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$ODQ�7XULQJ
$ODQ 7XULQJ� ZDV� D� ��WK� FHQWXU\� (QJOLVKPDWKHPDWLFLDQ� ZKR� PDGH� SLRQHHULQJFRQWULEXWLRQV LQ� WKH� WKHRU\� DQG� GHVLJQ� RIHOHFWURQLF GLJLWDO�FRPSXWHUV��+LV�LGHDV�LQ�WKHILHOGV RI�ORJLF�DQG�SXUH�PDWKHPDWLFV�KDYHEHFRPH WKH�EDVLV�RI�RSHUDWLRQ�IRU�PLOOLRQVRI FRPSXWHUV� LQ�ZRUOGZLGH�XVH�WRGD\��+LVFRQWULEXWLRQ�GXULQJ�WKH�6HFRQG�:RUOG�:DUOHDG WR�WKH�EUHDNLQJ�RI�DOPRVW�DOO�*HUPDQPLOLWDU\ FRGHV�DQG�D�VLJQLILFDQW�DGYDQWDJHWR WKH�$OOLHG�IRUFHV��+H�KDV�DOVR�PDGH�DQLPSDFW RQ�WKH�JD\�FRPPXQLW\��IRU�KH�ZDVDQ XQDVKDPHG�KRPRVH[XDO�LQ�D�WLPH�ZKHQFRPPXQLW\�DWWLWXGHV�WUHDWHG WKLV�EHKDYLRXUDV�FULPLQDO�
$ODQ 0DWKLVRQ�7XULQJ�ZDV�ERUQ�RQ�WKH���UGRI -XQH�������+LV�IDWKHU�ZDV�D�PHPEHU�RIWKH ,QGLDQ�&LYLO�6HUYLFH��DQG�LW�ZDV�GXULQJ�DSHULRG�RI� OHDYH� LQ�(QJODQG� WKDW�$ODQ�ZDVERUQ� +LV�SDUHQWV�UHWXUQHG�WR�,QGLD�VKRUWO\DIWHUZDUGV DQG�$ODQ�DQG�KLV�EURWKHU�-RKQZHUH UDLVHG�E\�D�UHWLUHG�$UP\�FRXSOH��7KHLUFKLOGKRRG FRQVLVWHG� RI� RFFDVLRQDO� YLVLWVIURP ERWK�RI� WKHLU�SDUHQWV��DQG� LW�ZDV�QRWXQWLO $ODQ� ZDV� ��� WKDW� WKH� IDPLO\� OLYHGWRJHWKHU�LQ�(QJODQG�
7XULQJ KDG�D� IDVFLQDWLRQ� IRU�VFLHQFH�DV�DFKLOG DQG�WKLV�IDVFLQDWLRQ�ZDV�HQFRXUDJHGE\ KLV�PRWKHU�� OHDGLQJ� WR�GHHS�VWXGLHV�RI(LQVWHLQ
V WKHRULHV� RI� UHODWLYLW\�� +H� KDG� DSXEOLF VFKRRO�HGXFDWLRQ�DQG�SDVVHG�ZHOO�LQDOO VXEMHFWV�� +LV� YDVW� LQWHOOHFWXDO� DELOLW\PHDQW WKDW� KH� ZDV� LVRODWHG� IURP� RWKHUV�LQFOXGLQJ�KLV� SDUHQWV��+LV� RQH� LQWHOOHFWXDOFRPSDQLRQ GXULQJ� KLV� ODVW� \HDUV� RI� KLJKVFKRRO� &KULVWRSKHU� 0RUFRP�� EHFDPH7XULQJ
V ILUVW�KRPRVH[XDO�ORYH��DOWKRXJK�WKHUHODWLRQVKLS�ZDV�QRW�SK\VLFDO�
,Q ����� 7XULQJ� JDLQHG� D� PDWKHPDWLFVVFKRODUVKLS DW� .LQJ
V� FROOHJH� ZLWKLQ&DPEULGJH8QLYHUVLW\�DIWHU�VRPH�LQGHFLVLRQDV WR� WKH�GLUHFWLRQ�RI�KLV� IXWXUH�VWXG\��+HKDG JRQH� LQWR� YROXQWDU\� KLEHUQDWLRQ� DV� DUHVXOW RI� &KULVWRSKHU
V� UHFHQW� GHDWK�� 7KH

QHZ HQYLURQPHQW�DW�&DPEULGJH�VXLWHG�KLP�IRU KH�ZDV�DOORZHG�KLV�LQGHSHQGHQFH�WR�EHOHIW DORQH� DQG� FRQFHQWUDWH� RQ� KLV� QHZORYH¥PDWKHPDWLFV� +H� VWXGLHG� TXDQWXPPHFKDQLFV�DQG�PDWKHPDWLFDO�ORJLF�DV�ZHOODV GHYHORSLQJ�DQ�DQWL�ZDU�DWWLWXGH��MRLQLQJWKH &DPEULGJH� $QWL�:DU� &RXQFLO�� +HVWDUWHG D�VH[XDO� UHODWLRQVKLS�ZLWK�D� IHOORZPDWKHPDWLFDO VFKRODU�� -DPHV�$WNLQV�� DQGWKLV�UHODWLRQVKLS�ODVWHG�IRU�VHYHUDO�\HDUV�
,Q �����7XULQJ�ZDV�HOHFWHG�DV�D�)HOORZ�RI.LQJ
V &ROOHJH�� :KLOH� ZRUNLQJ� ZLWK� OLWWOHLQWHUHVW RQ� KLV� VWXGLHV�� KH� WKRXJKW� RI� DQDQVZHU WR� WKH� WKLUG� RI� 'DYLG� +LOEHUW
VTXHVWLRQV RQ� WKH� QDWXUH� RI� PDWKHPDWLFV¥ZDV PDWKHPDWLFV� GHFLGDEOH" %\� WKLV+LOEHUW� D� *HUPDQ� PDWKHPDWLFLDQ�� ZDVDVNLQJ LI� WKHUH� H[LVWHG� D� GHILQLWH� PHWKRGZKLFK FRXOG��LQ�SULQFLSOH��EH�DSSOLHG�WR�DQ\PDWKHPDWLFDO� DVVHUWLRQ�� DQG� ZKLFK� ZDVJXDUDQWHHG WR�SURGXFH�D�FRUUHFW�GHFLVLRQ�DVWR ZKHWKHU�WKDW�DVVHUWLRQ�ZDV�WUXH��7KH�ILUVWWZR� TXHVWLRQV¥ZDV� PDWKHPDWLFVFRPSOHWH" DQG� ZDV� PDWKHPDWLFVFRQVLVWHQW"¥KDG EHHQ�SURYHG�WR�EH�IDOVHE\�.XUW�*|GHO��D�&]HFK�PDWKHPDWLFLDQ�
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 V(QWVFKHLGXQJVSUREOHP �WKH� SUREOHP� RIPDWKHPDWLFV��E\�XVLQJ�DQ�LGHD�VXJJHVWHGE\ 0��+��$��1HZPDQ��RQH�RI�KLV�OHFWXUHUV�DW&DPEULGJH� 1HZPDQ�ZDV�DQ�H[SHUW�LQ�WKHEUDQFK RI�PDWKHPDWLFV�NQRZQ�DV�WRSRORJ\�DQ DEVWUDFW� IRUP� RI� JHRPHWU\�� DQG� KHVXJJHVWHG WKDW�WKH�GHILQLWH�PHWKRG�UHTXLUHGE\� +LOEHUW� FRXOG� EH� DFKLHYHG� XVLQJ� DPHFKDQLFDO SURFHVV��7XULQJ�WKRXJKW�RI�WKHPDQXDO W\SHZULWHU�DV�D�PHFKDQLFDO�SURFHVVDQG� H[WHQGLQJ� LWV� QXPEHU� RI� IXQFWLRQV�FUHDWHG�WKH�FRQFHSW�RI�D�¦VXSHU�W\SHZULWHU§ZKLFK FRXOG� EH� XVHG� WR� HLWKHU� SURYH� RUGLVSURYH�+LOEHUW
V�WKHRUHP�WKDW�PDWKHPDWLFVZDV GHFLGDEOH��7KH�UHVXOWLQJ�PDFKLQH��WKH7XULQJ PDFKLQH�� ZDV� KLV�PRVW� VLJQLILFDQWFRQWULEXWLRQ WR�KXPDQ�NQRZOHGJH��DV�ZDVKLV �����SDSHU�FRQWDLQLQJ�WKH� LGHD�RI� WKHPDFKLQH�� ¦2Q�&RPSXWDEOH�1XPEHUV��ZLWKDQ�$SSOLFDWLRQ�WR�WKH�(QWVFKHLGXQJVSUREOHP§�
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1RW RQO\� GLG� WKH� LQYHQWLRQ� RI� WKH� 7XULQJPDFKLQH FRPSOHWHO\� GLVSURYH� +LOEHUW
VWKHRUHP RQ�ZKDW�PDWKHPDWLFV�ZDV��LW�DOVREHFDPH WKH� WKHRUHWLFDO� EDVLV� IRU� WKH� ILUVWGLJLWDO FRPSXWHUV� WKDW�ZHUH�GHVLJQHG�DQGEXLOW�LQ�WKH�����V��&RQVLGHU�RQH�UHIHUHQFHWR WKH� �VXSHU�W\SHZULWHU�� LQ� FRPSXWHUVWRGD\� WKH�&5 DQG�/) �FDUULDJH�UHWXUQ�	�OLQHIHHG��FRQWURO�FKDUDFWHUV�WKDW�DUH�XVHG�LQ�DOOWH[W ILOH�IRUPDWV��LQFOXGLQJ�+70/��KDYH�WKHLURULJLQV�DV�W\SHZULWHU�RSHUDWLRQV�
7XULQJ
V� UHVXOW� WKDW� WKH� +LOEHUW(QWVFKHLGXQJVSUREOHP ZDV� XQVROYDEOHDSSHDUHG�LQ�SXEOLFDWLRQ�RQ�DOPRVW�WKH�VDPHGD\ DV�WKDW�RI�$ORQ]R�&KXUFK��DQ�$PHULFDQORJLFLDQ �RQH� ZKR� VWXGLHV� WKH� VFLHQFH� RIUHDVRQLQJ��DW�3ULQFHWRQ�8QLYHUVLW\��&KXUFK
VPHWKRG� ZDV� GLIIHUHQW� WR� 7XULQJ
V�� DQG1HZPDQ DVNHG� &KXUFK� LI� KH� ZRXOG� XVH7XULQJ
V�WDOHQW
V�E\�ZRUNLQJ�ZLWK�KLP��7XULQJZDV� DFFHSWHG� DW� 3ULQFHWRQ� DQG� KHFRQWLQXHG KLV�PDWKHPDWLFDO�VWXGLHV�WKHUH�FRPSOHWLQJ�D�3K�'��LQ������
$IWHU WKLV�7XULQJ�UHWXUQHG�WR�.LQJ
V�&ROOHJHDW &DPEULGJH�DQG��EHFRPLQJ� LQFUHDVLQJO\LQWHUHVWHG LQ� UHFHQW� FRGH� PDNLQJ� DQGEUHDNLQJ GHYHORSPHQWV�� ZDV� UHFUXLWHG� WRWKH %ULWLVK�¦*RYHUQPHQW�&RGH�DQG�&LSKHU6FKRRO§ �*&�DQG�&6��LQ������DV�WKHLU�ILUVWPDWKHPDWLFLDQ��7KH�SXUSRVH�RI�*&�DQG�&6ZDV�WR�HQVXUH�$OOLHG�VXSHULRULW\ LQ�WKH�DUHDRI FU\SWDQDO\VLV¥WKH�GHFLSKHULQJ�RI�ZKDWKDV�EHHQ�FRQFHDOHG�LQ FRGH��'XULQJ�::,,7XULQJ SOD\HG�D�VLJQLILFDQW�UROH�LQ�EUHDNLQJ*HUPDQ PLOLWDU\�FRGHV��NQRZQ�DV�(QLJPD�+H�DOVR�GHYHORSHG�VWDWLVWLFDO�PHWKRGV�WKDWJDLQHG $OOLHG�WDFWLFDO�VXSHULRULW\�GXULQJ�WKHZDU� :KLOH� DW� *&� DQG� &6�� 7XULQJ� KDG� DUHODWLRQVKLS ZLWK� IHOORZ� FU\SWDQDO\VW� -RDQ&ODUNH WKDW�GHHSHQHG�LQWR�DQ�HQJDJHPHQW�7XULQJ DGPLWWHG�WR�KHU�WKDW�WKHLU�UHODWLRQVKLSSUREDEO\ ZRXOGQ
