
7RZDUG )RQW ,GHQWLILFDWLRQ IRU 3ULQWHG &KLQHVH &KDUDFWHUV

0LQJ�<X 7VDL� &KDR�/LQ /LX� .XDQJ�7LQJ &KXDQJ� 6KDQJ�0LQJ +XDQJ

'HSDUWPHQW RI &RPSXWHU 6FLHQFH

1DWLRQDO &KHQJFKL 8QLYHUVLW\

:HQ�6KDQ� 7DLSHL ������ 7DLZDQ

$EVWUDFW

$XWKRUV RI SULQWHG GRFXPHQWV RIWHQ VWUDWHJL�

FDOO\ FKDQJH IRQWV IURP RQH SKUDVH WR DQRWKHU

WR DWWUDFW DWWHQWLRQ RI WKH UHDGHUV RU VLJQLI\

VSHFLDO IXQFWLRQV RI WKH SKUDVHV� 7\SLFDO

RSWLFDO FKDUDFWHU UHFRJQLWLRQ �2&5� V\VWHPV�

KRZHYHU� UHPRYH IRQW�UHODWHG LQIRUPDWLRQ IURP

WKH VFDQQHG LPDJH ZKLOH DWWHPSWLQJ WR PD[L�

PL]H WKH UHFRJQLWLRQ DFFXUDF\ DQG V\VWHP

SHUIRUPDQFH� &RQVHTXHQWO\� ZH ORVH WKH IRQW

FXHV DIWHU ZH VFDQ DQG UHFRJQL]H D SULQWHG

&KLQHVH GRFXPHQW ZLWK VXFK 2&5 VRIWZDUH�

,Q IDFW� FDUU\LQJ RXW IRQW LGHQWLILFDWLRQ GRHV

QRW KDYH WR SODFH JUHDW H[WUD EXUGHQ RQ WKH

2&5 VRIWZDUH� :H FDQ DSSO\ IXQFWLRQV WKDW

DUH RULJLQDOO\ GHVLJQHG IRU FKDUDFWHU UHFRJQL�

WLRQ WR FROOHFW IRQW�UHODWHG LQIRUPDWLRQ IRU IRQW

LGHQWLILFDWLRQ� WKHUHE\ DFKLHYLQJ ERWK WDVNV DW

WKH VDPH WLPH� 6SHFLILFDOO\� ZH FROOHFW RULJLQDO

DQG WKLQQHG LPDJHV RI ���� PRVW FRPPRQO\

XVHG &KLQHVH FKDUDFWHUV WKDW DUH SULQWHG LQ

ILYH IRQWV DQG ���SRLQW VL]H� DQG EXLOG RXU

V\VWHP EDVHG RQ VL[ IRQW�UHODWHG IHDWXUHV

H[WUDFWHG IURP WKHVH FKDUDFWHUV� :H HYDOXDWH

RXU LPSOHPHQWDWLRQ ZLWK GRFXPHQWV� VKRZQ LQ

$SSHQGL[ %� WKDW FRQWDLQ UDQGRP DQG XQIRU�

PDWWHG WH[W SULQWHG LQ ILYH IRQWV DQG WKUHH

GLIIHUHQW VL]HV� 2XU V\VWHP DFKLHYHV D �����

DYHUDJH DFFXUDF\ LQ WKHVH FKDOOHQJLQJ WHVWV�

� ,QWURGXFWLRQ

)RQWV FRQVWLWXWH DQ LQGLVSHQVDEOH SDUW RI SULQWHG

&KLQHVH FKDUDFWHUV� 7\SLFDO SULQWHG GRFXPHQWV

PD\ HPSOR\ D YDULHW\ RI IRQWV IRU GLIIHUHQW

SXUSRVHV� )RU LQVWDQFH� FKDUDFWHUV SULQWHG LQ EROG

RU LWDOLF PD\ DWWUDFW PRUH DWWHQWLRQ IURP UHDGHUV RI

WKH GRFXPHQWV� $ VHTXHQFH RI ZRUGV ZLWK D

VSHFLDO PHDQLQJ LQ LWV FRQWH[W PD\ DOVR EH VKRZQ

LQ D GLVWLQFWLYH IRQW� H�J�� ERRN WLWOHV LQ (QJOLVK

WHFKQLFDO SDSHUV DUH XVXDOO\ VKRZQ LQ LWDOLF� $V D

UHVXOW� D JRRG NQRZOHGJH PDQDJHPHQW V\VWHP

QHHGV WR FRQVLGHU WKH PHDQLQJ FRQYH\HG E\

GLIIHUHQW IRQWV >��@�

'HVSLWH WKHVH LPSRUWDQW FRPPXQLFDWLRQ IXQFWLRQV

FDUULHG E\ IRQWV� W\SLFDO FRPPHUFLDO RSWLFDO

FKDUDFWHU UHFRJQLWLRQ �2&5� V\VWHPV IRU &KLQHVH

FKDUDFWHUV GR QRW SUHVHUYH WKH RULJLQDO IRQWV LQ WKH

VFDQQHG GRFXPHQWV� $OO UHFRJQL]HG FKDUDFWHUV

ZRXOG KDYH EHHQ FDVW LQ RQH VLQJOH W\SHIDFH LQ WKH

RXWSXW GRFXPHQWV� 6XFK D ORVV LQ LQIRUPDWLRQ FDQ

EH XQGHVLUDEOH IRU VRPH DSSOLFDWLRQV� DQG PDQXDO

SRVW HGLWLRQ LV LQ QHHG WR UHVWRUH WKH RULJLQDO IRQWV�

'XH WR WKH SRWHQWLDOO\ EURDG DSSOLFDWLRQV RI 2&5

VRIWZDUH� WKH OLWHUDWXUH KDV VHHQ D FRUUHVSRQGLQJO\

JUHDW DPRXQW RI ZRUN LQ WKH ILHOG RI SULQWHG DQG

KDQGZULWWHQ FKDUDFWHU UHFRJQLWLRQ� )RU LQVWDQFH�

%XQNH DQG :DQJ SXW WRJHWKHU D KDQGERRN RQ

GRFXPHQW LPDJH DQDO\VLV >��@� DQG 3ODPRQGRQ

DQG 6ULKDUL VXUYH\ KXQGUHGV RI GLIIHUHQW DS�

SURDFKHV WR KDQGZULWLQJ UHFRJQLWLRQ WKDW DUH

DSSOLFDEOH WR UHFRJQLWLRQ RI SULQWHG PDWWHUV >��@�

7KHUH DUH DOVR PRUH WKDQ RQH KXQGUHG GRPHVWLF

0DVWHU¶V DQG GRFWRUDO WKHVHV ZRUNLQJ RQ WKH

UHFRJQLWLRQ RI &KLQHVH FKDUDFWHUV� FRXQWLQJ IURP

WKH ODWH ����V� DQG D ZLGH YDULHW\ RI DSSURDFKHV

KDYH EHHQ SURSRVHG� )RU LQVWDQFH� /LQ WDNHV

DGYDQWDJH RI WKH VWUXFWXUDO LQIRUPDWLRQ IURP WKH

VFDQQHG FKDUDFWHUV >�@� +VX DSSOLHV WKH VWDWLVWLFDO

SURSHUWLHV� VXFK DV SL[HO GHQVLW\ IXQFWLRQV�

FROOHFWHG IURP WKH VFDQQHG FKDUDFWHUV >�@� DQG

RWKHUV DWWHPSW WR LQWHJUDWH LQIRUPDWLRQ RI ERWK

NLQGV >����@�

0RVW RI WKH SUHYLRXV ZRUN� KRZHYHU� IRFXV RQ

UHFRJQL]LQJ WKH FKDUDFWHUV SHU VH� DQG GR QRW

FRQVLGHU LGHQWLI\LQJ WKH IRQWV� 7KH WKUXVW IRU WKLV

GHVLJQ GHFLVLRQ LV WR UHGXFH WKH VHDUFK VSDFH IRU

FKDUDFWHU FDQGLGDWHV� &KLQHVH FKDUDFWHUV FDQ EH

SULQWHG LQ PDQ\ GLIIHUHQW IRQWV� VR UHVHDUFK RQ

FKDUDFWHU UHFRJQLWLRQ W\SLFDOO\ DWWHPSW WR LJQRUH

WKH IRQW�UHODWHG IHDWXUHV IRU HIILFLHQW FKDUDFWHU

UHFRJQLWLRQ� )RU LQVWDQFH� /LQ HQFRGHV WKH

VWUXFWXUHV RI &KLQHVH FKDUDFWHUV ZLWK

JUDSK�DVVRFLDWLYH PHPRU\ WKDW ZRXOG EH EXLOW

DIWHU WKH VWDJH RI WKLQQLQJ WKH RULJLQDO LPDJH RI WKH

FKDUDFWHUV >�@� %RWK &KXDQJ DQG <DQJ FRQVLGHU WKH

LPSDFW RI GLIIHUHQW IRQWV RQ WKH UHFRJQLWLRQ UDWH RI

2&5 VRIWZDUH� DQG LPSOLFLWO\ HQFRGH WKH

IRQW�UHODWHG LQIRUPDWLRQ LQ WKH LQWHUQDO GDWD



VWUXFWXUH RI WKH UHFRJQLWLRQ V\VWHP >���@� &RQVH�

TXHQWO\� WKH\ GR QRW FRQFHUQ ZLWK WKH SUREOHP RI

IRQW LGHQWLILFDWLRQ�

7KH ZRUN RQ LGHQWLI\LQJ IRQWV RI SULQWHG PDWWHUV
FDQ EH WUDFHG EDFN DV IDU DV ����� &KDQJ ZRUNV RQ
WKH UHFRJQLWLRQ RI SULQWHG (QJOLVK WH[W� DQG KLV
V\VWHP FDQ GLIIHUHQWLDWH WZHQW\ IRQWV >�@� )DQJ
DSSOLHV WKH IXQFWLRQV RI SL[HO GHQVLW\ IRU HQFRGLQJ
IRQW LQIRUPDWLRQ� +LV V\VWHP FDQ WHOO ZKLFK IRQW LV
XVHG IRU WKH IRUW\ H[WUHPHO\ FRPPRQO\ XVHG
&KLQHVH FKDUDFWHUV IURP Njoh�2Ôï�� Lbj��*��
<ed]#ied]�²½R�� Cmbdl���]�� DQG Spvoe
��+]� >�@�

,Q IDFW� LGHQWLI\LQJ IRQWV FDQ EH DQ HDV\ WDVN IRU DQ

2&5 V\VWHP� 0DQ\ RI WKH WHFKQLTXHV GHVLJQHG IRU

FROOHFWLQJ VWUXFWXUDO DQG VWDWLVWLFDO LQIRUPDWLRQ IRU

FKDUDFWHU UHFRJQLWLRQ FDQ EH DSSOLHG WR IRQW

LGHQWLILFDWLRQ� ,GHQWLI\LQJ IRQWV GRHV QRW KDYH WR

GUDPDWLFDOO\ LQFUHDVH WKH ZRUNORDG RI DQ 2&5

V\VWHP� :H SURSRVH PHWKRGV IRU GLIIHUHQWLDWLQJ

Njoh� Lbj� >WW�æ��� Cmbdl� DQG Spvoe IRU

&KLQHVH FKDUDFWHUV� 2XU PHWKRGV WDNH DGYDQWDJH

RI VL[ GLVWLQFWLYH IHDWXUHV RI WKHVH IRQWV LQ WKHP�

VHOYHV� 6RPH RI WKH IHDWXUH H[WUDFWLRQ RSHUDWLRQV

UHO\ RQ WKH H[LVWLQJ WKLQQLQJ DOJRULWKP� VR WKHVH

IHDWXUHV DUH QRW GLIILFXOW WR FRPSXWH� $OVR� DV ZH

ZLOO GLVFXVV� WKHVH IHDWXUHV DUH SUHGLFWLYH LQ WKH

VHQVH WKDW WKH\ ZRUN IRU &KLQHVH FKDUDFWHUV WKDW

DUH XQVHHQ DW WKH V\VWHP WUDLQLQJ WLPH� 2XU V\VWHP

DFKLHYHV ����� DFFXUDF\ IRU GRFXPHQWV� VKRZQ LQ

$SSHQGL[ %� WKDW FRQWDLQ FKDUDFWHUV UDQGRPO\

VDPSOHG IURP WKH ���� PRVW FRPPRQO\ XVHG

&KLQHVH FKDUDFWHUV DQG SULQWHG LQ ILYH IRQWV DQG

WKUHH GLIIHUHQW VL]HV ���� ��� DQG �� SRLQW ZRUGV��

7KH IROORZLQJ VHFWLRQ EULHIO\ GHVFULEHV W\SLFDO

RUJDQL]DWLRQ RI DQ 2&5 V\VWHP� DQG GHOLQHDWHV WKH

VFRSH RI RXU ZRUN LQ WKH ZKROH V\VWHP� 6HFWLRQ �

GLVFXVVHV WKH DOJRULWKP DQG IRQW�UHODWHG IHDWXUHV

WKDW ZH XVH WR LGHQWLI\ IRQWV� :H UHSRUW H[SHUL�

PHQWDO UHVXOWV RI WKH DOJRULWKP LQ 6HFWLRQ �� DQG

ZUDS XS WKLV SDSHU ZLWK GLVFXVVLRQV LQ 6HFWLRQ ��

� 3UREOHP 'HILQLWLRQ

)LJXUH � VKRZV WKH RUJDQL]DWLRQ RI D W\SLFDO 2&5

V\VWHP� $OWKRXJK WKH DFWXDO IXQFWLRQV FRQWDLQHG LQ

WKH FRPSRQHQWV PD\ YDU\ DPRQJ GLIIHUHQW

LPSOHPHQWDWLRQV� WKHUH DUH FRPPRQ IXQFWLRQV LQ

WKHVH FRPSRQHQWV� $W WKH SUHSURFHVVLQJ VWDJH� ZH

DWWHPSW WR UHPRYH QRLVH UHVXOWHG IURP LPSHUIHFW

VFDQQLQJ RU ORZ TXDOLW\ GRFXPHQW� H[WUDFW

LQGLYLGXDO FKDUDFWHUV IURP WKH LPDJH RI WKH LQSXW

GRFXPHQW� QRUPDOL]H WKH VL]HV RI FKDUDFWHUV WR D

VWDQGDUG VL]H� DQG FDUU\ RXW WKH WKLQQLQJ RSHUDWLRQ

RQ HDFK FKDUDFWHU� 1RUPDOL]DWLRQ LV QHFHVVDU\ IRU

UHFRJQLWLRQ WHFKQLTXHV

WKDW HPSOR\ LQIRUPD�

WLRQ DERXW SL[HO GHQVLW\

DQG ORFDWLRQ IXQFWLRQV�

7KLQQLQJ LV D VWDQGDUG

SURFHGXUH IRU PRVW

2&5 VRIWZDUH� DQG RQH

FDQ ILQG PDQ\ UHIHU�

HQFHV LQ WKH OLWHUDWXUH

>H�J�� �����@� 5RXJKO\

VSHDNLQJ� WKH WKLQQLQJ

SURFHGXUH FRQYHUWV WKH

LPDJHV RI FKDUDFWHUV WR

WKHLU VNHOHWRQV� DQG WKDW

FRQWULEXWHV D ORW WR WKH

ORVV RI IRQW�UHODWHG LQIRUPDWLRQ� :H GHVLJQ D

VLPSOH FKDUDFWHU H[WUDFWLRQ DOJRULWKP WKDW FDQ

UHPRYH D IHZ VLPSOH W\SHV RI QRLVH LQ WKH VFDQQHG

LPDJH� :H DOVR LPSOHPHQW D QRUPDOL]DWLRQ

SURJUDP WKDW LV JRRG IRU RXU H[SHULPHQWV� DQG ZH

HPSOR\ WKH WKLQQLQJ DOJRULWKP SURSRVHG E\ /LQ

>�@� :H VHOHFW WKLV DOJRULWKP EHFDXVH LW SHUIRUPV

EHVW LQ VRPH KDUELQJHU WHVWV�

:H IRFXV RQ WKH IHDWXUH H[WUDFWLRQ DQG UHFRJQLWLRQ

VWDJHV LQ WKLV SDSHU� DQG ZH HODERUDWH RQ WKLV

DVSHFW VKRUWO\� )HDWXUH H[WUDFWLRQ LV D YHU\

LPSRUWDQW FRPSRQHQW LQ DQ 2&5 V\VWHP� $SSUR�

SULDWH VHOHFWLRQ DQG VXFFHVVIXO H[WUDFWLRQ RI WKH

IHDWXUHV IURP LQGLYLGXDO FKDUDFWHUV DUH HVVHQWLDO

IRU D KLJK TXDOLW\ 2&5 V\VWHP�

$IWHU H[WUDFWLQJ WKH IHDWXUHV� WKH V\VWHP FRPSDUHV

WKH IHDWXUHV ZLWK WKH LQWHUQDO HQFRGLQJ RI FKDUDF�

WHUV LQ WKH GDWDEDVH� &ULWHULD DUH DSSOLHG WR

GHWHUPLQH ZKLFK FKDUDFWHUV DUH ³PRVW VLPLODU´ WR

WKH FKDUDFWHU EHLQJ SURFHVVHG� DQG WKLV EDVLF

SULQFLSOH DSSOLHV WR IRQW LGHQWLILFDWLRQ WRR� 7KH

GHVLJQ RI WKLV FRPSDULVRQ SURFHGXUH YDULHV IURP

RQH V\VWHP WR DQRWKHU� DQG D YHU\ FRPPRQ

VWUDWHJ\ LV WR HPSOR\ D KLHUDUFKLFDO GHFLVLRQ

SURFHVV DW WKLV VWHS >H�J�� ����@�

6RPH 2&5 V\VWHPV DSSO\ ODQJXDJH PRGHOV WR

VHOHFW WKH FKDUDFWHU IRU KDUG�WR�UHFRJQL]H FKDUDF�

WHUV LQ SRVWSURFHVVLQJ� $ FRPPRQ SUDFWLFH LV WR

DSSO\ 1�JUDP PRGHOV WR H[DPLQH WKH FRQWH[W RI

WKH GLIILFXOW FKDUDFWHUV� DQG VHOHFW WKH FDQGLGDWH

FKDUDFWHUV WKDW EHVW ILW WKH FRQWH[W >��@� $OWKRXJK

WKH FRQWH[WXDO LQIRUPDWLRQ FDQ EH XVHIXO IRU IRQW

LGHQWLILFDWLRQ� LW LV QRW WKH SXUSRVH RI WKLV SDSHU WR

GLVFXVV WKLV LVVXH�

� )HDWXUH 6HOHFWLRQ DQG 5HFRJQLWLRQ

:H SUHVHQW WKH IHDWXUHV ZH SURSRVH IRU IRQW

LGHQWLILFDWLRQ� 7KHVH IHDWXUHV FRQVLGHU IRQW�UHODWHG

)LJXUH �� $ VLPSOLILHG
2&5 V\VWHP

SUHSURFHVVLQJ

SRVWSURFHVVLQJ

IHDWXUH H[WUDFWLRQ

UHFRJQLWLRQ

LQSXW GRFXPHQW

RXWSXW GRFXPHQW



IHDWXUHV WKDW DSSHDU LQ WKH RULJLQDO FKDUDFWHUV DQG

WKHLU FRUUHVSRQGLQJ WKLQQHG FKDUDFWHUV� :H FDOO WKH

FKDUDFWHUV WKDW ZH REWDLQ IURP DSSO\LQJ WKLQQLQJ

DOJRULWKPV WR WKH RULJLQDO FKDUDFWHUV WKLQQHG

FKDUDFWHUV� $V ZH GLVFXVV VKRUWO\� WKHVH IHDWXUHV

LQFOXGH WKLFNQHVV RI RULJLQDO VWURNHV� H[LVWHQFH RI

VWDLUFDVHV LQ WKLQQHG FKDUDFWHUV� WHUPLQDO W\SHV RI

RULJLQDO VWURNHV� FRUQHU W\SHV RI RULJLQDO VWURNHV�

DQG VKDSHV RI ERXQGLQJ ER[HV RI WKH RULJLQDO

FKDUDFWHUV�

��� )HDWXUH 6HOHFWLRQ

:H XVH WKH IROORZLQJ HQODUJHG VDPSOH FKDUDFWHUV

WR LOOXVWUDWH WKH IRQW�UHODWHG IHDWXUHV WKDW ZH XVH

IRU IRQW LGHQWLILFDWLRQ� 7KHVH FKDUDFWHUV UHSUHVHQW

WKH VDPH &KLQHVH ZRUG LQ GLIIHUHQW IRQWV� L�H��

IURP OHIW WR ULJKW� Njoh� >WW� Lbj� Cmbdl� DQG

Spvoe�

Ç&555
)LJXUH �� $ &KLQHVH FKDUDFWHU LQ ILYH IRQWV

7KH ILUVW GLVWLQFWLRQ ZH FDQ REVHUYH LV WKH YDU\LQJ

WKLFNQHVV RI WKH VWURNHV LQ WKHVH IRQWV� $V LOOXV�

WUDWHG LQ WKH IROORZLQJ FKDUW� FKDUDFWHUV LQ Cmbdl

DQG Spvoe KDYH PXFK WKLFNHU VWURNHV WKDQ

RWKHUV�

$SSO\LQJ WKH WKLQQLQJ DOJRULWKP SURSRVHG LQ >�@ WR

WKH FKDUDFWHUV VKRZQ DERYH ZLOO JHW FRUUHVSRQGLQJ

WKLQQHG FKDUDFWHUV VKRZQ LQ WKH IROORZLQJ )LJXUH

�� 1RWLFH WKDW WKH KRUL]RQWDO VWURNHV RI WKH

FKDUDFWHU SULQWHG LQ Lbj UHPDLQ WLOWHG� $V D UHVXOW�

ZKHQ ZH H[DPLQH WKH KRUL]RQWDO VWURNHV DW WKH

SL[HO OHYHO� WKH VWURNHV ZRXOG KDYH EHHQ FRQYHUWHG

WR WKH VWDLUFDVH VKDSH� DQG WKLV FOHDUO\ FDQ EH XVHG

IRU IRQW LGHQWLILFDWLRQ�

7R GHWHFW DQG DSSO\ WKH VWDLUFDVH VKDSH IHDWXUH� ZH

FDQ H[DPLQH WKH IRUPDWLRQ RI WKH WKLQQHG KRUL]RQ�

WDO VWURNHV� 7KH ORQJHVW KRUL]RQWDO VHJPHQW RI

WKLQQHG FKDUDFWHUV LQ Lbj LV W\SLFDOO\ VKRUWHU WKDQ

WKRVH RI FKDUDFWHUV LQ RWKHU IRQWV� 7KLV LV EHFDXVH

VKRUW KRUL]RQWDO VWURNHV LQ Lbj ZLOO UHPDLQ DV VKRUW

KRUL]RQWDO VHJPHQWV� EXW ORQJ KRUL]RQWDO VWURNHV

ZLOO EH WUDQVIRUPHG LQWR D JURXS RI VKRUW KRUL]RQ�

WDO VHJPHQWV� +HQFH� WKH ORQJHVW KRUL]RQWDO

VHJPHQW LQ WKH WKLQQHG FKDUDFWHU FDQ EH XVHG DV D

IHDWXUH IRU IRQW LGHQWLILFDWLRQ� 0RUHRYHU� LI ZH

FRPSXWH WKH VWDQGDUG GHYLDWLRQ RI WKH OHQJWKV RI

WKH KRUL]RQWDO VHJPHQWV� WKLQQHG FKDUDFWHUV LQ Lbj

ZLOO KDYH D VPDOOHU VWDQGDUG GHYLDWLRQ WKDQ

FKDUDFWHUV LQ RWKHU IRQWV� 7KH IROORZLQJ FKDUW

VKRZV WKH GLVWULEXWLRQV RI VWDQGDUG GHYLDWLRQV RI

VHJPHQW OHQJWKV IRU GLIIHUHQW IRQWV� 7KH FXUYH IRU

Lbj FOHDUO\ VNHZV WRZDUG WKH OHIW VLGH�

7KH LPSOLFDWLRQ RI WKH SUHFHGLQJ REVHUYDWLRQV LV

TXLWH FRQWUDGLFWRU\ WR RQH¶V LQVWLQFW� $OWKRXJK

WKLQQLQJ LV RULJLQDOO\ GHVLJQHG IRU UHPRYLQJ WKH

LQIOXHQFH RI IRQWV RQ WKH DSSHDUDQFHV RI FKDUDFWHUV�

WKH UHVXOWV RI WKLQQLQJ FDQ EH XVHIXO IRU IRQW

LGHQWLILFDWLRQ DV ZHOO� 7KH VWDLUFDVHV FUHDWHG E\

RXU WKLQQLQJ SURFHGXUH VWURQJO\ LQGLFDWH WKDW WKH

RULJLQDO FKDUDFWHUV DUH LQ Lbj� ,Q DGGLWLRQ� ZH FDQ

FRPSXWH WKH WKLFNQHVV RI VWURNHV ZLWK WKH FRQWRXUV

RI WKH RULJLQDO FKDUDFWHUV DQG WKH VNHOHWRQV LQ WKH

WKLQQHG FKDUDFWHUV� 7KHVH IXQFWLRQV PDNH WKLQQLQJ

D SURFHGXUH XVHIXO IRU QRW RQO\ FKDUDFWHU UHFRJQL�

WLRQ EXW DOVR IRQW LGHQWLILFDWLRQ�

1RZ WDNH D FORVHU ORRN DW WKH FKDUDFWHUV LQ Cmbdl

DQG Spvoe LQ )LJXUH �� 1RWLFH WKDW ZH ORRN IRU

IRQW�UHODWHG IHDWXUHV� VR ZH DUH QRW LQWHUHVWHG LQ

ZRUG�VSHFLILF IHDWXUHV� H�J�� WKH LQWHUVHFWLQJ

ORFDWLRQV RI WKH VWURNHV� $V D UHVXOW� ZH GR QRW

FRQVLGHU WKH GLIIHUHQW RYHUDOO VKDSHV RI WKH ULJKW

SRUWLRQV RI WKHVH FKDUDFWHUV XVHIXO� 7KH WHUPLQDOV

RI WKH VWURNHV RI WKHVH FKDUDFWHUV GR VKHG OLJKW RQ

)LJXUH �� 7KLQQLQJ WKH FKDUDFWHUV LQ )LJXUH �
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OHQJWKV RI GLIIHUHQW IRQWV YDU\�



WKH IRQW FODVVHV� $V LWV QDPH KDV VXJJHVWHG�

FKDUDFWHUV LQ Spvoe KDYH URXQGHG WHUPLQDOV�

ZKLOH FKDUDFWHUV LQ Cmbdl GR QRW GHPRQVWUDWH

VXFK D IHDWXUH� 7KHUHIRUH� ZH FDQ FROOHFW VWDWLVWLFDO

LQIRUPDWLRQ DERXW WKH FXUYDWXUH RI VWURNH WHUPL�

QDOV RI FKDUDFWHUV SULQWHG LQ Cmbdl DQG Spvoe�

DQG DSSO\ WKLV LQIRUPDWLRQ IRU GLVWLQJXLVKLQJ WKHVH

WZR IRQWV�

7KH VKDSHV RI WKH FRUQHUV RI KRUL]RQWDO VWURNHV FDQ

EH XVHIXO IRU IRQW LGHQWLILFDWLRQ� DQG ZH FODVVLI\

WKH VKDSHV LQWR IRXU FDWHJRULHV� )LJXUH � VKRZV DQ

HQODUJHG VWURNH� :H GHFRPSRVH D KRUL]RQWDO VWURNH

LQWR ILYH FRPSRQHQWV� WKH ERG\� VKRZQ LQ JUD\�

DQG IRXU FRUQHUV� 7KH ILJXUH DOVR LOOXVWUDWHV

GLIIHUHQW FDWHJRULHV RI WKH FRUQHUV WKDW PD\ DSSHDU

LQ D KRUL]RQWDO VWURNH� 7KH XSSHU�OHIW� XSSHU�ULJKW�

ORZHU�OHIW� DQG ORZHU�ULJKW FRUQHUV UHVSHFWLYHO\

VKRZ D FRPSRQHQW WKDW LV WDOOHU WKDQ � SL[HOV�

EHWZHHQ � DQG � SL[HOV� EHWZHHQ � DQG � SL[HOV�

DQG VLPSO\ IODW� 7KHVH IRXU W\SHV DUH DVVLJQHG

FRGHV �� �� �� �� UHVSHFWLYHO\� 7KH W\SH RI D

KRUL]RQWDO VWURNH LV HQFRGHG E\ WKH FRGHV RI LWV

IRXU FRUQHUV LQ WKH IRUPDW �XSSHU�OHIW� XSSHU�ULJKW�

ORZHU�OHIW� ORZHU�ULJKW�� VR WKH VWURNH VKRZQ LQ

)LJXUH � LV RI W\SH ���������� $Q H[DPLQDWLRQ RI

WKH FKDUDFWHUV LQ )LJXUH � UHYHDOV WKDW FKDUDFWHUV LQ

>WW� Cmbdl� DQG Spvoe DUH OLNHO\ WR KDYH VWURNHV

RI W\SH ���������� 2Q WKH RWKHU KDQG� Njoh DQG Lbj

DUH PRUH OLNHO\ WR KDYH VSHFLDO VWURNH W\SHV� :H

SURYLGH PRUH GHWDLOV RQ KRZ ZH DSSO\ WKLV IHDWXUH

LQ 6HFWLRQ ����

)LQDOO\� H[DPLQLQJ WKH ERXQGLQJ ER[HV RI FKDUDF�

WHUV VKRZQ LQ )LJXUH � VKRXOG SHUVXDGH RQH WR

HPSOR\ WKH KHLJKW�WR�ZLGWK UDWLRV RI ERXQGLQJ

ER[HV RI FKDUDFWHUV IRU IRQW LGHQWLILFDWLRQ� 7KH

REVHUYDWLRQ LV SDUWLFXODUO\ VHOI HYLGHQW IRU FKDUDF�

WHUV LQ >WW WKDW W\SLFDOO\ GHPRQVWUDWHV ORZ

KHLJKW�WR�ZLGWK UDWLRV� DQG LV FRQILUPHG E\ WKH

VWDWLVWLFV FROOHFWHG IURP DFWXDO GDWD VKRZQ LQ

)LJXUH ��

��� 5HFRJQLWLRQ

:H V\VWHPDWLFDOO\ H[WUDFW WKH DIRUHPHQWLRQHG

IHDWXUHV IURP WKH FKDUDFWHUV DQG FODVVLI\ WKHLU

IRQWV� $V VKRZQ LQ )LJXUH �� WKH WRS�OHYHO RUJDQL�

]DWLRQ LV D GHFLVLRQ WUHH >��@� $W WKH ILUVW VWHS� D

FKDUDFWHU ZKRVH DYHUDJH WKLFNQHVV RI VWURNHV LV

JUHDWHU WKDQ D VHOHFWHG WKUHVKROG ZLOO EH FODVVLILHG

LQWR WKH Cmbdl DQG Spvoe JURXS� 2WKHUZLVH� LW

ZLOO IDOO LQWR WKH Njoh� >WW� DQG Lbj JURXS� 7KLV

WKUHVKROG LV FKRVHQ IURP WKH WUDLQLQJ GDWD XVLQJ

VWDWLVWLFDO PHWKRGV�

,I D FKDUDFWHU LV FODVVLILHG LQWR WKH Cmbdl DQG

Spvoe JURXS� ZH XVH WKH FXUYDWXUH RI WHUPLQDOV

RI WKH KRUL]RQWDO VWURNHV WR GHFLGH LWV IRQW� $JDLQ�

ZH FKRRVH D WKUHVKROG IRU WKH FXUYDWXUH IURP WKH

WUDLQLQJ GDWD XVLQJ VWDWLVWLFDO PHWKRGV�

,I D FKDUDFWHU LV FODVVLILHG LQWR WKH Njoh� >WW� DQG

Lbj JURXS� ZH XWLOL]H IRXU GLIIHUHQW IHDWXUHV WR

GHWHUPLQH LWV IRQW� :H KDYH WULHG VHYHUDO ZD\V WR

LQWHJUDWH WKHVH IHDWXUHV� DQG WKH EHVW SHUIRUPLQJ

PRGHO VR IDU LV WR DSSO\ GHFLVLRQ UXOHV >��@ IRU IRQW

LGHQWLILFDWLRQ� )RU WKH FRUQHU IHDWXUHV� ZH SULQW

DQG VFDQ WKH WUDLQLQJ GDWD LQ GLIIHUHQW IRQWV� UHFRUG

WKH W\SHV RI KRUL]RQWDO VWURNHV RI HDFK VFDQQHG

FKDUDFWHUV� DQG FRPSXWH WKH GLVWULEXWLRQV RI WKHVH

)LJXUH �� (QFRGLQJ W\SHV RI KRUL]RQWDO VWURNHV

XSSHU�ULJKW FRUQHUXSSHU�OHIW FRUQHU

ORZHU�ULJKW FRUQHUORZHU�OHIW FRUQHU

)LJXUH �� 6KDSHV RI ERXQGLQJ ER[HV GLIIHU�

ZLGWK
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)LJXUH �� 'LVWULEXWLRQV RI KHLJKW�ZLGWK UDWLRV



WKUHH IRQWV IRU HYHU\ VWURNH W\SHV� (DFK VWURNH W\SH

ZLOO EH DVVLJQHG WKH IRQW WKDW KDV WKH PRVW QXPEHU

RI VWURNHV ZLWK WKLV VWURNH W\SH� 6LQFH HDFK VWURNH

KDV IRXU FRUQHUV DQG HDFK FRUQHU PD\ EHORQJ WR

RQH RI IRXU FDWHJRULHV� WKHUH DUH ��� GLIIHUHQW

VWURNH W\SHV� DQG HDFK W\SH LV DVVLJQHG D IRQW� )RU

WKH RWKHU WKUHH IHDWXUHV� ZH VHOHFW WKUHVKROGV IRU

WKHP E\ VWDWLVWLFDO PHWKRGV�

:H OLVW WKH GHFLVLRQ UXOHV LQ WKH GHFUHDVLQJ SULRULW\

LQ $SSHQGL[ $� 7KH UXOHV DUH DSSOLHG VHTXHQWLDOO\�

DQG D IRQW ZLOO EH VHOHFWHG RQFH D SDUWLFXODU UXOH

DSSOLHV WR WKH FKDUDFWHU EHLQJ SURFHVVHG� (DFK UXOH

KDV WKH SUHFRQGLWLRQ DQG UHVXOW SDUWV� 7KH UHVXOW

SDUW GHWHUPLQHV WKH IRQW ZKHQ WKH SUHFRQGLWLRQV

DUH DOO PHW� ,Q WKH SUHFRQGLWLRQ� FRUQHUÆIRQW

PHDQV WKDW WKH PDMRULW\ RI VWURNH W\SHV VXJJHVW

WKDW WKH FKDUDFWHU EH LQ IRQW� $OVR� ZH XVH 0D[�

VWDQGDUG� DQG UDWLR WR UHVSHFWLYHO\ GHQRWH

WKH PD[LPXP VHJPHQW OHQJWK� VWDQGDUG GHYLDWLRQ

RI WKH VHJPHQW OHQJWKV� DQG KHLJKW WR ZLGWK UDWLR

WKDW ZH GHILQH LQ WKH 6HFWLRQ ���� 7KH XQLW IRU 0D[

LV LQ QXPEHU RI SL[HOV� 7DNH WKH WKLUG UXOH IRU

H[DPSOH� ,W FODVVLILHV WKH FKDUDFWHU LQWR >WW� LI ���

WKH FRUQHU IHDWXUH VXJJHVWV WKDW WKH FKDUDFWHU EH

>WW� ��� WKH KHLJKW WR ZLGWK UDWLR LV VPDOOHU WKDQ

����� DQG ��� WKH ORQJHVW KRUL]RQWDO VHJPHQW LQ WKH

WKLQQHG FKDUDFWHU FRQWDLQV QR OHVV WKDQ �� SL[HOV�

� ([SHULPHQWDO 5HVXOWV

7R WHVW WKH HIIHFWLYHQHVV RI RXU LGHDV� ZH VHW XS DQ

HQYLURQPHQW IRU H[SHULPHQWV�
�
:H VHOHFWHG WKH

WKUHVKROGV EDVHG RQ LQIRUPDWLRQ FROOHFWHG IURP WKH

LPDJHV RI WKH PRVW FRPPRQO\ XVHG ���� &KLQHVH

FKDUDFWHUV� )RU WKLV WUDLQLQJ SXUSRVH� ZH SULQWHG

WKH FKDUDFWHUV LQ ���SRLQW VL]H DQG ILYH IRQWV�

7KHVH FKDUDFWHUV ZHUH WKHQ QRUPDOL]HG WR WKH VL]H

RI ��� E\ ��� SL[HOV� ZKLOH SUHVHUYLQJ WKHLU KHLJKW

WR ZLGWK UDWLRV� 'HSHQGLQJ RQ WKH VKDSHV RI WKH

RULJLQDO FKDUDFWHUV� WKH QRUPDOL]DWLRQ VWHS ZRXOG

HQODUJH RU VKULQN WKH RULJLQDO LPDJHV XQWLO ��� WKH

QRUPDOL]HG LPDJH ZDV FRQWDLQHG LQ WKH ��� SL[HOV

E\ ��� SL[HOV ER[� DQG ��� HLWKHU WKH YHUWLFDO RU WKH

KRUL]RQWDO GLUHFWLRQ RI WKH QRUPDOL]HG LPDJH MXVW

RFFXSLHG ��� SL[HOV� $IWHU WKLV QRUPDOL]DWLRQ VWHS�

ZH H[WUDFWHG IHDWXUHV DQG FRPSXWHG WKH VWDWLVWLFV

IURP WKH QRUPDOL]HG LPDJHV� )LQDOO\� ZH VXEMHF�

WLYHO\ FKRVH WKH WKUHVKROGV EDVHG RQ WKH VWDWLVWLFV�

KRSLQJ WR LPSURYH WKH V\VWHP SHUIRUPDQFH ZKHQ

ZH DSSOLHG WKH FRPSOHWHG V\VWHP WR WKH ����

�
:H SULQWHG ERWK WUDLQLQJ DQG WHVW GDWD ZLWK DQ +3

/DVHU-HW ����� DQG VFDQ WKHP ZLWK D 0LFURWHN

6FDQQHU0DNHU ���� LQ ��� GSL PRGH�

FKDUDFWHUV SULQWHG LQ ���SRLQW VL]H DQG ILYH IRQWV�

��� ([SHULPHQWV XVLQJ 7UDLQLQJ 'DWD

7KH IROORZLQJ WDEOH SUHVHQWV WKH UHVXOWV� 7KH

OHIWPRVW FROXPQ VKRZV WKH DFWXDO IRQW FODVVHV RI

WKH FKDUDFWHUV� (DFK QXPEHU LQ D URZ PHDQV WKH

QXPEHU RI FKDUDFWHUV WKDW ZHUH FODVVLILHG LQWR WKH

IRQW FODVV LQ LWV FRUUHVSRQGLQJ FROXPQ KHDG� )RU

LQVWDQFH� RXW RI ���� FKDUDFWHUV SULQWHG LQ Njoh�

RXU V\VWHP FODVVLILHG ���� FKDUDFWHUV FRUUHFWO\�

EXW UHVSHFWLYHO\ PLVFODVVLILHG �� DQG ��� FKDUDF�

WHUV LQWR >WW DQG Lbj� $IWHU LQWHQVLYHO\ WXQLQJ WKH

SDUDPHWHUV� RXU V\VWHP DFKLHYHG DFFXUDF\ RI

������ ������ ������ ������ DQG ����� IRU Njoh�

>WW� Lbj� Cmbdl� DQG Spvoe� UHVSHFWLYHO\�

7DEOH �� 7HVW UHVXOWV IRU ���SRLQW VL]HG FKDUDFWHUV

Njoh >WW Lbj Cmbdl Spvoe

Njoh ���� �� ��� � �

>WW ��� ���� ��� � �

Lbj ��� ��� ���� � �

Cmbdl � � � ���� ����

Spvoe � � � ���� ����

%HVLGHV WKH DFFXUDF\� WKHUH DUH IHZ PRUH SRLQWV

ZRUWK VRPH DQDO\VHV� )LUVW� WKH UHVXOW PDWUL[

VXJJHVWV WKDW RXU PHWKRG IRU GLIIHUHQWLDWLQJ WKH

Njoh� >WW� DQG Lbj JURXS DQG WKH Cmbdl DQG

Spvoe JURXS LV TXLWH HIIHFWLYH� 2QO\ � RXW RI

����� �L�H�� ������ FKDUDFWHUV LQ WKH Njoh� >WW�

DQG Lbj JURXS ZHUH FODVVLILHG LQFRUUHFWO\� DQG

RQO\ �� RXW RI ����� FKDUDFWHUV LQ WKH Cmbdl DQG

Spvoe JURXS ZHUH FODVVLILHG LQFRUUHFWO\�

2Q WKH RWKHU KDQG� LW LV PXFK KDUGHU WR GLVWLQJXLVK

FKDUDFWHUV LQ WKH Cmbdl DQG Spvoe JURXS�

([DPLQLQJ WKH UDZ GDWD LQ PRUH GHWDLO� ZH ILQG

WKDW WKH UHODWLYHO\ SRRU DFFXUDF\ LV D UHVXOW RI RXU

XVLQJ RQH KDUG�FRGHG WKUHVKROG RI FXUYDWXUHV RI

WHUPLQDOV RI KRUL]RQWDO VWURNHV� 7KLV IHDWXUH

DFWXDOO\ SHUIRUPV EHWWHU IRU FKDUDFWHUV ZLWK OHVV

QXPEHU RI VWURNHV� 7KHVH FKDUDFWHUV KDYH UHOD�

WLYHO\ WKLFNHU KRUL]RQWDO VWURNHV� VR WKHUH LV D

FOHDUHU GLIIHUHQFH LQ FXUYDWXUHV� :KHQ WKH

FKDUDFWHUV EHFRPH FRPSOH[ LQ WHUPV RI QXPEHU RI

VWURNHV� WKLV GLVWLQFWLRQ JUDGXDOO\ GLVDSSHDUV�

&RQVHTXHQWO\� FKDUDFWHUV ZLWK PRUH VWURNHV

FRQWULEXWH D ORW WR WKH LQDFFXUDF\ IRU GLVWLQJXLVK�

LQJ FKDUDFWHUV LQ Cmbdl DQG Spvoe�

7KH XSSHU OHIW FRUQHU RI WKH UHVXOW PDWUL[ VKRZV D

JRRG UHZDUG WR RXU XVLQJ D FRPSOH[ VHW RI

GHFLVLRQ UXOHV EDVHG RQ RQO\ IRXU IHDWXUHV� 7KH

DYHUDJH DFFXUDF\ IRU GLVWLQJXLVKLQJ Njoh� >WW�

DQG Lbj LV EHWWHU WKDQ ������



��� ([SHULPHQWV XVLQJ 7HVW 'DWD

7R H[DPLQH WKH IOH[LELOLW\ RI RXU DSSURDFK� ZH

WHVWHG RXU V\VWHP ZLWK WKH ���� FKDUDFWHUV LQ WKH

ILYH IRQWV DQG WKUHH GLIIHUHQW VL]HV� L�H�� ��� ��� DQG

�� SRLQWV� 5HFDOO WKDW ZH WXQHG RXU V\VWHP ZLWK

���SRLQW FKDUDFWHUV� VR WKH WKUHVKROGV PD\ QRW

GLUHFWO\ DSSO\ WR FKDUDFWHUV RI ODUJHU VL]HV� $Q

LQWXLWLYH VROXWLRQ WR WKLV FKDOOHQJH LV WR DGMXVW

WKUHVKROGV WKDW FKDQJH ZLWK DFWXDO VL]HV RI

FKDUDFWHUV� 7KLV G\QDPLF DGMXVWPHQW FDQ EH

FDUULHG RXW E\ GLYLGLQJ WKH DFWXDO VL]H RI WKH LPDJH

RI WKH FKDUDFWHU EHLQJ SURFHVV ZLWK WKH DYHUDJH

VL]H RI WKH ���SRLQW FKDUDFWHUV� DQG DGMXVWLQJ WKH

WKUHVKROGV EDVHG RQ WKLV UDWLR� 7KH H[SHULPHQWDO

UHVXOWV DUH VKRZQ LQ 7DEOHV � DQG ��

7DEOH �� 7HVW UHVXOWV IRU ���SRLQW VL]HG FKDUDFWHUV

Njoh >WW Lbj Cmbdl Spvoe

Njoh ���� �� ��� � �

>WW ��� ���� ��� � �

Lbj ��� ��� ���� � �

Cmbdl �� � � ���� ����

Spvoe � � � ���� ����

7DEOH �� 7HVW UHVXOWV IRU ���SRLQW VL]HG FKDUDFWHUV

Njoh >WW Lbj Cmbdl Spvoe

Njoh ���� �� ��� � �

>WW ��� ���� ��� � �

Lbj ��� ��� ���� � �

Cmbdl �� �� � ���� ����

Spvoe �� �� � ���� ����

2YHUDOO� RXU V\VWHP DGDSWHG UDWKHU ZHOO WR WKHVH

QHZ SUREOHPV� $OWKRXJK WKH VL]HV KDG FKDQJHG�

WKH DFFXUDF\ GLG QRW FKDQJH VLJQLILFDQWO\ IRU PRVW

FDVHV� 7KH UHVXOWV LQ WKHVH WDEOHV VXSSRUW RXU

SUHYLRXV REVHUYDWLRQ WKDW LW LV HDVLHU WR GLVWLQJXLVK

EHWZHHQ WKH JURXS ZLWK WKLQQHU VWURNHV �Njoh� >WW�

DQG Lbj� DQG WKH JURXS ZLWK WKLFNHU �Cmbdl DQG

Spvoe� VWURNHV� 2QO\ DURXQG ILYH FKDUDFWHUV LQ

WKH WKLQQHU JURXS ZHUH FODVVLILHG LQWR WKH WKLFNHU

JURXS� DQG OHVV WKDQ ��� FKDUDFWHUV ZHUH PLVFODV�

VLILHG LQWR WKH WKLQQHU JURXS� $JDLQ� LW LV KDUGHU WR

GLVWLQJXLVK EHWZHHQ WKH IRQWV ZLWKLQ WKH WKLFNHU

JURXS WKDQ WKRVH ZLWKLQ WKH WKLQQHU JURXS� )RU WKH

H[SHULPHQWV XVLQJ ���SRLQW DQG ���SRLQW FKDUDF�

WHUV� ZH UHVSHFWLYHO\ DFKLHYHG DYHUDJH ����� DQG

����� DFFXUDF\ ZLWKLQ WKH WKLQQHU JURXS� EXW RQO\

����� DQG ����� ZLWKLQ WKH WKLFNHU JURXS�

)LQDOO\ ZH WHVWHG RXU V\VWHP ZLWK GRFXPHQWV

FRQWDLQLQJ FKDUDFWHUV LQ PL[HG IRQWV DQG VL]HV�

$SSHQGL[ % VKRZV WZR SDJHV RI WHVW GDWD� (DFK

SDJH FRQWDLQV ��� FKDUDFWHUV WKDW ZHUH UDQGRPO\

VDPSOHG IURP WKH ���� FKDUDFWHUV LQ ILYH IRQWV DQG

WKUHH VL]HV� 7KH DFFXUDF\ IRU WKH ILUVW DQG WKH

VHFRQG SDJH ZHUH ERWK ������ &RQVLGHULQJ WKDW

ZH RQO\ HPSOR\HG VL[ IHDWXUHV DQG WXQHG RXU

V\VWHP ZLWK ���SRLQW FKDUDFWHUV� ZH FRQVLGHU WKLV

DFFXUDF\ YHU\ HQFRXUDJLQJ�

� 'LVFXVVLRQV

2XU IRQW LGHQWLILHU FODVVLILHV IRQWV EDVHG RQ VL[

IRQW�UHODWHG IHDWXUHV� 7KH WKUHVKROGV IRU WKH

IHDWXUHV DUH WUDLQHG EDVHG VROHO\ RQ ���SRLQW

FKDUDFWHUV� :H WHVWHG RXU V\VWHP ZLWK FKDUDFWHUV

SULQWHG LQ ILYH IRQWV DQG WKUHH VL]HV� 7KH FODVVLILHU

DFKLHYHV DQ DYHUDJH ����� DFFXUDF\ LQ FRPSUH�

KHQVLYH RSHQ DQG FORVH WHVWV� DQG ����� IRU WZR

UDQGRPO\ JHQHUDWHG GRFXPHQWV� ,Q IDFW� LQ DQ

H[SHULPHQW QRW UHSRUWHG LQ WKLV SDSHU� RXU V\VWHP

DFKLHYHV FRPSDUDEOH DFFXUDF\ LQ LGHQWLI\LQJ IRQWV

RI FKDUDFWHUV WKDW GR QRW EHORQJ WR WKH PRVW

FRPPRQO\ XVHG ���� FKDUDFWHUV� 8VLQJ

IRQW�UHODWHG IHDWXUHV DOORZV RXU V\VWHP WR FODVVLI\

WKH IRQWV RI XQIRUHVHHQ FKDUDFWHUV�

7KH FXUUHQW V\VWHP FDQ EH HQKDQFHG LQ D IHZ

FRQFHLYDEOH ZD\V� ([SDQGLQJ RXU V\VWHP WR

FODVVLI\ PRUH IRQWV LV WKH ILUVW DOWHUQDWLYH� DQG� DV D

UHVXOW� ZH ZRXOG QHHG WR DGG HPSOR\ PRUH

IHDWXUHV IRU WKH WDVN� 0RUHRYHU ZH ZRXOG OLNH WR

DXWRPDWH WKH GHVLJQ RI IRQW LGHQWLILHUV� $V ZH

GLVFXVV LQ 6HFWLRQ ���� ZH PDQXDOO\ WXQH WKH

SDUDPHWHUV IRU WKH UXOHV OLVWHG LQ $SSHQGL[ $�

$OWKRXJK ZH VHHP WR KDYH WXQHG WKH V\VWHP UDWKHU

ZHOO� WKH WXQLQJ WDVN LV UHVRXUFH FRQVXPLQJ� DQG

GRHV QRW QHFHVVDULO\ OHDG WR WKH EHVW GHVLJQ�

&RYHULQJ DOJRULWKPV� VXFK DV WKH 35,60

DOJRULWKP GLVFXVVHG LQ >�����@� VKRXOG SURYLGH D

PRUH HIILFLHQW DQG V\VWHPDWLF ZD\ WR ILQG D VHW RI

PRUH HIIHFWLYH UXOHV�

:H FKRRVH WKH GHFLVLRQ WUHH VKRZQ LQ )LJXUH �

EDVHG RQ RXWFRPHV RI D VHW RI H[SHULPHQWV� :H

DFWXDOO\ LPSOHPHQWHG VL[ GHFLVLRQ WUHHV WKDW KDYH

GLIIHUHQW VWUXFWXUHV DQG WKUHVKROGV� DQG WKH RQH

VKRZQ LQ )LJXUH � SHUIRUPV WKH EHVW� $XWRPDWLF

FRQVWUXFWLRQ DQG RSWLPL]DWLRQ RI GHFLVLRQ WUHHV LV

QRW D QHZ WRSLF LQ WKH PDFKLQH OHDUQLQJ FRPPX�

QLW\� &���� D GHVFHQGDQW RI ,'�� LV D JRRG H[DPSOH

>��@� DQG ZH SODQ WR H[SORLW WKLV DSSURDFK�

:H EHOLHYH WKDW ZH FDQ ERRVW WKH FODVVLILFDWLRQ

DFFXUDF\ DQG V\VWHP HIILFLHQF\ E\ DSSO\LQJ

FRQWH[WXDO LQIRUPDWLRQ LQ IRQW LGHQWLILFDWLRQ�

1RUPDO GRFXPHQWV� VXFK DV QHZVSDSHU DQG

PDJD]LQH DUWLFOHV� ZLOO IROORZ RUGLQDU\ VW\OLQJ

SULQFLSOHV� VR WKH\ ZLOO QRW EH DV UDQGRP DV RXU

WHVW GRFXPHQWV� &RQVLGHULQJ VXFK VW\OH FRQVWUDLQWV



LQ D IRQW LGHQWLILHU ZLOO LPSURYH WKH HIILFLHQF\�

:H KDYH EHJXQ WR LQWURGXFH WKHVH WHFKQLTXHV IURP

PDFKLQH OHDUQLQJ DQG QDWXUDO ODQJXDJH SURFHVVLQJ

ILHOGV LQWR RXU V\VWHP� DQG ZH ZLOO UHSRUW UHVXOWV RI

RXU H[SHULPHQWV ODWHU ZKHQ WKH\ DUH DYDLODEOH�

$FNQRZOHGJHPHQWV

7KH DXWKRUV DUH JUDWHIXO WR 3URIHVVRU :HQ�+XQJ

/LDR RI WKH 'HSDUWPHQW RI &RPSXWHU 6FLHQFH RI

1DWLRQDO &KHQJFKL 8QLYHUVLW\ IRU KLV LGHD WR ZRUN

RQ WKLV VXEMHFW� 7KLV SURMHFW ZDV VXSSRUWHG LQ SDUW

E\ WKH *UDQW 16&���������(������� IURP WKH

1DWLRQDO 6FLHQFH &RXQFLO RI 7DLZDQ�
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