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RQH� SUREOHP�WR�DQRWKHU��+HUH��IRU�WKH�EXV�WHUPLQDO�ORFDWLRQ�SUREOHP��6$¶V�SDUDPHWHUV�DUH�GHWHUPLQHG� WKHQ�WKH�SUREOHP�LV�VROYHG�
$QRWKHU�DOJRULWKP�LV�WKH�,PSOLFLW�(QXPHUDWLRQ�PHWKRG�
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WLPH� DQG� WKH� DFFXUDF\� RI�WKH�VROXWLRQ��,Q�DOO�WKH�FDVHV�VWXGLHG��6$�JDYH�WKH�PRVW�DFFXUDWH�UHVXOWV��,WV�&38�WLPH�LV�ORZHU�WKDQ�WKH
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ÎÐÕÍ v´ �¦��Ï ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ÎÐÔ

v¿v³Z§�¨z- ÏÍ Z] v¸�¯�`¨^��Ä¦z] 6$ Â�,( �*$06 Ä¦zk¦�ÀZ¯±�`�¿Z¤¯��Ñ ¾Âvk
¶³Z¿Z��®¦v�c�¶À³Zg��*$06 Ä¦zk¦�ÀZ¯±�¶À³Zg��,( Ä¦zk¦�ÀZ¯±�¶À³Zg��6$ Ä¦zk¦�ÀZ¯±

Î
Ï
Ð
Ñ
Ò
Ó
Ô
Õ
Ö
ÎÍ
ÎÎ
ÎÏ
ÎÐ
ÎÑ
ÎÒ
ÎÓ
ÎÔ
ÎÕ
ÎÖ
ÏÍ

ÎÏ
ÎÍÐ
ÒÎÍ
ÎÔÕÔ
ÑÓÐÖ
ÖÓÓÒ
ÎÓÐÓÕ
ÏÍÍÍÎ
ÎÖÍÎÏ
ÎÏÍÑÒ
ÒÓÐÏ
ÏÏÓÐ
ÎÎÎÍ
ÑÔÒ
ÎÑÖ
ÓÓ
ÏÖ
ÎÑ
Ô
Ï

Î
Î
Ð
ÎÔ
ÖÐ
ÑÒÒ
ÎÒÍÓ
ÐÑÏÍ
ÒÓÑÍ
ÔÎÑÍ
ÔÏÍÍ
ÒÔÍÍ
ÐÔÕÍ
ÎÖÕÍ
ÕÑÍ
ÏÕÏ
ÔÍ
ÎÐ
Ï
Î

Ô
ÎÎ
ÎÓ
ÎÖ
ÏÏ
ÏÒ
ÏÕ
ÐÎ
ÐÑ
ÐÓ
ÐÕ
ÑÎ
ÑÐ
ÑÒ
ÑÔ
ÑÖ
ÒÎ
ÒÐ
ÒÒ
Î

�°kÖÓÕÕÓÐÕÎÑÑÓÒÏ

²¿zd¬¨�¯�¶§��¶³Z¿Z��Õ b«Zo�Z¸´c�¶$³Z´#��b�¦�¾´°��³°Z°�
®Âvo�6$ ³Â°��®º��¶d�z-�z�³�°®�b�¦�b«Zo��²¿zczÀ.d£Â�
±¦�zd�¿zºº� zº]¦z]�ÎÍÍ ®Âvºo Â�*$06 ±¦�zd�¿zº� zº]¦z]�ÓÍÍ
Ä¦zºk¦�ÀZ¯±�©¦zÀÀ�c��Ò��ª¨��°®��b�¦�¾´°��³°Z°��³Â°
Ávº� ¶ºW¦°¦�Z·¶º³Z¿Z��®¦vº�c��º¿¦|�¦�\ºº�oz]�°º§x¯�`¯Z³z]�¶�

�b�¦

À¦z¸c�¾³¦z�º]ºc¦�`¨^���Ï�Ó
¾³¦z�º]ºc¦�`¨^��¶]�¶º]z¯�Áv��¾�°z]�¾�£¦Â `¨^��²À¯Â®
¨z-�ÖÖ Zº] Áz-�ÎÓÒÍ Ä¦°¦®�¶¨^º� ²º¿¦��®ººº�¾¯�Âzd¯�Z]�À¦z¸c

zÀº�d¯�ÖÖ Ä¦°¦®�¾]ZºÀ³Z¨¯�¾vº¯ b«Zºo ²º¿¦�°®��bºº�¦�v¿v³Z§
ÑÐÍÍ ®Âvºººo °®�Â�¶dºº�ºÀ��zÀºº�d¯�ÏÒÍÍ ®Âvººo �nººÀp�
¦º¿ À¦ººº´��¶]�*$06 ��ºc�¶¬X�¯�²¿¦�ªo��b�¦�b¿®Âvp¯
¶º] �b�¦�²¨°¯Z³�>È°���¶¨^��Äv´]®À�¤c�ÀÂv] Â��vo¦Â�`¬X�¯
Áz-�ÐÕ Zº] ¾ºdo�¶¬Xº�¯�²º¿¦�ªºo Ä¦zºº] ¿±Ç ÀZ¯±�¾Zh¯�À¦º´�
6$ ³Â°�±¦�Á®Z dºº�¦�Ä¦z]��v��±Â°�¶³Z^��°Z¸#�±¦��À]�v¿v³Z§
�·Zº§ \º¿z��§Zººtd³¦�Z]�¿Z-�²À«Â¦�°®��¾]ZÀ³Z¨¯�¾v¯�ªo�°®
ÇZº] `¬Xºº�¯�Z¯®�z·�°®�°¦z¨c�ÎÍÍ ®¦v�c�Á¦z°·�¶]�Í�ÖÔ z]¦z]�Z¯®
b£®�±¦�Z¸]¦ºk�±¦�¾sz]�¶§�Zl³¡�±¦��v��ªo�¾cZ¯v¤¯�©°º��¶]
¾Zºº°do¦�¶§�v¿v³Z§�ÄZ·Áz-�±¦�Ä®¦v�c��v³®º^³�°¦®°ºsz]�¾�Z§
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ÎÐÕÍ v´ �¦��Ï ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ ÎÐÕ
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ÄZº·Áz-�Z]�¾]ZÀ³Z¨¯�`¬X�¯��v³v��§Ztd³¦�v¿vk�v¿v³Z§�ÄZ·Áz-

�v��ªo�Å¦®vl¯�v¿vk�v¿v³Z§

Áz-�ÔÒ Zº] ¾]ZºÀ³Z¨¯�`¬Xºº�¯�ªo�±¦�ª�Zo�j¿Zd³�¨v·Z�¯�Z]
�±ZººÀ³�®°º¯�¶³Z¿Z��ÓÍ Zc�ÏÍ ©ÇZo�Ä¦z]�¶§�v���t�¯�v¿v³Z§
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ÎÐÕÍ v´ �¦��Ï ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ÎÐÖ

v¿v³Z§�¨z-�ÏÍ Z]�v¸�¯�`¨^��Ä¦z]�6$ Â�,( �*$06 ÄZ·¶¯Z³z]�Ä¦zk¦�ÀZ¯±�`�¿Z¤¯��Ò ª¨�

��Zº�¯�bº£®�Zº] °Zºº] ²¿¦�Â�z.¿®�°Z]�¶¬X�¯��©ÇZo�²¿¦�Ä¦z]
Â�* ���� zº]¦z]�Zº¯®��·Zº§ \ºº¿z��¿Â®�`¬oz¯°�®��v��ªo
°®��vº� ¶ºd�z-�zº�³�°®�ÏÍÍ zº]¦z]��Zº¯®�zºº· °®�Z·°¦z¨c�®¦v�c
Zºº]��À¦z¸c�`¨^��°®�¾]ZÀ³Z¨¯�`¬X�¯�»v·��]Zc�z¿®Z¤¯��Ò��¾Âvk

�b�¦�Áv��¶W¦°¦�b«Zo�z·�Ä¦zk¦�ÀZ¯±�Á¦z°·�¶]��Âzd¯

\«Z�¯�Äv´^�°k��Ô
¾ºo¦z���ªº¤³�Â�ªºº°o�Ä|¿°¶¯Z³z]�°®�®¸¯�ªWZ�¯�¶¬°k�±¦
¾º¯Z-�¶¨^ºº� ²¿¦�°ZdsZ��¾o¦z��Â�b�¦�¾³¦z�º]ºc¦�ÄZ·¶¨^�
°ZdsZº� ¾ººo¦z��°®�¶§�Ä®°¦º¯�¶¬°k�±¦��b�Zd�¦°�²¿¦�°®�®¸¯
¾³¦zº�º]ºc¦�ÄZ·¶º³Z¿Z��ªºp¯�²ººÀÀ�c��®zÀ-¾¯�°¦z£�z�³v¯�¶¨^�
¾]ZººÀ³Z¨¯�¸ºº³ ±¦�¾º«v¯�ªºo �º�ºc�°ºº§x¯�¾]ZºÀ³Z¨¯��bº�¦
Ä|¿°¶ºº¯Z³z]�ªWZ�¯�¶¬°k�±¦�¶¬X�¯�²¿¦��®zÀ-¾¯�¿Zl³¦�©ÈÀ¸�c
²º¿¦��²Àº�À��ÄZ¸º��º§�°®�Â�bº�¦�á°|ºº] ²ZÀ¤¯�°®�¾^À§zc
°¦|º�¦¿z³�ÄzººÀ-°Z§�¶]�Â�¶³¦z§�Â�¶sZ��³Â°�±¦�Á®Z d�¦�Z]�¶¬X�¯

®zº� Â�¿z-�³Â°�Â®�z�Zo�¢À¤pc�°®��b�¦�Áv��ªo�*$06
Â�vº´d�z-�°¦zºº£ z�³�v¯�¾´°��³°Z°��Â�Áv��Ä±Z�¶À^��À®z§

�v��ªo�³Â°�Â®�²¿¦���ºc�ÇZ]�¾]ZÀ³Z¨¯�`¬X�¯
²º¿¦�¾¿¦°Zº§ `º�¿Z¤¯�»vº· Zºº] �¾]ZÀ³Z¨¯�`¬X�¯�®vl¯�ªo
�°º§x¯�`¬X�¯�ªo�±¦�ª�Zo�j¿Zd³�²Z�¦z]��b�z-�¿Zl³¦�Z¸�Â°
z.ºº¿®�³Â°�Â®�Zººº] ¶º�¿Z¤¯�°®�6$ ³Â°�¨®Zº�«¦¼º��¾¿¦°Zº§
bºº�z-�¿Zl³¦�v¸�¯�`¨^��ÄÂ°�z]�Ä®°º¯�`�«Z�¯��v���t�¯
6$ �º�ºc�¶¬Xº�¯�ªºo ÀZºº¯±��¶¬X�¯�ªo�©ÇZo�±¦�¾¨¿�°®�Â
±¦��ºÀ]�Â��¾º´°��³°Z°º� ³Â°�±¦�zd�¿zºº� z]¦z]�ÒÍ ±¦��À]
z¿®Zºº¤¯��b�¦�¶³¦z§�Â�¶sZ��¾¯º°��³Â°�±¦�zd�¿z��z]¦z]�ÎÒÍ
zº]¦z]�®°¦ººº¯ ¾¯Z°c�°®�|À³�6$ ÄzÀ-°Z§�¶]�±¦�ª�Zo�»v·��]Zc
�b�¦�Á®º]�z.¿®�³Â°�Â®�±¦�ª�Zo�»v·��]Zc�z¿®Z¤¯�±¦�zd¸]�Z¿
¾]ZººÀ³Z¨¯�`¬Xº�¯�ªºo °®�6$ ³Â°�¾¿¦°Zº§ ¶º¨³¡�±¦�~º�
z¸º� ¾³¦zº�º]ºc¦�`¨^º� ¾]ZººÀ³Z¨¯�`¬X�¯��v���t�¯�°º§x¯
Ò À¦z¸ºc z¸º� `¨^ºº� ®Z�]¦��v��ªo�³Â°�²¿¦���ºc�|À³�À¦z¸c
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ÎÐÕÍ v´ �¦��Ï ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ ÎÑÍ

°¦|�¦¿z³���ºc�°º§x¯�`¬X�¯�ªo�Â�b�¦�v¸�¯�z¸��`¨^��z]¦z]
ªºo Â�¶ºÀoZ³z¿±�vº´#�¶º] z¸º� À®zºº§ ®À�¤c�¿|¬d�¯�*$06
ÀZº¯±�²ºd�°�ÇZº] ªººÀ«®�¶]�©°º��²¿¦�zÀ��°®��b�Z¸³¡�Ä¦|l¯
²º¿¦��bº�¦�¾¬°�zÀº� >Zº^¿z¤c�*$06 �ºº�ºc�¶¬X�¯ ªo��¦zk¦

ªo�6$ ³Â°�±¦�Á®Z d�¦�Z]�z¸��Äv´]®À�¤c�¶]�±ZÀ³�ÀÂv]�¶¬X�¯
²ºÀÀ�c�vº¿vk�¾³¦zº�º]ºc¦�`¨^ºº� ¾o¦z��Ä¦z]�Z·¶³Z¿Z��ÀZ¨¯�Â

�v�

¶¯Z³�ÁÞ¦Â
�� VLPXODWHG�DQQHDOLQJ
�� FRPELQDWRULDO�RSWLPL]DWLRQ
�� GLVFUHWH�YDULDEOHV
�� EUDQFK�DQG�ERXQG

�� LPSOLFLW�HQXPHUDWLRQ
�� QHLJKERXUKRRG�VHDUFK
�� WUDQVLWLRQ
�� DQQHDOLQJ

�� WKHUPDO�HTXLOLEULXP
��� %ROW]PDQ�GLVWULEXWLRQ
��� IUHH]LQJ
��� 0HWURSROLV�FULWHULRQ

�k¦z¯
Ä¦zº] Äz¸º� ÀÂ°®�ÄZ·¶ºº³Z¿Z��¾]ZÀ³Z¨¯ù���¦��®�Z¤«¦º]¦ �Î
¨v¨º�³¦®��vº�°¦�¾º�Z´�°Z§�`ºº¯Z³ÀZ¿Z��ø�¾³¦z�º]ºc¦�`¨^�

�ÎÐÔÓ ÁZ¯z¸¯���¿z��¾d�´��ÁZ.�³¦®��À¦z°��¾�v´¸¯
¶¨^º� ÄZ·¶º³Z¿Z��¾]ZºÀ³Z¨¯�`¬Xºº�¯�ªoù���§��Ä±Zlo �Ï
¾º�Z´�°Z§�`ºº¯Z³ÀZ¿Z��ø�6$ ³Â°�±¦�Á®Z d�¦�Z]�¾³¦z�º]ºc¦
��¿zº� ¾ººd�´��ÁZ.�³¦®��À¦z°��¾�v´¸¯�¨v¨�³¦®��v�°¦

�ÎÐÔÕ ÁZ¯°º¿z¸�
�� &URHV�� *�� $���³$�0HWKRG�IRU�6ROYLQJ�7UDYHOOLQJ

6DOHVPDQ� 3UREOHPV�´� 2SHUDWLRQV�5HVHDUFK��9RO����
3������������

�� 5HHYHV�� &��5���0RGHUQ�+HXULVWLF�7HFKQLTXHV�IRU
&RPELQDWRULDO� 3UREOHPV�� %ODFNZHOO� 6FLHQWLILF
3XEOLFDWLRQV��2[IRUG�������

�� .LUNSDWULFN�� 6��� *HODOWW�� &�� '��� DQG�9HFFKL��0�
3��� ³2SWLPL]DWLRQ� E\� 6LPXODWHG� $QQHDOLQJ�´
6FLHQFH��9RO�������1R��������SS����������������

�� &HUQ\�� 9��� ³7KHUPRG\QDPLFDO� $SSURDFK� WR
7UDYHOOLQJ� 6DOHVPDQ� 3UREOHP�� DQ� (IILFLHQW
6LPXODWLRQ� $OJRULWKP�´� -�� 2SW�� 7KHRU\� $SSO��
9RO������SS��������������

�� 9DQ� /DDUKRYHQ�� 3�� -�� 0��� DQG� (�� +��/��$DUWV�
6LPXODWHG� $QQHDOLQJ�� 7KHRU\� DQG�$SSOLFDWLRQV��'�
5HLGHO�3XEOLVKLQJ�&RPSDQ\�������

�� 0HWURSROLV�� 1��� 5RVHQEOXWK��$��:���5RVHQEOXWK�
0�� 1��� DQG� 7HOOHU�� $�� +��� ³(TXDWLRQ� RI� 6WDWH
&DOFXODWLRQ�E\�)DVW�&RPSXWLQJ�0DFKLQHV�´�7KH�-��RI
&KHPLFDO�3K\VLFV��9RO������1R����������

�� 9LGDO�� 5�� 9�� 9���$SSOLHG�6LPXODWHG�$QQHDOLQJ�
/HFWXUH� 1RWHV� LQ� (FRQRPLFV� DQG� 0DWKHPDWLFDO
6\VWHPV��1R�������6SULQJHU�9HUODJ�������²ººÀÀ�c�`¬Xº�¯ù���¿��¾´Àº�oz��¯�Â���»��¾º�À�°�\�Zºt¯ �ÎÍ

�¾È¤dº�¦�ø�6$ ³Â°�Zº] vºÀ«ºc�\ººÀczc�Â�Ä®Z�d£¦�¨±¦v³¦
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