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SS� ��������

6FKXPSHWHU ZDV WKH ILUVW HFRQRPLVW WR GLUHFWO\ DGGUHVV WKH FRQFHSW
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RI LQQRYDWLRQ DV D GHWHUPLQLQJ IDFWRU LQ WKH HFRQRPLF SURJUHVV RI

VRFLHW\� +LV SDSHU SURYLGHV LQVLJKW RQ ZK\ LQQRYDWLRQ FUHDWHV ZHDOWK�

)� 0� 6FKHUHU� ,QQRYDWLRQ DQG *URZWK� 3DUW ,,� 0,7 3UHVV� &DPEULGJH� 0$� �����

6FKHUHU� !�DQ HFRQRPLVW IURP 6WDQIRUG� EXLOGV RQ 6FKXPSHWHU
V WKHRU\�

7KLV ERRN SURYLGHV D PRUH TXDQWLWDWLYH HFRQRPLF SHUVSHFWLYH RQ WKH

UROH RI LQQRYDWLRQ DV ZHDOWK FUHDWRU� 7KH WH[W SURYLGHVVRPH HFRQRPLFV

WKHRU\� PDNLQJ LW DQ LOOXVWUDWLYH UHDGLQJ�

3� .� 'H 	 %HUQG +XHIQHU� �7HFKQRORJLFDO&RPSHWLWLYHQHVV RI *HUPDQ\� $ 3RVW�

6HFRQG:RUOG :DU 5HYLHZ��7HFKQRORJ\0DQDJHPHQW� YRO� �� �����SS� ��������

,Q WKLV SDSHU� WKH DXWKRUV VXJJHVW KRZ WR UHMXYHQDWH *HUPDQ

WHFKQRORJLFDO FRPSHWLWLYHQHVV DIWHU DQDO\]LQJ LWV ULVH DQG VXEVHTXHQW

VWDJQDWLRQ LQ WKH SDVW �� \HDUV�

m.#}�
$EUDPRZLW]� 0� ����� �5HVRXUFH DQG 2XWSXW 7UHQGV LQ WKH 8QLWHG 6WDWHV VLQFH

������ $PHULFDQ (FRQRPLF 5HYLHZ� YRO� ��� SS� �����

%DUQHV� !�5� !������ 0RWLRQ DQG 7LPH 6WXG\� 'HVLJQ DQG 0HDVXUHPHQW RI :RUN � �WK HG�

:LOH\� 1HZ <RUN�

%HW]� )� ����� 0DQDJLQJ 7HFKQRORJ\� &RPSHWLQJ WKURXJK 1HZ 9HQWXUHV� ,QQRYDWLRQ

DQG &RUSRUDWH 5HVHDUFK� 3UHQWLFH +DOO� (QJOHZRRG &OLIIV� 1-�

%RVNLQ� 0� -�� 	 /DX� -� ����� �&DSLWDO� 7HFKQRORJ\� DQG (FRQRPLF *URZWK�� ,Q

5RVHQEHUJ� 1�� /DQGDX� 5�� 	 0RZHU\� '� �GHG��� 7HFKQRORJ\ DQG WKH :HDOWK

RI 1DWLRQV � 6WDQIRUG 8QLYHUVLW\ 3UHVV� 6WDQIRUG� &$�

7KH %RVWRQ *OREH � ����� KWWS���ZZZ�ERVWRQ�FRP�JOREH�VHDUFK�VWRULHV�QREHO������

����J�KWPO�

'HQQLVRQ� (� ����� �8QLWHG 6WDWHV (FRQRPLF *URZWK�� -RXUQDO RI %XVLQHVV� ��

SS� ��������

'HQQLVRQ� !�(� !������ :K\ *URZWK 5DWHV 'LIIHU� 3RVW�:DU ([SHULHQFHV LQ!�1LQH !�:HVWHUQ
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&RXQWULHV� %URRNLQJV ,QVWLWXWLRQ� :DVKLQJWRQ� '&�

'HQQLVRQ� (� ����� $FFRXQWLQJ IRU 6ORZHU (FRQRPLF *URZWK� 7KH 8QLWHG 6WDWHV LQ

WKH ����V� :DVKLQJWRQ� '&� %URRNLQJV ,QVWLWXWLRQ�

'HQQLVRQ� (� ����� 7UHQGV LQ $PHULFDQ (FRQRPLF *URZWK� ���������� %URRNLQJV

,QVWLWXWLRQ� :DVKLQJWRQ� '&�

*LOEUHWK� )� %� ����� 0RWLRQ 6WXG\� 9DQ 1RVWUDQG� 3ULQFHWRQ� 1-�

*UDKDP� $�� 	 6HQJH� 3� ����� �$ /RQJ�:DYH +\SRWKHVLV RI ,QQRYDWLRQ��

7HFKQRORJLFDO )RUHFVWLQJ DQG 6RFLDO &KDQJH� YRO� ��� $XJXVW� SS� ��������

,VDDFVRQ� :DOWHU� ����� �'ULYHQ E\ WKH 3DVVLRQ RI ,QWHO
V�� 7LPH � 'HF� ��� �����

-DQ� �� �����

-RUJHQVRQ� '�� *ROORS� )�� 	 )UXPHQL� %� ����� 3URGXFWLYLW\ DQG 8�6� (FRQRPLF

*URZWK� +DUYDUG 8QLYHUVLW\ 3UHVV� &DPEULGJH� 0$�

.HQGULFN� -� :� ����� 3RVWZDU 3URGXFWLYLW\ 7UHQGV LQ WKH 8QLWHG 6WDWHV� ����������

&ROXPELD 8QLYHUVLW\ 3UHVV� 1HZ <RUN�

.KDOLO� 7� 0� ����� �0DQDJHPHQW RI 7HFKQRORJ\ DQG WKH &UHDWLRQ RI :HDOWK��

,QGXVWULDO (QJLQHHULQJ� YRO� ��� 1R� �� 6HSWHPEHU� SS� ������

.X]QHWV� 6� 6� ����� (FRQRPLF *URZWK RI 1DWLRQV � +DUYDUG 8QLYHUVLW\ 3UHVV�

&DPEULGJH� 0$�

0HQVFK� *� ����� 6WDOHPDWH LQ 7HFQKRORJ\� %DOOLQJHU� &DPEULGJH� 0$�

1LHEHO� %� ����� 0RWLRQ DQG 7LPH 6WXG\� �WK HG� ,UZLQ� %XUU 5LGJH� ,/�

7KH 1REHO )RXQGDWLRQ� ����� KWWS���QREHO�VGVF�HGX�ODXUHDWHV�HFRQRP\������3UHVV�KWPO�

6FKXPSHWHU� -� ����� �7KH -XVWDELOLW\ RI &DSLWDOLVP��(FRQRPLF -RXUQDO� 6HSWHPEHU�

SS� ��������

7XUQHU� 1�� 0L]H� -�� &DVH� .�� 	 1D]PHW]� -� ����� ,QWURGXFWLRQ WR ,QGXVWULDO DQG

6\VWHPV (QJLQHHULQJ� 3UHQWLFH�+DOO� (QJOHZRRG &OLIIV� 1-�

8�6� 'HSDUWPHQW RI &RPPHUFH� ����� �&KDUW RQ (YROXWLRQ RI 3URGXFW 7HFKQRO�

RJLHV�� 2IILFH RI 7HFKQRORJ\ 3ROLF\� :DVKLQJWRQ� '&�

8�6� 1DWLRQDO 6FLHQFH DQG 7HFKQRORJ\ &RXQFLO� ����� 7HFKQRORJ\ LQ WKH 1DWLRQDO

,QWHUHVW� 2IILFH RI 7HFKQRORJ\3ROLF\�8�6� 'HSW� RI &RPPHUFH�:DVKLQJWRQ�'&�
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:� &KDQ .LP 	 5HQHH 0DXERUJQH� �9DOXH ,QQRYDWLRQ� 7KH 6WUDWHJLF /RJLF RI

+LJK *URZWK�� +DUYDUG %XVLQHVV 5HYLHZ� -DQXDU\�)HEUXDU\ �����

7KH DXWKRUV DQDO\]HD EDVLFPDQDJHULDOSUREOHP�:KDW LV WKH GLIIHUHQFH

EHWZHHQ UHJXODU ILUPV DQG KLJK�JURZWK FRPSHWLWRUV" 7KH\ DUJXH WKDW

LW LV WKH ZD\ PDQDJHUV DSSURDFK WKHLU VWUDWHJLHV WKDW PDNHV WKH

GLIIHUHQFH� 0DQDJHUV VKRXOG XVH WKHLU SRUWIROLR RI EXVLQHVV WR FUHDWH

YDOXH WKURXJK LQQRYDWLRQ�

7� 0� 1HYHQV� *� /� 6XPPH� 	 %� 8WWDO� �&RPPHUFLDOL]LQJ 7HFKQRORJ\� :KDW WKH

%HVW &RPSDQLHV 'R�� +DUYDUG %XVLQHVV 5HYLHZ� 0D\�-XQH �����

7KH DXWKRUV RI WKH SDSHU PDNH WKH SRLQW WKDW �-XVW DV TXDOLW\ DQG

PDQXIDFWXULQJZHUH NH\ WR FRPSHWLWLYHQHVVLQ WKH ����V�EXVLQHVVHVZLOO

ULVH DQG IDOO GHSHQGLQJ RQ ZKHWKHU WKH\ GLVFLSOLQH WKHLU FRPPHUF�

LDOL]DWLRQ HIIRUWV�� 7KLV DUWLFOH SURYLGHV RQ WKH EDVLF VNLOOV WKDW

FRPSDQLHV PXVW GHYHORS LQ RUGHU WR FRPPHUFLDOL]H WHFKQRORJ\�

)� 0� 6FKHUHU� ,QQRYDWLRQ DQG *URZWK� 0,7 3UHVV� &DPEULGJH� 0$� �����

7KH FRQFHSWV RI LQYHQWLRQ� LQQRYDWLRQ� DQG HQWUHSUHQHXUVKLS DUH

GLVFXVVHG LQ 3DUW , RI 6FKHUHU
V ERRN� +H XVHV WKH :DWW�%RXOWRQ

VWHDP HQJLQH YHQWXUH DV D FDVH VWXG\�

m.#}�
$LNHQ� 0� 	 +DJH� -� ����� �7KH 2UJDQLF 2UJDQL]DWLRQ DQG ,QQRYDWLRQ�� ,Q

=H\�)HUUHO� 0� �HG��� 5HDGLQJV RQ 'LVPHQVLRQV RI 2UJDQL]DWLRQV� SS� ��������

*RRG\HDU� 6DQWD 0RQLFD� &$�

%DUURQ� )� ����� &UHDWLYH 3HUVRQ DQG &UHDWLYH 3URFHVV� +ROW� 5HLQKDUW 	 :LQVWRQ�

1HZ <RUN�

%D\UDNWDU� %� ����� �2Q WKH &RQFHSW RI 7HFKQRORJ\ DQG 0DQDJHPHQW RI 7HFK�

QRORJ\�� ,Q .KDOLO� 7� DQG %D\UDNWDU� %� �HGV�� 0DQDJHPHQW RI 7HFKQRORJ\ ,,�
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7KH .H\ WR *OREDO &RPSHWLWLYHQHVV � ,QGXVWULDO (QJLQHHULQJ DQG 0DQDJHPHQW

3UHVV� 1RUFURVV� *$�

%HW]� )UHGHULFN� ����� 0DQDJLQJ 7HFKQRORJ\� &RPSHWLQJ WKURXJK 1HZ 9HQWXUHV�

,QQRYDWLRQ� DQG &RUSUDWH 5HVHDUFK� 3UHQWLFH�+DOO� (QJOHZRRG &OLIIV� 1-�

%ODFNEXUQ� -RVHSK '� ����� 7LPH�%DVHG &RPSHWLWLRQ� 7KH 1H[W %DWWOHJURXQG LQ

$PHULFDQ 0DQXIDFWXULQJ� %XVLQHVV 2QH ,UZLQ� +RPHZRRG� ,/�

%UDXQ� (� ����� :D\ZDUG 7HFKQRORJ\� *UHHQZRRG 3UHVV� :HVWSRUW� &RQQ�

%ULJKW� -� 5� ����� �6RPH 0DQDJHPHQW /HVVRQV IURP 7HFKQRORJLFDO ,QQRYDWLRQ

5HVHDUFK�� /RQJ 5DQJH 3ODQQLQJ� YRO� �� QR� �� SS� ������

%URRNV� +� ����� �7KH ,QWHUDFWLRQ RI 6FLHQFH DQG 7HFKQRORJ\� $QRWKHU 9LHZ�� LQ

:DQQHU� :�� 0RUVH� '� DQG (LFKHU� $� �HGV�� 7KH ,PSDFW RI 6FLHQFHDQG 7HFKQ

RORJ\� &ROXPELD 8QLYHUVLW\ 3UHVV� 1HZ <RUN�

%URZQ� -RKQ� 6� ����� �5HVHDUFK WKDW 5HLQYHQWV WKH &RUSRUDWLRQ�� +DUYDUG

%XVLQHVV 5HYLHZ� -DQXDU\�)HEUXDU\� SS� ��������

%\UQH� -� $� ����� �6WUDWHJLF 3ODQQLQJ�� %XVLQHVV :HHN� $XJ� ���

'HQLVRQ� (GZDUG )� ����� 7UHQGV LQ $PHULFDQ (FRQRPLF *URZWK ���������� 7KH

8QLWHG 6WDWHV LQ WKH ����
V� %URRNLQJV ,QVWLWXWH� :DVKLQJWRQ� '&�

+ROW� .� ����� �7HFKQRORJ\ 6WUDWHJ\�,V 7KHUH D 1HHG IRU ,W"� ,Q .KDOLO� 7�� 	

%D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,,� ,QGXVWULDO (QJLQHHULQJ DQG

0DQDJHPHQW 3UHVV� 1RUFURVV� *$�

-DLQ� 5� .�� 	 7ULDQGLV� +�&� ����� 0DQDJHPHQW RI 5	' 2UJDQL]DWLRQV� :LOH\

,QWHUVFLHQFH� 1HZ <RUN�

0DUWLQ� 0LFKDHO -� &� �����0DQDJLQJ,QQRYDWLRQDQG (QWUHSUHQHXUVKLSLQ 7HFKQRORJ\

)LUPV� :LOH\ ,QWHUVFLHQFH� 1HZ <RUN�

1RUG� :�� 	 7XFNHU� 6� ����� ,PSOHPHQWLQJ 5RXWLQH DQG 5DGLFDO ,QQRYDWLRQV �

/H[LQJWRQ %RRNV� /H[LQJWRQ� 0$�

3RUWHU� 0LFKDHO (� ����� &RPSHWLWLYH $GYDQWDJH � )UHH 3UHVV� 1HZ <RUN�

6FKXPSHWHU� -� ����� �7KH ,QVWDELOLW\ RI &DSLWDOLVP�� (FRQRPLF -RXUQDO� 6HS��

SS� ��������
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7HHFH� 'DYLG -� ������&DSWXULQJ 9DOXH IURP 7HFKQRORJLFDO,QQRYDWLRQ� ,QWHJUDWLRQ

6WUDWHJLF3DUWQHULQJ� DQG /LFHQVLQJ'HFLVLRQV��,Q *XLOH� %�� 	 %URRNV� +� �HGV���

7HFKQRORJ\DQG *OREDO ,QGXVWU\� SS� ������ 1DWLRQDO $FDGHP\ RI (QJLQHHULQJ�

1DWLRQDO $FDGHP\ 3UHVV� :DVKLQJWRQ� '&�
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7KLV ERRN SURYLGHV D FRPSUHKHQVLYH UHYLHZ RI WKH FRQFHSWV DQG
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*OREDO &RPSHWLWLYHQHVV � ,QGXVWULDO (QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV�

1RUFURVV� *$�

)LVKHU� -� &�� 	 3U\� 5� +� ����� �$ 6LPSOH 6XEVWLWXWLRQ 0RGHO RI 7HFKQLFDO

&KDQJH�� 7HFKQRORJLFDO )RUHFDVWLQJ DQG 6RFLDO &KDQJH� YRO� �� SS� ������

0DKDMDQ� 9� (LWDQ� 0�� 	 %DVV� )� ����� �1HZ 3URGXFW 'LIIXVLRQ 0RGHOV LQ
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SS� �����

0RUW� -� ����� �;HURJUDSK\��� <HDUV RI 7HFKQRORJLFDO ,QQRYDWLRQ�� ,Q .KDOLO� 7��

DQG %D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,,� 7KH .H\ WR *OREDO

&RPSHWLWLYHQHVV � ,QGXVWULDO (QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV� 1RUFURVV� *$�
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7HFKQRORJ\� ,QWHJUDWLQJ 3XVK DQG 3XOO &RQFHSWV�� ,((( 7UDQVDFWLRQV RQ

(QJLQHHULQJ 0DQDJHPHQW � YRO� �� SS� ������

5RJHUV� (� 0� ����� 'LIIXVLRQ RI ,QQRYDWLRQ � �WK HG�� )UHH 3UHVV� 1HZ <RUN�
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�� �§�"O#§�� K#=§�"� #���L§�"� �KP§.� ��§>� �.� �"P.� #��$� �.� O#�5J"� Ç��v6� �� #����6� ��Ð[6
L�#.� �#�Q#X� Ï�� O#5J#X� �L��O���� O#�\��.� �S����Ð6� �O�$��� L��"Pw� 4ÍPX� Z�"Rw"
KKP�� Èv5��� Z�#��O#�� ��w� Z�"K� �� 3�{� d#z�� Q"� �� KQ#X� �Ð��� �� PW��� "O� �O#Ð��� ��"

�L��� �K#v5X"� �
�� ��#2� ��#Í� ��"� ��O"Q#.� �.� �$� �aPÄ� �� �S�~��Ç6��Ã¼�6� �� �F"Pe� �"P.� K�>���¿.#��� Q"� �P�z�P�.� ��

�4X"� P�5W�� 4wP[�2� U#X"

�f�E§�� �KP§�� �§�"P§w� �"O� P§X� P§.� K�>�§�� �#��Z�#B� #.� ��.#z�� �.� �S����Ð6� 4�P�L�
4�P�L§�� �L\#.��§�� d�.P§�� Ï�S����Ð6� 3��E6� �� ���Í� 3#w#[5�"� 4��z6� �"P.� ,X#��
Q"� �P���P�.� #.� #c#z6� ��"� �.� ����IX#2� �"�6� O"Q#.� �#�#c#z6� ���.�Z�2� �"�6� ��Ì�� �S����Ð6
L���§2� �6#z�zE§6� �#�Q#§X� �§.� "O� �#�P5§[�� �§�� ��#�Q#X� y�J� �"�6� Ï�S����Ð6� �#���F��"O
^I§[�� �"� �Ì§{"�� �#�#c#z§6� U#§X"P§.� "O� y�zE6� �#��4����"� �� L������ �_5�� �� L�K���
�§�� �#�Q#§X� �"P§.� �O#5J#§X� �§F"P§g� �"�6� ��Ì�� �S����Ð6� 4�P�L�� ���B���� �� KQ#X���
L��"Pw� �.� #���#�[�#�Q$� Q"� "O� O#Ðw"� �� #���L�"� P:¦�� ��E���.� �� L��� <��P6� ��Ï�PE6� "O� ���Pw$O#�

�L��� O"Q#.� ��"�O� V1X� �� L5XPv.� L���6

ZXP2

�� 6XFFHVV

��Pw$O#�� KPw� Ï�� �O#.OK� �"���#z�� �#-�K��.� 	���VWw#X� ��A��
� ÏB��� �O#=6� ��=�� Ï�� OK� ��
Ï�� �O#.OK� �"���#z�� �#-�K��.� 	���BO�q� ��A��
� �O#=6� ÑOR.� ��=�� Ï�� OK� V1X� �L�KP�.
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 L��"K���� �B� "O� 4�zw��� #��$�  4X"� �K�.� �B� #��$� �#���R���"� �L�KP�.� yw��� ��#Í� P�L�
 4W�B� #��$� 3 Ð[�

P§Ðw� #�\� #�$� �L������� �P�� �=�2� �� 4XK� ��#�� 3 Ð[�� #.� �K� P�� �"P�L�� �� �#��Pw$O#�� ��
�§�� L�����§�� P§Ðw� #�$�  L������ xPw� P��LÐ�� #.� )5��#�� ��P�� �K� ��"� 3 Ð[�� ��� L������
�� R.#§>� ��5§X"� KO�§�� #§.� �f§."O� OK� �z�zE6�  KO"N����� P�:'6� #��$� O#5wO� P.� ��#�� �#�O#[w

�� 0DFLQWRVK &RPSXWHU

�§2"� 4�P\� |P6� �.� O"K"�� "O� R.#>� �R�B� �B� �L��L.� �#=�"� ��Y#5��Ð�� �P6��1�#�� 4�P\
�	L���� �K#v5X"� +#5�� ��"� ��� �_w� ,�#f�� Q"� K�J� y�zE6� �"P.� L��"�6���� #�\
�  KP�

�.��O�$����L.L�"�6���4�P\Ï�#�$ 4W�B4�P\Ï���5.#{O3OL{OK��O�$��Zz���
4X"���#��4�P\��P6O��[�����P6�yw��Q"� �Ð����#���4�P\ L�L.���"K"� K�J��#z.
�"P.� "O� �5v����3�P:4�P\���"���#ÍP�L��KO"KO"P{� ��BO�q� ��=��4XP�wOK�Z�#����
����#�����.#�$� �	�������O�w�� ���BO�q
�4X"��KP�K#=�"��y�J4�P\�"O"N���#�PX

 KO"KK�>��6�#v6V�"P�Q

P6�Z«.� ©qz#¶�� �"P.
-HIIU\ $� 7LPPRQV� 1HZ 9HQWXUH &UHDWLRQ� (QWUHSUHQHXUVKLS IRU WKH ��VW &HQWXU\�

0F*UDZ�+LOO������ 1HZ <RUN� 1<�

7KLV LV D JRRG HQWUHSUHQHXULDO JXLGH� ,W SURYLGHV WKH UHDGHU ZLWK

WKHRU\� H[HUFLVHV� DQG VHOI�DVVHVVPHQWV WR GHWHUPLQH WKH VXFFHVV

SRWHQWLDO RI D QHZ YHQWXUH� ,W JXLGHV WKH HQWUHSUHQHXU�WR�EH LQ WKH

SUHSDUDWLRQ RI D EXVLQHVV SODQ�

5XVVHOO 0� .QLJKW� �&ULWHULD 8VHG E\ 9HQWXUH &DSLWDOLVWV� $ &URVV &XOWXUDO

$QDO\VLV�� ,Q .KDOLO� 7�� 	 %D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,,,�

3URFHHGLQJVRI WKH 7KLUG ,QWHUQDWLRQDO&RQIHUHQFHRQ 0DQDJHPHQWRI 7HFKQRORJ\�

YRO� �� SS� ��������,QGXVWULDO (QJLQHHULQJDQG 0DQDJHPHQW3UHVV� 1RUFURVV�*$�

7KLV SDSHU GHVFULEHV D FURVV�FXOWXUDO VXUYH\ RI LQWHUQDWLRQDO YHQWXUH



���� �S����Ð6� �O�$��� L��"Pw

FDSLWDOLVWV WR LQYHVWLJDWH WKH FULWHULD WKH\ XVH WR HYDOXDWH YHQWXUH

SURSRVDOV� 7KH VWXG\ LQ FOXGHV $VLD 3DFLILF� &DQDGD� (XURSH� DQG WKH

8�6� ,Q JHQHUDO� YHQWXUH FDSLWDOLVWV VKDUH D FRPPRQ FULWHULD RQ

HYDOXDWLQJ SURSRVDOV� KRZHYHU� KLJK�WHFKQRORJ\ LQ YHVWPHQWV DUH QRW

QHDUO\ DV SRSXODU LQ WKH UHVW RI WKH ZRUOG DV WKH\ DUH LQ WKH 8QLWHG

6WDWHV�

:� &KDQ .LP 	 5HQHH 0DXERUJQH� �9DOXH ,QQRYDWLRQ� 7KH 6WUDWHJLF /RJLF RI

+LJK *URZWK�� +DUYDUG %XVLQHVV 5HYLHZ� -DQXDU\�)HEUXDU\ �����

7KH DXWKRUV VWXGLHG �� FRPSDQLHV IRU D SHULRG RI ILYH \HDUV WR

XQFRYHU ZK\ VRPH FRPSDQLHV DFKLHYH VXFFHVV� 7KH\ FODLP WKDW

LQQRYDWLRQ IRFXVHG RQ FUHDWLQJ FXVWRPHU YDOXH LV WKH NH\ WR

FRPSHWLWLYHQHVV�

*� +DPPHO 	 &� .� 3UDKDODG� �&RUSRUDWH ,PDJLQDWLRQ DQG ([SHGLWLRQDU\

0DUNHWLQJ�� +DUYDUG %XVLQHVV 5HYLHZ� -XO\�$XJXVW �����

1HZ WHFKQRORJLHV GR QRW KDYH D PDUNHW� ,W KDV WR EH FUHDWHG� �7R

UHDOL]H WKH SRWHQWLDO WKDW FRUH FRPSHWHQFLHV FUHDWH� PDQDJHPHQW

QHHGV WKH LPDJLQDWLRQ WR HQYLVLRQ PDUNHWV WKDW GR QRW \HW H[LVW��

7KH DXWKRUV PDLQWDLQ WKDW -DSDQHVH GRPLQDQFH RYHU 8�6�

ILUPV !�� !�PDLQO\ LQ FRQVXPHU HOHFWURQLFV !�� !�LV GXH WR D FRPELQDWLRQ RI

FRPSHWHQFLHV DQG PDUNHWLQJ UHV� HDUFK�

-� 0RUW� �,QQRYDWLRQ DV D 3HUFRODWLRQ 3KHQRPHQRQ�� ,Q .KDOLO� 7�� 	 %D\UDNWDU�

%� �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,,,� 3URFHHGLQJV RI WKH 7KLUG ,QWHUQDWLRQDO

&RQIHUHQFH RQ 0DQDJHPHQW RI 7HFKQRORJ\� YRO� �� SS� ������ ,QGXVWULDO

(QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV� 1RUFURVV� *$�

�� 0RUW

�P=§�
� ��3O��� ��S����Ð6� 4�P�L�� OK� �X#X"� 4X"� �P_�Í� �O�$��� L��"Pw� |OK
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�O�$��� D�P[6� �"P.� �c#�O� �O�£6� Q"� �5wP�P.� ���#v�� Q"� 	V�"P�Q� OK� �[��T2� O#Ð��
�� P§[�� Q"� ]#J� ��Ð\� �� ]#J� KO���� �"��Í��.� "O� ��5wP�P.�� ���v�� �"� �L������ �K#v5X"
3#�>� Q"� �K�LE�� K"LÌ6� tPg� �.� �E�� P�� Q"� 4�PF� ��� #>��$� L�"K���� �L\� �L��" P2
#��4�P\� K"Pw"
� ��#XO� Ï�� eX�6� 	Z�"K
� 4�PF� ��"� ��� �"������.� �K�\���� K�LE�
�Ì�#f�� Ï�� �"��Í��.� V�#w� �#�5XK� Q"� +#5�� ��"� u�¦�� �K�\���� �P5��� 	�P�s� �� �#�P5[�

�L������ �K#v5X"� �KO��

���K#�}[«2� �#ÓKO��
7KH IROORZLQJ +DUYDUG FDVH VWXGLHV RIIHU RSSRUWXQLWLHV IRU 027 DQDO\VLV RQ DQ

DGYDQFHG OHYHO�

©� �6LOLFRQ *UDSKLFV�� +DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

©� �3RUVFKH $*�� +DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

©� �'LJLWDO,PDJLQJLQ �����2SSRUWXQLWLHV LQ WKH 'HVFHQW WR WKH 'HVNWRS��+DUYDUG

%XVLQHVV 6FKRRO� &DVH ����������

©� �$OSKD�%HWD 7HFKQRORJ\� ,QF�� 3LRQHHULQJ &DUERK\GUDWH 7HFKQRORJ\��

+DUYDUG

%XVLQHVV 6FKRRO� &DVH ����������

©� �(OL /LOO\ &R�� ,QQRYDWLRQ LQ 'LDEHWHV &DUH�� +DUYDUG %XVLQHVV 6FKRRO� &DVH

����������

©� �:RUOG 9&5 ,QGXVWU\�� +DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

©� �&RUSRUDWH 1HZ 9HQWXUHV DW 3URFWHU 	 *DPEOH�� +DUYDUG %XVLQHVV 6FKRRO�

&DVH ����������

 7KH 3UHVLGHQWDQG )HOORZVRI +DUYDUG&ROOHJHKROG FRS\ULJKWRI WKH +DUYDUG&DVH 6WXGLHV�7R
RUGHU FRSLHV RU UHTXHVW SHUPLVVLRQ WR UHSURGXFH PDWHULDOV� FDOO �������������� RU ZULWH WR
+DUYDUG %XVLQHVV 6FKRRO 3XEOLFKLQJ� %RVWRQ� 0$ ������ &DVH GHVFULSWLRQ DQG RUGHU IRUP
FDQ DOVR EH IRXQG RQ WKH ZHE VLWH� ZZZ�KEVS�KDUYDUG�HGX�ELQ�VKRZERRN�



���� �S����Ð6� �O�$��� L��"Pw�

m.#}�
%HUJHOPDQ� 5� $�� 0DLGLTXH� 0� $�� 	 :KHHOULJKW� 6�&� ����� 6WUDWHJLF

0DQDJHPHQW RI 7HFKQRORJ\ DQG ,QQRYDWLRQ � �QG HG�� ,UZLQ� &KLFDJR�

%RUGRJQD� -RVHSK� ����� ,QQRYDWLRQ DQG &UHDWLYH 7UDQVIRUPDWLRQ LQ WKH .QRZOHGJH

$JH�&ULWLFDO7UDMHFWRULHV� 3OHQDU\ 6HVVLRQ SUHVHQWDWLRQ� 3,&0(7� +WWS���ZZZ�QVI�

JRY�ERUGRJQD�

&DGEXU\� $� ����� 7KH (QJOLVK 0LGODQGV� &UDGOH RI 7HFKQRORJ\� .H\QRWH DGGUHVV�

,$027� (XURSHDQ &RQIHUHQFH RQ 0DQDJHPHQW RI 7HFKQRORJ\� $VWRQ

8QLYHUVLW\� %LUPLQJKDP� 8.�

*ROGEODWW� +� ����� �%LOO *DWHV DQG 3DXO $OOHQ 7DON�� )RUWXQH� 2FW� �� SS� ������

+RZDUG� 5� ����� �7KH &(2 DV 2UJDQL]DWLRQDO$UFKLWHFW� $Q ,QWHUYLHZZLWK ;HUR[

&(2 3DXO $OODLUH�� +DUYDUG %XVLQHVV 5HYLHZ� 6HSWHPEHU�2FWREHU� SS� ��������

-DFREVRQ�*DU\�	 +LOONLUN�-RKQ� �����;HUR[�$PHULFDQ6DPXUDL� 0DFPLOODQ/RQGRQ�

/DUVHQ� -�� 	 5RJHUV� (� ����� �6LOLFRQ 9DOOH\� 7KH 5LVH DQG )DOOLQJ RI

(QWUHSUHQHXULDO )HYHU�� ,Q 6PLORU� 5�� .R]PHWVN\� *�� DQG *LEVRQ� '� �HGV���

&UHDWLQJ WKH 7HFKQRSROLV� /LQNLQJ 7HFKQRORJ\ &RPPHUFLDOL]DWLRQ DQG (FRQRPLF

'HYHORSPHQW � %DOOLQJHU� &DPEULGJH� 0$�

0DUWLQ� 0LFKDHO -� &� ����� 0DQDJLQJ ,QQRYDWLRQ DQG (QWUHSUHQHXUVKLS LQ

7HFKQRORJ\ )LUPV� :LOH\ ,QWHUVFLHQFH� 1HZ <RUN�

0LOOV� 5REHUW� ����� 0LQLPDOLVW 'HILQLWLRQV� 70, 8QLW� 8QLYHUVLW\ RI :DLNDWR�

1HZ=HDODQG� E� PLOOV# ZDLNDWR� DF�1= �

3DUDGL� -� ����� �(QWUHSUHQHXUVKLS�� ,Q 3OLQLXVVHQ� -� DQG :LOVRQ� /� �HGV�� ,QWU�

RGXFWLRQ WR &DQDGLDQ %XVLQHVV 0DQDJHPHQW � 0F*UDZ�+LOO 5\HUVRQ DQG

&DSWXV 3UHVV� 7RURQWR�

5REHUWV� (� %� ����� �*HQHUDWLQJ (IIHFWLYH &RUSRUDWH ,QQRYDWLRQ�� 7HFKQRORJ\

5HYLHZ� 2FWREHU�1RYHPEHU� SS� ������

:DONHU� :D\QH *� ����� 5HFRYHULQJ WKH )XPEOHV DQG 2UJDQL]LQJ IRU WKH )XWXUH�
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;HUR[ ,QWHJUDWHV 5	' LQWR &RUSRUDWH 6WUDWHJ\ ZLWK 3LRQHHULQJ 5HVHDUFK DQG

5HVWUXFWXUHV WR %HFRPH D /HDUQLQJ 2UJDQL]DWLRQ�ZLWK /HVVRQV IRU 0LOLWDU\

$SSOLFDWLRQV � 3������ 5DQG� 6DQWD 0RQLFD� &$�

:DUVKDZ� 0LFKDHO �HG�� ����� �7KH %LOOLRQ 'ROODU &RPHEDFN .LG�� 6XFFHVV�

-XO\�$XJXVW�

=DNL� $KPHG� 	 .KDOLO� 7DUHN� ����� �$ 0RGHO IRU 7HFKQRORJLFDO ,QQRYDWLRQ LQ

%LRPHGLFDO 'HYLFHV�� ,Q .KDOLO� 7� DQG %D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI

7HFKQRORJ\ ,,, � ,QGXVWULDO (QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV� 1RUFURVV� *$�



�K�.��5.#ËO

�L�$L�L2�� �L\� P�#k��L\���#�>�O�KOK� )z�{K����4X"���#���S"��$Q"� �Ð���K�.��5.#{O�
�K#_5§{"�"�§6�u�Å�§6�"P§.��L��§��S"��Ï���§.� �S"���§�"�5W�.��P{���K���PJ$OK� �4X"
�L\� �K#v5X"����L-6O"Q#.OK�Z�#-{O�.�4-W��� �>�6#.�]#J4�P\Ï���#��#>#� #�O�[�
�.#�QO"�"P.� �#�O�[��#����K#_5{"�z.#W���"P.� ��O�>��$� "O� #���S"�#�� �_w��"OK� �4X"
#§� #�O�§[��#�§��4.#§{OU#§X"�� #�-§�#§�� �������§�u�PÌ6K�O���O#�� �.� #��4�P\KPÐ��Í
�K�.��5.#{O�#�O#�Ì��"��Í�.� �K#v5X"KO���^J#\L�B����B�������K���CP\"O #��4�P\
3"P��r6�#�#2OK �K"K� ���"�J�#[��O"K����#���#9��¤"O"� #.� "O� #��$KP.O#��� ��������wPÌ�"O

���������XOP.�����K����CP\��#�>DfXOK "O� �K�.��5.#{OOKP�J"

�K�.� �5.#ËO� �#Ó�^J#\� w� ÅªO#q6
8�§F� Q"� #§6� L������ Y 6� �z5W�� LF"�� #�� P_�Í� Ï�� �$� �g� ��� 4X"� �L��"Pw� �K�.� �5.#uO
Ï�� KPw� Ï�� L�"�6���� �z5W�� LF"�� #�� P_�Í� ��"� �L�R.� ��>� �� L\#.� P5�.� �P��K� Q"� KPÐ��Í
�� #�QP§�� ��P�§.� �� ��OK� �O#=§6� �#-§{O� ��§.� �K�.� �5.#{O� �L\#.� #��K� #�� O�[�� Ï�� 4�P\
�K�.� �5.#{O� �"P.� �4X"� �5w#�� Z�"Rw"� 3L\� �.� P�J"� �#���#X� OK� O�[�� Ï�� �#���K�LE�
K�>�� �� �O"L�#2� #�� L�Ì6� �L\� �L�P.� �.� ���� ��#�"�6� �L\#.� �5\"K� K�>�� L�#.� ��#Í� L�B

��
�
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Q"� È{��� �.� �¤"O"� #�� L���6� �#�Ì�� �.� �K�.� �5.#{O� 4�P\� Ï�� �"P.� �^I[�� �� ]#J� �Ì.#��
�#�Q#��� �� L�$OK� �.� O"Q#.� ���Q$� Q"� 4X"� �"������ �.� 4�LJ� Ï�� #�� �#�� Ï�� �wPÅ� �.� ���R�� Pj�
P5�.� Y"��O#=6� �#-{O� Q"� )�¤"K� L�#.� 4�P\� �5.#{O� �#��#>� ivF� �"P.� �L��� ���'6� "O� �#�P5[�
�"��zf��� ��E�� �#�O"Q#.� OK� 4X"� �Ð��� �#-{O� ��"� Q�P�"� ��#�>� �#�O"Q#.� OK� �L��� ��Í

�L�\#.� 4.#{O� �� 4��#Ìw� �.� ��r[�� ��#�>� #�� ���
�L\#.��§��#[�"L��P�\��L�QKO"L�#5X"��L��K��#[�#�O�[��K�.��5.#{O� ��DfXOK

�� 1DWLRQDO FRPSHWLWLYHQHVV

�§�"�§Í��Ì�K"Pw"� �� #��4�P\KPw�DfX��#�KPÐ��ÍQ"� 4X"��"��Í��=��������K�.��5.#{O
��§>Q"�V2��O�K��>�6����#�OK� �O"����K�.��5.#{O��.� d�.P����#W��K#_5{"L\O���Å"
�#�O�[�O"Q#.��L\Q#.�X"PÐ�K�tPg�.�3"P��r6L��O�W������ E�c"�4X"��K�.KPX
K#=�"�3O#=6�� O#���,W��"P.� "O� L�L>��f�E����#j��;O#I�Z�#��� #2�O"OK�xP\�|��.

�� 6XVWDLQDEOH HFRQRPLF JURZWK

�4X"��L\�t�fÌ���O"L�#2�K#_5{"L\O�y�J4�X��.� #�O�[�t"L�"�4X"��KP�

�� 7KH 8�6� 3UHLGHQWV &RPPLVVLRQ RQ ,QGXVWULDO &RPSHWLWLYHQHVV

�"O�\
� ��#Ð�P�$� �O���>� 4X#�O� P5wK� È�#�Å� �L\� �5.#{O� ���W���� ����� �#��� OK

�� &RXQFLO RQ &RPSHWLWLYHQHVV

�4X"� �KP�� u�PÌ6� ���B� "O� �K�.� �5.#{O� 	����� ���L\� �5.#{O
�5.#§{O� �� ��#v_�§�� O"Q#§.� e§�"P§\� OK� 3#�L§J� �� #��#§�� L���6� OK� O�[�� Ï�� �"�6� �"R��
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QDWLRQV DFKLHYH OHDGHUVKLS LQ FHUWDLQ LQGXVWULHV� &RPSHWLWLYHQHVV LV

EDVHG RQ V\QHUJ\ EHWZHHQ FXOWXUDO DVSHFWV� QDWXUDO UHVRXUFHV� DQG

QDWLRQDO DELOLWLHV�

'� :� &KHQH\ DQG :� :� *ULPHV� -DSDQHVH 7HFKQRORJ\ 3ROLF\� &RXQFLO RQ

&RPSHWLWLYHQHVV� :DVKLQJWRQ� '&� )HEUXDU\ �����
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&RXQFLO RQ &RPSHWLWLYHQHVV� 0RVW UHFHQW SXEOLFDWLRQV�

,0'� 7KH :RUOG &RPSHWLWLYHQHVV <HDU %RRN � /DXVDQQH� 6ZLW]HUODQG�

7KLV ERRN� SXEOLVKHG DQQXDOO\� FRQWDLQV XS�WR�GDWH VWDWLVWLFV DERXW

PDQ\ LQGH[HV FRQWUL EXWLQJ WR FRPSHWLWLYHQHVV� 5DQNLQJ RI

FRPSHWLWLYHQHVV RI QDWLRQV LV DOVR SURYLGHG�

�K#�}[«2� �#ÓKO��
©� 3UDHJLW]HU ,QGXVWULHV ,QF� +DUYDUG %XVLQHVV 6FKRRO� &DVH ��$����

©� %D\ 6WDWH 0LOOLQJ &R� +DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

©� 7HFKQRORJ\ &ROODERUDWLRQ LQ (XURSH� +DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

m.#}�
&KHQH\� '�� 	 *ULPHV� :� ����� -DSDQHVH 7HFKQRORJ\ 3ROLF\� &RXQFLO RQ

&RPSHWLWLYHQHVV� :DVKLQJWRQ� '&�

&RXQFLO RQ &RPSHWLWLYHQHVV� ����� &RPSHWLWLYHQHVV ,QGH[� -XO\�

&RXQFLO RQ &RPSHWLWLYHQHVV� ����� &RPSHWLWLYHQHVV ,QGH[� $XJXVW�

)LQDQFLDO 7LPHV � ����� �86 3RZHUV $KHDG DV &RPSHWLWLRQ 'ULYHV ,QYHVWPHQW��

-XQH ��� �����

)ULHGPDQ� 7KRPDV� ����� �$VLD
V 3HRSOH +DYH 1RW <HW 6ODPPHG LQWR 3DYHPHQW��

1HZ <RUN 7LPHV � 'HF� ���

,0' ,QWHUQDWLRQDO� ����� 7KH :RUOG &RPSHWLWLYHQHVV <HDU %RRN � ,0'� /DXVDQQH�

6ZLW]HUODQG�

/HH� 7KRPDV +�� 	 5HLG� 3URFWRU 3� ����� 1DWLRQDO ,QWHUHVWV LQ DQ $JH RI *OREDO

7HFKQRORJ\� 1DWLRQDO $FDGHP\ RI (QJLQHHULQJ� :DVKLQJWRQ� '&�

2(&'� ����D� (FRQRPLF 2XWORRN � 'HF�

2(&'� ����E� 4XDUWHUO\ 1DWLRQDO $FFRXQWV � ������� 'HF�

2(&'� ����� 0DLQ (FRQRPLF ,QGLFDWRUV� )HE�
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2IILFH RI 7HFKQRORJ\ 3ROLF\� ����� 'DWD SURYLGHG E\ VSHFLDO UHTXHVW� 8�6�

'HSDUWPHQW RI &RPPHUFH� :DVKLQJWRQ� '&�

6XPDQWK� 'DYLG� ����� 3URGXFWLYLW\ 0DQDJHPHQW � 0F*UDZ�+LOO� 1HZ <RUN� 1�<�

:RQJ� 3RK�.DP� ������6PDOO�1HZO\,QGXVWULDOL]LQJ(FRQRPLHV)DFLQJ 7HFKQRORJ\

*OREDOL]DWLRQ� $ 6LQJDSRUHDQ 3HUVSHFWLYH�� ,Q /HIHEYUH� /� $�� 	 /HIHEYUH� (��

0DQDJHPHQWRI 7HFKQRORJ\DQG 5HJLRQDO'HYHORSPHQWLQ D *OREDO (QYLURQPHQW�

3DXO &KDSPDQ� /RQGRQ�SS� ������

:RUOG!�%DQN�!������3ODQ WR 0DUNHW�:RUOG'HYHORSPHQW5HSRUW!������!�:DVKLQJWRQ�!�'&�
:RUOG %DQN ����� :RUOG 'HYHORSPHQW 5HSRUW ���� � ����� :DVKLQJWRQ� '&�
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L�v§�� Ï�T§6"P5§X"� �#���P������_§6� OK� �§�� L������ K#��[�2� "O� ��#��Y�O� �� L�K���� CP\
��� �� �_w� �5�� OK� ��� �O#=6� �T6"P5X"� �.� �S����Ð6� �T6"P5X"� �K"K� L���2� 4���"� �L�5W�
�S����Ð6� �R�O���#�P.� �O#.OK� �6#��R>� ��� �_w� �KP������ O"P{� L��'6� KO��� �§�� ��L�"�J� OK
�R�O���#�P.� �#��Y 6� 4�"L�� OK� ÑOR.� �#��4�P\� �K#v5X"� KO��� �#��Y�O� �� L������ �¤"O"

�L������ �wPÌ�� "O

4W«B� �T6"P5X"� Q"� K�_Ê�
�$� ���§X��§.� �§��4X"��O"R§." ��L�§�$�"P.� �R�O���#�P.�� �L\� �K#�$ Q"�4X"�3O#-Í�T6"P5X"
���§�B�#�Q#§XÏ���§�L�K��§���#§[��O#=§6�#§.Q�§. �KKP���§�yzE§�3L�L��§.t"L�"
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Pj�OKR�� "OP�QKO"����T6"P5X"�Ï��KP���K#v5X"��$Q"L�#.�����L\Q�P�2���KP��4.#{O�"P.
���Í�#��CPg���Ì6t"L�"���"��.��L�XOY�O�O#.OK�P������_6t"L�"�u�PÌ6�KP�����

�t"L�"�yzE6Q"� �L\��£�f��"P.� �L\� �#�6��#�O#��P���2��]#Ju�#k��"P>"��"P.
L������� ÆPw� 4X"� 3L�L��.� �FPg� �F"Pg� �#�Ì���.� �T6"P5X"� ��� L������� PÐw� �JP.
KO"K� K�>�� #fJ� Ï�� ÆPw� ��"� OK� �L��K���� �#=�"� L�O"K� ��� K"K� L��"�J� ��"K"� "O� �A�$� #��$� ��
PÐw� P6�,X#��� �"O� Ï�� �L������� P��r6� )��"K� L�O"K� Ï�S����Ð6� ��EÅ� �� �K#_5{"� e�E�� "P�Q
�A�$� �.� �>�6���L.� 4X"� K�[.� �#=�"� L�#.� ��� �A�$� �O#.OK� �KP�� PÐw� �T6"P5X"� �O#.OK� �KP�
�T6"P5X"� �F"Pg� �4X"� �L\� �#=�"� K�>��� �#��Y�O� Ï��� #.� �� �F"Pg� ����� P�� ��L.� ��
L�L§>� �#§��Y�O� ��>��4W>� �� ��-{� �#��Y�O� �.#�QO"� �R�5W�� �� 4X"� P�5W�� �[�#B
§§� L��� L��'6� "O� 4�P\� �#��4��#Ìw� ��5W��� L�#.���� 4WI�� ����� OK� �T6"P5X"� Ï�� "N�� �4X"

�L�Ð.� L�"�6���� �B� 4�P\� ��� L��� ^I[�� L�#.� V1X� �� §§� L�"K���� 4�P\� ��� �A�$
�#��4��#Ì§w� �� L��§�� �§F"P§g� �5.#§{O� �T§6"P5§X"� L�#.��§�� #��4�P§\� �9§�� #�O�§§[�
P§6"O#§�� ��Ð\� �.� KP�� L�"�J� Ï��� #��$� �.� O#�� ��"� �L���� ���K#��� "O� Ï�T6"P5X"� �R�O���#�P.

�� 6WUDWHJLF PDQDJHPHQW �� 6WUDWHJLF SODQQLQJ �� 6WUDWHJLF LPSOHPHQWDWLRQV

Q"� ��� 4X"� �L��"Pw� ��Æ�T6"P5X"� 4�P�L�� �L���� 4��z6� �#[�#�O"Q#.� OK� "O� K�J� �#��#>� ��4.#{O
�K�\���� ��Ð[6� �5W."�� ����.� �� ���� �R>� �X

�KKP����� �T6"P5X"� �F"Pg� �� Ï�T6"P5X"� Z��.� ���Ì6� ��#\� ��� ��Æ�T6"P5X"� �R�O���#�P.� ��
�L������ L��'6� ��KP�� Ï�T6"P5X"�� P.� �T6"P5X"� 4�P�L�� Q"� �R>� ��"

�� K�\� ��P�2� L�#.���� ��� KKP����� ��#�Í"� D�P[6� �� u�Å�6� ��#\� ��Æ�T6"P5X"� �"P>"� ��
�Ï�T§6"P5§X"� �#���S�P2� �� 3#���Í� �"P>"� ��£W�� �O#�� �#�LF"�� �F"Pg� ���B���

�K�\���� #��Ï�5�#6� �� �j��� �R�O���#�P.� ��#\� Ï�T6"P5X"� 4�P�L�� Q"� �R>� ��"

�� 6WUDWHJLF HYDOXDWLRQ

�� P�5W�� K�-�.� KO�JQ#.� �#�O#�� �� Q#X� KPÐ��Í� �.#�QO"� �#�O#�Ì�� ��Æ�T6"P5X"� �.#�QO"� ��
Z��#§2� Ï�T6"P5X"� 4�P�L�� Q"� �R>� ��"� �K�\���� ��#\� "O� ��#�Q#X� �P��K#�� L��"Pw

�KQ#X���� PW��� "O� #��CPg� C Å"� �� D�E_6� �� �T6"P5X"

��R=6� �� �L��$� �O#.OK� PÐv6� �Rr�� �#w�6� Z��.� y�J� �#��4��#Ìw� ��#\� �KP�� Ï�T6"P5X"
�KP§�� Ï�T§6"P5X"� �K�\���� O"Q#.� �� 4Ì�Å� �Ì�#>� OK� K�>��� �#�L��O� �� e�"P\� ���E6� �
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"O� �#�Q#X� 4�PF� 4�>� ��� ���Í� t"L�"� Q"� �Í��=�� Ï�� 4�O��'�� Ï�� Z��.� Ï�� �.� L�#.
��#���5W�X� �� t"L�"� tPg� �.� P�W�� �[z�� �R�O���#�P.� L��"Pw� �K�\� P=��� L������ ^I[�
�L����§�� ��XP§6� "O� L��K���� ��"K"� K�J� 4��#Ìw� �� 4�PF� �.� KPÐ��Í� �.#�QO"� U#X"P.� ��� "O
�R§>� �R�O���#�P§.� ��O� �P6�Z�§.� �SP§�"� L§�O"K� 4X�K� #���#�Q#§§X� �"P�L§§�� Q"� �O#�§§W.
L��"K����� #��$� Pg#J� ������.� ��KP�� Ï�T6"P5X"� ��O� #6� L���� tPÅ� Ï�T6"P5X"� �R�O���#�P.

�L��Ð.� L�#.� �B� L��K���� �#=�"� ��� �A�$� �.#z�� OK� ��

�� +DPHO

3O�§Å� �O�$�§�� �"R�§�� U#§X"P§.� �R�O���#�P.� Q"� "O� �KP�� Ï�T6"P5X"� 	����
� �����
���§6� �� �R�O�CP§g� �§.� �R�O���#�P§.� �§�� 4X"� Lz5Ì§�� �"� �L������ R�#�5�� �T6"P5X"� OK� �5wP�
�5Ì�Å� �����+ z�"� 3��E6� Q"� #��K� �����"� �� t#[5�"� �� u[�� �.� ��� 4X"� d�.P�� #����#�P.
�#�L�#.� �4Ì�Å� 3#�"R�"� �� #�L�#.� Q"� #6� 4X"� �KP�� �#-z5X"� P5�.� Ï�T6"P5X"� �O�$��� ,>��
u�Å�§6� "O� 4�P\� �K� �#����T��� �"� �L�"K���� �. z�"� �#��Z�#B� Q"� P:'5�� "O� �L��$� 4Ì�Å
"O� �$� �"� ��� P��K� 4�P\� �� �. z�"� Ï�T6"P5X"� �R�O���#�P.� �#�L�K� Ï�� #.� 4�P\� Ï�� L�����
�R�O���#�P.� L��"Pw� Ï�� Q"� 4Ì�Å� Q#X����P�K� �L�"K���� ��#F� l��� �� �z-g� Q"� #�� �L���O�-=�
L�§�"P§w� ��§�� �.#z§�� OK� �4X"� O"KO�§JP§.� <�§X� �� P�§�" P§w� �#�$� �KP5W�� P��>��4W>
�L�������Ì§6� �§Ðw"P§w� L�����§�$� "P�����z§6� "O� �L���O�-=�� 4�P\� Ï�T6"P5X"� �R�O���#�P.
L�"K���� �K#Í� ���P�6� �"��Í��.� "O� Ï�T6"P5X"� �R�O���#�P.� ��� �5�P\� �L�"K���� �#X$� �� ]#J
x §J� �� �§�� �#§��Y�O� ��§>��4W>� Q#����§.� #�� 4�PF� P�W�� ,6P�� �XOP.� �.� Q#����.� ��

�L�L.� 4XK� Q"� "O� K�J� �5.#{O� �P6P.� �� K�\� L�" O� 4X"� �Ð��� L\#.���

�T6"P5X"� £ª� �F"P·
�T6"P5X"� �"P>"� �"P.� 4X"� �6#���Í� �#�LF"�� �� �5W�� Ï�� L��Q#��� �T6"P5X"� Ï�� �F"Pg
Rr§�� �4W�"K� Rr§�� Ï�� �9�� �"�6���� "O� �T6"P5X"� Ï�� �5W�� �	L���� �jF �� "O� �§�� O"K���

L������ ���Ì6� "O� t"L�"� L������ YQ"KP2� "O� �$� L������ 4w#�OK� t"Pg"� e�E�� Q"� "O� 3#Í g"
#�L§F"�� �§�"� �L����§�� ���#�§�� "O� ��#§W�"� �5W�§X� OK� �6#���§Í� �#�LF"�� Q"� �"��Ð-\� �
"O� �#\K�J� u�#k�� #���"L�"� ��"� Q"� Ï�� P�� �L�5W�� #���"L�"� P��K� �� #��Z\� ,�{� #���A��#�
�§F"P§g� �v�k�� �O#=6� �#��4��#Ìw� Rr�� �"��Í��.� 4�P�L�� 4�P\� Ï�� OK� �L��K���� �#=�"
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�T6"P5X"� �"P>"� �"P.� �6#«¡�s� w� �O�E�� �#ÓLF"w� �!�b�� O"K��Ò

YQ"KP§2� "O� �$� KO"K��§�� 4w#�OK� t"Pg"� e�E�� Q"� "O� 3#Í g"� �� KO"K� �L�Í��.� "O� �T6"P5X"
#��$� �#�Q#X� �6#���Í� �#�LF"�� #6� L������ �F"Pg� "O� ,X#��� �#��4X#�X� �� t"L�"� �� L�����
��� �6#���Í� �� ���� t"L�"� �� 4�O��'�� Z��.� ��#2� P.� �T6"P5X"� �5W�� �L���� "P>"� �� ��P�2� "O
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U#§X"P§.� �§�� u�#k�� �#����P�� U#X"P.� #�� �v�k�� U#X"P.� �"�6���� "O� �6#���Í� �#�LF"�
u�#§k�� �#����P§�� �§F"P§g� Q"� tL�� �KP�� �L�.���Wz6� L��\���� ���Ì6� ��#�Q#X� O#5J#X
�9§�� �T§6"P5X"� ��L.� �#�Q#X� Ï�� �4X"� �6#���Í� �� ���� t"L�"� �.� ����.� �.#�5XK� ���W6
�L�#w��§.� O#5J#X� ��"� #�"� L\#.� �5\"K� �O#5J#X� 4X"� �Ð��� ��KP�� Rr�� Ï�� #.� 4X"� ��L.
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�L��#��� �Ì>"P�� P�Q� +#5�� �.� P6�Z�.� �Ì�#f�� �"P.� ��
����Pw� �#�[��T2� P5wK� 	�#�>P5�
� �#�¤#XO#2� ��Í� �."PÍ"� L�E�L�X� �Æ�T6"P5X"�4�P�L�� 	u�¦�
� L���K� �O$� KPw

������ �=�2� /#B
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�� 3HWHU 'UXFNHU

��P�"OKP5�2�4�P\�"P.�4X"��5�O��'����[��.K�>��T6"P5X"�Ï���F"PgL��"Pw�U#X"
^I[���u�PÌ6Z5�O��'�U#X"P.� 4�P\�Ï��L�������OL���5�P�L�PÐv6OK���#�[�2
#�� 4�P\� O#��� ��� �"¦X� ��"� CPg� �Y"���#�X#X"� #�� �#��#>� �� �'\� �#�� U#X"P.� ��� KKP����
Ï�� �	����� P�" OK
� � 4W�B� #�� 4�O��'��� ��� �"¦X� ��"� CPg� #.� 4X"� tK"P5�� � 4W�B
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�� 0LVVLRQ VWDWHPHQW �� )ORULGD 3RZHU 	 /LJKW &RPSDQ\

O����xP.�4�P\4�O��'�¢9�� �KQ#X���̂ I[�"O�4�P\Ï���K�>����K�����#��4�O��'�
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�� +XGLEXUJ �� 2UDFOH
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�b�� �ÒLÒ"�J� m.#}�
�� /HZLV� :LOOLDP :�� DQG /LQGHQ� /DZUHQFH +� �$ 1HZ 0LVVLRQ IRU &RUSRUDWH
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5	'/HDGHUVKLSDQG&UHGLELOLW\��5HVHDUFK7HFKQRORJ\0DQDJHPHQW�0D\�-XQH�����
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3UHVV �������
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��� 0LWFKHOO� *UDKDP 5� �5HVHDUFK DQG 'HYHORSPHQW IRU 6HUYLFHV�� 5HVHDUFK

7HFKQRORJ\ 0DQDJHPHQW � 1RYHPEHU�'HFHPEHU ����� SS� ������
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�KP��.� O"P{� �K#v5X"� KO��� LF"�

�b�� �ÒLÒ"�J� m.#}�
�� 3UDKDODG� &� .� DQG +DPHO� *DU\� �7KH &RUH &RPSHWHQFH RI WKH &RUSRUDWLRQ��

+DUYDUG %XVLQHVV 5HYLHZ� 0D\�-XQH ����� SS� ������

�� 3U]\E\ORZLF]� (GZDUG� 3� DQG )DXONQHU� 7HUUHQFH� :� �.RGDN $SSOLHV 6WUDWHJLF

,QWHQW WR WKH 0DQDJHPHQW RI 7HFKQRORJ\�� 5HVHDUFK 7HFKQRORJ\ 0DQDJHPHQW �

-DQXDU\�)HEUXDU\ ����� SS� ������

�� &KHVWHU� $UWKXU� 1� �$OLJQLQJ 7HFKQRORJ\ ZLWK %XVLQHVV 6WUDWHJ\�� 5HVHDUFK

7HFKQRORJ\ 0DQDJHPHQW � -DQXDU\�)HEUXDU\ ����� SS� ������

ZXP2
�K� ��"� �#��3�#v6� �L���� ���E6� �� ��R=6� "O� 4Ì�Å� Ï�� OK� yw��� ,�{O� �K� �#���T6"P5X"� ��
�_w� ��"� OK� �L\� u�Å�6� �#�O"R."� �#�6� Q"�  L�O"K� ��P5[�� PÅ#�Í� #��$� #�$�  4W�B� OK

�L���� �K#v5X"� L��"�6���� L�5W�� L�v�� �� �Ð��� ��
�� ��R=6� ��L>� Ï�� �L���� +#I5�"� L�5W�� #�\$� Z5��#Ìw� #.� ��� "O� O#�� �� ,W�� #�� 4�P\� Ï�� ��
�L���� �F"Pg� �$� �"P.� 	#�L�L�6� #��4ÅPw� 3�{� d#z�� uÌc� d#z�
� �LÌ.� O#�B� ���E6

�L�O"N�.� 8E.� �.� U �� OK� "O� K�J� ��L>
�� L\#.� yw��� ,�{O� Ï�� L���� ���E6� �� ��R=6� 4Ì�Å� Ï�� OK� "O� ,�{O� �K� �#���T6"P5X"� ��
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�#�6Q"�  4X"��L\� P��LÐ�Q" #��$��5.#{O�"�6��L\�3�#v5�8Í#.�R�B�B��#�#��P��K
�L�����K#v5X"L��"�6���L�5W�L�v����Ð���� �_w��"OK� �L\�u�Å�6�#�O"R."

P6�Z«.� ©qz#¶�� �"P.
0DUFR ,DQVLWL 	 -RQDWKDQ :HVW� �7HFKQRORJ\ ,QWHJUDWLRQ� 7XUQLQJ *UHDW

5HVHDUFK LQWR *UHDW 3URGXFWV�� +DUYDUG %XVLQHVV 5HYLHZ� 0D\�-XQH �����

5HDFKLQJ V\QHUJ\ DPRQJ GLIIHUHQW WHFKQRORJLHV PXVW EH WKH DLP RI

PRGHUQ FRUSRUDWLRQV� 6LQFH QR FRPSDQ\ WRGD\ PDVWHUV HYHU\ UHOHYDQW

GLVFLSOLQH�LQWHJUDWLRQ LQYROYHVERWK 5	' DQG WHFKQRORJ\WUDQVIHU� 7KH

DXWKRUV DQDO\]H WKH FDVH RI �� FRPSXWHU�UHODWHG FRPSDQLHV LQ

.RUHD� -DSDQ� DQG WKH 8QLWHG 6WDWHV�

0LFKDHO 3RUWHU� �:KDW ,V 6WUDWHJ\"� +DUYDUG %XVLQHVV 5HYLHZ� 1RYHPEHU�

'HFHPEHU �����

-DPHV &� &ROOLQV DQG -HUU\ ,� 3RUUDV� �%XLOGLQJ <RXU &RPSDQ\
V 9LVLRQ�� +DUYDUG

%XVLQHVV 5HYLHZ� 6HSWHPEHU�2FWREHU �����

7KH ILUVW VWHS WRZDUG VWUDWHJ\ VKRXOG EH D FOHDU YLVLRQ� &ROOLQV DQG

3RUUDV SURSRVH D IUDPHZRUN FRQVLVWLQJ RI WZR SDUWV� FRUH LGHRORJLHV

DQG HQYLVLRQHG IXWXUH� 7KH\ OLQN FRUSRUDWH YDOXHV DQG SXUSRVH ZLWK

IXWXUH RSSRUWXQLWLHV�

.DUHQ 3DWWHQ� �0DQDJLQJ 0LJUDWLRQ WR ,6'1� ,QWHJUDWLQJ 6WUDWHJLF� 7HFKQLFDO�

DQG &XVWRPHU 6HUYLFH 3HUVSHFWLYHV�� ,Q 7� .KDOLO 	 %� %D\UDNWDU �HGV���

0DQDJHPHQWRI 7HFKQRORJ\,,,� 3URFHHGLQJVRI WKH 7KLUG,QWHUQDWLRQDO&RQIHUHQFHRQ

0DQDJHPHQW RI 7HFKQRORJ\� YRO� �� SS� �������� ,QGXVWULDO (QJLQHHULQJ DQG

0DQDJHPHQW 3UHVV� 1RUFURVV� *$� �����

7HFKQRORJ\ WUDQVLWLRQV DUH RQH RI WKH PRVW GLIILFXOW WDVNV PDQDJHUV

HQFRXQWHU� 3DWWHQ �ZLWK $7	7%HOO /DERUDWRULHV� GHVFULEHV WKH XVH RI

D QHZ WHFKQRORJ\ LPSOHPHQWDWLRQ PRGHO WR KHOS DFKLHYH LQWHJUDWHG

PDQDJHPHQW� 6KH DQDO\]HV WKH HIIHFW WKDW PLJUDWLRQ WR D QHZ
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FRPPXQLFDWLRQV WHFKQRORJ\ �,6'1� KDV RQ SODQQLQJ� GHVLJQ DQG

LQVWDOODWLRQ� RQJRLQJ RSHUDWLRQ� DGPLQLVWUDWLRQ� DQG PDLQWHQDQFH�

:LOOLDP %� :HUWKHU -U� �6WUDWHJ\�'ULYHQ 7HFKQRORJ\ LQ ,QWHUQDWLRQDO

&RPSHWLWLRQ�� ,Q 0XHOOHU� 3HUVVRQ� DQG /XPVGHQ �HGV��� 3URFHHGLQJV RI WKH

6L[WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 0DQDJHPHQW RI 7HFKQRORJ\� ����� SS� ������

7HFKQRORJ\PDWXULW\ LV DQ LVVXH WKDW PD\ EH GLVUHJDUGHG E\ PDQDJHUV

LQ WHFKQRORJ\�GULYHQILUPV� IRUFLQJ WKHP WR EHFRPH IROORZHUV RU HYHQ

ORVHUV� :HUWKHU �SURIHVVRU RI PDQDJHPHQW� 8QLYHUVLW\ RI 0LDPL�

DUJXHVWKDW �VWUDWHJ\IRUPXODWLRQIRUWHFKQRORJ\�GULYHQILUPVPXVW HPEUDFH

ERWK WKH WHFKQRORJLFDO DQG FRQWH[WXDO LVVXHV LQ RUGHU WR DFKLHYH

VXFFHVVIXO WHFKQ RORJ\ PDQDJHPHQW�� +H SURYLGHV D IUDPHZRUN IRU

LGHQWLI\LQJ OLNHO\ WUDQVLWLRQ SRLQWV WKDW GLIIHUHQWLDWH WHFKQRORJ\�GULYHQ

IURP VWUDWHJ\�GULYHQDSSURDFKHV WR WHFKQRORJ\PDQDJHPHQW�

&� .� 3UDKDODG 	 *� +DPPHO� �7KH &RUH &RPSHWHQFLHV RI WKH &RUSRUDWLRQ��

+DUYDUG %XVLQHVV 5HYLHZ� 0D\�-XQH ����� SS� ������

7KHVH WZR DXWKRUV KDYH FRQWULEXWHG VHYHUDO SDSHUV WR WKH +%5� 7KLV

SDUWLFXODU RQH SURSRVHV WKDW D EXVLQHVV VWUDWHJ\ EH EXLOW QRW DURXQG

SURGXFWV EXW DURXQG FRPSHWHQFLHV�:KDW
V D FRPSHWHQF\"7KH DXWKRUV

FODLP FRPSHWHQFLHV SURYLGH DGYDQWDJH RYHU FRPSHWLWRUV� DUH GLIILFXOW

WR LPLWDWH� DQG SURYLGH DFFHVV WR D ZLGH YDULHW\ RI PDUNHWV�

*LGHRQ 'H :HW� �&RUSRUDWH 6WUDWHJ\ DQG 7HFKQRORJ\ 0DQDJHPHQW� &UHDWLQJ WKH

,QWHUIDFH�� ,Q 5� 0DVRQ� /� /HIHEYUH� DQG 7� .KDOLO �HGV��� 0DQDJHPHQW

RI 7HFKQRORJ\ 9� SS� �������� (OVHYLHU� 2[IRUG� 8�. �����

�K#�}[«2� �#ÓKO��
©� �1HZ 3URGXFW 'HYHORSPHQW DW &DQRQ� 7KH &RQWDFW 6HQVRU 3URMHFW��

+DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

©� �9HUL)RQH ������ +DUYDUG %XVLQHVV 6FKRRO� &DVH ����������
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m.#}�
&KULVWHQVHQ� 5RODQG� %HUJ� 1RUPDQ� 	 6DOWHU� 0DOFRP� ����� 3ROLF\ )RUPXODWLRQ

DQG $GPLQLVWUDWLRQ � ,UZLQ� +RPHZRRG� ,/�

'DYLG� )UHG� ����� 6WUDWHJLF 0DQDJHPHQW � �WK HG� 3UHQWLFH�+DOO� 8SSHU 6DGGOH

5LYHU� 1-�

'H :HW� *LGHRQ� ����� �&RUSRUDWH 6WUDWHJ\ DQG 7HFKQRORJ\ 0DQDJHPHQW�

&UHDWLQJ WKH ,QWHUIDFH�� ,Q 0DVRQ� 5�� /HIHEYUH� /�� 	 .KDOLO� 7� �HGV���

0DQDJHPHQW RI 7HFKQRORJ\ 9� (OVHYLHU� 2[IRUG� 8�.�

'UXFNHU� 3HWHU� ����� 0DQDJHPHQW� 7DVNV� 5HVSRQVLELOLW\� DQG 3UDFWLFHV� +DUSHU 	

5RZ� 1HZ <RUN�

(VFREDU� &DPLOR� ����� 027 DQG WKH $OLJQPHQW RI 7HFKQRORJ\ 6WUDWHJ\ ZLWK

%XVLQHVV 6WUDWHJ\� ,QWHUQDO UHSRUW� 8QLYHUVLW\ RI 0LDPL�

)LQH� &� +�� 	 6W� &ODLU� 5� ����� �0HHWLQJ WKH &KDOOHQJH� 8�6� ,QGXVWU\ )DFHV WKH

��VW &HQWXU\ §§7KH $XWRPRELOH 0DQXIDFWXULQJ ,QGXVWU\�� 8�6� 'HSDUWPHQW RI

&RPPHUFH� 2IILFH RI 7HFKQRORJ\ 3ROLF\� :DVKLQJWRQ� '&�

)RUG� 'DYLG� ����� �'HYHORS <RXU 7HFKQRORJ\ 6WUDWHJ\�� /RQJ�5DQJH 3ODQQLQJ�

2FWREHU� SS� ������

)URKPDQ� $ODQ /� ����� �7HFKQRORJ\DV D &RPSHWLWLYH:HDSRQ��+DUYDUG %XVLQHVV

5HYLHZ� -DQXDU\�)HEUXDU\� SS� �������

)XVIHOG� $� ����� �+RZ WR 3XW 7HFKQRORJ\ LQWR &RUSRUDWH 3ODQQLQJ�� 7HFKQRORJ\

5HYLHZ� 0D\�

+DPHO� *DU\� ������6WUDWHJ\DV 5HYROXWLRQ��+DUYDUG %XVLQHVV 5HYLHZ� -XO\�$XJXVW�

SS� ������

+ROW� .� ����� �7HFKQRORJ\ 6WUDWHJ\� ,V 7KHUH D 1HHG IRU ,W"� ,Q .KDOLO� 7� 	

%D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,,� ,QGXVWULDO (QJLQHHULQJ DQG

0DQDJHPHQW 3UHVV� 1RUFURVV� *$�

+ROW� .� ����� �7KH 0�7 0DWUL[� $ 1HZ 6WUDWHJLF 7RRO�� ,Q .KDOLO� 7�� %D\UDNWDU�

%�� 	 (GRVRPZDQ�-� �HGV���0DQDJHPHQWRI 7HFKQRORJ\,,,� ,QGXVWULDO (QJLQHHULQJ

DQG 0DQDJHPHQW 3UHVV� 1RUFURVV� *$�
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+XGLEXUJ� -� ��� �� :LQQLQJ ZLWK 4XDOLW\� 7KH )3/ 6WRU\� 4XDOLW\ 5HVRXUFHV� $

'LYLVLRQ RI WKH .UDXVV 2UJDQL]DWLRQ� :KLWH 3ODLQV� 1<�

0DFKDGR� )� 0� ����� 7HFKQRORJ\ 0DQDJHPHQW IRU /HDS�)URJJLQJ ,QGXVWULDO

'HYHORSPHQW�7KH &KDOOHQJHIRU 'HYHORSLQJ&RXQWULHVDW WKH %HJLQQLQJRI WKH 1HZ

0LOOHQLXP � 81,'2� 9LHQQD�

0F&RQQHOO� 6FRWW :�� 	 .KDOLO� 7DUHN 0� ����� �(YDOXDWLRQ RI 1HZ 7HFKQRORJ\�

$ 0HWKRGRORJ\ DQG &DVH 6WXG\�� ,Q .KDOLO 7�� %D\UDNWDU� %�� 	 (GRVRPZDQ� -�

�HGV��� 7HFKQRORJ\ 0DQDJHPHQW � ,QGHUVFLHQFH (QWHUSULVHV� *HQHYD� 6ZLW]HU�

ODQG� SS� ��������

0LWFKHOO� *� 5� ����� �$ 1HZ $SSURDFK IRU WKH 6WUDWHJLF 0DQDJHPHQW RI

7HFKQRORJ\�� 7HFKQRORJ\ LQ 6RFLHW\� YRO� �� SS� ��������

0LWFKHOO� *� 5� ����� �2SWLRQV IRU WKH 6WUDWHJLF 0DQDJHPHQW RI 7HFKQRORJ\�� ,Q

.KDOLO� 7�� %D\UDNWDU� %�� 	 (GRVRPZDQ� -� �HGV��� 7HFKQRORJ\ 0DQDJHPHQW ,�

,QWHUVFLHQFH� *HQHYD�

0LWFKHOO� *� 5� ����� �7KH &KDQJLQJ $JHQGD IRU 5HVHDUFK 0DQDJHPHQW��

5HVHDUFK 7HFKQRORJ\ 0DQDJHPHQW � 6HSWHPEHU�2FWREHU�

0LWFKHOO� *� 5� ����� �7HFKQRORJ\ §§%XVLQHVV 6WUDWHJ\ §§*RYHUQPHQW 3ROLF\�� /HFW�

XUH QRWHV� 8QLYHUVLW\ RI 0LDPL� 0DUFK ����

3RUWHU� 0LFKDHO (� ����� &RPSHWLWLYH 6WUDWHJ\� 7HFKQLTXHV IRU $QDO\]LQJ ,QGXVWULHV

DQG &RPSHWLWRUV � )UHH 3UHVV� 1HZ <RUN�

3RUWHU� 0LFKDHO (� ����� &RPSHWLWLYH $GYDQWDJH � )UHH 3UHVV� 1HZ <RUN�

3UDKDODG� &� .�� 	 +DPHO� *� ����� �7KH &RUH &RPSHWHQFH RI WKH &RUSRUDWLRQ��

+DUYDUG %XVLQHVV 5HYLHZ� 0D\�-XQH� SS� ������

5DPR� -� &� ����� �:LQQHU 7DNH $OO�� 7LPH � 6HSW� ���

7HHFH� 'DYLG -� ����� �&DSWXULQJ 9DOXH IURP 7HFKQRORJLFDO ,QQRYDWLRQ� ,QWHJ�

UDWLRQ� 6WUDWHJLF 3DUWQHULQJ� DQG /LFHQVLQJ 'HFLVLRQV�� ,Q *XLOH� %�� 	 %URRNV�

+� �HGV��� 7HFKQRORJ\ DQG *OREDO ,QGXVWU\� &RPSDQLHV DQG 1DWLRQV LQ WKH :RUOG

(FRQRP\ � 1DWLRQDO $FDGHP\ 3UHVV� :DVKLQJWRQ� '&�

9DQ:\N�5�� 	 6ZHDWW�:� ������7KH&RUSRUDWH %RDUG DQG 027� )URP 55 WR ((��

,Q .KDOLO� 7�� 	 %D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,9 ,QGXVWULDO

(QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV� $WODQWD�1RUFURVV� *$� SS� ���������
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�L�.#�� 4XK

�� b�� �ÒLÒ"�J� m.#}�

�� )RVWHU� 5� 1� ������� ,QQRYDWLRQ� 7KH $WWDFNHU
V $GYDQWDJH � 6XPPLW %RRNV�

1HZ <RUN�

�� /HRQDUG�%DUWRQ� '� DQG .UDXV� :� $� �1RY��'HF� ������ �,PSOHPHQWLQJ QHZ

WHFKQRORJ\�+DUYDUG%XVLQHVV5HYLHZ+DUYDUG 8QLYHUVLW\� %RVWRQ� 0DVVDFKXVWWV�

�� 0DUWLQ� 0� -� &� �������0DQDJLQJ7HFKQRORJLFDO,QQRYDWLRQDQG (QWUHSUHQHXUVKLS�

5HVWRQ 3XEOLVKLQJ &R� ,QF�� 5HVWRQ� 9LUJLQLD�

�� )URKPDQ� $� /� �-DQ��)HE� ������ �7HFKQRORJ\ DV D FRPSHWLWLYH HDSRQ��

+DUYDUG %XVLQHVV 5HYLHZ +DUYDUG 8QLYHUVLW\� %RVWRQ� 0DVVDFKXVWWV�

�� 0LWFKHOO� *� 5� ������� �2SWLRQV IRU WKH VWUDWHJLF PDQDJHPHQW RI WHFKQRORJ\��

,QWHUQDWLRQDO -RXUQDO RI 7HFKQRORJ\ 0DQDJHPHQW � YRO� �� 1R� �� SS� ��������

�� 6DPPRQ�:� /� HW DO� �������%XVLQHVV&RPSHWLWRU,QWHOOLJHQFH� -RKQ :LOH\	 6RQV�

1HZ<RUN�

�� %KDOOD� 6� .� ������� 7KH (IIHFWLYH 0DQDJHPHQW RI 7HFKQRORJ\� %DWWHOOH 3UHVV�

&ROXPEXV� 2KLR�

�� .DQWURZ� $� 0� �-XO\�$XJ� ������ �7KH VWUDWHJ\�WHFKQRORJ\ FRQQHFWLRQ��

+DUYDUG %XVLQHVV 5HYLHZ� YRO� ��� 1R� �� SS� ����

�� 3RUWHU� 0� (� ������� �7KH WHFKQRORJLFDO GLPHQVLRQ RI FRPSHWLWLYH VWUDWHJ\�� LQ

5� 6� 5RVHQEORRP� 5HVHDUFK RQ 7HFKQRORJLFDO ,QQRYDWLRQ� 0DQDJHPHQW DQG

3ROLF\� YRO� � -$, 3UHVV� *UHHQZLFK� &RQQHFWLFXW� SS� �����

��� 6WHHOH� /� :� ������� 0DQDJHLQJ 7HFKQRORJ\� 7KH 6WUDWHJLF 9LHZ� 0F*UDZ�+LOO�

1HZ <RUN�
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��� $QVRII� +� ,� DQG 6WHZDUW� -� 0� �1RY��'HF������� �6WUDWHJLHV IRU D WHFKQRORJ\�

EDVHG EXVLQHVV�� +DUYDUG %XVLQHHV 5HYLHZ� YRO� ��� 1R� �� SS� ������

��� +XVV� :� 5� DQG +RQWRQ� (� -� ������� �6FHQDULR SODQQLQJ §§§ZKDW VW\OH VKRXOG
\RX XVH"� /RQJ 5DQJH 3ODQQLQJ� YRO� ��� 1R� �� SS� ������

��� $VKWRQ� :� %� DQG 6HQ� 5� .� �-DQ��)HE� ������ �8VLQJ SDWHQW LQIRUPDWLRQ LQ

WHFKQRORJ\ EXVLQHVV SODQQLQJ§§§,,�� 5HVHDUFK�7HFKQRORJLFDO0DQDJHPHQW� YRO� ���
1R� �� SS� ������ ,QGXVWULDO 5HVHDUFK ,QVWLWXWH� 1HZ <RUN�

��� )URKPDQ� $� /� �1RY��'HF� ������ �0HVKLQJ WHFKQRORJ\ ZLWK VWUDWHJ\��

5HVHDUFK 0DQDJHPHQW � YRO� ��� 1R� �� SS� ������

��� 0DQDKDP� 0� ������� �7HFKQRORJ\ DFTXLVLWLRQ DQG UHVHDUFK SULRULWL]DWLRQ��

,QWHUQDWLRQDO -RXUQDO RI 7HFKQRORJ\ 0DQDJHPHQW � 9RO� �� 1R� �� SS� �����

��� 6PLWK� 3� /� �0DUFK�$SULO������ �7LJKWHQ WKH OLQNDJH EHWZHHQ UHVHDUFK EXVLQHVV

VWUDWHJ\DQGPDUNHWLQJ��5HVHDUFK�7HFKQRORJLFDO0DQDJHPHQW� 9RO����1R���SS� ����

��� 6WDFH\� *� 6� ������� �7HFK IRUHFDVWLQJ DQG 7(&+ 5,6. DUUD\�� %7,3 5HYLHZ

1R� ��� %DWWHOOH 0HPRULDO ,QVWLWXWH� &ROXPEXV� 2KLR�

��� 6WDFH\� *� 6� DQG $VKWRQ� :� %� �0D\ ������ ,QWHJUDWLQJ %XVLQHVV DQG

7HFKQRORJ\ 3ODQQLQJ LQ D *OREDO (QYLURQPHQW SDSHU SUHVHQWHG DW WKH ����

,QWHUQDWLRQDO &RQJHUHQFH RQ 6WUDWHJLF 5	' 0DQDJHPHQW� 7RN\R� -DSDQ�

��� 7VFKXOHQD� *� 5� HW DO� ������� 'DWDEDVHV�7KHLU 'HYHORSPHQWDV D 0DQDJHPHQW

DQG 3ODQQLQJ7RRO� %7,3 3URJUDP� %DWWHOOH 0HPRULDO ,QVWLWXWH� &ROXPEXV�2KLR�

��� 'UXFNHU� 3� ��� )HE� ������ �%HVW 5	' LV EXVLQHVV GULYHQ�� :DOO 6WUHHW -RXUQDO

1HZ <RUN�

ZXP2
"PB� �L���� D�P[6� "O� �$� �EvÅ� �K� OK� �� L���� +#I5�"� "O� �§��� #�� �§��� O"K���� �K� Q"� �Ð�� ��

 L�5W�� �Ð\� ��"� �.� ���#v�
#v§�"� P6P§.� �#���S����Ð6� ����Q� OK� �#Ìw� L\O� �#F� OK� 4�P\� Ï�� OK� "O� P�L�� Ï�� Zz�� ��

 KP�� L��"�J� "P>"� "O� �§��� O"K���� OK� �L\� �K"K� �#[�� �F"P�� Q"� Ï�� P�� ����B� �L���
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P6�Z«.� ©qz#¶�� �"P.
0DUFLH -� 7\UH 	 :DQGD -� 2UOLNRZVNL� �([SORLWLQJ2SSRUWXQLWLHV IRU 7HFKQROJLFDO

,PSURYHPHQW LQ 2UJDQL]DWLRQ�� 6ORDQ 0DQDJHPHQW 5HYLHZ� )DOO �����

7R H[SORLW WKH DGYDQWDJHV RI QHZ SURFHVV WHFKQRORJLHV� PDQDJHUV

PXVW DGDSW WKRVH WHFKQRORJLHV WR ILW WKH RUJDQL]DWLRQ DQG LWV VWUDWHJ\�

$GDSWDWLRQ WR QHZ WHFKQRORJLHV LV D F\FOH RI VXFFHVVLYH FKDQJH DQG

URXWLQH� 7KH DXWKRUV DUJXH WKDW WKHVH HSLVRGLF F\FOHV FDQ EH EHWWHU

PDQDJHG E\ H[SORLWLQJ WKH RSSRUWXQLWLHV IRU FKDQJH WKDW D QHZ

WHFKQRORJ\ EULQJV DERXW� XVLQJ SHULRGV RI UHODWLYH VWDELOLW\ LQ GDWD

FROOHFWLRQ DQG LPSURYHPHQW� DQG ORRNLQJ IRU D QHZ RSSRUWXQLWLHV RI

DGDSWDWLRQ�

3HJ <RXQJ� �7HFKQRORJLFDO *URZWK &XUYHV�� 7HFKQRORJLFDO )RUHFDVWLQJ DQG 6RFLDO

&KDQJH� �� ����� SS� ��������

1LQH GLIIHUHQW JURZWK FXUYH PRGHOV ZHUH HDFK ILWWHG RQWR YDULRXV

GDWD VHWV LQ DQ DWWHPSW WR GHWHUPLQH ZKLFK JURZWK FXUYH PRGHO

DFKLHYHG WKH EHVW IRUHFDVW� 7KH DQDO\VLV RI WKH UHVXOWV JLYHV ULVH WR D

QHZ DSSURDFK IRU VHOHFWLQJ DSSURSULDWH JURZWK FXUYH PRGHOV IRU D

JLYHQ VHW RI GDWD� SULRU WR ILWWLQJ WKH PRGHOV� EDVHG RQ WKH

FKDUDFWHULVWLFV RI WKH GDWD VHWV�

9LMD\ 0DKDMDQ 	 (LWDQ 0XOOHU� �7LPLQJ�'LIIXVLRQ� DQG 6XEVWLWXWLRQ RI 6XFFHVVLYH

*HQHUDWLRQV RI 7HFKQRORJLFDO ,QQRYDWLRQV� 7KH ,%0 0DLQIUDPH &DVH��

7HFKQRORJLFDO )RUHFDVWLQJ DQG 6RFLDO &KDQJH� ��� ����� SS� ��������

%DVHG RQ WKH EHKDYLRUDO DVVXPSWLRQV RI GLIIXVLRQ WKHRU\� WKLV DUWLFOH

SURSRVHV DQ H[WHQVLRQ RI WKH %DVV GLIIXVLRQPRGHO WKDW VLPXOWDQHRXVO\

FDSWXUHV WKH VXEVWLWXWLRQ SDWWHUQ IRU HDFK VXFFHVVLYHJHQHUDWLRQ RI D

GXUDEOH WHFKQRORJLFDO LQQRYDWLRQ� DQG WKH GLIIXVLRQ SDWWHUQ RI WKH

EDVH WHFKQRORJ\� 1RUPDWLYH JXLGHOLQHV EDVHG RQ WKH PRGHO VXJJHVW

WKDW D FRPSDQ\ VKRXOG HLWKHU LQWURGXFH D QHZ JHQHUDWLRQ DV VRRQ DV
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LW LV DYDLODEOH RU GHOD\ LWV LQWURGXFWLRQ WR D PXFK ODWHU GDWH DW WKH

PDWXULW\ VWDJH RI WKH SUHFHGLQJ JHQHUDWLRQ�

*HRUJH $� 3RJDQ\� �&DXWLRQV DERXW 8VLQJ 6�&XUYHV�� 5HVHDUFK�7HFKQRORJ\

0DQDJHPHQW � -XO\�$XJXVW� ����� SS� ������

7KH DXWKRU DUJXHV WKDW 6�FXUYHV DUH QRW LGHQWLFDO LQ VKDSH� WKDW QRW

DOO RUJDQL]DWLRQV DUH VXLWHG WR LQYHQWLQJ DQG GHYHORSLQJ

UHYROXWLRQDU\ WHFK� QRORJLHV� DQG WKDW WKH 6�FXUYH LV QRW DV VXLWDEOH

LQ JXLGLQJ 5	' EXW LV YHU\ JRRG LQ JXLGLQJ LQYHVWPHQW SROLF\ LQWR

KDUGZDUH�

3KLOLS '� 0HW]� �,QWHJUDWLQJ 7HFKQRORJ\ 3ODQQLQJ ZLWK %XVLQHVV 3ODQQLQJ� )LYH

%HVW 3UDFWLFHV
 (PHUJH IURP D 7ZR <HDU 6WXG\ RI �� &RPSDQLHV�� 5HVHDUFK�

7HFKQRORJ\ 0DQDJHPHQW � ����� SS� ������

7KH DXWKRU LGHQWLILHV WKH ILYH �EHVW 3UDFWLFHV� IROORZHG E\ FRPSDQLHV

WKDW OLQN WHFKQRORJ\ SODQQLQJ ZLWK VWUDWHJLF EXVLQHVV SODQQLQJ�

�K#�}[«2� �#ÓKO��
�� 8VLQJ WKH JXLGHOLQHV RI WKH WHFKQRORJ\ DXGLW PRGHO �7$0�� SUHSDUH D FKHFNOLVW

DQG FRQGXFW DQ DXGLW RI D ORFDO FRPSDQ\� 7KHQ GLVFXVV WKH UHVXOW RI WKH DXGLW

LQ FODVV �6WXGHQWV PD\ ZRUN LQGLYLGXDOO\ RU LQ JURXSV��

�� 5HWULHYH RQH RI WKH WRROV GLVFXVVHG LQ UHDGLQJ ��� IURP WKH UHIHUHQFHG ERRN RU

DUWLFOH� 'LVFXVV LWV XVH LQ GHWDLOV VKRZLQJ LWV DGYDQWDJHV DQG OLPLWDWLRQV�

m.#}�
%HW]� )UHGHULFN� ����� 0DQDJLQJ 7HFKQRORJ\� &RPSHWLQJ WKURXJK 1HZ 9HQWXUHV�

,QQRYDWLRQ� DQG &RUSRUDWH 5HVHDUFK� 3UHQWLFH�+DOO� (QJOHZRRG &OLIIV� 1-�

%KDOOD� 6XVKLO .� ����� 7KH (IIHFWLYH 0DQDJHPHQW RI 7HFKQRORJ\� %DWWHOOH 3UHVV�

&ROXPEXV� 2+�
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&URVE\� 3� %� ����� 4XDOLW\ ,V )UHH� 6LJQHW�1HZ $PHULFDQ /LEUDU\� 1HZ <RUN�

)RUG� 'DYLG� ����� �'HYHORS <RXU 7HFKQRORJ\ 6WUDWHJ\�� /RQJ 5DQJH 3ODQQLQJ�

YRO ��� QR� �� 2FW�� SS� ������

*DUFLD�$UUHROD� -DYLHU� ����� 7HFKQRORJ\ (IIHFWLYHQHVV $XGLW 0RGHO� $ )DUPHZRUN

IRU 7HFKQRORJ\ $XGLWLQJ� 0DVWHU
V WKHVLV� 8QLYHUVLW\ RI 0LDPL�

+DPHO� *DU\� ������6WUDWHJ\DV 5HYHORXWLRQ��+DUYDUG%XVLQHVV5HYLHZ� -XO\�$XJXVW�

SS� ������

/HZLV�:LOOLDP�DQG/LQGHQ�/DZUHQFH�������$1HZ0LVVLRQIRU&RUSRUDWH7HFKQRORJ\��

6ORDQ 0DQDJHPHQW 5HYLHZ� 6XPPHU� SS� ������

/LWWOH� $UWKXU '� ������6WUDWHJLF0DQDJHPHQWRI 7HFKQRORJ\��(XURSHDQ0DQDJHPHQW

)RUXP � 'DYRV�

/LWWOH� $UWKXU '� ����� 0DWXULQJ &KHPLFDO %XVLQHVV� $Q $SSURDFK WR 5HQHZDO �

$UWKXU '� /LWWOH 5HSRUW 1R� ������� 2FW�� &DPEULGJH� 0$�

0DGR[�1�� $QWKRQ\�:� 3�� DQG :KHDWOH\�:� -U� ������&UHDWLYH6WUDWHJLF 3ODQQLQJ

8VLQJ ,PDJHU\�� /RQJH 5DQJH 3ODQQLQJ� YRO� ��� QR� �� SS� ��������

0DUWLQ�0LFKDHO-� &� �����0DQDJLQJ,QQRYDWLRQDQG (QWUHSUHQHXUVKLSLQ 7HFKQRORJ\�

%DVHG )LUPV� :LOH\ ,QWHUVFLHQFH� 1HZ <RUN�

0LOOHW� 6�� 	 +RQWRQ� (� -� ����� $ 0DQDJHU
V *XLGH WR 7HFKQRORJ\ )RUHFDVWLQJ

DQG 6WUDWHJLF $QDO\VLV 0HWKRGV � %DWWHOOH 3UHVV� &ROXPEXV� 2+�

1DWLRQDO &ULWLFDO 7HFKQRORJLHV3DQHO� ������5HSRUW WR WKH 3UHVLGHQW��1&73 �����

:LOVRQ %RXOHYDUG� :DVKLQJWRQ� '&�

3RUWHU� $� 5RSHU� $�� 0DVRQ� 7�� 5RVVLQL� )�� 	 %DQNV� -� ����� )RUHFDVWLQJ DQG

0DQDJHPHQW RI 7HFKQRORJ\� :LOH\� 1HZ <RUN�

6WHHOH� /RZHOO :� ����� 0DQDJLQJ 7HFKQRORJ\� 0F*UDZ�+LOO� 1HZ <RUN�

:LOO\DUG�&KDUOHV +�� 	 0F&OHHV�&KHU\O:� ������0RWRUROD
V7HFKQRORJ\5RDGPDS

3URFHVV�� 5HVHDUFK 0DQDJHPHQW � 6HSWHPEHU�2FWREHU� SS� ������
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OK� �L\#.���� 4�P\� �� ��#ÍP�L�� �.� 4�P\� ��w� L\O"� ��£W�� L�Ì6� ��P6���{� �� ��P6�̂ I[�
�#��4��#Ìw� P��OK� "O� 4X�2L�vX� �� P�N�� )���Í� �#��O#�� K"KO"P{� ��"� O�P�� �.� �� H�O#6� ��g
OK� �K"T�� ,��P6� �� �Q� �� KP�� 4-W�� OK� È�PX� 3"P��r6� Q�P.� #.� �4X"� �5J#X� �ÌX�6� �� y�zE6
O"L�L§2� <�OL§6� �§.� L§�O"K� �5�P�L§�� L�L>� ��#W�� #Ð�P�$� �ÌX�6� �� y�zE6� �#���#�[�#�Q$

�� 'L7RPDVR �� )DUULV

"O� ����Q� ��"� OK� �KP5W�� �Ì�#f�� Ï�� Q"� ��FP�� ����"� 	��§��
� ��V�Pw� �� ���X#��6� �K� �L��\���
��O� P.� #Ð�P�$� OK� �5Ì�Å� L��[�"K� ��UL���� ����� K�LF� �Ì�#f�� ��"� OK� �L�"��KP�� ���Ð6
�� KPÐ��Í� C�fX� P.� ����B� Z�"Rw"� �#F� OK� l��6� ��"� �L�"��KP�� R�P�6� �X#X"� ��£W�� L�B
 L�O"N����� P:"� �ÌX�6� �� y�zE6� �#�[�#�Q$� OK� K�>��� u�5I�� �#����P�� P�Q� �L���4�#cO
�KPÐ��§Í� �#��3�#v6� ,-W�� �� ��£W�� �f�E�� 4W�Q� �� �O#5wO� ����Pw� �L���� ��"�Í
�§B� #��4��§{"� �� �"��#§.� 4�O#§[�� �KP�� P9�"LF� �"P.� �ÌX�6� �� y�zE6� 4�P�L��  � L�"��"L�
�� y�zE6� O#�� ��P��� ]�_J� OK� #�� PÐv6� ���\� P.� <�OL6� �.� L�O"K� <�#5�� ��"�  L�Ð.� L�"�6���

 L�O"N����� P:"� #��$� 4�P�L�� �� �"��ÌX�6
#§�"� ��R>� ��5v\$� Ï�� P��#�#��� �6#z�zE6� P�J"� 3#�"L{"� ]�_J� OK� x�w� �#���#9�
OK� �5Ì�§Å� �ÌX�§6� �� y�zE§6� 4�P�L§�� 3O#j§�� 4E§6� �L§\� �#=§�"� �#��4��#Ì§w� OK� ��§§�
�� ���� YQO"� 8�F� Q"� ��� �� �O"N�P:"� ���"K� 8�F� Q"� ��� �Å#F� Z�"K� �Í��=�� �4X#Ð�P�$
OK#{� �"� �����"� Q"� Pg#J� �#���g"� #.� L�"�6���� �5Ì�Å� �ÌX�6� �� y�zE6� P�L�� �4X"� 4���"� R�#F
e�E�� �.� �5J"KP2� �"P.� K�J� �#�#5��� �� �"O#Ð��� Z��.� �� 3#�.P=6� ��s� �#�OK� Q"� K�.� L�"�J

�KP��.� �L��$� �.� K�\� Èv5��� �� L��� �O"KP.��P�.� P��r6� �#F� OK

PªLÊ6� w� Pu[6
Q"� L�"K���� �Q�� +#5�� u�¦�� 	��
��4X"� �L\� ���6� �L\� P[5��� (P�J"� ,�#f�� ��#2P.� YO"R�� ��"
Q"� ����� �#��ZI.� KL=�� /#B� �Q#>"� �����"� Pg#J� �.� P[�� yF� ,F#Å� ���Ï�.� 3"O#[5�"

�L��� ��"KOL{� �� PÐ[6� 4X"� �K"K� "O� YO"R�� ��"
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��b�� �ÒLÒ"�J� m.#}�

�� 0LWFKHOO�*UDKDP 5� �7KH&KDQJLQJ$JHQGDRI 5HVHDUFK0DQDJHPHQW��5HVHDUFK�

7HFKQRORJ\ 0DQDJHPHQW � 6HSWHPEHU�2FWREHU ����� SS� ������

��7HFKQRORJ\0DQDJHPHQW�$ 5HVHDUFK3HUVSHFWLYH� &HQWHU IRU ,QQRYDWLRQ0DQDJHPHQW

6WXGLHV� /HKLJK 8QLYHUVLW\� �����

�� 6WHHOH� /RZHOO :� �1HHGHG� 1HZ 3DUDGLJPV IRU 5	'�� 5HVHDUFK�7HFKQRORJ\

0DQDJHPHQW � -XO\�$XJXVW ����� SS� ������

�� 5HVHDUFK DQG 'HYHORSPHQW� )< ����� $$$6 5HSRUW ;9,� �����

�� 8WWDO� %UR� .DQWURZ� $ODQ� /LQGHQ� /DZUHQFH +�� DQG 6WRFN� 6XVDQ %� �%XLO�

GLQJ 5	' /HDGHUVKLS DQG &UHGLELOLW\�� 5HVHDUFK�7HFKQRORJ\ 0DQDJHPHQW �

0D\�-XQH ����� SS� ������

�� 6WDON� -U�� *HRUJH DQG +RXW� 7KRPDV 0� �&RPSHWLQJ$JDLQVW 7LPH��5HVHDUFK�

7HFKQRORJ\0DQDJHPHQW� 0DUFK�$SULO ����� SS� ������

�� 6PLWK� 3UHVWRQ DQG 5HLQHUWVHQ� 'RQDOG� 'HYHORSLQJ 3URGXFWV LQ +DOI WKH 7LPH �

9DQ 1RVWUDQG 3XEOLVKLQJ &R�� �����

�� &RRSHU� 5REHUW� �:LQQLQJDW 1HZ3URGXFWV��$GGLVRQ:HVOH\3XEOLVKLQJ&R�� �QG

(G�� �����

�� +XOO� )UDQN DQG 6ORZLQVNL�(XJHQH� �3DUWQHULQJZLWK 7HFKQRORJ\(QWUHSUHQHXUV��

5HVHDUFK�7HFKQRORJ\0DQDJHPHQW� 1RYHPEHU�'HFHPEHU ����� SS� ������

��� &KDWWHUML� 'HE� �$FFHVVLQJ([WHUQDO 6RXUFHVRI 7HFKQRORJ\��5HVHDUFK�7HFKQRORJ\

0DQDJHPHQW � 0DUFK�$SULO ����� SS� ������

��� *RUGRQ� *� *�� 'L7RPDVR� 1�� DQG )DUULV� *� )� �0DQDJLQJ 'LYHUVLW\ LQ 5	'

*URXSV�� 5HVHDUFK�7HFKQRORJ\ 0DQDJHPHQW � -DQXDU\�)HEUXDU\ ����� SS� ������

��� 'L7RPDVR� 1DQF\ DQG )DUULV� *HRUJH )� �:RUN DQG &DUHHU ,VVXHV IRU :RPHQ

6FLHQWLVWV LQ ,QGXVWULDO 5HVHDUFK DQG 'HYHORSPHQW LQ WKH 8� 6�� %HUOLQ -RXUQDO

RI 6RFLRORJ\� 9RO� O� ����� SS� �������

��� 'L7RPDVR� 1DQF\ DQG )DUULV� *HRUJH )� �'LYHUVLW\ DQG 3HUIRUPDQFH LQ

5	'�� ,((( 6SHFWUXP � -XQH ����� SS� ������

��� &KDWWHUML� 'HE� �(PHUJLQJ &KDOOHQJHV IRU 5	' ([HFXWLYHV� $Q $PHULFDQ

3HUVSHFWLYH�� 5	' 0DQDJHPHQW � -XO\ ����� SS� ��������
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ZXP2
4�P\� �J"K� �6#z�zE6� �#��4��#Ìw� ��O� ��� 4w#X�PÐ�#�� ����� ��K� ��K� ����� OK� ��
�#��4�P§\� Q"� �6#z�zE§6� <�#5§�� �O"L�PJ� �.� �"L{"� ��� �� 4X"� �KP�� �O"N���#�PX
4���"� �� L��L.� D�c�6� "O� 3#�"L{"� ����� ��"� ���K�  "PB� �4X"� �KP�� ��#�Q#X� ;O#J

�L��L.� CP\� "O� #��$� Ï�T6"P5X"
�Ì.#��� �B� �.� 4�O#[�� ��"� OK� Ï�P\� P�� �L���� �Ì�#f�� "O� #��4�P\� ��.� 4�O#[�� Ï�� ��

 4X"� �5w#�� 4XK

P6�Z«.� ©qz#¶�� �"P.
6WHYHQ &� :KHHOZULJKW 	 .LP %� &ODUN� �&UHDWLQJ 3URMHFW 3ODQV WR )RFXV

3URGXFW 'HYHORSPHQW�� +DUYDUG %XVLQHVV 5HYLHZ� 0DUFK�$SULO �����

7KH DXWKRUV VXJJHVW PDSSLQJ DV D WRRO WR GHILQH DQG PDQDJH DQ

HIIHFWLYH5	' SRUWIROLR�7KH PDS FODVVLILHVD SRUWIROLR LQ ILYHFDWHJRULHV�

UHVHDUFK� EUHDN�WKURXJK� SODWIRUP� GHULYDWLYH� DQG DOOLDQFH SURMHFWV�

)ROORZLQJ+%5VW\OH�WKH SDSHUSUHVHQWV FRUSRUDWH H[DPSOHVRI HDFK W\SH�

-RKQ 6HHO\ %URZQ� �5HVHDUFK 7KDW 5HLQYHQWV WKH &RUSRUDWLRQ�� +DUYDUG %XVLQHVV

5HYLHZ� -DQXDU\�)HEUXDU\ �����

6LQFH 5	' LV D YHU\ H[SHQVLYH SURFHVV� FRPSDQLHV DUH LQWHUHVWHG LQ

REWDLQLQJ UHWXUQV RQ WKDW LQYHVWPHQW� 7KH DXWKRU SUHVHQWV WKH

H[SHULHQFH RI ;HUR[
V 3$5& DV D FRQWULEXWRU WR WKH EXVLQHVV� 5	'

LV VHHQ QRW DV D VHSDUDWH HQWLW\ GHGLFDWHG WR UHVHDUFK EXW DV DQ

LQWHJUDO SDUW RI ;HUR[
V VWUDWHJ\�

5pJLV /DUXH GH 7RXUQHPLQH� �6WUDWHJLF $OOLDQFHV EHWZHHQ %LJ DQG 6PDOO )LUPV LQ

WKH 'HYHORSPHQW '\QDPLFV RI 6FLHQFH %DVHG ,QGXVWULHV�� ,Q 7� .KDOLO 	 %�

%D\UDNWDU�HGV���0DQDJHPHQWRI 7HFKQRORJ\,,,�3URFHHGLQJVRI WKH7KLUG,QWHUQDWLRQDO

&RQIHUHQFHRQ 0DQDJHPHQWRI 7HFKQRORJ\� 9RO� ,� SS� �������� ,QG XVWULDO

(QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV� 1RUFURVV� *$�

&ROODERUDWLRQ DPRQJ ILUPV LV JDLQLQJ LPSRUWDQFH DV GHYHORSPHQW

SHULRGV RXJKW WR EH UHGXFHG� 7KH DXWKRU VXJJHVWV D G\QDPLF PRGHO
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LQ ZKLFK GLIIHUHQW NLQGV RI VPDOO�DQG ODUJH�ILUP FROODERUDWLRQV KDYH

WR EH GLVWLQJXLVKHG GHSHQGLQJ RQ WKH VWDJH RI WHFKQLFDO HYROXWLRQ�

*UDKDP 5� 0LWFKHOO 	 :LOOLDP )� +DPLOWRQ� �0DQDJLQJ 5	' DV D 6WUDWHJLF

2SWLRQ�� 5HVHDUFK�7HFKQRORJ\ 0DQDJHPHQW � 0D\�-XQH ����� SS� ������

%URG\� 5LFKDUG -� (IIHFWLYH 3DUWQHULQJ� $ 5HSRUW WR &RQJUHVV RQ )HGHUDO 7HFKQRORJ\

3DUWQHUVKLSV� 8�6� 'HSDUWPHQW RI &RPPHUFH� 2IILFH RI 7HFKQRORJ\ 3ROLF\�

:DVKLQJWRQ� '&� )HEUXDU\ �����

�K#�}[«2� �#ÓKO��
©� �6RQ\&RUS�� &DU 1DYLJDWLRQ6\VWHPV��+DUYDUG %XVLQHVV6FKRRO�&DVH ����������

©� �'X3RQW.HYODU$UDPLG,QGXVWULDO)LEHU��+DUYDUG%XVLQHVV6FKRRO�&DVH ����������

©� �6HDPDQ &RUS�� +DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

m.#}�
$OOHQ� 7� -� ����� 0DQDJLQJ WKH )ORZ RI 7HFKQRORJ\� 7HFKQRORJ\ 7UDQVIHU DQG WKH

'LVVHPLQDWLRQ RI 7HFKQRORJLFDO OQIRUPDWLRQ ZLWK 5HVHDUWFK DQG 'HYHORSPHQW

2UJDQL]DWLRQV� 0,7 3UHVV� &DPEULGJH� 0$�

%HUPDQ� (� 0�� 	 .KDOLO� 7� 0� ������7HFKQRORJLFDO&RPSHWLWLYHQHVVLQ WKH *OREDO

(FRQRP\�$ VXUYH\�� ,QWHUQDWLRQDO -RXUQDO RI 7HFKQRORJ\ 0DQDJHPHQW � YRO� ��

QR� ���� SS� ��������

%KDOOD� 6XVKLO .� ����� 7KH (IIHFWLYH 0DQDJHPHQW RI 7HFKQRORJ\� %DWWHOOH 3UHVV�

&ROXPEXV� 2+�

%URG\� 5LFKDUG� -� ����� (IIHFWLYH 3DUWQHULQJ� $ 5HSRUW WR &RQJUHVV RQ )HGHUDO

7HFKQRORJ\ 3DUWQHUVKLSV� 8�6� 'HSDUWPHQW RI &RPPHUFH� 2IILFH RI 7HFKQRORJ\

3ROLF\� :DVKLQJWRQ� '&� )HEUXDU\�

'DOWRQ� '� +�� DQG 6HUDSLR� 0� *� -U� ����� *OREDOL]LQJ ,QGXVWULDO 5HVHDUFK DQG

'HYHORSPHQW � 8�6� 'HSDUWPHQW RI &RPPHUFH !�� !�273� 2FW�� :DVKLQJWRQ� '&�

'HSDUWPHQW RI &RPPHUFH� ����� 6WDWLVWLFDO $EVWUDFWV RI WKH 8QLWHG 6WDWHV�

:DVKLQJWRQ� '&�
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)RUG� 'DYLG� ����� �'HYHORS <RXU 7HFKQRORJ\ 6WUDWHJ\� � /RQJ 5DQJH 3ODQQLQJ�

YRO� ��� QR� �� 2FWREHU� SS� ������

-DLQ� 5� .�� 	 7ULDQGLV� +� &� ����� 0DQDJHPHQW RI 5	' 2UJDQL]DWLRQV� :LOH\

,QWHUVFLHQFH� 1HZ <RUN�

0HUWHQ� 8�� 	 5\X� 6� 0� ����� �:KDW 'RHV WKH 5	' )XQFWLRQ $FWXDOO\

$FFRPSOLVK" � +DUYDUG %XVLQHVV 5HYLHZ� -XO\�$XJXVW�

0LWFKHOO� *� 5� ����� �2SWLRQV IRU WKH 6WUDWHJLF 0DQDJHPHQW RI 7HFKQRORJ\�� ,Q

.KDOLO� 7�� %D\UDNWDU� %�� 	 (GRVRPZDQ �HGV��� 7HFKQRORJ\ 0DQDJHPHQW ,�

,QWHUVFLHQFH (QWHUSULVHV� *HQHYD�

0LWFKHOO� *� 5�� DQG +DPLOWRQ� :� )� ����� �0DQDJLQJ 5	' DV D 6WUDWHJLF

2SWLRQ�� 5HVHDFK�7HFKQRORJ\ 0DQDJHPHQW � 0D\�,XQH� SS� ������

0LWFKHOO� *� 5� ����� �7HFKQRORJ\�%XVLQHVV6WUDWHJ\�*RYHUQPHQW 3ROLF\��/HFWXUH

QRWHV� 8QLYHUVLW\ RI 0LDPL� 0DUFK ����

0LWFKHOO� *� 5� ����� �7KH *OREDO &RQWH[W IRU 8�6� 7HFKQRORJ\ 3ROLF\�� 2IILFH RI

7HFKQRORJ\ 3ROLF\� 8�6� 'HSDUWPHQW RI &RPPHUFH� :DVKLQJWRQ� '&�

1DWLRQDO 6FLHQFH )RXQGDWLRQ� ����� 6FLHQFH ,QGLFDWRUV� :DVKLQJWRQ� '&�

2IILFH RI 7HFKQRORJ\ 3ROLF\� ����� �,QWHUQDWLRQDO 3ODQV� 3ROLFLHV� DQG ,QYHVWPHQWV

LQ 6FLHQFHDQG 7HFKQRORJ\��8�6� 'HSDUWPHQW RI &RPPHUFH�:DVKLQJWRQ� '&�

2UJDQL]DWLRQ RI (FRQRPLF &RRSHUDWLRQ DQG 'HYHORSPHQW� ����� 7KH 0HDV�

XUHPHQW RI 6FLHQWLILF DQG 7HFKQLFDO $FWLYLWLHV� 3DULV�

3DYLWW� .�� 3DWWHO� 3� ����� �7KH ,QWHUQDWLRQDO 'LVWULEXWLRQ RI 'HWHUPLQDQWV RI

7HFKQRORJLFDO$FWLYLWLHV��2[IRUG5HYLHZRI (FRQRPLF3ROLF\� YRO� �� QR��� SS� �����

3HUULQR� $� &�� 	 7LSSLQJ� -� :� ������*OREDO0DQDJHPHQWRI 7HFKQRORJ\��

5HVHDUFK�7HFKQRORJ\ 0DQDJHPHQW � YRO� ��� QR��� 0D\�-XQH�

6FKPLWW� 5� :� �����:KHQ 3HQGXOXP6ZLQJVWRZDUG$SSOLHG5HVHDUFK�5HVHDUFKDQG

'HYHORSPHQW .H\ ,VVXHV IRU 0DQDJHPHQW � 5HSRUW ���� &RQIHUHQFH %RDUG�

:DVKLQJWRQ� '&�

6FKPLWW� 5� :� ����� �6XFFHVVIXO &RUSRUDWH 5	'�� +DUYDUG %XVLQHVV 5HYLHZ�

0D\�-XQH�



��
�S�z�}u6� �#Ê5Ò"

P6�Z�.� 4z�zF� OK� L\#.� �$� lL-�� #�� y�#J� YK�J� �S����Ð6� Ï�� P.O#�� ��� KO"L�� ���R�
�5F� 4X"� �Ð��� �L��\���� y�J� L��\���� Èv5��� #��$� Q"� ��� ��#��4�P\� Q"� ;O#J� OK� 3#Í"L."
�J"K� �O�$��� P�"� �5F� �� L�L.� ��O� 4�P\� Ï�� �#���K�LE�� �� #�QP�� Q"� ;O#J� �O�$��

�K�\� P_E��� ZI.� #�� �#�6O#2K� Ï�� OK� 4X"� �Ð��� L�K� ��O� 4�P\
�S����§Ð6� Q"� �KP5§W�� �K#v5X"� �� KP.O#�� �"P.� �O�Pc� 4X"� �L��"Pw� �S����Ð6� �#z5�"
�wPÌ§�� "O� �S����§Ð6� �#z5§�"� �#���#�#§�� �� l"�§�"� #§�� �_w� ��"� OK� �P.O#�� L�B� #�� Ï�� eX�6
�#��CPg� yw��� �#�������� �XOP.� "O� �����"���.� �S����Ð6� �#z5�"� Q"� ������ L�B� #�� ��������
�KP�� ���"�J� �XOP.� "O� �5�P\� �#��� �S����Ð6� �#z5�"� �L�� Ï�� �� �¤"O"� "O� �S����Ð6� �#z5�"

#Ó��L}.�©Ê-·� w� ÅªO#q6
PW�§�� "O� �L�P�§�� Ï�� �§.� È-�§�� Ï�� Q"� �S����§Ð6� �#�P§>� �§�� 4X"� �L��"Pw� �S�~��Ç6� {#t5�"
���BÈv���M�L����4w#�OK�����#FOK �4X"�Z�"K��L�O"K#��Ï�#��È-��KO�����"OK �KQ#X���
	����
�V�L�#�P6���>L\#.� O�[�Ï�#��4�P\�Ï�KPw�Ï�L�"�6����È-�� �4X"��[�"K
Ï�� Q"� �S����Ð6� �� ��Í� �$� eX�6� ��� L������� u�PÌ6� �L��"Pw�� �"��Í� �.� "O� �S����Ð6� �#z5�"
K�J� Y�O� �.� #�O#�� �#=�"� �"P.� L�L>� Z�"K� �$� Q"� ��� §§��P��K� ��P�� #�� KPw� Ï�� �.� ��P�� #�� KPw



�S����Ð6� 4�P�L�� ���

�K#�$� L��"Pw�� �"��Í� �.� "O� �S����Ð6� �#z5�"� 	����
� #X#�� ��L��\���� �z5��� §§� KP������ �P�.
�#���#�Q#§X� OK� �K#v5§X"� 4�§>� ��#�Q#X� tL�� Ï�� �"P.� �L\� �F"Pg� �S����Ð6� �KP�

�L������ u�PÌ6� �P��K� L�v�� ��z�#.� t"L�"� �"P.� �� P��K
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�K�\���� �z5��� #ÐX�$� �.� "L�O��w� Q"� ¢9�� O�[�
�z5��� P��K� 4�P\� �.� 4�P\� Ï�� Q"� �S����Ð6� �$� �g� ��� ��5wP\� �#��� �S�~��Ç6� {#t5�"� ©
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%UDJD� +� DQG :LOOPRUH� /� ������� �7HFKQRORJLFDO ,PSRUWV DQG 7HFKQRORJLFDO

(IIRUW� $Q $QDO\VLV RI 7KHLU 'HWHUPLQDQWV LQ %UD]LOLDQ )LUPV�� -RXUQDO RI

,QGXVWULDO (FRQRPLFV � YRO� ��� QR� �� SS� ��������

&KDNUDEDUW\� $� 0�� .DPHO\� '�� DQG .RUQJXWK� 6� (� ������� %LRWHFKQRORJ\�

%ULGJLQJ 5HVHDUFK DQG $SSOLFDWLRQV � 1RUZHOO� .OXZHU $FDGHPLF 3XEOLVKHUV�

'DKOPDQ� &� -� ������� �7HFKQRORJLFDO &KDQJH LQ ,QGXVWU\ LQ 'HYHORSLQJ

&RXQWULHV�� )LQDQFH DQG 'HYHORSPHQW � -XQH ����� YRO� ��� QR��� SS� ������

'DKOPDQ� &� -� DQG :HVWSKDO� /� ������� �7KH 7UDQVIHU RI 7HFKQRORJ\�� )LQDQFH

DQG 'HYHORSPHQW � 'HF ����� YRO� ��� SS� ����

*ODVHU� (�� $EHOVRQ� +� +�� DQG *DUULVRQ� .� 1� ������� 3XWWLQJ .QRZOHGJH WR 8VH�

6DQ )UDQFLVFR� -RVVH\�%DVV� �����

*UHHU� '� )� � ���� �� �&RQWURO RI 7HUPV DQG &RQGLWLRQV IRU ,QWHUQDWLRQDO 7UDQ�

VIHUV RI 7HFKQRORJ\ WR 'HYHORSLQJ &RXQWULHV�� &RPSHWLWLRQ LQ ,QWHUQDWLRQDO

%XVLQHVV� 6FKDFKWHO� 2�� DQG +HOODZHOO� 5� �HGV��� �1HZ <RUN� &ROXPELD 8QL�

YHUVLW\ 3UHVV�� SS� ������

+RFN� 6� ������� �/RFDO +LJK 7HFK 6HDOV 'HDO ZLWK %UD]LOLDQ )LUP�� 6DQ 'LHJR

%XVLQHVV -RXUQDO� YRO� ��� QR���� S� ��

.LP� (� <� ������� �0XOWLQDWLRQDOV� 3UHSDUDWLRQ IRU ,QWHUQDWLRQDO 7HFKQRORJ\

7UDQVIHU�� 7HFKQRORJ\ 7UDQVIHU� $ &RPPXQLFDWLRQ 3HUVSHFWLYH� :LOOLDPV� )� DQG

*LEVRQ� '� �HGV��� �1HZEXU\ 3DUN� 6DJH 3XEOLFDWLRQV�� SS� ��������

0DJQHW� 0� ������� �:KR
V :LQQLQJ WKH ,QIRUPDWLRQ 5HYROXWLRQ�� )RUWXQH� YRO�

���� QR� ��� SS� ��������

0DUWRQ� .� DQG 6LQJK� 5� .� ������� �7HFKQRORJ\ &ULVLV IRU 7KLUG :RUOG

&RXQWULHV�� :RUOG (FRQRP\ � -XQH ����� YRO� ��� QR��� SS� ��������

1LRVL� -� DQG 5LYDUG� -� ������� �&DQDGLDQ 7HFKQRORJ\ 7UDQVIHU WR 'HYHORSLQJ

&RXQWULHV 7KURXJK 6PDOO DQG 0HGLXP�6L]H (QWHUSULVHV�� :RUOG 'HYHOR�

SPHQW � YRO� �� QR��� SS� ������

2KPDKDH� .� ������� �7KH *OREDO /RJLF RI 6WUDWHJLF $OOLDQFH�� +DUYDUG %XVLQHVV

5HYLHZ� YRO� ��� QR� �� SS� ��������



�S����Ð6� 4�P�L�� ���

3RRO� 5� ������� �$ *OREDO ([SHULPHQW LQ 7HFKQRORJ\ 7UDQVIHU�� 1DWXUH � 0D\
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7KXURZ� /� &� ������� �7KH 1HZ (FRQRPLFV RI +LJK�7HFKQRORJ\�� +DUSHUV 0DJ�

D]LQH� YRO� ���� QR� ����� SS� ������

7UHYLQR� 0� � ������ �5HJXODWLRQ RI 7HFKQRORJ\ 7UDQVIHU� 7KH 0H[LFDQ ([SH�

ULHQFH�� 7HFKQRORJ\ 7UDQVIHU� :LQWHU ����� SS� ������

:DOWHU� ,� �������&RPPHQWDU\RQ �&RQWURORI 7HUPVDQG &RQGLWLRQV IRU ,QWHUQDWLRQDO

7UDQVIHUV RI 7HFKQRORJ\WR 'HYHORSLQJ&RXQWULHV��&RPSHWLWLRQ LQ ,QWHUQDWLRQDO

%XVLQHVV� 6FKDFKWHO�2�� DQG +HOODZHOO�5� �HGV��� �1HZ<RUN� &ROXPELD8QLYHUVLW\

3UHVV�� SS� ��������
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�§�"L§>� �� Ï�Ðv§6� ,>�§�� �§5��K� K"KO"P{� LzÍ� �#��Y�O� �����"� P.� �"K� �K�LÌ�� |O"L�
Z�#B� ���"��KP�� "L�2� 4X"� �L\� �"O#Ð�#��2� 4�P9�"� �"P.� �O#=6� �� ��#j�� L���6� �#�L��" Pw
3�K#-�� ���B� ��"� <��P6� �"P.� �L�L>� �#��Y�O� L�#.� ��� K�.� L�"�J� ��"� K�>��� �X#�X

�KP�� "L�2� K�>��� �Í#wK� �K"K"P{� +�BO#B� Q"� P6"Pw� �5�P\� �#��� P��4�#�F
Q"� �Q"L§�"� Ï�� �§.� ��§�� �Í��=§�� Ï�� �"��§Í� �§.� K#_5§{"� �� �Ì�#>� ��� 4v�� �"�5�� L�#\
�K� ��"
� �#=W�"� �� ��BO#1Ð�� 3L\� ¢9�� �L\� L��"�J� Èv5��� ��#j�� �� �O#=6� �#��4��#Ìw
uÌc� d#z�� �Q"L�"� Ï�� �.� L�"�6���� ��5W�� YL�#\� KPX� ��>� �#�#2� OK� #�� ��� 	4��#Ìw� �5XK
��c� �L�K� �#[�� "O� �Í#wK� �"O#Ð�#��2� 3�{� d#z�� �� �O#=6� �#�O"Q#.� OK� �#Ìw� �#�L���L���6
�Í#wK� �"O#Ð�#��2� �"P.� ��X� O"L�PJ� Ï�� �"��Í� �.� "O� ���#5�2� P�:'6� �� M�v�� 4X"� OK#{� �����"
K"LÌ§6� ��#X#�§\� �O#.OK� �P6�y�{K� �#��ZXP2� ��O� #>���"� OK� #�� �L�L.� �#[�� ��� ��K� �g
	��#j�P�s� �� ��#j�� ZI.� �K� P�� OK� �K#v5X"� �.#{� 4��.#{
� �BO#1Ð�� �O�j���K� �#��4��.#{
�5.#§{O� �� ��§w� �#��e�E�� ��.� |"P5\"� �>�� ��O� ���B���� �� �Í#wK� �"O#Ð�#��2� KR�� K�>��

���"��KP�� R�P�6� �O#=6� �� �Í#wK� �5Ì�Å� �#���Q�F
Q"� V2� �5Ì�§Å� �S����§Ð6� �#��4X#�§X� 3O�Pc� �O#.OK� P6�Z�.� 3#Í g"� ,W�� �"P.
�§BO#1§Ð��#§Ð�"��.� d�.P���X#�X�8F#-��KP���3O�ÅL�#.��P6�Z�.3#z�zE6KPX� ��>
K�\���"O��Í#wKL���6��Q#X�l��5�����L-6��O"Pw�È�"�����O#=6L���6����#j�L���6��KP�
l"�§�"���O#=§6�#��4�P§\��O"P§w��5.#§{Oe�E§��Ì{"��4��#�Q"� ��#��.�È{"��#���.#�QO"#.
4��§�"� R�#§F� 4Ì�Å� KPÐ��Í� �"P.� �#\K�>�� ��� ��#��4�P\� �#��� �.#z5�� �#����5W."�
#Ð�P�$� 4Ì�Å� Q"� ��OR.� ZI.� �"P.� x�w� tL�� ���'6� #�� 3#Ì�#f�� Q"� tL�� �KP�� ��s� 4X"
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�#=�"� �P6�Z�.� 3#Ì�#f�� �� 3#z�zE6� L�#.���� ��� �������� PÐw� #�� �4X"� �L���� �Q�F� Ï�� OK
KO�§�� L�B� �.� #�� Pj�� Q"� �3"P.#I�� �� Ï���P5Ð�"� ��A��� �#�L��"Pw� OK� ]�_J� �.� K�\
�5Ì�§Å� ��#§2� �§�"� �#�����E6� �� ��R=6� �.� VÐÌ�#.� �� 4X"� �L\� �>�6� LF� Q"� Z�.� �5W>P.
�§�� KO�§�� OK� 0'* ZI§.� ]�_J� OK� #�� �#���5w#�� P�"� �4X"� �L\� �vf�� ��� P6��KP5W�
#�� ��#�Q#X� È�"��� L�#\� #�� �#���$� L\#.� xK#Å� �� L�#�.� OK� +$� Q"� 4XOK� �L���6� �#�L��"� Pw
L�§�"�5§.� ����§�"� �"P§.� �Í#§wK� 3#=�#§JO#§�� P6�Z�§.� ��L-§6� �"O� PX� P.� �K�LÌ�� O#�W.� ��w

�K�.� ���"�J� L��L.� Z\�2� R��� "O� �O#=6� �#�O"Q#.

��b�� �ÒLÒ"�J� m.#}�� w� 4\"KK#ª
�� 5� %ODQN DQG (� 5RWKVFKOLG� ,QW� /DERXU 5HY� ���� ��� ������� '� .� +HQU\ DQG

5� 3� 2OLYHU� 0RQ� /DERU 5HY� ����� � �$XJXVW ������

�� 5� $� %LW]LQJHU� $GMXVWLQJ WR WKH 'UDZGRZQ� 7KH 7UDQVLWLRQ LQ WKH 'HIHQVH

,QGXVWU\ �'HIHQHV %XGJHW 3URMHFW� :DVKLQJWRQ� '&� ������

�� -� $� $OLF� /� 0� %UDQVFRPE� +� %URRNV� $� %� &DUWHU� *� /� (SVWHLQ� %H\RQG

6SLQRII� 0LOLWDU\ DQG &RPPHUFLDO 7HFKQRORJLHV LQ D &KDQJLQJ :RUOG �+DUYDUG

%XVLQHVV 6FKRRO 3UHVV� %RVWRQ� 0$� ������

�� '� %ODLU� $QQ� $P� $FDG� 3ROLW� 6RF� 6FL� ���� ��� �������

�� -� *DQVOHU� $IIRUGLQJ 'HIHQVH �0,7 3UHVV� &DPEULGJH� 0$� ������

�� $� 0DUNXVHQ DQG -� <XGNHQ� 'LVPDQWOLQJ WKH &ROG :DU (FRQRP\ �%DVLF %RRNV�

1HZ <RUN� ������

�� 6� 0HOPDQ�7KH 3HUPDQHQW:DU(FRQRP\�6LPRQ DQG 6FKXVWHU�1HZ<RUN� ������

�� 'HWHUUHQFHLQ 'HFD\� 7KH )XWXUH RI WKH 8�6� 'HIHQVH ,QGXVWULDO%DVH �'HIHQVH

,QGXVWULDO %DVH 3URMHFW� &HQWHU IRU 6WUDWHJLF DQG ,QWHUQDWLRQDO 6WXGLHV�:DVKLQ�

JWRQ� '&� ������ ,QWHJUDWLQJ&RPPHUFLDODQG 0LOLWDU\7HFKQRORJLHVIRU 1DWLRQDO

6WUHQJWK�$Q $JHQGDIRU &KDQJH�&HQWHU IRU 6WUDWHJLF DQG ,QWHUQDWLRQDO 6WXGLHV�

:DVKLQJWRQ� '&� ������ 7� /XQGTXLVW� +DUY� %XV� 5HY� ��� �� �������

�� 0� 3HFN DQG )� 0� 6FKHUHU� 7KH :HDSRQV $FTXLVLWLRQ 3URFHVV� $Q (FRQRPLF

$QDO\VLV �+DUYDUG 8QLY� *UDGXDWH 6FKRRO RI %XVLQHVV $GPLQLVWUDWLRQ� %RVWRQ�

0$� ������
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��� -� 6� 'HPVNL DQG 5� 3� 0DJHH� $FFRXQW� 5HY� ��� ��� �������

��� 5� -� 6DPXHOV� �5LFK 1DWLRQ 6WURQJ $UP\�� 1DWLRQDO 6HFXULW\ DQG ,GHRORJ\ LQ WKH

7HFKQRORJLFDO7UDQVIRUPDWLRQRI -DSDQ �&RUQHOO 8QLY� 3UHVV� ,WKDFD� 1<� ������

��� :� 3� 5RJHUVRQ� $FFRXQW� 5HY� ��� ��� �������

��� ,Q SDUWLFXODU� WKH LQFUHDVHG XVH RI IL[HG�SULFH FRQWUDFWV GXULQJ WKH ����V LV

WKRXJKW WR KDYH GLVFRXUDJHG ORQJ�WHUP LQYHVWPHQWV LQ SURGXFWLYLW\�HQKDQFLQJ

WHFKQRORJLHV E\ GHIHQVH FRQWUDFWRUV >.� :� 7\VRQ� -� 5� 1HOVRQ� 1� ,� 2P� 3�

5� 3DOPHU� $FTXLULQJ 0DMRU 6\VWHPV� &RVW DQG 6FKHGXOH 7UHQGV DQG $FTXLVLWLRQ

,QLWLDWLYH (IIHFWLYHQHVV �,QVWLWXWH IRU 'HIHQVH $QDO\VLV� $OH[DQGULD� 9$� �����@�

��� 0DFKLQLQJ LQYROYHV WKH XVH RI SUHFLVLRQ WRROV WR FXW DQG VKDSH PHWDO DQG

LQFOXGHV JULQGLQJ� GULOOLQJ� PLOOLQJ� SODQLQJ� ERULQJ� DQG WXUQLQJ RSHUDWLRQV� ,W

LV D SURFHVV IRXQG LQ PDQ\ PDQXIDFWXULQJ LQGXVWULHV� %DVHG RQ WKH

LQGXVWU\�RFFXSDWLRQDO PDWUL[ IRU ���� FRQVWUXFWHG E\ WKH 8�6� %XUHDX RI

/DERU 6WDWLVWLFV� ZH LGHQWLILHG �� LQGXVWULHV VSHFLDOL]LQJ LQ WKLV SURGXFWLRQ

SURFHVV� (DFK LQGXVWU\ DFFRXQWHG IRU DW OHDVW �� RI DOO HPSOR\PHQW LQ

PDFKLQLQJ RFFXSDWLRQV LQ PDQXIDFWXULQJ� DQG HPSOR\PHQW LQ PDFKLQLQJ

RFFXSDWLRQV FRQVWLWXWHG DW OHDVW ��� RI DOO SURGXFWLRQ HPSOR\PHQW LQ WKH

LQGXVWU\� $ VL]H�VWUDWLILHG� UDQGRP VDPSOH RI SODQWV IURP WKHVH LQGXVWULHV ZDV

VHOHFWHG DQG VXUYH\HG LQ ���� DQG ����� 7KH LQGXVWULHV DUH� QRQIHUURXV

IRXQGULHV �6,& ����� FXWOHU\� KDQG WRROV� DQG KDUGZDUH �6,& ����� KHDWLQJ

HTXLSPHQW DQG SOXPELQJ IL[WXUHV �6,& ����� VFUHZ PDFKLQH� SURGXFWV �6,&

����� PHWDO IRUJLQJV DQG VWDPSLQJV �6,& ����� RUGQDQFH DQG DFFHVVRULHV QRW

HOVHZKHUH FODVVLILHG �6,& ����� PLVFHOODQHRXV IDEULFDWHG PHWDO SURGXFWV �6,&

����� HQJLQHV DQG WXUELQHV �6,& ����� IDUP DQG JDUGHQ PDFKLQHU\ DQG

HTXLSPHQW �6,& ����� FRQVWUXFWLRQ DQG UHODWHG PDFKLQHU\ �6,& ����� PHWD�

ORZUNLQJ PDQFKLQHU\ DQG HTXLSPHQW �6,& ����� VSHFLDO LQGXVWULDO PDFKLQHU\�

H[FOXGLQJPHWDOZRUNLQJ �6,& ����� JHQHUDO LQGXVWULDO PDFKLQHU\ DQG HTXLSPHQW

�6,& ����� PLVFHOODQHRXV PDFKLQHU\� H[FOXGLQJ HOHFWULFDO �6,& ����� HOHFWULFDO
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LQGXVWULDO DSSDUDWXV �6,& ����� PRWRU YHKLFOHV DQG HTXLSPHQW �6,& �����

DLUFUDIW DQG SDUWV �6,& ����� JXLGHG PLVVLOHV DQG VSDFH YHKLFOHV �6,& �����

HQJLQHHULQJ DQG VFLHQWLILF LQVWUXPHQWV �6,& ����� PHDVXULQJ DQG FRQWUROOLQJ

LQVWUXPHQWV �6,& ����� DQG MHZHOU\� VLOYHUZDUH� DQG SODWHZDUH �6,& �����

��� 7KHVH ILJXUHVDUH EDVHG RQ WKH HVWLPDWHVRI GLUHFW DQG LQGLUHFW HIIHFWVRI GHIHQVH

VSHQGLQJ LQ ���� DV UHSRUWHG LQ ,QGXVWULDO2XWSXW (IIHFWV RI 3ODQQHG 'HIHQVH

6SHQGLQJ� ��������� �2IILFH RI 3ROLF\ $QDO\VLV� (FRQRPLFV DQG 6WDWLVWLFV

$GPLQLVWUDWLRQ�8�6� 'HSDUWPHQW RI &RPPHUFH�:DVKLQJWRQ�'&� )HEUXDU\ ������

��� &XUUHQW,QGXVWULDO5HSRUWV�0DQXIDFWXULQJ7HFKQRORJ\����� 607������ �%XUHDX RI

WKH &HQVXV� 8�6� 'HSDUWPHQW RI &RPPHUFH� :DVKLQJWRQ� '&� ������

��� 7KLV HVWLPDWH DSSOLHV WR DOO '2' SXUFKDVHV� LQFOXGLQJ WKRVH IRU VHUYLFHV DV

ZHOO DV PDQXIDFWXUHG JRRGV� )RU FHUWDLQ GHIHQVH FRQWUDFWV� DQ HQWHUSULVH LV

FRQVLGHUHG WR EH �VPDOO�� LI LW HPSOR\V IHZHU WKDQ ��� ZRUNHUV� ,Q RWKHU FRQ�

WUDFWV� WKH GHILQLWLRQ RI �VPDOO� LQFOXGHV FRPSDQLHV WKDW HPSOR\ XS WR ����

SHRSOH >$IWHU WKH &ROG:DU�/LYLQJ ZLWK /RZHU'HIHQVH6SHQGLQJ� 27$�,7(� ���

�2IILFH RI 7HFKQRORJ\ $VVHVVPHQW� 8�6� &RQJUHVV� :DVKLQJWRQ� '&� �����@�

��� 3URILW
��� 6XPPDU\5HSRUW�3URILW 6WXG\*URXS� 2IILFHRI WKH $VVLVWDQW6HFUHWDU\

RI 'HIHQVH ,QVWDOODWLRQV DQG /RJLVWLFV� 8�6� 'HSDUWPHQW RI 'HIHQVH� ������

��� 7KH $LOLQJ 'HIHQVH ,QGXVWULDO %DVH� 8QUHDG\ IRU &ULVLV� 5HSRUW RI WKH 'HIHQVH

,QGXVWULDO %DVH 3DQHO� +�5� 'RF� 1R� �� �&RPPLWWHH RQ $UPHG 6HUYLFHV�

+RXVH RI 5HSUHVHQWDWLYHV� 8�6� &RQJUHVV� ������

��� 5� 8� $\UHV DQG 6� 0� 0LOOHU� 5RERWLFV� $SSOLFDWLRQV DQG 6RFLDO ,PSOLFDWLRQV

�%DOOLQJHU� &DPEULGJH� 0$ ������ /�-� +LUVFKKRUQ� %H\RQG 0HFKDQL]DWLRQ�

:RUN DQG 7HFKQRORJ\,Q D 3RVWLQGXVWULDO$JH �0,7 3UHVV� &DPEULGJH�0$� ������

5� .DSOLQVN\�$XWRPDWLRQ� 7KH 7HFKQRORJ\DQG 6RFLHW\ �/RQJPDQ� +DUORZ� 8.�

������0�-� 3LRUH DQG &� )� 6DEHO� 7KH 6HFRQG ,QGXVWULDO'LYLGH�3RVVLELOLWLHVIRU

3URVSHULW\�%DVLF %RRNV� 1HZ<RUN� ������

��� &� (GTXLVW DQG 6� -DFREVVRQ� )OH[LEOH $XWRPDWLRQ� 7KH *OREDO 'LIIXVLRQ RI
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1HZ 7HFKQRORJ\LQ WKH (QJLQHHULQJ,QGXVWU\�%DVLO %ODFNZHOO� 2[IRUG� 8.� ������

0� 5� .HOOH\ DQG +� %URRNV� �'LIIXVLRQ RI 1& DQG &1& 0DFKLQH 7RRO

7HFKQRORJLHV LQ /DUJH DQG 6PDOO )LUPV�� LQ &RPSXWHU�OQWHJUDWHG�0DQXIDFOXULQJ�

9ROXPH ,,,� 0RGHOV� &DVH 6WXGLHV� DQG )RUHFDVWV RI 'LIIXVLRQ� 5� 8� $\UHV� :�

+D\ZRRG� ,� 7FKLMRY� (GV� �&KDSPDQ DQG +DOO� /RQGRQ� ������ 0DNLQJ 7KLQJV

%HWWHU� &RPSHWLQJ LQ 0DQXIDFWXULQJ� 5HSRUW 1R� 27$� O7(���� �2IILFH RI

7HFKQRORJ\ $VVHVVPHQW� 8�6� &RQJUHVV� :DVKLQJWRQ� '&� ������

��� 3� 6KDSLUD� 0RGHUQL]LQJ 0DQXIDFWXULQJ� 1HZ 3ROLFLHV WR %XLOG ,QGXVWULDO ([WH�

QVLRQ 6HUYLFHV �(FRQRPLF 3ROLF\ ,QVWLWXWH� :DVKLQJWRQ� '&� ������

��� 6� +HOSHU� 6ORDQ 0DQDJH� 5HY� ��� �� �������

���0� 5� .HOOH\DQG $� $URUD� 6HUYLFH3URYLGHURU ,QVWLWXWLRQ%XLOGHU"$Q$VVHVVPHQWRI

WKH 5ROH RI ,QGXVWULDO 0RGHUQL]DWLRQ 3URJUDPV LQ 8�6� 7HFKQRORJ\ 3ROLF\� 0,7

,3& :RUNLQJ 3DSHU ������:3� ,QGXVWULDO 3HUIRUPDQFH &HQWHU� 0DVVDFKXVHWWV

,QVWLWXWH RI 7HFKQRORJ\�&DPEULGJH�0$� 1� 5� 5RVHQEHUJ�([SORU�(FRQ� +LVW� ��

� ������� (� YRQ +LSSHO� 7KH 6RXUFHVRI ,QQRYDWLRQ �2[IRUG 8QLY� 3UHVV� 1HZ

<RUN� ������ 7� $� :DWOZV� 5HV� 3ROLF\ ��� �� �������

��� :H WKDQN +� %URRNV� (� *KRO]� %� +DUULVRQ� 5� /HVWHU� 5� -� 6DPXHOV� )� 0�

6FKHUHU� DQG (� 6NROQLNRII IRU WKHLU DGYLFH DQG FRPPHQWV� 6XSSRUWHG E\

JUDQWV IURP 16) �JUDQWV 6(6�������� DQG 6(6��������� DQG WKH 2IILFH RI

7HFKQRORJ\ $VVHVVPHQW RI WKH 8�6� &RQJUHVV�

ZXP2
Ï�� OK� "O� �$� �� KP�� e-c� L�#.� "O� 4�P\� Ï�� �J"K� �"����O� P�� ����� �R�"� KO"L�#5X"� y-g� ��
�F"Pg� �"P.� ���� ��#�K����O� ��§�� O"K���� U#X"P.� �K���� P�M� �v��� �#���"O� �A.#5�

�L���� ���6� �S����Ð6� �#z5�"� �#���"O� �A.#5�� Ï�
Y 6� ��"� �L���� �XOP.� "O� 	�#�[�"K� #�� 4Ì�Å
� �#�Q#X� Ï�� OK� �S����Ð6� �#z5�"� Y 6� ��

 4X"� �L\� �F"Pg� �� �5wP�� �Ð\� O�fB
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P6�Z«.� ©qz#¶�� �"P.
3HUULQ� -� 5� �$FWLYH 7HFKQRORJ\ 7UDQVIHU�+LVWRU\� 0HWKRGRORJ\� 5HVXOWV�� ,Q 7�

.KDOLO 	 %� %D\UDNWDU �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,,� ,QGXVWULDO (QJL�

QHHULQJ DQG 0DQDJHPHQW 3UHVV� $WODQWD�1RUFURVV� *$� �����

:RRG� 2� /�� 	 (HDU1LVVH� �7HFKQRORJ\ 7UDQVIHU WR WKH 3ULYDWH 6HFWRU IURP D

)HGHUDO /DERUDWRU\�� ,Q 7� .KDOLO 	 %� %D\UDNWDU �HGV��� 0DQDJHPHQW RI

7HFKQRORJ\ ,,,� ,QGXVOULDO (QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV� $WODQWD�1RUF�

URVV� *$� �����

m.#}�
%HUPDQ� (� 0�� 	 .KDOLO� 7� ����� �7HFKQRORJLFDO &RPSHWLWLYHQHVV LQ WKH *OREDO

(FRQRP\� $ 6XUYH\�� ,QWHUQDWLRQDO -RXUQDO RI 7HFKQRORJ\ 0DQDJHPHQW � YRO� ��

QR� ���� SS� ��������

%HUXYLGHV� 0� *�� 	 .KDOLO� 7� 0� ����� �OQWUD�)LUP 7HFKQRORJ\ 7UDQVIHU� $

0RGHO DQG &DVH 6WXG\�� ,Q .KDOLO� 7�� 	 %D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI

7HFKQRORJ\ ,,� ,QGXVWULDO (QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV� $WODQWD�1RU�

FURVV� *$�

%ORFK� (ULFK� ����� &RPSHWLWLRQ� &KDOOHQJH IRU WKH ����V� .H\QRWH VSHHFK DW WKH

7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ 0DQDJHPHQW RI 7HFKQRORJ\� 0LDPL� )/�

%RZVHU� +� ����� �0DHVWURV RI 7HFKQRORJ\�$Q ,QWHUYLHZZLWK $UWKXU 0� 6TXLUHV��

$PHULFDQ +HULWDJH RI ,QYHQWLRQ DQG 7HFKQRORJ\� YRO� �� SS� ������

%URG\�5� -� �����(IIHFWLYH3DUWQHULQJ�$ 5HSRUWWR &RQJUHVVRQ 7HFKQRORJ\3DUWQHUVKLS�

8�6� 'HSDUWPHQW RI &RPPHUFH�2IILFHRI 7HFKQRORJ\3ROLF\�:DVKLQJWRQ�!�'&�
&KHQ� <� <� ����� �7KH 7HFKQRORJ\ 'HULYDWLRQ 0RGH IRU (QKDQFLQJ WKH 7UDQVIHU

RI ,QGXVWULDO 7HFKQRORJ\ 5HVHDUFK DQG 'HYHORSPHQW LQ 7DLZDQ�� ,Q .KDOLO� 7��

	 %D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,,� ,QGXVWULDO (QJLQHHULQJ

DQG 0DQDJHPHQW 3UHVV� $WODQWD�1RUFURVV� *$�

&KHQH\� '� :�� 	 *ULPHV� :� :� ����� �-DSDQHVH 7HFKQRORJ\ 3ROLF\� :KDW
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/HIHEYUH� (� �HGV��� 0DQDJHPHQW� RI 7HFKQRORJ\ DQG 5XUDO 'HYHORSPHQW � 3DXO

&KDSPDQ 3XEOLVKLQJ� /RQGRQ�

:RRG 2� /�� 	 (HDU1LVVH� (� 3� ����� �7HFKQRORJ\ 7UDQVIHU WR WKH 3ULYDWH 6HFWRU

IURP D )HGHUDO /DERUDWRU\�� ,Q .KDOLO� 7�� 	 %D\UDNWDU� %� �HGV��� 0DQDJHPHQW

RI 7HFKQRORJ\ ,,,� ,QGXVWULDO (QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV�

$WODQWD�1RUFURVV� *$�
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+DUYDUG %XVLQHVV 5HYLHZ 0D\�-XQH�

'HUWRX]RV� 0� /�� 5� .� /HVWHU� 5� 0� 6RORZ� DQG WKH 0,7 &RPPLVVLRQ RQ

,QGXVWULDO 3URGXFWLYLW\� ����� 0DGH LQ $PHULFD� 5HJDLQLQJ WKH 3URGXFWLYH (GJH�

&DPEULGJH� 0DVV�� 7KH 0,7 3UHVV�

'UXFNHU� 3� )� ����� 7KH (PHUJLQJ 7KHRU\ RI 0DQXIDFWXULQJ� +DUYDUG %XVLQHVV

5HYLHZ� 0D\�-XQH�

(FFOHV� 5� *� ����� 7KH 3HUIRUPDQFH 0HDVXUHPHQW 0DQLIHVWR� +DUYDUG %XVLQHVV

5HYLHZ� -DQXDU\�)HEUXDU\�
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(GPRQGVRQ� +� (�� DQG 6� &� :KHHOZULJKW� ����� 2XWVWDQGLQJ 0DQXIDFWXULQJ LQ

WKH &RPLQJ 'HFDGH� &DOLIRUQLD 0DQDJHPHQW 5HYLHZ 9RO� ��� 1XPEHU ��

*DUYLQ� '� $� �����:KDW 'RHV �3URGXFW 4XDOLW\�5HDOO\0HDQ" 6ORDQ 0DQDJHPHQW

5HYLHZ� )DOO� ������

+DUULQJWRQ� -� ����� 8QGHUVWDQGLQJ WKH 0DQXIDFWXULQJ 3URFHVV� 1HZ <RUN� 0DUFHO

'HNNHU� ,QF�

+DWYDQ\� -� ����� 7KH (IILFLHQW 8VH RI 'HILFLHQW .QRZOHGJH� $QQDOV RI &,53

������ ��������

+DXVHU� -� 5�� DQG '� &ODXVLQJ� ����� 7KH +RXVH RI 4XDOLW\� +DUYDUG %XVLQHVV

5HYLHZ� 0D\�-XQH� ������

+D\HV� 5� +�� DQG 5� -DLNXPDU� ����� 0DQXIDFWXULQJ
V &ULVLV� 1HZ 7HFKQRORJLHV�

2EVROHWH 2UJDQL]DWLRQV� +DUYDUG %XVLQHVV 5HYLHZ� 6HSWHPEHU�2FWREHU� ������

+D\HV� 5� +�� 6� &� :KHHOZULJKW� DQG .� %� &ODUN� ����� '\QDPLF 0DQXIDFWXULQJ�

&UHDWLQJ WKH /HDUQLQJ 2UJDQL]DWLRQ� 1HZ <RUN� 7KH )UHH 3UHVV�

+RXVH� &� +�� DQG 5� /� 3ULFH� ����� 7KH 5HWXUQ 0DS� 7UDFNLQJ 3URGXFW 7HDPV�

+DUYDUG %XVLQHVV 5HYLHZ� -DQXDU\�)HEUXDU\� �������

,PDL� 0DVDDNL� ����� .DL]HQ �.\
]HQ�� 7KH .H\ �� -DSDQ
V &RPSHWLWLYH 6XFFHVV�

1HZ <RUN� 0F*UDZ�+LOO 3XEOLVKLQJ &RPSDQ\�

-DLNXPDU� 5� ����� 3RVWLQGXVWULDO 0DQXIDFWXULQJ� +DUYDUG %XVLQHVV 5HYLHZ�

1RYHPEHU�'HFHPEHU�

-RKQVRQ� +� 7�� DQG 5� 6� .DSODQ� ����� 5HOHYDQFH /RVW� 7KH 5LVH DQG )DOO RI

0DQDJHPHQW $FFRXQWLQJ � %RVWRQ� 0DVV�� +DUYDUG %XVLQHVV 6FKRRO 3UHVV�

.DSODQ� 5� 6�� HG� ����� 0HDVXUHV IRU 0DQXIDFWXULQJ ([FHOOHQFH� %RVWRQ� 0DVV�

+DUYDUG %XVLQHVV 6FKRRO 3UHVV�

.RVND�'� .�� DQG -� '� 5RPDQR� �����&RXQWGRZQWR WKH )XWXUH�7KH 0DQXIDFWXULQJ

(QJLQHHU LQ WKH ��VW &HQWXU\� 6RFLHW\ RI 0DQXIDFWXULQJ (QJLQHHUV�

0DOFROP %DOGULJH 1DWLRQDO 4XDOLW\ $ZDUG� ����� 8�6� 'HSDUWPHQW RI &RPPHUFH�

1DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7HFKQRORJ\�

0HUFKDQW� 0� (� ����� 7KH 3UHFHSWV DQG 6FLHQFHV RI 0DQXIDFWXULQJ� 5RERWLFV 	

&RPSXWHU�,QWHJUDWHG 0DQXIDFWXULQJ� ������� ����



�S����Ð6� 4�P�L�� ���

0HUFKDQW� 0� (� ����� 7KH 0DQXIDFWXULQJ�6\VWHP &RQFHSW LQ 3URGXFWLRQ (QJL�

QHHULQJ 5HVHDUFK� $QQDOV RI &,53 ����� ������

0L]H� -� +�� DQG 7� *� %HDXPDULDJH� ����� $ 1DWLRQ DW 5LVN� 2XU (URGLQJ 6NLOO

%DVH LQ 0DQXIDFWXULQJ 6\VWHPV� SS� ����� LQ 7KH &KDOOHQJH �� 0DQXIDFWXULQJ�

$ 3URSRVDO IRU D 1DWLRQDO )RUXP� :DVKLQJWRQ� '�&�� 1DWLRQDO $FDGHP\ RI

(QJLQHHULQJ�

1DWLRQDO $FDGHP\ RI (QJLQHHULQJ� ����� 0DQXIDFWXULQJ 6\VWHPV� )RXQGDWLRQV RI

:RUOG�&ODVV 3UDFWLFH� :DVKLQJWRQ� '�&�� 1DWLRQDO $FDGHP\ 3UHVV�

1DWLRQDO $FDGHP\ RI (QJLQHHULQJ� ����� 1DWLRQDO ,QWHUHVWV LQ DQ $JH RI *OREDO

7HFKQRORJ\� :DVKLQJWRQ� '�&�� 1DWLRQDO $FDGHP\ 3UHVV�

1DWLRQDO $FDGHP\ RI (QJLQHHULQJ� ����� (GXFDWLRQ IRU WKH 0DQXIDFWXULQJ :RUOG

RI WKH )XWXUH� :DVKLQJWRQ� '�&�� 1DWLRQDO $FDGHP\ 3UHVV�

1DWLRQDO &HQWHU IRU 0DQXIDFWXULQJ 6FLHQFHV� ����� &RPSHWLQJ LQ :RUOG�&ODVV

0DQXIDFWXULQJ� $PHULFD
V ��VW &HQWXU\ &KDOOHQJH� %XVLQHVV 2QH ,UZLQ�

1DWLRQDO 5HVHDUFK &RXQFLO� ����� 7KH &RPSHWLWLYH (GJH� 5HVHDUFK 3ULRULWLHV IRU

8�6� 0DQXIDFWXULQJ� &RPPLWWHH RQ $QDO\VLV RI 5HVHDUFK 'LUHFWLRQV DQG 1HHGV

LQ 8�6� 0DQXIDFWXULQJ� :DVKLQJWRQ� '�&�� 1DWLRQDO $FDGHP\ 3UHVV�

1DWLRQDO 5HVHDUFK &RXQFLO� ����� 7KH ,QWHUQDOL]DWLRQ RI 8�6� 0DQXIDFWXULQJ�

&DXVHV DQG &RQVHTXHQFHV� :DVKLQJWRQ� '�&�� 1DWLRQDO $FDGHP\ 3UHVV�

1DWLRQDO 5HVHDUFK &RXQFLO� ����� 7RZDUG D 1HZ (UD LQ 8�6� 0DQXIDFWXULQJ� 7KH

1HHG IRU D 1DWLRQDO 9LVLRQ� :DVKLQJWRQ� '�&�� 1DWLRQDO $FDGHP\ 3UHVV�

1HYLQV�-� /�� DQG '� (� :KLWQH\������&RQFXUUHQW'HVLJQRI 3URGXFWVDQG 3URFHVVHV�

1HZ <RUN� 0F*UDZ�+LOO�

1RQDND� ,� ����� &UHDWLQJ 2UJDQL]DWLRQDO 2UGHU 2XW RI &KDRV� 6HOI�5HQHZDO LQ

-DSDQHVH )LUPV� &DOLIRUQLD 0DQDJHPHQW 5HYLHZ�

3HWHUV�7�!������7KULYLQJRQ &KDRV�+DQGERRNIRU D 0DQDJHPHQW5HYROXWLRQ� 1HZ<RUN�
$OIUHG $� .QRSI�

3LUVLJ� 5� 0� ����� =HQ DQG WKH $UW RI 0RWRUF\FOH 0DLQWHQDQFH� $Q ,QTXLU\ LQWR

9DOXHV� 7RURQWR� %DQWDP %RRNV�
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6FKRQEHUJHU� 5� -� ����� :RUOG &ODVV 0DQXIDFWXULQJ� 7KH /HVVRQV RI 6LPSOLFLW\

$SSOLHG� 1HZ <RUN� 7KH )UHH 3UHVV�

6HQJH� 3� 0� ����� 7KH )LIWK 'LVFLSOLQH� 1HZ <RUN� 'RXEOHGD\�&XUUHQF\�

6KLQJR� 6� ����� $ 6WXG\ RI WKH 7R\RWD 3URGXFWLRQ 6\VWHP IURP DQ ,QGXVWULDO

(QJLQHHULQJ 9LHZSRLQW� &DPEULGJH� 0DVV�� 3URGXFWLYLW\ 3UHVV�

6WDON� *�� -U�� DQG 7� 0� +RXW� ����� &RPSHWLQJ $JDLQVW 7LPH � 1HZ <RUN� 7KH

)UHH 3UHVV�

6WDWD� 5� ����� 2UJDQL]DWLRQDO /HDUQLQJ !§§7KH .H\ WR 0DQDJHPHQW ,QQRYDWLRQ�

6ORDQ 0DQDJHPHQW 5HYLHZ� 6SULQJ�

6WHZDUW� 7� $� ����� 7KH 1HZ $PHULFDQ &HQWXU\� :KHUH :H VWDQG� )RUWXQH

0DJD]LQH� 6SHFLDO ,VVXH� 6SULQJ� 6XPPHU�

6WULYLQJIRU0DQXIDFWXULQJ([FHOOHQFH������$7	77HFKQLFDO-RXUQDO�����-XO\�$XJXVW�

7DJXFKL� *�� (� $� (OVD\HG� DQG 7� &� +VLDQJ� ����� 4XDOLW\ (QJLQHHULQJ LQ 3URGX�

FWLRQ 6\VWHPV� 1HZ <RUN� 0F*UDZ�+LOO %RRN &RPSDQ\�

:RPDFN� -� 3�� '� 7� -RQHV� DQG '� 5RRV� ����� 7KH 0DFKLQH WKDW &KDQJHG WKH

:RUOG� 1HZ <RUN� 5DZVRQ $VVRFLDWHV�

�6#«¡�s� ���"� ]�_J� OK� �6#E«³�6
�L��#������Ð�S����Ð6�5W�X�Ï��4�P�L��O#.OK�������£W�L�B��>�5�"O� #�� �51�#��� ��#�
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U#X"YP����"�4W�P��4�P�L����SP�"3#Í g"#��Y�O#�L��"Pw#����\#��#��O#�
ez§w�§� L�Q��§�"O� ��"�tPF���4X"���Å"���"��"P>"� ��E����"#�"� �4X"��5Ì�Å��XL���
�.� �5\N����KL�B��g��4X"��5wP�"Pw� "O� ��Å"���"��2"S� 4Ì�Å���Å"��"��5W�"K����#�$
��#Ð�P§�$�#�L���L���§6�L.#§��4XK��5.#§{O4�R§��§.� L�"�5.#6�4X"� �KP�"P>" "O� #��$��.�J
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O"Q#§.���§X�Z�#�Q"�V2#����#Ð�P�$�����"Q"�Z�2���J�L�K���"P>"���#Ð�P�$�#��4�P\

�L��\� O"L�.� 4�vs� +"�J� Q"� �ÌwK� Ï�� �.� �Q#X�OK�J� È�#�Å� ��A��� �Ì�#�Å� OK� K�J
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�Q#.� OK� �Q�P�2� �.� �"�6���� "O� L���6� �Q#.� OK� �Q�P�2� ��5v�� Z�2� �_w� OK� ��� O�g��#��
�� ��§w� §§� ,X#�§�� È.#�§�� �5§\"N�� ��� O#��� �� S#5���� �.� L���6� OK� �Q�P�2� �KP�� ��-[6� �#-6�w
�"��wPF� �#-6�w� OK� �KO"K� ��5W.� �L\� Q�P�2� ]#J� CPg� Ï�� yw��� �"P>"� �.� �� §§� ��#W�"

�K"K� YO�P2� �"�6���� "O� #��3O#��� �� KP�� �O"L�PJ� �"�6���� "O� K"LÌ5X"
�L�P����§�� O"P§{� P��L§Ð�� ��O� OK� �O� �#-6�§w� ���� ���� �#����6� �-�[Ð�� P�� P�kQ"LÌ.
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Q"� �Ð�� OK� L�"�6���� ��6� P�� �KO"K� ��5W.� �$� �"P>"� �� �Q#.� CPg� �.� �Q�P�2� �L�O"K� O#�5J"!OK
"O� �S����§Ð6� �§�� 4X"� �"����§�� �.� �Q�P�"� �S����Ð6� 4�Ìc�� �K�\� Q�P�2� #���-�[Ð�� ��"
��#��O#�� �\Q��$� �#���5W�X� �K"K� �#z5�"� P��K� �#Ð�� �.� ��#Ð�� Q"� �� KP�� �O"L�PJ� �"�6���
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�P6P§.� ��"� �L�KP����� �K#v5X"� �BO#1Ð�� �#���5W�X� �F"Pg� �"P.� �$� Q"� ��� ���Å"� L�KP�
Q"� �§WF� ��K� ��#�§>� ��§>� �#�#§§2� Q"� V2� �O�K� OK� �5.#§§{O� O�b§§F� �"Lz§§w� �� �5Ì�§§Å
�#��ZI.� �L\� ,>��� "O� 4.#{O� �.� 4-W�� ��#Ð�P�$� �"P�L�� �6�#v6��.� �� �P�N2#��4WÐ\
�� 3O�P§c� �§.� P§��K� �wP_�� 3��_E�� �� �OK�J� È�#�Å� P�j�� #Ð�P�$� K#_5{"� Q"� �K#�Q
OK� �L�KP§.� �§2� �Ð�S����Ð6� + z�"� P_Í� OK� O"L�#2� �K#_5{"� L\O� ivF� �"P.� P��r6� �#�Í"
YP�N§2� �R�5§W�� �§Ð�� �� 4W�§.� �P§{� �#��Z�#B� �4w#�� Z�#�� #��$� �5.#{O� �#�"R�� �=�5�
O#�� ��P��� �KP�� �K#�$� �"P.� �� ,�6P6� ����� �.� �4X"� �"P�L�� tPg� Q"� �L�L>� �#����"K"� O#2
�4X"� �O�Pc� �\O�P2� �� �\Q��$� �#����#�P.� �"P>"� �� �F"Pg� �L��$� �#���#�Q#X� �"P.

3#�LJ� 4q}�
��§�O"K���OK����������#��KP���L�.���Wz6��P�L�B��.� �"�6���"O#Ð�P�$K#_5{"�#�O�6��
�K�O��§�� O#�§\� �.� #Ð�P�$� K#_5{"� O�6��� ��P6�ÑOR.� 3#�LJ� ZI.� �4X"� �L\� �K"K� �#[�
P�J"� �#X� ��� tPk� #�"� 4X"� �KP�� L\O� 4ÍPX� �.� �5W�.� �P{� l�P\� Q"� ZI.� ��"� �BP�"
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L§ÅOK� ��� Q"� Z�§.� ����"� 3#�LJ� ZI.� �4X"� �K�.� �K#Ì�"�x�w� �$� L\O� �"R��� �� 4ÍPX
P§�� ��§X� ��§�� Z�#�§�� �	����� �A�§�
� L�K��§�� ��Ð[6� "O� #Ð�P�$� ���� ^�#J#�� L���6
4���"� Z�#��� ��"� �L�K���� �#[�� "O� ����� �#X� OK� #Ð�P�$� ���� ^�#J#�� L���6� OK� 4Ì�Å
L\O� ��� L�\#.� �5\"K� �>�6� �L�K���� �#[�� #Ð�P�$� K#_5{"� �"P.� "O� u�5I�� �#��ZI.� �-W�
Z�.� 4X"� �K"K� #z6O"� LF� ��"� #6� "O� ��#�� ^�#J#�� L���6� ��� ��K� ��K� ����� OK� #Ð�P�$� �K#_5{"

�KO"K� ��"K"� ��� Q���� L\O� ��"� �� O�K� �����P6� �� Q"
O#�� ��P��� ��� Q"� �LÅOK� �"��Í� �.� #Ð�P�$� OK� �#r5\"� �#�L��O� OK� P��r6� ��§�� O"K���

#uªP�$� K#_5Ë"� ÌPE�� �#ÓO�6��� ��b�O"K��Ò

8�6� 2IILFH RI 7HFKQRORJ\ 3ROLF\� ����� �m-}�
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LÅOK� ��� �.� )-�Pz6� ����� �#X� OK� #Ð�P�$� 3#�LJ� ZI.� OK� �#r5\"� �L�K���� �#[�� #Ð�P�$
P��#�#��� P�"� ��"� �4w#�� Z�#�� LÅOK� �� P�Q� �.� �QO�#[�� ZI.� OK� �#r5\"� �����#FOK� �L�XO
OK� �"��L�Í� ��X� R��� 3#�LJ� ZI.� ��5W�.� �P{� �#r5\"� �#{O"� �� O#�$� Q"� L�L\� 4X"� �P��r6
KO#����� �� Q"� ����� �#X� OK� 3#�LJ� K"Q#�� ��� "PB� 4X"� �5\"K� #Ð�P�$� �O#=6� �L�#�� �Q"�6

�	��§�� O"K���
� 4X"� �L�XO� ����� �#X� OK� O�K� KO#����� ��� Q"� Z�.� �.� O�K
Pj§�� x#v§6"� �� l#�>"� 3#�LJ� ZI.� �"P.� �v�PÌ6� ]�_J� OK� 4X"� �Ð��� �����#FOK
È�#�Å� Q"� �O#�W.� Q"� ����#�� �L�.���P�� Ï�� �"��Í� �.� "O� �$� �"�6���� #�"� L\#.� �5\"K� K�>�
Ï�� ��Å"� �KQ#.� 	�
� Q"� L�"�3O#-Í� #��$� �#��� |P5[�� �#����T��� �KP�� K"L��{� u�5I�� �� l��5�
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P6�Z«.� ©qz#¶�� �"P.
1RRUL� +DPLG�0DQDJLQJWKH '\QDPLFVRI 1HZ 7HFKQRORJ\� 3UHQWLFH�+DOO�(QJOHZRRG�

&OLIIV� 1-� �����

7KLVLVDQ H[FHOOHQWWH[WERRNIRUPDQDJLQJWHFKQRORJ\LQ WKHPDQXIDFWXULQJ

VHFWRU�

�K#�}[«2� �#ÓKO��
©� �,* /DERUDWRULHV� ,QF �%�� 7KH 3DUDGR[ RI *URZWK���������� +DUYDUG %XVLQHVV

6FKRRO� &DVH ����������

©� �$PHULFD2QOLQH� 8VLQJ ,QIRUPDWLRQ 7HFKQRORJ\WR %HWWHU 6HUYH WKH &XVW RPHU��

+DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

m.#}�
&RXQFLO RQ &RPSHWLWLYHQHVV� ����� &RPSHWLWLYHQHVV ,QGH[� &RXQFLO RQ

&RPSHWLW�LYHQHVV� :DVKLQJWRQ� '&�

)LQH� &� +� 	 6W� &ODLU� 5� ����� �0HHWLQJ WKH &KDOOHQJH� 8�6� ,QGXVWU\ )DFHV WKH

��VW &HQWXU\�7KH 8�6�$ $XWRPRELOH 0DQXIDFWXULQJ ,QGXVWU\�� 2IILFH RI

7HFKQRORJ\ 3ROLF\� 8�6� 'HSDUWPHQW RI &RPPHUFH� :DVKLQJWRQ� '&�

+HLP� -RVHSK $�� 	 &RPSWRQ� :� 'DOH� ������2SHUDWLQJ 3ULQFLSOHV RI :RUOG�&ODVV

0DQXIDFWXULQJ2UJDQL]DWLRQV��,Q .KDOLO�7�� 	 %D\UDNWDU�%� �HGV���0DQDJHPHQW

RI 7HFKQRORJ\ ,,, � SS� �������� (QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV�

$WODQWD�1RUFURVV� *$�

0LWFKHOO� *� 5� ����� �5	' 6WUDWHJ\ IRU WKH 6HUYLFH 6HFWRU�� ,Q .KDOLO� 7�� 	

%D\UDNWDU�%� �HGV���0DQDJHPHQWRI 7HFKQRORJ\,,� (QJLQHHULQJ DQG 0DQDJHPHQW

3UHVV� $WODQWD�1RUFURVV� *$�

1RRUL� +DPLG� ����� 0DQDJLQJ WKH '\QDPLFV RI 1HZ 7HFKQRORJ\� 3UHQWLFH�+DOO�

(QJOHZRRG�&OLIIV� 1-�
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2IILFH RI 7HFKQRORJ\ 3ROLF\ ����� 'DWD SURYLGHG E\ VSHFLDO UHTXHVW� 'HSDUWPHQW

RI &RPPHUFH� :DVKLQJWRQ� '&�

4XLQQ� -DPHV%� ������7KH ,PSDFW RI 7HFKQRORJ\LQ WKH 6HUYLFH6HFWRU��7HFKQDORJ\

DQG *OREDO ,QGXVWU\� SS� �������� 1DWLRQDO $FDGHP\ RI (QJLQHHULQJ�

:DVKLQJWRQ� '&�
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P6�Z«.� ©qz#¶�� �"P.
6WHYHQ /� *ROGPDQ� 5RJHU 1� 1DJHO� 	 .HQQHWK 3UHLVV� $JLOH &RPSHWLWRUV DQG

9LUWXDO 2UJDQL]DWLRQV� 9DQ 1RVWUDQG 5HLQKROG� 1HZ <RUN� 1<� �����

7KLV ERRN SUHVHQWV D QHZ SDUDGLJP IRU FRUSRUDWH VWUXFWXUH DQG

EXVLQHVV SUDFWLFHV�2UJDQL]DWLRQVKDYH WR H[LVW QR ORQJHU DV SHUPDQHQW

LQVWLWXWLRQVZLWK D VSHFLILFREMHFWLYH�9LUWXDOUHIHUV WR WKH DELOLW\WR HQWHU

LQWR WHPSRUDU\ DOOLDQFHVZLWK VHYHUDO SDUWQHUV RQO\ GXULQJ WKH WLPH DQ

RSSRWXQLW\ H[LVWV�7KLV GHPDQGV DJLOLW\� WKH FDSDFLW\ WR TXLFNO\ DGDSW

WR DQ HYHU�FKDQJLQJ HQYLURQPHQW�

6HQJH� 3HWHU 0� 7KH )LIWK 'LVFLSOLQH� 7KH $UW DQG 3UDFWLFH RI WKH /HDUQLQJ

2UJDQL]DWLRQ� 'RXEOHGD\�&XUUHQF\� �����

0LFKDHO +DPPHU 	 -DPHV &KDPS\� 5HHQJLQHHULQJ WKH &RUSRUDWLRQ� $ 0DQLIHVWR

IRU %XVLQHVV� +DUSHU %XVLQHVV� 1HZ <RUN� 1<� �����

+DPPHU DQG &KDPS\
V ERRN ODXQFKHG WKH WHUP �UHHQJLQHHULQJ�DV D

FRPPRQEX]]ZRUG LQ PDQDJHULDO SUDFWLFH DQG DFDGHPLD� 7KH DXWKRUV

FODLP WKDW FRPSHWLWLYHQHVV LV DFKLHYHG QRW E\ LPSURYLQJ FXUUHQW

SURFHVVHV EXW E\ WRWDOO\ UHGHVLJQLQJ WKHP� 7KLV LQYROYHV ORRNLQJ IRU
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WRWDOO\ QHZ ZD\V RI DFKLHYLQJ REMHFWLYHV E\ DVNLQJ� �:K\ DUH ZH

GRLQJ WKLV LQ WKH ILUVW SODFH"�

0LFKDHO $XGHW� 5RJHU %ODLV� 	 5RJHU 0LOOHU� �+XPDQ 5HVRXUFH 0DQDJHPHQW LQ

7HFKQRORJ\ %DVHG )LUPV�� ,Q 7� .KDOLO 	 %� %D\UDNWDU �HGV��� 0DQDJHPHQW RI

7HFKQRORJ\,,,� 3URFHHGLQJVRI WKH 7KLUG,QWHUQDWLRQDO&RQIHUHQFHRQ 0DQDJHPHQWRI

7HFKQRORJ\� 9RO� ,,� SS� ��������,QGXVWULDO (QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV�

$WODQWD�1RUFURVV� *$�

7KLV SDSHU GHVFULEHV WKH +XPDQ 5HVRXUFH 0DQDJHPHQW �+50�

SUDFWLFHV WKDW GLVWLQJXLVKWKH PRVW LQQRYDWLYHDQG VXFFHVVIXOILUPV IURP

WKH SRRU SHUIRUPHUV� 7KH SDSHU DQDO\]HV ZRUN GHVLJQ� VWDIILQJ�

FRPSHQVDWLRQ� WUDLQLQJ� SHUIRUPDQFH DVVHVVPHQW� DQG ODERU UHODWLRQV

DV NH\ SUDFWLFHV WRZDUGV DQ HIIHFWLYH RUJDQL]DWLRQ�

$QWKRQ\ '� :LOERQ� �2UJDQL]DWLRQDODQG 'HYHORSPHQW'\QDPLFVRI 3URMHFW 5HYLHZ

7HDPV LQ 7HFKQRORJ\ (QYLURQPHQWV�� 7KH 4XDOLWDWLYH 5HSRUW� YRO� �� QR� ��

6HSWHPEHU ���� �KWWS���ZZZ�QRYD�HGX�666�45�45����:LOERQ�KWPO��

�K#�}[«2� �#ÓKO��
©� �%XVLQHVV7HDPV DW 5XEEHUPDLG� ,QF��+DUYDUG %XVLQHVV6FKRRO�&DVH ����������

©� �&KDSDUUDO 6WHHO� 5DSLG 3URGXFW DQG 3URFHVV 'HYHORSPHQW�� +DUYDUG %XVLQHVV

6FKRRO� &DVH ����������

©� �4XDQWXP &RUS�� %XVLQHVV DQG 3URGXFW 7HDPV�� +DUYDUG %XVLQHVV 6FKRRO� &DVH

����������

m.#}�
%KDOOD� 6XVKLO .� ����� 7KH (IIHFWLYH 0DQDJHPHQW RI 7HFKQRORJ\� %DWWHOOH 3UHVV

&ROXPEXV� 2+�

%\UQH� -� $� ����� �7KH +RUL]RQWDO &RUSRUDWLRQ�� %XVLQHVV :HHN� 'HFHPEHU ���
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'UXFNHU� 3HWHU� ����� �7KH &RPLQJ RI WKH 1HZ 2UJDQL]DWLRQ�� +DUYDUG %XVLQHVV

5HYLHZ� -DQXDU\�)HEUXDU\� SS� ������

)LQH� &� +�� 	 6W� &ODLU� 5� �����86 ,QGXVWU\)DFHVWKH ��VW&HQWXU\�7KH $XWRPRELOH

0DQXIDFWXULQJ,QGXVWU\� 8�6� 'HSDUWPHQW RI &RPPHUFH� 2IILFH RI 7HFKQRORJ\

3ROLF\� :DVKLQJWRQ� '&�

+DQG\�&KDUOHV� �����7KH $JH RI 8QUHDVRQ� �QG HG� 5DQGRP +RXVH� 1HZ<RUN�1<�

+HOOULHJHO� '�� 6ORFXP -U�� -�� 	 :RRGPDQ� 5� ����� 2UJDQL]DWLRQDO %HKDYLRU� �WK

HG� :HVW 3XEOLVKLQJ� 0LQQHDSROLV�6W� 3DXO� 01�

/RUHQ]� &ULVWRSKHU� ����� �6FUXP DQG 6FUDEEOH !§§7KH -DSDQHVH 6W\OH�� )LQDQFLDO

7LPHV � -XQH ���

�0LGGOH 0DQDJHUV )DFH ([WLQFWLRQ�� ����� 7KH (FRQRPLVW � -DQ� ��� S� ���

0RKUPDQ� 6� $�� &RKHQ� 6� *�� 	 0RKUPDQ -U�� $� 0� �����'HVLJQLQJ 7HDP�%DVHG

2UJDQL]DWLRQV� -RVVH\�%DVV� 6DQ )UDQFLVFR�

0RQWHEHOOR� $� 5� ����� :RUN 7HDPV 7KDW :RUN� 6NLOOV IRU 0DQDJLQJ DFURVV WKH

2UJDQL]DWLRQ� %HVW 6HOOHUV� 0LQQHDSROLV� 01�

3RWWHU� 6� ����� �6XFFHVVIXOO\ 0DQDJLQJ 5HVHDUFK� 'HVLJQ DQG 'HYHORSPHQW�� ,Q

.KDOLO� 7�� 	 %D\UDNWDU� %� �HGV��� 0DQDJHPHQW RI 7HFKQRORJ\ ,,� ,QGXVWULDO

(QJLQHHULQJ DQG 0DQDJHPHQW 3UHVV� $WODQWD�1RUFURVV� *$�

�6XQ 5LVHV LQ WKH (DVW� 7KH�� ����� *OREDO &RPSHWLWRU � SS� ������

9DXJKQ� 5� &� ����� ,QWURGXFWLRQ �� ,QGXVWULDO (QJLQHHULQJ� �UG HG� ,RZD 6WDWH

8QLYHUVLW\� $PHV� ,$�
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7KH DXWKRUV IROORZ WKH H[DPSOH RI 3HWHUV DQG :DWHUPDQ �,Q 6HDUFK

RI ([FHOOHQFH� LQ ORRNLQJ IRU WKH VHFUHWV RI ZHOO�PDQDJHGFRUSRUDWLRQV�

+RZHYHU�WKH\ IRFXVRQ ORQJ�ODVWLQJVXFFHVVIXOHQWHUSULVHV�:KDW DUH WKH

SUDFWLFHV WKDW KDYH DOORZHG VXFK ILUPV WR UHPDLQ LQ EXVLQHVV IRU

VHYHUDO GHFDGHV" &ROOLQV DQG 3RUUDV FODLP WKH VHFUHW LV YLVLRQ DQG

JRDO VHWWLQJ�

-DPHV 6ZDUW]�7KH +XQWHUV DQG WKH +XQWHG� 3URGXFWLYLW\3UHVV� 3RUWODQG� 25� �����

7KLV ERRN UHYLHZVPDQ\RI WKH WUDGLWLRQDOPDQDJHULDOSUDFWLFHV�IRFXVLQJ

RQ LPSURYLQJ RSHUDWLRQV LQ PDQXIDFWXULQJ IDFLOLWLHV�0DQDJHPHQW

WHFKQLTXHV VXFK DV TXDOLW\� HPSRZHUPHQW� UHHQJLQHHULQJ� DQG -,7

DUH DOO FRPSRQHQWV RI DQ HIIRUW WR HQKDQFH ILUPV
 SHUIRUPDQFH� 7KH

ERRN LV ZULWWHQ DV D QRYHO�

7LP 6PDUW� �-DFN :HOFK
V (QFRUH� +RZ *(
V &KDLUPDQ LV 5HPDNLQJ +LV

&RPSDQ\ $JDLQ�� %XVLQHVV :HHN� 2FW� ��� ����� SS� ��������

�K#�}[«2� KO��
©� �6LHPHQV5ROP &RPPXQLFDWLRQV�,QF�� ,QWHJUDWHG /RJLVWLFV&RUH 3URFHVV 5HGHVLJQ

�,/&35��� +DUYDUG %XVLQHVV 6FKRRO� &DVH ����������

m.#}�
+DPPHU� 0LFKDHO� 	 &KDPS\�-DPHV� �����5HHQJLQHHULQJ WKH &RUSRUDWLRQ� +DUSHU

%XVLQHVV� 1HZ <RUN�

+XGLEXUJ� -RKQ -� ����� :LQQLQJ ZLWK 4XDOLW\§§7KH )3/ 6WRU\� 4XDOLW\ 5HVRXUFHV�

:KLWH 3ODLQV� 1<�
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+HUDOG� -DQ� ���

2XFKL� :LOOLDP� ����� 7KHRU\ = � $GGLVRQ�:HVOH\� 5HDGLQJ� 0$�

5HGGLQ� :� -� ����� (IIHFWLYH 0DQDJHPHQW E\ 2EMHFWLYHV� 0F*UDZ�+LOO� 1HZ <RUN�

7LFKH\� 1RHO 	 6WUDWIRUG� 6KHUPDQ� ����� &RQWURO <RXU 'HVWLQ\ RU 6RPHRQH (OVH

:LOO� +RZ -DFN :HOFK ,V 0DNLQJ *HQHUDO (OHFWULF WKH :RUOG
V 0RVW &RPSHWLWLYH

&RUSRUDWLRQ� 'RXEOHGD\� 1HZ <RUN�

6KLQJR�6KLQJRH� �����3URGXFWLRQ0DQDJHPHQW6\VWHP�,PSURYLQJ3URFHVV)XQFWLRQV�

3URGXFWLYLW\ 3UHVV� &DPEULGJH� 0$�

6KLQJR� 6KLQJRH� �����0RGHUQ$SSURDFKHVWR 0DQXIDFWXULQJ,PSURYLQJ�7KH 6KLQJR

6\VWHP � 3URGXFWLYLW\ 3UHVV� &DPEULGJH� 0$�
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RI WKH 3HUVRQDO &RPSXWHU ,QGXVWU\� 5$1'� 6DQWD 0RQLFD� &$�

/HZLV� 7HG� ����� �,V ,W 7RR /DWH IRU $SSOH &RPSXWHU"� &RPSXWHU � 0D\ �,(((��

0RRUH� -DPHV� ����� 7KH 'HDWK RI &RPSHWLWLRQ� +DUSHU %XVLQHVV� 1HZ <RUN�

5RJHUV�(YHUHWW� DQG/DUVHQ�-XGLWK� �����6LOLFRQ9DOOH\)HYHU� %DVLF%RRNV�1HZ<RUN�

O"Q#.� Z[Ï� K#=ª"� ��5}ª"� Q"� �ª#Ó�UOK
�#��4�P\� 4�P�L�� �"P.� �P��K� ��#Í� ������ 4�P\� ��"� �#���T6"P5X"� �� �5��"� 4\N�PX

�Q"� L�"�3O#-Í� #��UOK� ��"� �L������ �¤"O"� �5wP[�2� �S����Ð6� �ÅPÍ� OK� �#Ìw
��"� �4wP�����P�.�Z�#-{OQ" P6�l��5��O"Q#.��"P.� �L�Q"KP2R�OQ"� �K#v5X"��T6"P5X"Q"��5��"� ��
#§6� K"K���� �Q#>"� �5��"� �.� ��
� 4�P\� �"P.� U#�z�� �#�����>��wPÅ� K#=�"� OK� �T6"P5X"

�K�.� P:¦�� 	R��� 4��{� 4�>� Q"� �Ð�.� �S����Ð6� 8�F� Q"� #��6!��
#§6� L�K��§�� �#§Ð�"� 4�P§\� Ï�� �§.� V�#§W��� �K"K� y�P§g� Q"� �S����Ð6� Q"� �O"KP.��P�. ��
�L�§�� K#=�"� �5Ì�Å� KO"L�#5X"� Ï�� #�� §§� ,�#s� CPg� Ï�� �� L��� ZI2� "O� K�J� �S����Ð6
Q"� ��� �K�X� �� ���� �\"P6� ��A��� �L�L>� ��_E�� �cPÍ� �� L���6� OK� �5��"� 4�zw��
P§��K� �.#§[�� 3��_E�� L���6� �.� "O� #-{O� L\���� �5��"� 4�P\� ,�_�� �$� Y�Pw� �E�
�.� �ÌX�6� �� y�zE6� P�"� OK� ����X� �O"N���#�PX� #.� #6� K�.� �K#�$� �5��"� #�"� �KP����� ,�sP6

�KQ"KP1.� Z�#-{O� #.� 4.#{O
4.#§{OZ�#-{O#.� �O�$���� O"Q#.� �.� L�L>�3��_E��cPÍOK��K�.���"�y�PgQ"� �5��"� ��

�4X"� �5XOK� �� y�{K� �T6"P5X"� �T6"P5X"� ��"� ��� L\� ^I[�� �KP����
�cP§Í���wPÌ§�#§.�4�P\���"��5F��5��"��P6P.OK�4X"��������#Í�O#�Q#X4��.#{� ��
�#���\"� P6� �O#�Q#X� 3OL{� #6� K�.� �5W�"�6� ��_E�� P�� OK� P6��5wP[�2� �� L�L>� �S����Ð6
�.� �� L�L.� Z�"Rw"� �� L��� ivF� �#�Q� P�� �#�O"Rw"�4IX� �� #�O"Rw"��P�� #.� "O� K�J� 4J#X
Î"PX� �� L�O"N�.� O#��� "O� ���L{� �S����Ð6� Ï�� L�5W�"�6���� �5F"O��.� �"P.O#�� ,�6P6� ��"

�L��P.� L�L>� �S����Ð6
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�5��"� �BP�"� �4X"��Ð5��Y"��X#X"��#����5W�#\�.� L�L>��#��4��#Ìwy�J�"P.� �5��"� ��
�L�L>� �#��4��#Ìw� �.� K�O�� #.� KO"K� #�"� 4X"� �L�Q"KP2R�O� �L���L���6� 4�P\� Ï�� )X#X"

�L������ l��5�� "O� K�J� 3��_E�� L�O"K� Q#��� �5W.� �� �BO#1Ð�� �#�O"L�� �.� ��
�S����§Ð6Ï����§�"�J��§�P�"� �4W��PW���� �Ð��"�R�"OK��Ð�S����Ð6�#��4wP[�2��
������ �cPÍ� O"Q#.� �.� R��� "O� �$� ��Ð�� �#���S����Ð6� L�#.���� K�\� yw��� O"Q#.� OK� L�L>
OK� O�5W�R§�"P§6� ����§�"� K�§>�� #.� �4X"� ��F� �.#{� #�� �.#6P2� �#���K"O� CPg� �$� �����

K#Ì."� OK� "O� �Ð���P5Ð�"� 3#Ìf{� P��K� L�5W�"�6� ��� L�K�.� #����2"S� ��"� L\� l"L."� #Ð�P�$
#.� #6� K�. O�-=��5��"�	L�Q#XP�N2��#Ð�""O� P6��1�#�l�����"�4J#X�L���L���6��O�6#����
K�J��S����Ð6Q"� L�"�5.#6� L��� �-�s#��$P.� �� ��.#z���L�Q"KP2R�Ot"Pg"��Ð�S����Ð6È�"��

�KP-.� �P�.
�ÌX�§6� �� y�zE§6� �#����#�P.� �"P>"� �.� #��6� ��� �Ð�S����Ð6� 4��#Ìw� Ï�� OK� �L\� yw��� ��
R��� #��$� ��#�� �"P>"� �� y�{K� �#���T6"P5X"� �F"Pg� L��Q#��� �Ð�.� L\#.���� �5W."�� �5wP[�2
�5��"� �L�KP�� ��#\� R��� "O� ��"O#�\��� �.#�O"Q#.� L�#.���� #���T6"P5X"� �� #��CPg� ��"� �L\#.���

�L��� K#=�"� "O� �$� K�.� O�-=�� �Ð�.� L��� �K#v5X"� O"Q#.� Z[�� Q"� K�.� O�-=�� #��6� ��

�S�z�}u6� 4ªPªL�� �#�s"� �"P.� ��qz"O�5XK� ��
,X#}�� ��EÒ� ©.

��� L�K���� �#[�� L������� 4�P�L�� "O� �S����Ð6� 4�zw��� #.� ��� ��#��4�P\� �XOP.� �� �Ì�#f�
4�P�L§�� �#���vW�§w� �� #�����§\� OK� �L���� PÅ#�Í� �L�5W�� ��P5[�� �#����T��� �"O"K� #��$

�4X"� �L\� �¤"O"� �� �Å J� P�Q� O"P{� �.� #��4�P\� ��"� �S����Ð6
�L���� ���Ì6� "O� K�J� 3L�L��.� �T6"P5X"� �� Z��.� ��

�L���� �F"Pg� ��"O�W>� �� +�J� �S����Ð6� CPg� Ï�� ��
�L���� �F"Pg� ��"O�W>� �� ,X#��� 4��#Ìw� CPg� Ï�� ��

#§.� �S����§Ð6� �� 4��#Ì§w� �#��CPg� ����#��� #6� L�Q#X� ^I[�� "O� ��#�Q#X� �#�����O� ��
�L�.#�� ^�_I6� �Ð�T6"P5X"� t"L�"� Q"� ��#-�5[2� 4�>� È.#��� �� KKP�� PW��� P��LÐ�

�L���� R�P�6� �L���� �#����5W�#\� ��O� ��
�L���� K"Q$� "O� �#��O#�� 4�{ J� ��
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�L���� R�P�6� Z�#�#c#z6� �� �#�P5[�� �#�Q#��� ��O� ��
�O�w� �� ÑOR.� �� �=�OL6� �� ÏB��� ��Ì�� �O�$��� l��� �K� P�� �"P>"� ��Ï�PE6� �#-�K��.� ��

�L�\#.
P�5§W�� K�-�§.� 4X#�X� Ï�� Q"� �� L.#�� Z�"Rw"� #�\� 4�P\� 3#���Í� ��$O#�� L���� Y 6� ��

�L���� ��P�2
�#��t 5§¤"� �§�"� �#§�"R§�� Q"� �� L��L§.� ��Ð[6� t 5¤"� �#�L����È�Q�6� �� �#�L�������'6� #.� ���

�L��\� Èv5��� Ï�T6"P5X"
�L�\#.� L�L>� �#�O"Q#.� �#-�K��.� �� L��L.� yw�� "O� K�J� O"Q#.� �#�Q#��� y.#f�� ���

���Í� YQ��$� �Pj�� YQ��$� V1X� ���Í� YQ��$� �Pj�� YQ��$� K�J� �#��O#�� �.� ���
�L��L.� ���Í� YQ��$� �Pj�� YQ��$� V1X

�L��L.� Y"K#2� �� L���� K#=�"� �R���"� ���
�L���� �F"Pg� ,X#��� ��#�Q#X� O#5J#X� Ï�� K�J� 	�#�
�T6"P5X"� Q"� ��#-�5[2� �"P.� ���

t"P§g"� e�E§�� OK� 3"P��r§6� #§.� �L§\� �"P�§�� 4�§>� "O� ��#�Q#§X� ��K#�$� �� �O#�\��� ���
�L���� 4��z6� �� L��L.� Z�"Rw"

ZXP2
�#5§X"K��KO�§��XOP.�L������#X#�\L\� �"��P6�4�P\�4�zw���.� P=������ "O� ���"�Í� ��
O"��§��L§\�^I§[��§�"�§Í]�_§JOK� P5�§.Pj§���K#-§6�"P.� "O� �"O�U �OK� �"��P6

�KQ#X���
�L���� L��'6� �S����Ð6� �T6"P5X"� P.� 8F#-�� ��"� OK� �L���� 8E.� 4w#X�PÐ�#�� KO��� OK ��

"O� �$� <�#5§�� �� �Ì�#f§�� 4X"� �L§\� �5\�§�� 4w#X�PÐ�§�� �O#§.OK� (P�§J"� �§�� "O� ��#z� � Ï� � ��
�#���T6"P5X"� �O#.OK� �_w� ��"� OK� �#6K�J� ��� �A�$� #.� "O� #���5w#�� ��"� �L���� ���E6� �� ��R=6

�L���� �W�#z�� L�"��5wP�"� Pw� �� L�"��L�"�J� 4w#X�PÐ�#�
�S����§Ð6� #§�"� �L��\��§�� �#�§6� ����� �#§X� K�LF� �_w� ��"� OK� �L\� P�M� �#�KO��� ��
l��� Q"� P6��1�#�� ]�_J� OK� �P[5��� O#-J"� ��PJ$� �L������ P��r6� �#.� �5ÍPX� #.� 3#Í g"

 4W�B� �Ð-\� §� O�PX� §� �_I\� P6��1�#�
�vÌc� �fz�� #�$� �L���� �Ì�#f�� "O� 4w#X�PÐ�#�� ]�_J� OK� �L\� /#B� �#����#z�� ��PJ$� ��
 L�"��"L�� 4X"� �K"K� ��Ð[6� 4�P\� ��� �"��X#X"� �#��t 5¤"�  KO"K� K�>�� 4�P\� ��"� OK
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eX�§6� L�L§>� �5�P§\� K#=�"� ,>��� �"��P6� 3��_E�� Q"� �Ð�� ����� ���S� ��"� OK� ��

�� ,PDWLRQ

�.� ���_6� �"��P6� "PB�  L���� "L�2� 4�P\� ��"� �O#.OK� �6#Í g"� �L\� ���[���"� �#�� #.� �"��P6
 4wP�� K�J� ��OK� �$� �#��4��#Ìw� �#=�"� �� ivF� �#>� �.� 4�P\� ��"� K#=�"

��§Å"� �#-5§\"� �L���� ���E6� �� ��R=6� "O� �"��.��$� 4J#X� �_I\� �#�P6��1�#�� 3��E6� ��
�� �5��"� �#���T6"P5X"� #.� "O� �"��.��$� �_I\� P6��1�#�� �O�$��� �T6"P5X"�  K�.� �B� �"��.��$

�L���� �W�#z�� 4w#X�PÐ�#�
���E6� �� ��R=6� "O� 	�P�s� �� #�O�PX� �g#-6O"� �Ð-\� #�P��Z��2
� 4�P5��"� �#���S����Ð6� ��

 4wP�� L�"�J� �[�2� �"P��K� Q"� �L��$� OK� #�\� Pj�� Q"� 4�P\� �"L�� �L���
��"� �L\� M#I6"� (L�L>� 3#���_6� �L���� �O�$�È�>� �2"� 4�P\� �O#.OK� �L�L>� 3#Í g"� ��
KPÐ��Í� P.� "O� #��$� P:"� �� L���� ���E6� �� ��R=6� �S����Ð6� 4�P�L�� Pj�� �fz�� Q"� "O� 4�P\

�L�O"N�.� �XOP.� �� 8E.� �.� 4�P\

P6�Z«.� ©qz#¶�� �"P.
&DWKHULQH $UQVW DQG 3HWHU %XUURZ� ����� �6KRZGRZQ LQ 6LOLFRQ 9DOOH\�� %XVLQHVV

:HHN� 1RY� �� S� ����

/HH %� %XUJXQGHU� /HJDO $VSHFWV RI 0DQDQJHPHQW RI 7HFKQRORJ\� 6RXWK�:HVWHUQ�

&LQFLQQDWL� 2KLR� �����

7KLV ERRN GLVFXVVHV DOO OHJDO LVVXHV IDFLQJ WHFKQRORJ\ PDQDJHPHQWV�

,W FRYHUV LQWHOOHFWXDO SURSHUW\ SURWHFWLRQ� SDWHQW DQG FRS\ULJKW

SROLFLHV� WRUW OLDELOLW\� DQG NH\ FRQWUDFW LVVXVH RI KLJK�WHFKQRORJ\

FRPSDQLHV�

�K#�}[«2� KO��
Ï�#��ÑOR.4�P\Ï���"P.� È�#>��KO���Ì�#f��Ï�� L���O#���Pv���X� �#����P�,�#{OK
"O��$�� ���6��-5��YO"R��Ï�K�J��S�P2�.� È>"OL�#.������P�P� �L�������6�V�X'6�Q#6�4�P\
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�L\#.� P�Q� 3#Í g"� �� ,�#f�� �L�P��P.OK� L�#.���� YO"R�� ��"� �L��� �¤"O"� U �� PX
P_5I§�� 4�"�O� �4�P§\� �$� �5�P�L§�� O#5J#§X� �� �S����§Ð6� #��4��#Ìw� 4�P\� CP\� ��

�L\#.� ,X#��� �� L�v�� L�"�6���� �$� ���� �#�K"L��O� �� 4�P\� �AI�O#6
�� �Ð�T6"P5X"� ��#W�� ��� ]�_J� ��"� OK� ��S����Ð6� 4�P�L�� Pj��� Q"� ��#W�� �XOP.� ��

�L�P��.� O"P{� �XOP.� KO��� L�#.���� �6#���Í� ��#W�� ��
�¤"O"� )E�>P6� �� �KO��� 3#Ì�#f�� Q"� �5wP�P.� �S����Ð6� 4�P�L�� �#��UOK� Q"� �"��Å J� ��

�#��UOK� �$� O"��4XP�w
�L\#.� �BL�#.�����L��$OK��XOP.�4E64�P\�T6"P5X"� �����"#.� �f."O� OK��_I\Pj�� ��

L�L����{ §Í� �5wP[�§2� �� y��§Í� �#�����E§6� �� ��R=§6� �§.� ��� ��#��=[�"K� �"P.� u��Ð6� ��"
Ï�� �"��Í��.� L�"�6���� R��� �S����Ð6� 4�P�L�� �#��=[�"K� �"P.� �����"� ��c� K�\���� K#��[�2

�L\#.� L�v�� ����"� �S�P2



�W«¡xÒ"� b� �XO#Ç� ©�#Ò�̈ S"w�

�Í#wK� Ï�5W=�� V�"S$
7KH 'HIHQFH /RJLVWLFV $JHQF\

�XL���� ���� ��K#�$
1DWLRQDO $FDGHP\ RI (QJLQHHULQJ �1$(�

6XSHUFRQGXWLYLW\ ��#�#XOP."
(XURSHDQ 8QLRQ �(8� ��#2�O"� ��K#E6"
�$��X$� #�� #�X$� xP\� +��>� �#�O�[�� ��K#E6"

$VVRFLDWLRQ RI 6RXWKHDVWHUQ $VLDQ1DWLRQV

�$6($1�

6WUDWHJLF LPSOHPHQWDWLRQ Ï�T6"P5X"� �"P>"
,QYHQWLRQ l"P5J"

"Ns� �� �O"K� �O"K"
)RRG DQG 'UXJ $GPLQLVWUDWLRQ �)'$�

+RUL]RQWDO LQWHJUDWLRQ �zw"� �#sK"
)RUZDUG LQWHJUDWLRQ ��>� �.� �O� �#sK"
%DFNZDUG LQWHJUDWLRQ ,zÍ� �.� �O� �#sK"
6WUDWHJLF HYDOXDWLRQ Ï�T6"P5X"� �.#�QO"
0DHVWURV RI 7HFKQRORJ\ �S����Ð6� L�6#X"

#�L�L�6� §� uÌc� d#z�� �#���T6"P5X"
:HDNQHVVHV�7KUHDWV �:7� VWUDWHJLHV

#��4ÅPw� §� uÌc� d#z�� �#���T6"P5X"
:HDNQHVVHV�2SSRUWXQLWLHV �:2� VWUDWHJLHV

#�L�L�6� §� 3�{� d#z�� �#���T6"P5X"
6WUHQJWKV�7KUHDWV �67� VWUDWHJLHV

#��4ÅPw� §� 3�{� d#z�� �#���T6"P5X"
6WUHQJWKV�2SSRUWXQLWLHV �62� VWUDWHJLHV

&UHGLW O#-5Í"
/LFHQVLQJ Q�=�� �#fÍ"

3HUPDQHQW ZDU HFRQRP\ ���"K� ��>� K#_5{"
6FLHQWLILF GLVFRYHULHV ���Í� 3#w#[5�"
,PDJH�ZLVH SDWWHUQ �P��_6� ����"

�v��� �#���#�Q#X� �.� �#z5�"
7UDQVIRUPDWLRQV WR 4XDOLW\ 2UJDQL]DWLRQ

�742�

���Í� �ÌX�6� ��#Ð�P�$� ��=�"
$PHULFDQ $VVRFLDWLRQ IRU $GYDQFHPHQW

RI 6FLHQFHV

#Ð�P�$� �O"L.#WF� ��=�"
$PHULFDQ $FFRXQWLQJ $VVRFLDWLRQ

7HFKQRORJLFDO UHYROXWLRQ Ï�S����Ð6� + z�"
'LJLWDO UHYROXWLRQ ��#5�=�K� + z�"

��X� �5Ì�Å� + z�"
7KLUG ,QGXVWULDO 5HYROXWLRQ

(QYLVLRQLQJ Z��.� K#=�"
'LUHFW PDUNHWLQJ ��z5W�� �.#�O"Q#.
5HWXUQ RQ 6DOHV �526� Y�Pw� �KQ#.
���Í� ���� K#��.� �"��5\O� �#��� 3#z�zE6� ZI.

1DWLRQDO 6FLHQFH )XQGDWLRQ
V 'LYLVLRQ RI

&URVV�'LVFLSOLQDU\ 5HVHDUFK

�O"N���#�PX� �KQ#.� #�� 4[�P.
5HWXUQ RQ ,QYHVWPHQW �52,�

&KHFNVKHHW �P5��� ��P.
6WUDWHJLF SODQQLQJ Ï�T6"P5X"� �R�O���#�P.

�"L{"!§!�P5��§!�#=�"!§!�R�O���#�P.
3ODQ�'R�&KHFN�$FW �3'&$�

7HFKQRORJ\ SODQQLQJ �S����Ð6� �R�O���#�P.
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4�P\� È.#��� �R�O���#�P.
(QWHUSULVH 5HVRXUFH 3ODQQLQJ �(53�

"P����\� �R�O���#�P.
2EMHFW�RULHQWHG SURJUDPPLQJ

���Í� ���� K#��.
1DWLRQDO 6FLHQFH )RXQGDWLRQ �16)�

5DGLFDO �K#��.
7RWDO IDFWRUV SURGXFWLYLW\ ��"�Í� ��� �O���P�.

È�5=�� O"L�� YQ"KP2
,QWHJUDWHG FLUFXLW SURFHVVLQJ

7XUQNH\ SURMHFW 4XK� OK� L���� �S�P2
�S����Ð6� ���.�Z�2

7HFKQRORJ\ )RUHFDVWLQJ �7)�

7HFKQLFDO GHYHORSPHQW ��w� 4wP[�2
4XDOLW\ WKHRU\ 4�v��� �O�£6
)UHH WUDGH K"Q$�3O#=6
(PSLULFLVP ��"P��.P=6
3DWHQW DQDO\VLV �O#_E�"� ���E6� �� ��R=6
7UHQG DQDO\VLV L��O� ���E6� �� ��R=6
*HQHULF UHVHDUFK ��Å"� 3#z�zE6
0DUNHW�GULYHQ UHVHDUFK O�E�!§!O" Q#.� 3#z�zE6
%DVLF UHVHDUFK ��#2� 3#z�zE6

O�E�!§!�S����Ð6� 3#z�zE6
7HFKQRORJ\�GULYHQ UHVHDUFK

$SSOLHG UHVHDUFK �KP.O#�� 3#z�zE6
7DUJHWHG UHVHDUFK L��wL�� 3#z�zE6
,QFUHPHQWDO �=�OL6
7UDGH EDODQFH �O#=6� Q"P6
6HTXHQWLDO �-�6P6
7HFKQRORJLFDO FKDQJH Ï�S����Ð6� P��r6
/RZ WHFKQRORJ\ e�W.� �S����Ð6
+LJK WHFKQRORJ\ �5wP[�2� �S����Ð6

6ROLG�VWDWH WHFKQRORJ\ L�#>� 4�#F� �S����Ð6
7DFLW WHFKQRORJ\ Y��#J� �S����Ð6
6XSHU�KLJK WHFKQRORJ\ �5wP[�2�x�w� �S����Ð6
&RGLILHG WHFKQRORJ\ �L\��O"N�L�� �S����Ð6
.H\ WHFKQRORJ\ �L���� �S����Ð6
0HGLXP WHFKQRORJ\ eX�5�� �S����Ð6
$SSURSULDWH WHFKQRORJ\ ,X#��� �S����Ð6
(PHUJLQJ 7HFKQRORJ\ O��k��� �S����Ð6
'LVWLQFWLYH WHFKQRORJLHV QO#.� �#���S����Ð6
([WHUQDO WHFKQRORJLHV ���P�.� �#���S����Ð6
%DVLF WHFKQRORJLHV ��#2� �#���S����Ð6

��W�L�B� �#���S����Ð6
0XOWLSOH�JHQHUDWLRQ WHFKQRORJLHV

���P�.� �6#�LJ� �#���S����Ð6
([WHUQDO VHUYLFH WHFKQRORJLHV

���OK� �6#�LJ� �#���S����Ð6
,QWHUQDO VHUYLFH WHFKQRORJLHV

#Ð�P�$� K"Q$� 3O#=6� ��#��yw"�6
1RUWK $PHULFDQ )UHH 7UDGH $JUHHPHQW

�1$)7$�

3O#=6� �� �wPÌ6� �O#.OK� ����Í� ��#��yw"�6
*HQHUDO $JUHHPHQW RQ 7DULIIV 	 7UDGH

�*$77�

.QRZ�ZK\ ��w� ��>�6
4�v��� KP�O#�� �ÌX�6

4XDOLW\ )XQFWLRQ 'HSOR\PHQW �4)'�

3URGXFWLRQ L���6
�w#[5�"� Z�"K� L���6

([SORUDWRU\ NQRZOHGJH EXLOGLQJ

�"��Ð-\� �Ð\� L���6
1HW VKDSH PDQXIDFWXULQJ

��"PX� ��J"K� ^�#J#�� L���6
3HU FDSLWD UHDO JURVV GRPHVWLF SURGXFW
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�P6��1�#�� �O�E�� �w"P����6
&RPSXWHU $[LDO 7RPRJUDSK\ �&$7�

9HQWXUH WHDP O�W>� ��6
�S����Ð6� KP.O#�� ��6

7HFKQRORJ\ $SSOLFDWLRQ 7HDP �7$7�

(FRQRPLF ZHDOWK �K#_5{"� 3�P:
$PRUSKRXV VROLGV �Ð\��.� 3"L�#>
6SHFLDOLVW "P��R>
%URZVHUV #�P��>��4W>
7RQHU P��6� #�� Ï[J� P��>

4�P�L�� �#�F"� �JPB
0DQDJHPHQW UHQHZDO F\FOH

3L�L��.� �K#_5{"� �JPB
/RQJ HFRQRPLF F\FOH

7HFKQRORJ\ OLIH F\FOH �S����Ð63#�F�JPB
/RQJ�ZDYH F\FOH L��.� ;��� �JPB

��_E�� �� L��"Pw� 3#�F� �#���JPB
3URGXFW DQG SURFHVV OLIH F\FOHV

4XDOLW\ FLUFOHV �v��� �#���JPB
���Ì�� 4�Ð�#�� x�zF

,QWHOOHFWXDO 3URSHUW\ 5LJKWV �,35V�

,WHUDWLYH�ORRS �L��\O"PÐ6� �z�F
$VVHVVPHQW DUHDV �.#�QO"� �Q�F

Ï�T6"P5X"� �S����Ð6� �#���Q�F
6WUDWHJLF WHFKQRORJ\ DUHDV

Ï�T6"P5X"� ��w� �Q�F
6WUDWHJLF 7HFKQLFDO $UHD �67$�

,QQRYDWLRQ SLSHOLQH �O�$��� ����� eJ
&UHDWLYLW\ 4�{ J
,QQRYDWLRQ 4�{ J
6HOI�PRWLYDWHG FUHDWLYLW\�5I���"K�J� 4�{ J
.QRZ�KRZ ��w� Z�"K

-XVW�LQ�7LPH �-,7� È{��� �.� §� 4XOK
�S����Ð6� KP.O#�� �� 3#z�zE6� P5wK

7KH 2IILFH RI 5HVHDUFK 	 7HFKQRORJ\

$SSOLFDWLRQV �257$�

&DUH�ZK\ �O�E�� §� ���K
�S����Ð6� Î��.� �O�K

0DWXUH�WHFKQRORJ\ SHULRG

�S����Ð6� K�-�.� �O�K
7HFKQRORJ\ LPSURYHPHQW SHULRG

1HZ LQYHQWLRQ SHULRG L�L>� �O�$��� �O�K
,QWHUQHW GHFDGH 4�P5��"� ��K

3#Í g"� �K�.� P��"Pw� ��K
,QIRUPDWLRQ (YHU\ZKHUH 'HFDGH

O"L�#2� �K#_5{"� L\O
6XVWDLQDEOH HFRQRPLF JURZWK

�#�Q� U#X"P.� 4.#{O
7LPH�%DVHG &RPSHWLWLRQ �7%&�

1DWLRQDO FRPSHWLWLYHQHVV ���� �K�.� �5.#{O
*UHDW GHSUHVVLRQ ÑOR.� K��O

\ �� [,6P�� ;�Q� 4�Ì{��� ���Ì6� Y�O
;�< FRRUGLQDWH SRVLWLRQLQJ PHWKRG

6XSUD�IXQFWLRQDO OHDGHUVKLS �5��#Ìw"� Pw� �P-�O
%LRFRPSDWLELOLW\ �6#�F� �O#�Q#X
3URMHFW�EDVHGRUJDQL]DWLRQO�E�� �S�P2� �#�Q#X
3URGXFWLRQ RUJDQL]DWLRQ �L���6� �#�Q#X
7HDP�EDVHG RUJDQL]DWLRQ O�E�� ��6� �#�Q#X

3O#=6� ��#�>� �#�Q#X
:RUOG 7UDGH 2UJDQL]DWLRQ �:72�

/LQH RUJDQL]DWLRQ uÅ� �#�Q#X
7HPSRUDU\ RUJDQL]DWLRQ �5{��� �#�Q#X
$GDSWLYH RUJDQL]DWLRQV ufÌ��� �#���#�Q#X
+DUGZDUH O"Rw"�4IX
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&DSLWDO ��#�PX
%XVLQHVV LQYHVWPHQW �O#=6� �O"N���#�PX

�>O#J� ��z5W�� �O"N���#�PX
)RUHLJQ 'LUHFW ,QYHVWPHQW �)',�

0DVV FXVWRPL]DWLRQ ��-�"� �Q#X��\O#vX
��[I.�K� §� ��#.KP��� Y"K#2� �5W�X

�'RXDO�ODGGHU� UHZDUG V\VWHP

9DOXH�GHOLYHU\ V\VWHP YQO"� ���E6� �5W�X
3XOO 6\VWHP Z[�� �5W�X
6SHFLQJ 6\VWHPV �__I6� �#���5W�X

K"��� ��#>��.#>� �#���5W�X
0DWHULDO�KDQGOLQJ V\VWHPV

3DOHQW LQGH[ l"P5J"� 4-:� x�zF� ^J#\
R��>� �"K� �5Ì�Å� ^J#\

7KH 'RZ -RQHV ,QGXVWULDO $YHUDJH

3URGXFWLYLW\ LQGH[HV �O���P�.� �#��̂ J#\
&RUH FRPSHWHQFLHV ��Å"� �#����5W�#\

��Å"� �.#�O"Q#.� �#����5W�#\
&RUH 0DUNHWLQJ &RPSHWHQFLHV �&0&V�

��Å"� ��wP�s� �#����5W�#\
&RUH QRQ�WHFKQLFDO &RPSHWHQFLHV

��Å"� ��w� �#����5W�#\
&RUH 7HFKQLFDO &RPSHWHQFLHV �&7&V�

�g#-6O"� ��#�>� �Ð-\
:RUOG :LGH :HE �:::�

.QRZOHGJH QHWZRUNLQJ Z�"K� �Ð-\
&ORQLQJ �Q#X���-\
'RFXPHQW FRPSDQ\ �K#�X"� 4�P\

��6� #�� ��#J�6� �#��4�P\
+ROORZ FRUSRUDWLRQV

9LUWXDO FRUSRUDWLRQV �Q#=�� �#��4�P\
6KDOORZ FRUSRUDWLRQV y�Í���� �#��4�P\

�L\� �5.#{O� �"O�\
&RXQFLO RQ &RPSHWLWLYHQHVV

3#z�zE6� ���� �"O�\
1DWLRQDO 5HVHDUFK &RXQFLO �15&�

#Ð�P�$� �S����Ð6� �� ���Í� ���� �"O�\
7KH 8�6� 1DWLRQDO 6FLHQFH 	 7HFKQRORJ\

&RXQFLO �167&�

)ORDW JODVV 4I6� �[�\
4Ì�Å� KO"L�#5X"� �L�.��z-g

6WDQGDUG ,QGXVWULDO &ODVVLILFDWLRQ �6,&�

�5Ì�Å� �Q#X��OL�� �� #���R���"� CPg
,QGXVWULDO 0RGHUQL]DWLRQ 	 ,QFHQWLYHV

�L\��BO#1Ð�� �O#=6� §� �S����Ð6� 4��#Ìw� CPg
,QWHJUDWHG WHFKQGRJ\�EXVVLQHVV SODQ

.QRZOHGJH DJH Z�"K� P_Í
�KP5W�� ��#�$� �� Z�"K� P_Í

$JH RI .QRZOHGJH DQG 'LVWULEXWHG

,QWHOOLJHQFH �.',�

/DJJDUG �L�#��,zÍ
3XEOLF VFLHQFH ����Í� ���Í
$VVHVVPHQW HOHPHQWV �.#�QO"� P_�Í
0DUNHW IRUFHV O"Q#.� ��"�Í
1RQSURILW �Í#v5�"P�s

����E6� ,6"P�� ��W�X� L��"Pw
$QDO\WLFDO +LHUDFK\ 3URFHVV �$+3�

7HFKQRORJ\ SXVK �S����Ð6� O#[w
7HFKQRORJLFDO SXVK �Ð�S����Ð6� O#[w

O"Q#.� #.� d#-6O"� �#��4��.#{
0DUNHW�LQWHUIDFH FDSDELOLWLHV

3ULPDU\ FDSDELOLWLHV ��#2� #�� ����"� �#��4��.#{
�Ð�S����Ð6� �#��4��.#{

7HFKQRORJLFDO FDSDELOLWLHV
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�L���6� �#��4��.#{
0DQXIDFWXULQJ FDSDELOLWLHV

�O#5J#XP�Q� �#��4��.#{
,QIUDVWUXFWXUH FDSDELOLWLHV

�ÌX�6� �� �F"Pg� �#��4��.#{
'LVLJQ DQG GHYHORSPHQW FDSDELOLWLHV

�KP.O#�� ���Í� �#��4��.#{
$SSOLHG VFLHQFH FDSDELOLWLHV

([SRUW &RQWURO $FW 3"OK#Å� �P5��� ���#{
0RRUH
V ODZ O��� ���#{

��_E�� �� L��"Pw� �#�P�{
3URGXFW�SURFHVV FKDPSLRQ

0HWHU SULFLQJ �O"Lz�� �O"N��4��{
([WHUQDO HQWUHSUHQHXUVKLS ���P�.� ���Pw$O#�
,QWHUQDO HQWUHSUHQHXUVKLS ��J"K� ���Pw$O#�
,QWUDSUHQHXUVKLS ���OK� ���Pw$O#�

P.���\#�� �"�K#.� �#��#�
0DFKLQLQJ�,QWHQVLYH'XUDEOH *RRGV �0'*�

&DSLWDO JRRGV �"���#�PX� �#��#�
*HQHUDO FKDQQHOV ����Í� �#���#�#�

U�ÐÌ�� §� �XL���� �#���#�#�
5HYHUVH�HQJLQHHULQJ FKDQQHOV

%XVLQHVV O#�� �� ,W�
7UDGH GHILFLW �O#=6� �PW�
0DUNHW SXOO O"Q#.� Z[�

�L\��5Ì�Å� (L�L>� �#�O�[�
1HZO\ ,QGXVWULDOL]HG &RXQWULHV �1,&V�

*HQHUDOLVW "P����
#�X� V�=�� �Í#wK� 3#�LJ� �5���

7KH +RXVH $UPHG 6HUYLFHV &RPPLWWHH

�"OLw� 3O#=6� ���W���
)HGHUDO 7UDGH &RPPLVVLRQ

����Í� 3#�LJ� ���W���
3XEOLF 6HUYLF &RPPLVVLRQ �36&�

6WDWLVWLFDO SURFHVV FRQWURO L��"Pw� �O#�$� �P5��
6WDWLVWLFDO TXDOLW\ FRQWURO �O#�$� 4�v��� �P5��

�"OLw� �#���#�[�#�Q$� ���XPW��
7KH )HGHUDO /DERUDWRU\ &RQVRUWLXP �)/&�

��5X�.� �"��O�#[�� ��P�
%RVWRQ &RQVXOWLQJ *URXS �%&*�

3UROLIHUDWLRQ YP5W�
6WUDWLILFDWLRQ �L�.����

��_E�� �.#�QO"� V�P6#�
3URGXFW HYDOXDWLRQ PDWUL[

O"Q#.� ��X� §� O"Q#.� L\O� ���E6� �� ��R=6� V�P6#�
0DUNHW�JURZWK�PDUNHW�VKDUH�DQDO\VLV PDWUL[

O"Q#.� �S����Ð6� V�P6#�
0DUNHW�7HFKQRORJ\ PDWUL[ �0�7�

3ULYDWH SURSHUW\ �Å�_J� 4�Ð�#�
.QRZ�ZKDW ��w� 4��#�

LF"�� Y�O� ��K#-�
6LQJOH 0HWKRG 'LH ([FKDQJH �60'(�

)RXQGDWLRQV RI PDQXIDFWXULQJ L���6� ��#-�
7HFKQLFDO )RUXP ��w� È�=�
$JJUHJDWHV RI FDSDELOLWLHV #��4��.#{� l��=�

�Ð�S����Ð6� �#jw#E�
7HFKQRORJLFDO JDWHNHHSHUV

0RGHOLQJ �Q#X��L�
&LWDGHO PRGHO �"��Ì�{� �L�

�S����Ð6� �R���� �L�
7HFKQRORJ\ $XGLW 0RGHO �7$0�

5ROH PRGHOV Zz�� �#���L�
6WUDWHJLF PDQDJHPHQW Ï�T6"P5X"� 4�P�L�

�S����Ð6� Ï��� #.� 4�P�L�
0DQDJLQJ ZLWK WHFKQRORJ\
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tL�� �#�-�� P.� 4�P�L�
0DQDJHPHQW E\ REMHFWLYHV

�S�P2� ��v6O�2� 4�P�L�
3URMHFW SRUWIROLR PDQDJHPHQW

�PX"PX� �S�P2� 4�P�L�
(QWHUSULVHZLGH SURMHFW PDQDJHPHQW

�S����Ð6� 4�P�L�
0DQDJHPHQW RI 7HFKQRORJ\ �027�

6WHZDUGVKLS PDQDJHPHQW �"��wPF� 4�P�L�
6FLHQWLILF PDQDJHPHQW ���Í� 4�P�L�

��Pw$O#�� 4�P�L�
(QWUHSUHQHXULDO PDQDJHPHQW

È�#>� 4�v��� 4�P�L�
7RWDO 4XDOLW\ 0DQDJHPHQW

#bw� �� "��� ���� 4�P�L�
1DWLRQDO $HURQDXWLFV DQG 6SDFH

$GPLQLVWUDWLRQ

�S����Ð6� �O�$��� 4�P�L�
0DQDJHPHQW RI 7HFKQRORJLFDO ,QQRYDWLRQ

�027,�

0RQLWRULQJ 4-{"P�
(PEU\RQLF VWDJH ����>� ��FP�

�S����Ð6� �#z5�"� �"��zf��� R�"P�
5HJLRQDO 7HFKQRORJ\ 7UDQVIHU &HQWHUV

�577&V�

�P6��1�#�� �O"Rw"��P�� 4�P�L�� �� 3#Í g"� R�P�
&RPSXWHU 6RIWZDUH 0DQDJHPHQW 	

,QIRUPDWLRQ &HQWHU

#bw"��� 3#Í g"� R�P�
&HQWHU $HUR6SDFH ,QIRUPDWLRQ �&$6,�

����Q� 3#Í g"� ���E6� �� ��R=6� R�P�
(DUWK 'DWD $QDO\VLV &HQWHU �('$&�

�S����Ð6� �#z5�"� ���� R�P�
1DWLRQDO 7HFKQRORJ\ &HQWHU

$EVROXWH DGYDQWDJH y�f�� 4�R�
&RJQLWLYH NQRZOHGJH �5J#�\�4wPÌ�

��#�Q#X� �O#�Ì�
2UJDQL]DWLRQDO DUFKLWHFKWXUH

%UDLQZDUH O"Rw"Rr�
7HFKQRORJ\ DXGLW �S����Ð6� �R���
+XPDQ UHVRXUFHV ��#W�"� È.#��
1DWXUDO UHVRXUFHV �Ì�-g� È.#��
/HDUQLQJ FXUYH �P��"Pw� ��E��
6WUDWHJLF SRVLWLRQLQJ �Ð�T6"P5X"� �.#��4�Ì{��
$GYDQFHG VNLOO K#�Q� 3O#��
6LPXOWDQHRXV HQJLQHHULQJ ��$� �XL���

Z�"K� 4J#XP�Q� �XL���
.QRZOHGJH LQIUDVWUXFWXUH HQJLQHHULQJ

%LRHQJLQHHULQJ �5W�Q� �XL���
*HQHWLF HQJLQHHULQJ Ï�5�S� �XL���

����Pw"Pw� �XL���
7UDQVFXOWXUDO HQJLQHHULQJ

&RQFXUUHQW HQJLQHHULQJ �#�Q���� �XL���
�5Ì�Å� �S����Ð6� 3#z�zE6� �WX¦�

,QGXVWULDO7HFKQRORJ\5HVHDUFK ,QVWLWXWH

�,75,�

�5Ì�Å� 3#z�zE6� �WX¦�
,QGXVWULDO 5HVHDUFK ,QVWLWXWH �,5,�

�5Ì�Å� �#XL���� �WX¦�
,QVWLWXWH RI ,QGXVWULDO (QJLQHHULQJ

4�P�L�� �ÌX�6� �����"���.� �WX¦�
,QWHUQDWLRQDO ,QVWLWXWH IRU 0DQDJHPHQW

'HYHORSPHQW �,0'�

1DQRWHFKQRORJ\ �S����Ð6��#�
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6RIWZDUH O"Rw"��P�
L�"�Í� �� 4��{� 4-W�

3ULFH � (DUQLQJV 5DWLR �3(5�

P6��1�#��PÐ��� �P5��� ��#�P.� �� 3O#j�
&RQWURO SURJUDP�PRQLWRU IRU

PLFURFRPSXWHU

([SHUW RSLQLRQ �X#�\O#�� Pj�
7HFKQRORJ\ URDG PDS �S����Ð6� �"O� �[z�
6FDWWHU GLDJUDP ��L��" P2� O"K���
&RQWURO FKDUWV �P5��� �#�O"K���
,QQRYDWLRQ �O�$��
5RXWLQ LQQRYDWLRQ �K#Í� #�� ��6�O� �O�$��
6\VWHP LQQRYDWLRQ ��5W�X� �O�$��

�S����Ð6� �#���O�$��
7HFKQRORJLFDO LQQRYDWLRQV

)RUHFDVW QHHGV ���.�Z�2� �#�Q#��
&RPSDUDWLYH QHHGV �z�-f6� �#�Q#��
1RUPDWLYH QHHGV �O#=��� �#�Q#��
/DERU O#�� ��P��

�Ð�w"P�� l��� Q"� P.O#�� �fX"�
*UDSKLF 8VHU ,QWHUIDFH �*8,�

�����"���.� 3O#=6� �� 4Ì�Å� 3O"Q�
0LQLVWU\ RI ,QWHUQDWLRQDO 7UDGH DQG

,QGXVWU\ �0,7,�

7HFKQRORJ\ GLVFRQWLQXLW\ �S����Ð6� �v{�
1DYLJDWRUV #�P�5�"L�

#��4��#Ìw� ��#2� P.� �.#�����R�
$FWLYLW\�%DVHG &RVWLQJ �$%&�

Ï2"� #�� ��X��#�{"� #�X$� �K#_5{"� �O#Ð��
$VLD 3DFLILF (FRQRPLF &RRSHUDWLRQ �$3(&�
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$EVROXWH DGYDQWDJH y�f�� 4�R�
$FWLYLW\�%DVHG &RVWLQJ �$%&�

#��4��#Ìw� ��#2� P.� �.#�����R�
$GDSWLYH RUJDQL]DWLRQV ufÌ��� �#���#�Q#X
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