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&RQWHQWV�RI�YROXPH���

,VVXH��
3DSHUV�SUHVHQWHG�DW�WKH�,QWHUQDWLRQDO�&RQIHUHQFH

RQ�6RO�JHO�0DWHULDOV��6*0�������5RNRVRZR��3RODQG

)URP�WKH�(GLWRUV �
0� 2SDOOR��(OHFWURFKHPLFDO�UHGR[�UHDFWLRQV�LQ�VROYDWHG�VLOLFD�VRO�JHO�JODVV �
7� $LWDVDOR��-��+|OVl��+��-XQJQHU��0��/DVWXVDDUL�� -��1LLWW\NRVNL��&RPSDULVRQ�RI� VRO�JHO�DQG

VROLG�VWDWH�SUHSDUHG�(X � ��� GRSHG�FDOFLXP�DOXPLQDWHV ��
$� 2�5LEHLUR��&�5��1HUL��<�� ,DPDPRWR��2�$�� 6HUUD�� 6SHFWURVFRSLF� VWXGLHV� RQ� WKH� LQFOXVLRQ

FRPSOH[HV�RI� WHWUDNLV���KLGUR[\���QLWURSKHQ\O�SRUSK\ULQ�ZLWK�a�F\FORGH[WULQ� LQ�VROXWLRQ
DQG�LQ�VRO�JHO�PDWUL[ ��

-� 3KDOLSSRX��7��:RLJQLHU��5��6HPSpUp��3��'LHXGRQQp��+LJKO\�SRURXV�DHURJHOV�RI�YHU\�ORZ
SHUPHDELOLW\ ��

'� +UHQLDN��(��àXNRZLDN��.��0DUXV]HZVNL��5��3 ]LN��:��6WU N��6WUXFWXUH��VSHFWURVFRS\�DQG
GLHOHFWULF�SURSHUWLHV�RI�%D7L2 � �(X � � �QDQRFU\VWDOOLWHV�SUHSDUHG�E\�WKH�VRO�JHO�PHWKRG ��

0� -DVLRUVNL�� .�� 0DUXV]HZVNL�� :�� 6WU N�� 2SWLFDO� EHKDYLRXU� RI� VRO�JHO� GHULYHG� SKRWRQLF
VWUXFWXUHV�IRUPHG�E\�VXEPLFURQ�VLOLFD�VSKHUHV ��

$� 0��.áRQNRZVNL��/XPLQHVFHQW�PDWHULDOV�� UHFRJQLWLRQ�SKDVHV�RI� WKH�FKHPLFDO� VHQVRUV� DQG
KHWHURJHQHRXV�FDWDO\VWV�SUHSDUHG�E\�VRO�JHO�PHWKRG ��

1� $O�'DKRXGL��0�$��$HJHUWHU�� 5HGLVSHUVDEOH�QDQRSRZGHUV� IRU�ZHW� FKHPLFDO� FRDWLQJ�SURFHVVHV�
$SSOLFDWLRQ�WR�WUDQVSDUHQW�FRQGXFWLQJ�FRDWLQJV ��

/� &��.OHLQ��2SSRUWXQLWLHV�IRU�VRO�JHO�PDWHULDOV�LQ�IXHO�FHOOV ��
$� .OXNRZVND��8��3RVVHW��*��6FKRWWQHU��0��/��:LV��&��6DOHPL�'HOYDX[��9��0DODWHVWD��3KRWR�

FKURPLF�K\EULG�VRO�JHO�FRDWLQJV��SUHSDUDWLRQ��SURSHUWLHV��DQG�DSSOLFDWLRQV ��
5HJXODU�SDSHUV

0� 0 F]ND�� -��+DQX]D��1��6LGRURY��6��.RMLPD��6WXG\�RI� WKHUPDO�GLVRUGHULQJ�RI� WKH�.6F�:2� ��FU\VWDO�VWUXFWXUH�E\�5DPDQ�VSHFWURVFRS\ ���
(� =\FK��'��+UHQLDN��:��6WU N��/X � 2 � �(X��D�QHZ�;�UD\�SKRVSKRU ���
0� 3DZáRZVND�� :�� :RMFLHFKRZVNL�� 5HYLHZ� RI� OXPLQHVFHQFH� DQG� PDJQHWLF� SURSHUWLHV� RI

DQWLIHUURPDJQHWLF�.0Q&O � ��5E0Q&O � ��7O0Q&O � DQG��& � + � �
��� 1+ � � � 0Q&O � ��Q� ������ ���

9� (��)DLQ]LOEHUJ��(IIHFWV�RI�SRODUL]DWLRQ�RI�UDGLRIUHTXHQF\�UDGLDWLRQ�LQ�SRO\FU\VWDOOLQH�(65 ���

,VVXH��
3DSHUV�SUHVHQWHG�DW�WKH�,QWHUQDWLRQDO�&RQIHUHQFH

RQ�6RO�*HO�0DWHULDOV��6*0�������5RNRVRZR��3RODQG

5�� 5HLVIHOG��5DUH�HDUWK�FRPSOH[HV�LQ�VRO�JHO�JODVVHV �� >���@
9� (��*DLVKXQ��2�,�� 7XOHQNRYD�� ,�0��0HOQLFKHQNR�� 6�$��%DU\VKQLQ��<�$�� 3RWDSHQRN��$�3��;OH�

ERND]RY��:��6WU N��3UHSDUDWLRQ�DQG�SURSHUWLHV�RI�FROORLGDO�QDQRVL]H�VLOLFD�GLR[LGH�IRU�SROLVKLQJ
RI�PRQRFU\VWDOOLQH�VLOLFRQ�ZDIHUV ��� >���@
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6� $�� *HYHOX\N�� ,�.�� 'R\FKR�� /�3�� 3URNRSRYLFK�� (�� 5\VLDNLHZLF]�3DVHN�� (�'�� 6DIURQVN\�
+XPLGLW\�GHSHQGHQFLHV�RI�SRURXV�VRO�JHO�DQG�VLOLFD�JODVV�OLQHDU�VL]HV� ��� >���@

9� 6�� *XULQ�� $�$�� $OH[HHQNR�� 9�%�� 3UDNDSHQND�� '�/�� .RYDOHQNR� .�9�� <XPDVKHY�� 3�9�
3URNRVKLQ�� ,QFRUSRUDWLRQ� RI� FRSSHU� DQG� LWV� R[LGHV� DQG� FKDOFRJHQLGHV� LQWR� VLOLFD� VRO�JHO
PDWHULDOV �� >���@

'� +UHQLDN��:��6WU N��3��0D]XU��3UHSDUDWLRQ�� VSHFWURVFRS\�DQG�PRUSKRORJ\�RI�1G�<$*�QDQRV�
WUXFWXUHV �� >���@

/� 4��0LQK�� 1�7�� +XRQJ�� &�� %DUWKRX�� 3�� %HQDOORXO��:�� 6WU N�� 7�.�� $QK�� (X � � �� DQG� (U � �
�GRSHG�6L2 � ±7L2 � �VRO�JHO�ILOPV�IRU�DFWLYH�SODQDU�ZDYHJXLGHV �� >���@

(� 1�� 3RGGHQH]KQ\��$�$��%RLND��%�9�� 3OXVFK��0�1��.DSVKDL�� ,�3��.UDYFKHQNR�� ,�0��0HO�
QLFKHQNR��5ROH�RI�IOXRULQH�LRQV�LQ�WKH�IRUPDWLRQ�RI�VLOLFD�JHO�VWUXFWXUH�DQG�JHO�JODVV �� >���@

0� 3U]\E\W��%��%LDáNRZVND��(Q]\PH�HOHFWURGHV�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�R[\JHQ�HOHFWURGH
ZLWK�R[LGDVHV�LPPRELOLVHG�E\�VRO�JHO�WHFKQLTXH �� >���@

5HJXODU�SDSHUV
6� 6��*HUDVKFKHQNR��2�9��0LORVODYVND\D��<X�1��.KDUFKHQNR��9�,��.XWNR��1�0��1HVWHUHQNR�

/��0DFDOLN��.��+HUPDQRZLF]��0��0 F]ND� -��+DQX]D��%L�GRSLQJ�HIIHFW�RQ�WKH�-DKQ±7HOOHU
SKDVH�WUDQVLWLRQ�LQ�&V'\�0R2 � � � FU\VWDO �� >���@

-� 0DáHFND��$��.RFKHO�� -��0UR]L VNL�� �3K � 3� � >5H&O � �WFP�@�±�D�QHZ�SUHFXUVRU�RI�PROHFXODU
PDJQHWV �� >���@

&� 5��1HUL��$�3�-��0DHVWULQ�3UDGR��$�2��5LEHLUR��2�$��6HUUD��<��,DPDPRWR��'HWHUPLQDWLRQ�RI
WKH�SKRWRG\QDPLF�DFWLYLW\�RI�SRUSK\ULQV��3RWHQWLDO� SKRWRVHQVLWL]HUV� IRU� WUHDWPHQW�RI� DJH
�UHODWHG�PDFXODU�GHJHQHUDWLRQ �� >���@

,VVXH��
3DSHUV�SUHVHQWHG�DW�WKH���,QWHUQDWLRQDO�&RQIHUHQFH

RQ�(OHFWURQLF�3URFHVVHV�LQ�2UJDQLF�0DWHULDOV��,&(320����/YLY��8NUDLQH

/� <X��*U\VKFKXN��/�2��9UHWLN��9�*��6\URP\DWQLNRY��'HSHQGHQFH�RI�SRO\PHUL]DWLRQ�DELOLW\
RI�PDOHLPLGRSKHQ\O�PHWKDFU\ODWHV�RQ� �HOHFWURQ�VWUXFWXUH�RI�PDOHLPLGH�IUDJPHQWV � >���@

)� 5DJRW�� 6�� %HOLQ�� 9�*�� ,YDQRY�� '�/�� 3HUU\�� 0�� 2UWHJD�� 7�9�� ,JQDWRYD�� ,�*�� .RORERY�
(�6��0DVDOLWLQ�� *�9�� .DPDUFKXN�� $�9�� <HUHPHQNR�� 3�� 0ROLQLp�� -�� :pU\�� (�� )DXOTXHV�
(OHFWURQLF�DQG�PDJQHWLF�G\QDPLF�SURSHUWLHV�RI�LPLGD]RODWH�FRPSOH[HV �� >���@

9� =DLWVHY��%��.HEEHFXV��8VH�RI�YLEURQLF�SKHQRPHQD�LQ�DGVRUSWLRQ�SKDVH�IRU�GHYHORSLQJ�RI
VHPLFRQGXFWRU�JDV�VHQVRUV� �� >���@

$� 9��=DLWVHYD��9��0��5XGR\��2�9��'HPHQW¶HYD��0�(��.DUWVHYD��6WXG\�RI�SRO\VW\UHQH� VXU�
IDFH�ORFDO�PHFKDQLFDO�SURSHUWLHV�E\�WKH�DWRPLF�IRUFH�PLFURVFRS\ �� >���@

.� -DQXV��.��0DWF]\V]\Q�� -�� 6ZRUDNRZVNL�� .LQHWLFV� RI� SKRWRFKHPLFDO� SURFHVVHV� LQ� SKRWR�
FKURPLF�D]REHQ]HQH�GHULYDWLYHV��(IIHFW�RI�PDWUL[�DQG�RI�WKH�SKDVH�VWDELOLW\ �� >���@

9� %��=DLWVHY��$�1��1HY]RURY��*�6��3ORWQLNRY��2SWLFDO�SURSHUWLHV�RI�IHUURHOHFWULF�/DQJPXLU
±%ORGJHWW�ILOPV�LPSUHJQDWHG�ZLWK�G\H�PROHFXOHV �� >���@

$� 3�� 3RVSHORY��0�9��9HG��1�'�� 6DNKQHQNR��<�/��$OH[DQGURY��9�9�� 6KWHIDQ��$�9��.UDYFK�
HQNR��*�9��.DPDUFKXN��+LJK�FRQGXFWLYLW\�RUJDQLF�PHWDOV�DV�HOHFWURGH�PDWHULDOV �� >���@

9� ,��.DOFKHQNR��,�$�.RVKHWV��(�3��0DWVDV��2�1��.RS\ORY��$��6RORY\RY��=�,��.D]DQWVHYD�
<X�0��6KLUVKRY��&DOL[DUHQH�EDVHG�4&0�VHQVRUV�DUUD\�DQG�LWV�UHVSRQVH�WR�YRODWLOH�RU�
JDQLF�YDSRXUV �� >���@
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,VVXH��
3DSHUV�SUHVHQWHG�DW�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ

(OHFWURQLF�3URFHVVHV�LQ�2UJDQLF�0DWHULDOV��,&(320����/YLY��8NUDLQH

$� ,VKFKHQNR��1��'HUHY\DQNR��<X�3��3LU\DWLQVNLL��$��9HUELWVN\��'��)LORQHQNR��6��6WXG]LQVN\�
2SWLFDO�DQG�SKRWRYROWDLF�SURSHUWLHV�RI�ILOPV�DQG�SRO\PHU�FRPSRVLWHV�EDVHG�RQ�QHDU�LQIUD�
UHG�SRO\PHWKLQH�G\HV � �>���@

1� 'HUHY\DQNR��$��,VKFKHQNR��$�9HUELWVN\��(IIHFW�RI�DJJUHJDWLRQ�RQ�RSWLFDO�DQG�SKRWRYRO�
WDLF�SURSHUWLHV�RI�DQ�RUJDQR�PHWDOOLF�FRPSRXQG ��� >���@

2� 2��1RYLNRYD��9�*��6\URP\DWQLNRY��/�)��$YUDPHQNR��1�3��.RQGUDWHQNR��7�0��.ROLVQLFK�
HQNR��0�-�0��$EDGLH��3KRWRLQLWLDWLRQ�DELOLW\�RI�VRPH�SHQWDD]D�����GLHQHV ��� >���@

$� %RUVKFK�� 0�� %URG\Q�� 9�� /\DNKRYHWVN\�� 9�� 9RONRY�� $�� .XWVHQNR�� 6�� 0DOROHWRY�� 1RQ
�OLQHDU�RSWLFDO�SURSHUWLHV�RI�HSR[\�EDVHG�SRO\PHUV�ZLWK�FRYDOHQWO\�DWWDFKHG�FKURPRSKRUHV
DQG�PHWDOOLF�FRPSOH[HV ���� >���@

2� ,��.RQRSHOQLN��2�,��$NVLPHQW\HYD��0�<D��*U\WVLY��(OHFWURFKURPLF�WUDQVLWLRQV�LQ�SRO\DPL�
QRDUHQH�ILOPV�HOHFWURFKHPLFDOO\�REWDLQHG�RQ�WUDQVSDUHQW�HOHFWURGHV ��� >���@

$� 0LHOQLF]DN�� %�� :DQGHOW�� 6�� :\VRFNL�� �����'LPHWK\ODPLQRVW\U\O�S\ULGLQLXP� GHULYDWLYH�
D�VROYHQW�YLVFRVLW\�DQG�SRODULW\�VHQVLWLYH�IOXRUHVFHQW�VHQVRU ��� >���@

0� .UDYWVLY��2Q�WKH�PHFKDQLVP�RI� IRUPDWLRQ�RI� WKH�SKRWRHOHFWUHW� VWDWH� LQ���QLWUR��ë�DPLQR�
GLSKHQ\O�WKLQ�ILOPV ��� >���@

1� <XNKLPHQNR�� ,��6DYFKHQNR��$��.ROHQGR��9��6\URP\DWQLNRY�� -��%áD HMRZVNL��:��:LF]N�
(QHUJ\�WUDQVIHU�LQ�SHSWLGHV�EDVHG�RQ�SKWKDOLPLGH�GHULYDWLYHV�RI�DOLSKDWLF�DPLQRDFLGV� ��� >���@

5HJXODU�SDSHUV
%� *yUQLFND��-��=DZDG]ND��%��0D]XUHN��/��*yUHFNL��%��&]RáRZVND��1DQRILOOHU�PRGLILHG�YDU�

QLVKHV�IRU�HOHFWULFDO�LQVXODWLRQ �� >���@
3� 2�� .RQGUDWHQNR�� <X�0�� /RSDWNLQ�� 1�3�� .RQGUDWHQNR�� 0ROHFXOHV� ZLWK� ERQGV� VXFK� DV

;H±2�EHWZHHQ�IUDJPHQWV�DQG�WKHLU�DSSOLFDWLRQ �� >���@
<X�9��%RNVKLWV��/�7��3RWDSHQNR��6�9��6HUH]KNLQD��*�3��6KHYFKHQNR��7KHUPRVWLPXODWHG�SURF�

HVVHV�RI�SURGXFWLRQ�RI�PHWDO�QDQRSDUWLFOHV�LQ�R[LGH�ILOPV�IRUPHG�E\�WKH�VRO�JHO�PHWKRG ��� >���@





$XWKRU�,QGH[

$EDGLH��0�-�0��VHH�1RYLNRYD�2�2�� ����
$HJHUWHU�0�$��VHH�$O�'DKRXGL�1� ����
$LWDVDOR�7���-��+|OVl��+��-XQJQHU��0��/DVWXVDDUL��-��1LLWW\NRVNL��&RPSDULVRQ�RI�VRO�JHO�DQG�VROLG�VWDWH

SUHSDUHG�(X� � � GRSHG�FDOFLXP�DOXPLQDWHV ����
$NVLPHQW\HYD�2�,��VHH�.RQRSHOQLN�2�,� ����
$O�'DKRXGL�1���0�$��$HJHUWHU��5HGLVSHUVDEOH�QDQRSRZGHUV�IRU�ZHW�FKHPLFDO�FRDWLQJ�SURFHVVHV��$SSOL�

FDWLRQ�WR�WUDQVSDUHQW�FRQGXFWLQJ�FRDWLQJV ����
$OH[DQGURY�<�/��VHH�3RVSHORY�$�3�� ����
$OH[HHQNR�$�$��VHH�*XULQ�9�6�� ����
$QK�7�.��VHH�0LQK�/�4�� ����
$YUDPHQNR�/�)��VHH�1RYLNRYD�2�2�� ����
%DUWKRX�&��VHH�0LQK�/�4�� ����
%DU\VKQLQ�6�$��VHH�*DLVKXQ�9�(�� ����
%HOLQ�6��VHH�5DJRW�)�� ����
%HQDOORXO�3��VHH�0LQK�/�4�� ����
%LDáNRZVND�%��VHH�3U]\E\W�0�� ����
%áD HMRZVNL�-��VHH�<XNKLPHQNR�1�� ����
%RLND�$�$��VHH�3RGGHQH]KQ\�(�1�� ����
%RNVKLWV�<X�9���/�7��3RWDSHQNR��6�9��6HUH]KNLQD��*�3��6KHYFKHQNR��7KHUPRVWLPXODWHG�SURFHVVHV�RI

SURGXFWLRQ�RI�PHWDO�QDQRSDUWLFOHV�LQ�R[LGH�ILOPV�IRUPHG�E\�WKH�VRO�JHO�PHWKRG �����
%RUVKFK�$���0��%URG\Q��9��/\DNKRYHWVN\��9��9RONRY��$��.XWVHQNR��6��0DOROHWRY��1RQ�OLQHDU�RSWLFDO

SURSHUWLHV� RI� HSR[\�EDVHG� SRO\PHUV�ZLWK� FRYDOHQWO\� DWWDFKHG� FKURPRSKRUHV� DQG�PHWDOOLF� FRP�
SOH[HV ������

%URG\Q�0��VHH�%RUVKFK�$�� ����
&]RáRZVND�%��VHH�*yUQLFND�%�� ����
'HPHQWHYD�2�9��VHH�=DLWVHYD�$�9�� ����
'HUHY\DQNR�1��VHH�,VKFKHQNR�$�� ���
'HUHY\DQNR�1���$��,VKFKHQNR��$�9HUELWVN\��(IIHFW�RI�DJJUHJDWLRQ�RQ�RSWLFDO�DQG�SKRWRYROWDLF�SURSHUWLHV

RI�DQ�RUJDQR�PHWDOOLF�FRPSRXQG �����
'HUHY\DQNR�1���(IIHFW�RI�DJJUHJDWLRQ�RQ�RSWLFDO�DQG�SKRWRYROWDLF�SURSHUWLHV�RI�DQ�RUJDQR�PHWDOOLF�FRP�

SRXQG ����
'LHXGRQQp�3��VHH�3KDOLSSRX�-�� ����
'R\FKR�,�.��VHH�*HYHOX\N�6�$� ����
)DLQ]LOEHUJ�9�(���(IIHFWV�RI�SRODUL]DWLRQ�RI�UDGLRIUHTXHQF\�UDGLDWLRQ�LQ�SRO\FU\VWDOOLQH�(65 �����
)DXOTXHV�(��VHH�5DJRW�)�� ����
)LORQHQNR�'��VHH�,VKFKHQNR�$�� ���
*DLVKXQ�9��(���2�,��7XOHQNRYD��,�0��0HOQLFKHQNR��6�$��%DU\VKQLQ��<�$��3RWDSHQRN��$�3��;OHERND�

]RY��:��6WU N��3UHSDUDWLRQ�DQG�SURSHUWLHV�RI�FROORLGDO�QDQRVL]H�VLOLFD�GLR[LGH�IRU�SROLVKLQJ�RI
PRQRFU\VWDOOLQH�VLOLFRQ�ZDIHUV ����

*HUDVKFKHQNR�6�6���2�9��0LORVODYVND\D��<X�1��.KDUFKHQNR��9�,��.XWNR��1�0��1HVWHUHQNR��/��0DFDOLN�
.��+HUPDQRZLF]��0��0 F]ND� -��+DQX]D��%L�GRSLQJ�HIIHFW�RQ�WKH�-DKQ±7HOOHU�SKDVH�WUDQVLWLRQ�LQ
&V'\�0R2� �� FU\VWDO ����
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*HYHOX\N�6�$���,�.��'R\FKR��/�3��3URNRSRYLFK��(��5\VLDNLHZLF]�3DVHN��(�'��6DIURQVN\��+XPLGLW\�GH�
SHQGHQFLHV�RI�SRURXV�VRO�JHO�DQG�VLOLFD�JODVV�OLQHDU�VL]HV� ����

*yUHFNL�/��VHH�*yUQLFND�%�� ����
*yUQLFND�%���-��=DZDG]ND��%��0D]XUHN��/��*yUHFNL��%��&]RáRZVND��1DQRILOOHU�PRGLILHG�YDUQLVKHV�IRU

HOHFWULFDO�LQVXODWLRQ ����
*U\VKFKXN� /�� <X��� /�2�� 9UHWLN�� 9�*�� 6\URP\DWQLNRY�� 'HSHQGHQFH� RI� SRO\PHUL]DWLRQ� DELOLW\� RI

PDOHLPLGRSKHQ\O�PHWKDFU\ODWHV�RQ� �HOHFWURQ�VWUXFWXUH�RI�PDOHLPLGH�IUDJPHQWV ���
*U\WVLY�0�<D��VHH�.RQRSHOQLN�2�,�� ����
*XULQ�9�6���$�$��$OH[HHQNR��9�%��3UDNDSHQND��'�/��.RYDOHQNR�.�9��<XPDVKHY��3�9��3URNRVKLQ��,Q�

FRUSRUDWLRQ�RI�FRSSHU�DQG�LWV�R[LGHV�DQG�FKDOFRJHQLGHV�LQWR�VLOLFD�VRO�JHO�PDWHULDOV ����
+DQX]D�-��VHH�*HUDVKFKHQNR�6�6�� ����
+DQX]D�-��VHH�0 F]ND�0�� �����
+HUPDQRZLF]�.��VHH�*HUDVKFKHQNR�6�6�� ����
+|OVl�-��VHH�$LWDVDOR�7� ����
+UHQLDN�'��VHH�=\FK�(�� �����
+UHQLDN�'���(��àXNRZLDN��.��0DUXV]HZVNL��5��3 ]LN��:��6WU N��6WUXFWXUH��VSHFWURVFRS\�DQG�GLHOHFWULF

SURSHUWLHV�RI�%D7L2� �(X� � �QDQRFU\VWDOOLWHV�SUHSDUHG�E\�WKH�VRO�JHO�PHWKRG ����
+UHQLDN�'���:��6WU N��3��0D]XU�� 3UHSDUDWLRQ�� VSHFWURVFRS\� DQG�PRUSKRORJ\� RI�1G�<$*�QDQRV�

WUXFWXUHV ����
+XRQJ�1�7��VHH�0LQK�/�4�� ����
,DPDPRWR�<��VHH�1HUL�&�5�� ����
,DPDPRWR�<��VHH�5LEHLUR�$�2�� ����
,JQDWRYD�7�9��VHH�5DJRW�)�� ����
,VKFKHQNR�$��VHH�'HUHY\DQNR�1�� ����
,VKFKHQNR�$���1��'HUHY\DQNR��<X�3��3LU\DWLQVNLL��$��9HUELWVN\��'��)LORQHQNR��6��6WXG]LQVN\��2SWLFDO

DQG�SKRWRYROWDLF�SURSHUWLHV�RI�ILOPV�DQG�SRO\PHU�FRPSRVLWHV�EDVHG�RQ�QHDU�LQIUD�UHG�SRO\PHWKLQH
G\HV ���

,YDQRY�9�*��VHH�5DJRW�)�� ����
-DQXV� .��� .�� 0DWF]\V]\Q�� -�� 6ZRUDNRZVNL�� .LQHWLFV� RI� SKRWRFKHPLFDO� SURFHVVHV� LQ� SKRWRFKURPLF

D]REHQ]HQH�GHULYDWLYHV��(IIHFW�RI�PDWUL[�DQG�RI�WKH�SKDVH�VWDELOLW\ ����
-DVLRUVNL�0��� .�� 0DUXV]HZVNL�� :�� 6WU N�� 2SWLFDO� EHKDYLRXU� RI� VRO�JHO� GHULYHG� SKRWRQLF� VWUXFWXUHV

IRUPHG�E\�VXEPLFURQ�VLOLFD�VSKHUHV ����
-XQJQHU�+��VHH�$LWDVDOR�7�� ����
.DOFKHQNR�9�,��� ,�$�.RVKHWV��(�3��0DWVDV��2�1��.RS\ORY��$�� 6RORY\RY��=�,��.D]DQWVHYD�

<X�0��6KLUVKRY��&DOL[DUHQH�EDVHG�4&0�VHQVRUV�DUUD\�DQG�LWV�UHVSRQVH�WR�YRODWLOH�RU�
JDQLF�YDSRXUV ����

.DPDUFKXN�*�9��VHH�3RVSHORY�$�3�� ����

.DPDUFKXN�*�9��VHH�5DJRW�)�� ����

.DSVKDL�0�1��VHH�3RGGHQH]KQ\�(�1�� ����

.DUWVHYD�0�(��VHH�=DLWVHYD�$�9�� ����

.D]DQWVHYD�=�,��VHH�.DOFKHQNR�9�,� ����

.HEEHFXV�%��VHH�=DLWVHY�9�� ����

.KDUFKHQNR�<X�1��VHH�*HUDVKFKHQNR�6�6�� ����

.OHLQ�/�&���2SSRUWXQLWLHV�IRU�VRO�JHO�PDWHULDOV�LQ�IXHO�FHOOV ����

.OXNRZVND�$���8��3RVVHW��*��6FKRWWQHU��0��/��:LV��&��6DOHPL�'HOYDX[��9��0DODWHVWD��3KRWRFKURPLF
K\EULG�VRO�JHO�FRDWLQJV��SUHSDUDWLRQ��SURSHUWLHV��DQG�DSSOLFDWLRQV ����

.áRQNRZVNL�$�0���/XPLQHVFHQW�PDWHULDOV��UHFRJQLWLRQ�SKDVHV�RI�WKH�FKHPLFDO�VHQVRUV�DQG�KHWHURJHQH�
RXV�FDWDO\VWV�SUHSDUHG�E\�VRO�JHO�PHWKRG ����

.RFKHO�$��VHH�0DáHFND�-�� ����

.RMLPD�6��VHH�0 F]ND�0�� �����



�

.ROHQGR�$��VHH�<XNKLPHQNR�1�� ����

.ROLVQLFKHQNR�7�0��VHH�1RYLNRYD�2�2�� ����

.RORERY�,�*��VHH�5DJRW�)�� ����

.RQGUDWHQNR�1�3��VHH�.RQGUDWHQNR�3�2�� ����

.RQGUDWHQNR�1�3��VHH�1RYLNRYD�2�2�� ����

.RQGUDWHQNR�3�2���<X�0��/RSDWNLQ��1�3��.RQGUDWHQNR��0ROHFXOHV�ZLWK�ERQGV�VXFK�DV�;H±2�EHWZHHQ
IUDJPHQWV�DQG�WKHLU�DSSOLFDWLRQ ����

.RQRSHOQLN� 2�,��� 2�,�� $NVLPHQW\HYD��0�<D�� *U\WVLY�� (OHFWURFKURPLF� WUDQVLWLRQV� LQ� SRO\DPLQRDUHQH
ILOPV�HOHFWURFKHPLFDOO\�REWDLQHG�RQ�WUDQVSDUHQW�HOHFWURGHV �����

.RS\ORY�2�1��VHH�.DOFKHQNR�9�,� ����

.RVKHWV�,�$��VHH�.DOFKHQNR�9�,� ����

.RYDOHQNR�'�/��VHH�*XULQ�9�6�� ����

.UDYFKHQNR�$�9��VHH�3RVSHORY�$�3�� ����

.UDYFKHQNR�,�3��VHH�3RGGHQH]KQ\�(�1�� ����

.UDYWVLY�0���2Q�WKH�PHFKDQLVP�RI�IRUPDWLRQ�RI�WKH�SKRWRHOHFWUHW�VWDWH�LQ���QLWUR��ë�DPLQR�GLSKHQ\O�WKLQ
ILOPV �����

.XWNR�9�,��VHH�*HUDVKFKHQNR�6�6�� ����

.XWVHQNR�$��VHH�%RUVKFK�$�� ����
/DVWXVDDUL�0��VHH�$LWDVDOR�7�� ����
/RSDWNLQ�<X�0��VHH�.RQGUDWHQNR�3�2�� ����
/\DNKRYHWVN\�9��VHH�%RUVKFK�$�� ����
àXNRZLDN�(��VHH�+UHQLDN�'�� ����
0DFDOLN�/��VHH�*HUDVKFKHQNR�6�6�� ����
0DHVWULQ�3UDGR�$�3�-��VHH�1HUL�&�5�� ����
0DODWHVWD�9��VHH�.OXNRZVND�$�� ����
0DOROHWRY6��VHH�%RUVKFK�$�� ����
0DáHFND�-���$��.RFKHO��-��0UR]L VNL���3K� 3�� >5H&O � �WFP�@�±�D�QHZ�SUHFXUVRU�RI�PROHFXODU�PDJQHWV ����
0DUXV]HZVNL�.��VHH�+UHQLDN�'�� ����
0DUXV]HZVNL�.��VHH�-DVLRUVNL�0�� ����
0DVDOLWLQ�(�6��VHH�5DJRW�)�� ����
0DWF]\V]\Q�.��VHH�-DQXV�.�� ����
0DWVDV�(�3��VHH�.DOFKHQNR�9�,� ����
0D]XU�3��VHH�+UHQLDN�'�� ����
0D]XUHN�%��VHH�*yUQLFND�%�� ����
0 F]ND�0� VHH�*HUDVKFKHQNR�6�6�� ����
0 F]ND�0��� -��+DQX]D��1�� 6LGRURY�� 6��.RMLPD�� 6WXG\� RI� WKHUPDO� GLVRUGHULQJ� RI� WKH�.6F�:2� ��FU\VWDO�VWUXFWXUH�E\�5DPDQ�VSHFWURVFRS\ �����
0HOQLFKHQNR�,�0��VHH�*DLVKXQ�9�(�� ����
0HOQLFKHQNR�,�0��VHH�3RGGHQH]KQ\�(�1�� ����
0LHOQLF]DN�$���%��:DQGHOW��6��:\VRFNL�������'LPHWK\ODPLQRVW\U\O�S\ULGLQLXP�GHULYDWLYH�� D� VROYHQW�

YLVFRVLW\�DQG�SRODULW\�VHQVLWLYH�IOXRUHVFHQW�VHQVRU �����
0LORVODYVND\D�2�9��VHH�*HUDVKFKHQNR�6�6�� ����
0LQK�/�4���1�7��+XRQJ��&��%DUWKRX��3��%HQDOORXO��:��6WU N��7�.��$QK��(X� � ��DQG�(U� � �GRSHG�6L2�±7L2� �VRO�JHO�ILOPV�IRU�DFWLYH�SODQDU�ZDYHJXLGHV ����
0ROLQLp�3��VHH�5DJRW�)�� ����
0UR]L VNL��-��VHH�0DáHFND��-�� ����
1HUL�&�5��VHH�5LEHLUR�$�2�� ����
1HUL�&�5���$�3�-��0DHVWULQ�3UDGR��$�2��5LEHLUR��2�$��6HUUD��<��,DPDPRWR��'HWHUPLQDWLRQ�RI�WKH�SKR�

WRG\QDPLF�DFWLYLW\�RI�SRUSK\ULQV��3RWHQWLDO�SKRWRVHQVLWL]HUV�IRU� WUHDWPHQW�RI�DJH�UHODWHG�PDFXODU
GHJHQHUDWLRQ ����
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1HVWHUHQNR�1�0��VHH�*HUDVKFKHQNR�6�6�� ����
1HY]RURY�$�1��VHH�=DLWVHY�9�%�� ����
1LLWW\NRVNL�-��VHH�$LWDVDOR�7�� ����
1RYLNRYD� 2�2��� 9�*�� 6\URP\DWQLNRY�� /�)�� $YUDPHQNR�� 1�3�� .RQGUDWHQNR�� 7�0�� .ROLVQLFKHQNR�

0�-�0��$EDGLH��3KRWRLQLWLDWLRQ�DELOLW\�RI�VRPH�SHQWDD]D�����GLHQHV �����
2SDOOR�0���(OHFWURFKHPLFDO�UHGR[�UHDFWLRQV�LQ�VROYDWHG�VLOLFD�VRO�JHO�JODVV ���
2UWHJD�0��VHH�5DJRW�)�� ����
3DZáRZVND�0���:��:RMFLHFKRZVNL��5HYLHZ�RI�OXPLQHVFHQFH�DQG�PDJQHWLF�SURSHUWLHV�RI�DQWLIHUURPDJ�

QHWLF�.0Q&O� ��5E0Q&O� ��7O0Q&O� DQG��&� +� �
� �1+� �� 0Q&O� ��Q� ������ �����

3 ]LN�5��VHH�+UHQLDN�'�� ����
3HUU\�'�/��VHH�5DJRW�)������3KDOLSSRX��-���7��:RLJQLHU��5��6HPSpUp��3��'LHXGRQQp��+LJKO\�SRURXV�DHURJHOV�RI�YHU\�ORZ�SHUPHDELOLW\ ����
3LU\DWLQVNLL�<X�3��VHH�,VKFKHQNR�$�� ���
3ORWQLNRY�*�6��VHH�=DLWVHY�9�%�� ����
3OXVFK�%�9��VHH�3RGGHQH]KQ\�(�1�� ����
3RGGHQH]KQ\�(�1���$�$��%RLND��%�9��3OXVFK��0�1��.DSVKDL��,�3��.UDYFKHQNR��,�0��0HOQLFKHQNR��5ROH

RI�IOXRULQH�LRQV�LQ�WKH�IRUPDWLRQ�RI�VLOLFD�JHO�VWUXFWXUH�DQG�JHO�JODVV ����
3RVSHORY�$�3���0�9��9HG��1�'��6DNKQHQNR��<�/��$OH[DQGURY��9�9��6KWHIDQ��$�9��.UDYFKHQNR�

*�9��.DPDUFKXN��+LJK�FRQGXFWLYLW\�RUJDQLF�PHWDOV�DV�HOHFWURGH�PDWHULDOV ����
3RVVHW�8��VHH�.OXNRZVND�$�� ����
3RWDSHQNR�/�7��VHH�%RNVKLWV�<X�9�� �����
3RWDSHQRN�<�$��VHH�*DLVKXQ�9�(�� ����
3UDNDSHQND�9�%��VHH�*XULQ�9�6�� ����
3URNRSRYLFK�/�3��VHH�*HYHOX\N�6�$� ����
3URNRVKLQ�3�9��VHH�*XULQ�9�6�� ����
3U]\E\W�0���%��%LDáNRZVND��(Q]\PH�HOHFWURGHV�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�R[\JHQ�HOHFWURGH�ZLWK�R[L�

GDVHV�LPPRELOLVHG�E\�VRO�JHO�WHFKQLTXH ����
5DJRW�)���6��%HOLQ��9�*��,YDQRY��'�/��3HUU\��0��2UWHJD��7�9��,JQDWRYD��,�*��.RORERY��(�6��0DVDOLWLQ�

*�9��.DPDUFKXN��$�9��<HUHPHQNR��3��0ROLQLp��-��:pU\��(��)DXOTXHV��(OHFWURQLF�DQG�PDJQHWLF�G\�
QDPLF�SURSHUWLHV�RI�LPLGD]RODWH�FRPSOH[HV ����

5HLVIHOG�5���5DUH�HDUWK�FRPSOH[HV�LQ�VRO�JHO�JODVVHV ���
5LEHLUR�$�2��VHH�1HUL�&�5�� ����
5LEHLUR�$�2���&�5��1HUL��<��,DPDPRWR��2�$��6HUUD��6SHFWURVFRSLF�VWXGLHV�RQ�WKH�LQFOXVLRQ�FRPSOH[HV�RI

WHWUDNLV���KLGUR[\���QLWURSKHQ\O�SRUSK\ULQ�ZLWK�a�F\FORGH[WULQ�LQ�VROXWLRQ�DQG�LQ�VRO�JHO�PDWUL[ ����
5XGR\�9�0��VHH�=DLWVHYD�$�9�� ����
5\VLDNLHZLF]�3DVHN�(��VHH�*HYHOX\N�6�$� ����
6DIURQVN\�(�'��VHH�*HYHOX\N�6�$� ����
6DNKQHQNR�1�'��VHH�3RVSHORY�$�3�� ����
6DOHPL�'HOYDX[�&��VHH�.OXNRZVND�$�� ����
6DYFKHQNR�,��VHH�<XNKLPHQNR�1�� ����
6FKRWWQHU�*��VHH�.OXNRZVND�$�� ����
6HPSpUp�5��VHH�3KDOLSSRX�-�� ����
6HUH]KNLQD�6�9��VHH�%RNVKLWV�<X�9�� �����
6HUUD�2�$��VHH�1HUL�&�5�� ����
6HUUD�2�$��VHH�5LEHLUR�$�2�� ����
6KHYFKHQNR�*�3��VHH�%RNVKLWV�<X�9�� �����
6KLUVKRY�<X�0��VHH�.DOFKHQNR�9�,� ����
6KWHIDQ�9�9��VHH�3RVSHORY�$�3�� ����
6LGRURY�1��VHH�0 F]ND�0�� �����
6RORY\RY�$��VHH�.DOFKHQNR�9�,� ����
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6WU N�:��VHH�*DLVKXQ�9�(�� ����
6WU N�:��VHH�+UHQLDN�'�� ����
6WU N�:��VHH�+UHQLDN�'�� ����
6WU N�:��VHH�-DVLRUVNL�0�� ����
6WU N�:��VHH�0LQK�/�4�� ����
6WU N:��VHH�=\FK�(�� �����
6WXG]LQVN\�6��VHH�,VKFKHQNR�$�� ���
6ZRUDNRZVNL�-��VHH�-DQXV�.�� ����
6\URP\DWQLNRY�9��VHH�<XNKLPHQNR�1�� ����
6\URP\DWQLNRY�9�*��VHH�*U\VKFKXN�/�<X� ���
6\URP\DWQLNRY�9�*��VHH�1RYLNRYD�2�2�� ����
7XOHQNRYD�2�,��VHH�*DLVKXQ�9�(�� ����
9HG�0�9��VHH�3RVSHORY�$�3�� ����
9HUELWVN\�$��VHH�'HUHY\DQNR�1�� ����
9HUELWVN\�$��VHH�,VKFKHQNR�$�� ���
9RONRY�9��VHH�%RUVKFK�$�� ����
9UHWLN�/�2��VHH�*U\VKFKXN�/�<X�� ���
:DQGHOW�%��VHH�0LHOQLF]DN�$�� ����
:pU\�-��VHH�5DJRW�)�� ����
:LF]N�:��VHH�<XNKLPHQNR�1�� ����
:LV�0�/��VHH�.OXNRZVND�$�� ����
:RLJQLHU�7��VHH�3KDOLSSRX�-�� ����
:RMFLHFKRZVNL�:��VHH�3DZáRZVND�0�� �����
:\VRFNL�6��VHH�0LHOQLF]DN�$�� ����
;OHERND]RY�$�3��VHH�*DLVKXQ�9�(�� ����
<HUHPHQNR�$�9��VHH�5DJRW�)�� ����
<XNKLPHQNR�1��� ,��6DYFKHQNR��$��.ROHQGR��9��6\URP\DWQLNRY�� -��%áD HMRZVNL��:��:LF]N��(QHUJ\

WUDQVIHU�LQ�SHSWLGHV�EDVHG�RQ�SKWKDOLPLGH�GHULYDWLYHV�RI�DOLSKDWLF�DPLQRDFLGV� �����
<XPDVKHY�.�9��VHH�*XULQ�9�6�� ����
=DLWVHY�9���%��.HEEHFXV��8VH�RI�YLEURQLF�SKHQRPHQD�LQ�DGVRUSWLRQ�SKDVH�IRU�GHYHORSLQJ�RI�VHPLFRQ�

GXFWRU�JDV�VHQVRUV� ����
=DLWVHY�9�%���$�1��1HY]RURY��*�6��3ORWQLNRY��2SWLFDO�SURSHUWLHV�RI� IHUURHOHFWULF�/DQJPXLU±%ORGJHWW

ILOPV�LPSUHJQDWHG�ZLWK�G\H�PROHFXOHV ����
=DLWVHYD�$�9���9��0��5XGR\��2�9��'HPHQW¶HYD��0�(��.DUWVHYD��6WXG\�RI�SRO\VW\UHQH�VXUIDFH�ORFDO�PH�

FKDQLFDO�SURSHUWLHV�E\�WKH�DWRPLF�IRUFH�PLFURVFRS\ ����
=DZDG]ND�-��VHH�*yUQLFND�%������
=\FK�(���'��+UHQLDN��:��6WU N��/X� 2� �(X��D�QHZ�;�UD\�SKRVSKRU �����





.H\�ZRUG�,QGH[

a�F\FORGH[WULQ 21/1
DGVRUSWLRQ �����
DJH�UHODWHG�PDFXODU�GHJHQHUDWLRQ ����
DJJUHJDWLRQ �����
DPLQRSRUSK\ULQ ����
DUWLILFLDO�UHFHSWRU�FHQWUHV �����
DWRPLF�IRUFH�PLFURVFRS\ ����
D]REHQ]HQH ����
D]REHQ]HQH�GHULYDWLYH ����
EDULXP�WLWDQDWH ����
EL�GRSLQJ ����
ERQG�VWUHQJWK ����
FDOL[DUHQH ����
FHUDPLFV �����
FKDUJH�WUDQVSRUW ����
FLUFXODU�SRODUL]DWLRQ �����
FRDWLQJV ����
FROORLGDO�VLOLFD ����
FRPSOH[�FRPSRXQG ����
FRPSRVLWH ����
FRQIRUPDWLRQDO�DQDO\VLV ����
FRSSHU ����
FRSSHU�R[LGH ����
FRSSHU�VHOHQLGH ����
FRSSHU�VXOILGH ����
FRYDOHQW�G\H�DWWDFKPHQW ����
FURVV�OLQNLQJ ���
GHVRUSWLRQ ����
GLD]R ����
GLVRUGHUHG�SKDVH �����
G\H�PROHFXOHV ����
G\QDPLF�KRORJUDSK\ ����
HOHFWURFKHPLFDO ����
HOHFWURFKURPLF�WUDQVLWLRQV ����
HOHFWURQLF�FRQGXFWLYLW\ ����
HOHFWURQLF�H[FLWDWLRQ ����
HOHFWURQLF�VSHFWUD ���
HQHUJ\�WUDQVIHU ����
HQ]\PH�HOHFWURGH ����
HQ]\PH�LPPRELOLVDWLRQ ����
(U ����
(65�VSHFWUXP �����
(X ����

(X � � �GRSHG�FDOFLXP�DOXPLQDWH ����
(X�HPLVVLRQ �����
HXURSLXP ����
HYDSRUDWLRQ�WHFKQLTXH ����
(;$)6 ����
IHUURHOHFWULF�SRO\PHU�ILOP ����
IOXRUHVFHQFH ����
IXHO�FHOOV ����
JDV�VHQVLQJ�V\VWHP ����
JDV�VHQVRUV ����
JODVVHV ����
JODVV�WUDQVLWLRQ ����
JOXFRVH�HOHFWURGH ����
+�IXQFWLRQ ����
KXPLGLW\�VHQVRU ����
K\EULG�PDWUL[ ����
K\EULG�VRO�JHO�PDWHULDOV ����
LPSHGDQFH�VSHFWURVFRS\ ����
LPSUHJQDWLQJ�YDUQLVK ����
LQFOXVLRQ�FRPSRXQG ����
LVRPHUL]DWLRQ ����
,72�QDQRSDUWLFOHV ����
-DKQ±7HOOHU�HIIHFW ����
NLQHWLFV ����
OLJDQG ���
ORZ�WHPSHUDWXUH�SURFHVVLQJ ����
OXPLQHVFHQFH ����������
PDJQHWLVP ����������
0H�6L2 � �����
PHWDOORJUDSKLF�SROLVKLQJ ����
PHWDOORUJDQLF�FRPSRXQG ����
PROHFXODU�LRQLF�FU\VWDOV �����
PROWHQ�FDUERQDWH ����
PXOWLFKURPRIRUH�FKHPRVHQVRU ����
QDQRFU\VWDOOLQH�FHUDPLFV ����
QDQRFU\VWDOOLWHV ����
QDQRILOOHU ����
QDQRPHFKDQLFV ����
QDQRSDUWLFOHV �����������
QDQRVWUXFWXUHV ����
1G � � �HPLVVLRQ ����
QRQ�OLQHDU�RSWLFDO�VXVFHSWLELOLW\ ����
QRQ�OLQHDU�UHIUDFWLRQ ����
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RUJDQLF�G\H�PROHFXOHV ����
RUJDQLF�VHPLFRQGXFWRUV ����
RUJDQRPHWDOOLF ���
SHSWLGHV ����
SHUVLVWHQW�OXPLQHVFHQFH ����
SKHQ\O�PHWKDFU\ODWHV ���
SKRWRFKURPLF�G\HV ����
SKRWRFKURPLVP� ����
SKRWRFRQGXFWLYLW\ ����
SKRWRGLVVRWLDWLRQ ����
SKRWRG\QDPLF�DFWLYLW\ ����
SKRWRHOHFWUHW�VWDWH ����
SKRWRQLF�HIIHFW ����
SKRWRVHQVLWL]DWLRQ ����
SKRWRYROWDJH ���������
SODVWLF�VXEVWUDWHV ����
SRODULW\�VHQVLWLYH�IOXRURVFHQFH ����
SRO\DPLQRDUHQH ����
SRO\FU\VWDOOLQH�VDPSOHV �����
SRO\PHU�FRPSRVLWH ���
SRO\PHU�VXUIDFH ����
SRO\PHWKLQH�G\H ���
SRO\SKHQRO�ELRVHQVRU ����
SRURXV�JODVVHV ����
SRUSK\ULQV ����
SURWRQ�H[FKDQJH ����
S\URHIIHFW ����
4&0�VHQVRU ����
UDGLFDO�SRO\PHUL]DWLRQ� ���
5DPDQ�VSHFWURVFRS\ �����
UDUH�HDUWKV ���
UHJLVWUDWLRQ ����
UHRULHQWDWLRQ�SURFHVVHV ����
UKHQLXP�,9� ����

VHOI�FRSRO\PHUL]DWLRQ� ���
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VLOLFRQ ����
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