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$PRQJ� FRPSOLDQW� RIIVKRUH� SODWIRUPV�� WHQVLRQ� OHJ� SODWIRUPV� �7/3�� DUH� UHIHUUHG� WR�� DV�
K\EULG� VWUXFWXUHV�� 7KLV� NLQG� RI� SODWIRUPV� UHVHPEOH� WR� RUGLQDU\� VHPL� VXEPHUVLEOHV�ZKHQ� WKHLU�
VHUJH��VZD\�DQG�\DZ�PRWLRQV�DUH�FRQVLGHUHG��VLQFH�WKH\�DUH�FRPSOLDQW�ZKHUHDV�ZLWK�UHVSHFW�WR�
SLWK��UROO�DQG�KHDYH�PRWLRQV�WKH\�UHVSRQG�PRUH�OLNH�D�IL[HG�SODWIRUP�UDWKHU�WKDQ�D�IORDWLQJ�ERG\��
7KLV�SDSHU�SUHVHQWV� D�PHWKRG� WR� DQDO\]H� DQG�HYDOXDWLRQ�RI�K\GURG\QDPLF� IRUFHV�RI�D� UHJXODU�
VLPSOH�ZDYH�RQ�D�7/3�DQG�D�JHQHUDO�VROXWLRQ�WR�H[SDQG�WKH�PHWKRG�WR�EH�DSSOLHG�IRU�D�UDQGRPO\�
FKDQJHG�ZDWHU�VXUIDFH�ZLWK�D�NQRZQ�VSHFWUXP�H�J��SLHUVRQ�0RVNRZLW]��7KLV�DQDO\VLV�ZDV�PDGH��
XVLQJ� D� �'�PRGHO�ZLWK��� FRXSOHG�GHJUHH�RI� IUHHGRPV��6WLIIQHVV�RI�PRRULQJ� V\VWHP�DQG�GUDJ�
IRUFH� DUH� DVVXPHG� WR� QRQ�OLQHDU� DQG� WKH� HIIHFW� RI� GLIIUDFWLRQ� DQG� UDGLDWLRQ� DUH� QHJOHFWHG��
+\GURG\QDPLF� IRUFHV� DQG� UHVSRQVH� ZHUH� PRGHOHG�� XVLQJ� PRGLILHG� 0RULVRQ� HTXDWLRQ�� 7KH�
G\QDPLF�EHKDYLRU�RI�PRRULQJ�OLQHV�DQG�K\GURG\QDPLF�IRUFHV�RQ�WHQVLRQHUV�ZHUH�QHJOHFWHG��7KH�
UHVXOWLQJ�HTXDWLRQ�ZDV�VROYHG�LQ�WLPH�GRPDLQ�E\�1HZPDUN�%HWD�DOJRULWKP�

.H\ZRUGV� 7/3��0RULVRQ��+\GURG\QDPLFV��5HVSRQVH�6SHFWUXP��'\QDPLF�5HVSRQVH

�� &RPSOLDQW����������� 7/3��������� &RXSOLQJ
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Zºº¿yu�¾º�vºº´¸¯�¶¿z�³
±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y

¶¯v¤¯
¶]�±yv¯�½ZÀ³u�¹ �¿Z´��±¹|�Y{¹y�¾.d�]Y¹�Z]
¹ �Z�d)Y�aZÀ¬°�� _{ºo�¾°À�¹zd��aÇº�p¯� ¹ b ³
Z¸�º³ZÀ£Y�¹ Z·�Z¿yu�`´¸��¶]�v´°�{yY�_uZ¯�²¿Y�iYztd�Y

b�Y�µv��µvÀ�)�|À³�Z°�Y�¾do�±ZÀ¯�²¿Y�yu{Y�y¹u�¡
µ{¹z¯Y�¹ µuº^³�Z¸dÀ«Z���²¿Y�{Y�±º�¯�|À³�Z·Z¿yu�}zd�u

¡Z°�Y�½Yy¹� Zc�b ³�iYztd�Y� ¹ ½yZ oæåååZ]� zd¯�
b�Y��¿Y|�Y�¶]� ¹y�½zÀ.°�#�v�y�zd�À]�¡Z°�Y� Z¯Y

¹ zd�À]�½Z¸³Z°¯� �zd-y|]�½Z·¹zÀ³�¾´�¯� ¶]�¾cZÀ¬°�
yu�¹ Z·�µ{Z��¾´À.´��¹ uYº¯�{Y�zd�À]�_uZ d�Y�¶lÀd³yu

¸³v�Z]�¾¯�vÀ«ºc�`´¿|·��¿Y|�Y�b¿Z�µ{¹z¯Y�¹y�²¿Y� {Y
½Z·�µ{Z��{Y�½v¿vk��Yº³Y�{Y�µuZ d�Y�¶]�½uZ¿{�ª¿Z°c
±ZÀ¯� yu� ¾¤À^�c� ½Z·� µ{Z�� ±Yº´�� bpc� ¾¿Z¿� yu

b�Y�µv��uZl¿Y�±YyYuz]�µz¸]¹�±ZoYz��
`d�u�¹u�¶]�±Yºc�¾¯�Yy�ªoZ�Yz��½Z·�µ{Z���º°l¯�yu

uº°³� ®À�¤c� ¾¬�Y�b]Zg� ½Z·� µ{Z�½Z·� µ{Z�� ¹
¾¤À^�c�yu� >Çº°�¯� ¶)�©¹Y� µ¹z-� yu¢°��®§�½Z¸]M

v³yYu�uz]yZ)uuz-�¾¯�ª¤d´¯�Z¿yu��§�¶]�µ{Z��±{¹��Z¯Y��
yu½Yz]�>Çº°�¯�¶)�­¹u�µ¹z-¢À°��½Z·Z¿yu�µuz]�yZ*]�
¾¯v³º�v¿Y� �_¾¬�Y�ª]Z¤¯� yu� µ{Z��b¯¹Z¤¯��·Z)

¹ µ{Z��½z¿x���Z��³Y�`¬À�º]�¾kyZs�½Z·¹zÀ³µuZ d�Y
{Y½¹zÀ³{Z��½y¹Z´��_v�Z]�¾¯�¾³Z£º���

²¿Y� �b�YvÀ��¾¤À^�c�½Z·º*�� ­Z³� {Y� ¶)� yº�³Z°·
µ{Z�±Z�³�½zd�À]�r�Z� ¾kyZs�½Z·yZ]�¶]�b^�³�Z·

©zd´)� Z¿¹�½v´]yZ¸¯�½Z¸°d�À��¶)�¾¿Zk� Zc�v´·vÀ¯
¹ ­{Ç� º*�� yZd�y� ©zd´)� ½Yz]� �¾*À¯Z´¿u� bÀ�£º¯

b�Y�½y¹z��

¶¿Z��Z]�y¹Z´��½Z·º*���)�bpc�½Z·
>Z^¿z¤c�Z·º*��²¿Y�¡¹z�¯�¶°À³�½Z·º*��v´³Z¯
Z]�Z¯Y���v³zÀ.À¯�yYz£�µuZ d�Y�uyº¯�y¹Z´��¶°À³�b«Zo�¶]

¾¯� ª�d¯� Z¿yu� �)� ¶]���)� bpc� ¾¿Z¸¬]Z)v³º��
±v¯M�uºkº]�f�Z]���)�bpc�½Z·yZ¸¯�²¿Y�{Y�µuZ d�Y

æêZc�çêuuz-�¾¯�¶�Z�Y�½y¹Z´��½¹zÀ³�v�yu��½¹zÀ³
�z�� ¶]ÇZ]½z]� ¾´À°�c� �±{¹� {Y� zd�À]�½Y

��§�bpc±uº]¾.�À°·Z·yZ¸¯�z]�µ¹È�±M�

��)�bpc�½uº°��¾¿Z¸¬]Z)�ª¯Yº�½Yz]�¾´X°�¯
y¹Z´��²d�Yu�¶.³�\�Z´¯�¾dÀ�£º¯� yu�µZ#�¶]�b^�³

v´�Z]�¾¯�²À]� z¿{� `�]Yy�¾*ÀcZd�Y� ©uZ�c�b«Zo� yu�
z]�Z¸¬]Z)���)�¹ ½y¹Z´��½¹zÀ³��±{¹b�Y�yYz£��

�Î���%) 7 : �
v¿Y_�¾¬§�yu�µ{Z��b¯¹Z¤¯��·Z)� Z·º*���º³�²¿Y� yu

¹ µ{Z��½z¿x���Z��³Y�`¬À�º]�¾kyZs�½Z·¹zÀ³�ª]Z¤¯
{Y� µuZ d�Y½¹zÀ³{Z�� ½y¹Z´��_v�Z]�¾¯� ¾³Z£º���

¾��)�`¿Z��Z]�½Z·º*�Z��¦¿�b¤À¤o�yu�¶³Z-¹u�µ{éZ]
kyu� ��`�Z]�¾¯� ½uY{M�´v�Z·º*�� ²¿Y¶]� b^�³�

¾¤�Y�aZ§zo�$À��¹ê�z¿x���Z��³Y¦¿�v´³Z¯�¹ µuº]�
{Z�_¶]�b^�³�¶¨À«Zo�yu��v¿Z°³�¾¯�ª°��y¹Z´��b)zo
®WZ£[Zc� �ëb¬��¹ì½uZ¿{�¾dt��µuYu�±Z�³�uºs�{Y¹

µ{Z��±º$°·½Y�§¾¯� yZd�y�b]Zg�´v´�b°�£¾³Z£º�
Z·º*�� ²¿Y¶]� ��§� bpc� ½Z·�¶¿Z�� {Y� µuZ d�Y� Z]

¾¯�ª�d¯� Z¿yu�zd�]�yu�¾¿Z·�¾�uº��yu�µ{Z��b§zo
®WZ£�½Zd�Yy����§�bpc�½Z·�ª]Z§� ¶¬À�º]�u¹vp¯�

aZ¸k�yu�¶¨À«Zo�yu��uyYv³�uY{M�½y¹Z´��bÀ¬]Z£�¹ µv�
{Z��¦¿� ¶]Z�¯� ¾¤�Y_v´§�¾¯� ª°�� y¹Z´���²¿Yz]Z´]

¡º��½Z·º*�§zo�bÀ¬]Z£bp �� yu�`Yu Yy�¢�¶d�Y
³M�b§zo�¾«¹Z¸p ��yu�`b�Y�µv��vÀ¤¯ ®WZ£��

�¾«º�� aZ§zo¶]� �¢�Y� ¶p �� yu� �sz#� ¹ ¾�z��
uº¿z��½YyYu�µuº]�­º�º¯�­z³�½uY{M�aZkyu½yuu¹vo

æçå�êåv´�Z]�¾¯�¶À³Zg��©ºo��sz#�¹ ®WZ£�aZ§zo
¶]� bt�� ½uY{M� aZkyu� ¾�z�� ¹ ¾«º�� ½Z·¹zp¯

u¹vo�yu�Z¸³M�uº¿z��¹ µv¯M�[Z�oé�çv�Z]�¾¯�¶À³Zg�
@æ>�®WZ£�b§zo�uº¿z��¶§�Zl³M�{YZ·º*��²¿Y�uº¿z��¶]�

iYº¯YZ¿yu�v�Z]�¾¯�¦¿u|³� �v¿v�c��º£¹�±Z*¯Y±M�yu�
uyYu�uºk¹�½uY{M�aZkyu�z¿Z��{Y��À]��º£¹�ayº��yu

�½uº°��b)zo�yu�v¿v�cuZl¿Y�±Z*¯Yv¿v�_¾.d�s�
¾��§�½Z·�¶¿Z�� yu¶]��§�±v�� uZ¿{� ¹ ®§�b¬��

¯Z·yZ¸uyYu� uºk¹�²¿Y� z]� µ¹È�¾*¿u|³� ayº�� yu
�®WZ£�b§zo�¾�À^��½Z·uº¿z�b¬��¹ [Zc¶]��z.¿v*¿

{¹z]�±Z*¯Yuz¨¬°��¹ ½yYuz]�µz¸]��¿Yz�� yu�¾cÈ¨�¯
uyYu�uºk¹�

z]� �¶«|«{� ®WZ£� ¦¿zpc� zÀgPcZ·º*�� ²¿Y¶]� b^�³�
aYzÀgPcv�Z]�¾¯� zd�À]� ¾¤�Y��½uv�� j¿Zd³� v´#� z·

�� +\EULG �� 3DXOOLQJ�	�+RUWRQ �� <DZ������� 3LWFK
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Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

v´·u� ±Z�³_yu� ¹ µuº]� ¶«|«{� {Y�¾�Z³� r�Z��bÀ°·Y�
yZ]�v¿Z]�¶lÀd³²À¯{�zgY�z]�µv¯M�uyY¹µ{z«�z¿Z��v´³Z°·

¾oYz�� yu� ¾�Àp¯� ½Z·yZ]¾��)� `¿Z�� Z]� ½Z·º*�
µ{Z��²¿Y�¾¤À^�c�b�À^�� Z¯Y� �uzÀ-� yYz£� z�³uyº¯Z·�

v°���t]�±v��¾h´s�f�Z]_�¾¯�¶«|«{�¦¿zpc�ºu�{Y�
Z¸³¹v³Zc� ¶§� Zl³MZ·º*�� ²¿Y�Yu�½z¿x�� �Z��³Y� ½Yy

v´�Z]�¾¯�¾¤�Y�b§zo� yu�½uZ¿{�¶«|«{�¾¤�Y�¦¿zpc�
uyYv³� Z¸³¹v³Zc�¹ Z·º¨��z]�½Y�¶�oÈ¯�ª]Z£�zÀgPc�²¨À«

²À]� ½¹z§� ©Z�cY� ¾oYz�� z]� v³Yºc¾¯� aZ§zo� ²¿Y
uyYx.]� zÀgPc� Z¿yu� �§� ¹ Z¸³¹v³Zc�r�Z�� ²À´$°·

½Z¸³¹v³Zc�¾¨À¯Z´¿uZ·º*��²¿Y±Z¿zk�uºk¹��z�� Z]�
bpc¦¿zpc«|«{� ¾¤�Y¶b�Y� µv�� ¾�yz]� ��j¿Zd³

v´·u�±Z�³�½uv�_±Z¿zk�b�z���¿Y|�Y�¶§�b�Y�±M�
¾«¹�¶d�Yv³�¾³Yv´#�zÀgPc�±¹v³Zc�¾¤�Y�b§zo�r�Z��yu

uº��¾¯� ®WZ£� b§zo� r�Z�� �¿Y|�Y� f�Z]�²À´$°·
uuz-�¾¯�Z·�r�Z���·Z§�f�Z]��´§yv³Y�zgY�±uz§��Zp«

@ææ>�
¾��)� `¿Z�� Z]� ½Z·º*�¾¯� Yy�½Z·� ª¨�� ¶]� ±Yºc

¹ ¾�]z¯��¾h¬h¯�v´³Z¯�¾³º-Z³º-½Y�µyZd��Z¿bsZ�@í>
¹@î>�

yu�±YºdÀ¯���)�bpc�½Z·�¶¿Z�� Z]�y¹Z´��½Z·º*��{Y
²À]�¢°��Z]�¾¿Z·Z¿yuæçåZc�æêååuº°³�µuZ d�Y�zd¯��

`¿Z�� Z]�½Z·º*�� uyº¯� yu�¢°���¿Y|�Y� Z]� ¶)� Zl³M� {Y
¾��)´¿|·��¤��`Y|�Y�±M�\�³� ¹ yZ¸¯� ®d�À���¿
v]Z¿�¾¯�¾¬oZ�Yz�� ½Z·�µ{Z�� ½Yz]� ¶´¿|·� ½Z·�¾´p´¯
z.¿uZ]� ¶�¿Z¤¯� yu� �¢À°���¿Y|�Y� Z]� ½zd�À]� v�y�

¾��)�`¿Z��Z]�½Z·º*�v³yYu�
½Z¿Y|¯�¾��)�`¿Z��Z]�½Z·º*��{Y�v´cyZ^��@í>��

xy¹Z´��b�À^��b¬��¶]�±Z��Z·º*��²¿Y�½zd°§�¶]z��
yu��¿Yz�� yu�¶lÀd³� yu� ¹ µuº°³�b�Z¿yu�iº¯� {Y½Z¿

¬°���¾³Z�º�v´³Z¯�¾¯�¾£Z]�¾cZÀ�
xaZkyu�yu�¾�À^��½Z·�~³Z§z�­z³�½uY{M{Y�zc�²À¿Z��

¹ v¿v�c��º£¹�±Z¨¯Y�²¿Yz]Z´]� ¹ µuº]�iYº¯Y�~³Z§z�
u¹y�¾¯�²À]�{Y�v¿v��½Z·yZ]�©Z°�Y�

x´¿|·`½Z·�µ{Z�� {Y� zd°§� �¢À°��½Z¸]M� yu� µ&¿º]�±M�
v�Z]�¾¯�b]Zg�

x{Y�¹ \�³� �©Z¤d³Yº°³�iyZs±u±M�~¿¹z��{Y�±Z�M�
v�Z]�¾¯�

x>Zcv°��¢°�� zÀÀ�cZ¸´c�yZ¸¯�©º�� yu� zÀÀ�c�f�Z]�Z·
uº��¾¯�

x½YyYu�b]Zg�½Z·º¨��¶]�b^�³� �|Às� µ{z«�¾oYº³� yu
v�Z]�¾¯�½zd�À]�¾´°¿Y�

x®WZ£�b§zo�±uº]� vÀ¤¯�b¬�� ¶]�¹ zÀ°�c� ¹ ©zd´§�
½yYv¸.³y|¿YyZ·yZ¸¯�¹ b ³�½Z¸·Z#� ��±Z�M� >Zd^�³�

b�Y�
x¯¶]� Z·v¿v�c� ©Z¤d³Y�¾¿Z³Yºc� yu� ±M�¾-&¿¹�²¿zd°¸

v�Z]�¾¯�iYº¯Y�½%z³Y�_u¹vp¯�{Y�iyZs�

ª*�æ�½yZ o�½º*��0DUV��)�bpc�½Z·�¶¿Z��Z]

Z·�µ{Z��²º¿Y�rº�Z��½¹y�zº] ¾ºcZ�«Z�¯�½Zº·yZ)�²ºÀ«¹Y
`·u�ª¿Y¹Y�yu�Z¿yu�iYºº¯Y�¶º] b^º�³ìå��ºc�½uÈÀ¯�

²ºcyº·�¹ ,´ºÀ«Z�í�¯�±uº]�¾�s��z��Zº] ¹­Zl³Y�¶¬X
bº�z¿x���z��Z]�µv��­Zl³Y�½Z·yZ)�zd�À]�~º� ±M�{Y

¶d�z¿x��­Zl³Y�Z·yZ¸¯�¾dt��¹ yZ���½¹zÀ³�±uº]�¾�s�
Z·º*���º³�²¿Y�¾*À¯Z´¿u�r�Z��ªÀ¬pc�¶]�¶«Z¤¯�²º¿Y�yu
¾dt��±uº]�¾�s�zÀ���z��Z]�¹ ®�´¯Z³�iYº¯Y�zºgY�zº]
b�z��­¹u�±Yºc�¶]�0.d�]Y¹�zgY�z]�Z���/¹zÀ³�¹ Z·yZ¸¯
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