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&KDSWHU���

&RQFOXVLRQ

��� 5HVHDUFK 6XPPDU\

7KH UHVHDUFK SUHVHQWHG LQ WKLV WKHVLV JUHZ RXW RI WKH DXWKRU©V SUHYLRXV H[SHULHQFH RI

GHYHORSLQJ 0,6V �PDQDJHPHQW LQIRUPDWLRQ V\VWHPV�� DQG ZDV LQLWLDOO\ PRWLYDWHG E\ KLV

LQWHUHVW LQ VHHNLQJ DQ DPHWKRGLFDO DSSURDFK IRU 66'� 0RUH SDUWLFXODUO\� WKH DXWKRU ZDV

DWWUDFWHG E\ WKH SRWHQWLDO RI (0 WR VHUYH DV DQ RSHQ GHYHORSPHQW PRGHO IRU GHYHORSLQJ DQ

LOO�GHILQHG� YRODWLOH VRIWZDUH V\VWHP �VHH 6HFWLRQ ����� $V H[SODLQHG LQ &KDSWHU �� DQ

DPHWKRGLFDO DSSURDFK RI 66' PXVW WDNH ERWK WHFKQLFDO EXW DOVR VRFLDO SURFHVVHV LQWR

DFFRXQW� 6LQFH WHFKQLFDO VXSSRUW IRU VRFLDO LQWHUDFWLRQ LQ (0 LV QRW ZHOO GHYHORSHG� WKH

UHVHDUFK HPSKDVLV VKLIWHG WR FODULI\LQJ WKH GLVWULEXWHG SHUVSHFWLYH RQ (0 DQG HVWDEOLVKLQJ

WKH IUDPHZRUN IRU GLVWULEXWHG (PSLULFDO 0RGHOOLQJ �'(0�� 7KH SURSRVHG IUDPHZRUN DQG

WKH VXSSRUWLQJ WRRO GWNHGHQ KDYH IXOILOOHG WKH LQLWLDO REMHFWLYH RI WKH UHVHDUFK�

7KH WKHVLV KDV H[DPLQHG WKH IROORZLQJ IXQGDPHQWDO LVVXHV IRU 66' GHWDLOHG LQ

&KDSWHU �� HVVHQWLDO FKDUDFWHU� UHDO�ZRUOG FRQWH[W� KXPDQ IDFWRU� VRFLDO IDFWRU DQG

FRPSXWHU VXSSRUW� 7KH PDLQ ILQGLQJV RI WKH UHVHDUFK PD\ EH VXPPDULVHG DV IROORZV�
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x (VVHQWLDO FKDUDFWHU

66' LV D KXPDQ DFWLYLW\ EXW QHHGV WHFKQLFDO VXSSRUW LQ RUGHU WR HQKDQFH WKH

YLDELOLW\ RI JLYHQ VRFLDO JRDOV�

$OWKRXJK DQ DSSURDFK EDVHG SXUHO\ RQ D WHFKQLFDO SHUVSHFWLYH FDQQRW DGHTXDWHO\

VROYH WKH VRFLDO SUREOHPV DULVLQJ IURP 66'� DQ DSSURDFK EDVHG SXUHO\ RQ D VRFLDO

SHUVSHFWLYH UXQV WKH ULVN RI ZLWKGUDZLQJ LQWR FRQWHPSODWLRQ DQG UHIOHFWLRQ� $V

UHFRPPHQGHG E\ -� $� *RJXHQ LQ >*RJ��@� D FOHDU QHHG WR UHFRQFLOH WKH WHFKQLFDO DQG

VRFLDO LVVXHV RI LQIRUPDWLRQ V\VWHP GHYHORSPHQW �L�H� 66' LQ WKH WHUPLQRORJ\ RI WKLV

WKHVLV� LV HPHUJLQJ� (YHQ WKRXJK WKH VR�FDOOHG VRFLR�WHFKQLFDO DSSURDFKHV KDYH WDNHQ WKLV

UHFRQFLOLDWLRQ LQWR DFFRXQW� WKH\ UHPDLQ GHHSO\ URRWHG LQ DQ HQJLQHHULQJ GLVFLSOLQH WKDW

FDQ RQO\ DFFRPPRGDWH VRFLDO LVVXHV WR D OLPLWHG GHJUHH�

,QVWHDG RI UHJDUGLQJ 66' DV D WHFKQLFDO SURFHVV ZLWK VRFLDO EHKDYLRXU WR HQKDQFH

WKH YLDELOLW\ RI JLYHQ WHFKQLFDO JRDOV� WKLV WKHVLV UHJDUGV 66' DV D VRFLDO SURFHVV� EXW ZLWK

WHFKQLFDO SUDFWLFHV WR HQKDQFH WKH YLDELOLW\ RI JLYHQ VRFLDO JRDOV� ,Q WKH OLJKW RI WKLV

IXQGDPHQWDO VWDQFH� WKH IUDPHZRUN IRU '(0 LV LQWHQGHG WR DGGUHVV LQWHUSHUVRQDO

LQWHUDFWLRQ� WKH PRVW SULPDU\ EXW GLIILFXOW VRFLDO LVVXH LQ 66'� WKURXJK SURYLGLQJ

DSSURSULDWH WHFKQLFDO VXSSRUW �WKDW LV� WKH VLWXDWHG PRGHOOLQJ LQ D FROODERUDWLYH ZRUN

HQYLURQPHQW SURSRVHG LQ &KDSWHU ��� %\ DGRSWLQJ WKH DSSURDFK SURSRVHG LQ WKLV WKHVLV ¤

ZKLFK PD\ EH UHIHUUHG WR DV D ¨WHFKQR�VRFLDO© DSSURDFK WR GHQRWH LWV FRQFHUQ IRU VRFLDO

SURFHVVHV ¤ 66' FDQ PRYH WRZDUGV UHDOLVP �IURP D VRFLDO SURFHVV SHUVSHFWLYH� DQG

SUDFWLFDOLW\ �IURP D WHFKQLFDO SURFHVV SHUVSHFWLYH��
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x 5HDO�ZRUOG FRQWH[W

66' LV KLJKO\ DVVRFLDWHG ZLWK LWV FRQWH[W� ZKLFK PXVW EH FRQVLGHUHG LQ D

VLWXDWHG PDQQHU�

7KH FRQWH[W RI 66' LV WKH UHDO�ZRUOG HQYLURQPHQW LQ ZKLFK WKH VRIWZDUH V\VWHP LV

GHYHORSHG DQG RSHUDWHG� 2EYLRXVO\� LW LV VLWXDWHG �FI� -�$� *RJXHQ©V GHVFULSWLRQ RI WKH

TXDOLWLHV RI VLWXDWHGQHVV JLYHQ LQ &KDSWHU �� DQG LQ PRVW FDVHV FDQQRW EH VSHFLILHG LQ

DGYDQFH� :LWKRXW WDNLQJ FRQWH[W� LQ SDUWLFXODU WKH VRFLDO FRQWH[W� VXIILFLHQWO\ LQWR DFFRXQW�

D SXUHO\ WHFKQLFDO YLHZ RI 66' OHDGV WR SUDFWLFDO GLIILFXOWLHV �VXFK DV XVHU UHVLVWDQFH DQG

PDQDJHULDO FRQIOLFW� DQG KDV EHHQ VHHQ DV D GLVWRUWLRQ LQ WKH LQIRUPDWLRQ WHFKQRORJ\

FRPPXQLW\ >$)��@� 0RUHRYHU� IHZ PRGHOV WDNH WKH FRQWH[W LQ WKH RSHUDWLRQDO GRPDLQ

LQWR DFFRXQW� 7KH XVHU ZKR LV XVLQJ WKH GHYHORSHG V\VWHP LV W\SLFDOO\ QRW DOORZHG WR

FKDQJH WKH V\VWHP LQ UHVSRQVH WR KLV�KHU HYROYLQJ UHTXLUHPHQWV� +RZHYHU� IDFHG ZLWK D

UDSLGO\ FKDQJLQJ DQG UDGLFDOO\ FRPSHWLWLYH UHDO ZRUOG� WKH XVHU RIWHQ QHHGV WR DGDSW WKH

V\VWHP LQ WLPH LQ RUGHU WR FRSH ZLWK GLYHUVH VLWXDWLRQV� ,W LV WRR ODWH DQG H[SHQVLYH IRU WKH

XVHU WR DFKLHYH WKLV QHHG VLPSO\ WKURXJK WUDGLWLRQDO V\VWHP PDLQWHQDQFH� 7KH FRQFHSWV RI

GHVLJQ�LQ�XVH >6+��� )LV��@ DQG HQG�XVHU FRPSXWLQJ >1DU��� '/��@ KDYH SLRQHHUHG WKLV

QHZ WUHQG RI WDNLQJ WKH XVHU©V FRQWH[W LQ WKH RSHUDWLRQDO GRPDLQ LQWR DFFRXQW LQ 66'�

7KH FOHDU DGYDQWDJH RI '(0 LV WKDW LW PDNHV SRVVLEOH WR WDNH DFFRXQW RI WKH FRQWH[W

QRW RQO\ LQ WKH FRQVWUXFWLRQ VWDJH EXW DOVR LQ WKH RSHUDWLRQDO VWDJH RI D VRIWZDUH V\VWHP

�VHH 6HFWLRQV ��� DQG ����� 7KH NQRZOHGJH FDSWXUHG E\ GHYHORSHUV DQG XVHUV IURP WKH

FRQWH[W LQ ERWK VWDJHV FDQ EH VWUXFWXUDOO\ FRXSOHG ZLWK WKH H[LVWHQW NQRZOHGJH HPEHGGHG

LQ FRPSXWHU�EDVHG PRGHOV E\ PHDQV RI GHILQLWLYH SURJUDPPLQJ� DQG LQ WXUQ XVHG DV WKH

EDVH RI IXUWKHU LQWHUDFWLRQ� ,Q WKLV ZD\� WKH FRQWH[W RI 66' FDQ EH FRQVLGHUHG LQ VXIILFLHQW

GHWDLO E\ ERWK GHYHORSHUV DQG XVHUV� DV ZHOO DV LQ D VLWXDWHG PDQQHU�
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x +XPDQ IDFWRU

+XPDQ DJHQWV DUH WKH PRVW LPSRUWDQW GLPHQVLRQ LQ 66'� 7KH HQDFWLRQ RI D

SURFHVV PRGHO VKRXOG QRW KLQW DW DQ\ SDUWLFXODU UROHV RI KXPDQ DJHQWV LQ

JXLGLQJ WKH SURFHVV RI 66'�

,W EHFRPHV DSSDUHQW WKDW HYHQ WKH XVH RI WKH PRVW DGYDQFHG WHFKQRORJLHV FDQQRW

HQVXUH WKH VXFFHVV RI 66' >*LE��� 5++5��@� VR WKH LQIOXHQFH RI KXPDQ EHLQJV LQ 66'�

LQ SDUWLFXODU LQ WKH VXFFHVV RI 66'� VKRXOG QRW EH RYHUORRNHG >%UR��� '6��� /HK��D@�

$OWKRXJK KXPDQ DJHQWV KDYH QHJDWLYH FKDUDFWHULVWLFV �VXFK DV EHLQJ HUURU�SURQH DQG

UHVLVWDQW WR FKDQJH� WKDW DUH REVWDFOHV WR WKH VXFFHVV RI 66'� KXPDQ DJHQWV DOVR KDYH

SRVLWLYH FKDUDFWHULVWLFV �VXFK DV LQWHOOLJHQFH DQG DELOLW\ WR FROODERUDWH� WKDW DUH YHU\

LPSRUWDQW IRU VXFFHVVIXO 66' DQG FDQQRW EH UHSODFHG E\ ULJLG DOJRULWKPV DQG

SUHFRQFHLYHG PHFKDQLVPV� +RZHYHU� PRVW PRGHOV IRU 66' RQO\ IRFXV RQ HOLPLQDWLQJ WKH

QHJDWLYH FKDUDFWHULVWLFV UDWKHU WKDQ SURPRWLQJ WKH SRVLWLYH FKDUDFWHULVWLFV� 7KH\ IRUPXODWH

WKH EHKDYLRXU RI KXPDQ EHLQJV DV D VHW RI VHTXHQWLDO DFWLYLW\ SDWWHUQV� /LNH WKH

PHFKDQLVP RI DQ DVVHPEO\ OLQH� WKHVH SDWWHUQV DUH ZHOO�VWUXFWXUHG DQG ZHOO�GHILQHG DV

EHILWV DQ HQJLQHHULQJ GLVFLSOLQH� :KHQ HQDFWLQJ WKHVH PRGHOV� KXPDQ DJHQWV DUH WKXV

REOLJHG WR GHYHORS VRIWZDUH V\VWHPV E\ IROORZLQJ WKHVH ULJLG DFWLYLW\ SDWWHUQV�

6XFK ULJLGLW\ LV OLDEOH WR EH XQWHQDEOH LQ WKH UHDO ZRUOG� EHFDXVH WKH EHKDYLRXU RI

KXPDQ EHLQJV LV RULHQWHG PXFK PRUH WRZDUG VLWXDWHG WKDQ SRVWXODWHG DFWLRQV >6XF��@�

7KHUH LV DOVR QR UHDVRQ WR SURKLELW 66' IURP HQMR\LQJ WKH SRVLWLYH FKDUDFWHULVWLFV RI

KXPDQ DJHQWV VLPSO\ EHFDXVH WKHUH DUH DOVR QHJDWLYH FKDUDFWHULVWLFV� ,Q IDFW� WKH VR�FDOOHG

VRIWZDUH FULVLV� ZKLFK ZDV RIWHQ WKRXJKW WR EH WKH UHVXOW RI WKHVH QHJDWLYH FKDUDFWHULVWLFV�

GRHV QRW UHVXOW IURP IDLOLQJ WR IROORZ WKHVH ZHOO�GHILQHG DFWLYLW\ SDWWHUQV >FI� )LW���

*LE��@� ,QVWHDG� LW LV RIWHQ EHFDXVH WKHVH DGYDQFHG WHFKQRORJLHV SURYLGH OLWWOH VXSSRUW IRU

PDNLQJ WKH EHVW XVH RI WKH KXPDQ DJHQWV© SRVLWLYH FKDUDFWHULVWLFV� $V D UHVXOW� LQ VSLWH RI

WKH XVH RI WKLV NLQG RI PRGHO� 66' KDV \HW WR GLVSHO WKH VRIWZDUH FULVLV >*LE��@�
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+HQFH� WKH HQDFWLRQ RI D SURFHVV PRGHO VKRXOG QRW KLQW DW DQ\ SDUWLFXODU UROHV RI

KXPDQ DJHQWV LQ JXLGLQJ WKH SURFHVV RI 66'� &KDUDFWHULVHG E\ WKH IHDWXUHV RI D VLWXDWHG

DFWLYLW\� '(0 DOORZV WKH GHYHORSHU DQG WKH XVHU WR LQWHUDFW ZLWK WKH V\VWHP WKDW LV EHLQJ

GHYHORSHG RU XVHG LQ DQ RSHQ�HQGHG PDQQHU �6HH 6HFWLRQ ��� DQG ����� 1R ULJLG DFWLYLW\

SDWWHUQV WKDW OLPLW WKH EHVW XVH RI WKH KXPDQ DJHQWV© SRVLWLYH FKDUDFWHULVWLFV LV JLYHQ

ZLWKLQ '(0� 7KH HYROXWLRQ RI WKH V\VWHP LV XWWHUO\ JXLGHG E\ KXPDQ DJHQWV UDWKHU WKDQ

E\ ULJLG DOJRULWKPV DQG SUHFRQFHLYHG PHFKDQLVPV� 0RUH VLJQLILFDQWO\� E\ PHDQV RI

FRPSXWHU VXSSRUW� WKH KXPDQ�FHQWUHG SURFHVV IRU 66' WKDW LV LQYRNHG E\ '(0 FDQ

JUHDWO\ SURPRWH WKH KXPDQ DJHQWV© SRVLWLYH FKDUDFWHULVWLFV ZLWK WKH OHDVW ULVN RI

UHVXUUHFWLQJ WKH SUREOHPV RI DQ DG KRF DSSURDFK� DQG DW WKH VDPH WLPH KHOS WR UHGXFH WKH

LQIOXHQFH RI WKHLU QHJDWLYH FKDUDFWHULVWLFV�

x 6RFLDO IDFWRU

,QWHUSHUVRQDO LQWHUDFWLRQ LV WKH PRVW FULWLFDO DFWLYLW\ LQ 66'� $ PRGHO IRU

66' VKRXOG EH DEOH WR SURYLGH HIIHFWLYH VXSSRUW IRU LQWHUSHUVRQDO LQWHUDFWLRQ

WR D ODUJH H[WHQW�

,QWHUSHUVRQDO LQWHUDFWLRQ WKDW LQWHJUDWHV ERWK FRJQLWLYH DQG VRFLDO SURFHVVHV LV WKH

PRVW FULWLFDO DFWLYLW\ LQ 66' >3RW��� %UR��� 5++5��@� %HFDXVH RI WKHLU IDLOXUH WR VXSSRUW

HIIHFWLYH LQWHUSHUVRQDO LQWHUDFWLRQ� PDQ\ SURMHFWV KDYH EHHQ FDQFHOOHG RU DEDQGRQHG

>,7&��� 670��� 93&��@� %\ GUDZLQJ RQ DQ HQJLQHHULQJ GLVFLSOLQH� WUDGLWLRQDO PRGHOV

IRU 66' SD\ OLWWOH DWWHQWLRQ WR WKLV FUXFLDO DFWLYLW\ LQ 66'� ,W LV SUHVXPHG WKDW

LQWHUSHUVRQDO LQWHUDFWLRQ FDQ EH DWWDLQHG WKURXJK ZHOO�GHILQHG� ZHOO�VWUXFWXUHG

UHSUHVHQWDWLRQDO PHGLD� +RZHYHU� LQ SUDFWLFH� REVWDFOHV RI LQWHUSHUVRQDO LQWHUDFWLRQ DULVH

YHU\ RIWHQ DQG SRVH WKH PDLQ REVWDFOHV WR WKH VXFFHVV RI 66' >%RV��� 6DO��� 670���

9)��� 93&��@�

:LWKLQ WKH IUDPHZRUN IRU '(0� LQWHUSHUVRQDO LQWHUDFWLRQ EHWZHHQ PRGHOOHUV IRU

VKDSLQJ WKH DJHQF\ RI DJHQWV LQ 66' LV VXSSRUWHG LQ WZR OHYHOV� %HLQJ H[WHUQDO REVHUYHUV�
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PRGHOOHUV FDQ VKDSH WKH DJHQF\ LQ WKH FRQWH[W RI WKHLU WDVN UROHV �VXFK DV GHYHORSHUV DQG

XVHUV �FI� >6RQ��@�� LQ D FRQFXUUHQW HQYLURQPHQW� 2Q WKH RWKHU KDQG� EHLQJ LQWHUQDO

REVHUYHUV� PRGHOOHUV FDQ DFW DV DJHQWV WR FDUU\ RXW WKH LQWHUDFWLRQ EHWZHHQ DJHQWV WKURXJK

SUHWHQG SOD\ DV SURSRVHG LQ WKLV WKHVLV� 7KLV EHLQJ�SDUWLFLSDQW�REVHUYHU DSSURDFK VHUYHV WR

VKDSH WKH DJHQF\ RI DJHQWV ZLWKLQ WKH V\VWHP LQ WKHLU �DJHQWV©� FXVWRPDU\ FRQWH[W UDWKHU

WKDQ WKH PRGHOOHUV© FRQWH[W �VHH 6HFWLRQV ��� DQG ����� %\ XVLQJ QHWZRUNHG FRPSXWHU�

EDVHG PRGHOV WR VXSSRUW PRGHOOLQJ LQ WKHVH WZR OHYHOV� '(0 FDQ SURYLGH PRGHOOHUV ZLWK

FRPSXWHU�PHGLDWHG LQWHUDFWLRQ WKDW LV FRPSOHPHQWDU\ WR WUDGLWLRQDO LQWHUSHUVRQDO

LQWHUDFWLRQ� ,Q WKLV ZD\� LQWHUSHUVRQDO LQWHUDFWLRQ IRU 66' FDQ EH VXSSRUWHG WR DQ HYHQ

ODUJHU H[WHQW�

x &RPSXWHU VXSSRUW

&RPSXWHU�EDVHG VXSSRUW SOD\V DQ HQDEOLQJ UROH LQ IDFLOLWDWLQJ KXPDQ DJHQF\

DQG SURPRWLQJ LQWHUSHUVRQDO LQWHUDFWLRQ� :LWK WKLV VXSSRUW LQ D GLVWULEXWHG

HQYLURQPHQW� KXPDQ DJHQWV FDQ H[SORUH� H[SDQG� H[SHULHQFH DQG

FRPPXQLFDWH VKDUHG NQRZOHGJH LQ DQ RSHQ�HQGHG� LQWHUDFWLYH� DQG VLWXDWHG

IDVKLRQ�

,W LV HYLGHQW WKDW KLWKHUWR WKH FRPSXWHU KDV EHHQ ZLGHO\ XVHG WR LPSURYH KXPDQ

LQWHUDFWLRQ� +RZHYHU� WKH W\SLFDO XVH RI D FRPSXWHU DV DQ DSSOLFDWLRQ WRRO� LQ SDUWLFXODU IRU

NQRZOHGJH UHSUHVHQWDWLRQ� UHVWULFWV LWV DGYDQWDJHV� )RU H[DPSOH� PRVW &$6( �FRPSXWHU�

DLGHG VRIWZDUH HQJLQHHULQJ� WRROV XVH WKH FRPSXWHU IRU GRFXPHQWDWLRQ� DXWRPDWLRQ DQG

FRGH JHQHUDWLRQ� ,Q WKLV VHQVH� WKH FRPSXWHU LV DW EHVW VLPSO\ D SRZHUIXO ZRUG SURFHVVRU

WKDW KHOSV LWV XVHUV WR RUJDQLVH GRFXPHQWV LQ FHUWDLQ IRUPV DQG WR WUDQVODWH GRFXPHQWV

IURP RQH IRUP �WH[W RU GLDJUDP� WR DQRWKHU IRUP �SURJUDP FRGH�� +RZHYHU� WKH FRPSXWHU

FDQ EH EHVW XVHG DV DQ RSHQ�HQGHG DUWHIDFW IRU IDFLOLWDWLQJ NQRZOHGJH FRQVWUXFWLRQ E\

VLWXDWHG PRGHOOLQJ �VHH 6HFWLRQ ���� >&UR��� )3��@� ,Q DGGLWLRQ� ZLWK WKH DLG RI QHWZRUN

FRPPXQLFDWLRQ� WKH FRPSXWHU KDV SRZHUIXO SRWHQWLDO WR HQKDQFH LQWHUSHUVRQDO LQWHUDFWLRQ
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�VHH 6HFWLRQ ���� LQ ZD\V WKDW VHUYH ¨WR EH HTXLSPHQW IRU ODQJXDJH© DV KLJKOLJKWHG LQ

>:)��� S���@�

7KH HQDFWLRQ RI '(0 ZLWK FRPSXWHU VXSSRUW LV D VLWXDWHG DFWLYLW\� :LWKLQ '(0�

PRGHOOHUV QHHG WR FUHDWH FRPSXWHU�EDVHG PRGHOV WR VXSSRUW WKHLU VLWXDWHG PRGHOOLQJ IRU

66' �VHH &KDSWHU � DQG ��� 7KLV HQDEOHV HDFK PRGHOOHU WR H[SORUH� H[SDQG DQG H[SHULHQFH

LQGLYLGXDO NQRZOHGJH E\ LQWHUDFWLQJ ZLWK KLV�KHU RZQ FRPSXWHU�EDVHG PRGHO� $W WKH

VDPH WLPH� PRGHOOHUV FDQ DOVR LQWHUDFW ZLWK HDFK RWKHU WKURXJK WKHLU QHWZRUNHG FRPSXWHU�

EDVHG PRGHOV IRU H[SORULQJ� H[SDQGLQJ� H[SHULHQFLQJ DQG FRPPXQLFDWLQJ VKDUHG

NQRZOHGJH� ,Q WKLV ZD\� KXPDQ DJHQF\ DQG LQWHUSHUVRQDO LQWHUDFWLRQ FDQ EH HIIHFWLYHO\

HQKDQFHG DQG LPSURYHG LQ DQ RSHQ�HQGHG� LQWHUDFWLYH DQG VLWXDWHG IDVKLRQ�

7KH DERYH SUHOLPLQDU\ ILQGLQJV VXSSO\ D SURPLVLQJ EDVLV IRU WKH DSSOLFDWLRQ RI

'(0 WR 66'� $ UDGLFDOO\ QHZ REMHFWLYH LQ WKLV DSSOLFDWLRQ LV WR HQFRXUDJH WKH XVH RI DQ

RSHQ GHYHORSPHQW PRGHO �2'0� IRU D VRIWZDUH V\VWHP WKURXJKRXW LWV GHYHORSPHQW DQG

XVH �VHH 6HFWLRQ ��� DQG ����� :LWK WKH RSHQQHVV DQG VLWXDWHGQHVV RI DQ 2'0� QRW RQO\

WKH GHYHORSHU EXW DOVR WKH XVHU FDQ JXLGH WKH HYROXWLRQ RI WKH V\VWHP LQ UHVSRQVH WR WKHLU

UDSLGO\ FKDQJLQJ QHHGV� ,Q WKLV ZD\� 66' EHFRPHV D KXPDQ�FHQWUHG DFWLYLW\ ZLWK

DXWRQRP\ UDWKHU WKDQ D SUHFRQFHLYHG PHFKDQLVP IROORZHG E\ KXPDQ DJHQWV �FI� >)OR���

)OR��@�� 0RUHRYHU� LQ RUGHU WR DYRLG WDNLQJ WKH ULVN RI UHVXUUHFWLQJ WKH SUREOHP RI DQ DG

KRF DSSURDFK� LW LV GHILQLWHO\ QHFHVVDU\ WR SURYLGH WKH FRPSXWHU VXSSRUW IRU H[SORLWLQJ WKH

SRVLWLYH FKDUDFWHULVWLFV DQG QHXWUDOLVLQJ WKH QHJDWLYH FKDUDFWHULVWLFV RI KXPDQ DJHQWV� ,Q

WKLV PDQQHU� WKH IRUPDO WHFKQLFDO LVVXHV DQG LQIRUPDO VRFLDO LVVXHV RI 66' FDQ EH WR D

ODUJH H[WHQW UHFRQFLOHG �FI� >*RJ��� *RJ��@��

5HFRJQLVLQJ WKH LPSRUWDQFH RI WKH DERYH IXQGDPHQWDO LVVXHV IRU 66' LQ WKH UHDO

ZRUOG� '(0 DV DQ 2'0 UHJDUGV D VRIWZDUH V\VWHP DV D FRPSXWHU�EDVHG PRGHO� DQG

HQDEOHV WKH GHYHORSHU DQG WKH XVHU WR JXLGH WKH HYROXWLRQ RI WKH V\VWHP ZLWK FRPSXWHU
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VXSSRUW IRU PRGHOOLQJ �VHH &KDSWHU ����� $OWKRXJK WKH MXVWLILFDWLRQ RI DSSO\LQJ '(0 WR

66' LV QRW FOHDUO\ JLYHQ LQ WKLV WKHVLV� VHYHUDO FDVH VWXGLHV� VXFK DV D KRWHO ERRNLQJ

V\VWHP �VHH 6HFWLRQ ����� UDLOZD\ DFFLGHQW DQLPDWLRQ DQG RWKHU H[DPSOHV �VHH &KDSWHU �

DQG 6HFWLRQ ����� KDYH LOOXVWUDWHG SURPLVLQJ SRWHQWLDO IRU WKLV DSSOLFDWLRQ� /LPLWDWLRQV RI

UHVHDUFK WLPH KDYH SUHYHQWHG WKH DXWKRU IURP LQYHVWLJDWLQJ PDQ\ LVVXHV LQ 66'� EXW WKH

WKHVLV KDV DGGUHVVHG RQH RI WKH PRVW GLIILFXOW SDUWV RI 66' �WKDW LV� UHTXLUHPHQWV

GHYHORSPHQW �VHH &KDSWHU ��� DQG LQFOXGHV SUDFWLFDO FDVH VWXGLHV IRU 66' �VHH &KDSWHU ���

)XUWKHU ZRUN RQ DSSO\LQJ '(0 WR RWKHU LVVXHV RI 66' LV RQ�JRLQJ LQ WKH UHVHDUFK JURXS

RI (PSLULFDO 0RGHOOLQJ �LQ :DUZLFN 8QLYHUVLW\��

5HTXLUHPHQWV GHYHORSPHQW LV D ODERXU�LQWHQVLYH WDVN DQG LV LQWHUWZLQHG ZLWK 66'

LQ D V\PELRWLF PDQQHU� ,WV SURFHVV LV ODUJHO\ GULYHQ E\ KXPDQ LQWHUDFWLRQ� +RZHYHU� OLNH

WKH SURFHVV RI 66'� WKLV SURFHVV KDV RIWHQ EHHQ H[DPLQHG IURP WKH SHUVSHFWLYH RI DQ

HQJLQHHULQJ GLVFLSOLQH� ,W LV QRW VXUSULVLQJ WKDW WKH WHFKQLFDOO\�RULHQWHG PRGHOV SURSRVHG

WR SUHVFULEH WKLV KXPDQ�FHQWUHG LQWHUDFWLYH SURFHVV IDFH DOPRVW WKH VDPH SUREOHPV WKDW

DULVH LQ PDQ\ VRIWZDUH SURFHVV PRGHOV EDVHG RQ VWHS�E\�VWHS DOJRULWKPV� )ROORZLQJ WKH

YLHZ RI 66' DV D VRFLDO SURFHVV RI KXPDQ LQWHUDFWLRQ� WKLV WKHVLV UHHQJLQHHUV WKH SURFHVV

RI UHTXLUHPHQWV GHYHORSPHQW LQ WHUPV RI SUREOHP�VROYLQJ VR DV WR KLJKOLJKW LWV VLWXDWHG�

FRQWH[W�GHSHQGHQW FKDUDFWHU� 7KH SURSRVHG 6325( IUDPHZRUN GHVFULEHV WKLV SUREOHP�

VROYLQJ SURFHVV� LQ ZKLFK KXPDQ EHLQJV� RQ WKH EDVLV RI WKHLU FXUUHQW FRQWH[W DQG

UHVRXUFHV� LQWHUDFW ZLWK HDFK RWKHU LQ RUGHU WR VROYH SUREOHPV DV WKH\ DUH LGHQWLILHG� '(0

LV DSSOLHG WR 6325( LQ RUGHU WR FUHDWH D FROODERUDWLYH ZRUN HQYLURQPHQW IRU SDUWLFLSDQWV

WDNLQJ SDUW LQ WKH SURFHVV RI UHTXLUHPHQWV GHYHORSPHQW� :LWKLQ WKLV HQYLURQPHQW�

LQGLYLGXDO LQVLJKWV LQWR UHTXLUHPHQWV DQG SDUWLFLSDQWV© VKDUHG XQGHUVWDQGLQJ RI

UHTXLUHPHQWV EHFRPH YLVLEOH DQG FRPPXQLFDEOH WKURXJK WKH XVH RI QHWZRUNHG FRPSXWHU�

EDVHG PRGHOV� ,Q WKLV ZD\� WKH XQVDWLVIDFWRU\ QDWXUH RI FRPPXQLFDWLRQ E\ WUDGLWLRQDO

PHWKRGV� VXFK DV GRFXPHQWDWLRQ DQG FRQYHUVDWLRQ� FDQ HDVLO\ EH LPSURYHG� DQG DV D UHVXOW



���

WKH FRPPXQLFDWLRQ REVWDFOHV ZLWKLQ� DPRQJ DQG EHWZHHQ SDUWLFLSDQWV LGHQWLILHG LQ

>9)��@ FDQ EH UHGXFHG�

0RUHRYHU� WKH FDVH VWXGLHV LQFOXGHG LQ WKH SUHVHQW UHVHDUFK �VHH &KDSWHU �� VKRZ

WKDW WKH WRRO GWNHGHQ GRHV H[KLELW '(0 DQG SURYLGHV D SUDFWLFDO H[HUFLVH HQYLURQPHQW

IRU NQRZLQJ '(0� LQ SDUWLFXODU IRU QRYLFHV� 6LQFH WKLV WRRO LV VLPSO\ DQ DFDGHPLF SURGXFW

DQG LV QRW WHFKQLFDOO\ HOHJDQW� LW LV LQHYLWDEOH WKDW WKHUH ZLOO IXUWKHU LPSURYHPHQWV LQ LWV

IXQFWLRQDOLW\ �6HFWLRQ ����� GHVFULEHV VRPH SDUWLFXODU LPSURYHPHQWV�� +RZHYHU� GHVSLWH

WKH QHHG WR LPSURYH LWV IXQFWLRQDOLW\ IRU UHDOLVWLF SUDFWLFDO XVH� GWNHGHQ LV DOUHDG\ D

V\VWHP WKDW HIIHFWLYHO\ VXSSRUWV VLWXDWHG PRGHOOLQJ LQ D FROODERUDWLYH ZRUNLQJ

HQYLURQPHQW�

��� 5HVHDUFK /LPLWDWLRQV

8QGRXEWHGO\� WKHUH DUH VHYHUDO UHVHDUFK OLPLWDWLRQV ZKLFK QHHG WR EH DFNQRZOHGJHG� ,Q

SDUW� WKHVH UHVXOW IURP WKH GHOLEHUDWHO\ UHVWULFWHG VFRSH RI WKH UHVHDUFK� ,Q SDUW� WKH\ DUH

GXH WR WKH LQHYLWDEOH UHVWULFWLRQV RI WLPH DQG UHVRXUFHV�

x 7KLV UHVHDUFK� WKDW DLPV WR HVWDEOLVK '(0 IRU VXSSRUWLQJ WKH VRFLDO SURFHVV RI 66'�

GRHV QRW SURYLGH ZD\V RI DGGUHVVLQJ PRVW RI WKH VRFLDO LVVXHV DVVRFLDWHG ZLWK WKLV

SURFHVV� 6RPH DFFRXQW KDV EHHQ WDNHQ RI KXPDQ LQWHUDFWLRQ DQG OHDUQLQJ� EXW WKLV

WKHVLV GRHV QRW GHDO ZLWK RWKHU LPSRUWDQW VRFLDO LVVXHV� VXFK DV MRE VDWLVIDFWLRQ� XVHU

UHVLVWDQFH DQG ZRUNHU GHPRFUDF\� 7KLV LV EHFDXVH WKH\ FDQ RQO\ EH DGHTXDWHO\

KDQGOHG E\ QRQ�WHFKQLFDO PHWKRGV ZKLFK DUH EH\RQG WKH VFRSH RI WKLV WKHVLV�

+RZHYHU� WKH RSHQ�HQGHG GLVWULEXWHG PRGHOOLQJ IUDPHZRUN �'(0� DQG HQYLURQPHQW

�GWNHGHQ� GR SURYLGH� WR VRPH H[WHQW� WKH WHFKQLFDO VXSSRUW IRU VXFK QRQ�WHFKQLFDO

PHWKRGV� )RU H[DPSOH� LQ RUGHU WR LPSURYH XVHUV© MRE VDWLVIDFWLRQ� QRQ�WHFKQLFDO
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PHWKRGV VXFK DV QHJRWLDWLRQ DQG EUDLQVWRUPLQJ FDQ EH VXSSRUWHG E\ ¨ZKDW LI©

H[SHULPHQWV LQ WKH SURSRVHG '(0 IUDPHZRUN DQG HQYLURQPHQW�

x +XPDQ LQWHUDFWLRQ LQ WKH IUDPHZRUN SURSRVHG IRU '(0 LV VLPSOLILHG WR IRXU SULPDU\

PRGHV ZKHQ LW LV LPSOHPHQWHG LQ GWNHGHQ� 2EYLRXVO\� KXPDQ LQWHUDFWLRQ LV PXFK WRR

FRPSOLFDWHG WR EH UHGXFHG WR WKHVH IRXU PRGHV� $V '� 6RQQHQZDOG KDV VKRZQ LQ KHU

DQDO\VLV RI ERWK FRPPXQLFDWLRQ UROHV DQG WDVN UROHV >6RQ��� 6RQ��@� WKH FRPSOH[LW\

RI D SDUWLFLSDQW©V FRPPXQLFDWLRQ QHWZRUN LV IDU EH\RQG ZKDW KDV EHHQ SUHVHQWHG LQ

GWNHGHQ� $ SRVVLEOH H[WHQVLRQ RI WKH H[LVWLQJ VWUXFWXUH LV VXJJHVWHG LQ 6HFWLRQ ������

x )URP D WHFKQLFDO YLHZSRLQW� LW LV DVVXPHG WKDW GHSHQGHQFLHV EHWZHHQ REVHUYDEOHV FDQ

EH IRUPDOLVHG E\ XVLQJ GHILQLWLYH QRWDWLRQV DQG UHSUHVHQWHG E\ D FRPSXWHU�EDVHG

PRGHO� +RZHYHU� PDQ\ GHSHQGHQFLHV LQ WKH UHDO ZRUOG DUH YHU\ GLIILFXOW WR GHVFULEH

LQ WKLV IRUPDW� (YHQ LQ WKLV FRQWH[W� '(0 FDQ DOORZ PRGHOOHUV WR XQGHUWDNH VRFLDO

LQWHUDFWLRQ ZLWK HDFK RWKHU WR DGYDQFH WKH SURFHVV RI 66' ZLWKRXW LPSRVLQJ ULJLG

DFWLYLW\ SDWWHUQV�

x 7KLV UHVHDUFK KDV QRW LQYROYHG D GHWDLOHG FRPSDULVRQ RI '(0 ZLWK RWKHU PHWKRGV�

(DFK PHWKRG KDV LWV DGYDQWDJHV DQG GLVDGYDQWDJHV� DQG WKH FKRLFH RI D PHWKRG PXVW

GHSHQG RQ WKH SURMHFW LWVHOI >$)��@� 7KH PDLQ REMHFWLYH RI WKLV UHVHDUFK� WKDW LV�

FODULI\LQJ DQG HQKDQFLQJ WKH GLVWULEXWHG SHUVSHFWLYH RQ (0 IRU VXSSRUWLQJ D VRFLDO

SURFHVV RI 66'� KDV EHHQ VHUYHG E\ GHYHORSLQJ WKH SURSRVHG IUDPHZRUN IRU '(0�

+RZHYHU� IXUWKHU FRPSDULVRQ RI XVLQJ '(0 DQG RWKHU PHWKRGV IRU 66' ZLOO KHOS WR

FODVVLI\ WKH VLWXDWLRQV DQG GRPDLQV LQ ZKLFK '(0 FDQ HIIHFWLYHO\ EH DSSOLHG WR

GHYHORS VRIWZDUH V\VWHPV�
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��� )XUWKHU :RUN

7KLV WKHVLV KDV SURSRVHG D IUDPHZRUN IRU '(0 WR HQKDQFH WKH LQWHUDFWLRQ EHWZHHQ D

JURXS RI SHRSOH� DQG D WRRO WR VXSSRUW WKLV IUDPHZRUN� 7KH IUDPHZRUN KDV EHHQ

FRQYHQLHQWO\ DSSOLHG WR UHTXLUHPHQWV HQJLQHHULQJ LQ RUGHU WR IDFLOLWDWH WKH FXOWLYDWLRQ RI

UHTXLUHPHQWV LQ WHUPV RI D VKDUHG XQGHUVWDQGLQJ EHWZHHQ SDUWLFLSDQWV� 7KH WRRO GWNHGHQ

KDV DOVR EHHQ VXFFHVVIXOO\ XVHG WR GHYHORS VHYHUDO FDVH VWXGLHV� 7KHUH UHPDLQV WKH

SRWHQWLDO WR

x DSSO\ '(0 WR RWKHU LVVXHV RI 66' �FI� >%&56��� %&6:��@��

x DSSO\ '(0 WR QHZ VXEMHFWV ZKLFK UHO\ KHDYLO\ RQ HIIHFWLYH LQWHUSHUVRQDO

LQWHUDFWLRQ�

x GHYHORS QHZ FDVH�VWXGLHV DQG DSSOLFDWLRQV ZLWK WKH WRRO GWNHGHQ�

x LPSURYH WKH IXQFWLRQDOLW\ RI GWNHGHQ�

x HYDOXDWH WKH LPSDFW RI FRPSXWHU�PHGLDWHG LQWHUSHUVRQDO LQWHUDFWLRQ

,Q WKH IROORZLQJ VXEVHFWLRQV VRPH VXJJHVWLRQV DUH JLYHQ IRU IXUWKHU ZRUN EDVHG RQ

WKH UHVHDUFK SURSRVHG LQ WKLV WKHVLV�

����� 3RVVLEOH $SSOLFDWLRQV RI '(0

7KH IUDPHZRUN IRU '(0 SURSRVHG LQ WKLV WKHVLV SURPLVHV WR SURYLGH D GLVWULEXWHG

HQYLURQPHQW RI KXPDQ LQWHUDFWLRQ IRU IDFLOLWDWLQJ PXWXDO NQRZOHGJH H[SORUDWLRQ�

H[WHQVLRQ DQG FRPPXQLFDWLRQ WKURXJK QHWZRUNHG FRPSXWHU�EDVHG PRGHOV� $ PDLQ

DSSOLFDWLRQ RI '(0 WR 66' KDV EHHQ DFKLHYHG LQ UHTXLUHPHQWV GHYHORSPHQW �VHH &KDSWHU

��� 2WKHU DSSOLFDWLRQV WKDW KDYH EHHQ LQLWLDWHG LQFOXGH KXPDQ�FRPSXWHU LQWHUDFWLRQ
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>%56:��@ DQG SURJUDP FRPSUHKHQVLRQ >%6��@� ,Q DGGLWLRQ WR DSSO\LQJ '(0 WR 66'�

WKLV IUDPHZRUN LV SRWHQWLDOO\ DSSOLFDEOH WR WKH IROORZLQJ UHVHDUFK WRSLFV�

x &RPSXWHU�6XSSRUWHG &ROODERUDWLYH :RUN �&6&:�

&6&: LV D QHZ ILHOG FRQFHUQHG ZLWK WKH UHVHDUFK DQG GHYHORSPHQW RI VRIWZDUH

V\VWHPV WR VXSSRUW ¨JURXS ZRUNLQJ©� ,W XVXDOO\ WDNHV IDFH�WR�IDFH FRPPXQLFDWLRQ EHWZHHQ

GHYHORSHUV DV LWV QDWXUDO IRUP >/*��@� ,Q &6&: DSSOLFDWLRQV� D FRPPRQ FULWLFLVP LV WKDW

WKHUH LV D ODFN RI XVHU LQYROYHPHQW� ZKLFK FDXVHV VHYHUH SUREOHPV >.\Q��� *.0��@� ,Q

&6&:� XVHU LQYROYHPHQW UHTXLUHV WHFKQLTXHV WKDW HQDEOH XVHUV WR XQGHUVWDQG WKH

SRVVLELOLWLHV IRU FRPSXWHU VXSSRUW DQG WR HQYLVLRQ ZRUN ZLWK D SURSRVHG V\VWHP�

7UDGLWLRQDO UHTXLUHPHQWV VSHFLILFDWLRQ LV QRW VXLWHG IRU WKLV SXUSRVH� VLQFH PRVW XVHUV DUH

XQDEOH WR EULGJH WKH JDS EHWZHHQ GHVFULSWLRQ DQG WKHLU SURIHVVLRQDO NQRZOHGJH DQG VNLOOV�

,Q WKLV FDVH� E\ XVLQJ WKH IUDPHZRUN SURSRVHG IRU '(0 DQG WKH WRRO GWNHGHQ� IXUWKHU

ZRUN VLWXDWLRQV IRU XVHUV FDQ EH HQYLVLRQHG WKURXJK FRPSXWHU�EDVHG PRGHOV� DQG WKXV

XVHUV DUH DOORZHG WR JDLQ KDQGV�RQ H[SHULHQFH�

x *URXS 'HFLVLRQ 6XSSRUW 6\VWHP �*'66�

*URXS GLVFXVVLRQ KDV EHFRPH D YHU\ SUHYDLOLQJ WUHQG IRU PDNLQJ GHFLVLRQV LQ DQ

RUJDQLVDWLRQ� ,W FDQ IDFLOLWDWH QRW RQO\ WKH HVWDEOLVKPHQW RI JURXS FRQVHQVXV EXW FDQ DOVR

LQVSLUH QHZ WKLQNLQJ DERXW LQQRYDWLRQ� WKXV HQKDQFLQJ WKH TXDOLW\ RI D GHFLVLRQ�

7UDGLWLRQDO GHFLVLRQ VXSSRUW V\VWHPV DUH LQWHQGHG WR VXSSRUW D GHFLVLRQ�PDNHU E\

SURYLGLQJ VHYHUDO DOWHUQDWLYHV� 7KHVH DOWHUQDWLYHV DUH XVXDOO\ JHQHUDWHG E\ GHFLVLRQ

PRGHOV WKDW DUH EXLOW LQ DGYDQFH� +RZHYHU� GHFLVLRQ�PDNLQJ LQ DQ RUJDQLVDWLRQ LV GHHSO\

LQIOXHQFHG E\ LWV FRQWH[W� LQ ZKLFK D ORW RI SHRSOH DUH LQYROYHG� $FFRUGLQJO\� KXPDQ

LQWHUDFWLRQ PD\ EHFRPH YHU\ FULWLFDO IRU PDNLQJ GHFLVLRQV LQ ZD\V WKDW DUH PRUH

GHPRFUDWLF� HIIHFWLYH DQG FUHDWLYH EXW LQYROYH OHVV FRQIOLFW >:'3��@� 7KH IUDPHZRUN IRU

'(0 LV DEOH WR SURYLGH VXFK D VRFLDO IRUXP IRU *'66 LQ ZKLFK SDUWLFLSDQWV �ZKR DUH

XVXDOO\ UHSUHVHQWDWLYH RI D VPDOO JURXS RI SHRSOH� DUH DOORZHG WR LQWHUDFW ZLWK HDFK RWKHU



���

LQ WKHLU VSHFLILF FRQWH[WV� 7KURXJK WKH QHWZRUNHG FRPSXWHU�EDVHG PRGHOV� VHQVLWLYLW\

DQDO\VLV GLVWULEXWHG DFURVV GLIIHUHQW SHRSOH FDQ HDVLO\ EH DFKLHYHG� $V D UHVXOW� WKH

LQIOXHQFH RI HDFK DOWHUQDWLYH FDQ EH FODULILHG� DQG PRUH VLJQLILFDQWO\� QHZ DOWHUQDWLYHV FDQ

EH FUHDWHG WR KHOS DQ RUJDQLVDWLRQ VXUYLYH LQ WRGD\©V LQFUHDVLQJO\ FRPSHWLWLYH EXVLQHVV

ZRUOG�

����� $Q )XUWKHU ([WHQVLRQ WR '(0

7KH IUDPHZRUN SURSRVHG IRU '(0 SUHVHQWV D IRUP RI KXPDQ LQWHUDFWLRQ LQ DQ

RUJDQLVDWLRQ� 'XH WR WKH OLPLWV RI UHVHDUFK WLPH� WKH LQWHUDFWLRQ EHWZHHQ PRGHOOHUV LV

GULYHQ RQO\ E\ WKHLU WDVN� 7KHUHIRUH� LQ WKH FRQWH[W RI PRGHOOHUV� WKH LQWHUDFWLRQ SUHVHQWHG

LQ WKH IUDPHZRUN IRU '(0 LV FRQFHUQHG ZLWK HDFK PRGHOOHU©V UROH LQ SHUIRUPLQJ D

SDUWLFXODU WDVN� VXFK DV WKH UROH RI D GHYHORSHU� D GHVLJQHU RU D XVHU� ,Q WKH VDPH ZD\� LQ

WKH FRQWH[W RI WKH DJHQWV ZKRP PRGHOOHUV SUHWHQG WR SOD\� RQO\ WKH WDVN�RULHQWHG UROHV DUH

WDNHQ LQWR DFFRXQW� VXFK DV WKRVH RI D WUDLQ GULYHU� D VLJQDOPDQ� D EXWWRQ� RU D VLJQDO� 7KH

LQWHUDFWLRQ EHWZHHQ SDUWLFLSDQWV DULVLQJ IURP WKHLU FRPPXQLFDWLRQ �RU LQWHUDFWLRQ� LQ WKH

DXWKRU©V WHUPLQRORJ\� UROHV SURSRVHG LQ >6RQ��@ LV VLPSOLILHG LQ WKLV WKHVLV� WKDW LV� RQO\

WKHLU PDLQ �RU VLQJOH� UROH LV FRQVLGHUHG� )LJXUH ��� LOOXVWUDWHV WKLV VLPSOLILHG LGHD�

&RQFHSWXDOO\� WKH H[WHQVLRQ RI )LJXUH ��� E\ LQWURGXFLQJ UROH�RULHQWHG

FRPPXQLFDWLRQ FDQ EH UHDGLO\ DFKLHYHG� HYHQ WKRXJK LWV VWUXFWXUH PD\ EHFRPH

H[WUDRUGLQDULO\ FRPSOH[� :KHQ FRPPXQLFDWLRQ UROHV FDQ EH FODVVLILHG DQG DVVLJQHG WR

SDUWLFLSDQWV� SDUWLFLSDQWV FDQ EH GLYLGHG LQWR VHYHUDO VPDOO�VFDOH FRPPXQLFDWLRQ JURXSV

�ZKLFK DUH QRW WKH VDPH DV WKH WDVN�RULHQWHG JURXSV VKRZQ LQ )LJXUH ����� $FFRUGLQJ WR

KLV�KHU FRPPXQLFDWLRQ UROHV� HDFK SDUWLFLSDQW FDQ EHORQJ WR RQH RU PRUH JURXSV DQG PD\

FKDQJH KLV�KHU UROHV LQ D JURXS� 2EYLRXVO\ D PXOWL�OD\HUHG DUFKLWHFWXUH IRU VXSSRUWLQJ WKH

FRPSOH[ LQWHUDFWLRQ EHWZHHQ SDUWLFLSDQWV FDQ EH DQWLFLSDWHG�
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+RZHYHU� WKH WHFKQLFDO VXSSRUW IRU WKLV DUFKLWHFWXUH QHHGV IXUWKHU UHVHDUFK� )LUVW�

WKH PXOWL�OD\HUHG FRPPXQLFDWLRQ HQYLURQPHQW KDV WR EH HVWDEOLVKHG� 7KLV FRPSOH[

HQYLURQPHQW PD\ QHHG D PRUH VRSKLVWLFDWHG FRQILJXUDWLRQ IRU QHWZRUN FRPPXQLFDWLRQ

WKDQ WKH VWDU W\SH SURSRVHG LQ 6HFWLRQ ���� 7KHQ� UROH FKDQJH LQ D JURXS PXVW EH

FRQVLGHUHG� 6HFXULW\ FRQWURO DQG ULFKHU LQWHUDFWLRQ PRGHV PD\ DOVR UHTXLUH PRUH

DWWHQWLRQ� ,Q DGGLWLRQ� LI D SDUWLFLSDQW PD\ LQWHUDFW ZLWK PRUH WKDQ RQH JURXS DW WKH VDPH

WLPH� FRQVLGHUDWLRQ PXVW DOVR EH JLYHQ WR D PXOWL�ZLQGRZV LQWHUDFWLRQ PRGHO IRU WKH

SDUWLFLSDQW DQG WR FRQFXUUHQW LQWHUDFWLRQ DFURVV GLIIHUHQW QHWZRUN FRQILJXUDWLRQV�

����� 7KH ,PSURYHPHQW RI GWNHGHQ

$V LQGLFDWHG LQ &KDSWHU �� GWNHGHQ �DV ZHOO DV WNHGHQ� VWLOO KDV VRPH WHFKQLFDO

OLPLWDWLRQV ZKLFK QHHG WR EH RYHUFRPH� )RU H[DPSOH� SRZHUIXO GDWD PDQLSXODWLRQ WRROV

DQG IULHQGO\ XVHU�LQWHUIDFH GHVLJQ WRROV ZRXOG EH YHU\ XVHIXO LPSURYHPHQWV� 7KH IRUPHU

PD\ EH REWDLQHG E\ FRQQHFWLQJ GWNHGHQ ZLWK D FRPPHUFLDO GDWDEDVH WRRO� DQG WKH ODWWHU

WKHQ FRXOG EH DFKLHYHG E\ H[WHQGLQJ 6FRXW DQG 'RQDOG WR EHFRPH LFRQ�ZLQGRZ�EDVHG

HYHQW�GULYHQ WRROV� %\ FKDUDFWHULVLQJ 6FRXW ZLWK HYHQW�GULYHQ IHDWXUHV� WKH DXWKRU KDV

WULHG WR LPSOHPHQW VRPH 9%�OLNH HYHQW�GULYHQ IXQFWLRQV� VXFK DV FOLFN� FKDQJH� VHW7H[W

DQG JHW7H[W� LQWR 6FRXW ZLQGRZV� 7KH UHVXOWV DUH SURPLVLQJ� 7KHVH EXLOW�LQ IXQFWLRQV

DOORZ D PRGHOOHU WR WDNH OHVV DFFRXQW RI WKH LQWHUQDO PHFKDQLVP RI WKH FRPSXWHU DQG�

PRUH VLJQLILFDQWO\� WR GHILQH WKH GHSHQGHQF\ EHWZHHQ D FRPSRQHQW©V VWDWH DQG D EXLOW�LQ

DFWLRQ RU SURFHGXUH� )RU H[DPSOH� E\ XVLQJ D FKDQJH HYHQW� D PRGHOOHU FDQ HDVLO\ GHILQH

WKH GHSHQGHQF\ EHWZHHQ WKH FKDQJH WR WKH FRQWHQW LQ D WH[WER[ DQG D SDUWLFXODU DFWLRQ RU

SURFHGXUH� IRU H[DPSOH� GDWD FKHFNLQJ� 7KLV LV YHU\ KHOSIXO IRU XVHU LQWHUIDFH GHVLJQ�

8QIRUWXQDWHO\� GXH WR OLPLWHG UHVHDUFK WLPH� WKLV H[WHQVLRQ KDV QRW \HW EHHQ FRPSOHWHG�

,Q DGGLWLRQ� DQ DPELWLRXV REMHFWLYH LV WR UHZULWH GWNHGHQ LQ RWKHU DGYDQFHG

SURJUDPPLQJ ODQJXDJHV DQG WHFKQLTXHV� ,Q IDFW� DWWHPSWV WR GR WKLV DUH DOUHDG\ XQGHU ZD\
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>&DU��@� ,W LV WR EH H[SHFWHG WKDW WKHVH QHZ WRROV� ZKLFK DUH VWLOO EHLQJ UHVHDUFKHG� PD\

KDYH WKH SRWHQWLDO WR SURYLGH \HW PRUH VXSSRUW IRU (0 DQG '(0�

����� (YDOXDWLRQ RI &RPSXWHU�PHGLDWHG ,QWHUSHUVRQDO ,QWHUDFWLRQ

$OWKRXJK WKH DXWKRU EHOLHYHV WKDW WKH LQWHUSHUVRQDO LQWHUDFWLRQ FDQ EH VLJQLILFDQWO\

LPSURYHG WKURXJK WKH DGGLWLRQDO XVH RI FRPSXWHU�EDVHG PRGHOV WKDW FRPSOHPHQW

WUDGLWLRQDO IDFH�WR�IDFH LQWHUDFWLRQ� IXUWKHU HYDOXDWLRQ ZRXOG EH KHOSIXO� 7KLV HYDOXDWLRQ

PLJKW EH FDUULHG RXW E\ VWXG\LQJ WKH SHUIRUPDQFH RI WZR JURXSV RI SHRSOH ZKR

UHVSHFWLYHO\ XVH GWNHGHQ DQG WNHGHQ WR GHYHORS D FRPSOLFDWHG VRIWZDUH V\VWHP� 7KH

LQWHUSHUVRQDO LQWHUDFWLRQ LQ WKH ODWWHU FDVH LV DFKLHYHG WKURXJK WUDGLWLRQDO IDFH�WR�IDFH

FRPPXQLFDWLRQ� EXW LW LV DFFRPSOLVKHG LQ WKH IRUPHU FDVH E\ XVLQJ ERWK FRPSXWHU�

PHGLDWHG LQWHUDFWLRQ DQG WUDGLWLRQDO FRPPXQLFDWLRQ�


