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7KLV SDSHU DGGUHVVHV LVVXHV DULVLQJ LQ WKH RQ�OLQH DGDS�
WDWLRQ RI 3,' FRQWUROOHU SDUDPHWHUV� :LWK IUHTXHQF\
ORRS�VKDSLQJ SULQFLSOHV DV WKH XQGHUO\LQJ FRQWUROOHU GH�
VLJQ DSSURDFK� WKH 3,' SDUDPHWHU DGDSWDWLRQ FDQ EH
SHUIRUPHG GLUHFWO\ E\ PLQLPL]LQJ D VXLWDEOH HVWLPDWLRQ
HUURU ZLWK VWDQGDUG OHDVW�VTXDUHV DOJRULWKPV� $ YDUL�
DQW RI VXFK DQ DOJRULWKP LV DOVR SURSRVHG LQ DQ HmRUW
WR DSSUR[LPDWH WKH PLQLPL]DWLRQ RI WKH +�LQnQLW\ QRUP
RI WKH HUURU RSHUDWRU� $ QXPHULFDO H[DPSOH LV XVHG WR
LOOXVWUDWH WKH LPSOHPHQWDWLRQ RI WKH DOJRULWKP�

� ([WHQGHG 6XPPDU\

3URSRUWLRQDO�,QWHJUDO�'HULYDWLYH �3,'� FRQWUROOHUV DUH
VWLOO WKH PRVW FRPPRQ FRQWURO DOJRULWKPV XVHG LQ WKH
SURFHVV LQGXVWU\� 0DQ\ PHWKRGV IRU 3,' WXQLQJ DUH
IRXQG LQ WKH OLWHUDWXUH� DQG >�@ SURYLGHV DQ H[FHOOHQW
UHYLHZ� 7KHVH PHWKRGV FRXOG HPSOR\ ORZ�RUGHU DSSUR[�
LPDWLRQV RI WKH SODQW �H�J�� >�@�� RU RSWLPL]H D IUHTXHQF\
DQG�RU WLPH GRPDLQ SHUIRUPDQFH PHDVXUH >�� �� �@� <HW�
WKH WXQLQJ RI 3,' ORRSV UHPDLQV D VXEMHFW RI JUHDW SUDF�
WLFDO LQWHUHVW� 7KH UHDVRQV IRU WKLV DUH LQ WKH UHTXLUH�
PHQWV RI VRPH XVHU H[SHUWLVH IRU VXFHVVIXO WXQLQJ DQG
WKH ODUJH QXPEHU RI 3,' ORRSV WKDW QHHG WR EH WXQHG
�H�J�� ���� 3,' ORRSV LQ D W\SLFDO UHnQHU\� PDQ\ RI
ZKLFK DUH RIWHQ SRRUO\ WXQHG �z ���� >�@��

5HFHQWO\� FRQVLGHUDEOH HmRUW KDV EHHQ GHYRWHG WR WKH
GHYHORSPHQW RI PHWKRGV WKDW FRQQHFW WKH LGHQWLnFDWLRQ
SURSHUWLHV ZLWK WKH FRQWUROOHU GHVLJQ WR SURGXFH PRUH
UHOLDEOH FRQWURO V\VWHPV >�� �@� 7KHVH PHWKRGV FDQ EH
XVHG WR VRPHZKDW DXWRPDWH WKH 3,' WXQLQJ >�� ��� ��@�
,W JRHV ZLWKRXW VD\LQJ WKDW PDQ\ RI WKH Rm�OLQH 3,'
WXQLQJ VWUDWHJLHV FDQ EH FRQYHUWHG WR RQ�OLQH WXQHUV
IROORZLQJ WKH LQGLUHFW DGDSWLYH FRQWURO SDUDGLJP� 1HY�
HUWKHOHVV� GLUHFW DGDSWDWLRQ�WXQLQJ RI WKH 3,' SDUDP�
HWHUV LV DQ LPSRUWDQW WRSLF� ZLWK SRWHQWLDO EHQHnWV LQ
VSHHG RI H[HFXWLRQ DV ZHOO DV SHUIRUPDQFH RSWLPL]DWLRQ�

�(� *UDVVL DQG .� 6� 7VDNDOLV �FRUUHVSRQGLQJ DXWKRU� H�PDLO�
WVDNDOLV#DVX�HGX� DUH ZLWK WKH 'HSDUWPHQW RI (OHFWULFDO (QJL�
QHHULQJ� 66(5&� $UL]RQD 6WDWH 8QLYHUVLW\� 7HPSH� $= ������
����� 6� 'DVK� 6� 9� *DLNZDG� DQG *� 6WHLQ DUH ZLWK +RQH\�
ZHOO 7HFKQRORJ\ &HQWHU� ���� 7HFKQRORJ\ 'ULYH� 0LQQHDSROLV 01
������

,Q WKLV SDSHU ZH FRQVLGHU WKH GLUHFW WXQLQJ�DGDSWDWLRQ
RI 3,' SDUDPHWHUV ZLWK D ORRS�VKDSLQJ REMHFWLYH� 7KH
Rm�OLQH YHUVLRQ RI WKLV ?IUHTXHQF\ ORRS�VKDSLQJ� �)/6�
DSSURDFK ZDV GHYHORSHG LQ >��@ DQG KDV SURGXFHG UHOL�
DEOH UHVXOWV LQ D YDULHW\ RI DSSOLFDWLRQV >��� ��@� 8VLQJ
VLPLODU LGHDV� >��@ XVHG D UH�SDUDPHWUL]DWLRQ RI WKH WXQ�
LQJ REMHFWLYH ZKLFK DOORZV WKH GLUHFW HVWLPDWLRQ RI WKH
3,' SDUDPHWHUV IURP LQSXW�RXWSXW GDWD ZLWK D IDLUO\
VWDQGDUG OHDVW�VTXDUHV VFKHPH� +HUH� NHHSLQJ WKH SURE�
OHP IRUPXODWLRQ ODUJHO\ XQFKDQJHG� ZH GHVLJQ D GLI�
IHUHQW XSGDWH ODZ WKDW DSSUR[LPDWHV WKH FRQVWUDLQHG
PLQLPL]DWLRQ RI WKH RSHUDWRU QRUP RI WKH HUURU V\V�
WHP UDWKHU WKDQ WKH HQHUJ\ RI WKH HUURU LWVHOI� 8Q�
GHU SHUVLVWHQW H[FLWDWLRQ� WKH WXQLQJ ZLWK WKLV DGDSWLYH
VFKHPH LV FRPSDUDEOH �DQG LGHDOO\ WKH VDPH� ZLWK WKH
Rm�OLQH GHVLJQ� ,WV DGYDQWDJHV OLH LQ WKH LQWHUSUHWDWLRQ
RI WKH PLQLPL]DWLRQ REMHFWLYH LQ WHUPV RI PRGHOLQJ PLV�
PDWFK�XQFHUWDLQW\ ERXQGV� WKDW SURYLGHV D VLPSOH LQ�
GLFDWRU WR DVVHVV WXQLQJ FRQnGHQFH� 7KH PDLQ HPSKDVLV
RI WKLV VWXG\ LV WR FRQVWUXFW D UHOLDEOH WXQHU XVLQJ WKH
SULRU NQRZOHGJH RQ DFKLHYDEOH WDUJHW ORRSV� PLVPDWFK
DQG XQFHUWDLQW\ ERXQGV� DQG FRQVWUDLQWV RQ WKH 3,'
SDUDPHWHUV� UDWKHU WKDQ WR SURYLGH D ?XQLYHUVDO� 3,'
WXQHU IRU DUELWUDU\ SODQWV�

3UREOHP 'HVFULSWLRQ� ,Q WKH IROORZLQJ� ZH FRQVLGHU
3,' FRQWUROOHUV ZLWK WUDQVIHU IXQFWLRQ &  .S�.L V�
.GV �~V� ��� ZKHUH ~ LV DQ D SULRUL VHOHFWHG WLPH FRQ�
VWDQW� 7KH )/6 WXQLQJ REMHFWLYH LV WR GHWHUPLQH WKH
3,' SDUDPHWHUV �.S� .L� DQG .G� GHQRWHG E\ t� VR
WKDW WKH FRPSHQVDWHG RSHQ�ORRS WUDQVIHU IXQFWLRQ LV
FORVH WR WKH WDUJHW / LQ D ZHLJKWHG /� VHQVH� 7KLV LV
FRPSXWHG DV WKH VROXWLRQ RI WKH IROORZLQJ RSWLPL]DWLRQ
SUREOHP >��@
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ZKHUH * GHQRWHV WKH /7,� 6,62 V\VWHP WR EH FRQWUROOHG
DQG 6  ���/�b� LV WKH WDUJHW VHQVLWLYLW\� 0 LV D FRQ�
YH[ VHW RI SDUDPHWHU FRQVWUDLQWV� H�J�� SRVLWLYLW\ RI DOO
3,' JDLQV �HQVXULQJ QR ULJKW�KDOI SODQH FDQFHOODWLRQV��
OLPLWDWLRQV RQ GHULYDWLYH DFWLRQ HWF� 7KLV SUREOHP LV
PRWLYDWHG E\ WKH VPDOO JDLQ WKHRUHP� WKDW LV� LI / DQG
&* KDYH WKH VDPH XQVWDEOH SROHV WKHQ D VXpFLHQW FRQ�
GLWLRQ IRU FORVHG�ORRS VWDELOLW\ LV N6�&*b /� N

�
� ��

&OHDUO\� WKH VHOHFWLRQ RI WKH WDUJHW ORRS / LV DQ LP�
SRUWDQW FRPSRQHQW IRU WKH VXFFHVV RI WKH WXQLQJ� 7KH
WDUJHW VKRXOG EH UHDVRQDEOH LQ WKH VHQVH WKDW LW FDQ EH



DGHTXDWHO\ DSSUR[LPDWHG ZLWK WKH OLPLWHG GHJUHHV RI
IUHHGRP RI WKH 3,' VWUXFWXUH� 7\SLFDO WDUJHWV� FRYHULQJ
PRVW RI WKH FDVHV RI LQWHUHVW� DUH nUVW DQG VHFRQG RUGHU�
GHSHQGLQJ RQ WKH UROORm UDWH RI WKH SODQW DURXQG WKH LQ�
WHQGHG FURVVRYHU IUHTXHQF\ �F� )RU H[DPSOH� /  �F V
LI WKH SODQW IUHTXHQF\ UHVSRQVH KDV DSSUR[LPDWHO\ ]HUR
UROO�Rm UDWH DURXQG �F� DQG /  �F�V�D�F�q� V�V�q�
LI WKH UROO�Rm LV ���G%�GHF� +HUH bq LV WKH VORZ SROH RI
WKH SODQW DQG D �W\SLFDOO\ ����b���� GHnQHV WKH WUDGH�
Rm EHWZHHQ GLVWXUEDQFH DWWHQXDWLRQ DQG VWHS UHVSRQVH
RYHUVKRRW� 7KH WDUJHW ORRS EDQGZLGWK VKRXOG DOVR VDW�
LVI\ IXQGDPHQWDO OLPLWDWLRQV IURP ULJKW�KDOI SODQH SROHV
DQG ]HURV �IRU PRUH GHWDLOV� VHH >��� ��@�� ,Q RWKHU
ZRUGV� WKH WDUJHW ORRS VHOHFWLRQ UHTXLUHV VRPH D SUL�
RUL NQRZOHGJH DERXW WKH SODQW� WKLV� KRZHYHU� ZRXOG
QRUPDOO\ EH DYDLODEOH IURP D SUHOLPLQDU\ 3,' WXQLQJ�

7KH GHYHORSPHQW RI DQ RQ�OLQH DGDSWLYH DOJRULWKP WKDW
PLPLFV WKH Rm�OLQH )/6 VROXWLRQ LQYROYHV WKH WUDQV�
IRUPDWLRQ RI WKH HUURU RSHUDWRU PLQLPL]DWLRQ ��� LQWR
DQ HUURU VLJQDO PLQLPL]DWLRQ� 0RUH VSHFLnFDOO\� ZLWK
�X� \� GHQRWLQJ WKH SODQW LQSXW�RXWSXW SDLU� ZH FRQVLGHU
WKH HVWLPDWLRQ HUURU VLJQDO HH  6R�&* b /�X� 6LQFH
\  *X� HH  6&\ b 7X �7 EHLQJ WKH FRPSOHPHQWDU\
VHQVLWLYLW\� ZKLFK LV D VLJQDO WKDW FDQ EH FRQVWUXFWHG
IURP LQSXW�RXWSXW GDWD� SURFHVVHG E\ VWDEOH nOWHUV�
7KHQ WKH PLQLPL]DWLRQ REMHFWLYH LQ ��� FDQ EH H[�

SUHVVHG DV N6�&*b /� N�  VXSN X N� �
N HH N�
N X N

�

'XH WR

WKH VSHFLDO 3,' VWUXFWXUH� WKH HVWLPDWLRQ HUURU KDV WKH
IDPLOLDU OLQHDU�LQ�WKH�SDUDPHWHUV IRUP HH  Z!t b ]�
PRGXOR D VZDSSLQJ WHUP� $ UHFXUVLYH DOJRULWKP WKDW
PLQLPL]HV WKH HQHUJ\ RI VXFK DQ HUURU VLJQDO FDQ EH
IRXQG LQ >��@� ,W ZDV DOVR XVHG E\ >��@ LQ FRPELQDWLRQ
ZLWK D VXLWDEOH GHDG�]RQH WR HQVXUH WKDW WKH FRQWULEX�
WLRQ RI WKH HUURU V\VWHP ZRXOG HYHQWXDOO\ EH ERXQGHG
E\ WKH GHDG�]RQH� LQ DQ RSHUDWRU JDLQ VHQVH�

+HUH� KRZHYHU� ZH VHHN WR PLQLPL]H WKH HUURU V\VWHP
JDLQ� DW OHDVW DSSUR[LPDWHO\� 7R DFKLHYH WKLV� ZH HP�
SOR\ D EDQN RI EDQGSDVV nOWHUV I)LJ WR GHFRPSRVH WKH
LQSXW DQG RXWSXW LQWR VHYHUDO IUHTXHQF\ EDQGV DQG WKHQ
PLQLPL]H WKH PD[LPXP FRVW IXQFWLRQDO� 7KLV DSSUR[L�
PDWLRQ KDV EHHQ IRXQG WR SURGXFH UHDVRQDEO\ DFFXUDWH
UHVXOWV IRU WKH SODQWV RI LQWHUHVW ZLWK D VPDOO QXPEHU
RI nOWHUV �LWV DFFXUDF\ LPSURYHV DV WKH QXPEHU RI nOWHUV
LQFUHDVHV DQG WKHLU WUDQVLWLRQV EHFRPH VKDUSHU�� 7KXV�
WKH RSWLPL]DWLRQ REMHFWLYH EHFRPHV DSSUR[LPDWHO\
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ZKHUH N c N��p � p ! � GHQRWHV WKH H[SRQHQWLDOO\ ZHLJKWHG
��QRUP� XVHG KHUH WR DOORZ IRU WKH UHFXUVLYH LPSOHPHQ�
WDWLRQ RI WKH UHVXOWLQJ HVWLPDWRU �ERXQGHG FRVW IXQF�
WLRQDO IRU ERXQGHG VLJQDOV�� $Q DOJRULWKP SHUIRUPLQJ
WKLV RQ�OLQH PLQLPL]DWLRQ LV VXPPDUL]HG QH[W�

$Q $GDSWLYH 3,' 7XQLQJ $OJRULWKP� 7KH DGDS�
WDWLRQ LV EDVHG RQ WKH GLVFUHWH�WLPH LPSOHPHQWDWLRQ RI

D UHFXUVLYH OHDVW VTXDUHV DOJRULWKP >��@� 7KH RSWLPL]D�
WLRQ SUREOHP WR EH VROYHG LV
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ZKHUH w  Hb�p � ��� �@ LV D FRQVWDQW IRUJHWWLQJ IDFWRU�
,Q HDFK -L�N WKH VLJQDOV ] DQG Z DUH JHQHUDWHG ZLWK WKH
nOWHUHG �E\ )L� LQSXW�RXWSXW SDLU� DQG PL�N�� LV WKH
I�� pJ�QRUP RI WKH FRUUHVSRQGLQJ nOWHUHG YHUVLRQ RI X�

,Q WKH LQWHUHVW RI PLQLPL]LQJ WKH RQ�OLQH FRPSXWDWLRQV�
ZH SURSRVH WKH IROORZLQJ VLPSOH GHVFHQW�OLQH�VHDUFK DO�
JRULWKP� )RU WKH FRPSXWDWLRQ RI D GHVFHQW GLUHFWLRQ�
GHnQH WKH ?SULRU� FRVW IXQFWLRQDOV �L�H�� -L DW WLPH N��
EXW ZLWK SDUDPHWHUV tN��
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5HJDUGOHVV RI WKH XSGDWH PHWKRG IRU tN� WKH QHZ FRVW
IXQFWLRQDO FDQ EH FRPSXWHG DV IROORZV�

-L�N��  A-L�N�� b 67
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ZKHUH ctN��  tN�� b tN DQG b6� 3 DUH WKH JUDGLHQW
DQG +HVVLDQ RI WKH IXQFWLRQDO - �

5L�N��  w5L�N � �]L�NZL�N

3L�N��  w3L�N � �ZL�NZ
7
L�N  U�t-L�N

6L�N��  5L�N�� b 3L�N��tN  bUt-L�N

$ GHVFHQW GLUHFWLRQ LV QRZ FRPSXWHG E\ VROYLQJ
cteN��  DUJPLQt�0

3
L�, -L�N�� PL�N�� ZKHUH , LV

WKH VHW RI LQGLFHV ZLWK LQGLYLGXDO FRVWV ?FORVH� WR WKH
PD[LPXP� 7KLV LV GRQH WR SUHYHQW D ]HUR VWHS�VL]H LQ
WKH VXEVHTXHQW OLQH VHDUFK� FDXVHG E\ WKH QRQ�VPRRWK
ERXQGDU\ RI WKH FRQVWUDLQWV �RWKHU GHVFHQW GLUHFWLRQ
FRPSXWDWLRQV DUH DOVR SRVVLEOH�� 8VLQJ ���� WKLV FRP�
SXWDWLRQ LV IDLUO\ VLPSOH �H�J�� REOLTXH SURMHFWLRQ RI WKH
XQFRQVWUDLQHG VROXWLRQ RQ WKH FRQVWUDLQW VHW�� )LQDOO\�
JLYHQ WKH GHVFHQW GLUHFWLRQ cteN�� WKH VWHS VL]H LV FRP�
SXWHG YLD D VLPSOH OLQH�VHDUFK RQ ����
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ZKHUH m LV WKH VWHS�VL]H SDUDPHWHU� 7KH SDUDPHWHU XS�
GDWH LV WKHQ LPSOHPHQWHG DV ctN��  tN � mRSWcteN���

5HPDUNV� ,Q LWV SUHVHQW IRUP� WKH DOJRULWKP UHTXLUHV
X WR KDYH HQHUJ\ DW DOO WKH IUHTXHQF\ SRLQWV �D VHQVLEOH
VSHFWUXP DQG DPSOLWXGH� WR DYRLG DQ LOO�SRVHG REMHF�
WLYH DQG HQVXUH D UHOLDEOH WXQLQJ� )RU DQ DGDSWLYH�
PRGH RSHUDWLRQ� D GHDG�]RQH LPSOHPHQWDWLRQ LV HVVHQ�
WLDO� WRJHWKHU ZLWK D QXPHULFDO n[ WR SUHYHQW GLYLVLRQ



E\ ]HUR� 2QH LQWHUHVWLQJ W\SH RI GHDG�]RQH FRQGLWLRQ
LV 67

N��
3b�
N��

6N�� ! �G�� PN��� UHoHFWLQJ D PLQLPXP
GHFUHDVH G� RQ WKH JDLQ RI WKH HUURU RSHUDWRU�

)RU SUDFWLFDO LPSOHPHQWDWLRQ� WKH SRVVLEO\ QRQ�]HUR Rm�
VHWV IRU WKH LQSXW DQG RXWSXW �H�J�� OLQHDUL]DWLRQ VWHDG\�
VWDWH� VKRXOG EH WDNHQ LQWR DFFRXQW� 7KLV FDQ EH
DFKLHYHG E\ DXJPHQWLQJ WKH OLQHDU PRGHO ZLWK D FRQ�
VWDQW WHUP RU� LQ D TXLFN n[� KLJK�SDVV nOWHULQJ RI WKH
LQSXW�RXWSXW SDLUV� )LQDOO\� D KLJKO\ GHVLUDEOH SURS�
HUW\ RI WKLV DOJRULWKP LV WKDW LW LV QRW DmHFWHG E\ LQSXW
VDWXUDWLRQV� DV ORQJ DV WKHLU OHYHO LV NQRZQ� 2I FRXUVH�
LQ WKLV FDVH� WKH LPSOHPHQWHG 3,' VKRXOG FRQWDLQ DQ
LQWHJUDWRU DQWL�ZLQGXS PHFKDQLVP >��@�

([DPSOH� 7KLV DGDSWLYH DOJRULWKP ZDV VXFFHVVIXOO\
VLPXODWHG LQ D YDULHW\ RI SUREOHPV� 7KH UHVXOWV VKRZQ
KHUH DUH IURP LWV DSSOLFDWLRQ WR WKH V\VWHP ZLWK WUDQVIHU
IXQFWLRQ *  � �V� ��� DQG ZLWK WDUJHW ORRS /  � V�
7KH VLPXODWLRQ UHVXOWV LOOXVWUDWH WKH FRQYHUJHQFH SURS�
HUWLHV RI WKH DOJRULWKP �)LJ��� IRU D VTXDUH ZDYH UHIHU�
HQFH LQSXW DQG H[FLWDWLRQ LQMHFWHG DW WKH SODQW LQSXW
IRU W � ��� 7KH FRVW IXQFWLRQDO YDOXHV FDQ VHUYH WR
DVVHVV WKH WXQLQJ FRQnGHQFH �)LJ��� WKH HYHQWXDO PD[�
LPXP RI ��� LV DSSUR[LPDWHO\ WKH VDPH DV WKH Rm�OLQH
)/6 nWWLQJ HUURU��

&RQFOXVLRQ� ,Q WKLV SDSHU ZH SUHVHQWHG DQ DOJRULWKP
IRU WKH RQ�OLQH WXQLQJ RI 3,' FRQWUROOHUV� EDVHG RQ IUH�
TXHQF\ ORRS�VKDSLQJ SULQFLSOHV� 7KH DOJRULWKP HP�
SOR\V D nOWHU EDQN DQG D FRQYH[ RSWLPL]DWLRQ SURFH�
GXUH WR HPXODWH WKH Rm�OLQH WXQLQJ UHVXOWV� 7KH UHVXOWV
RI VLPXODWLRQ H[DPSOHV ZHUH YHU\ HQFRXUDJLQJ DQG DQ
H[SHULPHQWDO HYDOXDWLRQ LV SODQQHG IRU WKH QHDU IXWXUH�
$OVR LQ WKH IXWXUH UHVHDUFK SODQV LV D PRUH GHWDLOHG WKH�
RUHWLFDO DQDO\VLV RI WKH DOJRULWKP SURSHUWLHV DV ZHOO DV
WKH nQH�WXQLQJ RI WKH QXPHULFDO DOJRULWKPV�

5HIHUHQFHV

>�@ .�-� $VWURP DQG +DJJOXQG� 3,' FRQWUROOHUV� 7KHRU\�

'HVLJQ� DQG 7XQLQJ� �QG HG� ,6$� �����

>�@ $�$� 9RGD DQG ,�'� /DQGDX� ?$ 0HWKRG IRU WKH
$XWR�FDOLEUDWLRQ RI 3,' &RQWUROOHUV�� $XWRPDWLFD� 9RO� ���
1R� �� SS� ��^��� �����

>�@ 6� +DUULV� DQG '� 0HOOLFKDPS� ?&RQWUROOHU 7XQLQJ 8V�
LQJ 2SWLPL]DWLRQ WR 0HHW 0XOWLSOH &ORVHG�/RRS &ULWHULD��
$,&K( -�� 9RO���� 1R��� SS����^���� �����

>�@ 7�6� 6FKHL� ?$XWRPDWLF 7XQLQJ RI 3,' &RQWUROOHUV
%DVHG RQ 7UDQVIHU )XQFWLRQ (VWLPDWLRQ�� $XWRPDWLFD�
9RO���� 1R���� SS�����^����� �����

>�@ <� 1LVKLNDZD� 1� 6DQQRPL\D� 7� 2KWD DQG +� 7DQDND�
?$ 0HWKRG IRU $XWR�7XQLQJ RI 3,' &RQWURO 3DUDPHWHUV��
$XWRPDWLFD� 9RO� ��� 1R� �� SS� ���^���� �����

>�@ '� (QGHU� ?3URFHVV &RQWURO 3HUIRUPDQFH� 1RW DV
JRRG DV <RX 7KLQN�� &RQWURO (QJLQHHULQJ� �������� �����

>�@ 5�$� GH &DOODIRQ DQG 3�0�-� 9DQ GHQ +RI� ?&RQWURO
5HOHYDQW ,GHQWLnFDWLRQ IRU +��QRUP EDVHG 3HUIRUPDQFH
6SHFLnFDWLRQV�� 3URF� ��WK &'&� ����^����� �����

>�@ 0� *HYHUV� %�'�2� $QGHUVRQ DQG %� &RGURQV� ?,VVXHV
LQ 0RGHOLQJ IRU &RQWURO�� 3URF� ���� $&&� ����^�����

>�@ '�(� 5LYHUD DQG 6�9� *DLNZDG� ?'LJLWDO 3,' &RQ�
WUROOHU 7XQLQJ 8VLQJ 3UHnOWHUHG $5; (VWLPDWLRQ�� 3URF�

��VW &'&� SS� ��^��� �����

>��@ (� *UDVVL DQG .�6� 7VDNDOLV� ?3,' FRQWUROOHU WXQLQJ
E\ IUHTXHQF\ ORRS VKDSLQJ�� 3URF� ��WK &'& �����

>��@ 6� $GXVXPLOOL� '� (� 5LYHUD� 6� 'DVK� DQG .� 7VDNDOLV�
?,QWHJUDWHG 0,02 LGHQWLnFDWLRQ DQG UREXVW 3,' FRQWUROOHU
GHVLJQ WKURXJK ORRS VKDSLQJ�� 3URF� ���� $&&� ����������

>��@ (� *UDVVL� .� 7VDNDOLV� 6� 'DVK� 6� *DLNZDG� :�
0DF$UWKXU DQG *� 6WHLQ� ?,QWHJUDWHG 6\VWHP ,GHQWLnFDWLRQ
DQG 3,' &RQWUROOHU 7XQLQJ E\ )UHTXHQF\ /RRS�6KDSLQJ��
3URF� ��WK &RQI� 'HFLVLRQ DQG &RQWU�� ���������� �����

>��@ (� *UDVVL DQG .� 7VDNDOLV� ?3,' &RQWUROOHU 7XQLQJ E\
)UHTXHQF\ /RRS�6KDSLQJ� $SSOLFDWLRQ WR 'LmXVLRQ )XUQDFH
7HPSHUDWXUH &RQWURO�� ,((( 7UDQV� &RQWU� 6\VW� 7HFKQ��
WR DSSHDU�

>��@ 6� *DLNZDG� 6� 'DVK DQG *� 6WHLQ� ?$XWR�7XQLQJ 3,'
8VLQJ /RRS�6KDSLQJ ,GHDV�� 3URF� ���� ,((( ,QWO� &RQI� RQ
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