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7KH�GRPDLQ�RI�VSRNHQ�ODQJXDJH�WHFKQRORJLHV�UDQJHV�IURP�VSHHFK�LQSXW�DQG�RXWSXW�V\VWHPV�WR�FRPSOH[�XQGHUVWDQGLQJ�DQG�JHQHUDWLRQ
V\VWHPV�� LQFOXGLQJ�PXOWL��PRGDO� V\VWHPV� RI� ZLGHO\� GLIIHULQJ� FRPSOH[LW\� �VXFK� DV� DXWRPDWLF� GLFWDWLRQ� PDFKLQHV�� DQG� PXOWLOLQJXDO
V\VWHPV��IRU�H[DPSOH�DXWRPDWLF�GLDORJXH�DQG�WUDQVODWLRQ�V\VWHPV���7KH�GHILQLWLRQ�RI�VWDQGDUGV�DQG�HYDOXDWLRQ�PHWKRGRORJLHV�IRU�VXFK
V\VWHPV� LQYROYHV� WKH� VSHFLILFDWLRQ� DQG� GHYHORSPHQW� RI� KLJKO\� VSHFLILF� VSRNHQ� ODQJXDJH� FRUSXV� DQG� OH[LFRQ� UHVRXUFHV�� DQG
PHDVXUHPHQW� DQG�HYDOXDWLRQ� WRROV� �($*/(6�+DQGERRN��������7KLV� SDSHU�SUHVHQWV� WKH�0REL/X]� VSRNHQ� UHVRXUFHV� RI� WKH� 6ORYHQH
ODQJXDJH��ZKLFK�ZLOO�EH�PDGH�IUHHO\�DYDLODEOH�IRU�UHVHDUFK�SXUSRVHV�LQ�VSHHFK�WHFKQRORJ\�DQG�OLQJXLVWLFV�

��� ,QWURGXFWLRQ
7KH� GRPDLQ� RI� VSRNHQ� ODQJXDJH� WHFKQRORJLHV� UDQJHV

IURP� VSHHFK� LQSXW� DQG� RXWSXW� V\VWHPV� WR� FRPSOH[
XQGHUVWDQGLQJ� DQG� JHQHUDWLRQ� V\VWHPV�� LQFOXGLQJ� PXOWL�
PRGDO� V\VWHPV� RI� ZLGHO\� GLIIHULQJ� FRPSOH[LW\� �VXFK� DV
DXWRPDWLF� GLFWDWLRQ� PDFKLQHV�� DQG� PXOWLOLQJXDO� V\VWHPV
�IRU�H[DPSOH�DXWRPDWLF�GLDORJXH�DQG�WUDQVODWLRQ�V\VWHPV��

7KH� GHILQLWLRQ� RI� VWDQGDUGV� DQG� HYDOXDWLRQ
PHWKRGRORJLHV�IRU�VXFK�V\VWHPV�LQYROYHV�WKH�VSHFLILFDWLRQ
DQG� GHYHORSPHQW� RI� KLJKO\� VSHFLILF� VSRNHQ� ODQJXDJH
FRUSXV� DQG� OH[LFRQ� UHVRXUFHV�� DQG� PHDVXUHPHQW� DQG
HYDOXDWLRQ�WRROV�

,Q� WKH�EHJLQQLQJ�� VWDQGDUGV� IRU� WKHVH� DUHDV�KDYH� EHHQ
GHULYHG� IURP� WKH� FRQVHQVXV� ZLWKLQ� WKH� VSRNHQ� ODQJXDJH
FRPPXQLW\� SUHYLRXVO\� HVWDEOLVKHG� LQ� D� QXPEHU� RI
(XURSHDQ� DQG� QDWLRQDO� SURMHFWV�� ZLWK� UHIHUHQFH� WR
LPSRUWDQW�LQLWLDWLYHV�LQ�WKH�86�DQG�-DSDQ�

3ULPDU\� DPRQJ� WKHVH� KDYH� EHHQ� WKH� 6$0� SURMHFWV
�FHQWHUHG� RQ� FRPSRQHQW� WHFKQRORJ\� DVVHVVPHQW� DQG
FRUSXV� FUHDWLRQ��� 64$/(� �IRU� ODUJH� YRFDEXODU\� V\VWHPV
DVVHVVPHQW�� DQG� ERWK� 681',$/� DQG� 68167$5� �IRU
PXOWL�PRGDO�V\VWHPV��

3DVW�DQG�SUHVHQW�SURMHFWV�ZLWK�VLJQLILFDQW�RXWSXWV�LQ�WKH
GRPDLQ� RI� DVVHVVPHQW� DQG� UHVRXUFHV� LQFOXGH� $56�
5(/$725��2120$67,&$� DQG� 63((&+'$7�� DV�ZHOO
DV�PDMRU�QDWLRQDO�SURMHFWV�DQG�SURJUDPV�RI�UHVHDUFK�VXFK
DV�9(5%02%,/�LQ�*HUPDQ\�

7KLV� KDV� OHG� WR� DQ� LQLWLDO� GRFXPHQWDWLRQ� RI� H[LVWLQJ
SUDFWLFH�ZKLFK�ZDV�UHODWLYHO\�FRPSUHKHQVLYH�EXW�LQ�PDQ\
UHVSHFWV�KHWHURJHQHRXV�DQG�ZLGHO\�GLVSHUVHG�

7KH�ODFN�RI�JHQHULF�WHFKQRORJLHV�DQG�UHVRXUFHV�DQG�WKH
ZLGH�GLYHUVLW\�RI� IRUPDWV�DQG�VSHFLILFDWLRQV�KDV�KLQGHUHG
WKH�HIIHFWLYH�UHXWLOLVDWLRQ�RI�H[LVWLQJ�UHVRXUFHV�

,Q� ������ WKH� ($*/(6� �([SHUW� $GYLVRU\� *URXS� RQ
/DQJXDJH�(QJLQHHULQJ�6WDQGDUGV�� LQLWLDWLYH�ZDV� ODXQFKHG
ZLWKLQ� WKH� IUDPHZRUN� RI� WKH� &(8
V� '*;,,,� /LQJXLVWLF
5HVHDUFK� DQG� (QJLQHHULQJ� �/5(�� 3URJUDPPH�� WR
DFFHOHUDWH� WKH� SURYLVLRQ� RI� VWDQGDUGV� IRU� GHYHORSLQJ�
H[SORLWLQJ�DQG�HYDOXDWLQJ�ODUJH�VFDOH�ODQJXDJH�UHVRXUFHV�

$� VSHFLDO� ZRUNLQJ� JURXS� KDV� EHHQ� VHW� XS� IRU� WKLV
SXUSRVH�� QDPHG� WKH� 6SRNHQ� /DQJXDJH� :RUNLQJ� *URXS
�6/:*��� 7KH� SURMHFW� UHVXOWHG� LQ� WKH� SXEOLFDWLRQ� RI
FRPSUHKHQVLYH� JXLGHOLQHV� GRFXPHQWLQJ� H[LVWLQJ� ZRUNLQJ
SUDFWLFHV� LQ� (XURSH� DQG� JXLGHOLQHV� IRU� VSRNHQ� ODQJXDJH
UHVRXUFH� FUHDWLRQ� DQG� GHVFULSWLRQ� �($*/(6� +DQGERRN
������

��� 6ORYHQH�6SHHFK�&RUSRUD
)RU� WKH�6ORYHQH� ODQJXDJH�� VHYHUDO� DWWHPSWV� LQ� VSHHFK

GDWD�FROOHFWLRQ�ZHUH�PDGH�LQ�WKH�SDVW��UHVXOWLQJ�LQ�YDULRXV
VSHHFK�FRUSRUD�

v � 61$%,��.DþLþ��������.DþLþ��������
v � /8=�GLSKRQHV��*URV��������
v � *232/,6��'REULãHN��������DQG
v � 63((&+'$7�6ORYHQH��.DLVHU���������GLVWULEXWHG

E\�(/5$�



7KH� FROOHFWHG� VSHHFK� GDWD� PDLQO\� UHSUHVHQWHG� WKH
GRPDLQ�RI�LQWHQGHG�DSSOLFDWLRQV�DQG�DUH�QRW�DYDLODEOH�IRU
GLVWULEXWLRQ��H[FHSW�IRU�WKH�6ORYHQLDQ�6SHHFK'DW�,,��)'%�
����� FRUSXV� FRQWDLQLQJ� SKRQHWLFDOO\� ULFK� VHQWHQFHV�� 7KH
FRUSXV� FRQVLVWV� RI� UHDG�DQG� VSRQWDQHRXV� VSHHFK�DQG�ZDV
UHFRUGHG� WKURXJK� DQ� ,6'1� FDUG� ������� VSHDNHUV��� $
SKRQHWLF�OH[LFRQ�ZLWK�FDQRQLFDO�WUDQVFULSWLRQV�LQ�6$03$
LV�DOVR�SURYLGHG�

+RZHYHU�� GXH� WR� LWV� KLJK� FRVW� �������� (85�� WKH
6ORYHQH� 63((&+'$7� FRUSXV� FDQ� KDUGO\� EH� XVHG� IRU
UHVHDUFK� RU� HYHQ� GHYHORSPHQW� SXUSRVHV�� :H� WKHUHIRUH
GHFLGHG� WR� FUHDWH� D� FROOHFWLRQ� RI� YDULRXV� 6ORYHQH� VSHHFK
GDWD�� IUHHO\� DYDLODEOH� IRU� UHVHDUFK� SXUSRVHV� LQ� VSHHFK
WHFKQRORJ\� DQG� OLQJXLVWLFV�� 6XFK� VSHHFK� UHVRXUFHV� DUH
HVVHQWLDO�IRU�EXLOGLQJ�PXOWL�OLQJXDO�VSHHFK�UHFRJQLWLRQ�DQG
WH[W�WR�VSHHFK�V\QWKHVLV�DSSOLFDWLRQV�

7KH�LGHD�LV�LQ�WKH�SURFHVV�RI�EHLQJ�UHDOL]HG�ZLWKLQ�WKH
0REL/X]� SURMHFW� IXQGHG� E\� WKH� 6ORYHQH� 0LQLVWU\� RI
6FLHQFH� DQG� 7HFKQRORJ\� DQG� WKH� 6ORYHQH� PRELOH
WHOHSKRQ\�RSHUDWRU�0RELWHO�G�G�

7KH�0REL/X]�SURMHFW�FROOHFWV�DQG�LQWHJUDWHV�UHVRXUFHV
RI�VHYHUDO�SUHYLRXV�SURMHFW��H�J��WKH�(8�&RSHUQLFXV�64(/
DQG� 08/7(;7�(DVW� DQG� ZLOO� SURYLGH� WKUHH� PDLQ
GHOLYHUDEOHV�

����0REL/X]�6ORYHQH�VSHHFK�FRUSXV�
��� 0REL/X]� 6ORYHQH� VSHHFK� FRUSXV� DQQRWDWLRQV� DQG

OH[LFRQ�DQG
���0REL/X]�VSHHFK�WRROV�
7KH� QH[W� WKUHH� VHFWLRQV� GHWDLO� RXU� ZRUN� RQ� WKHVH

GHOLYHUDEOHV�

��� 0REL/X]�6ORYHQH�VSHHFK�FRUSXV
7KH�0REL/X]�6ORYHQH�VSHHFK�FRUSXV�LQFOXGHV�YDULRXV

FROOHFWLRQV� RI� VSHHFK� GDWD� SURQRXQFHG� E\� PXOWLSOH
VSHDNHUV��HLWKHU�DV�UHDG�VSHHFK�RU�VSRQWDQHRXV�VSHHFK��,Q
SDUWLFXODU�� WKH� FRUSXV� FRQVLVWV� RI� WKH� IROORZLQJ
FRPSRQHQWV�

��D�IXOO\�XSGDWHG�DQG�UHYLVHG�YHUVLRQ�RI�WKH����VSHDNHU
*232/,6�FRUSXV�RI�DLU�WUDYHO�LQTXLULHV�

�� RQH�PDOH� 6ORYHQH� GLSKRQH� LQYHQWRU\�� FRQVLVWLQJ� RI
�����GLSKRQHV�

�� LVRODWHG� VSRNHQ� FRPPDQGV� �GLJLWV�� FRPPRQ� FRQWURO
FRPPDQGV�HWF���DQG

��UHFRUGLQJV�RI�OLYH�GLDORJV�

����� *RSROLV
7KH�*232/,6�FRUSXV�LV�D� ODUJH�PXOWL�VSHDNHU�VSHHFK

GDWDEDVH�� GHULYHG� IURP� UHDO� VLWXDWLRQ� GLDORJV� FRQFHUQLQJ
DLUOLQH� WLPHWDEOH� LQIRUPDWLRQ� VHUYLFHV�� ,W�ZDV�XVHG�DV� WKH
6ORYHQLDQ� VSHHFK� GDWDEDVH� ZLWKLQ� WKH� 64(/� SURMHFW
�&RSHUQLFXV�&23���� FRQWUDFW� 1R�� ������� IRU� EXLOGLQJ� D
PXOWL�OLQJXDO�VSHHFK�UHFRJQLWLRQ�DQG�XQGHUVWDQGLQJ�GLDORJ
V\VWHP��,SãLü�HW�DO���������FDSDEOH�RI�SDVVLQJ�LQIRUPDWLRQ
RYHU�WKH�WHOHSKRQH�OLQH�WR�D�FOLHQW�LQ�RQH�RI�IRXU�(XURSHDQ
ODQJXDJHV���*HUPDQ��&]HFK��6ORYDN�DQG�6ORYHQLDQ�

7KH� QDPH� RI� WKH� GDWDEDVH� KDV� EHHQ� GHULYHG� IURP
�*2YRUMHQD� 32L]YHGRYDQMD� R� /HWDOVNLK� ,QIRUPDFLMDK� Y
6ORYHQVNHP�MH]LNX���PHDQLQJ��6SRNHQ�)OLJKW�,QIRUPDWLRQ
4XHULHV�LQ�WKH�6ORYHQH�/DQJXDJH��

7KH� VHQWHQFH� FRUSXV� ZDV� GUDZQ� IURP� OLVWHQLQJ� WR
UHFRUGLQJV� RI� UHDO� VLWXDWLRQ� GLDORJV� EHWZHHQ� DQRQ\PRXV
FOLHQWV
� LQTXLULHV� DQG� WHOHSKRQH� RSHUDWRUV� DW� WKH� $GULD
$LUZD\V� LQIRUPDWLRQ� FHQWHU� ���� KUV� RI� VSHHFK� VWRUHG� RQ
DXGLRWDSHV��

7KH�VHOHFWHG�����W\SLFDO�VHQWHQFHV�ZHUH�FRPSLOHG�LQWR
WKH� IRUP�RI� UHZULWH�UXOHV� WR� REWDLQ�D� JHQHUDWLYH� VHQWHQFH
SDWWHUQ�JUDPPDU��*URV�HW�DO����������8VLQJ�WKLV�JUDPPDU�
ZH� SURGXFHG� ������� GLIIHUHQW� VHQWHQFHV� IRU� VKRUW
LQWURGXFWRU\� LQTXLULHV�� ORQJ� LQTXLULHV� DQG� VKRUW
FRQILUPDWLRQV�� ������ RI� WKHP� ZHUH� VHOHFWHG� WR� IRUP� WKH
ILQDO�VHQWHQFH�FRUSXV�

(DFK� RI� WKH� WRWDO� RI� ��� VSHDNHUV� ���� IHPDOH� DQG� ��
PDOH�� UHDG� DERXW� ���� UDQGRPO\� VHOHFWHG� XQLTXH� FRUSXV
VHQWHQFHV� DQG� ��� VHQWHQFHV� RI� ZHOFRPH� JUHHWLQJV�
LQWURGXFWRU\� SKUDVHV�� VKRUW� DIILUPDWLRQV� DQG� IDUHZHOO
JUHHWLQJV��FRPPRQ�WR�DOO�RI�WKH�VSHDNHUV��(DFK�VHVVLRQ�KDV
D� OLVW� RI� DWWULEXWHV� ZLWK� VSHDNHU� DQG� UHFRUGLQJ� VHVVLRQ
GHVFULSWRUV�

����� 'LSKRQHV�DQG�LVRODWHG�FRPPDQGV
$� VHW� RI� LVRODWHG� FRPPDQGV� VSRNHQ� E\� YDULRXV

VSHDNHUV� KDV� DOVR� EHHQ� UHFRUGHG�� ,QFOXGHG� DUH� WKH� PRVW
FRPPRQ� FRPPDQGV� XVHG� LQ� WHOHFRPPXQLFDWLRQ
DSSOLFDWLRQV� DQG� FRPPDQGV� IRU� QDYLJDWLQJ� ZLQGRZV
DSSOLFDWLRQV�

7KH� GLSKRQH� LQYHQWRU\� FRQVLVWV� RI� ����� GLKSRQHV
FRYHULQJ� DOO� DOORZHG� SKRQHPH� WUDQVLWLRQV� LQ� WKH� 6ORYHQH
ODQJXDJH�� 7KH� GLKSRQHV� ZHUH� SURQRXQFHG� E\� D� PDOH
VSHDNHU�� 7KH\� ZHUH� PDQXDOO\� VHJPHQWHG� DQG� SLWFK�
PDUNHG��*URV��������

����� 5HFRUGLQJ�FRQGLWLRQV
7KH� UHFRUGLQJ� VHVVLRQV� ZHUH� SHUIRUPHG� LQ� D� QRUPDO

ODERUDWRU\�DFRXVWLF�HQYLURQPHQW��$GGLWLRQDO�QRLVH��VXFK�DV
EDFNJURXQG�VSHHFK�RU�VODPPLQJ�GRRUV�ZDV�DYRLGHG�

7KH� XWWHUDQFHV� ZHUH� DFTXLUHG� E\� D� FORVH� WDONLQJ
PLFURSKRQH� DQG� VLPXOWDQHRXVO\� E\� WHOHSKRQH�� 7KXV� DQ
DGGLWLRQDO�DQDO\VLV�RI�ERWK�DXGLR�GHYLFHV�ZDV�HQDEOHG�

$� VHW� RI� UHFRUGLQJ� HQYLURQPHQW� SURJUDPV� ZDV
GHYHORSHG�IRU�WKH�+3������ZRUNVWDWLRQ�SODWIRUP��7KH�XVHU
LQWHUIDFH�SURJUDP�EXLOW� IRU�UHFRUGLQJ�FRPPXQLFDWHV�ZLWK
WZR�DXGLR�VHUYHUV�RYHU�WKH�QHWZRUN��GLVSOD\V�DQG�VDYHV�WKH
DFTXLUHG�VLJQDOV�DQG�GLVSOD\V�WKH�VHQWHQFHV�WKDW�D�VSHDNHU
VKRXOG�XWWHU��)LJXUH�����6R�WKH�DFRXVWLF�UHDOL]DWLRQV�DUH�LQ
IRUP�RI�UHDG�FRQWLQXRXV�VSHHFK�

7KH�SURJUDP�LV�DOVR�HTXLSSHG�ZLWK�ORXGQHVV�GHWHFWLRQ
DQG� DQ� DFRXVWLF� PHVVDJLQJ� V\VWHP�� ,W� WDNHV� FDUH� RI� WKH
FRUUHFW� PD[LPXP� ORXGQHVV� OHYHO�� EHJLQ� DQG� HQG� SDXVHV
DQG�V\QFKURQL]HV� WKH�DFTXLUHG�WHOHSKRQH�DQG�PLFURSKRQH
VSHHFK�VLJQDOV�

7KH�DXGLR�VHUYHUV�XVH�WKH�+3����������FRPPRQ�DXGLR
KDUGZDUH� FRPSRQHQWV� DQG� WKH� DGGLWLRQDO� *UDGLHQW
7HFKQRORJ\� 'HVN/DE� KDUGZDUH� ZLWK� D� IXOO� WHOHSKRQH
LQWHUIDFH��'HVN/DE�LV� D�GDWD�DFTXLVLWLRQ�DQG�SOD\�GHYLFH�
ZKLFK�FRPPXQLFDWHV�YLD�6&6,�ZLWK�D�ZRUNVWDWLRQ��

7KH�VSHDNHU�KDV�WR�SUHVV�D�VSDFH�EDU�NH\�WR�VLJQDO�WKH
VWDUW� RI� WKH�UHFRUGLQJ� VHVVLRQ�DQG� WKHQ� DJDLQ� WR� ILQLVK� LW�
7KH�SURJUDP�UHTXLUHV� DW� OHDVW�KDOI� D� VHFRQG�RI� VLOHQFH�DW
WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�WKH�XWWHUDQFH�

$� VDPSOLQJ� UDWH� RI� ��� N+]� IRU� ERWK�PLFURSKRQH� DQG
WHOHSKRQH�VLJQDOV�DQG�D����ELW�GDWD�IRUPDW�ZLWK�06%�/6%
E\WH�RUGHU�ZDV�FKRVHQ�

��� &RUSXV�DQQRWDWLRQV�DQG�OH[LFD
7KH�*232/,6�FRUSXV� LV� HQFRGHG� LQ�DFFRUGDQFH�ZLWK

7(,� UHFRPPHQGDWLRQV� �6SHUEHUJ�0F4XHHQ� DQG� %XUQDUG�
������� LQ�SDUWLFXODU�� WKH�EDVH� WDJVHW� IRU�7UDQVFULSWLRQV� RI
6SHHFK�� WKH� DGGLWLRQDO� WDJVHWV� IRU� 6LPSOH� $QDO\WLF



0HFKDQLVPV� DQG� /DQJXDJH� &RUSRUD�� DQG� VRPH� ORFDO
PRGLILFDWLRQV�� � 7KH� FRUSXV� FRQWDLQV� WKH� 7(,� KHDGHU�
JLYLQJ� WKH� )LOH�� (QFRGLQJ� DQG� 3URILOH� GHVFULSWLRQV�� +HUH
JHQHUDO� LQIRUPDWLRQ� DERXW� WKH� FRUSXV�� LQFOXGLQJ� VSHDNHU
GHVFULSWLRQV�LV�JLYHQ��7KH�ERG\�RI� WKH� FRUSXV� FRQVLVWV� RI
WKH�������VHQWHQFHV��XWWHUDQFHV���HDFK�PDUNHG�ZLWK�DQ�,'
DQG�UHIHUHQFHV�WR�LWV�VSHDNHUV�

7KH� XWWHUDQFHV� DUH� VHJPHQWHG� LQWR� ZRUGV� DQG
SXQFWXDWLRQ� PDUNV�� DQG� HDFK� ZRUG� LV� JLYHQ� LQ� LWV
RUWKRJUDSKLF�IRUP��DV�ZHOO�DV�LQ�WKH�DXWRPDWLFDOO\�GHULYHG
SKRQHWLF� WUDQVFULSWLRQ�� )XUWKHUPRUH�� WKH� ZRUGV� ZHUH
DXWRPDWLFDOO\�WDJJHG�IRU�WKHLU�OHPPD�DQG�PRUSKRV\QWDFWLF
GHVFULSWLRQ��6RPH�VDPSOH�GDWD�ZLOO� FRQWDLQ�DOVR�SURVRGLF
DQQRWDWLRQV�

7ZR� OH[LFD� DFFRPSDQ\� WKH� FRUSXV�� D� SURQXQFLDWLRQ
GLFWLRQDU\� DQG� D� ZRUG�IRUP� OH[LFRQ� ZLWK� WKH
PRUSKRV\QWDFWLF�GHVFULSWLRQV�

����� 7UDQVFULSWLRQ�DQG�WDJJLQJ
�7KH�SKRQHWLF�WUDQVFULSWLRQV�LQ�WKH�FRUSXV�DUH�EDVHG�RQ

WKH�6ORYHQH�053$�VHW� �'REULãHN�������� =HPOMDN�������
FRQWDLQLQJ�PDFKLQH�UHDGDEOH�SKRQHWLF�V\PEROV�HTXLYDOHQW
WR�WKH�6ORYHQH�,3$�V\PEROV��âXãWDUãLþ��������

�7KH� PRUSKRV\QWDFWLF� GHVFULSWLRQV� DQG� OH[LFRQ� DUH
EDVHG� RQ� WKH� 08/7(;7�(DVW� �6ORYHQH�� WDJVHW� DQG
OH[LFRQ� � �'PLWURYD� HW� DO��� ������ ,GH� HW� DO��� ������� � 7KH
OH[LFRQ�FRQWDLQV�OHPPDV��WKHLU�IXOO�LQIOHFWLRQDO�SDUDGLJPV
DQG� WKH� PRUKRV\QWDFWLF� GHVFULSWLRQV� RI� WKH� ZRUGIRUPV
�(UMDYHF���������7KH�GHVFULSWLRQV�KDYH�D�IHDWXUH�VWUXFWXUH
OLNH� IRUPDW� DQG� HQFRGH� LQIRUPDWLRQV� VXFK� DV� SDUW�RI�
VSHHFK��QXPEHU��FDVH��HWF���7KHVH�GHVFULSWLRQV�DQG�OH[LFRQ
DUH� WKHQ� XVHG� WR� DXWRPDWLFDOO\� WDJ� DQG� OHPPDWLVH� WKH
FRUSXV��7KH�WDJJHU�XVHG�LV�7Q7��%UDQWV���������ZKLFK�KDG
EHHQ�WUDLQHG�RQ�WKH�6ORYHQH�08/7(;7�(DVW�FRUSXV�

����� 6SHHFK�VHJPHQWDWLRQ�DQG�DOLJQPHQW
7KH� DXWRPDWLF� VHJPHQWDWLRQ� LV� SHUIRUPHG� XVLQJ� WKH

'7:� EDVHG� DSSURDFK� GHVFULEHG� LQ� �'REULãHN�� �����
ZKHUH�WKH�VSHHFK�PDWHULDO�LV�DXWRPDWLFDOO\�VHJPHQWHG�DQG
ODEHOOHG� XVLQJ� G\QDPLF� WLPH� ZDUSLQJ� DOLJQPHQW� RI� D
QDWXUDO�XWWHUDQFH�ZLWK�D�V\QWKHVLVHG�VSHHFK�VLJQDO�

7KH� V\QWKHVLV� RI� VSHHFK� VLJQDOV� ZDV� DFKLHYHG� E\
VLPSO\� FRQFDWHQDWLQJ� ODEHOOHG� GLSKRQH� VSHHFK� VLJQDOV
XVLQJ� D� VLPSOLILHG� 7'�362/$� WHFKQLTXH�� 7KH� GLSKRQH
LQYHQWRU\�XVHG�ZDV�ERUURZHG�IURP�WKH�6ORYHQLDQ�WH[W�WR�
VSHHFK� V\VWHP� 6�� �*URV�� ������� 7KH� GLSKRQH� LQYHQWRU\
FRQVLVWV�RI�D�VHW�RI�VHJPHQWHG�DQG�ODEHOOHG�GLSKRQH�VSHHFK

VLJQDOV��(YHU\�GLSKRQH�LQ�WKH�LQYHQWRU\�LV�VHJPHQWHG�LQWR
WZR�VHSDUDWHG�SKRQHV�DQG�YRLFHG�SKRQHV�ZHUH�DGGLWLRQDOO\
PDUNHG�ZLWK�SLWFK�SHULRG�PDUNHUV�

$FFRUGLQJ�WR� WKH�SKRQHWLF� WUDQVFULSWLRQ�RI� WKH�QDWXUDO
VSHHFK�VLJQDO��D�VHTXHQFH�RI�FRQFDWHQDWHG�GLSKRQH�VSHHFK
VLJQDOV�ZDV�JHQHUDWHG��$�FRQYHQWLRQDO�'7:�DOLJQPHQW�RI
WKH� XWWHUDQFH� ZLWK� WKH� V\QWKHVLVHG� VSHHFK� VLJQDO� ZDV
SHUIRUPHG�ZLWK� WZR� VHTXHQFHV�RI� IHDWXUH�YHFWRUV�GHULYHG
IURP�ERWK�VSHHFK�VLJQDOV��7KLV�PHWKRG�KDV� WKH�DGYDQWDJH
WKDW�ZH�GR�QRW�QHHG�ODEHOOHG�UHIHUHQFH�VSHHFK�VLJQDOV�VLQFH
ZH� NQRZ� WKH� SKRQH� ERXQGDULHV� RI� WKH� V\QWKHWLF� VSHHFK
VLJQDO�

��� 6SHHFK�7RROV
7KH�0REL/X]� VSHHFK�FRUSXV�ZLOO� EH� DFFRPSDQLHG� E\

WKH� 6LJPDUN� VRIWZDUH� GHYHORSHG� LQ� FRRSHUDWLRQ� ZLWK
0DVWHUSRLQW�� D� XVHU�IULHQGO\� SURJUDP� LQWHUIDFH� ZKLFK
DOORZV�PDQXDO�HGLWLQJ��YLHZLQJ�DQG�PDUNHU�FRUUHFWLRQV�RI
VSHHFK�VLJQDOV�RQ�YDULRXV�OHYHOV��SKRQH��ZRUG�DQG�SKUDVH
OHYHOV��

0DUNHUV�FDQ�DOVR�EH�FRSLHG�IURP�RQH�OHYHO�WR�WKH�RWKHU
ZKLFK�SURYHV� WR�EH�YHU\�XVHIXO� IRU� V\QFKURQLVLQJ�PDUNHU
VHWV�RQ�GLIIHUHQW�OHYHOV�

��� &RQFOXVLRQ
7KH� 0REL/X]� SURMHFW� LV� DLPLQJ� WR� VHW� XS� DQ

LQIUDVWUXFWXUH� RI� 6ORYHQH� VSRNHQ� UHVRXUFHV� QHFHVVDU\� IRU
EXLOGLQJ� YDULRXV� PXOWL�OLQJXDO� VSHHFK� UHFRJQLWLRQ� DQG
V\QWKHVLV�DSSOLFDWLRQV��)RU�H[DPSOH��WKH�*232/,6�VSHHFK
FRUSXV�� ZKLFK� ZLOO� EHFRPH� DYDLODEOH� LQ� WKH� VFRSH� RI
0REL/X]��KDV�DOUHDG\�EHHQ�VXFFHVVIXOO\�XVHG� IRU� WUDLQLQJ
RI� WKH� +00�EDVHG� VSHHFK� UHFRJQLWLRQ� HQJLQH� LQ� WKH
PXOWLOLQJXDO�DXWRPDWLF�GLDORJ�V\VWHP�64(/��,SãLü��������

��� $FNQRZOHGJHPHQWV
7KH� GHYHORSPHQW� RI� 0REL/X]� VSHHFK� FRUSXV� ZDV

VXSSRUWHG� E\� WKH� 6ORYHQH� PRELOH� WHOHSKRQ\� RSHUDWRU
0RELWHO�G�G��DQG�JUDQW�RI�WKH�6ORYHQH�0LQLVWU\�RI�6FLHQFH
DQG� 7HFKQRORJ\�� � 7KH� GHYHORSPHQW� RI� WKH� UHVRXUFHV
FRQWDLQHG� LQ� WKH� FRUSXV�KDYH�DOVR�EHHQ� VXSSRUWHG� E\� WKH
(8�&RSHUQLFXV�SURMHFWV�64(/�DQG�08/7(;7�(DVW�

)LJXUH����5HFRUGLQJ�6HVVLRQ�6HWXS

7HOHSKRQH� &RQQHFWLRQ

&RPSXWHU� 1HWZ RUN

:RUN� 6WDWLRQ� ZLWK�
([W �� 6&6,� $XGLR� 'HYLFH�

:RUN� 6WDW LRQ� ZLWK �
,Q W�� $XGLR� 'HYLFH



��� 5HIHUHQFHV
%UDQWV�� 7�� ������� 7Q7�$� 6WDWLVWLFDO� 3DUW�RI�6SHHFK
7DJJHU�� 3URFHHGLQJV� RI� WKH� $1/3�1$$&/�� LQ� SULQW�
6HDWWOH�
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3URFHHGLQJV��SS����������

'REULãHN� 6��� *URV� -��� 0LKHOLþ� )�� DQG� 3DYHãLü� 1�� ������
5HFRUGLQJ� � DQG� /DEHOOLQJ� RI� WKH� *232/,6� 6ORYHQLDQ
6SHHFK�'DWDEDVH��3URFHHGLQJV�RI�WKH�)LUVW�,QWHUQDWLRQDO
&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�(YDOXDWLRQ��SS�
�����������*UDQDGD��6SDLQ�

($*/(6�+DQGERRN� �������+DQGERRN�RI� 6WDQGDUGV� DQG
5HVRXUFHV� IRU� 6SRNHQ� /DQJXDJH� 6\VWHPV�� (GLWRUV� '�
*LEERQ�� 5RJHU� 0RRUH� DQG� 5LFKDUG� :LQVNL�� %HUOLQ�
0RXWRQ�GH�*UX\WHU�
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6ORYHQLD��SS����������

*URV� -��� ,SãLü� ,��� 0LKHOLþ� )�� DQG� 3DYHãLü� 1�� ������
6HJPHQWDWLRQ� DQG� ODEHOOLQJ� RI� 6ORYHQLDQ� GLSKRQH
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���� SS�� ��������� &RSHQKDJHQ�
'HQPDUN�

*URV��-���3DYHãLü��1��DQG�0LKHOLþ��)���������7H[W�WR�VSHHFK
V\QWKHVLV�� D� FRPSOHWH� V\VWHP� IRU� WKH� 6ORYHQLDQ
ODQJXDJH�� -RXUQDO� RI� &RPSXWLQJ� DQG� ,QIRUPDWLRQ
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,GH��1���7XILV��'��DQG�(UMDYHF��7���������'HYHORSPHQW�DQG
$VVHVVPHQW� RI� &RPPRQ� /H[LFDO� 6SHFLILFDWLRQV� IRU� 6L[
&HQWUDO�DQG�(DVWHUQ�(XURSHDQ�/DQJXDJHV��3URFHHGLQJV
RI� WKH� )LUVW� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� /DQJXDJH
5HVRXUFHV�DQG�(YDOXDWLRQ��/5(&
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,SãLü� ,���0LKHOLþ�)���'REULãHN�6���*URV� -�� DQG� 3DYHãLü�1�
�������$Q�RYHUYLHZ�RI�WKH�VSRNHQ�TXHULHV� LQ�(XURSHDQ
ODQJXDJHV� �� WKH� 6ORYHQLDQ� VSRNHQ� GLDORJ� V\VWHP�
3URFHHGLQJV� RI� WKH� VFLHQWLILF� FRQIHUHQFH� $UWLILFLDO
,QWHOOLJHQFH�LQ�,QGXVWU\�IURP�7KHRU\�WR�3UDFWLFH�DQG��UG
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7HFKQRORJLHV�IRU�WKH�6ORYHQH�/DQJXDJH��/MXEOMDQD��SS�
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.DLVHU� -�� DQG�.DþLþ�=���������'HYHORSPHQW�RI�6ORYHQLDQ
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6SHHFK�'DWDEDVH�'HYHORSPHQW�IRU�&HQWUDO�DQG�(DVWHUQ
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