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&KDSWHU���

(PSLULFDO�0RGHOOLQJ�DQG�6RIWZDUH

6\VWHP�'HYHORSPHQW

6RIWZDUH V\VWHP GHYHORSPHQW �66'� LV D SURFHVV ZKHUHE\ KXPDQ DJHQWV ¤ LQFOXGLQJ

GHYHORSHUV� XVHUV DQG RWKHU SDUWLFLSDQWV ¤ FRQVWUXFW DQG XVH D VRIWZDUH V\VWHP IRU WKHLU

SUDFWLFHV� 7KH EDVLF DSSURDFK RI WUDGLWLRQDO VRIWZDUH HQJLQHHULQJ �6(� LV EURDGO\ WR

IRUPDOLVH WKH GHYHORSPHQW SURFHVV DEVWUDFWO\ ZLWKRXW UHIHUHQFH WR WKH SDUWLFXODU

FKDUDFWHULVWLFV RI WKH SURGXFW WR EH GHYHORSHG� 7KLV SURPRWHV D FRQYHQWLRQDO SHUVSHFWLYH

RQ 66' ZKHUH WKHUH LV D FOHDU VHSDUDWLRQ EHWZHHQ WKH DEVWUDFW GHYHORSPHQW SURFHVV DQG

WKH GHYHORSHG SURGXFW �WKDW LV� WKH VRIWZDUH V\VWHP�� 7R IRUPDOLVH WKLV SURFHVV� LW LV

GLYLGHG LQWR VHYHUDO SKDVHV WR EH SHUIRUPHG LQ D OLQHDU RUGHU�� (DFK SKDVH LV FKDUDFWHULVHG

E\ HQJLQHHULQJ SUDFWLFH� WKDW LV� LW LQYROYHV WKH DSSOLFDWLRQ RI SURYHQ PHWKRGV� WHFKQLTXHV

DQG WRROV LQ D V\VWHPDWLF DQG FRVW�HIIHFWLYH IDVKLRQ� 7KURXJK VXFK D ZHOO�GHILQHG SKDVH�

EDVHG SURFHVV� LW LV H[SHFWHG WKDW KLJK�TXDOLW\ VRIWZDUH FDQ EH SURGXFHG ZLWK ILQLWH

UHVRXUFHV DQG WR D SUHGLFWHG VFKHGXOH� :KHQ D V\VWHP EHLQJ GHYHORSHG LV ZHOO GHILQHG� LWV

FRPSOH[LW\ LV UHODWLYHO\ ORZ� DQG WKH RYHUDOO SURMHFW DQG WHFKQLFDO ULVN DUH UHDVRQDEO\ ZHOO

XQGHUVWRRG� VXFK D OLQHDU SURFHVV PHHWV WKLV H[SHFWDWLRQ� 8QIRUWXQDWHO\� WKHVH FRQGLWLRQV

DUH UDUHO\ DFKLHYHG LQ WKH UHDO ZRUOG� DQG WKH ZRUVW WKLQJ LV WKDW FKDQJHV LQ WKH UHDO ZRUOG�

� ,Q D EURDGHU VHQVH� D VSLUDO PRGHO >%RH��@ LV DOVR HQDFWHG LQ D OLQHDU RUGHU�
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LQFOXGLQJ SHRSOH� LQIRUPDWLRQ� WHFKQRORJ\ DQG WKH SURFHVV LWVHOI� DUH UDSLG DQG LQHYLWDEOH�

7KXV� D NH\ FKDOOHQJH RI 66'� HVSHFLDOO\ IRU LOO�GHILQHG DQG YRODWLOH VRIWZDUH V\VWHPV� LV

QRW WR GHYHORS KLJK�TXDOLW\ VRIWZDUH SURGXFW LQ D RQH�RII VKRW EXW UDWKHU WR DGDSW LWV

SURFHVV DQG LWV SURGXFWV WR D UDSLGO\ FKDQJLQJ HQYLURQPHQW >FI� )OR��� )LV��@�

7KLV WKHVLV FKDOOHQJHV WKH VHSDUDWLRQ EHWZHHQ WKH GHYHORSPHQW SURFHVV DQG WKH

GHYHORSHG SURGXFW DVVRFLDWHG ZLWK WKH FRQYHQWLRQDO SHUVSHFWLYH RQ 66'� ,W SURSRVHV D

UDGLFDOO\ GLIIHUHQW VWUDWHJ\ IRU 66' LQ ZKLFK WKH SURGXFW�XQGHU�GHYHORSPHQW LV FRQFUHWHO\

UHSUHVHQWHG E\ LQWHUDFWLYH DUWHIDFWV WKURXJKRXW WKH GHYHORSPHQW SURFHVV� 7KH SUHVHQFH RI

WKLV FRQFUHWH UHSUHVHQWDWLRQ RI WKH SURGXFW�XQGHU�GHYHORSPHQW OHDGV WR D GHYHORSPHQW

SURFHVV WKDW LV QR ORQJHU DEVWUDFW� EURDGO\ SUHFRQFHLYHG DQG SURGXFW�LQGHSHQGHQW� EXW LV

VLWXDWHG� RSHQ�HQGHG DQG SURGXFW�VSHFLILF LQ QDWXUH� )RU WKLV UHDVRQ� WKLV WKHVLV GRHV QRW

DWWHPSW WR DFKLHYH JUHDWHU XQGHUVWDQGLQJ RI WKH GHYHORSPHQW SURFHVV WKURXJK

IRUPDOLVDWLRQ DQG GHVFULSWLRQ LQ RUGHU WR JDLQ EHWWHU FRQWURO RI 66'�� ,QVWHDG� WKH

GHYHORSPHQW SURFHVV LQ WKLV WKHVLV LV YLHZHG DV D FROOHFWLRQ RI VLWXDWHG DFWLYLWLHV WKDW DULVH

LQ WKH FRQVWUXFWLRQ DQG XVH RI WKH UHTXLUHG VRIWZDUH V\VWHP LQ WKH UHDO ZRUOG� )URP WKLV

SHUVSHFWLYH� WKH LQYHVWLJDWLRQ RI 66' LQ WKLV WKHVLV LV IRFXVHG RQ WKH LQWHUDFWLRQV EHWZHHQ

KXPDQ DJHQWV� DQG EHWZHHQ KXPDQ DJHQWV DQG WKH SURGXFW�XQGHU�GHYHORSPHQW� DV

UHSUHVHQWHG E\ LQWHUDFWLYH DUWHIDFWV WKDW UHIOHFW WKH HYROYLQJ VRIWZDUH V\VWHP �FI� >)OR���

*RJ��� /HK��@�� $OWKRXJK WKLV EURDGHU YLHZ RI 66' LV VWLOO LQ LWV LQIDQF\� WKH GLVFXVVLRQ

DERXW 66' LQ WKLV FKDSWHU DQG RWKHU FKDSWHUV �&KDSWHU �� � DQG �� H[KLELWV LWV SRWHQWLDO WR

HQKDQFH WKH VXLWDELOLW\ DQG DGDSWDELOLW\ RI WKH GHYHORSPHQW SURFHVV DQG WKH VRIWZDUH

V\VWHP WR EH GHYHORSHG�

� 6XFK DWWHPSWV KDYH OHG WR WKH LQYHVWLJDWLRQ RI ZKDW DUH FXUUHQWO\ FDOOHG LQIRUPDWLRQ V\VWHPV GHYHORSPHQW

PHWKRGRORJLHV >$)��� +./��@�



��

��� 2YHUYLHZ

7KH SXUSRVH RI WKLV FKDSWHU LV WR KLJKOLJKW WKH SRZHUIXO SRWHQWLDO RI XVLQJ (0 DV DQ RSHQ

GHYHORSPHQW PRGHO IRU 66'� $V H[SODLQHG LQ WKH SUHYLRXV FKDSWHU� (0 LV� LQ HVVHQFH� D

VLWXDWHG DFWLYLW\� DQ LQWHUDFWLYH DQG VLWXDWHG SURFHVV ZLWKRXW SUHVXPHG VHTXHQWLDO SKDVHV

DQG ULJLG DOJRULWKPV� ,Q FRQWUDVW WR WKH ¨OLQHDU WKLQNLQJ© �LQ 3UHVVPDQ©V WHUP >3UH��@� RI

WKH SKDVH�EDVHG GHYHORSPHQW SURFHVV� (0 HQWDLOV ¨H[SHULPHQWDO WKLQNLQJ© ZKHUHE\

LWHUDWLYH H[SHULPHQWV DUH LQYRNHG WR DGDSW WKH V\VWHP WR WKH FKDQJLQJ HQYLURQPHQW LQ DQ

LQWHUDFWLYH DQG H[SORUDWRU\ IDVKLRQ� 7KLV H[SHULPHQWDO SURFHVV LV VXLWDEOH IRU GHYHORSLQJ

RSHQ� LOO�GHILQHG VRIWZDUH V\VWHPV� ZKLOVW OLQHDU WKLQNLQJ KDV GLIILFXOW\ LQ DGDSWLQJ

V\VWHPV WR D UDSLGO\ FKDQJLQJ HQYLURQPHQW�

6HFWLRQ ��� FRPSDUHV (0 ZLWK D SKDVH�EDVHG SURFHVV PRGHO� ZLWK SDUWLFXODU

UHIHUHQFH WR WKH HQDFWHG SURFHVV LWVHOI DQG LWV HQDFWRU� 7KLV FRPSDULVRQ LQLWLDOO\ IRFXVHV

RQ WKH IXQGDPHQWDO SULQFLSOHV RI ERWK (0 DQG D SKDVH�EDVHG SURFHVV PRGHO� 2Q WKH EDVLV

RI WUDGLWLRQDO UDWLRQDOLVP� D SKDVH�EDVHG PRGHO LV FRQFHUQHG ZLWK VHWWLQJ SDWWHUQV RI

DFWLYLWLHV E\ DSSO\LQJ HQJLQHHULQJ SULQFLSOHV DQG FRQFHSWV IRU JXLGLQJ DQG PDQDJLQJ WKH

SURFHVV RI 66'� ,W LV DVVXPHG WKDW WKH HQDFWHG SURFHVV FDQ EHQHILW IURP WKHVH IRUPDOO\�

GHILQHG� ZHOO�VWUXFWXUHG DFWLYLWLHV� EXW WKLV SURFHVV DOVR VXIIHUV IURP WKH GLIILFXOWLHV RI

DGDSWDWLRQ WR WKH UDSLGO\ FKDQJLQJ UHDO ZRUOG GXH WR LWV DGKHUHQFH WR WKHVH IL[HG ULJLG

DFWLYLW\ SDWWHUQV� ,Q FRQWUDVW� (0 FRQFHQWUDWHV RQ FUHDWLQJ DQG FRPPXQLFDWLQJ H[SHULHQFH

IRU WKH PRGHOOHU WKURXJK WKH SURFHVV RI FRQVWUXFWLQJ D FRPSXWHU�EDVHG PRGHO IRU

LQIRUPLQJ WKH GHYHORSPHQW RI WKH VRIWZDUH V\VWHP >%&6:��@� %HFDXVH RI LWV

VLWXDWHGQHVV DQG RSHQQHVV� (0 DFWLYLW\ LV KLJKO\ DGDSWDEOH WR WKH UHDO ZRUOG� WKRXJK

VRPHWLPHV DW WKH FRVW RI HIILFLHQF\ DQG HIIHFWLYHQHVV�

7KLV VHFWLRQ DOVR WDNHV WKH KXPDQ GLPHQVLRQ RI HQDFWLQJ D SURFHVV PRGHO LQWR

DFFRXQW� 6LQFH WKH VXEMHFWLYLW\ RI D KXPDQ DJHQW FDQ LQIOXHQFH WKH HQDFWHG SURFHVV WR D
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VLJQLILFDQW H[WHQW� PRVW PRGHOV DUH LQWHQGHG WR PLQLPLVH WKLV LQIOXHQFH LQ RUGHU WR HQVXUH

WKH H[SHFWHG TXDOLW\ RI WKH GHYHORSHG V\VWHP� 7KHVH PRGHOV VWLSXODWH IL[HG SDWWHUQV RI

DFWLYLWLHV ZLWK ULJLG DOJRULWKPV WKDW KDYH SDUDPRXQW LPSRUWDQFH LQ JXLGLQJ DQG

FRQWUROOLQJ WKH HQDFWRU©V EHKDYLRXU� ,Q FRQWUDVW� (0 LV GRPLQDWHG E\ WKH PRGHOOHU DQG

KLV�KHU H[SHULHQFH� 1R SDWWHUQ RI DFWLYLWLHV LV JLYHQ IRU JXLGLQJ WKH SURFHVV RI (0� VR WKDW

WKH PRGHOOHU LV DEOH WR XQGHUWDNH DFWLYLWLHV LQ D VLWXDWHG PDQQHU LQ RUGHU WR FRSH ZLWK

GLYHUVH VLWXDWLRQV DULVLQJ IURP WKH SURFHVV�

6HFWLRQ ��� H[SORUHV WKH LVVXH RI NQRZOHGJH PDQLSXODWLRQ LQ SURFHVV PRGHOV IRU

66' DQG LQ (0� 0RVW WUDGLWLRQDO SURFHVV PRGHOV FDQ EH VHHQ DV HPSKDVLVLQJ HLWKHU

NQRZOHGJH UHSUHVHQWDWLRQ RU NQRZOHGJH FRQVWUXFWLRQ� 3URFHVV PRGHOV RULHQWHG WRZDUGV

NQRZOHGJH UHSUHVHQWDWLRQ� VXFK DV WKH REMHFW�RULHQWHG PRGHO >%RR��@� VWUXFWXUHG DQDO\VLV

DQG GHVLJQ >66��� 3UH��@ DQG WKH HQWLW\�UHODWLRQ PRGHO >&KH��@� IRFXV RQ WKH SURFHVV RI

UHFRUGLQJ DQG FRPPXQLFDWLQJ WKH NQRZOHGJH RI KXPDQ DJHQWV �LQFOXGLQJ WKH GHYHORSHU

DQG WKH XVHU�� 7KH\ VHHN WR FDSWXUH WKH NQRZOHGJH LQ DGYDQFH DV FRPSOHWHO\ DQG

DFFXUDWHO\ DV SRVVLEOH DQG WR VSHFLI\ WKH FDSWXUHG NQRZOHGJH E\ XVLQJ FRQWH[W�IUHH

DEVWUDFWLRQV� IRU H[DPSOH WKURXJK WH[WXDO DQG GLDJUDPPDWLF PHWDSKRUV� 3URFHVV PRGHOV

RULHQWHG WRZDUGV NQRZOHGJH FRQVWUXFWLRQ� LQ FRQWUDVW� GR QRW UHO\ RQ WKH FRPSOHWHQHVV

DQG FRQVLVWHQF\ RI WKH NQRZOHGJH WKDW LV UHSUHVHQWHG LQ DGYDQFH DQG VHSDUDWHG IURP WKH

FRQWH[W RI WKH HQDFWHG SURFHVV� 7KHVH PRGHOV� VXFK DV SURWRW\SLQJ >5HL��@ DQG 5DSLG

$SSOLFDWLRQ 'HYHORSPHQW �5$'� >0DU��@� VHHN ZD\V WR FRQVWUXFW NQRZOHGJH ZLWK

UHIHUHQFH WR WKH FRQWH[W� DQG KHQFH IRFXV RQ WKH SURFHVV WKDW HQULFKHV WKH NQRZOHGJH RI

KXPDQ DJHQWV LQ D VLWXDWHG PDQQHU� $WWHPSWLQJ WR WDNH ERWK NQRZOHGJH UHSUHVHQWDWLRQ

DQG NQRZOHGJH FRQVWUXFWLRQ LQWR DFFRXQW� (0 DLPV WR FUHDWH D FRPSXWHU�EDVHG PRGHO WR

UHSUHVHQW WKH PRGHOOHU©V NQRZOHGJH DVVRFLDWHG ZLWK WKH LQWHQGHG V\VWHP DQG WR XVH

VLWXDWHG PRGHOOLQJ WR HQULFK WKH NQRZOHGJH� *UDSKLFDO PHWDSKRUV DQG G\QDPLF LQWHUDFWLRQ

EHWZHHQ WKH PRGHOOHU DQG WKH FRPSXWHU�EDVHG PRGHO DUH H[SORLWHG IRU WKH SXUSRVH RI
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NQRZOHGJH UHSUHVHQWDWLRQ� 0RUH VLJQLILFDQWO\� (0 HQDEOHV WKH PRGHOOHU WR IDFLOLWDWH

NQRZOHGJH FRQVWUXFWLRQ LQ D VLWXDWHG PDQQHU E\ XVLQJ WKH FRPSXWHU�EDVHG PRGHO DV DQ

LQWHUDFWLYH� RSHQ�HQGHG DUWHIDFW�

(0 LV LQ DFFRUG ZLWK QHZ WUHQGV LQ SURFHVV PRGHOV IRU 66'� VXFK DV SURWRW\SLQJ

>5HL��� 0DU��� $QG��@ DQG VFHQDULR�EDVHG DQDO\VLV >')��� 56%��� 6'9��� :3-+��@�

LQ VHHNLQJ WR LPSURYH WKH NQRZOHGJH RI WKH GHYHORSHU �DQG�RU WKH XVHU� UDWKHU WKDQ WR

SUHVFULEH WKH GHYHORSHU©V EHKDYLRXU >')��@� 6XFK DQ LPSURYHPHQW FDQ RQO\ EH DFKLHYHG

WR D OLPLWHG H[WHQW� KRZHYHU� LI WKH FRQVWUXFWLRQ RI WKH GHYHORSHU©V NQRZOHGJH DQG WKH

FRQVWUXFWLRQ RI WKH UHSUHVHQWHG NQRZOHGJH LQ D UHSUHVHQWDWLRQDO PHGLXP DUH

DFFRPSOLVKHG LQGHSHQGHQWO\ �FI� WKURZDZD\ SURWRW\SLQJ LQ >$QG��@�� ,QVWHDG� (0

HQULFKHV WKH PRGHOOHU©V NQRZOHGJH E\ ¨ZKDW LI© H[SHULPHQWV UHVHPEOLQJ VHQVLWLYLW\

DQDO\VLV LQ D VSUHDGVKHHW DQG DW WKH VDPH WLPH LQWHUDFWLYHO\ UHFRQVWUXFWV WKH UHSUHVHQWHG

NQRZOHGJH LQ UHVSRQVH WR FKDQJHV LQ WKH PRGHOOHU©V NQRZOHGJH� 7KLV HQULFKPHQW E\

PHDQV RI DQ LQWHUDFWLYH UHSUHVHQWDWLRQDO PHGLXP �WKDW LV� D FRPSXWHU�EDVHG PRGHO� JLYHV

(0 WKH SRWHQWLDO WR HQKDQFH WKH GHYHORSHU©V NQRZOHGJH WR DQ HYHQ KLJKHU GHJUHH�

6HFWLRQ ��� FRQVLGHUV WKH XVH RI (0 DV DQ RSHQ GHYHORSPHQW PRGHO �2'0� IRU

66'� )LUVW� WKUHH NLQGV RI VRIWZDUH FODVVLILHG E\ 0� 0� /HKPDQ DUH GLVFXVVHG� 6� ( DQG 3�

W\SH >/HK��E@� 6SHFLDO DWWHQWLRQ LV JLYHQ WR WKH (�W\SH VRIWZDUH� ZKLFK LV XQERXQGHG� LOO�

GHILQHG DQG OLDEOH WR FKDQJH LQ LWV RSHUDWLRQDO GRPDLQ LQ WKH UHDO ZRUOG� /HKPDQ DUJXHV

WKDW WKH VRIWZDUH LWVHOI LV D PRGHO ZKRVH GHYHORSPHQW DQG PDLQWHQDQFH �WKDW LV� LWV

HYROXWLRQ� WR XVH KLV WHUP� PXVW EH SHUIRUPHG WKURXJK IHHGEDFN HPHUJLQJ IURP LWV

RSHUDWLRQDO GRPDLQ� 8QOLNH /HKPDQ©V IHHGEDFN V\VWHP� (0 FUHDWHV WKH VRIWZDUH DV D

FRPSXWHU�EDVHG PRGHO LQ ZKLFK QRW RQO\ IHHGEDFN EXW DOVR H[SHULHQFH JDLQHG WKURXJK

H[SHULPHQWV FDQ EH XVHG DV UHVRXUFHV IRU WKH HYROXWLRQ RI WKH VRIWZDUH� 0RUHRYHU� ZLWK

WKH XVHU RI WKH GHYHORSHG VRIWZDUH V\VWHP LQ WKH UROH RI WKH PRGHOOHU� DQG ZLWK WKH DLG RI

GHILQLWLYH SURJUDPPLQJ� (0 HQDEOHV WKH VRIWZDUH V\VWHP WR HYROYH LQ LWV RSHUDWLRQDO
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GRPDLQ� ,Q WKLV ZD\� WKH SUREOHP RI WDFLW NQRZOHGJH FDQ SHUKDSV EH UHVROYHG WR D

VLJQLILFDQW H[WHQW� DQG WKH JDS EHWZHHQ WKH GHYHORSHU©V DQG WKH XVHU©V YLHZV RI WKH V\VWHP

FDQ EH JUHDWO\ QDUURZHG� 7KLV VHFWLRQ HQGV ZLWK D GLVFXVVLRQ RI WKH OLPLWDWLRQV RI (0 DV

DQ 2'0 IRU 66'�

��� 2SHQ 'HYHORSPHQW YHUVXV &ORVHG :RUOG

66' LV D VRIW SURFHVV UHIHUULQJ WR WKH HQWLUH OLIH F\FOH RI VRIWZDUH SURGXFWLRQ DQG

HYROXWLRQ IURP WKH LQLWLDO FRQFHSW WKURXJK GHILQLWLRQ� GHVLJQ� SURJUDPPLQJ�

LPSOHPHQWDWLRQ� RSHUDWLRQ� PDLQWHQDQFH DQG HQKDQFHPHQW� WR WKH HYHQWXDO UHWLUHPHQW RI

WKH VRIWZDUH >670��@� ,Q RUGHU WR HQDFW WKLV FRPSOLFDWHG SURFHVV� D IOH[LEOH DQG SUDFWLFDO

SURFHVV PRGHO LV QHHGHG�

$V DOUHDG\ H[SODLQHG� PRVW SURFHVV PRGHOV IRU 66' DUH HVWDEOLVKHG RQ WKH EDVLV RI

OLQHDU DOJRULWKPV GHULYHG IURP WUDGLWLRQDO UDWLRQDOLVP >:)��@� 7KH GLIILFXOWLHV LQYROYHG

LQ HQDFWLQJ WKHVH PRGHOV LQ WKH UHDO ZRUOG KDYH EHHQ LGHQWLILHG LQ >&6��� 35��� 5DF��@�

,Q FRQWUDVW� (0 WUHDWV WKH VRIWZDUH V\VWHP EHLQJ GHYHORSHG DV D FRPSXWHU�EDVHG PRGHO�

DQG WKXV GHYHORSV WKLV VRIWZDUH V\VWHP E\ VLWXDWHG PRGHOOLQJ �D IRUP RI VLWXDWHG DFWLYLW\�

DV LQWURGXFHG LQ 6HFWLRQ ����� %\ PHDQV RI WKLV VLWXDWHG PRGHOOLQJ� WKH NQRZOHGJH

DVVRFLDWHG ZLWK WKH V\VWHP LV LQFUHPHQWDOO\ HPEHGGHG LQWR WKH FRPSXWHU�EDVHG PRGHO

WKURXJK VXFFHVVLYH H[SHULPHQWV DQG REVHUYDWLRQ� :KHQ WKH PRGHOOHU LV VDWLVILHG WKDW WKH

NQRZOHGJH HPEHGGHG LQ WKH PRGHO LV ZHOO�PDWFKHG WR WKH UHDO ZRUOG GRPDLQ� WKH

VRIWZDUH V\VWHP SUHVHQWHG E\ WKH FRPSXWHU�EDVHG PRGHO LV H[DFWO\ WKH LQWHQGHG V\VWHP�

,W LV YHU\ GLIILFXOW WR DQVZHU WKH TXHVWLRQ� LV (0 D SURFHVV PRGHO" 2Q WKH RQH KDQG�

(0 PHHWV WKH GHPDQG WKDW D SURFHVV PRGHO FDQ EH HQDFWHG WR FRQVWUXFW D VRIWZDUH

SURFHVV IRU 66' >5RO��@� 2Q WKH RWKHU KDQG� XQOLNH D SURFHVV PRGHO� (0 GRHV QRW

FLUFXPVFULEH WKH VWUXFWXUH RI WKH SURFHVV E\ XVLQJ ULJRURXV DOJRULWKPV� $SDUW IURP WKH

SULQFLSOHV DQG FRQFHSWV GHVFULEHG LQ &KDSWHU �� QR LQVWUXPHQW�OLNH JXLGHOLQH LV JLYHQ IRU
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HQDFWLQJ (0� 7R FODULI\ WKH GLIIHUHQFH EHWZHHQ (0 DQG PRVW WUDGLWLRQDO SURFHVV PRGHOV�

LW LV KHOSIXO WR FRPSDUH WKHLU HVVHQWLDO IRXQGDWLRQV� 7KLV FRPSDULVRQ LV XQIROGHG DW WZR

GLIIHUHQW OHYHOV� RQH LV FRQFHUQHG ZLWK WKH SURFHVV SHU VH DQG WKH RWKHU LV DVVRFLDWHG ZLWK

WKH PRGHOOHU� WKDW LV� WKH HQDFWRU RI WKH SURFHVV�

)LUVW� D XVHIXO VWDUWLQJ�SRLQW LV SURYLGHG E\ 3� %U|GQHU©V REVHUYDWLRQ FRQFHUQLQJ

WZR FXOWXUHV LQ HQJLQHHULQJ�

2QH SRVLWLRQ� ��� WKH ¨FORVHG ZRUOG© SDUDGLJP� VXJJHVWV WKDW DOO UHDO�ZRUOG

SKHQRPHQD� WKH SURSHUWLHV DQG UHODWLRQV RI LWV REMHFWV� FDQ XOWLPDWHO\� DQG

DW OHDVW LQ SULQFLSOH� EH WUDQVIRUPHG E\ KXPDQ FRJQLWLRQ LQWR REMHFWLILHG�

H[SOLFLWO\ VWDWHG� SURSRVLWLRQDO NQRZOHGJH�

7KH FRXQWHUSRVLWLRQ� ��� WKH ¨RSHQ GHYHORSPHQW© SDUDGLJP� GRHV QRW GHQ\

WKH IXQGDPHQWDO KXPDQ DELOLW\ WR IRUP H[SOLFLW� FRQFHSWXDO DQG

SURSRVLWLRQDO NQRZOHGJH� EXW LW FRQWHVWV WKH FRPSOHWHQHVV RI WKLV

NQRZOHGJH� ,Q FRQWUDVW� LW DVVXPHV WKH SULPDU\ H[LVWHQFH RI SUDFWLFDO

H[SHULHQFH� D ERG\ RI WDFLW NQRZOHGJH JURZQ ZLWK D SHUVRQ©V DFWLQJ LQ

WKH ZRUOG� 7KLV FDQ EH WUDQVIRUPHG LQWR H[SOLFLW WKHRUHWLFDO NQRZOHGJH

XQGHU VSHFLILF FLUFXPVWDQFHV DQG WR D SULQFLSDOO\ OLPLWHG H[WHQW RQO\ ���

+XPDQ LQWHUDFWLRQ ZLWK WKH HQYLURQPHQW� WKXV� XQIROGV D GLDOHFWLF RI

IRUP DQG SURFHVV WKURXJK ZKLFK SUDFWLFDO H[SHULHQFH LV SDUWO\ IRUPDOLVHG

DQG REMHFWLILHG DV ODQJXDJH� WRROV RU PDFKLQHV �WKDW LV� IRUP� WKH XVH RI

ZKLFK� LQ WXUQ� SURGXFHV QHZ H[SHULHQFH �WKDW LV� SURFHVV� DV EDVLV IRU

IXUWKHU REMHFWLILFDWLRQ� >%U|��@

$OWKRXJK WKLV REVHUYDWLRQ LV FRQFHUQHG ZLWK WKH FRQWUDVW EHWZHHQ WZR FXOWXUHV DQG

WKHLU SDUDGLJPV LQ HQJLQHHULQJ� WKH GLVWLQFWLRQ PD\ DOVR EH DSSOLHG WR PRGHOV IRU 66'�

7KH ¨FORVHG ZRUOG© SDUDGLJP LV FKDUDFWHULVHG E\ WKH WUDGLWLRQ RI UDWLRQDOLVP DQG ORJLFDO

HPSLULFLVP WKDW FDQ EH WUDFHG EDFN WR 3ODWR� 7KLV WUDGLWLRQ KDV EHHQ WKH PDLQVWUHDP RI

:HVWHUQ VFLHQFH DQG WHFKQRORJ\� DQG KDV GHPRQVWUDWHG LWV PHULWV LQ ¨KDUG VFLHQFHV©�� $

� 7� :LQRJUDG DQG )� )ORUHV GHILQH ¨KDUG VFLHQFHV© DV ¦WKRVH WKDW H[SODLQ WKH RSHUDWLRQ RI GHWHUPLQLVWLF

PHFKDQLVPV ZKRVH SULQFLSOHV FDQ EH FDSWXUHG LQ IRUPDO V\VWHPV§ >:)��� S� ��@� 7KLV WKHVLV DOVR XVHV WKLV

WHUP LQ WKH VDPH VHQVH�
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PDMRU LQIOXHQFH RQ FRPSXWHU UHVHDUFK LQWR SURFHVV PRGHOOLQJ ZDV 0LOOHU� *DODQWHU DQG

3ULEUDP©V IDPRXV ERRN� 3ODQV DQG WKH 6WUXFWXUH RI %HKDYLRXU >0*3��@� 7KH DXWKRUV

H[DPLQHG HYHU\GD\ OLIH DQG WULHG WR UHSUHVHQW LW LQ D IRUPDO ZD\� 7KH\ SURSRVHG WKH

FRQFHSW RI D 3ODQ WR H[SODLQ WKHLU REVHUYDWLRQ�

$ 3ODQ LV DQ\ KLHUDUFKLFDO SURFHVV LQ WKH RUJDQLVP WKDW FDQ FRQWURO WKH

RUGHU LQ ZKLFK D VHTXHQFH RI RSHUDWLRQV LV WR EH SHUIRUPHG >0*3���

S���@�

7KLV GHILQLWLRQ KLJKOLJKWV WKH YLHZ WKDW D 3ODQ IRU HYHU\GD\ OLIH LV D SURFHVV FRQWUROOLQJ

WKH EHKDYLRXU RI ERWK WKH KXPDQ DQG WKH PDFKLQH� 7KH\ PDLQWDLQHG WKDW WKH EHKDYLRXU RI

WKH KXPDQ FRXOG EH UHSUHVHQWHG LQ D KLHUDUFKLFDO VWUXFWXUH DV D SURJUDP LQ D FRPSXWHU�

7KLV XQGHUVWDQGLQJ REYLRXVO\ FRUUHVSRQGV WR WKH WKHPH RI WKH ¨FORVHG ZRUOG© SDUDGLJP

DQG KDV EHHQ ZLGHO\ DFFHSWHG DV WKH UDWLRQDOH RI PDQ\ SURFHVV PRGHOV LQ FRPSXWHU

VFLHQFH� $OVR� LW FDQ EH IRXQG LQ WKH VLPXODWLRQ RI KXPDQ EHKDYLRXU LQ WKH $, ILHOG

>$JU��� 'UH��� +DX��@ DQG LQ WKH PRGHOOLQJ RI WKH VRIWZDUH GHYHORSPHQW SURFHVV LQ WKH

6RIWZDUH (QJLQHHULQJ �6(� ILHOG >670��� 6RP��� 3UH��@� 7KHVH PRGHOV EHJLQ ZLWK WKH

LQWHUSUHWDWLRQ RI D 3ODQ DV ¦D UHODWLYHO\ IL[HG UHSHUWRLUH RI FRPPRQO\ HPSOR\HG VWUXFWXUH

RI DFWLRQ§ >$JU��@� 7KHQ� WKH\ LQYHVWLJDWH WKH SRVVLELOLW\ RI DEVWUDFWLQJ RU IRUPDOLVLQJ D

SURFHVV DV D KLHUDUFKLFDO SODQ IRU JXLGLQJ WKH FRPSXWHU DQG WKH KXPDQ DV ZHOO�

$ SURFHVV WKDW IROORZV D SODQ LQ WKLV VHQVH VKRXOG EH SUHGLFWDEOH DQG UHSHDWDEOH�

7KDW LV� E\ IROORZLQJ WKH VDPH SODQ� WKH DFWLRQV LQ HDFK SURFHVV VKRXOG JHQHUDOO\ EH RI WKH

VDPH QDWXUH DQG VKRXOG OHDG WR D VLPLODU ILQDO UHVXOW >-DO��@� +RZHYHU� WKH FRQWLQXRXVO\

FKDQJLQJ HQYLURQPHQW DQG XQFHUWDLQW\ RI KXPDQ DJHQWV PDNH WKH SUHGLFWDELOLW\ DQG

UHSHDWDELOLW\ RI WKH ¨FORVHG ZRUOG© SDUDGLJP XQWHQDEOH�� 7KLV FHQWUDO SUREOHP EHFRPHV

HYHQ PRUH VLJQLILFDQW DV PRUH IDU�UHDFKLQJ UHVHDUFK DWWHPSWLQJ WR DXWRPDWH FRPSOLFDWHG

� 7KH ODFN RI UHSHDWDELOLW\ KDV EHHQ XVHG WR FULWLFLVH WKH YLHZ WKDW 66' LV DQ HQJLQHHULQJ GLVFLSOLQH >'6���

6WH��� ;,$��@�
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SURFHVVHV LQ WKH UHDO ZRUOG LV XQGHUWDNHQ� $V DUJXHG E\ 3� )H\HUDEHQG LQ >)H\��@� D IL[HG

SODQ GHFUHDVHV WKH IUHHGRP IRU WDNLQJ DFWLRQV DQG DFFRUGLQJO\ EORFNV WKH HPHUJHQFH RI

QHZ FRQFHSWV� +H KLJKOLJKWHG WKH GLVDGYDQWDJHV WKURXJK DQ H[DPLQDWLRQ RI KLVWRULFDO

HSLVRGHV DQG DQ DEVWUDFW DQDO\VLV RI WKH UHODWLRQV EHWZHHQ LGHD DQG DFWLRQ >)H\��@�

��� WKH SULQFLSOHV RI FULWLFDO UDWLRQDOLVP ��� DQG WKH SULQFLSOHV RI ORJLFDO

HPSLULFLVP ��� JLYH DQ LQDGHTXDWH DFFRXQW RI WKH SDVW GHYHORSPHQW RI

VFLHQFH DQG DUH OLDEOH WR KLQGHU VFLHQFH LQ WKH IXWXUH >)H\��� S����@�

0RGHUQ VFLHQFH KDV GHYHORSHG PDWKHPDWLFDO VWUXFWXUHV ZKLFK H[FHHG

DQ\WKLQJ WKDW KDV H[LVWHG VR IDU LQ FRKHUHQFH DQG JHQHUDOLW\� %XW LQ RUGHU

WR DFKLHYH WKLV PLUDFOH DOO WKH H[LVWLQJ WURXEOHV KDG WR EH SXVKHG LQWR WKH

UHODWLRQ EHWZHHQ WKHRU\ DQG IDFW� DQG KDG WR EH FDQFHOOHG� E\ DG KRF

DSSUR[LPDWLRQV DQG E\ RWKHU SURFHGXUHV >)H\��� S���� RULJLQDO

HPSKDVLV@�

6LPLODUO\� /� $� 6XFKPDQ DOVR LOOXVWUDWHV WKH LPSRWHQFH RI D 3ODQ LQ FRSLQJ ZLWK

XQH[SHFWHG UHDO�ZRUOG VLWXDWLRQV E\ H[DPLQLQJ WKH LQWHUDFWLRQ EHWZHHQ WKH KXPDQ DQG D

SKRWRFRSLHU ZLWK HPEHGGHG LQVWUXFWLRQV� 6KH DUJXHV WKDW VXFK DQ DWWHPSW WR DEVWUDFW D

SURFHVV DZD\ IURP WKH SDUWLFXODU HQYLURQPHQW LQ ZKLFK LW LV VLWXDWHG LV RI OLPLWHG

DSSOLFDELOLW\ LQ WKH UHDO ZRUOG >6XF��@� -� $� *RJXHQ DOVR PDLQWDLQV WKDW ¦ULJLGO\

IROORZLQJ D IL[HG SURFHVV PRGHO FDQ VHYHUHO\ OLPLW DGDSWDWLRQ§ >*RJ��@� 6LPLODU

FULWLFLVPV FDQ EH IRXQG LQ >$JU��� 'UH��� .LU��� 5HL��� 5.��� 7XO��� :HJ��@�

,Q DFFRUGDQFH ZLWK WKH ¨RSHQ GHYHORSPHQW© SDUDGLJP� WKH DERYH DXWKRUV DOO DGGUHVV

WKH LQDGHTXDF\ RI VHWWLQJ IL[HG SDWWHUQV RI DFWLYLWLHV ZLWK ULJLG DOJRULWKPV LQ JXLGLQJ RU

HYHQ FRQWUROOLQJ KXPDQ EHKDYLRXU LQ WKH UHDO ZRUOG� 7R RYHUFRPH WKLV GUDZEDFN� VRPH

UHVHDUFKHUV DUJXHG WKDW WKH IRFXV RI D SURFHVV PRGHO VKRXOG EH RQ WKH LQWHUDFWLRQ EHWZHHQ

WKH KXPDQ DQG WKH HQYLURQPHQW UDWKHU WKDQ RQ WKH DFWLYLWLHV RI WKH KXPDQ LQ D SDUWLFXODU

HQYLURQPHQW >$JU��� %UR��� )OR��� /5��� 5%��� 5.��@� 7KH\ VXJJHVW WKDW D SURFHVV

IRFXVLQJ RQ WKLV NLQG RI LQWHUDFWLRQ VKRXOG EH DEOH WR LQYROYH DV PXFK LPSURYLVDWLRQ DV
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SRVVLEOH LQ FRSLQJ ZLWK D ZLGH YDULHW\ RI FRQWLQJHQFLHV� ,Q RWKHU ZRUGV� 66' VKRXOG QRW

IROORZ IL[HG DFWLYLW\ SDWWHUQV EXW LQVWHDG EH IUHHO\ FDUULHG RQ E\ WKH LQWHUDFWLRQ EHWZHHQ

WKH HQDFWRU DQG KLV�KHU HQYLURQPHQW��

,Q WKH VDPH PDQQHU� (0 UHMHFWV IL[HG DFWLYLW\ SDWWHUQV IRU 66' DQG FHQWUHV RQ WKH

LQWHUDFWLRQ EHWZHHQ WKH PRGHOOHU DQG KLV�KHU HQYLURQPHQW �LQFOXGLQJ WKH FRPSXWHU�EDVHG

PRGHO DQG WKH UHIHUHQW LQ WKH UHDO ZRUOG�� ,Q HDFK VLWXDWLRQ WKDW LV HQFRXQWHUHG� WKH

PRGHOOHU LQ (0 LV HPSRZHUHG WR LQWHUDFW ZLWK KLV�KHU HQYLURQPHQW LQ DQ RSHQ�HQGHG

PDQQHU LQ RUGHU WR PDLQWDLQ WKH YLUWXDO FRUUHVSRQGHQFH EHWZHHQ WKH FRPSXWHU PRGHO DQG

WKH UHIHUHQW LQ WKH UHDO ZRUOG DV VKRZQ LQ )LJXUH ���� 7KURXJK VXFK VLWXDWHG LQWHUDFWLRQ�

WKH FRPSXWHU�EDVHG PRGHO WKDW LV EXLOW XS LQ WKH SURFHVV RI XQGHUVWDQGLQJ WKH VRIWZDUH

V\VWHP FDQ FRPH WR IXOILO WKH IXQFWLRQDOLW\ RI WKH UHTXLUHG VRIWZDUH V\VWHP�

$SDUW IURP WKH RSHQQHVV DQG VLWXDWHGQHVV RI WKH SURFHVV LWVHOI� DQRWKHU NH\ IDFWRU

DIIHFWLQJ WKH SURFHVV RI 66' LV LWV HQDFWRU� 0RVW SURFHVV PRGHOV SD\ OHVV DWWHQWLRQ WR WKLV

IDFWRU�� ,Q (0� HDFK VWDWH FKDQJH RI WKH HQDFWHG SURFHVV LV GXH WR WKH LQYRFDWLRQ RI DQ

LPSURYLVHG LQWHUDFWLRQ EHWZHHQ WKH PRGHOOHU DQG WKH FRPSXWHU PRGHO �RU WKH UHIHUHQW LQ

WKH UHDO ZRUOG� UDWKHU WKDQ WKH H[HFXWLRQ RI SUHVFULEHG DFWLYLWLHV� ,Q WKLV DFWLYLW\� QR

VLWXDWLRQ HQFRXQWHUHG LQ WKH HQDFWHG SURFHVV LV SUHGLFWDEOH LQ GHWDLO� 7KH PRGHOOHU KDV WR

DGYDQFH WKH SURFHVV E\ PHDQV RI VLWXDWHG DFWLYLWLHV WKDW FRQVWUXFW WKH SURFHVV RI 66'�

7KLV KXPDQ�FHQWUHG FRQFHSW LV LQ KDUPRQ\ ZLWK WKH LQFUHDVLQJO\ UHFRJQLVHG IDFW WKDW WKH

KXPDQ EHLQJ LV DQ LPSRUWDQW IDFWRU OHDGLQJ WR WKH VXFFHVV RI 66' >3UH��� /5��� <RX��@�

,Q IDFW� DV IXUWKHU H[DPLQDWLRQ GLVFORVHV� ZKHQ D SURFHVV PRGHO LV HQDFWHG� D

FRPSOHPHQWDU\ SURFHVV WKDW UHVLGHV LQVLGH WKH PLQG RI WKH PRGHOOHU LV VLPXOWDQHRXVO\

� 7KH HQDFWRU©V HQYLURQPHQW FRXOG LQYROYH KXPDQ DJHQWV� VXFK DV RWKHU GHYHORSHUV DQG XVHUV� ,Q DGGLWLRQ� LQ D

EURDGHU VHQVH� ERWK WKH GHYHORSHU DQG WKH XVHU FDQ EH DQ HQDFWRU DQG DIIHFW WKH SURFHVV RI 66' �FI�

SDUWLFLSDWRU\ GHVLJQ LQ >0XP��@��

� $OWKRXJK VRPH PRGHOV� VXFK DV (7+,&6 >0XP��@� KDYH KLJKOLJKWHG WKH LPSRUWDQFH RI SDUWLFLSDQWV LQ WKH

SURFHVV RI 66'� WKH\ DUH PRUH FRQFHUQHG ZLWK IRUPDOLVLQJ WKH SURFHVV WR EH IROORZHG E\ SDUWLFLSDQWV UDWKHU

WKDQ UHIOHFWLQJ ZKDW SDUWLFLSDQWV GR LQ WKHLU SUDFWLFHV IRU 66'�
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GHYHORSHG� 7R FODULI\ WKLV� WKH IRUPHU� ZKLFK FKDQJHV WKH VWDWH RI WKH HQYLURQPHQW

�LQFOXGLQJ WKH UHIHUHQW DQG WKH FRPSXWHU�EDVHG PRGHO�� LV FDOOHG WKH H[WHUQDO SURFHVV� DQG

WKH ODWWHU� ZKLFK DIIHFWV WKH PRGHOOHU©V NQRZOHGJH� LV FDOOHG WKH LQWHUQDO SURFHVV� ,W LV VHOI�

HYLGHQW WKDW ERWK SURFHVVHV DUH LQWHUWZLQHG DQG LQVHSDUDEOH DV LOOXVWUDWHG LQ )LJXUH ����

7KLV FORVH UHODWLRQVKLS KLJKOLJKWV WKH IDFW WKDW WKH PRGHOOHU©V NQRZOHGJH �RU H[SHULHQFH�

JXLGHV WKH H[WHUQDO SURFHVV LQ UHVSRQVH WR D VLWXDWLRQ LQ WKH UHDO ZRUOG� DQG WKH UHVXOW IURP

WKH H[WHUQDO SURFHVV LQ WXUQ LPSURYHV WKH PRGHOOHU©V NQRZOHGJH WKURXJK WKH LQWHUQDO

SURFHVV� %RWK SURFHVVHV DIIHFW HDFK RWKHU� DQG WKLV JLYHV ULVH WR FKDQJHV LQ WKH PRGHOOHU©V

PHQWDO PRGHO� WKH FRPSXWHU�EDVHG PRGHO DQG WKH UHIHUHQW LQ WKH UHDO ZRUOG�

+HQFH� WKH PRGHOOHU©V UROH LQ (0 LV LQGLVSHQVDEOH LQ FRQVWUXLQJ WKH SKHQRPHQD

RFFXUULQJ LQ WKH UHIHUHQW� LQ FRQVWUXFWLQJ WKH FRPSXWHU�EDVHG PRGHO� DQG� PRUH

VLJQLILFDQWO\� LQ LQWHUDFWLQJ ZLWK ERWK WKH UHIHUHQW DQG WKH PRGHO LQ RUGHU WR PDLQWDLQ WKHLU

YLUWXDO FRUUHVSRQGHQFH� ,W LV LPSRUWDQW WR QRWH WKDW WKH HPSKDVLV RQ WKH KXPDQ GLPHQVLRQ

VKRXOG QRW OHDG WR WKH IRUPDOLVDWLRQ RI WKH PRGHOOHU©V EHKDYLRXU� VLQFH WKLV FRQWUDGLFWV WKH

SULQFLSOH RI RSHQ GHYHORSPHQW� ,QVWHDG� WKH IRFXV PXVW EH RQ WKH PRGHOOHU SHU VH� 7KLV

VKLIW LV VXSSRUWHG E\ -� 5DGIRUG DQG $� %XUWRQ LQ WKHLU FRPPHQWV RQ VLPXODWLQJ KXPDQ

EHKDYLRXU� ¦LI RXU DLP LV WR VLPXODWH� DQG WKHUHE\ JDLQ PRUH LQVLJKW LQWR� KXPDQ

EHKDYLRXU� ZH VKRXOG EHJLQ ZLWK WKH KXPDQ UDWKHU WKDQ KLV EHKDYLRXU§ >5%��� S����@�

7KDW LV WR VD\� WKH SULPDU\ HPSKDVLV VKRXOG EH RQ WKH FRJQLWLYH DFWLYLW\ WKDW XQGHUOLHV

EHKDYLRXU UDWKHU WKDQ RQ KXPDQ EHKDYLRXU LWVHOI�

)LJXUH ���� 7KH LQWHUGHSHQGHQW DQG LQVHSDUDEOH UHODWLRQVKLS EHWZHHQ

DQ LQWHUQDO SURFHVV DQG DQ H[WHUQDO SURFHVV�

,QWHUDFWLRQ

&XUUHQW

VWDWH

7LPH

([WHUQDO

SURFHVV

,QWHUQDO

SURFHVV

1H[W

VWDWH
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��� .QRZOHGJH &RQVWUXFWLRQ YHUVXV .QRZOHGJH

5HSUHVHQWDWLRQ

66' LV NQRZOHGJH��LQWHQVLYH >5RE��@� )URP FRQFHSWXDOLVDWLRQ� GHVFULSWLRQ DQG

RUJDQLVDWLRQ WR WUDQVPLVVLRQ� WKH HQDFWLRQ RI D SURFHVV PRGHO LV FRQFHUQHG ZLWK WKH

PDQLSXODWLRQ RI WKH NQRZOHGJH DVVRFLDWHG ZLWK WKH V\VWHP EHLQJ GHYHORSHG� .QRZOHGJH

PDQLSXODWLRQ IRU 66' JHQHUDOO\ LQYROYHV WZR SURFHVVHV� NQRZOHGJH FRQVWUXFWLRQ� ZKLFK

FDSWXUHV NQRZOHGJH DVVRFLDWHG ZLWK WKH V\VWHP IRU WKH GHYHORSHU� DQG NQRZOHGJH

UHSUHVHQWDWLRQ� ZKLFK UHFRUGV WKH GHYHORSHU©V NQRZOHGJH E\ PHDQV RI UHSUHVHQWDWLRQDO

PHGLD� VXFK DV GRFXPHQWV DQG SURJUDPV� )LJXUH ��� GHSLFWV WKH UHODWLRQVKLS EHWZHHQ WKH

GHYHORSHU DQG WKHVH NQRZOHGJH PDQLSXODWLRQ SURFHVVHV IRU 66'� ,W VKRXOG EH QRWHG WKDW

WKHVH SURFHVVHV FDQ RSHUDWH LQ SDUDOOHO DQG ZLWKRXW V\QFKURQLVDWLRQ�

� 7KH WHUP ¨NQRZOHGJH© LV XVHG ORRVHO\ WR LQFOXGH DQ\ VWUXFWXUH RI LQIRUPDWLRQ ZKLFK LV FRQVWUXFWHG E\

FRXSOLQJ LQIRUPDWLRQ REWDLQHG LQ RQH FRQWH[W ZLWK RWKHU LQIRUPDWLRQ REWDLQHG LQ D GLIIHUHQW FRQWH[W >3UH��@�

� 7KH WHUP ¨UHSUHVHQWDWLRQDO PHGLXP© LV XVHG DV LQ >+XW��@� LQ D YHU\ JHQHUDO ZD\� WR LQGLFDWH DQ\ IRUP RI

PHGLD WKDW FDQ EH LQWHUSUHWHG DV D UHSUHVHQWDWLRQ RI VRPHWKLQJ�

)LJXUH ���� .QRZOHGJH UHSUHVHQWDWLRQ DQG NQRZOHGJH FRQVWUXFWLRQ
IRU WKH GHYHORSHU

$ UHSUHVHQWDWLRQDO PHGLXP

5HFRUG

.QRZOHGJH

UHSUHVHQWDWLRQ
.QRZOHGJH

FRQVWUXFWLRQ

7KH UHDO ZRUOG

GRPDLQ

,QIRUP

,QWHUSUHW

7KH GHYHORSHU©V

NQRZOHGJH
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0RVW WUDGLWLRQDO SURFHVV PRGHOV WHQG WR FRQFHQWUDWH RQ NQRZOHGJH UHSUHVHQWDWLRQ�

7KH\ WDNH LW IRU JUDQWHG WKDW WKH GHYHORSHU FDQ FRQVWUXFW NQRZOHGJH E\ VXFFHVVIXOO\

FROOHFWLQJ DQG LQWHUSUHWLQJ WKH LQIRUPDWLRQ LQ WKH UHDO ZRUOG GRPDLQ� 7KH\ H[SORLW

V\VWHPDWLVHG DOJRULWKP�EDVHG IRUPDWV� IRU H[DPSOH LQ WKH IRUP RI DQ HQWLW\�UHODWLRQ

PRGHO >&KH��@ RU REMHFW PRGHO >%RR��@� WR UHSUHVHQW WKH FRQVWUXFWHG NQRZOHGJH� 7KHVH

UHSUHVHQWDWLRQDO PHGLD� WKDW UHO\ PDLQO\ RQ WH[WXDO DQG GLDJUDPPDWLF PHWDSKRUV�� FDQ

VSHFLI\ WKH VRIWZDUH V\VWHP DQG LWV EHKDYLRXU LQ D UHODWLYHO\ FRQWH[W�IUHH PDQQHU� ,I WKH

VSHFLILFDWLRQ IDLOV WR UHIOHFW WKH UHDO�ZRUOG FRQWH[W� WKLV LQGLFDWHV WKDW VRPHWKLQJ LQ WKH

UHDO ZRUOG GRPDLQ LV PLVXQGHUVWRRG� $ UHLQIRUFLQJ EDFNWUDFN IRU ORFDWLQJ DQG FRUUHFWLQJ

HUURUV VKRXOG WKHQ EH LQYRNHG� ,Q WKLV UHVSHFW� WKH UHSUHVHQWDWLRQDO PHGLXP VHUYHV DV D

PHWDSKRULFDO SUHVHQWDWLRQ RI WKH UHDO ZRUOG GRPDLQ DQG UHSUHVHQWDWLRQ RI WKH PRGHOOHU©V

NQRZOHGJH DVVRFLDWHG ZLWK WKH V\VWHP EHLQJ GHYHORSHG�

+RZHYHU� LQ SUDFWLFH� WKHUH DUH GHEDWHV DERXW WKH FRPSOHWHQHVV DQG FRQVLVWHQF\ RI

WKH NQRZOHGJH HPEHGGHG LQ D UHSUHVHQWDWLRQDO PHGLXP� )RU H[DPSOH� RQ WKH EDVLV RI

ELRORJLFDO H[SHULPHQWV� +� 5� 0DWXUDQD DUJXHV WKDW V\PEROLF UHSUHVHQWDWLRQ FDQQRW VHUYH

DV WKH NQRZOHGJH RI DQ RUJDQLVP WR FRQWURO WKH ZD\ WKH RUJDQLVP EHKDYHV >0DW��@� +H

FODLPV WKDW DQ RUJDQLVP FDQ DGDSW E\ FRXSOLQJ LWV VWUXFWXUH ZLWK LWV H[WHUQDO HQYLURQPHQW

WR JHQHUDWH LWV EHKDYLRXU� 7KDW LV WR VD\� WKH NQRZOHGJH WKDW FRQWUROV WKH EHKDYLRXU RI DQ

RUJDQLVP LV FRQWH[W�GHSHQGHQW DQG RSHQ WR FKDQJH� 7� :LQRJUDG DQG )� )ORUHV SURYLGH D

VLPLODU DUJXPHQW IRU WKH GHVLJQ RI DQ LQWHOOLJHQW V\VWHP WKDW LV UHVWULFWHG WR UHSUHVHQWLQJ

NQRZOHGJH E\ WKH DFTXLVLWLRQ DQG PDQLSXODWLRQ RI WKH DGRSWHG IDFWV� 7KH\ UHPDUN WKDW

¦NQRZOHGJH LV DOZD\V WKH UHVXOW RI LQWHUSUHWDWLRQ� ZKLFK GHSHQGV RQ WKH HQWLUH SUHYLRXV

H[SHULHQFH RI WKH LQWHUSUHWHU DQG RQ VLWXDWHGQHVV LQ D WUDGLWLRQ§ >:)��� S���� RULJLQDO

HPSKDVLV@� &� &URRN DOVR DUJXHV WKDW ¦NQRZOHGJH LV QRW VR QHDWO\ FLUFXPVFULEHG DV WR

� ,Q SUDFWLFH� PHWDSKRUV LQ WKH IRUP RI WH[WV DQG GLDJUDPV KDYH EHHQ ZLGHO\ XVHG LQ FRPSXWHU VFLHQFH IRU

GHVFULELQJ DQG VKDULQJ NQRZOHGJH >-RK��@� 6SHFLILFDWLRQ LV D ZHOO�NQRZQ H[DPSOH�
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DOORZ FRPSOHWH DQG XQDPELJXRXV VWXIILQJ XQGHU VRPH KXPDQ OLG§ >&UR��� S� ��@� 6LPLODU

DUJXPHQWV FDQ EH IRXQG LQ >6OR��� &OD��� 6XF��@� 7KH HYLGHQFH RI WKHVH UHVHDUFKHUV

VXJJHVW WKDW DQ\ DWWHPSW WR JLYH D IXOO DFFRXQW RI NQRZOHGJH XVLQJ UHSUHVHQWDWLRQDO PHGLD

LV LQDGHTXDWH�

5HFRJQLVLQJ WKH LQDGHTXDF\ RI UHSUHVHQWLQJ WKH GHYHORSHU©V NQRZOHGJH E\ FRQWH[W�

IUHH DEVWUDFWLRQV� VRPH SURFHVV PRGHOV� VXFK DV SURWRW\SLQJ >5HL��� $QG��@ DQG WKH VSLUDO

PRGHO >%RH��@ VKLIW WKHLU IRFXV IURP NQRZOHGJH UHSUHVHQWDWLRQ WR NQRZOHGJH

FRQVWUXFWLRQ� ZKHUH WKH GHYHORSHU©V NQRZOHGJH LV LQIRUPHG E\ LWV FRQWH[W LQ WKH UHDO

ZRUOG GRPDLQ� 7KHVH PRGHOV LQGLFDWH WKDW WKH GHYHORSHU PXVW FRQVWUXFW NQRZOHGJH LQ D

VLWXDWHG PDQQHU� )URP WKLV SHUVSHFWLYH� NQRZOHGJH HYROYHV DQG LV RSHQ WR FKDQJH�

+RZHYHU� VSHFLILFDWLRQ�EDVHG PRGHOV FDQ RQO\ VXSSRUW WKH RSHQQHVV DQG HYROXWLRQ RI WKH

GHYHORSHU©V NQRZOHGJH WR D OLPLWHG GHJUHH� ,Q SDUW� WKLV LV EHFDXVH GRFXPHQWDWLRQ LV

PDLQO\ XVHG IRU UHFRUGLQJ DQG LV DZNZDUG WR FKDQJH� 0RUH LPSRUWDQWO\� LW LV GLIILFXOW WR

GHVFULEH FRQWH[W�GHSHQGHQW NQRZOHGJH DGHTXDWHO\ E\ XVLQJ WH[W�EDVHG GRFXPHQWDWLRQ�

+HQFH� WKHVH PRGHOV WHQG WR FRQWULEXWH WR WKH GHYHORSHU©V LPSOLFLW NQRZOHGJH� EDVHG RQ

SUDFWLFDO H[SHULHQFH� UDWKHU WKDQ WR DQ H[SOLFLW GHWDLOHG VSHFLILFDWLRQ� 7KH FRQFHSW RI

NQRZOHGJH FRQVWUXFWLRQ LV FRQVRQDQW ZLWK $�GL6HVVD©V FRQFHSW RI NQRZOHGJH LQ SLHFHV

�NQRZOHGJH FDQ RQO\ EH FRQVWUXFWHG SLHFH E\ SLHFH� >GL6��@� DQG WKH WKHPH RI

FRQVWUXFWLYLVP� NQRZLQJ�E\�GRLQJ �NQRZOHGJH LV JDLQHG WKURXJK SUDFWLFDO ZRUN� >3XI��@�

.QRZOHGJH FRQVWUXFWLRQ LV XVHIXO IRU HQULFKLQJ WKH PRGHOOHU©V NQRZOHGJH LQ D

VLWXDWHG PDQQHU� DQG NQRZOHGJH UHSUHVHQWDWLRQ LV KHOSIXO IRU RUJDQLVLQJ WKH FROOHFWHG

LQIRUPDWLRQ LQWR UHODWLRQV� $FFRUGLQJO\� (0 UHJDUGV WKH WZR DSSURDFKHV DV

FRPSOHPHQWDU\ DQG VHHNV WR WDNH WKHP ERWK LQWR DFFRXQW� 7R GR WKLV� (0 XVHV WKH

FRPSXWHU�EDVHG PRGHO DV DQ LQWHUDFWLYH� RSHQ�HQGHG DUWHIDFW ERWK WR UHSUHVHQW DQG DOVR WR

HQULFK WKH PRGHOOHU©V NQRZOHGJH LQ D VLJQLILFDQW ZD\� )RU NQRZOHGJH UHSUHVHQWDWLRQ� LW

H[SORLWV JUDSKLFDO PHWDSKRUV XVHG LQ WKH YLVXDOLVDWLRQ RI WKH FRPSXWHU�EDVHG PRGHO
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WRJHWKHU ZLWK GHILQLWLYH VFULSWV �GHVFULEHG LQ &KDSWHU ��� 0RUH LPSRUWDQWO\� WKH

NQRZOHGJH UHSUHVHQWHG LQ WKH FRPSXWHU PRGHO FDQ EH H[SORUHG WKURXJK LQWHUDFWLRQ ZLWK

WKH PRGHO� 7KH LQWHUDFWLYH H[SORUDWLRQ QRW RQO\ GLVFORVHV WKH V\VWHP©V EHKDYLRXU DQG WKH

UHODWLRQVKLS EHWZHHQ FRPSRQHQWV� EXW DOVR HQDEOHV WKH PRGHOOHU WR FRQQHFW NQRZOHGJH

ZLWK H[SHULHQFH� 7KLV SUDFWLFDO H[SHULHQFH LV PRUH XVHIXO WKDQ WKH WH[W� DQG GLDJUDP�

EDVHG PHWDSKRUV LQ RWKHU PRGHOV IRU XQGHUVWDQGLQJ WKH UHSUHVHQWHG NQRZOHGJH LQ WKH

UHSUHVHQWDWLRQDO PHGLXP �WKDW LV� WKH FRPSXWHU PRGHO��

0RUHRYHU� WKH FRPSXWHU�EDVHG PRGHO LQ (0 LV PRUH SRZHUIXO WKDQ WKH WH[W� DQG

GLDJUDP�EDVHG PHWDSKRUV LQ RWKHU PRGHOV LQ GHDOLQJ ZLWK FKDQJHV LQ WKH UHSUHVHQWHG

NQRZOHGJH� 7KLV LV EHFDXVH DQ\ FKDQJH LV OLDEOH WR KDYH LPSOLFDWLRQ IRU WKH ZKROH V\VWHP�

DQG WKH VFDOH RI WKHVH FKDQJHV LV OLNHO\ WR EH UHIOHFWHG LQ UHYLVLQJ WKH UHSUHVHQWDWLRQDO

PHGLD �IRU LQVWDQFH� LQ HGLWLQJ D GRFXPHQW�� +RZHYHU� (0 FDQ GHDO ZLWK WKLV SUREOHP LQ D

VLJQLILFDQW ZD\� ,Q (0� DQ\ FKDQJH WR WKH PRGHO DXWRPDWLFDOO\ DQG LQWHUDFWLYHO\ OHDGV WR

D VWUXFWXUDO FKDQJH WR WKH PRGHO WKDW FRXSOHV WKH XSGDWH �WKDW LV� WKH DGGHG GHILQLWLYH

VFULSW� ZLWK WKH FXUUHQW VWUXFWXUH XVLQJ GHSHQGHQF\ PDLQWHQDQFH� DV GHVFULEHG LQ 6HFWLRQ

���� )RU H[DPSOH� WKH VWUXFWXUH RI REVHUYDEOHV VKRZQ LQ )LJXUH ����D� LV UHFRQVWUXFWHG WR
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)LJXUH ����E� ZKHQ D QHZ GHILQLWLYH VFULSW LV DGGHG� ,Q RWKHU ZRUGV� JLYHQ WKH FRPSXWHU�

EDVHG PRGHO� WKH PRGHOOHU FDQ UHYLVH WKH UHSUHVHQWDWLRQDO PHGLXP LQ DQ LQWHUDFWLYH

PDQQHU� 7KLV LV YHU\ KDUG WR GR LQ PRVW WUDGLWLRQDO PRGHOV�

,Q HIIHFW� WKLV VWUXFWXUDO FRXSOLQJ RI WKH FRPSXWHU�EDVHG PRGHO LV YHU\ XVHIXO IRU

VXSSRUWLQJ NQRZOHGJH FRQVWUXFWLRQ� )RU NQRZOHGJH FRQVWUXFWLRQ� WKH PRGHOOHU©V

NQRZOHGJH DVVRFLDWHG ZLWK WKH GHYHORSLQJ V\VWHP FRQWLQXDOO\ FKDQJHV LQ UHVSRQVH WR WKH

HPHUJLQJ LQIRUPDWLRQ IURP WKH UHDO ZRUOG GRPDLQ� ,W LV YHU\ GLIILFXOW IRU PRVW WUDGLWLRQDO

UHSUHVHQWDWLRQDO PHGLD� VXFK DV GRFXPHQWV DQG SURWRW\SHV� WR NHHS XS ZLWK WKLV UDSLG

FKDQJH �FI� WKH WKURZDZD\ SURWRW\SLQJ LQ >$QG��@�� :LWK WKH DLG RI VWUXFWXUDO FRXSOLQJ�

(0 FDQ WR D ODUJH H[WHQW VXSSRUW WKH LQWHUDFWLYH UHFRQVWUXFWLRQ RI WKH FRPSXWHU�EDVHG

PRGHO�

,Q DGGLWLRQ� (0 DLGV NQRZOHGJH FRQVWUXFWLRQ LQ D VLJQLILFDQW ZD\� :LWK UHIHUHQFH

WR WKH RSHQQHVV DQG HYROXWLRQ RI WKH PRGHOOHU©V NQRZOHGJH� WKH VWUXFWXUDO FRXSOLQJ LQ

(0� DV GHVFULEHG DERYH� FDQ SURYLGH WKH PRGHOOHU ZLWK VXIILFLHQW VXSSRUW� 7KH IRFXV KHUH

LV RQ WKH HQULFKPHQW RI WKH PRGHOOHU©V NQRZOHGJH WKURXJK (0� 7KURXJK ¨ZKDW LI©

H[SHULPHQWV UHVHPEOLQJ VHQVLWLYLW\ DQDO\VLV LQ D VSUHDGVKHHW� WKH PRGHOOHU FDQ SURGXFH

VXIILFLHQW UHVRXUFHV IRU WKH UHILQHPHQW RI KLV�KHU NQRZOHGJH �VHH 6HFWLRQ ������� ,Q WKLV

FRQWH[W RI PRGHOOLQJ D VLWXDWLRQ� WKH UHODWLRQVKLS EHWZHHQ WKH FRPSXWHU�EDVHG PRGHO DQG

WKH PRGHOOHU LQ NQRZOHGJH FRQVWUXFWLRQ LV H[FHHGLQJO\ VXEWOH� 2Q WKH RQH KDQG� WKH

PRGHOOHU FUHDWHV WKH FRPSXWHU PRGHO WR UHSUHVHQW KLV�KHU NQRZOHGJH DVVRFLDWHG ZLWK WKH

UHIHUHQW LQ WKH UHDO ZRUOG� 2Q WKH RWKHU KDQG� FRUUHVSRQGLQJ WR WKH LQWHUDFWLRQ ZLWK WKH

FRPSXWHU PRGHO� WKH PRGHOOHU JDLQV DGGLWLRQDO UHVRXUFHV WR �UH�FRQVWUXFW KLV�KHU QHZ

NQRZOHGJH� ,Q RWKHU ZRUGV� ERWK WKH UHSUHVHQWHG NQRZOHGJH WKDW LV HPEHGGHG LQ WKH

FRPSXWHU PRGHO DQG WKH PRGHOOHU©V NQRZOHGJH DUH LQWHUWZLQHG DQG FRPSOHPHQWDU\�

,Q SUDFWLFH� D EHQHILW RI NQRZOHGJH FRQVWUXFWLRQ LV WKDW LW OLQNV WKH PRGHOOHU©V

NQRZOHGJH WR H[SHULHQFH UDWKHU WKDQ VLPSO\ LQIRUPV WKH PRGHOOHU©V NQRZOHGJH IURP WKH
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FRQWH[W� 7KLV LV KLJKOLJKWHG LQ $� GL6HVVD©V GLVFXVVLRQ RI VFLHQFH HGXFDWLRQ� +H VWUHVVHV

WKDW WKH XVH RI WKH FRPSXWHU IRU LPSURYLQJ WKH VWXGHQW©V OHDUQLQJ LQYROYHV EXLOGLQJ DQG

LQWHJUDWLQJ SLHFHV RI NQRZOHGJH LQ RUGHU WR DFKLHYH WKH EHVW FRQQHFWLRQ WR H[SHULHQFH

>GL6��@� 2EYLRXVO\� WKH HQULFKPHQW RI WKH PRGHOOHU©V NQRZOHGJH E\ PHDQV RI LQWHUDFWLQJ

ZLWK D FRPSXWHU�EDVHG PRGHO DFFRUGV ZHOO ZLWK WKLV FRQVWUXFWLYLVW RXWORRN� ,W DOVR PHHWV

WKH QHHG� LGHQWLILHG E\ 1DXU >1DX��@� IRU LQFRUSRUDWLQJ H[SHULHQWLDO NQRZOHGJH WR

FRPSOHPHQW WKH NQRZOHGJH WKDW LV GHILQHG DQG SURFHVVHG E\ ¨ORJLF DQG UXOHV©� 6LPLODU

DUJXPHQWV FDQ EH IRXQG LQ >%XU��� &UR��� /:��� 5HL��� 6DO��@�

7KH HQULFKPHQW RI WKH GHYHORSHU©V NQRZOHGJH WKURXJK SUDFWLFDO H[SHULHQFH KDV

LQFUHDVLQJO\ DWWUDFWHG DWWHQWLRQ LQ 66'� DV VRIWZDUH V\VWHPV KDYH EHFRPH ELJJHU DQG

PRUH FRPSOLFDWHG� 3URWRW\SLQJ >5HL��� 0DU��� $QG��@ DQG VFHQDULR DQDO\VLV >')���

56%��� 6'9��� :3-+��@ DUH YHU\ SRSXODU LOOXVWUDWLRQV RI WKLV WKHPH� +RZHYHU� ERWK

DSSURDFKHV� E\ PDNLQJ XVH RI VWDWLF UDWKHU WKDQ LQWHUDFWLYH UHSUHVHQWDWLRQDO PHGLD�

LQHYLWDEO\ LVRODWH WKH UHSUHVHQWHG NQRZOHGJH IURP WKH GHYHORSHU©V NQRZOHGJH� ,Q FRQWUDVW�

(0 HQDEOHV WKH PRGHOOHU WR LQWHUDFW ZLWK WKH FRPSXWHU�EDVHG PRGHO LQ D VLWXDWHG PDQQHU�

,Q WKLV ZD\� WKH FRPSXWHU�EDVHG PRGHO WKDW VHUYHV DV DQ RSHQ�HQGHG DUWHIDFW QRW RQO\

IDFLOLWDWHV WKH FRQVWUXFWLRQ DQG LQWHJUDWLRQ EXW DOVR WKH H[SORUDWLRQ DQG H[WHQVLRQ RI WKH

PRGHOOHU©V NQRZOHGJH� ,Q WXUQ� WKH HQULFKHG PRGHOOHU©V NQRZOHGJH FDQ WR D ODUJH H[WHQW

HQKDQFH WKH NQRZOHGJH UHSUHVHQWHG E\ WKH FRPSXWHU�EDVHG PRGHO� (0 WKXV VXSSRUWV 66'

WKDW LV JXLGHG E\ WKH SURJUHVVLYHO\ HQULFKHG NQRZOHGJH RI WKH GHYHORSHU� 7KLV PHHWV WKH

QHHG� KLJKOLJKWHG E\ -� *RJXHQ LQ KLV GLVFXVVLRQ RI UHTXLUHPHQWV XQGHUVWDQGLQJ >*RJ��@�

IRU GHYHORSPHQW WHFKQLTXHV WKDW KDUQHVV UDWKHU WKDQ UHMHFW VXEMHFWLYLW\�
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��� (0 DV DQ 2SHQ 'HYHORSPHQW 0RGHO IRU 66'

,Q >/HK��E� /HK��� /5��@� 0� /HKPDQ LGHQWLILHG WKUHH W\SHV RI VRIWZDUH V\VWHP� 6�W\SH�

(�W\SH DQG 3�W\SH� 6�W\SH VRIWZDUH KDV D ZHOO�GHILQHG GRPDLQ ZKLFK FDQ EH FRPSOHWHO\

UHSUHVHQWHG E\ D IL[HG VSHFLILFDWLRQ� &RUUHFWQHVV LV DEVROXWHO\ QHHGHG IRU WKH VSHFLILFDWLRQ

DQG LWV LPSOHPHQWDWLRQ� 2Q WKH RWKHU KDQG� IRU DQ (�W\SH VRIWZDUH V\VWHP� LWV DSSOLFDWLRQ

GRPDLQ LV� RI QHFHVVLW\� ERXQGHG WR SURJUDPV� EXW LWV RSHUDWLRQDO GRPDLQ LQ WKH UHDO ZRUOG

LV XQERXQGHG DQG NHHSV FKDQJLQJ� 6XFK D V\VWHP FDQQRW EH GHYHORSHG FRPSOHWHO\ DQG

SUHFLVHO\� DQG WKXV FRUUHFWQHVV EHFRPHV PHDQLQJOHVV >/HK��D@� &RQVHTXHQWO\� WKH

FULWHULRQ RI (�W\SH VRIWZDUH DFFHSWDELOLW\ EHFRPHV XVHU VDWLVIDFWLRQ ZLWK HDFK H[HFXWLRQ

RI WKLV VRIWZDUH V\VWHP UDWKHU WKDQ DEVROXWH FRUUHFWQHVV WR D IL[HG VSHFLILFDWLRQ� 2WKHU

GHWDLOV DUH VXPPDULVHG LQ 7DEOH ����

6�W\SH
x ,W LV FRPSOHWHO\ GHILQHG E\ D IL[HG VSHFLILFDWLRQ�

x :KHQ UHYLVLRQ LV UHTXLUHG� LW LV YLHZHG DV D QHZ VSHFLILFDWLRQ� DQG WKH
UHVXOWLQJ SURJUDP LV YLHZHG DV D QHZ SURJUDP�

x ,W QHHGV DEVROXWH FRUUHFWQHVV ZLWK UHVSHFW WR WKH VSHFLILFDWLRQ�

(�W\SH

x ,W LV D PRGHO RI WKH DSSOLFDWLRQ LQ LWV UHDO ZRUOG GRPDLQ� DV VXFK� WKH VROXWLRQ
V\VWHP FRQWDLQV D PRGHO RI LWVHOI�

x ,W DQG LWV RSHUDWLRQDO GRPDLQ DUH FRQFHSWXDOO\ XQERXQGHG DQG FRQWLQXDOO\
FKDQJH�

x ,WV FRQVHTXHQFHV XQGHU H[HFXWLRQ DUH XQSUHGLFWDEOH�

x +XPDQ LQYROYHPHQW LQ WKH DSSOLFDWLRQ SURFHVV DQG LWV FRPSXWHULVHG PRGHO
H[FOXGHV SUHFLVH DQG FRPSOHWH WKHRULHV�PRGHOV RI GRPDLQ DQG DSSOLFDWLRQ

SURSHUWLHV� DQG PDNHV WKH FKDQJH LQ WKH SURFHVV DQG WKH PRGHO XQSUHGLFWDEOH�

x ,WV GHYHORSPHQW SURFHVV LV DQ HYROXWLRQDU\ SURFHVV ZKLFK UHTXLUHV LQWHUDFWLRQV

EHWZHHQ PDQ\ KXPDQ�SRSXODWHG DJHQFLHV LQYROYLQJ D ZLGH YDULHW\ RI
NQRZOHGJH� XQGHUVWDQGLQJ� H[SHULHQFH DQG DXWKRULW\�

3�W\SH
x ,W LV XVHG WR VROYH VSHFLILF SUREOHPV�

x ,W LV LQWHUPHGLDWH EHWZHHQ WKH 6� DQG (�W\SHV�

7UDGLWLRQDO SURFHVV PRGHOV� ZKLFK HPSKDVLVH FRUUHFWQHVV� DUH REYLRXVO\ ZHOO VXLWHG

WR GHYHORSLQJ D 6�W\SH VRIWZDUH V\VWHP� $FFRUGLQJ WR SUHVFULEHG� IL[HG VSHFLILFDWLRQV�

7DEOH ���� 7KH VXPPDULVHG IHDWXUHV RI 6�� (� DQG 3�W\SH VRIWZDUH >/HK��E@
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WKHVH SURFHVV PRGHOV VHHN WR GHYHORS WKH ULJKW VRIWZDUH �YDOLGDWLRQ� DQG WKH VRIWZDUH

ULJKW �YHULILFDWLRQ�� 7KH\ SURYLGH SURYHQ PHWKRGV� WHFKQLTXHV DQG WRROV IRU RSWLPLVLQJ WKH

SURFHVV RI GHYHORSLQJ VXFK D V\VWHP LQ RUGHU WR HQVXUH WKH FRPSOHWHQHVV DQG DFFXUDF\ RI

WKH GHYHORSHG VRIWZDUH� +RZHYHU� IRU DQ (�W\SH VRIWZDUH V\VWHP� WKHVH PRGHOV FDQ RQO\

SURYLGH OLPLWHG KHOS� VLQFH LWV VSHFLILFDWLRQ SURYLGHV RQO\ D SURYLVLRQDO GHVFULSWLRQ DQG LV

OLDEOH WR FKDQJH� ,Q SDUWLFXODU� KXPDQ LQYROYHPHQW PDNHV VXFK FKDQJH PXFK OHVV

SUHGLFWDEOH�

+HQFH� /HKPDQ VXJJHVWV WKDW LW LV KHOSIXO WR YLHZ DQ (�W\SH VRIWZDUH DV ¦D PRGHO

RI WKH DSSOLFDWLRQ� LWV SDUWLFLSDQWV �KXPDQ DQG PHFKDQLFDO�� WKH RSHUDWLRQDO GRPDLQ� DQG

DFWLYLWLHV LQ WKDW GRPDLQ§ >/HK��� S���@� 6XFK D PRGHO LV LQFRPSOHWH� XQERXQGHG DQG HDV\

WR FKDQJH� 7KHUH LV LQHYLWDEOH DQG LUUHVLVWLEOH SUHVVXUH RQ WKLV PRGHO IRU FKDQJH RQ DQ

LQFUHDVLQJO\ H[WHQVLYH VFDOH� KHQFH� RQH PXVW UHJDUG WKH HYROXWLRQ RI WKLV PRGHO �WKDW LV�

LWV GHYHORSPHQW DQG PDLQWHQDQFH� DV D V\VWHP LQ WKH V\VWHP�WKHRUHWLF VHQVH� /HKPDQ

DUJXHV WKDW WKH V\VWHP EHKDYHV DV D VHOI�VWDELOLVLQJ IHHGEDFN V\VWHP LQ ZKLFK IHHGEDFN� DV

WKH PRVW LPSRUWDQW UHVRXUFH IRU HYROYLQJ WKH PRGHO� LV GHULYHG IURP WKH RSHUDWLRQDO

GRPDLQ RI WKH VRIWZDUH LQ WKH UHDO ZRUOG� 7KURXJK IHHGEDFN OHDGLQJ WR FRUUHFWLYH RU

DGDSWLYH FKDQJHV WR WKH (�W\SH VRIWZDUH� RQH FDQ REWDLQ D GHJUHH RI LQWHOOHFWXDO FRQWURO

RYHU WKH VRIWZDUH©V HYROXWLRQ� WKHUHE\ PDVWHULQJ LW DQG DFKLHYLQJ LWV VXVWDLQHG

LPSURYHPHQW�

)URP WKLV SHUVSHFWLYH� LW LV FOHDU WKDW (0 LV ZHOO�VXLWHG WR EH HPSOR\HG IRU WKH

HYROXWLRQ RI (�W\SH VRIWZDUH� )RU H[DPSOH� (0 DSSUHFLDWHV WKDW D VRIWZDUH V\VWHP LV

XQERXQGHG DQG DSW WR FKDQJH� 1R IL[HG� FRPSOHWH DQG SUHFLVH VSHFLILFDWLRQ LV QHHGHG WR

JXLGH WKH HYROXWLRQ RI WKH VRIWZDUH V\VWHP� ,QVWHDG� WKH HYROXWLRQ LV GULYHQ� FRQWUROOHG

DQG GLUHFWHG E\ WKH PRGHOOHU� $OVR� DQ\ IHHGEDFN HPHUJLQJ IURP LWV RSHUDWLRQDO GRPDLQ

FDQ EH FDSWXUHG DQG LQFRUSRUDWHG LQWR WKH VRIWZDUH LQ DQ LQWHUDFWLYH� VLWXDWHG PDQQHU� ,Q
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RWKHU ZRUGV� (0 RIIHUV WKH VXSSRUW IRU FKDQJH PDQDJHPHQW DQG KXPDQ LQYROYHPHQW WKDW

DUH LPSRUWDQW IHDWXUHV IRU WKH HYROXWLRQ RI (�W\SH VRIWZDUH KLJKOLJKWHG LQ 7DEOH ����

0RUH LPSRUWDQWO\� (0 GRHV QRW VLPSO\ UHJDUG DQ (�W\SH VRIWZDUH V\VWHP DV D

PRGHO� EXW FUHDWHV LW DV D FRPSXWHU�EDVHG PRGHO� 7KLV VKLIW LV YHU\ SRZHUIXO LQ VXSSRUWLQJ

/HKPDQ©V FRQFHUQ IRU HYROYLQJ D VRIWZDUH V\VWHP DV D IHHGEDFN V\VWHP� $ VHHG PRGHO LV

FUHDWHG LQ WKH FRPSXWHU DW WKH EHJLQQLQJ LQ UHVSRQVH WR WKH PRGHOOHU©V LQLWLDO

XQGHUVWDQGLQJ RI WKH VRIWZDUH V\VWHP EHLQJ HYROYHG� /LNH D GHYHORSHU©V LQLWLDO

XQGHUVWDQGLQJ� WKLV FRPSXWHU�EDVHG VHHG PRGHO LV DOVR LQFRPSOHWH� LPSUHFLVH DQG OLDEOH WR

FKDQJH� :KHQ IHHGEDFN LQ WKH IRUP RI NQRZOHGJH HPHUJHV IURP WKH RSHUDWLRQDO GRPDLQ

RI WKH VRIWZDUH V\VWHP� (0 HQDEOHV WKH PRGHOOHU WR LQFRUSRUDWH WKH FDSWXUHG NQRZOHGJH

LQWR WKH FRPSXWHU�EDVHG PRGHO �WKDW LV� WKH VRIWZDUH� E\ GHILQLWLYH SURJUDPPLQJ DQG

VWUXFWXUDO FRXSOLQJ GHVFULEHG LQ WKH ODVW VHFWLRQ� ,Q WKLV ZD\� D IHHGEDFN PHFKDQLVP LV

SURYLGHG E\ (0 LQ DQ LQWHUDFWLYH� VLWXDWHG PDQQHU� 0RUH VLJQLILFDQWO\� WKLV PHFKDQLVP

OHDGV WR WKH HYROXWLRQ QRW RQO\ RI WKH FRPSXWHU�EDVHG PRGHO EXW DOVR RI WKH VRIWZDUH WKDW

LV WR EH GHYHORSHG� ZKLFK LV SUHVHQWHG LQ WKLV PRGHO�

7KH FRPSXWHU�EDVHG PRGHO FUHDWHG E\ (0 FDQ DOVR VHUYH DV DQ RSHQ�HQGHG DUWHIDFW

IRU WKH PRGHOOHU WR IDFLOLWDWH WKH HYROXWLRQ RI WKH VRIWZDUH� 7KURXJK ¨ZKDW LI© H[SHULPHQWV�

(0 HQDEOHV WKH PRGHOOHU WR H[SORUH� H[SDQG DQG H[SHULHQFH KLV�KHU XQGHUVWDQGLQJ RI WKH

VRIWZDUH WKURXJK VLWXDWHG PRGHOOLQJ �VHH 6HFWLRQ ����� $V D UHVXOW� WKLV LPSURYHG

XQGHUVWDQGLQJ JXLGHV WKH HYROXWLRQ RI WKH VRIWZDUH� ,W VKRXOG EH QRWHG WKDW D FRPSXWHU�

EDVHG PRGHO LV YHU\ GLIIHUHQW LQ FKDUDFWHU IURP D FRPSXWHU SURJUDP� :KHUHDV WKH ODWWHU

IXOILOV D SUHFRQFHLYHG DQG VSHFLILHG IXQFWLRQ� WKH IRUPHU FDQ VHUYH DV DQ RSHQ�HQGHG DLG

WR FRQFHSWLRQ DQG GHVLJQ >%&6:��@�

$ 66' PRGHO IRU RSHQ GHYHORSPHQW� LQ 3� %U|GQHU©V VHQVH �VHH 6HFWLRQ ����� PXVW

EH DEOH WR WDFNOH WKH FRQWLQXRXV FKDQJH WR WKH VRIWZDUH V\VWHP LQ RUGHU WR LQWHUDFWLYHO\

PDQDJH WKH NQRZOHGJH HPHUJLQJ IURP WKH SURFHVV� ,Q WKLV UHJDUG� (0 KDV D SRWHQWLDO WR
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FRSH ZLWK FRQWLQXRXV FKDQJH DW OHDVW DV HIIHFWLYHO\ DV WKH IHHGEDFN V\VWHP SURSRVHG E\

/HKPDQ�

$Q RSHQ GHYHORSPHQW PRGHO �2'0� PXVW DOVR VXSSRUW WKH LQWHUDFWLRQ EHWZHHQ DQ

LQGLYLGXDO GHYHORSHU RU XVHU RI WKH V\VWHP DQG KLV�KHU H[WHUQDO HQYLURQPHQW� DQG PXVW

DOORZ KLP�KHU WR ILUVW FDSWXUH WKH SUDFWLFDO H[SHULHQFH HPHUJLQJ IURP WKH LQWHUDFWLRQ DQG

WKHQ HPEHG WKLV H[SHULHQFH LQWR WKH V\VWHP WR LQIRUP VXEVHTXHQW LQWHUDFWLRQ� ,Q

SDUWLFXODU� DQ 2'0 VKRXOG DOORZ WKH VRIWZDUH V\VWHP©V XVHU WR JXLGH WKH HYROXWLRQ RI WKH

VRIWZDUH LQ UHVSRQVH WR KLV�KHU SUDFWLFDO H[SHULHQFH� ,I LW IDLOV WR VXSSRUW WKLV XVHU�FHQWUHG

HYROXWLRQ� D PRGHO FDQQRW EH DQ 2'0� 7KLV LV EHFDXVH� ZKLOVW WKH GHYHORSHU PXVW

VWUXJJOH WR HOLFLW WKH XVHU©V SUDFWLFDO H[SHULHQFH� WKH SUREOHP RI WDFLW NQRZOHGJH VWLOO

H[LVWV� 8QIRUWXQDWHO\� PRVW FRQYHQWLRQDO SURFHVV PRGHOV� HYHQ WKH IHHGEDFN V\VWHP

GLVFXVVHG DERYH� WDNH LQVXIILFLHQW DFFRXQW RI XVHU�FHQWUHG HYROXWLRQ� :LWKLQ WKHVH PRGHOV�

WKH GHYHORSHU LV VWLOO UHJDUGHG DV WKH RQO\ SHUVRQ ZKR LV HPSRZHUHG WR VKDSH WKH VRIWZDUH

V\VWHP� 7KLV GHYHORSHU�FHQWUHG ELDV LV HYLGHQW IURP WKH IDFW WKDW PRVW VRIWZDUH V\VWHPV

DUH SURYLGHG WR WKH HQG�XVHU LQ WKH IRUP RI H[HFXWLRQ FRGHV� 3HUIRUPDQFH FRQVLGHUDWLRQV

DSDUW� WKH NH\ UHDVRQ LV WR SUHYHQW WKH HQG�XVHU IURP PRGLI\LQJ WKH V\VWHP VLQFH LW LV

DVVXPHG WKDW WKH HQG�XVHU LV QRW FRPSHWHQW WR GR VR �PRUH GHWDLOV DUH JLYHQ LQ 6HFWLRQ

����� 2Q WKLV DFFRXQW� WKH GHYHORSHU�FHQWUHG PRGHOV DUH WRR ZHDN WR EH DQ 2'0 IRU 66'�

,Q FRQWUDVW� (0� ZKLFK UHJDUGV D VRIWZDUH V\VWHP DV D FRPSXWHU�EDVHG� RSHQ�HQGHG

PRGHO� LV DEOH WR VXSSRUW WKH XVHU�FHQWUHG HYROXWLRQ E\ PHDQV RI GHILQLWLYH SURJUDPPLQJ�

/LNH WKH PRGHOOHU� WKH VRIWZDUH©V XVHU� LI VXIILFLHQWO\ TXDOLILHG� LV HPSRZHUHG WR HPEHG

KLV�KHU SUDFWLFDO H[SHULHQFH LQWR WKH VRIWZDUH V\VWHP VLPSO\ E\ LQWURGXFLQJ QHZ

IUDJPHQWV RI GHILQLWLYH VFULSW DV GHVFULEHG LQ &KDSWHU �� ,Q WKLV ZD\� WKH VRIWZDUH V\VWHP

LV RSHQ WR FKDQJH LQ DQ LQWHUDFWLYH� VLWXDWHG PDQQHU LQ UHVSRQVH WR WKH FDSWXUHG

NQRZOHGJH HPHUJLQJ IURP SUDFWLFDO H[SHULHQFH� HYHQ LQ LWV RSHUDWLRQDO GRPDLQ�
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,Q VXPPDU\� (0 WUHDWV D VRIWZDUH V\VWHP DV D FRPSXWHU�EDVHG PRGHO WKDW ¤ LQ WKH

OLJKW RI GHILQLWLYH SURJUDPPLQJ ¤ FDQ HYROYH WKURXJK PRGHOOLQJ� .QRZOHGJH DULVLQJ IURP

SUDFWLFDO H[SHULHQFH� LQFOXGLQJ WKDW JHQHUDWHV IURP WKH RSHUDWLRQDO GRPDLQ �WKURXJK

IHHGEDFN� LQ /HKPDQ©V WHUP� DQG E\ ¨ZKDW LI© H[SHULPHQWV� LV LQWHUDFWLYHO\ LQFRUSRUDWHG

LQWR WKH V\VWHP E\ VLWXDWHG VWUXFWXUDO FRXSOLQJ �VHH 6HFWLRQ ����� 7KH V\VWHP HYROYHV ZLWK

WKH PRGHOOHU©V XQGHUVWDQGLQJ� DQG LV DOZD\V OLDEOH WR XQGHUJR IXUWKHU HYROXWLRQ� )RU WKLV

UHDVRQ� LW LV SODXVLEOH WR VD\ WKDW (0 VHUYHV DV DQ 2'0 IRU 66'� LQ SDUWLFXODU IRU (�W\SH

VRIWZDUH V\VWHPV�

1RW VXUSULVLQJO\� (0� DQG LWV VXSSRUWLQJ WRRO WNHGHQ LQ SDUWLFXODU� KDV LWV

OLPLWDWLRQV DV DQ 2'0 IRU VXSSRUWLQJ 66'� 6RPH RI WKHVH OLPLWDWLRQV KDYH EHHQ

FRPSOHWHO\ RU SDUWLDOO\ RYHUFRPH E\ WKH DXWKRU©V UHVHDUFK� EXW WKH RWKHUV VWLOO UHTXLUH

IXUWKHU ZRUN� 7KHVH OLPLWDWLRQV DUH VXPPDULVHG DV IROORZV�

�� (0 GRHV QRW VXSSRUW WKH LQWHUDFWLRQ EHWZHHQ PXOWLSOH PRGHOOHUV�

,Q D VHQVH� (0 FDQ EH YLHZHG DV D PRGHOOLQJ SURFHVV IRU DQ LQGLYLGXDO� DV

GHVFULEHG LQ VHFWLRQ ���� 7KH PRGHOOHU LV WKH XQLTXH XVHU LQ WKH HQDFWLRQ RI (0� ,Q WKH

VDPH PDQQHU� WKH WRRO WNHGHQ� VXSSRUWLQJ (0� LV DOVR GHYHORSHG IRU LQGLYLGXDO

PRGHOOLQJ� +RZHYHU� DV KLJKOLJKWHG E\ /HKPDQ� WKH HYROXWLRQ RI (�W\SH VRIWZDUH

JHQHUDOO\ UHTXLUHV WKH LQWHUDFWLRQ EHWZHHQ PDQ\ KXPDQ DJHQWV >/HK��@� 7KLV OLPLWDWLRQ

PRWLYDWHV RQH RI WKH PDLQ UHVHDUFK WDVNV LQ WKLV WKHVLV� WR H[WHQG WKH IUDPHZRUN RI (0 WR

D GLVWULEXWHG HQYLURQPHQW�

�� (0 SURYLGHV QR IRUPDOLVHG PHWKRG�

,Q JHQHUDO� (0 LV D VRUW RI H[SHULHQFH�EDVHG PRGHOOLQJ WHFKQLTXH� ,Q RUGHU WR IUHH

WKH PRGHOOHU IURP ULJLG DOJRULWKPV LPSRVHG RQ KLV�KHU DFWLYLWLHV� QR IRUPDOLVHG PHWKRG

IRU 66'� DSDUW IURP VRPH IXQGDPHQWDO SULQFLSOHV DQG FRQFHSWV� LV JLYHQ LQ (0� 2Q WKH

RQH KDQG� WKH H[SHULHQFHG PRGHOOHU FDQ EHQHILW IURP WKH IUHHGRP WR FRSH ZLWK GLYHUVH
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VLWXDWLRQV LQ SUDFWLFH� 2Q WKH RWKHU KDQG� WKH QDLYH PRGHOOHU LV RIWHQ SX]]OHG E\ WKH

HQDFWLRQ RI (0� 7KLV GLOHPPD LV FRQFHUQHG ZLWK D WUDGH�RII EHWZHHQ WKH QHHGV RI ERWK

NLQGV RI PRGHOOHUV� ,Q IDFW� DFFRUGLQJ WR WKH GLVFXVVLRQ HDUOLHU �6HFWLRQ ��� DQG ����� LW LV

YHU\ GLIILFXOW WR VD\ ZKHWKHU RU QRW WKLV LV UHDOO\ D OLPLWDWLRQ IRU 66'�

�� (0 GRHV QRW VXSSRUW SURMHFW PDQDJHPHQW DQG TXDOLW\ FRQWURO�

7KH PRVW LPSRUWDQW SXUSRVHV IRU XVLQJ D SKDVH�EDVHG SURFHVV PRGHO DUH WR PDQDJH

WKH SURMHFW RI 66' DQG SURPRWH WKH TXDOLW\ RI WKH GHYHORSHG VRIWZDUH V\VWHP >%OX��D�

*LE��� 6RP��@� (0 WDNHV QR DFFRXQW RI HLWKHU SXUSRVH� ,Q WKH VRIWZDUH LQGXVWU\� WKLV

OLPLWDWLRQ PLJKW GLVFRXUDJH PDQ\ SUDFWLWLRQHUV IURP XVLQJ (0 DV D PRGHO WR GHYHORS

VRIWZDUH V\VWHPV� HVSHFLDOO\ WKRVH VRIWZDUH V\VWHPV ZKLFK KDYH FRQVWUDLQWV� H�J� WLPH DQG

EXGJHW� HYHQ WKRXJK (0 SURYLGHV WKH DGYDQWDJHV RI RSHQ GHYHORSPHQW�

�� (0 KDV GLIILFXOW\ LQ VXSSRUWLQJ D ODUJH�VFDOH SURMHFW�

$Q LPPHGLDWH FDXVH RI WKLV OLPLWDWLRQ LV WKH VXSSRUWLQJ WRRO WNHGHQ� 6LQFH WNHGHQ

LV WKH VXEMHFW RI RQJRLQJ UHVHDUFK� LQVXIILFLHQW DFFRXQW KDV \HW EHHQ WDNHQ RI LWV

VFDOHDELOLW\� DQG FRPSOH[ GHSHQGHQF\ EHWZHHQ REVHUYDEOHV� H�J� KLJKHU�RUGHU GHSHQGHQF\

VXFK DV LV GLVFXVVHG LQ >*<&%&��@� LV QRW VXSSRUWHG� ,W LV FOHDU WKDW ERWK SUREOHPV FRXOG

EH UHOLHYHG LI DOWHUQDWLYH DGYDQFHG WHFKQLTXHV ZHUH H[SORLWHG� +RZHYHU� VXFK UHOLHI ZRXOG

RQO\ EH SDUWLDO LI WKH KHDY\ ORDG RI PRGHOOLQJ IRU D ODUJH�VFDOH SURMHFW LV VWLOO DWWULEXWHG WR

RQO\ RQH PRGHOOHU� ,W LV FOHDU WKDW GLVWULEXWLQJ WKH KHDY\ ORDG RI PRGHOOLQJ WR PDQ\

PRGHOOHUV �VHH 6HFWLRQ ����� DQG LPSURYLQJ WKH PRGHOOLQJ WHFKQLTXH� IRU H[DPSOH� E\

SURYLGLQJ UHXVDEOH GHILQLWLYH VFULSWV �DV SURSRVHG LQ 6HFWLRQ ����� DUH XVHIXO ZD\V WR

RYHUFRPH WKLV OLPLWDWLRQ�

�� 7NHGHQ GRHV QRW VXSSRUW FRPSRQHQW UHXVDELOLW\�

6LQFH QR NLQG RI PRGXODULW\ LV HQIRUFHG RQ WKH FRPSXWHU�EDVHG PRGHO LQ WNHGHQ�

UHXVDEOH FRPSRQHQWV DUH GLIILFXOW WR HVWDEOLVK� 7\SLFDOO\� GHILQLWLYH VFULSWV PXVW EH JLYHQ



��

SLHFH�E\�SLHFH� HYHQ WKRXJK VRPH SLHFHV DUH YHU\ VLPLODU� )RU H[DPSOH� LQ WKH FDVH RI D

KRWHO ERRNLQJ V\VWHP �GHVFULEHG LQ VHFWLRQ ����� HDFK URRP VORW KDV DOPRVW WKH VDPH

GHVFULSWLRQ� EXW WR D ODUJH H[WHQW WKH PRGHOOHU FDQQRW UHXVH D GHILQLWLYH VFULSW WR JHQHUDWH

WKH QHHGHG VFULSWV� 7KLV OLPLWDWLRQ SUHYHQWV WKH PRGHOOHU IURP VWUXFWXULQJ WKH GHYHORSLQJ

V\VWHP DQG OHDGV WR DQ LQFUHDVH RI SURJUDP VL]H� +HQFH� PDLQWDLQLQJ WKH GHYHORSHG

V\VWHP EHFRPHV PXFK KDUGHU� 7KH DXWKRU©V UHVHDUFK LQ WKLV WKHVLV KHOSV WR DGGUHVV WKLV

OLPLWDWLRQ�

�� 7NHGHQ GRHV QRW RIIHU SRZHUIXO WRROV WR VXSSRUW GDWD PDQLSXODWLRQ�

7KH RQO\ GDWD VWUXFWXUH VXSSRUWHG E\ WNHGHQ LV WKH OLVW� )RU GDWD�LQWHQVLYH VRIWZDUH

V\VWHPV� WKH ZHDN VXSSRUW IRU GDWD PDQLSXODWLRQ OHDGV WR FRPSOLFDWLRQV� )RU H[DPSOH� LQ

WKH FDVH RI WKH KRWHO ERRNLQJ V\VWHP� WKH UHVHUYDWLRQ GDWD IRU HDFK URRP VORW RQ HDFK GD\

LV VWRUHG LQ D OLVW� $Q\ PDQLSXODWLRQ RI WKHVH OLVWV UHTXLUHV H[WUD HIIRUW IURP ERWK WKH

PRGHOOHU DQG WKH FRPSXWHU� :LWKRXW WKH VXSSRUW RI D SRZHUIXO WRRO IRU GDWD PDQLSXODWLRQ�

H�J� WKURXJK WKH XVH RI D GDWDEDVH� LW LV QRW HDV\ WR XVH WNHGHQ IRU GHYHORSLQJ GDWD�

LQWHQVLYH VRIWZDUH V\VWHPV�

�� 7NHGHQ SURYLGHV OLPLWHG VXSSRUW IRU XVHU LQWHUIDFH GHVLJQ�

8VHU LQWHUIDFH GHVLJQ KDV LQFUHDVLQJO\ EHFRPH RQH RI WKH PRVW LPSRUWDQW

UHTXLUHPHQWV IRU VXSSRUWLQJ 66'� 0RVW PRGHUQ SURJUDPPLQJ ODQJXDJHV� VXFK DV 9% DQG

-DYD� WDNH WKLV VXSSRUW IRU JUDQWHG� ,Q DGGLWLRQ� VLQFH WKH LQWHUDFWLRQ EHWZHHQ WKH PRGHOOHU

DQG WKH FRPSXWHU�EDVHG PRGHO LV WKH PRVW LPSRUWDQW DFWLYLW\ LQ HQDFWLQJ (0� VXSSRUW IRU

XVHU LQWHUIDFH GHVLJQ FDQ SURYLGH WKH PRGHOOHU ZLWK XVHIXO EHQHILWV� 8QIRUWXQDWHO\�

WNHGHQ FDQ RQO\ SURYLGH VXFK VXSSRUW WR D OLPLWHG H[WHQW�


