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,Q WKLV SDSHU� ZH DUJXH IRU HPERGLHG FRQYHUVDWLRQDO

FKDUDFWHUV DV WKH ORJLFDO H[WHQVLRQ RI WKH PHWDSKRU RI

KXPDQ ¤ FRPSXWHU LQWHUDFWLRQ DV D FRQYHUVDWLRQ� :H DUJXH

WKDW WKH RQO\ ZD\ WR IXOO\ PRGHO WKH ULFKQHVV RI KXPDQ IDFH�

WR�IDFH FRPPXQLFDWLRQ LV WR UHO\ RQ FRQYHUVDWLRQDO DQDO\VLV

WKDW GHVFULEHV VHWV RI FRQYHUVDWLRQDO EHKDYLRUV DV IXOILOOLQJ

FRQYHUVDWLRQDO IXQFWLRQV� ERWK LQWHUDFWLRQDO DQG

SURSRVLWLRQDO� :H GHPRQVWUDWH KRZ WR LPSOHPHQW WKLV

DSSURDFK LQ 5HD� DQ HPERGLHG FRQYHUVDWLRQDO DJHQW WKDW LV

FDSDEOH RI ERWK PXOWLPRGDO LQSXW XQGHUVWDQGLQJ DQG RXWSXW

JHQHUDWLRQ LQ D OLPLWHG DSSOLFDWLRQ GRPDLQ� 5HD VXSSRUWV

ERWK VRFLDO DQG WDVN�RULHQWHG GLDORJXH� :H GLVFXVV LVVXHV

WKDW QHHG WR EH DGGUHVVHG LQ FUHDWLQJ HPERGLHG

FRQYHUVDWLRQDO DJHQWV� DQG GHVFULEH WKH DUFKLWHFWXUH RI WKH

5HD LQWHUIDFH�

.H\ZRUGV

&RQYHUVDWLRQDO &KDUDFWHUV� 0XOWLPRGDO ,QSXW� ,QWHOOLJHQW

$JHQWV� 0XOWLPRGDO 2XWSXW

,1752'8&7,21

7KH PHWDSKRU RI IDFH�WR�IDFH FRQYHUVDWLRQ KDV EHHQ

VXFFHVVIXOO\ DSSOLHG WR KXPDQ�LQWHUIDFH GHVLJQ IRU TXLWH

VRPH WLPH� 2QH RI WKH HDUO\ GHVFULSWLRQV RI WKLV PHWDSKRU

JDYH D OLVW RI IHDWXUHV RI IDFH�WR�IDFH FRQYHUVDWLRQ WKDW

FRXOG EH IUXLWIXOO\ DSSOLHG WR +&,� LQFOXGLQJ PL[HG

LQLWLDWLYH� QRQ�YHUEDO FRPPXQLFDWLRQ� VHQVH RI SUHVHQFH�

UXOHV IRU WUDQVIHU RI FRQWURO� DQG VR IRUWK >�@� +RZHYHU�

DOWKRXJK WKHVH IHDWXUHV KDYH JDLQHG ZLGHVSUHDG UHFRJQLWLRQ�

KXPDQ ¤ FRPSXWHU FRQYHUVDWLRQ KDV QHYHU EHFRPH PRUH

WKDQ D PHWDSKRU� 7KDW LV� GHVLJQHUV KDYH QRW WDNHQ WKH

PHWDSKRU VHULRXVO\ LQ VXFK D ZD\ DV WR GHVLJQ D FRPSXWHU

WKDW FRXOG KROG XS LWV HQG RI WKH FRQYHUVDWLRQ�

,Q WKH FXUUHQW SDSHU ZH DUJXH WKDW ZKLOH WKLV PHWDSKRU KDV

EHHQ XVHIXO WR +&,� LWV XVH WR GDWH KDV EHHQ MXVW WKDW� D

PHWDSKRU� :H EHOLHYH WKDW LQWHUIDFHV WKDW DUH WUXO\

FRQYHUVDWLRQDO KDYH WKH SURPLVH RI EHLQJ PRUH LQWXLWLYH WR

OHDUQ� PRUH UHVLVWDQW WR FRPPXQLFDWLRQ EUHDNGRZQ� DQG

PRUH IXQFWLRQDO LQ KLJK QRLVH HQYLURQPHQWV� 7KHUHIRUH� ZH

SURSRVH WR OHYHUDJH WKH IXOO EUHDGWK DQG SRZHU RI KXPDQ

FRQYHUVDWLRQDO FRPSHWHQF\ E\ LPEXLQJ WKH FRPSXWHU ZLWK

DOO RI WKH FRQYHUVDWLRQDO VNLOOV WKDW KXPDQV KDYH� WR ZKLW�

WKH DELOLW\ WR XVH WKH IDFH� KDQGV� DQG PHORG\ RI WKH YRLFH WR

UHJXODWH WKH SURFHVV RI FRQYHUVDWLRQ� DV ZHOO DV WKH DELOLW\ WR

XVH YHUEDO DQG QRQYHUEDO PHDQV WR FRQWULEXWH FRQWHQW WR WKH

RQJRLQJ FRQYHUVDWLRQ�

,Q DGGLWLRQ� ZH DUJXH WKDW WKH RQO\ ZD\ WR DFFRPSOLVK VXFK

D JRDO RI HPERG\LQJ WKH LQWHUIDFH LV WR LPSOHPHQW D PRGHO

RI FRQYHUVDWLRQDO IXQFWLRQ� 7KLV PHDQV WKDW SDUWLFXODU

FRQYHUVDWLRQDO EHKDYLRUV �VXFK DV KHDG QRGV DQG

H[SUHVVLRQV RI DJUHHPHQW� DUH JHQHUDWHG DQG XQGHUVWRRG LQ

WHUPV RI WKH IXQFWLRQV WKDW WKH\ IXOILOO LQ WKH RQJRLQJ

FRQYHUVDWLRQ �VXFK DV ¨WDNH WXUQ©� ¨FRQWULEXWH QHZ

LQIRUPDWLRQ©��

7R SURYLGH D SUDFWLFDO H[DPSOH RI WKLV DSSURDFK� ZH SUHVHQW

5HD� DQ HPERGLHG FRQYHUVDWLRQDO DJHQW ZKRVH YHUEDO DQG

QRQYHUEDO EHKDYLRUV DUH GHVLJQHG LQ WHUPV RI FRQYHUVDWLRQDO

IXQFWLRQV� 5HD LV QRW GHVLJQHG ZLWK WKH PHWDSKRU RI WKH

LQWHUIDFH DV D FRQYHUVDWLRQ� EXW DFWXDOO\ LPSOHPHQWV WKH

VRFLDO� OLQJXLVWLF� DQG SV\FKRORJLFDO FRQYHQWLRQV RI

FRQYHUVDWLRQ� 5HD GLIIHUV IURP RWKHU GLDORJXH V\VWHPV� DQG

RWKHU FRQYHUVDWLRQDO DJHQWV LQ WKUHH ZD\V�



x 5HD KDV D KXPDQ�OLNH ERG\� DQG XVHV KHU ERG\ LQ

KXPDQ�OLNH ZD\V GXULQJ WKH FRQYHUVDWLRQ� 7KDW LV� VKH

XVHV H\H JD]H� ERG\ SRVWXUH� KDQG JHVWXUHV� DQG IDFLDO

GLVSOD\V WR RUJDQL]H DQG UHJXODWH WKH FRQYHUVDWLRQ�

x 7KH XQGHUO\LQJ DSSURDFK WR FRQYHUVDWLRQDO

XQGHUVWDQGLQJ DQG JHQHUDWLRQ LQ 5HD LV EDVHG RQ

GLVFRXUVH IXQFWLRQV� 7KXV� HDFK RI WKH XVHUV© LQSXWV DUH

LQWHUSUHWHG LQ WHUPV RI WKHLU FRQYHUVDWLRQDO IXQFWLRQ

DQG UHVSRQVHV DUH JHQHUDWHG DFFRUGLQJ WR WKH GHVLUHG

IXQFWLRQ WR EH IXOILOOHG� 6XFK PRGHOV KDYH EHHQ

GHVFULEHG IRU RWKHU FRQYHUVDWLRQDO V\VWHPV� IRU

H[DPSOH %UHQQDQ DQG +XOWHHQ GHVFULEH D JHQHUDO

IUDPHZRUN IRU DSSO\LQJ FRQYHUVDWLRQDO WKHRU\ WR

VSHHFK LQWHUIDFHV >�@� 2XU ZRUN H[WHQGV WKLV E\

GHYHORSLQJ D FRQYHUVDWLRQDO PRGHO WKDW WKDW UHOLHV RQ

WKH IXQFWLRQ RI QRQ�YHUEDO EHKDYLRUV DV ZHOO DV VSHHFK�

DQG WKDW PDNHV H[SOLFLW WKH LQWHUDFWLRQDO DQG

SURSRVLWLRQDO FRQWULEXWLRQ RI WKHVH FRQYHUVDWLRQDO

EHKDYLRUV�

x 5HD LV EHLQJ GHVLJQHG WR UHVSRQG WR YLVXDO� DXGLR DQG

VSHHFK FXHV QRUPDOO\ XVHG LQ IDFH WR IDFH FRQYHUVDWLRQ�

VXFK DV VSHHFK� VKLIWV LQ JD]H� JHVWXUH� DQG QRQ�VSHHFK

DXGLR �IHHGEDFN VRXQGV�� 6KH LV EHLQJ GHVLJQHG WR

JHQHUDWH WKHVH FXHV� HQVXULQJ D IXOO V\PPHWU\ EHWZHHQ

LQSXW DQG RXWSXW PRGDOLWLHV� 7KLV LV D VWHS WRZDUGV

HQDEOLQJ 5HD WR SDUWLFLSDWH RQ PRUH RI DQ HTXDO IRRWLQJ

ZLWK WKH XVHU LQ D KXPDQ�FRPSXWHU FRQYHUVDWLRQ�

'HYHORSLQJ DQ HPERGLHG FRQYHUVDWLRQDO DJHQW LV D FRPSOH[

HQGHDYRU WKDW GUDZV RQ PDQ\ ILHOGV� :H EHJLQ WKLV SDSHU E\

GHVFULELQJ VHYHUDO PRWLYDWLRQV IRU EXLOGLQJ HPERGLHG

FRQYHUVDWLRQDO DJHQWV� :H WKHQ UHYLHZ SDVW ZRUN LQ UHOHYDQW

+&, DUHDV� DQG LQ VHYHUDO WKHRULHV RI FRQYHUVDWLRQ�

([DPLQDWLRQ RI WKHVH WKHRULHV OHDGV XV WR EHOLHYH WKDW D

FRQYHUVDWLRQDO IXQFWLRQ DSSURDFK PD\ EH WKH PRVW

DSSURSULDWH IRU D FRQYHUVDWLRQDO DJHQW� :H WKHQ SUHVHQW

5HD� DQG GHVFULEH KRZ ZH KDYH EHJXQ WR LPSOHPHQW

FRQYHUVDWLRQDO IXQFWLRQ LQ DQ HPERGLHG LQWHUIDFH DJHQW�

0RWLYDWLRQ

(PERGLHG FRQYHUVDWLRQDO DJHQWV PD\ EH GHILQHG DV WKRVH

WKDW KDYH WKH VDPH SURSHUWLHV DV KXPDQV LQ IDFH�WR�IDFH

FRQYHUVDWLRQ� LQFOXGLQJ�

x 7KH DELOLW\ WR UHFRJQL]H DQG UHVSRQG WR YHUEDO DQG

QRQ�YHUEDO LQSXW

x 7KH DELOLW\ WR JHQHUDWH YHUEDO DQG QRQ�YHUEDO RXWSXW�

x 7KH XVH RI FRQYHUVDWLRQDO IXQFWLRQV VXFK DV WXUQ

WDNLQJ� IHHGEDFN� DQG UHSDLU PHFKDQLVPV�

x $ SHUIRUPDQFH PRGHO WKDW DOORZV FRQWULEXWLRQV

ZKRVH UROH LV WR QHJRWLDWH FRQYHUVDWLRQDO SURFHVV� DV

ZHOO DV FRQWULEXWLRQV ZKRVH UROH LV WR FRQWULEXWH QHZ

SURSRVLWLRQV WR WKH GLVFRXUVH�

7KHUH DUH D QXPEHU RI PRWLYDWLRQV IRU GHYHORSLQJ LQWHUIDFHV

ZLWK WKHVH DWWULEXWHV� LQFOXGLQJ�

,QWXLWLYHQHVV� &RQYHUVDWLRQ LV DQ LQWULQVLFDOO\

KXPDQ VNLOO WKDW LV OHDUQHG RYHU \HDUV RI GHYHORSPHQW DQG LV

SUDFWLFHG GDLO\� &RQYHUVDWLRQDO LQWHUIDFHV SURYLGH DQ

LQWXLWLYH SDUDGLJP IRU LQWHUDFWLRQ� VLQFH WKH XVHU LV QRW

UHTXLUHG WR OHDUQ QHZ VNLOOV�

5HGXQGDQF\ DQG 0RGDOLW\ 6ZLWFKLQJ� (PERGLHG

FRQYHUVDWLRQDO LQWHUIDFHV VXSSRUW UHGXQGDQF\ DQG

FRPSOHPHQWDULW\ EHWZHHQ LQSXW PRGHV� 7KLV DOORZV WKH XVHU

DQG V\VWHP WR LQFUHDVH UHOLDELOLW\ E\ FRQYH\LQJ LQIRUPDWLRQ

LQ PRUH WKDQ RQH PRGDOLW\� DQG WR LQFUHDVH H[SUHVVLYHQHVV

E\ XVLQJ HDFK PRGDOLW\ IRU WKH W\SH RI H[SUHVVLRQ LW LV PRVW

VXLWHG WR�

7KH 6RFLDO 1DWXUH RI WKH ,QWHUDFWLRQ� :KHWKHU RU

QRW FRPSXWHUV ORRN KXPDQ� SHRSOH DWWULEXWH WR WKHP KXPDQ�

OLNH SURSHUWLHV VXFK DV IULHQGOLQHVV� RU FRRSHUDWLYHQHVV >��@�

$Q HPERGLHG FRQYHUVDWLRQDO LQWHUIDFH FDQ WDNH DGYDQWDJH

RI WKLV DQG SURPSW WKH XVHU WR QDWXUDOO\ HQJDJH WKH

FRPSXWHU LQ KXPDQ�OLNH FRQYHUVDWLRQ� ,I WKH LQWHUIDFH LV

ZHOO�GHVLJQHG WR UHSO\ WR VXFK FRQYHUVDWLRQ� WKH LQWHUDFWLRQ

PD\ EH LPSURYHG

$V ZH VKDOO VKRZ LQ WKH QH[W VHFWLRQ� WKHUH KDV EHHQ

VLJQLILFDQW UHVHDUFK LQ WKH DUHDV RI FRQYHUVDWLRQDO DQDO\VLV

DQG PXOWLPRGDO LQWHUIDFHV� +RZHYHU WKHUH KDV EHHQ OLWWOH

ZRUN LQ WKH UHFRJQLWLRQ DQG XVH RI FRQYHUVDWLRQDO FXHV IRU

FRQYHUVDWLRQDO LQWHUIDFHV� RU WKH GHYHORSPHQW RI

FRPSXWDWLRQDO FRQYHUVDWLRQDO PRGHOV WKDW VXSSRUW QRQ�

VSHHFK LQSXW DQG RXWSXW� $ SULPH PRWLYDWLRQ IRU RXU ZRUN LV

WKH EHOLHI WKDW HIIHFWLYH HPERGLHG FRQYHUVDWLRQDO LQWHUIDFHV

FDQQRW EH EXLOW ZLWKRXW DQ XQGHUVWDQGLQJ RI YHUEDO DQG QRQ�

YHUEDO FRQYHUVDWLRQDO FXHV� DQG WKHLU IXQFWLRQ LQ

FRQYHUVDWLRQ�

5(/$7(' :25.

7KHUH DUH PDQ\ FKDOOHQJHV WKDW PXVW EH RYHUFRPH EHIRUH

HPERGLHG FRQYHUVDWLRQDO LQWHUIDFHV UHDFK WKHLU IXOO

SRWHQWLDO� 7KHVH UDQJH IURP ORZ�OHYHO LVVXHV VXFK DV

FDSWXULQJ XVHU LQSXW WR KLJK OHYHO SUREOHPV VXFK DV DJHQW

SODQQLQJ DQG GLDORJXH JHQHUDWLRQ� ,Q WKLV VHFWLRQ ZH UHYLHZ

UHODWHG ZRUN LQ WKUHH DUHDV� PXOWLPRGDO LQWHUIDFHV� PRGHOV

RI FRQYHUVDWLRQ� DQG FRQYHUVDWLRQDO DJHQW LQWHUIDFHV�

0XOWLPRGDO ,QWHUIDFHV

(PERGLHG FRQYHUVDWLRQDO DJHQWV DUH VLPLODU WR PXOWLPRGDO

V\VWHPV LQ WKDW LQIRUPDWLRQ IURP VHYHUDO PRGDOLWLHV PXVW EH

LQWHJUDWHG LQWR RQH UHSUHVHQWDWLRQ RI VSHDNHU LQWHQWLRQ� 2QH

RI WKH ILUVW PXOWLPRGDO V\VWHPV ZDV 3XW�7KDW�7KHUH�

GHYHORSHG E\ %ROW� 6FKPDQGW DQG WKHLU FROOHDJXHV >�@� 3XW

7KDW 7KHUH XVHG VSHHFK UHFRJQLWLRQ DQG D VL[�GHJUHH�RI�

IUHHGRP VSDFH VHQVLQJ GHYLFH WR JDWKHU LQSXW IURP D XVHU
V

VSHHFK DQG WKH ORFDWLRQ RI D FXUVRU RQ D ZDOO�VL]HG GLVSOD\�

DOORZLQJ IRU VLPSOH GHLFWLF UHIHUHQFH WR YLVLEOH HQWLWLHV�

0RUH UHFHQWO\� VHYHUDO V\VWHPV KDYH EXLOW RQ WKLV HDUO\

ZRUN� .RRQV DOORZHG XVHUV WR PDQHXYHU DURXQG D WZR�

GLPHQVLRQDO PDS XVLQJ VSRNHQ FRPPDQGV� GHLFWLF KDQG

JHVWXUHV� DQG H\H JD]H >��@� ,Q WKLV V\VWHP� QHVWHG IUDPHV

ZHUH HPSOR\HG WR JDWKHU DQG FRPELQH LQIRUPDWLRQ IURP WKH



GLIIHUHQW PRGDOLWLHV� $V LQ 3XW�WKDW�7KHUH� VSHHFK GURYH WKH

DQDO\VLV RI WKH JHVWXUH� LI LQIRUPDWLRQ LV PLVVLQJ IURP

VSHHFK� WKHQ WKH V\VWHP ZLOO VHDUFK IRU WKH PLVVLQJ

LQIRUPDWLRQ LQ WKH JHVWXUHV DQG�RU JD]H� 7LPH VWDPSV XQLWH

WKH DFWLRQV LQ WKH GLIIHUHQW PRGDOLWLHV LQWR D FRKHUHQW

SLFWXUH� :DKOVWHU XVHG D VLPLODU PHWKRG� DOVR GHSHQGLQJ RQ

WKH OLQJXLVWLF LQSXW WR JXLGH WKH LQWHUSUHWDWLRQ RI WKH RWKHU

PRGDOLWLHV >��@� %ROW DQG +HUUDQ] GHVFULEHG D V\VWHP WKDW

DOORZV D XVHU WR PDQLSXODWH JUDSKLFV ZLWK WZR�KDQGHG VHPL�

LFRQLF JHVWXUH >�@� 8VLQJ D FXWRII SRLQW DQG WLPH VWDPSLQJ�

PRWLRQV FDQ EH VHOHFWHG WKDW UHODWH WR WKH LQWHQGHG

PRYHPHQW PHQWLRQHG LQ VSHHFK� 6SDUUHOO XVHG D VFKHPH

EDVHG RQ VWRS�PRWLRQ DQDO\VLV� ZKHQHYHU WKHUH LV D

VLJQLILFDQW VWRS RU VORZGRZQ LQ WKH PRWLRQ RI WKH XVHU
V

KDQG� WKHQ WKH SUHFHGLQJ PRWLRQ VHJPHQW LV JURXSHG DQG

DQDO\]HG IRU IHDWXUHV VXFK DV ILQJHU SRVWXUH DQG KDQG

SRVLWLRQ >��@� ,Q DOO RI WKHVH V\VWHPV LQWHUSUHWDWLRQ LV QRW

FDUULHG RXW XQWLO WKH XVHU KDV ILQLVKHG WKH XWWHUDQFH�

-RKQVWRQ GHVFULEHV DQ DSSURDFK WR XQGHUVWDQGLQJ RI XVHU

LQSXW EDVHG RQ XQLILFDWLRQ DFURVV JUDPPDUV WKDW FDQ H[SUHVV

LQSXW IURP PXOWLSOH PRGDOLWLHV>��@� :KLOH WKH V\VWHP GRHV

WUHDW PRGDOLWLHV HTXDOO\ �YV� ILOOLQJ LQ XWWHUDQFH�EDVHG

IRUPV� LW LV VWLOO EDVHG RQ D PDSSLQJ EHWZHHQ FRPELQDWLRQV

RI VSHFLILF JHVWXUHV DQG XWWHUDQFHV RQ WKH RQH KDQG� DQG

XVHU LQWHQWLRQV �FRPPDQGV� RQ WKH RWKHU KDQG� ,Q DGGLWLRQ�

DOO EHKDYLRUV DUH WUHDWHG DV SURSRVLWLRQDO �� QRQH RI WKHP

FRQWURO WKH HQYHORSH RI WKH XVHU�FRPSXWHU LQWHUDFWLRQ�

$OWKRXJK WKHVH ZRUNV DUH SULPDULO\ FRPPDQG�EDVHG UDWKHU

WKDQ FRQYHUVDWLRQDO� WKHUH DUH VRPH OHVVRQV ZH FDQ OHDUQ

IURP WKHP� VXFK DV WKH LPSRUWDQFH RI PRGHOLQJ WKH XVHU DQG

GHYHORSLQJ LQWHUIDFHV ZKLFK XVH H[LVWLQJ GHHSO\ LQJUDLQHG

FRQYHUVDWLRQDO EHKDYLRUV >��@� 7KH\ DOVR KLJKOLJKW DUHDV RI

SRWHQWLDO GLIILFXOW\� VXFK DV WKH IDFW WKDW KXPDQV GR QRW

QDWXUDOO\ XVH JHVWXUH DFFRUGLQJ WR D JUDPPDU ZLWK VWDQGDUGV

RI IRUP RU IXQFWLRQ� DQG WKH SUREOHP RI UHFRJQLWLRQ HUURUV

LQ VSHHFK DQG JHVWXUH�

0LVVLQJ IURP WKHVH V\VWHPV LV D FRQFHSW RI QRQ�YHUEDO

IXQFWLRQ ZLWK UHVSHFW WR FRQYHUVDWLRQDO IXQFWLRQ� 7KDW LV� LQ

WKH V\VWHPV UHYLHZHG WKXV IDU� WKHUH LV QR GLVFRXUVH

VWUXFWXUH RYHU WKH VHQWHQFH �QR QRWLRQ RI �VSHDNLQJ WXUQ� RU

�LQIRUPDWLRQ VWUXFWXUH� >��@�� 7KHUHIRUH WKH UROH RI JHVWXUH

DQG IDFLDO H[SUHVVLRQ FDQQRW EH DQDO\]HG DW PRUH WKDQ D

VHQWHQFH�FRQVWLWXHQW�UHSODFHPHQW OHYHO� *HVWXUHV DUH RQO\

DQDO\]HG DV VXSSRUW IRU UHIHUULQJ H[SUHVVLRQV �JHVWXUHV

SURYLGH WKH UHIHUHQW IRU GHPRQVWUDWLYHV VXFK DV ¦WKDW§��

:KDW LV QHHGHG LV D GLVFRXUVH VWUXFWXUH WKDW FDQ WDNH LQWR

DFFRXQW ZK\ RQH XVHV D YHUEDO RU QRQYHUEDO GHYLFH LQ D

SDUWLFXODU VLWXDWLRQ� DQG D FRQYHUVDWLRQDO VWUXFWXUH WKDW FDQ

DFFRXQW IRU KRZ QRQ�YHUEDO EHKDYLRUV IXQFWLRQ LQ

FRQYHUVDWLRQ UHJXODWLRQ ¤ VXFK DV WXUQ�WDNLQJ ¤ DV ZHOO DV

FRQYHUVDWLRQDO FRQWHQW�

&RQYHUVDWLRQDO 0RGHOV

(YHQ WKRXJK FRQYHUVDWLRQ LV FRQVLGHUHG DQ RUGHUO\ HYHQW�

JRYHUQHG E\ UXOHV� QR WZR FRQYHUVDWLRQV ORRN H[DFWO\ WKH

VDPH DQG WKH VHW RI EHKDYLRUV H[KLELWHG GLIIHUV IURP SHUVRQ

WR SHUVRQ DQG IURP FRQYHUVDWLRQ WR FRQYHUVDWLRQ� 7KHUHIRUH

WR VXFFHVVIXOO\ EXLOG D PRGHO RI KRZ FRQYHUVDWLRQ ZRUNV�

RQH FDQ QRW UHIHU WR VXUIDFH IHDWXUHV� RU FRQYHUVDWLRQDO

EHKDYLRUV DORQH� ,QVWHDG� WKH HPSKDVLV KDV WR EH RQ

LGHQWLI\LQJ WKH IXQGDPHQWDO SKDVHV DQG KLJK OHYHO VWUXFWXUDO

HOHPHQWV WKDW PDNH XS D FRQYHUVDWLRQ� 7KHVH HOHPHQWV DUH

WKHQ GHVFULEHG LQ WHUPV RI WKHLU UROH RU IXQFWLRQ LQ WKH

H[FKDQJH� 7\SLFDO GLVFRXUVH IXQFWLRQV LQFOXGH

FRQYHUVDWLRQ LQYLWDWLRQ� WXUQ WDNLQJ� SURYLGLQJ IHHGEDFN�

FRQWUDVW DQG HPSKDVLV� DQG EUHDNLQJ DZD\ >��@>��@�

,W LV LPSRUWDQW WR UHDOL]H WKDW HDFK RI WKHVH IXQFWLRQV FDQ EH

UHDOL]HG LQ VHYHUDO GLIIHUHQW PDQQHUV� 7KH IRUP ZH JLYH WR

D SDUWLFXODU GLVFRXUVH IXQFWLRQ GHSHQGV RQ� DPRQJ RWKHU

WKLQJV� FXUUHQW DYDLODELOLW\ RI PRGDOLWLHV� W\SH RI

FRQYHUVDWLRQ� FXOWXUDO SDWWHUQV DQG SHUVRQDO VW\OH� )RU

H[DPSOH WR HPSKDVL]H D SRLQW RQH FDQ VWULNH D ILVW LQWR WKH

WDEOH� QRG WKH KHDG� UDLVH WKH H\HEURZV� DSSO\ ULVLQJ

LQWRQDWLRQ RU FRQVWUXFW VRPH FRPELQDWLRQ RI WKHVH� ,Q D

GLIIHUHQW FRQWH[W WKHVH EHKDYLRUV PD\ FDUU\ D GLIIHUHQW

PHDQLQJ� IRU H[DPSOH D KHDG QRG FDQ LQGLFDWH EDFN�FKDQQHO

IHHGEDFN RU D VDOXWDWLRQ UDWKHU WKDQ HPSKDVLV�

'HVSLWH WKH IDFW WKDW GLIIHUHQW EHKDYLRUV PD\ IXOILOO WKH VDPH

IXQFWLRQ� LW LV VWULNLQJ WKH H[WHQW WR ZKLFK VXFK QRQ�YHUEDO

EHKDYLRUV FRRUGLQDWH DQG UHJXODWH FRQYHUVDWLRQ� ,W LV FOHDU

WKDW WKURXJK JD]H� H\HEURZ UDLVHV DQG KHDG QRGV ERWK

VSHDNHUV DQG OLVWHQHUV FROODERUDWH LQ WKH FRQVWUXFWLRQ RI

V\QFKURQL]HG WXUQV� DQG HIILFLHQW FRQYHUVDWLRQ� ,Q WKLV ZD\�

WKHVH QRQ�YHUEDO EHKDYLRUV SDUWLFLSDWH LQ JURXQGLQJ WKH

FRQYHUVDWLRQ >��@� DQG ILOO WKH IXQFWLRQV WKDW %UHQQDQ 	

+XOWHHQ ������ VXJJHVW DUH QHHGHG IRU PRUH UREXVW VSHHFK

LQWHUIDFHV >�@�

$Q LPSRUWDQW DVSHFW RI WKH JURXQGLQJ RI D FRQYHUVDWLRQ LV

HYLGHQFH RI XQGHUVWDQGLQJ >��@� 7KLV LQFOXGHV PHDQV VXFK

DV SDUDYHUEDOV �¦KXK"§� ¦8K�KXK�§� DQG RWKHU EDFN FKDQQHO

IHHGEDFN� $ FRQYHUVDWLRQDO PRGHO WKDW XVHV ERWK SRVLWLYH

DQG QHJDWLYH IHHGEDFN HQDEOHV DQ DJHQW WR UHFRJQL]H D

PLVXQGHUVWDQGLQJ DQG LQLWLDWH WKH DSSURSULDWH UHSDLU

PHFKDQLVPV�

7R IXUWKHU FODULI\ WKHVH W\SHV RI UROHV IXOILOOHG E\ GLVFRXUVH

EHKDYLRUV� WKH FRQWULEXWLRQ WR WKH FRQYHUVDWLRQ FDQ EH

GLYLGHG LQWR SURSRVLWLRQDO LQIRUPDWLRQ DQG LQWHUDFWLRQDO

LQIRUPDWLRQ� 3URSRVLWLRQDO LQIRUPDWLRQ FRUUHVSRQGV WR WKH

FRQWHQW RI WKH FRQYHUVDWLRQ� 7KLV LQFOXGHV PHDQLQJIXO

VSHHFK DV ZHOO DV KDQG JHVWXUHV DQG LQWRQDWLRQ XVHG WR

FRPSOHPHQW RU HODERUDWH XSRQ WKH VSHHFK FRQWHQW �JHVWXUHV

WKDW LQGLFDWH VL]H LQ WKH VHQWHQFH ¦LW ZDV WKLV ELJ§ RU ULVLQJ

LQWRQDWLRQ WKDW LQGLFDWHV D TXHVWLRQ ZLWK WKH VHQWHQFH ¦\RX

ZHQW WR WKH VWRUH§�� ,QWHUDFWLRQDO LQIRUPDWLRQ FRQVLVWV RI

FXHV WKDW UHJXODWH WKH FRQYHUVDWLRQDO SURFHVV DQG LQFOXGHV D

UDQJH RI QRQYHUEDO EHKDYLRUV �TXLFN KHDG QRGV WR LQGLFDWH

WKDW RQH LV IROORZLQJ� DV ZHOO DV UHJXODWRU\ VSHHFK ��KXK"��

�GR JR RQ���

,Q VKRUW� WKH LQWHUDFWLRQDO GLVFRXUVH IXQFWLRQV DUH

UHVSRQVLEOH IRU FUHDWLQJ DQG PDLQWDLQLQJ DQ RSHQ FKDQQHO RI



FRPPXQLFDWLRQ EHWZHHQ WKH SDUWLFLSDQWV� ZKLOH

SURSRVLWLRQDO IXQFWLRQV VKDSH WKH DFWXDO FRQWHQW�

$OWKRXJK WKH ZD\ LQ ZKLFK FRQYHUVDWLRQ LQFRUSRUDWHV

VSHHFK DQG RWKHU PRYHPHQWV RI WKH ERG\ KDV EHHQ VWXGLHG

IRU VRPH WLPH� WKHUH KDYH EHHQ IHZ DWWHPSWV E\ WKH

HQJLQHHULQJ FRPPXQLW\ WR GHYHORS HPERGLHG FRPSXWHU

LQWHUIDFHV EDVHG RQ WKLV XQGHUVWDQGLQJ� 2Q WKH FRQWUDU\�

HPERGLHG FRQYHUVDWLRQDO FKDUDFWHUV KDYH� IRU WKH PRVW SDUW

EHHQ EXLOW ZLWK KDUGZLUHG DVVRFLDWLRQV EHWZHHQ YHUEDO DQG

QRQ�YHUEDO FRQYHUVDWLRQDO EHKDYLRUV� ZLWKRXW D FOHDU

IOH[LEOH QRWLRQ RI FRQYHUVDWLRQDO IXQFWLRQ XQGHUO\LQJ WKRVH

EHKDYLRUV� ,Q LQWHUIDFHV RI WKLV VRUW� WKHUH LV QR SRVVLELOLW\

IRU RQH PRGDOLW\ WR WDNH RYHU IRU DQRWKHU� RU WKH WZR

PRGDOLWLHV WR DXWRQRPRXVO\ JHQHUDWH FRPSOHPHQWDU\

LQIRUPDWLRQ� 7KXV� D SULPDU\ JRDO RI RXU ZRUN LV WR PDS

PXOWLSOH PRGDOLWLHV RQWR GLVFRXUVH IXQFWLRQV� ERWK IRU LQSXW

DQG RXWSXW� ,QSXW HYHQWV LQ GLIIHUHQW PRGDOLWLHV PD\ EH

PDSSHG RQWR WKH VDPH GLVFRXUVH IXQFWLRQ� ZKLOH LQ GLIIHUHQW

FRQYHUVDWLRQDO VWDWHV WKH VDPH IXQFWLRQ PD\ OHDG WR

GLIIHUHQW FRQYHUVDWLRQDO EHKDYLRUV� EDVHG RQ VWDWH� DV ZHOO

DV WKH DYDLODELOLW\ RI LQSXW DQG RXWSXW PRGDOLWLHV�

(PERGLHG &RQYHUVDWLRQDO ,QWHUIDFHV

2WKHU UHVHDUFKHUV KDYH EXLOW HPERGLHG FRQYHUVDWLRQDO

DJHQWV� ZLWK YDU\LQJ GHJUHHV RI FRQYHUVDWLRQDO DELOLW\� %DOO

HW DO� DUH EXLOGLQJ DQ HPERGLHG FRQYHUVDWLRQDO LQWHUIDFH WKDW

ZLOO HYHQWXDOO\ LQWHJUDWH VSRNHQ ODQJXDJH LQSXW� D

FRQYHUVDWLRQDO GLDORJXH PDQDJHU� UHDFWLYH �' DQLPDWLRQ�

DQG UHFRUGHG VSHHFK RXWSXW >�@� (DFK VXFFHVVLYH LWHUDWLRQ RI

WKHLU FRPSXWHU FKDUDFWHU KDV PDGH VLJQLILFDQW VWULGHV LQ WKH

XVH RI WKHVH GLIIHUHQW DVSHFWV RI DQ HPERGLHG GLDORJXH

V\VWHP� $OWKRXJK WKHLU FXUUHQW V\VWHP XVHV D WLJKWO\

FRQVWUDLQHG JUDPPDU IRU 1/3 DQG D VPDOO VHW RI SUH�

UHFRUGHG XWWHUDQFHV WKDW WKHLU FKDUDFWHU FDQ XWWHU� LW LV

H[SHFWHG WKDW WKHLU V\VWHP ZLOO EHFRPH PRUH JHQHUDWLYH LQ

WKH QHDU IXWXUH� 7KHLU HPERGLPHQW WDNHV WKH IRUP RI D

SDUURW� 7KLV KDV DOORZHG WKHP WR VLPXODWH JURVV ¦ZLQJ

JHVWXUHV§ �VXFK DV FXSSLQJ D ZLQJ WR RQH HDU ZKHQ WKH

SDUURW KDV QRW XQGHUVWRRG D XVHU©V UHTXHVW� DQG IDFLDO

GLVSOD\V �VFUXQFKHG EURZV DV WKH SDUURW ILQGV DQ DQVZHU WR D

TXHVWLRQ�� 7KH SDUURW©V RXWSXW� KRZHYHU� LV UHSUHVHQWHG DV D

VHW RI FRQYHUVDWLRQDO EHKDYLRUV� UDWKHU WKDQ D VHW RI

FRQYHUVDWLRQDO IXQFWLRQV� 7KHUHIRUH� PRGDOLWLHV FDQQRW

VKDUH WKH H[SUHVVLYH ORDG� RU SLFN XS WKH VODFN IRU RQH

