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&KDSWHU���

,QWURGXFWLRQ

��� 5HVHDUFK 0RWLYDWLRQ DQG $LPV

7KLV UHVHDUFK LV PRWLYDWHG E\ DQ LQWHUHVW LQ VHHNLQJ DQ ¨DPHWKRGLFDO© DSSURDFK� WR

VRIWZDUH V\VWHP GHYHORSPHQW� �66'�� 7KLV LQWHUHVW VWHPV IURP WKH DXWKRU©V SDVW

H[SHULHQFH RYHU QLQH \HDUV RI GHYHORSLQJ 0DQDJHPHQW ,QIRUPDWLRQ 6\VWHPV� �0,6V�� $

0,6 W\SLFDOO\ LQYROYHV SHRSOH IURP GLIIHUHQW EDFNJURXQGV� ZLWK GLIIHUHQW NQRZOHGJH DQG

H[SHULHQFH� DQG ZRUNLQJ LQ YDULRXV RUJDQLVDWLRQDO UROHV� DQG DOVR LQFOXGHV WKHLU FRPSOH[

EXVLQHVV SURFHVVHV WKDW FRXOG EH LOO�VWUXFWXUHG DQG H[SHULHQFH�RULHQWHG� ,Q PRVW FDVHV� WKH

GHYHORSHUV� DUH WRWDOO\ XQIDPLOLDU ZLWK VXFK ZRUNLQJ SUDFWLFHV� DQG WKH XVHUV DUH QRW VXUH

ZKDW WKH\ ZDQW� RU HYHQ ZKDW WKH\ FRXOG KDYH� IURP WKH V\VWHP EHLQJ GHYHORSHG� 7KH

� 7KH WHUP ¨DPHWKRGLFDO© LV XVHG LQ WKLV WKHVLV WR PHDQ WKDW QR SDUWLFXODU� VWULFW PHWKRG LV XVHG� UDWKHU WKDQ

VXJJHVWLQJ WKDW QR PHWKRG LV XVHG� 7KH WHUP ¨PHWKRG© LV XVHG KHUH DV D V\QRQ\P IRU ¨PHWKRGRORJ\© DQG

UHIHUV WR D VHULHV RI ZHOO�VWUXFWXUHG VWHSV DQG SURFHGXUHV WR EH IROORZHG LQ WKH FRXUVH RI GHYHORSLQJ D

VRIWZDUH V\VWHP >$)��@�

� ,Q WKLV WKHVLV� WKH WHUP ¨VRIWZDUH V\VWHP GHYHORSPHQW© LV SUHIHUUHG WR WKH SRSXODU WHUP ¨LQIRUPDWLRQ V\VWHP

GHYHORSPHQW© LQ RUGHU WR VWUHVV WKRVH LQIRUPDWLRQ V\VWHPV ZKLFK DUH VRIWZDUH�LQWHQVLYH� ,W UHIHUV WR D

SURFHVV LQ ZKLFK KXPDQ DJHQWV FRQVWUXFW DQG XVH D VRIWZDUH V\VWHP IRU WKHLU SUDFWLFHV �FI� >)OR���

+./��@�� $ EURDGHU SHUVSHFWLYH RQ 66' WKDW FDQQRW EH FRPSOHWHO\ DGGUHVVHG XVLQJ FRQYHQWLRQDO FRQFHSWV

RI 66' LV FRQVLGHUHG LQ WKLV WKHVLV� 0RUH GHWDLOV DUH HODERUDWHG LQ &KDSWHU � �VHH HVSHFLDOO\ S��������

� $ 0,6 LV WUDGLWLRQDOO\ GHILQHG DV ¦DQ LQWHJUDWHG� FRPSXWHU�EDVHG� XVHU�PDFKLQH V\VWHP WKDW SURYLGHV

LQIRUPDWLRQ IRU VXSSRUWLQJ RSHUDWLRQV DQG GHFLVLRQ�PDNLQJ IXQFWLRQV© >$ZD��� S��@� $ PRGHUQ 0,6 LV D

KLJKO\ LQWHUDFWLYH LQIRUPDWLRQ V\VWHP WKDW JHQHUDWHV LQIRUPDWLRQ IRU PRQLWRULQJ SHUIRUPDQFH� PDLQWDLQLQJ

FRRUGLQDWLRQ� DQG XQGHUVWDQGLQJ SUREOHPV DQG QHZ VLWXDWLRQV >$OW��� S����@

� ,Q WKLV WKHVLV� WKH WHUP ¨GHYHORSHU© LV DSSOLHG WR DOO SHRSOH ZKR DUH HQJDJHG LQ VRIWZDUH V\VWHP GHYHORSPHQW�

VXFK DV DQDO\VWV� GHVLJQHUV DQG SURJUDPPHUV�
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UHTXLUHPHQWV IRU VXFK D V\VWHP DUH LQYDULDEO\ XQFOHDU DQG YRODWLOH� LQ SDUWLFXODU ZKHQ WKH

