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$EVWUDFW

7ZR NLQGV RI LQWHUIDFH FRQWUDFW YLRODWLRQV FDQ RFFXU

LQ FRPSRQHQW�EDVHG VRIWZDUH� D FOLHQW FRPSRQHQW PD\
IDLO WR VDWLVI\ D UHTXLUHPHQW RI D FRPSRQHQW LW LV XVLQJ� RU

D FRPSRQHQW LPSOHPHQWDWLRQ PD\ IDLO WR IXOILOO LWV REOLJD�

WLRQV WR WKH FOLHQW� 7KLV SDSHU SURSRVHV D V\VWHPDWLF DS�

SURDFK IRU GHWHFWLQJ ERWK NLQGV RI YLRODWLRQV� VR WKDW YLR�

ODWLRQ GHWHFWLRQ LV QRW KDUG�FRGHG LQWR EDVH�OHYHO FRP�

SRQHQWV� EXW LV ¦OD\HUHG§ RQ WRS RI WKHP� DQG VR WKDW LW
FDQ EH WXUQHG ¦RQ§ RU ¦RII§ VHOHFWLYHO\ IRU RQH RU PRUH

FRPSRQHQWV� ZLWK SUDFWLFDOO\ QR FKDQJH WR H[HFXWDEOH

FRGH �OLPLWLQJ FKDQJHV WR D IHZ GHFODUDWLRQV�� $PRQJ WKH

VDOLHQW IHDWXUHV RI WKLV DSSURDFK DUH LWV XVH RI IRUPDO

VSHFLILFDWLRQV� WKH DELOLW\ WR KDQGOH SDUDPHWHUL]HG �L�H��

JHQHULF� RU WHPSODWH� FRPSRQHQWV� DQG WKH DXWRPDWLF JHQ�
HUDWLRQ RI URXWLQH DVSHFWV RI YLRODWLRQ GHWHFWLRQ� :H KDYH

GHVLJQHG� EXLOW� DQG H[SHULPHQWHG ZLWK D JHQHUDWRU RI

FKHFNLQJ FRPSRQHQWV IRU &�� WHPSODWHV�

.H\ZRUGV� VSHFLILFDWLRQ� HUURU KDQGOLQJ� ZUDSSHU�

FKHFNLQJ FRPSRQHQW� JHQHUDWRU� GHVLJQ E\ FRQWUDFW� JH�
QHULF� WHPSODWH�

�� ,QWURGXFWLRQ

,Q FRPSRQHQW�EDVHG VRIWZDUH� LQWHUIDFHV �RU VSHFLIL�
FDWLRQV� DUH VHSDUDWHG IURP LPSOHPHQWDWLRQV DQG VHUYH DV

FRQWUDFWV EHWZHHQ XVHUV DQG LPSOHPHQWHUV RI FRPSRQHQWV

>�@� ,Q SUDFWLFH� PDQ\ IDLOXUHV LQ FRPSRQHQW�EDVHG V\V�

WHPV DULVH EHFDXVH RI LQWHUIDFH YLRODWLRQV DPRQJ FRPSR�

QHQWV¥ZKHUH RQH SDUW\ EUHDNV WKH FRQWUDFW� 6SHFLILFDOO\�

WKH YLRODWLRQV RFFXU ZKHQ

�D� $ FOLHQW FRPSRQHQW IDLOV WR VDWLVI\ D UHTXLUHPHQW RI D

FRPSRQHQW LW LV UHXVLQJ� RU

�E� $ FRPSRQHQW LPSOHPHQWDWLRQ IDLOV WR IXOILOO LWV REOL�

JDWLRQV WR WKH FOLHQW�

7KH REMHFWLYH RI WKLV SDSHU LV WR GHVFULEH D JHQHUDO

DSSURDFK IRU GHWHFWLQJ LQWHUIDFH YLRODWLRQV ZLWKLQ WKH

FRQWH[W RI FRPSRQHQW�EDVHG VRIWZDUH� IRU FDVHV ZKHUH

ERWK WKH YLRODWLQJ DQG YLRODWHG FRPSRQHQWV DUH VRIWZDUH
SLHFHV� 7KH SURSRVHG DSSURDFK LV JHQHUDO� DQG DOORZV

YLRODWLRQ KDQGOLQJ WR EH OD\HUHG LQVWHDG RI EHLQJ KDUG�

FRGHG LQWR FRPSRQHQWV� ,W FDQ EH DSSOLHG WR RQH RU PRUH

FRPSRQHQWV RI D V\VWHP DQG FDQ EH WXUQHG ¦RQ§ RU ¦RII§

VHOHFWLYHO\� IRU HIIHFWLYH GHWHFWLRQ DQG LVRODWLRQ RI YLROD�
WLRQV� $PRQJ WKH RWKHU VDOLHQW IHDWXUHV RI WKLV DSSURDFK

DUH LWV XVH RI IRUPDO VSHFLILFDWLRQV� WKH DELOLW\ WR KDQGOH

SDUDPHWHUL]HG �L�H�� JHQHULF� RU WHPSODWH� FRPSRQHQWV� DQG

WKH DXWRPDWLF JHQHUDWLRQ RI URXWLQH DVSHFWV RI YLRODWLRQ

GHWHFWLRQ�

6HFWLRQ � GHVFULEHV WKH YLRODWLRQ GHWHFWLRQ DSSURDFK�
6HFWLRQ � LQWURGXFHV D FRPSRQHQW LQWHUIDFH H[DPSOH� SUH�

VHQWHG DV D &�� WHPSODWH� 7KH LQWHUIDFH SHUPLWV DOWHUQD�

WLYH LPSOHPHQWDWLRQV� QRQH RI ZKLFK LV DVVXPHG WR LQ�

FOXGH FRGH IRU KDQGOLQJ SUH�FRQGLWLRQ �RU SRVWFRQGLWLRQ�

YLRODWLRQV� 6HFWLRQ � H[SODLQV KRZ� WKURXJK WUDQVIRUPD�

WLRQ RI LQWHUQDO UHSUHVHQWDWLRQV WR PDWKHPDWLFDO PRGHOV
DQG YLFH YHUVD� LW LV SRVVLEOH WR XQGHUVWDQG DQG FKHFN

YLRODWLRQV LQ SXUHO\ DEVWUDFW WHUPV� 7KLV WHFKQLTXH DOORZV

WKH FKHFNV WR EH ZULWWHQ HYHQ ZLWKRXW DFFHVV WR WKH FRP�

SRQHQW©V LQWHUQDO GHWDLOV �L�H�� OD\HUHG� E\ XVLQJ WKH SUR�

SRVHG VHW RI WUDQVIRUPDWLRQ RSHUDWLRQV� 6HFWLRQ � GLV�

FXVVHV D JHQHUDWRU IRU &�� WHPSODWH FRPSRQHQWV WKDW
PHFKDQL]HV URXWLQH DVSHFWV RI FKHFNLQJ� DQG JHQHUDWHV

SODFHKROGHUV ZKHQ WKH JHQHUDWLRQ FDQQRW EH DXWRPDWHG�

6HFWLRQ � FRPSDUHV WKLV DSSURDFK ZLWK H[LVWLQJ ZRUN� DQG

6HFWLRQ � FORVHV ZLWK D GLVFXVVLRQ RI DSSOLFDWLRQV DQG

IXWXUH ZRUN�



�� (OHPHQWV�RI�D�VSHFLILFDWLRQ�EDVHG�DS�

SURDFK�IRU�GHWHFWLQJ�LQWHUIDFH�YLRODWLRQV

��� 2YHUYLHZ

7\SLFDOO\� WZR DOWHUQDWLYHV IRU FKHFNLQJ YLRODWLRQV RI

D FRPSRQHQW©V LQWHUIDFH DUH XVHG LQ SUDFWLFH� LQFRUSRUDWH

WKH FKHFNLQJ FRGH DV SDUW RI WKH FOLHQW FRPSRQHQW RU LQ�

FRUSRUDWH LW DV SDUW RI WKH UHXVHG FRPSRQHQW� 8QIRUWX�

QDWHO\� ERWK RI WKHVH FKRLFHV KDYH XQGHVLUDEOH FRQVH�
TXHQFHV� 7KH XELTXLWRXV SULQFLSOH RI VHSDUDWLRQ RI FRQ�

FHUQV VXJJHVWV WKDW WKH SURFHVV RI FKHFNLQJ IRU LQWHUIDFH

YLRODWLRQV VKRXOG EH VHSDUDWHG IURP WKH FOLHQW FRPSR�

QHQW� $W WKH VDPH WLPH� LW VKRXOG EH VHSDUDWHG IURP WKH

FRPSRQHQW EHFDXVH RWKHUZLVH H[SHQVLYH FKHFNV ZLOO EH

SHUIRUPHG� HYHQ ZKHQ WKH\ DUH QRW QHHGHG� 7KLV REVHU�
YDWLRQ OHDGV WR D ZLGHU YLHZ RI LQWHU�FRPSRQHQW FRPPX�

QLFDWLRQ VKRZQ LQ )LJXUH ��

7KH LGHD H[SUHVVHG LQ )LJXUH � LV VLPSOH� HQFDVH WKH

FRPSRQHQW XQGHU FRQVLGHUDWLRQ LQ D ¦ZUDSSHU§ �VRPH�

WLPHV DOVR FDOOHG D GHFRUDWRU >�@�� ZKRVH VROH UHVSRQVLELO�

LW\ LV WR LPSOHPHQW LQWHUIDFH YLRODWLRQ FKHFNV� 7KLV
¦FKHFNLQJ ZUDSSHU§ SURYLGHV H[DFWO\ WKH VDPH LQWHUIDFH

DV WKH FRPSRQHQW LWVHOI� DQG GHOHJDWHV WKH ZRUN LQYROYHG

LQ FDUU\LQJ RXW HDFK RSHUDWLRQ WR WKH FRPSRQHQW WKDW LW

HQFDVHV� 7KH FKHFNLQJ ZUDSSHU DOVR KDV WKH RSSRUWXQLW\

WR SHUIRUP UXQ�WLPH FKHFNV ERWK EHIRUH DQG DIWHU HDFK
PHWKRG LQYRFDWLRQ� LQ RUGHU WR GHWHFW LQWHUIDFH YLRODWLRQV�

,I HYHU\ VRIWZDUH FRPSRQHQW LQ D FRPSRQHQW�EDVHG V\V�

WHP LV HQFDVHG LQ D FKHFNLQJ ZUDSSHU� WKHQ LW EHFRPHV

SRVVLEOH WR GHWHFW DQG LVRODWH LQWHUIDFH YLRODWLRQV�

:LWK WKLV VLPSOH EXW H[SDQGHG YLHZ LQ PLQG� DWWHQ�

WLRQ IDOOV RQ WKH VWUXFWXUH RI WKH FKHFNLQJ ZUDSSHU� ,Q

SDUWLFXODU� LV LW SRVVLEOH WR V\VWHPDWLFDOO\ JHQHUDWH VXFK D
ZUDSSHU IRU DQ\ FRPSRQHQW VR WKDW WKH ZUDSSHU FDQ EH

LQVHUWHG DQG UHPRYHG ZLWK HDVH IRU VHOHFWHG FRPSRQHQWV

RI D V\VWHP" ,V LW SRVVLEOH WR DXWRPDWH WKH FRQVWUXFWLRQ RI

VXFK ZUDSSHUV" &DQ ZUDSSHUV FKHFN IRU ERWK LQWHUQDO DQG

H[WHUQDO LQWHUIDFH YLRODWLRQV" &DQ ZUDSSHUV LPSOHPHQW

FKHFNV ZLWKRXW UHTXLULQJ GLUHFW DFFHVV WR WKH LQWHUQDO UHS�
UHVHQWDWLRQ RI WKH ZUDSSHG FRPSRQHQWV¥WKDW LV� ZLWKRXW

YLRODWLQJ HQFDSVXODWLRQ" ,Q WKLV SDSHU� ZH DQVZHU DOO

WKHVH TXHVWLRQV LQ WKH DIILUPDWLYH� E\ SUHVHQWLQJ D FDQRQL�

FDO DUFKLWHFWXUH IRU FKHFNLQJ ZUDSSHUV ZLWK WKHVH SURSHU�

WLHV� $ NH\ GLPHQVLRQ RI FRPSOH[LW\ LQ RXU VROXWLRQ WR
WKLV SUREOHP UHVXOWV IURP WKH REMHFWLYH RI KDQGOLQJ SD�

UDPHWHUL]HG WHPSODWH FRPSRQHQWV >�� �� ��@� DQ HVVHQWLDO

HOHPHQW RI FRPSOH[ V\VWHPV�

��� 7KH YLRODWLRQ FKHFNLQJ PLFUR�DUFKLWHFWXUH

$W WKH KHDUW RI DFKLHYLQJ WKHVH JRDOV LV D FDUHIXOO\

GHVLJQHG DUFKLWHFWXUH IRU WKH YLRODWLRQ FKHFNLQJ ZUDSSHU�

7KLV DUFKLWHFWXUH UDLVHV D IXQGDPHQWDO GLOHPPD� 2Q RQH

KDQG� LW LV GHVLUDEOH WR PDLQWDLQ HQFDSVXODWLRQ� LQGLFDWLQJ

WKDW WKH ZUDSSHU VKRXOG QRW KDYH GLUHFW DFFHVV WR WKH
FRPSRQHQW©V LQWHUQDO GDWD� 2Q WKH RWKHU KDQG� LW LV XQGH�

VLUDEOH WR LQYRNH WKH FRPSRQHQW©V RSHUDWLRQV GLUHFWO\�

VLQFH WKH\ PD\ UHSHDWHGO\ YLRODWH WKH LQWHUIDFH©V EHKDY�

LRUDO FRQWUDFW ZKLOH WKH ZUDSSHU LV LQ WKH SURFHVV RI SHU�

IRUPLQJ LWV FKHFNV� 7KHUH DUH WKUHH EDVLF GHVLJQ DOWHUQD�

WLYHV IRU DGGUHVVLQJ WKLV FRQFHUQ�
$Q REYLRXV GHVLJQ FKRLFH LV WR FUHDWH D

ZUDSSHU E\ PRYLQJ WKH LPSOHPHQWDWLRQ�

GHSHQGHQW YLRODWLRQ GHWHFWLQJ FRGH WKDW QRU�

PDOO\ PLJKW KDYH EHHQ SODFHG LQVLGH WKH EDVH

FRPSRQHQW LQWR D QHZ FODVV� 7KLV QHZ FODVV

ZRXOG UHTXLUH GLUHFW DFFHVV WR WKH LQWHUQDO UHS�
UHVHQWDWLRQ RI WKH EDVH FRPSRQHQW LW ZLOO ZUDS�

7KLV FKRLFH KDV WKH REYLRXV EHQHILW RI VHSDUDW�

LQJ WKH YLRODWLRQ GHWHFWLQJ FRGH IURP WKH EDVH

FRPSRQHQW� ,W DOVR KDV PXOWLSOH GLVDGYDQWDJHV�

7KH ZUDSSHU PXVW GLUHFWO\ DFFHVV WKH LQWHUQDOV
RI WKH EDVH FRPSRQHQW� YLRODWLQJ HQFDSVXODWLRQ�

6LQFH WKH ZUDSSHU LV UHSUHVHQWDWLRQ�VSHFLILF� LW

FDQQRW EH XVHG IRU DQ\ RWKHU FRPSRQHQWV WKDW

FRQIRUP WR WKH VDPH LQWHUIDFH� ,Q DGGLWLRQ�

FKHFNV PXVW EH LPSOHPHQWHG LQ WHUPV RI WKH

UDZ GDWD UHSUHVHQWDWLRQ� ZKLFK PLJKW PDNH WKH
FKHFNLQJ FRGH LWVHOI PRUH HUURU�SURQH� HVSH�

FLDOO\ ZKHQ ZUDSSHUV DUH GHYHORSHG E\ GLIIHU�

HQW SURJUDPPHUV�

$ QDWXUDO DOWHUQDWLYH LV WR EXLOG DQ LPSOH�

PHQWDWLRQ�LQGHSHQGHQW FKHFNLQJ ZUDSSHU WKDW LV

¦OD\HUHG§ RQ WKH EDVH FRPSRQHQW ZLWKRXW UH�
TXLULQJ GLUHFW DFFHVV� ,QVWHDG� LW FDQ WHVW IRU

&OLHQW

&RPSRQHQW

&KHFN IRU
&OLHQW©V

9LRODWLRQV

&KHFN IRU
&RPSRQHQW©V
9LRODWLRQV

¦&KHFNLQJ§
:UDSSHU

)LJXUH �¥,QVXODWLQJ WKH &RPSRQHQW ZLWK D

9LRODWLRQ�&KHFNLQJ :UDSSHU



YLRODWLRQV E\ FDOOLQJ WKH H[�

SRUWHG PHWKRGV RI WKH

ZUDSSHG FRPSRQHQW� 6XFK D
ZUDSSHU KDV WKUHH DGYDQ�

WDJHV� LW VHSDUDWHV WKH YLROD�

WLRQ FKHFNLQJ FRGH� LW UH�

VSHFWV HQFDSVXODWLRQ� DQG

FKHFNLQJ FRGH FDQ EH ZULWWHQ

LQGHSHQGHQW RI KRZ WKH FRP�
SRQHQW PLJKW EH LPSOH�

PHQWHG� 8QIRUWXQDWHO\� VLQFH

H[SRUWHG PHWKRGV PD\ WKHP�

VHOYHV FDXVH YLRODWLRQV� LW LV

QRW SRVVLEOH WR SLQSRLQW WKH
VRXUFH RI D YLRODWLRQ ZKHQ

RQH RFFXUV� 0RUH LPSRU�

WDQWO\� XVLQJ RWKHU H[SRUWHG

PHWKRGV WR FKHFN WKH H[SHF�

WDWLRQV RI D PHWKRG PD\

FDXVH VWDWH FKDQJHV LQ WKH
REMHFWV� SRVVLEO\ LQYROYLQJ

DFWLRQV WKDW DUH LUUHYHUVLEOH RU

H[SHQVLYH WR UROO EDFN �H�J��

FDXVLQJ ILOHV WR EH RSHQHG�

SK\VLFDO GHYLFHV WR EH FRQ�

WUROOHG� RU HYHQ QXFOHDU UHDFWRU FRQWUROV WR EH PDQLSX�
ODWHG��

$ WKLUG GHVLJQ DOWHUQDWLYH SURYLGHV WKH DGYDQWDJHV RI

WKH SUHYLRXV WZR FKRLFHV� DQG DW WKH VDPH WLPH DGGUHVVHV

WKHLU VKRUWFRPLQJV� 7KLV VROXWLRQ UHOLHV RQ GLVWLQJXLVKLQJ

DEVWUDFW DQG FRQFUHWH YDOXHV RI REMHFWV� DQG LW SHUIRUPV
FKHFNV E\ PDQLSXODWLQJ DEVWUDFW YDOXHV RI REMHFWV� UDWKHU

WKDQ GLUHFWO\ ZRUNLQJ ZLWK WKH LQWHUQDO VWDWH VWRUHG LQ WKH

REMHFW©V LPSOHPHQWDWLRQ� %RUURZLQJ IURP PRGHO�EDVHG

VSHFLILFDWLRQ WHFKQLTXHV� VXFK DV WKRVH VXPPDUL]HG E\

:LQJ >��@� ZH FDQ ¦PRGHO§ DEVWUDFW YDOXHV RI REMHFWV

XVLQJ PDWKHPDWLFDO PRGHOV VXFK DV VHWV� VWULQJV �RU VH�
TXHQFHV�� IXQFWLRQV� WXSOHV� DQG WUHHV� 7KH FRUH RI WKH

VFKHPH IRU YLRODWLRQ FKHFNLQJ ZUDSSHUV LV EDVHG RQ WKH

DELOLW\ WR FRQYHUW IURP DQ REMHFW©V LQWHUQDO UHSUHVHQWDWLRQ

LQWR DQ DOWHUQDWLYH IRUP¥RQH WKDW GLUHFWO\ FDSWXUHV WKH

DEVWUDFW YLHZ RI WKH REMHFW©V VWDWH� XVLQJ WKH SURJUDP�

PDWLF YHUVLRQV RI WKH PDWKHPDWLFDO PRGHOLQJ W\SHV� 7KH
QXPEHU RI IXQGDPHQWDO PDWKHPDWLFDO EXLOGLQJ EORFNV LV

VPDOO LQ VRPH PRGHO�EDVHG VSHFLILFDWLRQ ODQJXDJHV� VXFK

DV 5(62/9( >��@� ZKLFK UHO\ RQ FRPSRVLWLRQ RI WKH ED�

VLF PRGHOV IRU DEVWUDFW GHVFULSWLRQV RI PRUH FRPSOH[ DUWL�

IDFWV� $V SDUW RI WKH 5(62/9(�&�� FRPSRQHQW FROOHF�

WLRQ >�@� LQWHUIDFHV DQG LPSOHPHQWDWLRQV KDYH EHHQ SUR�
YLGHG IRU SURJUDP DQDORJXHV RI WKHVH PDWKHPDWLFDO PRG�

HOV� $ VWUXFWXUH RI ZUDSSHUV IRU WKLV GHVLJQ DOWHUQDWLYH� LQ

ZKLFK DEVWUDFW YDOXHV DQG FRQFUHWH UHSUHVHQWDWLRQ YDOXHV

RI REMHFWV DUH GLVWLQJXLVKHG� LV VKRZQ LQ )LJXUH �� 6HFWLRQ

��� H[SODLQV WKDW WKLV VDPH ZUDSSHU VWUXFWXUH DOVR ZRUNV

IRU WKH HDUOLHU GHVLJQ FKRLFHV� ZKHQ DEVWUDFW VSHFLILFDWLRQV

DUH QRW DYDLODEOH�
$W D ZUDSSHU©V FRUH LQ )LJXUH �� WKHUH DUH WZR RSHUD�

WLRQV WKDW WUDQVODWH DQ REMHFW©V LQWHUQDO VWDWH WR DQG IURP

DQ DOWHUQDWLYH IRUP EDVHG RQ WKH DEVWUDFW SLFWXUH RI WKDW

VWDWH �XVXDOO\ SURYLGHG DV SDUW RI WKH REMHFW©V VSHFLILFD�

WLRQ�� 7KHVH WZR RSHUDWLRQV PXVW KDYH GLUHFW DFFHVV WR

WKH REMHFW©V LQWHUQDO VWDWH� DQG DUH WKXV SURYLGHG E\ WKH
HQFDSVXODWHG FRPSRQHQW� %\ FRQYHUWLQJ WKH LQWHUQDO UHS�

UHVHQWDWLRQ RI WKH REMHFW XQGHU FRQVLGHUDWLRQ LQWR DQ DO�

WHUQDWLYH IRUP� LW LV WKHQ SRVVLEOH IRU WKH ZUDSSHU WR H[�

DPLQH� PDQLSXODWH� DQG WHVW WKH LQWHUQDO VWDWH ZLWKRXW

YLRODWLQJ HQFDSVXODWLRQ� DQG ZLWKRXW UHO\LQJ RQ DQ\ RI WKH

�SRWHQWLDOO\ YLRODWLRQ�LQGXFLQJ� PHWKRGV H[SRUWHG E\ WKH
FRPSRQHQW XQGHU VFUXWLQ\�

7KH UHPDLQLQJ OD\HUV VKRZQ LQ )LJXUH � �IURP WKH LQ�

VLGH RXW� DOORZ IRU WKH DEVWUDFW YLHZ RI WKH REMHFW©V VWRUHG

VWDWH WR EH FKHFNHG DJDLQVW DQ\ LQWHUQDO UHSUHVHQWDWLRQ

LQYDULDQW FRQGLWLRQV RI WKH FRPSRQHQW� WR EH FKHFNHG IRU

SUHFRQGLWLRQ VDWLVIDFWLRQ� DQG WR EH FKHFNHG IRU SRVWFRQ�
GLWLRQ VDWLVIDFWLRQ� )RU HDFK DQG HYHU\ PHWKRG H[SRUWHG

E\ WKH ZUDSSHG FRPSRQHQW� WKH ZUDSSHU ZLOO IROORZ WKH

VWHSV VKRZQ LQ )LJXUH � WR GHWHFW DOO SRVVLEOH LQWHUIDFH

YLRODWLRQV� (DFK SDUDPHWULF REMHFW DOVR QHHGV WR EH FRQ�

YHUWHG WR DQG IURP LWV PRGHO DW WKH EHJLQQLQJ DQG DW WKH
HQG� UHVSHFWLYHO\� WKRXJK WKLV GHWDLO LV QRW H[SOLFLWO\

VKRZQ LQ WKH ILJXUH� $Q LQWHUIDFH YLRODWLRQ FDQ EH GH�

WHFWHG DW DQ\ RQH RI WKH IRXU ¦FKHFN SRLQWV§ VKRZQ LQ

)LJXUH �� 7KH DFWLRQ�V� WR EH WDNHQ LI DQ LQWHUIDFH YLROD�

WLRQ LV GHWHFWHG FDQ EH DV VLPSOH RU DV FRPSOH[ DV GHVLUHG�
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DQG FDQ DOVR EH VHSDUDWHG IURP ERWK WKH FRPSRQHQW XQGHU

WHVW DQG IURP WKH YLRODWLRQ FKHFNLQJ ZUDSSHU LWVHOI�

7KH ZUDSSHU LV PRVW SRZHUIXO ZKHQ FRPSRQHQW LQ�

WHUIDFHV KDYH IRUPDOO\ VSHFLILHG PDWKHPDWLFDO SUH� DQG

SRVWFRQGLWLRQV IRU RSHUDWLRQV� WKRXJK LW LV HTXDOO\ DSSOL�
FDEOH ZKHQ WKH GHVFULSWLRQV DUH LQIRUPDO� 7R SURYLGH

HIIHFWLYH VXSSRUW� ZH KDYH GHVLJQHG DQG EXLOW D JHQHUDWRU

IRU &�� FRPSRQHQWV� 7KH SRZHU RI WKH JHQHUDWRU LQ HDV�

LQJ FRPSOH[LW\ LV REYLRXV ZKHQ SDUWLFLSDWLQJ FRPSRQHQWV

DUH SDUDPHWHUL]HG WHPSODWHV� 7KURXJK WKH VHSDUDWLRQ RI

DEVWUDFW LQWHUIDFHV IURP FRQFUHWH LPSOHPHQWDWLRQV� LW EH�
FRPHV SRVVLEOH WR JHQHUDWH FKHFNLQJ FRGH LQ SDUDOOHO ZLWK

DFWXDO GHYHORSPHQW RI WKH FRPSRQHQW LPSOHPHQWDWLRQ�

:KHQ WKHUH DUH PXOWLSOH LPSOHPHQWDWLRQV RI WKH VDPH

DEVWUDFW GHVFULSWLRQ� WKH VDPH ¦VFDIIROGLQJ§ LV VXLWDEOH IRU

DOO RI WKH GLIIHUHQW LPSOHPHQWDWLRQV�

�� $Q�H[DPSOH

7R LOOXVWUDWH WKH DSSURDFK IRU GHWHFWLQJ LQWHUIDFH

YLRODWLRQV� ZH SUHVHQW D ¦SULRULWL]HU§¥D FRPSRQHQW WKDW
RUGHUV D FROOHFWLRQ RI LWHPV >�@� 7KLV FRPSRQHQW LV SD�

UDPHWHUL]HG E\ WKH W\SH RI HQWULHV WR EH SODFHG LQ WKH SUL�

RULWL]HU� WKH RUGHULQJ XVHG� DQG DQ XSSHU ERXQG RQ WKH

WHPSODWH �FODVV (QWU\� LQW 0D[B6L]H!

�� &ODVV (QWU\ VKRXOG LQFOXGH D ¦&RPSDUH§
�� RSHUDWLRQ WKDW LPSOHPHQWV D WRWDO
�� SUHRUGHULQJ 5�[� \�
FODVV 3ULRULWL]HU ^

��� W\SH IDPLO\ 3ULRULWL]HU LV

��� PRGHOHG E\ �
��� HQWULHV � PXOWLVHW RI (QWU\�
��� LQVHUWLRQBSKDVH � ERROHDQ
��� �
��� FRQVWUDLQW _HQWULHV_ � 0D[B6L]H
��� LQLWLDOL]DWLRQ

��� HQVXUHV _HQWULHV_  � DQG

��� LQVHUWLRQBSKDVH  WUXH

SXEOLF�

3ULRULWL]HU �� ^`�
YLUWXDO a3ULRULWL]HU �� ^`�

�� VZDS RSHUDWRU WR EH DGGHG LQ HDFK
�� LPSOHPHQWDWLRQ
�� YLUWXDO YRLG RSHUDWRU 	 �
�� 3ULRULWL]HU 	 UKV�  ��

YLUWXDO YRLG ,QVHUW �(QWU\	 [�  ��
��� UHTXLUHV _HQWULHV_ � 0D[B6L]H
��� DQG LQVHUWLRQBSKDVH  WUXH

��� HQVXUHV HQWULHV  �HQWULHV
��� XQLRQ ^�[` DQG

��� LQVHUWLRQBSKDVH  WUXH

YLUWXDO YRLG &KDQJHB3KDVH ��  ��
��� HQVXUHV HQWULHV  �HQWULHV DQG

��� LQVHUWLRQBSKDVH  
��� QRW �LQVHUWLRQBSKDVH

YLUWXDO YRLG 5HPRYHB1H[W �(QWU\	 [�  ��
��� UHTXLUHV _HQWULHV_ ! � DQG

��� LQVHUWLRQBSKDVH  IDOVH

��� HQVXUHV IRU DOO \� (QWU\ ZKHUH

��� �HQWULHV�RFFXUUHQFHV�\� ! ��
��� � 5�[� \� � DQG

��� �HQWULHV  HQWULHV XQLRQ ^[` DQG

��� LQVHUWLRQBSKDVH  IDOVH

YLUWXDO YRLG 5HPRYHB$Q\ �(QWU\	 [�  ��
��� UHTXLUHV _HQWULHV_ ! �
��� HQVXUHV �HQWULHV  HQWULHV
��� XQLRQ ^[` DQG

��� LQVHUWLRQBSKDVH  
��� �LQVHUWLRQBSKDVH

YLUWXDO ,QWHJHU 6L]H ��  ��
��� HQVXUHV 6L]H  _HQWULHV_

YLUWXDO %RROHDQ ,VB,QB,QVHUWLRQB3KDVH ��

 ��
��� HQVXUHV ,VB,QB,QVHUWLRQB3KDVH  
��� LQVHUWLRQBSKDVH

YLUWXDO YRLG &OHDU ��  ��
��� HQVXUHV _HQWULHV_  � DQG

��� LQVHUWLRQBSKDVH  WUXH

VWDWLF YRLG $OORZHGB0D[B6L]H ��  ��
��� HQVXUHV $OORZHGB0D[B6L]H  
��� 0D[B6L]H

SULYDWH�

�� $VVLJQPHQW DQG FRS\ FRQVWUXFWLRQ
�� DUH SURKLELWHG
3ULRULWL]HU 	 RSHUDWRU  �

FRQVW 3ULRULWL]HU	 UKV��
3ULRULWL]HU �FRQVW 3ULRULWL]HU	 P��

`�

)LJXUH �¥$ 3DUDPHWHUL]HG 3ULRULWL]HU ,QWHUIDFH LQ &��

&RQYHUW WR 0RGHO

&RS\ 9DOXH

&RQYHUW IURP 0RGHO

&KHFN ,QYDULDQW

&KHFN 3UHFRQGLWLRQ

0HWKRG ,QYRFDWLRQ

&RQYHUW IURP 0RGHO

&RQYHUW WR 0RGHO

&KHFN ,QYDULDQW

&KHFN 3RVWFRQGLWLRQ

0HWKRG 5HWXUQ

'HOHJDWH WR
:UDSSHG &RPSRQHQW

)LJXUH �¥:UDSSHU©V 0HWKRG ,QYRFDWLRQ

6WUDWHJ\



QXPEHU RI HQWULHV� 7KH FRQFHS�

WXDO LQWHUIDFH FDQ EH FDSWXUHG DV

D &�� DEVWUDFW EDVH FODVV WHP�

SODWH FDOOHG 3ULRULWL]HU� DV

VKRZQ LQ )LJXUH �� $OWHUQDWLYH

LPSOHPHQWDWLRQV FDQ EH SUR�

YLGHG DV DGGLWLRQDO &�� FODVV

WHPSODWHV WKDW LQKHULW IURP WKLV

LQWHUIDFH �DQG WKDW PLJKW KDYH
DGGLWLRQDO WHPSODWH SDUDPHWHUV�

DV QHFHVVDU\��

7R PLQLPL]H WKH FRVW WR XQGHUVWDQG DQG UHXVH REMHFWV

VXFK DV SULRULWL]HUV� DQ DEVWUDFW H[SODQDWLRQ RI WKH FRQ�

FHSW©V EHKDYLRU PXVW EH SURYLGHG IRU UHXVDEOH &�� WHP�
SODWH FODVVHV� 7KLV FDQ EH GRQH XVLQJ D IRUPDO VSHFLILFD�

WLRQ QRWDWLRQ� VXFK DV 5(62/9( >��@� RU LW PD\ EH GH�

VFULEHG LQIRUPDOO\� %ULHIO\� D SULRULWL]HU LV D EDJ RI LWHPV

WKDW KDV D ¦UHPRYH QH[W �LQ RUGHU�§ RSHUDWLRQ¥VLPLODU WR

D SULRULW\ TXHXH� H[FHSW WKDW LW GRHV QRW QHFHVVDULO\ PDLQ�

WDLQ WKH RUGHU LQ ZKLFK LWHPV DUH DGGHG LQ FDVH RI WLHV�
)XUWKHU� LW RSHUDWHV LQ RQH RI WZR SKDVHV� DQ LQVHUWLRQ

SKDVH� ZKHUH LWHPV DUH EHLQJ DGGHG� DQG DQ H[WUDFWLRQ

SKDVH� ZKHUH LWHPV DUH EHLQJ UHPRYHG �:HLGH HW DO GH�

VFULEH SKDVH�EDVHG REMHFWV WKDW HPERG\ DOJRULWKPV VXFK

DV VRUWLQJ >��@��

0RUH SUHFLVHO\� WKH FRQWHQWV RI D SULRULWL]HU REMHFW
FDQ EH YLHZHG DV DQ RUGHUHG SDLU� D PXOWLVHW RI HQWULHV

FRQWDLQHG ZLWKLQ WKH SULRULWL]HU DQG D ERROHDQ IODJ WKDW

GHQRWHV ZKHWKHU WKH REMHFW LV LQ LQVHUWLRQ RU H[WUDFWLRQ

SKDVH� 1RWH WKDW WKLV LV D PDWKHPDWLFDO PRGHO RI WKH DE�

VWUDFW YDOXH RI DQ\ SULRULWL]HU REMHFW� LUUHVSHFWLYH RI KRZ
WKDW VWDWH PLJKW DFWXDOO\ EH UHFRUGHG �L�H�� LQ D KHDS� RU LQ

D ELQDU\ WUHH� RU LQ DQ XQVRUWHG OLVW�� ,QLWLDOO\� D QHZO\

GHFODUHG SULRULWL]HU REMHFW LV HPSW\ DQG LV LQ LQVHUWLRQ

SKDVH� 1HZ LWHPV FDQ EH DGGHG WR WKH FROOHFWLRQ� RQH DW D

WLPH� XVLQJ WKH ,QVHUW RSHUDWLRQ� ZKLFK UHTXLUHV WKH

REMHFW WR EH LQ WKH LQVHUWLRQ SKDVH� 7KH 5HPRYHB1H[W

RSHUDWLRQ UHTXLUHV WKH REMHFW WR EH LQ WKH H[WUDFWLRQ SKDVH�

DQG LW FDQ EH FDOOHG WR H[WUDFW LWHPV RQH DW D WLPH EDVHG RQ

WKH VSHFLILHG RUGHULQJ� 7KH &KDQJHB3KDVH RSHUDWLRQ

WRJJOHV WKH SKDVH RI WKH SULRULWL]HU� 7KH 5HPRYHB$Q\

RSHUDWLRQ UHPRYHV DQ DUELWUDU\ LWHP IURP WKH FROOHFWLRQ

ZLWKRXW UHJDUG IRU RUGHU� DQG FDQ EH FDOOHG LQ HLWKHU
SKDVH� 7KH H[SODQDWLRQV RI RWKHU RSHUDWLRQV DUH SURYLGHG

LQ )LJXUH �� 7KH SULRULWL]HU LQWHUIDFH LQ )LJXUH � KDV EHHQ

GHVLJQHG IROORZLQJ WKH 5(62/9(�&�� GLVFLSOLQH >�@�

LQFOXVLRQ RI D VZDS RSHUDWRU �LQ &��� RSHUDWRU 	 

KDV EHHQ ERUURZHG IRU WKLV RSHUDWRU�� DQG H[SOLFLW SURKL�

ELWLRQ RI FRS\ FRQVWUXFWLRQ DQG DVVLJQPHQW DUH DPRQJ WKH
VWDQGDUGV IRU REMHFW GHVLJQ LQ WKLV GLVFLSOLQH�

)LJXUH � FRQWDLQV VDPSOH LQSXWV DQG RXWSXWV IRU D

SULRULWL]HU WKDW FRQWDLQV LQWHJHUV� DQ LQVWDQFH RI D FRQFUHWH

FODVV WKDW FRQIRUPV WR WKH 3ULRULWL]HU LQWHUIDFH�

7KHVH LQSXWV DQG RXWSXWV UHVSHFW WKH SULRULWL]HU LQWHUIDFH

FRQYHQWLRQV¥QR SUHFRQGLWLRQV DUH YLRODWHG E\ WKH FOLHQW�

DQG WKH H[SHFWHG RXWSXWV DUH WKRVH WKDW ZRXOG EH SUR�

GXFHG E\ DQ\ FRQIRUPLQJ SULRULWL]HU LPSOHPHQWDWLRQ�

1RWLFH WKDW WKH LQSXWV DQG RXWSXWV KDYH EHHQ H[SUHVVHG LQ

WHUPV RI PDWKHPDWLFDO PRGHOV RI WKH REMHFWV �H�J�� DQ RU�

GHUHG SDLU IRU SULRULWL]HUV�� ,Q )LJXUH �� WKH YDOXH RI [

DIWHU FDOOLQJ ,QVHUW LV QRW VSHFLILHG E\ WKH SULRULWL]HU

LQWHUIDFH� WKH TXHVWLRQ PDUN LQGLFDWHV WKDW QR VSHFLILF

YDOXH FDQ EH H[SHFWHG �RU LV UHTXLUHG��

�� 0RGHO�FRQYHUVLRQ�RSHUDWLRQV

$OWHUQDWLYH LPSOHPHQWDWLRQV RI WKH SULRULWL]HU LQWHU�

IDFH PD\ XVH GLIIHUHQW LQWHUQDO UHSUHVHQWDWLRQV VXFK DV

DUUD\V� KHDSV� OLVWV� WUHHV� RU SRLQWHU VWUXFWXUHV� ,Q DGGL�

WLRQ� HDFK LPSOHPHQWDWLRQ PD\ XVH GLIIHUHQW FRQYHQWLRQV

IRU RUGHULQJ� RQH LPSOHPHQWDWLRQ PLJKW DOZD\V NHHS LWV
LWHPV LQ VRUWHG RUGHU LQWHUQDOO\ �RU LQ D VXLWDEOH KHDS��

UHJDUGOHVV RI SKDVH� DQRWKHU PLJKW SHUIRUP D EDWFK�VW\OH

VRUW ZKHQ &KDQJHB3KDVH LV LQYRNHG WR JR IURP LQVHU�

WLRQ WR H[WUDFWLRQ SKDVH� D WKLUG PLJKW QHYHU NHHS LWV LWHPV

VRUWHG LQWHUQDOO\� DQG VLPSO\ ILQG WKH QH[W LWHP LQ RUGHU

RQO\ ZKHQ 5HPRYHB1H[W LV FDOOHG� 7KHUH DUH PDQ\

SRVVLEOH GHVLJQ FKRLFHV� DQG SULRULWL]HU LQWHUIDFH ZDV GH�

VLJQHG WR DOORZ IRU PDQ\ DOWHUQDWLYH ZD\V RI VSUHDGLQJ

ZRUN �DQG DPRUWL]LQJ FRVW� DPRQJ WKH YDULRXV RSHUDWLRQV

>�� ��@� )RU GHWHFWLQJ LQWHUIDFH YLRODWLRQV� IRUWXQDWHO\�

WKHVH LPSOHPHQWDWLRQ�GHSHQGHQW GHWDLOV FDQ DQG VKRXOG
EH LJQRUHG� ,QVWHDG� LQWHUQDO UHSUHVHQWDWLRQ YDOXHV PXVW

EH FRQYHUWHG WR WKH PRUH DEVWUDFW YDOXHV LQ WKH LQWHUIDFH

VSHFLILFDWLRQV� DQG WKH VDWLVIDFWLRQ RI SUH� DQG SRVWFRQGL�

WLRQV RQ WKRVH DEVWUDFW YDOXHV FDQ EH FKHFNHG EHIRUH DQG

DIWHU HDFK RSHUDWLRQ FDOO�

7R IDFLOLWDWH FRQYHUVLRQ RI LQWHUQDO UHSUHVHQWDWLRQ
YDOXHV WR DEVWUDFW YDOXHV� HDFK FODVV PXVW EH HQKDQFHG

ZLWK WZR DGGLWLRQDO RSHUDWLRQV� &RQYHUWB7RB0RGHO

DQG &RQYHUWB)URPB0RGHO� ,Q FRQYHUWLQJ UHSUHVHQ�

WDWLRQV RI JHQHULF REMHFWV VXFK DV SULRULWL]HUV WR WKHLU DE�

VWUDFW PRGHOV� REMHFWV RI WKH SDUDPHWULF W\SH (QWU\ DOVR

QHHG WR EH FRQYHUWHG WR WKHLU PRGHOV� EHFDXVH WKHVH HQ�

WULHV PD\ EH QRQ�WULYLDO REMHFWV� 7KH 3ULRUL�

WL]HUB:LWKB0RGHO FODVV WKDW H[WHQGV 3ULRUL�

WL]HU ZLWK WKH WZR PRGHO FRQYHUVLRQ RSHUDWLRQV LV

VKRZQ LQ )LJXUH �� 7KLV WHPSODWH KDV IRXU SDUDPHWHUV�

2SHUDWLRQ 9DOLG ,QSXWV ([SHFWHG 2XWSXWV
,QVHUW S  �^���� �`� WUXH�

[  �

S  �^�������`� WUXH�

[  "

&KDQJHB3KDVH S  �^�������`� WUXH� S  �^�������`� IDOVH�

&KDQJHB3KDVH S  �^�������`� IDOVH� S  �^�������`� WUXH�

5HPRYHB1H[W S  �^�������`� IDOVH�

[  "

S  �^�����`� IDOVH�

[  �

)LJXUH �¥6DPSOH ,QSXWV�2XWSXWV IRU D 3ULRULWL]HU



(QWU\B:LWKB0RGHO LV WKH NLQG RI LWHP WKDW ZLOO

EH SODFHG LQ WKH SULRULWL]HU� $V WKH SDUDPHWHU

QDPH VXJJHVWV� WKLV FODVV VKRXOG VXSSRUW ERWK

PRGHO FRQYHUVLRQ RSHUDWLRQV IRU HQWULHV�

0D[B6L]H LV WKH PD[LPXP QXPEHU RI LWHPV WKDW FDQ

EH SODFHG LQ WKH SULRULWL]HU�

0RGHOB2IB(QWU\ LV WKH SURJUDPPDWLF YHUVLRQ RI

WKH DEVWUDFW PRGHO RI DQ HQWU\©V YDOXH� 7KH WZR

FRQYHUVLRQ RSHUDWLRQV VXSSRUWHG E\ (QWU\B�

:LWKB0RGHO PDS WR DQG IURP WKLV W\SH�

0RGHOB2IB3ULRULWL]HU LV WKH SURJUDPPDWLF

YHUVLRQ RI WKH DEVWUDFW PRGHO RI D SULRULWL]HU¥D

SDLU FRQWDLQLQJ D PXOWLVHW DQG D ERROHDQ�

7KLV LQWHUIDFH FDQ EH JHQHUDWHG DXWRPDWLFDOO\�

WKRXJK� LQ JHQHUDO� LWV LPSOHPHQWDWLRQ FDQQRW EH�

,Q GHYHORSLQJ DQ LPSOHPHQWDWLRQ RI PRGHO FRQYHU�

VLRQ RSHUDWLRQV� ¦PRGHO§ REMHFWV QHHG WR EH FUHDWHG DQG
PDQLSXODWHG ZLWKLQ WKH SURJUDP� 7R FRQYHUW D SULRULWL]HU

WR LWV DEVWUDFW YDOXH RI D PXOWLVHW RI HQWULHV DQG D ERROHDQ�

LW EHFRPHV QHFHVVDU\� IRU H[DPSOH� WR EH DEOH WR LQVHUW

HQWULHV LQWR PXOWLVHWV� 7R IDFLOLWDWH WKLV SURFHVV� ZH KDYH

FUHDWHG &�� WHPSODWH LPSOHPHQWDWLRQV IRU VWDQGDUG PRG�

HOV¥LQWHJHUV� VHWV� IXQFWLRQV� VWULQJV� UHODWLRQV� DQG WXSOHV
XVHG LQ 5(62/9( VSHFLILFDWLRQV >��@� )RU YLRODWLRQ

FKHFNLQJ RI 3ULRUWLWL]HUB7HPSODWH� WKH 0XOWLVHWB�

0RGHO WHPSODWH� ZKLFK KDV SURJUDPPDWLF RSHUDWLRQV

VXFK DV 8QLRQB(QWU\� 5HPRYHB(QWU\� ,VB(OH�

PHQWB2I� $UHB(TXDO� DQG &RS\B7R WR PDQLSXODWH

PXOWLVHWV RI HQWULHV� LV XVHG�
$VVXPLQJ WKDW D UHOLDEOH VHW RI LPSOHPHQWDWLRQV IRU

VWDQGDUG PDWKHPDWLFDO PRGHOLQJ W\SHV LV DYDLODEOH� DQG

WKDW DOO REMHFWV DUH HQKDQFHG ZLWK UHOLDEOH PRGHO FRQYHU�

VLRQ RSHUDWLRQV� PRVW URXWLQH DVSHFWV RI LQWHUIDFH YLROD�

WLRQ GHWHFWLRQ FDQ EH DXWRPDWLFDOO\ JHQHUDWHG DV H[�
SODLQHG EHORZ� 7KH FRPSOH[LWLHV LQ WKH LPSOHPHQWDWLRQV

DQG JHQHUDWLRQ RI WKH LPSOHPHQWDWLRQV PDLQO\ UHVXOW IURP

KDQGOLQJ WHPSODWHV �SDUDPHWHUL]HG FRPSRQHQWV��

�� *HQHUDWLQJ�ZUDSSHU�FRPSRQHQWV�IRU�GH�

WHFWLQJ�LQWHUIDFH�YLRODWLRQV

7R SURYLGH VXSSRUW IRU FUHDWLQJ DQG XVLQJ FKHFNLQJ
ZUDSSHUV� ZH KDYH GHVLJQHG DQG EXLOW D JHQHUDWRU WKDW

XVHV 5(62/9(�VW\OH FRPSRQHQW VSHFLILFDWLRQV DQG &��

WHPSODWH LQWHUIDFHV WR SURGXFH RQH� DQG WZR�ZD\ FKHFN�

LQJ FRPSRQHQWV >��@� 7KH XQGHUO\LQJ SULQFLSOHV IRU FUH�

DWLQJ VXFK ZUDSSHUV DUH LQGHSHQGHQW RI DQ\ SDUWLFXODU

VSHFLILFDWLRQ WHFKQLTXH RU LPSOHPHQWDWLRQ ODQJXDJH� DQG
WKH\ FDQ EH UHDGLO\ H[WHQGHG WR RWKHU ODQJXDJHV�

7KH SXEOLF� V\QWDFWLF LQWHUIDFH RI D ¦FKHFNLQJ§ ZUDS�

SHU FRPSRQHQW LV LGHQWLFDO WR WKDW RI WKH FRUUHVSRQGLQJ

EDVH FRPSRQHQW� 6HPDQWLFDOO\� WKH\ GLIIHU LQ KRZ WKH\

EHKDYH ZKHQ HLWKHU WKH SUH� RU SRVWFRQGLWLRQ RI DQ RSHUD�
WLRQ LV YLRODWHG� ,Q SDUWLFXODU� ZKHUH D UHJXODU FRPSRQHQW

JXDUDQWHHV QRWKLQJ LI DQ RSHUDWLRQ LV LQYRNHG XQGHU FRQ�

GLWLRQV YLRODWLQJ LWV SUHFRQGLWLRQ� D FKHFNLQJ ZUDSSHU

LQVWHDG JXDUDQWHHV LW ZLOO SHUIRUP D VSHFLILF QRWLILFDWLRQ

DFWLRQ� :H FDOO D ZUDSSHU WKDW RQO\ FKHFNV IRU SUHFRQGL�

WLRQ YLRODWLRQV D RQH�ZD\ FKHFNLQJ ZUDSSHU�
6LPLODUO\� D WZR�ZD\ FKHFNLQJ ZUDSSHU JXDUDQWHHV WR�

�� &DUU\ RXW LWV SUHFRQGLWLRQ QRWLILFDWLRQ DFWLRQ LI

WKH SUHFRQGLWLRQ GRHV QRW KROG� RU

�� (VWDEOLVK WKDW WKH SRVWFRQGLWLRQ LV WUXH XSRQ RS�

HUDWLRQ FRPSOHWLRQ� RU

�� &DUU\ RXW LWV SRVWFRQGLWLRQ QRWLILFDWLRQ DFWLRQ LI
WKH SRVWFRQGLWLRQ GRHV QRW KROG�

%RWK RQH�ZD\ DQG WZR�ZD\ FKHFNLQJ ZUDSSHUV DUH

H[WUHPHO\ XVHIXO� 2QH�ZD\ ZUDSSHUV FRUUHVSRQG ZLWK WKH

WUDGLWLRQDO QRWLRQ RI D ¦GHIHQVLYH VKHOO§ WKDW SURWHFWV D

FRPSRQHQW IURP HUUDQW FOLHQWV� 7ZR�ZD\ ZUDSSHUV� RQ
WKH RWKHU KDQG� DUH PRUH DNLQ WR ¦VHOI�FKHFNLQJ§ RU ¦VHOI�

YHULI\LQJ§ FRPSRQHQWV WKDW FRQILUP WKHLU RZQ ZRUN DV

ZHOO DV VSRWWLQJ HUURQHRXV FOLHQW EHKDYLRU� )RU EUHYLW\�

ZH ZLOO IRFXV RQ WZR�ZD\ FKHFNLQJ ZUDSSHUV LQ WKH UH�

PDLQGHU RI RXU GLVFXVVLRQ� WKH FRUUHVSRQGLQJ IHDWXUHV RI

RQH�ZD\ FKHFNLQJ ZUDSSHUV DUH HDVLO\ H[WUDSRODWHG�

��� 7ZR�ZD\ FKHFNLQJ ZUDSSHU LPSOHPHQWD�

WLRQ

(VVHQWLDOO\� ZUDSSLQJ D FRPSRQHQW LQVLGH LWV FRUUH�

VSRQGLQJ FKHFNLQJ ZUDSSHU OHDGV WR UHSRUWLQJ RI ERWK

FOLHQW DQG FRPSRQHQW LQWHUIDFH YLRODWLRQV LQ WHUPV RI DE�

VWUDFW YDOXHV� )LJXUH � VKRZV WKH LQWHUIDFH RI WKH 7ZRB�

:D\B&KHFNLQJB3ULRULWL]HU WHPSODWH WKDW LV SUR�

GXFHG E\ RXU JHQHUDWRU >��@� 7KH JHQHUDWHG LQWHUIDFH

LQFOXGHV LQ LWV WHPSODWH SDUDPHWHUV WKH PDWKHPDWLFDO

PRGHO FODVVHV RI WKH REMHFW DQG LWV SDUDPHWULF HQWU\ WR

IDFLOLWDWH VSHFLILFDWLRQ�EDVHG YLRODWLRQ FKHFNLQJ�

$ 7ZRB:D\B&KHFNLQJB3ULRULWL]HU REMHFW LV

OD\HUHG RQ WRS RI D 3ULRULWL]HUB:LWKB0RGHO RE�

WHPSODWH �FODVV (QWU\B:LWKB0RGHO�
LQW 0D[B6L]H� FODVV 0RGHOB2IB(QWU\�
FODVV 0RGHOB2IB3ULRULWL]HU!

FODVV 3ULRULWL]HUB:LWKB0RGHO �
SXEOLF 3ULRULWL]HU �(QWU\B:LWKB0RGHO�

0D[B6L]H! ^
SXEOLF�

3ULRULWL]HUB:LWKB0RGHO �� ^`�
a3ULRULWL]HUB:LWKB0RGHO �� ^`�
YLUWXDO YRLG &RQYHUWB7RB0RGHO �

0RGHOB2IB3ULRULWL]HU	 V�  ��
YLUWXDO YRLG &RQYHUWB)URPB0RGHO �

0RGHOB2IB3ULRULWL]HU	 V�  ��
`�

)LJXUH �¥&�� ,QWHUIDFH IRU
3ULRULWL]HUB:LWKB0RGHO



MHFW RI WKH W\SH SDVVHG LQ DV LWV :UDSSHGB�

3ULRULWL]HU SDUDPHWHU� DV VHHQ IURP WKH WHPSODWH©V

SULYDWH VHFWLRQ� 7HPSODWHV RI WKLV IRUP¥ZKLFK H[SRUW
RQH LQWHUIDFH DQG WDNH DV D WHPSODWH SDUDPHWHU DQRWKHU

FRPSRQHQW H[SRUWLQJ WKH VDPH LQWHUIDFH¥DUH FDOOHG

V\PPHWULF FRPSRQHQWV LQ *HQ9RFD�EDVHG V\VWHPV >�@�

8QGHU YLRODWLRQ�IUHH FRQGLWLRQV� WKH LPSOHPHQWDWLRQV

RI HDFK RSHUDWLRQ LQ WKH 7ZRB:D\B&KHFNLQJB3UL�

RULWL]HU MXVW FDOO WKURXJK WR WKH ZUDSSHG REMHFW©V FRU�

UHVSRQGLQJ RSHUDWLRQ� 7R DOORZ IRU YLRODWLRQ GHWHFWLRQ

ORJLF WR EH VHSDUDWHG IURP WKH ZUDSSHU LWVHOI� WKH JHQHU�

DWHG WHPSODWH LV SDUDPHWHUL]HG E\ D FODVV WKDW FRQWDLQV WKH

FRGH IRU FKHFNLQJ WKH SUH� DQG SRVWFRQGLWLRQV RI HDFK

RSHUDWLRQ� 7KH FODVV 7ZRB:D\B&KHFNHUVB)RUB�

3ULRULWL]HU FRQWDLQV RSHUDWLRQV VXFK DV ,QVHUWB�

3UHFRQGLWLRQ DQG ,QVHUWB3RVWFRQGLWLRQ IRU

HYHU\ RSHUDWLRQ� DV ZHOO DV ,QYDULDQW IRU FRQILUPLQJ

WKDW WKH FODVV LQYDULDQW KROGV� *LYHQ WKLV EDVLV� JHQHUDWLQJ

LPSOHPHQWDWLRQV IRU HDFK RI WKH WZR�ZD\ FKHFNLQJ ZUDS�

SHU©V RSHUDWLRQV LV VWUDLJKWIRUZDUG� 7KH FKHFNLQJ YHUVLRQ
RI HDFK RSHUDWLRQ 3� PDNHV WKH VHTXHQFH RI FDOOV GLFWDWHG

E\ )LJXUH � EHIRUH FDOOLQJ WKURXJK WR �WKH QRQ�FKHFNLQJ

YHUVLRQ RI� 3 SURYLGHG E\ WKH ZUDSSHG FRPSRQHQW� )LJ�

XUH � FRQWDLQV WKH LPSOHPHQWDWLRQ IRU RQH RSHUDWLRQ SUR�

YLGHG E\ WKH WZR�ZD\ FKHFNLQJ ZUDSSHU� ,QVHUW�

-XVW DV WKH YLRODWLRQ GHWHFWLRQ ORJLF FDQ EH GHFRXSOHG
IURP WKH ZUDSSHU E\ PHDQV RI D WHPSODWH SDUDPHWHU� WKH

QRWLILFDWLRQ DFWLRQ FDQ DOVR EH VHSDUDWHG IURP WKH ZUDS�

SHU� 7KH FXUUHQW YHUVLRQ RI WKH JHQHUDWRU XVHV VLPSOH

HUURU PHVVDJH SULQWLQJ DV WKH DFWLRQ WR SHUIRUP ZKHQHYHU

D YLRODWLRQ LV GHWHFWHG� DOWKRXJK LQ SUDFWLFH DQ\ XVHU�
GHILQHG DFWLRQ FDQ EH WULJJHUHG� 8VLQJ D WHPSODWH SD�

UDPHWHU WR VHSDUDWH WKH DFWLRQ FRGH IURP WKH ZUDSSHU LV D

FRQYHQLHQW ZD\ WR SURYLGH VXFK IOH[LELOLW\ ZKLOH VWLOO

PDLQWDLQLQJ D VLPSOH ZUDSSHU GHVLJQ�

2I FRXUVH� EHIRUH LQSXWV RU RXWSXWV FDQ EH YDOLGDWHG�

WKH\ PXVW EH FRQYHUWHG WR PRGHO YDOXHV� DIWHU FKHFNLQJ�
WKH\ VKRXOG EH UHVWRUHG WR UHSUHVHQWDWLRQ YDOXHV� ,Q

FKHFNLQJ WKDW RXWSXWV DUH YDOLG� ERWK LQSXWV DQG RXWSXWV WR

WKH RSHUDWLRQ W\SLFDOO\ DUH QHHGHG� VLQFH SRVWFRQGLWLRQV

QRUPDOO\ GHVFULEH WKH RXWSXW YDOXHV RI SDUDPHWHUV UHODWLYH

WR WKHLU YDOXHV EHIRUH WKH FDOO� )RU WKLV UHDVRQ� HDFK WZR�

ZD\ FKHFNLQJ RSHUDWLRQ LQ WKH ZUDSSHU QHHGV WR PDNH
FRSLHV RI WKH DEVWUDFW SDUDPHWHU YDOXHV EHIRUH FDOOLQJ

WKURXJK WR WKH RSHUDWLRQ LQ WKH EDVH FRPSRQHQW�

)RU PRVW FRPSRQHQWV� FKHFNLQJ HDFK SUHFRQGLWLRQ LV

VWUDLJKWIRUZDUG DQG FDQ WKXV EH DXWRPDWHG� %\ XVLQJ WKH

PRGHO FRQYHUVLRQ DSSURDFK� WKH PDMRULW\ RI SUHFRQGLWLRQ

VWDWHPHQWV FDQ EH FRQYHUWHG WR FRGH E\ D VLPSOH WUDQVOLW�
HUDWLRQ SURFHVV� XVLQJ WKH RSHUDWLRQV SURYLGHG E\ WKH SUR�

JUDPPDEOH YHUVLRQ RI WKH PDWKHPDWLFDO PRGHOLQJ W\SHV�

:LWK WKH SULRULWL]HU LQWHUIDFH� IRU H[DPSOH� DOO RI WKH SUH�

FRQGLWLRQV LQYROYH VLPSOH WHVWV RI WKH LQVHUWLRQ SKDVH IODJ

DQG WKH PXOWLVHW©V VL]H� $V D UHVXOW� LW LV RIWHQ SUDFWLFDO WR

DXWRPDWLFDOO\ JHQHUDWH WKH FRGH IRU D RQH�ZD\ FKHFNLQJ

ZUDSSHU �H�J�� D 2QHB:D\B&KHFNHUVB)RUB3ULRU�

LWL]HU FODVV�� &KHFNLQJ SRVWFRQGLWLRQV� RQ WKH RWKHU

KDQG� LV XVXDOO\ QRQ�WULYLDO� $V D UHVXOW� WZR�ZD\ FKHFN�

HUV FDQQRW EH JHQHUDWHG PHFKDQLFDOO\ >�@� $ IXWXUH YHU�

VLRQ RI WKH JHQHUDWRU LV H[SHFWHG WR LQFOXGH VRPH DXWRPD�

WLRQ RI FKHFNLQJ FRGH�
&RPSRQHQWV WKDW XVH SULRULWL]HU REMHFWV FDQ RSW WR XVH

DQ XQZUDSSHG SULRULWL]HU LPSOHPHQWDWLRQ� XVH D 2QHB�

:D\B&KHFNLQJB3ULRULWL]HU� RU XVH D 7ZRB�

:D\B&KHFNLQJB3ULRULWL]HU� 7KLV FKRLFH GHWHU�

PLQHV ZKHWKHU RU QRW FOLHQW DQG�RU FRPSRQHQW YLRODWLRQV

DUH DXWRPDWLFDOO\ GHWHFWHG� 6ZLWFKLQJ EHWZHHQ WKHVH WKUHH
DOWHUQDWLYHV RQO\ LQYROYHV FKDQJLQJ REMHFW GHFODUDWLRQV�

QR FKDQJHV DUH QHHGHG WR WKH FRGH RI WKH FOLHQW FRPSR�

QHQWV� DV LOOXVWUDWHG LQ )LJXUH �� )XUWKHU� LQWHOOLJHQW XVH RI

QDPHG VXEW\SHV �RU W\SHGHIV� FDQ HDVLO\ SURYLGH D VLQ�

JOH SRLQW RI FRQWURO IRU WKLV GHFLVLRQ� 2I FRXUVH� LQVWDQWL�

DWLQJ RQH� DQG WZR�ZD\ FKHFNLQJ FRPSRQHQWV UHTXLUHV

WHPSODWH �FODVV (QWU\B:LWKB0RGHO�
LQW 0D[B6L]H� FODVV 0RGHOB2IB(QWU\�
FODVV 0RGHOB2IB3ULRULWL]HU�
FODVV :UDSSHGB3ULRULWL]HU�
FODVV 7ZRB:D\B&KHFNHUVB)RUB3ULRULWL]HU!

FODVV 7ZRB:D\B&KHFNLQJB3ULRULWL]HU �
SXEOLF 3ULRULWL]HU�(QWU\B:LWKB0RGHO�

0D[B6L]H! ^
SXEOLF�

7ZRB:D\B&KHFNLQJB3ULRULWL]HU ���
YLUWXDO

a7ZRB:D\B&KHFNLQJB3ULRULWL]HU���
YLUWXDO YRLG RSHUDWRU 	 �

7ZRB:D\B&KHFNLQJB3ULRULWL]HU	 UKV��

YLUWXDO YRLG ,QVHUW �

(QWU\B:LWKB0RGHO	 [��
YLUWXDO YRLG &KDQJHB3KDVH ���
YLUWXDO YRLG 5HPRYH �

(QWU\B:LWKB0RGHO	 [��
YLUWXDO YRLG 5HPRYHB$Q\ �

(QWU\B:LWKB0RGHO	 [��
YLUWXDO ,QWHJHU 6L]H ���
YLUWXDO %RROHDQ

,VB,QB,QVHUWLRQB3KDVH ���

SULYDWH�

7ZRB:D\B&KHFNLQJB3ULRULWL]HU	
RSHUDWRU  �FRQVW

7ZRB:D\B&KHFNLQJB3ULRULWL]HU	��
7ZRB:D\B&KHFNLQJB3ULRULWL]HU �

FRQVW 7ZRB:D\B&KHFNLQJB3ULRULWL]HU	��

:UDSSHGB3ULRULWL]HU D3ULRULWL]HU�
7ZRB:D\B&KHFNHUVB)RUB3ULRULWL]HU FKHFN�

`�

)LJXUH �¥*HQHUDWHG &�� ,QWHUIDFH IRU

7ZRB:D\B&KHFNLQJB3ULRULWL]HU



DGGLWLRQDO WHPSODWH SDUDPHWHUV WKDW PXVW EH GHILQHG� WKHVH

FKDQJHV FDQ EH PHFKDQL]HG� KRZHYHU� WKRXJK WKH FXUUHQW
LPSOHPHQWDWLRQ RI WKH JHQHUDWRU GRHV QRW GR VR�

��� 5HSUHVHQWDWLRQ�GHSHQGHQW DQG UHSUHVHQWD�

WLRQ�LQGHSHQGHQW FRQYHUVLRQ DQG FKHFNLQJ

6HFWLRQ ��� RXWOLQHG WKUHH GHVLJQ DOWHUQDWLYHV IRU

ZUDSSHU�EDVHG YLRODWLRQ FKHFNLQJ� $OWKRXJK RXU IRFXV

KDV EHHQ RQ WKH WKLUG GHVLJQ FKRLFH LQYROYLQJ DEVWUDFW DQG

FRQFUHWH YDOXHV WRJHWKHU ZLWK PRGHO FRQYHUVLRQ� ZH FRQ�
FOXGH WKLV VHFWLRQ E\ H[SODLQLQJ KRZ WKH DOWHUQDWLYH GH�

VLJQ FKRLFHV FDQ EH DSSOLHG XVLQJ RXU IUDPHZRUN�

7R VXSSRUW WKH ¦PRGHO�EDVHG§ FRQVWUXFWLRQ RI

FKHFNLQJ ZUDSSHUV� LW LV HVVHQWLDO WR KDYH FRPSRQHQWV WKDW

SHUPLW WKH SURJUDPPDWLF PDQLSXODWLRQ RI FRPPRQ

PDWKHPDWLFDO PRGHOV XVHG LQ WKH EHKDYLRUDO GHVFULSWLRQV
�VSHFLILFDWLRQV�� 7R WKH H[WHQW WKDW LW LV LPSRUWDQW WR FRU�

UHFWO\ LGHQWLI\ WKH PHWKRG WKDW FDXVHG D SDUWLFXODU YLROD�

WLRQ� RU WR DYRLG XQQHFHVVDU\ PDQLSXODWLRQ RI WKH XQGHU�

O\LQJ REMHFW� WKH PRGHO FRQYHUVLRQ DSSURDFK LV WKH RQO\

HIIHFWLYH FKRLFH� :KHUH WKHVH LVVXHV DUH OHVV FULWLFDO�
RWKHU FKRLFHV IRU ZUDSSHU DUFKLWHFWXUHV DUH VXLWDEOH�

7R XVH WKH VLPSOHU ¦OD\HUHG§ DSSURDFK WR FKHFNLQJ

FRPSRQHQWV �WKH VHFRQG GHVLJQ FKRLFH GLVFXVVHG LQ VHF�

WLRQ ����� YLRODWLRQ FKHFNLQJ FRGH ZRXOG QHHG WR GLUHFWO\

LQYRNH SULRULWL]HU RSHUDWLRQV VXFK DV 5HPRYHB$Q\ WR

LQVSHFW WKH FRQWHQWV RI D SULRULWL]HU REMHFW� 6LPLODUO\� WR

UHVWRUH WKH REMHFW©V YDOXH DIWHU LQVSHFWLRQ� ,QVHUW DQG

RWKHU SULRULWL]HU RSHUDWLRQV ZRXOG EH FDOOHG�

7KRXJK WKH SRZHU RI WKH DSSURDFK SUHVHQWHG LQ WKLV

SDSHU VWHPV IURP WKH DELOLW\ WR VHSDUDWH FRPSOH[ LQWHUQDO
LPSOHPHQWDWLRQ GHWDLOV IURP PRUH DEVWUDFW LQWHUIDFH YLR�

ODWLRQ FKHFNLQJ� LW LV DOVR SRVVLEOH WR XVH WKH IUDPHZRUN

ZKHUH VXFK D GLVWLQFWLRQ LV DEVHQW� 7KLV LV LQGHHG WKH FDVH

ZLWK WKH ILUVW �DQG VLPSOHVW� ZUDSSHU GHVLJQ FKRLFH LQ

6HFWLRQ ���� 6XSSRVH WKDW LQVWHDG RI DEVWUDFW SUH� DQG

SRVWFRQGLWLRQV� DVVHUWLRQV DUH H[SUHVVHG �IRUPDOO\ RU LQ�
IRUPDOO\� GLUHFWO\ LQ WHUPV RI WKH LQWHUQDO UHSUHVHQWDWLRQ

YDOXHV RI DOO SDUWLFLSDWLQJ REMHFWV� DQG WKDW FKHFNV DUH

SHUIRUPHG GLUHFWO\ RQ WKRVH LQWHUQDO YDOXHV� ,Q RXU

IUDPHZRUN� WKLV VLWXDWLRQ FDQ EH YLHZHG DV WKH GHJHQHUDWH

FDVH LQ ZKLFK WKH DEVWUDFW DQG FRQFUHWH UHSUHVHQWDWLRQ

VSDFHV DUH LGHQWLFDO DQG WKH PRGHO FRQYHUVLRQ RSHUDWLRQV
DUH LGHQWLW\ WUDQVIRUPDWLRQV� ,Q WKLV FDVH� WKH DSSURDFK

UHGXFHV WR UHSUHVHQWDWLRQ�GHSHQGHQW YLRODWLRQ GHWHFWLRQ�

�� &KDQJH W\SH GHFODUDWLRQV� XVHG WR EH�
�� W\SHGHI 3ULRULWL]HUB� � � � � !
�� 6WXGHQWB5HFRUGB3ULRULWL]HU�
W\SHGHI 7ZRB:D\B&KHFNLQJB3ULRULWL]HU �

6WXGHQWB5HFRUG� � � � !
6WXGHQWB5HFRUGB3ULRULWL]HU�

�� 1R FKDQJH QHHGHG WR GHFODUDWLRQV
6WXGHQWB5HFRUGB3ULRULWL]HU S�

��1R FKDQJH QHHGHG WR PHWKRG LQYRFDWLRQV
������

S�,QVHUW�U��

)LJXUH �¥&KDQJHV WR &DOOLQJ &RPSRQHQWV

WHPSODWH �FODVV (QWU\B:LWKB0RGHO�
LQW 0D[B6L]H� FODVV 0RGHOB2IB(QWU\�
FODVV 0RGHOB2IB3ULRULWL]HU�
FODVV :UDSSHGB3ULRULWL]HU�
FODVV 7ZRB:D\B&KHFNHUVB)RUB3ULRULWL]HU!

YRLG 7ZRB:D\B&KHFNLQJB3ULRULWL]HU
�(QWU\B:LWKB0RGHO� 0D[B6L]H�
0RGHOB2IB(QWU\� 0RGHOB2IB3ULRULWL]HU�
:UDSSHGB3ULRULWL]HU�
7ZRB:D\B&KHFNHUVB)RUB3ULRULWL]HU!��

,QVHUW �(QWU\B:LWKB0RGHO	 [� ^
0RGHOB2IB3ULRULWL]HU ROGBS� QHZBS�
0RGHOB2IB(QWU\ ROGB[� QHZB[�

D3ULRULWL]HU�&RQYHUWB7RB0RGHO �ROGBS��
ROGBS�&RS\B7R �QHZBS��

[�&RQYHUWB7RB0RGHO �ROGB[��
ROGB[�&RS\B7R �QHZB[��

LI ��FKHFN�,QVHUWB3UHFRQGLWLRQ �
ROGBS��

FHUU �� �3UHFRQGLWLRQ IRU �
�� �,QVHUW YLRODWHG�?Q��

HOVH ^
LI ��FKHFN�,QYDULDQW �ROGBS��

FHUU �� �,QYDULDQW YLRODWHG �
�� �HQWHULQJ ,QVHUW�?Q��

D3ULRULWL]HU�&RQYHUWB)URPB0RGHO�QHZBS��
[�&RQYHUWB)URPB0RGHO �QHZB[��
D3ULRULWL]HU�,QVHUW �[��

D3ULRULWL]HU�&RQYHUWB7RB0RGHO�QHZBS��
[�&RQYHUWB7RB0RGHO �QHZB[��

LI ��FKHFN�,QYDULDQW �QHZBS��
FHUU �� �,QYDULDQW YLRODWHG �

�� �H[LWLQJ ,QVHUW�?Q��
LI ��FKHFN�,QVHUWB3RVWFRQGLWLRQ �

QHZBS� ROGBS� QHZB[� ROGB[��
FHUU �� �(QVXUHV &RQGLWLRQ )RU �

�� �,QVHUW 9LRODWHG?Q��
`
D3ULRULWL]HU�&RQYHUWB)URPB0RGHO �QHZBS��
[�&RQYHUWB)URPB0RGHO �QHZB[��

`

)LJXUH �¥*HQHUDWHG &�� ,PSOHPHQWDWLRQ IRU 7ZRB:D\B&KHFNLQJB3ULRULWL]HU��,QVHUW



H[FHSW WKDW WKH JHQHUDWHG ZUDSSHU FRPSRQHQWV SURYLGH D

PHFKDQLVP IRU VHSDUDWLQJ FKHFNLQJ FRGH IURP WKH FRP�

SRQHQW FRGH� ,W LV LPSRUWDQW WR QRWH WKDW IRU WHPSODWH
FRPSRQHQWV� LW LV XVXDOO\ QRW SRVVLEOH WR DVVXPH DFFHVV WR

WKH LQWHUQDO UHSUHVHQWDWLRQV RI REMHFWV RI D SDUDPHWULF

W\SH� LQ VXFK D FDVH� WKH IUDPHZRUN FDQ EH XVHG WR FRP�

ELQH UHSUHVHQWDWLRQ�GHSHQGHQW DQG UHSUHVHQWDWLRQ�

LQGHSHQGHQW VWUDWHJLHV� ,Q WKLV VHQVH� WKH SUHVHQW SURSRVDO

IRU LQWHUIDFH YLRODWLRQV LV TXLWH JHQHUDO�

�� &RPSDULVRQ�ZLWK�SUHYLRXV�ZRUN

7KH UHVSRQVLELOLWLHV IRU LQWHUIDFH YLRODWLRQV LQ RXU
IUDPHZRUN LV SUREDEO\ EHVW H[SOLFDWHG E\ %HUWUDQG 0H\HU

DV WKH GHVLJQ�E\�FRQWUDFW QRWLRQ >�@� SUH�FRQGLWLRQV RI

RSHUDWLRQV DUH REOLJDWLRQV RQ FDOOHUV DQG SRVW�FRQGLWLRQV

DUH REOLJDWLRQV RQ LPSOHPHQWHUV ZKR PD\ DVVXPH WKDW WKH

SUH�FRQGLWLRQV KROG DW WKH WLPH RI LQYRFDWLRQ� :H KDYH

ORQJ IROORZHG WKLV DSSURDFK� DQG LWV URRWV JR EDFN DW OHDVW
DV IDU DV 3DUQDV >��@� $UJXPHQWV IRU PDNLQJ SUH�

FRQGLWLRQV WKH UHVSRQVLELOLW\ RI WKH FDOOHU DUH FRPSHOOLQJ

EHFDXVH WKH LQWHQW LV WR GHILQH WKH YDOLG GRPDLQ RI LQSXWV

DQG DOORZ LPSOHPHQWHUV WR DVVXPH WKDW WKH FRQGLWLRQV

KROG RQ LQSXWV� +RZHYHU� WKLV DVVLJQPHQW RI UHVSRQVL�

ELOLWLHV LV QHLWKHU REYLRXV QRU XQLYHUVDO� /LVNRY DQG *XW�
WDJ >�@ DQG 3HUU\ >��@� IRU H[DPSOH� SURSRVH GLIIHUHQW

DVVLJQPHQWV RI UHVSRQVLELOLWLHV IRU KDQGOLQJ LQWHUIDFH

YLRODWLRQV EHWZHHQ VRIWZDUH PRGXOHV� ZKHUHE\

LPSOHPHQWHUV RI PRGXOHV DUH UHVSRQVLEOH IRU GHWHFWLQJ

VRPH RU DOO LQWHUIDFH YLRODWLRQV�

7KH FRQWULEXWLRQ RI WKLV SDSHU LV D IUDPHZRUN WKDW
DOORZV LQWHUIDFH YLRODWLRQ FKHFNLQJ FRGH WR EH NHSW VHSD�

UDWH IURP� DQG WKHUHIRUH LQGHSHQGHQW RI� ERWK WKH FOLHQW©V

DQG WKH FRPSRQHQW©V FRGH� 8VLQJ WHPSODWHV� WKH IUDPH�

ZRUN DVVLJQV WKH GHWHFWLRQ RI YLRODWLRQV WR VHSDUDWH�

KLJKO\ UHXVDEOH� VRIWZDUH FRPSRQHQWV ZKLFK FDQ HDVLO\ EH
LQFRUSRUDWHG RU QRW LQ SOXJ�DQG�SOD\ IDVKLRQ�

7KH DVVHUWLRQ FKHFNLQJ DSSURDFK GHVFULEHG E\ 5R�

VHQEOXP >��@ DQG WKH $QQRWDWLRQ 3UH�3URFHVVRU �$33�

WKDW LPSOHPHQWV WKH DSSURDFK IRU & SURJUDPV KDYH PXFK

LQ FRPPRQ ZLWK WKH REMHFWLYHV RI RXU IUDPHZRUN� 7KH

$33 DOORZV DVVHUWLRQV WR EH HPEHGGHG LQ SURJUDPV¥LQ�
FOXGLQJ SUH� DQG SRVWFRQGLWLRQV WKDW QHHG WR EH H[SUHVVHG

LQ DQ LPSOHPHQWDWLRQ�LQGHSHQGHQW IRUP DV H[HFXWDEOH &

FRGH¥DQG FRPELQHV VHSDUDWHO\ SURYLGHG FRGH IRU

FKHFNLQJ WKRVH DVVHUWLRQV WR SURGXFH ¦FKHFNLQJ§ YHUVLRQV

RI FRGH� 7KH DVVHUWLRQV FDQ EH DVVLJQHG GLIIHUHQW OHYHOV

RI LPSRUWDQFH� DQG WKH WRRO FDQ EH LQVWUXFWHG WR LQFOXGH
DVVHUWLRQ FKHFNLQJ DW VHOHFWHG OHYHOV� 8QOLNH RXU IUDPH�

ZRUN� KRZHYHU� WKH $33 DSSURDFK GRHV QRW GLVWLQJXLVK

DEVWUDFW DQG FRQFUHWH YDOXHV RI REMHFWV DQG LQ WKLV VHQVH LV

DQ LPSOHPHQWDWLRQ RI WKH ILUVW GHVLJQ FKRLFH SUHVHQWHG LQ

6HFWLRQ ���� ,Q DGGLWLRQ WR WKH XVH RI PDWKHPDWLFDO PRG�
HOV� RXU IUDPHZRUN DOVR GLIIHUV IURP DQG LV FRPSOHPHQ�

WDU\ WR WKH $33 LQ WKDW RXU IRFXV LV DW WKH OHYHO RI REMHFW�

EDVHG FRPSRQHQWV DQG WKDW WKH YLRODWLRQ FKHFNLQJ FRGH LV

VHSDUDWHG WKURXJK WHPSODWH SDUDPHWHUV�

(LIIHO SURYLGHV DQRWKHU ZHOO�NQRZQ DSSURDFK IRU SUH�
DQG SRVWFRQGLWLRQ FKHFNLQJ DW UXQWLPH >��@� 8QOLNH RXU

JHQHUDWRU� (LIIHO DOVR UHOLHV RQ WKH FRPSLOHU WR JHQHUDWH

YLRODWLRQ GHWHFWLRQ FRGH GLUHFWO\ IURP SUH� DQG SRVWFRQ�

GLWLRQV� 7R PDNH WKLV SRVVLEOH� (LIIHO QHFHVVDULO\ UHTXLUHV

WKH FDSWXUHG FRQGLWLRQV WR EH VLPSOH� DW WKH ULVN RI LPSUH�

FLVHQHVV� )RU H[DPSOH� LQ VSHFLI\LQJ WKH ,QVHUW RSHUD�

WLRQ RI 3ULRULWL]HU LQ (LIIHO� WKH PRVW OLNHO\ SRVW�

FRQGLWLRQ LV WKDW WKH VL]H RI WKH SULRULWL]HU ZRXOG EH RQH

ODUJHU DIWHU FDOOLQJ ,QVHUW� 0LVVLQJ LQ WKLV GHVFULSWLRQ

LV WKH LPSRUWDQW SDUW RI WKH SRVWFRQGLWLRQ WKDW WKH SULRUL�

WL]HU DIWHU WKH RSHUDWLRQ FRQWDLQV DOO WKH LWHPV LW KDG EH�
IRUH SOXV WKH QHZO\ DGGHG LWHP� &RPSOH[ DVVHUWLRQV VXFK

DV WKHVH FDQQRW HDVLO\ EH SKUDVHG LQ (LIIHO �QRWH WKH TXDQ�

WLILHU LQ )LJXUH ��� DQG DXWRPDWLFDOO\ JHQHUDWLQJ FRGH WR

FRQILUP VXFK EHKDYLRU LV EH\RQG WKH FDSDFLW\ RI WKDW ODQ�

JXDJH� $OVR LQ (LIIHO� DVVHUWLRQV W\SLFDOO\ DUH H[SUHVVHG

DQG FKHFNHG XVLQJ WKH VHFRQG GHVLJQ FKRLFH GLVFXVVHG LQ
6HFWLRQ ���� WKH OLPLWDWLRQV RI WKLV GHVLJQ GHFLVLRQ LQFOXGH

FDOOLQJ SRWHQWLDOO\ LQFRUUHFW RSHUDWLRQV LQ FKHFNLQJ WKH

FRUUHFWQHVV RI RWKHU RSHUDWLRQV�

7KH FKHFNLQJ ZUDSSHU DSSURDFK DQG WKH IUDPHZRUN

SUHVHQWHG KHUH DOVR VLJQLILFDQWO\ GLIIHU IURP DSSURDFKHV

IRU VSHFLILFDWLRQ�EDVHG WHVWLQJ RI REMHFW�EDVHG DQG SURFH�
GXUDO VRIWZDUH FRPSRQHQWV LQ WKH OLWHUDWXUH >�� �� �� ��@�

:KLOH IHZ DSSURDFKHV IRU WHVWLQJ GLVWLQJXLVK DEVWUDFW DQG

FRQFUHWH YDOXHV RI REMHFWV� PRVW RI WKHP GR QRW DGGUHVV

WKH LVVXHV RI VHSDUDWLQJ YLRODWLRQ FKHFNLQJ FRGH RU XVH RI

WHPSODWHV LQ KDQGOLQJ VXFK VHSDUDWLRQ�

�� 6WDWXV�DQG�FRQFOXVLRQV

7KH LQWHUIDFH YLRODWLRQ GHWHFWLRQ VWUDWHJ\ GHVFULEHG

KHUH LV DSSOLFDEOH DQ\ZKHUH GHIHQVLYH FRPSRQHQWV DUH
DSSURSULDWH� ,Q SDUWLFXODU� RQH�ZD\ DQG WZR�ZD\ FKHFN�

LQJ ZUDSSHUV IDFLOLWDWH ERWK XQLW DQG LQWHJUDWLRQ WHVWLQJ� DV

ZHOO DV GHEXJJLQJ >��@� %\ HQFDVLQJ VHOHFWHG FRPSR�

QHQWV LQVLGH FKHFNLQJ ZUDSSHUV� LQWHUIDFH FRQIRUPDQFH

FDQ EH FKHFNHG G\QDPLFDOO\ DW UXQ�WLPH� DOORZLQJ LQWHU�

IDFH YLRODWLRQV WR EH V\VWHPDWLFDOO\ LGHQWLILHG DQG UH�
SRUWHG� )XUWKHU� XVLQJ WKH VWUDWHJ\ GHVFULEHG KHUH� LW LV

SRVVLEOH WR JHQHUDWH FKHFNLQJ ZUDSSHUV LQ SDUDOOHO ZLWK

�RU HYHQ SULRU WR� FRPSRQHQW LPSOHPHQWDWLRQ� VLQFH RQO\

WKH FRPSRQHQW LQWHUIDFH LV UHTXLUHG� $IWHU YHULILFDWLRQ DQG

YDOLGDWLRQ DUH FRPSOHWH� FKHFNLQJ ZUDSSHUV FDQ EH HDVLO\

UHPRYHG ZKHUH DSSURSULDWH�
7KRXJK ZH KDYH FRQFHQWUDWHG RQ D VLQJOH FRPSRQHQW

LQ WKLV SDSHU� WKH VLJQLILFDQFH RI WKH DSSURDFK EHFRPHV

DSSDUHQW ZKHQ LW LV HPSOR\HG LQ FRPSRQHQW�EDVHG V\V�

WHPV� :KHQ D QHZ FRPSRQHQW LV DGGHG WR DQ H[LVWLQJ

V\VWHP� LW LV HQFDVHG LQ D WZR�ZD\ FKHFNLQJ ZUDSSHU�
$Q\ GHIHFWV LQ WKH LQWHUDFWLRQV EHWZHHQ WKH V\VWHP DQG

WKH QHZ FRPSRQHQW DUH UHYHDOHG E\ WKH ZUDSSHU� $IWHU D



VXLWDEOH WLPH KDV HODSVHG DQG WKH QHZ FRPSRQHQW EH�

FRPHV PRUH WUXVWZRUWK\� WKH WZR�ZD\ ZUDSSHU FDQ EH

H[FKDQJHG IRU D RQH�ZD\ ZUDSSHU WR GHWHFW DQ\ PLVXVHV
E\ DGGLWLRQDO FRPSRQHQWV LQWURGXFHG LQ WKH IXWXUH� 7KLV

LWHUDWLYH SURFHVV FRQWLQXHV XQWLO WKH V\VWHP LV UHDG\ WR EH

VKLSSHG� DW ZKLFK WLPH DOO RI WKH UHPDLQLQJ ZUDSSHUV DUH

UHPRYHG �H[FHSW PD\EH IRU RQH�ZD\ FKHFNLQJ ZUDSSHUV

IRU FRPSRQHQWV WKDW DUH LQ GLUHFW FRQWDFW ZLWK XVHUV WR

UHSRUW XVHU YLRODWLRQV��
7KH JHQHUDWRU GLVFXVVHG LQ WKLV SDSHU FXUUHQWO\ KDQ�

GOHV 5(62/9( VSHFLILFDWLRQV DV LQSXWV DQG JHQHUDWHV

&�� WHPSODWH FRGH DV RXWSXW� :H KDYH DSSOLHG WKH JHQ�

HUDWRU RQ VHYHUDO OD\HUHG 5(62/9(�&�� WHPSODWH FRP�

SRQHQWV� 6LQFH WKH XQGHUO\LQJ SULQFLSOHV DUH LQGHSHQGHQW
RI ERWK WKH VSHFLILFDWLRQ DQG LPSOHPHQWDWLRQ ODQJXDJHV�

VLPLODU WRROV FDQ EH HDVLO\ GHYHORSHG IRU RWKHU ODQJXDJHV�

)RU WKH LQWHUHVWHG UHDGHU� WKH IXOO WH[W RI WKH VDPSOH FRP�

SRQHQW SUHVHQWHG KHUH� DV ZHOO DV WKH ZUDSSHU WHPSODWHV

FUHDWHG E\ WKH JHQHUDWRU IRU VLQJOH FRPSRQHQWV DQG V\V�

WHPV� KDYH EHHQ PDGH DYDLODEOH RQ�OLQH DW

KWWS���ZZZ�FV�ZYX�HGX�aUHVROYH�ZUDSSHUV� $Q�

HFGRWDO HYLGHQFH LQGLFDWHV WKDW XVLQJ WKHVH FKHFNLQJ FRP�

SRQHQWV GXULQJ XQLW GHYHORSPHQW� XQLW WHVWLQJ� V\VWHP
LQWHJUDWLRQ DQG V\VWHP WHVWLQJ FRQWULEXWHV VLJQLILFDQWO\ WR

UHYHDOLQJ GHIHFWV DQG WR GUDVWLFDOO\ UHGXFLQJ WKH HIIRUW

UHTXLUHG IRU V\VWHP LQWHJUDWLRQ DQG V\VWHP WHVWLQJ�

0RGHUQ SURJUDPPLQJ ODQJXDJHV VXFK DV $GD� &���

DQG -DYD HQFRXUDJH VHSDUDWLRQ RI LQWHUIDFHV IURP LPSOH�

PHQWDWLRQV DQG FRQVWUXFWLRQ RI OD\HUHG� REMHFW�EDVHG
WHPSODWHV� 7\SLFDO V\VWHPV EXLOW LQ WKHVH ODQJXDJHV FRQ�

WDLQ FRPSRQHQWV GHYHORSHG E\ PXOWLSOH YHQGRUV� EULQJLQJ

LQWR TXHVWLRQ WKH UHOLDELOLW\ RI WKH RYHUDOO V\VWHP� ,Q WKLV

SDSHU� ZH KDYH GHVFULEHG D V\VWHPDWLF DSSURDFK IRU LGHQ�

WLI\LQJ DQG LVRODWLQJ LQWHUIDFH YLRODWLRQV LQ VXFK FRPSR�
QHQW�EDVHG V\VWHPV� 7KH SURSRVHG DSSURDFK LV GHVLJQHG

WR WDNH DGYDQWDJH RI VLWXDWLRQV ZKHQ DEVWUDFW LQWHUIDFH

VSHFLILFDWLRQV DUH DYDLODEOH� EXW ZRUNV HTXDOO\ ZHOO LQ

WKHLU DEVHQFH� ,PSOHPHQWDWLRQ DQG H[SHULPHQWDWLRQ ZLWK

D JHQHUDWRU IRU SURGXFLQJ YLRODWLRQ�FKHFNLQJ ZUDSSHUV

FRQILUP WKH SUDFWLFDO EHQHILWV RI WKH DSSURDFK�

$FNQRZOHGJHPHQWV

:H JUDWHIXOO\ DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW

IURP RXU RZQ LQVWLWXWLRQV� IURP WKH 1DWLRQDO 6FLHQFH

)RXQGDWLRQ XQGHU JUDQW &&5��������� IURP WKH 'HIHQVH

$GYDQFHG 5HVHDUFK 3URMHFWV $JHQF\ XQGHU SURMHFW QXP�

EHU '$$+������������ PRQLWRUHG E\ WKH 8�6� $UP\

5HVHDUFK 2IILFH� DQG IURP 1$6$ XQGHU JUDQW 1&& ��
���� $Q\ RSLQLRQV� FRQFOXVLRQV RU UHFRPPHQGDWLRQV

H[SUHVVHG LQ WKLV SDSHU DUH WKRVH RI WKH DXWKRUV DQG GR QRW

QHFHVVDULO\ UHIOHFW WKH YLHZV RI 16) RU WKH 8�6� 'HSDUW�

PHQW RI 'HIHQVH�
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