DQRWKHU LQ FDVH RI QRLVH� RU LQ WKH FDVH RI RQH PRGDOLW\ QRW

EHLQJ DYDLODEOH� 1RU FDQ DQ\ RI WKH PRGDOLWLHV UHJXODWH D

FRQYHUVDWLRQ ZLWK WKH XVHU� VLQFH XVHU LQWHUDFWLRQDO

EHKDYLRUV FDQQRW EH SHUFHLYHG RU UHVSRQGHG WR�

/R\DOO DQG %DWHV EXLOG HQJDJLQJ FKDUDFWHUV WKDW DOORZ WKH

YLHZHU WR VXVSHQG GLVEHOLHI ORQJ HQRXJK WR LQWHUDFW LQ

LQWHUHVWLQJ ZD\V ZLWK WKH FKDUDFWHU� RU WR EH HQJDJHG E\ WKH

FKDUDFWHU©V LQWHUDFWLRQV ZLWK DQRWKHU FRPSXWHU FKDUDFWHU

>��@� $VVRFLDWLQJ QDWXUDO ODQJXDJH ZLWK QRQ�YHUEDO

EHKDYLRUV LV RQH ZD\ RI JLYLQJ WKHLU FKDUDFWHUV

EHOLHYDELOLW\� ,Q RXU ZRUN� WKH FDXVDOLW\ LV VRPHZKDW WKH

RSSRVLWH� ZH EXLOG FKDUDFWHUV WKDW DUH EHOLHYDEOH HQRXJK WR

DOORZ WKH XVH RI ODQJXDJH WR EH KXPDQ�OLNH� 7KDW LV� ZH

EHOLHYH WKDW WKH XVH RI JHVWXUH DQG IDFLDO GLVSOD\V GRHV PDNH

WKH FKDUDFWHUV OLIH�OLNH DQG WKHUHIRUH EHOLHYDEOH� EXW WKHVH

FRPPXQLFDWLYH EHKDYLRUV DOVR SOD\ LQWHJUDO UROHV LQ

HQULFKLQJ WKH GLDORJXH� DQG UHJXODWLQJ WKH SURFHVV RI WKH

FRQYHUVDWLRQ� ,W LV WKHVH ODWWHU IXQFWLRQV WKDW DUH PRVW

LPSRUWDQW WR XV� ,Q DGGLWLRQ� OLNH %DOO HW DO�� WKH 2] JURXS

KDV FKRVHQ D YHU\ QRQ�KXPDQ FRPSXWHU FKDUDFWHU¥

:RJJOHV� ZKLFK ORRN OLNH PDUEOHV ZLWK H\HV� 5HVHDUFKHUV

VXFK DV %DOO DQG %DWHV DUJXH WKDW KXPDQRLG FKDUDFWHUV UDLVH

XVHUV© H[SHFWDWLRQV EH\RQG ZKDW FDQ EH VXVWDLQHG E\

LQWHUDFWLYH V\VWHPV DQG WKHUHIRUH VKRXOG EH DYRLGHG� :H

DUJXH WKH RSSRVLWH� WKDW KXPDQRLG LQWHUIDFH DJHQWV GR

LQGHHG UDLVH XVHUV© H[SHFWDWLRQV � � � XS WR ZKDW WKH\ H[SHFW

IURP KXPDQV� DQG WKHUHIRUH ORZHU WKHLU GLIILFXOW\ LQ

LQWHUDFWLQJ ZLWK WKH FRPSXWHU� ZKLFK LV RWKHUZLVH IRU WKHP

DQ XQIDPLOLDU LQWHUORFXWRU �DV LV D PDUEOH� DV ZHOO��

1RPD 	 %DGOHU KDYH FUHDWHG D YLUWXDO KXPDQ ZHDWKHUPDQ�

EDVHG RQ WKH -DFN KXPDQ ILJXUH DQLPDWLRQ V\VWHP >��@� ,Q

RUGHU WR DOORZ WKH ZHDWKHUPDQ WR JHVWXUH� WKH\ DVVHPEOHG D

OLEUDU\ RI SUHVHQWDWLRQ JHVWXUHV FXOOHG IURP ERRNV RQ SXEOLF

VSHDNLQJ� DQG DOORZHG DXWKRUV WR HPEHG WKRVH JHVWXUHV DV

FRPPDQGV LQ WH[W WKDW ZLOO EH VHQW WR D VSHHFK�WR WH[W

V\VWHP� 7KLV LV D XVHIXO VWHS WRZDUG WKH FUHDWLRQ RI

SUHVHQWDWLRQ DJHQWV RI DOO VRUWV� EXW GRHV QRW GHDO ZLWK WKH

DXWRQRPRXV JHQHUDWLRQ RI QRQ�YHUEDO EHKDYLRUV LQ

FRQMXQFWLRQ ZLWK VSHHFK� 2WKHU HIIRUWV DORQJ WKHVH OLQHV

LQFOXGH $QGUp HW DO� >�@ DQG %HVNRZ DQG 0F*ODVKDQ >�@�

7KH ZRUN RI 7KyULVVRQ SURYLGHV D JRRG ILUVW H[DPSOH RI

KRZ GLVFRXUVH DQG QRQ�YHUEDO IXQFWLRQ PLJKW EH SDLUHG LQ D

FRQYHUVDWLRQDO PXOWLPRGDO LQWHUIDFH >��@� ,Q WKLV ZRUN WKH

PDLQ HPSKDVLV ZDV WKH GHYHORSPHQW RI D PXOWL�OD\HU

PXOWLPRGDO DUFKLWHFWXUH WKDW FRXOG VXSSRUW IOXLG IDFH�WR�

IDFH GLDORJXH EHWZHHQ D KXPDQ DQG JUDSKLFDO DJHQW� 7KH

DJHQW� *DQGDOI� ZDV FDSDEOH RI GLVFXVVLQJ D JUDSKLFDO

PRGHO RI WKH VRODU V\VWHP LQ DQ HGXFDWLRQDO DSSOLFDWLRQ�

*DQGDOI UHFRJQL]HG DQG GLVSOD\HG LQWHUDFWLRQDO LQIRUPDWLRQ

VXFK DV KHDG RULHQWDWLRQ� VLPSOH SRLQWLQJ DQG EHDW JHVWXUHV

DQG FDQQHG VSHHFK HYHQWV� ,Q WKLV ZD\ LW ZDV DEOH WR

SHUFHLYH DQG JHQHUDWH WXUQ�WDNLQJ DQG EDFN FKDQQHO

EHKDYLRUV WKDW OHDG WR D PRUH QDWXUDO FRQYHUVDWLRQDO

LQWHUDFWLRQ�

+RZHYHU� *DQGDOI KDG OLPLWHG DELOLW\ WR UHFRJQL]H DQG

JHQHUDWH SURSRVLWLRQDO LQIRUPDWLRQ� VXFK DV SURYLGLQJ

FRUUHFW LQWRQDWLRQ IRU VSHHFK HPSKDVLV RQ VSHHFK RXWSXW� RU

D FRQWHQW�FDUU\LQJ JHVWXUH ZLWK VSHHFK� ¦$QLPDWHG

&RQYHUVDWLRQ§ >�@ ZDV D V\VWHP WKDW DXWRPDWLFDOO\

JHQHUDWHG FRQWH[W�DSSURSULDWH JHVWXUHV� IDFLDO PRYHPHQWV

DQG LQWRQDWLRQDO SDWWHUQV� ,Q WKLV FDVH WKH FKDOOHQJH ZDV WR

JHQHUDWH FRQYHUVDWLRQ EHWZHHQ WZR DUWLILFLDO DJHQWV DQG WKH

HPSKDVLV ZDV RQ WKH SURGXFWLRQ RI QRQ�YHUEDO SURSRVLWLRQDO

EHKDYLRUV WKDW HPSKDVL]HG DQG UHLQIRUFHG WKH FRQWHQW RI

VSHHFK� 6LQFH WKHUH ZDV QR LQWHUDFWLRQ ZLWK D UHDO XVHU� WKH

LQWHUDFWLRQDO LQIRUPDWLRQ ZDV YHU\ OLPLWHG� DQG QRW UHDFWLYH



�DOWKRXJK VRPH LQWHUDFWLRQDO W\SHV RI IDFH DQG KHDG

PRYHPHQWV� VXFK DV QRGV� ZHUH JHQHUDWHG��

5HD LV DQ DWWHPSW WR GHYHORS DQ DJHQW ZLWK ERWK

SURSRVLWLRQDO DQG LQWHUDFWLRQDO XQGHUVWDQGLQJ DQG

JHQHUDWLRQ� ZKLFK FDQ LQWHUDFW ZLWK WKH XVHU LQ UHDO WLPH� $V

VXFK LW FRPELQHV HOHPHQWV RI WKH *DQGDOI DQG $QLPDWHG

$JHQWV SURMHFWV LQWR D VLQJOH LQWHUIDFH DQG PRYHV WRZDUGV

RYHUFRPLQJ WKH OLPLWDWLRQV RI HDFK� ,Q WKH QH[W VHFWLRQ ZH

GHVFULEH LQWHUDFWLRQ ZLWK WKH 5HD DJHQW DQG LWV

LPSOHPHQWDWLRQ�

5($� $1 (0%2',(' &219(56$7,21$/ $*(17

7KH 5HD ,QWHUIDFH

5HD �¦5HDO (VWDWH $JHQW§� LV D FRPSXWHU JHQHUDWHG

KXPDQRLG WKDW KDV DQ DUWLFXODWHG JUDSKLFDO ERG\� FDQ VHQVH

WKH XVHU SDVVLYHO\ WKURXJK FDPHUDV DQG DXGLR LQSXW� DQG LV

FDSDEOH RI VSHHFK ZLWK LQWRQDWLRQ� IDFLDO GLVSOD\� DQG

JHVWXUDO RXWSXW �)LJXUH ��� 7KH V\VWHP FXUUHQWO\ FRQVLVWV RI

D ODUJH SURMHFWLRQ VFUHHQ RQ ZKLFK 5HD LV GLVSOD\HG DQG LQ

IURQW RI ZKLFK WKH XVHU VWDQGV� 7ZR FDPHUDV PRXQWHG RQ

WRS RI WKH SURMHFWLRQ VFUHHQ WUDFN WKH XVHU©V KHDG DQG KDQG

SRVLWLRQV LQ VSDFH� 8VHUV ZHDU D PLFURSKRQH IRU FDSWXULQJ

VSHHFK LQSXW� $ VLQJOH 6*, 2FWDQH FRPSXWHU UXQV WKH

JUDSKLFV DQG FRQYHUVDWLRQ HQJLQH RI 5HD� ZKLOH VHYHUDO

RWKHU FRPSXWHUV PDQDJH WKH VSHHFK UHFRJQLWLRQ DQG

JHQHUDWLRQ DQG LPDJH SURFHVVLQJ�

)LJXUH �� 8VHU ,QWHUDFWLQJ ZLWK 5HD

$ 6DPSOH ,QWHUDFWLRQ

5HD©V GRPDLQ RI H[SHUWLVH LV UHDO HVWDWH DQG VKH DFWV DV D

UHDO HVWDWH DJHQW VKRZLQJ XVHUV WKH IHDWXUHV RI YDULRXV

PRGHOV RI KRXVHV WKDW DSSHDU RQ�VFUHHQ EHKLQG KHU� 7KH

IROORZLQJ LV D H[FHUSW IURP D VDPSOH LQWHUDFWLRQ�

/HH DSSURDFKHV WKH SURMHFWLRQ VFUHHQ� 5HD LV FXUUHQWO\

WXUQHG VLGH RQ DQG LV LGO\ JD]LQJ DERXW� $V WKH XVHU PRYHV

ZLWKLQ UDQJH RI WKH FDPHUDV� 5HD WXUQV WR IDFH KLP DQG

VD\V ¦+HOOR� P\ QDPH LV 5HD� ZKDW©V \RXU QDPH"§

¦/HH§

¦+HOOR /HH ZRXOG \RX OLNH WR VHH D KRXVH"§ 5HD VD\V ZLWK

ULVLQJ LQWRQDWLRQ DW WKH HQG RI WKH TXHVWLRQ�

¦7KDW ZRXOG EH JUHDW§

$ SLFWXUH RI D KRXVH DSSHDUV RQ�VFUHHQ EHKLQG 5HD�

¦7KLV LV D QLFH 9LFWRULDQ RQ D ODUJH ORW§ 5HD VD\V JHVWXULQJ

WRZDUGV WKH KRXVH� ¦,W KDV WZR EHGURRPV DQG D ODUJH

NLWFKHQ ZLWK��§

¦:DLW� WHOO PH DERXW WKH EHGURRPV§ /HH VD\V LQWHUUXSWLQJ

5HD E\ ORRNLQJ DW KHU DQG JHVWXULQJ ZLWK KLV KDQGV ZKLOH

VSHDNLQJ�

¦7KH PDVWHU EHGURRP LV IXUQLVKHG ZLWK D IRXU SRVWHU EHG�

ZKLOH WKH VPDOOHU URRP FRXOG EH XVHG IRU D FKLOGUHQ©V

EHGURRP RU JXHVW URRP� 'R \RX ZDQW WR VHH WKH PDVWHU

EHGURRP"§�

¦6XUH� VKRZ PH WKH PDVWHU EHGURRP§� /HH VD\V�

RYHUODSSLQJ ZLWK 5HD�

¦,©P VRUU\� , GLGQ©W TXLWH FDWFK WKDW� FDQ \RX SOHDVH UHSHDW

ZKDW \RX VDLG§� 5HD VD\�

$QG WKH KRXVH WRXU FRQWLQXHV�

5HD LV GHVLJQHG WR FRQGXFW D PL[HG LQLWLDWLYH FRQYHUVDWLRQ�

SXUVXLQJ WKH JRDO RI GHVFULELQJ WKH IHDWXUHV RI D KRXVH WKDW

ILWV WKH XVHU©V UHTXLUHPHQWV ZKLOH DOVR UHVSRQGLQJ WR WKH

XVHUV© YHUEDO DQG QRQ�YHUEDO LQSXW WKDW PD\ OHDG LQ QHZ

GLUHFWLRQV� :KHQ WKH XVHU PDNHV FXHV W\SLFDOO\ DVVRFLDWHG

ZLWK WXUQ WDNLQJ EHKDYLRU VXFK DV JHVWXULQJ� 5HD DOORZV

KHUVHOI WR EH LQWHUUXSWHG� DQG WKHQ WDNHV WKH WXUQ DJDLQ ZKHQ

VKH LV DEOH� 6KH LV DEOH WR LQLWLDWH FRQYHUVDWLRQDO UHSDLU

ZKHQ VKH PLVXQGHUVWDQGV ZKDW WKH XVHU VD\V� DQG FDQ

JHQHUDWH FRPELQHG YRLFH DQG JHVWXUDO RXWSXW� )RU WKH

PRPHQW� 5HD©V UHVSRQVHV DUH JHQHUDWHG IURP DQ (OL]D�OLNH

HQJLQH WKDW PLUURUV IHDWXUHV RI WKH XVHU©V ODVW XWWHUDQFH >��@�

EXW HIIRUWV DUH FXUUHQWO\ XQGHUZD\ WR LPSOHPHQW DQ

LQFUHPHQWDO QDWXUDO ODQJXDJH DQG JHVWXUH JHQHUDWLRQ HQJLQH�

DORQJ WKH OLQHV RI >�@�

,Q RUGHU WR FDUU\ RQ QDWXUDO FRQYHUVDWLRQ RI WKLV VRUW� 5HD

XVHV D FRQYHUVDWLRQDO PRGHO WKDW VXSSRUWV PXOWLPRGDO LQSXW

DQG RXWSXW DV FRQVWLWXHQWV RI FRQYHUVDWLRQDO IXQFWLRQV� 7KDW

LV� LQSXW DQG RXWSXW LV LQWHUSUHWHG DQG JHQHUDWHG EDVHG RQ

WKH GLVFRXUVH IXQFWLRQV LW VHUYHV� 7KH PXOWLPRGDO

FRQYHUVDWLRQDO PRGHO DQG WKH XQGHUO\LQJ 5HD DUFKLWHFWXUH

DUH GLVFXVVHG LQ WKH QH[W VHFWLRQV�

,PSOHPHQWDWLRQ

:KLOH 5HD LV FDSDEOH RI XQGHUVWDQGLQJ VSHHFK� DQG PDNLQJ

UHDVRQDEOH FRQWULEXWLRQV WR DQ RQJRLQJ FRQYHUVDWLRQ DERXW

UHDOW\� WR GDWH RXU SULPDU\ HIIRUW KDV EHHQ LQ WKH

LQWHUDFWLRQDO FRPSRQHQW RI WKH FRQYHUVDWLRQDO PRGHO� 7KLV

FRPSRQHQW PDQDJHV VHYHUDO GLVFRXUVH IXQFWLRQV� 7KH

IXQFWLRQV FXUUHQWO\ EHLQJ PDQDJHG DUH�

x $FNQRZOHGJPHQW RI XVHU
V SUHVHQFH � E\ SRVWXUH�

WXUQLQJ WR IDFH WKH XVHU�

x )HHGEDFN IXQFWLRQ � 5HD JLYHV IHHGEDFN LQ VHYHUDO

PRGDOLWLHV� VKH PD\ QRG KHU KHDG RU HPLW D SDUDYHUEDO

�H�J� �PPKPP�� RU D VKRUW VWDWHPHQW VXFK DV �, VHH� LQ

UHVSRQVH WR VKRUW SDXVHV LQ WKH XVHU
V VSHHFK� VKH UDLVHV

KHU H\HEURZV WR LQGLFDWH SDUWLDO XQGHUVWDQGLQJ RI D

SKUDVH RU VHQWHQFH�



x 7XUQWDNLQJ IXQFWLRQ ¤ 5HD WUDFNV ZKR KDV WKH VSHDNLQJ

WXUQ� DQG RQO\ VSHDNV ZKHQ VKH KROGV WKH WXUQ�

&XUUHQWO\ 5HD DOZD\V DOORZV YHUEDO LQWHUUXSWLRQ� DQG

\LHOGV WKH WXUQ DV VRRQ DV WKH XVHU EHJLQV WR VSHDN� ,I

WKH XVHU JHVWXUHV VKH ZLOO LQWHUSUHW WKLV DV H[SUHVVLRQ RI

D GHVLUH WR VSHDN >��@� DQG WKHUHIRUH KDOW KHU UHPDUNV DW

WKH QHDUHVW VHQWHQFH ERXQGDU\� )LQDOO\� DW WKH HQG RI

KHU VSHDNLQJ WXUQ VKH WXUQV WR IDFH WKH XVHU WR LQGLFDWH

WKH HQG RI KHU WXUQ�

2WKHU IXQFWLRQV KDYH ERWK LQWHUDFWLRQDO DQG SURSRVLWLRQDO

FRQWHQW� )RU H[DPSOH�

x *UHHWLQJ DQG )DUHZHOO IXQFWLRQV � 5HD VSHDNV DQG

JHVWXUHV ZKHQ JUHHWLQJ DQG VD\LQJ JRRGE\H�

x (PSKDVLV IXQFWLRQ � SHRSOH PD\ HPSKDVL]H SDUWLFXODU

OLQJXLVWLF LWHPV E\ SURVRGLF PHDQV �SLWFK DFFHQWV� RU E\

DFFRPSDQ\LQJ WKH ZRUG ZLWK D EHDW JHVWXUH �VKRUW

IRUPOHVV ZDYH RI WKH KDQG�� 5HFRJQL]LQJ HPSKDVLV LV

LPSRUWDQW IRU GHWHUPLQLQJ ZKLFK SDUW RI WKH XWWHUDQFH LV

NH\ WR WKH GLVFRXUVH� )RU H[DPSOH� WKH XVHU PD\ VD\

�,
G OLNH JUDQLWH IORRU WLOHV�� WR ZKLFK 5HD FDQ UHSO\

�JUDQLWH LV D JRRG FKRLFH KHUH�� RU WKH XVHU PLJKW VD\

�,©G OLNH JUDQLWH IORRU WLOHV�� ZKHUH 5HD FDQ UHSO\ �WLOH

ZRXOG JR ZHOO KHUH�� :H DUH GHYHORSLQJ D JHVWXUH

FODVVLILFDWLRQ V\VWHP WR GHWHFW WKH 
EHDW
 JHVWXUHV WKDW

RIWHQ LQGLFDWH HPSKDVLV� 2Q WKH RXWSXW VLGH� ZH SODQ WR

DOORZ 5HD WR JHQHUDWH HPSKDVLV XVLQJ HLWKHU PRGDOLW\�

7KHVH FRQYHUVDWLRQDO IXQFWLRQV DUH UHDOL]HG DV

FRQYHUVDWLRQDO EHKDYLRUV� )RU WXUQ WDNLQJ� IRU H[DPSOH� WKH

VSHFLILFV DUH DV IROORZV�

,I 5HD KDV WKH WXUQ DQG LV VSHDNLQJ DQG WKH XVHU EHJLQV WR

JHVWXUH� WKLV LV LQWHUSUHWHG DV WKH XVHU ZDQWLQJ WXUQ IXQFWLRQ�

,I 5HD KDV WKH WXUQ DQG LV VSHDNLQJ DQG WKH XVHU EHJLQV WR

VSHDN� WKLV LV LQWHUSUHWHG DV WKH XVHU WDNLQJ WXUQ IXQFWLRQ� ,I

WKH XVHU LV VSHDNLQJ DQG V�KH SDXVHV IRU OHVV WKDQ ��� PVHF��

WKLV LV LQWHUSUHWHG DV WKH ZDQWLQJ IHHGEDFN IXQFWLRQ� ,I WKH

XVHU LV VSHDNLQJ DQG LVVXHV D GHFODUDWLYH VHQWHQFH DQG VWRSV

VSHDNLQJ DQG JHVWXULQJ� RU VD\V DQ LPSHUDWLYH RU

LQWHUURJDWLYH SKUDVH� WKHLU LQSXW LV LQWHUSUHWHG DV D JLYLQJ

WXUQ IXQFWLRQ� )LQDOO\� LI WKH XVHU KDV WKH WXUQ DQG FRQWLQXHV

JHVWXULQJ DIWHU KDYLQJ ILQLVKHG XWWHULQJ D GHFODUDWLYH

VHQWHQFH� RU LI V�KH EHJLQV DQRWKHU SKUDVH DIWHU KDYLQJ

XWWHUHG D GHFODUDWLYH VHQWHQFH� ZLWK D SDXVH RI OHVV WKDQ ���

PVHF� WKLV LV LQWHUSUHWHG DV D KROGLQJ WXUQ IXQFWLRQ� 7KLV

DSSURDFK LV VXPPDUL]HG LQ 7DEOH ��

7KXV� VSHHFK PD\ FRQYH\ GLIIHUHQW LQWHUDFWLRQDO

LQIRUPDWLRQ� LW PD\ EH LQWHUSUHWHG DV WDNLQJ WXUQ� JLYLQJ

WXUQ� RU KROGLQJ WXUQ GHSHQGLQJ RQ WKH FRQYHUVDWLRQDO VWDWH

DQG ZKDW LV FRQYH\HG E\ WKH RWKHU PRGDOLWLHV�

$ VLPLODU DSSURDFK LV WDNHQ IRU JHQHUDWLRQ RI FRQYHUVDWLRQDO

EHKDYLRUV� 5HD JHQHUDWHV VSHHFK� JHVWXUH DQG IDFLDO

H[SUHVVLRQV EDVHG RQ WKH FXUUHQW FRQYHUVDWLRQDO VWDWH DQG

WKH FRQYHUVDWLRQDO IXQFWLRQ VKH LV WU\LQJ WR FRQYH\� )RU

H[DPSOH� ZKHQ WKH XVHU ILUVW DSSURDFKHV 5HD �¦8VHU

3UHVHQW§ VWDWH�� VKH VLJQDOV KHU RSHQQHVV WR HQJDJH LQ

6WDWH 8VHU ,QSXW ,QSXW )XQFWLRQ

*HVWXUH :DQWLQJ WXUQ5HD VSHDNLQJ

6SHHFK 7DNLQJ WXUQ

3DXVH RI ���� PVHF� :DQWLQJ IHHGEDFN

,PSHUDWLYH SKUDVH *LYLQJ WXUQ

,QWHUURJDWLYH SKUDVH *LYLQJ WXUQ

'HFODUDWLYH SKUDVH 	

SDXVH !��� PVHF� 	

QR JHVWXUH

*LYLQJ WXUQ

8VHU VSHDNLQJ

'HFODUDWLYH SKUDVH 	

ORQJ JHVWXUH RU SDXVH

+ROGLQJ WXUQ

7DEOH �� )XQFWLRQDO LQWHUSUHWDWLRQ RI WXUQ WDNLQJ LQSXW

FRQYHUVDWLRQ E\ ORRNLQJ DW WKH XVHU� VPLOLQJ� DQG�RU WRVVLQJ

KHU KHDG� :KHQ FRQYHUVDWLRQDO WXUQ�WDNLQJ EHJLQV� VKH

RULHQWV KHU ERG\ WR IDFH WKH XVHU DW D �� GHJUHH DQJOH� :KHQ

WKH XVHU LV VSHDNLQJ DQG 5HD ZDQWV WKH WXUQ VKH ORRNV DW WKH

XVHU DQG XWWHUV D SDUDYHUEDO �¦XPP§�� :KHQ 5HD LV ILQLVKHG

VSHDNLQJ DQG UHDG\ WR JLYH WKH WXUQ EDFN WR WKH XVHU VKH

ORRNV DW WKH XVHU� GURSV KHU KDQGV RXW RI JHVWXUH VSDFH DQG

UDLVHV KHU H\HEURZV LQ H[SHFWDWLRQ� 7DEOH � VXPPDUL]HV

5HD©V FXUUHQW LQWHUDFWLRQDO RXWSXW EHKDYLRUV�

6WDWH 2XWSXW )XQFWLRQ %HKDYLRUV

2SHQ LQWHUDFWLRQ /RRN DW XVHU� 6PLOH�

+HDGWRVV�

$WWHQG )DFH XVHU�

(QG RI LQWHUDFWLRQ 7XUQ DZD\�

8VHU 3UHVHQW

*UHHW :DYH� ¦KHOOR§ �

*LYH WXUQ 5HOD[ KDQGV� /RRN

DW XVHU� 5DLVH

H\HEURZV

5HD 6SHDNLQJ

6LJQRII :DYH� ¦E\H§

*LYH IHHGEDFN 1RG KHDG

3DUDYHUEDO

:DQW WXUQ� /RRN DW XVHU� 5DLVH

KDQGV�

3DUDYHUEDO�¦XPP§��

8VHU

6SHDNLQJ

7DNH WXUQ� /RRN DW XVHU� 5DLVH

KDQGV WR EHJLQ

JHVWXULQJ� 6SHDN�

7DEOH �� 2XWSXW )XQFWLRQV

%\ PRGHOLQJ EHKDYLRUDO FDWHJRULHV DV GLVFRXUVH IXQFWLRQV

ZH KDYH GHYHORSHG D QDWXUDO DQG SULQFLSOHG ZD\ RI

FRPELQLQJ PXOWLSOH PRGDOLWLHV� LQ ERWK LQSXW DQG RXWSXW�

7KXV ZKHQ 5($ GHFLGHV WR JLYH IHHGEDFN� IRU H[DPSOH� VKH

FDQ FKRRVH DQ\ RI VHYHUDO PRGDOLWLHV EDVHG RQ ZKDW LV

DSSURSULDWH DW WKH PRPHQW�



$UFKLWHFWXUH

)LJXUH � VKRZV WKH PRGXOHV RI WKH 5HD DUFKLWHFWXUH� 7KH

WKUHH SRLQWV WKDW GLIIHUHQWLDWH 5HD IURP RWKHU HPERGLHG

FRQYHUVDWLRQDO DJHQWV DUH PLUURUHG LQ WKH RUJDQL]DWLRQ RI

WKH V\VWHP DUFKLWHFWXUH�

x ,QSXW LV DFFHSWHG IURP DV PDQ\ PRGDOLWLHV DV WKHUH DUH

LQSXW GHYLFHV� +RZHYHU WKH GLIIHUHQW PRGDOLWLHV DUH

LQWHJUDWHG LQWR D VLQJOH VHPDQWLF UHSUHVHQWDWLRQ WKDW LV

SDVVHG IURP PRGXOH WR PRGXOH� 7KLV UHSUHVHQWDWLRQ LV

D .40/ IUDPH >��@�

x 7KH .40/ IUDPH KDV VORWV IRU LQWHUDFWLRQDO DQG

SURSRVLWLRQDO LQIRUPDWLRQ VR WKDW WKH UHJXODWRU\ DQG

FRQWHQW�RULHQWHG FRQWULEXWLRQ RI HYHU\ FRQYHUVDWLRQDO

DFW FDQ EH PDLQWDLQHG WKURXJKRXW WKH V\VWHP�

x 7KH FDWHJRUL]DWLRQ RI EHKDYLRUV LQ WHUPV RI WKHLU

FRQYHUVDWLRQDO IXQFWLRQV LV PLUURUHG E\ WKH

RUJDQL]DWLRQ RI WKH DUFKLWHFWXUH ZKLFK FHQWUDOL]HV

GHFLVLRQV PDGH LQ WHUPV RI IXQFWLRQV �WKH

XQGHUVWDQGLQJ� UHVSRQVH SODQQHU� DQG JHQHUDWLRQ

PRGXOHV�� DQG PRYHV WR WKH SHULSKHU\ GHFLVLRQV PDGH

LQ WHUPV RI EHKDYLRUV �WKH LQSXW PDQDJHU DQG DFWLRQ

VFKHGXOHU��

,Q DGGLWLRQ� D GLVWLQFWLRQ LV GUDZQ EHWZHHQ UHDFWLYH DQG

GHOLEHUDWLYH FRPPXQLFDWLYH DFWLRQV >��@� 7KH ,QSXW

0DQDJHU DQG $FWLRQ 6FKHGXOHU LQWHUDFW ZLWK H[WHUQDO

GHYLFHV DQG WRJHWKHU ZLWK WKH 5HDFWLRQ 0RGXOH UHVSRQG

LPPHGLDWHO\ �XQGHU ��� PVHF�� WR XVHU LQSXW RU V\VWHP

FRPPDQGV� 3HUIRUPLQJ KHDG QRGV ZKHQ WKH XVHU SDXVHV

EULHIO\ LV DQ H[DPSOH RI D UHDFWLYH FRQYHUVDWLRQDO EHKDYLRU�

7KH RWKHU PRGXOHV DUH PRUH ¦GHOLEHUDWLYH§ LQ QDWXUH DQG

SHUIRUP QRQ�WULYLDO LQIHUHQFLQJ DFWLRQV WKDW FDQ WDNH

PXOWLSOH UHDO�WLPH F\FOHV WR FRPSOHWH� 7KHVH PRGXOHV DUH

ZULWWHQ LQ &�� DQG &/,36� D UXOH�EDVHG H[SHUW V\VWHP

ODQJXDJH >��@�

,QSXW 0DQDJHU

7KH LQSXW PDQDJHU FXUUHQWO\ VXSSRUWV WKUHH W\SHV RI LQSXW�

x *HVWXUH ,QSXW� 67,9( YLVLRQ VRIWZDUH SURGXFHV �'

SRVLWLRQ DQG RULHQWDWLRQ RI WKH KHDG DQG KDQGV>�@�

x $XGLR ,QSXW� $ VLPSOH DXGLR SURFHVVLQJ URXWLQH GHWHFWV

WKH RQVHW DQG FHVVDWLRQ RI VSHHFK�

x *UDPPDU %DVHG 6SHHFK 5HFRJQLWLRQ� ,%0 9LD9RLFH

UHWXUQV WH[W IURP D VHW RI SKUDVHV GHILQHG E\ D

JUDPPDU�

,Q DOO FDVHV WKH IHDWXUHV VHQW WR WKH ,QSXW 0DQDJHU DUH WLPH

VWDPSHG ZLWK VWDUW DQG HQG WLPHV LQ PLOOLVHFRQGV� 7KH

YDULRXV FRPSXWHUV DUH V\QFKURQL]HG WR ZLWKLQ D IHZ

PLOOLVHFRQGV RI HDFK RWKHU� 7KLV V\QFKURQL]DWLRQ LV NH\ IRU

DVVRFLDWLQJ YHUEDO DQG QRQYHUEDO EHKDYLRUV� /DWHQF\ LQ

LQSXW GHYLFHV FDQ KDYH D VLJQLILFDQW LPSDFW RQ WKH

IXQFWLRQLQJ RI WKH V\VWHP� VLQFH GHOD\V RI PLOOLVHFRQGV FDQ

KDYH VLJQLILFDQW PHDQLQJ LQ FRQYHUVDWLRQ� )RU H[DPSOH� LI

5HD GHOD\V EHIRUH JLYLQJ D �\HV� UHVSRQVH LW FDQ EH

LQWHUSUHWHG E\ WKH XVHU DV LQGHFLVLRQ� 7KXV� RXU JRDO LV WR

PLQLPL]H LQSXW GHYLFH DQG SURFHVVLQJ ODWHQFLHV ZKHUHYHU

SRVVLEOH�

/RZ OHYHO JHVWXUH DQG DXGLR GHWHFWLRQ HYHQWV DUH VHQW WR WKH

UHDFWLRQ PRGXOH VWUDLJKW DZD\� 7KHVH HYHQWV DUH DOVR VWRUHG

LQ D EXIIHU VR WKDW ZKHQ UHFRJQL]HG VSHHFK DUULYHV D KLJK�

OHYHO PXOWLPRGDO .40/ IUDPH FDQ EH FUHDWHG FRQWDLQLQJ

PL[HG VSHHFK� DXGLR DQG JHVWXUH HYHQWV� 7KLV LV VHQW WR WKH

XQGHUVWDQGLQJ PRGXOH IRU LQWHUSUHWDWLRQ�

8QGHUVWDQGLQJ 0RGXOH

7KH 8QGHUVWDQGLQJ 0RGXOH IXVHV DOO LQSXW PRGDOLWLHV LQWR D

FRKHUHQW XQGHUVWDQGLQJ RI ZKDW WKH XVHU PLJKW EH GRLQJ

EDVHG RQ WKH FXUUHQW FRQYHUVDWLRQDO VWDWH�

5HDFWLRQ 0RGXOH

7KH 5HDFWLRQ 0RGXOH LV UHVSRQVLEOH IRU WKH ¦DFWLRQ

VHOHFWLRQ§ FRPSRQHQW RI WKH DUFKLWHFWXUH� ZKLFK GHWHUPLQHV

DW HDFK PRPHQW LQ WLPH ZKDW WKH FKDUDFWHU VKRXOG EH GRLQJ�

5HVSRQVH 3ODQQHU 0RGXOH

7KH 5HVSRQVH 3ODQQHU IRUPXODWHV VHTXHQFHV RI DFWLRQV�

VRPH RU DOO RI ZKLFK ZLOO QHHG WR EH H[HFXWHG GXULQJ IXWXUH

H[HFXWLRQ F\FOHV� WR FDUU\ RXW GHVLUHG FRPPXQLFDWLYH RU

WDVN JRDOV�

*HQHUDWLRQ 0RGXOH

7KH *HQHUDWLRQ 0RGXOH UHDOL]HV D FRPSOH[ DFWLRQ UHTXHVW

IURP WKH 5HDVRQLQJ 0RGXOH E\ SURGXFLQJ RQH RU PRUH

FRRUGLQDWHG SULPLWLYH DFWLRQV �VXFK DV VSHHFK RU JHVWXUH

JHQHUDWLRQ� RU IDFLDO H[SUHVVLRQ�� VHQGLQJ WKHP WR WKH

$FWLRQ 6FKHGXOHU� DQG PRQLWRULQJ WKHLU H[HFXWLRQ�

$FWLRQ 6FKHGXOLQJ 0RGXOH

7KH $FWLRQ 6FKHGXOLQJ 0RGXOH LV WKH ¦0RWRU FRQWUROOHU§

IRU WKH FKDUDFWHU� UHVSRQVLEOH IRU FRRUGLQDWLQJ DFWLRQ DW WKH

ORZHVW OHYHO� ,W WDNHV PXOWLSOH DFWLRQ UHTXHVWV IURP PXOWLSOH

UHTXHVWRUV �L�H� WKH 5HDFWLRQ DQG *HQHUDWLRQ 0RGXOHV� DQG

DWWHPSWV WR FDUU\ WKHP RXW�

,QSXW
0DQDJHU

$FWLRQ
6FKHGXOHU

*HVWXUH UHFRJQLWLRQ

,QSXW
'HYLFHV

6SHHFK
%RG\ SRVLWLRQ
*D]H GLUHFWLRQ

���

2XWSXW
'HYLFHV

$QLPDWLRQ 5HQGHULQJ
6SHHFK 6\QWKHVL]HU
'HYLFHV�

5HDFWLRQ
0RGXOH

8QGHUVWDQGLQJ

PRGXOH

*HQHUDWLRQ
0RGXOH

5HVSRQVH
3ODQQHU

)LJXUH �� 7KH 5HD 6RIWZDUH $UFKLWHFWXUH



&RQFOXVLRQ

8VHU�WHVWLQJ RI *DQGDOI� FDSDEOH RI VRPH RI WKH

FRQYHUVDWLRQDO IXQFWLRQV DOVR GHVFULEHG KHUH� VKRZHG WKDW

XVHUV UHOLHG RQ WKH LQWHUDFWLRQDO FRPSHWHQF\ RI WKH V\VWHP

WR QHJRWLDWH WXUQ�WDNLQJ� DQG WKDW WKH\ SUHIHUUHG VXFK D

V\VWHP WR DQRWKHU HPERGLHG FKDUDFWHU FDSDEOH RI RQO\

HPRWLRQDO H[SUHVVLRQ� +RZHYHU� *DQGDOI GLG QRW KDQGOH

UHSDLUV JUDFHIXOO\� DQG XVHUV ZHUH FRPSDUDWLYHO\ PRUH

GLVIOXHQW ZKHQ XVLQJ WKH V\VWHP >�@� 2XU QH[W VWHS LV WR WHVW

5HD WR VHH ZKHWKHU WKH FXUUHQW PL[WXUH RI LQWHUDFWLRQDO DQG

SURSRVLWLRQDO FRQYHUVDWLRQDO IXQFWLRQV� LQFOXGLQJ WXUQ�

WDNLQJ DQG UHSDLU� DOORZ XVHUV WR HQJDJH LQ PRUH HIILFLHQW

DQG IOXHQW LQWHUDFWLRQ ZLWK WKH V\VWHP�

7KH IXQFWLRQDO DSSURDFK SURYLGHV DEVWUDFWLRQ WKDW QRW RQO\

VHUYHV WKHRUHWLFDO JRDOV EXW DOVR JLYHV LPSRUWDQW OHYHUDJH

IRU PXOWL�FXOWXUDO VFDODELOLW\� 7KH LQQHU ZRUNLQJV RI WKH

V\VWHP GHDO ZLWK D VHW RI XQLYHUVDO FRQYHUVDWLRQDO IXQFWLRQV

ZKLOH WKH RXWHU PRGXOHV� ERWK RQ WKH LQSXW DQG RXWSXW VLGH�

DUH UHVSRQVLEOH IRU PDSSLQJ WKHP RQWR ODUJHO\ FXOWXUH�

VSHFLILF VXUIDFH EHKDYLRUV� 7KH DUFKLWHFWXUH DOORZV XV WR

WUHDW WKH PDSSLQJV DV DQ HDVLO\ H[FKDQJHDEOH SDUW LQ WKH

IRUP RI D VSHFLILFDWLRQ ILOH�

,Q WKLV SDSHU ZH KDYH DUJXHG WKDW HPERGLHG FRQYHUVDWLRQDO

DJHQWV DUH D ORJLFDO DQG QHHGHG H[WHQVLRQ WR WKH

FRQYHUVDWLRQDO PHWDSKRU RI KXPDQ ¤ FRPSXWHU LQWHUDFWLRQ�

:H DUJXH� KRZHYHU� WKDW HPERGLPHQW QHHGV WR EH EDVHG RQ

DQ XQGHUVWDQGLQJ RI FRQYHUVDWLRQDO IXQFWLRQ� UDWKHU WKDQ D

DGGLWLYH ¤ DQG DG KRF �� PRGHO RI WKH UHODWLRQVKLS EHWZHHQ

QRQYHUEDO PRGDOLWLHV DQG YHUEDO FRQYHUVDWLRQDO EHKDYLRUV�

:H GHPRQVWUDWHG RXU DSSURDFK ZLWK WKH 5HD V\VWHP�

,QFUHDVLQJO\ FDSDEOH RI PDNLQJ DQ LQWHOOLJHQW FRQWHQW�

RULHQWHG ¤ RU SURSRVLWLRQDO ¤ FRQWULEXWLRQ WR WKH

FRQYHUVDWLRQ� 5HD LV DOVR VHQVLWLYH WR WKH UHJXODWRU\ ¤ RU

LQWHUDFWLRQDO �� IXQFWLRQ RI YHUEDO DQG QRQ�YHUEDO

FRQYHUVDWLRQDO EHKDYLRUV� DQG LV FDSDEOH RI SURGXFLQJ

UHJXODWRU\ EHKDYLRUV WR LPSURYH WKH LQWHUDFWLRQ E\ KHOSLQJ

WKH XVHU UHPDLQ DZDUH RI WKH VWDWH RI WKH FRQYHUVDWLRQ� 5HD

LV DQ HPERGLHG FRQYHUVDWLRQDO DJHQW ZKR FDQ KROG XS KHU

HQG RI WKH FRQYHUVDWLRQ�

5()(5(1&(6

�� $QGUH� (�� 5LVW� 7�� 0XHOOHU� -� ,QWHJUDWLQJ 5HDFWLYH DQG

6FULSWHG %HKDYLRUV LQ D /LIH�/LNH 3UHVHQWDWLRQ $JHQW� ,Q

3URFHHGLQJV RI $XWRQRPRXV $JHQWV ���

�0LQQHDSROLV�6W� 3DXO� 0D\ ������ $&0 3UHVV�

�� $]DUED\HMDQL� $�� :UHQ� &� DQG 3HQWODQG $�

5HDO�WLPH ��' WUDFNLQJ RI WKH KXPDQ ERG\� ,Q

3URFHHGLQJV RI ,0$*(
&20 ��� �%RUGHDX[� )UDQFH�

0D\ ������

�� %DOO� *�� /LQJ� '�� .XUODQGHU� '�� 0LOOHU� '�� 3XJK� '��

6NHOO\� 7�� 6WDQNRVN\� $�� 7KLHO� '�� 9DQ 'DQW]LFK� 0�

DQG 7� :D[� /LIHOLNH FRPSXWHU FKDUDFWHUV� WKH SHUVRQD

SURMHFW DW 0LFURVRIW 5HVHDUFK� ,Q 6RIWZDUH $JHQWV� -� 0�

%UDGVKDZ �HG��� 0,7 3UHVV� &DPEULGJH� 0$� �����

�� %HVNRZ� -� DQG 0F*ODVKDQ� 6� 2OJD � $ &RQYHUVDWLRQDO

$JHQW ZLWK *HVWXUHV� ,Q 3URFHHGLQJV RI WKH ,-&$,
��

ZRUNVKRS RQ $QLPDWHG ,QWHUIDFH $JHQWV � 0DNLQJ WKHP

,QWHOOLJHQW� �1DJR\D� -DSDQ� $XJXVW ������ 0RUJDQ�

.DXIPDQQ 3XEOLVKHUV� 6DQ )UDQFLVFR�

�� %ROW� 5�$� 3XW�WKDW�WKHUH� YRLFH DQG JHVWXUH DW WKH

JUDSKLFV LQWHUIDFH� &RPSXWHU *UDSKLFV� ������ �����

��������

�� %ROW� 5�$� DQG +HUUDQ]� (� 7ZR�KDQGHG JHVWXUH LQ

PXOWL�PRGDO QDWXUDO GLDORJ� ,Q 3URFHHGLQJV RI 8,67 C���

)LIWK $QQXDO 6\PSRVLXP RQ 8VHU ,QWHUIDFH 6RIWZDUH

DQG 7HFKQRORJ\� �0RQWHUH\� &$� 1RYHPEHU ������

$&0 3UHVV� �����

�� %UHQQDQ� 6�(� DQG +XOWHHQ� (�$� ,QWHUDFWLRQ DQG

)HHGEDFN LQ D 6SRNHQ /DQJXDJH 6\VWHP� .QRZOHGJH�

%DVHG 6\VWHPV� ��� �$SULO�-XQH ������ ��������

�� &DVVHOO� -�� 3HODFKDXG� &�� %DGOHU� 1�,�� 6WHHGPDQ� 0��

$FKRUQ� %�� %HFNHWW� 7�� 'RXYLOOH� %�� 3UHYRVW� 6� DQG

6WRQH� 0� $QLPDWHG FRQYHUVDWLRQ� UXOH�EDVHG JHQHUDWLRQ

RI IDFLDO GLVSOD\� JHVWXUH DQG VSRNHQ LQWRQDWLRQ IRU

PXOWLSOH FRQYHUVDWLRQDO DJHQWV� &RPSXWHU *UDSKLFV

�6,**5$3+ ©�� 3URFHHGLQJV�� ������ ��������

�� &DVVHOO� -� DQG 7KyULVVRQ� .� 7KH 3RZHU RI D 1RG DQG D

*ODQFH� (QYHORSH YV� (PRWLRQDO )HHGEDFN LQ $QLPDWHG

&RQYHUVDWLRQDO $JHQWV� -RXUQDO RI $SSOLHG $UWLILFLDO

,QWHOOLJHQFH� LQ SUHVV�

���&DVVHOO� -�� 7RUUHV� 2� DQG 3UHYRVW� 6� 7XUQ WDNLQJ YV�

'LVFRXUVH 6WUXFWXUH� KRZ EHVW WR PRGHO PXOWLPRGDO

FRQYHUVDWLRQ� ,Q :LONV �HG�� 0DFKLQH &RQYHUVDWLRQV�

.OXZHU� 7KH +DJXH� �����

���&ODUN� +�+� DQG %UHQQDQ� 6�(� *URXQGLQJ LQ

&RPPXQLFDWLRQ� ,Q 6KDUHG &RJQLWLRQ� 7KLQNLQJ DV

6RFLDO 3UDFWLFH� -� /HYLQH� /�%� 5HVQLFN DQG 6�'�

%HKUHQG� �HGV��� $3$ %RRNV� :DVKLQJWRQ� '�&� �����

���&/,36 5HIHUHQFH 0DQXDO 9HUVLRQ ���� 7HFKQLFDO

5HSRUW� 1XPEHU -6&������� 6RIWZDUH 7HFKQRORJ\

%UDQFK� /\QGRQ %� -RKQVRQ 6SDFH &HQWHU� +RXVWRQ�

7;� �����

���)LQLQ� 7�� )ULW]VRQ� 5� .40/ DV DQ $JHQW

&RPPXQLFDWLRQ /DQJXDJH� ,Q 7KH 3URFHHGLQJV RI WKH

7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QIRUPDWLRQ DQG

.QRZOHGJH 0DQDJHPHQW �&,.0
���� $&0 3UHVV�

1RYHPEHU �����

���-RKQVWRQ� 0�� &RKHQ� 3� 5�� 0F*HH� '�� 2YLDWW� 6� /��

3LWWPDQ� -� $� DQG 6PLWK� ,� 8QLILFDWLRQ�EDVHG

PXOWLPRGDO LQWHJUDWLRQ� ,Q 3URFHHGLQJV RI WKH ��WK

$QQXDO 0HHWLQJ RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO

/LQJXLVWLFV� �0DGULG� 6SDLQ� ������

���.HQGRQ� $� 7KH QHJRWLDWLRQ RI FRQWH[W LQ IDFH�WR�IDFH

LQWHUDFWLRQ� ,Q $� 'XUDQWL DQG &� *RRGZLQ �HGV���

5HWKLQNLQJ FRQWH[W� ODQJXDJH DV LQWHUDFWLYH

SKHQRPHQRQ� &DPEULGJH 8QLYHUVLW\ 3UHVV� 1<� �����



���.RRQV� '�%� 6SDUUHOO� &�-� DQG 7KRULVVRQ� .�5�

,QWHJUDWLQJ VLPXOWDQHRXV LQSXW IURP VSHHFK� JD]H DQG

KDQG JHVWXUHV� ,Q ,QWHOOLJHQW 0XOWL�0HGLD ,QWHUIDFHV

0�7� 0D\EXU\ �(G��� $$$, 3UHVV�0,7 3UHVV� �����

���/R\DOO� $� DQG %DWHV� -� 3HUVRQDOLW\�ULFK EHOLHYDEOH

DJHQWV WKDW XVH ODQJXDJH� ,Q 3URFHHGLQJV RI $JHQWV ©��

�0DULQD GHO 5H\� &$� )HEUXDU\ ������ $&0 3UHVV�

���1DJDR� .� DQG 7DNHXFKL� $� 6RFLDO LQWHUDFWLRQ�

PXOWLPRGDO FRQYHUVDWLRQ ZLWK VRFLDO DJHQWV�

3URFHHGLQJV RI WKH ��WK 1DWLRQDO &RQIHUHQFH RQ

$UWLILFLDO ,QWHOOLJHQFH �$$$,����� �6HDWWOH� :$� $XJXVW

������ $$$, 3UHVV�0,7 3UHVV� YRO� �� ������
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