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$%675$&7 
7KH�DGYDQFHPHQW�RI�FRPSXWHU�WHFKQRORJ\�IRU�GLJLWDO�DUWLVWU\�LQ�WKLV���VW�FHQWXU\�KDV�DYDLOHG�QHZ-
PHGLD�WHFKQRORJLHV�IRU�HQKDQFLQJ�GHVLJQ�SUDFWLFHV�LQ�WHFKQLFDO�DQG�YRFDWLRQDO�VWXGLHV�WKURXJK�
WKH�GHYHORSPHQW�RI�VRSKLVWLFDWHG�JUDSKLF-DSSOLFDWLRQ�VRIWZDUH��8QIRUWXQDWHO\��WKHVH�VRIWZDUH�DUH�
YHU\� FKDOOHQJLQJ� WR� OHDUQ� DQG� HPSOR\� IRU� FUHDWLYH� GHVLJQ� SUDFWLFH� HVSHFLDOO\� DW� WKH� %DVLF� DQG�
6HQLRU�+LJK�6FKRRO�OHYHOV�RI�HGXFDWLRQ�LQ�*KDQD��0LFURVRIW�2IILFH�ZRUG�EHORQJV�WR�WKH�FDWHJRU\�
RI� JHQHUDO-SXUSRVH� DSSOLFDWLRQ� VRIWZDUH�� GHYHORSHG� SULQFLSDOO\� IRU� ZRUG� SURFHVVLQJ�� 8QIRUWX�
QDWHO\��PDQ\�RI�LWV�XVHUV�DUH�REOLYLRXV�RI�LWV�FDSDELOLWLHV�IRU�FUHDWLYH�PRWLI�DQG�SDWWHUQ�GHVLJQLQJ��
,W�LV�HPEHGGHG�ZLWK�VKDSH�GHVLJQLQJ�WRROV�WKDW�FDQ�EH�PDQLSXODWHG�DQG�PRGLILHG�WR�FUHDWH�LQWUL�
FDWH�SDWWHUQV�IRU�DGYDQFLQJ�YDULHW\�RI�GHVLJQ�FRQFHSWV��7KH�UHVHDUFKHU�KDV�H[SORUHG�WKHVH�WRROV�
DQG�DGRSWHG�WKHP�IRU�FUHDWLQJ�IDVFLQDWLQJ�NHQWH�GHVLJQ�FRQFHSWV��EDVHG�RQ�WKH�GHVLJQ-EDVHG�UH�
VHDUFK�DSSURDFK��7KLV�SDSHU�WKHUHIRUH�SUHVHQWV�D�GHVFULSWLYH�DFFRXQW�RI�KRZ�WR�XVH�DQJXODU�DQG�
OLQHDU�VKDSHV�LQ�0LFURVRIW�:RUG�WR�FUHDWH�PRWLIV�DQG�SDWWHUQV�WR�GHYHORS�LGHDV�IRU�NHQWH�GHVLJQ�
LQJ�WKDW�FDQ�EH�HPSOR\HG�E\�*KDQDLDQ�LQGLJHQRXV�NHQWH�GHVLJQHUV�WR�IRVWHU�LGHD�GHYHORSPHQW�WR�
HQKDQFH�WKHLU�WUDGH� 
 
.H\ZRUGV��1HZ-PHGLD�WHFKQRORJLHV��*UDSKLF�DSSOLFDWLRQ�VRIWZDUH��0LFURVRIW�RIILFH�ZRUG��&UHD�
WLYH�SDWWHUQ�GHVLJQLQJ��*KDQDLDQ�LQGLJHQRXV�NHQWH�GHVLJQHUV�� 

,1752'8&7,21 
7KH�SRSXODULW\�RI�WKH�WUDGLWLRQDO�.HQWH�FORWK�LV�
XQTXHVWLRQDEOH�� ,W� LV�*KDQD¶V� WRSPRVW� FUHDWLYH�
WUDGLWLRQDO�ZHDU�UHVSHFWHG�IRU�LWV�LQWULFDWH�V\P�
EROLF� GHVLJQ�� ,W� KDV� UHFHQWO\� JDLQHG� JOREDO� DF�
FHSWDQFH� DQG� IRU� VSHFLDO� FHUHPRQLHV� LQ� PDQ\�
HGXFDWLRQDO�LQVWLWXWLRQV�DFURVV�WKH�ZRUOG��7KHUH�
LV�VXEVWDQWLDO�HYLGHQFH�WR�VKRZ�WKDW�LQ�WKH�8QLW�
HG�6WDWHV�PDQ\�$IULFDQ-$PHULFDQ�KLJK� VFKRRO�
DQG� FROOHJH� JUDGXDWHV� ZHDU� NHQWH� FORWK� RYHU�
WKHLU� JUDGXDWLRQ� JRZQV�� 7KLV� SUDFWLFH� LV� DOVR�

YHU\�SRSXODU�ZLWK�KLVWRULFDOO\�EODFN�*UHHN� OHW�
WHU� IUDWHUQLWLHV� DQG� VRURULWLHV�� ,W� KDV� DOVR� EHHQ�
GRFXPHQWHG� WKDW� $IULFDQ� $PHULFDQ� VWXGHQWV�
KROG�VSHFLDO�FHUHPRQLHV�FDOOHG��'RQQLQJ�RI�WKH�
.HQWH��ZKHUH�VWROHV�DUH�SUHVHQWHG�WR�WKH�JUDGX�
DWHV� �:DOHV��������7KLV�RSHQV� WKH�GRRU�RI�RS�
SRUWXQLWLHV� IRU� GHVLJQHUV� DQG� ZHDYHUV� WR� LP�
SURYH� WKHLU� GHVLJQLQJ� VNLOOV� LQ� RUGHU� WR� FUHDWH�
PRUH� LQQRYDWLYH� PRWLIV� DQG� SDWWHUQV� WKDW� ZLOO�
HQKDQFH�WKH�RXWORRN�RI�NHQWH�IDEULFV��7KLV�ZLOO�
REYLRXVO\� HQKDQFH� WKH� TXDOLW\� RI� GHVLJQV� WKDW�

-RXUQDO�RI�6FLHQFH�DQG�WHFKQRORJ\��9RO�����1R������������SS����–�������� 
�������.ZDPH�1NUXPDK�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��.1867� 

KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\���.1867�$XJXVW������ 



HQKDQFH� WKH� RXWORRN� RI� NHQWH� IDEULFV�� 7KLV� ZLOO�
REYLRXVO\� HQKDQFH� WKH� TXDOLW\� RI� GHVLJQV� WKDW�
FKDUDFWHUL]H� WKH� NHQWH� FORWK� SURGXFHG� LQ�PRGHUQ�
WLPHV�WR�EUHDN�PRQRWRQ\� 
 
7KH� FRPSXWHU� DV� D� WHFKQRORJLFDO� GHYLFH� FRPHV�
ZLWK�JUDSKLF�DSSOLFDWLRQ�VRIWZDUH� LQFOXGLQJ�3KR�
WRVKRS�DQG�&RUHO'UDZ�IRU� IRVWHULQJ�&UHDWLYH�$UW�
WHDFKLQJ� DQG� SUDFWLFH� LQ� YDULRXV� DUW� GLVFLSOLQHV��
7KHVH�DSSOLFDWLRQ�VRIWZDUH�DUH�RIWHQ�YHU\�GLIILFXOW�
WR� OHDUQ�DQG�HPSOR\� IRU�SURGXFW�GHVLJQ�DQG�JHQ�
HUDO� DUW� SUDFWLFH�� (YHQ� WKRXJK� 0LFURVRIW� :RUG�
�06�:RUG���RQH�RI�WKH�PRVW�SRSXODU�VRIWZDUH�RQ�
DOO�ZLQGRZV�RSHUDWLQJ�V\VWHP�FRPSXWHUV��LV�FODV�
VLILHG�XQGHU�JHQHUDO-SXUSRVH�DSSOLFDWLRQ�VRIWZDUH�
IRU�ZRUG�SURFHVVLQJ��2¶%ULHQ���������LW�LV�HPEHG�
GHG� ZLWK� EDVLF� WRROV� IRU� GUDZLQJ� JHRPHWULF�
VKDSHV��7KH�UHVHDUFKHU�KDV�H[SORUHG�WKHVH�WRROV�LQ�
06� :RUG� ����� DQG� DGRSWHG� WKHP� WR� SURGXFH�
IDVFLQDWLQJ� IDEULF� GHVLJQV�� ZKLFK� FDQ� EH� HP�
SOR\HG� E\� $UW� WHDFKHUV� HVSHFLDOO\� DW� WKH� -XQLRU�
+LJK� 6FKRRO� OHYHO� WR� LQWURGXFH� WKHLU� VWXGHQWV� WR�
NHQWH� GHVLJQLQJ� VNLOOV�� 7KH� REMHFWLYH� LV� WR� KHOS�
*KDQDLDQ� VWXGHQWV� PRVW� HVSHFLDOO\� WKRVH� ZKRVH�
SDUHQWV� DUH� LQ� WKH� NHQWH�ZHDYLQJ� LQGXVWU\� WR� GH�
YHORS�FUHDWLYH�VNLOOV�IRU�LGHD�GHYHORSPHQW�LQ�NHQ�
WH�ZHDYLQJ�WKDW�ZLOO�HTXLS�WKHP�ZLWK�WKH�FDSDFLW\�
WR�VXSSRUW�WKHLU�SDUHQWV�WR�ERRVW�WKHLU�LQGXVWU\�� 
 
,Q�WKLV�SDSHU�WKHUHIRUH��WKH�UHVHDUFKHU�KDV�GHPRQ�
VWUDWH�06�:RUG�GHVLJQ�SRVVLELOLWLHV�EDVHG�RQ�WKH�
'HVLJQ-EDVHG�5HVHDUFK��'%5��PHWKRGRORJ\�FRQ�
FHSWV� �YDQ� GHQ� $NNHU�� ������� �(DVWHUGD\�� /HZLV�
	� *HUEHU�� ������ DQG� HPSOR\HG� WKH� 'HVFULSWLYH�
PHWKRG��%HVW��������WR�UHYHDO�SURFHGXUHV�IRU�FUH�
DWLQJ�PRWLIV�DQG�SDWWHUQV� IRU� IDVFLQDWLQJ� LGHD�GH�
YHORSPHQW�LQ�NHQWH�ZHDYLQJ��$V�WKH�PRVW�ZLGHO\�
XVHG� DSSOLFDWLRQ� SURJUDPPH� E\� VFKRODUV� LQ� DFD�
GHPLD�IRU�WH[W-EDVHG�GRFXPHQWDWLRQ�D�GHVFULSWLRQ�
RI� 06� :RUG� VKDSH� GHVLJQLQJ� FDSDELOLWLHV� ZLOO�
REYLRXVO\�HTXLS�PDQ\�WH[WLOH�GHVLJQHUV�ZKR�RIWHQ�
UHO\�RQ�VRSKLVWLFDWHG�VRIWZDUH�EHIRUH�FRPLQJ�RXW�
ZLWK� GHVLJQ� PRGHOV�� ZLWK� WKH� EDVLF� WHFKQLFDO�
NQRZKRZ�IRU�LGHD�GHYHORSPHQW�LQ�NHQWH�ZHDYLQJ� 
 
06�:25'�'(6,*1,1*�&$3$%,/,7,(6 
7KH� SRSXODULW\� RI�06� ZRUG� DPRQJ� WKH� JHQHUDO-
SXUSRVH� DSSOLFDWLRQV� VRIWZDUH� SURJUDPPHV� LV�
XQTXHVWLRQDEOH� �$QQXP�� ������� ,W� LV� ZLGHO\�
NQRZQ� IRU� LWV� ZRUG� SURFHVVLQJ� FDSDELOLWLHV� IRU�
FUHDWLQJ�� IRUPDWWLQJ�� HGLWLQJ�� VDYLQJ� DQG�SULQWLQJ�
DQ\�W\SH�RI�ZRUG-EDVHG�GRFXPHQW�VXFK�DV�OHWWHUV��
UHSRUW�� PHPR�� UHVXPHV�� UHVHDUFK� SDSHUV�� HPDLO�
PHVVDJH� DQG� HYHQ�ZHE�SDJHV� �+DDJ��3HUU\��3DU�
NHU�	�:HOOV���������06�:RUG������RU�DQ\�RI�WKH�

KLJKHU� YHUVLRQV� LV� HPEHGGHG� ZLWK� JHRPHWULF�
VKDSH� WRROV� IRU� LOOXVWUDWLRQ�� 7KHVH� WRROV� FDQ� EH�
PDQLSXODWHG�WR�FUHDWH�PRWLIV�DQG�SDWWHUQV�IRU�LGHD�
GHYHORSPHQW�LQ�IDEULF�GHVLJQLQJ�HVSHFLDOO\�LQ�WKH�
DUHDV� RI� µEDWLN¶� DQG�ZHDYLQJ� WHFKQRORJLHV�� 7KH\�
FDQ� SURGXFH� IDVFLQDWLQJ� HIIHFWV� WKDW� FRPSDUHV�
ZLWK� GHVLJQV� IURP� VRPH� RI� WKH� PRVW� SUHIHUUHG�
DGYDQFHG� JUDSKLF� DSSOLFDWLRQ� VRIWZDUH� LQFOXGLQJ�
3KRWRVKRS� DQG� &RUHO'UDZ�� ZKLFK� DUH� FRPSOH[�
DQG�GLIILFXOW� WR� OHDUQ�HYHQ�DW� WKH� WHUWLDU\� OHYHO�RI�
HGXFDWLRQ�� 
� 
8QIRUWXQDWHO\�� PDQ\� WH[WLOH� GHVLJQHUV� DUH� REOLYL�
RXV�RI�WKHVH�FDSDELOLWLHV�EH\RQG�ZRUG�HGLWLQJ��7KLV�
EHFDPH� HYLGHQW� DW� D� µ1$'.,'(&¶� LQWHUQDWLRQDO�
FRQIHUHQFH�KHOG�LQ������XQGHU�WKH�DXVSLFHV�RI�WKH�
)DFXOW\�RI�$UW�RI�WKH�&ROOHJH�RI�$UW�DQG�%XLOW�(Q�
YLURQPHQW� LQ� .1867� ZKHQ� WKH� UHVHDUFKHU� UXQ� D�
ZRUNVKRS� WR� UHYHDO�06�:RUG�GHVLJQLQJ� FDSDELOL�
WLHV�� 
 
06�:RUG� VKDSH� WRROV� DUH� YHU\� HDV\� WR� KDQGOH�� ,W�
RQO\� UHTXLUHV� UXGLPHQWDU\� PDQLSXODWLYH� VNLOOV� IRU�
WUDQVIRUPLQJ� WKHP� LQWR� LQWHUHVWLQJ� DQG� LQWULFDWH�
NHQWH� GHVLJQV�� 7KH� VKDSHV� DUH� LQ� WKH� µLOOXVWUDWLRQ�
JURXS¶�XQGHU�WKH�LQVHUW�ULEERQ�LQ�06�:RUG�DQG�DUH�
PDGH� RI� OLQHV�� EDVLF� VKDSHV�� EORFN� DUURZV��
IORZFKDUW�� FDOORXWV�� VWDUV� DQG� EDQQHUV� �3RROH��
�������)LJ������ 
 
:KHQ� DQ\� RI� WKHVH� VKDSHV� LV� GUDZQ�� WKH� IRUPDW�
ULEERQ� �)LJ� ���ZLOO� EH� RSHQHG� WR� SURYLGH� WKH� IRU�
PDWWLQJ� WRROV� IRU�PDQLSXODWLQJ� DQG�PRGLI\LQJ� WKH�
VKDSH�� $� VKDSH� FDQ� EH� UHVL]H�� FRSLHG�� SDVWHG��
PRYHĚ�� GUDJJHG� DQG� GURSSHG� WR� D� QHZ� ORFDWLRQ��
7KH� SULQFLSDO� DWWULEXWHV� RI� D� VKDSH�� UHJDUGLQJ� LWV�
µRXWOLQH¶�DQG�µILOO¶��FDQ�DOVR�EH�DOWHUHG�E\�DVVLJQLQJ�
SDWWHUQV��WH[WXUHV�RU�JUDGLHQW�HIIHFW�WR�HQKDQFH�WKH�
YLVXDO�HIIHFW�RI� WKH� VKDSH��6KDGRZ�DQG��-'�HIIHFW�
FDQ� DOVR� EH� DVVLJQHG� WR� D� VKDSH�� 7KH� µDUUDQJH�
WRROV¶� XQGHU� WKH� IRUPDW� ULEERQ� HQDEOHV� PXOWLSOH�
VKDSHV� WR� EH� JURXSHG� DQG� XQJURXSHG�� URWDWHG��
IOLSSHG�KRUL]RQWDOO\�RU�YHUWLFDOO\��VHQW�EDFNZDUG�RU�
EURXJKW�IRUZDUG�WR�UHRUGHU�WKH�VKDSHV� 
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)250$77,1*�6&+(0(6 
,W� LV� LPSRUWDQW�DW� WKLV� VWDJH� WR�H[SODLQ� WKH� IRUPDW�
WLQJ� VFKHPHV� WKDW� ZHUH� XVHG� WR� PDQLSXODWH� WZR�
JHRPHWULF�VKDSHV��µUHFWDQJOH¶�DQG��µSDUDOOHORJUDP¶�
LQ�WKLV�H[HUFLVH�ZKLFK�LQFOXGHV� 
 
�� 'UDZLQJ�D�VKDSH 
�� 5HVL]LQJ�D�VKDSH 
�� &KDQJLQJ�WKH�VKDSH�ILOO�HIIHFW 
�� &KDQJLQJ�DQ�RXWOLQH�HIIHFW 
�� 5RWDWLQJ�D�VKDSH 

�� )OLSSLQJ�D�VKDSH 
�� *URXSLQJ�VKDSHV 
�� 8QJURXSLQJ�VKDSHV 
�� 0RYLQJ�D�VKDSH�XS�RU�GRZQ�LQ�D�VWDFN 
 
'UDZLQJ�D�VKDSH 
7R�GUDZ�D�VKDSH�OLNH�D�UHFWDQJOH� 
 
�� 6HOHFW�WKH�UHFWDQJOH�WRRO�LQ�WKH�VKDSH�PHQX�XQ�
GHU� WKH� ,OOXVWUDWLRQ� JURXS� LQ� WKH� ,QVHUW� ULEERQ��
7KH�FXUVRU�ZLOO�LPPHGLDWHO\�FKDQJH�LQWR�D�SOXV�

-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\���.1867�$XJXVW������ 

8VH�RI�0LFURVRIW�:RUG�IRU�NHQWH�GHVLJQLQJ«������� 

)LJ����7KH�IRUPDW�ULEERQ 

)LJ����'URS-GRZQ�PHQX�RI�WKH�VKDSH�WRROV� 



VLJQ� 
 
�� �&OLFN� DQG� KROG� GRZQ� RQ� WKH� PRXVH� DW� DQ\�
ZKHUH� RQ� WKH� SDSHU� DQG� GUDJ� WKH� µSOXV� VLJQ¶�
FXUVRU� WR� LQVHUW� WKH� UHFWDQJOH� VKDSH�� 2QFH� WKH�
VKDSH� LV� GUDZQ�� 6L]LQJ� KDQGOHV �VPDOO� FLUFOHV�
DQG� VTXDUHV� WKDW� DSSHDU� DW� WKH� FRUQHUV� DQG�
VLGHV�RI�D�VHOHFWHG�REMHFW�� �)LJ����ZLOO�VKRZ�WR�
LQGLFDWH� WKDW� D� VKDSH� KDV� EHHQ� VHOHFWHG�� 2QFH�
WKH�VKDSH�LV�VHOHFWHG��WKH�IRUPDW�ULEERQ��)LJ����
ZLOO� DXWRPDWLFDOO\� RSHQ� WR� SURYLGH� WRROV� IRU�
IRUPDWWLQJ� WKH� UHFWDQJOH�� <RX� FDQ� DOVR� GUDJ�
WKHVH�KDQGOHV�WR�FKDQJH�WKH�VL]H�RI�WKH�VKDSH� 

 
5HVL]LQJ�D�VKDSH 
7KH�VL]LQJ�KDQGOHV DUH�XVHG� WR�PDQXDOO\� UHVL]H�D�
VKDSH� WR�GHVLUHG�GLPHQVLRQV��2Q� WKH�RWKHU� KDQG��
XQGHU�WKH�VL]H�JURXS�LQ�WKH�IRUPDW�ULEERQ�ZKLFK�LV�
DXWRPDWLFDOO\�RSHQHG�DIWHU�D�VKDSH�LV�VHOHFWHG��WKH�
KHLJKW�DQG�ZLGWK�GLPHQVLRQV�RI�WKH�VKDSH�FDQ�EH�
HGLWHG�E\�FKDQJLQJ�WKH�YDOXHV�LQ�WKH�HGLWDEOH�ER[�
HV� 
 
7R�PDQXDOO\�UHVL]H�D�VKDSH 
�� &OLFN�WKH�VKDSH�WR�EH�UHVL]HG�� 
 
�� 7R�LQFUHDVH�RU�GHFUHDVH�WKH�VL]H�LQ�RQH�RU�PRUH�
GLUHFWLRQV�� GUDJ� D� VL]LQJ� KDQGOH DZD\� IURP� RU�
WRZDUG� WKH� FHQWHU��ZKLOH� GRLQJ� RQH� RI� WKH� IRO�
ORZLQJ�� 

 
D� 7R� NHHS� WKH� FHQWHU� RI� WKH� VKDSH� LQ� WKH� VDPH�
SODFH��SUHVV�DQG�KROG�&75/�ZKLOH�GUDJJLQJ�WKH�

VL]LQJ�KDQGOH�� 
 
E� 7R�PDLQWDLQ� WKH� VKDSH
V�SURSRUWLRQV��SUHVV�DQG�
KROG�6+,)7�ZKLOH�GUDJJLQJ�WKH�GLDJRQDO�VL]LQJ�
KDQGOH�� 

 
F� 7R� ERWK� PDLQWDLQ� WKH� VKDSH¶V� SURSRUWLRQV� DQG�
NHHS� LWV� FHQWHU� LQ� WKH� VDPH� SODFH�� SUHVV� DQG�
KROG�ERWK�&75/�DQG�6+,)7�ZKLOH�\RX�GUDJ�WKH�
GLDJRQDO�VL]LQJ�KDQGOH� 

 
7R�UHVL]H�WR�DQ�H[DFW�KHLJKW�DQG�ZLGWK 
�� &OLFN�WR�VHOHFW�WKH�VKDSH� 
 
�� 8QGHU�'UDZLQJ�7RROV��RQ�WKH�)RUPDW�ULEERQ��LQ�
WKH�6L]H�JURXS��FOLFN�WKH�'LDORJ�%R[�/DXQFKHU� 

 
 
 
 
 
 
ϯ͘ 2Q�WKH�6L]H�WDE��XQGHU�6FDOH�FOHDU�WKH�/RFN�

DVSHFW�UDWLR�FKHFN�ER[ 
 
ϰ͘ (QWHU�WKH�GHVLUHG�PHDVXUHPHQWV�LQWR�WKH�

+HLJKW�DQG�:LGWK�DEVROXWH�ER[HV� 
 
�� &RQILUP�WR�WKH�GLDORJXH�ER[�� 
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7R�UHVL]H�WR�DQ�H[DFW�SURSRUWLRQ 
�� &OLFN�WR�VHOHFW�WKH�VKDSH� 
 
�� 8QGHU�'UDZLQJ�7RROV��RQ�WKH�)RUPDW�ULEERQ��LQ�

WKH�6L]H�JURXS��FOLFN�WKH�'LDORJ�%R[�/DXQFKHU��� 
 
 

 
 
�� 2Q�WKH�6L]H�WDE��XQGHU�6FDOH��FOHDU�WKH�/RFN�

DVSHFW�UDWLR�FKHFN�ER[ 
 
�� 8QGHU�6FDOH��HQWHU�WKH�GHVLUHG�SHUFHQWDJHV�LQ�

WKH�+HLJKW�DQG�:LGWK�ER[HV� 
 
�� &RQILUP�WR�WKH�GLDORJXH�ER[� 
 
 
7R�FKDQJH�WKH�VKDSH�ILOO�FRORXU 
�� &OLFN�WR�VHOHFW�WKH�VKDSH 
 
�� 7R�DGG�WKH�VDPH�ILOO�WR�PXOWLSOH�VKDSHV��FOLFN�WKH�
ILUVW� VKDSH�� DQG� WKHQ� SUHVV� DQG� KROG� &75/� RQ�
WKH�NH\ERDUG�ZKLOH�\RX�FOLFN�WKH�RWKHU�VKDSHV� 

�� 8QGHU�'UDZLQJ�7RROV��RQ�WKH�)RUPDW�WDE��LQ�WKH�
6KDSH� 6W\OHV� JURXS�� FOLFN� WKH� DU URZ� QH[W� WR�
6KDSH� )LOO� WR� GURS� GRZQ� WKH� WKHPHV� FRORXU �
�)LJ����DQG�WKHQ�GR�RQH�RI�WKH�IROORZLQJ�� 

 
D� &OLFN�WKH�FRORXU�WKDW�\RX�ZDQW�WR�DGG�RU�FKDQJH�
D�ILOO�FRORXU�RU�FOLFN�1R�)LOO�WR�FKRRVH�QR�FRORXU�� 

 
E� &OLFN�0RUH� )LOO� &RORXUV� DQG� WKHQ� HLWKHU� FOLFN�
WKH�FRORXU�WKDW�\RX�ZDQW�RQ�WKH�6WDQGDUG�WDE��RU�
PL[� \RXU� RZQ� FRORXU� RQ� WKH� &XVWRP� WDE� WR�
FKDQJH�WR�D�FRORXU�WKDW�LV�QRW�LQ�WKH�LQ�WKH�WKHPH�
FRORXUV 

&KDQJLQJ�WKH�VKDSH�ILOO�HIIHFW 

-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\���.1867�$XJXVW������ 

8VH�RI�0LFURVRIW�:RUG�IRU�NHQWH�GHVLJQLQJ«������ 

)LJ����6KDSH�ILOO�FRORXUV 



F� &OLFN�3DWWHUQ�WR�RSHQ�WKH�ILOO�HIIHFWV�GLDORJXH�
ER[�� � 8QGHU� WKH� SDWWHUQ� WDE�� VHOHFW� D� IRUH�
JURXQG� DQG� D� EDFNJURXQG� FRORXU� RI� \RXU�
FKRLFH� DQG� WKHQ� VHOHFW� HLWKHU� GDUN�KRUL]RQWDO�
RU�WKH�GDUN�YHUWLFDO�SDWWHUQ�HIIHFW� WR�UHSOLFDWH�
D�ZHDYH�HIIHFW� 

&XVWRP�WDE�WR�FKDQJH�WR�D�FRORXU �WKDW�LV�QRW�
LQ�WKH�WKHPH�FRORXUV� 
 

7R�FKDQJH�DQ�RXWOLQH�WKLFNQHVV 
D� 3RLQW�WR�:HLJKW�DQG�WKHQ�FOLFN�WKH�WKLFNQHVV� 

&KDQJLQJ�DQ�2XWOLQH�(IIHFW� 
 

7R�FKDQJH�DQ�RXWOLQH�FRORXU 
�� &OLFN�WR�VHOHFW�WKH�VKDSH 
 
�� 8QGHU�'UDZLQJ� 7RROV�� RQ� WKH�)RUPDW� ULEERQ��
LQ�WKH�6KDSH�6W\OHV�JURXS��FOLFN�WKH�DUURZ�QH[W�
WR� 6KDSH� 2XWOLQH� WR� GURS� GRZQ� WKH� WKHPHV�
FRORXU� �)LJ����DQG� WKHQ�GR�RQH�RI� WKH� IROORZ�
LQJ� 

 
D� &OLFN� WKH� FRORXU� WKDW� \RX� ZDQW� WR� DGG� RU�
FKDQJH�DQ�RXWOLQH�FRORXU�� 

 
E� &OLFN�1R�2XWOLQH�WR�FKRRVH�QR�FRORXU�� 
 
F� &OLFN�0RUH� 2XWOLQH� &RORXUV�� DQG� WKHQ� HLWKHU�
FOLFN�WKH�FRORXU�WKDW�\RX�ZDQW�RQ�WKH�6WDQGDUG�
WDE��RU�PL[�\RXU�RZQ�FRORXU�RQ�WKH�� 

 
�����WKDW�\RX�ZDQW�WR�DGG�RU�FKDQJH�WKH�WKLFNQHVV�

RI�WKH�RXWOLQH� 
 
E� &OLFN�0RUH�/LQHV�DQG�WKHQ�FKRRVH�WKH�RSWLRQV�

WKDW�\RX�ZDQW�WR�FXVWRPL]H�WKH�WKLFNQHVV� 
 
F� 3RLQW� WR�'DVKHV� DQG� WKHQ� FOLFN� WKH� VW\OH� WKDW�

\RX�ZDQW�WR�DGG�RU�FKDQJH�WKH�RXWOLQH�WR�GRWV�
RU�GDVKHV� 

 
G� &OLFN�0RUH�/LQHV�DQG�WKHQ�FKRRVH�WKH�RSWLRQV�

WKDW�\RX�ZDQW�WR�FXVWRPL]H�WKH�VW\OH� 
 
H� &OLFN�3DWWHUQ� DQG� WKHQ� FOLFN� WKH� RSWLRQV� WKDW�

\RX�ZDQW�WR�DGG�RU�FKDQJH�WKH�SDWWHUQ�� 
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)LJ����6KDSH�RXWOLQH�FRORXUV� 



5RWDWLQJ�D�6KDSH 
&OLFN�WKH�VKDSH�WKDW�\RX�ZDQW�WR�URWDWH�� 
 
�� 'UDJ� WKH� URWDWLRQ� KDQGOH� LQ� WKH�GLUHFWLRQ� WKDW�

\RX� ZDQW� WR� URWDWH� WKH� VKDSH�� 1RWH�� WR� FRQ�
VWUDLQ� WKH� URWDWLRQ� WR� ��� GHJUHH� DQJOHV�� SUHVV�
DQG� KROG� 6+,)7� ZKLOH� \RX� GUDJ� WKH� URWDWLRQ�
KDQGOH��ILJ���� 

 
�� 7R� VSHFLI\� DQ� H[DFW� URWDWLRQ�� XQGHU�'UDZLQJ�
7RROV�� RQ� WKH� )RUPDW� U LEERQ�� LQ� WKH� $U�
UDQJH� 

 

�� &OLFN� WKH� GXSOLFDWHG� VKDSH�� ,Q� WKH� $UUDQJH�
JURXS� XQGHU� WKH�)RUPDW� ULEERQ�� FOLFN�5RWDWH��
DQG�WKHQ�GR�RQH�RI�WKH�IROORZLQJ�� 

 
D� 7R� UHYHUVH� WKH� REMHFW� YHUWLFDOO\�� FOLFN� )OLS�
9HUWLFDO�� 

 
E� 7R� UHYHUVH� WKH� REMHFW� KRUL]RQWDOO\�� FOLFN�)OLS�
+RUL]RQWDO� 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

JURXS��FOLFN�5RWDWH�� FOLFN�0RUH� 5RWDWLRQ� 2S�
WLRQV�� DQG� WKHQ� RQ� WKH�6L]H� WDE�� XQGHU �5R�
WDWH��HQWHU �WKH�DPRXQW�WKDW�\RX�ZDQW�WR�UR�
WDWH�WKH�SLFWXUH�LQ�WKH�5RWDWLRQ�ER[�� 
 

�� 7R�URWDWH����GHJUHHV�WR�WKH�OHIW�RU����GHJUHHV�
WR� WKH� ULJKW�� FOLFN� WKH� VKDSH�� ,Q� WKH�$UUDQJH�
JURXS��FOLFN�5RWDWH��DQG�WKHQ�VHOHFW�WKH�RSWLRQ�
WKDW�ILWV�\RXU�LQWHQWLRQ� 

 
)OLSSLQJ�D�6KDSH��UHYHUVLQJ�DQ�LPDJH� 
)OLSSLQJ�D� VKDSH� LV� WR�FUHDWH� D� UHYHUVH� LPDJH�RI�
WKH�VKDSH�� 
 
�� 7R�FUHDWH� D�PLUURU� LPDJH�RI� D� VKDSH��PDNH� D�

FRS\�RI�LW�DQG�GUDJ�LW�WR�DQRWKHU�SRVLWLRQ� 

*URXSLQJ�6KDSHV 
7KH� JURXS� WRRO� LV� XVHG� WR� ELQG�PXOWLSOH� REMHFWV�
LQWR�D�VLQJOH�XQLW� 
 
7R� JURXS�PXOWLSOH� VKDSHV�� VHOHFW� WKH� VKDSHV�� ,Q�
WKH� $UUDQJH� JURXS� XQGHU� WKH� )RUPDW� ULEERQ��
FOLFN� WKH� JURXSLQJ� V\PERO� � � � � DQG� WKHQ� FOLFN�
*URXS�� $IWHU � \RX� JURXS� WKH� VKDSHV�� \RX� FDQ�
FRQWLQXH� WR� VHOHFW� DQ\� VLQJOH� VKDSH� ZLWKLQ� WKH�
JURXS� E\� ILUVW� VHOHFWLQJ� WKH� JURXS�� DQG� WKHQ�
FOLFNLQJ�WKH�LQGLYLGXDO�VKDSH�WR�VHOHFW�� 
 
8QJURXSLQJ�6KDSHV 
7R� XQJURXS� D� JURXS� RI� VKDSHV� �IRU� H[DPSOH�� LI�
\RX�ZDQW� WR�PRYH� D� JURXS� EXW� OHDYH� RQH� VKDSH�
EHKLQG�RU�PDNH�H[WHQVLYH�FKDQJHV��WR��RQH��VKDSH� 
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)LJ����5RWDWLRQ�KDQGOH 



ZLWKRXW� FKDQJLQJ� WKH� RWKHU� VKDSHV��� 6HOHFW� WKH�
JURXS� WKDW� \RX�ZDQW� WR� XQJURXS��8QGHU�'UDZ�
LQJ� 7RROV�� RQ� WKH�)RUPDW�ULEERQ�� LQ� WKH�$U�
UDQJH�JURXS��FOLFN�JURXSLQJ�V\PERO���������DQG�
WKHQ�FOLFN�8QJURXS��� 
 
0RYLQJ�D�VKDSH�XS�RU�GRZQ�LQ�D�VWDFN 
,I� \RX� KDYH�� VKDSHV�� RU� RWKHU� REMHFWV� WKDW� DUH�
JURXSHG�RU�VWDFNHG�RQ�WRS�RI�HDFK�RWKHU��\RX�FDQ�
PRYH� REMHFWV� RU� JURXSV� RI� REMHFWV� XS� RU� GRZQ�
ZLWKLQ� WKH� VWDFN�RQH� OD\HU�DW� D� WLPH��RU�\RX�FDQ�
PRYH�WKHP�WR�WKH�WRS�RU�ERWWRP�RI�D�VWDFN�LQ�RQH�
PRYH� 
 
&OLFN� WKH� VKDSH� WKDW� \RX� ZDQW� WR� PRYH� XS� RU�
GRZQ� LQ� WKH� VWDFN�� ,Q� WKH�$UUDQJH� JURXS� XQGHU�
WKH�IRUPDW�ULEERQ��GR�RQH�RI�WKH�IROORZLQJ�� 
 
�� 7R�EULQJ�D� VKDSH�RQH-VWHS�FORVHU� WR� WKH� IURQW��

FOLFN� WKH� DUURZ� QH[W� WR� %ULQJ� WR� )URQW�� DQG�
WKHQ�FOLFN�%ULQJ�)RUZDUG�� 

 
�� 7R�EULQJ�WKH�VKDSH�WR�WKH�IURQW��FOLFN�WKH�DUURZ�

QH[W�WR�%ULQJ�WR�)URQW��DQG�WKHQ�FOLFN�%ULQJ�WR�
)URQW�� 

 
�� 7R� VHQG� WKH� VKDSH� RQH-VWHS� WRZDUG� WKH� EDFN��

FOLFN�WKH�DUURZ�QH[W�WR�6HQG�WR�%DFN��DQG�WKHQ�
FOLFN�6HQG�%DFNZDUG�� 

 
�� 7R�VHQG�WKH�VKDSH�WR�WKH�EDFN��FOLFN�WKH�DUURZ�

QH[W�WR�6HQG� WR� %DFN��DQG�WKHQ�FOLFN�6HQG� WR�
%DFN� 

 
<RX�DOVR�KDYH�WKH�RSWLRQ�RI�PRYLQJ�WKH�VKDSH�LQ�
IURQW�RI�RU�EHKLQG�D� WH[W��$IWHU�\RX�FOLFN� WKH�DU�
URZ�QH[W�WR�%ULQJ� WR� )URQW��FOLFN�%ULQJ� LQ� )URQW�
RI�7H[W��&RQYHUVHO\��WR�PRYH�WKH�REMHFW�EHKLQG�
\RXU�WH[W��FOLFN�WKH�DUURZ�QH[W�WR�6HQG� WR� %DFN��
DQG�WKHQ�FOLFN�6HQG�%HKLQG�7H[W� 
 
 
(66(17,$/6�)25�'(6,*1,1* 
7KH�*KDQDLDQ� LQGLJHQRXV� NHQWH� IDEULF� LV� GRPL�
QDWHG� ZLWK� DQJXODU� DQG� OLQHDU� VKDSHV� KHQFH� WKH�
DSSURSULDWH� JHRPHWULF� VKDSHV� �)LJ� ��� WR� XVH� LQ�
FOXGH� OLQH�� UHFWDQJOH�� SDUDOOHORJUDP�� GLDPRQG��
WULDQJOH��WUDSH]LXP��KH[DJRQ�DQG�WKH�FURVV�VKDSH��
3ODFLQJ� WKH�FXUVRU�RYHU� WKH� VKDSH�ZLOO�SRS�XS�D�
WRRO�WLS�WR�VKRZ�WKH�QDPH�RI�WKH�WRRO�� 
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7ZR�RI�WKH�DERYH�JHRPHWULF�VKDSHV�ZHUH�XVHG�WR�
FUHDWH�WKH�NHQWH�GHVLJQ�LQ�ILJ����PDGH�XS�RI�IRXU�
FRPSRVLWH� PRWLIV�� 7KHVH� DUH� WKH� UHFWDQJOH� DQG�
WKH� SDUDOOHORJUDP�� 7KH� WHFKQLTXHV� HPSOR\HG�
DSSO\�WR�DQ\�RI�WKH�RWKHU�JHRPHWULF�VKDSHV� 
 
'HVLJQLQJ�WHFKQLTXHV 
7KH�IRUPDWWLQJ�VFKHPHV�GLVFXVVHG�DERYH�IRUPHG�
WKH� EDVHV� RI� WKH� UHVHDUFKHU
V� GHVLJQLQJ� WHFK�
QLTXHV�� 5HJDUGLQJ� GHVLJQLQJ� VXUIDFH�� RQH� FDQ�
ZRUN� GLUHFWO\� RQ� WKH� GHIDXOW� SDSHU� LQ� WKH� GRFX�
PHQW� DUHD� RI� 06� ZRUG� SURJUDPPH� RU� LQVHUW� D�
µ1HZ�'UDZLQJ�&DQYDV¶�RQ�WKH�SDSHU��,Q�WKLV�H[�
HUFLVH�� WKH� GHVLJQLQJ� ZDV� GRQH� GLUHFWO\� RQ� WKH�
SDSHU� �$��VL]H�� LQ� WKH�GRFXPHQW�DUHD� LQVWHDG�RI�
ZRUNLQJ�RQ�D�GUDZLQJ�FDQYDV��7KH�PDUJLQV��WRS��
ERWWRP�� OHIW�DQG� ULJKW��RI� WKH�SDSHU�ZHUH�DOO� VHW�
DW� �� IURP� WKH� SDJH� VHWXS� GLDORJXH� ER[�� LQ� WKH�
XQLWV� WKDW�KDV�EHHQ�FXVWRPL]HG� IRU� WKH� VRIWZDUH��
7KLV� ZLGHQHG� WKH� ZRUNLQJ� DUHD� RI� WKH� SDSHU� VR�
WKDW� REMHFWV� LQVHUWHG� LQ� OLQH�ZLWK� WKH� WH[W� EHJXQ�
IURP�WKH�PDUJLQV� 
 

:KHQ�D� VSHFLILF� VL]H�RI� VKDSH� LV� LQVHUWHG� LQ� WKH�
FRUUHFW� RULHQWDWLRQ�� WKH� RXWOLQH� ILOO� LV� ILUVW� UH�
PRYHG�EHIRUH�DVVLJQLQJ�D�GHVLUDEOH�FRORXU�ILOO�WR�
LW�� 7KHQ� HLWKHU� WKH� GDUN� KRUL]RQWDO� RU� WKH� GDUN�
YHUWLFDO� SDWWHUQ� HIIHFW� LV� DVVLJQHG� WR� UHSOLFDWH� D�
ORRP�ZHDYH�HIIHFW��,W� LV�IURP�WKLV�SULPDU\�VKDSH�
WKDW� FRSLHV� FRXOG� EH� UHSHDWHG�� DOLJQHG� DQG�
JURXSHG�LQ�HLWKHU�D�SRVLWLYH�RU�D�UHYHUVH�IRUP�WR�
EHFRPH�D�PRWLI� 
 
5(68/76�$1'�',6&866,21 
'HVLJQLQJ�&RPSRVLWH�0RWLI����)LJ���� 
6WHS����7KH�RUDQJH�EDVH�FRORXU 
$�UHFWDQJOH�PHDVXULQJ��¶¶�ZLGH�[����¶¶�KLJK�ZDV�
GUDZQ�DQG�DVVLJQHG�DQ�RUDQJH�ILOO�SDWWHUQ�FRORXU�
ZLWK�QR�RXWOLQH�FRORXU�WR�VHUYH�DV�WKH�EDFNJURXQG�
IRU�FRPSRVLWH�PRWLI����)LJ����� 
 
6WHS����7KH�]LJ]DJ�PRWLI 
�� 7KH� SDUDOOHORJUDP� PHDVXULQJ� ���¶¶� ZLGH� [�

����¶¶�KLJK�ZLWK�D�EOXH-EODFN�ILOO�FRORXU�DQG� 
�� 12¶�RXWOLQH�FRORXU�ZDV�LQVHUWHG�WR�WKH�WRS�OHIW�

µ12¶� 
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)LJ����6DPSOH�NHQWH�GHVLJQ 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

µFRUQHU�RI�WKH�RUDQJH�EDFNJURXQG�DV�WKH�SULPDU\�
VKDSH�� 
 

�� 7KH� SULPDU\� VKDSH� ZDV� FRSLHG� DQG� IOLSSHG�
KRUL]RQWDOO\�WR�FUHDWH�D�UHYHUVHG�LPDJH�EHIRUH�
DOLJQLQJ� LW� WR� WKH� EDVH� OLQH� RI� WKH� SULPDU\�
VKDSH� 

 
�� 7KH� WZR� VKDSHV� ZHUH� WLJKWO\� DOLJQHG� DQG�

JURXSHG� �PRWLI� ��� DQG� DQRWKHU� FRS\� FUHDWHG�
�PRWLI� ��� EHIRUH� WLJKWO\� DOLJQLQJ� WR� WKH� EDVH�
OLQH�RI�WKH�PRWLI��� 

 
 
 

 
 
 
 
 
 
 
 
 
6WHS����'XSOLFDWLQJ�WKH�]LJ]DJ�PRWLI 
�� ,Q� DOO�� ILYH� FRSLHV�RI� µPRWLI� �¶� DQG� D� FRS\�RI�

WKH� SULPDU\� VKDSH� ZHUH� FUHDWHG� DQG� WLJKWO\�
DOLJQHG� YHUWLFDOO\� EHIRUH� JURXSLQJ� WKHP� LQWR�
WKH�EOXH-EODFN�]LJ]DJ�PRWLI��0RWLI���� 

 
�� µ0RWLI� �¶� ZDV� GXSOLFDWHG� DQG� WKH� ILOO� FRORXU�

ZDV�FKDQJHG� WR� VN\�EOXH� �0RWLI� ����7KLV�ZDV�
DOLJQHG�WR�WKH�ULJKW�VLGH�RI�PRWLI���LQ�LWV�SRVL�
WLYH�IRUP� 

 
�� 7KH� WZR� ]LJ]DJ� PRWLIV� �0RWLI� �� 	� ��� ZHUH�

UHJURXSHG�DQG�D�FRS\�ZDV�SDVWHG�EHIRUH�IOLS�
SLQJ� KRUL]RQWDOO\� WR� FUHDWH� D� UHYHUVHG� LPDJH�
�0RWLI� ��� DQG�PRYHG� WR� WKH� ULJKW� HGJH�RI� WKH�
RUDQJH�EDFNJURXQG� 
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)LJ����%DFNJURXQG�FRORXU�IRU�FRPSRVLWH�PRWLI�� 



 
6WHS����&UHDWLQJ�WKH�FRPSRVLWH�PRWLI�� 
)LQDOO\��DOO�WKH�PRWLIV�DQG�WKH�RUDQJH�EDFNJURXQG�
VKDSH� ZHUH� VHOHFWHG� DQG� JURXSHG� WRJHWKHU� LQWR�
WKH�FRPSRVLWH�PRWLI����)LJ����� 
 

 
 

 
'HVLJQLQJ�&RPSRVLWH�0RWLI����)LJ���� 
2QO\� WKH� UHFWDQJXODU� VKDSH� ZDV� XVHG� WR� GHVLJQ�
PRWLI���� 
 
7KH�KHLJKW�RI� WKH�UHFWDQJOH�PHDVXUHG����� LQFKHV�
IRU�DOO� WKH� VKDSHV� LQVHUWHG��2QO\� WKH�ZLGWK�ZHUH�
YDULHG��6HYHQ�VKDSHV�ZHUH�FUHDWHG�ZLWK�GLIIHUHQW�
ILOO� FRORXUV� EXW� ZLWKRXW� RXWOLQH� ILOO�� 7KH� SDWWHUQ�
HIIHFWV�WRR�ZHUH�DOVR�WKH�VDPH� 
 
 
 

6WHS����,QVHUWLQJ�HLJKW�UHFWDQJXODU�VKDSHV 
(LJKW� UHFWDQJXODU� VKDSHV� RI� YDULHG� ZLGWK� PHDV�
XUHPHQW� EXW� VLPLODU� KHLJKW� PHDVXUHPHQW� RI� ����
LQFKHV�ZHUH�LQVHUWHG�DQG�FRPSDFWO\�DOLJQHG�KRUL�
]RQWDOO\�� 
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)LJ�����&RPSRVLWH�PRWLI�� 



6WHS� ��� &UHDWLQJ� WKH� UHYHUVH� PRWLI� RI� WKH� ILUVW�
VHYHQ�UHFWDQJXODU�VKDSHV 
 
7KH� ILUVW� VHYHQ� UHFWDQJXODU� VKDSHV� ZHUH� FROOHF�
WLYHO\� VHOHFWHG� DQG� JURXSHG� �JURXS� ��� EHIRUH�
LQVHUWLQJ� D� FRS\� DQG� IOLSSLQJ� LW� KRUL]RQWDOO\� WR�
WKH� ULJKW� VLGH� RI� WKH� HLJKWK� UHFWDQJXODU� VKDSH�
�JURXS���� 
 

 
6WHS����&UHDWLQJ�WKH�FRPSRVLWH�PRWLI�� 

)LJ�����&RPSRVLWH�PRWLI�� 
 
)LQDOO\�� WKH� WZR� JURXSV� DQG� WKH� HLJKWK� VKDSH�
ZHUH�VHOHFWHG�DQG�JURXSHG�WRJHWKHU�LQWR�WKH�FRP�
SRVLWH�PRWLI����)LJ����� 
 

'HVLJQLQJ�&RPSRVLWH�0RWLI����)LJ���� 
2QO\� WKH� UHFWDQJXODU� VKDSH� ZDV� XVHG� WR� GHVLJQ�
PRWLI���� 
 
7KH�ZLGWK�RI�WKH�UHFWDQJOH�PHDVXUHG�WKH�VDPH����
LQFKHV�� IRU� DOO� WKH� VKDSHV� LQVHUWHG�� 2QO\� WKH�
KHLJKWV� ZHUH� YDULHG�� 1LQH� VKDSHV� ZHUH� FUHDWHG�
ZLWK�GLIIHUHQW�ILOO�FRORXUV�EXW�ZLWKRXW�RXWOLQH�ILOO��
7KH�SDWWHUQ�HIIHFWV�WRR�ZHUH�DOVR�WKH�VDPH� 
 
6WHS����,QVHUWLQJ�ILYH�UHFWDQJXODU�VKDSHV 
)LYH� UHFWDQJXODU� VKDSHV� RI� YDULHG� KHLJKW� PHDV�
XUHPHQW� EXW� VLPLODU� ZLGWK� PHDVXUHPHQW� RI� ��
LQFKHV�ZHUH�LQVHUWHG�DQG�WLJKWO\�DOLJQHG�YHUWLFDO�
O\��7KH�FRORXUV�ZHUH�YDULHG�DV�D�PDWWHU�RI�FKRLFH�
HYHQ�WKRXJK�WKH�VDPH�SDWWHUQ�HIIHFW�ZDV�XVHG�IRU�
DOO�WKH�VKDSHV� 
 

 
6WHS����&UHDWLQJ�WKH�UHYHUVH�PRWLI�RI�WKH�ILUVW�IRXU�
UHFWDQJXODU�VKDSHV 
7KH�ILUVW�IRXU�UHFWDQJXODU�VKDSHV�ZHUH�FROOHFWLYH�
O\� VHOHFWHG� DQG�JURXSHG� �JURXS���� EHIRUH� LQVHUW�
LQJ�D�FRS\�DQG�IOLSSLQJ�LW�YHUWLFDOO\��JURXS���� WR�
WKH�ERWWRP�VLGH�RI�VKDSH��� 
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6WHS����&UHDWLQJ�WKH�FRPSRVLWH�PRWLI�� 

)LJ�����&RPSRVLWH�PRWLI�� 
 
)LQDOO\�� WKH� �� JURXSV� DQG� VKDSH� ��ZHUH� VHOHFWHG�
DQG�JURXSHG� WRJHWKHU� LQWR� WKH�FRPSRVLWH�PRWLI���
�)LJ����� 
 
'HVLJQLQJ�&RPSRVLWH�0RWLI����)LJ���� 
2QO\� WKH� UHFWDQJXODU� VKDSH� ZDV� XVHG� WR� GHVLJQ�
PRWLI���� 
7ZR� ILOO� FRORXUV� ZHUH� XVHG� ZLWKRXW� RXWOLQH� ILOO�
�OLJKW�SLQN�DV� WKH�EDVH�FRORXU�DQG�EURZQ�DV� WKH�
SULPDU\�PRWLI�� 
 
6WHS����7KH�OLJKW�SLQN�EDVH�FRORXU 
$�UHFWDQJOH�PHDVXULQJ��¶¶�ZLGH�[����¶¶�KLJK�ZDV�
GUDZQ�DQG�DVVLJQHG�D� OLJKW�SLQN� ILOO�SDWWHUQ�FRO�
RXU�ZLWK�QR�RXWOLQH�FRORXU� WR� VHUYH�DV� WKH�EDFN�
JURXQG�IRU�FRPSRVLWH��� 
 

 
 
 
 

6WHS����,QVHUWLQJ�WKH�SULPDU\�PRWLI 
 
 
 
 
 
 
$� UHFWDQJXODU� VKDSH� PHDVXULQJ� ���� LQFKHV� KLJK�
E\������ LQFKHV�ZLGH�ZLWK�D� ILOO� FRORXU�RI�EURZQ�
�VKDSH����ZDV�LQVHUWHG�DW�WKH�WRSPRVW�OHIW�FRUQHU�
RI�VKDSH��� 
 
6WHS����'XSOLFDWLQJ�FRSLHV�RI�WKH�SULPDU\�PRWLI 
�� 6KDSH���ZDV�FRSLHG��GXSOLFDWHG�IRXU�WLPHV�DQG�

DOLJQHG�DV�VKRZQ�LQ�JURXS��� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
� 
�� 7KH� ILYH� UHFWDQJXODU� VKDSHV� �JURXS� ��� ZHUH�

UHJURXSHG��GXSOLFDWHG�DQG�DOLJQHG� WR� WKH� ULJKW�
VLGH�RI�HDFK�XQLW��)LIWHHQ�UHSHDWV�ZHUH�PDGH�LQ�
DOO��JURXS���� 
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8VH�RI�0LFURVRIW�:RUG�IRU�NHQWH�GHVLJQLQJ«������� 



6WHS����&UHDWLQJ�WKH�FRPSRVLWH�PRWLI�� 
)LQDOO\�� WKH� VHW� RI� UHSHDWV� �JURXS� ��� DQG� WKH�
EDFNJURXQG��VKDSH����ZHUH�JURXSHG�WRJHWKHU�WR�
IRUP�WKH�FRPSRVLWH�PRWLI����)LJ����� 

 
 

 
 
 

 
 
 

$UUDQJLQJ�WKH�IRXU�FRPSRVLWH�PRWLIV� 
$IWHU� FRPSOHWLQJ� WKH� FRPSRVLWH� GHVLJQV�� WKH\�
ZHUH� DUUDQJHG�RQ� WKH�$��SDSHU� LQ� WKH�GRFXPHQW�
DUHD� VWDUWLQJ� ZLWK� FRPSRVLWH� PRWLI� �� DW� WKH� WRS�
PRVW�OHIW�FRUQHU�RI�WKH�SDSHU�IROORZHG�E\�WKH�RWK�
HUV�LQ�DOWHUQDWLQJ�UHSHDW�IDVKLRQ��,W�VKRXOG�EH�HP�
SKDVLVHG�KHUH� WKDW� WKHUH� LV�QR�RQH� VSHFLILF�PRGH�
IRU� DUUDQJLQJ� VXFK� PRWLIV�� 7KH� FKRLFH� RI� RUGHU�
VKRXOG�EH� VXEMHFW� WR� WKH�FUHDWLYH�� LQQRYDWLYH�DQG�
LPDJLQDWLYH� DELOLWLHV� RI� WKH� GHVLJQHU�� 7KHVH� DUH�
LPSRUWDQW� LQQDWH� TXDOLWLHV� WKDW� HYHU\� GHVLJQHU�
PXVW�KDUQHVV�LQ�RWKHU�WR�HQKDQFH�RULJLQDOLW\�LQ�KLV�
RU�KHU�GHVLJQ�VFKHPHV��)LJ����DQG�ILJ����DUH�WZR�
GLIIHUHQW� DUUDQJHPHQW� SDWWHUQV� IURP� WKH� VDPH�
FRPSRVLWH�GHVLJQV� 
 
5(&200(1'$7,216� 
(TXLSSLQJ� D� VWXGHQW� ZLWK� NQRZOHGJH� LQ� WKH� HOH�
PHQWV�DQG�SULQFLSOHV�RI�GHVLJQ�RIIHUV�KLP�RU�KHU�
EHWWHU� IRXQGDWLRQ� IRU� XQGHUVWDQGLQJ� WKH� UHODWLRQ�
VKLS� H[LVWLQJ� DPRQJ� WKH� HOHPHQWV� VR� WKH\� FDQ�
FUHDWH�UHOHYDQW�DQG�DSSURSULDWH�VKDSHV�WKDW�ILW�LQ�D�
VSHFLILF� GHVLJQ� FRQFHSW�� 'HVLJQHUV� PXVW� JDLQ�
NQRZOHGJH� DERXW� WKH� V\PEROLVP� RI� FRORXU� DQG�
VKDSHV�ZLWKLQ� WKH�$NDQ� WUDGLWLRQDO� VHWWLQJ�ZKHUH�
WKH�NHQWH�GRPLQDWHV�LQ�LWV�DSSOLFDWLRQ�DQG�EH�FUH�
DWLYH� LQ� WKHLU� FKRLFH� RI� FRORXUV� DQG� VKDSHV� WKDW�
V\QFKURQLVH�ZLWK� WKRVH� V\PEROLF�PHDQLQJV��7KLV�
LV� HVVHQWLDO� LQ� RUGHU� IRU� SHRSOH� WR� LGHQWLI\� ZLWK�
WKHLU� GHVLJQV� WR� LQFUHDVH� SDWURQDJH� DQG� IRVWHU�
SURMHFWV� WKDW� PHHW� WKH� WUDGLWLRQDO� LGHRORJLFDO�
PHDQLQJV�KHOG�LQ�WKH�LQWHUSUHWDWLRQ�RI�NHQWH�� 
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������$QQXP 

)LJ�����&RPSRVLWH�PRWLI�� 

)LJ�����$UUDQJLQJ�WKH�FRPSRVLWH�GHVLJQV 



&21&/86,21 
&RPSXWHU� VRIWZDUH� OLNH� 3KRWRVKRS� DQG� &RUHO�
'UDZ� DUH� H[DPSOHV� RI� VRSKLVWLFDWHG� JUDSKLF� DS�
SOLFDWLRQ�VRIWZDUH�GHYHORSHG�ZLWK�H[FOXVLYH�SXU�
SRVH�IRU�GHVLJQ�ZRUN�LQ�WHFKQLFDO�DQG�YRFDWLRQDO�
SURJUDPPHV�LQFOXGLQJ�WH[WLOH�GHVLJQLQJ��8QIRUWX�
QDWHO\�� WKHLU� FRPSOH[� GHVLJQ� SURFHGXUHV� SRVH� D�
JUHDW� FKDOOHQJH� IRU� VWXGHQWV� WR� JUDVS� ZLWK� HDVH���
7KH�ZULWHU�LQ�WKLV�SDSHU�KDV�WKHUHIRUH�FUHDWHG�WKH�
DZDUHQHVV� RI� WKH� OHYHO� DW�ZKLFK� NHQWH� GHVLJQLQJ�
FDQ�EH�KHLJKWHQHG�ZLWK�WKH�XVH�RI�RQH�RI�WKH�PRVW�
SRSXODU� JHQHUDO-SXUSRVH� DSSOLFDWLRQ� VRIWZDUH�
�0LFURVRIW� :RUG�� DYDLODEOH� WR� DFDGHPLD�� 7KH�
VLPSOLILHG�SURFHGXUHV�GHVFULEHG�LQ�WKLV�SDSHU�LV�D�
UHYHODWLRQ� WKDW� RIIHUV� WKH� RSSRUWXQLW\� IRU� WH[WLOH�
GHVLJQHUV� LQ� WKH� FUHDWLYH� LQGXVWU\� WR� H[SORUH� WR�
EXLOG�WKH�FDSDFLW\�IRU�LGHD�GHYHORSPHQW�QRW�RQO\�
LQ� NHQWH� GHVLJQLQJ� EXW� LQ� IDEULF� GHVLJQ� DV� D�
ZKROH��,W�LV�DOVR�WR�VHUYH�DV�D�SULPDU\�PDQXDO�IRU�
%DVLF� DQG�6HQLRU�+LJK�6FKRRO�9LVXDO�$UW� WHDFK�
HUV� WR� DGRSW� IRU� IDFLOLWDWLQJ� WKH� GHVLJQ� VNLOOV� RI�
WKHLU� VWXGHQWV�� ,W� LV� WKH� H[SHFWDWLRQ� RI� WKH� UH�
VHDUFKHU� WKDW� VWXGHQWV� ZKR� ZLOO� PDVWHU� WKLV� LGHD�

GHYHORSPHQW� VNLOO�ZLOO�EH� LQ� WKH�SRVLWLRQ� WR� VXS�
SRUW�WKHLU�SDUHQWV�LQ�WKH�NHQWH�ZHDYLQJ�LQGXVWU\�LQ�
*KDQD� WR� HQKDQFH� WKHLU� IDEULF� SURGXFWLRQ�� DQG�
RIIHU�WKHP�MRE�RSSRUWXQLW\�LQ�WKH�WH[WLOH�LQGXVWU\�
DIWHU�FRPSOHWLQJ�WKHLU�HGXFDWLRQ� 
 
5()(5(1&(6� 
$QQXP�� *�<�� �������� 8VHIXO� /HVVRQV� IRU� 'LV�

WDQFH� (GXFDWLRQDO� &RXUVH� :ULWHUV� /DFNLQJ�
&DSDFLW\� IRU� ,QWHUDFWLYH� (OHFWURQLF� /HDUQLQJ�
0DWHULDO�'HYHORSPHQW�IRU�WKH�(QKDQFHPHQW�RI�
:HE-%DVHG�'LVWDQFH�/HDUQLQJ��5HWULHYHG�6HS�
WHPEHU� ���� ������ IURP� �KWWS���EHWD�JDUM�RUJ�
JDUMHUU�DEVWUDFW������1RYHPEHU�$QQXP�KWP� 

 
%HVW�� -�:�� ��������5HVHDUFK� LQ�(GXFDWLRQ��3UHQ�
WLFH-+DOO��,QF��)RXUWK�HGLWLRQ� 

 
(DVWHUGD\��0�:��� /HZLV� '�� 5��	� *HUEHU� (��0��
��������'HVLJQ-%DVHG�5HVHDUFK�3URFHVV��3URE�
OHPV�� 3KDVHV�� DQG� $SSOLFDWLRQV�� 1RUWKZHVWHUQ�
8QLYHUVLW\�� (YDQVWRQ�� ,/�� 5HWULHYHG� 0D\� ����
������ IURP� KWWSV���
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8VH�RI�0LFURVRIW�:RUG�IRU�NHQWH�GHVLJQLQJ«������� 

)LJ�����'LIIHUHQW�SDWWHUQ�DUUDQJHPHQW�RI�WKH�VDPH�FRPSRVLWH�GHVLJQ 



HJHUEHU�PHFK�QRUWKZHVWHUQ�HGX�ZS-FRQWHQW�
XSORDGV���������
'HVLJQ5HVHDUFKB0HWKRGRORJ\B,&/6B�����SGI 

 
+DDJ� 6��� 3HUU\� -�7��� 3DUNHU� 5�� 	� :HOOV� 0��
��������7KH�,-6HULHV�0LFURVRIW�2IILFH�;3�9RO��
,�([SDQGHG��0F*UDZ-+LOO�&RPSDQLHV��,QF� 

 
2¶%ULHQ�-�$����������,QWURGXFWLRQ�WR�,QIRUPDWLRQ�
6\VWHPV�� (VVHQWLDOV� IRU� WKH� H-%XVLQHVV� (QWHU�
SULVH�� 8QLYHUVLW\� RI� 3KRHQL[� 6SHFLDO� (GLWLRQ�
6HULHV����WK�(GLWLRQ��0F*UDZ-+LOO�&RPSDQLHV��
,QF� 

 
3RROH�� %�-�� �������� (VVHQWLDO� 0LFURVRIW� 2IILFH�
������ 7XWRULDOV� IRU� 7HDFKHUV�� 5HWULHYHG� 6HS- 

 
 
 
 
 

����WHPEHU�����������IURP��KWWS���ZZZ�SLWW�HGX� 
����aSRROH�RIILFH����7XWRULDOV�����/HVVRQ��SGI��� 
 
9DQ� GHQ�$NNHU�� -�� �������� 3ULQFLSOHV� DQG�0HWK�
RGV� RI� 'HYHORSPHQW� 5HVHDUFK�� ,Q� -�� YDQ� GHQ�
$NNHU��1��1LHYHHQ��5��0��%UDQFK��.��/��*XV�
WDIVRQ�	�7��3ORPS��(GV����'HVLJQ�0HWKRGRORJ\�
DQG�'HYHORSPHQWDO�5HVHDUFK�LQ�(GXFDWLRQ�DQG�
7UDLQLQJ�� 7KH� 1HWKHUODQGV�� .OXZHU� $FDGHPLF�
3XEOLVKHUV� 

 
:DOHV��-����������:LNLSHGLD�)UHH�(QF\FORSDHGLD��
.HQWH� FORWK�� 5HWULHYHG� 0D\� ���� ������ IURP�
�KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�.HQWHBFORWK� 
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