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$�&RPELQHG�1HXUDO�DQG�*HQHWLF/HDUQLQJ�$OJRULWKP/DPSURV�7VLQDV�DQG�%HUQG�'DFKZDOG
8QLYHUVLWlW�GHU�%XQGHVZHKU�0�QFKHQ:HUQHU�+HLVHQEHUJ�:HJ���������1HXELEHUJ��*HUPDQ\

$EVWUDFW1HXUDO� QHWZRUNV� DQG� JHQHWLF� DOJRULWKPV� DUH�ZHOO�NQRZQ� UHSUHVHQWDWLYHV� RI� OHDUQLQJ� SURFH�GXUHV�� ,Q� WKLV� SDSHU� D� K\EULG� SURFHGXUH�� ZKLFK� FRPELQHV� ERWK� FRQFHSWV�� LV� LQWURGXFHG�� ,WV�IXQFWLRQDOLW\�LV�SUHVHQWHG�RQ�D�W\SLFDO�SDWWHUQ�UHFRJQLWLRQ�SUREOHP�,QWURGXFWLRQ$Q� RSWLFDO� VHQVRU� V\VWHP� �&&'�FDPHUD�� FRQVWLWXWHV� WKH� EDVLV� IRU� D� VXFFHVVIXO� UHFRJQLWLRQ� RI�LPSRUWDQW�IHDWXUHV�LQ�WKH�UHVWULFWHG�HQYLURQPHQW�RI�DQ�DXWRQRPRXV�PRELOH�URERW��$7+(1(��DQG�IRU�WKH� EHKDYLRU�EDVHG� QDYLJDWLRQ� IRU� WKLV� �LQWHOOLJHQW�� WHFKQLFDO� V\VWHP�� $7+(1(� SURYLGHV� D� JRRG�SODWIRUP�IRU� WKH�GHYHORSPHQW�RI� OHDUQLQJ��YLVLRQ�HTXLSSHG�URERWV� >:HUVKRIHQ��*UDHIH���@��6XFK�D�UHSUHVHQWDWLYH� RI� WKH� QHDUHVW� JHQHUDWLRQ� RI� URERWV�� VKRXOG� EH� DEOH� WR� SURFHVV� LWV� PXOWLVHQVRULDOLQSXW�GDWD��LQ� WKLV�FDVH�RQO\�YLGHR�GDWD��DW�D�KLJKHU��LQWHOOLJHQFH��OHYHO��)XUWKHUPRUH�� LW�VKRXOG�EH�DEOH� WR UHDOL]H�DQG�UHFRJQL]H� LPSRUWDQW�SDUWV�RI�LWV��ZRUOG�VHFWLRQ���$QDORJRXV�WR�KXPDQ�DELOLWLHV�LW�VKRXOG�DOVR�EH�DEOH�WR�OHDUQ�VRPH��RU�DOO��RI�WKH�LQIRUPDWLRQ�SURFHVVLQJ�VWHSV��IHDWXUH�H[WUDFWLRQ��REMHFW�UHFRJQLWLRQ��QDYLJDWLRQ��VLWXDWLRQ�SHUFHSWLRQ��HWF���7KH�EDFNSURSDJDWLRQ�DOJRULWKP��%3��>5XPHOKDUGW�HW�DO����@�LV�DW�SUHVHQW�WKH�PRVW�SRSXODU�OHDUQ�LQJ�DOJRULWKP�IRU�PXOWLOD\HUHG�IHHGIRUZDUG�QHXUDO�QHWZRUNV��,W�FRQVWLWXWHV�WKH�EDVLV�RI�PDQ\�LQYHV �WLJDWLRQV�� IXUWKHU�GHYHORSPHQWV�DQG�DSSOLFDWLRQV��>3RPHUOHDX� ��@�� >7VLQDV��*UDHIH���@���2WKHU�QHW�ZRUN�PRGHOV��OLNH�$57�>*URVVEHUJ���@�DQG�/94�>.RKRQHQ���@�KDYH�DOVR�SURYHG�WKHLU�DELOLWLHV��,Q�WKH� ODVW� WKUHH� GHFDGHV� � LQVSLUHG�E\�'DUZLQ
V� WKHRU\�RI� HYROXWLRQ� DQG�SDUDOOHO� WR� WKH�GHYHORSPHQWRI� QHXUR�VFLHQFH� � WKH� GHYHORSPHQW� RI� JHQHWLF� DOJRULWKPV� �*$V�� SURFHHGHG� >+ROODQG� ��@�� 7KHEDVLF�LGHD�RI�WKHVH�DOJRULWKPV�LV��WKDW�LQ�D�VHW�RI�LQGLYLGXDOV�H[SRVHG�WR�VHOHFWLRQ��ILWWHU�LQGLYLGXDOV�SURGXFH�PRUH�RIIVSULQJ� WKDQ� OHVV�ILW� LQGLYLGXDOV��DQG�FRQVHTXHQWO\�PDNH� WKHLU�ZD\� LQ� WKH�VWUXJJOH�IRU� OLIH��$SSOLFDWLRQV�RI�*$V�FRYHU� D�ZLGH� VSHFWUXP� �>6FKXO]H�.UHPHU���@�� >-DNRE�HW� DO�� ��@���$�FRPELQDWLRQ�RI�ERWK�FDWHJRULHV�RI�OHDUQLQJ�PHWKRGV� � H[SORLWLQJ�WKH�VSHFLILF�DGYDQWDJHV�RI�%3�DQG�*$V� � PD\� UHVXOW� LQ� D�PRUH� SRZHUIXO��PRUH� UREXVW� DQG� SUREDEO\� IDVWHU� OHDUQLQJ� SURFHGXUH�� )LUVW�UHVXOWV�LQ�WKLV�GLUHFWLRQ�DUH�SUHVHQWHG�LQ�>3HWULGLV�HW�DO����@�:H�KDYH� H[DPLQHG� WKH� HIILFLHQF\�RI� VRPH� OHDUQLQJ� DOJRULWKPV� IRU� WKH� DXWRPDWLF� HYDOXDWLRQ�RI�YLVXDO� LQIRUPDWLRQ�� 7KHUHIRUH� D� K\EULG� PHWKRG�� FRQVLVWLQJ� RI� %3� DQG� D� JHQHWLF� DOJRULWKP�� ZDV�GHYHORSHG��7KLV�OHDUQLQJ�DOJRULWKP��&R1*$��&RPELQHG�1HXUDO�DQG�*HQHWLF�$OJRULWKP��ZDV�WHVWHG�RQ� D� W\SLFDO� FODVVLILFDWLRQ� SUREOHP� DQG� FRPSDUHG� ZLWK� %3�� 7KH� OHDUQLQJ� DOJRULWKP�� WKH� OHDUQLQJWDVN�DQG�VRPH�UHVXOWV�RI�RXU�H[SHULPHQWV�DUH�GHVFULEHG�EHORZ�
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&R1*$&R1*$��&RPELQHG�1HXUDO�DQG�*HQHWLF�$OJRULWKP��LV�D� OHDUQLQJ�DOJRULWKP�ZKLFK�FRPELQHV�GLVWLQFW� OHDUQ�LQJ� PHWKRGV�� ,Q� UHFHQW� \HDUV� PDQ\� H[SHULPHQWDWLRQ��ZDV� FDUULHG� RXW� DERXW� WKH� WUDLQLQJ� RI� QHXUDO� QHWZRUNV�E\� JHQHWLF DOJRULWKPV� DQG� QXPHURXV� SDSHUV� SUHVHQW�DGYDQFHPHQWV�DQG�UHVXOWV��>0RQWDQD��'DYLV���@��>3HWUL�GLV�HW�DO����@�� >:KLWOH\��+DQVRQ���@���,Q�FRQWUDVW� � EXW�QRW� DQWDJRQLVP� � WR� WKH� NQRZQ� ZRUN�� WKH� IROORZLQJ�IHDWXUHV�FDQ�EH�IRXQG�ZLWKLQ�&R1*$�LQ�FRPELQDWLRQ�D� ,Q� FRQWUDVW� WR� WKH� WUDGLWLRQDO� ELQDU\� HQFRGLQJ�� WKH�SDUDPHWHUV� WR� RSWLPL]H� DUH� HQFRGHG� DV� IORDWLQJ�SRLQW�VWULQJV�E� ,QVWHDG� RI� WKH� JHQHUDOO\� XVHG� JHQHUDWLRQDO� UHSUR�GXFWLRQ�� ZKHUH� DOO� LQGLYLGXDOV� RI� WKH� SRSXODWLRQ�UHSURGXFH� WKHPVHOYHV� DW� HYHU\� WLPH� VWHS�� WKH� VWHDG\�VWDWH� UHSURGXFWLRQ�WHFKQLTXH LV� SUH�IHUUHG� DQG� DSSOLHG��8VLQJ� WKLV� WHFKQLTXH�� DW� RQH� WLPH� VWHS� RQO\� WZR� LQGLYLGXDOV� FUHDWH� RII�VSULQJ��DQG�WKHUHIRUH�OHVV�H[SHQGLWXUH�RI�FRPSXWDWLRQ�LV�UHTXLUHG�F� ,Q� FRQWUDVW� WR� WKH� RUGLQDULO\� XVHG� ILWQHVV� SURSRUWLRQDO� VHOHFWLRQ�WHFKQLTXH� ZH� DOORFDWH� WKH�UHSURGXFWLYH�WULDOV�DFFRUGLQJ�WR�WKH�UDQN�RI�WKH�LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ�� OLQHDU�UDQNLQJ�VHOHFWLRQ��>:KLWOH\���@�G� 7KH� VHDUFK� VWUDWHJ\� RI� 'HOWD� &RGLQJ >:KLWOH\� HW� DO�� ��@� LV� HPSOR\HG� DQG� PRGLILHG� IRU�IORDWLQJ�SRLQW� VWULQJV�� 'HOWD� &RGLQJ� LV� EDVHG� RQ� WKH� LGHD� WKDW� D� VWULQJ� FDQ� DOVR� H[SUHVV� D�GLVWDQFH� DZD\� IURP� VRPH�SUHYLRXV�SDUWLDO� VROXWLRQ��7KLV� SDUWLDO� VROXWLRQ� LV� WKH�EHVW�NQRZQ�VROXWLRQ� VR� IDU�� 8VLQJ� 'HOWD� &RGLQJ�� DW� DQ\� WLPH� RQO\� D� G\QDPLFDOO\� VHOHFWHG� VXEVSDFH� �DVR�FDOOHG� Q�GLPHQVLRQDO� K\SHUFXEH�� ZKHUH� Q LV� WKH� QXPEHU� RI� SDUDPHWHUV�� RI� WKH� ZKROH�VHDUFK� VSDFH� � FRQVWUXFWHG� DURXQG� WKH�PRVW� UHFHQW� SDUWLDO� VROXWLRQ� � LV� H[SORUHG��$IWHU� WKH�SRSXODWLRQ� KDV� FRQYHUJHG� WR� RQH� VROXWLRQ�� LW� LV� UHLQLWLDOL]HG� DQG� WKH� QHZ�VROXWLRQ� LV� VWRUHGDQG�WDNHQ�DV�WKH�FHQWHU�RI�WKH�QHZ��UHGXFHG�RU�HQODUJHG��K\SHUFXEH�H� 2QH�SRLQW� FURVVRYHU��XQLIRUP� FURVVRYHU >6\VZHUGD� ��@� DQG� FURVVRYHU�QRGHV >0RQWDQD���@�DUH� XVHG� DV� JHQHWLF� RSHUDWRUV�� 7KH� DSSOLFDWLRQ� SUREDELOLWLHV� RI� WKH� JHQHWLF� RSHUDWRUV� DUH�G\QDPLFDOO\� DGDSWHG� GXULQJ� WKH� FRPSXWDWLRQ� >'DYLV� ��@�� %HFDXVH� RI� WKH� UHLQLWLDOLVDWLRQ� RIWKH�SRSXODWLRQ�� HYHU\� WLPH� LW� KDV� FRQYHUJHG�� D�PXWDWLRQ�RSHUDWRU� LV� QRW� QHFHVVDU\� >:KLWOH\HW�DO����@�I� 7KH� *$ GHVFULEHG� E\� D�� WR� H�� LV� FRPELQHG� ZLWK� WKH� VWDQGDUG� EDFNSURSDJDWLRQ� DOJRULWKP�)LJ�� ���� 'XULQJ� WKH� WUDLQLQJ� &R1*$� FDQ� VZLWFK� IURP� %3� WR� WKH� *$� �DQG� EDFN��� 7KLVVKRXOG� EH� GRQH�� LI� WKH� OHDUQLQJ� HIIRUW� RI� WKH� FXUUHQW� PHWKRG� VWDJQDWHV� �ORZ� FRQYHUJHQFH�DQG� VKRZV� QR� VLJQLILFDQW� LPSURYHPHQW� RI� WKH� OHDUQLQJ� HUURU� LQ� D GHILQLWH� QXPEHU� RI� WLPH�VWHSV� �L�H�� LI� LW�JHWV� VWXFN� LQWR�D� ORFDO�PLQLPXP���7KLV�DOORZV� WKH�DOJRULWKP�WR�HVFDSH� IURP�ORFDO�PLQLPD�� EHFDXVH� WKH�%3�WR�*$�VZLWFK� VSDQV� WKH� VHDUFK� VSDFH�ZLGHU� �KRSHIXOO\�ZLGH�HQRXJK�WR�HVFDSH�WKH�ORFDO�PLQLPXP��7KH�EDVLF� UHTXLUHPHQW� IRU� WKH�DSSOLFDWLRQ�RI� WKH�*$�LV� WKH�PDSSLQJ�RI� WKH�OHDUQLQJ�VWDWXV�RI�WKH� QHXUDO� ZHLJKW�DUFKLWHFWXUH� WR� D� VWULQJ�� 7KH� OHDUQLQJ� VWDWXV� LV� FRPSOHWHO\� GHVFULEHG� E\� WKH�ZHLJKWV�DQG�ELDVHV�RI�WKH�QHXURQV��)RU�WKDW�SXUSRVH�D�GHILQHG�SDUW�RI�WKH�VWULQJ�LV�DVVLJQHG�WR�HDFK�QHXURQ�LQ�WKH�QHWZRUN��7KLV�SDUW�RI�WKH�VWULQJ�VWRUHV�WKH�ZHLJKWV�IURP�WKH�UHVSHFWLYH�QHXURQ�WR�DOO�QHXURQV�RI�WKH�SUHYLRXV�QHXURQ�OD\HU�DQG�WKH�ELDV�RI�WKH�UHVSHFWLYH�QHXURQ��7KLV�PDSSLQJ�UHVXOWV�LQ�D�VWULQJ�WKDW�LV�LGHQWLFDO�WR�WKH�OHDUQLQJ�VWDWXV�RI�D�QHXUDO�QHWZRUN�

DFWXDO�QHXUDO�QHWZRUN
SDUWLDO�VROXWLRQ

*$� ZLWK� 'HOWD� &RGLQJ

%DFNSURSDJDWLRQ

)LJ���7KH�K\EULG�QDWXUH�RI�&R1*$�
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/HDUQLQJ�SDUDGLJP$�W\SLFDO�WDVN�LQ�LPDJH�SURFHVVLQJ�LV�WKH�UHFRJQLWLRQ� RI� REMHFWV�� $� HYHQ� PRUH� FRP�SOH[� WDVN� LV� WR� LGHQWLI\� REMHFWV�ZKLFK� KDYH�GLIIHUHQW� VKDSHV� RU� YLHZV�� ,Q� ILUVW� DSSUR[L�PDWLRQ� VXFK� REMHFW�YLHZV� DUH� KDQGOHG� DV�LQGHSHQGHQW� REMHFWV�� 2QH� H[DPSOH� ± FKR�VHQ� EHFDXVH� RI� LWV� YLHZ�YDULHWLHV� RQO\� ± LV�WKH� UHFRJQLWLRQ� RI� GLFH�YLHZV�� $� GLH� KDVVL[� IDFHV�� EXW� EHFDXVH� WKH� YLHZV� RI� WKHIDFHV� ZLWK� WZR�� WKUHH� DQG� VL[� GRWV� DUH� QRW�LQYDULDQW� LQ� ����URWDWLRQ�� ZH� KDYH� WR� FRQ�VLGHU�QLQH�GLIIHUHQW�YLHZV�ZKLFK�KDYH�WR�EH�UHFRJQL]HG� FOHDU� DV� �(LJHQYLHZV�� �)LJ�� ����)RU� WKH� UHFRJQLWLRQ� WDVN� ZH� KDYH� DW� ILUVW�FRPSXWHG�WKH�JUH\YDOXH�JUDGLHQWV�RYHU�ILYH�LPDJH�URZV� RI� GLJLWL]HG� LPDJHV� RI� WKH�GLIIHUHQW� GLFH�YLHZV�� :H� WRRN� ��� YDOXHVSHU� URZ� ZKLFK� ZRXOG� EH� HQRXJK� IRU� WKH�FODVVLILFDWLRQ�� ,Q� VRPH� RWKHU� H[SHULPHQWV�ZH� WRRN� ODUJHU� VL]HG� JUH\YDOXH�JUDGLHQW�VHWV��%XW�VHWV�ZLWK�PRUH�WKDQ����YDOXHV�SHU�URZ��RU�PRUH�WKDQ�ILYH�URZV��LQFOXGH�UHGXQGDQW�LQIRU �PDWLRQ��7R�NHHS�WKH�FRPSXWDWLRQ�WLPH�DW�D�PRGHUDWH�OHYHO��ZH�KDYH�FKRVHQ�WKH�VPDOOHVW�VL]H�IRU�WKH� IHDWXUH� VHW�� 7KDW� OHDGV� WR� D� IHDWXUH� YHFWRU�ZLWK� �����  � ���� FRPSRQHQWV�� 7KH� SUREOHP�ZDV�H[DPLQHG�ZLWK�%3��WKH�SODLQ�*$�DQG�ZLWK�WKH�K\EULG��WUDLQHU��&R1*$�

)RU�WKH�FODVVLILFDWLRQ�RI�WKH�QLQH�GLIIHUHQW REMHFW�YLHZV�D�QHXUDO�QHWZRUN�ZLWK�����LQSXW�QHXURQV��RQH�KLGGHQ�OD\HU�ZLWK�WHQ�QHXURQV�DQG�RQH�RXWSXW�OD\HU�ZLWK�VL[�QHXURQV�ZDV�VHOHFWHG��(DFK�RXWSXWQHXURQ�PDWFKHV�WR�RQH�RI�WKH�IDFHV��LQFOXGLQJ�WKH�GRXEOH�YLHZV���'XULQJ�WKH�WUDLQLQJ�������������� ������ZHLJKWV�DQG�������� ����ELDVHVKDYH�WR�EH��OHDUQHG���7KH�LQSXW�YDOXHV��JUDGLHQWV��UDQJH�IURP���WR������7KH�OHDUQLQJ�JRDO�LV��WKDW�RQO\� WKH�FRUUHFW�RXWSXW�QHXURQ�LV�DFWLYH��RXWSXW� ������DQG�DOO�RWKHU�RXWSXW�QHXURQV�DUH� LQDFWLYH��RXWSXW� �������7KH�GDWDEDVH�IRU�WKH�WUDLQLQJ�FRQVLVWV�RI�QLQH�H[DPSOH�YLHZV�*RRG�SDUDPHWHUV� IRU�%3�ZHUH�VHOHFWHG� WKURXJK�WULDO�DQG�HUURU��OHDUQLQJ�UDWH�V� �����DQG�PR�PHQWXP��� � ������7KH� SRSXODWLRQV� FRQWDLQ� WKLUW\� LQGLYLGXDOV� IRU� WKH�SODLQ�*$�WUDLQLQJ� DQG� WHQ�LQGLYLGXDOV�IRU� WKH�&R1*$�WUDLQLQJ��8VLQJ��GLIIHUHQW��UDQGRP�LQLWLDOL]DWLRQ�YDOXHV�IRU�WKH�ZHLJKW�VWUXFWXUH�RI�WKH�QHWZRUN�ZH�PDGH�ILYH�LQGHSHQGHQW�WUDLQLQJ�UXQV��7KH�WUDLQLQJ�UHVXOWV�DUH�SLFWXUHG�LQ�)LJ�������DQG����UHVSHFWLYHO\�IRU�WKH�%3���WKH�SODLQ�*$� DQG�WKH�&R1*$�WUDLQLQJ�
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RXWSXW�OD\HU

)LJ���7KH�FRGLQJ�RI�D�QHXUDO�QHWZRUN�DV�D�VWULQJ�

)LJ���7KH�QLQH�YLHZV�RI WKH�VL[�IDFHV�RI�D�GLH�
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)LJ����DQG���VKRZ�FOHDUO\��WKDW�WKH�SODLQ�*$�FRQYHUJHV�IDVWHU�WKDQ�%3�LQ�DOO�ILYH�SURJUDP�UXQV��%HFDXVH� RI� WLPH�FODLP�RQO\� ILYH� LQGHSHQGHQW� WUDLQLQJ� UXQV�ZHUH�PDGH� DQG� WKHUHIRUH�ZH�FDQQRW�JXDUDQWHH� WKDW� DQ\RQH� RI� WKH� OHDUQLQJ�SURFHGXUHV�PD\�H[KLELW� D� EHWWHU� OHDUQLQJ�TXDOLW\� LQ� VRPH�RWKHU�UXQ��EXW�WKH�UHVXOWV�DUH�FKDUDFWHULVWLF�IRU�HDFK�WUDLQLQJ��2Q�RQH�UXQ�WKH�K\EULG�&R1*$�DOJR�ULWKP�ZDV�DEOH�WR�UHGXFH�WKH�OHDUQLQJ�HUURU�WR�D�YDOXH�OHVV�WKDQ������DIWHU�RQO\������WLPH�VWHSV��,W�LV� YHU\� XQOLNHO\�� WKDW� UDQGRPO\� VHOHFWHG� LQLWLDO� SRLQWV� �LQGLYLGXDOV�� LQ� WKH� K\SHUFXEH� FHQWHUHG�DURXQG� WKH� EHVW�%3�VROXWLRQ� H[KLELW� D� EHWWHU� SHUIRUPDQFH��'XH� WR� WKDW�� HYHU\�%3�WR�*$�VZLWFK�OHDGV�WR�D�SHDN�LQ�WKH�FXUYH��)LJ�������$W�SUHVHQW��QRQ�RSWLPXP�VZLWFK�FULWHULD�IURP�WKH�%3� WR�WKH�*$�SDUW�RI�&R1*$�DQG�EDFN�FDXVH�&R1*$�WR�EH�RXWSHUIRUPHG�E\�WKH�SODLQ�*$�LQ�WKH�RWKHU�IRXU�UXQV��7KH�UHVXOWV�VKRZ��WKDW�&R1*$�FDQ�EH�D�SRZHUIXO��VHQVLEOH�H[WHQVLRQ�RU�VXSSOHPHQWDWLRQ�WR�RWKHU�OHDUQLQJ�PHWKRGV�

&RQFOXVLRQV$�QHZ�K\EULG�OHDUQLQJ PHWKRG�IRU�QHWZRUN�OLNH�VWUXFWXUHV�ZDV�GHVFULEHG��,W�FRQVLVWV�RI�QHXUDO�OHDUQLQJ�E\�WKH�EDFNSURSDJDWLRQ�DOJRULWKP�DQG�DSSOLHV�HYROXWLRQDU\��JHQHWLF�RSHUDWRUV��7KH�OHDUQ �LQJ�EHKDYLRU�RI� WKH�DOJRULWKP�ZDV�WHVWHG�RQ�D�FKDUDFWHULVWLFDO�LPDJH�SURFHVVLQJ�H[DPSOH��,W�ZDV�

)LJ���%DFNSURSDJDWLRQ�WUDLQLQJ� )LJ����*$�WUDLQLQJ�

)LJ���&R1*$�WUDLQLQJ�
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DEOH� WR�SURYH� LWV�SRWHQWLDO�DQG�DOORZV� WR�DVVXPH�� WKDW� LW�PD\�H[KLELW�DOVR�JRRG�SHUIRUPDQFH� IRU�RWKHU�WKDQ�LPDJH�SURFHVVLQJ�SUREOHPV�RU�VLJQDO�SURFHVVLQJ�SUREOHPV�LQ�JHQHUDO�7KH�GHYHORSPHQW�DQG�WKH�H[SHULPHQWV�GHPRQVWUDWH��WKDW�*$V��DQG�&R1*$��KDYH�WR�EH�IXUWKHU�H[DPLQHG��&OHDU�VWDWHPHQWV�DERXW�WKH�RSWLPDO�VZLWFK�FULWHULD�IURP�%3�WR�WKH�*$��DQG�EDFN��FDQQRWEH�PDGH�DW�WKH�WLPH��:H�WKLQN�RI�DQ�DXWRPDWLF�VHOHFWLRQ�RI�WKH��PXFK�HQRXJK��OHDUQLQJ�SDUDPHWHUV ��%XW�LW�LV�DPELJXRXV��KRZ�WKDW�FRXOG�EH�UHDOL]HG��6XUH��RQH�SRVVLELOLW\�LV�DQ\�NLQG�RI�WULDO�DQG�HUURU�PHWKRG��SHUKDSV�DVVLVWHG�E\�VRPH�NQRZOHGJH�EDVHG�DQG�SUREOHP�GULYHQ�DGDSWDWLRQ�PHFKDQLVP��7KH�ZD\�IURP�WKH�ODEV�WR�WKH�LQGXVWULHV�GHSDUWPHQWV�LV�VWLOO�ORQJ�
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