W� ZRUN� DV� D� UHVXOW� RI� KLVKRPRVH[XDO WHQGHQFLHV��DQG�ZLWKLQ�D� IHZPRQWKV�KH�EURNH�RII�WKH�HQJDJHPHQW�
$IWHU WKH�HQG�RI�WKH�6HFRQG�:RUOG�:DU�LQ����� 7XULQJ�VWDUWHG�WR�WKLQN�DERXW�WKH�EUDLQ

LQ�FRQQHFWLRQ�ZLWK�WKH�FRQFHSWV�XVHG�IRU�WKH7XULQJ PDFKLQH��+H�UHDVRQHG�WKDW�VXFK�D¦PDFKLQH§ DV� WKH�EUDLQ�FRXOG�EH�XVHG� IRUPDQ\�GLIIHUHQW�WDVNV�DQG�\HW�WKH�PDFKLQHVWKDW�ZHUH�PDGH�WR�FUDFN�*HUPDQ�FRGHV�KDGWR EH� FXVWRP� GHVLJQHG� IRU� HDFK� VSHFLILFSUREOHP� +H� KDG� D� YLVLRQ� RI� D� 8QLYHUVDO7XULQJ 0DFKLQH�WKDW�FRXOG�VROYH�DQ\�JLYHQSUREOHP E\�EHLQJ�JLYHQ�LQVWUXFWLRQV�RQ�KRZWR GR�VR��8VLQJ�HOHFWURQLF�FRPSRQHQWV�KHVDZ KRZ� VXFK� D� PDFKLQH� FRXOG� EHFRQVWUXFWHG XVLQJ� WKH� LGHDV� LQ� KLV� ����&RPSXWDEOH� 1XPEHUV SDSHU�� 9DULRXV$PHULFDQ SURMHFWV� DW� WKLV� WLPH� ZHUH� DOVRXVLQJ HOHFWURQLF� FRPSRQHQWV� WR� FRQVWUXFWPDFKLQHV WR� SHUIRUP� VSHFLILF� WDVNV�� 7KHVXSHULRU UHVRXUFHV�RI�WKH�$PHULFDQV�PHDQWWKDW� WKH\� ZHUH� DEOH� WR� SURSRVH� DQGHYHQWXDOO\�FRQVWUXFW�ZRUNLQJ�PDFKLQHV�VXFKDV WKH�(1,$&�DQG�WKH�('9$&�EHIRUH�WKH%ULWLVK�
-� 5�� :RPHUVOH\�� VXSHULQWHQGHQW� RI� WKHUHFHQWO\ FUHDWHG� 0DWKHPDWLFV� 'LYLVLRQ� RIWKH 1DWLRQDO� 3K\VLFDO� /DERUDWRU\� �13/��ZDV DZDUH�RI�7XULQJ
V�UHVHDUFK�DQG�ZDQWHGKLP WR�MRLQ�WKH�13/�VWDII��7XULQJ�DFFHSWHG�LQ-XQH������DQG�XVHG�WKH�DSSRLQWPHQW�DV�DQRSSRUWXQLW\�WR�FRQVWUXFW�KLV�8QLYHUVDO�7XULQJ0DFKLQH� +H�PDGH�D�SURSRVDO�WR�WKH�13/ZLWK GHWDLOV�RI�KLV�PDFKLQH��ZKLFK�KH�FDOOHGWKH� $XWRPDWLF� &RPSXWLQJ� (QJLQH�$&(��7KH SURSRVDO� ZDV� DFFHSWHG� DQG7XULQJ FRQWLQXHG�WR�SURYLGH�GHWDLO�DV�WR�WKHGHVLJQ��FRQVWUXFWLRQ�DQG�XVH�RI�WKH�$&(�
3URJUHVV�LQ� WKH�$&(�SURMHFW�VORZHG�WR�DVWRS�DV�WKH�EXUHDXFUDWLF�QDWXUH�RI�WKH�13/UHVLVWHG�7XULQJ
V�LGHDOLVWLF�DWWLWXGH�WRZDUGVJHWWLQJ WKLQJV� GRQH�� 7KLV� DWWLWXGH� ZDVGHYHORSHG GXULQJ�WKH�ZDU�ZKHQ�WKHUH�ZDVXQLW\ DV� D� UHVXOW� RI� D� FRPPRQ� HQHP\SUHVHQW ��WKH�*HUPDQV��7KDW�IRUFHG�D�SODQRQ JRYHUQPHQW�ZRUN��EXW�QRZ�LQ�SHDFHWLPHWKHUH ZDV� QR� QHFHVVDU\� SODQ� DQGFRQVHTXHQWO\� WKH� UDSLG� FRPSOHWLRQ� RISURMHFWV VXFK�DV�WKH�$&(�ZDV�D�ORZ�SULRULW\�0HGLD FRYHUDJH�DW�WKH�WLPH�GLG�OLWWOH�WR�KHOS�IRU�WKH�PHGLD�VDZ�QHZ�WHFKQRORJ\�DV�WKH
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VDYLRXU�IRU�%ULWDLQ
V�SRVW�ZDU�SUREOHPV��7KHLPPLQHQW VXFFHVV�RI�WKH�$&(�SURMHFW�ZDVVHL]HG XSRQ�DV�D�SULPH�H[DPSOH�RI�%ULWDLQ©VJORULRXV IXWXUH�� 7KH� UHDOLW\� ZDV� YHU\GLIIHUHQW� IRU� DIWHU� FHUWDLQ� PDQDJHULDOGHFLVLRQV 7XULQJ�OHIW�WKH�SURMHFW�DOWRJHWKHU�
,Q� ODWH������7XULQJ�UHVXPHG�KLV�SRVLWLRQDVD )HOORZ�RI�.LQJ
V�&ROOHJH�DW�&DPEULGJH�+HUH KH� KDG� DQRWKHU� KRPRVH[XDO� ORYHU�1HYLOOH�-RKQVRQ��'XULQJ�WKH�IROORZLQJ�\HDU7XULQJ ZDV�DVNHG�LI�KH�ZDQWHG�WR�WDNH�DQDSSRLQWPHQW� DW� WKH� 8QLYHUVLW\� RI0DQFKHVWHU WR� GLUHFW� WKHLU� IDVW�PRYLQJFRPSXWHU�FRQVWUXFWLRQ��+H�GHFLGHG�WR�WDNHWKH DSSRLQWPHQW�DQG�RIILFLDOO\�UHVLJQHG�IRUPWKH 13/��7KH�GHVLJQ�DQG�GHYHORSPHQW�RIWKH 0DQFKHVWHU�PDFKLQH�KDG�EHHQ�GHFLGHGE\ RWKHUV�DQG�WKH�LGHDV�LPSOHPHQWHG�ZHUHFRQWUDU\ WR�7XULQJ
V�PHWKRGV��+H�ZLWKGUHZDV� PXFK� DV� SRVVLEOH� IURP� DQ\DGPLQLVWUDWLYH UHVSRQVLELOLW\� DQG� ORRNHGIRUZDUG WR�DFWXDOO\�XVLQJ�WKH�PDFKLQH�RQFHLW�ZDV�ZRUNLQJ�
7XULQJ
V LQWHUHVWV� WXUQHG� WR� PHWKRGV� IRUFUHDWLQJ PDFKLQH�WKRXJKW�DQG�D�PHWKRG�IRUWHVWLQJ LI�D�PDFKLQH�FRXOG�LQGHHG�WKLQN���WKH7XULQJ�7HVW��+LV SDSHUV�RQ�WKLV�VXEMHFW�DUHZLGHO\ DFNQRZOHGJHG�DV�WKH�IRXQGDWLRQ�IRUUHVHDUFK� LQ� DUWLILFLDO� LQWHOOLJHQFH�� DQLQFUHDVLQJO\ XVHIXO� EUDQFK� RI� FRPSXWHUVFLHQFH�� +LV� FRQWULEXWLRQV� LQ� WKLV� DUHD� RINQRZOHGJH FDQQRW� EH� RYHUHVWLPDWHG�� +HDOVR GLVFRYHUHG�D�QHZ� ILHOG� LQ�ELRORJ\� IRUZKLFK FRPSXWHUV�DUH�XVHG��PRUSKRJHQHVLV�ZKLFK LV�FRQFHUQHG�ZLWK�WKH�GHYHORSPHQW�RISDWWHUQ� DQG� IRUP� LQ� OLYLQJ� RUJDQLVPV��+LVUHDVRQ� IRU� VWXG\LQJ� VXFK� D� EUDQFK� RIELRORJ\ ZDV�WR�VKRZ�KRZ�D�UHJXODU�SDWWHUQFDQ HPHUJH�DV�D�V\PPHWULF�VWUXFWXUH�JURZVDQG GHYHORSV�LQWR�D�VWURQJO\�XQV\PPHWULFVWUXFWXUH� +LV� ZRUN� LQ� WKLV� DUHD� ZDV� OHIWXQILQLVKHG�

7XULQJ ERXJKW�D�KRXVH�LQ�D�8QLYHUVLW\�WRZQQHDU 0DQFKHVWHU�� :KLOVW� WDNLQJ� SDUW� LQGLVFXVVLRQV RQ�DUWLILFLDO� LQWHOOLJHQFH�DW� WKHXQLYHUVLW\� KH�GHVLUHG�DQRWKHU�KRPRVH[XDOFRPSDQLRQ WR� UHSODFH� -RKQVRQ� ZKR� ZDVQRZ�ZRUNLQJ�HOVHZKHUH��+H� IRXQG�RQH� LQ$UQROG 0XUUD\�DQG�KH�EHFDPH�D�VH[XDO�DVZHOO DV� LQWHOOHFWXDO� FRPSDQLRQ�� $IWHU� DEXUJODU\ DW� KLV� KRXVH�� ERWK� 7XULQJ� DQG0XUUD\�ZHUH�GLVFRYHUHG�WR�EH�FRPPLWWLQJ�DFULPLQDO RIIHQFH���DQ�DFW�RI�JURVV�LQGHFHQF\ZLWK� VRPHRQH� RI� WKH� VDPH� VH[�+RPRVH[XDOLW\ DW�WKLV�WLPH�ZDV�D�FULPH�DQGWKH\ ZHUH�ERWK�FKDUJHG� LQ�FRXUW��7XULQJ©VDWWLWXGH RI�SOHDGLQJ�JXLOW\�EXW�VKRZLQJ�QRJXLOW IRU�KLV�DFWLRQV�KDV�PDGH�KLP�D�KHUR�RIWKH JD\� FRPPXQLW\� DV� D� SLRQHHU� IRUDWWLWXGHV WKDW� ZHUH� ODWHU� WR� EHFRPHPDLQVWUHDP�
7XULQJ FKRVH� WR� XQGHUJR� KRUPRQDOWUHDWPHQW WR� �FXUH�� KLP� RI� KRPRVH[XDOLW\UDWKHU WKDQ�VHUYH�D�SULVRQ�WHUP�VR�WKDW�KHFRXOG FRQWLQXH� KLV� VWXG\�� 7KLV� WUHDWPHQWOHDG WR� D� GHHS� GHSUHVVLRQ� DQG� HYHQWXDOVXLFLGH� $JHG� ���� RQ� WKH� �WK� RI� -XQH�����$ODQ�7XULQJ�GLSSHG�DQ�DSSOH�LQWR�D�MDURI F\DQLGH��WRRN�VHYHUDO�ELWHV��DQG�GLHG��+LVERG\ ZDV� FUHPDWHG� DQG� WKH� DVKHVGLVSHUVHG�LQ�WKH�FUHPDWRULXP�JDUGHQV�
5HIHUHQFHV
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