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+VLHQ�+VLDQJ /LQ &KXQJ�7D .LQJ

'HSDUWPHQW RI &RPSXWHU 6FLHQFH
1DWLRQDO 7VLQJ +XD 8QLYHUVLW\

+VLQFKX� 7DLZDQ� 5�2�&�
NLQJ#FV�QWKX�HGX�WZ

$EVWUDFW

3HUIRUPDQFH HYDOXDWLRQ LV FULWLFDO LQ GHYHORSLQJ

FRPSXWHU V\VWHPV� 7R HYDOXDWH WKH SHUIRUPDQFH DQG WR VWXG\

WKH FKDUDFWHULVWLFV RI SURJUDP H[HFXWLRQ� SURJUDP WUDFLQJ

DQG PRQLWRULQJ VRIWZDUH KDYH EHHQ XVHG ZLGHO\� +RZHYHU� LQ

WKH :LQGRZV�[�� SODWIRUP� LW LV YHU\ GLIILFXOW WR EXLOG VXFK D

VRIWZDUH WRRO� EHFDXVH WKH :LQGRZV V\VWHP DQG LWV PDQ\

DSSOLFDWLRQV DUH GLVWULEXWHG ZLWKRXW VRXUFH FRGH� ,Q DGGLWLRQ�

WKH [�� &38 KDV D FRPSOLFDWHG LQVWUXFWLRQ VHW DUFKLWHFWXUH
DQG LV GLIILFXOW WR DQDO\]H� ,Q WKLV SDSHU� ZH UHSRUW D

SURJUDP WUDFLQJ WRRO IRU WKH :LQGRZV 17�[�� SODWIRUP�

ZKLFK DLPV DW WUDFLQJ PXOWLWKUHDGHG :LQGRZV DSSOLFDWLRQV

ZLWKRXW VRXUFH FRGH DYDLODEOH� :H KDYH DSSOLHG RXU WUDFLQJ

V\VWHP WR D QXPEHU RI EHQFKPDUN SURJUDPV� 7KHLU H[HFXWLRQ

FKDUDFWHULVWLFV REWDLQHG IURP RXW WRRO DUH SUHVHQWHG�
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7KH SHUVRQDO FRPSXWHUV �3&V� DUH WKH PDLQVWUHDP

FRPSXWLQJ PDFKLQHV QRZDGD\V� 0RVW 3&V DUH HTXLSSHG

ZLWK [���FRPSDWLEOH SURFHVVRUV� UXQQLQJ WKH 0LFURVRIW
:LQGRZV RSHUDWLQJ V\VWHP� :KHQ SHRSOH ZULWH SURJUDPV RQ

VXFK SODWIRUPV� WKH\ XVXDOO\ ZDQW WR NQRZ WKH

FKDUDFWHULVWLFV RI WKHLU SURJUDPV DQG KRZ WKH\ SHUIRUP�

:LWK WKLV LQIRUPDWLRQ� SHUIRUPDQFH RI WKH SURJUDPV FDQ EH

EHWWHU WXQHG� 6LPLODUO\� ZKHQ D KDUGZDUH GHVLJQHU LV IDFHG

ZLWK YDULRXV GHVLJQ WUDGHRIIV� KH DOVR ZDQWV WR NQRZ KRZ

WDUJHW DSSOLFDWLRQV UXQ RQ WKH KDUGZDUH� 8QIRUWXQDWHO\� WKHUH

DUH YHU\ IHZ WRROV WR DQDO\]H WKH SURJUDP FKDUDFWHULVWLFV RQ
:LQGRZV V\VWHPV� 7KH GLIILFXOW\ VWHPV IURP WKH IDFWV WKDW

WKH :LQGRZV RSHUDWLQJ V\VWHP LV GLVWULEXWHG ZLWKRXW VRXUFH

FRGH� ZLWK PDQ\ LQWHUQDO DFWLYLWLHV XQGRFXPHQWHG� 7KH

FRPSOLFDWHG LQVWUXFWLRQ VHW RI WKH [�� SURFHVVRU DOVR SRVWV D

JUHDW EDUULHU WR GHYHORS VXFK D WRRO�

9DULRXV WHFKQLTXHV KDYH EHHQ SURSRVHG WR DQDO\]H

SURJUDP EHKDYLRU DQG VWXG\ WKHLU H[HFXWLRQ FKDUDFWHULVWLFV

>�����������@� 2QH LPSRUWDQW FODVV RI WHFKQLTXHV LV WR LQVHUW
SLHFHV RI FRGHV LQWR WKH VRXUFH SURJUDP WKURXJK FRPSLOHUV�

DVVHPEOHUV� RU OLQNHUV >���@� :KHQ WKH LQVWUXPHQWHG SURJUDP

LV H[HFXWHG� H[HFXWLRQ VWDWLVWLFV RU WUDFHV DUH RXWSXW DQG

FROOHFWHG� 8QIRUWXQDWHO\� WKHVH WHFKQLTXHV FDQ RQO\ ZRUN RQ

DSSOLFDWLRQV ZLWK VRXUFH FRGH� 0RUH DJJUHVVLYH

LQVWUXPHQWDWLRQ WHFKQLTXHV FDOO IRU WKH PRGLILFDWLRQ RI WKH

ELQDU\ H[HFXWDEOHV� FDOOHG ELQDU\ UHZULWLQJ RU

LQVWUXPHQWDWLRQ >������@�

,Q WKLV SDSHU� ZH LQWURGXFH D SURJUDP WUDFLQJ WRRO RQ

WKH :LQGRZV V\VWHP� DVVXPLQJ WKH VRXUFH FRGH RI WKH

DSSOLFDWLRQV LV XQDYDLODEOH� 2XU WUDFLQJ V\VWHP LV DEOH WR

FDSWXUH WKH WUDFH RI DQ DSSOLFDWLRQ MXVW IURP LWV H[HFXWDEOH

ILOHV RU UXQ�WLPH VWDWHV� 6LQFH :LQGRZV ������17 VXSSRUWV
V\VWHP�DZDUH WKUHDGV� RXU WRRO LV DOVR DEOH WR GLVWLQJXLVK WKH

EHKDYLRU RI GLIIHUHQW WKUHDGV DQG WUDFH WKHP LQGLYLGXDOO\�

7KH UHVW RI WKLV SDSHU LV VWUXFWXUHG DV IROORZV� 6HFWLRQ

� VXUYH\V SURJUDP WUDFLQJ VRIWZDUH GHYHORSHG E\ RWKHU

UHVHDUFK JURXSV RU FRPPHUFLDO FRUSRUDWLRQV� 6HFWLRQ �

LQWURGXFHV WKH PHWKRGV XVHG WR EXLOG RXU SURJUDP WUDFLQJ

V\VWHP� 7KH 26 DQG &38 UHODWHG LVVXHV DUH GLVFXVVHG�

6HFWLRQ � VKRZV WKH H[SHULPHQWDO UHVXOWV RI DSSO\LQJ RXU
WUDFLQJ WRRO WR EHQFKPDUN SURJUDPV� :H DQDO\]H WKHLU

LQVWUXFWLRQ PL[� EDVLF EORFNV� FDOO JUDSKV� DQG PDQ\ RWKHU

LPSRUWDQW IHDWXUHV� 6HFWLRQ � JLYHV RXU FRQFOXVLRQV DQG

SRLQWV RXW VHYHUDO SRVVLEOH IXWXUH ZRUNV�
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0DQ\ DFDGHPLF DQG FRPPHUFLDO UHVHDUFK JURXSV KDYH

GHYRWHG PDQ\ HIIRUWV WR DSSOLFDWLRQ FKDUDFWHULVWLFV DQDO\VLV�

'R]HQV RI VRIWZDUH WRROV KDYH DOUHDG\ EHHQ GHYHORSHG IRU

WUDFLQJ DQG SURILOLQJ SURJUDPV RQ GLIIHUHQW SODWIRUPV DQG

GLIIHUHQW RSHUDWLQJ V\VWHPV >������������@� 6RPH RI WKHP FDQ

HYHQ WUDFH V\VWHP OHYHO DFWLYLWLHV� VXFK DV 9WXQH >�@ E\ ,QWHO
DQG 3DWFK:U[ >�@ E\ 'LJLWDO� 7KH XOWLPDWH JRDO RI WKHVH

VRIWZDUH LV WR FDSWXUH WKH EHKDYLRU RI D UXQQLQJ DSSOLFDWLRQ�

H�J�� LQVWUXFWLRQ PL[� EDVLF EORFN VL]H� EUDQFK DQG FDOO JUDSK�

HWF� %\ DQDO\]LQJ WKHVH LQIRUPDWLRQV� VRIWZDUH SURJUDPPHUV

PD\ RSWLPL]H DOJRULWKPV XVHG LQ WKHLU DSSOLFDWLRQV DQG

KDUGZDUH GHVLJQHUV PD\ LPSURYH WKH V\VWHP RUJDQL]DWLRQ WR

JHW PRUH SHUIRUPDQFH�

7KHVH WRROV KDYH DGRSWHG PDQ\ DGYDQFHG WHFKQLTXHV�
IRU LQVWDQFH� LQVWUXPHQWDWLRQ >�@� ELQDU\ UHZULWLQJ >����@�

DQG UXQ�WLPH VDPSOLQJ >�@� 6RPH KDUGZDUH�EDVHG PHWKRGV

DUH DOVR XVHG� VXFK DV WKH SHUIRUPDQFH PRQLWRULQJ FRXQWHUV

LQ [�� SURFHVVRUV >������@ DQG 3$/FRGH RI $OSKD SURFHVVRUV

>�@� 7KH SWUDFH�� V\VWHP FDOO LQ 81,; SURYLGHV WUDFLQJ DQG

GHEXJJLQJ FDSDELOLW\ DW WKH RSHUDWLQJ V\VWHP OHYHO�

�� 7+( 352*5$0 75$&,1* 722/

7KLV VHFWLRQ GHVFULEHV RXU SURJUDP WUDFLQJ WRRO RQ WKH

:LQGRZV 17�[�� SODWIRUP� 7KH XOWLPDWH JRDO LV WR FROOHFW

FRPSOHWH WUDFHV RI DOO WKUHDGV FUHDWHG E\ D UXQQLQJ
DSSOLFDWLRQ� 6LQFH PRVW :LQGRZV DSSOLFDWLRQV DUH

GLVWULEXWHG LQ H[HFXWDEOHV ZLWKRXW VRXUFH FRGH DYDLODEOH� ZH



UHVWULFW RXU SURJUDP WUDFLQJ VRIWZDUH WR FROOHFW WUDFHV RQO\

IURP WKH H[HFXWDEOH LPDJHV DQG WKH UXQ�WLPH VWDWHV� 7KLV

DOORZV XV WR ZRUN ZLWK PRVW :LQGRZV DSSOLFDWLRQV� :H ZLOO

IRFXV RQ :LQGRZV 17� DQG GLVFXVV LQ WKH IROORZLQJ VRPH
LPSRUWDQW LVVXHV UHODWHG WR KDUGZDUH DQG RSHUDWLQJ V\VWHP�

ZKHQ EXLOGLQJ VXFK D SURJUDP WUDFLQJ WRRO�

���� ,VVXHV 5HODWHG WR 2SHUDWLQJ 6\VWHP

6LQFH DOO SURJUDPV DUH H[HFXWHG RQ WRS RI WKH

RSHUDWLQJ V\VWHP� WKH ILUVW WKLQJ ZH KDYH WR NQRZ LV KRZ

:LQGRZV 17 FUHDWHV DQ HQYLURQPHQW ZLWKLQ ZKLFK SURJUDP

UXQV� 7KH :LQGRZV 17 KDV D PLFURNHUQHO�OLNH DQG OD\HUHG

NHUQHO >��@� ,W LV LPSOHPHQWHG ZLWK VHYHUDO SURWHFWHG

VXEV\VWHPV� H�J�� :LQ�� DQG 326,; VXEV\VWHPV� ZKLFK UXQ

LQ WKH XVHU PRGH DQG DUH UHVSRQVLEOH IRU WKH LQWHUDFWLRQ

EHWZHHQ WKH XVHU SURJUDPV DQG WKH NHUQHO� :LQGRZV 17
DOVR SURYLGHV D ODUJH QXPEHU RI $3,V IRU DSSOLFDWLRQ

SURJUDPV WR FDOO DQG WR DFFRPSOLVK V\VWHP�UHODWHG

RSHUDWLRQV� VXFK DV FUHDWLQJ D QHZ WKUHDG RU DOORFDWLQJ D

PHPRU\ ORFDWLRQ�

:KHQ D SURJUDP LV SXW LQWR UXQ� :LQGRZV 17 ILUVW

FUHDWHV D QHZ DGGUHVV VSDFH DQG VRPH NHUQHO REMHFWV IRU WKLV

QHZ SURFHVV� 7KHQ� LW XVHV D PHFKDQLVP� QDPHG PHPRU\�

PDSSHG ILOH� WR PDS WKH PRGXOH LPDJHV� LQFOXGLQJ WKH
H[HFXWDEOH ILOH DQG WKH G\QDPLF OLQNHG OLEUDULHV �'//V� XVHG�

LQWR WKH SURFHVV
 DGGUHVV VSDFH� 7KH PRVW LPSRUWDQW V\VWHP

'//V DUH 1WGOO�GOO DQG .HUQHO���GOO� .HUQHO���GOO FRQWDLQV

$3,V IRU FUHDWLQJ DQG GHVWUR\LQJ SURFHVVHV DQG WKUHDGV�

PDQDJLQJ PHPRU\� DFFHVVLQJ ILOHV� DQG V\QFKURQL]LQJ

WKUHDGV� HWF� 7KHVH $3,V LQ WXUQ FDOO WKRVH H[SRUWHG IURP

1WGOO�GOO IRU PLQRU IXQFWLRQV RU IRU WUDSSLQJ LQWR WKH 17

NHUQHO� $IWHU WKHVH V\VWHP DFWLYLWLHV FRPSOHWH� 17 WXUQV
FRQWURO WR WKH ILUVW WKUHDG RI WKH QHZO\ FUHDWHG SURFHVV DQG

WKH DSSOLFDWLRQ JHWV WKH ILUVW FKDQFH WR UXQ� %HFDXVH WKH 17

WKUHDGV DUH V\VWHP�DZDUH� WKH V\VWHP PDNHV D FRQWH[W

VZLWFK EHWZHHQ WKUHDGV QR PDWWHU ZKHWKHU WKH\ DUH LQ WKH

VDPH SURFHVV RU QRW�

:LQGRZV 17 DOVR SURYLGHV D VHW RI '(%8* $3,V >��@�

%\ XVLQJ WKHVH '(%8* $3,V� D SURJUDPPHU FDQ FUHDWH D

SURFHVV IRU GHEXJJLQJ �&UHDWH3URFHVV�� ZDLW IRU VRPH GHEXJ
HYHQWV WR KDSSHQ �:DLW)RU'HEXJ(YHQW�� UHDG RU UHSODFH WKH

WKUHDG FRQWH[W �*HW7KUHDG&RQWH[W DQG 6HW7KUHDG&RQWH[W��

DQG UHDG RU UHSODFH WKH FRQWHQW RI UHPRWH SURFHVVHV
 DGGUHVV

VSDFH �5HDG3URFHVV0HPRU\ DQG :ULWH3URFHVV0HPRU\��

2XU SURJUDP WUDFLQJ WRRO KHDYLO\ XVHV WKHVH $3,V IRU

VQRRSLQJ WKH WKUHDG FRQWH[WV RI D GHEXJJHH SURFHVV DQG IRU

FDSWXULQJ WKH PDFKLQH LQVWUXFWLRQ WKDW D UHPRWH WKUHDG LV

H[HFXWLQJ� 7KH IROORZLQJ VHFWLRQV ZLOO GLVFXVV PRUH GHWDLOV
DERXW WKH LPSOHPHQWDWLRQ�

:KHQ FUHDWLQJ D SURFHVV IRU GHEXJJLQJ� ZH FDQ FDOO

WKH DSSURSULDWH $3,V WR JHW WKH FRQWHQW RI WKH IRUHLJQ

DGGUHVV VSDFH� 7KXV� XQGHUVWDQGLQJ KRZ WKH H[HFXWDEOH ILOHV

RU PRGXOHV DUH RUJDQL]HG LV DOVR D QHFHVVDU\� 7KH :LQ��

H[HFXWDEOH ILOH LV QDPHG WKH 3RUWDEOH ([HFXWDEOH �3(� ILOH

>��@� 7KH 3( ILOH IRUPDW FRQWDLQV DQ ROG�VW\OH 06'26

KHDGHU� D 3( ILOH KHDGHU� D 3( RSWLRQDO KHDGHU� DQG D VHW RI
VHFWLRQ KHDGHUV DQG VHFWLRQ ERGLHV�

7KRVH KHDGHUV DUH FRPSRVHG RI VHYHUDO ILHOGV� VRPH RI

ZKLFK NHHSV LQIRUPDWLRQ DERXW WKDW 3( ILOH� H�J�� PDJLF

QXPEHU� HQWU\ SRLQW� FRGH VL]H� HWF�� DQG VRPH NHHSV D

UHODWLYH YLUWXDO DGGUHVV �59$� WR DQRWKHU ILHOG RU VHFWLRQ�

6HFWLRQV LQFOXGHG LQ D 3( ILOH DUH FODVVLILHG LQWR GLIIHUHQW

W\SHV DQG XVDJHV� 7KH �WH[W VHFWLRQ FRQWDLQV PDFKLQH

LQVWUXFWLRQV� �GDWD DQG �%66 DUH XVHG IRU FDUU\LQJ LQLWLDOL]HG

DQG XQLQLWLDOL]HG GDWD� UHVSHFWLYHO\� 7KH �LGDWD VHFWLRQ NHHSV
WKH LQIRUPDWLRQ DERXW DOO LPSRUWHG $3,V DQG '//V�

7KH �HGDWD VHFWLRQ FRQWDLQV H[SRUW LQIRUPDWLRQ RI WKLV 3(

ILOH� XVXDOO\ DSSHDULQJ ZKHQ LW LV D '// RU KDV WR H[SRUW

VRPH IXQFWLRQV�

��� ,VVXHV 5HODWHG WR +DUGZDUH

6LQFH RXU JRDO LV WR FDWFK HYHU\ LQVWUXFWLRQ LQ WKH

H[HFXWLRQ SDWK RI HYHU\ UXQQLQJ WKUHDG� ZH QHHG D

GLVDVVHPEOHU WR WUDQVODWH WKH [�� PDFKLQH LQVWUXFWLRQV LQWR D

UHDGDEOH IRUPDW� 7KXV ZH QHHG WR XQGHUVWDQG KRZ [��

LQVWUXFWLRQV DUH GHFRGHG�

7KH [�� DUFKLWHFWXUH KDV YHU\ FRPSOLFDWHG LQVWUXFWLRQ
IRUPDW DQG DGGUHVVLQJ PRGHV >�@� ,Q D [�� LQVWUXFWLRQ� RQO\

WKH RSFRGH ILHOG� HLWKHU RQH RU WZR E\WHV� PXVW H[LVW� WKH

RWKHUV DUH RSWLRQDO� 7KH 0RG5�0 ILHOG LV FRPSRVHG RI WKUHH

VXEILHOGV� 0RG� 5HJ�2SFRGH� DQG 5�0� ,W LV XVHG WR

GHWHUPLQH WKH RSHUDQGV� WKH DGGUHVVLQJ PRGH� DQG ZKHWKHU

WKH QH[W WKUHH ILHOGV H[LVW� ,Q VRPH FDVHV� WKH 5HJ�2SFRGH

VXEILHOG LV XVHG DV DQ H[WHQVLRQ RI WKH RSFRGH� ,I WKH 6,%

ILHOG H[LVWV� LW VSHFLILHV WKH EDVH UHJLVWHU� LQGH[ UHJLVWHU� DQG
VFDOLQJ IDFWRU RI WKH LQGH[� 7KHUH DUH DOVR VLWXDWLRQV WKDW DQ

LQVWUXFWLRQ FRQWDLQV DQ RSFRGH ZLWK LPSOLFLW RSHUDQGV� H�J��

RSFRGH ��K UHSUHVHQWV WKH LQVWUXFWLRQ �SXVK 66�
� ZKHUH 66

LV WKH VWDFN VHJPHQW UHJLVWHU� ,W LV DOVR SRVVLEOH WKDW WKH

RSFRGH ZLOO EH LPPHGLDWHO\ IROORZHG E\ D 'LVSODFHPHQW RU

,PPHGLDWH ILHOG�

7KH [�� DUFKLWHFWXUH SURYLGHV D PHFKDQLVP FDOOHG VRIW

LQWHUUXSW RU H[FHSWLRQ WR WULJJHU WKH SURFHVVRU WR KDQGOH
VSHFLILF HYHQWV� 7KLV LV DFFRPSOLVKHG ZLWK LQVWUXFWLRQV VXFK

DV ,17 Q� ZKHUH Q LV DQ LQWHUUXSW YHFWRU QXPEHU�

:KHQ WUDFLQJ D UXQQLQJ DSSOLFDWLRQ� ZH XVH D ODUJH

QXPEHU RI EUHDNSRLQWV DQG VLQJOH�VWHS H[FHSWLRQV WR VWRS WKH

SURFHVV DQG UHFRUG WKH WKUHDG VWDWHV� :KLOH D WKUHDG LV

VWRSSHG E\ D EUHDNSRLQW RU D VLQJOH�VWHS H[FHSWLRQ� WKH

DGGUHVV RI WKH QH[W LQVWUXFWLRQ LV UHSRUWHG LQVWHDG RI WKH

LQVWUXFWLRQ FDXVLQJ WKLV H[FHSWLRQ�
:KHQ GHYHORSLQJ RXU WUDFLQJ SURJUDP� ZH XVH WKH

LQVWUXFWLRQ ,17 � ��[&&� WR WULJJHU WKH EUHDNSRLQW H[FHSWLRQ

DQG VHW WKH 7) IODJ LQ WKH ()/$*6 UHJLVWHU WR WULJJHU WKH

VLQJOH�VWHS WUDS� 7KH SURFHVVRU FOHDUV WKH 7) IODJ EHIRUH

FDOOLQJ WKH H[FHSWLRQ KDQGOHU� )RU SURWHFWLRQ SXUSRVH� WKH

RSHUDWLQJ V\VWHP FKHFNV WKH SULYLOHJH OHYHO DIWHU DQ\ VLQJOH�

VWHS WUDS WR VHH LI VLQJOH VWHSSLQJ FRXOG EH FRQWLQXHG DW WKH

FXUUHQW SULYLOHJH OHYHO� ,W IROORZV WKDW D XVHU�OHYHO FRGH
FDQQRW VLQJOH�VWHS LQWR WKH V\VWHP�OHYHO FRGH�

���� 7UDFH *HQHUDWLRQ

2XU EDVLF LGHD RI JHQHUDWLQJ WUDFH LV WR VHW HDFK WKUHDG
LQWR WKH VLQJOH�VWHS PRGH DV LW UXQV� :KHQ FRPSOHWLQJ DQ

LQVWUXFWLRQ� WKH WKUHDG ZLOO EH VWRSSHG DQG ZH KDYH WKH

FKDQFH WR UHFRUG WKH VWDWH RI WKH WKUHDG FRQWH[W DQG JHQHUDWH

D WUDFH UHFRUG� $IWHU WKHVH DFWLRQV DUH GRQH� ZH OHW WKLV

WKUHDG JR WR WKH QH[W LQVWUXFWLRQ DQG ZH FRQWLQXH WUDFLQJ LW�

$OWKRXJK WKLV PHWKRG LV WLPH�FRQVXPLQJ� LW UHDOO\ ZRUNV

YHU\ ZHOO WR JHW WKH IXOO WUDFH RI DQ DSSOLFDWLRQ�

,Q WKLV VXEVHFWLRQ� ZH SUHVHQW WKH SULQFLSDO GDWD



DEVWUDFWLRQV XVHG LQ RXU WUDFLQJ SURJUDP IRU PDQDJLQJ WKH
SURFHVVHV DQG WKUHDGV FUHDWHG E\ D UXQQLQJ DSSOLFDWLRQ� 7KH

PDLQ DOJRULWKPV LQ RXU WUDFLQJ SURJUDP DQG RSWLPL]DWLRQ

PHWKRGV DUH WKHQ GHVFULEHG�

����� 'DWD DEVWUDFWLRQV

$ UXQQLQJ DSSOLFDWLRQ PD\ FUHDWH RQH RU PRUH

SURFHVVHV� HDFK RI ZKLFK PD\ VSDZQ VHYHUDO WKUHDGV DQG

PDS UHTXLUHG '//V LQWR LWV DGGUHVV VSDFH� 7KH GDWD

VWUXFWXUHV WR UHSUHVHQW WKHVH HQWLWLHV DUH GHVFULEHG EHORZ�

3URFHVV� 7KUHDG� '//

,Q PRVW FDVHV� DQ DSSOLFDWLRQ PD\ VSDZQ VHYHUDO

WKUHDGV DQG HYHQ VHYHUDO SURFHVVHV� 6R� ZH XVH D GRXEO\

OLQNHG OLVW WR FKDLQ WKH SURFHVVHV FUHDWHG E\ WKH VDPH

UXQQLQJ DSSOLFDWLRQ DQG D JOREDO YDULDEOH WR KROG WKH KHDG

QRGH RI WKDW SURFHVV OLVW� 7KH WKUHDGV VSDZQHG E\ WKH VDPH

SURFHVV DQG '//V ORDGHG E\ WKH SURFHVV DUH FKDLQHG

UHVSHFWLYHO\ E\ WZR DGGLWLRQDO GRXEO\ OLQNHG OLVWV� OLQNHG
IURP WKDW SURFHVV QRGH� 7KH DEVWUDFWLRQV IRU SURFHVV DQG

WKUHDG PDQDJHPHQW DUH VKRZQ LQ )LJXUHV � DQG ��

(DFK GDWD VWUXFWXUH PXVW NHHS VRPH UHODWHG

LQIRUPDWLRQ� $ SURFHVV QRGH KDV WR VWRUH WKH SURFHVV LG� WKH

SURFHVV HQWU\ SRLQW� WKH PRGXOH LPDJH KHDGHU� D IODJ WR

GHQRWH ZKHWKHU LW LV DOLYH� D +$1'/( WR WKH SURFHVV� DQG�

PRVW LPSRUWDQWO\� D 75$&(B,1)2 UHFRUG� $ KDQGOH LV D

VSHFLDO GDWD W\SH WR NHHS WKH FRQQHFWLRQ WR D NHUQHO REMHFW LQ
WKH :LQGRZV V\VWHP� 7KH 75$&(B,1)2 UHFRUG NHHSV

LQIRUPDWLRQ DERXW EDVLF EORFNV DQG LQVWUXFWLRQV� ZKLFK ZLOO
EH GHVFULEHG EHORZ� 6LPLODUO\� D WKUHDG QRGH NHHSV WKH

WKUHDG LG� WKUHDG KDQGOH� D IODJ IRU OLYH�GLH VWDWXV� WKH

QXPEHU RI LQVWUXFWLRQV WKH WKUHDG KDV H[HFXWHG� DQG D WKUHDG

WUDFH UHFRUG� ZKLFK LV XVHG WR VWRUH HDFK WKUHDG VWDWH� $ '//

QRGH VKRXOG NHHS WKH '// QDPH� '// PRGXOH KHDGHU� EDVH

RI WKH '// DGGUHVV� HWF�

%DVLF %ORFN DQG ,QVWUXFWLRQ

7KH 75$&(B,1)2 VWUXFWXUH LQ D SURFHVV QRGH

FRQWDLQV WZR KDVK WDEOHV� D EDVLF EORFN KDVK DQG DQ

LQVWUXFWLRQ KDVK� 7KH\ DUH XVHG WR GHSRVLW EDVLF EORFN

UHFRUGV DQG LQVWUXFWLRQ UHFRUGV UHVSHFWLYHO\� :H FDWFK WKH

EDVLF EORFN DQG WKH LQVWUXFWLRQ LQIRUPDWLRQ DW UXQ WLPH DV WKH

SURJUDP FRQWURO JRHV WKURXJK WKH FRGH VHFWLRQ RI WKH

H[HFXWDEOH ILOH LPDJHV RU WKH G\QDPLF OLQNHG OLEUDULHV�
$V D SURJUDP LV UXQQLQJ� WKHUH LV D YHU\ KLJK

SUREDELOLW\ WKDW LQVWUXFWLRQV RU EDVLF EORFNV DUH UHH[HFXWHG�

:KHQ DQ LQVWUXFWLRQ RU D EDVLF EORFN LV ILUVW PHW� LW LV

GLVDVVHPEOHG� DQDO\]HG� DQG WKHQ VWRUHG LQ WKH KDVK WDEOHV

IRU UHXVH� 1H[W WLPH ZKHQ WKH\ DUH PHW� WKH GLVDVVHPEOLQJ RU

DQDO\VLV WLPH FDQ EH UHGXFHG� 7KHLU LQIRUPDWLRQ PD\ EH

REWDLQHG E\ VHDUFKLQJ WKHVH KDVK WDEOHV�

(YHU\ EDVLF EORFN UHFRUG PXVW KROG WKH VWDUW DQG HQG
DGGUHVVHV� WKH QXPEHU RI LQVWUXFWLRQV LQVLGH WKH EDVLF EORFN�

WKH QXPEHU RI WLPHV LW LV H[HFXWHG� DQG WKH QXPEHU RI

LQVWUXFWLRQV ZLWK D UHSHDW SUHIL[� $V PHQWLRQHG EHIRUH� D [��

LQVWUXFWLRQ PD\ H[LVW ZLWK D SUHSHQGHG SUHIL[ ILHOG� 7KHUH

DUH VHYHUDO SUHIL[ FRGHV� DQG RQH RI WKHP LV WKH UHSHDW SUHIL[�

7KH UHSHDW SUHIL[ PHDQV WKDW DQ LQVWUXFWLRQ PXVW EH H[HFXWHG

)LJXUH �� $EVWUDFWLRQ RI SURFHVV PDQDJHPHQW

)LJXUH �� 7KUHDG DQG '// OLVWV ZLWKLQ D SURFHVV QRGH



UHSHDWHGO\ XQWLO VRPH FRQGLWLRQ LV VDWLVILHG� :H GLVWLQJXLVK

WKLV NLQG RI LQVWUXFWLRQV IURP RWKHUV� EHFDXVH WKH\ PD\ EH

H[HFXWHG IRU DQ XQGHWHUPLQHG QXPEHU RI WLPHV� 7KLV PD\

DIIHFW WKH LQVWUXFWLRQ FRXQW LQ D EDVLF EORFN DW UXQ WLPH� :H
FRXQW WKLV NLQG RI LQVWUXFWLRQV MXVW RQFH LQ HDFK EDVLF EORFN�

$Q LQVWUXFWLRQ UHFRUG KROGV WKH VWDUW DQG HQG DGGUHVVHV

RI WKLV LQVWUXFWLRQ� WKH PDFKLQH FRGH DQG LWV DVVHPEO\

HTXLYDOHQFH� DQG DQ LQVWUXFWLRQ W\SH UHFRUG� 7KH SXUSRVH RI

WKH LQVWUXFWLRQ W\SH VWUXFWXUH LV WR VWRUH WKH RSFRGH DQG WKH

W\SH RI WKLV LQVWUXFWLRQ� H�J�� GDWD PRYHPHQW RU FRQWURO

WUDQVIHU� :H GHILQH WKH LQVWUXFWLRQ W\SHV DFFRUGLQJ WR WKH

FODVVLILFDWLRQ LQ >�@�

������ :,1�� GHEXJ HYHQWV

,Q VHFWLRQ ���� ZH PHQWLRQHG WKDW D GHEXJJHU SURFHVV

FRXOG FDOO VRPH GHEXJ $3,V WR ZDLW IRU WKH GHEXJJHH
SURFHVV WR UHSO\ VRPH GHEXJ HYHQWV VSHFLILHG E\ WKH

GHEXJJHU� ,Q JHQHUDO� WKH GHEXJJHH SURFHVV ZLOO JHQHUDWH D

GHEXJ HYHQW ZKHQ RQH RI WKH IROORZLQJ FRQGLWLRQV RFFXUV�

�� $Q H[FHSWLRQ LV JHQHUDWHG�

�� $ SURFHVV LV FUHDWHG RU H[LWV�

�� $ WKUHDG LV FUHDWHG RU H[LWV�

�� $ '// LV ORDGHG RU XQORDGHG LQWR WKH DGGUHVV VSDFH�

:KLOH D GHEXJJHH SURFHVV UHWXUQV D GHEXJ HYHQW� DOO

WKUHDGV UXQQLQJ LQ WKH FXUUHQW SURFHVV ZLOO EH EORFNHG DQG

WKH FRQWURO ZLOO EH WUDQVIHUUHG WR WKH GHEXJJHU� L�H�� RXU

WUDFLQJ SURJUDP� 8QOHVV WKH GHEXJJHU UHWXUQV WKH FRQWURO DQG

QRWLILHV WKH GHEXJJHH WR FRQWLQXH� WKH GHEXJJHH ZLOO EH

EORFNHG IRUHYHU� 7KXV� GHEXJ HYHQWV PXVW EH FDUHIXOO\

KDQGOHG�
:H DOVR LPSOHPHQW VHYHUDO HYHQW KDQGOHUV� DQG HDFK RI

WKHP KDQGOHV RQH GHEXJ HYHQW� )RU H[DPSOH� D FUHDWH

SURFHVV�WKUHDG HYHQW KDQGOHU PXVW DOORFDWH D SURFHVV�WKUHDG

QRGH� ILOO LWV ILHOGV ZLWK LWV VWDWH� DQG LQVHUW LW LQWR WKH

SURFHVV�WKUHDG OLVW� 7KH EUHDNSRLQW RU VLQJOH�VWHS H[FHSWLRQ

KDQGOHUV KDYH WR VQRRS DQG UHFRUG WKH FXUUHQW VWDWH RI WKH

WKUHDG ZKLFK FDXVHG WKH H[FHSWLRQ� JHQHUDWH D WUDFH UHFRUG

EHORQJLQJ WR WKLV WKUHDG DQG WKHQ VHW LW WR WKH VLQJOH�VWHS
PRGH DJDLQ� $ GHEXJ ORRS ZLOO EH SUHVHQWHG LQ WKH QH[W

VHFWLRQ WR VKRZ KRZ WR UHSHDWHGO\ GHEXJ WKH GHEXJJHH

SURFHVV�

������ 'HEXJ ORRS

7R WUDFH D :LQGRZV DSSOLFDWLRQ� ZH KDYH WR FUHDWH D

SURFHVV WR H[HFXWH WKH DSSOLFDWLRQ� 7KDW SURFHVV LV WUHDWHG DV

D GHEXJJHH SURFHVV DQG RXU WUDFLQJ SURJUDP HQWHUV D ORRS WR

ZDLW DQG KDQGOH DOO WKH GHEXJ HYHQWV IURP WKDW SURFHVV XQWLO

WKH DSSOLFDWLRQ ILQLVKHV� 0RVW DFWLRQV DUH WDNHQ FDUH RI

ZLWKLQ WKH GHEXJ ORRS� H�J�� WR FRQVWUXFW WKH SURFHVV OLVW DQG

WR JHQHUDWH WUDFH UHFRUGV� $V VKRZQ LQ )LJXUH �� WKLV GHEXJ
ORRS GRHV QRWKLQJ EXW GLVSDWFK HDFK GHEXJ HYHQW WR LWV

FRUUHVSRQGLQJ KDQGOHU�

,Q WKH GHEXJ ORRS� DOO HYHQW KDQGOHUV H[FHSW

+DQGOH([FHSWLRQ�� DUH XVHG WR PDLQWDLQ SURFHVV DQG WKUHDG

OLVWV� ,QVLGH WKH H[FHSWLRQ KDQGOHU� ZH RQO\ LQWHUFHSW WKH

EUHDNSRLQW DQG VLQJOH�VWHS WUDSV� :KHQ RQH RI WKHVH WUDSV LV

FDXJKW� RXU GHEXJJHU SURJUDP UHDGV WKH UHPRWH SURFHVV

PHPRU\ DQG WKUHDG FRQWH[W� PDNHV D GHFLVLRQ WR

GLVDVVHPEOH WKH LQVWUXFWLRQ DW WKH FXUUHQW DGGUHVV RU JHW LWV
LQIRUPDWLRQ IURP KDVK WDEOHV� VWRUHV D WUDFH UHFRUG� DQG VHWV

WKH WKUHDG WR WKH VLQJOH�VWHS PRGH DJDLQ�

(YHU\ WLPH ZKHQ D FUHDWH SURFHVV HYHQW LV UHFHLYHG�

WKH SURFHVV FRXQW LQ WKH SURFHVV OLVW PXVW EH LQFUHDVHG� $Q

H[LW SURFHVV HYHQW GHFUHDVHV WKH SURFHVV FRXQW� ,I WKH SURFHVV

FRXQW HTXDOV WR ]HUR� LW PHDQV DOO SURFHVVHV FUHDWHG E\ WKH

UXQQLQJ DSSOLFDWLRQ DUH WHUPLQDWHG� ,Q WKLV FDVH WKH WUDFLQJ LV

FRPSOHWHG� :H WKHQ GXPS DOO WKH WUDFH UHVXOWV FROOHFWHG�

������ 2SWLPL]DWLRQ

:KHQ KDQGOLQJ WKH H[FHSWLRQV� WKHUH DUH VRPH

FRQVLGHUDWLRQV IRU RSWLPL]DWLRQ� )LUVW� HYHU\ WLPH ZKHQ WKH
H[FHSWLRQV KDQGOHU LV LQYRNHG� ZH RQO\ QHHG WR UHDG D IHZ

E\WHV IURP WKH PHPRU\ RI WKH GHEXJJHH SURFHVV� 7KH FRVW WR

UHDG IURP DQRWKHU SURFHVV
 PHPRU\ LV YHU\ KLJK� 7R

RSWLPL]H PHPRU\ UHDGV� ZH LPSOHPHQW D EXIIHU� ZKLFK

EHKDYHV OLNH D FDFKH� DQG ZH FDOO LW WKH VRIW FDFKH� 8VLQJ

VRIW FDFKH� ZH FDQ UHDG PRUH E\WHV RQFH �OLNH D FDFKH OLQH��

DQG VWRUH WKHP IRU WKH QH[W XVH� 7KLV VKRXOG UHGXFH WKH

QXPEHU RI WLPHV WR UHDG IURP DQRWKHU SURFHVV
 PHPRU\�
EHFDXVH LQ PRVW FDVHV D VWUHDP RI LQVWUXFWLRQV LV H[HFXWHG

VHTXHQWLDOO\ EHIRUH WKH SURJUDP FRQWURO EUDQFKHV RII� 7KH

FDFKH OLQH VL]H LV DGMXVWDEOH� DQG LV VHW WR �� E\WHV E\ QRZ�

6HFRQG� ZH FDQ GHIHU LQVWUXFWLRQ GLVDVVHPEOLQJ DQG

UHVXPH WKH WKUHDGV DV VRRQ DV SRVVLEOH� 7KLV ZLOO UHGXFH WKH

GHEXJJHH SURFHVV
 KDQJLQJ WLPH� DQG LPSURYH WKH WUDFLQJ

VSHHG� HVSHFLDOO\ ZKHQ UXQQLQJ RQ PXOWL�SURFHVVRU PDFKLQHV�

6R� ZH DOVR LPSOHPHQW D ODUJH ),)2 EXIIHU FDOOHG WKH
DGGUHVV WUDFH EXIIHU �$7%�� :KHQ DQ H[FHSWLRQ LV UHSRUWHG�

WKH KDQGOHU MXVW VWRUHV WKH SURFHVV LG� WKUHDG LG� DQG

H[FHSWLRQ DGGUHVV LQWR RQH $7% HQWU\� :KHQ WKH QXPEHU RI

$7% HQWULHV UHDFKHV D WKUHVKROG YDOXH� DQ $7% FRQVXPHU

WKUHDG LV LQYRNHG WR IOXVK WKH DGGUHVV UHFRUGV VHTXHQWLDOO\�

$IWHU LW ILQLVKHV SURFHVVLQJ DOO WKH $7% HQWULHV� LW LV SXW LQWR

VOHHS DJDLQ�

)LJXUH �� 7KH GHEXJ ORRS LQ WKH WUDFLQJ SURJUDP



���� 3URJUDP $QDO\VLV

:KHQ DSSO\LQJ RXU WUDFLQJ SURJUDP WR D :LQGRZV

DSSOLFDWLRQ� WKH FRPSOHWH WUDFH ZLOO EH RXWSXW� %XW WKH WUDFH

LV QRW UHDGDEOH \HW� EHFDXVH WKH WUDFH IRUPDW LV GHVLJQHG WR

UHGXFH WKH GLVN VSDFH DQG NHHSV RQO\ WKH QHFHVVDU\

LQIRUPDWLRQ� :H DOVR SURYLGH DQ DQDO\]HU SURJUDP WR

UHFRQVWUXFW WKH H[HFXWLRQ� 7KH UHVXOWV RXWSXW IURP WKH

DQDO\]HU DUH FODVVLILHG LQWR IRXU FDWHJRULHV� ZKLFK DUH OLVWHG
LQ 7DEOH ��

�� (;3(5,0(17 5(68/76

,Q WKLV VHFWLRQ� ZH SUHVHQW WKH UHVXOWV RI DSSO\LQJ RXU
WUDFLQJ V\VWHP WR WKH :LQGRZV EHQFKPDUNV� 7KH

H[SHULPHQWV ZHUH FRQGXFWHG RQ D SHUVRQDO FRPSXWHU ZLWK

GXDO ,QWHO ����0+] 3HQWLXP ,,, SURFHVVRUV� ����.% /�

FDFKH� DQG ����0% RI 5$0� 7KH V\VWHP UDQ WKH :LQGRZV

17 ��� EXLOG ���� SDWFKHG ZLWK VHUYLFH SDFN �� 7KH

EHQFKPDUN SURJUDPV LQFOXGH FRQVROH DQG *8, SURJUDPV�

:H GLVWLQJXLVK WKHVH WZR NLQGV RI DSSOLFDWLRQV� EHFDXVH WKH\

KDYH GLIIHUHQW FKDUDFWHULVWLFV� ,Q JHQHUDO� *8, DSSOLFDWLRQV

QHHG PRUH '// PRGXOHV DQG FUHDWH PRUH FRRSHUDWLYH

WKUHDGV� EXW KDYH D VPDOOHU DYHUDJH EDVLF EORFN VL]H�

��� &RQVROH $SSOLFDWLRQV

7KLV VHFWLRQ GLVFXVVHV WKH FKDUDFWHULVWLFV RI FRQVROH

DSSOLFDWLRQV UXQQLQJ LQ WKH :LQGRZV 17� 7KH FRQVROH

SURJUDPV XVHG LQ RXU H[SHULPHQWV DUH PXOWLPHGLD

DSSOLFDWLRQV EDVHG RQ WKH 0HGLD%HQFK VXLWH >�@� 7KH
0HGLD%HQFK VXLWH ZDV FKRVHQ� EHFDXVH D ODUJH QXPEHU RI

DSSOLFDWLRQV UXQQLQJ RQ WKH :LQGRZV V\VWHPV DUH

PXOWLPHGLD DSSOLFDWLRQV� GRLQJ LPDJH SURFHVVLQJ DQG VSHHFK

FRPSUHVVLRQ� HWF�

:H DSSO\ RXU WUDFLQJ V\VWHP WR IRXU FRPSRQHQWV RI

WKH 0HGLD%HQFK VXLWH� -3(*� 03(*� (3,&� DQG $'3&0�

HDFK KDV LWV FRPSUHVVLRQ DQG GHFRPSUHVVLRQ SDUWV� 7KH

VRXUFH FRGH RI WKHVH VRIWZDUH ZDV GRZQORDGHG IURP WKH
,QWHUQHW >��@ DQG FRPSLOHG E\ WKH 0LFURVRIW 9LVXDO &�� ����

7KH SURJUDPV DQG WKHLU LQSXW GDWD XVHG LQ WKH H[SHULPHQWV

DUH GHVFULEHG EHORZ�

�� -3(*� -3(* LV D ORVV\ FRPSUHVVLRQ PHWKRG IRU IXOO�

FRORU DQG JUD\�VFDOH LPDJHV� 7KLV SDFNDJH FRQWDLQV WZR

SURJUDP FMSHJ DQG GMSHJ� ,Q RXU H[SHULPHQWV� WKH LQSXW WR

FMSHJ ZDV D ����.% 330 ILOH DQG WKH LQSXW WR GMSHJ ZDV
D ��.% -3(* ILOH� 7KHVH WZR ILOHV FRQWDLQ WKH VDPH

SLFWXUH EXW DUH HQFRGHG LQ GLIIHUHQW JUDSKLF IRUPDWV�

�� 03(*� 03(* LV D VWDQGDUG IRU GLJLWDO YLGHR

WUDQVPLVVLRQ� :H XVHG PHSJ�HQF WR HQFRGH D ��IUDPH

YLGHR� DQG PSHJ�GHF WR GHFRGH LW�

�� (3,&� (3,& LV DQ H[SHULPHQWDO LPDJH FRPSUHVVLRQ

XWLOLW\� :H XVHG HSLF WR HQFRGH D ���[��� JUD\ VFDOH

LPDJH� DQG XQHSLF WR UHYHUVH LW�
�� $'3&0� $'3&0 LV D XWLOLW\ IRU VSHHFK FRPSUHVVLRQ

DQG GHFRPSUHVVLRQ� ,W WDNHV ���ELW OLQHDU 3&0 VDPSOHV

DQG FRQYHUWV WKHP WR ��ELW VDPSOHV� \LHOGLQJ D

FRPSUHVVLRQ UDWH RI ����

7DEOH � VKRZV WKH JHQHUDO LQIRUPDWLRQ RI WKHVH

FRQVROH DSSOLFDWLRQV FROOHFWHG E\ RXU WUDFLQJ V\VWHP� ,Q WKH

WDEOH� WKH URZ GHQRWHG CC7RWDO ,QVWUXFWLRQV� OLVWV WKH QXPEHU
RI WRWDO G\QDPLF LQVWUXFWLRQV H[HFXWHG DQG WKH URZ GHQRWHG

CC7RWDO %DVLF %ORFNV� OLVWV WKH QXPEHU RI G\QDPLF EDVLF

EORFNV H[HFXWHG� 7KH URZ RI CC,QVWU��%�%�� VKRZV WKH

7DEOH �� *HQHUDO LQIRUPDWLRQ RI WKH FRQVROH DSSOLFDWLRQV

7DEOH �� 5HVXOWV UHSRUWHG E\ WKH WUDFLQJ WRRO



DYHUDJH UDWLR RI LQVWUXFWLRQV SHU EDVLF EORFN IRU HDFK

DSSOLFDWLRQ� 7KH URZV RQ VWDWLF VWDWLVWLFV OLVW WKH LQIRUPDWLRQ

RQ VWDWLF LQVWUXFWLRQV DQG EDVLF EORFNV� 7DEOH � DOVR SUHVHQWV

WKH PD[LPXP QXPEHU RI LQVWUXFWLRQV LQ D EDVLF EORFN� WKH

QXPEHU RI WLPHV WKH PRVW H[HFXWHG EDVLF EORFN UXQV� DQG WKH
QXPEHU RI PRGXOHV XVHG DQG WKUHDGV FUHDWHG�

7KH UHVXOWV LQ 7DEOH � VKRZ WKDW WKH FRPSUHVVLRQ

SURJUDPV H[HFXWH PRUH LQVWUXFWLRQV WKDQ WKH FRUUHVSRQGLQJ

GHFRPSUHVVLRQ SURJUDPV� H[FHSW WKH $'3&0 SDFNDJH� $OO

RI WKHVH DSSOLFDWLRQV FUHDWH RQO\ RQH WKUHDG DQG XVH WKUHH

PRGXOHV �WKH SURJUDP ILOH LWVHOI� QWGOO�GOO� DQG NHUQHO���GOO��

:H REVHUYH WKDW WKH CC,QVWU��%�%� LV VOLJKWO\ ODUJHU WKDQ WKH

CC6WDWLF ,QVWU��%�%��� 7KLV WHOOV WKDW ZKLOH H[HFXWLQJ� WKHVH
SURJUDPV WHQG WR VSHQG PRUH WLPH LQ ODUJHU EDVLF EORFNV�

$PRQJ WKHP� GMSHJ KDV D UHODWLYHO\ KLJKHU DYHUDJH

LQVWUXFWLRQ SHU EDVLF EORFN UDWLR �����

7DEOH � SUHVHQWV WKH VWDWLVWLFV RI LQVWUXFWLRQ W\SHV�

ZKLFK DUH FODVVLILHG DFFRUGLQJ WR >�@� $Q LQVWUXFWLRQ PD\

EHORQJ WR PRUH WKDQ RQH W\SH� )RU H[DPSOH� SXVKIG DQG

SRSIG EHORQJ WR ERWK GDWD PRYHPHQW DQG HIODJV W\SHV� )URP

WKLV WDEOH� ZH FDQ VHH WKDW WKH PRVW H[HFXWHG W\SHV RI
LQVWUXFWLRQV LQ WKHVH PXOWLPHGLD SURJUDPV DUH GDWD

PRYHPHQW� ELQDU\ DULWKPHWLF� DQG FRQWURO WUDQVIHU� 7KHVH

WKUHH W\SHV RI LQVWUXFWLRQV FRQVWLWXWH ������ DW OHDVW

�PSHJ�GHF� DQG ������ DW PRVW �FMSHJ� RI WKH WRWDO

LQVWUXFWLRQV H[HFXWHG� 1RW DOO RI WKHVH DSSOLFDWLRQV XVH

IORDWLQJ�SRLQW LQVWUXFWLRQV KHDYLO\� ,QVWUXFWLRQV LQ WKH ,�2

DQG V\VWHP W\SHV DUH SULYLOHJH LQVWUXFWLRQV� VR QRQH RI WKHVH

LQVWUXFWLRQV FDQ EH FDSWXUHG� 6RPH LQVWUXFWLRQV� VXFK DV OHD�

FSXLG� DQG QRS� HWF�� DUH KDUG WR EH FODVVLILHG DQG DUH

FROOHFWHG WR WKH 0LVFHOODQHRXV W\SH >�@� )LQDOO\� ZH FDQ VHH

WKDW WKHVH DSSOLFDWLRQV GR QRW WDNH WKH DGYDQWDJH RI WKH

00; WHFKQRORJ\ RI WKH ,QWHO SURFHVVRUV� ,Q IDFW� WKH 9&��

��� FRPSLOHU RQO\ VXSSRUWV WKH 00; LQVWUXFWLRQV LQ LQOLQH
DVVHPEO\ FRGH� 7KXV� D SURJUDPPHU ZKR ZDQWV WR PDNH XVH

RI WKH 00; LQVWUXFWLRQV KDV WR ZULWH WKH SLHFHV RI FRGH LQ

DVVHPEO\�

2XU WUDFLQJ V\VWHP DOVR KDV WKH DELOLW\ WR FROOHFW SHU�

PRGXOH RU SHU�WKUHDG VWDWLVWLFV� 7KDW LV� ZH FDQ VKRZ KRZ

PDQ\ LQVWUXFWLRQV DUH H[HFXWHG E\ D WKUHDG RU LQVLGH D

PRGXOH� %HVLGHV� ZH FDQ LQWHUFHSW WKH $3, FDOOV PDGH E\ D

WKUHDG� DQG FRQVWUXFW WKH FDOO JUDSK RI WKH WKUHDG� +HUH� ZH
XVH WKH 03(* SDFNDJH WR GHPRQVWUDWH WKH FDSDELOLW\� DQG

RQO\ VKRZ WKH SHU�WKUHDG UHVXOWV LQ 7DEOH �� 7KH 0RGXOH

6ZLWFKHV ILHOG LQ 7DEOH � LQGLFDWHV KRZ PDQ\ WLPHV WKH

WKUHDG MXPSV DFURVV PRGXOH ERXQGDULHV� 7KLV XVXDOO\ RFFXUV

ZKHQ WKH WKUHDG FDOOV DQ $3, RU '//�H[SRUWHG IXQFWLRQ� DQG

UHWXUQV IURP WKHP� 7KXV� WKH QXPEHU RI PRGXOH VZLWFKHV

PXVW EH VPDOOHU WKDQ RU HTXDO WR WZLFH WKH QXPEHU RI $3,

FDOOV� ZKLFK ZH GR QRW GLVWLQJXLVK EHWZHHQ WKH V\VWHP $3,V
DQG WKH IXQFWLRQV H[SRUWHG IURP DSSOLFDWLRQ '//V� 7KH

PRUH WKH QXPEHU RI PRGXOH VZLWFKHV LPSOLHV WKH PRUH

GLIILFXOW ZH FRXOG LPSURYH WKH LQVWUXFWLRQ ORFDOLW\�

��� :LQGRZV *8, $SSOLFDWLRQV
:H DOVR DSSO\ RXU WUDFLQJ V\VWHP WR VHYHUDO :LQGRZV

*8, DSSOLFDWLRQV� 7KH *8, DSSOLFDWLRQV XVXDOO\ XVH PRUH

PRGXOHV DQG FUHDWH PRUH WKDQ RQH WKUHDG� :H VHOHFWHG ILYH

7DEOH �� 6WDWLVWLFV RI LQVWUXFWLRQ W\SHV IRU WKH FRQVROH DSSOLFDWLRQV

7DEOH �� 3HU�WKUHDG VWDWLVWLFV RI WKH 03(* SDFNDJH



*8, SURJUDPV DQG WUDFHG WKHLU H[HFXWLRQ� WKUHH RI ZKLFK DUH

GRFXPHQW YLHZHUV IRU 0LFURVRIW 2IILFH 6XLWH �:RUG� ([FHO�

DQG 3RZHUSRLQW�� DQG WKH RWKHU WZR DUH 0HGLD3OD\HU� DQG

:LQDPS Y����� 7KH SURJUDPV DQG WKHLU LQSXW GDWD DUH
GHVFULEHG EHORZ�

�� :RUG9LHZHU� 7KLV LV DQ DSSOLFDWLRQ IRU GLVSOD\LQJ :RUG

�� GRFXPHQWV� :H XVHG WKLV YLHZHU WR RSHQ D ����.%� ��

SDJH :RUG GRFXPHQW� SDJHG GRZQ WR WKH ODVW SDJH� DQG

WKHQ FORVHG LW�

�� ;/9LHZHU� 7KLV SURJUDP LV IRU GLVSOD\LQJ ([FHO ��

GRFXPHQWV� :H XVHG LW WR VKRZ D ����.%� ��VKHHW ([FHO
GRFXPHQW� 7KH SURJUDP GLVSOD\HG DOO LWV FRQWHQW� DQG

WKHQ FORVHG LW�

�� 339LHZHU� 7KLV LV D 3RZHUSRLQW�� GRFXPHQW YLHZHU� :H

XVHG LW WR SOD\ D ����.% ���SDJH 3RZHU3RLQW GRFXPHQW

ZLWK DQ LQWHUYDO RI � VHFRQGV EHWZHHQ DGMDFHQW SDJHV�

�� 0HGLD3OD\HU�� 7KLV LV D YLGHR SOD\HU SURJUDP� ZKLFK

SOD\ PDQ\ PXOWLPHGLD ILOHV RI YDULRXV IRUPDWV� :H WUDFHG

WKLV DSSOLFDWLRQ E\ SOD\LQJ D ��VHFRQG 03(* YLGHR ILOH�
:H REVHUYH IURP WKH WUDFHG RXWSXW WKDW 0HGLD3OD\HU�

XVHV D KXJH DPRXQW RI 00; LQVWUXFWLRQV�

�� :LQDPS� :LQDPS LV D 03(* OD\HU � GHFRGHU DQG SOD\HU�

:H XVHG LW WR SOD\ D ��VHFRQG PS� ILOH� DQG WUDFHG WKH

WRWDO H[HFXWLRQ�

7KH JHQHUDO LQIRUPDWLRQ RI WKHVH *8, DSSOLFDWLRQV LV

VKRZQ LQ 7DEOH �� :H VHH WKDW *8, DSSOLFDWLRQV XVH PRUH

PRGXOHV DQG FUHDWH PRUH WKUHDGV� 7KH DYHUDJH LQVWUXFWLRQV

SHU EDVLF EORFN UDWLR LV VPDOOHU UHODWLYH WR WKH FRQVROH
SURJUDPV� 7KLV PHDQV WKDW WKH *8, DSSOLFDWLRQV KDYH VKRUWHU

EDVLF EORFNV LQ DYHUDJH� :H IRXQG WKDW DOO WKHVH *8,

DSSOLFDWLRQV KDYH D VLPLODU SDWWHUQ RI D SHDN UDWLR RFFXUULQJ

DW WKUHH LQVWUXFWLRQV SHU EDVLF EORFN� 7KH\ VHOGRP KDYH EDVLF

EORFNV ZLWK PRUH WKDQ VHYHQ LQVWUXFWLRQV�

6WDWLVWLFV RI LQVWUXFWLRQ W\SHV IRU WKH *8, DSSOLFDWLRQV

DUH VKRZQ LQ 7DEOH �� )UHTXHQWO\ XVHG LQVWUXFWLRQ W\SHV DUH

GDWD PRYHPHQW� FRQWURO WUDQVIHU� DQG ELQDU\ DULWKPHWLF� 7KDW
LV VOLJKWO\ GLIIHUHQW IURP WKRVH LQ WKH FRQVROH DSSOLFDWLRQV�

7KHVH *8, DSSOLFDWLRQV XVH PRUH FRQWURO WUDQVIHU

LQVWUXFWLRQV� SHUKDSV EHFDXVH WKH\ KDYH VKRUWHU EDVLF EORFNV�

:H DOVR FDQ VHH WKDW :LQDPS XVHV D KXJH DPRXQW RI

IORDWLQJ�SRLQW LQVWUXFWLRQV� DQG 0HGLD3OD\HU� XVHV D ORW RI

00; LQVWUXFWLRQV� 0HGLD3OD\HU� LV WKH RQO\ DSSOLFDWLRQ

WKDW WDNHV WKH DGYDQWDJH RI ,QWHO 00; WHFKQRORJ\ DPRQJ

WKRVH EHQFKPDUNV ZH WUDFHG�
:H DOVR FKRRVH RQH *8, DSSOLFDWLRQV� 0HGLD3OD\HU��

WR VKRZ SHU WKUHDG VWDWLVWLFV LQ 7DEOH �� ,Q WKH WDEOH� WKH

WKUHDGV DUH OLVWHG DFFRUGLQJ WR WKH VHTXHQFH RI WKHLU FUHDWLRQ�

:H REVHUYH WKDW PRVW H[HFXWLRQ WLPH VSHQW LQ D IHZ WKUHDGV�

DQG RWKHUV MXVW WDNH D OLWWOH SDUW RI WKH WRWDO ZRUN�

7DEOH �� 6WDWLVWLFV RI LQVWUXFWLRQ W\SHV IRU WKH *8, DSSOLFDWLRQV

7DEOH �� *HQHUDO LQIRUPDWLRQ RI WKH *8, DSSOLFDWLRQV
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,Q WKLV SDSHU� ZH LQWURGXFH D ZRUNDEOH PHWKRG WR

FDSWXUH WKH IXOO XVHU�OHYHO WUDFH RI PXOWLWKUHDGHG :LQGRZV

DSSOLFDWLRQV� 6XFK DQ HIIRUW LV YHU\ GLIILFXOW� EHFDXVH PRVW
:LQGRZV DSSOLFDWLRQV DQG WKH :LQGRZV 17 LWVHOI DUH RQO\

DYDLODEOH ZLWKRXW VRXUFH FRGH DQG WKH [�� LQVWUXFWLRQV DUH

KDUG WR GHFRGH DQG DQDO\]H� 2XU SURJUDP WUDFLQJ WRRO PD\

KHOS XVHUV WR REVHUYH WKH H[HFXWLRQ FKDUDFWHULVWLFV RI

DSSOLFDWLRQV UXQQLQJ RQ :LQGRZV 17�[���FRPSDWLEOH

SODWIRUPV� :H KDYH DOVR DSSOLHV RXU WRRO WR VHYHUDO UHDO

DSSOLFDWLRQV DQG VWXG\ WKHLU H[HFXWLRQ FKDUDFWHULVWLFV� 7KLV

GHPRQVWUDWHV WKH XVHIXOQHVV RI WKH WRRO�
2XU WUDFLQJ V\VWHP DOVR KDV VRPH OLPLWDWLRQV�

7HFKQLTXHV VXFK DV ELQDU\ LQVWUXPHQWDWLRQ DQG UXQ�WLPH

VDPSOLQJ PD\ EH LQWHJUDWHG LQWR RXU WUDFLQJ V\VWHP WR

RYHUFRPH RU WR UHGXFH WKH H[LVWLQJ UHVWULFWLRQV� 5XQ�WLPH

VDPSOLQJ PD\ UHGXFH WKH GLVN VSDFH IRU WKH FROOHFWHG WUDFH

DQG WKH WLPH VSHQW LQ JHWWLQJ WKH WUDFH� %XW LW PD\ ORZHU WKH

DFFXUDF\ RI WKH UHVXOWV DQG DIIHFW WKH FRUUHFWQHVV LQ

DQDO\]LQJ WKH SURJUDP EHKDYLRU� ,WV HIIHFW UHTXLUHV IXUWKHU
LQYHVWLJDWLRQ� %LQDU\ LQVWUXPHQWDWLRQ� RQ WKH RWKHU KDQG�

WDNHV PRUH HIIRUWV WR DQDO\]H WKH ELQDU\ ILOHV� H�J�� WKH

:LQ�� 3( ILOHV� DQG WR UHDUUDQJH WKH PDFKLQH LQVWUXFWLRQV� ,W

UHPDLQV WR VHH LI WKLV WHFKQLTXH FDQ EH DGRSWHG IRU :LQGRZV

17�

%,%/,2*5$3+<

>�@ -�3� &DVPLUD� '�3� +XQWHU� DQG '�5� .DHOL� 7UDFLQJ DQG

&KDUDFWHUL]DWLRQ RI :LQGRZV 17�EDVHG 6\VWHP

:RUNORDG� 'LJLWDO 7HFKQLFDO -RXUQDO� ������ 'HFHPEHU

�����

>�@ -�%� &KHQ� <� (QGR� .� &KDQ� '� 0D]LHUHV� $� 'LDV� 0�

6HOW]HU� DQG 0� '� 6PLWK� 7KH 0HDVXUHG 3HUIRUPDQFH RI

3HUVRQDO &RPSXWHU 2SHUDWLQJ 6\VWHP� $&0 7UDQVDFWLRQ

RI &RPSXWHU 6\VWHPV� )HEUXDU\ �����

>�@ 5�)� &HPOLN DQG '� .HSSHO� 6KDGH� $ )DVW ,QVWUXFWLRQ�

6HW 6LPXODWRU IRU ([HFXWLRQ 3URILOLQJ� 7HFKQLFDO UHSRUW�

6XQ 0LFURV\VWHPV /DE�� �����

>�@ ,QWHO &R� ,QWHO $UFKLWHFWXUH 6RIWZDUH 'HYHORSHU©V

0DQXDO� 9RO� �� ,QVWUXFWLRQ 6HW 5HIHUHQFH�
>�@ ,QWHO &RUSRUDWLRQ� ,QWHO 9WXQH70 3HUIRUPDQFH $QDO\]HU�

KWWS���ZZZ�PP[�FRP�YWXQH�DQDO\]HU��

>�@ -� )HQODVRQ� 5� 6WDOOPDQ� *18 'RFXPHQWDWLRQ ¤ 7KH

*18 3URILOHU�

KWWS���ZZZ�GHORULH�FRP�JQX�GRFV�ELQXWLOV�JSURIBWRF�KWP

O

>�@ -�5� /DUXV DQG 7� %DOO� 5HZULWLQJ ([HFXWDEOH )LOHV WR

0HDVXUH 3URJUDP %HKDYLRU� 6RIWZDUH 3UDFWLFH DQG
([SHULHQFH� ������ �������� )HE� �����

>�@ -�5� /DUXV DQG (� 6FKQDUU� ((/� 0DFKLQH�

,QGHSHQGHQW ([HFXWDEOH (GLWLQJ� 3URF� RI ���� $&0

6,*3/$1 &RQI� RQ 3URJUDPPLQJ /DQJXDJH 'HVLJQ DQG

,PSOHPHQWDWLRQ� �������� -XQH �����

>�@ &� /HH� 0� 3RWNRQMDN� DQG :�+� 0DQJLRQH�6PLWK�

0HGLD%HQFK� $ 7RRO IRU (YDOXDWLQJ DQG 6\QWKHVL]LQJ

0XOWLPHGLD DQG &RPPXQLFDWLRQ 6\VWHPV� 3URF� ��WK

,QW
O 6\PS� RQ 0LFURDUFKLWHFWXUH� �����

>��@ '� /HH� 3� &URZOH\� -�%DHU� 7� $QGHUVRQ� DQG %�

%HUVKDG� ([HFXWLRQ &KDUDFWHULVWLFV RI 'HVNWRS

$SSOLFDWLRQV RQ :LQGRZV 17� 3URF� ��WK ,QW
O 6\PS� RQ

&RPSXWHU $UFKLWHFWXUH� ������ �����

>��@ :�+� 0DQJLRQH�6PLWK� 0HGLD%HQFK 6XLWH�

KWWS���ZZZ�LFVO�XFOD�HGX�aELOOPV�

>��@ 6�(� 3HUO DQG 5�/� 6LWHV� 6WXGLHV RI :LQGRZV 17
3HUIRUPDQFH XVLQJ '\QDPLF ([HFXWLRQ 7UDFHV� 3URF� RI

�QG 86(1,; 6\PS� RQ 2SHUDWLQJ 6\VWHP 'HVLJQ DQG

,PSOHPHQWDWLRQ� 2FWREHU �����

>��@ 0� 3LHWUHN� :LQGRZV �� 6\VWHP 3URJUDPPLQJ 6HFUHWV�

,'* %RRNV� �����

>��@ -� 5LFKWHU� $GYDQFHG :LQGRZV� 0LFURVRIW 3UHVV� �UG

HGLWLRQ� �����

>��@ 7� 5RPHU� )� 9RHONHU� '� /HH� $� :ROPDQ� :� :RQJ�
+� /HY\� DQG %� %HUVKDG� ,QVWUXPHQWDWLRQ DQG

2SWLPL]DWLRQ RI :LQ���,QWHO ([HFXWDEOHV 8VLQJ (WFK�

3URF� RI WKH 86(1,; :LQGRZV 17 :RUNVKRS� $XJXVW

�����

>��@ '�$� 6RORPRQ� ,QVLGH :LQGRZV 17� 7KH RIILFLDO

JXLGH WR WKH DUFKLWHFWXUH DQG LQWHUQDOV RI 0LFURVRIW

3UHPLHU RSHUDWLQJ V\VWHP� 0LFURVRIW 3UHVV� �QG HGLWLRQ�

�����

7DEOH �� 3HU�WKUHDG VWDWLVWLFV RI 0HGLD3OD\HU�


