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7KLV SDSHU GLVFXVVHV ORQJ�WHUP SHUVSHFWLYHV RI $,�(' UHVHDUFK DLPLQJ DW JLYLQJ D FOHDU YLHZ RI ZKDW ZH QHHG IRU
IXUWKHU SURPRWLRQ RI WKH UHVHDUFK IURP $, DQG (' SRLQW RI YLHZV� $Q DQDO\VLV RI WKH FXUUHQW VWDWXV RI $,�('
UHVHDUFK LV GRQH LQ WKH OLJKW RI LQWHOOLJHQFH� FRQFHSWXDOL]DWLRQ� VWDQGDUGL]DWLRQ DQG WKHRU\�DZDUHQHVV� 7KHQ�
RQWRORJ\�EDVHG DUFKLWHFWXUH ZLWK DSSURSULDWH RQWRORJLHV LV SURSRVHG� 2QWRORJLFDO HQJLQHHULQJ RI ,6�,' LV QH[W
GLVFXVVHG IROORZHG E\ D URDG PDS WRZDUGV DQ RQWRORJ\�DZDUH DXWKRULQJ V\VWHP� +HXULVWLF GHVLJQ SDWWHUQV DQG
;0/�EDVHG GRFXPHQWDWLRQ DUH DOVR GLVFXVVHG�

���,QWURGXFWLRQ

$PRQJ�$,�('�UHVHDUFK��GRQH�WR�GDWH��VHYHUDO��SDUDGLJPV�VXFK�DV�&$,��,&$,��0LFUR�ZRUOG��,76�
,/(��DQG�&6&/�KDYH�EHHQ�SURSRVHG�DQG�PDQ\�V\VWHPV�KDYH�EHHQ�EXLOW�ZLWKLQ�HDFK�SDUDGLJP��$QG�
LQQRYDWLYH� FRPSXWHU� WHFKQRORJLHV� VXFK� DV� K\SHU�PHGLD�� YLUWXDO� UHDOLW\�� LQWHUQHW�� :::� KDYH
VLJQLILFDQWO\� DIIHFWHG� $,�('� FRPPXQLW\� LQ� JHQHUDO�� :H� UHDOO\� KDYH� OHDUQHG� D� ORW� IURP� RXU
H[SHULHQFHV�DQG�ZH�PD\�VD\�WKH�UHVXOWV�DUH�YHU\�IUXLWIXO��%XW��ZH�VWLOO�QHHG�SURPLVLQJ�GLUHFWLRQV�WR
ZKLFK�HIIRUW�VKRXOG�EH�GHYRWHG�IRU�IXUWKHU�SURJUHVV�RI�$,�('�UHVHDUFK�

$,�('�UHVHDUFK�FRQVLVWV�RI�WKH�IROORZLQJ�WKUHH�PDMRU�UHVHDUFK�DUHDV�
����$UWLILFLDO�LQWHOOLJHQFH�$,�
����,QVWUXFWLRQDO�GHVLJQ�VFLHQFH�,6�
����/HDUQLQJ�VFLHQFH�/6�

6RPH�$,�DQG�,6�WHFKQRORJLHV�KDYH�VXFFHVVIXOO\�EHHQ�LQWURGXFHG�LQWR�$,�('�FRPPXQLW\�WR
EULQJ� IUXLWIXO� UHVXOWV� LQ� EXLOGLQJ� YDULRXV� ,QWHOOLJHQW� ,QVWUXFWLRQDO� 6\VWHPV�,,6��� +RZHYHU�� WKH
LQWHUDFWLRQ�EHWZHHQ�$,�('�DQG�$,�FRPPXQLWLHV�DQG�$,�('�DQG�,6�FRPPXQLWLHV�KDYH�QRW�EHHQ�YHU\
DFWLYH�WR�GDWH��7KH�DXWKRUV�EHOLHYH�WKDW�SURPRWLRQ�RI�PRUH�DFWLYH�LQWHUDFWLRQV�EHWZHHQ�$,�('�DQG
$,	,6�FRPPXQLWLHV�ZRXOG�EH�EHQHILFLDO�IRU�WKH�IXWXUH�$,�('�UHVHDUFK�

7KLV�SDSHU�GLVFXVVHV�ORQJ�WHUP�SHUVSHFWLYHV�RI�$,�('�UHVHDUFK�DLPLQJ�DW�JLYLQJ�D�FOHDU�YLHZ
RI�ZKDW�ZH�QHHG�IRU�IXUWKHU�SURPRWLRQ�RI�WKH�UHVHDUFK�IURP�$,�DQG�('�SRLQW�RI�YLHZV��7KH�PDLQ
WRSLF� KHUH� LQFOXGHV� KRZ� WR� LQWURGXFH� RQWRORJLFDO� HQJLQHHULQJ>0,=��D@>0,=��@� LQWR� $,�('
UHVHDUFK��7KH�QH[W�VHFWLRQ�HQXPHUDWHV�VKRUWFRPLQJV�WKH�FXUUHQW�$,�('�UHVHDUFK�VXIIHUV�IURP�DQG
GLVFXVVHV� DERXW� WKH� XQGHUO\LQJ� IRXU� NH\� FRQFHSWV� VXFK� DV� LQWHOOLJHQFH�� FRQFHSWXDOL]DWLRQ� �
VWDQGDUGL]DWLRQ�DQG�WKHRU\�DZDUHQHVV��,Q�VHFWLRQ����ZH�RYHUYLHZ�ZKDW�LV�KDSSHQLQJ�LQ�NQRZOHGJH�
EDVHG�V\VWHPV�FRPPXQLW\�WR�OHDUQ�KRZ�RQWRORJLFDO�HQJLQHHULQJ�SOD\V�UROHV�FULWLFDO�WR�RYHUFRPLQJ
WKH�SUREOHPV�FRPPRQ�WR�,,6V��2Q�WKH�EDVLV�RI�WKH�REVHUYDWLRQV��ZH�GLVFXVV�RQWRORJLFDO�HQJLQHHULQJ
RI�,QVWUXFWLRQDO�GHVLJQ�,'�NQRZOHGJH�DV�RQH�RI�WKH�SURPLVLQJ�GLUHFWLRQV�WR�EXLOG�DQ�RQWRORJ\�DZDUH
DXWKRULQJ�HQYLURQPHQW��7KHQ��ZH�SUHVHQW�D�URDG�PDS�WRZDUGV�VXFK�DQ�HQYLURQPHQW�VXSSRUWHG�E\�,6
DQG�,'��)LQDOO\��VRPH�RWKHU�LQWHUHVWLQJ�WRSLFV�DUH�GLVFXVVHG�IROORZHG�E\�FRQFOXGLQJ�UHPDUNV�

���$QDO\VLV�RI�&XUUHQW�6WDWH�RI�WKH�$UW�RI�$,�('�5HVHDUFK

/HW�XV�ILUVW�HQXPHUDWH�GUDZEDFNV�RI�WKH�FXUUHQW�,,6V�IURP�$,�DQG�('�SRLQW�RI�YLHZV�

����7KHUH�LV�D�GHHS�FRQFHSWXDO�JDS�EHWZHHQ�DXWKRULQJ�V\VWHPV�DQG�DXWKRUV�
����$XWKRULQJ�WRROV�DUH�QHLWKHU�LQWHOOLJHQW�QRU�YHU\�IULHQGO\�
����%XLOGLQJ�DQ�,,6�UHTXLUHV�D�ORW�RI�ZRUN�EHFDXVH�LW�LV�DOZD\V�EXLOW�IURP�VFUDWFK�



����.QRZOHGJH�DQG�FRPSRQHQWV�HPEHGGHG�LQ�,,6V�DUH�KDUGO\�VKDUDEOH�RU�UHXVDEOH�
����,W�LV�QRW�HDV\��WR�PDNH�VKDUDEOH�VSHFLILFDWLRQV�RI�IXQFWLRQDOLWLHV�RI�FRPSRQHQWV�LQ�,,6V�
����,W�LV�QRW�HDV\��WR�FRPSDUH�RU�FURVV�DVVHVV�WKH�H[LVWLQJ�V\VWHPV�
����&RPPXQLFDWLRQ�DPRQJ�DJHQWV�RU�PRGXOHV�LQ�,,6V�LV�QHLWKHU�IOXHQW�QRU�SULQFLSOHG�
����0DQ\�RI�WKH�,,6V�DUH�LJQRUDQW�RI�WKH�UHVHDUFK�UHVXOWV�RI�,6�/6
����$XWKRULQJ�SURFHVV�LV�QRW�SULQFLSOHG�
�����7KHUH�LV�D�JDS�EHWZHHQ�LQVWUXFWLRQDO�SODQQLQJ�IRU�GRPDLQ�NQRZOHGJH�RUJDQL]DWLRQ�DQG�WXWRULQJ
VWUDWHJ\�IRU�G\QDPLF�DGDSWDWLRQ�RI�WKH�,,6�EHKDYLRU�

$OO� WKHVH� LVVXHV� DUH� FRQWHQW�UHODWHG� RQHV�� ,Q� RWKHU�ZRUGV�� QHLWKHU� LQIHUHQFH� WHFKQLTXHV� QRU
EHDXWLIXO�WKHRUHWLFDO�IRUPDOLVP�FDQ�FRQWULEXWH�WR�LPSURYHPHQW�RI�WKH�VLWXDWLRQ��7KH�DXWKRUV©�FODLP
LV�ZKDW� ZH� QHHG� WR� RYHUFRPH� WKHVH� GUDZEDFNV� LV� RQWRORJ\�EDVHG� DUFKLWHFWXUH�ZLWK� DSSURSULDWH
RQWRORJLHV��WKDW�LV��LQURGXFWLRQ�RI�RQWRORJLFDO�HQJLQHHULQJ��1RZ��OHW�XV�DQDO\]H�WKH�VLWXDWLRQ�LQ�PRUH
GHWDLO�WR�VHH�WKH�MXVWLILFDWLRQV�RI�KRZ�RQWRORJLFDO�HQJLQHHULQJ�FDQ�PDNH�D�UHDVRQDEOH�FRQWULEXWLRQ�

����,QWHOOLJHQFH

$GDSWLYLW\�LV�WKH�KHDUW�RI�LQWHOOLJHQW�V\VWHPV��,W�FRPHV�IURP�WKH�GHFODUDWLYH�UHSUHVHQWDWLRQ�RI�ZKDW
WKH�V\VWHP�NQRZV�DERXW�WKH�ZRUOG�LW�LV�LQ��,Q�,,6�FDVHV��WKH�ZRUOG�FRQVLVWV�RI�D�OHDUQHU�DQG�WKH�V\VWHP
LWVHOI��6R��VXFK�D�V\VWHP�EHKDYHV�DGDSWLYHO\�WR�WKH�OHDUQHU
V�XQGHUVWDQGLQJ�VWDWH��$�OHDUQHU�PRGHO�
ZKLFK� LV� D� UHSUHVHQWDWLRQ� RI� V\VWHP
V� NQRZOHGJH� DERXW� WKH� OHDUQHU�� VHUYHV� DV� WKH� VRXUFH� RI
LQWHOOLJHQFH��7KH�V\VWHP�FDQ�LQYHVWLJDWH�WKH�OHDUQHU�PRGHO�WR�DGDSW�LWV�EHKDYLRUV�WR�WKH�OHDUQHU���,Q
WKLV� VHQVH�� WKH�PRGHO� VKRXOG�EH� UHSUHVHQWHG�GHFODUDWLYHO\� LQ�RUGHU� IRU� WKH� V\VWHP� WR�XSGDWH� DQG
LQWHUSUHW�LW�

:KDW�DERXW�DXWKRULQJ�V\VWHPV"�'R�WKH\�KDYH�VXFK�D�PRGHO�RU�GHFODUDWLYH�UHSUHVHQWDWLRQ�RI
ZKDW�WKH\�NQRZ"�8QIRUWXQDWHO\��WKH�DQVZHU�LV�1R��7KLV�LV�RQH�RI�WKH�PDMRU�UHDVRQV�ZK\�DXWKRULQJ
V\VWHPV�DUH�QRW��LQWHOOLJHQW��,QWHOOLJHQFH�RI�DXWKRULQJ�V\VWHPV�LV�QRW�D�VSHFLILF�LVVXH�WR�DXWKRULQJ
V\VWHP�UHVHDUFK�EXW�D�JHQHUDO�LVVXH�FRPPRQ�WR�PRVW�$,�('�UHVHDUFK��VLQFH�LW�LV�GHHSO\�UHODWHG�WR�WKH
NQRZOHGJH�DERXW�KRZ�WR�EXLOG�,,6V�

$V��GLVFXVVHG�DERYH��WKH�VRXUFH�RI�LQWHOOLJHQFH�RI�WKH�V\VWHPV�LV�GHFODUDWLYH�GHVFULSWLRQV�DERXW
ZKDW�WKH\�NQRZ��7KH\�FDQ�G\QDPLFDOO\�LQVSHFW�VXFK�GHFODUDWLYH�GHVFULSWLRQV�LQ�RUGHU�WR�DGDSW�WKHLU
EHKDYLRU�WR�VLWXDWLRQV�ZKHUH�WKH\�DUH�RSHUDWLQJ��:H�FRXOG�VD\�LQWHOOLJHQW�V\VWHPV�NQRZ�ZKDW�WKH\
NQRZ�DQG�ZKDW�WKH\�DUH�GRLQJ�

7KH�QH[W�LVVXH�LV�ZKDW�NQRZOHGJH�DXWKRULQJ�V\VWHPV�VKRXOG�SRVVHVV��&RQYHQWLRQDO�DXWKRULQJ
FDQ�EH� � YLHZHG�DV� D�NLQG�RI�NQRZOHGJH� DFTXLVLWLRQ�.$�� IURP� WHDFKHUV�LQVWUXFWRUV�WUDLQHUV��7KLV
YLHZ�JLYHV�XV�D�IHZ�FRQVWUXFWLYH�VXJJHVWLRQV�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�DXWKRULQJ�V\VWHPV��:H
FRXOG�OHDUQ�IURP�WKH�UHVHDUFK�RI�NQRZOHGJH�DFTXLVLWLRQ�LQ�NQRZOHGJH�EDVHG�V\VWHPV�FRPPXQLW\
ZKHUH�.$�IURP�GRPDLQ�H[SHUWV�KDV�EHHQ�WKH�ERWWOHQHFN�RI�H[SHUW�V\VWHP�EXLOGLQJ��2QH�RI�WKH�PDMRU
FDXVHV�RI� WKH�GLIILFXOW\� LV�GXH�WR�WKH�KHDY\�GHSHQGHQFH�RQ�KHXULVWLF�NQRZOHGJH�ZKLFK�LV�KDUG�WR
DFTXLUH�� WR�PDQLSXODWH� DQG� WR� MXVWLI\�� 7KLV� LV�ZK\�PRGHO�EDVHG� DSSURDFKHV� DUH� LQFRUSRUDWHG� LQ
PRGHUQ�NQRZOHGJH�EDVHG�V\VWHPV�ZKLFK� UHO\�PDLQO\�RQ�GRPDLQ� WKHRU\�DQG�PRGHO�RI� WKH� WDUJHW
V\VWHP�LQVWHDG�RI�KHXULVWLFV�

,Q�RXU�FDVH��DQDORJRXVO\���0RGHO�EDVHG�DSSURDFK�� LV�VWURQJO\�QHHGHG�WR�PDNH�,,6�EXLOGLQJ
PRUH�VFLHQWLILF�DQG�SULQFLSOHG��:H�QHHG�WR�GHSDUW�IURP�WKH��KHXULVWLFV�EDVHG�DSSURDFK��DQG�HPSOR\
D�QHZ�WHFKQRORJ\��WKDW�LV��,'�NQRZOHGJH��WR�HQDEOH�WKH�GHYHORSPHQW�SURFHVV�WR�IROORZ�LQVWUXFWLRQDO
GHVLJQ�GHFLVLRQV�EDVHG�RQ�SULQFLSOHG�DQG�WKHRU\�EDVHG�NQRZOHGJH�

����&RQFHSWXDOL]DWLRQ

&RQFHSWXDOL]DWLRQ�LV�DQ�$,�WHUP�DQG�FRQVLVWV�RI�REMHFWV�DQG�UHODWLRQV�DPRQJ�WKHP�H[LVWLQJ�LQ�WKH
WDUJHW�ZRUOG��,W�LV�WKH�EDVLV�RI�V\VWHPV�ZKRVH�SHUIRUPDQFH�KHDYLO\�GHSHQGV�RQ�LW��2QH�RI�WKH�PDMRU
GLIILFXOWLHV�FRPPRQ�WR�PRVW�RI�WKH�H[LVWLQJ�V\VWHPV�LV�WKH�ODFN�RI�DQ�H[SOLFLW�UHSUHVHQWDWLRQ�RI�WKH
FRQFHSWXDOL]DWLRQ� HDFK� V\VWHPV� LV� EDVHG� RQ�� 7DNLQJ� DQ� H[SHUW� V\VWHP� DV� DQ� H[DPSOH�� LW� KDV� D
NQRZOHGJH�EDVH�LQ�LW�ZKLFK�GHFODUDWLYHO\�UHSUHVHQWV�ZKDW�LW�NQRZV�DERXW�WKH�SUREOHP�VROYLQJ�LQ�WKH
WDVN�GRPDLQ��7KH�NQRZOHGJH�EDVH�FDQ�EH�D�VRXUFH�RI�LQWHOOLJHQFH�ZKHQ�LW�VROYHV�SUREOHPV��2QFH�D
XVHU� WULHV� WR�PRGLI\� WKH� NQRZOHGJH� EDVH� RU� WR� UHXVH� VRPH� SRUWLRQ� RI� H[LVWLQJ� NQRZOHGJH� EDVH
GHYHORSHG�E\�RWKHU�SHUVRQV��KRZHYHU��KH�VKH� LPPHGLDWHO\� ILQGV�D� VHULRXV�GLIILFXOW\� LQ�GRLQJ�VR�
7KDW�LV��WKH�FRQFHSWXDOL]DWLRQ�RI�WKH�NQRZOHGJH�EDVH�LV�LPSOLFLW�DV�ZHOO�DV�XQGHUO\LQJ�DVVXPSWLRQV�
(YHQ�ZRUVH��WKH�VDPH�WHUPV�PD\�KDYH�GLIIHUHQW�PHDQLQJV�IURP�KLV�KHUV�6XFK�LQIRUPDWLRQ�KDV�EHHQ



UDUHO\� UHSUHVHQWHG� H[SOLFLWO\�� ZKLFK� KDV� EHHQ� D� VHULRXV� FDXVH� RI� PDQ\� GUDZEDFNV� WKH� FXUUHQW
NQRZOHGJH�EDVHG�V\VWHPV�VXIIHU�IURP�

7KH� VDPH�DSSOLHV� WR� ,,6V�� )HZ� ,,6V�KDV� DQ� H[SOLFLW� UHSUHVHQWDWLRQ�RI� LWV� FRQFHSWXDOL]DWLRQ�
:KLOH�WKH\�NQRZ�DERXW�WKH�XQGHUVWDQGLQJ�VWDWH�RI�WKH�OHDUQHU�DQG�KDYH�WXWRULQJ�NQRZOHGJH��HWF��
WKH\�GR�QRW�NQRZ�DQ\�FRQFHSW�ZKLFK�WKHLU�NQRZOHGJH�LV�FRPSRVHG�RI��,Q�RWKHU�ZRUGV��PRVW�RI�WKH
FRQFHWSV�DV�ZHOO�DV�WKHLU�SULPLWLYH�DFWLRQV�DUH�KDUG�ZLUHG��:H�FRXOG�VD\�VXFK�V\VWHPV�DUH�LOOLWHUDWH
EHFDXVH� WKH\� GR� QRW� XQGHUVWDQG� WKH� EDVLF� FRQFHSWV�� 7KHUHIRUH�� VXFK� V\VWHPV� QHYHU� EH� DEOH� WR
FRPPXQLFDWH�ZLWK�XVHUV�DXWKRUV��LQ�WHUPV�RI�VXFK�IXQGDPHQWDO�NQRZOHGJH�

$Q�DXWKRULQJ�V\VWHP�VKRXOG�EH�DZDUH�RI�VXFK�FRQFHSWXDOL]DWLRQ�RI�DQ�,,6�EHFDXVH�LW�FUHDWHV�DQ
,,6�E\�PDQLSXODWLQJ�VXFK�FRQFHSWV�DFFRGLQJ�WR�GHVLJQ�UDWLRQDOH�HPSOR\HG�

����6WDQGDUGL]DWLRQ

1HHGOHVV� WR� VD\�� LQGXVWULHV� KDYH� DWWDLQHG� WRGD\V� KLJK� SURGXFWLYLW\� WKDQNV� WR� VWDQGDUGL]DWLRQ� RI
FRPSRQHQWV��VD\��EROWV�DQG�QXWV��,W�LV�D�SLW\�WKDW�ZH�KDYH�QR�VXFK�VWDQGDUGL]HG�FRPSRQHQWV�LQ�$,�
('�FRPPXQLW\��,Q�RUGHU�WR�PRGHO�WDUJHW�REMHFWV��VXFK�FRPSRQHQWV�ZRXOG�KHOS�D�ORW�DQG�IDFLOLWDWH
PRGHO�EDVHG�SUREOHP�VROYLQJ��6WDQGDUGL]DWLRQ�RI�FRPSRQHQWV�GRHV�QRW�QHFHVVDULO\�LPSO\�WKDW�RI
NQRZOHGJH�LQ�JHQHUDO��:H�DUH�QRW�FODLPLQJ�WKDW�DOO�WKH�NQRZOHGJH�VKRXOG�EH�VWDQGDUGL]HG��8VLQJ
VWDQGDUGL]HG�EDVLF�FRPSRQHQWV��RQH�FDQ�HDVLO\�GHVLJQ�WKHLU�RZQ�NQRZOHGJH�E\�FRQILJXULQJ�WKHP�
ZKLFK�LV�VXSSRUWHG�E\�WKH�FXUUHQW�HQJLQHHULQJ�SURGXFWLRQ�

6WDQGDUGL]DWLRQ�LV�PDLQO\�IRU�SURYLGLQJ�XV�ZLWK�D�FRPPRQ�YRFDEXODU\�IRU�XQGHUVWDQGLQJ�ZKDW
KDYH�EHHQ�GRQH�WR�GDWH�ZLWK�OHVV�DPELJXLW\��,W�QHYHU�LPSOLHV�DQ\�UHVWULFWLRQ�RI�H[SORUDWLRQ�RI�WKH
IXWXUH�UHVHDUFK�DFWLYLWLHV��7KH�PDLQ�UHDVRQ�ZK\�KXPDQV�FDQ�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�LV�ZH
KDYH�D�FRPPRQ�SODWIRUP�RI�PHDQLQJ�ZH�FDQ�UHO\�RQ�DQG�FRQFHSWV�LQ�WHUPV�RI�ZKLFK�ZH�FDQ�H[SUHVV
RXU�LGHDV��:H�FDQ�VD\�VWDQGDUGL]DWLRQ��DW�OHDVW�WKH�HIIRUW�IRU�VWDQGDUGL]DWLRQ�WR�ILQG�QRW�RQO\�ZKDW�ZH
FDQ�VWDQGDUGL]H�EXW�DOVR�ZKDW�ZH�FDQQRW�VWDQGDUGL]H��LV�FUXFLDO�WR�IXUWKHU�VXFFHVV�RI�$,�('�UHVHDUFK�

+RZHYHU�� RQH� PD\� VD\� $,�('� UHVHDUFK� LV� SUHPDWXUH� WR� HVWDEOLVK� D� VWDQGDUG�� ,I
¦VWDQGDUGL]DWLRQ§�LV�D�ELW�WRR�VWURQJ��ZH�FRXOG�XVH�WKH�WHUP�¦VKDUHG�YRFDEXODU\§��,W�VRXQGV�PXFK
PRUH�VRIWO\�DQG�DFFHSWDEOH��6SHFLILFDWLRQ�RI�IXQFWLRQDO�FRPSRQHQWV�VKRXOG�EH�GHVFULEHG�LQ�WHUPV�RI
FRPPRQ� YRFDEXODU\�� 7KH� SUREOHP�� KRZHYHU�� LV� WKH� WHUPLQRORJ\� XVHG� E\� WHDFKHUV�� DXWKRUV�� DQG
GHYHORSHUV� DUH� GLIIHUHQW� IURP� HDFK� RWKHU�� $V� LV� GLVFXVVHG� DERYH�� LPSOHPHQWHG� V\VWHPV� GR� QRW
XQGHUVWDQG� HLWKHU� RI� WKH� YRFDEXODULHV�� ,Q� VKRUW�� DOO� WKH� IRXU� SDUWLFLSDQWV�� WKUHH� KXPDQV� DQG� RQH
FRPSXWHU��GR�QRW�VKDUH�FRPPRQ�YRFDEXODU\��7KLV�KDV�FDXVHG�D�ORW�RI�PLVXQGHUVWDQGLQJ�

(YHQ� DPRQJ� KXPDQ� SDUWLFLSDQWV�� IXUWKHUPRUH�� ZKHQ� WKH\� VWDUW� GLVFXVVLRQ� RQ� FRPSDULVRQ
DPRQJ�VHYHUDO�,,6V�RI�GLIIHUHQW�GRPDLQV��LW�LV�QRW�HDV\�IRU�WKHP�WR�SURSHUO\�SHUIRUP�WKH�FRPSDULVRQ
EHFDXVH�RI�WKH�GLIIHUHQW�WHUPLQRORJLHV�XVHG�LQ�WKH�UHVSHFWLYH�V\VWHPV�

7KH�VDPH�DSSOLHV�WR�FRPPXQLFDWLRQ�DPRQJ�FRPSRQHQW�PRGXOHV�LQ�,,6V��%HFDXVH�QR�FRPPRQ
IXQFWLRQDO� VSHFLILFDWLRQV� DQG� QR� FRPPRQ� YRFDEXODU\� DUH� DYDLODEOH�� WKH� FRPSRQHQWV� FDQ� QRW
FRPPXQLFDWH�ZLWK�HDFK�RWKHU�SURSHUO\��7KLV�LV�RQH�RI�WKH�VHULRXV�SUHYHQWLYH�IDFWRUV�RI�UHXVDELOLW\�RI
WKHP�

����7KHRU\�DZDUHQHVV

([SHUWLVH�LV�FRPSRVHG�RI�KHXULVWLFV�DQG�GRPDLQ�WKHRULHV�LQ�JHQHUDO��2QFH�LW�LV�H[WUDFWHG�DQG�LV�DW
KDQG��KHXULVWLF�NQRZOHGJH�LV�HDV\�WR�LPSOHPHQW�DQG�UHVXOWLQJ�V\VWHPV�XVXDOO\�ZRUNV�ZHOO��0DQ\
NQRZOHGJH�EDVHG�V\VWHPV�KDYH�EHHQ�EXLOW�HPSOR\LQJ�KHXULVWLF�NQRZOHGJH��2QH�RI�WKH�VKRUWFRPLQJV
RI�KHXULVWLF�DSSURDFK� LV� WKDW� LW� LV�QRW�SULQFLSOHG�DQG�LW� LJQRUHV�H[LVWLQJ�WKHRULHV��$QRWKHU�ZD\�RI
EXLOGLQJ�D�NQRZOHGJH�EDVHG�V\VWHP�LV�WR�XVH�GRPDLQ�WKHRULHV�ZKLFK�DUH�LQ�JHQHUDO�REMHFWLYH�DQG
FRQYLQFLQJ��3HRSOH�FDQ�HDVLO\�DFFHSW�VXFK�V\VWHPV�WKDW�DUH�EDVHG�RQ�WKHRULHV�

,VVXH�KHUH��KRZHYHU��LV�WKDW�DOO�WKH�WKHRULHV�LQ�PDQ\�RI�WKH�WKHRU\�EDVHG�V\VWHPV�DUH�EXLOW�LQ�LQ
WKH�SURFHGXUHV��1RW�WKH�V\VWHP�EXW�WKH�GHYHORSHU�NQRZV�WKH�WKHRU\��6XFK�D�V\VWHP�FDQQRW�EH�VDLG�WR
EH�¦WKHRU\�DZDUH§��$XWKRULQJ�V\VWHPV��ZKLFK�DUH�NLQG�RI�PHWD�V\VWHP�LQ�WKH�VHQVH�WKDW�LW�JHQHUDWHV
,,6V��QHHG�WR�EH�¦WKHRU\�DZDUH§�WR�EH�LQWHOOLJHQW��5LFK�DFFXPXODWLRQ�RI�LQVWUXFWLRQDO�DQG�OHDUQLQJ
WKHRULHV�VKRXOG�EH�XVHG�WR�DXWKRULQJ�V\VWHPV�NQRZOHGJHDEOH��'HFODUDWLYH�UHSUHVHQWDWLRQ�RI�WKRVH
WKHRULHV�HQDEOHV�WKHP�WR�EH�FDOOHG�¦WKHRU\�DZDUH§�

����6XPPDU\

0DNLQJ� V\VWHPV� LQWHOOLJHQW� UHTXLUHV� GHFODUDWLYH� UHSUHVHQWDWLRQ� RI� ZKDW� WKH\� NQRZ�



FRQFHSWXDOL]DWLRQ� VKRXOG� EH� H[SOLFLW� WR� PDNH� DXWKRULQJ� V\VWHPV� OLWHUDWH� DQG� LQWHOOLJHQW�
VWDQGDUGL]DWLRQ�RU�VKDUHG�YRFDEXODU\�ZLOO�IDFLOLWDWH�UHXVDELOLW\�RI�FRPSRQHQWV�DQG�HQDEOH�VKDUDEOH
VSHFLILFDWLRQ�RI� WKHP��DQG�WKHRU\�DZDUHQHVV�PDNHV�DXWKRULQJ�V\VWHPV�NQRZOHGJHDEOH��7KHQ�� WKH
QH[W� SUREOHP� LV� KRZ� WR� ILQG� D� VROXWLRQ�ZKLFK� VDWLVLILHV� DOO� WKHVH� UHTXLUHPHQWV�� 7KH� NQRZOHGJH
V\VWHPV�UHVHDUFK�LQ�$,�VXJJHVWV�RQWRORJLFDO�HQJLQHHULQJ�FRXOG�SURYLGH�XV�ZLWK�D�VROXWLRQ��/HW�XV
LQYHVWLJDWH�ZKDW�KDV�EHHQ�KDSSHQLQJ�LQ�NQRZOHGJH�SURFHVVLQJ�FRPPXQLW\�

���.QRZOHGJH�DQG�2QWRORJLFDO�(QJLQHHULQJ

����.QRZOHGJH�PRGHOOLQJ�DQG�RQWRORJ\

,Q� H[SHUW� V\VWHP� FRPPXQLWL\�� WKH� NQRZOHGJH� SULQFLSOH�� ¦7KH� SRZHU� H[LVWV� LQ� WKH� NQRZOHGJH§�
SURSRVHG�E\�)HLJHQEDXP�KDV�EHHQ�DFFHSWHG�DQG�FDUULHG�RXW�ZLWK�D�GHHS�DSSUHFLDWLRQ��VLQFH�LW�LV�WR
WKH�SRLQW�LQ�WKH�VHQVH�WKDW�WKH�LPSRUWDQFH�RI�DFFXPXODWLRQ�RI�NQRZOHGJH�LV�ODUJHU�WKDQ�WKDW�RI�IRUPDO
UHDVRQLQJ�DQG�ORJLF�LQ�PDNLQJ�H[SHUW�V\VWHPV�WR�ZRUN��7KLV�KDV�EHHQ�SURYHG�E\�WKH�VXFFHVV�RI�WKH
H[SHUW� V\VWHP� GHYHORSPHQW� DQG� D� ORW� RI� UHVHDUFK� DFWLYLWLHV� KDV� EHHQ� GRQH� XQGHU� WKH� IODJ� RI
¦NQRZOHGJH�HQJLQHHULQJ§��$IWHU�DQ�LQLWLDO�VXFFHVV��KRZHYHU��SHRSOH�UHDOL]HG�VHULRXV�GLIILFXOWLHV�LQ
NQRZOHGJH� EDVH� WHFKQRORJ\�� WKDW� LV�� H[SHQVLYHQHVV� RI� EXLOGLQJ� D� NQRZOHGJH� EDVH� DQG� ORZ
UHXVDELOLW\�RI�D�NQRZOHGJH�EDVH��7KH\�WULHG�WR�GHDO�ZLWK�KHXULVWLF�NQRZOHGJH�XVLQJ�VLPSOH�UXOH�EDVH
WHFKQRORJ\��7KH\�GLG�QRW�KDYH�DQ\�VRSKLVWLFDWHG�PHWKRGRORJLHV�RU�WKHRULHV�IRU�HOLFLWLQJ�NQRZOHGJH
IURP�WKH�NQRZOHGJH�VRXUFHV�� WUDQVIRUPLQJ��RUJDQL]LQJ��DQG�WUDQVODWLQJ�WKH�GRPDLQ�NQRZOHGJH�WR
HQDEOH�WKH�FRPSXWHU�WR�XWLOL]H�LW�

.QRZOHGJH�PRGHOOLQJ��ZKLFK�LV�D�VXEVWLWXWH�IRU�UXOH�EDVH�WHFKQRORJ\��LV�D�QHZ�WHFKQRORJ\�IRU
RYHUFRPLQJ� VXFK� GLIILFXOWLHV�� ,W� KDV� PDGH� HDVLHU� WR� HOLFLW� H[SHUWLVH�� WR� RUJDQL]H� LW� LQWR� D
FRPSXWDWLRQDO� VWUXFWXUH�� DQG� WR� EXLOG� NQRZOHGJH� EDVHV�� ([DPSOHV� LQFOXGH� .$'6� SURMHFW� LQ
(XURSH>%5(��@�� 3527(*(� SURMHFW� LQ� 86$>38(��@�� DQG� 08/7,6� SURMHFW� LQ� -DSDQ>0,=��@
>0,=��@�� $OO� WKHVH� WHFKQRORJLHV� DUH� RULJLQDWHG� IURP� WKH� LGHD� RI� *HQHULF� WDVNV>&+$��@� DQG
KHXULVWLF� FODVVLILFDWLRQ>&/$��@�� 7KH� XQGHUO\LQJ� LGHD� LV� WR� ILQG� GRPDLQ�LQGHSHQGHQW� DFWLYLWLHV
ZKLFK�VSHFLI\�UROHV�WKH�GRPDLQ�REMHFWV�SOD\�LQ�WKH�SUREOHP�VROYLQJ�SURFHVV��7KH�ODWHVW�NQRZOHGJH
PRGHOLQJ�UHVHDUFK�LQWURGXFHV�DQ�LGHD�RI�RQWRORJ\��5RXJKO\�VSHDNLQJ��DQ�RQWRORJ\�FRQVLVWV�RI�WDVN
RQWRORJ\�ZKLFK�VSHFLILHV�WKH�SUREOHP�VROYLQJ�DUFKLWHFWXUH�RI�NQRZOHGJH�EDVHG�V\VWHPV�DQG�GRPDLQ
RQWRORJ\�ZKLFK�VSHFLILHV�WKH�GRPDLQ�NQRZOHGJH��7DVN�RQWRORJ\�KDV�EHHQ�SURSRVHG�E\�RQH�RI�WKH
DXWKRUV� DQG� LW� VHUYHV� DV� D� WKHRU\� RI� YRFDEXODU\�FRQFHSWV� XVHG� DV� EXLOGLQJ� EORFNV� IRU�PRGHOLQJ
SUREOHP�VROYLQJ�VWUXFWXUH�>0,=��@�>0,=��E@�>&+$��@�

7DVN�RQWRORJ\�SURYLGHV�XV�ZLWK�DQ�HIIHFWLYH�PHWKRGRORJ\�DQG�YRFDEXODU\�IRU�ERWK�DQDO\]LQJ
DQG�V\QWKHVL]LQJ�NQRZOHGJH�EDVHG�V\VWHPV��,W�LV�D�V\VWHP�RI�WHUPV�FRQFHSWV�LQ�WHUPV�RI�ZKLFK�KRZ
KXPDQ� H[SHUWV� SHUIRUP� WKH� WDVN�SUREOHP� VROYLQJ�� LV� GHVFULEHG� GRPDLQ�LQGHSHQGHQWO\�� 7DVN
RQWRORJ\�FRXOG�EH�ZKDW�ZH�QHHG�WR�PDNH�NQRZOHGJH�EDVHG�V\VWHPV�EH�DZDUH�RI�ZKDW�WKH\�NQRZ
DERXW�WKH�WDVN�WKH\�DUH�SHUIRUPLQJ��RQ�ZKDW�FRQFHSWXDOL]DWLRQ�WKH�NQRZOHGJH�LQ�WKH�NQRZOHGJH�EDVH
LV� EDVHG�� HWF�� 5HVHDUFK� RQ� RQWRORJ\� IURP� DQ� HQJLQHHULQJ� SRLQW� RI� YLHZ� LV� FDOOHG� RQWRORJLFDO
HQJLQHHULQJ�

7KXV��NQRZOHGJH�HQJLQHHULQJ�KDV�GHYHORSHG�LQWR�RQWRORJLFDO�HQJLQHHULQJ>0,=��D@>0,=��@�
,W�LV�WUXH�WKDW�NQRZOHGJH�LV�GRPDLQ�GHSHQGHQW��DQG�KHQFH�NQRZOHGJH�HQJLQHHULQJ�ZKLFK�GLUHFWO\
LQYHVWLJDWHV� VXFK� NQRZOHGJH� KDV� EHHQ� VXIIHULQJ� IURP� D� UDWKHU� VHULRXV� GLIILFXOW\� FDXVHG� E\� LWV
VSHFLILFLW\� DQG� GLYHUVLW\�� +RZHYHU�� RQWRORJ\� UHVHDUFK� LV� GLIIHUHQW�� 2QWRORJLFDO� HQJLQHHULQJ
LQYHVWLJDWHV�NQRZOHGJH�LQ�WHUPV�RI�LWV�RULJLQV�DQG�HOHPHQWV�IURP�ZKLFK�NQRZOHGJH�LV�FRQVWUXFWHG�
+LHUDUFKLFDO� QDWXUH� RI� FRQFHSWV� DQG� GHFRPSRVDELOLW\� RI� NQRZOHGJH� DUH� H[SORLWHG� WR� GHHSO\
LQYHVWLJDWH�SULPLWLYHV�RI�NQRZOHGJH�DV�ZHOO�DV�EDFNJURXQG�WKHRULHV�RI�NQRZOHGJH�ZKLFK�HQDEOHV�XV
WR�DYRLG�WKH�GLIILFXOWLHV�NQRZOHGJH�HQJLQHHULQJ�KDV�IDFHG�ZLWK�
%\�D�WDVN��ZH�KHUH�PHDQ�D�SUREOHP�VROYLQJ�SURFHVV�OLNH�GLDJQRVLV��PRQLWRULQJ��VFKHGXOLQJ��GHVLJQ�
DQG�VR�RQ��,Q�RXU�FRQWH[W��LQVWUXFWLRQ�LV�D�WDVN��DV�LV�VXSSRUWLQJ�WKH�OHDUQLQJ�SURFHVV��$�WDVN�RQWRORJ\
LV�REWDLQHG�E\�DQDO\]LQJ�WDVN�VWUXFWXUHV�RI�UHDO�ZRUOG�SUREOHP�VROYLQJ��,W�GRHV�QRW�FRYHU�WKH�FRQWURO
VWUXFWXUH�EXW�GR�FRPSRQHQWV�RU�SULPLWLYHV�RI�XQLW�DFWLYLWLHV�WDNLQJ�SODFH�GXULQJ�SHUIRUPLQJ�WKH�WDVNV�
7KH� XOWLPDWH� JRDO� RI� WDVN� RQWRORJ\� UHVHDUFK� LQFOXGHV� WR� SURYLGH� D� WKHRU\� RI� DOO� WKH� FRQFHSWV
QHFHVVDU\�IRU�EXLOGLQJ�D�PRGHO�RI�KXPDQ�SUREOHP�VROYLQJ�SURFHVVHV�

����&RPSXWDWLRQDO�VHPDQWLFV�RI�DQ�RQWRORJ\

:KDW�LV�WKH�FRPSXWDWLRQDO�VHPDQWLFV�RI�DQ�RQWRORJ\"�,V�LW�MXVW�D�VHW�RI�WHUPV"�7KLV�LV�RQH�RI�WKH�PRVW



FUXFLDO�SRLQWV�RI�DQ�RQWRORJ\��&RQWUDU\�WR�WKDW�DQ�RQWRORJ\�VRPHWLPHV�ORRNV�MXVW�D�VHW�RI�WHUPV��LW�KDV
ULFKHU� FRPSXWDWLRQDO� VHPDQWLFV�� 2QH� RI� WKH� DXWKRUV� KDV� SURSRVHG� WKH� IROORZLQJ� WKUHH� OHYHOV� RI
RQWRORJLHV>0,=��@�

/HYHO����$�VWUXFWXUHG�FROOHFWLRQ�RI�WHUPV��7KH�PRVW�IXQGDPHQWDO�WDVN�LQ�RQWRORJ\�GHYHORSPHQW�LV
DUWLFXODWLRQ�RI� WKH�ZRUOG�RI� LQWHUHVW�� WKDW� LV��HOLFLWDWLRQ�RI�FRQFHSWV�DQG�LGHQWLI\LQJ�VR�FDOOHG� LV�D
KLHUDUFK\�DPRQJ�WKHP��7KHVH�DUH�LQGLVSHQVDEOH�WR�WKLQJV�WR�EH�DQ�RQWRORJ\��7\SLFDO�H[DPSOHV�RI
RQWRORJLHV�DW�WKLV�OHYHO�LQFOXGH�WRSLF�KLHUDUFKLHV�IRXQG�LQ�LQWHUQHW�VHDUFK�HQJLQHV�DQG�WDJV�XVHG�IRU
PHWDGDWD�GHVFULSWLRQ��/LWWOH�GHILQLWLRQV�RI�WKH�FRQFHSWV�DUH�PDGH�

/HYHO� ��� ,Q� DGGLWLRQ� WR� WKDW� DW� WKH� OHYHO� �� RQWRORJ\�� ZH� FDQ� DGG� IRUPDO� GHILQLWLRQV� WR� SUHYHQW
XQH[SHFWHG� LQWHUSUHWDWLRQ� RI� WKH� FRQFHSWV� DQG� QHFHVVDU\� UHODWLRQV� DQG� FRQVWUDLQWV� DOVR� IRUPDOO\
GHILQHG�DV�D�VHW�RI�D[LRPV��5HODWLRQV�DUH�PXFK�ULFKHU�WKDQ�WKRVH�DW�WKH�OHYHO�RQH��'HILQLWLRQV�DUH
GHFODUDWLYH�DQG�IRUPDO�WR�HQDEOH�FRPSXWHUV�WR�LQWHUSUHW��7KH�LQWHUSUHWDELOLW\�RI�DQ�RQWRORJ\�DW�WKLV
OHYHO�HQDEOHV�FRPSXWHUV�WR�DQVZHU�TXHVWLRQV�DERXW�WKH�PRGHOV�EXLOW�EDVHG�RQ�WKH�RQWRORJ\��0DQ\�RI
WKH�RQWRORJ\�EXLOGLQJ�HIIRUWV�DLP�DW�WKRVH�DW�WKLV�OHYHO�

/HYHO����7KH�RQWRORJ\�DW�WKLV�OHYHO�LV�H[HFXWDEOH�LQ�WKH�VHQVH�WKDW�PRGHOV�EXLOW�EDVHG�RQ�WKH�RQWRORJ\
UXQ�XVLQJ�PRGXOHV�SURYLGHG�E\�VRPH�RI�WKH�DEVWUDFW�FRGHV�DVVRFLDWHG�ZLWK�FRQFHSWV�LQ�WKH�RQWRORJ\�
7KXV��LW�FDQ�DQVZHU�TXHVWLRQV�DERXW�UXQWLPH�SHUIRUPDQFH�RI�WKH�PRGHOV��7\SLFDO�H[DPSOHV�RI�WKLV
W\SH�DUH�IRXQG�LQ�WDVN�RQWRORJLHV��6RIWZDUH�FRPSRQHQWV�LQ�FRPSRQHQW�ZDUH�URXJKO\�FRUUHVSRQG�WR
DQ�RQWRORJ\�DW�WKLV�OHYHO��%XW��WKH\�KDYH�QRWKLQJ�FRUUHFSRQGLQJ�WR�OHYHOV���DQG���

����.QRZOHGJH�HQJLQHHULQJ�RI�DXWKRULQJ

5RXJKO\� VSHDNLQJ�� DXWKRULQJ� FRQVLVWV� RI� ¦VWDWLF� NQRZOHGJH§� RUJDQL]DWLRQ� DQG� ¦G\QDPLF
NQRZOHGJH§�RUJDQL]DWLRQ��7KH�IRUPHU�LQFOXGHV�FXUULFXOXP�RUJDQL]DWLRQ�ZLWK�LQVWUXFWLRQDO�GHVLJQ
DQG�WKH�ODWWHU�WXWRULQJ�VWUDWHJ\�RUJDQL]DWLRQ�IRU�DGDSWDWLRQ�WR�WKH�OHDUQHUV��0DQ\�RI�WKH�,76�UHODWHG
UHVHDUFK�SXEOLVKHG�WKXV�IDU�DUH�PDLQO\�FRQFHUQHG�ZLWK�WKH�ODWWHU�EHFDXVH�LQWHOOLJHQW�EHKDYLRU�RI�,76V
HPHUJHV�QRW�RXW�RI��FXUULFXOXP�LWVHOI�EXW�RXW�RI�DGDSWLYH�WXWRULQJ�VWUDWHJLHV�EDVHG�RQ�OHDUQHU�PRGHO
EXLOW��7KLV�LV�RQH�RI�WKH�PDMRU�UHDVRQV�ZK\�,76�UHVHDUFKHUV�ZKR�KDYH�VWURQJ�$,�IODYRU�GR�QRW�SD\
PXFK�DWWHQWLRQ�WR�LQVWUXFWLRQDO�GHVLJQ�WHFKQRORJ\�DQG�KDYH�HPSOR\HG�KHXULVWLFV�EDVHG�DSSURDFK�WR
WKH�NQRZOHGJH�RUJDQL]DWLRQ�

2Q�WKH�RWKHU�KDQG��FXUULFXOXP�DXWKRULQJ�VKRXOG�EH�VXSSRUWHG�E\�LQVWUXFWLRQDO�GHVLJQ�ZKLFK�LV
EDVHG� RQ� LQVWUXFWLRQDO� VFLHQFH�ZKLFK� UHOLHV� RQ� OHDUQLQJ� VFLHQFH�� 7KHVH� GHSHQGHQFLHV� RI� VHYHUDO
W\SHV�RI� NQRZOHGJH� DUH� VRXUFH�RI� LQWHOOLJHQFH�RI� DXWKRULQJ� V\VWHPV�ZKLFK� DUH� H[SHFWHG� WR� KHOS
DXWKRUV� EXLOG� FXUULFXOXP� V\VWHPDWLFDOO\� DQG� VFLHQWLILFDOO\�� 'HFODUDWLYH� UHSUHVHQWDWLRQ� RI� VXFK� D
V\VWHP�RI�NQRZOHGJH�HQDEOHV�DXWKRULQJ�V\VWHPV�UHDOO\�LQWHOOLJHQW�

1RWH�KHUH�WKDW�QRW�DOO�WKH�NQRZOHGJH�QHFHVVDU\�IRU�DQ�,,6�FDQQRW�EH�WKHRU\�EDVHG��-XVW�OLNH�D
NQRZOHGJH�EDVHG�V\VWHP�� D�JRRG�FRPELQDWLRQ�RI�KHXULVWLFV�DQG�GRPDLQ� WKHRULHV� LV�QHFHVVDU\� LQ
UHDOLW\��+RZHYHU��WKH�PRUH�DGYDQFHPHQW�RI�,'�DQG�,6�UHVHDUFK�LV�PDGH��WKH�PRUH�RI�WKH�KHXULVWLFV
FDQ�EH�H[SODLQHG�DQG�KHQFH�VXSSRUWHG�E\�WKHRULHV��,'�RQWRORJ\�DZDUH�HQYLURQPHQWV�FRXOG�KHOS�ILQG
MXVWLILFDWLRQV�RI�KHXULVWLFV��7KLV�WRSLF�LV�GLVFXVVHG�LQ�VHFWLRQ���DJDLQ�

����+RZ�DQ�RQWRORJ\�SURYLGHV�XV�ZLWK�D�VROXWLRQ

)LUVW�RI�DOO��OHYHO���RQWRORJ\�SURYLGHV��D�VHW�RI�WHUPV�ZKLFK�VKRXOG�EH�VKDUHG�DPRQJ�SHRSOH�LQ�WKH
FRPPXQLW\��DQG�KHQFH�FRXOG���XVHG�DV�ZHOO�VWUXFWXUHG�VKDUHG�YRFDEXODU\��7KHVH�WHUPV�HQDEOHV�XV�WR
VKDUH�WKH�VSHFLILFDWLRQV�RI�FRPSRQHQWV©�IXQFWLRQDOLWLHV��WXWRULQJ�VWUDWHJLHV�DQG�VR�RQ�DQG�WR�SURSHUO\
FRPSDUH�GLIIHUHQW�V\VWHPV�

$Q�RQWRORJ\�LV�DOVR�GHILQHG�DV�¦DQ�H[SOLFLW�VSHFLILFDWLRQ�RI�D�FRQFHSWXDOL]DWLRQ>*58@§�ZKLFK
VXJJHVWV�LW�H[SOLFLWO\�UHSUHVHQWV�WKH�XQGHUO\LQJ�FRQFHSWXDOL]DWLRQ�ZKLFK�KDV�EHHQ�NHSW�LPSOLFLW�LQ
PDQ\�FDVHV��$�OHYHO���RQWRORJ\�LV�FRPSRVHG�RI�D�VHW�RI�WHUPV�DQG�UHODWLRQV�DPRQJ�WKHP�ZLWK�IRUPDO
GHILQLWLRQV�LQ�WHUPV�RI�D[LRPV��6XFK�D[LRPV�DUH�GHFODUDWLYH��DQG�KHQFH�VXFK�DQ�RQWRORJ\�UHSUHVHQWV
WKH�FRQFHSWXDOL]DWLRQ�GHFODUDWLYHO\��7KXV��D�OHYHO���RQWRORJ\�JLYHV�WKH�VRXUFH�RI�LQWHOOLJHQFH�WR�DQ
RQWRORJ\�EDVHG�V\VWHP�

� $QRWKHU� UROH� RI� DQ� RQWRORJ\� LV� WR� DFW� DV� D� PHWD�PRGHO�� $�PRGHO� LV� XVXDOO\� EXLOW� LQ� WKH
FRPSXWHU�DV� DQ� DEVWUDFWLRQ�RI� WKH� UHDO� WDUJHW��$QG�� DQ�RQWRORJ\�SURYLGHV� FRQFHSWV� DQG� UHODWLRQV
ZKLFK�DUH�XVHG�DV�EXLOGLQJ�EORFNV�RI�WKH�PRGHO��$[LRPV�JLYH�VHPDQWLF�FRQVWUDLQWV�DPRQJ�FRQFHSWV�



7KXV��DQ�RQWRORJ\�VSHFLILHV�WKH�PRGHOV�WR�EXLOG�E\�JLYLQJ�JXLGHOLQHV�DQG�FRQVWUDLQWV�ZKLFK�VKRXOG
EH� VDWLVILHG�� 7KLV� IXQFWLRQ� LV� YLHZHG� DV� WKDW� DW� WKH� PHWD� PRGHO� OHYHO�� 1HHGOHVV� WR� VD\�� WKLV
FKDUDFWHULVWLFV�LV�ZKDW�DQ�DXWKRULQJ�V\VWHP�UHDOO\�QHHGV��,Q�IDFW��ZH�FDQ�ILQG�VRPH�UHVHDUFK�EDVHG�RQ
WKH�PHWD�PRGHO�IXQFWLRQ�RI�DQ�RQWRORJ\>0,=��F��,.(����085����&+(��@�

$�VKDUHG�RQWRORJ\� LV�D� ILUVW� VWHS� WRZDUGV� VWDQGDUGL]DWLRQ��1RW�RQO\� LQIRUPDO�GHILQLWLRQV�RI
WHUPV�FRQFHSWV� EXW� DOVR� LQWHUPHGLDWH� FRQFHSWV� DUH� PDGH� H[SOLFLW� E\� WKH� OHYHO� �� RQWRORJ\�� 7KH
VWUXFWXULQJ� XVXDOO\� HPSOR\V� LV�D� DQG� SDUW�RI� OLQNV� WR� UHODWH� FRQFHSWV� HDFK� RWKHU�� 7KH� VWUXFWXUH
REWDLQHG�LQ�D�OHYHO���RQWRORJ\�LWVHOI�UHSUHVHQWV�DQ�XQGHUVWDQGLQJ�DERXW�WKH�GRPDLQ�RI�WKH�GHYHORSHU�
,W�LV�XVXDOO\�PXFK�PRUH�LQIRUPDWLYH�WKDQ�GHILQLWLRQ�RI�D�WHUP��$Q�RQWRORJ\�FDQQRW�LQVWDQWO\�EHFRPH
D�VWDQGDUG��$Q�RQWRORJ\�GHVLJQHG�E\�D�SHUVRQ�JLYHV��D�WHVW�EHG�IRU�HVWDEOLVKLQJ�D�VWDQGDUG�

2Q� WKH� EDVLV� RI� VWDQGDUGL]HG� WHUPV� DQG� FRQFHSWV�� NQRZOHGJH� RI� WKH� GRPDLQ� FDQ� EH
V\VWHPDWL]HG�LQ�WHUPV�RI�WKH�FRQFHSWV�DQG�VWDQGDUGL]HG�UHODWLRQV�LGHQWLILHG�LQ�WKH�RQWRORJ\��7KLV�LV
ZKDW�ZH�DUH�LQWHQGLQJ�WR�GR�LQ�RXU�DPELWLRXV�SODQ��EXLOGLQJ�DQ�RQWRORJ\�RI�,QVWUXFWLRQDO�'HVLJQ
ZKLFK�PDNHV�DQ�DXWKRULQJ�V\VWHP�¦,'�WKHRU\�DZDUH§�

���2QWRORJLFDO�(QJLQHHULQJ�RI�,'

:KLOH�WKH�SUHYLRV�VHFWLRQV�DUH�GHYRWHG�PDLQO\�WR�RQWRORJLFDO�HQJLQHHULQJ�DV�DQ�HQDEOLQJ�WHFKQRORJ\�
WKLV�VHFWLRQ�LV�FRQFHUQHG�ZLWK�WKH�,'�,6�NQRZOHGJH��WDUJHW�NQRZOHGJH�RI�RQWRORJLFDO�HQJLQHHULQJ�

����1HFHVVLW\�IRU�DQ�2QWRORJ\�RI�,QVWUXFWLRQ

$OWKRXJK�$,�('�UHVHDUFKHUV�FDQ�EH��ZHOO�DZDUH�RI�LQVWUXFWLRQDO�WKHRULHV��WKH\�HQFRXQWHU�GLIILFXOWLHV
LQ�LPSOHPHQWLQJ�V\VWHPV�WKDW�FDQ�UHO\�RQ�D�XQLILHG�DQG�FRPSOHWH�VHW�RI�FRQFHSWV�DQG�SULQFLSOHV�
+RZ� WR� EULGJH� WKH� JDS� EHWZHHQ� WKH� WZR"�$Q� ,,6� QHHGV� WHUPV�FRQFHSWV� FRQFHUQLQJ� SHGDJRJLFDO
DFWLRQV�WR�JURXQG�WKH�IXQFWLRQDOLW\�RQWR�FRQFUHWH�DFWLRQV��7KH�MXVWLILFDWLRQ�RI�DQ�,,6�VKRXOG�EH�JLYHQ
E\�WKHRULHV�DQG�WKH�VRXUFH�RI�LQWHOOLJHQFH�RI�WKH�V\VWHPV�VKRXOG�FRPH�IURP�WKH�NQRZOHGJH�EDVHV
FRQWDLQLQJ� WKLV� NQRZOHGJH�� +RZHYHU�� LGLRV\QFUDWLF� LPSOHPHQWDWLRQ� GRPLQDWHV� WKH� UHDO� V\VWHP
GHYHORSPHQW��DQG�WKLV�PD\�EH�D�PDMRU�VRXUFH�RI�GLIILFXOWLHV�LQ�WKH�ODFN�RI�LQWHURSHUDELOLW\�EHWZHHQ
NQRZOHGJH�EDVHV�DQG�V\VWHPV��'LVVHPLQDWLRQ�RI�,QVWUXFWLRQDO�.QRZOHGJH�DQG�WKH�VKDULQJ�RI�WKLV
NQRZOHGJH� DPRQJ�KXPDQV� DQG� FRPSXWHUV� KDV� EHFRPH� D� QHFHVVLW\��(DV\� DFFHVV� WR� LQVWUXFWLRQDO
WKHRULHV�LV�RI�ZRUWK�WR�ERWK��KXPDQ�DQG�FRPSXWHU�DJHQWV��IRU�KXPDQV��FRQYHQWLRQDO�EURZVHUV�DUH
HQRXJK��IRU�FRPSXWHUV��VRPHZKDW�GHHSHU�RSHUDWLRQDOLW\�LV�UHTXLUHG��2QWRORJLFDO�(QJLQHHULQJ�KHOSV
VSHFLI\�KLJKHU�OHYHO�IXQFWLRQDOLW\�RI�,,6V��LW�DOORZV�WR�EULGJH�WKH�JDS�EHWZHHQ�KXPDQ�NQRZOHGJH�DQG
NQRZOHGJH�LQ�WKH�NQRZOHGJH�EDVHV��7KH�DXWKRUV�EHOLHYH�WKDW�D�QHZ�GLUHFWLRQ�LV�QHHGHG�IRU�$,�('
UHVHDUFK�LQ�WKH�;;,VW�FHQWXU\��ZKLFK�FRXOG�WDNH�WKH�IRUP�RI�DQ�2QWRORJ\�RI�,QVWUXFWLRQ��WKDW�FRXOG
SDYH�WKH�ZD\�WR�WKH�EXLOGLQJ�RI�DQ�,'�DZDUH�$XWKRULQJ�(QYLURQPHQW�IRU�,,6V��$Q�DXWKRULQJ�DJHQW
FRXOG�H[SODLQ�UHOHYDQW�WKHRULHV�LQ�UHVSRQVH�WR�WKH�DXWKRU©V�UHTXHVW��LW�FRXOG�JLYH�WKH�DXWKRU�VRPH
SRVVLEOH�MXVWLILFDWLRQV�IRU�WHDFKLQJ�DQG�OHDUQLQJ�VWUDWHJLHV�IURP�D�WKHRUHWLFDO�SRLQW�RI�YLHZ��7R�WKLV
HQG��ZH�HQYLVLRQ�WKH�EXLOGLQJ�RI�DQ�,QVWUXFWLRQDO�NQRZOHGJH�VHUYHU�RQ�WKH�:HE��ZKLFK�FRXOG�KDYH
VXFK�VXSSRUW�IXQFWLRQDOLW\��DQG�EH�FDOOHG�¦,QVWUXFWLRQDO�2QWRORJ\�DZDUH�HQYLURQPHQW§��,Q�RUGHU�WR
UHDFK�WKLV�JRDO��ZH�VHH�WKDW�ZH�ILUVW�QHHG�WR�H[WUDFW�DQ�RQWRORJ\�IURP�H[LVWLQJ�,QVWUXFWLRQDO�WKHRULHV
DQG�IURP�,QVWUXFWLRQDO�'HVLJQ�PRGHOV�

����:KDW�LV�,QVWUXFWLRQDO�6FLHQFH�DQG�ZKDW�LV�,QVWUXFWLRQDO�'HVLJQ"

,QVWUXFWLRQDO�6FLHQFH�ZDV�ERUQ�LQ�������ZLWK�%UXQHU©V�7KHRU\�RI�,QVWUXFWLRQ��DQG�KDV�UHPDUNDEO\
JURZQ� VLQFH� WKHQ� ZLWK� $XVXEHO�� *ODVHU�� *DJQp�� 0HUULOO�� WR� QDPH� D� IHZ�� DQG� ZLWK� UHFHQW
GHYHORSPHQWV� LQ� &RJQLWLYH� 6FLHQFHV� �VHH� ,'� ELEOLRJUDSK\�� KWWS���ZZZ�XQF�HGX�FLW�JXLGHV�LUJ�
���KWPO��� ,W� EXLOGV� XSRQ� /HDUQLQJ� 6FLHQFHV� �3V\FKRORJ\� RI� /HDUQLQJ�� 6RFLRORJ\� RI� /HDUQLQJ�
6\VWHPV� 6FLHQFH��� DQG� FRQVLVWV� RI� WKHRULHV�� PRGHOV� DQG� PHWKRGRORJLHV� IRU� ,QVWUXFWLRQ� DQG� IRU
5HVHDUFK�RQ�,QVWUXFWLRQ��,QVWUXFWLRQDO�6FLHQFH�LV�D�'HVLJQ�6FLHQFH��DV�GHILQHG�E\�6LPRQ��LW�KDV�ERWK
GHVFULSWLYH�DQG�SUHVFULSWLYH�FRPSRQHQWV�� WKH�SUHVFULSWLYH�SDUW� IRUPV�ZKDW� LV� FDOOHG� ,QVWUXFWLRQDO
'HVLJQ��,QVWUXFWLRQDO�6FLHQFH�FRQWDLQV�DQG�EXLOGV�WKHRULHV��PRGHOV�DQG�PHWKRGRORJLHV��WKH�IRFXV�RI
VWXGLHV� LQ� ,QVWUXFWLRQDO� 6FLHQFH� LV� WKH� LQWHUUHODWLRQVKLSV� EHWZHHQ� IRXU� FODVVHV� RI� YDULDEOHV�
LQVWUXFWLRQDO�VLWXDWLRQ��VXEMHFW�PDWWHU��LQVWUXFWLRQDO�RXWFRPHV��DQG�LQVWUXFWLRQDO�VWUDWHJ\�YDULDEOHV
>5(,��@�

,QVWUXFWLRQDO� 'HVLJQ� LV� D� V\VWHPLF� DQG� V\VWHPDWLF� SURFHVV� RI� DSSO\LQJ� VWUDWHJLHV� DQG
WHFKQLTXHV� GHULYHG� IURP� EHKDYLRUDO�� FRJQLWLYH�� DQG� FRQVWUXFWLYLVW� WKHRULHV� WR� WKH� VROXWLRQ� RI



LQVWUXFWLRQDO� SUREOHPV�� LW� UHSUHVHQWV� WKH� V\VWHPDWLF� DSSOLFDWLRQ� RI� WKHRU\� DQG� RWKHU� RUJDQL]HG
NQRZOHGJH�WR�WKH�WDVN�RI�LQVWUXFWLRQDO�GHVLJQ�DQG�GHYHORSPHQW���6XESURFHVVHV�LQFOXGH��DQDO\VLV��RI
VXEMHFW�PDWWHU�� JRDOV� DQG� REMHFWLYHV�� VWXGHQW� FKDUDFWHULVWLFV�� FRQWH[W� DQG� FRQVWUDLQWV��� GHVLJQ
�KLJKHU�OHYHO�GHFLVLRQ�PDNLQJ�RQ�VWUDWHJLHV���GHYHORSPHQW��ORZHU�OHYHO�GHFLVLRQV�RQ�OHDUQLQJ�DQG
DVVHVVPHQW� DFWLYLWLHV� DQG�PDWHULDO��� HYDOXDWLRQ� �RI� SURFHVV� DQG� SURGXFW��� GHOLYHU\� �SURGXFW� DQG
VHUYLFHV��DQG�PDQDJHPHQW��RI�GHVLJQ�DQG�RI�GHOLYHU\�SURFHVVHV���,QVWUXFWLRQDO�'HVLJQ�LV�GRPDLQ�
LQGHSHQGHQW��JHQHULF��WKHRU\�EDVHG��LW�FRQWDLQV�FRQFHSWV��UXOHV�RU�SULQFLSOHV���7KH�VWDWH�RI�WKH�DUW�LQ
,QVWUXFWLRQDO�'HVLJQ�VKRZV�FRQFHUQV�DERXW�XQLILFDWLRQ�DQG�LQWHJUDWLRQ�>6((����'8&��@��DV�ZHOO
DERXW� WD[RQRPLF� LVVXHV� >6((��@�� WRZDUG� D� EHWWHU� LQWHJUDWLRQ� RI� WD[RQRPLF� FRQFHSWV� EHWZHHQ
OHDUQLQJ�GRPDLQV���DIIHFWLYH��FRJQLWLYH�DQG�SV\FKRPRWRU���,QVWUXFWLRQDO�'HVLJQ�LV�LQGHSHQGHQW�IURP
OHDUQLQJ�SDUDGLJPV� >/(%��@�� DQG� HYROYHV�DORQJ�ZLWK�QHZ� LQVWUXFWLRQDO�SDUDGLJPV�� �5HLJHOXWK©V
FODLP� IRU� D� QHZ� SDUDGLJP� RI� ,QVWUXFWLRQDO� 7KHRU\� >5(,��@� FRQWDLQV� WKH� IROORZLQJ� NH\ZRUGV�
FXVWRPL]DWLRQ��DXWRQRP\��FRRSHUDWLRQ��VKDUHG�GHFLVLRQ�PDNLQJ�� LQLWLDWLYH��GLYHUVLW\��QHWZRUNLQJ�
KROLVP��SURFHVV�RULHQWHG��DQG�/HDUQHU�DV�¦.LQJ§�

����)URP�7HDFKLQJ�DQG�7XWRULQJ�VWUDWHJLHV�WR�,QVWUXFWLRQDO�6WUDWHJLHV

&DQ� WHDFKLQJ� VWUDWHJLHV� EH� LPSRUWHG� IURP� WKHLU� QDWXUDO� VHWWLQJ�� WKH� FODVVURRP� PLOLHX�� WR� ,,6V"
7HDFKLQJ�VWUDWHJLHV�KDYH�EHHQ�VWXGLHG�DV�VWUDWHJLHV�HPSOR\HG�E\�WHDFKHUV�LQ�D�VLWXDWLRQ�ZKLWK�WKH
IROORZLQJ�FKDUDFWHULVWLFV��DFWRUV�DUH�RQH�WHDFKHU�DQG�D�JURXS�RI�VWXGHQWV��DOO�PHHW�DW�WKH�VDPH�SODFH
LQ� WKH� VDPH� WLPH�� DQG� UHJXODUO\�� RQ� D� \HDUO\�EDVLV�� WKHLU� HQFRXQWHUV� DUH�GHWHUPLQHG�E\� D� VFKRRO
V\VWHP�� DQG� E\� HVWDEOLVKHG� UHODWLRQVKLSV� �DXWKRULW\��� SHUVRQDO� GHYHORSPHQW�� VRFLDOL]DWLRQ� DQG
LQVWUXFWLRQ�DUH�LPSRUWDQW�JRDOV��VRPHWLPHV�SULRU�WR�LQVWUXFWLRQ��WKHUH�LV�D�FXOWXUH�D�WHDFKLQJ��ZLWK�D
VHW�RI�H[SHFWDWLRQV��ZKLFK�YDU\�ZLWK�WKH�FXOWXUH�RI�D�VRFLHW\�RU�PLOLHX��HWF��7HDFKLQJ�VWUDWHJLHV�FDQ
WKHUHIRUH�EH�FDOOHG�¦NQRZOHGJH�LQ�FRQWH[W§��VWURQJO\�GHSHQGHQW�RQ�FRQWH[W���7HDFKLQJ�H[SHUWLVH�LV
GHILQHG�DV�SUREOHP�VROYLQJ�H[SHUWLVH� LQ� WKH�FRQWH[W�RI�D�FODVVURRP��ZLWK�WZR�PDLQ�FRPSRQHQWV�
URXWLQH�NQRZOHGJH�DQG�FUHDWLYH�NQRZOHGJH��ERWK�VWURQJO\�UHODWHG�WR�WKH�FODVVURRP�PLOLHX�>*$*��@�
$V� D� FRQFOXVLRQ�� 7HDFKLQJ� VWUDWHJLHV� VKRXOG� EH� UHFRQVLGHUHG� XQGHU� WKH� OLJKW� RI� ¦NQRZOHGJH� LQ
FRQWH[W§�EHIRUH�EHLQJ�LPSRUWHG�LQWR�DQ�,,6��PRUHRYHU��WKH\�PD\�EH�DQDO\]HG�DQG�VHOHFWHG�RQO\�RQ
WKH�EDVLV�RI�WKHLU�UHOHYDQFH�IRU�,,6V�DQG�RI�FRQJUXHQFH��VRPH�PD\�EH�VWURQJO\�UHYLVHG�RU�DGDSWHG�
VRPH�HOLPLQDWHG�

7XWRULQJ�UHIHUV�WR�D�VLWXDWLRQ�RI�RQH�WXWRU�WR�RQH�RU�D�IHZ�VWXGHQWV��DQG�HW\PRORJLFDOO\�FRQWDLQV
WKH�QRWLRQ�RI�VWURQJ�JXLGDQFH�WRZDUG�DQ�H[SOLFLW�JRDO��WKH�PHWDSKRU�RI�WKH�WXWRU�IRU�D�SODQW�LOOXVWUDWHV
WKH�LGHD�RI�JRLQJ�VWUDLJKW�LQ�D�GLUHFWLRQ��7XWRULQJ�KDV�SURYHG�WR�EH�WKH�PRVW�HIIHFWLYH�VWUDWHJ\�WR
HQVXUH�OHDUQLQJ��DV�GHPRQVWUDWHG�E\�%ORRP�LQ�KLV�0DVWHU\�/HDUQLQJ�UHVHDUFK��DQG�KLV�FKDOOHQJH�WR
GLVFRYHU� VWUDWHJLHV� DV� HIIHFWLYH� IRU� JURXS� OHDUQLQJ� VWLOO� UHPDLQV�XQDQVZHUHG�� �7XWRULQJ�SURYLGHG
WKHUHIRUH�D�VROLG�JURXQG�IRU�,76�UHVHDUFK���:KHQ�UHIHUUHG�WR�LQ�,76�UHVHDUFK��WXWRULQJ�KDV�D�PRUH
IOH[LEOH�VHPDQWLFV��PHDQLQJ�DFWLRQV�WR�EH�WDNHQ�E\�D�¦NQRZOHGJHDEOH§�V\VWHP�WR�VXSSRUW�RU�JXLGH
OHDUQLQJ�E\� DQ� LQGLYLGXDO� VWXGHQW��+RZHYHU�� LW� UHPDLQV� WKH� ILHOG� RI� LQGLYLGXDO� OHDUQLQJ�� DV� GRHV
WUDGLWLRQQDO�GLVWDQFH�OHDUQLQJ�

,QGLYLGXDO�OHDUQLQJ��LQGLYLGXDO�WXWRULQJ�DQG�DV\QFKURXV�FRPPXQLFDWLRQ�DUH�W\SLFDO�IHDWXUHV�RI
D�GLVWDQFH�OHDUQLQJ�VLWXDWLRQ��ZKHUH�WZR�PDLQ�LPSOLFDWLRQV�IRU�GLVWDQFH�OHDUQLQJ�V\VWHPV��H[WHQVLYH
PDFUR��DQG�PLFUR�LQVWUXFWLRQDO�GHVLJQ��DQG�D�VWURQJ�VWXGHQW�VXSSRUW�V\VWHP���'LVWDQFH�/HDUQLQJ�DQG
,QVWUXFWLRQDO�'HVLJQ�DUH�LQWULQVLFDOO\�UHODWHG�>%28��@��DQG�NQRZOHGJH�JDLQHG�LQ�GLVWDQFH�OHDUQLQJ
WKHRU\�DQG�GHVLJQ�>022��@��SURYLGHV�GLUHFWLRQV�WRZDUG�WKH�GHVLJQ�RI�2/(V���+\EULG�V\VWHPV�DUH
ZKDW�ZH�QHHG�WR�HQYLVLRQ��ZKHUH�DOO�DFWRUV��VWXGHQWV�DQG�WHDFKHUV��VKDUH�ERWK�¦OLYH§�HYHQWV�LQ�QDWXUDO
VHWWLQJV��DQG�YLUWXDO�RQHV��ZLWK�D�V\VWHP�WKDW�LV�DZDUH�RI�ERWK�XQLYHUVHV��DQG�FDSDEOH�RI�UHIHUULQJ�WR
ERWK�LQ�LWV�UHDVRQLQJ�DQG�GHFLVLRQ�PDNLQJ�

7KH�WHUP� WHOHOHDUQLQJ� LV�XVHG�WR�GHVLJQDWH�QHZ�IRUPV�RI�GLVWDQFH�RU�RI�FRPSXWHU�PHGLDWHG
OHDUQLQJ��ZKHUH�WKH�GLVWDQFH�LV�QRW�RQO\�GLVWDQFH�LQ�VSDFH�RU�WLPH�DV�LQ�WUDGLWLRQDO�GLVWDQFH�OHDUQLQJ�
EXW� WKH�PHGLDWLRQ�LQ� OHDUQLQJ�DFWLYLWLHV�VHUYHG�E\�PHGLD�VXFK�DV�PXOWLPHGLD�VKDUHG�ZRUNVSDFHV�
PXOWLPHGLD� FRPPXQLFDWLRQ�� RU� PXOWLPHGLD� VHUYHUV�� 0DQ\� YDULDWLRQV� FDQ� EH� IRXQG� LQ� WHUPV� RI
SUHVHQFH��WHOHSUHVHQFH��PHHWLQJ�LQ�YLUWXDO�VSDFHV��LQWHUDFWLYLW\�ZLWK�ULFK�PXOWLPHGLD�HQYLURQPHQWV�
DQG�H[WHQVLYH�KXPDQ� LQWHUDFWLRQV� LQ� D�YLUWXDO�ZRUOG�ZLWK�QR� OLPLWV� H[FHSW� DFFHVV� DQG� ODQJXDJH�
&ROODERUDWLYH� WHOHOHDUQLQJ�HPSKDVL]HV� WKH�FROODERUDWLYH� LQWHUDFWLRQ�EHWZHHQ�VWXGHQWV� LQ�D�YLUWXDO
ZRUOG>%28��@�� ,QVWUXFWLRQDO� 'HVLJQ� RI� 6LPXODWLRQV� DQG� /DEV� IRU� 7HOHOHDUQLQJ� PHDQV
LQWHUGHSHQGHQW�GHVLJQ�RI�OHDUQLQJ�VFHQDULRV�DQG�OHDUQLQJ�HQYLURQPHQWV�>%28��@�

7KHUH� LV� PRUH� WR� ,QVWUXFWLRQDO� 6WUDWHJLHV� WKDQ� RQO\� LQGLYLGXDO� WXWRULQJ�� DQG� D� ULFK� VHW� RI
DSSURSULDWH�VWUDWHJLHV�FRXOG�EH�NQRZQ�E\�DQ�LQWHOOLJHQW�DXWKRULQJ�HQYLURQPHQW��ZLWK�WKH�FRQGLWLRQV



IRU�WKHLU�DSSURSULDWH�XVH���WKLV�LQFOXGHV�QHZ�LGHDV�VXFK�DV�5HLJHOXWK©V�OHDUQHU�IRFXVHG�LQVWUXFWLRQ
ZLWK�DSSURSULDWH�FRPELQDWLRQV�RI�FKDOOHQJH�DQG�JXLGDQFH��HPSRZHUPHQW�DQG�VXSSRUW��VHOI�GLUHFWLRQ
DQG�VWUXFWXUH��ZKHUH�OHDUQHUV�PD\�FKRRVH�IURP�PHWKRGV�VXFK�DV�SUREOHP�RU�SURMHFW�EDVHG�OHDUQLQJ�
VLPXODWLRQV��WXWRULDOV��DQG�WHDP�EDVHG�OHDUQLQJ�>5(,��@�

����,QVWUXFWLRQDO�'HVLJQ�DZDUH�$XWKRULQJ

,QVWUXFWLRQDO�.QRZOHGJH�KDV�EHHQ�XVHG�LQ�WKH�ILHOG�RI�,76�IRU�DSSUR[LPDWHO\�D�TXDUWHU�RI�D�FHQWXU\�
DQG�H[SHULHQFH�JDLQHG�LQ�WKH�EXLOGLQJ�RI�,76V�VKRZV�WKDW�WKH\�DUH�RIWHQ�FXUULFXOXP�RU�WRSLF�RULHQWHG�
KDYH� VRPHWLPHV� ZHDN� FRQJUXHQFH� EHWZHHQ� DQDO\VLV� RI� WDVN� DQG� LQVWUXFWLRQDO� RU� DVVHVVPHQW
VWUDWHJLHV�� ODFN� RI� DZDUHQHVV� RI� OHDUQHU� FRQWH[W� EHVLGHV� FRJQLWLYH� DVSHFWV�� OHDUQHU�PRGHOOLQJ� LV
RULHQWHG�WRZDUG�FRQWURO��H[LVWLQJ�LQVWUXFWLRQDO�NQRZOHGJH�LV�IUDJPHQWDO�DQG�VRPHWLPHV�XVHG�PRUH
WR�VHUYH�WHFKQLFDO�GHVLJQ�QHHGV�UDWKHU�WKDQ�OHDUQLQJ�QHHGV���5HFHQW�HIIRUWV�LQ�WKH�$,('�FRPPXQLW\
DSSHDUHG�WRZDUG�,76�$XWKRULQJ�>1.$����085����5('����'8%����,.(����&+(��@���0XUUD\©V
UHFHQW� UHYLHZ� >085��@�VKRZV� WUHQGV� WRZDUG� LQFOXVLRQ�� LI�QRW� LQWHJUDWLRQ��RI� IRXU�FRPSRQHQWV� �
7RROV�IRU�&RQWHQW��,QVWUXFWLRQDO�6WUDWHJ\��6WXGHQW�0RGHO��DQG�,QWHUIDFH�'HVLJQ�
*LYHQ�WKH�FKDUDFWHULVWLFV�RI�,QVWUXFWLRQDO�'HVLJQ��GRPDLQ�LQGHSHQGHQW��WKHRU\�EDVHG���HIIRUWV�KDYH
EHHQ�PDGH�LQ�WKH�ODVW�GHFDGH�WRZDUG�WKH�PRGHOOLQJ�RI�WKLV�NQRZOHGJH�>7(1��@��$�PDMRU�HIIRUW�ZDV
FRQGXFWHG�DW�86$)�$PVWURQJ�/DE�LQ�WKH���V�DV�OHDGHUV�LQ�WKH�ILHOG�JDWKHUHG�GXULQJ�VHYHUDO�\HDUV
ZLWK�WKH�JRDO�RI�EXLOGLQJ�D�FRQVHQVXDO�ERG\�RI�,QVWUXFWLRQDO�'HVLJQ�NQRZOHGJH��DQG�RI�DXWRPDWLQJ
WKH�,QVWUXFWLRQDO�'HVLJQ�3URFHVV���WKLV�SURMHFW��FDOOHG�$,'$�LQFUHDVHG�WKH�DZDUHQHVV�RI�WKH�QHFHVVLW\
RI� D� FRQVHQVXDO� NQRZOHGJH�� RWKHU� PDMRU� SURMHFWV� LQFOXGH� ,'� ([SHUW� E\� 0HUULOO�� *8,'(� E\
7HQQ\VRQ���6\VWHP�'\QDPLFV��DW�8�%HUJHQ��6$)$5,��DW�8�0RQWUpDO���DQG�$*'�DW�/,&()�>3$4��@�
,QVWUXFWLRQDO�'HVLJQ�NQRZOHGJH�DOVR�VHUYHG�DV�D�IRXQGDWLRQ�IRU�EXLOGLQJ�WKH�REMHFW�RULHQWHG�9LUWXDO
&DPSXV�(QYLURQPHQW�DW�/,&()�>3$4��@�

,QWHOOLJHQW� $XWKRULQJ� (QYLURQPHQWV� WKDW� FDQ� VXSSRUW� WKH� EXLOGLQJ� RI� ,76V� QHHG� VROLG
IRXQGDWLRQV� LQ� ,QVWUXFWLRQDO�6FLHQFH��ZLWK�D�FRKHUHQW�VHW�RI�FRQFHSWV�DQG�SULQFLSOHV� IRU�EXLOGLQJ
TXDOLW\� SURGXFWV�� � 6XFK� HQYLURQPHQWV� VKRXOG� SURYLGH� DXWKRUV� ZLWK� D� FKRLFH� EHWZHHQ� ORQJ
HVWDEOLVKHG�NQRZOHGJH� DQG�PRUH� UHFHQW�GHYHORSPHQWV�� VXFK�DV�5HLJHOXWK©V�SURSRVDO� WR� FRQVLGHU
OHDUQHUV� DV� FR�GHVLJQHUV� RI� WKHLU� LQVWUXFWLRQ��ZKHUH� ¦OHDUQHUV� KDYH� WKH� FDSDELOLW\� WR� UHTXHVW� WKH
FRPSXWHU�V\VWHP�WR�XVH�VRPH�LQVWUXFWLRQDO�VWUDWHJLHV��DV�ZHOO�DV� WKH�FRPSXWHU�GHFLGLQJ�RQ�VRPH
VWUDWHJLHV�EDVHG�RQ�OHDUQHU�LQSXW§�>5(,��@�

����'HVLJQLQJ�DQG�$XWKRULQJ�DQ�,,6��,/(��RU�2/(

$Q�,'�DZDUH�$XWKRULQJ�6\VWHP�NQRZV�WKH�GLVWLQFWLRQ�EHWZHHQ�GHVLJQLQJ�DQ�,,6��DQ�,/(��DQG�DQ
2/(��LW�SURYLGHV�WKH�VHW�RI�UHTXLUHPHQWV�DQG�GHFLVLRQV�WR�EH�PDGH�LQ�HDFK�FDVH�EHIRUH�VWDUWLQJ�DQ\
DXWKRULQJ��LQ�RUGHU�WR�KDYH�D�FRPSOHWH��FRKHUHQW�DQG�FRQJUXHQW�SURGXFW�

5HTXLUHPHQWV�LQ�GHVLJQLQJ�DQ�,,6�UHO\�RQ�WKH�NQRZOHGJH�RI�LQGLYLGXDO�G\QDPLF�FKDUDFWHULVWLFV
DV�PXFK�DV�RI�WKH�GLGDFWLF�NQRZOHGJH��ZH�H[SHFW�,76�UHVHDUFK�WR�HYROYH�WRZDUG�PXOWLPHGLD�DQG�95
WHFKQRORJ\��H�J��IRU�VLPXODWLRQV�DQG�ODEV��LW�FRXOG�WKHUHIRUH�EHQHILW�IURP�EHLQJ�EDVHG�RQ�H[SOLFLW�DQG
WKHRU\�EDVHG� GHVLJQ� SULQFLSOHV�� H�J�� IRU� GHVLJQLQJ� OHDUQLQJ� VFHQDULRV� WRJHWKHU� ZLWK� OHDUQLQJ
HQYLURQPHQWV��([SOLFLW� VWDWHPHQWV�ZRXOG� EH� WR� VSHFLI\� WKH� FRQGLWLRQV� RI� OHDUQLQJ� IRU�ZKLFK� WKH
V\VWHP�KDV�EHHQ�WKRXJKW��DV��FRPSOHPHQW��VXSSOHPHQW�RU�UHSODFHPHQW�RI�WHDFKLQJ�

'HVLJQLQJ�DQ�,/(�UHTXLUHV�D�GLIIHUHQW�VHW�RI�GHFLVLRQV��WKDW�FDQ�UHIHU�WR�HLWKHU�LQGLYLGXDO�RU
WHDP�EDVHG� OHDUQLQJ�� ZLWK� D� SKLORVRSK\� VXFK� DV� VLWXDWHG� OHDUQLQJ�� KDYLQJ� IXQGDPHQWDOV� IRU� D
FRQVWUXFWLYLVW�GHVLJQ�IRU�H[DPSOH��KHOSV�XV�LQ�PDNLQJ�H[SOLFLW�VWDWHPHQWV�DERXW�WKH�GHVLJQ�SULQFLSOHV
XVHG��WKH�DXWKRULQJ�GHFLVLRQV�PDGH��DQG�DERXW�WKHLU�SHGDJRJLFDO�ILQDOLW\�DQG�HIIHFWLYHQHVV�>/(%��@�

'HVLJQLQJ�DQ�2/(�FRQWDLQV�FKDOOHQJHV� WKDW� VHHP� WR�EH�SDUWLFXODUO\� LQ�SKDVH�ZLWK� WKH� WLPH
VSLULW�DV�ZH�DUH�VWHSSLQJ�LQWR�WKH�;;,VW�FHQWXU\��%HLQJ�¦RSHQ§�FDQ�PHDQ�NHHSLQJ�\RXU�H\HV�RSHQ�
DQG�DOVR�EHLQJ�RSHQ�PLQGHG��:KDW�GRHV�LW�PHDQ�IRU�DQ�2/("�5HTXLUHPHQWV�IRU�DQ�2/(�W\SLFDOO\
DUH�����WR�NQRZ�DERXW�H[WHUQDO�OHDUQLQJ�HYHQWV��ERWK�WKRVH�SODQQHG�DQG�WKH�RQHV�WKDW�UHDOO\�KDSSHQHG�
���WR�EH�DEOH�WR�UHDVRQ��PDNH�K\SRWKHVLV�DQG�GHFLVLRQV�EDVHG�RQ�ERWK�LQWHUQDO�DQG�H[WHUQDO�HYHQWV����
WR�EH�IOH[LEOH�LQ�DGDSWLQJ�LQVWUXFWLRQDO�VWUDWHJLHV�EDVHG�RQ�FXOWXUH�RU�DIIHFWV�

,QVWUXFWLRQDO�'HVLJQ�KDV�WKH�FDSDELOLW\�WR�PDNH�,76V�DQG�,/(V�HYROYH�WRZDUG�2SHQ�/HDUQLQJ
(QYLURQPHQWV�DV�IROORZV���,QVWUXFWLRQDO�'HVLJQ�LV�D�SURFHVV�E\�ZKLFK�OHDUQLQJ�HYHQWV�FDQ�EH�GHILQHG
RU�GHVFULEHG��LQGHSHQGHQWO\�RI�WKHLU�LQVWUXFWLYLVW�RU�FRQVWUXFWLYLVW�RULHQWDWLRQ���,Q�RUGHU�WR�SUHYHQW
WKH���ER[�HIIHFW���RI�,QWHOOLJHQW�7XWRULQJ�¤�L�H��D�VWXGHQW�LQWHUDFWLQJ���ZLWKLQ���D�V\VWHP�WKDW�KDV�QR
NQRZOHGJH�RI�DQ\�H[WHUQDO�HYHQW��,QVWUXFWLRQDO�'HVLJQ�SURYLGHV�D�ZD\�WR�LQIRUP�WKH�V\VWHP�DERXW



H[WHUQDO�OHDUQLQJ�HYHQWV��VR�WKDW�LW�FDQ�WDNH�WKHVH�HYHQWV�LQWR�DFFRXQW�LQ�LWV�UHDVRQLQJ�DQG�GHFLVLRQ�
PDNLQJ��7KLV�EULGJLQJ�FRXOG�PDNH�,76V�PRUH���UHDO���WR�VWXGHQWV��PDNH�EHWWHU�OHDUQLQJ�FRPSDQLRQV
RU�WXWRUV�

���$�5RDG�0DS

7KH�IROORZLQJ�LV�D�URDG�PDS�WRZDUGV�WKH�QHZ�GLUHFWLRQ���&KDOOHQJHV�DUH�WKUHHIROG�����WKH�VKDULQJ
DPRQJ�KXPDQV��DQG�WKURXJK�FRPSXWHU�WHFKQRORJ\��RI�WKH�NQRZOHGJH�ZH�KDYH�DFFXPXODWHG�WKXV�IDU�
��� 7KH� VKDULQJ� H[WHQGHG� IURP� WKDW� DPRQJ� KXPDQV� WR� WKDW� DPRQJ� FRPSXWHUV�� ��� 7KH
RSHUDWLRQDOL]DWLRQ�RI�WKLV�NQRZOHGJH�WR�VXSSRUW�WKH�EXLOGLQJ�RI�,,6V�

7KH�ILUVW�FKDOOHQJH�LV�WR�KDYH�FRPSXWHUV�PHGLDWH�WKH�VKDULQJ�RI�RXU�NQRZOHGJH���,Q�RUGHU�WR
HQDEOH� FRPSXWHUV� PHGLDWH� KXPDQV� LQ� NQRZOHGJH� VKDULQJ�� WKHUH� QHHGV� WR� EH� PRUH� WKDQ� DQ
LQIRUPDWLRQ�UHWULHYHU��,I�WKH�NQRZOHGJH�LV�GHULYHG�IURP�GLIIHUHQW�FRQFHSWXDOL]DWLRQ�RI�WKH�ZRUOG�RI
LQWHUHVW�� DQG� XQUHODWHG� WHUPV� DUH� XVHG� WR� UHSUHVHQW� WKH� NQRZOHGJH�� FRPSXWHUV� FDQQRW� GR� WKH
PHGLDWLRQ��7KH\�QHHG�WR�VKDUH�DW�OHDVW�WKH�IXQGDPHQWDO�FRQFHSWXDOL]DWLRQ�RI�WKH�WDUJHW�ZRUOG�ZLWK
KXPDQV�� DQG� D� FRPPRQ� YRFDEXODU\� IRU� UHSUHVHQWLQJ� WKH� NQRZOHGJH�� LQ� RUGHU� WR� GR�PHDQLQJIXO
PHGLDWLRQ�XVLQJ�WKH�FRPPRQ�WHUPV���7KH�OHYHO���RQWRORJ\�GLVFXVVHG�LQ�����SOD\V�WKH�VXIILFLHQW�UROH
IRU� WKLV� JRDO��7KLV�ZRXOG�EH� WKH� ILUVW� VWHS� LQ�RXU� HQWHUSULVH�� ,W� LV� LPSRUWDQW� WR�QRWH� WKDW� ¦VKDUHG
YRFDEXODU\§�GRHV�QRW�PHDQ�WKDW�LW�GHQLHV�WKH�YDULHW\�RI�WKHRULHV�EDVHG�RQ�GLIIHUHQW�YLHZSRLQWV��QRU
GRHVW�LW�PHDQ�VWDQGDUGL]DWLRQ�RI�NQRZOHGJH��7KH�JRDO�LV�WR�VKDUH�SULPLWLYH�FRQFHSWV�LQ�WHUPV�VXFK
WKDW�ZH�FDQ�GHVFULEH�WKH�NQRZOHGJH�DQG�WKHRULHV��LQ�IXOO�UHVSHFW�RI�WKHLU�LQWHJULW\���:H�DQWLFLSDWH�WKDW
PRVW�RI�WKH�,QVWUXFWLRQDO�NQRZOHGJH�FRXOG�EH�GHVFULEHG�LQ�WHUPV�RI�D�VKDUHG�YRFDEXODU\��:H�FDQ�VHH
PRYHPHQWV� UHODWHG� WR� WKLV� HQWHUSULVH�� 2Q�OLQH� JORVVDU\� RI� ,'� �H�J��
KWWS���JDUQHW�DFQV�IVX�HGX�aZZZ�����JORVVDU\�KWPO� �� DQG� KRPH� SDJH� RI� ,'� WKHRULHV� �H�J��
KWWS���ZZZ�FXGHQYHU�HGX�aPU\GHU�LWFBGDWD�WKHRU\�KWPO����UHVHDUFK�RQ�WD[RQRP\�RI�,'�NQRZOHGJH
>6((��@�DOVR�JLYHV�D�SRVLWLYH�LQGLFDWLRQ��2QH�VWHS�IXUWKHU�WRZDUGV�WKH�OHYHO���RQWRORJ\�ZRXOG�PDNH
D�FRQFUHWH�FRQWULEXWLRQ�WR�WKH�JRDO�

������������������)LJ����$Q�RQWRORJLFDO�GLDJUDP�RI�UHODWHG�V\VWHPV�ZLWK�,'�NQRZOHGJH�VHUYHUV�

7KH�VHFRQG�FKDOOHQJH�LV�WR�H[WHQG�WKLV�VKDULQJ�IURP�DPRQJ�KXPDQV�WR�DPRQJ�FRPSXWHUV���6LQFH
D�VKDUHG�YRFDEXODU\�LV�QRW�ULFK�LQ�PHDQLQJ���LW�FRQVLVWV�RQO\�RI�D�VHW�RI�FRPPRQ�WHUPV�VWUXFWXUHG�LQ
WHUPV� RI� LV�D� DQG� SDUW�RI� OLQNV�� FRPSXWHUV� FDQQRW� JR� GHHSHU� EHFDXVH� RI� WKH� VHPDQWLFDOO\� SRRU
VLWXDWLRQ��7R�HQKDQFH�FRPSXWHU©V�LQWHOOLJHQFH��WKH�OHYHO���LQWURGXFHV�GHILQLWLRQV�RI�HDFK�WHUP�DQG
UHODWLRQV�ULFKHU�WKDQ�LQ�OHYHO���XVLQJ�D[LRPV��$Q�D[LRP�UHODWHV�D�FRXSOH�RI�FRQFHSWV�VHPDQWLFDOO\�
ZKLFK�PDNHV� FRPSXWHUV� SDUWLDOO\� XQGHUVWDQG� WKH� UDWLRQDOH� RI� WKH� FRQILJXUDWLRQ� RI� WKH�ZRUOG� RI

Domain
Domain

Domain
Domains

Knowledge of 
Math, Physics, 
Plant operation
Plution mechanism, etc.

Task :
Instruction/
Learning support 

ITS/ILE/OLE Ontology- aware/
ID- Knowledge- aware
Authoring environment

2QWRORJ\ RI HDFK GRPDLQ

Domain ontology

Task ontology

Ontologies of Caring,
Tutoring strategy,
Teaching material,
Learner model, etc.

1

1

1

2

Support model
building
Role of base
ontology

2

Instructional
Science

Learning
Sciences

ID Knowledge Server

2

ID ontology

3

Binding of task
and domain K3



LQWHUHVW��KHUH�OHDUQLQJ�DQG�LQVWUXFWLRQ�
7KH�RSHUDWLRQDOL]DWLRQ�RI�WKLV�NQRZOHGJH�OHDGV�WR�WKH�EXLOGLQJ�RI�,,6V��7KLV�UHTXLUHV�D�OHYHO��

RQWRORJ\� WR� HQDEOH� FRPSXWHUV� WR� UXQ� WKH� FRGH� FRUUHVSRQGLQJ� WR� WKH� DFWLYLW\�UHODWHG� FRQFHSWV�
.QRZOHGJH�DW�WKLV�OHYHO�LV�PDLQO\�FRQFHUQHG�ZLWK�WDVN�RQWRORJ\�ZKLFK�FRQWDLQV�FRQFHSWV�RI�DFWLRQ
RI�WKH�V\VWHP�LQ�SHUIRUPLQJ�D�VSHFLILF�WDVN���LQVWUXFWLRQ��OHDUQLQJ�VXSSRUW���$Q�RQWRORJLFDO�GLDJUDP
RI�,,6��DXWKRULQJ�HQYLURQPHQW�DQG�,QVWUXFWLRQDO�'HVLJQ��NQRZOHGJH�VHUYHU�LV�VKRZQ�LQ��)LJ�����:KHQ
ZH�KDYH�D�VKDUHG�YRFDEXODU\��WKHQ�WKH�,'�NQRZOHGJH�VHUYHU�FRPPXQLFDWHV�ZLWK�KXPDQV�ZKR�QHHG
KHOS�LQ�ILQGLQJ�,'�NQRZOHGJH�DSSURSULDWH�IRU�WKHLU�JRDOV��LW�FDQ�JLYH�MXVWLILFDWLRQV�WR�DQ�RQWRORJ\�LQ
,'�NQRZOHGJH�DZDUH�DXWKRULQJ�HQYLURQPHQWV��7KXV��VXFK�DXWKRULQJ�HQYLURQPHQWV�FDQ�GLVFXVV�ZLWK
DXWKRUV� DERXW� WKH� DSSURSULDWHQHVV� RI� VWUDWHJLHV� DGRSWHG� ZLWK� WKH� KHOS� RI� ,'� NQRZOHGJH� VHUYHU�
)XWXUH�,,6V�GHYHORSHG�LQ�WKLV�ZD\�ZRXOG�EHKDYH�LQ�D�VHDPOHVV�IORZ�RI�NQRZOHGJH�IURP�GHVLJQHUV
RQWR�OHDUQHUV�

2QH� VWHS� LQWR� WKLV� GLUHFWLRQ� FRXOG� EH� WR� EXLOG� XSRQ� DQ� H[LVWLQJ� FRXUVHZDUH� HQJLQHHULQJ
ZRUNEHQFK�VXFK�DV�$*'��3DTXHWWH��$,�('�����WR�LVRODWH�RQH�VHW�RI�,'�GHFLVLRQV�DQG�UH�HQJLQHHU
WKHP�EDVHG�RQ�WDVN�RQWRORJ\��D�PLFUR�GRPDLQ�RQWRORJ\�FRXOG�EH�EXLOW�IURP�PHWD�PRGHOV�UHODWHG�WR
WKLV�VHW���7KLV�SUHOLPLQDU\�ZRUN�FRXOG�LOOXVWUDWH�DQG�WU\�RXW�WKH�LGHD�RI�DQ�,'�2QWRORJ\�VHUYHU�

���2WKHU�SURPLVLQJ�GLUHFWLRQV

����'HVLJQ�SDWWHUQV>*$0��@>'(9��@>6+,��@�

$[LRPV�LQ�DQ�RQWRORJ\�JLYH�VHPDQWLF�FRQVWUDLQWV�DPRQJ�FRQFHSWV�EHVLGHV� ULJRURXV�GHILQLWLRQ�RI
FRQFHSWV��7KH\�SOD\�D�UROH�RI�FRQVWUDLQWV�ZKLFK�WKH�PRGHOV�EXLOW�KDYH�WR�VDWLVI\��$Q�RQWRORJ\�DZDUH
DXWKRULQJ�V\VWHP�WKXV�FDQ�JHQHUDWH�ZDUQLQJ�PHVVDJHV�WR�WKH�DXWKRUV�ZKHQ�D�FRQVWUDLQW�LV�YLRODWHG�
7KH� FRQVWUDLQWV� FRXOG� ZRUN� DV� JXLGHOLQHV� RI� WKH�PRGHO�EXLOGLQJ� SURFHVV�� 7KLV� LV� WKH� VRXUFH� RI
LQWHOOLJHQFH�RI�VXFK�DQ�DXWKRULQJ�V\VWHP��+RZHYHU��ZH�KDYH�WR�SD\�DQ�DWWHQWLRQ�WR�WKH�IDFW�WKDW�QRW
DOO� WKH�JXLGHOLQHV�KDYH� WR�EH� VDWLVILHG�E\� DOO� WKH�PRGHO�EXLOGLQJ�SURFHVVHV��$V�GHVFULEHG� LQ�����
DXWKRULQJ� VWLOO� UHTXLUHV� KHXULVWLFV�� 7KDW� LV�� WKHUH� FDQ� EH� VRIW� KHXULVWLF� JXLGHOLQHV� ZKLFK� DUH
VRPHWLPHV�EHWWHU�WR�VDWLVI\�EXW�QRW�D�PXVW��VXSSRUWHG�QRW�E\�WKHRU\�EXW�E\�H[SHULHQFHV�DQG�VR�IRUWK�
7KHVH�NLQGV�RI�VXJJHVWLRQV�DUH�QRW�DSSURSULDWH�IRU�UHSUHVHQWDWLRQ�LQ�WKH�IRUP�RI�D[LRPV��$[LRPDWLF
UHSUHVHQWDWLRQ�LV�DSSURSULDWH�RQO\�IRU�WKHRULHV�

,Q�WKH�REMHFW�RULHQWHG�SDUDGLJP��GHVLJQ�SDWWHUQV�DUH�EHFRPLQJ�SRSXODU�UHFHQWO\��7R�DYRLG�FRQIXVLRQ
EHWZHHQ�LQVWUXFWLRQDO�¦GHVLJQ§�DQG�¦GHVLJQ§�SDWWHU��LQ�WKLV�SDSHU��ZH�FDOO�WKH�ODWWHU�¦KHXULVWLF�GHVJLQ
SDWWHUQ§��+HXULVWLF�GHVLJQ�SDWWHUQV�DUH�SDWWHUQV�RI�FODVV�FRQILJXUDWLRQ�ZKLFK�UHSUHVHQW�D�FKXQN�RI
LQIRUPDWLRQ�RI�XVHIXO�VXJJHVWLRQV�DERXW�GHVLJQ�GHFLVLRQV�IRU�FRQILJXULQJ�FODVVHV�DQG�REMHFWV��7KH\
DUH� REWDLQHG� E\� DEVWUDFWLQJ� WKH� ULFK� H[SHULHQFHV� RI� REMHFW�RULHQWHG� PRGHOLQJ� DQG� FDQ� SURYLGH
VXJJHVWLRQV�XVHIXO�GXULQJ�WKH�FRXUVH�RI�PRGHO�EXLOGLQJ��:H�FDQ�XVH�KHXULVWLF�GHVLJQ�SDWWHUQV�RI�,,6
PRGHOLQJ� IRU� WKH� DXWKRULQJ� V\VWHPV� RQ� WRS� RI� WKH� RQWRORJ\�JXLGHG� DQG� ,'�WKHRU\�EDVHG�PRGHO
FRQVWUXFWLRQ�WR�JHQHUDWH�KHOSIXO�VXJJHVWLRQV�

7KH� XVH� RI� KHXULVWLF� GHVLJQ� SDWWHUQV� LQ� RXU� SODQ� LV� GLIIHUHQW� IURP� WKDW� LQ� 2EMHFW�RULHQWHG
SDUDGLJP��JLYHQ� WKH�GHFODUDWLYH�QDWXUH�RI�DQ�RQWRORJ\��+HXULVWLF�GHVLJQ�SDWWHUQV� LQ�DQ�RQWRORJ\�
DZDUH�DXWKRULQJ�V\VWHPV�DUH�UHSUHVHQWHG�LQ�WHUPV�RI�DQ�RQWRORJ\��DQG�KHQFH�WKH\�DUH�RSHUDWLRQDO�
ZKLOH� WKRVH� LQ�REMHFW�RULHQWHG�SDUDGLJP�DUH�QRW�RSHUDWLRQDO�EHFDXVH� WKH\�DUH� LQIRUPDO�DVVXPLQJ
KXPDQ�LQWHUSUHWDWLRQ��$OO�WKH�WHUPV�DSSHDULQJ�LQ�DQ�OHYHO���RQWRORJ\�DUH�RSHUDWLRQDO�LQ�WKH�VHQVH�WKDW
FRPSXWHUV�FDQ�LQWHUSUHW� WKH�D[LRPV�DVVRFLDWHG�ZLWK�WKH�WHUPV�XVHG�LQ� WKH�GHVLJQ�SDWWHUQV�VR�WKDW
DSSOLFDELOLW\�RI�WKH�SDWWHUQV�WR�WKH�FXUUHQW�VLWXDWLRQV�FDQ�EH�FKHFNHG�E\�FRPSXWHUV�ZLWK�DSSURSULDWH
VXJJHVWLRQV��$SSOLFDWLRQ�RI�GVLJQ�SDWWHUQV�WR�,,6V�DUH�UHFHQWO\�GLVFXVVHG�E\�9��'HYHG]LF>'(9��@
DQG�+�6KLPL]X��HW�DO�>6+,��@�

,'� NQRZOHGJH� VHUYHU� DQG� D� KHXULVWLF� GHVLJQ� SDWWHUQ� VHUYHU� ZRXOG� UHDOL]H� DQ� HIIHFWLYH
FRPELQDWLRQ�RI�WKHRULHV�DQG�KHXULVWLFV�IRU�LQWHOOLJHQW�DXWKRULQJ�HQYLURQPHQWV�

����;0/�EDVHG�GRFXPHQWDWLRQ�RI�,6�NQRZOHGJH

;0/>;0/@� LV� D� VLPSOLILHG�YHUVLRQ� RI� 6*0/�ZKLFK� LV� D�SRZHUIXO�PDUNXS� ODQJXDJH� GHILQLWLRQ
ODQJXDJH� DQG� KDV� EHHQ�ZLGHO\� XVHG� LQ� GRFXPHQW� GHVFULSWLRQ� IRU� \HDUV�� ;0/� LV� HTXLSSHG�ZLWK
VHYHUDO�SRZHUIXO�K\SHU�UHIHUHQFH�IXQFWLRQV�WR�ILW�WKH�LQWHUQHW�HQYLURQPHQW��7KH�JRRG�WKLQJV�RI�;0/
LQFOXGH�WKDW�WKH�XVHUV�FDQ�GHILQH�WKHLU�RZQ�WDJV�WR�LQGLFDWH�QRW�RQO\�VWUXFWXUDO�LQIRUPDWLRQ�RI�WKH
GRFXPHQW�EXW�DOVR�LWV�VHPDQWLF�LQIRUPDWLRQ�IRU�YDULRXV�XVHV�RI�WKH�GRFXPHQW�WR�HQDEOH�VHPDQWLF



LQWHURSHUDWLRQ��$�VHW�RI�;0/�WDJV�DUH�D�NLQG�RI�OHYHO���RQWRORJ\�
;0/� LV� VRPHWLPHV� VDLG� WR� EH�+70/���EHFDXVH�;0/� LV� VR� IOH[LEOH� WKDW� LW� HQDEOHV� XV� WR

SUHVHQW�;0/�GRFXPHQWV�LQ�ZD\V�ZKDWHYHU�ZH�OLNH��ZKLOH�+70/�GRFXPHQWV�DUH�XVHG�RQO\�IRU�WKH
SUHVHQWDWLRQ�ZH�VHH�LQ�:HE�EURZVHUV�GXH�WR�LWV�SUHGHILQHG�WDJV��$�ILUVW�VWHS�RI�XVH�RI�WKH�;0/�WDJV
PLJKW�EH�WR�GHVLJQ�PHWDGDWD�RI�/HDUQLQJ�REMHFWV�ZKLFK�KDV�EHHQ�GRQH�LQ�,(((�/76&�FRPPLWWHH
3����>,((@�� ,06>,06@� DQG� $5,$'1(>$5,@�� $V� D� PRUH� DGYDQFHG� DSSOLFDWLRQV� RI� ;0/� WDJV
PLJKW�LQFOXGH�GHVLJQLQJ�;0/�WDJV�IRU�PDNLQJ�GRFXPHQWV�WR�EH�D�OLYH�WHDFKLQJ�PDWHULDO�

)RU� H[DPSOH��ZH� FDQ� GHVLJQ� DQ� LQWHOOLJHQW� LQVWUXFWLRQDO� SOD\HU� RI� DQ�;0/�GRFXPHQW� DV� D
WHDFKLQJ�PDWHULDO�E\�VKDULQJ�D�VHW�RI�WDJV�IRU�H[SOLFDWLQJ�LQVWUXFWLRQDO�UROHV�RI�WKH�SRUWLRQV�RI�WKH
GRFXPHQW�DQG�FRQWUROOLQJ�WKH�LQWHUSUHWDWLRQ��,W�FRXOG�¦3OD\§�WKH�;0/�GRFXPHQW�DGDSWLYHO\�WR�WKH
SHUIRUPDQFH�RI�WKH�OHDUQHUV�ZLWK�WKH�KHOS�RI�-DYD�DSSOHW��)XUWKHU��ZH�FRXOG�IRUPDOL]H�WKH�VHW�RI�WDJV
WR� VSHFLI\� WKH� SHUIRUPDQFH� RI� VXFK� LQVWUXFWLRQDO� SOD\HUV�� ,QWHOOLJHQW� SOD\HUV� ZLWK� SOXJ� 	� SOD\
FDSDELOLW\�ZLWK�VKDUHG�;0/�WDJV�DUH�H[SHFWHG�WR�EH�SURPLVLQJ�ZLWK�-DYD�LPSOHPHQWDWLRQ�

5HVRXUFH�'HVFULSWLRQ�)UDPHZRUN��5')>5')@�HQDEOHV�VROLGHU�DQG�ULFKHU�PDUNLQJ�WKDQ�;0/�
;0/� ZLWK� 5')� ZLOO� RSHQ� D� QHZ� ZRUOG� RI� LQVWUXFWLRQDO� GRFXPHQWDWLRQ� ZKLFK� FDQ� SURGXFH
GRFXPHQWV�IRU�KXPDQ�LQWHUSUHWDWLRQ�DQG�WKRVH�IRU�FRPSXWHU�LQWHUSUHWDWLRQ�WR�PDNH�WKHP�WHDFKLQJ
PDWHULDOV��7KH� FULWLFDO� LVVXH�KHUH� LV� WR�GHVLJQ� D� VHW� RI� VRSKLVWLFDWHG� WDJV�ZKLFK�ZH� FDQ� VKDUH� DV
VWDQGDUG��7KLV�UHTXLUHV�D�KXJH�HIIRUW�EXW�LW�VKRXOG�EH�UHZDUGLQJ��2QWRORJLFDO�HQJLQHHULQJ�FDQ�PDNH
D�VXEVWDQWLDO�FRQWULEXWLRQ�WR�WKLV�HQWHUSULVH�

���&RQFOXGLQJ�UHPDUNV

:H�KDYH�GLVFXVVHG�RQWRORJ\�DZDUHQHVV� LQ�$,�('�UHVHDUFK��7KH�GLVFXVVLRQ�KDV�JRW�VWDUWHG�E\�DQ
DQDO\VLV� RI� WKH� FXUUHQW� VWDWXV� RI� $,�('� UHVHDUFK� LQ� WHUPV� RI� LQWHOOLJHQFH�� FRQFHSWXDOL]DWLRQ�
VWDQGDUGL]DWLRQ�DQG�WKHRU\�DZDUHQHVV�ZKLFK�VXJJHVW�DQ�LPSRUWDQFH�RI�RQWRORJ\�EDVHG�DUFKLWHFWXUH
ZLWK�DSSURSULDWH�RQWRORJLHV��2QWRORJLFDO�HQJLQHHULQJ�RI� ,6�,'�ZDV�GLVFXVVHG�IROORZHG�E\�D� URDG
PDS� WRZDUGV� DQ� RQWRORJ\�DZDUH� DXWKRULQJ� V\VWHP�� +HXULVWLF� GHVLJQ� SDWWHUQV� DQG� ;0/�EDVHG
GRFXPHQWDWLRQ�ZHUH�DOVR�GLVFXVVHG�

7KH�LPSOLFDWLRQ�RI�¦RQWRORJ\�DZDUHQHVV§�LV�GHHS��,W�LV�QRW�RQO\�IRU�$,�('�UHVHDUFK�IRU�V\VWHP
EXLOGLQJ�EXW�IRU�NQRZOHGJH�VKDULQJ�DPRQJ�KXPDQV�DQG�FRPSXWHUV��0RVW�RI�WKH�H[LVWLQJ�WKHRULHV�DUH
LQ�WKH�IRUP�RI�LQIRUPDO�UHSUHVHQWDWLRQ�DVVXPLQJ�KXPDQ�LQWHUSUHWDWLRQ��2QH�RI�WKH�PRVW�LPSRUWDQW
PHULWV� LQWURGXFHG�E\�RQWRORJLFDO�HQJLQHHULQJ� LV� WKDW� LV�HQDEOHV�KXPDQ� WR�VKDUH�WKH� WKHRULHV�ZLWK
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