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WR� RSHUDWH�PRWRUV��6WXGLHV� KDYH� VKRZQ� WKDW� D� VDYLQJV� SRWHQWLDO� LV� SUHVHQW� DPRXQWLQJ� WR� ��±���*:K�\HDU�
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3URJUDPPH�SULRULWLHV�DQG�REMHFWLYHV�IRU�����

(OHFWULFLW\� UHSUHVHQWV� DERXW� ���� RI� WKH� WRWDO� HQHUJ\
FRQVXPHG� LQ� 6ZLW]HUODQG� DQG� LV� DOVR� LPSRUWDQW� LQ� WKH
HIILFLHQW�XWLOLVDWLRQ�RI�RWKHU�HQHUJ\�VRXUFHV��7KH�(OHFWULFLW\
3URJUDPPH� VWULYHV� WR� RSWLPLVH� RXU� HQWLUH� DSSURDFK� WR
HOHFWULFLW\�� IURP� WKH� SRLQW� LQ� WLPH� LW� LV� JHQHUDWHG� WR� LWV
DFWXDO� FRQVXPSWLRQ�� ZLWK� WKH� IRFXV� EHLQJ� RQ� SURPRWLQJ
HIILFLHQW�DQG�HFRQRPLFDO�XVH�RI�HOHFWULFLW\�

7KH� (OHFWULFLW\� 3URJUDPPH� KDV� IRXU� SULRULW\� DUHDV�
HQHUJ\� DQG� LQIRUPDWLRQ� WHFKQRORJ\�� HOHFWULF� GULYHV� DQG

PRWRUV�� HOHFWULFLW\� GLVWULEXWLRQ� DQG� KLJK�WHPSHUDWXUH

VXSHUFRQGXFWLYLW\�>��@�

,Q�WKH�DUHD�RI�HOHFWULFLW\�GLVWULEXWLRQ��WKH�JRDO�IRU�����

ZDV� WR� LQLWLDWH� YLDEOH� SURMHFWV� LQ� FROODERUDWLRQ� ZLWK� WKH

HOHFWULFLW\� LQGXVWU\� DQG� VSHFLDOLVHG� LQVWLWXWHV� RI

WHFKQRORJ\�� DOWKRXJK� WKH� LPPLQHQW� PDUNHW� OLEHUDOLVDWLRQ

ZLOO�PDNH�WKLV�D�SDUWLFXODUO\�FKDOOHQJLQJ� WDVN��7KH�PDWWHU

RI� SULPDU\� FRQFHUQ� KHUH� LV� XQGHUVWDQGLQJ� WKH� YDULRXV

WHFKQLFDO�HIIHFWV�RQ�WKH�GLVWULEXWLRQ�QHWZRUN�RI�D�JURZLQJ

QXPEHU� RI� GHFHQWUDOLVHG� SRZHU� JHQHUDWLRQ� IDFLOLWLHV��:H

ZDQW�WR�EH�DEOH�WR�HVWDEOLVK�WKH�WHFKQLFDO�FRQGLWLRQV� WKDW

DUH�QHFHVVDU\�IRU�WKH�QHWZRUN�WR�FRSH�ZLWK�D�VXEVWDQWLDO

LQFUHDVH� LQ� GHFHQWUDOLVHG� SRZHU� JHQHUDWLRQ�� $QRWKHU

REMHFWLYH� KHUH�ZDV� WR� LPSOHPHQW� ILQGLQJV� IURP�SDVW� DQG

FXUUHQW� UHVHDUFK� SURMHFWV� LQ� DQ� LQVWLWXWLRQDOLVHG� PDQQHU

WRJHWKHU�ZLWK�WKH�HOHFWULFLW\�LQGXVWU\�

7KH� IRFXV� LQ� WKH� DUHD� RI� KLJK�WHPSHUDWXUH

VXSHUFRQGXFWRUV� �+76&�� LQ� HQHUJ\� WHFKQRORJ\� LV� RQ

DVVXULQJ�LQIRUPDWLRQ�GLVVHPLQDWLRQ�ZLWKLQ�6ZLW]HUODQG�YLD

QDWLRQDO� DQG� LQWHUQDWLRQDO� DFWLYLWLHV�� DQG� FRQGXFWLQJ

DSSURSULDWHO\�VFDOHG�V\VWHP�RULHQWHG�VWXGLHV��7KH�JRDO�LQ

�����ZDV�WR�FRPPHQFH�D�MRLQW�SURMHFW�ZLWK�WKH�LQGXVWU\�LQ

6ZLW]HUODQG�FRQFHUQLQJ�WKH�XVH�RI�+76&�FRPSRQHQWV� LQ

WKH�HOHFWULFLW\�QHWZRUN�

2ZLQJ� WR� WKH� UDSLG� SURJUHVV� DQG� ZLGHVSUHDG� XVH� RI

LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQV� WHFKQRORJ\�� WKLV

DUHD� LV� RI� SDUWLFXODU� VLJQLILFDQFH�� 7KH� LQWHUQDWLRQDO

PDUNHWLQJ�RULHQWDWLRQ�RI�WKH�LQGXVWU\�PDNHV�LW� LPSHUDWLYH

WR� PDLQWDLQ� FORVH� FRQWDFW� DQG� HQJDJH� LQ� DQ� DFWLYH

H[FKDQJH� RI� LQIRUPDWLRQ� ZLWK� LQWHUQDWLRQDO� ERGLHV�� %\

VWUHQJWKHQLQJ� RXU� QHWZRUN� RI� LQWHUQDWLRQDO� FRQWDFWV� DQG

LGHQWLI\LQJ� FRQFUHWH� ZD\V� RI� LPSURYLQJ� HIILFLHQF\�� ZH

HQGHDYRXUHG� WR� HIIHFW� D� UHGXFWLRQ� LQ� WKH� HOHFWULFLW\

FRQVXPSWLRQ� RI� ERWK� FXUUHQW� DQG� IXWXUH� GHYLFHV� LQ� �RQ�

PRGH�DV�ZHOO�DV�LQ��VWDQGE\���7KLV�UHSUHVHQWV�D�FRQFUHWH

VWHS� WRZDUGV� WKH� UHDOLVDWLRQ�RI� WKH�REMHFWLYHV� GHILQHG� DV

SDUW�RI�6ZLVV(QHUJ\�

,Q�WKH�DUHD�RI�GULYHV�DQG�PRWRUV�ZH�DOVR�ZDQW�WR�PDNH�D

QRWDEOH� FRQWULEXWLRQ� WRZDUGV� WKH� JRDOV� RI� 6ZLVV(QHUJ\�

(OHFWULF�GULYH�V\VWHPV�DFFRXQW�IRU�D�VKDUH�RI�QHDUO\����

RI� RYHUDOO� HOHFWULFLW\� FRQVXPSWLRQ�� +HUH� WKH� JUHDWHVW

VDYLQJV� SRWHQWLDO� PD\� EH� DFKLHYHG� E\� RSWLPLVLQJ� GULYH

V\VWHPV��7KHUHIRUH��WKH�JRDO�GHILQHG�IRU������LQ�WKLV�DUHD

ZDV� WR� LQLWLDWH� YDULRXV� SLORW� DQG� UHVHDUFK� SURMHFWV� LQ� D

QXPEHU�RI�GLIIHUHQW�LQGXVWULDO�VHJPHQWV��LQ�ZKLFK�QRW�RQO\

WKH�PRWRU�EXW�DOVR�WKH�HQWLUH�GULYH�V\VWHP�LV�H[DPLQHG�IRU

HQHUJ\�VDYLQJ�SRWHQWLDO�ZKLFK�FDQ� WKHQ�EH�LPSOHPHQWHG�

)XUWKHU�UHVHDUFK�SURMHFWV�DUH�WR�H[DPLQH�LQQRYDWLYH�GULYH

V\VWHPV� RIIHULQJ� EHWWHU� HIILFLHQF\�� 7KH� UHVXOWV� RI

LQWHUQDWLRQDO� UHVHDUFK� DQG� GHFODUDWLRQ� DFWLYLWLHV� DUH� DOVR

WR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ� LQ� 6ZLW]HUODQG
V� RZQ

DFWLYLWLHV�

7DVNV�DFFRPSOLVKHG�DQG�UHVXOWV�REWDLQHG

',675,%87,21

,Q�WKH�HOHFWULFLW\�VHFWRU��WKH�LVVXH�RI�PDUNHW� OLEHUDOLVDWLRQ

DQG�WKH�XSFRPLQJ�YRWH�RQ�WKH�QHZ�HOHFWULFLW\�PDUNHW�ODZ

DUH�VWLOO�WRSLFV�RI�PDMRU�FRQFHUQ��7KH�RXWFRPH�RI�WKH�YRWH

LV�YHU\�XQFHUWDLQ��IRU�ZKLFK�UHDVRQ�WKH�LQGXVWU\�LV�WDNLQJ�D

ZDLW�DQG�VHH� DWWLWXGH� DW� WKH� PRPHQW�� ZKLFK� KDV� WKH

XQGHVLUDEOH�VLGH�HIIHFW�WKDW�LQWHUHVW� LQ�ORQJ�WHUP�RULHQWHG

UHVHDUFK�SURMHFWV�LV�VSDUVH�

2QH� FRQVHTXHQFH� RI� WKLV� LV� WKDW� WKH�36(/� �3URMHFW� DQG

6WXG\�)XQG�RI� WKH�(OHFWULFLW\� ,QGXVWU\�� KDV� QRW� \HW� EHHQ

DEOH� WR� FRPSOHWH� LWV� UHRUJDQLVDWLRQ� DQG� UHRULHQWDWLRQ

SURFHVV��+RSHIXOO\�WKH�36(/�ZLOO�EH� DEOH� WR� FRQWLQXH� LWV

DFWLYLWLHV�LQ�IXWXUH�

,Q�WKH�VWXG\�RQ�PHWKRGV�RI�FURVV�ERUGHU�WUDQVPLVVLRQ

WDULIILFDWLRQ� LQ� WKH� HOHFWULFLW\� PDUNHW� >�@�� ZKLFK� ZDV

MRLQWO\�ILQDQFHG�E\�WKH�6ZLVV�)HGHUDO�2IILFH�RI�(QHUJ\�DQG

WKH� (XURSHDQ� &RPPLVVLRQ� IRU� WKH� 5HJXODWLRQ� RI

(OHFWULFLW\� DQG� *DV� �&5(*��� GLIIHUHQW� DSSURDFKHV� ZHUH

H[DPLQHG�IRU�HVWDEOLVKLQJ�D�QRQ�GLVFULPLQDWRU\��XVHU�SD\V

WDULIILFDWLRQ�EDVHG�RQ� SK\VLFDO� HQHUJ\� IORZV��6LPXODWLRQV

ZHUH� FDUULHG� RXW� XVLQJ� D� VHW� RI�PHDVXUHPHQWV� IURP� WKH

(XURSHDQ� QHWZRUN� IRU� YHULILFDWLRQ� DQG� WR� LOOXVWUDWH� WKH

HIIHFWV� RI� YDULRXV� SDUDPHWHUV�� 7KH� PHWKRG� ZKLFK� KDV

EHHQ� GHYHORSHG� LOOXVWUDWHV� WKH� YDULRXV� SRVVLELOLWLHV� IRU

DSSO\LQJ�DQ�HQHUJ\�IORZ�EDVHG� FRQFHSW� RI� WDULIILFDWLRQ�� ,W

FDQ� EH� DGMXVWHG� WR� ILW� WKH� QHHGV� RI� UHJXODWRUV�� QHWZRUN

RSHUDWRUV�DQG�QHWZRUN�VXSSOLHUV��DQG�XVHG�DFFRUGLQJO\�
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7KH�JRDOV�RI�WKH�UHVHDUFK�SURMHFW�H[DPLQLQJ�WKH�LQFUHDVH

LQ� GHFHQWUDOLVHG� HQHUJ\� JHQHUDWLRQ� IDFLOLWLHV� LQ

GLVWULEXWLRQ� QHWZRUNV� >�@� DUH� WR� LGHQWLI\� WKH� VSHFLDO

IDFWRUV�DVVRFLDWHG�ZLWK�WKH�RSHUDWLRQ�DQG�GHYHORSPHQW�RI

GLVWULEXWLRQ� QHWZRUNV� LQ� D� VHWWLQJ� ZKHUH� GHFHQWUDOLVHG

HQHUJ\� JHQHUDWLRQ� LV� RQ� WKH� ULVH�� DQG� WR� GHWHUPLQH� WKH

FRQFHSWXDO� PHDVXUHV� WKDW� DUH� QHFHVVDU\� WR� PDLQWDLQ

FRQWURO� RYHU� WKRVH� IDFWRUV�� 1HWZRUN� RSHUDWLRQV� DUH

VWXGLHG�ERWK�XQGHU�QRUPDO�FRQGLWLRQV�DQG�ZKHQ�LQ�D�VWDWH

RI�PDOIXQFWLRQ��$Q�LPSRUWDQW�HOHPHQW�RI�WKLV�SURMHFW�ZRUN

DOVR� IRFXVHV� RQ� PDNLQJ� FRQFHSWXDO� PRGLILFDWLRQV� LQ

FHQWUDOLVHG� PXOWL�VHUYLFH� FRQWURO� V\VWHPV�� VDIHW\� DQG

SURWHFWLRQ�V\VWHPV��QHWZRUN�FRQILJXUDWLRQV��HWF��)ROORZLQJ

D� IDLUO\� H[WHQVLYH� SUHSDUDWRU\� SKDVH� GXULQJ� ZKLFK� WKH

WKUHH�GLIIHUHQW�QHWZRUN�RSHUDWRUV�DQG�WKH�36(/�WRRN�RQ�D

VXSSRUW� UROH� DQG� WKH� %LHO� 6FKRRO� RI� (QJLQHHULQJ� DQG

$UFKLWHFWXUH�EHFDPH�DQ�DFWLYH� SDUWLFLSDQW� LQ� WKH� SURMHFW�

ZRUN�FRPPHQFHG�DW�WKH�HQG�RI������

+,*+�7(03(5$785(�683(5&21'8&7,9,7<��+76&�

7KH� V\VWHP� VWXG\� RQ� KLJK�WHPSHUDWXUH

VXSHUFRQGXFWLYLW\� LQ� QHWZRUNV� >��@� HVWDEOLVKHG

LPSRUWDQW�IXQGDPHQWDOV�IRU�IXUWKHU�UHVHDUFK�LQ�WKH�DUHD�RI

+76&�� OD\LQJ�WKH�JURXQG�IRU� MRLQW�SURMHFWV� WR�EH�LQLWLDWHG

ZLWK� SDUWQHUV� IURP� LQGXVWU\�� $OWKRXJK� LGHDV� KDYH� EHHQ

SXUVXHG� DORQJ� D� YDULHW\� RI� GLIIHUHQW� OLQHV�� QR� SURMHFWV

KDYH� \HW� JRW� XQGHU� ZD\�� LQ� SDUW� RZLQJ� WR� WKH� GLIILFXOW

HFRQRPLF� VLWXDWLRQ� DW� WKH� PRPHQW�� ,QGXVWU\� KDV� VKRZQ

LQWHUHVW� EXW� FXUUHQWO\� SUHIHUV� WR� UHPDLQ� LQ� WKH� UROH� RI

REVHUYHU�� 'HYHORSPHQW� RI� WKH� FXUUHQW� OLPLWHU� �)LJ�� ���� D

QHWZRUN� HOHPHQW� ZKLFK� LV� FRQVLGHUHG� WR� KDYH� PDMRU

SRWHQWLDO�� LV� DOUHDG\� TXLWH� DGYDQFHG� LQ� 6ZLW]HUODQG�� $

SURMHFW� SURSRVDO� IRU� IXUWKHULQJ� DFWLYLWLHV� LQ� WKLV� DUHD� KDV

EHHQ� GUDIWHG�� DQG� LW� LV� KRSHG� WKDW� WKLV� ZRUN� FDQ� EH

FRPPHQFHG�LQ������

)LJXUH����3URWRW\SH�RI�D�FXUUHQW�OLPLWHU� LQ�D�6ZLVV�SRZHU�SODQW

�6RXUFH��$%%�5HVHDUFK�&HQWUH�

,Q�-XO\������D�QHZ� LQLWLDWLYH�ZDV�ODXQFKHG�E\� WKH�6ZLVV
1DWLRQDO�5HVHDUFK�)XQG�IHDWXULQJ�WHQ�1DWLRQDO�&HQWUHV�RI
&RPSHWHQFH� LQ� 5HVHDUFK�� 2QH� RI� WKHVH� FHQWUHV� LV

UHVSRQVLEOH� IRU� WKH� VWXG\� DQG� GHYHORSPHQW� RI� PDWHULDOV
�0DWHULDOV� ZLWK� 1RYHO� (OHFWURQLF� 3URSHUWLHV�� 0$1(3��
7KLV� SURMHFW� LQYROYHV� ��� UHVHDUFK� JURXSV� ORFDWHG� DW
GLIIHUHQW� LQVWLWXWLRQV�� RI�ZKLFK� �� DUH� DOVR� SDUWLFLSDWLQJ� LQ
WKHRUHWLFDO�RU�H[SHULPHQWDO�ZRUN�RQ�+76&�

3DUWLFLSDWLRQ� LQ� WKH� ,PSOHPHQWLQJ� $JUHHPHQW� IRU� D
&RRSHUDWLYH�3URJUDPPH�IRU�$VVHVVLQJ�WKH�,PSDFW�RI�+LJK
7HPSHUDWXUH� 6XSHUFRQGXFWLYLW\� RQ� WKH� (OHFWULF� 3RZHU
6HFWRU� >�@� RI� WKH� ,QWHUQDWLRQDO� (QHUJ\� $JHQF\� �,($�
SURYLGHV�DQ�H[FHOOHQW�PHDQV�RI�VKDULQJ�LQIRUPDWLRQ�DERXW
WKH� FXUUHQW� VWDWXV� RI� UHVHDUFK�� WKH� VWDWH�RI�WKH�DUW� LQ
WHFKQRORJ\��DQG�LQWHUQDWLRQDO�HIIRUWV�SODQQHG� LQ� WKH� DUHD
RI�+76&�LQ�IXWXUH��7KH�SURJUDPPH�DOORZV�WKH����PHPEHU
VWDWHV�WR�VKDUH�WHFKQLFDO� UHSRUWV�ZLWK�HDFK�RWKHU��DQG�WR
YLVLW� ODERUDWRULHV�� WHVWLQJ� IDFLOLWLHV� DQG� LQGXVWULDO
FRPSOH[HV�� ,W� SHULRGLFDOO\� SXEOLVKHV� KLJK�OHYHO� WHFKQLFDO
UHSRUWV�� ,Q������� WKH� UHSRUW�7RGD\
V�([SORUDWLRQ�%HDULQJ
XSRQ� WKH� 3ULYDWH� 6HFWRU
V� )XWXUH� 8VH� RI� 0DJQHWV
,QFRUSRUDWLQJ� +LJK� 7HPSHUDWXUH� 6XSHUFRQGXFWRUV� ZDV
SXEOLVKHG�� $� VXPPDU\� UHSRUW� DERXW� LQWHUQDWLRQDO� FR�
RSHUDWLRQ�ZDV�SXEOLVKHG�LQ�WKH�6(9�96(�EXOOHWLQ�>��@�

$33/,&$7,21���()),&,(17�86(

(QHUJ\�DQG�LQIRUPDWLRQ�WHFKQRORJ\

,QIRUPDWLRQ� DQG� FRPPXQLFDWLRQV� WHFKQRORJ\� FXUUHQWO\
DFFRXQWV� IRU� DERXW� ���� RI� WKH� HQHUJ\� FRQVXPHG� LQ
6ZLW]HUODQG��DQG�JURZWK�UDWHV�LQ�WKLV�DUHD�DUH�KLJKHU�WKDQ
LQ� DQ\� RWKHU� DUHD� RI� SRZHU� FRQVXPSWLRQ�� 1XPHURXV
VWXGLHV� DUH� EHLQJ� FRQGXFWHG� ZRUOGZLGH� ZLWK� WKH� JRDO� RI
PDNLQJ�RXU�XVH�RI�HOHFWULFLW\�PRUH�HIILFLHQW��HVSHFLDOO\� LQ
WKH� DUHDV� RI� RIILFH� HTXLSPHQW� DQG� HOHFWURQLF
HQWHUWDLQPHQW� � GHYLFHV�� DQG� PHDVXUHV� DUH� DOVR� EHLQJ
WDNHQ�WR�UHDOLVH�WKLV�VDYLQJV�SRWHQWLDO��2XU�OHYHO�RI�NQRZ�
KRZ�DQG�WKH�UDQJH�RI�SURGXFWV�DUH�FKDQJLQJ�UDSLGO\��DQG
WKHUH� DUH� PDQ\� GLIIHUHQW� SOD\HUV� LQ� WKH� JOREDO� PDUNHW�
,QWHUQDWLRQDO� FR�RSHUDWLRQ� QRW� RQO\� KHOSV� XV� WR� DYRLG
UHGXQGDQFLHV�DQG�H[SORLW�V\QHUJLHV��LW� LV�DOVR�HVVHQWLDO� LI
ZH�DUH� WR�PHDQLQJIXOO\�H[HUFLVH� LQIOXHQFH� LQ� WKLV�PDUNHW
VHJPHQW�

7KH�(QHUJ\�DQG�,QIRUPDWLRQ�7HFKQRORJ\�&RPSHWHQFH
&HQWUH� >�D@� ZRUNV� WR� DFKLHYH� PRUH� HFRQRPLFDO� XVH� RI
HQHUJ\� LQ� LQIRUPDWLRQ� WHFKQRORJ\� DQG� HOHFWURQLF
HQWHUWDLQPHQW� HTXLSPHQW�� ,W� GRHV� WKLV� ILUVW� E\� FROOHFWLQJ
UHOHYDQW�LQIRUPDWLRQ�LQ�6ZLW]HUODQG�DQG�DEURDG��DQG�WKHQ
SURFHVVLQJ� DQG� GLVWULEXWLQJ� LW�� )XUWKHUPRUH� WKLV� FHQWUH
HYDOXDWHV�UHVHDUFK�WRSLFV�ZLWK�DQ�RULHQWDWLRQ�RQ�SUDFWLFDO
LPSOHPHQWDWLRQ��DQG�VXSSRUWV�±�DQG�LQ�VRPH�FDVHV�DOVR
FDUULHV� RXW� ±� UHVHDUFK� SURMHFWV�� (QHUJ\� UHTXLUHPHQWV
DVVRFLDWHG� ZLWK� WKH� ,QWHUQHW� ZHUH� D� NH\� LVVXH� LQ� �����
'LVFXVVLRQ� DW� WKH� LQWHUQDWLRQDO� OHYHO� ZDV� GULYHQ� LQ
SDUWLFXODU�E\�WKH�LVVXH�RI�SRZHU�FRQVXPSWLRQ�LQ�WKH�KRPH
IROORZLQJ�QHWZRUNLQJ�RI�KRXVHKROG�DSSOLDQFHV�
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$QRWKHU� IRFXV� ZDV� RQ� DGGUHVVLQJ� HQHUJ\� LVVXHV� LQ� WKH
WUDLQLQJ� DQG� RQJRLQJ� HGXFDWLRQ� RI� ,7� VSHFLDOLVWV� E\
RIIHULQJ� OHFWXUHV� RQ� WKH� VXEMHFW� DW� D� FRQIHUHQFH� IRU
QHWZRUN�VSHFLDOLVWV�DQG�DW�WKH�=XULFK�8QLYHUVLW\�RI�$SSOLHG
6FLHQFHV�� :LQWHUWKXU�� DQG� E\� KHOSLQJ� GHVLJQ� D� WUDLQLQJ
FRQFHSW� IRU� ,7� SURIHVVLRQDOV�� 7KH� JRDO� RI� WKH� SURMHFW� RQ
HQHUJ\� LVVXHV� LQ� ,7� HGXFDWLRQ� >�E@� LV� WR� SURPRWH� WKH
HQHUJ\� HIILFLHQF\� RI� GHYLFHV� DQG� V\VWHPV� LQ� LQIRUPDWLRQ
DQG� FRPPXQLFDWLRQV� WHFKQRORJ\� E\� KHLJKWHQLQJ
DZDUHQHVV��)RU�WKLV�UHDVRQ��D�FORVH�ZRUNLQJ� UHODWLRQVKLS
ZDV�HVWDEOLVKHG�ZLWK�,�&+���D�6ZLVV�VHUYLFHV�RUJDQLVDWLRQ
ZKLFK�LV�ZRUNLQJ�KDQG�LQ�KDQG�ZLWK�WKH�)HGHUDO�2IILFH�IRU
3URIHVVLRQDO�(GXFDWLRQ�DQG�7HFKQRORJ\� �%%7�� WR� GHVLJQ
DQG� FR�RUGLQDWH� D� IOH[LEOH�� IXWXUH�RULHQWHG� WUDLQLQJ
SURJUDPPH�IRU�,7�SURIHVVLRQDOV��$�SLORW�PRGXOH�KDV�EHHQ
VHOHFWHG�DV�SDUW�RI�ZKLFK�D�RQH�\HDU�SLORW�WUDLQLQJ�FRXUVH
ZLOO�EH�FRQGXFWHG�QH[W�\HDU�

7KH�HQHUJ\�ORVVHV�DVVRFLDWHG�ZLWK�SRZHU�VXSSO\�GHYLFHV
�QHWZRUN�GHYLFHV��SRZHU�VXSSO\��FI��)LJ�����LQ�WKH�DUHD�RI
LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQV� UHSUHVHQW� D� VLJQLILFDQW
SRUWLRQ� RI� RYHUDOO� HQHUJ\� ORVVHV�� (IILFLHQF\� LV� W\SLFDOO\
EHWZHHQ����DQG������EXW� LW�YDULHV�JUHDWO\�GHSHQGLQJ�RQ
WKH� GHYLFH� �L�H�� WKH� SRLQW� DW� ZKLFK� WKH� SRZHU� VXSSO\� LV
RSHUDWHG��� DQG� LQ� WKH� FDVH� RI� UHGXQGDQW� RSHUDWLRQ�� IRU
H[DPSOH�� LW� FDQ� EH� DV� OLWWOH� DV� ����� 3URGXFHUV� GR� QRW
PDNH� LQIRUPDWLRQ� RI� WKLV� NLQG� �GHFODUDWLRQV�� DYDLODEOH�
(QHUJ\�HIILFLHQF\�LQ�FRPSXWHU�SRZHU�VXSSOLHV�>�F@�LV�D
SURMHFW�WKDW�DLPV� WR�EHWWHU�XQGHUVWDQG� WKH�HQHUJ\� ORVVHV
WKDW�RFFXU�ZLWK�LQGLYLGXDO�GHYLFHV�DQG�JURXSV�RI�GHYLFHV
�H�J�� DV� XVHG� LQ� GDWD� FHQWUHV��� $W� WKH� ,QVWLWXWH� RI
7HFKQRORJ\� LQ� =XULFK�� D� WHVW� V\VWHP� ZDV� GHYHORSHG� LQ
����� IRU� GHWHUPLQLQJ� HIILFLHQF\� OHYHOV�� 0HDVXUHPHQWV
EHJDQ�LQ������

)LJXUH� ��� 3&� QHWZRUN� GHYLFH� ZLWK� ���� :� QRPLQDO� FDSDFLW\

�6RXUFH��(QFRQWURO�*PE+�

'DWD�SURFHVVLQJ�VHUYHUV�DUH�LQ�RSHUDWLRQ�URXQG�WKH�FORFN�
HYHQ� WKRXJK� LQ� PDQ\� FDVHV� VHUYHU� IDFLOLWLHV� DUH� QRW
QHHGHG� GXULQJ� WKH� QLJKW� RU� RQ� ZHHNHQGV�� $
UHSUHVHQWDWLYH� PDUNHW� VWXG\� LQ� ����� VKRZHG� WKDW� WKH
W\SLFDO� VPDOO� RU� PHGLXP�VL]HG� FRPSDQ\� LQ� *HUPDQ�
VSHDNLQJ� 6ZLW]HUODQG� ZRXOG� EH� LQ� IDYRXU� RI� DXWRPDWLF
VZLWFKLQJ�RII�RI�VHUYHUV�GXULQJ�FHUWDLQ�WLPHV�LI�DGYDQFHG�
UHOLDEOH� V\VWHPV� IRU� WKLV� SXUSRVH� ZHUH� DYDLODEOH�� 7KH
WHFKQLFDO�DQG�RUJDQLVDWLRQDO�IHDVLELOLW\�RI�VHUYHU�VZLWFKLQJ
ZDV� GHPRQVWUDWHG� DW� IRXU� SLORW� IDFLOLWLHV�� 8QIRUWXQDWHO\�
WKH�SLORW�V\VWHPV�LQFOXGH�FRPSRQHQWV�WKDW�DUH�VWLOO�LQ�WKH
SURWRW\SH�VWDJH��DQG�D�ODUJH�DPRXQW�RI�LQYHVWPHQW�ZLOO�EH
UHTXLUHG� EHIRUH� WKH\� FDQ� EH� PDUNHWHG�� $OWKRXJK� WDONV
KDYH� EHHQ� FRQGXFWHG� ZLWK� D� QXPEHU� RI� LQWHUHVWHG
FRPSDQLHV��QRQH�LV�\HW�SUHSDUHG�WR�SXVK�DKHDG�ZLWK�WKH
WDVN�RI�PDNLQJ�WKHVH�FRPSRQHQWV�FRPPHUFLDOO\�YLDEOH��,Q
WKH� SURMHFW� RQ� WKH� HQHUJ\� HIILFLHQF\� SRWHQWLDO� RI
VHUYHUV�>�@��GDWD�LV�QRZ�EHLQJ�FROOHFWHG�DERXW�WKH�HQHUJ\
VDYLQJV� WKDW� DUH� SRVVLEOH� WKURXJK� VHYHU� VZLWFKHV�� 7KH
LVVXH� LV� DOVR� EHLQJ� DGGUHVVHG� RI� ZKDW� PHDVXUHV� DUH
QHFHVVDU\� LQ� RUGHU� WR� UHDOLVH� WKLV� SRWHQWLDO�� DQG� ZKLFK
SDUWLHV�KDYH�D�UROH�WR�SOD\�LQ�WKLV�SURFHVV�

'ULYHV���HOHFWULF�PRWRUV

7KH�(XURSHDQ� &RPPLVVLRQ� �'*�7UDQVSRUW� DQG� (QHUJ\�
LQWHQGV�WR�FDUU\�RXW�D�SURJUDPPH�FDOOHG�WKH�0RWRU�'ULYHQ
6\VWHPV� &KDOOHQJH�� ZLWK� WKH� JRDO� RI� LPSOHPHQWLQJ� WKH
FXUUHQWO\� DYDLODEOH� NQRZ�KRZ� FRQFHUQLQJ� HQHUJ\
HIILFLHQF\�JDLQV�LQ�WKH�DUHD�RI�PRWRUV�DQG�HOHFWULF�GULYHV
RQ� D� EURDG� EDVLV� ZLWKLQ� LQGXVWU\�� 7R� HQVXUH� WKDW� WKH
SURJUDPPH� LV�FRQGXFWHG�HIILFLHQWO\�� LW� LV� EHLQJ� SUHFHGHG
E\� D� WZR�\HDU� SLORW� SURMHFW� H[DPLQLQJ� WKH� VXLWDELOLW\� DQG
LPSOHPHQWDWLRQ� SRWHQWLDO� RI� YDULRXV� IHDWXUHV� RI� WKH
SURJUDPPH��6ZLW]HUODQG�KDV�FRPPLWWHG�LWVHOI�DV�DQ�DFWLYH
SDUWLFLSDQW�LQ�WKH�LQWHUQDWLRQDO�SLORW�SURMHFW�IRU�WKH�0RWRU
'ULYHQ� 6\VWHPV�&KDOOHQJH� 3URJUDPPH� >�D@�� DQG� ZLOO
MRLQ� KDQGV� ZLWK� D� ODUJH� JURXS� RI� RWKHU� FRXQWULHV� LQ
LPSOHPHQWLQJ� WKLV� NQRZ�KRZ��7KH� WHFKQLFDO� IRFXV� RI� WKH
SURJUDPPH� LV� RQ� FRPSUHVVHG�DLU� V\VWHPV�� YHQWLODWRUV�
DQG� GULYHV� DQG� FRQWURO� V\VWHPV� LQ� GLIIHUHQW� DUHDV� RI
DSSOLFDWLRQ��(DFK�SDUWLFLSDWLQJ�FRXQWU\�ZDV� ILUVW�DVNHG� WR
VXPPDULVH� WKH� UHVXOWV� IURP� QDWLRQDO� UHVHDUFK� SURMHFWV
DQG�SURJUDPPHV�DQG�WR�FRPSLOH�D�OLVW�RI�FXUUHQW�QDWLRQDO
SURJUDPPHV�DQG�DFWLYLWLHV�LQ�WKLV�ILHOG��$W�SUHVHQW�ZH�DUH
FUHDWLQJ�DQ�LQGH[�LQ�WKH�QDWLRQDO� ODQJXDJHV�SOXV�(QJOLVK
WR� HQDEOH� HIILFLHQW� LQIRUPDWLRQ� VHDUFKHV�� 'UDIWV� KDYH
DOUHDG\�EHHQ�SURGXFHG�IRU�PRGXOH�GRFXPHQWDWLRQ�DQG�IRU
WKH�0RWRU�&KDOOHQJH�*XLGHOLQHV�DQG�(QGRUVHU�*XLGHOLQHV
�FI��)LJ������7KLV�PDWHULDO�LV�FXUUHQWO\�EHLQJ�UHYLVHG�VR�DV
WR� IXOILO� RIILFLDO� GRFXPHQWDWLRQ� UHTXLUHPHQWV� WKDW� KDYH
EHHQ� HVWDEOLVKHG�� &RPSDQLHV� LQWHUHVWHG� LQ� SDUWLFLSDWLQJ
LQ� WKH� SURJUDPPH� DUH� FXUUHQWO\� EHLQJ� VRXJKW� LQ
6ZLW]HUODQG�
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Rotor-
Lagesensor

Regler:
50 MHz
Risk µP

Takt / Dir
Signal –
Generator

Schrittmotor

2-Phasentreiber

)LJXUH� ��� /DEHO� SODQQHG� DV� SDUW� RI� WKH� 0RWRU� &KDOOHQJH

3URJUDPPH� IRU� HQHUJ\�HIILFLHQW� LQGXVWULDO� RSHUDWLRQV� � �6RXUFH�

(8��-RLQW�5HVHDUFK�&HQWHU�

)LJXUH� ��� (QHUJ\�VDYLQJ� VWHSSLQJ� PRWRU� GULYH�� WHVW� FRQVWUXFWLRQ� �6RXUFH�� /($*� $QWULHEVWHFKQLN� $*�

6WHSSLQJ� PRWRUV� DUH� XVHG� LQ� ODUJH� QXPEHUV� LQ� WKH
DXWRPDWLRQ�SURFHVV��7KH�PDJQHWLF�FLUFXLW� LV�GHVLJQHG�VR
WKDW� LQ� FRQWUROOHG� RSHUDWLRQV� WKH� PRWRU� FDQ� DVVXPH
GHILQHG�SRVLWLRQV�WKDW�DOORZ�LW�WR�RSHUDWH�ZLWK�OLWWOH�HIIRUW��,I
WKH� PHFKDQLFDO� ORDG� RQ� VXFK� D� VWHSSLQJ� PRWRU� LV� WRR
JUHDW�GXULQJ�RSHUDWLRQ�RU�DW�VWDQGVWLOO�WKHUH�LV�D�ULVN�WKDW�LW
PD\� WLS��:KHQ�WKLV�KDSSHQV��WKH�LQVWDOODWLRQV�KDYH�WR�EH
UH�VWDUWHG��ZKLFK�PHDQV�SURGXFWLRQ�KDV�WR�EH�LQWHUUXSWHG
DQG� D� SURGXFWLRQ� ORVV� LV� VXIIHUHG�� 7R� SUHYHQW� WKLV�� WKH
PRWRU� LV� RSHUDWHG� DW� IXOO� SRZHU�� $� SURMHFW� RQ� HQHUJ\�
VDYLQJ�VWHSSLQJ�PRWRU�GULYHV� >�@�ZDV� UHFHQWO\� LQLWLDWHG
WR�GHYHORS�D�PHDQV�RI�SRZHULQJ�WKHVH�PRWRUV�LQ�VXFK�D
PDQQHU� WKDW� WKH\� RQO\� FRQVXPH� WKH� HOHFWULFLW\� WKH\
DFWXDOO\� QHHG� IRU� DQ\� JLYHQ� SRVLWLRQ�� 7KLV� ZRXOG

GUDVWLFDOO\�LQFUHDVH�WKHLU�F\FOH�HIILFLHQF\��$�SURWRW\SH�KDV
EHHQ�GHYHORSHG� �FI��)LJ�� ���ZKLFK�ZLOO� EH� XVHG� WR� VWXG\
WKH�HFRQRPLF�DVSHFWV�RI�HQHUJ\�VDYLQJ�VWHSSLQJ�PRWRUV�

3UHSDUDWLRQV�DUH�QRZ�XQGHU�ZD\�IRU�QHZ�SURMHFWV�GHYRWHG
WR� HOHFWULF� GULYH� V\VWHPV�� 2QH� RI� WKHVH� SURMHFWV� ZLOO
SXUVXH� DQ� LGHD� IRU� D� QHZ� W\SH� RI� KLJK�HIILFLHQF\
FRPSUHVVRU�HPSOR\LQJ�D�V\QFKURQRXV�PRWRU��DQG�DQRWKHU
ZLOO� IRFXV� RQ� SXEOLVKLQJ� DQ� LQGHSHQGHQW� WHVW� VHULHV� IRU
VHUYHU�GULYH�V\VWHPV�

0LVFHOODQHRXV

(OHFWULF�EDQG�KHDWHUV� �FI��)LJ�����FRQVXPH�D�VXUSULVLQJO\
ODUJH� DPRXQW� RI� SRZHU�� ,W� LV� HVWLPDWHG� WKDW� RYHU� ������
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NLORPHWUHV� RI� KHDWHU� EDQG� LV� LQVWDOOHG�� ZKLFK� FRQVXPHV
DURXQG� ���� *:K� DQQXDOO\�� 7KLV� LV� DERXW� WKH� VDPH
DPRXQW� RI� SRZHU� FRQVXPHG�E\� DOO� WKH� WHOHYLVLRQ� VHWV� LQ
6ZLW]HUODQG�LQ�D�\HDU��0DQ\�RI�WKHVH�KHDW�EDQGV�DUH�QRW
RSHUDWHG� SURSHUO\� RU�PD\� QRW� EH� VXEMHFW� WR� DQ\� NLQG� RI
RSHUDWLRQ�FRQWUROV�DW�DOO��DQG�LQ�VRPH�FDVHV�SHRSOH�GR�QRW
HYHQ�NQRZ�WKDW�KHDW�EDQGV�DUH�LQVWDOOHG��+HQFH��WKHUH�LV
PDMRU�SRWHQWLDO�WR�VDYH�RQ�HOHFWULFLW\� LQ�WKLV�DUHD��+HDWHU
EDQGV� DUH� IRXQG� LQ� IURVW� SURWHFWLRQ� DQG� RXWGRRU� KHDWLQJ
GHYLFHV��VRPH�RI�ZKLFK�DUH�SURKLELWHG��DV�ZHOO�DV�LQ�WUDFH
KHDWLQJ�IRU�ZDUP�ZDWHU�GLVWULEXWLRQ�V\VWHPV�LQ�LQGXVWU\�

)LJXUH� ��� &RQVWUXFWLRQ� RI� DQ� HOHFWULF� EDQG� KHDWHU� �6RXUFH�
5D\FKHP��-��+DDJ��+DXV7HFK��������

7KH� UHVHDUFK� SURMHFW� RQ� HOHFWULF� EDQG� KHDWHUV� >�E@� LV
VHHNLQJ� WR� LPSURYH� RXU� NQRZOHGJH� DERXW� DSSOLFDWLRQV�
XVDJH� DQG� HQHUJ\�VDYLQJ� SRWHQWLDO� LQ� WKLV� DUHD�
,PSOHPHQWDWLRQ� SURMHFWV� IRU� FROOHFWLQJ� GDWD� DQG� DFWLRQ
SODQV� �H�J�� LQIRUPDWLRQ� FDPSDLJQV�� HGXFDWLRQDO
PHDVXUHV�� ZLOO� IROORZ�� &RPSUHKHQVLYH� LQIRUPDWLRQ� ZDV
SURYLGHG�WR�RXU�SURMHFW�SDUWQHUV�LQ������

,Q� WKH� SURMHFW� RQ� KHDW�SXPS� GU\HUV� IRU� PXOWL�IDPLO\
GZHOOLQJV� >�@� WZR� SURWRW\SHV� ZHUH� EXLOW� �FI�� )LJ�� ��� DQG
HYDOXDWHG��7KH�JRDO�KHUH� LV�WR�GHYHORS�D�SURGXFW� WKDW� LV
H[WUHPHO\� HQHUJ\�HIILFLHQW� LQ� KDQGOLQJ� ��NLORJUDP� ORDGV
DQG� WKDW� DOVR� GULHV� WKH� ODXQGU\� VLJQLILFDQWO\� IDVWHU� WKDQ
FRPSDUDEOH�SURGXFWV��1HZ�NQRZ�KRZ�FRQFHUQLQJ�GHYLFH
FRQVWUXFWLRQ� DQG� WHFKQLFDO� GHVLJQ� ZDV� JDLQHG� IURP� WKH
PHDVXUHPHQWV� FRQGXFWHG� DQG� VWXG\� RI� WKH� SURWRW\SH
FRQVWUXFWLRQV��0LHOH��D�PDMRU�PDQXIDFWXUHU�RI�KRXVHKROG
DSSOLDQFHV�� KDV� FRPPLWWHG� LWVHOI� WR� SXUVXLQJ� WKLV
GHYHORSPHQW�ZRUN�IXUWKHU�ZLWK�WKH�LQWHQWLRQ�RI�LQWURGXFLQJ
D�QHZ�KHDW�SXPS�GU\HU�WR�WKH�PDUNHW��1H[W�\HDU���IXUWKHU
SURWRW\SHV� DUH� VFKHGXOHG� IRU� SURGXFWLRQ� DQG� WHVWLQJ� LQ
PXOWL�IDPLO\�GZHOOLQJV�DW�VHOHFWHG�ORFDWLRQV�

)LJXUH� ��� +RZ� KHDW�SXPS� GU\HUV� IXQFWLRQ� �6RXUFH�� =XULFK

8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��:LQWHUWKXU�

7KH� IRFXV� RI� WKH� SXEOLF� GHEDWH� RQ� WKH� LVVXH� RI
HOHFWURPDJQHWLF� ILHOGV� DQG� WKHLU� LQIOXHQFH� RQ� WKH� KXPDQ
ERG\�KDV�PRYHG�DZD\�IURP�HQHUJ\�WHFKQRORJ\�LQ�JHQHUDO
DQG� IRU� VRPH� WLPH� QRZ� KDV� EHHQ� FOHDUO\� RQ� PRELOH
FRPPXQLFDWLRQ� GHYLFHV�� 7KLV� FKDQJH� LV� UHIOHFWHG� LQ� DQ
DOWHUDWLRQ� LQ� WKH� &267� 3URJUDPPH� ���� RQ� ELRPHGLFDO
HIIHFWV�RI� HOHFWURPDJQHWLF� ILHOGV� >��@��7KHVH� DFWLYLWLHV
ZLOO�EH�IXUWKHU�SXUVXHG�LQ�&267�3URJUDPPH�����ZLWK�DQ
HPSKDVLV� RQ� WKH�SRWHQWLDO� KHDOWK� HIIHFWV�RI� HPHUJLQJ
ZLUHOHVV�FRPPXQLFDWLRQ�V\VWHPV�>��@��6ZLW]HUODQG�ZLOO
DOVR� EH� DQ� DFWLYH� SDUWLFLSDQW� LQ� WKH� QHZ� &267
3URJUDPPH�����
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&R�RSHUDWLRQ�DW�WKH�QDWLRQDO�OHYHO

)RU� HDFK� RI� WKH� SULRULW\� DUHDV� RI� WKH� SURJUDPPH�� WUHQG�
ZDWFKLQJ�VXSSRUW�JURXSV�FRPSULVLQJ�UHSUHVHQWDWLYHV�IURP
LQGXVWU\�� XQLYHUVLWLHV�� LQVWLWXWHV� RI� WHFKQRORJ\� DQG� RWKHU
UHVHDUFK�RUJDQLVDWLRQV�KDYH�EHHQ�ZHOO�HVWDEOLVKHG�E\�WKH
SURJUDPPH
V�PDQDJHPHQW�DW�WKH�6ZLVV�)HGHUDO�2IILFH�RI
(QHUJ\�� DQG� WKHVH� JURXSV� FRQYHQH� UHJXODUO\� WR� VKDUH
LQIRUPDWLRQ�DQG�LGHDV��7KHVH�PHHWLQJV�KDYH�SURYHQ�WR�EH
H[WUHPHO\�IUXLWIXO��ZKLFK� LQ� VRPH� LQVWDQFHV� UHVXOWHG� LQ� D
PDUNHG� LQFUHDVH�LQ�SDUWLHV�LQWHUHVWHG� LQ�SDUWLFLSDWLQJ
LQ� WKHVH� JURXSV� LQ� ������ *RRG� FRQWDFW� LV� PDLQWDLQHG
ZLWK�RWKHU�6ZLVV�VSRQVRUV�LQ�WKH�DUHD�RI�HOHFWULFLW\��PRVW
QRWDEO\� WKH� 36(/� �3URMHFWV� DQG� 6WXGLHV� )XQG� RI� WKH
(OHFWULFLW\� ,QGXVWU\��� WKH� &RPPLVVLRQ� UHFKHUFKH�
GpYHORSSHPHQW�� SURVSHFWLYH� GH� OD� &KDPEUH� URPDQGH
G¶pQHUJLH� pOHFWULTXH� �5'3�&5((�� DQG� WKH� (OHFWULFLW\
6DYLQJV� )XQG� RI� WKH� (:=�� &RQWDFW� LV� DOVR� HVWDEOLVKHG
ZLWK� WKH� FDQWRQDO� HQHUJ\� RIILFHV� ZKHQ� LVVXHV� DULVH� WKDW
DUH�RI�FRPPRQ�LQWHUHVW�

6HYHUDO� SURMHFWV� DUH� EHLQJ� FRQGXFWHG� LQ� FORVH
FROODERUDWLRQ�ZLWK� WKH�)HGHUDO� ,QVWLWXWH� RI� 7HFKQRORJ\� LQ
=XULFK��DQG�FR�RSHUDWLRQ�ZLWK�VFKRROV�RI�DSSOLHG�VFLHQFHV
LV� EHLQJ� LQFUHDVHG�� $W� SUHVHQW�� SURMHFWV� DUH� LQ� SURJUHVV
ZLWK� WKH� XQLYHUVLWLHV� RI� DSSOLHG� VFLHQFHV� DW� 9DODLV�� %LHO
DQG� =XULFK�:LQWHUWKXU�� DQG� SUHSDUDWLRQV� IRU� D
FRPSHWHQFH� FHQWUH� IRU� FRPSUHVVHG�DLU� WHFKQRORJ\

DUH�EHLQJ�PDGH�ZLWK�WKH�XQLYHUVLW\�DW�<YHUGRQ�

:H�FR�RSHUDWH�FORVHO\�ZLWK�WKH�HQHUJ\�DJHQFLHV�>��@�RQ
D�QXPEHU�RI�SURMHFWV�DQG�IRU�WKH�SXUSRVH�RI�PHGLXP��DQG

ORQJ�WHUP� SODQQLQJ�� -RLQW� SURMHFWV� KDYH� DOUHDG\� EHHQ
ODXQFKHG� ZLWK� WKH� (QHUJ\� $JHQF\� IRU� ,QGXVWU\� �(QD:�
DQG� WKH� (QHUJ\� $JHQF\� IRU� (OHFWULFDO� $SSOLDQFHV� �HDH��
&ORVH�FRQWDFW� LV�DOVR�PDLQWDLQHG�ZLWK�WKH�6ZLVV�$JHQF\
IRU�(QHUJ\�(IILFLHQF\��6�$�)�(���

,Q�YLUWXDOO\�HYHU\�SURMHFW�ZH�DOVR�WU\� WR� LQYROYH� WKH�PDMRU
EXVLQHVV�DQG�LQGXVWU\�DVVRFLDWLRQV��)RU�LQVWDQFH�� WKH
SURMHFW� H[DPLQLQJ� HOHFWULF� EDQG� KHDWHUV� UHOLHV� RQ� WKH
SDUWLFLSDWLRQ� RI� WKH� 6ZLVV� DVVRFLDWLRQ� RI� SOXPEHUV� DQG
LQVWDOODWLRQ� FRQWUDFWRUV� �6FKZHL]�� 6SHQJOHUPHLVWHU�� XQG
,QVWDOODWHXU�9HUEDQG��66,9��DQG�WKH�6ZLVV�DVVRFLDWLRQ�RI
HOHFWULFDO� FRQWUDFWRUV� �9HUEDQG� 6FKZHL]HULVFKHU� (OHNWUR�
,QVWDOODWLRQVILUPHQ��96(,��

,Q� WKH� ILHOG� RI�KLJK�WHPSHUDWXUH� VXSHUFRQGXFWLYLW\� ZH
DUH� DFWLYHO\� SDUWLFLSDWLQJ� LQ� SURMHFWV� EHLQJ� FRQGXFWHG� E\
WKH� ,QVWLWXWH� RI� 7HFKQRORJ\� DW� /DXVDQQH� LQ� FRQQHFWLRQ
ZLWK� HQHUJ\� DSSOLFDWLRQV� IRU� $%%� DQG� WKH� FDEOH
PDQXIDFWXUHU� .DEHOZHUNH� %UXJJ�� 7ZR� RWKHU� FRPSDQLHV
DUH�SXUVXLQJ�DFWLYLWLHV�LQ�WKH�ILHOG�RI�VXSHUFRQGXFWLYLW\��EXW
RQO\� IRU� ORZ�WHPSHUDWXUH� DSSOLFDWLRQV� �%UXNHU� %LRVSLQ� LQ
FRQQHFWLRQ� ZLWK� LQWHQVH�ILHOG� PDJQHWV� IRU� 105� DQG
6ZLVVPHWDO�'RUQDFK�LQ� FRQQHFWLRQ�ZLWK� VXSHUFRQGXFWLYH
1E�6Q�ZLUHV���$OO�RI�WKHVH�FRPSDQLHV�DUH�LQYROYHG�LQ�MRLQW
UHVHDUFK� SURMHFWV� LQ� WKH� ILHOG� RI� VXSHUFRQGXFWLYLW\� ZLWK
6ZLVV� XQLYHUVLWLHV� DQG� LQVWLWXWHV�� SDUWLFXODUO\� WKH� 3DXO
6FKHUUHU� ,QVWLWXWH�� WKH� )HGHUDO� ,QVWLWXWH� RI� 7HFKQRORJ\
=XULFK��WKH�)HGHUDO�,QVWLWXWH�RI�7HFKQRORJ\�/DXVDQQH�DQG
WKH�8QLYHUVLW\�RI�*HQHYD�

&R�RSHUDWLRQ�DW�WKH�LQWHUQDWLRQDO�OHYHO

,QWHUQDWLRQDO� FRQWDFWV� DUH� DFWLYHO\� PDLQWDLQHG� LQ� DOO
SULRULW\�DUHDV��DQG�LQ�DGGLWLRQ�WR�VKDULQJ�LQIRUPDWLRQ�ZLWK
RXU� LQWHUQDWLRQDO� SDUWQHUV�� ZH� VWULYH� WR� SXUVXH� SURMHFWV
MRLQWO\� ZLWK� WKHP� DQG�RU� PHDQLQJIXOO\� FR�RUGLQDWH� RXU
UHVSHFWLYH�SURMHFW�ZRUN�

7KH� ,PSOHPHQWLQJ� $JUHHPHQW� IRU� D� &R�RSHUDWLYH
3URJUDPPH� IRU� $VVHVVLQJ� WKH� ,PSDFW� RI� +LJK
7HPSHUDWXUH� 6XSHUFRQGXFWLYLW\� RQ� WKH� (OHFWULF
3RZHU� 6HFWRU�� DQ� ,($� SURJUDPPH� LQ� ZKLFK� ZH
SDUWLFLSDWH�� JLYHV� XV� WKH� RSSRUWXQLW\� WR� REVHUYH
LQWHUQDWLRQDO� DFWLYLWLHV� LQ� WKLV� ILHOG� DQG� VKDUH� UHVHDUFK
UHVXOWV��,Q�DGGLWLRQ�WR�SDUWLFLSDWLQJ�LQ�WKLV�,($�SURJUDPPH�
WKH� 8QLYHUVLW\� RI� *HQHYD� DQG� WKH� )HGHUDO� ,QVWLWXWH� RI
7HFKQRORJ\� /DXVDQQH� DUH� SDUWLFLSDWLQJ� LQ� WKH� %,*
32:$� SURMHFW� DV� SDUW� RI� WKH� �WK� (8� )UDPHZRUN

3URJUDPPH��%RWK�JURXSV�DUH�ZRUNLQJ�RQ�WKH�SUREOHP�RI
$&� ORVVHV�� 7KH� JRDO� RI� WKLV� SURMHFW� LV� WR� FRQVWUXFW� D
VPDOO�VFDOH� WUDQVIRUPHU� DQG� D� PRGHO� FRLO� DW� ���.� ZLWK

URXQG� %L�3E������� ZLUHV� WKDW� KDV� PLQLPDO� $&� ORVVHV�
6ZLW]HUODQG� LV� DOVR� D�PHPEHU� RI� WKH�6XSHUFRQGXFWLQJ
(XURSHDQ� 1HWZRUN� �6&(1(7�� LQ� ZKLFK� ZH� DUH
UHSUHVHQWHG� E\� WZR� JURXSV�� 6&(1(7� FRPSULVHV� ��
GLIIHUHQW� (XURSHDQ� JURXSV� IURP� WKH� XQLYHUVLW\� DQG
LQGXVWULDO� VHFWRUV� DQG� ZRUNV� WR� RSWLPLVH� WKH� IORZ� RI
LQIRUPDWLRQ�ZLWKLQ�(XURSH�

,Q�UHFHQW�\HDUV��6ZLW]HUODQG�KDV�SOD\HG�DQ�LPSRUWDQW�UROH
ZRUOGZLGH� LQ� WKH� DUHD� RI� HIILFLHQW� HQHUJ\� XVH� LQ
LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQV� WHFKQRORJ\�� DQG� KDV
KDG� D� GHFLVLYH� LQIOXHQFH� RQ� WKH� IRUPXODWLRQ� RI
LQWHUQDWLRQDO� DQG� JOREDO� HQHUJ\� GHFODUDWLRQV� DQG� ODEHOV�
0DLQWDLQLQJ� FRQWDFWV� ZLWK� PDQ\� GLIIHUHQW� LQWHUQDWLRQDO
DJHQFLHV�DQG�UHVHDUFK�RUJDQLVDWLRQV�KDV�EHHQ�LPSRUWDQW
LQ�WKLV�UHVSHFW��DQG�HVSHFLDOO\�VR�WKH�SDUWLFLSDWLRQ�RI� WKH
SURJUDPPH�KHDG�DW�WKH���GD\� ,($� FRQIHUHQFH� LQ�7RN\R
>��@��$W�WKLV�ZRUNVKRS�FRQIHUHQFH��WKH�ODVW�LQ�D�VHULHV�RI
WKUHH�� ZKLFK� WKH� ,($� RUJDQLVHG� ZLWK� WKH� WKHPH� RI
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6WDQGE\� DV� LWV� IRFXV�� WKH� PRWWR� ZDV� 7RZDUGV� D
+DUPRQLVHG� 6ROXWLRQ�� 7KH� (QHUJ\� DQG� ,QIRUPDWLRQ
7HFKQRORJ\� &RPSHWHQFH� &HQWUH� DOVR� PDNHV� D
VXEVWDQWLDO� FRQWULEXWLRQ� LQ� WKH� DUHD� RI� LQWHUQDWLRQDO
QHWZRUNLQJ�� ,W� PDLQWDLQV� UHODWLRQVKLSV� ZLWK� QXPHURXV
LQVWLWXWLRQV�� LQFOXGLQJ� ORQJ�WHUP� SDUWQHUV� VXFK� DV� WKH
/%1/� �/DZUHQFH�%HUNHOH\�1DWLRQDO� /DERUDWRU\�� DQG� WKH
(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��LQ�WKH�86$��DQG
WKH�61($��6ZHGLVK�1DWLRQDO�(QHUJ\�$GPLQLVWUDWLRQ��DQG
WKH�$'(0(��$JHQFH�GH�O¶HQYLURQQHPHQW�HW�GH�OD�PDvWULVH
GH� O¶pQHUJLH�� LQ� )UDQFH�� &R�RSHUDWLRQ� ZDV� DOVR
HVWDEOLVKHG� ZLWK� WKH� ,6,� RI� WKH� )UDXQKRIHU� 6RFLHW\� LQ
.DUOVUXKH�

,Q� WKH� DUHD� RI�PRWRUV� DQG� GULYH� V\VWHPV�6ZLW]HUODQG� LV
SDUWLFLSDWLQJ�LQ�WKH�6$9(�3URMHFW��3LORW�3URMHFW� IRU� WKH
0RWRU� &KDOOHQJH� 3URJUDPPH�� ,Q� DGGLWLRQ�� UHJXODU

FRQWDFW�LV�PDLQWDLQHG�ZLWK�WKH�(XURSHDQ�&RPPLVVLRQ��$V
D� UHVXOW�� WKH� SURJUDPPH� KHDG� ZDV� LQYLWHG� WR� EH� D
PHPEHU� RI� WKH� ,QWHUQDWLRQDO� 3URJUDPPH� &RPPLWWHH� RI
WKH��UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�(QHUJ\�(IILFLHQF\
LQ�0RWRU�'ULYHQ�6\VWHPV��((02'6�����ZKLFK�LV�WDNLQJ
SODFH�LQ�DXWXPQ�RI�������8QIRUWXQDWHO\��QR�SURJUHVV�ZDV
PDGH�LQ�WKH�QHJRWLDWLRQV�ZLWK�WKH�(XURSHDQ�&RPPLVVLRQ
FRQFHUQLQJ� WKH� PRWRU� GHVLJQ� VRIWZDUH� 23$/� DQG� WKH
LQWHJUDWLRQ� IRUHVHHQ� ZLWK� WKH� (XURSHDQ� PRWRU� WRRO
(852'((0�� 7KH� QHJRWLDWLRQV�� ZKLFK� ZHUH� ZHOO� XQGHU
ZD\� LQ� VSULQJ� RI� ������ ZHUH� LQWHUUXSWHG� ZKHQ� WKH
(XURSHDQ� &RPPLVVLRQ� GHFLGHG� WR� ODXQFK� D� 6$9(
3URMHFW� LQ� WKLV� DUHD� LQ� ZKLFK� 6ZLW]HUODQG� ZRXOG� EH
LQFOXGHG�� DQG� DOO� HIIRUWV� ZHUH� IRFXVHG� RQ� WKLV� PRYH�
8QIRUWXQDWHO\� WKH� SURMHFW� IDLOHG� WR� EH� DSSURYHG� WKH
IROORZLQJ�DXWXPQ�E\�WKH�SUHVLGLQJ�FRPPLWWHH��7KLV�LVVXH
ZLOO�EH�UH�DGGUHVVHG�LQ������

3LORW�DQG�GHPRQVWUDWLRQ�SURMHFWV

7KH�FXUUHQW�3�'�SURMHFWV�DUH�FRQFHQWUDWHG�H[FOXVLYHO\�LQ
WKH�DUHD�RI�GULYH�V\VWHPV�PRWRUV�

/RQ]D� $*� LQ� 9LVS� LV� RQH� RI� WKH� ELJJHVW� HOHFWULFLW\
FXVWRPHUV� LQ� 6ZLW]HUODQG�� FRQVXPLQJ� DERXW� ��� RI� WKH
HOHFWULFLW\�XVHG� LQ�6ZLW]HUODQG��$URXQG�����RI� WKLV� JRHV
WR� SRZHU� HOHFWULF� PRWRUV�� WKH� PDMRULW\� RI� ZKLFK� GULYH
SXPSV� �FI��)LJ�����DQG�FRPSUHVVRUV��$� GHWDLOHG� VWXG\� LV
EHLQJ�FRQGXFWHG�RQ�WKH�VDYLQJV�SRWHQWLDO�IRU�HOHFWULFLW\
XVHG�WR�SRZHU�PRWRUV�DQG�GULYH�V\VWHPV�DW�/RQ]D�$*

>�@��7KURXJK�WKH�SURFHVV�RI� FROOHFWLQJ� WKH� EDVLF�PDWHULDO
IRU� WKH� VWXG\� LW� LV� KRSHG� WKDW� DZDUHQHVV� FRQFHUQLQJ
HQHUJ\� FRQVXPSWLRQ� ZLOO� EH� VLJQLILFDQWO\� KHLJKWHQHG�
6XEVHTXHQWO\�� FRQFUHWH�� HFRQRPLFDOO\� DWWUDFWLYH
PHDVXUHV�ZLOO�EH�IRUPXODWHG�RQ�WKH�EDVLV�RI�WKH�DQDO\VLV
UHVXOWV�� :H� DQWLFLSDWH� D� WHFKQLFDO� VDYLQJV� SRWHQWLDO� RI
DERXW� ���� RQ� DYHUDJH�� ZKLFK� FRXOG� EH� UHDOLVHG� E\
HPSOR\LQJ� YDULDEOH�VSHHG� GULYHV�� %\� RSWLPLVLQJ� WKH
RYHUDOO�V\VWHPV��WKH�HVWLPDWHG�VDYLQJV�SRWHQWLDO�ZRXOG�EH
EHWZHHQ� ��� DQG� ���� GHSHQGLQJ� RQ� WKH� DUHD�� 2Q� WKH
EDVLV�RI�D�FRQVHUYDWLYH�HVWLPDWH��LW�PD\�EH�DVVXPHG�WKDW
DQ�DYHUDJH�VDYLQJV�SRWHQWLDO�RI�DURXQG�����H[LVWV��ZKLFK
LV�HTXLYDOHQW�WR�D�KXJH���±���*:K�\HDU�

3RWHQWLDO� IRU� HFRQRPLFDOO\� DWWUDFWLYH� HQHUJ\� VDYLQJV� LV� DOVR
SUHVHQW� LQ� WKH� DUHD� RI� FRPSUHVVHG�DLU� LQVWDOODWLRQV�� $� SURMHFW
ORRNLQJ� IRU� PHDQV� RI� RSWLPLVLQJ� FRPSUHVVHG�DLU� SURFHVVHV

LQ�ZHDYLQJ�RSHUDWLRQV� >��@�PHDVXUHG� WKH� SDVVDJH� RI� D� ORDG

WKURXJK� D� ZHDYLQJ� PLOO� DQG� IRXQG� WKDW� WKH� FRPSUHVVRU

FRQVXPHG�EHWZHHQ����DQG����N:�GXULQJ�ERWK� GD\� DQG� QLJKW�

WLPH�RSHUDWLRQ��$�V\VWHPDWLF�VHDUFK�ZDV�PDGH�WR�LGHQWLI\�VRXU�

)LJXUH����+6�QHWZRUN�ZDWHU�SXPS�DW�/RQ]D��6RXUFH��/RQ]D�$*�

9LVS�
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FHV�RI�SRZHU�ORVV�LQ�WKH�FRPSUHVVRU�V\VWHP��DQG�OHDNV�LQ

RQH�URRP�ZHUH�GLVFRYHUHG�WKDW�DFFRXQWHG�IRU�����RI�WKH

DSSUR[LPDWH� ����0:K�D� LQ� HOHFWULFLW\� FRQVXPHG� E\� WKH

FRPSUHVVRU��$W�PDQ\�FRQQHFWLRQV� LQ� WKH�FRPSUHVVHG�DLU

V\VWHP� WKHUH� LV� DQ� DXGLEOH� ORVV� RI� DLU� ZKLFK� FDQ� EH

GHWHFWHG� ZKHQ� WKH� PDFKLQHU\� LV� QRW� UXQQLQJ� LQ� WKH

ZHDYLQJ� KDOO�� )ROORZLQJ� UHSDLU� RI� WKH� OHDN\� FRQQHFWLRQV�

DQRWKHU�PHDVXUHPHQW�ZLOO�EH�FRQGXFWHG�ZLWK�D� WHVW� ORDG

WR� GHWHUPLQH� WKH� GHJUHH� RI� VXFFHVV� RI� WKH� DFWLRQ�� 7KLV

H[DPSOH� FOHDUO\� GHPRQVWUDWHV� WKDW� RSWLPLVLQJ

FRPSUHVVHG�DLU� LQVWDOODWLRQV� EHJLQV� DW� WKH� FRQVXPHU

OHYHO�

)RU� VPDOO� DQG�PHGLXP�VL]HG� FRPSDQLHV�� WKH� VDYLQJV� LQ

HOHFWULFLW\�FRVWV�DFKLHYHG�WKURXJK�HIILFLHQF\�HQKDQFHPHQW

PHDVXUHV� XVXDOO\� GR� QRW� RIIVHW� WKH� FRVWV� RI� D� V\VWHPV

RSWLPLVDWLRQ�E\�H[WHUQDO�VSHFLDOLVWV�

$�SURMHFW�RQ�RSWLPLVLQJ�FRPSUHVVHG�DLU� SURFHVVHV� LQ

D� MRLQHU
V� ZRUNVKRS� >��E@� LV� FRQFHQWUDWLQJ� RQ
GHYHORSLQJ� D� SUDFWLFDO� JXLGH� EDVHG� RQ� VLPSOH� H[DPSOHV
RI�KRZ� WR�HIIHFWLYHO\�DFKLHYH�HQHUJ\�VDYLQJV� LQ� WKH�DUHD
RI� FRPSUHVVHG�DLU� V\VWHPV�� 7KH� SURMHFW� WHVWHG� YDULRXV
PHDVXUHV�DW�HDFK�SRLQW�DW�ZKLFK�FRPSUHVVHG�DLU�LV�XVHG

DQG� FDOFXODWHG� WKH� FRVW�EHQHILW� UDWLR� RI� HDFK� VWHS� LQ� WKH
RSWLPLVDWLRQ� SURFHGXUH�� 7KH� JXLGH� ZLOO� RQO\� LQFOXGH� WKH
PHDVXUHV� WKDW� DUH� MXGJHG� WR� EH� SDUWLFXODUO\� HIIHFWLYH� LQ
RSWLPLVLQJ� FRPSUHVVHG�DLU� RSHUDWLRQV� LQ� MRLQHUV

ZRUNVKRSV�

6XPPDU\�IRU������DQG�RXWORRN�IRU�����

,Q� -DQXDU\� ������ WKH� (QHUJ\� 5HVHDUFK� &RPPLVVLRQ� RI
WKH� IHGHUDO� JRYHUQPHQW� HYDOXDWHG� WKH� SURJUDPPH
FRQFHSW�IRU������±������DQG�JDYH�LWV�RIILFLDO�DSSURYDO�RI
WKH�SURJUDPPH
V�FRQWHQW�IUDPHZRUN�IRU�WKLV�SHULRG�

,Q� WKH� SULRULW\� DUHD� HOHFWULFLW\� GLVWULEXWLRQ�� WKH� SURMHFW
WKDW� KDG� EHHQ� SODQQHG� IRU� VRPH� WLPH� FRQFHUQLQJ� WKH
LQFUHDVH� LQ� GHFHQWUDOLVHG� SRZHU� JHQHUDWLRQ� ZDV� ILQDOO\
LQLWLDWHG� WRZDUGV� WKH� HQG� RI� WKH� \HDU�� 7KLV� ZRUN� ZLOO
SURFHHG� DQG� EH� LQWHQVLILHG� LQ� ������ :H� DUH� DQ[LRXVO\
DZDLWLQJ� WKH� RXWFRPH� RI� WKH� XSFRPLQJ� JHQHUDO� YRWH� RQ
WKH� HOHFWULFLW\�PDUNHW� ODZ�� DV� LW� ZLOO� GHFLVLYHO\� LQIOXHQFH
KRZ� WKH� HOHFWULFLW\� LQGXVWU\� IXQFWLRQV� LQ� IXWXUH�� 7KH� MRLQW
HIIRUWV� RI� WKH�$VVRFLDWLRQ� RI�6ZLVV� HOHFWULFLW\� FRPSDQLHV
�9HUEDQG� 6FKZHL]HULVFKHU� (OHNWUL]LWlWVXQWHUQHKPHQ�

96(�� DQG� WKH� )HGHUDO� 2IILFH� RI� (QHUJ\� WR� FUHDWH� DQ
LQWHJUDWHG�HGXFDWLRQDO�SODWIRUP�DUH�ZHOO�DGYDQFHG�

:H�ZHUH�XQVXFFHVVIXO�DW� ODXQFKLQJ�D�SURMHFW�LQ�WKH�DUHD
RI� KLJK�WHPSHUDWXUH� VXSHUFRQGXFWLYLW\� �+76&�� DV
SODQQHG��GHVSLWH�LQWHQVLYH�HIIRUWV�DQG�DFWLYH�QHJRWLDWLRQV
ZLWK� LQGXVWU\��'LVFXVVLRQV� DUH� FRQWLQXLQJ�� KRZHYHU�� DQG
WKH� +76&� LVVXH� PD\� EH� UH�DGGUHVVHG� LQ� ����� LQ
FRQQHFWLRQ�ZLWK�WKH� WRSLF� RI� FXUUHQW� OLPLWHUV��$FWLYLWLHV� LQ
WKH� DUHD� RI� +76&� LQIRUPDWLRQ� GLVVHPLQDWLRQ� DUH
SURFHHGLQJ�YHU\�VDWLVIDFWRULO\�

1R� HQG� LV� \HW� LQ� VLJKW� WR� WKH� UDSLG� GHYHORSPHQWV� LQ
LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQV� WHFKQRORJ\�� ,W� LV
WKHUHIRUH�SDUWLFXODUO\�SOHDVLQJ�WKDW� VHYHUDO� SURMHFWV�ZHUH
VWDUWHG� LQ� WKLV� DUHD� WR� HOLPLQDWH� JDSV� LQ� RXU� FXUUHQW
NQRZOHGJH��$W�WKH�,($�&RQIHUHQFH�LQ�7RN\R��6ZLW]HUODQG
SUHVHQWHG�LWV�ODWHVW�UHVHDUFK�UHVXOWV��ZKLFK�PHW�ZLWK�JUHDW
LQWHUHVW�IURP�WKH�RWKHU�SDUWLFLSDQWV��$Q�,($�&RQIHUHQFH�LV
SODQQHG� IRU� ����� LQ� 3DULV� DW� ZKLFK� WKH� WRSLF� RI

FRQVLGHUDWLRQ� ZLOO� EH� WKH� ,PSDFW� RI� ,QIRUPDWLRQ� DQG

&RPPXQLFDWLRQV�7HFKQRORJ\�RQ�(QHUJ\�6\VWHPV��$W�WKLV
HYHQW��WKH�SURJUDPPH�KHDG�SODQV�WR�SUHVHQW�WKH�DFWLYLWLHV
DQG� LGHDV� FXUUHQWO\� EHLQJ� SXUVXHG� E\� 6ZLW]HUODQG�� $
FRPPRQ�JRDO�RI�IXUWKHU�SURMHFWV�ZLOO�EH�WR�LGHQWLI\�HQHUJ\
VDYLQJV� SRWHQWLDO�� ,W� LV� KRSHG� WKDW� WKH� QHZ� VWXG\� RQ
VDYLQJV�SRWHQWLDO� LQ�FRQQHFWLRQ�ZLWK�VHUYHUV�ZLOO�PRWLYDWH
WKH�SULYDWH�VHFWRU�WR�JHW�LQYROYHG��:H�SODQ�WR�FRQWLQXH�RXU
DFWLYLWLHV� IRFXVLQJ� RQ� QHWZRUNLQJ� LQ� SULYDWH� KRXVHKROGV
DQG�WR�DGGUHVV�WKH�WRSLF�RI�VWDQGE\�PRGH�DQG�KRXVHKROG

DSSOLDQFHV�

:H�ZHUH� DEOH� WR� VWDUW� D� QXPEHU� RI� SLORW� SURMHFWV� LQ� WKH
DUHD� RI� GULYH� V\VWHPV�PRWRUV�� WKDQNV� WR� WKRURXJK
SUHSDUDWRU\� ZRUN� GRQH� WKH� \HDU� EHIRUH�� ,Q� WKH� DUHD� RI
FRPSUHVVHG�DLU�WHFKQRORJ\�DQG�V\VWHPV�RSWLPLVDWLRQ�ZH
ZHUH� SDUWLFXODUO\� VXFFHVVIXO� LQ� LQYROYLQJ� YDULRXV
FRPSDQLHV�LQ�HQHUJ\�UHODWHG�SURMHFWV��)XUWKHU�SURMHFWV�RI
WKLV� QDWXUH� DUH� SODQQHG� IRU� ������ 5HVHDUFK� WR� LGHQWLI\
QHZ�SRWHQWLDO�IRU�JUHDWHU�WHFKQLFDO�HIILFLHQF\�ZLOO�FRQWLQXH�
0DMRU�HIIRUWV�ZLWK�WKLV�REMHFWLYH�ZHUH�SODQQHG�IRU������LQ
FRQQHFWLRQ�ZLWK�JHDUOHVV�GULYHV�EXW�KDG�WR�EH�SRVWSRQHG
GXH�WR�VFKHGXOLQJ�SUREOHPV�HQFRXQWHUHG�E\�RXU�SDUWQHUV
LQ� LQGXVWU\�� 8QIRUWXQDWHO\�� LW� ZDV� QRW� SRVVLEOH� IRU� WKH
LQWHJUDWLRQ�RI�WKH�GHVLJQ�WRROV�23$/�DQG�(852'((0�WR
EH� UHDOLVHG�� (VWDEOLVKPHQW� RI� D� FRPSHWHQFH� FHQWUH� IRU
FRPSUHVVHG�DLU� WHFKQRORJ\� DW� WKH� XQLYHUVLW\� RI� DSSOLHG
VFLHQFHV�DW�<YHUGRQ�ZDV�DOVR�GHOD\HG��7KH�ULFK�QHWZRUN
RI� LQWHUQDWLRQDO� FRQWDFWV� 6ZLW]HUODQG� KDV� HVWDEOLVKHG� LQ
WKLV�ILHOG�LV�\LHOGLQJ�UHZDUGV��RQH�RI�ZKLFK�LV�WKH�LQYLWDWLRQ
UHFHLYHG�E\�WKH�SURJUDPPH�KHDG�WR�MRLQ�WKH�3URJUDPPH
&RPPLWWHH�RI�((02'6µ����WKH�(8�&RQIHUHQFH�RQ�0RWRU
'ULYHQ�6\VWHPV�
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/LVW�RI�5�'�SURMHFWV

�$5�������DQQXDO�UHSRUW��DYDLODEOH�

�)5��)LQDO�UHSRUW��DYDLODEOH�

(1(7��UHSRUW
V�(1(7�RUGHU�QXPEHU

7KH�UHSRUWV�FDQ�EH�GRZQORDGHG�IURP�WKH�,QWHUQHW�DGGUHVVHV�LQGLFDWHG�

>�@ +�� *ODYLWVFK�� *�� $QGHUVVRQ�� �KDJODY#EOXHZLQ�FK�� DQGHUVVRQ#HHK�HH�HWK]�FK��� ),7�� =85,&+�� $� QHZ
PHWKRGRORJ\� IRU� HVWDEOLVKLQJ� D� V\VWHP� IRU� FURVV�ERUGHU� WUDQVPLVVLRQ� WDULIILFDWLRQ� LQ� WKH� LQWHUQDO

HOHFWULFLW\�PDUNHW��)%��(1(7�������

>�@ *�� 6FKQ\GHU�� �JLOEHUW�VFKQ\GHU#VLQJ�FK��� 6&+1<'(5� ,1*(1,(85(� $*�� +�QHQEHUJ�� =XQDKPH� GHU

GH]HQWUDOHQ�(QHUJLHHU]HXJXQJVDQODJHQ�LQ�9HUWHLOQHW]HQ���,QFUHDVH� LQ�GHFHQWUDOLVHG�SRZHU�JHQHUDWLRQ

IDFLOLWLHV�LQ�GLVWULEXWLRQ�QHWZRUNV��$5�

>�@ 5�� )O�NLJHU�� �UHQH�IOXNLJHU#SK\VLFV�XQLJH�FK��� 8QLYHUVLW\� RI� *HQHYD�� ,PSOHPHQWLQJ� $JUHHPHQW� IRU� D

&RRSHUDWLYH� 3URJUDPPH� IRU� $VVHVVLQJ� WKH� ,PSDFW� RI� +LJK� 7HPSHUDWXUH� 6XSHUFRQGXFWLYLW\� RQ� WKH

(OHFWULF�3RZHU�6HFWRU��$5�

>�@ %�� $HELVFKHU�� �EHUQDUG�DHELVFKHU#FHSH�PDYW�HWK]�FK��� &(3(�� ),7�� =85,&+�� D�� %HWUHXXQJ� GHV

.RPSHWHQ]]HQWUXPV� (QHUJLH� XQG� ,QIRUPDWLRQVWHFKQLN� �� $GPLQLVWHULQJ� WKH� (QHUJ\� DQG� ,QIRUPDWLRQ

7HFKQRORJ\�&RPSHWHQFH�&HQWUH� �$5��w�E��(QHUJLHDVSHNWH�LQ�GHU� ,7�$XVELOGXQJ���(QHUJ\�LVVXHV�LQ� ,7
HGXFDWLRQ��$5��w�F��(QHUJ\�HIILFLHQF\�LQ�FRPSXWHU�SRZHU�VXSSOLHV��$5�

>�@ $�� +XVHU�� �DORLV�KXVHU#HQFRQWURO�FK��� (1&21752/� *0%+�� 1LHGHUURKUGRUI�� 6WURPHIIL]LHQ]SRWHQWLDO� EHL
6HUYHUQ���(QHUJ\�HIILFLHQF\�SRWHQWLDO�RI�VHUYHUV��$5�

>�@ -�� 1LSNRZ�� �MXHUJQLSNRZ#VZLVVRQOLQH�FK��� $5(1$� $5%(,76*(0(,16&+$)7� (1(5*,(�$/7(51$7,9(1�
=XULFK��D��6FKZHL]HU�9HUWUHWXQJ�DP�6$9(�3URJUDPP��3LORW�$FWLRQV�IRU�WKH�0RWRU�&KDOOHQJH�3URJUDPPH
��6ZLVV�UHSUHVHQWDWLRQ�LQ�WKH�6$9(�3URJUDPPH��3LORW�$FWLRQV�IRU�WKH�0RWRU�&KDOOHQJH�3URJUDPPH��$5�
w�E��(OHNWULVFKH�+HL]ElQGHU���(OHFWULF�EDQG�KHDWHUV

>�@ 6�� %HUFKWHQ�� �EQ#OHDJ�FRP��� /($*� $175,(%67(&+1,.� $*�� 6FKDIIKDXVHQ�� (QHUJLHVSDUHQGHU
6FKULWWPRWRUHQDQWULHE���(QHUJ\�VDYLQJ�VWHSSLQJ�PRWRU�GULYHV��$5�

>�@ (�� 6FKZDU]ZDOG�� 7+(502'8/� &2168/7,1*�� &XULR�� :lUPHSXPSHQWXPEOHU� I�U� 0HKUIDPLOLHQKDXV� �
+HDW�SXPS�GU\HUV�IRU�PXOWL�IDPLO\�GZHOOLQJV���$5�

/LVW�RI�3�'�SURMHFWV

>�@ 6��7URJHU��*��6FKQ\GHU��9��%UHJ\��HW�DO����VWHIDQ�WURJHU#ORQ]DJURXS�FRP��/21=$�$*��9LVS��(LQVSDUSRWHQWLDO
DQ� HOHNWULVFKHU�(QHUJLH� EHL�0RWRUHQ�XQG�$QWULHEHQ� LQ� GHU� /RQ]D� ��3RWHQWLDO� HOHFWULFLW\� VDYLQJV�ZLWK
PRWRUV�DQG�GULYH�V\VWHPV�DW�/RQ]D��$5�

>��@ 5��*ORRU���JORRU#HQHUJLH�FK���*/225�(1*,1((5,1*��6XIHUV��D��'UXFNOXIWRSWLPLHUXQJ�LQ�HLQHU�:HEHUHL��

2SWLPLVLQJ�FRPSUHVVHG�DLU�SURFHVVHV�LQ�ZHDYLQJ�RSHUDWLRQV���$5��w�E��'UXFNOXIWRSWLPLHUXQJ�LQ�HLQHU
6FKUHLQHUHL���2SWLPLVLQJ�FRPSUHVVHG�DLU�SURFHVVHV�LQ�D�MRLQHU
V�ZRUNVKRS��$5��ZZZ�HQHUJLH�FK
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5HIHUHQFHV

>��@ *�� 6FKQ\GHU�� $%%� 6HFKHURQ�� *HQHYD�� +RFKWHPSHUDWXUVXSUDOHLWXQJ� LP� 1HW]� �� +LJK�WHPSHUDWXUH
VXSHUFRQGXFWLYLW\� LQ� QHWZRUNV�� 6WXG\� E\� WKH� 6ZLVV� )HGHUDO� 2IILFH� RI� (QHUJ\�� ������ ZZZ�HOHFWULFLW\�
UHVHDUFK�FK�

>��@ 5�� )O�NLJHU��5�� %U�QLJHU��'LH� LQWHUQDWLRQDOH� =XVDPPHQDUEHLW� EHL� GHU� +RFKWHPSHUDWXU�6XSUDOHLWXQJ� LP
(QHUJLHEHUHLFK� �� ,QWHUQDWLRQDO� FR�RSHUDWLRQ� RQ� VXSHUFRQGXFWLYLW\� LQ� WKH� DUHD� RI� HQHUJ\�� 6(9�96(
%XOOHWLQ��YRO�����������SS����������������

>��@ $UQH�:HQQEHUJ��&267�$FWLRQV����%,6�������±�������%LRPHGLFDO�HIIHFWV�RI�HOHFWURPDJQHWLF�ILHOGV��)LQDO
5HSRUW��,6%1��������������

>��@ +RPH�SDJH�RI�WKH�&267�����3URJUDPPH�ZZZ�FRVW����RUJ

>��@ +RPH�SDJH�RI�HQHUJ\�DJHQF\�ZZZ�HQHUJLHDJHQWXU�FK�DQG�ZZZ�HQHUJLH�DJHQWXU�FK

>��@ 5��%U�QLJHU��5HLVHEHULFKW���UG�,QWHUQDWLRQDO�:RUNVKRS��6WDQGE\�SRZHU�WRZDUGV�D�KDUPRQLVHG�VROXWLRQ��
5HSRUW�IURP��UG�,QWHUQDWLRQDO�:RUNVKRS��6WDQGE\�SRZHU�±�WRZDUGV�D�KDUPRQLVHG�VROXWLRQ������)HEUXDU\
�����LQ�7RN\R��ZZZ�HOHFWULFLW\�UHVHDUFK�FK�

>��@ 5HVHDUFK�SURJUDPPH�ZHE�VLWH��ZZZ�HOHFWULFLW\�UHVHDUFK�FK�


