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$LP�RI�WKH�ZRUN�
7R� UHYLHZ� GLIIHUHQW� W\SHV� �PHWKRGV� RI� NQRWWLQJ� SOXV�

PDWHULDOV� DQG� LQVWUXPHQWV� XVHG�� WKH� PRVW� UHFHQW�
WHFKQLTXHV�IRU� ODSDURVFRSLF�NQRW�W\LQJ�DQG�DVVHVVPHQW�RI�
WKH� NQRW� DFFRUGLQJ� WR� WLPH� WR� SHUIRUP�� UHOLDELOLW\��
VLPSOLFLW\�WLVVXH� DSSUR[LPDWLRQ� VHFXULW\�VOLSSDJH� DQG�
EUHDNLQJ� SRLQW�DOVR� WR� UHYLHZ� UHFHQW� PRGDOLWLHV� LQ�
ODSDURVFRSLF�VXWXULQJ�OLNH�FOLSV�DQG�VWDSOHUV��

7KLV� HDVV\�ZLOO� GHVFULEH�DOVR� D� UHOLDEOH� DQG�HIILFLHQW�
WHFKQLTXH� IRU� ODSDURVFRSLF� QHHGOH� SRVLWLRQLQJ� DQG�
DSSURSULDWH� FKRLFH� RI� WKH� VXWXUH� DQG� QHHGOH� XVHG� WR�
SHUIRUP�D�VHFXUH�NQRW��
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,QWURGXFWLRQ�
6LQFH� WKH� ODWH� ����V�� WKH� ODSDURVFRSLF� DSSURDFK� WR��

PDQ\� � SURFHGXUHV� KDV� IUHTXHQWO\� EHHQ� XVHG��
/DSDURVFRSLF�SURFHGXUHV�KDYH�JDLQHG�PRPHQWXP�GXH� WR�
GHFUHDVHG�PRUELGLW\��VKRUWHU�KRVSLWDO�VWD\V��DQG�D�TXLFNHU�
UHFRYHU\� FRPSDUHG� ZLWK� D� PRUH� ³WUDGLWLRQDO´� RSHQ�
DSSURDFK��7KH�SUHVVXUHV�RI�UHGXFHG�UHVLGHQW�ZRUN�KRXUV��
LQFUHDVLQJ�FRVWV�RI�RSHUDWLQJ�URRP�WLPH��KDYH�FRQWULEXWHG�
WR� WKH� GHPDQG� IRU� HVWDEOLVKLQJ� FXUULFXOD� WR� WHDFK�
IXQGDPHQWDO�WHFKQLFDO�VNLOOV�LQ�WKH�ODERUDWRU\��

'HVSLWH� UHFHQW�DGYDQFHV� LQ�ERWK�VXWXUH�ZHOGLQJ�DQG�
NQRWOHVV� DQFKRU� WHFKQRORJ\�� NQRW� W\LQJ� ZLOO�� UHPDLQ� D�
QHFHVVDU\�VNLOO�ZKLFK�WKH�VXUJHRQ�PXVW�PDVWHU��7KHUH�DUH�
DQ� HQGOHVV� QXPEHU� RI� FRPELQDWLRQV� RI� NQRWV� �VOLGLQJ�
YHUVXV� VWDWLF�� VLPSOH� YHUVXV� FRPSOH[�� HWF��� DQG� VXWXUH��
W\SHV��PRQRILODPHQW�DQG�EUDLGHG��WR�DFFRPSOLVK�WKLV�WDVN���
$ NQRW� VKRXOG� EH� VLPSOH�� HDV\�� TXLFN�� DQG� UHOLDEOH� DQG�
VHFXUH�WLVVXH�DSSUR[LPDWLRQ��
� /DSDURVFRSLF� WHFKQLFDO� VNLOOV� VXFK� DV� LQWUDFRUSRUHDO�
VXWXULQJ� DQG� NQRW� W\LQJ� DUH� IXQGDPHQWDO� WR� EHFRPLQJ�
³SURILFLHQW´� LQ� PLQLPDOO\� LQYDVLYH� VXUJHU\� �0,6��� 7KHUH� LV�
DQ�LQFUHDVLQJ�IRFXV�LQ�UHVLGHQF\�WUDLQLQJ�SURJUDPV�DQG�LQ�
SULYDWH� SUDFWLFH� JHQHUDO� VXUJHU\� RQ� WKH� DELOLW\� WR� SHUIRUP�



/

WKLV� VNLOO� LQ� D� VDIH� DQG� HIILFLHQW� PDQQHU�� $OWKRXJK� WKHUH��
KDV� QRW� EHHQ� XQLIRUP� DJUHHPHQW� DERXW� RSWLPDO� WUDLQLQJ�
PHWKRGV�� UHVHDUFK� KDV� GHPRQVWUDWHG� WKDW� WKH� XVH� RI�
VLPXODWLRQ�FOHDUO\�LPSURYHV�0,6�WHFKQLFDO�VNLOOV�

$OVR�� UHFHQW�GDWD�VXJJHVWHG� WKDW�XVLQJ�D�SURILFLHQF\�
EDVHG�WUDLQLQJ�VWUDWHJ\�PD\�UHSUHVHQW�D�EHWWHU�PHWKRG�IRU�
WKH�OHDUQHU���
7KLV�HDV\COO� GHVFULEH�DOVR� WKH�PRVW� UHFHQW� WHFKQLTXHV� IRU�
ODSDURVFRSLF�NQRW�W\LQJ��
([WUDFRUSRUHDO� ZLWKRXW� H[WUD� PHFKDQLFDO� GHYLFHV� ZDV�
GHYHORSHG� DQG� QDPHG� *HD� NQRW� ZKLFK� LV� DJRRG�
DOWHUQDWLYH�IRU�ODSDURVFRSLF�SURFHGXUHV�LQ�FRPSDULVRQ�ZLWK�
5RHGHU�NQRW�DQG�WKH�FODVVLF�VXUJLFDO�NQRW��
:H�FDQ�XVH�GLIIHUHQW� W\SHV�RI�VXWXUHV� OLNH�SRO\SURS\OHQH��
VLON��FDWJXW��SRO\JO\FROLF�DFLG�DQG�SRO\JODFWLQ�����
$VVHVVPHQW� RI� WKH� NQRW� LV� DFFRUGLQJ� WR� WLPH� WR� SHUIRUP��
VOLSSDJH��DQG�EUHDNLQJ�SRLQW�
8QWLO� QRZ� QR� DWWHPSW� KDYH� EHHQ� PDGH� WR� PRGLI\� VXWXUH�
PDWHULDO� LQ� RUGHU� WR� IDFLOLWDWH� WKLV� SURFHVV� VR� ZHCOO� DOVR�
SUHVHQW�DQ�HYDOXDWLRQ�RI�D�QRYHO�PRGLILHG�VXWXUH�PDWHULDO�
GHVLJQHG� WR� DOORZ� LQH[SHULHQFHG� VXUJLFDO� UHVLGHQWV� WR� WLH�
LQWUDFRUSRUHDO� NQRW� ODSDURVFRS\� XVLQJ� FRQYHQWLRQDO�
ODSDURVFRSLF�QHHGOH�GULYHUV��
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/LVW�RI�DEEUHYLDWLRQV�
$-/6«��$PHULFDQ�MRLQW�RI�ODSDURVFRSLF�VXUJHU\��
3'6««SRO\�GLR[DQRQH�VXOIDWH��
27,*«��RSHUDWLYH�WHFKQLTXH�RI�JHQHUDO�VXUJHU\��
5+$3«�5HYHUVHG�KDOI�KLWFKHV�RQ�DOWHUQDWLQJ�SRVWV��
5+63«�5HYHUVHG�KDOI�KLWFKHV�RQ�VDPH�SRVWV��
+7/««�+DQG�WLHG�OLJDWXUH��
37/««�3UH�WLHG�OLJDWXUH��
3/.�««3UR[LPDO�ORFNLQJ�NQRW��
'/.««�'LVWDO�ORFNLQJ�NQRW��
60&««6OLGLQJ�PLGGOH�ORFNLQJ��
05.««0RGLILHG�URHGHU�NQRW��
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/LVW�RI�ILJXUHV�
)LJ��� 7KH�OHQJWK�RI�WKH�VXWXUH�WUDFW�LV�FRQVLGHUDEO\�ORQJHU�WKDQ�LWCV�ZLGWK�)LJ��� (QGRVNL�1HHGOH�)LJ��� 7KH�QHHGOH�SURYLGHV�D�JULS�IRU�WKH�QHHGOH�GULYHU�)LJ��� 7KH�QHHGOH�SHQHWUDWH�WKH�WLVVXH�WR�FUHDWH�D�WXQQHO�IRU�WKH�VXWXUH�)LJ��� 7KH� VHOHFWLRQ� RI� WKH� QHHGOH� OHQJWK� LV� GHWHUPLQHG� E\� WKH� GLVWDQFH�EHWZHHQ� WKH� HQWUDQFH� DQG� H[LW� ELWHV� ZKHQ� WKH� WLVVXH� HGJHV� DUH�DOLJQHG�DQG�WKH� OHQJWK�RI�QHHGOH�WKDW�QHHG�WR�HPHUJH�IURP�WKH�H[LW�SRLQW�)LJ��� &RPPRQ�FLUFOH�QHHGOH�FRQILJXUDWLRQ�)LJ��� �?��FLUFOH�QHHGOH�)LJ��� &RPSRXQG�QHHGOHV�D�M�VKDSHG�E�ILVKKRRN�F�FRPSRXQG�FXUYHG�)LJ��� &XWWLQJ�WLSV�)LJ���� 6SDWXODWHG�WLSV�)LJ���� $Q�H\HG�QHHGOH�)LJ���� 1HHGOH�KROGHU�)LJ���� 7HFKQLTXHV�RI�FDSVL]LQJ��IOLSSLQJ��DQG�IO\SLQJ�)LJ���� +DOI�KLWFKHV�)LJ���� 5HYHUVHG�KDOI�KLWFKHV�RQ�VDPH�SRVW�)LJ��� 5HYHUVLQJ�KDOI�KLWFK�DQG�DOWHUQDWLQJ�SRVWV�)LJ���� 1XPHURXV��VOLGLQJ�NQRWV�)LJ���� 'LIIHUHQW�W\SHV�RI�VOLGLQJ�NQRWV�)LJ���� 1RQ�VOLGLQJ��VWDWLF��NQRWV�)LJ���� 6WHS���5RHGHUCV�NQRW�)LJ���� 6WHS���5RHGHUCV�NQRW�)LJ���� 6WHS���5RHGHUCV�NQRW�)LJ���� 6WHS���5RHGHUCV�NQRW�)LJ���� 6WHS���0HOW]HU�VOLS�NQRW�)LJ���� 6WHS���0HOW]HU�VOLS�NQRW�)LJ���� 6WHS���DQG�VWHS���0HOW]HU�VOLS�NQRW�)LJ���� 6WHS���7D\VLGH�NQRW�)LJ���� 6WHS���7D\VLGH�NQRW�)LJ���� 6WHS���DQG�VWHS���7D\VLGH�NQRW�)LJ���� :HVWRQ�NQRW�)LJ���� 3UH�WLHG�ORRS�
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)LJ���� .QRW�SXVKHUV�)LJ���� (YDOXDWLRQ�RI�D�ORRS�DQG�NQRW�VHFXULW\�)LJ���� &RUUHFW�QHHGOH�JUDVSLQJ�DQG�PRYHPHQW�)LJ���� ,QWUDFRUSRUHDO�NQRWWLQJ�WHFKQLTXH�)LJ���� ,QWUDFRUSRUHDO�NQRWWLQJ�WHFKQLTXH�)LJ���� ,QWUDFRUSRUHDO�LQVWUXPHQW�WLH�)LJ���� -RQHV�LQVHUW�NQRW�)LJ���� .QRW�W\LQJ�ZLWK�HQGR�VWLWFK�GHYLFH�)LJ���� 7HFKQLTXH�RI��LQWUDFRURSRUHDO�NQRWWLQJ�)LJ���� ([WUD�FRUSRUHDO�SHUIRUPHG�ORRSV�RI�FRQWLQXRXV�VXWXULQJ�)LJ���� 6LPSOH� ZD\� WR� LQWURGXFH� LQ� WKH� DEGRPLQDO� FDYLW\� WKH� SHUIRUPHG�ORRSV�IRU�FRQWLQXRXV�VXWXULQJ�)LJ��� ([WUDFRUSRUHDO�FRQWLQXRXV�ORRSV�IRU�FRQWLQXRXV�VXWXULQJ�)LJ���� ([WUD��FRUSRUHDO�SHUIRUPHG�ORRSV�IRU�FRQWLQXRXV�VXWXULQJ�)LJ���� &RQWLQXRXV�VXWXULQJ�ZLWK�WKH�DLG�RI�3'6�FOLSV�)LJ���� &OLS�DSSOLHU�)LJ��� 6WDSOHU�



(YROXWLRQ�RI�W\LQJ�LQ�ODSDURVFRS\�

�

(YROXWLRQ�RI�W\LQJ�LQ�ODSDURVFRS\�
7KURXJKRXW� WKH� KLVWRU\� �VXUJHRQV� KDYH� XWLOL]HG�

HQGRVFRSHV�WR�JDLQ�DFFHVV�WR�FDYLWLHV�RI�WKH�KXPDQ�ERG\��
7KH� LQGXVWULDO� UHYROXWLRQ� SURYLGHG� WKH� PHDQV� WR� LPSURYH�
WKHVH�LQVWUXPHQWV��

,QVWUXPHQWV� FORVHO\� UHVHPEOLQJ� ODSDURVFRSLF� WURFDUV�
KDYH� EHHQ� UHFRYHUHG� IURP� 5RPDQ� UXLQV��� 6LPLODUO\��
$OEXNDVLP�GHVFULEHG�DQ� �H[SORULQJ�QHHGOH�ZLWK�D�JURRYH��
PRXQWHG� RQ� D� KDQGOH�� 7KH� WHUP� �WURFKDU��� KRZHYHU�� ZDV�
QRW� FRLQHG� XQWLO� ������ DQG� LV� WKRXJKW� WR� EH� GHULYHG� IURP�
WURFKDUWRU� WURLVH�TXDUWV� D� WKUHH�IDFHG� LQVWUXPHQW�
FRQVLVWLQJ� RI� D� SHUIRUDWRU� HQFORVHG� LQ� D�PHWDO� FDQQXOD«�
�(ONRXV\�HW�DO���������

7KH� ILUVW� HQGRVFRSLF� H[DPLQDWLRQV� RI� WKH� SHULWRQHDO�
FDYLW\� ZHUH� DFFRPSOLVKHG� HDUO\� LQ� WKH� ��WK� &HQWXU\�� ,Q�
������ 'LPLWUL� 2WW�� D� *HUPDQ� J\QHFRORJLVW� GHVFULEHG�
�YHQWURVFRS\��� D� WHFKQLTXH� LQ� ZKLFK� D� VSHFXOXP� ZDV�
LQWURGXFHG� WKURXJK� DQ� LQFLVLRQ� LQ� WKH� SRVWHULRU� YDJLQDO�
IRUQL[��2WW�ZRUH�KHDG�PLUURUV� WR� UHIOHFW� OLJKW�DQG�DXJPHQW�
YLVXDOL]DWLRQ�

,Q�������.DON�LQWURGXFHG�WKH�IRUREOLTXH������GHJUHHV��
OHQV� V\VWHP�� DQG� DGYRFDWHG� WKH� XVH� RI� D� VHSDUDWH�
SQHXPRSHULWRQHXP� QHHGOH� DQG� D� VHFRQG� SXQFWXUH� VLWH��
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7KHVH� UHILQHPHQWV� LQ� WHFKQLTXH�� DORQJ� ZLWK� .DON
V�
GHVFULSWLRQV� RI� WKHUDSHXWLF� ODSDURVFRSLF� LQWHUYHQWLRQV�
HDUQHG� KLP� WKH� GHVLJQDWLRQ� DV� WKH� �)DWKHU� RI� 0RGHUQ�
/DSDURVFRS\«�7DLW�3*���������

%HORQJLQJ� � WR� WKH� EHJLQQLQJ� RI� NQRW� W\LQJ�� ,Q� ������
.XUW�6HPP�ZDV�WKH�ILUVW�PDQ�ZKR�LQWURGXFHG�DQ�LQWUD�DQG�
H[WUD�FRUSRUHDO� NQRW�W\LQJ� WHFKQLTXHV� DQG� SHUIHFW�
(QGR/RRS� DSSOLFDWRU� 7KLV� DOORZHG� IRU� VDIHU� ODSDURVFRS\��
DQG� ERZHO� SHUIRUDWLRQV� DQG� UHWURSHULWRQHDO� YDVFXODU�
LQMXULHV�VXEVHTXHQWO\�GHFOLQHG«��/XNV�),�HW�DO���������

�7KHVH�WHFKQLFDO�DGYDQFHV�HOHYDWHG�ODSDURVFRS\�WR�D�VDIH�
SURFHGXUH� ZKLFK� FRXOG� EH� XWLOL]HG� LQ� FRPPRQ� FOLQLFDO�
VHWWLQJV���

7KHUDSHXWLF� XVHV� RI� ODSDURVFRS\� ZHUH� UDSLGO\�
GHYHORSHG�� $ORQJ� ZLWK� WKH� WHFKQLFDO� DGYDQFHV�� 6HPP�
DGDSWHG� QXPHURXV� VXUJLFDO� SURFHGXUHV� WR� ODSDURVFRSLF�
WHFKQLTXHV�� LQFOXGLQJ� WXEDO� VWHULOL]DWLRQ�� VDOSLQJRVWRP\��
RRSKRUHFWRP\��VDOSLQJRO\VLV��DQG�WXPRU�UHGXFWLRQ�WKHUDS\��
%H\RQG� WKH� UHDOP� RI� J\QHFRORJLF� VXUJHU\�� 6HPP�
SRSXODUL]HG� ODSDURVFRSLF� SURFHGXUHV� VXFK� DV� RPHQWDO�
DGKHVLRO\VLV�� ERZHO� VXWXULQJ�� WXPRU� ELRSV\� DQG� VWDJLQJ��
DQG� QRWDEO\�� LQFLGHQWDO� DSSHQGHFWRP\«� �6Q\GHU� 6-� HW�
DO�������
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5HZDUGLQJ� WR� H[WUDFRUSRUHDO� NQRWV� 7KH� ILUVW�
ODSDURVFRSLF� DSSHQGHFWRP\� ZDV� SHUIRUPHG� E\� 'H.RN� LQ�
������ 7KLV� ZDV� D� ODSDURVFRSLFDOO\�DVVLVWHG� SURFHGXUH��
ZLWK� D� PLQL�ODSDURWRP\� SHUIRUPHG� WR� UHPRYH� WKH� QRQ�
LQIODPHG�DSSHQGL[«���&URFH�(��HW�DO��������

6HPP� SHUIRUPHG� WKH� ILUVW� FRPSOHWH� ODSDURVFRSLF�
DSSHQGHFWRP\�LQ�������+LV�WHFKQLTXH��UHFRPPHQGHG�RQO\�
IRU� QRQ�DFXWH� FDVHV�� FRQVLVWHG� RI� DQ� H[WUDFRUSRUHDO�
OLJDWLRQ� RI� WKH� PHVRDSSHQGL[� ZLWK� HQGRVFRSLF� OLJDWLRQ� RI�
WKH� DSSHQGL[� ZLWK� D� SUHWLHG� ORRS�� 7KH� DSSHQGL[� ZDV�
WUDQVHFWHG�DFURVV�LWV�EDVH�ZLWK�HOHFWURFDXWHU\«���6KLPL�60�
HW�DO�����������

7KH� ILUVW� ODSDURVFRSLF� VOLGLQJ� NQRW� WR� EH� GHVFULEHG�
ZDV� WKH� 5RHGHU� NQRW�� LW� KDV� EHHQ� XVHG� IRU� D� YDULHW\� RI�
SURFHGXUHV�LQ�DOO�VXUJLFDO�GLVFLSOLQHV��,W�ZDV�VXUPLVHG�WKDW�
WKH� LQWURGXFWLRQ� RI� QHZ�PRGLILFDWLRQV� LQ� WKH� JHRPHWU\� RI�
WKH�NQRW�SDUDOOHOHG� WKH� LQWURGXFWLRQ�RI� LWV�QHZ� LQGLFDWLRQV��
DQG� WKDW� QRW� DOO� PRGLILFDWLRQV� LPSURYHG� LWV� VHFXULW\��
7KHUHIRUH�� D� JHRPHWULFDO� UHYLHZ� ZDV� PDGH� RI� DOO�
PRGLILFDWLRQV� DQG� DOO� GDWD� RQ� NQRW� VHFXULW\� DQG� ORRS�
VHFXULW\�RI�WKH�NQRW�ZHUH�DQDO\]HG��

7KH� LQWURGXFWLRQ� RI� WKH� RULJLQDO� NQRW� DQG� LWV� ���
DSSOLFDEOH� PRGLILFDWLRQV� SDUDOOHOHG� WKH� LQFUHDVH� LQ�
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PLQLPDOO\� LQYDVLYH� WHFKQLTXHV� DQG� WKH� VSUHDG� RI� WKHVH�
WHFKQLTXHV�LQ�DOO�WKH�PHGLFDO�VSHFLDOWLHV�«�

5RHGHU� ORRS� VHFXULW\� GHSHQGV� SUHGRPLQDQWO\� RQ� WKH�
QXPEHU� RI� LQLWLDO� WXUQV� DURXQG� WKH� VWDQGLQJ� SDUW�� ,WV� NQRW�
VHFXULW\� GHSHQGV� RQ� WKH� DGGLWLRQDO� KDOI� KLWFKHV� XVHG� WR�
EDFNXS�WKH�NQRW�DIWHU�LW�KDV�EHHQ�WLJKWHQHG��2QO\�D�IHZ�RI�
WKH�PRGLILFDWLRQV� LPSURYHG� WKH� VHFXULW\� RI� WKH� NQRW� RU� LWV�
SUHYLRXV�PRGLILFDWLRQV���

/DSDURVFRS\� VXEVHTXHQWO\� EHFDPH� D� SUDFWLFDO� DQG�
SRSXODU�WHFKQLTXH�IRU�WKH�HYDOXDWLRQ�DQG�WUHDWPHQW�RI�ULJKW�
ORZHU� TXDGUDQW� SDLQ� LQ� IHPDOHV�� XWLOL]HG� E\� JHQHUDO� DQG�
J\QHFRORJLF�VXUJHRQV�DOLNH«����3DWWDV�0�HW�DO�������

$OWKRXJK� LQWHUHVW�ZDV� SLTXHG�� JHQHUDO� VXUJHRQV� VWLOO�
FRQVLGHUHG� ODSDURVFRS\� D� �EOLQG�� SURFHGXUH�� IUDXJKW� ZLWK�
ULVNV� RI� LQWUD� DEGRPLQDO� LQMXULHV�� DQG� WKXV� GLG� QRW�
LQFRUSRUDWH� WKH� WHFKQLTXH� LQWR� WKH� SUDFWLFH� RI� JHQHUDO�
VXUJHU\���

%\� WKH� ODWH� ����
V�� J\QHFRORJLF� VXUJHRQV� KDG�
HPEUDFHG� ODSDURVFRS\� DQG� WKRURXJKO\� LQFRUSRUDWHG� WKH�
WHFKQLTXH� LQWR� WKHLU� SUDFWLFH�� *HQHUDO� VXUJHRQV�� GHVSLWH�
WKHLU� H[SRVXUH� WR� ODSDURVFRS\� LQ� FRQVXOWDWLRQ� ZLWK�
J\QHFRORJLF�FROOHDJXHV��UHPDLQHG�VNHSWLFDO�DQG�VWDXQFKO\�
VXSSRUWHG�WUDGLWLRQDO�RSHQ�VXUJHU\��
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,Q�������+DVVRQ�LQWURGXFHG�DQ�DOWHUQDWLYH�PHWKRG�RI�
WURFKDU� SODFHPHQW� ZKLFK� SHUPLWWHG� GLUHFW� YLVXDOL]DWLRQ� RI�
WURFKDU�HQWUDQFH� LQWR�WKH�SHULWRQHDO�FDYLW\��6XEVHTXHQW�WR�
WKH� GHYHORSPHQW� RI� WKH� +DVVRQ� WHFKQLTXH�� JHQHUDO�
VXUJHRQV�EHFDPH�PRUH�UHFHSWLYH�WR�ODSDURVFRSLF�VXUJHU\��
DV�WKH�RSHQ�WHFKQLTXH�DOOD\HG�IHDUV�RI�ERZHO�DQG�YDVFXODU�
LQMXULHV«��6Q\GHU�6-�HW�DO��������

6LQFH� ����� WKH� VXWXUH� QHHGOH� IRUFHSV� KDV� EHHQ�
LPSURYHG��2ULJLQDOO\� LW� ZDV�PDUNHWHG� DV� D� IRUFHSV� RQ� DQ�
H[WHQGLEOH�MDZ�RI�ZKLFK�ZDV�D�QHHGOH�ZLWK�D�JURRYH�DW�WKH�
GLVWDO�HQG��/DWHU��D�QHHGOH�ZLWK�H\H�DW� WKH�GLVWDO�HQG�ZDV�
IL[HG� WR� DQ� H[WHQGLEOH� MDZ�� 7RGD\�� RQ� RQH� RI� WKH� GRXEOH�
DFWLQJ�MDZV��WKHUH�LV�D�GHWDFKDEOH�QHHGOH�ZLWK�DQ�H\H�DW�LWV�
GLVWDO� HQG�� 9DULRXV� W\SHV� RI� QHHGOHV� DQG� VXWXUH� DUH�
FKDQJHDEOH�RQ�WKH�LQVWUXPHQW���

5HZDUGLQJ� WR� LQWUDFRUSRUHDO� NQRWV�RQ� -XO\� ����������
-RVHSK� 8GGR� SHUIRUPHG� DQ� HQWLUHO\� ODSDURVFRSLF� ULJKW�
KHPLFROHFWRP\��WKH�LOHRFROLF�DQDVWRPRVLV�ZDV�FRQVWUXFWHG�
LQWUDFRUSRUDOO\�� ,Q�D�UDSLG�VXFFHVVLRQ��YLUWXDOO\�DOO� W\SHV�RI�
FRORUHFWDO�SURFHGXUHV�ZHUH�DFFRPSOLVKHG�XVLQJ�PLQLPDOO\�
LQYDVLYH�WHFKQLTXHV��

7KURXJK� PLQLPDOO\� LQYDVLYH� WHFKQLTXHV�� VXUJHRQV�
FRXOG� VDIHO\� DQG� HIIHFWLYHO\� WUHDW� D� ODUJHU� SDWLHQW�
SRSXODWLRQ�� 3DWLHQWV� VXIIHU� OHVV� SRVWRSHUDWLYH� SDLQ��



(YROXWLRQ�RI�W\LQJ�LQ�ODSDURVFRS\�

�

GHYHORS� IHZHU� LQIHFWLRQV�� UHVXPH� RUDO� LQWDNH� DQG� DUH�
GLVFKDUJHG� VRRQHU� WKDQ� DIWHU� ODSDURVFRS\� � SHUIRUPHG�
WKURXJK�D�VWDQGDUG�VXUJLFDO�LQFLVLRQ����

�



^

6XWXULQJ�WHFKQRORJ\�KDV�HPHUJHG�IURP�
WKH�SDVW�DV�RQH�RI�PDQCV�HDUOLHVW�FUDIWV�

$UFKHRORJLFDO� ILQGLQJV� KDYH� SURGXFHG� HYLGHQFH� RI�
VXUJHU\� VSHFLILFDOO\� WKH� XVH� RI� ERQH� QHHGOHV� DQG� KRUVH�
KDLU�VXWXUHV�DSSOLHG�WR�KXPDQ�ZRXQGV�WKDW�GDWH�EDFN������
WR������%&�

$GGLWLRQDO� ILQGLQJV� VXJJHVW� WKDW� HDUO\� VXWXUHV� DQG�
OLJDWXUHV� ZHUH� GHULYHG� IURP� SODQW� ILEHUV� DQG� DQLPDO�
WLVVXHV��

VXWXUHV� KDYH� DQ� LPSRUWDQW� UXOH� LQ� ODSDURVFRSLF�
VXUJHU\�H[DFWO\�OLNH�LWCV�UXOH�LQ�RSHQ�WUDGLWLRQDO�VXUJHU\��
6XWXUHV�DUH�XVHG�HLWKHU�WR��
���RFFOXGH�D�VWUXFWXUH�OLNH�D�EORRG�YHVVHO��GXFW«HWF����7R�

DFFRPSOLVK� WKLV� IXQFWLRQ� �� ODSDURVFRSLF� FOLSV� RU� VWDSOHU�
FDQ�EH�XVHG��

6WDSOHUV� DQG� HQG� PHFKDQLFDO� GHYLFHV� KDYH�
UHSUHVHQWHG� D� UHYROXWLRQ� LQ� VXUJLFDO� WHFKQRORJ\� DQG�
RSHUDWLYH�WHFKQLTXH��7KHLU�DFFHSWDQFH��XVH��DQG�WHFKQLFDO�
GHYHORSPHQW� KDYH� EHHQ� D� VWXG\� LQ� HYROXWLRQ�� KRZHYHU��
'XULQJ� WKHLU� HDUO\� LQWURGXFWLRQ� XVLQJ� VXFK� LQVWUXPHQWV�
ZHUH� WKRXJKW�WR�EH� LQIHULRU�WR�KDQG�VHZQ��RI�DQDVWRPRVLV�
DQG� WLVVXH� UHFRQVWUXFWLRQ�� $IWHU� PDQ\� \HDUV� DQG� PDQ\�


