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|UQHNOHPOHUH� LOLúNLQ� NDUDNWHULVWLNOHULQ� EHOLUOHQPHVL� LOH� NDUDU� YHULOPHVLGLU�� %X�
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|UQHNOHPOHUGHQ� KDQJLVLQLQ� UHG� KDQJLVLQLQ� NDEXO� HGLOHFH÷LQH�� IRUP�O� �¶GHNL�
NRQWURO�OLPLWOHUL�NXOODQÕODUDN�\D]ÕODQ�)RUWUDQ�SURJUDPÕ�LOH�NDUDU�YHULOPLúWLU��$\QÕ�
SURJUDPGD� $5/� GH÷HUOHUL� GH� KHVDSODWÕOPÕúWÕU�� +DWD� VD\ÕODUÕ� LoLQ� LVH� VD\ÕODU�
RUWDODPDVÕ� �� �� �� [� VDSPD� GH÷HUOL� 3RLVVRQ�� GD÷ÕOÕPÕQGDQ� �UHWLOPLúWLU��hUHWLOHQ�
VD\ÕODUGDQ� HOGH� HGLOHQ� |UQHNOHPOHUGHQ� KDQJLVLQLQ� UHG� KDQJLVLQLQ� NDEXO�
HGLOHFH÷LQH�� IRUP�O� �¶GHNL� NRQWURO� OLPLWOHUL� NXOODQÕODUDN� \D]ÕODQ� )RUWUDQ�
SURJUDPÕ� LOH� NDUDU� YHULOPLúWLU�� 3URJUDPGD� $5/� GH÷HUOHUL� GH� KHVDSODWÕOPÕúWÕU��
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<DSÕODQ�oDOÕúPD�VRQXFXQGD�HOGH�HGLOHQ�GH÷HUOHU��NDUúÕODúWÕUÕOPDOÕ�RODUDN�7DEOR���
YH�7DEOR��¶GH�YHULOPLúWLU��hUHWLOHQ�UDVVDO�VD\ÕODU�oRN�\HU�NDSOD\DFD÷ÕQGDQ�GROD\Õ�
PDNDOHGH�J|VWHULOHPHPLúWLU�øVWHQLOGL÷L�WDNWLUGH�LOJLOHQHQOHUH�LOHWLOHELOLU���
������������

7DEOR����2UWDODPDODU�LoLQ�6LP�ODV\RQ�<ROX�LOH�6KHZKDUW��&8680��
(:0$�.RQWURO�.DUWODUÕQÕQ�$5/�'H÷HUOHULQLQ�.DUúÕODúWÕUÕOPDVÕ�

� $5/�'H÷HUOHUL�
6DSPD� 6KHZKDUW�.DUWÕ� &8680�

.DUWÕ�
(:0$�
.DUWÕ�

� � � O � ����� O � �����
����� ��������� ��������� ��������� ���������
����� �������� �������� �������� ��������
����� �������� ������� ������� �������
����� ������� ������� ������� �������
����� ������� ������� ������� �������
����� ������� ������� ������� �������
����� ������� ������� ������� �������
�

7DEOR����+DWD�6D\ÕODUÕ�LoLQ�6LPXODV\RQ�<ROX�LOH�6KHZKDUW��&8680��
(:0$�.RQWURO�.DUWODUÕQÕQ�$5/�'H÷HUOHULQLQ�.DUúÕODúWÕUÕOPDVÕ�=�>�?A@CB
D�B�E
F B�E
G

H�IKJ =MLON�EQPSR TVUCW�U J LXN�EQPSR
Y�Z\[�] ^ Y�Z_[�] [�`WaN�b<cdN

W�e<BQfgeaN�EQP
LON�EQPSR h Z_[�] i h Z\[�] j

k Z_[�] [�` k Z_[�] [�[�` k Z_[�] [�` k Z_[�] [�[�`[�] [�[ l�m�n�o l�l�l�p q�r\s�o ltq�m�pul�l�r�o m�l�q�p s
v�w�o n�x x�v�l�o x\s l�p�w�o q�v m�m�xao q�x
[�] `�[ n�x<o l�n�p�p l�x<o s
p�v�p l�q<o r�l�p�p s
wao l�r�v x�mao s
w�w x�vao x�x�q l�l�o m�r�w
[�] y�[ l�q<o r�n�n�p s�lao r\sQp�p s�q<o n�r�l�p r�o v�r�p w�o l�r�m s�pao v�m�n s�s�o v�l�n
^�] [�[ x�q<o s�m�w�p s�pao s
p�r�p s
pao l�w�p�p vao x�r�p v�o q�w�q n�o q�n�p nao r�r�l
^�] i�` s
mao l�p�v�p v�o w�p�l�p vao v�m�l�p q<o v�n�m qao n�x�x m�o q�w�v mao v�l�w
^�] `�[ s
pao q�x�v�p m�o v�qzsQp mao l�v�l�p lao n\sQq l�o n�x�l qao q�p�q q<o m�l�x
ia] [�[ mao n�p�v�p l�o w�p_sQp lao q�w�l�p x<o v�x�v xao v�xar l�o s
r�m lao x�q�w

�
���6RQXo�
�
7DEOR� ��¶H� EDNÕOGÕ÷ÕQGD� RUWDODPDGDQ� ����� VDSPD� J|VWHUHQ� ELU� V�UHoWH��

6KHZKDUW� NRQWURO� NDUWÕQÕQ� $5/� GH÷HUL� ������� &8680� NRQWURO� NDUWÕQÕQ� ������
(:0$� NRQWURO� NDUWÕQÕQ� LVH� O ���� ROGX÷XQGD� ������� O ���� ROGX÷XQGD� ������
ROGX÷X� J|U�OPHNWHGLU�� %X� GH÷HUOHULQ� DQODPÕ� � RUWDODPDGDQ� ����¶OLN� ELU� VDSPD�
ROGX÷XQGD� 6KHZKDUW� NDUWÕ� RUWDODPD� ��� |UQHNOHPGHQ� VRQUD� V�UHFL� UHGGHGL\RU��
&8680� NDUWÕ� RUWDODPD� � \DNODúÕN� ��|UQHNOHPGHQ� VRQUD� V�UHFL� UHGGHGL\RU��
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(:0$�NDUWÕ�LVH�V�UHFL�RUWDODPD���|UQHNOHPGHQ�VRQUD�UHGGHGL\RU��%X�GXUXPGD�
(:0$� NDUWÕ� RUWDODPDGDQ� ���� VDSPD� J|VWHUHQ� ELU� V�UHFL� HQ� HUNHQ� NHúIHGHQ�
NRQWURO�NDUWÕGÕU��
�

2UWDODPDGDQ� VDSPD� PLNWDUÕ� E�\�G�NoH� (:0$� EX� GX\DUOÕOÕ÷ÕQÕ�
ND\EHGL\RU��7DEOR��¶GHNL�GH÷HUOHUGHQ�(:0$�NRQWURO�NDUWÕQÕQ�KDWD�VD\ÕVÕQGDQ�
RODQ� N�o�N� VDSPDODUD� NDUúÕ� GX\DUOÕOÕ÷Õ� DUDúWÕUÕOGÕ÷ÕQGD�� NDUWÕQ� GX\DUOÕOÕ÷ÕQÕ�
ND\EHWWL÷L� J|]OHQL\RU�� gUQH÷LQ� KDWD� VD\ÕVÕ� F¶GHQ� ����� PLNWDUÕQGD� ELU� VDSPD�
ROXUVD��6KHZKDUW� �NDUWÕ�EX�VDSPD\Õ�RUWDODPD�����|UQHNOHPGHQ�VRQUD��&8680�
NDUWÕ�RUWDODPD����|UQHNOHPGHQ�VRQUD�(:0$�NDUWÕ�LVH�O ����LNHQ�RUWDODPD����
|UQHNOHPGHQ�O ���� LNHQ�RUWDODPD����|UQHNOHPGHQ� VRQUD�NHúIHWPHNWHGLU��+DWD�
VD\ÕODUÕ� V|]� NRQXVX� ROGX÷XQGD� N�o�N� VDSPDODUÕ� &8680� NDUWÕ� GDKD� oDEXN�
NHúIHWPHNWHGLU��

�
7DEORODUGDQ� J|U�OG�÷�� JLEL�� RUWDODPDODU� LoLQ� (:0$�� &8680� YH�

6KHZKDUW� NDUWODUÕQD� J|UH� N�o�N� VDSPDODUD� NDUúÕ� GDKD� GX\DUOÕ� ELU� NRQWURO�
NDUWÕGÕU�� 'ROD\ÕVÕ� LOH� V�UHo� VÕUDVÕQGD� RUWDODPDGDQ� RODQ� HQ� N�o�N� VDSPD\Õ� HQ�
oDEXN�KDEHU�YHUPH�|]HOOL÷LQH�VDKLSWLU��+DWD�VD\ÕODUÕ�LoLQ�LVH��&8680�NDUWÕ�GL÷HU�
NDUWODUD� RUDQOD� N�o�N� VDSPD\Õ� HQ� HUNHQ� KDEHU� YHUHQ� NRQWURO� NDUWÕGÕU�� (:0$�
NRQWURO� NDUWÕ� RUWDODPDODU� LoLQ� J|VWHUGL÷L� GX\DUOÕOÕ÷Õ� KDWD� VD\ÕODUÕ� LoLQ�
J|VWHUHPHPHNWHGLU�� .�o�N� YH� E�\�N� VDSPDODUÕQ� ELUOLNWH� |QHPOL� ROGX÷X�
V�UHoOHUGH�� RUWDODPDODU� LoLQ� 6KHZKDUW� YH� (:0$� NDUWODUÕ� ELUOHúWLULOHUHN�
X\JXODQDELOLU��%X�NDUW��KHU� LNL� W�U�VDSPD\D�NDUúÕ�GX\DUOÕ�RODQ�ELU�NRQWURO�NDUWÕ�
RODFDNWÕU��
�

$%675$&7�
� �

4XDOLW\� &RQWURO� LV� YHU\� LPSRUWDQW� IRU� D� SURGXFW¶V� FRQIRUPDQFH� WR� D�
VWDQGDUG�WKDW�KDV�EHHQ�GHWHUPLQHG�EHIRUH�DQG�IRU�D�SURGXFW¶V�FRPSHWLWLYHQHVV�LQ�
WKH� PDUNHW� FRQGLWLRQV�� 6WDWLVWLFDO� WHFKQLTXHV� DQG� HQJLQHHULQJ� WHFKQRORJ\� DUH�
YHU\�XVHIXO�LQ�WKH�TXDOLW\�FRQWURO�DSSOLFDWLRQV��6WDWLVWLFDO�3URFHVV�&RQWURO��63&��
LV� D� TXDOLW\� FRQWURO�PHWKRG� WKDW� XVHV� VWDWLVWLFDO� WHFKQLTXHV��&RQWURO� FKDUWV� DUH�
RQH�RI�WKH�VHYHQ�PDMRU�WRROV�RI�63&��7KHVH�FKDUWV�DUH�WKH�VWDWLVWLFDO�WRROV�XVHG�
IRU� NHHSLQJ� WKH� UHSHWLWLYH� SURFHVV� XQGHU� FRQWURO� DQG� WR� VKRZ� WKH� SURGXFWLRQ�
GDWD��,W�LV�YHU\�LPSRUWDQW�WR�GHWHFW�D�VKLIW�ZKLFK�RFFXUUHG�LQ�WKH�SURFHVV�DV�VRRQ�
DV�SRVVLEOH��7KDW�LV�EHFDXVH��WKH�VRRQHU�WKH�LQIRUPDWLRQ�DERXW�WKH�VKLIW�WKDW�WDNHV�
SODFH� LQ� WKH� SURFHVV� LV� UHFHLYHG�� WKH� HDUOLHU� WKH� QHFHVVDU\� SUHFDXWLRQV� DQG�
FRUUHFWLRQV�LQ�WKH�SURFHVV�DUH�DIIHFWHG��6R��SRVVLEOH�ELJJHU�IXWXUH�SUREOHPV�DUH�
SUHYHQWHG�� :KLFK� FRQWURO� FKDUW� VKRXOG� EH� XVHG� GHSHQGV� RQ� WKH� TXDOLW\�
FKDUDFWHULVWLF�RI�LQWHUHVW�LQ�WKH�SURFHVV��,Q�WKLV�VWXG\��ZH�VWXGLHG�WKH�6KHZKDUW��
&XPXODWLYH� 6XP� �&8680�� DQG� ([SRQHQWLDOO\� :HLJKWHG� 0RYLQJ� $YHUDJH�
�(:0$��FRQWURO�FKDUWV�DQG�LQYHVWLJDWHG�WKH�VHQVLWLYLW\�RI�(:0$�WR�RWKHUV�IRU�
GLIIHUHQW� VKLIW� VL]HV�� :KLOH� GRLQJ� WKLV� VWXG\�� ZH� FDOFXODWHG� WKH� $YHUDJH� 5XQ�
/HQJWK��$5/��YDOXHV�IRU�ERWK�DYHUDJHV�DQG�QXPEHU�RI�GHIHFWV�E\�VLPXODWLRQ�IRU�
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DOO�WKUHH�FKDUWV�DQG�FRPSDUHG�WKHP�WR�ILQG�ZKLFK�FRQWURO�FKDUW�LV�PRUH�VHQVLWLYH�
IRU�ZKLFK�VL]H�RI�VKLIW��
�

.$<1$.d$�
�
&52:'(5��6�9���������³'HVLJQ�RI�([SRQHQWLDOO\�:HLJKWHG�0RYLQJ�$YHUDJH�

6FKHPHV´��-RXUQDO�RI�4XDOLW\�7HFKQRORJ\���������������
&52:'(5��6�9���DQG�+$0,/721��0�'���������³$Q�(:0$�IRU�0RQLWRULQJ�

D�3URFHVV�6WDQGDUG�'HYLDWLRQ´��-RXUQDO�RI�4XDOLW\�7HFKQRORJ\��������
���

*5$17��(�/���DQG�/($9(1:257+��5�6���������³6WDWLVWLFDO�4XDOLW\�&RQWURO�
�� � � �HG��´�1HZ�<RUN��0F*UDZ�+LOO�%RRN�&RPSDQ\��

+$0,/721��0�'��� DQG� &52:'(5�� 6�9��������� ³$YHUDJH� 5XQ� /HQJWKV� RI�
(:0$�&RQWURO�&KDUWV�IRU�0RQLWRULQJ�D�3URFHVV�6WDQGDUG�'HYLDWLRQ´��
-RXUQDO�RI�4XDOLW\�7HFKQRORJ\�������������

+6221�1*�� &�� �� DQG� &$6(�� .�(��������� ³'HYHORSPHQW� DQG� (YDOXDWLRQ� RI� &RQWURO�
&KDUWV� 8VLQJ� ([SRQHQWLDOO\� :HLJKWHG� 0RYLQJ� $YHUDJHV´�� -RXUQDO� RI�
7HFKQRORJ\����������������

+817(5�� -�6��������� ³7KH� ([SRQHQWLDOO\� :HLJKWHG� 0RYLQJ� $YHUDJH´��
-RXUQDO�RI��7HFKQRORJ\���������������

/8&$6�� -�0��� DQG�6$&&8&,��0�6��������� ³([SRQHQWLDOO\�:HLJKWHG�0RYLQJ�
$YHUDJH� &RQWURO� 6FKHPHV�� 3URSHUWLHV� DQG� (QKDQFHPHQWV´�� 7HFKQRPHWULFV���
�����������

0217*20(5<��'�&����������,QWURGXFWLRQ�WR�6WDWLVWLFDO�4XDOLW\�&RQWURO��� � �
HG���1HZ�<RUN��-RKQ�:LOH\�	�6RQV��

52%(576�� 6�:� �������� ³� &RQWURO� &KDUW� 7HVWV� %DVHG� RQ�*HRPHWULF�0RYLQJ�
$YHUDJHV´���7HFKQRPHWULFV��������������

0$&*5(*25�� -�)�� DQG�+$55,6�� 7�-��������� ³7KH� ([SRQHQWLDOO\�:HLJKWHG�
0RYLQJ�9DULDQFH´���-RXUQDO�RI�4XDOLW\�7HFKQRORJ\���������������

65,9$67$9$��0�6�� DQG�:X�� <��������� ³&RPSDULVRQ� RI� (:0$�� &8680�
DQG�6KLU\D\HY�5REHUVWV�3URFHGXUHV� IRU�'HWHFWLQJ� LQ� WKH�0HDQ´��7KH�
$QQDOV�RI��6WDWLVWLFV����������������


