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$Q LQH[SHQVLYH� VWHUHRJUDSKLF WDEOH KDV EHHQ EXLOW WR

VXSSRUW PROHFXODU YLVXDOL]DWLRQ ZLWK PDLQVWUHDP VRIWZDUH

WKDW UXQV XQGHU 0LFURVRIW :LQGRZV� ,QGHHG� DQ\ :LQ�

GRZV�EDVHG VRIWZDUH WKDW VXSSRUWV VLGH�E\�VLGH VWHUHR
SDLUV FDQ EH HDVLO\ UXQ RQ WKH VWHUHRJUDSKLF WDEOH� 7KLV

SDSHU SUHVHQWV WKH WDEOH¶V GHVLJQ� FRQVWUXFWLRQ� FRVWV� DQG

LQLWLDO XVHU H[SHULHQFHV�

��� �������
����

&KHPLVWV KDYH ORQJ UHOLHG RQ VWHUHRVFRS\ WR FRQYH\ D

VHQVH RI VSDFH DQG VWUXFWXUH� $V HDUO\ DV ���� YRQ /DXH
DQG YRQ 0LVHV >�@ SXEOLVKHG D VHW RI FDUGV ZLWK VWHUHR�

VFRSLF OLQH GUDZLQJV RI FU\VWDO ODWWLFHV� ,Q ����� &DURO

-RKQVRQ¶V 257(3 SURJUDP UHYROXWLRQL]HG PROHFXODU GLV�

SOD\ E\ JXLGLQJ D SHQ SORWWHU WR FUHDWH OLQH GUDZLQJV RI

PROHFXODU DQG FU\VWDO VWUXFWXUH VWHUHR SDLUV >�@� 7RGD\�

3&�EDVHG PROHFXODU YLVXDOL]DWLRQ VRIWZDUH URXWLQHO\ UHQ�
GHUV LQWHUDFWLYH VWHUHRVFRSLF SDLUV� ,Q SDUWLFXODU� PDQ\

0LFURVRIW :LQGRZV DSSOLFDWLRQV DUH GLUHFW SRUWV RI WKHLU

8QL[ ZRUNVWDWLRQ SUHGHFHVVRUV >���@�

8QOLNH JHQHUDO�SXUSRVH GDWD YLVXDOL]DWLRQ HQYLURQ�

PHQWV VXFK DV 2SHQ'; >�@ DQG $96 >��@� RU YLVXDOL]DWLRQ
WRRONLWV OLNH 97. >��@� PROHFXODU YLVXDOL]DWLRQ VRIWZDUH

LV GRPDLQ VSHFLILF� DQG LQ PDQ\ FDVHV� UHQGHULQJ LV WLJKWO\

LQWHJUDWHG ZLWK GDWD JHQHUDWLRQ� 0XFK UHVHDUFK JUDGH

VRIWZDUH LV IUHHO\ GRZQORDGDEOH� WKXV WUDQVIRUPLQJ WKH

VRIWZDUH VLGH RI PROHFXODU YLVXDOL]DWLRQ WR D QHDU ]HUR

FRVW SURFHVV� &RPPRQ WR QHDUO\ DOO V\VWHPV LV WKDW UHQ�
GHULQJ IXQFWLRQV DUH SURJUDPPHG LQ 2SHQ*/� DQG LQWHU�

DFWLYH VLGH�E\�VLGH VWHUHR SDLUV DUH GLVSOD\HG LQ D VLQJOH

ZLQGRZ�

2SHQ*/ SURYLGHV D ULFK OLEUDU\ RI UHQGHULQJ IHDWXUHV

WKDW DUH XVHG IRU GLVSOD\ RI WUDGLWLRQDO PROHFXODU UHSUH�

VHQWDWLRQV VXFK DV EDOO�DQG�VWLFN� VSDFH ILOOLQJ PRGHOV�
DQG SURWHLQ ULEERQ UHSUHVHQWDWLRQV� DV ZHOO DV RUELWDO DQG

HOHFWURQ GHQVLWLHV ZLWK WH[WXUH PDSSHG LVRVXUIDFHV DQG

YROXPHV� $QG VLQFH 2SHQ*/ LV VXSSRUWHG RQ D ZLGH UDQJH

RI YLGHR FDUGV IURP JDPLQJ FDUGV OLNH WKH $7, 5DGHRQ WR

&$'�9LVXDOL]DWLRQ FDUGV VXFK DV �'ODEV¶ :LOGFDW� PR�
OHFXODU YLVXDOL]DWLRQ SURJUDPV PD\ EH XVHG SURGXFWLYHO\

RQ DQ\ 3&�

6WHUHR SDLUV SUHVHQW D SDUWLFXODU SUREOHP IRU &57

YLHZHUV EHFDXVH VWHUHRVFRSHV FDQ QRW EH XVHG DW D W\SLFDO

YLHZLQJ GLVWDQFH RI �� LQFKHV� 7KH LGHDO VROXWLRQ LV WR XVH

DFWLYH VWHUHR VKXWWHU JODVVHV� +RZHYHU� WKHUH DUH WZR

SUREOHPV� )LUVW� QRW DOO PROHFXODU YLVXDOL]DWLRQ SDFNDJHV

VXSSRUW VKXWWHU JODVVHV� 6HFRQG� SURMHFWLYH VWHUHR YLHZLQJ

HPSOR\LQJ DFWLYH VWHUHR JODVVHV LV SURKLELWLYHO\ H[SHQVLYH

IRU JURXSV� $OWHUQDWLYHO\� XVHUV FDQ YLHZ VWHUHR SDLUV

ZLWKRXW KDUGZDUH DVVLVWDQFH E\ UHVRUWLQJ WR IUHH YLHZLQJ�

7KHUH DUH WZR PHWKRGV RI IUHH YLHZLQJ� SDUDOOHO DQG

FURVV�H\HG� $ SDUDOOHO YLHZLQJ REVHUYHU ILUVW LVRODWHV HDFK

LPDJH IRU LWV UHVSHFWLYH H\H� WKHQ JHQWO\ UHOHDVHV WKH H\HV

IRU LPDJH IXVLRQ� ,Q FURVVHG H\H YLHZLQJ� OHIW DQG ULJKW

H\H LPDJHV DUH LPDJHV DUH MX[WDSRVHG E\ JHQWO\ FURVVLQJ

WKH H\HV� 8QIRUWXQDWHO\� DERXW �� RI WKH SRSXODWLRQ LV

VWHUHREOLQG DQG LV XQDEOH WR IXVH SDLUV E\ IUHH YLHZLQJ�

$QG� DOWKRXJK PRVW PROHFXODU YLVXDOL]DWLRQ SDFNDJHV FDQ

EH VHW WR UHQGHU HLWKHU SDUDOOHO RU FURVV�H\H SDLUV� VKDUHG

YLHZLQJ DPRQJ PL[HG VNLOOHG XVHUV LV SUREOHPDWLF� <HW�

VLGH�E\�VLGH VWHUHR SDLUV DUH SHUIHFW IRU SDVVLYH SURMHFWLYH

YLHZLQJ� ,Q SDUWLFXODU� LW LV SRVVLEOH WR EXLOG D SURMHFWLYH

VWHUHR V\VWHP ZLWKRXW WKH QHHG WR PRGLI\ VRIWZDUH�

7KH FRUH FRPSRQHQW RI D SURMHFWLRQ�EDVHG SDVVLYH

VWHUHR V\VWHP LV D GXDO GLVSOD\� )LJXUH � VKRZV D VFKH�

)LJXUH �� 'LDJUDP RI �' VWHUHRJUDSKLF WDEOH�

3RODUL]LQJ *ODVVHV 3RODUL]DWLRQ 3UHVHUYLQJ

5 3URMHFWLRQ 6FUHHQ

3URMHFWRUV

0LUURU

6LGH 9LHZ

&38

3RODUL]LQJ )LOWHUV
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PDWLF GLDJUDP RI D VWHUHR WDEOH ZKHUH OHIW�ULJKW VWHUHR SDLU

LPDJHV IURP WZR SURMHFWRUV DUH VXSHULPSRVHG RQ D UHDU

SURMHFWLRQ VFUHHQ� /HIW DQG ULJKW LPDJHV DUH SODFHG RQ

VHSDUDWH GLVSOD\V E\ VWUHWFKLQJ WKH VLQJOH ZLQGRZ WKDW

FRQWDLQV WKHP DFURVV WKH :LQGRZV¶ GHVNWRS IURP WKH

PLQLPXP WR PD[LPXP H[WHQWV VR WKDW HDFK VWHUHR KDOI�

ZLQGRZ RFFXSLHV DQ HQWLUH GLVSOD\� 7KH DGYDQWDJH RI WKLV

V\VWHP LV WKDW DQ\ XVHU FDQ RSHQ DQ DSSOLFDWLRQ IRU VKDUHG

VWHUHR YLHZLQJ ZLWK QR IXUWKHU LQWHUYHQWLRQ� %XLOGLQJ WKH

VWHUHR GLVSOD\ V\VWHP LQWR D VWHUHRJUDSKLF WDEOH HQDEOHV

VKDUHG LQWHUDFWLRQ LQ D VPDOO VSDFH�
$ VWHUHRJUDSKLF WDEOH ZDV GHVLJQHG DQG EXLOW WR WHVW

WKH YLDELOLW\ RI D SURMHFWLYH GLVSOD\ V\VWHP ZLWK UHVSHFW WR
IRXU GHVLJQ JXLGHOLQHV�

x ,W VKRXOG EH LQH[SHQVLYH WR EXLOG�

x ,W VKRXOG EH VPDOO HQRXJK WR ILW LQWR D VPDOO ODER�

UDWRU\ RU ODUJH RIILFH�

x ,W VKRXOG VXSSRUW PXOWLSOH YLHZHUV�

x ,W VKRXOG EH HDVLO\ GLVDVVHPEOHG� UHDVVHPEOHG�
PRYHG DQG VWRUHG�

7KH IROORZLQJ VHFWLRQ FRQWDLQV D UHYLHZ RI UHODWHG

ZRUN� 6HFWLRQ � FRQWDLQV WKH WDEOH GHVLJQ DQG LPSOHPHQ�

WDWLRQ� 6HFWLRQ � SURYLGHV D GLVFXVVLRQ DQG WKH ODVW VHFWLRQ

VXJJHVWV IXWXUH UHVHDUFK�

��� ���	������� 

7KH WKUHH PRVW QRWDEOH VWHUHRJUDSKLF WDEOHV DUH

(9/¶V ,PPHUVDGHVN�>��@ .UHXJHU DQG )URHOLFK¶V 5HVSRQ�

VLYH :RUNEHQFK�>��@ DQG 81&¶V 1DQRPDQLSXODWRU�>��@

7KHVH V\VWHPV� DQG WKH V\VWHPV PDQXIDFWXUHG E\ FRPSD�

QLHV OLNH )DNHVSDFH DQG %DUFR� DUH H[SHQVLYH DQG UHTXLUH
KLJK�HQG FRPSXWHU V\VWHPV WR SURSHUO\ GULYH WKHP�

3&�EDVHG VWHUHRJUDSKLF SURMHFWLRQ V\VWHPV KDYH DS�

SHDUHG� EXW XVH /LQX[ DV WKH RSHUDWLQJ V\VWHP� )RU H[DP�

SOH� -RQHV� 3DUNHU� DQG .LP KDYH EXLOW D /LQX[ 3& ZLWK

GXDO�KHDG GLVSOD\ IRU SDVVLYH VWHUHR SURMHFWLRQ RQ D VLOYHU

OHQWLFXODU VFUHHQ >��@� 2SHQ�'; LV XVHG WR YLVXDOL]H �'
YHFWRU ILHOGV LQ SODVPD SK\VLFV� $*$9( �$FFHVV *ULG

$XJPHQWHG 9LUWXDO (QYLURQPHQW� DW (9/ LV D UHDU SUR�

MHFWLRQ SDVVLYH VWHUHR V\VWHP IRU ODUJH JURXSV� ,W UXQV RQ

/LQX[�3&V HPSOR\LQJ WKH &$9(51VRIW OLEUDU\>��@�

!�� �	������
������	����

7KHUH DUH VL[ FRPSRQHQWV WR WKH VWHUHRJUDSKLF WDEOH�
WDEOH IUDPHZRUN DQG PLUURU� UHDU SURMHFWLRQ VFUHHQ� SUR�
MHFWRUV ZLWK SRODUL]DWLRQ ILOWHUV� YLGHR FDUG� SRLQWLQJ GH�
YLFH� DQG YLVXDOL]DWLRQ VRIWZDUH �)LJXUH ��� 7KH\ ZLOO EH
GLVFXVVHG LQ VHTXHQFH�

7KH WDEOH IUDPH ZDV GHVLJQHG WR EH VLPSOH WR FRQ�
VWUXFW� 1R ZRRGZRUNLQJ IDFLOLWLHV ZHUH DYDLODEOH IRU FRQ�
VWUXFWLRQ� $ ��´[ ��´ UHFWDQJXODU IUDPH ZDV EXLOW WR VXS�
SRUW D VFUHHQ ZLWK D ��´ [ ��´ YLHZLQJ DUHD IURP �´[ �´

OXPEHU FXW WR WKH UHTXLUHG OHQJWKV DW D ORFDO OXPEHU VXS�
SOLHU� )UDPH SDUWV ZHUH EXWW�MRLQHG ZLWK VWHHO PHQGLQJ
EUDFHV DQG VFUHZV� IRXU VWUDLJKW EUDFHV IRU RXWVLGH MRLQWV
DQG IRXU ��� EUDFHV IRU LQVLGH MRLQWV� 6FUHZ�LQ GHWDFKDEOH
OHJV ZLWK FDVWHUV ZHUH DGGHG WR FRPSOHWH WKH VWUXFWXUH�

7KH VFUHHQ ZDV VDQGZLFKHG EHWZHHQ WKH ZRRGHQ
IUDPH DQG D ��� LQFK VKHHW RI FOHDU DFU\OLF KHOG LQ SODFH E\
IRXU VTXHH]H FODPSV� 7KLV SURGXFHV D ULJLG VWUXFWXUH EH�
FDXVH WKH VFUHHQ¶V DOXPLQXP IUDPH DGGV VLJQLILFDQW RYHU�
DOO VWLIIQHVV� 7KH PLUURU LV QRW DWWDFKHG WR WKH WDEOH� EXW
OHDQV DJDLQVW WKH IURQW WZR OHJV� ,WV OHQJWK LV VXFK WKDW
ZKHQ LWV WRS HGJH LV VHW DJDLQVW WKH OHJ¶V KLJKHVW SRLQW� WKH
PLUURU PDNHV D ��� DQJOH ZLWK WKH VFUHHQ� 7KH PLUURU LV
VWDQGDUG VLOYHUHG JODVV� ��´ [ ��´ E\ ��� LQFK WKLFN� ,W
UHVLGHV LQ DQ DOXPLQXP IUDPH� EDFNHG ZLWK ��� LQFK
DFU\OLF IRU DGGLWLRQDO ULJLGLW\�

7KH UHDU SURMHFWLRQ VFUHHQ LV D ³'LVQH\´ %ODFN SR�
ODUL]H�SUHVHUYLQJ VFUHHQ ZLWK D ³6QDSSHU´ PRXQW IURP
6WHZDUW )LOPVFUHHQ &RUSRUDWLRQ� 7KH VFUHHQ VQDSV RQWR D
��´ [ ��´[ ���´ VT�� EODFN DOXPLQXP IUDPH WR FUHDWH D
��´[ ��´ GLVSOD\ DUHD�

7ZR 1(& 97��� ���� OXPHQ /&' SURMHFWRUV ZHUH
VHOHFWHG IRU WKH V\VWHP� 7KH\ KDYH QDWLYH ;*$ UHVROXWLRQ
����� [ ����� DUH UHDVRQDEO\ SULFHG �DSSUR[LPDWHO\ �����
HDFK�� DQG SURYLGH H[WHQVLYH FRQWURO RYHU WKH SURMHFWHG
LPDJH LQFOXGLQJ� SRVLWLYH DQG QHJDWLYH NH\VWRQH FRUUHF�
WLRQ� IURQW� UHDU� FHLOLQJ� DQG WDEOH PRXQWLQJ� DQG LQGH�
SHQGHQW DGMXVWPHQW RI UJE FRORU FKDQQHOV�

)LJXUH �� 6WHUHRJUDSKLF WDEOH DV FRQVWUXFWHG�
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7KH WZR SURMHFWRUV ZHUH VWDFNHG WR VXSHULPSRVH OHIW

DQG ULJKW LPDJHV� $Q DGMXVWDEOH VXSSRUW VWUXFWXUH ZDV
FRQVWUXFWHG WR DOLJQ SURMHFWLRQ EHDPV EXLOW XVLQJ WZR ��´

[ ��´[ ����´ DFU\OLF VKHHWV DQG IRXU ��´ URGV ZLWK ���´

VFUHZ WKUHDGV UXQQLQJ WKHLU OHQJWKV� +ROHV ZHUH GULOOHG DW

WKH FRUQHUV RI WKH DFU\OLF VKHHWV WR DFFRPPRGDWH WKH URGV�

(DFK VKHHW VXSSRUWV D SURMHFWRU DQG LV HDVLO\ DGMXVWHG XV�

LQJ ZLQJ QXWV �)LJXUH ���
6WDQGDUG� WKUHH�LQFK VTXDUH OLQHDU SRODUL]LQJ ILOWHUV

ZHUH LQVWDOOHG LQ IURQW RI HDFK SURMHFWRU OHQV� VHW RUWKRJR�

QDOO\ DW � ���� )LOWHUV DQG SODVWLF IUDPHG OLQHDUO\ SRODU�

L]HG JODVVHV ZHUH SXUFKDVHG IURP 5HHO��' (QWHUSULVHV�

/LQHDU SRODUL]HUV WUDQVPLW DSSUR[LPDWHO\ ��� RI WKH SUR�

MHFWRU¶V LOOXPLQDWLRQ� *LYHQ DQ LPDJH FUHDWHG E\ WZR ����
OXPHQ SURMHFWRUV� WKH PD[LPXP H[SHFWHG LPDJH EULJKW�

QHVV LV ���� [ � [ ����  ��� OXPHQV� 7KLV LV VXIILFLHQW

IRU YLHZLQJ LQ D GLPO\ LOOXPLQDWHG URRP�

0LFURVRIW :LQGRZV ��� ����� DQG ;3 3URIHVVLRQDO

VXSSRUW PXOWLSOH GLVSOD\V HLWKHU ZLWK PXOWLSOH YLGHR FDUGV�

HDFK DWWDFKHG WR D VHSDUDWH GLVSOD\� RU D VLQJOH YLGHR FDUG
FRQWUROOLQJ PXOWLSOH GLVSOD\V� $ 0DWUR[ 0LOOHQQLXP ���

ZDV VHOHFWHG EHFDXVH LW LV DQ LQH[SHQVLYH PDLQVWUHDP

JUDSKLFV FDUG WKDW GULYHV WZR GLVSOD\V� DQG VXSSRUWV

2SHQ*/� $ VLJQDO VSOLWWHU ZDV DWWDFKHG WR HDFK GLVSOD\

FRQQHFWRU WR VHQG VLJQDOV WR ERWK D PRQLWRU DQG SURMHFWRU�
7KH SRLQWLQJ GHYLFH LV D *\UR5HPRWH E\ *\UDWLRQ�

7KH *\UR5HPRWH LV DQ LQ�DLU PRXVH WKDW GHWHFWV KDQG

PRWLRQ DQG FRYHUWV LW WR FXUVRU PRYHPHQW� 7KH UHPRWH

XVHV UDGLR IUHTXHQF\ WR FRPPXQLFDWH ZLWK D EDVH VWDWLRQ

DWWDFKHG WR D 3&¶V 86% SRUW�

3ULFHV DQG WRWDO FRVW IRU WKH VWHUHRJUDSKLF WDEOH DUH
IRXQG LQ 7DEOH ��

7KH WDEOH ZDV FRQQHFWHG WR D 'HOO 2SWL3OH[ FRPSXWHU

ZLWK D ���0] 3HQWLXP ,,, SURFHVVRU DQG ���0% RI PHP�

RU\ UXQQLQJ 0LFURVRIW :LQGRZV ��� 7KH V\VWHP ZDV

WHVWHG ZLWK WKUHH IUHHO\ DYDLODEOH PROHFXODU YLVXDOL]DWLRQ

SURJUDPV� 90'� $FFHOU\V 9LHZHU/LWH� DQG 6ZLVV�
3'%9LHZHU� )LJXUH � VKRZV DQ LPDJH RI D VROYHQW DFFHV�

VLEOH VXUIDFH RI WKH SURWHLQ UHOD[LQ FRORU FRGHG E\ HOHFWUR�

VWDWLF SRWHQWLDO UXQQLQJ RQ WKH WDEOH UHQGHUHG E\ 9LHZHU

/LWH� 7ZR /&' PRQLWRUV DUH DERYH WKH WDEOH GLVSOD\LQJ

WKH OHIW DQG ULJKW LPDJHV WKDW DUH VXSHULPSRVHG RQ WKH

WDEOH�
$Q LQWHUDFWLYH VHVVLRQ EHJLQV ZLWK ORDGLQJ WKH YLVX�

DOL]DWLRQ VRIWZDUH DQG H[WHQGLQJ WKH VRIWZDUH ZLQGRZ

DFURVV :LQGRZ¶V GHVNWRS XQWLO LW ILOOV ERWK GLVSOD\V� $

SURWHLQ ILOH LV ORDGHG DQG WKH VRIWZDUH LV VHW WR UHQGHU LQ

VWHUHR PRGH� 9LHZHU/LWH FUHDWHV VWHUHR SDLU LPDJHV LQ WZR

KDOYHV RI D VLQJOH ZLQGRZ� :KHQ WKH ZLQGRZ LV UHVL]HG�
WKH VRIWZDUH DXWRPDWLFDOO\ UH�FHQWHUV HDFK LPDJH DQG DG�

MXVWV LWV DVSHFW UDWLR� 1R IXUWKHU XVHU LQWHUYHQWLRQ LV UH�

TXLUHG� ,I WKH SURMHFWRUV DUH SURSHUO\ DOLJQHG� D SUR�

QRXQFHG VWHUHRVFRSLF HIIHFW UHVXOWV� 90' ZRUNV LQ WKH

VLPLODU IDVKLRQ� DQG H[WHQGV FRQWRO RYHU WKH FDPHUD¶V DQ�
JOH RI YLHZ� ,Q FRQWUDVW� 6ZLVV3'%9LHZHU UHTXLUHV WKH

XVHU WR UHVHW VWHUHR SDLU VHSDUDWLRQ E\ DGMXVWLQJ WKH QXP�

EHU RI SL[HOV EHWZHHQ YLHZV�

7DEOH �� 6WHUHR WDEOH FRPSRQHQW FRVWV

4W\� ,WHP 3ULFH

� 1(& 97��� /&' 3URMHFWRUV � �����

� 5HDU 3URMHFWLRQ 6FUHHQ ���

� *\UR5HPRWH 0RXVH ���

� 0DWUR[ ��� YLGHR FDUG ���

� 6LOYHU 0LUURU ���

� 9*$ 6LJQDO 6SOLWWHU &DEOHV ���

� /XPEHU� /HJV ZLWK :KHHOV ��

$FU\OLF 6KHHWV ��

&ODPSV� EUDFHV� SLFWXUH IUDPH� HWF� ���

/LQHDU 3RODUL]HUV ���� *ODVVHV ��� ��

7RWDO � �����

"�� #��
������
'LVFXVVLRQ RI WKH WDEOH ZLOO EH EURNHQ GRZQ LQWR WZR

SDUWV� )LUVW� D GLVFXVVLRQ RI KRZ D JURXS RI LQGLYLGXDOV

)LJXUH �� 6WHURJUDSKLF WDEOH VKRZLQJ D VWHUHR
LPDJH RI SURWHLQ UHOD[LQ� /&' SDQHOV �DW WRS�
GLVSOD\ OHIW DQG ULJKW LPDJHV�

)LJXUH �� 'HWDLO RI SURMHFWRU VWDFNHU�
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LQWHUDFWHG ZLWK WKH WDEOH� 6HFRQG� DQ HYDOXDWLRQ RI WKH
WDEOH¶V FRPSRQHQW SDUWV�

����2EVHUYDWLRQ RI XVHUV

6WHUHR WDEOH XVH ZDV LQIRUPDOO\ PRQLWRUHG ZLWK D
JURXS RI HLJKWHHQ LQGLYLGXDOV� �� WR �� \HDUV RI DJH� DQG
UDQJLQJ LQ KHLJKW IURP �¶�´ WR �¶�´� (DFK VHVVLRQ ZDV
DERXW WHQ PLQXWHV ORQJ� 1RQH RI WKH LQGLYLGXDOV KDG KDG
GDWD YLVXDOL]DWLRQ H[SHULHQFH� DQG IHZ KDG DQ\ UHFHQW
LQYROYHPHQW ZLWK FKHPLFDO LPDJHU\�

8VHUV ZHUH DOORZHG WR YLHZ DQG URWDWH VHYHUDO SUR�
WHLQV DQG '1$ VWUXFWXUHV LQ WKUHH UHSUHVHQWDWLRQV LQFOXG�
LQJ VWLFN� ULEERQ� DQG VROYHQW DFFHVVLEOH VXUIDFH� 6WLFN
ILJXUHV DUH ZLUHIUDPH UHSUHVHQWDWLRQV ZKHUH DOO ERQGHG
DWRPV DUH FRQQHFWHG E\ DQ HGJH� 3URWHLQ VWUXFWXUHV W\SL�
FDOO\ KDYH KLJKO\ LUUHJXODU VKDSHV� EXLOW�XS IURP KXQGUHGV
RU WKRXVDQGV RI DWRPV� HDFK ERQGHG WR WKUHH RU IRXU QHDU�
HVW QHLJKERUV� $V D UHVXOW� D SURWHLQ VWLFN ILJXUH UHVHPEOHV
D GHIRUPHG ELUG¶V QHVW RI GHQVHO\ SDFNHG OLQHV UHQGHUHG LQ
UHG� ZKLWH� EOXH� DQG JUD\� $ ULEERQ PRGHO UHSUHVHQWV D
SURWHLQ¶V VWUXFWXUH E\ ILWWLQJ D VSOLQH VXUIDFH WKURXJK LWV
DPLQR DFLG EDFNERQH� 6ROYHQW DFFHVVLEOH VXUIDFHV VKRZ
WKH SRLQWV RI FORVHVW DSSURDFK D ZDWHU PROHFXOH PDNHV WR
WKH ELRPROHFXOH¶V VXUIDFH� 6XUIDFHV DSSHDU DV LI DQ HODVWLF
PHPEUDQH KDV EHHQ VWUHWFKHG RYHU KDUG VSKHUHV SODFHG DW
HDFK DWRP SRVLWLRQ �)LJXUH ��� 6XUIDFH UHJLRQV DUH FRORUHG
UHG RU EOXH LI WKHUH LV D VLJQLILFDQW SRVLWLYH RU QHJDWLYH
SRWHQWLDO HQHUJ\ RI LQWHUDFWLRQ� 5LEERQV DQG VXUIDFHV ZHUH
GLVSOD\HG XVLQJ 2SHQ*/¶V *RXUDXG VKDGLQJ DQG LQWHQVLW\
GHSWK FXHLQJ� 6WLFN ILJXUHV ZHUH LQWHQVLW\ GHSWK FXHG�

,W ZDV IRXQG WKDW DOO YLHZHUV FRXOG VHQVH WKH VWHUHR�
VFRSLF HIIHFW� ,QGHHG� QHDUO\ DOO YLHZHUV H[KLELWHG D
´JUDE´ UHVSRQVH� DWWHPSWLQJ WR WRXFK D VWHUHR LPDJH� DV LW
ZDV SHUFHLYHG WR SURWUXGH DERYH WKH WDEOH� 7KH VWHUHR
LPDJHV WKDW HOLFLWHG WKH PRVW DFWLYH XVHU UHVSRQVH ZHUH
WKH PROHFXODU VXUIDFHV� 7KHVH ZHUH IROORZHG LQ WXUQ E\
ULEERQ UHSUHVHQWDWLRQV RI SURWHLQV DQG '1$ DQG ODVWO\�
VWLFN UHSUHVHQWDWLRQV� ,W LV SRVVLEOH WKDW D FHUWDLQ DPRXQW
RI VWHUHRVFRSLF DFFRPPRGDWLRQ WRRN SODFH DV HDFK XVHU
ZRUNHG ZLWK WKH WDEOH� )RU H[DPSOH� VRPH XVHUV KDG LQL�
WLDO GLIILFXOW\ VHHLQJ WKH WUDGLWLRQDO ODGGHU UHSUHVHQWDWLRQ
RI '1$ LQ VWHUHR� EXW LPPHGLDWHO\ SHUFHLYHG LWV KHOLFDO
VKDSH ZKHQ D VXUIDFH UHSUHVHQWDWLRQ ZDV VXEVWLWXWHG�
:KHQ WKH ODGGHU PRGHO ZDV GLVSOD\HG DJDLQ� YLHZHUV
FRXOG IXVH WKH LPDJH SDLU�

3URWHLQ VWLFN ILJXUHV GLVSOD\HG QHDU WKH HQG RI HDFK
VHVVLRQ ZHUH WKH PRVW GLIILFXOW WR YLVXDOO\ XQGHUVWDQG�
7KHVH PROHFXODU YLVXDOL]DWLRQ SURJUDPV GUDZ ERQGV ZLWK
VLQJOH SL[HO GLDPHWHU OLQHV� VR SURMHFWRU PLVDOLJQPHQW
PDNHV VWHUHR IXVLRQ PRUH GLIILFXOW� 7KH WZR SURMHFWRUV
XVHG KHUH ZHUH QRW SHUIHFWO\ DOLJQHG� (YHQ VR� E\ WKH HQG
RI HDFK VHVVLRQ� YLHZHUV FRXOG VHH VWLFN ILJXUHV VWHUHR�
VFRSLFDOO\ DQG GHVFULEHG ZKDW WKH\ VDZ�

8VHUV ZHUH QHLWKHU WROG ZKDW PROHFXOHV ZRXOG EH
GLVSOD\HG QRU ZKDW D YLVXDO UHSUHVHQWDWLRQ PHDQW� <HW
VRPH SHRSOH UHDGLO\ UHFRJQL]HG VWUXFWXUDO IHDWXUHV� )RU
H[DPSOH� ZKHQ D VROYHQW DFFHVVLEOH VXUIDFH RI '1$� FRO�
RUHG E\ HOHFWURVWDWLF SRWHQWLDO ZDV SXW RQ YLHZ� LW ZDV
UHFRJQL]HG WR EH '1$� W\SLFDOO\ ZLWK WKH TXHVWLRQ� ,V WKDW
'1$" 7KH VWURQJ VWHUHRVFRSLF HIIHFW SURGXFHG E\ WKH
GHVN FRPPXQLFDWHG WKH GLVWLQFW ULGJHV DQG YDOOH\V RI WKH
PDMRU DQG PLQRU JURRYHV DQG RYHUDOO KHOLFDO VWUXFWXUH�
ZLWKRXW WKH QHHG WR UHVRUW WR GLVSOD\LQJ D WUDGLWLRQDO
LFRQLF '1$ ODGGHU PRGHO�

)LQDOO\� DQ H[SHULHQFHG VWUXFWXUDO FKHPLVW HPSOR\HG
WKH WDEOH WR YLVXDOL]H RUJDQLF� LQRUJDQLF� DQG ELRFKHPLFDO
VWUXFWXUHV� 'XULQJ D WZR�PRQWK SHULRG� WKH FKHPLVW VSHQW
DSSUR[LPDWHO\ ILIWHHQ PLQXWHV D ZHHN XVLQJ WKH WDEOH�
FRPSDULQJ YLVXDOL]DWLRQV ZLWK WKRVH GLVSOD\HG ZLWKRXW
VWHUHR RQ D ��´ &57� ,W ZDV IRXQG WKDW WKH ODUJHU VWHUHR
GLVSOD\ PDGH WKUHH GLPHQVLRQDO DVSHFWV RI PROHFXODU
VWUXFWXUH HDVLHU WR SHUFHLYH�

����7DEOH DVVHVVPHQW

7KH VWHUHR WDEOH FRVW QHDUO\ ����� WR EXLOG� ZLWK RYHU
��� RI WKH H[SHQGLWXUH DVVRFLDWHG ZLWK SURMHFWRU SULFHV�
$ERXW ����� FRXOG EH FXW IURP WKH WRWDO FRVW E\ XVLQJ
ORZHU UHVROXWLRQ 69*$ SURMHFWRUV ����[����� ,Q SUR�
MHFWHG VWHUHR H[SHULPHQWV WKDW SURFHHGHG EXLOGLQJ WKH VWH�
UHR WDEOH� 69*$ SURMHFWRUV SURGXFHG H[FHOOHQW LPDJH
TXDOLW\� 7KHUHIRUH� LI DEVROXWH FRVW LV LPSRUWDQW� 69*$
SURMHFWRUV DUH D YLDEOH DOWHUQDWLYH�

7KH WDEOH¶V ZLGWK RI ��´ FRPELQHG ZLWK WKH SDVVLYH
VWHUHR GLVSOD\ DOORZV WZR XVHUV WR ZRUN FRPIRUWDEO\ VLGH�
E\�VLGH� $ WKLUG YLHZHU FDQ ILW� EXW DV HDFK YLHZHU PRYHV
WRZDUG WKH WDEOH FRUQHUV� LPDJH GLVWRUWLRQ LQFUHDVHV DQG
SRODUL]DWLRQ GHFD\V� 7KH WDEOH¶V IRRWSULQW LV ��´ [ ��´
LQFOXGLQJ SURMHFWRUV� ,GHDOO\� D VKRUWHU GHSWK ZRXOG PDNH
WKH WDEOH HDVLHU WR LQVWDOO LQ D VPDOO VSDFH� 5DLVLQJ WKH
VFUHHQ DQJOH WR ��� RU ��� IURP KRUL]RQWDO ZRXOG PDNH
YLHZLQJ HDVLHU DV ZHOO� %RWK RI WKHVH LVVXHV PD\ EH DG�
GUHVVHG E\ UHGHVLJQLQJ WKH PLUURU V\VWHP�

3URMHFWRU DOLJQPHQW ZDV HQKDQFHG E\ WKH VWDFNHU
�)LJXUH ��� :LQJ QXW DGMXVWPHQW RQ HDFK SRVW PDGH LW
SRVVLEOH WR UDLVH DQG ORZHU DQ\ SURMHFWRU FRUQHU� +RZ�
HYHU� SODFLQJ ERWK SURMHFWHG LPDJHV LQ SHUIHFW DOLJQPHQW
UHTXLUHV SDWLHQFH� ,W DSSHDUV WKDW IRU VROLG PRGHOV VXFK DV
SURWHLQ VXUIDFHV� QHDU SHUIHFW DOLJQPHQW LV VXIILFLHQW�

7KH 0DWUR[ ��� LV GHVLJQHG IRU EXVLQHVV JUDSKLFV�
DQG DV D UHVXOW LWV �' JUDSKLFV SHUIRUPDQFH LV LQVXIILFLHQW
IRU VXSSRUWLQJ VPRRWK PRYHPHQW RI PROHFXODU VXUIDFHV
GHILQHG DV SRO\JRQ PHVKHV� 7KH ERDUG FRXOG EH UHSODFHG
ZLWK D PRUH H[SHQVLYH &$' JUDSKLFV FDUG WKDW VXSSRUWV
GXDO GLVSOD\ VXFK DV WKH �'ODEV 2[\JHQ *9;���� +RZ�
HYHU� WKH 'HOO 2SWL3OH[ FDPH SUH�LQVWDOOHG ZLWK D 1YLGLD
*H)RUFH � $*3 FDUG ZLWK �� 0% RI 95$0� 7KH 1YLGLD
FDUG ZDV UHLQVWDOOHG DQG SDLUHG ZLWK D OHVV SRZHUIXO
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1YLGLD 717� 3&, FDUG ZLWK ��0% RI 95$0 IURP 31<
�FRVWLQJ DERXW ����� (DFK FDUG GURYH LWV RZQ GLVSOD\� 'H�
VSLWH WKH PLVPDWFK� WKH WZR FDUGV SURGXFHG VPRRWK URWD�
WLRQ RI FRPSOH[ SURWHLQ VXUIDFHV�

6WHUHR WDEOH XVHUV PXVW EHFRPH DFFXVWRPHG WR QDYL�
JDWLQJ WKH 0LFURVRIW :LQGRZV GHVNWRS GXULQJ D VWHUHR
VHVVLRQ� 'LDORJ ER[HV SRS XS LQ HLWKHU OHIW RU ULJKW GLV�
SOD\� 6LQFH ERWK GLVSOD\V DUH VXSHULPSRVHG� WKH FXUVRU
PD\ DSSHDU WR EH DWRS D PHQX VHOHFWLRQ� EXW DFWXDOO\ LW LV
LQ WKH DGMDFHQW GLVSOD\� 2QH VROXWLRQ WR WKLV SUREOHP LV WR
SODFH WZR GLVSOD\V QHDU WKH WDEOH DV VKRZQ LQ )LJXUH ��
/RRNLQJ XS IURP WKH WDEOH WRZDUG WKH PRQLWRUV� WKH XVHU
FDQ DVVHVV FXUVRU DQG PHQX SRVLWLRQV� 3UDFWLFH LV DQRWKHU
DSSURDFK� 2YHU WLPH WKH XVHU EHFRPHV IDPLOLDU ZLWK FXU�
VRU PRYHPHQW DQG PHQX SODFHPHQW LQ WKH VXSHULPSRVHG
V\VWHP� WKXV GLPLQLVKLQJ GLVRULHQWDWLRQ�

7KH *\UR5HPRWH LQ�DLU PRXVH ZRUNHG ZHOO� ,W LV QRW
QHFHVVDU\ WR SRLQW WKH PRXVH DW WKH UHFHLYHU� 7R PRYH WKH
FXUVRU� WKH XVHU FDQ SRLQW WKH PRXVH DW WKH WDEOHWRS� $
WULJJHU RQ LWV XQGHU�VLGH DFWLYDWHV WKH PRXVH� 7KH WZR
PRXVH EXWWRQV UHVLGH DWRS WKH *\UR5HPRWH DQG DUH GH�
SUHVVHG ZLWK WKH XVHU¶V WKXPE� 7KH *\UR5HPRWH LV QRW D
VL[ GHJUHHV RI IUHHGRP WUDFNLQJ GHYLFH� EXW LW DOORZV WKH
XVHU WR IRFXV DWWHQWLRQ RQ WKH WDEOHWRS� ,Q SDUWLFXODU� PR�
OHFXODU YLVXDOL]DWLRQ SURJUDPV XVH WKH PRXVH WR WUDQVODWH�
VFDOH� DQG URWDWH D PROHFXOH E\ GUDJJLQJ WKH FXUVRU DFURVV
WKH ZLQGRZ� 7KH LQ�DLU PRXVH HDVLO\ UHSOLFDWHG WKLV GHVN�
WRS PRWLRQ E\ ZDYLQJ LW RYHU WKH WDEOH�

$�� %��
��������	������������� 

7KH WDEOH SURYHG WR EH VXFFHVVIXO DW GHOLYHULQJ
VWHUHRVFRSLF GLVSOD\V RI PROHFXODU YLVXDOL]DWLRQV WR
JURXSV RI WZR RU WKUHH XVHUV� )XWXUH ZRUN RQ WKH WDEOH ZLOO
IRFXV RQ DSSO\LQJ LW WR WKH GLVSOD\ RI FKHPLFDO G\QDPLFV
VLPXODWLRQV� UXQQLQJ PRUH JHQHUDO SXUSRVH YLVXDOL]DWLRQ
SURJUDPV� DQG H[WHQGLQJ DSSOLFDWLRQV EH\RQG FKHPLVWU\�
,Q DGGLWLRQ� ZRUN LV XQGHUZD\ WR UHGHVLJQ WKH WDEOH VR LW
ZLOO EH PRUH FRPSDFW�

&�� �
 �������������

7KH DXWKRU ZRXOG OLNH WR WKDQN +pFWRU 0DQXHO *DUFtD
3HxD IRU KHOSIXO VXJJHVWLRQV DW WKLV SURMHFW¶V VWDUW� 7KLV
SURMHFW ZDV VXSSRUWHG E\ 3DFH 8QLYHUVLW\¶V &HQWHU IRU
$GYDQFHG 0HGLD� 7KH DXWKRU ZRXOG DOVR OLNH WR WKDQN
6XVDQ 0HUULWW� 'HDQ RI WKH 6FKRRO RI &RPSXWHU 6FLHQFH
DQG ,QIRUPDWLRQ 6\VWHPV� IRU KHU FRQWLQXHG VXSSRUW�

'�� �������
��

>�@ 0� YRQ /DXH DQG 5� YRQ 0LVHV �HGV��� 6WHUHRVFRSLF 'UDZ�

LQJV RI &U\VWDO 6WUXFWXUHV� YROV� , DQG ,,� 6SULQJHU�9HUODJ� ����

DQG �����

>�@ &�.� -RKQVRQ� 257(3� 5HSRUW 251/������ 2DN 5LGJH�

71� 2DN 5LGJH 1DWLRQDO /DERUDWRU\� �����

>�@ 5� 6D\OH DQG $� %LVVHOO� 5DV0RO� $ 3URJUDP IRU )DVW 5HDO�

LVWLF 5HQGHULQJ RI 0ROHFXODU 6WUXFWXUHV :LWK 6KDGRZV� &RP�

SXWHU *UDSKLFV )RUXP �(XURJUDSKLFV 
�� 3URF��� �����

>�@ '�&� 5LFKDUGVRQ DQG -�6� 5LFKDUGVRQ� 7KH .LQHPDJH� D

7RRO IRU 6FLHQWLILF &RPPXQLFDWLRQ� 3URWHLQ 6FL�� �� ���� �����

>�@ 5� .RUDGL� 0� %LOOHWHU� DQG .� :�WKULFK� 02/02/� D

3URJUDP IRU 'LVSOD\ DQG $QDO\VLV RI 0DFURPROHFXODU 6WUXF�

WXUHV� - 0RO *UDSKLFV� ��� ������ �����

>�@ 1� *XH[� $� 'LHPDQG DQG 0�&� 3HLWVFK� 3URWHLQ 0RGHOOLQJ

IRU $OO� 7L%6� ��� �������� �����

>�@ :� +XPSKUH\� $� 'DONH� DQG .� 6FKXOWHQ� 90' � 9LVXDO

0ROHFXODU '\QDPLFV� -� 0ROHF� *UDSK�� ��������� �����

>�@ -� *DQV DQG '� 6KDOORZD\� 4PRO� $ 3URJUDP IRU 0ROHFXODU

9LVXDOL]DWLRQ RQ :LQGRZV EDVHG 3&V� -� 0ROHF� *UDSK� DQG

0RGHO�� ��� �������� �����

>�@ ³2SHQ�';�´ ZZZ�RSHQG[�RUJ �FXUUHQW �� $SU� ������

>��@ ³$96�´ ZZZ�DYV�FRP �FXUUHQW �� $SU� ������

>��@ ³97.�´ ZZZ�NLWZDUH�FRP �FXUUHQW �� 'HF� ������

>��@ 0� &]HUQXV]HQNR� '� 3DSH� '� 6DQGLQ� 7� 'H)DQWL� *�

'DZH� 0� %URZQ� 7KH ,PPHUVD'HVN DQG ,QILQLW\ :DOO 3URMHF�

WLRQ�%DVHG 9LUWXDO 5HDOLW\ 'LVSOD\V� $&0 &RPSXWHU *UDSKLFV�

��� �� ������ �����

>��@ :� .UXHJHU DQG %� )URHKOLFK� 7KH 5HVSRQVLYH :RUNEHQFK�

&RPSXWHU *UDSKLFV DQG $SSOLFDWLRQV ��� � �0D\ ������ SS� ���

���

>��@ 5�0� 7D\ORU� :� 5RELQHWW� 9�/� &KL� )�3� %URRNV� -U��

:�9� :ULJKW� 5�6� :LOOLDPV� DQG (�-� 6Q\GHU� 7KH 1DQR�

PDQLSXODWRU� $ 9LUWXDO�5HDOLW\ ,QWHUIDFH IRU D 6FDQQLQJ 7XQ�

QHOLQJ 0LFURVFRSH� $&0 &RPSXWHU *UDSKLFV� �3URF� 6,*�

*5$3+ 
������� �������� �����

>��@ 6�7� -RQHV� 6�(� 3DUNHU� &�&� .LP� /RZ�&RVW +LJK�

3HUIRUPDQFH 6FLHQWLILF 9LVXDOL]DWLRQ� &RPSXWLQJ LQ 6FLHQFH DQG

(QJLQHHULQJ� -XO\�$XJXVW� ������ �����

>��@ -� /HLJK� *� 'DZH� -� 7DODQGLV� (� +H� 6� 9HQNDWDUDPDQ� -�

*H� '� 6DQGLQ� 7�$� 'H)DQWL� $*$9( � $FFHVV *ULG $XJ�

PHQWHG 9LUWXDO (QYLURQPHQW� 3URFHHGLQJV RI WKH $FFHVV*ULG

5HWUHDW� $UJRQQH� ,/� �� -DQXDU\ �����
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