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$EVWUDFW�� 7KH� ZLGH� XVH� RI�2QWRORJLHV� YDULHV� IURP� ILHOGV� VXFK� DV� NQRZOHGJH�
PDQDJHPHQW� DQG� QDWXUDO� ODQJXDJH� SURFHVVLQJ� WR� HQWHUSULVH� PRGHOOLQJ� DQG�
LQIRUPDWLRQ�EURNHULQJ��7KH\�SURYLGH�D�VKDUHG�DQG�FRPPRQ�XQGHUVWDQGLQJ�RI�D�
GRPDLQ� WKDW� FDQ� EH� FRPPXQLFDWHG� EHWZHHQ� SHRSOH� DQG� DFURVV� DSSOLFDWLRQ�
V\VWHPV��7KH�RULJLQV� RI� RQWRORJLHV� FDQ�EH� IRXQG� LQ�$UWLILFLDO� ,QWHOOLJHQFH� DQG�
VRPH�RI�WKH�PDLQ�DLPV�DUH�WR�IDFLOLWDWH�NQRZOHGJH�VKDULQJ�DQG�UHXVH��7KH�ZRUN�
UHSRUWHG�LQ�WKLV�SDSHU�LV�EDVHG�RQ�RQWRORJLHV�IRU�VXSSRUWLQJ�WKH�HDUO\�VWDJHV�RI�
,QIRUPDWLRQ� 6\VWHPV� GHYHORSPHQW�� 7KH� DSSURDFK� SUHVHQWHG�� QDPHO\� WKH�
+�(�5�(��DSSURDFK�WDUJHWV�WKH�FRPSOH[LW\�WKDW�LV�DVVRFLDWHG�ZLWK�WKH�SURFHVV�RI�
5HTXLUHPHQWV� (QJLQHHULQJ�� 7KLV� IUDPHZRUN� LV� GHPRQVWUDWHG� ZLWK� WKH�
GHYHORSPHQW�RI�ERWK�JHQHULF�PRGHO�DQG�GRPDLQ�VSHFLILF�RQWRORJLHV��

�� ,QWURGXFWLRQ�

7KH�VXFFHVV�RI�D�V\VWHP�LV�PHDVXUHG�E\�WKH�H[WHQW�WR�ZKLFK�LW�PHHWV�WKH�QHHGV�DQG�
H[SHFWDWLRQV�RI�DOO�VWDNHKROGHUV�L�H��FXVWRPHUV��XVHUV��GHYHORSHUV��5HTXLUHPHQWV�IRUP�
RQH�RI�WKH�EDVLF�LQIUDVWUXFWXUH�HOHPHQWV�IRU�D�V\VWHP�GHYHORSPHQW�SURFHVV��7KH\�UHIHU�
WR�WKH�QHHGV�RI�WKH�XVHUV�DQG�WKH\�LQFOXGH�ZK\�WKH�V\VWHP�LV�EHLQJ�GHVLJQHG��ZKDW�WKH�
V\VWHP� LV� LQWHQGHG� WR� DFFRPSOLVK�� DQG� ZKDW� FRQVWUDLQWV� DUH� WR� EH� REVHUYHG� >��@��
5HTXLUHPHQWV�(QJLQHHULQJ��5(��LV�UHJDUGHG�DV�RQH�RI�WKH�PRVW�LPSRUWDQW�DQG�FULWLFDO�
SKDVHV�RI�,6�GHYHORSPHQW�EHFDXVH�HUURUV�WKDW�RFFXU�GXULQJ�WKH�HDUO\�SKDVHV�RI�DQ�,6�
GHYHORSPHQW��LQWURGXFH�PXFK�ODUJHU�SUREOHPV�ODWHU�RQ��GXULQJ�LPSOHPHQWDWLRQ��WHVWLQJ�
DQG�PDLQWHQDQFH�>��@��>�@��>��@��>�@��>��@��>��@��>��@��

7KH�ZLGH�XVH�RI�2QWRORJLHV�YDULHV�IURP�ILHOGV�VXFK�DV�NQRZOHGJH�PDQDJHPHQW�DQG�
QDWXUDO�ODQJXDJH�SURFHVVLQJ�WR�HQWHUSULVH�PRGHOOLQJ�DQG�LQIRUPDWLRQ�EURNHULQJ��7KH\�
SURYLGH�D�VKDUHG�DQG�FRPPRQ�XQGHUVWDQGLQJ�RI�D�GRPDLQ�WKDW�FDQ�EH�FRPPXQLFDWHG�
EHWZHHQ� SHRSOH� DQG� DFURVV� DSSOLFDWLRQ� V\VWHPV�� 7KH� RULJLQV� RI� RQWRORJLHV� FDQ� EH�
IRXQG�LQ�$UWLILFLDO�,QWHOOLJHQFH�DQG�VRPH�RI�WKH�PDLQ�DLPV�DUH�WR�IDFLOLWDWH�NQRZOHGJH�
VKDULQJ�DQG�UHXVH�>�@�>�@��

7KH� ZRUN� UHSRUWHG� LQ� WKLV� SDSHU� LV� EDVHG� RQ� RQWRORJLHV� IRU� VXSSRUWLQJ� WKH� HDUO\�
VWDJHV� RI� ,QIRUPDWLRQ� 6\VWHPV� GHYHORSPHQW�� 7KH� DSSURDFK� SUHVHQWHG�� QDPHO\� WKH�
+�(�5�(�� DSSURDFK� WDUJHWV� WKH� FRPSOH[LW\� WKDW� LV� DVVRFLDWHG� ZLWK� WKH� SURFHVV� RI�



5HTXLUHPHQWV�(QJLQHHULQJ��7KLV�IUDPHZRUN�LV�GHPRQVWUDWHG�ZLWK�WKH�GHYHORSPHQW�RI�
ERWK� JHQHULF� PRGHO� DQG� GRPDLQ� VSHFLILF� RQWRORJLHV�� 6HFWLRQ� WZR� IRFXVHV� RQ�
5HTXLUHPHQWV�(QJLQHHULQJ�LVVXHV�UHJDUGLQJ�RXU�DSSURDFK��WKH�RYHUYLHZ�RI�RXU�DSSURDFK�
LV� SUHVHQWHG� LQ� VHFWLRQ� WKUHH��6HFWLRQ� IRXU� IRFXVHV� RQ� UROH� RI� RQWRORJLHV� LQ� WKH�+(5(�
SURMHFW�DQG�VHFWLRQ�ILYH�SUHVHQWV�VRPH�H[DPSOH�RQWRORJLHV��

�� +�(�5�(��DQG�5HTXLUHPHQWV�(QJLQHHULQJ�

,Q�WKLV�VHFWLRQ�ZH�SUHVHQW�VRPH�RI�WKH�LVVXHV�RI�WKH�5(�SURFHVV�WKDW�DUH�DGGUHVVHG�
ZLWK�WKH�+(5(�DSSURDFK���
5HTXLUHPHQWV�(QJLQHHULQJ��5(��LV�GHILQHG�DV�WKH�V\VWHPDWLF�SURFHVV�RI�GHYHORSLQJ�

UHTXLUHPHQWV� WKURXJK� DQ� LWHUDWLYH� FR�RSHUDWLYH� SURFHVV� RI� DQDO\VLQJ� WKH� SUREOHP��
GRFXPHQWLQJ� WKH� UHVXOWLQJ� REVHUYDWLRQV� LQ� D� YDULHW\� RI� UHSUHVHQWDWLRQ� IRUPDWV� DQG�
FKHFNLQJ�WKH�DFFXUDF\�RI�WKH�XQGHUVWDQGLQJ�JDLQHG�>��@��7KH�DLP�RI�WKH�5HTXLUHPHQWV�
(QJLQHHULQJ�SURFHVV�FDQ�DOVR�EH�YLHZHG�DV�JHWWLQJ�IURP�DQ�LQLWLDO�LQSXW�FKDUDFWHULVHG�
DV� RSDTXH� SHUVRQDO� YLHZV� RI� WKH� V\VWHP� UHSUHVHQWHG� XVLQJ� LQIRUPDO� ODQJXDJHV�� WR� D�
GHVLUHG� RXWSXW� FKDUDFWHULVHG� DV� IRUPDOO\� UHSUHVHQWHG�� FRPSOHWH� V\VWHP� VSHFLILFDWLRQ�
RQ� ZKLFK� DJUHHPHQW� ZDV� JDLQHG� ZLWKLQ� WKH� WKUHH� GLPHQVLRQV� RI� 6SHFLILFDWLRQ�� WKH�
5HSUHVHQWDWLRQ��DQG�$JUHHPHQW��>��@��

'XULQJ�WKH�5(�SURFHVV�WKH�5(�VWDNHKROGHUV�PD\�EH�KLQGHUHG�E\�LWV�FRPSOH[LW\�WKDW�
PD\� FRPH� LQWR� GLIIHUHQW� IRUPV� VXFK� DV� 3URGXFW� FRPSOH[LW\�� 2UJDQLVDWLRQDO�
&RPSOH[LW\�DQG�3URFHVV�&RPSOH[LW\�>��@��

0RUH� VSHFLILFDOO\� ZLWKLQ� WKH� VFRSH� RI� WKH� +(5(� SURMHFW� ZH� LGHQWLILHG� D� VHW� RI�
LVVXHV�FRQFHUQLQJ�WKHVH�FRPSOH[LWLHV��YDU\LQJ�OHYHOV�RI�LQIRUPDWLRQ�IRUPDOLW\��YDU\LQJ�
OHYHOV�RI� LQIRUPDWLRQ�DEVWUDFWLRQ��PXOWLSOLFLW\�RI�UHSUHVHQWDWLRQ� IRUPDOLVPV��PXOWLSOH�
YLHZV��PXOWLSOH�IRUPDWV�DQG�PHGLXPV��IUDJPHQWDWLRQ�RI�LQIRUPDWLRQ���

,I� 5(� LV� YLHZHG� DV� D� SUREOHP� VROYLQJ� SURFHVV� ZKHUH� DOO� LQSXW� DQG� RXWSXW�
LQIRUPDWLRQ� IURP� WKH�SUREOHP�GRPDLQ�� GHWHUPLQHV� WKH�SDWK� IURP� WKH� LQLWLDO� LQSXW� WR�
WKH� GHVLUHG� RXWSXW�� WKHQ� WKH� 5(� SURFHVV� LV� KLQGHUHG� IURP� DOO� WKH� DIRUHPHQWLRQHG�
FRPSOH[LWLHV��2Q�WKH�RWKHU�KDQG��ZLWKLQ�WKH�+(5(�SURMHFW�WKLV�NQRZOHGJH�LV�HQFRGHG�
LQWR� D� VLQJOH�� PDQDJHDEOH�� VKDUHG� HQWLW\�� DQ� 2QWRORJ\�� 7KH� +(5(� DSSURDFK� LV� QRW�
UDGLFDOO\�QHZ�PHWKRGRORJ\� IRU�5(�EXW�D� VXSSRUWLQJ� IUDPHZRUN� WKDW� HQVXUHV�D�PRUH�
VHFXUH�SDWK�WRZDUGV�WKH�GHVLUHG�RXWSXW�RI�WKH�5(�SURFHVV��

�� 7KH�+(5(�$UFKLWHFWXUH�

7KH�LQIRUPDWLRQ�RI�D�GHYHORSPHQW�SURMHFW�LV�PXOWLIDFHWHG��YROXPLQRXV��DQG�FRPHV�
LQ�PDQ\�GLIIHUHQW�IRUPV�LQ�RUGHU�WR�FRYHU�DOO�DVSHFWV�FRQFHUQLQJ�WKH�SUREOHP�GRPDLQ��
,Q� +(5(�� ZH� YLHZ� WKLV� LQIRUPDWLRQ� HVVHQWLDOO\� FRYHULQJ� WKUHH� PDLQ� DVSHFWV� RI� WKH�
8QLYHUVH�RI�'LVFRXUVH��
x� .QRZOHGJH� DERXW� WKH�'RPDLQ� UHTXLUHPHQWV� DQG� QHHGV�� HQWHUSULVH� UHTXLUHPHQWV��

XVHU�UHTXLUHPHQWV��QRQ�IXQFWLRQDO�UHTXLUHPHQWV��HWF��



x� .QRZOHGJH� DERXW� WKH�(QWHUSULVH�'RPDLQ�� WKH� HQWHUSULVH� VWUXFWXUH�� LWV� SURFHVVHV��
DFWRUV��JRDOV��HWF���

x� .QRZOHGJH� DERXW� WKH� ,QIRUPDWLRQ� 6\VWHP�� V\VWHP� UHTXLUHPHQWV�� V\VWHP� GHVLJQ��
GDWDEDVH�GHVLJQ��SURFHVV�GHVLJQ��HWF��
7KLV�SUREOHP�LV�DGGUHVVHG�E\� WKH�+(5(�DSSURDFK�ERWK�DW� WKH�FRQFHSWXDO�DQG� WKH�

LPSOHPHQWDWLRQ�OHYHO��
$W�WKH�FRQFHSWXDO�OHYHO��LQ�WKH�+(5(�DSSURDFK�ZH�DLP�DW�WZR�SULPDU\�REMHFWLYHV���

x� 7KH� LQWHJUDWLRQ� DQG� FRXSOLQJ� RI� WKH� GLVSDUDWH� LQIRUPDWLRQ� HOHPHQWV� ZKLFK� DUH�
SURGXFHG� GXULQJ� WKH� 5(� SURFHVVHV� LQWR� DQ� H[SOLFLW�� XQLILHG�� FODULILHG�� DQG�
GHIUDJPHQWHG� UHSUHVHQWDWLRQ�� ,Q� +(5(� WKH� DERYH� NQRZOHGJH� LV� H[SOLFLWO\�
H[SUHVVHG�LQWR�VHWV�RI�PRGHOV�DQG�PHWD�PRGHOV�ZKLFK�GHVFULEH�FRQFHSWV�DQG�PHWD�
FRQFHSWV� UHVSHFWLYHO\� UHJDUGLQJ� WKH� 8QLYHUVH� RI� 'LVFRXUVH�� LQ� D� PRGXODU��
VWUXFWXUHG�PDQQHU��

x� 7KH� H[SOLFLW� VSHFLILFDWLRQ� RI� PHWD�PRGHOV� DQG� PRGHOV� ZKLFK� GHVFULEH� WKH�
LQWHUFRQQHFWLRQV�DPRQJ�WKHVH�NQRZOHGJH�HOHPHQWV��

x� ,Q�+(5(��WKHVH�WZR�JRDOV�DUH�DFFRPSOLVKHG�ZLWK�WKH�XVH�RI�2QWRORJLHV��
�

(QWHUSULVH
.QRZOHGJH

,QIRUPDWLRQ�6\VWHP
.QRZOHGJH

5HTXLUHPHQWV
.QRZOHGJH

2QWRORJ\

/LQNV

/LQNV/LQNV

�
)LJ�������,QWHJUDWLQJ�WKH�SUREOHP�GRPDLQ�NQRZOHGJH�LQ�+(5(��

$W�WKH�LPSOHPHQWDWLRQ�OHYHO��ZH�DLP�DW�WKH�PDQDJHPHQW�DQG�FRPPXQLFDWLRQ�RI�WKH�
DERYH� NQRZOHGJH� HOHPHQWV� E\� SURYLGLQJ� WRRO� VXSSRUW� EDVHG� RQ� WKH� +70/��:RUOG�
:LGH� :HE� VWDQGDUG�� )LJXUH� �� SUHVHQWV� WKH� RYHUDOO� DUFKLWHFWXUH� RI� WKH� +(5(�
HQYLURQPHQW��

,Q�WKH�+(5(�DUFKLWHFWXUH��ZH�LGHQWLI\�WKUHH�PDLQ�FRPSRQHQWV��
x� 7KH�0RGHO�.QRZOHGJH�FRPSRQHQW��,QFOXGHV�WKH�NQRZOHGJH�WKDW�GHVFULEHV�PRGHOV�

WKDW�PD\�EH�XVHG� LQ�RUGHU� WR�VSHFLI\�GRPDLQV�RI� LQWHUHVW��7KLV� LQIRUPDWLRQ�VSDQV�
RYHU� KH� WKUHH� OHYHOV� RI� 8R'� NQRZOHGJH� DV� GHVFULEHG� HDUOLHU�� L�H�� (QWHUSULVH��
5HTXLUHPHQWV��DQG�6\VWHP�NQRZOHGJH��

x� 7KH�'RPDLQ�.QRZOHGJH�FRPSRQHQW��7KLV�FRPSRQHQW�LQFOXGHV�WKH�NQRZOHGJH�WKDW�
LV� PRGHOOHG� IRU� D� VSHFLILF� GRPDLQ�� 7KH� PRGHOV� DUH� LQVWDQFHV� RI� PRGHO�
VSHFLILFDWLRQV�LQ�WKH�0RGHO�.QRZOHGJH�FRPSRQHQW��$FFRUGLQJ�WR�WKHLU�FRQWHQW�DQG�
SXUSRVH�� WKH\� DOVR� VSDQ� RYHU� WKH� (QWHUSULVH�� 5HTXLUHPHQWV�� DQG� 6\VWHP�
NQRZOHGJH��

x� 7KH�5HSRVLWRU\� FRPSRQHQW�� ,W� KROGV� DOO� WKH� DERYH� VSHFLILFDWLRQV� LQ� WKH� IRUP� RI�
2QWRORJLHV�DORQJ�ZLWK�DOO�UHOHYDQW�GDWD�WKDW�FRQWULEXWH�WR�WKH�RYHUDOO�NQRZOHGJH�RI�
WKH�8R'��



�

VWRUHG�

�
)LJ�������7KH�+(5(�DUFKLWHFWXUH��

�� 7KH�5ROH�RI�2QWRORJLHV�

2QH�RI� WKH�PDLQ�SULRULWLHV�RI� WKH�+(5(�DSSURDFK�ZDV� WR� DGGUHVV� WKH�SUREOHP�RI�
KHWHURJHQHRXV�UHSUHVHQWDWLRQV�RI�DOO�WKH�LQIRUPDWLRQ�HOHPHQWV�SURGXFHG�DV�D�UHVXOW�RI�
WKH�5(�SURFHVVHV���

7KH� WHUP�2QWRORJ\�� ZLWKLQ� RXU� VFRSH�� LV� GHILQHG� DV�� $Q� H[SOLFLW� VSHFLILFDWLRQ� RI�
FRQFHSWXDOLVDWLRQ�� $� FRQFHSWXDOLVDWLRQ� LV� EDVHG� RQ� D� ERG\� RI� IRUPDOO\� UHSUHVHQWHG�
NQRZOHGJH��D� VHW�RI�GHILQLWLRQV� WKDW� DOORZV�RQH� WR�FRQVWUXFW� H[SUHVVLRQV�DERXW� VRPH�
DSSOLFDWLRQ�GRPDLQ��>�@��>��@��

,Q� RXU� DSSURDFK� WKH� FRQFHSW� RI� 2QWRORJLHV� ZDV� DGRSWHG� ZLWKLQ� WKH� FRQWH[W� RI�
5HTXLUHPHQWV�(QJLQHHULQJ�DQG�WKH�PDLQ�UHDVRQV�DUH�VXPPDULVHG�EHORZ��

,Q�+(5(�2QWRORJ\�PRGHOV�GLIIHU�VOLJKWO\�IURP�WUDGLWLRQDO�FRQFHSWXDO�PRGHOV��7KLV�
LV�EHFDXVH�2QWRORJLHV�DUH�GULYHQ�IURP�WKH�QHHG�WR�GHVFULEH�WKH�HOHPHQWV�WKDW�H[LVW�LQ�
WKH� 8R'� LQ� D� JHQHULF� DQG� H[SOLFLW� PDQQHU�� VR� IXWXUH� UHIHUHQFHV� KDYH� WR� FRPPLW� WR�
WKHVH� FRQFHSWXDOLVDWLRQV��7UDGLWLRQDO� FRQFHSWXDO�PRGHOV� RQ� WKH�RWKHU� KDQG� DUH�PRUH�
VSHFLILF� LQ� DEVWUDFWLQJ� DQG� GHVFULELQJ� WKH� SUREOHP� GRPDLQ� LQ� WKH� FRQWH[W� RI�
GHYHORSLQJ� D� V\VWHP�� ,Q� WKLV� VHQVH�� WKH� FRQWHQW� RI� 2QWRORJLHV� PD\� EH� YLHZHG� DV� D�
VXSHUVHW� RI� WKHVH�PRGHOV�� IRU� H[DPSOH�� D� VSHFLILF� GDWD�PRGHO� RI� D� SUREOHP� GRPDLQ�
PD\�EH�EDVHG�RQ�WKH�2QWRORJ\�RI�WKH�GRPDLQ�RI�LQWHUHVW��7KXV��ZH�YLHZ�2QWRORJLHV�DV�
WKH� LGHDO� UHVXOW� RI� WKH� 5(� SURFHVV� ZKHUH� WKHUH� LV� DQ� HIIHFWLYH� H[SORLWDWLRQ� RI� WKH�
GRPDLQ�FRQFHSWV�DQG�NQRZOHGJH�HOHPHQWV��

$QRWKHU�VSHFLDO�FKDUDFWHULVWLF�RI�2QWRORJLHV�LV�WKDW�WKH\�DUH�H[SOLFLW�VSHFLILFDWLRQV�
RI�FRQFHSWXDOLVDWLRQV�WKDW�DUH�FRPPRQO\�DJUHHG��7KXV�LQ�+(5(�ZH�YLHZ�2QWRORJLHV�
ZLWKLQ�WKH�5(�FRQWH[W�DQG�UHJDUG�WKHP�WR�LQFOXGH�WKH�DJUHHPHQW�GLPHQVLRQ��

2QWRORJ\� �0RGHO���$JUHHPHQW�



,Q� WKLV� YLHZ� 2QWRORJLHV� VHUYH� DV� PRUH� HQKDQFHG� DEVWUDFWLRQV� RI� UHDOLW\� ZKLFK�
GHPRQVWUDWH� D� KLJKHU� OHYHO� RI� FRQIRUPDQFH� WR� WKH� WKUHH�GLPHQVLRQV�RI� UHTXLUHPHQWV�
HQJLQHHULQJ��QDPHO\�VSHFLILFDWLRQ��UHSUHVHQWDWLRQ��DJUHHPHQW��DV�GHVFULEHG�E\�.��3RKO�
�>��@��DQG�PD\�IRUP�D�UHOLDEOH�EDVLV�RI�UHIHUHQFH��FRPPXQLFDWLRQ��NQRZOHGJH�VKDULQJ�
DQG�UHXVH��

2QWRORJLHV� DUH� LQYHQWRULHV� RI� WKH� NLQGV� RI� WKLQJV� WKDW� DUH� SUHVXPHG� WR� H[LVW� LQ� D�
JLYHQ� GRPDLQ� WRJHWKHU� ZLWK� D� IRUPDO� GHVFULSWLRQ� RI� WKH� VDOLHQW� SURSHUWLHV� RI� WKRVH�
WKLQJV�DQG�WKH�VDOLHQW�UHODWLRQV�WKDW�KROG�DPRQJ�WKHP��,Q�+(5(�2QWRORJLHV�DUH�XVHG�WR�
KROG� WKH� NQRZOHGJH� DERXW� PRGHOV� DQG� PRGHO� LQVWDQFHV� RI� WKH� 8R'� LQ� RQH� XQLILHG�
UHSUHVHQWDWLRQ�� 7KXV� E\� XVLQJ� D� FRPPRQ� UHSUHVHQWDWLRQ� RQWRORJLHV� EHFRPH� D�
FRPSXWDWLRQDO� PHGLXP� WR� LQWHJUDWH� DOO� WKH� GRPDLQ� LQIRUPDWLRQ� WR� GHVFULEH� GRPDLQ�
NQRZOHGJH�LQ�WZR�SULPDU\�UHDOPV��7KH�0HWDPRGHO�UHDOP�DQG�WKH�,QVWDQFH�UHDOP��

7KH�0HWDPRGHO� UHDOP�� ,W� LV� UHDOLVHG� ZLWK� WKH�PRGHO� FRPSRQHQW� LQ� +(5(� DQG� LW�
KROGV�PHWD�OHYHO�LQIRUPDWLRQ��L�H��PHWD�PRGHOV�RI�WKH�PRGHOV�WKDW�DUH�XVHG�WR�GHVFULEH�

WKH� GRPDLQ� RI� LQWHUHVW�� ([DPSOHV� DUH� WKH� (57�� PRGHO� RQWRORJ\�� WKH� (QWHUSULVH�

2QWRORJ\��� HWF�� ,Q� WKLV� ZD\�� 2QWRORJLHV� IRUP� RQH� VLQJOH� UHSRVLWRU\� RI� GRPDLQ�
NQRZOHGJH�WKDW�FDQ�VHUYH�DV�D�UHIHUHQFH�SRLQW�ZKLFK�FDQ�EH�UHDVRQHG�WKURXJKRXW�WKH�
GHYHORSPHQW� OLIHF\FOH�� $SDUW� IURP� WKH� PRGHO� NQRZOHGJH�� LQ� WKLV� UHDOP� ZH� DOVR�
GHVFULEH� WKH� /LQN� 0RGHOV�� ZKLFK� KROG� WKH� LQIRUPDWLRQ� DERXW� WKH� OLQNV� WKDW� DUH�
SHUWLQHQW�WR�WKHVH�PRGHOV�DW�WKH�PHWD�OHYHO��&RQVHTXHQWO\��DW�WKH�LQVWDQWLDWLRQ�OHYHO��LQ�
WKH� 'RPDLQ� FRPSRQHQW�� WKH� PRGHOV� DXWRPDWLFDOO\� UHDOLVH� WKHVH� PHWD�OHYHO� OLQNV��
([DPSOHV�RI�/LQN�PRGHOV�DUH�WKH�(57�WR�(QWHUSULVH�LQWHUPRGHO�OLQNV��HWF��

7KH� ,QVWDQFH� UHDOP�� 7KH� LQVWDQFH� UHDOP� LV� UHDOLVHG� LQ� WKH� GRPDLQ� FRPSRQHQW� RI�
+(5(� ZKHUH� WKH� PHWD�OHYHO� RQWRORJ\� GHVFULSWLRQV� DUH� DFWXDOO\� LQVWDQWLDWHG� ZLWK�
NQRZOHGJH� HOHPHQWV� FRQFHUQLQJ� WKH� GRPDLQ� RI� LQWHUHVW�� ([DPSOHV� DUH� 7KH� (57�
VFKHPD� RI� WKH� 80,67� $GPLVVLRQV� RU� WKH� (QWHUSULVH� 2QWRORJ\� RI� WKH� 80,67�
$GPLVVLRQV�GHSDUWPHQW��7KH�0RGHO�/LQN�2QWRORJLHV�DUH�DOVR�LQVWDQWLDWHG�DW�WKLV�OHYHO��
SURYLGLQJ�WKH�DFWXDO�OLQNV�WKDW�H[LVW�DPRQJ�WKH�LQVWDQFH�OHYHO�LQIRUPDWLRQ�HOHPHQWV��

$QRWKHU� LPSRUWDQW� SRLQW� LV� WKDW� WKH� 2QWRORJLFDO� GHVFULSWLRQV� DUH� H[SUHVVHG� LQ� D�
PRGXODU��H[SDQGDEOH��UHXVDEOH�PDQQHU��7KH� IDFW� WKDW�RQWRORJLHV�GHVFULEH� WKH�PRGHO�
VSHFLILFDWLRQV�XVHG�GRHV�QRW�LPSO\�WKDW�WKH�+(5(�RQWRORJLHV�UHSODFH�WKHVH�IRUPDOLVPV�
DV� WKH� +(5(� IUDPHZRUN� SURYLGHV� VXSSRUW� IRU� WKH� H[LVWLQJ� PHWKRGRORJLHV� DQG�
IRUPDOLVPV�DQG�QRW�WKH�LQWURGXFWLRQ�RI�D�QHZ�RQHV��

�� 2QWRORJ\�'HYHORSPHQW�

2QWRORJLHV�LQ�+(5(�KROG�WKH�NQRZOHGJH�FRQFHUQLQJ�WKH�SUREOHP�GRPDLQ�DQG�WKLV�
LQFOXGHV�DOO�DYDLODEOH�LQIRUPDWLRQ�DQG�DUWHIDFWV�SURGXFHG�GXULQJ�WKH�5(�SURFHVV��7KLV�
NQRZOHGJH� VSDQV� LQWR� WZR� UHDOPV� WKH� PHWD�PRGHO� UHDOP� DQG� WKH� PRGHO�LQVWDQFH�
UHDOP��

������������������������������ �����������������������������
��(57�VWDQGV�IRU�(QWLW\�5HODWLRQVKLS�DQG�7LPH�0RGHO�>��@��
��7KH�(QWHUSULVH�2QWRORJ\�LV�LQYHVWLJDWHG�E\�WKH�(QWHUSULVH�SURMHFW>�@��



�
)LJ�������/HYHOV�RI�GHVFULSWLRQ�LQ�+(5(��

�
7KH�ILUVW�VWHS�WRZDUGV�WKH�GHYHORSPHQW�RI�DQ�RQWRORJ\�IRU�D�VSHFLILF�PRGHO� LV� WKH�

DQDO\VLV�RI�WKH�PDLQ�PRGHO�FRQFHSWV��2QFH�WKH�PRGHO�LV�GHVFULEHG�DV�RQWRORJ\�DW�WKH�
PHWD�OHYHO� WKHQ� VSHFLILF� LQVWDQFHV� RI� WKH� PRGHO� FDQ� EH� XVHG� WR� GHVFULEH� LQGLYLGXDO�
SUREOHP�GRPDLQV��

,Q� WKH�+(5(� SURMHFW� RQWRORJLHV� DUH� UHSUHVHQWHG� DFFRUGLQJ� WR� WKH� REMHFW� RULHQWHG�
SDUDGLJP��$V�LW�LV�XQGHUVWRRG�WKDW�REMHFW�RULHQWHG�FRQFHSWV�DUH�YHU\�FRPPRQ�WRZDUGV�
LPSOHPHQWDWLRQ�� WKLV�PXVW� QRW� EH� FRQIXVHG�ZLWK� RXU�PRWLYDWLRQV�� ,Q� RXU� IUDPHZRUN�
REMHFW� FRQFHSWV� DUH� PDLQO\� YLHZHG� DV� UHSUHVHQWDWLRQ� UDWKHU� WKDQ� LPSOHPHQWDWLRQ�
FRQVWUXFWV��7KLV�LQYROYHV�REMHFWV�LQWR�DQDO\VLV�DQG�PRGHOOLQJ�RI�GRPDLQ�NQRZOHGJH�DV�
RSSRVHG�WR�LPSOHPHQWHG�V\VWHPV��,Q�+(5(�WKH�FKRLFH�RI�UHSUHVHQWDWLRQ�UHOLHV�RQ�WKH�
REMHFW�PRGHO�DV�GHILQHG�E\� WKH�2'0*� JURXS�>��@�DQG�PRUH�VSHFLILFDOO\� WKH�2EMHFW�
'HILQLWLRQ�/DQJXDJH��2'/���

,Q� RUGHU� WR� GHPRQVWUDWH� RXU� DSSURDFK� ZH� KDYH� GHYHORSHG� WKUHH� UHSUHVHQWDWLYH�
RQWRORJLHV� HDFK� RQ� FRYHULQJ� RQH� RI� WKH� PDLQ� DUHDV� RI� 5(� NQRZOHGJH�� ,QIRUPDWLRQ�
6\VWHP�� (QWHUSULVH�� DQG� 5HTXLUHPHQWV� NQRZOHGJH��:H� KDYH� DOVR� H[DPLQHG� YDULRXV�
OLQN�PRGHOV�DQG�VXJJHVWHG�D�ZRUNLQJ�VHW�RI� OLQN�RQWRORJLHV��:LWKLQ� WKH�QH[W�VHFWLRQ�
WKHUH�ZLOO�EH�D�VKRUW�SUHVHQWDWLRQ�RQ�KRZ�ZH�VSHFLI\�RQWRORJLHV��

���� 7KH�(57�0RGHO�

7KH� (QWLW\� 5HODWLRQVKLS� 7LPH�� PRGHO� �(57�� LV� DQ� H[WHQGHG� HQWLW\�UHODWLRQVKLS�
PRGHO� WKDW� DGGLWLRQDOO\� DFFRPPRGDWHV� GLUHFWO\� WKH� UHSUHVHQWDWLRQ� RI� �WLPH��� DV� D�
GLVWLQJXLVKHG� HQWLW\�� DQG� �FRPSOH[�� REMHFWV�� %HVLGHV� WKH� WHPSRUDO� GLPHQVLRQ�� (57�
GLIIHUV�IURP�WKH�RULJLQDO�(�5�PRGHO�LQ�WKDW�LW�UHJDUGV�DQ\�DVVRFLDWLRQ�EHWZHHQ�REMHFWV�
LQ� WKH� XQLILHG� IRUP� RI� D� UHODWLRQVKLS�� WKXV� DYRLGLQJ� WKH� XQQHFHVVDU\� GLVWLQFWLRQ�
EHWZHHQ�DWWULEXWHVKLSV�DQG�UHODWLRQVKLSV��7KH�(57�PRGHO�UHSUHVHQWV�H[SOLFLWO\�HQWLW\�
W\SHV� DQG� YDOXH� W\SHV�� )RU� HDFK� UHODWLRQVKLS� WKH� (57� PRGHO� UHFRJQLVHV� VHQWHQFH�

������������������������������ �����������������������������
��7KLV�PRGHO�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�>��@��



SUHGLFDWHV�ZKLFK�DUH�XVHG�WR�PDNH�VWDWHPHQWV�DQG�UHIHUHQW�IXQFWLRQV�ZKLFK�DUH�XVHG�DV�
D�VHOHFWLRQ�PHFKDQLVP�IRU�HQWLWLHV�RU�YDOXHV��

�$IWHU�WKH�DQDO\VLV�RI�WKH�(57�PRGHO�FRQFHSWV�WKHQ�LW�LV�SRVVLEOH�WR�FRGH�WKH�IDFWV�
FRQFHUQLQJ� WKLV� PRGHO� LQWR� DQ� RQWRORJ\�� 7KLV� RQWRORJ\� HVVHQWLDOO\� FRQVLVWV� RI� DQ�
REMHFW�PRGHO�KLHUDUFK\�WKDW�FDQ�DOVR�EH�VSHFLILHG�LQ�2'/��

�

2QWRORJ\

(57�2QWRORJ\

(17,7,(6 9$/8(6 5(/$7,216+,36

�

)LJ�������7KH�(57�2QWRORJ\�+LHUDUFK\��

�
,Q�2'/��ZH�KDYH�WKH�IROORZLQJ��

LQWHUIDFH�(57��2QWRORJ\�

��H[WHQW�2QWRORJLHV��

^�

DWWULEXWH�VHW�(17,7<!�(QWLWLHV��

DWWULEXWH�VHW�9$/8(!�9DOXHV��

DWWULEXWH�VHW�5(/$7,216+,3!�5HODWLRQVKLSV��

`��

�

7KH� FRGH� DERYH� VLPSO\� H[SUHVV� WKH� IDFW� WKDW� WKH� (57� PRGHO� LV� FRQVLVWLQJ� RI�
(QWLWLHV��9DOXHV��DQG�5HODWLRQVKLSV��

2QFH�WKH�(57�GHILQLWLRQV�DUH�VWRUHG�DW�WKH�PHWD�OHYHO�WKLV�LPPHGLDWHO\�DOORZV�WKH�
VWRUDJH� RI� LQIRUPDWLRQ� FRQFHUQLQJ� VSHFLILF� SUREOHP� GRPDLQV� DV� LQVWDQFHV� RI� WKHVH�
PHWDPRGHOV��)RU� H[DPSOH� OHW� XV� FRQVLGHU� D� XQLYHUVLW\� DGPLVVLRQV�GRPDLQ��7KHQ�ZH�
H[SHFW�HQWLW\�LQVWDQFHV�OLNH�VWXGHQWV��DGPLVVLRQ�RIILFHUV��DSSOLFDWLRQV��HWF��7KHQ�ZH�DQ�
LPDJLQH�DQ�VWXGHQW�HQWLW\�REMHFW�LQVWDQFH�WR�EH��

2EMHFW�(17,7<������������
�������������������������������LG��H��
�������������������������������IXOOBQDPH��VWXGHQW��
�������������������������������V\PEROLFBQDPH��VWXGHQW��
�������������������������������FDWHJRU\��SULPLWLYH�
�������������������������������WLPHBVWDPS��)��
�������������������������������FRQFHSWBW\SH��QRQBGHULYHG���
�������������������������������FUHDWLRQBGDWH��������������
�������������������������������UHYLVLRQBGDWH��������������
�������������������������������GHVFULSWLRQ��SHUVRQ�ZKR�UHFHLYHV�WXLWLRQ��
�������������������������������DXWKRU��YS�
�
6LPLODU�LQVWDQWLDWLRQV�PD\�WDNH�SODFH�IRU�WKH�UHVW�RI�WKH�(57�FRQFHSWV�UHJDUGLQJ�WKH�

SUREOHP�GRPDLQ��



���� 7KH�(QWHUSULVH�2QWRORJ\�

7KH� (QWHUSULVH� SURMHFW� DLPV� WR� SURYLGH� D� PHWKRG� DQG� VRIWZDUH� VXSSRUW� IRU�
HQWHUSULVH�PRGHOOLQJ�ZLWK�D�YLHZ�WR�PDQDJLQJ�EXVLQHVV�FKDQJH>�@��(QWHUSULVH�PRGHOV�
PD\� EH� XVHG� E\� PRGHOOHUV�� DQDO\VWV�� GHFLVLRQ�PDNHUV�� DQG� RSHUDWRUV�� 7KH\� PD\�
SURYLGH� LQVLJKW�� DLG� FRPPXQLFDWLRQ� RU� GHILQH� HQDFWPHQW� V\VWHPV�� 7KH� HQWHUSULVH�
RQWRORJ\�PRGHOOLQJ�LV�LQWHQGHG�WR�EH�XVHG�WR�JXLGH�PRGHOOHUV�DQG�DSSOLFDWLRQ�EXLOGHUV�
VR� WKDW� WKH\� XVH� WHUPV�� ZKLFK� DUH� FRQVLVWHQW� DQG� FRPPRQO\� DFFHSWHG�� 7KHQ� QHZ�
PRGHOV� FDQ� EH� HDVLO\� FRPPXQLFDWHG� WR� RWKHUV� ZKR� DFFHSW� WKH� RQWRORJLHV� DQG� QHZ�
PRGHOV� FDQ� EH� XVHG� IRU� PXOWLSOH� SXUSRVHV�� 1HZ� DSSOLFDWLRQV� FDQ� EH� EXLOW� ZKLFK�
DFFHVV��KDQGOH�DQG�SUHVHQW�LQIRUPDWLRQ�LQ�VKDUHG�WHUPV�>��@���

7KH�RULJLQDO� RQWRORJ\�ZDV�GHYHORSHG� DQG� FRGHG�ZLWKLQ� WKH� VFRSH� DQG� FRQWH[W� RI�
WKH� (QWHUSULVH� SURMHFW�� 7KLV� LQFOXGHV� WKH� H[SUHVVLRQ� RI� WKH� HQWHUSULVH� RQWRORJ\� LQ�
RQWROLQJXD� >�@�� %DVHG� RQ� WKH� +(5(� DSSURDFK� WKH� (QWHUSULVH� RQWRORJ\� KDG� WR� EH�
DQDO\VHG�DQG�UH�H[SUHVVHG�LQ�RXU�UHSUHVHQWDWLRQ�ODQJXDJH�2'/��2XU�VSHFLILFDWLRQ�ZDV�
FRGHG� EDVHG� RQ� WKH� HQWHUSULVH� RQWRORJ\� LQIRUPDO� VSHFLILFDWLRQ� �>��@�� DQG�
VXSSOHPHQWHG� E\� LWV� RQWROLQJXD� FRGH� FRXQWHUSDUW� �>�@��� ,Q� RXU� HQFRGLQJ� RI� WKH�
HQWHUSULVH� RQWRORJ\� ZH� LQWURGXFHG� QHZ� DVVXPSWLRQV�� ZH� LQFOXGHG�� PRGLILHG� RU�
H[FOXGHG� RULJLQDO� WHUPV�� DQG� IRFXVHG� PRVWO\� RQ� WKH� HQWHUSULVH� RQWRORJ\� VHFWLRQV�
ZKLFK� ZHUH� PRUH� UHOHYDQW� WR� RXU� VFRSH�� 7KH� RYHUYLHZ� RI� RXU� HQFRGLQJ� RI� WKH�
HQWHUSULVH�RQWRORJ\�VWUXFWXUH�LV�SUHVHQWHG�LQ�WKH�IROORZLQJ�ILJXUH��

2QWRORJ\

(17(535,6(

2QWRORJ\

RUJDQLVDWLRQBVHFWLRQ DFWLYLW\BVHFWLRQ PDUNHWLQJ�BVHFWLRQVWUDWHJ\BVHFWLRQ

�

)LJ�������7KH�(QWHUSULVH�2QWRORJ\�+LHUDUFK\��

(VVHQWLDOO\�DW� WKH�WRS�OHYHO��ZH�FRQVLGHU�WKH�HQWHUSULVH�RQWRORJ\�VHFWLRQV�DQG�WKHQ�
ZH� UHILQH� WKHVH� VHFWLRQV� DFFRUGLQJO\�� ,QVWDQWLDWLRQ� RI� WKH� (QWHUSULVH� 2QWRORJ\� PD\�
DOVR� WDNH�SODFH� LQ� D� VSHFLILF� GRPDLQ� OLNH� WKH� DGPLVVLRQ�GRPDLQ� DV� GLVFXVVHG� DERYH��
)RU� H[DPSOH� ZH� FRQVLGHU� WKH� 25*$1,6$7,21B81,7� LQVWDQFH� &RPSXWDWLRQ�
'HSDUWPHQW�RI�WKH�25*$1,6$7,21B6(&7,21��

2EMHFW�25*$1,6$7,21B81,7��������������
����������������LGHQWLW\��FRPSXWDWLRQBGHSDUWPHQW�
����������������PDQDJHGBE\��XPLVW�
����������������PDQDJHV���LQIRUPDWLRQBV\VWHPBHQJLQHHULQJ��GHFLVLRQB�WHFKQRORJ\�HWF���
����������������DFWLYLWLHV��VHW�DGPLVVLRQ��WHDFKLQJ��UHVHDUFK��FRQVXOWDQF\��
6LPLODU�WR�WKH�GHYHORSPHQW�RI�WKHVH�RQWRORJLHV�LV�DOVR�WKH�1)5�IUDPHZRUN�RQWRORJ\�

>�@�ZKLFK�LV�DOVR�LQFOXGHG�LQ�WKH�+(5(�VHW�RI�HQFRGHG�RQWRORJLHV��0RUH�GHWDLOV�DERXW�
WKLV� VHW� FDQ� EH� IRXQG� LQ� >��@�� >��@�� 7KH� WKUHH� RQWRORJLHV� WRJHWKHU� GHPRQVWUDWH� RXU�



DSSURDFK�HDFK�RQH�FRYHULQJ�RQH�VSHFLILF�DVSHFW�RI�WKH�5(�NQRZOHGJH�L�H��,QIRUPDWLRQ�
6\VWHP��(QWHUSULVH�DQG�5HTXLUHPHQWV�NQRZOHGJH��

���� /LQN�2QWRORJLHV�

7KH� FRQFHSWXDOLVDWLRQ� RI� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� PRGHOV� DQG� PRGHO�
FRQVWUXFWV� XVHG� WR� DXGLW� WKH� SUREOHP� GRPDLQ� NQRZOHGJH�� DUH� DV� LPSRUWDQW� DV� WKH�
HOHPHQWV� RI� WKLV� NQRZOHGJH� WKHPVHOYHV�� ,Q� RXU� FDVH�� WKH�PRGHOV� DQG� WKHLU� OLQNV� DUH�
H[SUHVVHG� WKURXJK� RQWRORJLHV�� 7KH� OLQN� RQWRORJLHV� FRQFHSWXDOLVH� WKH� UHODWLRQV� WKDW�
H[LVW�HLWKHU�LPSOLFLWO\�RU�H[SOLFLWO\�EHWZHHQ�WKHVH�RQWRORJ\�HOHPHQWV��

%\� H[SUHVVLQJ�� DOO� WKH� NQRZOHGJH� RI� WKH� XQLYHUVH� RI� GLVFRXUVH� �8R'�� LQWR� RQH�
RQWRORJ\�FRQVLVWLQJ�RI�VHYHUDO�VXE�RQWRORJLHV�LV�WKH�RQH�SDUW�RI� WKH�+(5(�DSSURDFK��
$QRWKHU�WDVN�LV�WR�DFWXDOO\�GHILQH�WKH�RQWRORJLHV��ZKLFK�ZLOO�OLQN�WKH�YDULRXV�HOHPHQWV�
RI�WKLV�NQRZOHGJH��

/LQN�RQWRORJLHV�DUH�PRGHOOHG�DQG�GHILQHG�MXVW�OLNH�DQ\�RWKHU�RQWRORJ\��DV�SUHVHQWHG�
HDUOLHU�� 7KH� HVVHQWLDO� GLIIHUHQFH� EHWZHHQ� RQWRORJLHV� DQG� OLQN� RQWRORJLHV� LV� WKDW� WKH�
ODWWHU� HPSKDVLVH� RQ� WKH� UHODWLRQV� DPRQJ� HOHPHQWV� UDWKHU� WKDQ� SXUH� HOHPHQW�
UHSUHVHQWDWLRQ�� $GGLWLRQDOO\� DW� WKH� LPSOHPHQWDWLRQ� OHYHO�� OLQNV� DUH� H[SHFWHG� WR� EH�
WUDQVODWHG�LQWR�K\SHUOLQNV�DFFRUGLQJ�WR�RXU�RYHUDOO�DUFKLWHFWXUH��

([SUHVVLQJ�OLQNV�HVVHQWLDOO\�LQYROYHV�WKH�LGHQWLW\�RU�W\SH�RI�WKH�OLQN��DQG�XOWLPDWHO\�
LWV�FODVVLILFDWLRQ�ZLWKLQ�LWV�OLQN�RQWRORJ\��D�VRXUFH�HOHPHQW��DQG�D�GHVWLQDWLRQ�HOHPHQW��

/LQN�
,GHQWLILHU�
6RXUFH�
'HVWLQDWLRQ�
6RXUFH�WR�'HVWLQDWLRQ�5ROH�
'HVWLQDWLRQ�WR�6RXUFH��LQYHUVH��UROH�
2WKHU�DGGLWLRQDO�SURSHUWLHV�
7KH�OLQNV�LQYROYH�WZR�QRGHV�D�VRXUFH�DQG�D�GHVWLQDWLRQ�DQG�WZR�UROHV�ZKLFK�UHIOHFW�

WKH�WZR�GLUHFWLRQV�RI� WKH�OLQN�� LI� WKH�OLQN�LV�EL�GLUHFWLRQDO��$GGLWLRQDO�SURSHUWLHV�PD\�
EH�DGGHG� WR� WKH� OLQNV�VXFK�DV�DWWULEXWHV�RU�HYHQ�EHKDYLRXU��H[SUHVVHG� WKURXJK�REMHFW�
PHWKRGV��$OVR�LW�LV�SRVVLEOH�IRU�D�OLQN�WR�WDUJHW�WR�PRUH�WKDQ�RQH�GHVWLQDWLRQV�LI�WKLV�LV�
GHVLUDEOH��

,Q� +(5(� WKH� OLQN� RQWRORJLHV� DUH� LQWHJUDWHG� ZLWK� DOO� UHPDLQLQJ� VXE�RQWRORJLHV�
FRQWULEXWLQJ� WR� WKH� RYHUDOO� RQWRORJ\�� ,Q�+(5(� ZH�PD\� LGHQWLI\� WKUHH� FDWHJRULHV� RI�
OLQN�RQWRORJLHV��QDPHO\�PRGHO�OLQN��WUDFHDELOLW\�OLQN��DQG�XVHU�GHILQHG�OLQN�RQWRORJLHV�
�)LJXUH�����

%\� IRUPLQJ� WKHVH� OLQN�FODVVLILFDWLRQV�DQG�KLHUDUFKLHV�� WKH�+(5(�XVHUV�DUH�DEOH� WR�
IXOO\� UHSUHVHQW� WKHLU� NQRZOHGJH� FRQFHUQLQJ� OLQNV� DPRQJ� NQRZOHGJH� HOHPHQWV� LQWR�
FOHDU�� ZHOO� VWUXFWXUHG�� FRPSUHKHQVLYH�� H[SOLFLW� PRGHOV�� 7KH� VDPH� PRGHOV� FDQ� EH�
UHXVHG� LQWR� VLPLODU� VLWXDWLRQV�� DQG� WDLORUHG� DFFRUGLQJ� WR� SURMHFW� QHHGV�� 1HZ� OLQN�
PRGHOV� RU� LQDSSURSULDWH� PRGHOV� PD\� EH� LQFOXGHG� DQG� H[FOXGHG� RQ� GHPDQG�� ,Q�
DGGLWLRQ�� FHUWDLQ� VWDNHKROGHUV� PD\� IRFXV� RQ� FHUWDLQ� OLQN� PRGHOV�� H�J�� VRIWZDUH�
GHYHORSHUV�PD\�VHOHFW�DQG�UHDVRQ�DERXW�WKH�OLQNV�FRQFHUQLQJ�WKH�LQIRUPDWLRQ�V\VWHP�±�
VRIWZDUH�PRGHOV��



2QWRORJ\

0RGHO

2QWRORJ\

/LQN

2QWRORJ\

0RGHO�/LQN

2QWRORJ\

7UDFHDELOLW\

/LQN

2QWRORJ\

8VHU

'HILQHG�/LQN

2QWRORJ\

8VHU

2QWRORJLHV

�
)LJ�������7KH�2YHUDOO�+(5(�2QWRORJ\�+LHUDUFK\��

7KH�UHILQHPHQW�RI�WKH�WRS�OHYHO�RQWRORJ\�GLDJUDP�SUHVHQWHG�DERYH�GHSHQGV�RQ�WKH�
YHU\� GRPDLQ� WKDW� DOO� WKHVH� PRGHOV� ZLOO� DSSO\�� ,Q� RXU� DQDO\VLV� VRPH� PDLQ�
FODVVLILFDWLRQV�RI�OLQNV�ZHUH�VWXGLHG��)RU�H[DPSOH��LQ�UHILQLQJ�WKH�0RGHO�OLQNV�ZH�PD\�
FRQVLGHU�WKH�H[LVWHQFH�RI�LQWHUPRGHO�DQ�LQWUDPRGHO�OLQNV��

�

0RGHO�/LQNV

,QWHUPRGHO

/LQNV

,QWUDPRGHO

/LQNV

�
)LJ�������7KH�FODVVLILFDWLRQ�RI�0RGHO�/LQNV�LQ�+(5(��

6R�LI�ZH�FRQVLGHU�D�PRGHO�FRQFHUQLQJ�LQWHUPRGHO�OLQNV�VXFK�DV�WKH�)��PRGHO��>�@��
WKDW� H[SUHVVHG� WKH� OLQNV� EHWZHHQ� WKH� YDULRXV� ³ZRUOGV´� LQ� (QWHUSULVH�0RGHOOLQJ� ZH�
PD\�FRPH�XS�ZLWK�WKH�IROORZLQJ�REMHFW�GLDJUDP��

0RGHO�/LQNV

,QWHUPRGHO

/LQNV

,QWUDPRGHO

/LQNV

'HDOVBZLWK
,PSOHPHQWHGB

E\
0RWLYDWHV 5HILQHGBE\&RQFHUQV3HUIRUPHGBE\ 6XSSRUWHGBE\

)��0RGHO

/LQNV

)LJ�������7KH�)��PRGHO�OLQNV�LQ�+(5(��
�



6LPLODUO\�ZH�KDYH�FRQVLGHUHG�RWKHU�OLQN�PRGHOV�VXFK�DV�WKH�+<'5$�WD[RQRP\�RI�
UHIHUHQWLDO�OLQN�W\SHV��>��@���

�� &RQFOXVLRQV�

7KH�+(5(�SURMHFW�LV�FULWLFDOO\�EDVHG�RQ�RQWRORJLHV��,W�DGGUHVVHV�WKH�FRPSOH[LW\�RI�
WKH�5(�SURFHVV�E\�VXSSRUWLQJ�H[LVWLQJ�SUDFWLFHV�WKURXJK�D�FRPSOHPHQWDU\�IUDPHZRUN��
7KLV�LV�DFKLHYHG��ZLWK�WKH�HIIHFWLYH�PDQDJHPHQW�DQG�FR�RUGLQDWLRQ�RI�WKH�LQIRUPDWLRQ�
JDWKHUHG�WKURXJKRXW�WKH�HDUO\�VWDJHV�RI�D�V\VWHP�GHYHORSPHQW�LQWR�D�VLQJOH�FRQVLVWHQW�
PDQDJHDEOH�HQWLW\��

2XU�RQWRORJ\�IUDPHZRUN�DOORZV�VKDULQJ�DQG�FRPPXQLFDWLRQ�RI� LQIRUPDWLRQ� VLQFH�
DOO� WKH� SDUWLHV� LQYROYHG� FDQ� VKDUH� WKLV� FRPPRQ� SRLQW� RI� UHIHUHQFH�� 0RUHRYHU�� WKH�
RQWRORJ\�PRGHOV�FDQ�EH�UHXVHG�HLWKHU�SDUWLDOO\�RU�DV�D�ZKROH�WR�IXWXUH�VLWXDWLRQV��:H�
DGYRFDWH� WKH� XVH�RI�PRGHOV�ZKLFK�XQGHUOLQH� WKH� QRWLRQ�RI� DJUHHPHQW��$JUHHPHQW� LV�
RQH�RI�WKH�PDLQ�GLPHQVLRQV�LQ�UHTXLUHPHQWV�HQJLQHHULQJ�DQG�WKLV�FRPHV�DV�DQ�DGGLWLRQ�
WR�WKH�DOUHDG\�VXSSRUWHG�UHSUHVHQWDWLRQ�DQG�VSHFLILFDWLRQ�GLPHQVLRQV��
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