHV IRU RSWRHOHF�
WURQLF PRGXOHV DQG V\VWHPV�� '$53$�(72�
KWWS���ZZZ�GDUSD�PLO�072�0(06�3URMHFWV���
0(06�8QLYHUVLW\����KWPO�

>�@ 4XH� /�� 3DUN� -��6�� DQG *LDQFKDQGDQL� <�%�
?%HQW�%HDP (OHFWUR�7KHUPDO $FWXDWRUV IRU +LJK
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