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HE ORIGINS OF THIS SPECIAL ISSUE OF the Journal of Moral 
Theology can be traced to 2018, the year I joined the faculty 
of the Santa Clara University (SCU) School of Engineering.  
0RYLQJ�WR�6&8�DOORZHG�PH�WR�UHFRQQHFW�ZLWK�P\�ROG�IULHQG�

%ULDQ�*UHHQ��FR�HGLWRU�IRU�WKLV�LVVXH��ZKR��DOVR�LQ�������ZDV�QDPHG�
WKH�ILUVW�'LUHFWRU�RI�7HFKQRORJ\�(WKLFV� IRU� WKH�0DUNNXOD�&HQWHU� IRU�
$SSOLHG�(WKLFV�DW�6&8�1�+ROGLQJ�RXU�QHZ�UHVSHFWLYH�SRVLWLRQV�LQ�WHFK�
QRORJ\�HWKLFV�DW�6&8��%ULDQ�DQG�,�LPPHGLDWHO\�EHJDQ�WR�GLVFXVV�SRV�
VLEOH�FROODERUDWLRQV�� 

,Q�������,�KDG�DOVR�MXVW�ZUDSSHG�XS�FR�HGLWLQJ�P\�ILUVW�VSHFLDO�LVVXH�
RI�WKH�-RXUQDO�RI�0RUDO�7KHRORJ\��-07��2�ZDV�ZRUNLQJ�RQ�WKH�VHFRQG�3�
DQG�KDG�UHFHQWO\�MRLQHG�WKH�-07�HGLWRULDO�ERDUG��$V�%ULDQ�DQG�,�QDU�
URZHG�RXU� IRFXV� WR�FROODERUDWLQJ�RQ�EULQJLQJ�PRUH�&KULVWLDQ�PRUDO�
WKHRORJ\�WR�WKH�VXEMHFW�RI�$UWLILFLDO�,QWHOOLJHQFH��D�VSHFLDO�LVVXH�RI�WKH�
-07�VHHPHG�DQ�H[FHOOHQW�RXWOHW�DQG�-DVRQ�.LQJ�� WKHQ�(GLWRU�RI� WKH�
MRXUQDO��DJUHHG��7KH�-07�KDG�UHOHDVHG�DQ�LVVXH�RQ�WHFKQRORJ\�HWKLFV�
LQ������� LQ�ZKLFK� LVVXH� HGLWRUV� -LP�&DFFDPR�DQG�'DYLG�0F&DUWK\�
QRWHG� WKDW� ³ZH� VWDQG� VTXDUHO\� LQ� WKH�PLGVW� RI� WKH� GLJLWDO� HUD�´� EXW�
³VFKRODUO\�DUWLFOHV�>RQ�WHFKQRORJ\�HWKLFV@�IURP�WKH�WKHRORJLFDO�GLVFL�
SOLQHV� >ZHUH@� IHZ� DQG� IDU� EHWZHHQ�´� 4� 7RGD\�� WHFKQRORJ\� KDV� RQO\�
PDUFKHG�RQZDUG��ZKLOH�UHVSRQVHV�IURP�&DWKROLF�PRUDO�WKHRORJ\�UH�
PDLQ�³IHZ�DQG�IDU�EHWZHHQ�´5�,Q�SDUWLFXODU��DUWLILFLDO�LQWHOOLJHQFH��$,��

 
1�)RU�DQ�RYHUYLHZ�RI�WKH�ZRUN�DFFRPSOLVKHG�DW�WKH�0DUNNXOD�&HQWHU��VHH�%ULDQ�3DWULFN�
*UHHQ��'DYLG�'H&RVVH��.LUN�+DQVRQ��'RQ�+HLGHU��0DUJDUHW�0F/HDQ�� ,ULQD�5DLFX��
DQG�$QQ�6NHHW��³$�8QLYHUVLW\�$SSOLHG�(WKLFV�&HQWHU��7KH�0DUNNXOD�&HQWHU�IRU�$S�
SOLHG�(WKLFV�DW�6DQWD�&ODUD�8QLYHUVLW\�´�-RXUQDO�RI�0RUDO�7KHRORJ\����VSHFLDO�LVVXH���
�������� ���±���� MPW�VFKRODVWLFDKT�FRP�DUWLFOH�������D�XQLYHUVLW\�DSSOLHG�HWKLFV�
FHQWHU�WKH�PDUNNXOD�FHQWHU�IRU�DSSOLHG�HWKLFV�DW�VDQWD�FODUD�XQLYHUVLW\�� 
2�0DWWKHZ�-��*DXGHW�DQG�-DPHV�.HHQDQ��6-��HGV���³&RQWLQJHQW�)DFXOW\�´�-RXUQDO�RI�
0RUDO�7KHRORJ\����VSHFLDO�LVVXH���������� 
3�0DWWKHZ� -��*DXGHW� DQG� -DPHV�.HHQDQ�� 6-�� HGV��� ³8QLYHUVLW\�(WKLFV�´� -RXUQDO� RI�
0RUDO�7KHRORJ\����VSHFLDO�LVVXH���������� 
4� -DPHV�)��&DFFDPR�DQG�'DYLG�0DW]R�0F&DUWK\�� ³1RWHV� IURP� WKH� ,VVXH�(GLWRUV�´�
-RXUQDO�RI�0RUDO�7KHRORJ\����QR������������L�� 
5�$�QRWDEOH�H[FHSWLRQ�WR�WKLV�FODLP�DUH�WKH�SDSDO�HQF\FOLFDOV�/DXGDWR�6L¶��������DQG�
)UDWHOOL�7XWWL���������LQ�ZKLFK�3RSH�)UDQFLV�FDOOV�RXW�WKH�³WHFKQRFUDWLF�SDUDGLJP´�RI�
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KDV�HQWHUHG�RXU�HYHU\GD\�OLYHV�OLNH�QHYHU�EHIRUH��7R�XQGHUVWDQG�KRZ�
TXLFNO\�WHFKQRORJ\�LV�PRYLQJ��FRQVLGHU�WKDW�LQ�WKH������-07�WHFKQRO�
RJ\�LVVXH�³DUWLILFLDO�FRQWUDFHSWLRQ´�ZDV�PHQWLRQHG�PRUH�RIWHQ��WZLFH��
WKDQ�³DUWLILFLDO�LQWHOOLJHQFH´��RQFH��6�,Q�������SXEOLF�LPDJLQDWLRQ�VWLOO�
YLHZHG�$,�DV�D�WHFKQRORJ\�RI�WKH�IXWXUH��D�QRYHOW\�IRU�WHFK�HQWKXVLDVWV��
EXW�XQLPSRUWDQW�WR�WKH�EURDGHU�SXEOLF��7KDW�\HDU��WKH�PDMRU�$,�QHZV�
LQ�WKH�PDLQVWUHDP�PHGLD�ZDV�WKDW�*RRJOH�'HHS0LQG¶V�$OSKD*R�EH�
FDPH�WKH�ILUVW�$,�V\VWHP�WR�EHDW�D�KXPDQ�SURIHVVLRQDO�DW�WKH�JDPH�RI�
*R�E\�GHSOR\LQJ�PDFKLQH�OHDUQLQJ�WR�GHYHORS�D�ZLQQLQJ�VWUDWHJ\�7�7R�
GD\��$,�LV�QR�ORQJHU�OLPLWHG�WR�H[SHULPHQWDO�ODEV�DQG�ERDUG�JDPHV��EXW�
XVHG� URXWLQHO\� WKURXJKRXW�RXU� VRFLHW\�� LQ�ZD\V�ERWK�ELJ� DQG� VPDOO��
RSDTXH�DQG� WUDQVSDUHQW��EHQLJQ�DQG�YLROHQW��$,�SRZHUV�GHYLFHV� WKDW�
GHWHUPLQH� HYHU\WKLQJ� IURP� WKH� VHWWLQJV� RI� RXU� WKHUPRVWDWV� DQG� RXU�
GULYLQJ�URXWHV� WR�DGPLVVLRQ� LQWR�HOLWH� VFKRROV�� MREV��DQG�SULVRQ�VHQ�
WHQFHV��7KH�WLPH�LV�ULSH�IRU�D�VXVWDLQHG�FRQYHUVDWLRQ�RQ�ZKDW�&DWKROLF�
PRUDO�WKHRORJ\�FDQ�DQG�VKRXOG�VD\�WR�D�ZRUOG�UHSOHWH�ZLWK�DUWLILFLDO�
LQWHOOLJHQFH��DQG�ZH�DUH�JUDWHIXO�WR�WKH�DXWKRUV�RI�WKLV�LVVXH�DQG�WKHLU�
EURDGHU� LQWHUORFXWRUV�� IRU� WKHLU� FRQWULEXWLRQV� DQG� OHDGHUVKLS� RQ� DG�
GUHVVLQJ�WKHVH�LVVXHV�� 

7KLV�JRDO�LQ�PLQG��ZH�EULQJ�\RX�WKLV�VSHFLDO�LVVXH�RI�WKH�-RXUQDO�RI�
0RUDO�7KHRORJ\�RQ�$UWLILFLDO�,QWHOOLJHQFH��,W�LV�LQWHQGHG��ILUVW��WR�UH�
IOHFW�WKH�RQJRLQJ�FRQYHUVDWLRQ�LQ�$,�HWKLFV��VHFRQG��WR�RIIHU�D�VHW�RI�
&KULVWLDQ�FRQWULEXWLRQV�WR�WKDW�FRQYHUVDWLRQ��DQG�WKLUG��WR�VHUYH�DV�ERWK�
DQ�HQWU\�SRLQW�DQG�LQYLWDWLRQ�IRU�WKH�$,�QRYLFH�WR�HQJDJH�WKLV�WRSLF�� 

 

 
RXU�PRGHUQ�ZRUOG�DV�EHLQJ�SDUWLFXODUO\�SUREOHPDWLF�IRU�ERWK� WKH�VXVWHQDQFH�RI�RXU�
FRPPRQ�ZRUOG��/DXGDWR�6L¶��QRV�����II���DQG�WKH�FDUH�IRU�KXPDQ�UHODWLRQVKLSV�DQG�
FRPPXQLW\�ZLWKLQ�WKDW�ZRUOG��)UDWHOOL�7XWWL��QRV����±�������±�����+RZHYHU��)UDQFLV¶V�
DSSHDOV�WR�UHWKLQN�WKH�PRUDO�DQG�VRFLDO�IRUFH�WKDW�WHFKQRORJ\�ZLHOGV�XSRQ�XV�WRGD\�
DUH��LQ�IDFW��WKH�H[FHSWLRQV�WKDW�SURYH�WKH�UXOH��VLQFH�HYHQ�WKH�3RQWLII¶V�OHDG�KDV�QRW�
GUDZQ�D�VLJQLILFDQW�ZDYH�RI�PRUDO�WKHRORJLDQV�LQWR�GHHS�UHIOHFWLRQ�RQ�WKHVH�TXHVWLRQV�� 
6�.DUD�1��6ODGH�GLG�DXWKRU�DQ�HQWLUH�DUWLFOH�RQ�DXWRQRPRXV�GURQHV��D�QRWDEOH�$,�EDVHG�
WHFKQRORJ\��EXW� WKH� IDFW� WKDW� VKH�GLG�QRW� FDOO� DXWRQRPRXV�GURQHV� ³DUWLILFLDO� LQWHOOL�
JHQFH´�LV�LWVHOI�D�PDUNHU�RI�KRZ�WKH�WHUP�³DUWLILFLDO�LQWHOOLJHQFH´�ZDV�EHLQJ�UHFHLYHG�
D�PHUH�VHYHQ�\HDUV�DJR��&DFFDPR�DQG�0F&DUWK\��RQ�WKH�RWKHU�KDQG��GR�PDNH�WKH�RQO\�
UHIHUHQFH�WR�DUWLILFLDO�LQWHOOLJHQFH�LQ�WKH�LVVXH�ZKHQ�GHVFULELQJ�6ODGH¶V�SDSHU�LQ�WKH�
LQWURGXFWLRQ��LQGLFDWLQJ�WKDW�WKH�WHUP�ZDV�EHJLQQLQJ�WR�FLUFXODWH�PRUH��WKRXJK�QRW�DW�
WKH�OHYHO�LW�FXUUHQWO\�GRHV��*RRJOH�Q*UDPV�GDWD�FRQILUP�WKLV��VKRZLQJ�D�SHDN�LQ�XVDJH�
RI�WKH�WHUP�LQ������IROORZHG�E\�D�VWHHS�GHFOLQH�WR�D�WURXJK�LQ�WKH�ILUVW�GHFDGH�RI�WKH�
����V��WKHQ�DQRWKHU�H[SRQHQWLDO�XSWLFN�EHJLQQLQJ�LQ�������6HH�.DUD�1��6ODGH��³8Q�
PDQQHG��$XWRQRPRXV�'URQHV�DV�D�3UREOHP�RI�7KHRORJLFDO�$QWKURSRORJ\�´�-RXUQDO�
RI�0RUDO�7KHRORJ\����QR���������������±����MPW�VFKRODVWLFDKT�FRP�DUWLFOH�������XQ�
PDQQHG�DXWRQRPRXV�GURQHV�DV�D�SUREOHP�RI�WKHRORJLFDO�DQWKURSRORJ\�� &DFFDPR�
DQG�0F&DUWK\��³1RWHV� IURP� WKH�,VVXH�(GLWRUV�´� LL�� DQG�*RRJOH�Q*UDPV��³$UWLILFLDO�
,QWHOOLJHQFH�´�ERRNV�JRRJOH�FRP�QJUDPV�JUDSK"FRQWHQW DUWLILFLDO�LQWHOOLJHQFH�� 
7�&DGH�0HW]��³*RRJOH�DQG�)DFHERRN�5DFH�WR�6ROYH�WKH�$QFLHQW�*DPH�RI�*R�ZLWK�$,�´�
:LUHG��'HFHPEHU�����������ZZZ�ZLUHG�FRP���������JRRJOH�DQG�IDFHERRN�UDFH�WR�
VROYH�WKH�DQFLHQW�JDPH�RI�JR��� 
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,GHDV� ORVH� VRPH� RI� WKHLU� SRWHQF\�ZKHQ� GLVDVVRFLDWHG� IURP� WKHLU�
FRQWH[W��,W�PDWWHUV�WKDW�WKLV�LVVXH�LV�ZULWWHQ�DW�D�WLPH�ZKHQ�$,�LV�LQ�
FUHDVLQJO\�PRYLQJ�EH\RQG�VFLHQFH�ILFWLRQ�DQG�LQWR�FXUUHQW�HYHQWV��,W�
PDWWHUV� WKDW� WKLV� LVVXH� ZDV� FRQFHLYHG� E\� WZR� WHFKQRORJ\� HWKLFLVWV�
ZRUNLQJ�LQ�WKH�KHDUW�RI�6LOLFRQ�9DOOH\��,W�DOVR�PDWWHUV�WKDW�QHLWKHU�RI�
XV�FRPHV� IURP�FRPSXWLQJ�EDFNJURXQGV�� LQ�SDUW�EHFDXVH��ZH�XQGHU�
VWDQG�WKURXJK�OD\PDQ¶V�H\HV�WKH�LPSRUWDQFH�IRU�WKH�SXEOLF�DW�ODUJH�WR�
OHDUQ��XQGHUVWDQG��GHEDWH��DQG�DFW�LQ�UHVSRQVH�WR�DUWLILFLDO�LQWHOOLJHQFH�8��
&RQYHUVHO\��LW�PDWWHUV�WKDW�ERWK�RI�XV�GR�KDYH�WUDLQLQJ�LQ�ERWK�WKHRORJ�
LFDO�HWKLFV�DQG�VFLHQFH�HQJLQHHULQJ��ZKLFK�PHDQV�ZH�DOVR�XQGHUVWDQG�
KRZ�PRUDOO\�LPSRYHULVKHG�WKH�GHYHORSPHQW�RI�WHFKQRORJ\�EHFRPHV�
ZKHQ�LW�LV�GLYRUFHG�IURP�HWKLFDO�DQG�WKHRORJLFDO�UHIOHFWLRQ�� 

)LQDOO\��LW�PDWWHUV�WKDW�WKLV�LVVXH�RI�WKH�-07�LV�WKH�WKLUG�,�KDYH�JXHVW�
HGLWHG�� WKRVH�ILUVW�IRUD\V�WDXJKW�PH�WKDW� WUHPHQGRXV�YDOXH�LV�JDLQHG�
ZKHQ�WKH�SDSHUV�RI�DQ�HGLWHG�YROXPH��VSHFLDO�LVVXH�RI�D�MRXUQDO�RU�FRO�
OHFWLRQ�RI�HVVD\V�LQ�ERRN�IRUPDW��DUH�UHIOHFWLYH�RI�DQ�RQJRLQJ�FRQYHU�
VDWLRQ� EHWZHHQ� WKH� VHOHFWHG� DXWKRUV�� 7KH� DUWLFOHV� WKHQ� HQJDJH� HDFK�
RWKHU�LQ�IXQFWLRQDO�DQG�FRQVWUXFWLYH�ZD\V��WKH�DXWKRUV�FLWH�DQG�EXLOG�
RQ�HDFK�RWKHU¶V�LGHDV��DQG�WKH�FROOHFWLRQ�RI�HVVD\V�LV�VLPXOWDQHRXVO\�
YDULHG�DQG�KROLVWLF� 

)RUWXQDWHO\�IRU�XV��DV�ZH�ZHUH�SUHSDULQJ�WKH�FDOO�IRU�SDSHUV�IRU�WKLV�
LVVXH��WKH�3RQWLILFDO�&RXQFLO�IRU�&XOWXUH�KDG�SDUWQHUHG�ZLWK�WKH�0DUN�
NXOD�&HQWHU�WR�EULQJ�VRPH�RI�WKH�OHDGLQJ�&DWKROLF�WKHRORJLFDO�YRLFHV�
RQ�$,�WR�6&8¶V�FDPSXV�IRU�D�WZR�GD\�V\PSRVLXP�LQ�0DUFK�������:H�
NQHZ�WKLV�V\PSRVLXP�FRXOG�RIIHU� WKH�FRQQHFWLYH� WLVVXH� WKLV�YROXPH�
QHHGHG��)DWH��RU�SHUKDSV�JUDFH"��LQWHUYHQHG�DQG�WKH�V\PSRVLXP�KDG�
WR�EH�VKRUWHQHG�DQG�PRYHG�RQOLQH�DV�WKH�ZRUOG�DGDSWHG�WR�WKH�UHDOLW\�
RI�WKH�JOREDO�&29,'����SDQGHPLF��5DWKHU�WKDQ�D�VLQJOH�WZR�GD\�V\P�
SRVLXP��WKH�RQOLQH�FRQYHUVDWLRQ�FRQWLQXHG�ZLWK�UHJXODU�PRQWKO\�PHHW�
LQJV�IRU�RYHU�WZR�\HDUV�9�7KRVH�RQJRLQJ�FRQYHUVDWLRQV�DSSHDU�LQ�WKLV�

 
8�,�KDYH�DOUHDG\�QRWHG�WKDW�P\�HQWU\�SRLQW�LQWR�WHFK�HWKLFV�ZDV�PHFKDQLFDO�HQJLQHHULQJ��
%ULDQ�ZDV�WUDLQHG�LQ�ELRORJ\��ZKLFK�LV�QRW�WR�VD\�WKDW�WKLV�LVVXH�GRHV�QRW�UHO\�RQ�FRP�
SXWLQJ�H[SHUWLVH��-RKQ�6ODWWHU\��0DUN�*UDYHV��DQG�1RUHHQ�+HU]IHOG�DOO�KROG�GHJUHHV�
LQ�FRPSXWHU�VFLHQFH�� 
9�,W�LV�QHFHVVDU\�WR�DFNQRZOHGJH�WKH�IXOO�OLVW�RI�FRQYHUVDWLRQ�SDUWQHUV�SUHVHQW�LQ�WKHVH�
GLVFXVVLRQV��IRU�HYHQ�WKRXJK�RQO\�VRPH�DUH�OLVWHG�LQ�WKH�WDEOH�RI�FRQWHQWV�RI�WKLV�LVVXH��
DQG�D�IHZ�PRUH�PDNH�LW�LQWR�IRUPDO�FLWDWLRQV��LW�JRHV�ZLWKRXW�VD\LQJ�WKDW�WKH�LGHDV�RI�
DOO�SDUWLFLSDQWV�DUH�SUHVHQW�WKURXJKRXW�WKLV�YROXPH��7R�PDNH�WKH�FRQYHUVDWLRQV�PDQ�
DJHDEOH��UHJXODU�PRQWKO\�PHHWLQJV�RI�WKH�ZRUNLQJ�JURXS�ZHUH�EURNHQ�LQWR�WKUHH�VXE�
JURXSV��ZLWK�DQ�DQQXDO�SOHQDU\�PHHWLQJ�WR�FRQVROLGDWH�WKH�LGHDV��7KH�ILUVW�VXEJURXS�
IRFXVHG�RQ�³&RQVFLRXVQHVV�� ,QWHULRULW\��DQG� WKH�6RXO´�DQG�FRPSULVHG�%ULDQ�&XWWHU��
0DULXV�'RUREDQWX��-XVWLQ�*DEOH��$QVHOP�5DPHORZ��23��0DUJD�9HJD��DQG�-RUGDQ�-R�
VHSK�:DOHV��7KH�VHFRQG�VXEJURXS�IRFXVHG�RQ�³5HODWLRQDOLW\�DQG�$,´�DQG�FRPSULVHG�
/HYL�&KHFNHWWV��0DULXV�'RUREDQWX��1RUHHQ�+HU]IHOG��&RU\�/DEUHFTXH�� DQG� -RUGDQ�
-RVHSK�:DOHV��7KH�WKLUG�VXEJURXS�IRFXVHG�RQ�³6RFLHW\��(WKLFV��DQG�3ROLWLFV´�DQG�FRP�
SULVHG�'DYLG�'H&RVVH��0DUN�0F.HQQD��0DWWKHZ�-��*DXGHW��9HURQLFD�0DUWLQH]��3DXO�
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FXUUHQW� YROXPH� LQ� WZR� LPSRUWDQW� ZD\V�� )RXU� RI� WKH� VHYHQ� SHHU�UH�
YLHZHG�DUWLFOHV�LQ�WKLV�LVVXH�DUH�DXWKRUHG�E\�UHJXODU�SDUWLFLSDQWV�LQ�WKDW�
ZRUNLQJ�JURXS��$QGUHD�9LFLQL��6-��1RUHHQ�+HU]IHOG��/HYL�&KHFNHWWV��
DQG�-RUGDQ�-RVHSK�:DOHV���6HFRQG��ZH�KDYH� LQFOXGHG� WZR�QRQ�SHHU�
UHYLHZHG�DUWLFOHV�SXUSRVHIXOO\�UHIOHFWLQJ�WKH�DFWXDO�FRQYHUVDWLRQV�RI�
WKDW�ZRUNLQJ�JURXS��DQG�EURDGHQLQJ�WKH�UDQJH�RI�YRLFHV�WR�LQFOXGH�VHY�
HUDO�ZKR�GLG� QRW� RWKHUZLVH�ZULWH� IRU� WKLV� LVVXH� �%ULDQ�&XWWHU��&RU\�
/DEUHFTXH�� $QVHOP� 5DPHORZ�� 23�� 3DXO� 6FKHU]�� 0DUJD� 9HJD�� DQG�
%LVKRS�3DXO�7LJKH��� 

 
$�35,0(5�21�$57,),&,$/�,17(//,*(1&( 

%HIRUH�WXUQLQJ�WR�WKH�LVVXH�LWVHOI��OHW�PH�ILUVW�RIIHU�VRPH��EULHI�GHI�
LQLWLRQV�DQG�FRQFHSWV�WR�KHOS�RULHQW�WKH�$,�QRYLFH��7KHUH�LV�QR�GRXEW�
WKH�WRSLF�RI�$,�FDQ�EH�RYHUZKHOPLQJ�LQ�VFRSH�DQG�WHFKQLFDOO\�GDXQWLQJ�
WR� WKRVH�ZKR�GR�QRW� DOUHDG\�KDYH� NQRZOHGJH�RI� DQG� LQWHUHVW� LQ� WKH�
WHFKQRORJ\�ILHOG��*LYHQ�WKH�VFRSH�RI�$,¶V�LQIOXHQFH�RQ�RXU�FRQWHPSR�
UDU\�DQG�QHDU�IXWXUH�VRFLHW\��LW�LV�DEVROXWHO\�YLWDO�WKDW�WKH�JHQHUDO�SXEOLF�
JDLQ� IXQGDPHQWDO� XQGHUVWDQGLQJ� RI� WKH� PRUDO� LPSOLFDWLRQV� RI� WKLV�
WRSLF��)RUWXQDWHO\��WKHUH�LV�D�JURZLQJ�UHFRJQLWLRQ�WKDW�ZH�QHHG�PRUH�
HWKLFDO�GLVFXVVLRQ�RQ�WHFKQRORJ\�DQG�WKDW�VXFK�D�GLVFXVVLRQ�FDQQRW�EH�
UHVWULFWHG� WR�D�NQRZOHGJHDEOH�HOLWH��$,� LV� LQ�RXU� OLYHV��DQG�ZH�PXVW�
HQJDJH� LW�PRUDOO\� DQG� VRFLDOO\��7R�HQJDJH� LW�� WKRXJK��ZH�PXVW� ILUVW�
PDNH�VHQVH�RI�LW�� 

2XU�ILUVW�WDVN�LQ�PDNLQJ�DUWLILFLDO�LQWHOOLJHQFH�DFFHVVLEOH�LV�WR�GHILQH�
WHUPV��)LUVW��LW�LV�KHOSIXO�WR�GLVWLQJXLVK�EHWZHHQ�VHYHUDO�IRUPV�RI�DUWL�
ILFLDO� LQWHOOLJHQFH��$UWLILFLDO�LQWHOOLJHQFH� LV� WKH�JHQHUDO�FDWHJRU\�LQ�
FOXGLQJ�DOO�PDFKLQHV�RU� VRIWZDUH� FDSDEOH�RI�SHUIRUPLQJ� WDVNV�FRP�
PRQO\�DVVRFLDWHG�ZLWK�LQWHOOLJHQW�EHLQJV��LQFOXGLQJ�OHDUQLQJ��UHDVRQ�
LQJ�� SUREOHP� VROYLQJ�� SHUFHSWLRQ�� DQG� XVLQJ� ODQJXDJH�10�0DFKLQH�
OHDUQLQJ��0/��LV�WKH�VXEILHOG�RI�DUWLILFLDO�LQWHOOLJHQFH�LQ�ZKLFK�D�FRP�
SXWHU�³OHDUQV´�KRZ�WR�GR�LWV�WDVN�E\�DQDO\]LQJ�HLWKHU�D�VHW�RI�WUDLQLQJ�
GDWD�RU�LWV�VXFFHVV�DQG�IDLOXUHV�LQ�SULRU�LWHUDWLRQV�RI�LWV�WDVN�RU�ERWK��
)RU�H[DPSOH��D�WH[W�UHFRJQLWLRQ�SURJUDP�XVLQJ�PDFKLQH�OHDUQLQJ�PLJKW�
EH�³WUDLQHG´�ZLWK�D�VHW�RI�PLOOLRQV�RI�H[DPSOHV�RI�WH[W��,Q�REVHUYLQJ�
WKH�GDWD��WKH�PDFKLQH�ZLOO�OHDUQ�WKH�SDWWHUQV�WKDW�PDNH�FHUWDLQ�OHWWHUV�
VR�WKDW�LW�FDQ�UHFRJQL]H�WKRVH�OHWWHUV�LQ�GLIIHUHQW�IRQWV��KDQGZULWLQJ��RU�
RWKHU� DSSOLFDWLRQV�11� 6XSHUYLVHG� PDFKLQH� OHDUQLQJ� EHJLQV� ZLWK�

 
6FKHU]��$QQ�6NHHW��$QGUHD�9LFLQL��6-��DQG�:DUUHQ�YRQ�(VFKHQEDFK��%ULDQ�3��*UHHQ��
$QJHO�*RQ]DOHV�)HUUHU��DQG�%LVKRS�3DXO�7LJKH�ZHUH�WKH�RUJDQL]HUV�DQG�VSRQVRUV�RI�
WKH�ZRUNLQJ�JURXS�DQG�JHQHUDOO\�DWWHQGHG�DOO�WKUHH�VXEJURXSV��:H�DUH�LQGHEWHG�DQG�
JUDWHIXO�WR�HDFK�DQG�HYHU\�RQH�RI�WKHVH�SDUWQHUV�IRU�WKHLU�FRQWULEXWLRQV�WR�WKLV�LVVXH�
DQG�WKH�RQJRLQJ�FRQYHUVDWLRQ�� 
10� %�� -�� &RSHODQG�� ³$UWLILFLDO� ,QWHOOLJHQFH�´�(QF\FORSHGLD� %ULWDQQLFD�� ZZZ�EULWDQ�
QLFD�FRP�WHFKQRORJ\�DUWLILFLDO�LQWHOOLJHQFH�� 
11�6HH�6KDQ�&DUWHU�DQG�0LFKDHO�1LHOVHQ��³8VLQJ�$UWLILFLDO�,QWHOOLJHQFH�WR�$XJPHQW�
+XPDQ�,QWHOOLJHQFH�´�'LVWLOO��'HFHPEHU����������GLVWLOO�SXE������DLD�� 
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KXPDQV�GHILQLQJ�FDWHJRULHV�DQG�³FRDFKLQJ´�DQ�DOJRULWKP�WRZDUG�FRU�
UHFW� VROXWLRQV� DQG�SDWWHUQ� UHFRJQLWLRQ� E\� WDJJLQJ� WUDLQLQJ� GDWD�ZLWK�
FRUUHFW�VROXWLRQV��,Q�DQ�H[DPSOH�IDPLOLDU�WR�PRVW�UHDGHUV��*RRJOH�XVHV�
WKH� KXPDQ� LQSXWV�ZH� JLYH� WR� LWV� UH&$37&+$�SURJUDP� �H�J��� WKRVH�
SX]]OHV�WKDW�WHVW� LI�\RX�DUH�KXPDQ�E\�DVNLQJ�\RX�WR�³ILQG�WKH�ER[HV�
ZLWK�FURVVZDONV�RU�WUDIILF�OLJKWV�LQ�WKLV�SLFWXUH´��WR�WUDLQ�RWKHU�$,�V\V�
WHPV� RQ� LWV� QHWZRUN�� OLNH� WKH� WDJJLQJ� IXQFWLRQ� LQ�*RRJOH� SKRWRV� RU�
SKRWR�VHQVRUV�LQ�LWV�DXWRQRPRXV�YHKLFOH�SURMHFW�:D\PR��KHQFH��FURVV�
ZDONV� DQG� WUDIILF� OLJKWV���12� %\� FRQWUDVW�� XQVXSHUYLVHG� PDFKLQH�
OHDUQLQJ�GLVFRYHUV�LWV�RZQ�SDWWHUQV��ZLWKRXW�KXPDQ�FRDFKLQJ�RU�LQSXW��
ZLWKLQ�D�JLYHQ�GDWD�VHW�DQG�WKHQ�XWLOL]HV�WKRVH�SDWWHUQV�WR�VROYH�SURE�
OHPV�� 

$UWLILFLDO�QHXUDO�QHWZRUNV��$11��ZHUH�GHYHORSHG�WR�PLPLF�WKH�
ZD\�LQ�ZKLFK�QHXURQV�ZRUN�LQ�D�KXPDQ�RU�DQLPDO�EUDLQ��1HXUDO�QHW�
ZRUNV�FRQVLVW�RI�DOJRULWKPV�RUJDQL]HG�WR�SURFHVV�LQIRUPDWLRQ�E\�IHHG�
LQJ�LW�WKURXJK�OD\HUV�RI�³QHXURQV´�WR�FRPH�WR�D�GHHSHU�XQGHUVWDQGLQJ�
RI� DQ� REVHUYDWLRQ�13�'HHS� OHDUQLQJ� �'/�� LV� WKH� VXEVHW� RI�PDFKLQH�
OHDUQLQJ�WKDW�GHSOR\V�PXOWL�OD\HUHG�QHXUDO�QHWZRUNV�LQ�LWV�OHDUQLQJ�SUR�
FHVV��2QH�H[DPSOH�RI�GHHS� OHDUQLQJ�FDQ�EH�IRXQG� LQ� WKH� LPDJH� WKDW�
DGRUQV�WKH�FRYHU�RI�WKLV�LVVXH��LI�\RX�DUH�KROGLQJ�WKH�SULQW�FRS\��RU�WKH�
PDVWKHDG�RI�WKLV�LQWURGXFWLRQ��LI�\RX�SLFNHG�XS�WKLV�DUWLFOH�IURP�WKH�
RSHQ�VRXUFH�-07�ZHEVLWH���7KLV�LPDJH�ZDV�FUHDWHG�XVLQJ�D�GHHS�OHDUQ�
LQJ�WRRO�FDOOHG�'HHS�'UHDP�*HQHUDWRU��ZKLFK�DSSOLHV�GHHS�OHDUQLQJ�WR�
OHDUQ�WKH�VW\OH�RI�D�SDUWLFXODU�SLHFH�RI�DUW�DQG�WKHQ�LV�FDSDEOH�RI�FRQ�
YHUWLQJ�DQ\�RWKHU�LPDJH�LQWR�WKDW�³VW\OH�´14�)RU�WKH�FRYHU�LPDJH��ZH�
XVHG�D�SKRWR�RI�6W��3HWHU¶V�6TXDUH�LQ�9DWLFDQ�&LW\�DQG�FRQYHUWHG�LW�WR�
WKH�³VW\OH´�WKDW�WKH�'HHS�'UHDP�*HQHUDWRU�VDZ�LQ�9DQ�*RJK¶V�IDPRXV�
SDLQWLQJ� ³6WDUU\�1LJKW�´�2WKHU� H[DPSOHV� RI�'HHS�'UHDP�JHQHUDWHG�
LPDJHV�DGRUQ�WKH�RWKHU�DUWLFOHV�RI�WKLV�LVVXH�RQ�WKH�-07�ZHEVLWH�15� 

0DQ\�ZKR�HQWHU�WKH�FRQWHPSRUDU\�GLVFXVVLRQ�RI�$,�UHDOL]H�WKDW�DU�
WLILFLDO� LQWHOOLJHQFH�KDV�QRW� WDNHQ� WKH� IRUP�RI�KXPDQRLG� URERWV�SUH�
GLFWHG�LQ�VFLHQFH�ILFWLRQ�IRU�GHFDGHV�16�6XFK�URERWV�ZRXOG�EH�D�IRUP�RI�
ZKDW�KDG�EHHQ�WHUPHG�JHQHUDO�$,�RU�$UWLILFLDO�*HQHUDO�,QWHOOLJHQFH�

 
12�5XJDUH�0DUX]DQL��³$UH�<RX�8QZLWWLQJO\�+HOSLQJ�WR�7UDLQ�*RRJOH¶V�$,�0RGHOV"�´�
7RZDUGV� 'DWD� 6FLHQFH�� -DQXDU\� ���� ������ WRZDUGVGDWDVFLHQFH�FRP�DUH�\RX�XQZLW�
WLQJO\�KHOSLQJ�WR�WUDLQ�JRRJOHV�DL�PRGHOV�I���GHD��DHH�� 
13�/DWHU�LQ�WKLV�LVVXH��-RUGDQ�-RVHSK�:DOHV�DUJXHV�WKDW�WKH�V\PEROLF�UHSUHVHQWDWLRQ�RI�
WKH�ZRUOG�QHXUDO�QHWZRUNV�FUHDWH�FDQ�EH�VRPHWKLQJ�RI�D�VSLULWXDO�OHQV�WKDW�OHDGV�XV�WR�
GHHSHU�ZLVGRP�³0HWDSK\VLFV��0HDQLQJ��DQG�0RUDOLW\�´�-RXUQDO�RI�0RUDO�7KHRORJ\�
����VSHFLDO�LVVXH������������������� 
14�6HH�'HHS�'UHDP�*HQHUDWRU��GHHSGUHDPJHQHUDWRU�FRP�� 
15�6HH�MPW�VFKRODVWLFDKT�FRP�LVVXH�� 
16�(�J���5RVLH�WKH�0DLG�LQ�7KH�-HWVRQV��&��32�DQG�5��'��LQ�6WDU�:DUV��'DWD�IURP�
6WDU�7UHN��.,77� WKH� WDONLQJ�FDU� LQ�.QLJKW�5LGHU��+$/� LQ�������$�6SDFH�2G\VVH\��
$UWLILFLDO�*HQHUDO�,QWHOOLJHQFH�LV�DOVR�VRPHWLPHV�WHUPHG�³6WURQJ�$,´�EXW�ZH�ZLOO�DYRLG�
WKDW�WHUPLQRORJ\�LQ�WKLV�YROXPH�EHFDXVH�LW�LPSOLHV�WKDW�PRUH�QDUURZ�DSSOLFDWLRQV�RI�
$,�DUH�³ZHDN�´�DQ�LQDFFXUDWH�DQG�SUREOHPDWLF�ODEHOLQJ�� 
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�$*,���D�FRPSXWHU�FDSDEOH�RI�DGDSWLQJ�WR�DQ\�WDVN�JLYHQ��MXVW�OLNH�D�
KXPDQ��6XFK�KXPDQRLG�URERWLF�IRUP�LV�KLJKO\�XQOLNHO\�ZLWKRXW�UDGLFDO�
WHFKQRORJLFDO�DGYDQFHPHQWV��7KH�UHDOLW\�LV�WKDW�$*,�ZLOO�PRUH�OLNHO\�
WDNH�WKH�IRUP�RI�YDVW�GDWDFHQWHUV�RU�EH�GLVWULEXWHG�DFURVV�QHWZRUNV�RI�
FRPSXWHUV�17�6XFK�$*,�LV�VWLOO�WKHRUHWLFDO��EXW�DW�OHDVW�VHYHQW\�WZR�GLI�
IHUHQW�RUJDQL]DWLRQV�DUH�ZRUNLQJ�WR�PDNH�LW�D�UHDOLW\�DQG�VHYHUDO��VXFK�
DV�'HHS0LQG� DQG�2SHQ$,�� KDYH� GHHS� SRFNHWV�18� ,I� $*,� HYHU� GRHV�
FRPH�WR�EH�LW�ZLOO�UHTXLUH�VLJQLILFDQW�WKHRORJLFDO�GLVFXVVLRQ�DERXW�$,�
SHUVRQKRRG��URERW�ULJKWV��KXPDQ�$,�UHODWLRQVKLSV��DQG�VR�RQ�19�7KHVH�
TXHVWLRQV�RQO\�JHW�VWLFNLHU�LI�WKH�FDSDFLWLHV�RI�$*,�UHDFK�VXSHULQWHOOL�
JHQFH��WKH�SRLQW�ZKHUH�DUWLILFLDO�LQWHOOLJHQFH�VXUSDVVHV�WKH�FDSDFLWLHV�
RI�KXPDQ�LQWHOOLJHQFH� 

:KLOH�$*,�UHPDLQV�ODUJHO\�WKHRUHWLFDO��WRGD\�DSSOLFDWLRQV�RI�ZKDW�
LV�NQRZQ�DV�QDUURZ�$,�DUH�LQFUHDVLQJ�H[SRQHQWLDOO\��7KHVH�DSSOLFD�
WLRQV�DUH�³QDUURZ´�LQ�WKDW�FRPSXWDWLRQDO�LQWHOOLJHQFH�LV�XVHG�IRU�D�YHU\�
VSHFLILF�WDVN�RU�VHW�RI�WDVNV�20�)DPLOLDU�H[DPSOHV�RI�QDUURZ�$,�LQFOXGH�
WKH�DOJRULWKPV�WKDW�SRZHU�*RRJOH¶V�ZHE�VHDUFK�RU�)DFHERRN¶V�DG�WDU�
JHWLQJ��'LJLWDO�DVVLVWDQWV��VXFK�DV�$PD]RQ¶V�$OH[D��$SSOH¶V�6LUL��RU�
*RRJOH�$VVLVWDQW²WKRXJK�VHHPLQJO\�FDSDEOH�RI�QHDU�JHQHUDO�$,²DUH�
DFWXDOO\�MXVW�LQWHJUDWLQJ�VHYHUDO�GLIIHUHQW�IRUPV�RI�QDUURZ�$,��LQFOXG�
LQJ� YRLFH� UHFRJQLWLRQ�� WH[WXDO� DXWRFRPSOHWH�� JHRORFDWLRQ� PDSSLQJ�
�H�J���ZKHQ�$SSOH�0DSV�³OHDUQV´�WKH�FRPPXWH�\RX�WDNH�UHJXODUO\���DQG�
ELRPHWULF� WUDFNLQJ� �H�J��� ZKHQ� \RXU� ZDWFK� LGHQWLILHV� WKDW� \RX� KDYH�
EHHQ�VLWWLQJ�IRU�WRR�ORQJ���7KHRORJLFDOO\�DQG�HWKLFDOO\��QDUURZ�$,�GRHV�
QRW�IRUFH�XV�WR�ZUHVWOH�ZLWK�QRWLRQV�RI�DJHQF\�RU�SHUVRQKRRG�LQ�WKH�
VDPH�ZD\�$*,�PLJKW��EXW�WKLV�GRHV�QRW�PHDQ�QDUURZ�$,�LV�QRW�SRVLQJ�
HWKLFDO�TXHVWLRQV��(PHUJLQJ�QDUURZ�$,�DSSOLFDWLRQV�LQFOXGH�IDFLDO�RU�
RWKHU�ELRPHWULF�GDWD�UHFRJQLWLRQ�UDLVLQJ�VLJQLILFDQW�SULYDF\�FRQFHUQV��
SULVRQ�VHQWHQFLQJ�DOJRULWKPV�UDLVLQJ�TXHVWLRQV�DERXW�WKH�QHFHVVLW\�IRU�

 
17�³6PDUW´�KDUGZDUH�OLNH�KRPH�DVVLVWDQWV�GR�YHU\�OLWWOH�FRPSXWLQJ�ZLWKLQ�WKH�GHYLFH��
7KH\�DUH�DFWXDOO\�MXVW�GDWD�FRQGXLWV��VHQGLQJ�UHTXHVWV�WR�GDWD�FHQWHUV�ZKHUH�WKH�DFWXDO�
FRPSXWDWLRQ�LV�GRQH�EHIRUH�VROXWLRQV�DUH�UHWXUQHG�WR�WKH�GHYLFH�� 
18�0F.HQQD�)LW]JHUDOG��$DURQ�%RGG\��DQG�6HWK�'��%DXP�������6XUYH\�RI�$UWLILFLDO�
*HQHUDO�,QWHOOLJHQFH�3URMHFWV�IRU�(WKLFV��5LVN��DQG�3ROLF\��*OREDO�&DWDVWURSKLF�5LVN�
,QVWLWXWH�7HFKQLFDO�5HSRUW�������JFULQVWLWXWH�RUJ�SDSHUV����BDJL������SGI� 
19�5REHUWR�'HOO¶2UR�EHJLQV�WR�WDNH�XS�WKH�TXHVWLRQ�RI�SHUVRQKRRG�LQ�³&DQ�$�5RERW�
%H�$�3HUVRQ"�'H�)DFLQJ�3HUVRQKRRG�DQG�)LQGLQJ�,W�DJDLQ�ZLWK�/HYLQDV�´�-RXUQDO�RI�
0RUDO�7KHRORJ\�����VSHFLDO�LVVXH��������������±��� 
20�6FLHQFH�ILFWLRQ�KDV�JLYHQ�XV�PRGHOV�IRU�HPERGLHG�$,�LQ�KXPDQRLG�IRUP��VXFK�DV�
5RVLH��'DWD��DQG�&��32���HPERGLHG�$,�LQ�QRQ�KXPDQRLG�IRUP��5��'��DQG�.,77��DQG�
VHHPLQJO\�QRQ�HPERGLHG�IRUPV��+$/��EXW�HYHQ�LQ�FDVHV�GHSULYHG�RI�D�KXPDQ�ERG\��
RWKHU�KXPDQRLG�WUDLWV��DELOLWLHV��DQG�FKDUDFWHULVWLFV�UHPDLQ�D�VWDSOH�RI�WKH�JHQUH��H�J���
+$/�RU�.,77¶V�YRLFH��5��'�¶V�HPRWLRQDOO\�FKDUJHG�ODQJXDJH��*UHHQ�DQG�,�DFWXDOO\�
GLVDJUHH�DV� WR�ZKHWKHU�+$/�LV�HPERGLHG²KH�VHHV� WKH�UHPRYDO�RI�FKLSV� WR�GLVDEOH�
+$/�DV�DNLQ�WR�D�ORERWRP\��6XFK�DUH�WKH�PRUH�HQWHUWDLQLQJ��EXW�OHVV�FRQVHTXHQWLDO�
GHEDWHV�LQ�WKH�ILHOG�RI�WHFKQRORJ\�HWKLFV���1DUURZ�$,��RQ�WKH�RWKHU�KDQG��UDUHO\�ZDVWHV�
FRPSXWLQJ�SRZHU�RQ�WU\LQJ�WR�DSSHDU�KXPDQ��ZLWK�WKH�QRWDEOH�H[FHSWLRQ�RI�WKH�YRLFH�
LQ�GLJLWDO�DVVLVWDQWV�OLNH�$PD]RQ¶V�$OH[D�RU�$SSOH¶V�6LUL��GHVLJQHG�WR�SDVV�DV�$*,��� 
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FRPSDVVLRQ� LQ� RXU� V\VWHPV�� DQG� DXWRQRPRXV� YHKLFOHV� SODFLQJ� WKH�
�VRPHWLPHV�OLIH�DQG�GHDWK��GULYLQJ�GHFLVLRQV�LQWR�WKH�KDQGV�RI�VHQVRUV�
DQG�DOJRULWKPV��DQG�PDQ\�PRUH��� 

+DYLQJ�ODLG�RXW�WKHVH�EDVLF�GHILQLWLRQV��RXU�VHFRQG�WDVN�LQ�WKLV�SUL�
PHU�LV�WR�EULHIO\�VXPPDUL]H�VRPH�RI�WKH�PDMRU�HWKLFDO�DQG�WKHRORJLFDO�
LVVXHV�$,�UDLVHV��6LQFH�QDUURZ�$,�LV�FDSDEOH�RI�FRPSOHWLQJ�WDVNV�IDVWHU�
DQG�ZLWK�IHZHU�HUURUV�WKDQ�KXPDQV��PDQ\�RI�WKH�PRUDO�SUREOHPV�UH�
ODWHG�WR�$,�DUH�VLPSO\�H[DFHUEDWLRQV�RI�PRUDO�LVVXHV�DOUHDG\�SUHVHQW�LQ�
RXU�VRFLHW\��$PRQJ�WKH�PRVW�SUHYDOHQW�RI�WKHVH�LV�WKH�SUREOHP�RI�ELDV�� 

$�PDFKLQH�OHDUQLQJ�DOJRULWKP�FDQ�RQO\�EH�DV�JRRG�DQG�UHOLDEOH�DV�
WKH�GDWD�VHW� LW� LV� WUDLQHG�RQ�� ,I� WKH�DOJRULWKP�LV�VHW�XS� WR� OHDUQ�IURP�
LQWHUDFWLRQV�ZLWK�RXU�UHDO��VLQIXO�VRFLHW\��LW�ZLOO�QDWXUDOO\�FRPH�WR�UH�
IOHFW� WKH� LQKHUHQW�ELDVHV�RI� WKDW� VRFLHW\��:KHQ�0LFURVRIW� FRQQHFWHG�
7D\��DQ�0/�GULYHQ�FKDWERW��WR�7ZLWWHU�DQG�XVHG�LWV�H[FKDQJHV�RQ�WKH�
VRFLDO�PHGLD�SODWIRUP�WR�³OHDUQ´�KRZ�DQG�ZKDW�WR�WZHHW��ZLWKLQ�KRXUV�
7D\�ZDV�VSHZLQJ�UDFLVW�DQG�PLVRJ\QLVW�WZHHWV�21� 

,Q� WKHRU\��ZLWK� WKH� FRUUHFW� WUDLQLQJ� DQ�0/� DOJRULWKP� VKRXOG� EH�
PRUH�DSW�WKDQ�D�KXPDQ�DFWRU�DW�DYRLGLQJ�ELDV��VLQFH�LW�KDV�QR�VXEFRQ�
VFLRXV�LQIRUPLQJ�LWV�UHVXOWV��%LDVHV�DUH�VRPHWLPHV�VR�EDNHG�LQWR�RXU�
VRFLHW\� WKDW� HYHQ� LQ� FDVHV� ZKHUH� 0/� LV� WUDLQHG� RQ� D� VHOHFWLYHO\�
VFUHHQHG�GDWD� VHW� DQG� UHVWULFWHG� IURP�XVLQJ�FHUWDLQ� FDWHJRULHV²OLNH�
UDFH�RU�JHQGHU²WR�PDNH� LWV�GHWHUPLQDWLRQV��PDFKLQH�OHDUQLQJ�RIWHQ�
ILQGV�SUR[LHV�WKDW�ELDV�WKH�ILQDO�UHVXOWV�DQ\ZD\��DV�ZDV�WKH�FDVH�ZKHQ�
D�SULVRQ�VHQWHQFLQJ�DOJRULWKP�XVHG�]LS�FRGH�LQVWHDG�RI�UDFH�WR�SUHGLFW�
UHFLGLYLVP�22�RU�DQ�$PD]RQ�DSSOLFDWLRQ�VFUHHQLQJ�DOJRULWKP�XVHG�FHU�
WDLQ�NH\ZRUGV��OLNH�WKH�QDPHV�RI�DOO�ZRPHQ¶V�FROOHJHV�RU�SDUWLFLSDWLRQ�
LQ�FHUWDLQ�FOXEV�RU�VSRUWV��UDWKHU�WKDQ�JHQGHU�DV�D�PHDQV�WR�PDLQWDLQ�
WKH�JODVV�FHLOLQJ�23�7KH�SUREOHP�RI�ELDV�LV�RIWHQ�FRPSRXQGHG�LQ�V\V�
WHPV�XVLQJ�GHHS�OHDUQLQJ�EHFDXVH�WKH�FRQQHFWLRQV�WKDW�QHXUDO�QHWZRUNV�
PDNH�WKURXJK�WKH�GHHS�OD\HUV�DUH�RIWHQ�RSDTXH�WR�KXPDQ�REVHUYDWLRQ��
SUHFOXGLQJ�HDV\�YHULILFDWLRQ�WKDW�WKH�ORJLF�OHDGLQJ�WR�D�VROXWLRQ�LV�EL�
DVHG��$�FDXWLRQDU\�WDOH�RIWHQ�WROG�LQ�0/�OLWHUDWXUH�WHOOV�RI�D�GHIHQVH�
FRQWUDFWRU�WDVNHG�ZLWK�EXLOGLQJ�D�WDUJHWLQJ�DOJRULWKP�IRU�DXWRQRPRXV�
ZHDSRQV� WR� UHFRJQL]H� HQHP\� WDQNV�� GLVFRYHULQJ� WKDW� WKH� SKRWRV� RI�

 
21�-DPHV�9LQFHQW��³7ZLWWHU�7DXJKW�0LFURVRIW¶V�$,�&KDWERW�WR�%H�D�5DFLVW�$VVKROH�LQ�
/HVV� 7KDQ� D� 'D\�´� 7KH� 9HUJH�� 0DUFK� ���� ������ ZZZ�WKHY�
HUJH�FRP��������������������WD\�PLFURVRIW�FKDWERW�UDFLVW�� 
22�6HH�(OORUD�7KDGDQH\�,VUDQL��³:KHQ�DQ�$OJRULWKP�+HOSV�6HQG�<RX�WR�3ULVRQ�´�1HZ�
<RUN� 7LPHV�� 2FWREHU� ���� ������ ZZZ�Q\WLPHV�FRP������������RSLQLRQ�DOJRULWKP�
FRPSDV�VHQWHQFLQJ�ELDV�KWPO�� 
23�6HH�-HIIHU\�'DVWLQ��³$PD]RQ�6FUDSV�6HFUHW�$,�5HFUXLWLQJ�7RRO�7KDW�6KRZHG�%LDV�
$JDLQVW�:RPHQ�´�5HXWHUV��2FWREHU�����������ZZZ�UHXWHUV�FRP�DUWLFOH�XV�DPD]RQ�
FRP�MREV�DXWRPDWLRQ�LQVLJKW�DPD]RQ�VFUDSV�VHFUHW�DL�UHFUXLWLQJ�WRRO�WKDW�VKRZHG�
ELDV�DJDLQVW�ZRPHQ�LG86.&1�0.��*��,Q�WKLV�LVVXH��$QGUHD�9LFLQL��6-��H[DPLQHV�
VHYHUDO�DSSOLFDWLRQV�RI�$,�LQ�ZKLFK�VRFLHWDO�ELDV�ILQGV�LWV�ZD\�LQWR�WKH�DOJRULWKP��³$U�
WLILFLDO�,QWHOOLJHQFH�DQG�6RFLDO�&RQWURO�´�-RXUQDO�RI�0RUDO�7KHRORJ\�����VSHFLDO�LVVXH�
��>����@����±���� 
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WDQNV�XVHG�WR�WUDLQ�WKH�QHXUDO�QHWZRUN�KDG�EHHQ�VKRW�RQ�VXQQ\�GD\V��
ZKLOH�WKH�SKRWRV�ZLWKRXW�WDQNV�LQ�FORXG\�FRQGLWLRQV��OHDGLQJ�WKH�GHHS�
OHDUQLQJ�QHWZRUN�WR�XVH�EULJKWQHVV�DV�FULWHULRQ�WR�GHWHUPLQH�WKH�SUHV�
HQFH�RI�D�WDQN��,Q�RSDTXH�V\VWHPV�LW�FDQ�EH�YHU\�GLIILFXOW�WR�ILQG�VXFK�
HUURUV�24� 

%H\RQG�ELDV��ZH�DOVR�PXVW�EH�FDXWLRXV�DERXW�KRZ�$,�UHPRYHV�IURP�
PRUH�WUDGLWLRQDO�V\VWHPV�VRPH�RI�WKH�IULFWLRQ�LQDGYHUWHQWO\�UHQGHULQJ�
WKH� V\VWHP�PRUH�PRUDO�� )RU� H[DPSOH�� DV� GHDGO\� DV�ZDU� FDQ� EH�� WKH�
DPRXQW�RI�GHVWUXFWLRQ�LV�UHGXFHG�VLPSO\�EHFDXVH�VRPH�SHRSOH�UHIXVH�
WR�DFW�25�:KHQ�$,�LV�GHSOR\HG�LQ�DXWRQRPRXV�ZHDSRQV�V\VWHPV��LW�UH�
PRYHV�DQ\�KHVLWDQF\�VROGLHUV�PLJKW�KDYH�LQ�NLOOLQJ�DQRWKHU�KXPDQ�EH�
LQJ�26�WKHUHE\�HOLPLQDWLQJ�WKH�IULFWLRQ�DQG�PDNLQJ�ZDUIDUH�PRUH�HIIL�
FLHQW��,V�JUHDWHU�HIILFLHQF\�RU�UXWKOHVVQHVV�DW�NLOOLQJ�DFWXDOO\�WKH�PRUH�
PRUDO�FRXUVH"�&RXOG�WKHUH�EH�JRRGQHVV�LQ�WKH�IULFWLRQ"� 

6LPLODUO\��ZKHQ�$,�VSHHGV�XS�SURFHVVHV�RWKHUZLVH�LPSRVVLEOH�IRU�
LQGLYLGXDO�KXPDQV�WR�FRPSOHWH��LW�FDQ�UHPRYH�EDUULHUV�LQKHUHQW�WR�WKH�
V\VWHP�LWVHOI��)RU�H[DPSOH��WKH�FHQWUDO�SUHPLVH�RI�DQ�LQVXUDQFH�V\VWHP�
LV�WKDW�LW�DOORZV�LQGLYLGXDO�ULVN�WR�EH�VSUHDG�DFURVV�D�ODUJH�SRRO�RI�FRQ�
WULEXWRUV��:KHQ�ZH�SD\�RXU�OLIH�LQVXUDQFH�SUHPLXPV��PRVW�RI�XV�DFWX�
DOO\�JHW�SDLG�RXW�OHVV�LQ�GHDWK�EHQHILWV�WKDQ�ZH�SDLG�LQ�RYHU�WKH�FRXUVH�
RI�RXU� OLYHV��7KH�EHQHILFLDULHV�RI� WKH� UDUH�SHUVRQ�ZKR�GLHV�DQ�HDUO\�
GHDWK�JHW�WKH�EHQHILW�ZLWKRXW�SD\LQJ�GHFDGHV�RI�SUHPLXPV��,Q�WKLV�ZD\��
WKH�ULVN�RI�DQ�HDUO\�GHDWK� LV�VKDUHG�DQG�VSUHDG�RYHU�WKH�HQWLUH�SRRO��
0HGLFDO�LQVXUDQFH�ZRUNV�VLPLODUO\��ZH��RU�RXU�HPSOR\HUV��SD\�PHGL�
FDO�SUHPLXPV�DW�XVXDOO\�PXFK�JUHDWHU�FRVW�WKDQ�WKH�PHGLFDO�H[SHQVHV�
ZH�LQFXU�LQ�D�\HDU��7KH�VXUSOXV�LV�XVHG�WR�SD\�IRU�WKH�VPDOO�VHW�RI�SHRSOH�
ZKR�HQG�XS�ZLWK�VHULRXV�PHGLFDO�FRQGLWLRQV�DQG�KLJK�PHGLFDO�FRVWV��
,Q�WKLV�ZD\��WKH�HQWLUH�SRRO�RI�FRQWULEXWRUV�VKDUHV�WKH�ULVN��HYHQ�WKRXJK�
RQO\�D�IHZ�³SURILW´�LQ�WKH�VHQVH�WKDW�WKH\�JHW�PRUH�RXW�WKDQ�WKH\�SXW�
LQ��7UDGLWLRQDOO\��OLIH�LQVXUDQFH�RU�PHGLFDO�LQVXUDQFH�SUHPLXPV�FRXOG�
YDU\�RQ�WKH�EDVLV�RI�JHQHUDO�IDFWRUV�VXFK�DV�DJH�RU�VPRNLQJ��EXW�EH\RQG�
WKHVH� JHQHUDOLWLHV�� RQH� FDQQRW� SUHGLFW�ZKR�ZLOO� GLH� \RXQJ�RU� VXIIHU�
IURP�WKH�H[SHQVLYH�PHGLFDO�FRQGLWLRQ��RQO\�WKDW�VRPHRQH�LQ�WKH�ODUJH�
SRRO�ZLOO�GLH�HDUO\�RU�UHTXLUH�VLJQLILFDQW�PHGLFDO�FDUH��7KH�XVH�RI�$,�

 
24�-DPHV�%ULGOH��³.QRZQ�8QNQRZQV�´�+DUSHUV�0DJD]LQH��-XO\�������KDUSHUV�RUJ�DU�
FKLYH���������NQRZQ�XQNQRZQV��� 6RPH� KDYH� DUJXHG� WKDW� WKH� VWRU\� LV� DSRFU\SKDO��
ZKHWKHU�WKH�VWRU\�GHULYHV�IURP�DFWXDO�HYHQWV�LV�XQLPSRUWDQW�LI�WKH�VWRU\�LV�LQWHQGHG�WR�
LOOXVWUDWH�SUREOHPV�ZLWK�RSDTXH�QHXUDO�QHWZRUNV��VHH�*ZHUQ�%UDQZHQ��³7KH�1HXUDO�
1HW�7DQN�8UEDQ�/HJHQG�´�ZZZ�JZHUQ�QHW�7DQNV�� 
25�2QH�VWXG\�VKRZHG�WKDW�DV�PDQ\�DV�����RI�$PHULFDQ�LQIDQWU\�VROGLHUV�LQ�:RUOG�:DU�
,,�QHYHU�ILUHG�WKHLU�ZHDSRQV�LQ�FRPEDW��6HH�)UHGULF�6PROHU��³7KH�6HFUHW�RI�WKH�6RO�
GLHUV�:KR�'LGQ¶W�6KRRW�´�$PHULFDQ�+HULWDJH�����QR������������ZZZ�DPHULFDQKHULW�
DJH�FRP�VHFUHW�VROGLHUV�ZKR�GLGQW�VKRRW� 
26� )RU� D�GHWDLOHG� H[DPLQDWLRQ�RI� WKH�PRUDO� VWDWXV�RI�/HWKDO�$XWRQRPRXV�:HDSRQV�
6\VWHPV��VHH�1RUHHQ�+HU]IHOG��³&DQ�/HWKDO�$XWRQRPRXV�:HDSRQV�%H�-XVW"�´�-RXUQDO�
RI�0RUDO�7KHRORJ\�����VSHFLDO�LVVXH�������������±��� 



 Introduction to the Ethics of Artificial Intelligence 9 
  
WR� SURFHVV� PHGLFDO� DQG� RWKHU� IDFWRUV� LQFUHDVHV� WKH� VSHFLILFLW\� ZLWK�
ZKLFK�DQ�LQVXUDQFH�FRPSDQ\�FDQ�SUHGLFW�WKRVH�ZKR�ZLOO�GLH�HDUO\�RU�
KDYH�KLJK�PHGLFDO�FRVWV��DQG�FRQVHTXHQWO\�FKDUJH�WKHP�ZLWK�KLJKHU�
SUHPLXPV�RU�H[FOXGH�WKHP�IURP�JHWWLQJ�LQVXUDQFH�DOWRJHWKHU��$,�SRZ�
HUHG�LQVXUDQFH�V\VWHPV�DUH�PRUH�HIILFLHQW�WKDQ�WUDGLWLRQDO�V\VWHPV��EXW�
E\�EHLQJ�VR��WKH\�ORVH�WKH�UDQGRPQHVV�WKDW�PDGH�WKHVH�V\VWHPV�PRUH�
PRUDOO\� DFFHSWDEOH��:LWK�$,� SRZHUHG� V\VWHPV�� KRZHYHU�� LQVXUDQFH�
V\VWHPV�QR�ORQJHU�SRRO�WKH�ULVN�RI�GHDWK�RU�VHYHUH�PHGLFDO�FRQGLWLRQ��
LQVWHDG�� WKH\� DFWXDOO\� UHPRYH� WKH� ULVN�E\�H[FOXGLQJ� WKH�PRVW�QHHG\�
LQGLYLGXDOV� IURP� WKH� V\VWHP��0RUDOO\�� WKLV� UDLVHV� VHULRXV� TXHVWLRQV�
ERWK�DERXW�WKH�FRPPRQ�JRRG�DQG�WKH�&DWKROLF�SULQFLSOH�RI�WKH�SUHIHU�
HQWLDO�RSWLRQ�IRU�WKH�YXOQHUDEOH�27� 

)LQDOO\��$,�SRZHUHG�V\VWHPV�KDYH�KHLJKWHQHG�TXHVWLRQV�UHJDUGLQJ�
SHUVRQDO� DXWRQRP\� DQG� SULYDF\�� 7RGD\�� QHDUO\� HYHU\� SXUFKDVH� \RX�
PDNH��HYHU\�WHUP�\RX�VHDUFK��HYHU\�ORFDWLRQ�\RX�PDS��DQG�HYHU\�OLQN�
\RX�FOLFN�LV�WUDFNHG�WR�KHOS�FRPSDQLHV�EXLOG�D�SURILOH�WKDW�FDQ�EHWWHU�
WDUJHW�WKH�DGYHUWLVHPHQWV�\RX�VHH��7KHVH�PRXQWDLQV�RI�GDWD�ZRXOG�EH�
RYHUZKHOPLQJ� LI� WKH\�KDG�WR�EH�RUJDQL]HG�E\�KDQG��EXW�WKURXJK�WKH�
GHSOR\PHQW� RI�$,� WR� VLIW� DQG� VRUW� WKH� GDWD�� WKH� UHDOLW\� WRGD\� LV� WKDW�
*RRJOH��$PD]RQ��DQG�)DFHERRN�RIWHQ�NQRZ�XV�EHWWHU�WKDQ�RXUVHOYHV�
DQG�XVH�WKLV�SURILOH�QRW�IRU�RXU�JRRG��EXW�WKHLU�SURILW��7KH�SUREOHP�RQO\�
JHWV�ZRUVH�DV�ZH�FRQQHFW�PRUH�DQG�PRUH�³VPDUW´�GHYLFHV��KRPH�DV�
VLVWDQWV� FROOHFWLQJ� RXU� YRLFHV�� FRQQHFWHG� UHIULJHUDWRUV� DQG� WRRWK�
EUXVKHV�PRQLWRULQJ� RXU� GDLO\� SDWWHUQV�� URERW� YDFXXPV�PDSSLQJ�RXU�
KRPHV28��WKLV�VHW�RI�GHYLFHV�LV�FROOHFWLYHO\�NQRZQ�DV�WKH�LQWHUQHW�RI�
WKLQJV�RU� ,R7��� 7KHVH� DUH� WKH� GDWD�ZH� YROXQWDULO\� SURYLGH� WR� WKHVH�
FRPSDQLHV�WKURXJK�RXU�VHDUFKHV�DQG�FOLFNV�RQ�RZQ�VPDUW�GHYLFHV��$V�
VPDUW�GRRUEHOOV�� WUDIILF�FDPHUDV��DQG�RWKHU�VXUYHLOODQFH�V\VWHPV�EH�
FRPH�XELTXLWRXV�WKURXJKRXW�RXU�FLWLHV�DQG�VXEXUEV��ZH�QHHG�DOVR�EH�
FRQFHUQHG� DERXW� WKH� WURYHV� RI� GDWD� JDWKHUHG� E\� WKHVH� FDPHUDV��:H�
VKRXOG�UHPHPEHU�WKDW�$,�V\VWHPV�PDNH�VXUYHLOODQFH�FDSDEOH�RI�LQWH�
JUDWLQJ�DQG�SURFHVVLQJ�GDWD�GUDZQ�IURP�DFURVV�DQ�HQWLUH�FLW\��$,�DOVR�
H[SDQGV�WKH�PDUNHUV�E\�ZKLFK�DQ�LQGLYLGXDO�SHUVRQ�FDQ�EH�LGHQWLILHG��
LQ� DGGLWLRQ� WR� WKH� WUDGLWLRQDO� PHDQV� RI� IDFH�� YRLFH�� RU� KDQGZULWLQJ�
UHFRJQLWLRQ��$,�LV�QRZ�FDSDEOH�RI�XQLTXHO\� LGHQWLI\LQJ�\RX�E\�\RXU�
VSHDNLQJ�RU�ZULWLQJ�VW\OH��KHDUW�UDWH��RU�HYHQ�\RXU�JDLW��7KH�VHW�RI�GH�
FLVLRQV�RU�DFWLRQV�ZH�FDQ�PDNH�ZLWKRXW�EHLQJ�VXUYHLOOHG�LV�HYHU�VKULQN�
LQJ��6HULRXV�SXEOLF�GLVFXVVLRQ�PXVW�EH�UDLVHG�DERXW�KRZ�WKLV�GDWD�LV�
XVHG�� 

 
27�)RU�D�PRUH�H[WHQVLYH�DQDO\VLV�RI�&DWKROLF�VRFLDO�WKRXJKW�DV�LW�DSSOLHV�WR�$,�WRGD\��
VHH� /HYL� &KHFNHWWV�� ³$UWLILFLDO� ,QWHOOLJHQFH� DQG� WKH�0DUJLQDOL]DWLRQ� RI� WKH� 3RRU�´�
-RXUQDO�RI�0RUDO�7KHRORJ\�����VSHFLDO�LVVXH�������������±���� 
28�6HH�0DJJLH�$VWRU��³<RXU�5RRPED�0D\�%H�0DSSLQJ�<RXU�5RRP��&ROOHFWLQJ�'DWD�
7KDW� &RXOG� %H� 6KDUHG�´� 1HZ� <RUN� 7LPHV�� -XO\� ���� ������ ZZZ�Q\�
WLPHV�FRP������������WHFKQRORJ\�URRPED�LURERW�GDWD�SULYDF\�KWPO� 
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7KH�PRUDO�LVVXHV�,�KDYH�LGHQWLILHG�WKXV�IDU�RQO\�UHODWH�WR�ZKDW�QDU�
URZ�$,�LV�DOUHDG\�FDSDEOH�RI��%XW�KDUGZDUH�FRPSDQLHV�OLNH�,%0�DUH�
ZRUNLQJ�RQ�GHYHORSLQJ�TXDQWXP�FRPSXWHUV�ZKLFK�SURFHVV�GDWD�XV�
LQJ�TXDQWXP�ELWV��RU�TXELWV��LQVWHDG�RI�WKH�VWDQGDUG�ELQDU\�ELWV�XVHG�
RQ�GLJLWDO�FRPSXWHUV��4XELWV�DUH�VXSHULPSRVHG�RQ�RQH�DQRWKHU�DOORZ�
LQJ�FRPSXWHUV�WR�SURFHVV�GDWD�PLOOLRQV�RI�WLPHV�IDVWHU�WKDQ�GLJLWDO�SUR�
FHVVRUV��7KH�SRVVLELOLW\�RI�GHYHORSLQJ�JHQHUDO�$,�RU�VXSHULQWHOOLJHQFH�
ZLOO�UDLVH�GHHS�WKHRORJLFDO�DQG�SKLORVRSKLFDO�TXHVWLRQV�DERXW�WKH�QD�
WXUH�RI�FUHDWLRQ�DQG�WKH�SODFH�RI�KXPDQV��$,��DQG�*RG�LQ�WKDW�FUHDWLRQ��
:LOO�$*,�EH�ZRUWK\�RI�VRPH�RU�DOO�RI�WKH�ULJKWV�DQG�SURWHFWLRQV�ZH�
DVFULEH� WR�KXPDQV"�:LOO� LW� UHTXLUH�XV� WR�GHYHORS�QHZ�DQG�GLIIHUHQW�
ULJKWV�RU�PRUDO�SULQFLSOHV"�:LOO�WKH�FUHDWRUV�RI�$,�EH�OLNH�JRGV�WR�WKHLU�
LQWHOOLJHQW�FRPSXWHUV�RU��LI�ZH�UHDFK�VXSHULQWHOOLJHQFH��ZLOO�$,�EHFRPH�
D�JRG�WR�XV"�7KH�DGYDQFH�RI�WHFKQRORJ\�KDV��WKURXJKRXW�KLVWRU\��FKDO�
OHQJHG�RXU�XQGHUVWDQGLQJ�RI�WKH�GLYLQH��WKHVH�DGYDQFHPHQWV�PD\�VKDW�
WHU�RXU�FXUUHQW�FRPSUHKHQVLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�'LYLQH�
FUHDWRU�*RG�DQG�FUHDWLRQ�LWVHOI�DQG�VWUDLQ�RXU�WKHRORJ\�LQ�QRYHO�ZD\V�� 

0RUHRYHU�� WKH�DERYH�UHPDUNV�SUHVXPH�$,�DQG�KXPDQLW\�ZLOO� UH�
PDLQ�GLVWLQFW��ZKLFK�LV�XQOLNHO\��(YHQ�WRGD\��WKHUH�LV�D�JURZLQJ�GLV�
FXVVLRQ�DERXW�WUDQVKXPDQLVP��WKH�PRYHPHQW�WR�LQWHJUDWH�WHFKQRORJ\�
DQG�WKH�KXPDQ�ERG\�WR�HQKDQFH�KXPDQ�FDSDFLWLHV��$V�WKHVH�DSSOLFD�
WLRQV�LQFUHDVH�LW�ZLOO�UDLVH�MXVWLFH�TXHVWLRQV�DERXW�ZKR�KDV�DFFHVV�WR�
VXFK�DXJPHQWDWLRQV�DQG�ZKDW�KDSSHQV�WR�WKRVH�ZKR�DUH�QRW�³OLIWHG´�LQ�
VXFK�D�ZD\��6RPH�HYHQ�FODLP�WKDW�VXFK�WHFKQRORJLHV�SDYH�WKH�ZD\�WR�
H[WHQGLQJ�KXPDQ�OLIH��HYHQ�LQGHILQLWHO\��UDLVLQJ�IXUWKHU�PRUDO�DQG�WKH�
RORJLFDO�TXHVWLRQV�DERXW�WKH�QDWXUH�RI�GHDWK�DQG�WKH�DIWHUOLIH��,I�D�KX�
PDQ�FRXOG�OLYH�IRUHYHU��ZKDW�ZRXOG�WKLV�LPSO\�IRU�WKH�7KRPLVWLF�SUH�
VXPSWLRQV�RI�H[LWXV�UHGLWXV��ZH�FRPH�IURP�DQG�UHWXUQ�WR�*RG��RU�WKH�
$XJXVWLQLDQ�QRWLRQ�WKDW�WKRVH�ZKR�IROORZ�&KULVW�LQ�WKLV�ZRUOG�DUH�DNLQ�
WR�WUDYHOHUV�LQ�D�IRUHLJQ�ODQG��ZRUNLQJ�RXU�ZD\�KRPH"�,V�WUDQVKXPDQ�
LVP� WKH� SDWK� WR� VSLULWXDO� LPPLJUDWLRQ� DZD\� IURP� WKH�&LW\� RI�*RG"�
7KHVH�DUH�GHHS�WKHRORJLFDO�TXHVWLRQV�ZH�PXVW�EHJLQ�WR�FRQWHPSODWH�LI�
&DWKROLF�WKHRORJ\�LV�WR�EH�SUHSDUHG�IRU�ZKDW�LV�WR�FRPH�� 

 
7+(�6758&785(�2)�7+,6�,668( 

)RUWXQDWHO\��VRPH�RI�XV�KDYH�DOUHDG\�EHJXQ�WR�DVN�WKHVH�W\SHV�RI�
TXHVWLRQV��7KH�SUHVHQW�LVVXH�RI�WKH�-RXUQDO�RI�0RUDO�7KHRORJ\�JDWKHUV�
VRPH�RI�WKHVH�UHIOHFWLRQV��7KH�WRSLF�RI�$,�LV�YDVW��7KH�WKHRORJLFDO�GL�
PHQVLRQV�RI�DQG�WKH�PRUDO�FKDOOHQJHV�ZURXJKW�E\�$,�DUH�H[WHQVLYH��
7KHUH�LV�VLPSO\�QR�ZD\�WR�FDSWXUH�WKDW�YDVWQHVV�LQ�D�VLQJOH�YROXPH��
7KH�PHWDSKRU�RI�DQ�KRXUJODVV�FRQYHQLHQWO\�GHVFULEHV�WKH�VWUXFWXUH�RI�
WKH�SUHVHQW�LVVXH��2XU�ILUVW�WDVN�PXVW�EH�WR�IXQQHO�WKH�UHDGHU�WRZDUG�D�
QDUURZ�QHFN�RI�LQIRUPDWLRQ��ZLWKRXW�ORVLQJ�HVVHQWLDO�HOHPHQWV�RI�WKH�
FRQYHUVDWLRQ�DQG�GHEDWHV�ZH��DV�D�VRFLHW\��QHHG�WR�KDYH��7KLV�LQWUR�
GXFWLRQ�VHUYHV�DV�WKH�ILUVW�SDUW�RI�WKDW�IXQQHO�ERWK�E\�RIIHULQJ�D�EULHI�
SULPHU�RQ� WHUPLQRORJ\�DQG�FRQFHSWV�DQG�RULHQWLQJ� WKH� UHDGHU� WR� WKH�
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VWUXFWXUH�RI�WKH�LVVXH�LWVHOI��1H[W��ZH�RIIHU�WKH�ILUVW�RI�WZR�QRQ�SHHU�
UHYLHZHG�DUWLFOHV� LQ� WKH� LVVXH�� ,Q� WKLV�DUWLFOH��ZH� �TXLWH� OLWHUDOO\��DW�
WHPSWHG� WR�FDSWXUH� WKH�VDOLHQW�DVSHFWV�RI� WKH�FRQYHUVDWLRQV� WKH�3&&�
ZRUNLQJ�JURXSV�KDYH�KDG��,Q�RUGHU�WR�UHVSHFWIXOO\�UHIOHFW�VRPH�RI�WKH�
WHQVLRQV�DQG�GHEDWHV�LQKHUHQW�WR�WKH�RQJRLQJ�FRQYHUVDWLRQ��ZH�LQYLWHG�
QLQH�PHPEHUV�RI�WKDW�ERG\�WR�HQJDJH�LQ�DQ�RQOLQH�ZULWWHQ�FRQYHUVDWLRQ�
UHIOHFWLQJ�WKH�ZRUN�ZH�KDYH�EHHQ�GRLQJ�RYHU�WKH�SDVW�VHYHUDO�\HDUV��
%ULDQ�DQG�,�KDYH�PRGHUDWHG�WKH�FRQYHUVDWLRQ�E\�RIIHULQJ�LQLWLDO�TXHV�
WLRQV��FROOHFWLQJ�DQVZHUV�� HGLWLQJ�UHVSRQVHV� IRU� VDOLHQF\�DQG�RYHUDOO�
IORZ�� DQG� WKHQ� LQYLWLQJ� WKH� SDUWLFLSDQWV� WR� HQJDJH� WKH� FRQYHUVDWLRQ�
DJDLQ��6HYHUDO�LWHUDWLRQV�RI�WKLV�SURFHVV�ZHUH�FRPSOHWHG�WR�DOORZ�WKH�
SDUWLFLSDQWV�WR�IXOO\�HQJDJH�DQG�GHEDWH�HDFK�RWKHU��,Q�WKH�HQG��RXU�KRSH�
LV�WKDW�WKLV�FRQYHUVDWLRQ�SURYLGHV�DQ�LQWURGXFWLRQ�WR�VRPH�RI�WKH�LP�
SRUWDQW�TXHVWLRQV�$,�SRVHV�IRU�XV�DQG�WKH�YDULHW\�RI�UHVSRQVHV�DYDLOD�
EOH�� 

)ROORZLQJ�WKH�FRQYHUVDWLRQ�SDSHU�DUH�VHYHQ�SHHU�UHYLHZHG�DUWLFOHV��
7KH� ILUVW� IRXU�DGGUHVV�RQH�RU�PRUH�FXUUHQW�DSSOLFDWLRQV�RI�RU�PRUDO�
LVVXHV� UHODWHG� WR� DUWLILFLDO� LQWHOOLJHQFH� WKURXJK� WKH� OHQV� RI� DQ� HVWDE�
OLVKHG�WUDGLWLRQ�RI�&DWKROLF�HWKLFV��$QGUHD�9LFLQL��6-��XVHV�3RSH�)UDQ�
FLV¶V�WKHRORJ\��DQG�WKH�³5RPH�&DOO�IRU�$,�(WKLFV´��WR�DQDO\]H�WKH�HWK�
LFV�RI�IDFLDO�UHFRJQLWLRQ�V\VWHPV��WKH�XVH�RI�$,�LQ�MXGLFLDO�VHQWHQFLQJ��
DQG�WKH�XVH�RI�$,�LQ�MRE�KLULQJ��1RUHHQ�+HU]IHOG�DSSOLHV�WKH�MXVW�ZDU�
WUDGLWLRQ� WR� WKH� UHFHQW� HPHUJHQFH� RI� $,�GULYHQ� OHWKDO� DXWRQRPRXV�
ZHDSRQV�V\VWHPV�RQ�WKH�EDWWOHILHOG��/HYL�&KHFNHWWV�DVNV�ZKDW�&DWKROLF�
VRFLDO�WKRXJKW�KDV�WR�VD\�DERXW�WKH�HIIHFWV�RI�LQFUHDVLQJ�XVDJH�RI�$,�
RQ�WKH�SRRU�DQG�PDUJLQDOL]HG��)LQDOO\��-RKQ�6ODWWHU\�WDNHV�DLP�DW�WKH�
SHUVLVWHQW�PRUDO�SUREOHP�RI�JHQGHU�DQG�UDFLDO�ELDV�LQ�$,�V\VWHPV�ZLWK�
D� WKHRORJLFDO� FULWLTXH� GUDZQ� IURP�0�� 6KDZQ�&RSHODQG¶V�ZRPDQLVW�
WKHRORJ\��7DNHQ�WRJHWKHU��WKHVH�IRXU�DUWLFOHV�RIIHU�DQ�H[FHOOHQW�VDP�
SOLQJ�RI�WKH�PRUDO�LVVXHV�EHLQJ�GHEDWHG�XQGHU�WKH�FXUUHQW�VWDWH�RI��QDU�
URZ��$,�GHYHORSPHQW�DV�ZHOO�DV�D�GHPRQVWUDWLRQ�WKDW�HVWDEOLVKHG�&DWK�
ROLF�PRUDO�WKRXJKW�DOUHDG\�KDV�PXFK�WR�FRQWULEXWH�WR�VXFK�GHEDWHV�� 

,Q� WKH�QH[W� WKUHH� DUWLFOHV�� WKH� FRQYHUVDWLRQ�EHJLQV� WR�PRYH� IURP�
DVNLQJ�KRZ�WKHRORJ\�PLJKW�LQIRUP�WKH�HWKLFDO�XVH�RI�$,�WR�KRZ�WKHR�
ORJLFDO�TXHVWLRQV�DERXW�$,�PLJKW�LQIRUP�RXU�HWKLFV��5REHUWR�'HOO¶2UR�
XVHV�WKH�WKHRORJLFDO�DQWKURSRORJ\�RI�(PPDQXHO�/HYLQDV�WR�WDNH�XS�WKH�
FODVVLF�TXHVWLRQ�RI�ZKHWKHU�D�PDFKLQH�FDQ�DFKLHYH�WKH�PRUDO�VWDWXV�RI�
SHUVRQKRRG��1H[W��-RUGDQ�-RVHSK�:DOHV�FKDOOHQJHV�WKRVH�ZKR�VXJJHVW�
WKDW�$,�LV�PHUHO\�D�WRRO��LQFDSDEOH�RI�DQ\WKLQJ�PRUH�WKDQ�H[SUHVVLQJ�
WKH�ZLOO�RI�LWV�SURJUDPPHU�V���(PSOR\LQJ�DQ�$XJXVWLQLDQ�WKHRORJ\�RI�
WKH�QDWXUDO�ZRUOG��:DOHV�DUJXHV�WKDW�FRPSOH[�FRPSXWDWLRQDO�SURFHVVHV�
�HVSHFLDOO\�WKRVH�EODFN�ER[�GHHS�QHXUDO�QHWZRUNV�OHDYLQJ�KXPDQV�XQ�
DEOH�WR�XQGHUVWDQG�KRZ�D�VROXWLRQ�ZDV�UHDFKHG��GR�FRQVWLWXWH�D�VLJQLI�
LFDQW�LQWHUSUHWLYH�OD\HU�WKDW�³VWDQGV�EHWZHHQ´�XV�DQG�WKH�ZRUOG�ZH�VHHN�
WR� XQGHUVWDQG�� ,Q� WKH� ILQDO� SHHU� UHYLHZHG�DUWLFOH� RI� WKH� LVVXH��0DUN�
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*UDYHV�DWWHPSWV�WR�DUWLFXODWH�D�³SUDJPDWLF�WKHRORJLFDO�DQWKURSRORJ\´�
VSHFLILFDOO\�DGDSWHG�WR�WKLQNLQJ�DERXW�DUWLILFLDO�LQWHOOLJHQFH�� 

7KHVH�VHYHQ�DUWLFOHV�PHUHO\�VFUDWFK�WKH�VXUIDFH�RI�WKH�FRQYHUVDWLRQ�
&DWKROLF�PRUDO�WKHRORJ\�QHHGV�WR�EH�KDYLQJ�ZLWK�EURDGHU�VRFLHW\�DERXW�
WKH�FRQWLQXLQJ�GHYHORSPHQW�RI�$,�DQG�WKH�H[SDQGLQJ�LQWHJUDWLRQV�RI�
$,�LQWR�RXU�SHUVRQDO�DQG�VRFLDO�OLYHV��:KLOH�WKH�ILUVW�WZR�SLHFHV�LQ�WKLV�
LVVXH�DLP�DW�EULQJLQJ�D�YDVW�WRSLF�GRZQ�WR�D�QDUURZ�QHFN��WKH�ILQDO�WZR�
DUWLFOHV�DLP� WR�ZLGHQ� WKH�VFRSH�RQFH�DJDLQ��FRQQHFWLQJ� WKH�ZLVGRP�
SUHVHQW�LQ�WKLV�YROXPH�WR�WKH�ZLGHU�ZRUOG�DQG�WKH�TXHVWLRQV�DQG�FRQ�
YHUVDWLRQV�ZH�FRXOG�QRW�LQFOXGH�KHUH��)LUVW��ZH�KDYH�DQ�LQWHUYLHZ�ZLWK�
%LVKRS�3DXO�7LJKH��WKH�6HFUHWDU\�RI�WKH�3RQWLILFDO�&RXQFLO�IRU�&XOWXUH�
DQG�RQH�RI�WKH�OHDGLQJ�9DWLFDQ�YRLFHV�RQ� WKH�PRUDO�DQG� WKHRORJLFDO�
TXHVWLRQV�UHODWHG�WR�WHFKQRORJ\�DQG�$,�VSHFLILFDOO\��+H�DOVR�FRQYHQHG�
WKH�ZRUNLQJ�JURXS�IURP�ZKLFK�PDQ\�RI�WKHVH�SDSHUV�HPHUJHG��,Q�WKH�
LQWHUYLHZ��FRQGXFWHG�E\�%ULDQ�*UHHQ��KH�SURYLGHV�D�FOHDU�DFFRXQW�RI�
FXUUHQW�9DWLFDQ�WKLQNLQJ�RQ�WKH�HWKLFV�DQG�WKHRORJ\�RI�$,��)ROORZLQJ�
WKLV�LQWHUYLHZ��P\�FR�HGLWRU�%ULDQ�*UHHQ�RIIHUV�DQ�HSLORJXH�WR�WKH�HQ�
WLUH�LVVXH��-XVW�DV�WKLV�LQWURGXFWLRQ�KDV�DWWHPSWHG�WR�JXLGH�WKH�UHDGHU�
IURP�D�GDXQWLQJO\�EURDG�DQG�GHHS�WRSLF�GRZQ�WR�WKRVH�DVSHFWV�PRVW�
VDOLHQW�DQG�ULSH�IRU�GLVFXVVLRQ��WKH�HSLORJXH¶V�IXQFWLRQ�LV�WR�UHWXUQ�WKH�
UHDGHU� EDFN� WR�ZRUOG� RI�$,� EH\RQG� WKHVH� SDJHV�� DQG� HVSHFLDOO\� WKH�
SUREOHPV�ZH�VHH�OXUNLQJ�RQ�WKH�KRUL]RQ�� 

,Q�VXPPDU\��WKH�WLPH�KDV�FRPH�WR�UHFRJQL]H��ILUVW��WKH�FDSDFLWLHV�
$,�DOUHDG\�KDV�EURXJKW�WR� WKH�ZRUOG�DQG�WKH�PRUDO�FKDOOHQJHV�WKHVH�
FDSDFLWLHV�UDLVH��DQG�VHFRQG��WKH�H[SRQHQWLDOO\�JUHDWHU�SRWHQWLDO�FDSDF�
LWLHV�WKDW�ZLOO�SXW�RXU�IRXQGDWLRQDO�WKHRORJ\�WR�WKH�WHVW��:H�KRSH�WKLV�
LVVXH�VHUYHV�DV�ERWK�D�FKDOOHQJH�DQG�D�UHVRXUFH�WR�&DWKROLF�WKHRORJLDQV��
HWKLFLVWV��WHFKQRORJLVWV��DQG�WKH�&DWKROLF�IDLWKIXO��DV�ZHOO�DV�WR�DOO�SHR�
SOH�RI�JRRG�ZLOO��DV�ZH�EHJLQ�WR�DGGUHVV�WKLV�GLIILFXOW�WRSLF��  

 
 

0DWWKHZ�*DXGHW�LV�D�/HFWXUHU�RI�(WKLFV�LQ�WKH�6FKRRO�RI�(QJLQHHULQJ�DW�6DQWD�
&ODUD�8QLYHUVLW\�DQG�D�)HOORZ�DW� WKH�*UHIHQVWHWWH�&HQWHU�IRU�(WKLFV�LQ�6FL�
HQFH��7HFKQRORJ\��DQG�WKH�/DZ��,Q�DGGLWLRQ�WR�KLV�ZRUN�RQ�WHFK�HWKLFV��*DXGHW�
DOVR�ZRUNV�RQ�LVVXHV�RI�XQLYHUVLW\�HWKLFV��GLVDELOLW\�HWKLFV��DQG�WKH�HWKLFV�RI�
ZDU�DQG�SHDFH��+H�KDV�ZULWWHQ�IRU�DQG�HGLWHG�VHYHUDO�SUHYLRXV�LVVXHV�RI�WKH�
-RXUQDO�RI�0RUDO�7KHRORJ\�DPRQJ�RWKHU�RXWOHWV�� 