IDFWRU RI UHHQJLQHHULQJ WKH EXVLQHVV SURFHVV RI XVHUV LV WDNHQ LQWR DFFRXQW� $FFRUGLQJO\�

WKH LQWHQGHG V\VWHP LV LOO�GHILQHG DQG RSHQ�

7KHUH DUH PDQ\ WH[WERRN DSSURDFKHV IRU GHYHORSLQJ VXFK D V\VWHP� ,Q WKH DXWKRU©V

H[SHULHQFH� KRZHYHU� PRVW PHWKRG�EDVHG DSSURDFKHV GHYLVHG WR GDWH� IURP WUDGLWLRQDO

ZDWHUIDOO PHWKRGV >66��� 670��@ WR WKH SRSXODU REMHFW�RULHQWHG PHWKRGV >%RR��� &<���

-DF��@� DUH GLIILFXOW WR XVH�� 2Q WKH RQH KDQG� LW LV FOHDU WKDW WKH XVH RI D PHWKRG�EDVHG

DSSURDFK SURYLGLQJ IRUPDOO\�GHILQHG PHWKRGV� WHFKQLTXHV DQG WRROV FDQ LQ SULQFLSOH JXLGH

WKH GHYHORSPHQW RI VRIWZDUH V\VWHPV LQ D V\VWHPDWLF DQG FRVW�HIIHFWLYH IDVKLRQ� 2Q WKH

RWKHU KDQG� VXFK D WHFKQLFDO SURFHVV� ZKLFK UHJDUGV 66' DV D PDQXIDFWXULQJ SURFHVV

ZLWKLQ WKH HQJLQHHULQJ GLVFLSOLQH DQG DV WKHUHIRUH GHWHUPLQLVWLF� PHFKDQLVWLF DQG UDWLRQDO�

FDQQRW HDVLO\ DGDSW WR D FRQWLQXRXVO\ FKDQJLQJ HQYLURQPHQW >)LW��� *RJ��@� 7KLV LV

EHFDXVH� LQ WKH FDVH RI DQ RSHQ� LOO�GHILQHG V\VWHP� LW LV YHU\ KDUG IRU GHYHORSHUV WR FRSH

ZLWK GLYHUVH VLWXDWLRQV VLPSO\ E\ IROORZLQJ D VHW RI VWHSV DQG SURFHGXUHV LPSRVHG E\ D

PHWKRG� ,QVWHDG� GHYHORSHUV XVXDOO\ SHUIRUP WKLV WDVN E\ VHTXHQFHV RI ZKDW /� 6XFKPDQ

KDV FDOOHG ¨VLWXDWHG� DFWLRQV© >6XF��@� ZKLFK DUH LQWHUDFWLYH DFWLRQV XQGHUWDNHQ E\ WKH

DFWRU LQ UHVSRQVH WR WKH VLWXDWLRQ RI KLV�KHU H[WHUQDO HQYLURQPHQW�

)RU H[DPSOH� REMHFW�RULHQWHG PHWKRGV SURSRVHG LQ >%RR��� &<��� -DF��@ UHTXLUH

FRQVHUYDWLYH DVVXPSWLRQV DERXW ZKDW LV QDWXUDOO\ DQ REMHFW� )RU LQVWDQFH� REMHFWV KDYH D

FHUWDLQ IL[HGQHVV RI UROHV DQG SHUVLVWHQW LQKHULWDQFH RI PHWKRGV� 7KLV UHTXLUHV WKDW HDFK

REMHFW PXVW EH VXEMHFW WR DQG PXVW FRQIRUP WR ZHOO�GHILQHG DQG H[SOLFLWO\ VWDWHG UXOHV� ,Q

RWKHU ZRUGV� WKH SUREOHP GRPDLQ� REMHFWV DQG WKH LQWHUDFWLRQV EHWZHHQ REMHFWV EHFRPH

� ,Q WKLV UHVSHFW� WKH DXWKRU©V H[SHULHQFH LV LQ DFFRUG ZLWK WKH FRQFHUQV RI WKH UHVHDUFK LQ >)LW��� 5++5���

$QG���@� ZKHUH WKH SUDFWLFDO GLIILFXOWLHV RI XVLQJ D PHWKRG�EDVHG DSSURDFK IRU 66' DUH LGHQWLILHG� ,W LV DOVR

DFNQRZOHGJHG WKDW ZKDW GHYHORSHUV GR LQ WKH UHDO ZRUOG LV RIWHQ TXLWH GLIIHUHQW IURP ZKDW PHWKRG�EDVHG

DSSURDFKHV VXJJHVW WKDW WKH\ VKRXOG GR� EXW WKH GLVFXVVLRQ LQ WKLV WKHVLV GRHV QRW WDNH WKLV LQWR DFFRXQW�

� ,Q >*RJ��@� -�$� *RJXHQ LGHQWLILHV WKH TXDOLWLHV RI VLWXDWHGQHVV DV ¨HPHUJHQW� ORFDO� FRQWLQJHQW� HPERGLHG�

RSHQ DQG YDJXH©� 7KLV GHVFULSWLRQ KHOSV WR FODULI\ WKH PHDQLQJ RI WKH WHUP ¨VLWXDWHG©�
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UHODWLYHO\ IL[HG RU VWDWLF RQFH WKH\ DUH DVVXPHG LQ D PRGHO� 7KHUHIRUH� ZLWKLQ WKLV

DSSURDFK� WKH UHDO ZRUOG� ZKLFK LV RIWHQ FKDRWLF DQG FRPSOH[� LV HLWKHU LJQRUHG RU

H[SUHVVHG LQ D GLDJUDPPDWLF IRUP� ZKLFK LV ERXQG WR EH WDQJLEOH FRQVWUDLQHG DQG IRUPDO�

2EYLRXVO\� VXFK D PHFKDQLFDO DSSURDFK FDQQRW GHDO ZLWK FRQWLQJHQW SUREOHPV LQ D

VLWXDWHG PDQQHU�

,Q DGGLWLRQ� LQ WKH DXWKRU
V H[SHULHQFH� WKH SUDFWLFH RI LQWHUDFWLQJ ZLWK XVHUV

WKURXJK GRFXPHQWDWLRQ LV QRW DV HIIHFWLYH DV WKHVH WUDGLWLRQDO VWHS�E\�VWHS PHWKRGV FODLP�

,Q UHDOLW\� DV LQGLFDWHG LQ >)LV��� '6��@� LQWHUSHUVRQDO LQWHUDFWLRQ WKURXJK GRFXPHQWDWLRQ

LV SDVVLYH� HUURU�SURQH DQG ODERXU�LQWHQVLYH DQG KDV EHHQ UHFRJQLVHG DV WKH PRVW GLIILFXOW

SDUW RI WKH SURFHVV RI 66' >%XE��� (DV��� 3RW��� 670��� 93&��� =DY��@� 7KLV LV

EHFDXVH WKHVH WUDGLWLRQDO PHWKRGV WDNH LW IRU JUDQWHG WKDW GHYHORSHUV FDQ FROOHFW DQG

UHSUHVHQW XVHUV© QHHGV WKURXJK WH[W� DQG GLDJUDP�EDVHG PHWDSKRUV �RU HYHQ D SURWRW\SH RI

WKH LQWHQGHG V\VWHP�� DQG WKDW XVHUV FDQ FOHDUO\ H[SUHVV WKHLU QHHGV DQG XQGHUVWDQG ZKDW

WKHVH PHWDSKRUV PHDQ� ,URQLFDOO\� LQ VXFK D IUDPHZRUN� XVHUV DUH ¨RXWVLGHUV© LQ UHODWLRQ WR

WKH V\VWHP EHLQJ GHYHORSHG IRU WKHP� DQG GHYHORSHUV DUH DW WKH FHQWUH RI 66'� )LJXUH ��

��D� VKRZV WKH UHODWLRQVKLS EHWZHHQ GHYHORSHUV� XVHUV� WKH XVHG PHWKRG� WKH XVHG

PHWDSKRUV DQG WKH GHYHORSLQJ V\VWHP LQ WKLV GHYHORSHU�FHQWUHG GHYHORSPHQW� RI VRIWZDUH

V\VWHPV� 'HVSLWH IXUWKHU LPSURYHPHQWV WKDW KDYH EHHQ SURSRVHG� VXFK DV XVHU�FHQWUHG

GHVLJQ DQG -RLQW $SSOLFDWLRQ 'HVLJQ �-$'� >$)��@� XVHUV DUH VWLOO RXWVLGHUV� WKRXJK WKH\

GR KDYH PRUH RSSRUWXQLWLHV WR FRQWULEXWH WR GHVLJQ GHFLVLRQV �VHH )LJXUH ����E��� ,Q WKH

FRQWH[W RI ERWK )LJXUH ����D� DQG )LJXUH ����E�� GHYHORSHUV VWLOO GLFWDWH WKH DJHQGD RI

DFWLYLWLHV IRU HQVXULQJ WKH WUDQVLWLRQ IURP XVHUV© QHHGV WR D VRIWZDUH V\VWHP�

� 6WULFWO\ VSHDNLQJ� WKLV GHYHORSHU�FHQWUHG GHYHORSPHQW VKRXOG EH UHJDUGHG DV PHWKRG�FHQWUHG� VLQFH WKH

EHKDYLRXU RI HDFK GHYHORSHU LV UHVWULFWHG WR IROORZLQJ WKH VWHSV GLFWDWHG E\ WKH XVHG PHWKRG�
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�F�

)LJXUH ����

�D� GHYHORSHU�FHQWUHG 66' ZLWK XVHUV LQYROYHG IRU FRQVXOWLQJ�
�E� GHYHORSHU�FHQWUHG 66' ZLWK XVHUV LQYROYHG IRU GHFLVLRQ�PDNLQJ

�F� 66' ZLWK XVHUV LQYROYHG IRU FR�GHYHORSPHQW
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2Q WKH EDVLV RI WKLV SUDFWLFDO H[SHULHQFH� WKH DXWKRU KDV EHHQ OHG WR DVN WZR IXQGDPHQWDO

TXHVWLRQV DERXW WKH XVH RI PHWKRG LQ 66'�

x 7R ZKDW H[WHQW GRHV D PHWKRG UHDOO\ JXLGH 66' DQG VROYH SUREOHPV DULVLQJ IURP

WKH SURFHVV RI 66'"

x ,V LW SRVVLEOH WR GHYLVH DQ DPHWKRGLFDO DSSURDFK
� WR 66' �WKDW LV� DQ DSSURDFK WKDW

GRHV QRW IROORZ ULJLG DFWLYLW\ SDWWHUQV�� WKDW JLYHV HIIHFWLYH VXSSRUW WR VLWXDWHG

LQWHUSHUVRQDO LQWHUDFWLRQ"

7KH ILUVW TXHVWLRQ LV KLJKO\ FRQWHQWLRXV� EXW LWV FOHDU LPSOLFDWLRQ LV WKDW QR PHWKRG

VSHFLILHV WKH EHVW ZD\ WR GHYHORS VRIWZDUH V\VWHPV� ,W LV EH\RQG WKH VFRSH RI WKH SUHVHQW

UHVHDUFK WR HQWHU LQWR D GHWDLOHG H[DPLQDWLRQ RI WKLV TXHVWLRQ�

7KH DQVZHU WR WKH VHFRQG TXHVWLRQ LV SUHVHQWO\ HPHUJLQJ� 2Q WKH EDVLV RI DQ

KLVWRULF UHYLHZ RI 66' PHWKRGV� 5� +LUVFKKHLP HW DO� SRLQW RXW WKDW 66' LV JUDGXDOO\

EHLQJ WUDQVIRUPHG IURP D WHFKQLFDO SURFHVV WR D VRFLDO SURFHVV >+./��@� 7KLV LV EHFDXVH

LW KDV EHFRPH LQFUHDVLQJO\ HYLGHQW WKDW D WHFKQLFDO SURFHVV LV XQDEOH WR FRSH ZLWK VRFLDO

LVVXHV� VXFK DV MRE VDWLVIDFWLRQ� XVHU UHVLVWDQFH� OHDUQLQJ DQG LQWHUSHUVRQDO LQWHUDFWLRQ

>&6��� +./��� 0XP��@� +HQFH� LW QRZ ZLGHO\ UHFRJQLVHG WKDW 66' LV D KXPDQ DFWLYLW\

LQ ZKLFK SHRSOH DWWHPSW WR PDNH VHQVH RI WKHLU RZQ DQG RWKHUV© DFWLRQV WKURXJK

LQWHUDFWLRQ >+.1��� )OR��@� $FFRUGLQJO\� VHYHUDO DSSURDFKHV UHJDUGLQJ 66' DV D VRFLDO

SURFHVV KDYH EHHQ SURSRVHG� LQFOXGLQJ 660 �6RIW 6\VWHP 0HWKRG� >&6��@� (7+,&6

�(IIHFWLYH 7HFKQLFDO DQG +XPDQ ,PSOHPHQWDWLRQ RI &RPSXWHU�EDVHG 6\VWHP� >0XP��@

DQG 08/7,9,(: >$)��@� $OWKRXJK WKH\ DUH EDVHG RQ GLIIHUHQW SKLORVRSKLHV� SULQFLSOHV

DQG FRQFHSWV� DOO WKHVH DSSURDFKHV SXW WKH HPSKDVLV RQ IDFLOLWDWLQJ LQWHUDFWLRQ EHWZHHQ

� $Q DPHWKRGLFDO DSSURDFK VKRXOG QRW EH FRQIXVHG ZLWK D VR�FDOOHG FRQWLQJHQW �RU HFOHFWLF� DSSURDFK� ,Q D

FRQWLQJHQW DSSURDFK� VHYHUDO PHWKRGV� FRQVLGHUHG WR EH FRPSOHPHQWDU\ WR HDFK RWKHU� DUH EOHQGHG WRJHWKHU

IURP WKH GLYHUVH DVSHFWV RI 66' LQ RUGHU WR KHOS GHYHORSHUV GHDO ZLWK WKH YDULRXV FKDUDFWHULVWLFV RI WKH

SURMHFW RU GRPDLQ >$)��� 0F'��@� 6XFK DQ DSSURDFK LV XVXDOO\ FKDUDFWHULVHG E\ D K\EULG PRGHO LQ ZKLFK

WKH EHKDYLRXU RI GHYHORSHUV LQ HDFK VWHS LV GLFWDWHG E\ RQH SDUWLFXODU PHWKRG� ,W DOVR SXWV WKH GHYHORSHUV DW

WKH FHQWUH RI WKH GHYHORSPHQW RI VRIWZDUH V\VWHPV DQG LQYROYHV XVHU SDUWLFLSDWLRQ WR D OLPLWHG H[WHQW RQO\�
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GHYHORSHUV DQG XVHUV ZKR SDUWLFLSDWH LQ WKH SURFHVV RI 66'� 7KHLU MXVWLILFDWLRQ IRU WKLV LV

WKDW WKH VXFFHVV RI D VRIWZDUH V\VWHP LV SURSRUWLRQDO WR WKH GHJUHH WR ZKLFK LWV XVHUV DUH

DFWXDOO\ LQYROYHG LQ WKH GHYHORSPHQW RI WKDW V\VWHP� 7KH\ DOVR SRLQW RXW WKDW WKH EDUULHUV

WR LQWHUSHUVRQDO LQWHUDFWLRQ IRU 66' FDQ EH UHPRYHG E\ VXSSRUWLQJ OHDUQLQJ WKURXJK WKH

PXWXDO H[SORUDWLRQ RI NQRZOHGJH DQG XQGHUVWDQGLQJ� 7KHVH QHZ DSSURDFKHV FRQFOXGH WKDW

WKHUH LV DQ DOWHUQDWLYH WR WKH GHYHORSPHQW RI VRIWZDUH V\VWHPV E\ IROORZLQJ IL[HG DFWLYLW\

SDWWHUQV� DQG WKDW WKLV DOWHUQDWLYH LV DQFKRUHG LQ WKH VRFLDO SURFHVV SHUVSHFWLYH� +RZHYHU�

WKHVH QHZ DSSURDFKHV DUH QRW WKH DXWKRU©V FRQFHUQ LQ WKH SUHVHQW WKHVLV� VLQFH WKH\ DUH VWLOO

UHVWULFWHG WR ULJLG DOJRULWKPV�

7ZR RWKHU DSSURDFKHV KDYH JUHDWHU UHOHYDQFH WR WKH DXWKRU©V LQWHUHVW LQ VHHNLQJ DQ

DPHWKRGLFDO DSSURDFK� WKH SURIHVVLRQDO ZRUN SUDFWLFHV DSSURDFK �3:3� >$QG���@ DQG

FRRSHUDWLYH GHVLJQ >.\Q��@�

7KH SURIHVVLRQDO ZRUN SUDFWLFHV DSSURDFK �3:3� DLPV WR DFKLHYH VXFFHVVIXO 66'

E\ LPSURYLQJ GHYHORSHUV© SURIHVVLRQDO ZRUN SUDFWLFHV� 7KH LPSURYHPHQW LV WR EH

DFKLHYHG E\ OHDUQLQJ WKDW FRPELQHV VWXG\ �VXFK DV UHDGLQJ GRFXPHQWV DQG WDNLQJ SDUW LQ

DFDGHPLF WUDLQLQJ� ZLWK H[SHULHQFH �H�J�� RI FKDQJLQJ ZRUNLQJ SUDFWLFHV�� 6LQFH 3:3

UHFRJQLVHV WKDW WKHRULHV DQG PHWKRGV DUH VXEMHFW WR DPELJXRXV LQWHUSUHWDWLRQ DQG WKHLU

WUXH FRQVHTXHQFHV FDQQRW EH XQGHUVWRRG VLPSO\ WKURXJK WKHRUHWLFDO ZRUN� LW HQFRXUDJHV

GHYHORSHUV WR FDUU\ RXW SUDFWLFDO H[SHULPHQWDWLRQ LQ WKHLU FRQFUHWH ZRUNLQJ VLWXDWLRQV� )RU

H[DPSOH� LW SURSRVHV WKH DSSOLFDWLRQ RI GLIIHUHQW WH[WERRN�EDVHG PHWKRGV WR WKH VDPH

SURMHFW LQ RUGHU WR JDLQ IDPLOLDULW\ ZLWK WKH GHWDLOV RI 66' DQG WKH XVH RI WKHVH PHWKRGV�

,Q WKLV ZD\� WKH GHYHORSHUV JUDGXDOO\ EXLOG D WKRURXJK XQGHUVWDQGLQJ RI WKHLU ZRUN KDELWV

WKURXJK SUDFWLFDO H[SHULHQFH� DQG DV D UHVXOW WKH LPSURYHG GHYHORSPHQW RI VRIWZDUH

V\VWHPV LV VXSSRUWHG�

&RRSHUDWLYH GHVLJQ� ZLWK LWV HPSKDVLV RQ XVHU LQYROYHPHQW� VWUHVVHV WKH ZD\ LQ

ZKLFK XVHUV� DV GHYHORSHUV� DFWXDOO\ HQJDJH LQ GHYHORSLQJ WKH UHTXLUHG VRIWZDUH V\VWHP DV
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VKRZQ LQ )LJXUH ����F�� 7KLV DSSURDFK DUJXHV WKDW WHFKQRORJ\ VKRXOG QRW DOZD\V EH

DSSOLHG LQ ZD\V WKDW FRQVWUDLQ KXPDQ ZRUN� EXW LQVWHDG LW VKRXOG HQFRXUDJH UHFLSURFDO

OHDUQLQJ� ZKHUHE\ XVHUV DQG GHYHORSHUV WHDFK RQH DQRWKHU DERXW ZRUN SUDFWLFHV DQG

WHFKQLFDO SRVVLELOLWLHV WKURXJK MRLQW H[SHULHQFH >&:*��@� ,Q WKLV UHVSHFW� LW DFNQRZOHGJHV

WKDW D KLJK GHJUHH RI XVHU SDUWLFLSDWLRQ DQG ZHOO�GHYHORSHG LQWHUSHUVRQDO LQWHUDFWLRQ

EHWZHHQ GHYHORSHUV DQG XVHUV LV LPSHUDWLYH IRU WKH JRRG GHVLJQ RI VRIWZDUH V\VWHPV� ,Q

SDUWLFXODU� FRRSHUDWLYH GHVLJQ SUDFWLWLRQHUV FULWLFLVH WKH UDWLRQDOLVWLF DSSURDFK RI V\VWHP

GHYHORSPHQW� ZLWK LWV URRWV LQ VFLHQWLILF REMHFWLYLVP� DQG VSHFLILFDOO\ DYRLG SUHVHQWLQJ

DQ\ ¨VWHS�E\�VWHS© PHWKRG >&:*��� .\Q��@� )RU FRRSHUDWLYH GHVLJQ� QR SDUWLFXODU

DFWLYLW\ SDWWHUQ FDQ EH VHW WR JXLGH UHFLSURFDO OHDUQLQJ DQG FUHDWLYH GHVLJQ� 0HWKRGV DUH

WKXV VHHQ PRUH DV UHVRXUFHV WR XVH LQ RUGHU WR FRSH ZLWK GLYHUVH VLWXDWLRQV� DQG DUH QRW

JDWKHUHG LQWR D VLQJOH FRKHUHQW IUDPHZRUN >FI� 6XF��@�

1HLWKHU 3:3 QRU FRRSHUDWLYH GHVLJQ LV� VWULFWO\ VSHDNLQJ� D PHWKRG�EDVHG DSSURDFK

�PRUH VSHFLILFDOO\� QHLWKHU LV EDVHG RQ D ¨VWHS�E\�VWHS© PHWKRG� >+./��@� 7KH\ SURYLGH D

VHW RI SULQFLSOHV� FRQFHSWV DQG WHFKQLTXHV WR VXSSRUW WKHLU VRFLDO SURFHVV SHUVSHFWLYH DQG

JXLGH WKH GHYHORSPHQW RI VRIWZDUH V\VWHPV� $W WKH VDPH WLPH� WKH\ GR QRW GHJHQHUDWH LQWR

DQ DG KRF DSSURDFK� ZKLFK ZRXOG WKUHDWHQ 66' ZLWK WKH VDPH SUREOHPV H[SHULHQFHG

SULRU WR WKH DGYHQW RI PHWKRGV� DV GLVFXVVHG LQ >'6��� 3UH��@� 2Q WKLV EDVLV� LW VHHPV WKDW

ERWK DSSURDFKHV PLJKW EH FODVVLILHG DV DPHWKRGLFDO�

+RZHYHU� DV )OR\G DUJXHV LQ >)OR��@� D VRFLDO SURFHVV YLHZ RI 66' PHDQV WKDW

VRIWZDUH VKRXOG EH UHJDUGHG DV DQ HPHUJHQW SKHQRPHQRQ WDNLQJ SODFH LQ DQ HYROYLQJ

ZRUOG ZLWK FKDQJLQJ QHHGV� DQG DV WKH REMHFW RI WKH SURFHVVHV RI OHDUQLQJ DQG

FRPPXQLFDWLRQ RFFXUULQJ LQ 66'� 7KLV REVHUYDWLRQ LQGLFDWHV WKDW WKH VRFLDO SURFHVV RI

66' VKRXOG QRW RQO\ EH FKDUDFWHULVHG E\ KXPDQ OHDUQLQJ DQG LQWHUDFWLRQ � LW VKRXOG DOVR

HQDEOH VRIWZDUH V\VWHPV WR HYROYH LQ SUDFWLFH LQ UHVSRQVH WR WKHVH VRFLDO DFWLYLWLHV� DQG

IRUP WKH EDVH RI IXUWKHU DFWLYLWLHV� 7KDW LV WR VD\� WKH V\VWHP EHLQJ GHYHORSHG VKRXOG
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DOZD\V UHIOHFW LQWHUSHUVRQDO LQWHUDFWLRQ DQG OHDUQLQJ LQ D VLJQLILFDQW ZD\� 7DNLQJ WKLV LQWR

FRQVLGHUDWLRQ� LW LV QRW VXUSULVLQJ WKDW PRVW DSSURDFKHV WKDW IRFXV SXUHO\ RQ VRFLDO DFWLRQ

DUH FULWLFLVHG IRU WKHLU ¨LPSUDFWLFDOLW\© DQG ¨ORZ FRVW�HIIHFWLYHQHVV© >$)��� +./��@� DQG

LQYROYH D WLPH GHOD\ LQ DGDSWLQJ VRIWZDUH V\VWHPV WR WKHLU UDSLGO\ FKDQJLQJ HQYLURQPHQWV�

,W LV KHOSIXO WR UHJDUG WKH DPHWKRGLFDO DSSURDFK ZKLFK WKH DXWKRU LV VHHNLQJ LQ RUGHU WR

RYHUFRPH WKHVH SUREOHPV DV D VRFLDO SURFHVV IRU 66'� EXW ZLWK PRUH WHFKQLFDO SUDFWLFHV

WR HQKDQFH WKH YLDELOLW\ RI JLYHQ VRFLDO JRDOV� )URP WKLV SHUVSHFWLYH� WKH 3:3 DSSURDFK

WDNHV LQVXIILFLHQW DFFRXQW RI LQWHUSHUVRQDO LQWHUDFWLRQ >+./��@� DQG FRRSHUDWLYH GHVLJQ

SURYLGHV OLPLWHG WHFKQLFDO SUDFWLFHV >&:*��@� KHQFH� QHLWKHU RI WKHVH DOWHUQDWLYHV

TXDOLILHV DV WKH GHVLUHG DPHWKRGLFDO DSSURDFK�

5HVHDUFK LQWR (PSLULFDO 0RGHOOLQJ� �(0� DW WKH 8QLYHUVLW\ RI :DUZLFN >%H\���

%H\��� %&6:��@ KDV VKHG YDOXDEOH OLJKW RQ WKH VHDUFK IRU DQ DSSURSULDWH DPHWKRGLFDO

DSSURDFK� 6LQFH (0 GRHV QRW LQYROYH D GHILQLWLRQ RI ZHOO�VWUXFWXUHG VWHSV E\ IRUPDOLVHG

UXOHV DQG DOJRULWKPV EXW UDWKHU HPSKDVLVHV WKH QHHG WR LPSURYH XQGHUVWDQGLQJ DQG FUHDWH

H[SHULHQFH WKURXJK UHSHDWHG H[SHULPHQWV DQG REVHUYDWLRQV� LW VKRXOG QRW EH YLHZHG DV D

WHFKQLFDO SURFHVV OLNH WKDW LQYRNHG E\ D WUDGLWLRQDO IRUPDO SURFHGXUH IRU 66'� $W WKH VDPH

WLPH� E\ UHJDUGLQJ WKH VRIWZDUH V\VWHP EHLQJ GHYHORSHG DV D FRPSXWHU�EDVHG PRGHO �FI�

>/HK��@� DQG IXUWKHULQJ WKH GHYHORSPHQW RI WKLV VRIWZDUH V\VWHP WKURXJK PRGHOOLQJ� (0

HQMR\V VWURQJ WHFKQLFDO SUDFWLFHV� 7KURXJK WKH DXWRQRPRXV LQWHUDFWLRQ ZLWK WKH FRPSXWHU�

EDVHG PRGHO� WKH PRGHOOLQJ SURFHVV LV DGYDQFHG VLWXDWLRQ E\ VLWXDWLRQ� MXVW DV KXPDQ

DJHQWV VROYH SUREOHPV LQ HYHU\GD\ OLIH� 7KH VLWXDWHG PRGHOOLQJ SURFHVV HQDEOHV WKH

PRGHOOHU �WKDW LV� WKH XVHU RI (0� WR GHVLJQ DQG PDLQWDLQ KLV�KHU RZQ ZD\ RI OHDUQLQJ DQG

WKXV HQULFKHV KLV�KHU H[SHULHQFH� EXW DOVR HQDEOHV WKH PRGHOOHU WR DGDSW WKH VRIWZDUH

V\VWHP �WKDW LV� WKH FRPSXWHU�EDVHG PRGHO� WR LWV HYROYLQJ ZRUOG� ,QGHHG� UHVHDUFK LQWR

� 7KH GHWDLOV RI (0 DUH UHYLHZHG LQ &KDSWHU �� DQG &KDSWHU � SURYLGHV D GLVFXVVLRQ RI IXQGDPHQWDO FRQFHSWV

XQGHUO\LQJ (0 DQG RWKHU PHWKRGV IRU 66'�
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(0 DQG LWV DSSOLFDWLRQ WR D QXPEHU RI FDVH�VWXG\ VRIWZDUH V\VWHPV KDYH GHPRQVWUDWHG LWV

XVHIXO WHFKQLFDO FDSDELOLWLHV DQG KHOSIXO VXSSRUW IRU OHDUQLQJ >%H\��@� +RZHYHU� DV

LQGLFDWHG DERYH� D VRFLDO SURFHVV PXVW WDNH VXIILFLHQW DFFRXQW RI LQWHUSHUVRQDO LQWHUDFWLRQ

EHWZHHQ SDUWLFLSDQWV� 3UHYLRXV ZRUN RQ (0 KDV \HW WR UHYHDO WKH H[WHQW WR ZKLFK (0 FDQ

VHUYH DV D VRFLDO SURFHVV WR JXLGH 66' LQ D GLVWULEXWHG HQYLURQPHQW >FI� $%&<���

%126��@� +HQFH� LW LV LPSRUWDQW WR FODULI\ WKH FKDUDFWHULVWLFV RI (0 IURP WKH VRFLDO

SURFHVV SHUVSHFWLYH� LQ SDUWLFXODU LQ UHODWLRQ WR XVHU SDUWLFLSDWLRQ DQG LQWHUSHUVRQDO

LQWHUDFWLRQ�

([WHQGLQJ (0 WR VHUYH DV D VRFLDO SURFHVV IRU 66' LV WKH PDLQ PRWLYDWLRQ IRU WKH

SUHVHQW UHVHDUFK� 7KH DLP LV WR LQWHJUDWH (0 ZLWK VRFLDO SUDFWLFHV VR WKDW LW FDQ EHWWHU

VXSSRUW WKH VRFLDO SURFHVV RI 66' LQ JHQHUDO DQG� PRUH SDUWLFXODUO\� WKH LQWHUSHUVRQDO

LQWHUDFWLRQ EHWZHHQ GHYHORSHUV DQG XVHUV IRU WKH SXUSRVH RI H[SORULQJ� H[SDQGLQJ�

H[SHULHQFLQJ DQG FRPPXQLFDWLQJ WKHLU NQRZOHGJH� ,Q PRWLYDWLQJ DQG MXVWLI\LQJ WKH

DSSOLFDWLRQ RI (0 WR 66'� WKH WKHVLV H[DPLQHV WKH IROORZLQJ IXQGDPHQWDO LVVXHV�

x (VVHQWLDO FKDUDFWHU

:KDW LV WKH HVVHQWLDO QDWXUH RI 66'"

x 5HDO�ZRUOG FRQWH[W

:KDW LV WKH UHOHYDQFH IRU 66' RI WKH UHDO�ZRUOG FRQWH[WV LQ ZKLFK D VRIWZDUH

V\VWHP LV WR EH GHYHORSHG DQG XVHG" +RZ FDQ VXIILFLHQW DFFRXQW RI WKHVH

FRQWH[WV EH WDNHQ GXULQJ WKH SURFHVV RI 66'"

x +XPDQ IDFWRU

:KDW DUH WKH UROHV IRU KXPDQ DJHQWV LQ 66'" $UH WKH GHYHORSHU DQG WKH XVHU

EHVW VHHQ DV GLUHFWRUV� JXLGLQJ WKH SURFHVV RI 66'� RU DV DFWRUV� DFWLQJ RXW WKH

SURFHVV E\ IROORZLQJ WKH UHFLSH RI D PHWKRG"
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x 6RFLDO IDFWRU

:KDW NLQG RI LQWHUSHUVRQDO LQWHUDFWLRQ LQ 66' LV DSSURSULDWH" ,Q ZKDW UHVSHFW

FDQ LQWHUSHUVRQDO LQWHUDFWLRQ VXSSRUW 66'"

x &RPSXWHU VXSSRUW

:KDW UROH FDQ WKH FRPSXWHU SOD\ LQ VXSSRUWLQJ KXPDQ DJHQF\ DQG LQWHUDFWLRQ

LQ 66'"

$V IDU DV WKLV WKHVLV LV FRQFHUQHG� WKH PRVW VLJQLILFDQW LVVXH LV WKDW RI FRPSXWHU

VXSSRUW IRU 66'� 7KH SURSRVHG DSSOLFDWLRQ RI (0 SULQFLSOHV WR 66' IRUPV WKH PDLQ WRSLF

RI WKH WKHVLV �&KDSWHU ����� ,W LV WKH UDGLFDO LPSOLFDWLRQV WKDW WKLV SURSRVDO KDV IRU 66'

WKDW PRWLYDWH WKH EURDGHU DJHQGD� DQG HQWDLO D FRPSUHKHQVLYH UHFRQVLGHUDWLRQ RI

IXQGDPHQWDO LVVXHV IRU 66' �VHH &KDSWHU � DQG ���
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��� 7KHVLV 2XWOLQH

7KH SULQFLSDO DLP RI WKLV WKHVLV LV WR LQYHVWLJDWH GLVWULEXWHG (PSLULFDO 0RGHOOLQJ �'(0�

DQG LWV DSSOLFDWLRQV WR 66'� $ IUDPHZRUN IRU '(0 LV GHYHORSHG E\ GUDZLQJ RQ WZR

LPSRUWDQW WKHRULHV LQ VRFLDO VFLHQFH� GLVWULEXWHG FRJQLWLRQ >+XW��@ DQG HWKQRPHWKRGRORJ\

>*DU��@� $Q DSSOLFDWLRQ RI WKLV IUDPHZRUN WR UHTXLUHPHQWV HQJLQHHULQJ LV SURSRVHG� ,Q

DGGLWLRQ� D WRRO KDV EHHQ LPSOHPHQWHG WR VXSSRUW WKLV IUDPHZRUN� $OVR� VHYHUDO FDVH

VWXGLHV DUH XVHG WR LOOXVWUDWH WKH FRQFHSWV DQG SULQFLSOHV RI WKLV IUDPHZRUN� 7KH UHVW RI WKH

WKHVLV FRQVLVWV RI VHYHQ FKDSWHUV WKDW DUH RUJDQLVHG DV IROORZV�

&KDSWHU � UHYLHZV DQG LOOXVWUDWHV WKH FRQFHSWV DQG SULQFLSOHV RI (0 WKDW IRUP WKH

EDVLV RI WKLV WKHVLV� )LUVW �6HFWLRQ ����� WKH FRQFHSW RI VLWXDWHG DFWLYLW\ ZKHUHE\ KXPDQ

DJHQWV VROYH SUREOHPV HQFRXQWHUHG LQ HYHU\GD\ OLIH LV LGHQWLILHG� %\ XVLQJ WKH FRPSXWHU

DV D PRGHOOLQJ WRRO� WKLV KXPDQ�FHQWUHG SURFHVV FDQ EH HQKDQFHG� ,W LV WKLV NLQG RI KXPDQ�

FHQWUHG� FRPSXWHU�EDVHG SURFHVV WKDW (0 DWWHPSWV WR LQYRNH IRU 66'� 6HFWLRQ ���

SUHVHQWV WKH IUDPHZRUN RI (0� LQFOXGLQJ LWV EDVLF FRQFHSWV DQG SULQFLSOHV� DQG WKH

SURFHVV RI HQDFWLQJ (0� 7KHUH WKHQ IROORZV D GLVFXVVLRQ RI WHFKQLFDO LVVXHV VXSSRUWLQJ

(0 �6HFWLRQ ����� $Q H[DPSOH WR LOOXVWUDWH WKH HQDFWLRQ�� RI (0 LV SURYLGHG LQ 6HFWLRQ

����

&KDSWHU � KLJKOLJKWV WKH SRWHQWLDO IRU XVLQJ (0 DV DQ RSHQ GHYHORSPHQW PRGHO IRU

66'� 7ZR IXQGDPHQWDO FRPSDULVRQV EHWZHHQ (0 DQG WUDGLWLRQDO SKDVH�EDVHG SURFHVV

PRGHOV IRU 66'� RQ WKH EDVLV RI WKHLU G\QDPLF DQG VWDWLF IHDWXUHV� DUH JLYHQ LQ WKH ILUVW

WZR VHFWLRQV� 2QH VHHNV WR H[SORUH WKH GLIIHUHQFHV EHWZHHQ WKHVH WZR DSSURDFKHV IURP WKH

SHUVSHFWLYH RI SURFHVV HQDFWLRQ� DQG WKH RWKHU IRFXVHV RQ WKH ZD\V LQ ZKLFK WKH\

PDQLSXODWH WKH FROOHFWHG LQIRUPDWLRQ� 2Q WKH EDVLV RI WKHVH FRPSDULVRQV� WKH IROORZLQJ

�� $V LQ >670��� 7XO��@� WKH QRYHO ZRUG ¨HQDFWLRQ© LV DGRSWHG LQ SUHIHUHQFH WR ¨HQDFWPHQW© WR UHIOHFW WKH ZD\

LQ ZKLFK KXPDQ DFWLRQ FDQ EH FORVHO\ LQWHJUDWHG ZLWK FRPSXWHU H[HFXWLRQ LQ (0�
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VHFWLRQ ����� FRQVLGHUV WKH XVH RI (0 IRU 66'� 7KH DGYDQWDJHV DQG OLPLWDWLRQV RI XVLQJ

(0 IRU HYROYLQJ VRIWZDUH V\VWHPV ZKLFK DUH LOO�GHILQHG DQG YRODWLOH LQ WKHLU RSHUDWLRQDO

GRPDLQ LQ WKH UHDO ZRUOG DUH GLVFXVVHG�

&KDSWHU � DLPV WR HVWDEOLVK WKH IUDPHZRUN IRU GLVWULEXWHG (PSLULFDO 0RGHOOLQJ

�'(0�� GUDZLQJ RQ FRQFHSWV IURP GLVWULEXWHG FRJQLWLRQ DQG HWKQRPHWKRGRORJ\� 6HFWLRQ

��� GHVFULEHV WKH UHDVRQV IRU GHYHORSLQJ '(0 DQG WKH WKHRUHWLFDO EDFNJURXQG WR '(0� $

GHWDLOHG IUDPHZRUN IRU '(0 LV WKHQ SURSRVHG �6HFWLRQ ����� 7KLV VHFWLRQ LQWURGXFHV D

FHQWUDO FRQFHSW RI '(0 ¤ ¨SUHWHQG SOD\©� ZKHUHE\ PRGHOOHUV VKDSH WKH DJHQF\ RI DJHQWV

ZLWKLQ WKH V\VWHP E\ SUHWHQGLQJ WR DFW DV WKHVH DJHQWV GR LQ LQWHUDFWLQJ ZLWK HDFK RWKHU�

2QH RI WKH PDLQ LVVXHV RI '(0 FRQFHUQV WKH PHWKRG RI VKDSLQJ DJHQF\� 7KH ZD\ LQ

ZKLFK '(0 GLIIHUV LQ WKLV UHVSHFW IURP $, DQG SUHYLRXV YDULDQWV RI (0 LV GLVFXVVHG LQ

6HFWLRQ ���� )LQDOO\ �6HFWLRQ ����� WKUHH VWUDWHJLHV IRU GHYHORSLQJ VRIWZDUH V\VWHPV DUH

LGHQWLILHG DQG GLVFXVVHG� 7KH XVH RI GLIIHUHQW VWUDWHJLHV GLVWLQJXLVKHV VRIWZDUH V\VWHP

GHYHORSPHQW E\ GHVLJQ �WKDW LV� GHYHORSHU�FHQWUHG� IURP GHYHORSPHQW E\ HYROXWLRQ �WKDW

LV� SDUWLFLSDQW�FHQWUHG��

&KDSWHU � LV FRQFHUQHG ZLWK WKH LPSOHPHQWDWLRQ LVVXHV LQ FUHDWLQJ D WRRO WR VXSSRUW

'(0� 6HFWLRQ ��� GLVFXVVHV WKH FUHDWLRQ RI WKLV VXSSRUWLQJ WRRO� FDOOHG GWNHGHQ� $

GLVWULEXWHG DUFKLWHFWXUH ZLWK FOLHQW�VHUYHU FRPPXQLFDWLRQ LV GHYLVHG WR LPSOHPHQW WKLV

WRRO� $OVR� D QHZ PHFKDQLVP IRU VXSSRUWLQJ GLVWULEXWHG V\QFKURQRXV FRPPXQLFDWLRQ LQ

GWNHGHQ LV SURSRVHG� 7KHQ �6HFWLRQ ����� GLIIHUHQW LQWHUDFWLRQ PRGHV LPSOHPHQWHG LQ

GWNHGHQ IRU VXSSRUWLQJ GLIIHUHQW VW\OHV RI LQWHUDFWLRQ EHWZHHQ PRGHOOHUV DUH GLVFXVVHG� ,Q

6HFWLRQ ���� WKH FRQFHSW RI YLUWXDO DJHQW LV LQWURGXFHG� 7KH LPSOHPHQWDWLRQ RI WKLV

FRQFHSW LQ GWNHGHQ SURYLGHV D FRQYHQLHQW ZD\ WR VSHFLI\ VHYHUDO LQVWDQFHV RI D IHDWXUH LQ

D PRGHO E\ LQWURGXFLQJ WKH VDPH GHILQLWLYH VFULSW LQ GLIIHUHQW FRQWH[WV� ,W FDQ DOVR EH

DSSOLHG WR WKH G\QDPLF UHXVH RI D GHILQLWLYH VFULSW� $ FRPSDULVRQ EHWZHHQ WKH SURSRVHG
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UHXVH LQ GWNHGHQ DQG FRPSRQHQW UHXVH� EDVHG RQ DEVWUDFW GDWD W\SHV �$'7V�� LV DOVR

SURYLGHG�

&KDSWHU � LOOXVWUDWHV WKH IUDPHZRUN RI '(0 DQG WKH IXQFWLRQDOLWLHV RI GWNHGHQ

WKURXJK FDVH VWXGLHV� 7KH ILUVW VHFWLRQ XVHV WKH H[DPSOH RI DQ KLVWRULF UDLOZD\ DFFLGHQW WR

GHPRQVWUDWH WKH FRQFHSWV RI SUHWHQG SOD\ DQG FROODERUDWLYH LQWHUDFWLRQ EHWZHHQ VHYHUDO

FRPSXWHU�EDVHG PRGHOV LQ D GLVWULEXWHG HQYLURQPHQW� 7KH PDLQ FRQFHUQV RI '(0� DQG

WKH NH\ IXQFWLRQDOLWLHV RI GWNHGHQ DUH VKRZQ LQ WKLV FDVH VWXG\� 6HFWLRQ ��� KLJKOLJKWV WKH

LPSRUWDQW FRQFHSW RI YLUWXDO DJHQW WKURXJK H[DPSOHV� 2QH H[DPSOH LQYROYHV WKH

GHYHORSPHQW RI D QHZ WUDQVODWRU IRU JHQHUDWLQJ (GHQ SURJUDPV IURP $'0 SURJUDPV�

$QRWKHU WZR H[DPSOHV LOOXVWUDWH KRZ WKLV FRQFHSW FDQ EH XVHG WR JHQHUDOLVH UHXVDEOH

GHILQLWLYH VFULSWV� 6HFWLRQ ��� WKHQ IRFXVHV RQ WKH XVH RI LQWHUDFWLRQ PRGHV SURYLGHG E\

GWNHGHQ� ([DPSOHV RI GLIIHUHQW LQWHUDFWLRQ PRGHV DUH SUHVHQWHG�

&KDSWHU � FRQVLGHUV WKH DSSOLFDWLRQ RI '(0 WR UHTXLUHPHQWV HQJLQHHULQJ �5(�� ,Q

WKH ILUVW VHFWLRQ� WKH EDVLF FRQFHSWV RI UHTXLUHPHQWV HQJLQHHULQJ DUH UHYLHZHG� 7KUHH

NLQGV RI PRGHO IRU WKH 5( SURFHVV �5(3� DUH LGHQWLILHG� DQG WKH GLIILFXOWLHV RI HQDFWLQJ

WKHP DUH GLVFXVVHG� 6HFWLRQ ��� WKHQ FRQVLGHUV WKH UHHQJLQHHULQJ RI WKH 5(3 LQ RUGHU WR

UHGXFH WKHVH GLIILFXOWLHV� &RQWH[W DQG KXPDQ LQYROYHPHQW DUH WDNHQ LQWR DFFRXQW IRU WKLV

SXUSRVH� $ KXPDQ�FHQWUHG IUDPHZRUN IRU WKH VLWXDWHG SURFHVV RI 5(� FDOOHG 6325(� LV

SURSRVHG LQ 6HFWLRQ ���� 7KLV IUDPHZRUN UHJDUGV UHTXLUHPHQWV DV ¨VROXWLRQV WR LGHQWLILHG

SUREOHPV© LQ WKH UHDO ZRUOG� 7KHVH VROXWLRQV DUH ¨FXOWLYDWHG© E\ SHRSOH WDNLQJ SDUW LQ WKH

5(3 WKURXJK WKHLU FROODERUDWLYH LQWHUDFWLRQ ZLWK HDFK RWKHU LQ DQ LQWHUDFWLYH� VLWXDWHG

PDQQHU� 7ZR H[DPSOHV RI FXOWLYDWLQJ UHTXLUHPHQWV LQ WKH IUDPHZRUN RI 6325( DUH JLYHQ

LQ VHFWLRQ ����

&KDSWHU � EULQJV WKH PDMRU ILQGLQJV DQG FRQFOXVLRQV RI WKH WKHVLV WRJHWKHU�

GLVFXVVHV WKH OLPLWDWLRQV RI WKH SUHVHQW UHVHDUFK� DQG DOVR H[DPLQHV WKH SRWHQWLDO IRU

IXUWKHU UHVHDUFK�
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��� 5HVHDUFK &RQWULEXWLRQ

7KLV WKHVLV LV LQWHQGHG WR RYHUFRPH VRPH VLJQLILFDQW OLPLWDWLRQV RI (0 DV FXUUHQWO\

SUDFWLVHG� ,WV PDLQ REMHFWLYH LV WR FRQVWUXFW D IUDPHZRUN IRU GLVWULEXWHG (PSLULFDO

0RGHOOLQJ �'(0� WKDW FDQ VXSSRUW WKH PRGHOOLQJ DFWLYLWLHV RI VHYHUDO PRGHOOHUV LQ D

GLVWULEXWHG HQYLURQPHQW� %\ GUDZLQJ RQ WKH FRQFHSWV RI GLVWULEXWHG FRJQLWLRQ DQG

HWKQRPHWKRGRORJ\� D IUDPHZRUN WKDW KLJKOLJKWV QRW RQO\ WKH GLVWULEXWHG SHUVSHFWLYH RQ

(0 EXW DOVR WKH SULQFLSOHV DQG FRQFHSWV RI (0 LV HVWDEOLVKHG IRU '(0� :LWKLQ WKLV

IUDPHZRUN� WKLV WKHVLV SURSRVHV WKH FRQFHSW RI SUHWHQG SOD\ WR KHOS PRGHOOHUV WR VKDSH WKH

DJHQF\ RI DJHQWV ZLWKLQ WKH LQWHQGHG V\VWHP E\ DFWLQJ LQ WKH UROH RI VXFK DJHQWV� ,Q WKLV

ZD\� HDFK PRGHOOHU©V NQRZOHGJH� DVVRFLDWHG ZLWK WKH VRIWZDUH V\VWHP EHLQJ GHYHORSHG RU

XVHG� FDQ EH FRQYHQLHQWO\ H[SORUHG� HDVLO\ H[WHQGHG� VXEVWDQWLDOO\ H[SHULHQFHG DQG

HIIHFWLYHO\ FRPPXQLFDWHG� 7KXV� WKH GLIILFXOWLHV DULVLQJ IURP LQHIIHFWXDO LQWHUDFWLRQ

EHWZHHQ XVHUV DQG GHYHORSHUV IRU 66'� DQG IURP GLVFRXQWLQJ WKH FRQWH[W LQ ZKLFK D

VRIWZDUH V\VWHP LV GHYHORSHG DQG XVHG� FDQ EH VLJQLILFDQWO\ DOOHYLDWHG DQG� DV D UHVXOW�

66' FDQ EH EHWWHU VXSSRUWHG�

7KH ZRUN LQ WKLV WKHVLV DOVR FRQWULEXWHV D QHZ SURFHVV IRU LQWHJUDWLQJ UHTXLUHPHQWV

ZLWK WKHLU UHDO�ZRUOG FRQWH[W LQ RUGHU WR EHWWHU VXSSRUW UHTXLUHPHQWV GHYHORSPHQW� 7KH

SURSRVHG VLWXDWHG SURFHVV RI UHTXLUHPHQWV HQJLQHHULQJ �6325(�� ZKLFK UHJDUGV

UHTXLUHPHQWV DV ¨VROXWLRQV RI LGHQWLILHG SUREOHPV©� DOORZV WKH SDUWLFLSDQWV LQYROYHG LQ WKLV

SURFHVV WR FXOWLYDWH UHTXLUHPHQWV LQ DQ LQFUHPHQWDO PDQQHU� $V D UHVXOW� WKH SUREOHP�

RULHQWHG UHTXLUHPHQWV GHYHORSPHQW LV LQWHUWZLQHG ZLWK VRIWZDUH V\VWHP GHYHORSPHQW�

7KLV FORVH UHODWLRQVKLS QRW RQO\ IDFLOLWDWHV WKH FROODERUDWLYH LQWHUDFWLRQ EHWZHHQ DQDO\VWV�

GHVLJQHUV DQG XVHUV� EXW DOVR SURPRWHV D VHDPOHVV LQWHJUDWLRQ RI VSHFLILFDWLRQ�

LPSOHPHQWDWLRQ DQG XVH RI WKH VRIWZDUH V\VWHP� )XUWKHUPRUH� 6325(� E\ XVLQJ
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FRPSXWHU�EDVHG PRGHOV DV D FRPPXQLFDWLRQ PHGLXP� DOVR DOOHYLDWHV WKH FRPPXQLFDWLRQ

ERWWOHQHFN FUHDWHG E\ SDVVLYH SDSHU�EDVHG FRPPXQLFDWLRQ EHWZHHQ SDUWLFLSDQWV�

,Q DGGLWLRQ� IRU VRIWZDUH V\VWHP GHYHORSPHQW� WKLV WKHVLV SURSRVHV D QHZ VWUDWHJ\ WR

VXSSRUW WKH HYROXWLRQ RI D VRIWZDUH V\VWHP LQ WKH UHDO ZRUOG� 7KLV VWUDWHJ\ UHTXLUHV D

VRIWZDUH V\VWHP WR EH GHYHORSHG DV DQ RSHQ�HQGHG� FRPSXWHU�EDVHG PRGHO ZKHUHE\ QRW

RQO\ GHYHORSHUV EXW DOVR XVHUV FDQ DGDSW WKH V\VWHP WR FRSH ZLWK FRQWLQXRXV FKDQJHV�

HYHQ LQ LWV RSHUDWLRQDO GRPDLQV� LQ DQ LQWHUDFWLYH� VLWXDWHG PDQQHU� 7KURXJK WKLV VWUDWHJ\�

WKH GUDZEDFNV RI GHYHORSHU�FHQWUHG GHYHORSPHQW� VXFK DV WKH SUREOHPV RI WDFLW

NQRZOHGJH� FDQ KRSHIXOO\ EH RYHUFRPH�

,Q DGGLWLRQ WR WKHVH WKHRUHWLFDO FRQWULEXWLRQV� WKLV WKHVLV DOVR GHYHORSV WKH SUDFWLFDO

WRRO GWNHGHQ IRU VXSSRUWLQJ '(0� 7KLV WRRO SURYLGHV PRGHOOHUV ZLWK D GLVWULEXWHG

HQYLURQPHQW WKDW KDV IRXU GLIIHUHQW W\SHV RI LQWHUDFWLRQ PRGH LQ RUGHU WR VXSSRUW WKHLU

FROODERUDWLYH LQWHUDFWLRQ WKURXJK QHWZRUNHG FRPSXWHU�EDVHG PRGHOV� :LWKLQ WKLV

FROODERUDWLYH ZRUN HQYLURQPHQW� D VRIWZDUH V\VWHP LV GLVWULEXWHG WR FRQQHFWHG FRPSXWHU�

EDVHG PRGHOV DQG FDQ EH LQFUHPHQWDOO\ GHYHORSHG LQ UHVSRQVH WR WKH XQGHUVWDQGLQJ RI

PRGHOOHUV� 7KH XVH RI GWNHGHQ LOOXVWUDWHV LQ SUDFWLFH WKH DGYDQWDJHV RI DQ DPHWKRGLFDO

DSSURDFK WR WKH GHYHORSPHQW RI VRIWZDUH V\VWHPV� 0RUHRYHU� WKH FRQFHSW RI YLUWXDO DJHQW

LV GHYHORSHG DQG LPSOHPHQWHG LQ GWNHGHQ LQ RUGHU WR VXSSRUW WKH QHHG WR XVH WKH VDPH

GHILQLWLYH VFULSW LQ GLIIHUHQW FRQWH[WV� 7KLV QRYHO FRQFHSW LV DOVR DSSOLHG WR UHHQJLQHHULQJ

DQ $'0�WR�(GHQ WUDQVODWRU WR JHQHUDWH PRUH UHDGDEOH (GHQ SURJUDPV� ,W DOVR HQDEOHV WKH

G\QDPLF UHXVH RI D GHILQLWLYH VFULSW� ERWK LQ RUGHU WR UHGXFH WKH VL]H RI SURJUDPV DQG WR

RYHUFRPH WKH GLIILFXOW\ RI PDLQWDLQLQJ WKHVH SURJUDPV� 7KH WKHVLV LQFOXGHV VHYHUDO FDVH

VWXGLHV WR FODULI\ WKH IUDPHZRUN IRU '(0 DQG GHPRQVWUDWH WKH IXQFWLRQDOLW\ RI GWNHGHQ�

2I WKHVH FDVH VWXGLHV� WKH DQLPDWLRQ RI D KLVWRULF UDLOZD\ DFFLGHQW LV WKH PRVW VLJQLILFDQW
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