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,QIRUPDWLRQ� WHFKQRORJLHV� KDYH� EHHQ� RI� JURZLQJ� LPSRUWDQFH� LQ� WKLV� FRQWH[W� RYHU� WKH� ODVW
GHFDGHV�� &XUUHQWO\�� WKLV� SURFHVV� LV� JDLQLQJ� GUDPDWLFDOO\� VSHHG� DQG� SRZHU� LQ� DOO� DUHDV�� 7KH
PDLQ� UHDVRQ� LV� WKH� ´LQWHUQHW� UHYROXWLRQµ�� 7KH� DGYHQW� RI� LQWHUQHW� DQG� LQWUDQHW� WHFKQRORJLHV
FKDQJHV� WKH�ZD\� LQIRUPDWLRQ� LV� H[FKDQJHG� DQG�XVHG�� LQVLGH� FRPSDQLHV� DV� ZHOO� DV� LQ� WKHLU
RXWHU� EXVLQHVV�� (�EXVLQHVV� DQG� E�E� FRPPHUFH� DUH� RQO\� WKH� QHZHVW� EX]]� ZRUGV�� 7KH\
FRPSOHWH�WKH�PRUH�´ROG�IDVKLRQHGµ��MXVW�D�IHZ�\HDUV�ROG��VORJDQV�DV�FRQFXUUHQW�HQJLQHHULQJ�
FRPSXWHU�VXSSRUWHG�FRRSHUDWLYH�ZRUN�� NQRZOHGJH�PDQDJHPHQW�� DQG� VXFK� ´GLQRVµ� DV�&$'�
&$(�� &$0�� 3'0�� HWF�� 7KH\� DOO� ZLOO� EH� LQIOXHQFHG� VXEVWDQWLDOO\� E\� WKH� QHZ�FRPLQJ
WHFKQRORJLHV�

:KDW� LV� H[FKDQJHG� LQ� WKLV� ZD\� LV� LQIRUPDWLRQ� �� EXW� ZKDW� LV� QHFHVVDU\� LV� WR� VKDUH�
FRPPXQLFDWH�DQG�XVH�NQRZOHGJH��:LWK�FXUUHQW�LQIRUPDWLRQ�WHFKQRORJLHV��WKH�PHDQLQJ�RI�GDWD
LV� PDLQO\� OHIW� WR� WKH� KXPDQ� XVHUV�� 7KH\� DUH� WKH� �PDLQ�� ´VRXUFHVµ� DQG� ´SURFHVVRUVµ� RI
NQRZOHGJH��:KHQ� FRPSXWHUV� DUH� XVHG� WR� VXSSRUW� WKLV� LQIRUPDWLRQ� SURFHVVLQJ� WKLV� LV� GRQH
PDLQO\� LQ� D� SUH�GHILQHG� DQG� H[SOLFLWO\� FRGHG� ZD\�� $XWRPDWHG� NQRZOHGJH� SURFHVVLQJ� E\
NQRZOHGJH�EDVHG�V\VWHPV�LV�VWLOO�PRUH�DQ�DFDGHPLF�LVVXH�WKDQ�RQH�RI�GDLO\�SUDFWLFH���WKRXJK
LQ� WKH�PHDQWLPH�D�QXPEHU�RI� LQGXVWULDO�NQRZOHGJH�EDVHG�V\VWHPV�KDYH�EHHQ� LPSOHPHQWHG�
.QRZOHGJH�EDVHG�V\VWHPV�LQ�HQJLQHHULQJ�SUDFWLFH�DUH�VWLOO�PRUH�DQ�H[FHSWLRQ�WKDQ�WKH�QRUPDO
FDVH�� 6XFK� V\VWHPV� DUH�PRVWO\� UHVWULFWHG� WR� UHODWLYHO\� VPDOO� DQG� LVRODWHG� DSSOLFDWLRQV�� DQG
WKH\�QHHG�D�ODUJH�HIIRUW�WR�JHW�EXLOW�DQG�PDLQWDLQHG�

7KLV�KDV�WR�FKDQJH�²�WKLV�LV�RXU�FRQIHVVLRQ�²�LI�WKH�´LQWHUQHW�UHYROXWLRQµ�VKDOO�EH�PDVWHUHG
HIIHFWLYHO\� DQG� HIILFLHQWO\�� .QRZOHGJH� SURFHVVLQJ� KDV� WR� EHFRPH� DQ� LQWHJUDWHG� SDUW� RI
LQIRUPDWLRQ� WHFKQRORJLHV��2QO\� LQ� WKLV�ZD\� WKH�QHZ�FRPSOH[LW\�RI� LQIRUPDWLRQ� LQ� WKH� LQWHUQHW
DJH�FDQ�EH�VXFFHVVIXOO\�PDQDJHG��7KLV�LV�HVSHFLDOO\�WUXH�LQ�HQJLQHHULQJ�ZLWK�LWV�FRPSOH[�DQG
PDQLIROG� WDVNV�� HQJLQHHULQJ� NQRZOHGJH� PDQDJHPHQW�� UHTXLUHPHQWV� HQJLQHHULQJ�
VSHFLILFDWLRQ�GULYHQ� GHVLJQ�� GHVLJQ�WR�;�� 5$06�HQJLQHHULQJ� �UHOLDELOLW\�� DYDLODELOLW\�
PDLQWDLQDELOLW\��VDIHW\���HWF�

.QRZOHGJH�EDVHG�WHFKQRORJLHV�KDYH�WZR�PDLQ�DVSHFWV�LQ�HQJLQHHULQJ��DQG�QRW�RQO\�WKHUH��
• NQRZOHGJH�PRGHOOLQJ��DQG
• SUREOHP�VROYLQJ�

.QRZOHGJH�PRGHOOLQJ� LV� LPSRUWDQW� DV� ´EDFNERQHµ�DQG� ´JOXHµ�RI� WKH�GLIIHUHQW� LQIRUPDWLRQ
V\VWHPV� XVHG�� 7KH� LQIRUPDWLRQ� SURFHVVHG� E\� WKHVH� V\VWHPV� KDV� H[SOLFLWO\� WR� EH� PRGHOOHG
LQFOXGLQJ�WKH�XQGHUO\LQJ�DVVXPSWLRQV��7KLV�LV�HVVHQWLDO�IRU�V\VWHP�LQWHURSHUDELOLW\��LQIRUPDWLRQ
LQWHJUDWLRQ��LQWHOOLJHQW�LQIRUPDWLRQ�UHWULHYDO��NQRZOHGJH�ZDUHKRXVHV��HWF��2QWRORJLHV�HPHUJHG
LQ�UHFHQW�\HDUV�DV�D�PDLQ�ILHOG�RI�NQRZOHGJH�PRGHOOLQJ�HVSHFLDOO\�GHGLFDWHG�WR�WKLV�WDVN

%XW� NQRZOHGJH� PRGHOOLQJ� KDV� D� VHFRQG� IRFXV� ²� GLUHFWO\� UHODWHG� WR� SUREOHP� VROYLQJ� E\
NQRZOHGJH�EDVHG�WHFKQRORJLHV��.QRZOHGJH�EDVHG�V\VWHPV�FDQ�EH�VHHQ�DV�WZR�VHSDUDWHG�EXW
LQWHUDFWLQJ� DQG� LQWHUGHSHQGHQW� FRPSRQHQWV�� WKH� DSSOLHG� SUREOHP� VROYLQJ�PHWKRGV� DQG� WKH
FRUUHVSRQGLQJ�NQRZOHGJH�EDVH��%RWK�KDYH�WR�FRUUHVSRQG�WR�HDFK�RWKHU��WKH�NQRZOHGJH�EDVH
KDV� WR� EH� PRGHOOHG� DFFRUGLQJ� WR� WKH� SUREOHP� VROYLQJ� PHWKRGV�� DQG� WKH� SUREOHP� VROYLQJ
PHWKRGV�KDYH�WR�FKRVHQ�DFFRUGLQJ�WR�WKH�WDVN�DW�KDQG��WKH�SUREOHP�VROYLQJ�FRPSHWHQFH��DQG
WKH�DSSOLHG�PRGHOOLQJ�DVVXPSWLRQV�LQ�WKH�NQRZOHGJH�EDVH�

&XUUHQWO\�� WKLV�SURFHVV�RI�NQRZOHGJH�PRGHOOLQJ�DQG�NQRZOHGJH�EDVHG�V\VWHP�GHVLJQ� LV�D
FRPSOLFDWHG�DQG� ODERULRXV�SURFHVV�� ,W�QHHGV�VSHFLDO�VNLOOV� LQ�NQRZOHGJH�EDVHG�WHFKQRORJLHV



�

DV� ZHOO� DV� LQ� WKH� LQWHQGHG� GRPDLQ�� 'XH� WR� PLVVLQJ� FRPSUHKHQVLYH� GRPDLQ� PRGHOV� DQG
SRZHUIXO�JHQHULF�SUREOHP�VROYLQJ�PHWKRGV��YDULRXV�FRPSURPLVHV�DQG�VKRUW�FXWV�KDYH�WR�EH
PDGH�GXULQJ�PRGHOOLQJ��ZKLFK�QRUPDOO\�UHTXLUHV�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�GRPDLQ���7KH
UHVXOWLQJ�NQRZOHGJH�EDVHG�V\VWHPV�DUH�W\SLFDOO\�KDUG�WR�UHXVH�RU�WR�H[WHQG�
/HW·V�GHVFULEH�WKH�ZD\�RXW�RI�WKLV�GLOHPPD�DV�D�YLVLRQ�RI�NQRZOHGJH�EDVHG�HQJLQHHULQJ�

:H� KDYH� D� OLEUDU\� RI� FRPSUHKHQVLYH�� JHQHULF�� DSSOLFDWLRQ� LQGHSHQGHQW
GRPDLQ� PRGHOV� LQFOXGLQJ� H[SOLFLWO\� GHVFULEHG� PHWD� PRGHOV�� XQGHUO\LQJ
DVVXPSWLRQV��HWF���DQG
:H� KDYH� OLEUDULHV� RI� SUREOHP� VROYLQJ�PHWKRGV� HDFK�ZLWK� D� ZHOO� IRUPXODWHG
SUREOHP�VROYLQJ�FRPSHWHQFH��DQG�DQ�H[SOLFLW�GHVFULSWLRQ�RI�WKH�DVVXPSWLRQV
WKH�FRUUHVSRQGLQJ�NQRZOHGJH�EDVH�KDV�WR�REVHUYH�

%RWK�NQRZOHGJH� OLEUDULHV�FDQ�EH�DFFHVVHG�WKURXJK�WKH� LQWHUQHW�XVLQJ� LQWHOOLJHQW� UHWULHYDO�
DQG�NQRZOHGJH�EDVHG�V\VWHPV�FDQ�EH�FRQILJXUHG�DXWRPDWLFDOO\�UHXVLQJ�VXFK�EXLOGLQJ�EORFNV
IURP�WKH�OLEUDULHV�

,Q� WKLV� ZD\�� PXFK� OHVV� HIIRUW� ZLOO� EH� QHHGHG� LQ� RUGHU� WR� EXLOG� PXFK� PRUH� FRPSOH[
NQRZOHGJH�EDVHG�V\VWHPV�

9LVLRQV�DUH�YDOXDEOH��EHFDXVH�WKH\�DOORZ�XV�WR�GUHDP��WKH\�KHOS�XV�WR�JHW�PRWLYDWHG��DQG
WKH\�JXLGH�RXU�VHDUFK�WR�WXUQ�WKHP�LQWR�D�UHDOLW\��9LVLRQV�EHFRPH�D�GDQJHU�LI�RQH�IRUJHWV�WKH
GLIIHUHQFH�EHWZHHQ�GUHDP�DQG�UHDOLW\�

%RWK�UROHV�RI�WKLV�YLVLRQ�SURYLGH�WKH�JURXQG�IRU�RXU�ZRUNVKRS��ZKLFK�DUH�WKH�FKDOOHQJHV�RQ
RXU�ZD\�WR�NQRZOHGJH�EDVHG�HQJLQHHULQJ��DQG�ZKDW�LV�UHDOLVWLF�WRGD\�RU�FDQ�EHFRPH�UHDO�RQ
WKLV�ZD\�ZLWKLQ�WKH�QHDU�IXWXUH�

2I�FRXUVH��WKH�YLVLRQ�GHVFULEHG�DERYH�LV�QRW�UHVWULFWHG�WR�HQJLQHHULQJ��%XW�HQJLQHHULQJ�KDV
VRPH�VSHFLDO�DVSHFWV��7KH\�PDNH�LW�FKDOOHQJLQJ�WR�GLVFXVV�NQRZOHGJH�PRGHOOLQJ�DQG�SUREOHP
VROYLQJ�LVVXHV�HVSHFLDOO\�UHODWHG�WR�WKLV�GRPDLQ��7KHVH�DVSHFWV�FDQ�EH�VXPPDULVHG�DV�IROORZV�
• (QJLQHHULQJ� NQRZOHGJH� WHQGV� WR� EH� TXLWH� FRPSOH[�� SK\VLFDO� ODZV�� WHFKQLFDO� SULQFLSOHV�

JHRPHWULF� VKDSHV� DQG� UHODWLRQV�� QRUPV� DQG� GLUHFWLYHV�� IXQFWLRQV�� VWUXFWXUHV�� DQG
EHKDYLRXUV�HWF��KDYH�WR�EH�PRGHOOHG�ZLWK�DOO�WKHLU�IDFHWV�DQG�LQWHUGHSHQGHQFLHV�

• 7KRXJK�TXLWH�FRPSOH[��HQJLQHHULQJ�NQRZOHGJH�LV�ZHOO�VWUXFWXUHG�DQG�KDV�D�UHODWLYHO\�FOHDU
PHDQLQJ�

• .QRZOHGJH� EDVHG� WHFKQRORJLHV� ZLOO� EH� LPSRUWDQW� LQ� HQJLQHHULQJ� ²� EXW� WKH\� DUH� QRW
HYHU\WKLQJ�� 7R� WKH� FRQWUDU\�� NH\� WR� WKH� VXFFHVV� RI� NQRZOHGJH� EDVHG� WHFKQLTXHV� LQ
HQJLQHHULQJ� LV� WKH� LQWHJUDWLRQ� RI� WKHVH� WHFKQLTXHV� ZLWK� FRQYHQWLRQDO� LQIRUPDWLRQ
SURFHVVLQJ�WHFKQLTXHV��JHRPHWULF�PRGHOOLQJ��QXPHULFDO�VLPXODWLRQ��HWF��:KDW�LV�HVVHQWLDO
LV�WKDW�WKLV�LQWHJUDWLRQ�FDQ�QRW�EH�D�RQH�ZD\�VWUHHW��ERWK�VLGHV�KDYH�WR�PRYH�WRZDUGV�HDFK
RWKHU�

• (QJLQHHULQJ�NQRZOHGJH�LV�GHDOLQJ�WR�D�ODUJH�H[WHQW�ZLWK�´REMHFW�OHYHOµ�NQRZOHGJH��V\VWHP�
FRPSRQHQW�� DQG� IXQFWLRQ� GHVFULSWLRQV�� SK\VLFDO� ODZV�� EHKDYLRXUV�� HWF�� %XW� GXH� WR� LWV
FRPSOH[LW\�� WKLV� HQJLQHHULQJ� NQRZOHGJH� LV� DOVR� KLJKO\� SUREOHP� VROYLQJ� UHODWHG�� KRZ� WR
DWWDFN� D� JLYHQ� WDVN�� ZKLFK� ZD\� WR� FKRRVH�� KRZ� WR� PDQDJH� FRQIOLFWV�� HWF�� (QJLQHHULQJ
PHWKRGRORJ\� LV� DQ� HVVHQWLDO� DQG� LQGLVSHQVDEOH� SDUW� RI� HQJLQHHULQJ� NQRZOHGJH� EHFDXVH
WKLV�LV�WKH�RQO\�ZD\�WR�PDQDJH�WKH�FRPSOH[LW\�LQ�WKLV�GRPDLQ�

7KH� SDSHUV� SUHVHQWHG� DW� WKLV� ZRUNVKRS� DUH� W\SLFDO� H[DPSOHV� RI� WKH� VWDWH� RI� WKH� DUW� RI
NQRZOHGJH� EDVHG� HQJLQHHULQJ� WRGD\�� 7KH\� FRQWDLQ� GHVFULSWLRQV� RI� VXFFHVVIXOO\� DSSOLHG
LQGXVWULDO�FDVHV�RU�RI�DFDGHPLF�UHVHDUFK�V\VWHPV��7KH\�GHDO�ZLWK�PRGHO�EDVHG�GLDJQRVLV�RU
ZLWK�HQJLQHHULQJ�GHVLJQ��(DFK�RI�WKHP�FRQFHQWUDWHV�RQ�D�VSHFLDO�SUREOHP�RU�SUREOHP�FODVV�LQ
WKH� EURDG� ILHOG� RI� HQJLQHHULQJ� DSSOLFDWLRQV�� DQG� IROORZV� D� VSHFLDO� DSSURDFK� WR� PRGHO� WKLV
SUREOHP�DQG�WKH�SUREOHP�VROYLQJ��7KHUH� LV�D� ODUJH�DPRXQW�RI�VLPLODU� UHVHDUFK�DFWLYLWLHV�DQG
UHVXOWV� GHVFULEHG� HOVHZKHUH� GHDOLQJ� ZLWK� VSHFLDO� SUREOHPV� LQ� HQJLQHHULQJ� DQG� VSHFLDO
DSSURDFKHV�WR�WKHP�



�

,Q� RUGHU� WR� SURYLGH� D� FRPPRQ� SODWIRUP� IRU� WKH� ZRUNVKRS�� ZH� VXJJHVW� WR� IRFXV� WKH
GLVFXVVLRQ� RQWR� WKH� IROORZLQJ� LVVXHV� UHODWHG� WR� WKH� YLVLRQ� RI� NQRZOHGJH� EDVHG� HQJLQHHULQJ
RXWOLQHG�DERYH�
�� :KDW�ZHUH�WKH�PDLQ�PRGHOOLQJ�SULQFLSOHV�DSSOLHG�LQ�HDFK�RI�WKH�GHVFULEHG�V\VWHPV��RQ�WKH

GRPDLQ� NQRZOHGJH� OHYHO� DV�ZHOO� DV� RQ� WKH� VLGH� RI� SUREOHP� VROYLQJ�PHWKRGV"�2Q�ZKLFK
DVVXPSWLRQV�DUH�WKHVH�PRGHOV�EDVHG"

�� :KDW� FKDQJHV� DQG�RU� H[WHQVLRQV� LQ� WKH� DSSOLHG� PRGHOOLQJ� DSSURDFKHV� ZRXOG� EH
QHFHVVDU\�LQ�RUGHU�WR�FRPH�WR�PRUH�JHQHULF�PRGHOV"�,V�WKDW�UHDOLVWLF"�'R�KXPDQ�HQJLQHHUV
DSSO\�JHQHULF�PRGHOV�LQ�RUGHU�WR�VROYH�WKHLU�SUREOHPV"�,I�\HV�²�KRZ�GR�WKHVH�PRGHOV�ORRN
OLNH��LI�QR�²�ZK\�QRW"

�� :KDW�VKRXOG�DQ�HQJLQHHULQJ�RQWRORJ\� �RU�D�V\VWHP�RI�HQJLQHHULQJ�RQWRORJLHV�� ORRN� OLNH� LQ
RUGHU�WR�VXSSRUW�JHQHULF�NQRZOHGJH�PRGHOV�LQ�HQJLQHHULQJ�GRPDLQV"

�� +RZ� LV� SUREOHP� VROYLQJ� FRQWUROOHG� LQ� HQJLQHHULQJ"� ,I� WKHUH� DUH�PRUH� WKDQ� RQH� SUREOHP
VROYLQJ�PHWKRG�DSSOLHG�LQ�D�V\VWHP��KRZ�LV�WKHLU�LQWHUSOD\�PDQDJHG�DQG�FRQWUROOHG"

2I�FRXUVH��LW�LV�QRW�DQ�HDV\�WDVN�WR�ILQG�FRPSUHKHQVLYH�DQVZHUV�WR�WKHVH�TXHVWLRQV��3UREDEO\�
WKLV� ZLOO� QRW� EH� DFKLHYDEOH� DW� WKLV� ZRUNVKRS� DORQH�� ,W� ZLOO� QHHG� WLPH� DQG� PXFK� PRUH
VXEVWDQWLDO�UHVHDUFK�HIIRUWV��%XW�ZH�VKRXOG�ILQG�DQVZHUV�WR�WKHVH�TXHVWLRQV�²�IRU�WKH�EHQHILW
RI�NQRZOHGJH�EDVHG�HQJLQHHULQJ�

7KLV�LV�P\�SHUVRQDO�YLHZ��$OVR�FRXQWHU�SRVLWLRQV�DUH��RI�FRXUVH��YHU\�ZHOFRPH�²�LI�DQ\ERG\
GRHV� QRW� EHOLHYH� LQ� WKH� YLVLRQDU\� DSSURDFK� IRUPXODWHG� DERYH�� RU� DQ\ERG\� KDV� FRQFUHWH
H[SHULHQFHV�LQ�FRQWUDGLFWLRQ�WR�ZKDW�KDV�EHHQ�VXJJHVWHG�

0D\�WKLV�ZRUNVKRS�SURYLGH�D�JRRG�DQG�VWLPXODWLQJ�VWDUWLQJ�SRLQW�IRU�WKHVH�GLVFXVVLRQV�


