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�v´§�Z ¿¦ ®�k�¾zd´§ Â�b§zo�Ä°¦v¿Z� °®�¾¿¦|� ¶]��¤³�v³¦ºc¾¯ v¿v��©¦zÀÀ�c�²¿¦ �v]Z¿¾¯�¿¦|�¦

ÀZ°¿°�`¬X�¯ Â�79'³Â°��¢¿°|c bk�´§°v³¦ �¦�º¯��¿¦vk ±Z� ��ÄvÀ¬§ ÀZ-Þ¦Â

4XDVL�6WDWLF�1XPHULFDO�6LPXODWLRQ�RI�0LVVLOH�6WDJLQJ
$��5��3LVKHKYDU DQG�+��$KPDGL .LD

'HSDUWPHQW�RI�0HFKDQLFDO�(QJLQHHULQJ��,VIDKDQ 8QLYHUVLW\�RI�7HFKQRORJ\
6XE�6HD�5HVHDUFK�,QVWLWXWH��,VIDKDQ 8QLYHUVLW\�RI�7HFKQRORJ\

$EVWUDFW�� ,Q�WKLV�VWXG\��WKH�PLVVLOH�VWDJLQJ�SURFHVV�E\�LPSOHPHQWLQJ�D�VLGH�LQMHFWHG�MHW�LV�VLPXODWHG�QXPHULFDOO\��7KH�SUREOHP�LV
FRQVLGHUHG� WR� EH� D[LV\PPHWULF DQG� WKH� WKLQ� VKHDU� OD\HU� DSSUR[LPDWLRQ� RI� 1DYLHU�6WRNHV� HTXDWLRQV� DORQJ�ZLWK�DQ�DOJHEUDLF
WXUEXOHQFH� PRGHO� LV� XVHG� LQ� D� TXDVL�VWDWLF� IRUP�IRU�WKH�FDOFXODWLRQV��7KH�IUHH�VWUHDP�FRUUHVSRQGV�WR�D�YHU\�KLJK�DOWLWXGH�IOLJKW
FRQGLWLRQ� ZLWK� D� 0DFK�QXPEHU�RI��� DQG�DQ�LQMHFWHG�MHW�SUHVVXUH�UDWLR�RI�DERXW��������$Q�H[SOLFLW�*RGXQRY�W\SH�VFKHPH�LV�XVHG
LQ� WKH� FDOFXODWLRQV�� ZKLFK� LV� VHFRQG�RUGHU� LQ� WLPH� DQG� VSDFH�� &RPSXWDWLRQV� DUH� SHUIRUPHG� RQ� WKH� DWWDFKHG�DQG�VHSDUDWHG
JHRPHWU\� IRU� D� UDQJH�RI�GLVWDQFHV�EHWZHHQ�WKH�ERG\�DQG�WKH�ZDUKHDG��7KH�LQWHQVH�LQWHUDFWLRQV�EHWZHHQ�WKH�MHW�IORZ�DQG�WKH�PDLQ
IUHH�VWUHDP�DQG�LWV�RYHUDOO�LQIOXHQFHV�RQ�WKH�ZDUKHDG�DHURG\QDPLF�ORDGLQJ�DUH�ILQDOO\�GHPRQVWUDWHG�
.H\ZRUGV��0LVVLOH�6WDJLQJ��-HW�,QWHUDFWLRQ�IORZ��79'�6FKHPH��5LHPDQQ SUREOHP�

¶¯v¤¯ �Î
ÎÀv��¦vk�v´¿¦z� Z¿ Â�Áv³z� ®�k�¦¿ b§zo�¾zd´§ Ä¦z]
¶ºº³v]�»¦zº�¦ °®�¾ZÀº� bºk ¢º¿°|c ±¦ À¦ººc¾¯ À¡�±¦ ¾º�t]

zºº]¦�Z¿�Ï¾cº�¦z��ÀZ¿zk�¶]�¾ZÀ��bk ¦¿ ¶§ ¾d£Â��®z§�Á®Z d�¦
�®ºº�¾¯ ®Zºl¿¦ Ä¦ÁvºÀ$À� ÀZº¿zk�À¦vººÀ¯ �®º� ¢¿°|c Ð¾cº�
�º¬dt¯�ÄZ¸ºº�´§°v³¦ Â�Äº£�¾�Z�^³¦�Â�Ä¦¶]z� «¦º¯¦ °º�o

°Z¿®Zd�¦ ��
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°®�´¦ººs v¿vº� ©¦zÀººÀ�c�|À³ Â�°¦º¿® ¦¿®|³ «|«�¶¿Ç Z] Z¸³¡
²À]�Áv��ªÀ¨�c ÑÁz o�¶ÀoZ³ Â�Áv��¢¿°|c bk ÄZ¸«±Z³ ¾«¦ºo
�Î��ª¨º� °®��vºº´§¾¯ ª¨�¯�°ZÀ�]�¦° ÀZ¿zk�ªÀ¬pc�¶³v]�Â�z�
¦¿ ÄÂ°�°®�¾cº�¦z� ÀZ¿zk�¶]�Áv��¢¿°|c ÀZ¿zk�©ZÀ�º�s
Ä¦¶ºº]z� «º¯�¦¿ �b�¦ Áv��®�°�¦ÀcZ°� °º��¶]�Òr��®�k
¨vºÀ°s Ä¦¶]z� «º¯�À¡�¶]�¶§ ¶d�z-�¦z��¦° ®�k�»¦z�¦ ÁvÀ°s
Zº¿ ¾ºcº�¦z� ÀZº¿zk�¶º] ¶º§ ¾«ZÀºº� bk �®º�¾¯ ¶d -�Ó®�k
ªºº°��¾¬�¦�ÀZ¿zk�Ä¦z] �³Z¯�¦¿ v´³Z¯ ®º�¾¯ ¢¿°|c ¾cº�z]¦
ªÀ¨�c�À¡�Äº¬k °®�ÁvÀ°s Ä¦¶]z� «º¯�¦¿ ¶lÀd³ °®�Â�Á®z§
°Zº���z-¦ �®º�¾¯ ÁvÀ¯Z³ Ôbk�ÁvÀ°s Ä¦¶]z� «º¯�¶§ ®º�¾¯
«ºº¯ Zºº] Ä¦¶]z� «º¯�²¿¦��v�Z] ®Z¿±�Áv��¢¿°|c bk ®d´°¯ Â
zÀººÀ�c�¦° À¡�ª¨º� Â�Á®zº§ �º´§°v³¦ ®º�k�ÁvºÀ°s Ä¦¶º]z�
¾ºcº�z¿± ¶ºÀoZ³ °®�°Zº���«ººº¯ °Z�d³¦�z.¿® »z��±¦ �v·®¾¯
Á®°Â¡ vº¿v� ¶º�º-�¶^ºº� ¶ÀoZ³ ¦¿ ¾±Z³�b�®ÇZ] ¶]�Ä±z¯ ¶¿Ç
Ä¦¶º]z� «ºº¯ ¿Zº³ ¶º] Äz.º¿® Ä¦¶ºº]z� «º¯�À¡�¶lÀd³ °®�¶§
¶ººÀoZ³ ¦¿ ¾±Z³�b�®ÇZ] °®�²À´$°· �®º�¾¯ ªÀ¨�c�Õ�¿¦vk
¶ºÀoZ³ �vº´¿¡¾¯ ®ºººkÂ�¶]�¾¬�¦�ÀZ¿zk�Â�bk ²À]�¶Èds¦�¶¿Ç
�®ºº�¾¯ ªÀ¨º�c�¾±Zº³ bº�®�²À¿Zº� °®�|Àºº³ Äz.¿® ¨v��¦vk
¶º¬��¦ºº¿ b���°®�°Zd�° v´³Z¯ ¶ÀoZ³ ²¿¦ °®�ÀZ¿zk�©ZÀ�º�s
¾¨ÀcZdº�¦ °Zº�� �bºº�¦ ¾cº�¦z� ÀZ¿zk�¾d£Â��b�¦ Ö²º¨�¯
²º¿¦ °®��v]Zºº¿¾¯ �·Z§ >Z�¿z��¾±Z³�±¦ v�]�¶¬�Z�È] n���ÄÂ°
¾º¬�¦�ÀZº¿zk�°Zºº���±¦ zd°§�¾±Z³�±¦ v�]�¶¬�Z�È] °Z���b«Zo
±¦ vº�]�¶º¬�Z�È] ¦ÀcZdº�¦ °Zºº���¾cº�z]¦ ÀZ¿zk�°®�Z¯¦��b�¦
�>ÏÂÎ@�bºº�¦ Ávº�³°¦|- ®¦±¡ ÀZº¿zk�°Zº���±¦ zdº�À] ¾±Zº³
Â�¶ººd�Z¿ �¿¦|�¦ >Z�¿z��¾±Z³�b�®�²À¿Z� n���°®�°Z���²À´$°·
v´³Zº¯ Ä¦¶º]z� «ºº¯ ¦º¿ z.º¿v¨¿ ¶ºº] ¾°§¦zc�«¦º¯¦ ¼Zp«¦ Z]

�®º�¾¯ ªÀ¨�c�¶¬��ÄÂ°�ÀZ¿zk
�º�ºc�¾ºcº�¦z� À¦vºÀ¯�¦º¿ ªººs¦®�¶]�bk ¢¿°|c `¬X�¯
°¦zº£ ¾ºº�°z] ®°º¯�¾¬À¬pc�Â�¾]zlc�©°º��¶]�Ä®Z¿± ÀZ¤¤p¯
ÄÂ°�ÀZº¿zk�²ºd�z-�zº�³�°®�¶]Zº�¯�Zºº] >Ð@�vÀ��¦ �b�¦ ¶d�z-
¦º¿ ÄÂ°�ÀZº¿zk�Â�bººk Ä®º°��¢¿°|c Á¦z°· ¶]�btc�n��
Ä¦Á®Zº� ¾º¬À¬pc�ªºo �bººk ¯º ³�¢°��Z] ¾®Z�¯�¾�Z c°¦�Z] ¶¬�

ÄZ¸º¬o ²º¿¦ �®zº§ ¶W¦°¦ n��¯�¶p ��¦¿ °®�bk ¢¿°|c Ä¦z]
¯ººº ³�¢°��Â�Ä®º°��bk Ä¦z] Z¸´c Â�¶d�¦® ¾°§�b£®�¾¬À¬pc
¢º¿°|c Zºº] ¾cº�¦z� ÀZ¿zk�Ä¦z] ¾]zlc�j¿Zd³ �v³°¦® ®z]°Z§ ®§
²º¿¦ °®�Ávº� ¶ºW¦°¦ ©Zº�¿Z¯±¡ �v³¦Ávºº� ¶W¦°¦ >Ò�Î@��k¦z¯�°®
²À¿Zº� Â�bºº�®ÇZ] °®�¾�sz# ¶ÀoZ³ ²¿v´#�±¦ b¿Z¨o �k¦z¯
Ävº�]�¶ºº� ÀZ¿zk�>Ï Â�Î@�ªÀ-�Â�~¿v³z] �v´´§¾¯ ¾±Z³�b�®
Â��º¬dt¯�¶º¬°o�ÄZºº¿¦Â± °®�Õ Zc Ï ­Z¯ ®¦v�¦ °®�¦�º¯�ÄÂ°
¦° ÏÍ Zººc Í�ÍÎ ®¦±¡ ÀZ¿zk�¶]�¢¿°|c bk Àº¨��°Z���ÄZ¸d^�³
ÀZºº�³�©Z�¿Z¯±¡ ²¿¦ �v³®¦® °¦z£�¶�«Z�¯�®°º¯�¾]zlc�©°º��¶]
©¦zÀºÀ�c�®º�k�zº] ®°¦Â�¾¨À¯Zº´¿®Âz¿¡ °ÂZdºº�- Â�ÂzÀ³ ¶§ ®¦®
®vº� �¶ºº¬°o�¶¿Â¦± ¶¬°k�±¦�¬dt¯�ÄZ·zd¯¦°Z� ¶]�b^�³�Ä®Z¿±
Zºº¿Â¦±�°®�Z·ÂzÀ³ ©¦zÀÀ�c�¶´¯¦® ²À´$°· �®°¦® °Z���b^�³�Â�­Z¯
Â�¿Zº^³±Â° �bºº�¦ Áv¯¡ b�®�¶]�Z¸d«Zo�¶À¤]�±¦ zd�À] z ��¶¬°o
¾ºº�Âzt¯�®º�k�¦º¿ ÄÂ°�¾ºcº�z]¦ ÀZº¿zk�>Ò@��³¦°Zº¨°·
ÏÍÍÍÍ Zºc ÎÏÒÍÍÍ z º�°c¦ �¿¦zº� Â�ÏÍ ­Zº¯ ®v��°®�¦¿°Z]
Z¸º³¡ �vº³®z§ ¾º�°z] ¾º]zlc�©°ººº� ¶]�¦° Z¿°®�n���±¦ ¾cº�
°®�Â�Ä±zºº¯ ¶¿Ç °®��¿¦vk \kº¯�¾ZÀ��¢¿°|c ¶§ v³®¦® ÀZ�³
¢¿°|c ²À´$°· �b�¦ Áv��¾¨À¯Z´¿®Âz¿¡ \¿¦z� ©¦zÀÀ�c�¶lÀd³
®Zº¿±�Ä°Zº���©Z³Zº�º³ ®Zºl¿¦ f�Zºº] ¾cº�z]¦ ÀZ¿zk�¶]�bk
Z] btc�¶p ��ÄÂ°�¾cº�¦z� ÀZ¿zk�>Ó@�Àz] Â�b«Z´§ �®º�¾¯
²º¿¦ °®��vº³¦Á®z§ Ä±Zºº� ¶À^��Ä®v��©°º��¶]�¦° ¾ZÀ��¢¿°|c
�bº�¦ Ávºº� Á®Z d�¦ ±v«º´¿° �´c�Â�N�H ÄZ¸«v¯ ±¦ Ä±Z� ¶À^�
�ºº´c�¾v¯�¶§ v³®¦® ÀZ�³�n���ÄÂ°�°Z����¿±ºc�¶�¿Z¤¯ Z] Z¸³¡
®º§ ÅZd^ºº�³�®¦±¡ ÀZ¿zk�¶]�¢¿°|c bk °Z���b^�³�Ä¦z] ±v«º´¿°
¶º§ v´d�Zºº¿°® Z¸³¡ ²À´$°· �®°¦® N�H ¾v¯�¶]�b^�³�Äzd¸] b£®
Zºº] Ä¦¶�oÈ¯ ª]Z£�©ÂZ c�N�H ¾v¯�j¿Zd³ ®Z¿±�°Z���ÄZ¸d^�³ °®
²ººÀ]�N�H ¾v¯�°®�bk|«�Ä®¦ ®Z¿®±¦�²À´$°· �®°¦® ¾]zlc�j¿Zd³

�b�¦ ¾¨¿|À�zÀ� Äº£�¶]¦®z-Â® ½zd�¯�±z¯
Â�¾ºcº�¦z� ÀZº¿zk�Ä¦zº] ¾cZ^ºº�Zp¯�Â�¾]zlc�j¿Zd³ \¬�¦
°Zº���b^º�³�²ººÀ´$°· �v³¦Áv� ¶W¦°¦ Ä®º°��©°º��¶]�¢¿°|c
®z]°Â® ÄZ¸¨�º¯ �b�À³ ®Z¿±�À¦v´#�Z¸³¡ °®�®¦±¡ ÀZ¿zk�Â�bk
¦vk�Ä¦z] ¾cÂZ d¯�ÄZ¸�Â° �v³º�¾¯ ¶dsZ� Ä¦¶¬oz¯v´# >Z^«Z�
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¢¿°|c Á¦z°· ¶]�¾cº�¦z� ÀZ¿zk�¾¨¿|À� ©ZÀ�º�s��Î ª¨�

��ºº¿¦vk ÄZ¸�Â° ±¦ ¾¨¿ �®°¦® ®ºkÂ�¦�º¯�¶³v]�Â�z��Àv�
³Â°�²ºº¿¦ °®��b�¦ ¶³v]�»¦z�¦ ±¦ ¾ZÀ��bk ¢¿°|c ±¦ Á®Z d�¦
bººk ¢¿°|c Z] ¶³v]�Â�z��¨v³°¦® ¶.³ ©ÇZ�c¦�Àv��®¦±¡ ±¦ v�]
`º³v] ÄÂ°�¶º§ ¾¿Z¸º«±Z³ �º�ºc�®¦±¡ ÀZº¿zk�b¸ººk »Ès�°®
¶«Z¤¯�»v·��®z¿x�¾¯ ¿Zl³¦�¿¦vk�ª°���v³¦¶d�z- °¦z£�¦�º¯

�b�¦ v´¿¦z� ²¿¦ ±¦ Ä¦Áv� Á®Z��¾v¯�¾�°z] z�Zo
ÄÂ°�¾ZÀº� bºk ¢º¿°|c Zº] �º¿¦vk vº´¿¦z� ¢ººÀ£®�ªÀ¬pc
°®�Á¦zº°· ¶º] ÀZº¿zk�Äv�]�¶��Â�¾°W¦®zÀ� ªo�v´¯±ZÀ³ ¦�º¯
¶º] ¾º�zd�® Zº] �ºº¤��¶§ b�¦ ½zpd¯�ÄZ·±z¯ zg¦�²d�z-�z�³
©ZººÀ�º�s�z.¿® »z��±¦ �b�¦ z¿x�³Z¨¯¦ ©°v£z� ÄZ·¶³Z¿¦°
Â�ººk ¾³Zº£º��©Zºº�Z c°¦�°®�¾«Z.# À®º]�®§��¾cº�z]¦ ÀZ¿zk
vºº·¦ºs ¼º��ªÀ¬pc�¾-vÀ$À� z]�®Z¿±�°Z���Z] ¢¿°|c bk ®ºkÂ
bsZ´ººº� Á¦° °®�¿vº£ ²ºÀ«Â¦ À¦ºº´��¶º] ¶º«Z¤¯�²º¿¦ °®��®Â|º�¦
Â® ¦º�º¯�¦º¿ ÄÂ°�¾ºcº�z]¦ ÀZº¿zk��Ávºº� z§¯�ÄZ·Áv¿v�
®vº� Â�Zº¿°®�n�ºº� ±¦ Äzd¯º¬À§ ÔÍ ±¦Âz� �¿¦z� °®�Ä¦¶¬oz¯
¶^º� ©°ºº� ¶ºº] �¿¦vk ±Z��°®�¾ZÀ��¢¿°|c Á¦z°· ¶]�ÎÍ ­Z¯
±¦ ¾ZÀºº� ¶§ ®º�¾¯ µz���®º�¾¯ Ä®v��Ä±Z� ¶À^��¦ÀcZd�¦
¢¿°|c ¾cº�z]¦ ÀZ¿zk�¶]�Ä°ºp¯�À°Z¤c�©°º��¶]�¶³v]�»¦z�¦
»Èºs °®�¶ºk°®�ÏÍ ¶º¿Â¦± Zºº] ¾±Z³�®v��Â® ±¦ ¢¿°|c �®º�¾¯
bºk ÄZºº¯®�Â�­Z¯ ®v���®zÀ-¾¯ ©°º��¦�º¯�b§zo�b¸k
¶º] bºk °Zº���b^ºº�³��b�¦ ²¿º¬§ ÖÓÍ Â�Ð \Àczc�¶]�¢¿°|c

�b�¦ ÓÐÍÍÍ ®Âvo�®¦±¡ ÀZ¿zk

¾ººº«º¨«º¯ ®¦±¡ �¿Zº°À� ¶º¬�Z��Äzdº¯º¬À§ ÎÍÍ ¸Zº c°¦�°®
¶º§ .Q �²º�®Z³ ®vº� ¸Zº c°¦�²º¿¦ °®�²¿¦z]Zºº´] �b�¦ IW� O
®º�k�`ºº�v´·�Ä¦z] b�¦ ¾.d�ºÀ� µz��¾d�°® Ä¦z] Ä°ZÀ�¯
±¦Âzº� �¿¦zº� °®�²¿¦z]Zºº´] �b�¦ Í�Ð ®Âvo�Áv��¶d�z-�z�³�°®
©Ç®Zº�¯�±¦ À¦ººc¾¯ Â�bº�¦ ¼®Zº� ¾.d�ºÀ� µz��Áv��z§¯
Á®Z dº�¦ ¶¬Xº�¯ zºº] ®§Zo�¾�Z¿°�¾v¯�À¦º´��¶]�~§ºd�¦�z¿ÂZ³
�¿¦zº� °®�Ázº§ ¦º¿ ÄÂ°�ÀZº¿zk�>Õ@�²ºº§º-�Â�v¿º] �>Ô@�®z§
ªºo ¶dº�ºÀ�Zº³ Â�¶dº�ºÀ� ¾ZÀºº�µz��Â® Z] ¦° Áv��z§¯�±¦Âz�
¢º¿v�c�¦° �¿¦zº� ²ºº¿¦ °®�¾ZÀ��À®º] ¶d�ºÀ� |À³ Z¸³¡ Â�v³®z§

�v³¦Á®z§
¶º] b^º�³�¶º³v]�Â�zº� bºÀ�£º¯��¦ÀcZdº�¦ ¶^ºº�µz��°®
¢º¿°|c ¾ZÀºº� bk Â�Áv��¶d�z-�z�³�°®�b]Zg�ÀZ¯±�°®�z.¿v¨¿
¾³Zº¯±�ÄZ¸º�ZÀ¤¯ ¶ºº§ ¾c°º��°®��®À�z]�®W¦®�ªo�¶]�Zc ®º�¾¯
®ºº�k�b§zo�¾³Z¯±�ÄZ¸�ZÀ¤¯ ¶]�b^�³�¾ZÀ��ÀZ¿zk�°®�z�Zo
¦ÀcZdº�¦ ¶^º� ªºÀ¬pc�±¦ Ávº¯¡ bºº�®�¶]�j¿Zd³ �v´�Z] zd¨#º§
¶º§ °ºº� ÀZºº°· ®ºkÂ�²¿¦ Z] �®º]�v·¦ºt³ bÀ�£¦Â ±¦ °Â®�°ZÀ�]
¿vº£ ²ººÀ«Â¦ À¦º´��¶]�À¦ºc¾¯ ¦° z�Zo�³Èc�v��Á°Z�¦ |À³ >È^£

�®z§�®¦v°¬£ z§x«¦¼º� ÄZ·Áv¿v� bsZ´� Á¦° °®
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SS������������������

�� 5RVHQEDXP�� +��� 6LHJHOPDQ�� '��� DQG� %RJHU��5��&��
³)ORZ� )LHOG� ,QWHUDFWLRQV� ,QGXFHG� E\� 0DVVLYH
/DWHUDO� ,QMHFWLRQ�´� $,$$� -RXUQDO�� 9RO������1R�����
SS������������������

�� &KHQDXOW�� &�� )��� DQG� %HUDQ�� 3���³N�H DQG�5H\QROGV
6WUHVV� 7XUEXOHQFH� 0RGHO� &RPSDULVRQV� IRU� 7ZR�
'LPHQWVVLRQDO ,QMHFWLRQ�)ORZV�´�$,$$�-RXUQDO��9RO�
����1R�����SS������������������

�� $QGHUVRQ�� -�� '��� +\SHUVRQLF�DQG�+LJK�7HPSUDWXUH
*DV�'\QDPLFV��0F*UDZ�+LOO�%RRN�&RPSDQ\�������

�� %R\G�� '�� %��� DQG� *RNFHQ�� 7��� ³&RPSXWDWLRQ� RI
$[LV\PPHWULF DQG�,RQL]HG�+\SHUVRQLF�)ORZV�8VLQJ
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3DUWLFOH� DQG� &RQWLQXXP� 0HWKRGV�´� $,$$�-RXUQDO�
9RO������1R�����SS������������������

�� 6FKLOLFKWLQJ�� +���%RXQGDU\�/D\HU�7KHRU\��0F*UDZ�
+LOO��1HZ\RUN��SS�����������SS��������������

��� %DOGZLQ�� %�� 6��� DQG� /RPD[�� +��� ³7KLQ� /D\HU
$SSUR[LPDWLRQ� DQG� $OJHEUDLF�0RGHO�IRU�6HSDUDWHG
7XUEXOHQW�)ORZ�´�$,$$�3DSHU��SS���������������

��� <HH�� +�� &��� :DPLQJ�� 5�� )��� DQG� +DUWHQ�� $��
³,PSOLFLW� 7RWDO� 9DULDWLRQ� 'LPLQLVKLQJ� �79'�
6FKHPHV� IRU�6WHDG\�6WDWH�&DOFXODWLRQV�´�-RXUQDO�RI
&RPSXWDWLRQDO�3K\VLFV��9RO�����������

��� <DQHQNR�� 1�� 1��� DQG�.RYHQMD��9��0���7KH�6SOLWWLQJ
0HWKRG� IRU� WKH� 1XPHULFDO� 6ROXWLRQ� RI� *DV
'\QDPLFV�� 1XPHULFDO� 0HWKRG� LQ� )OXLG�'\QDPLFV�
0,5�3XEOLVKHU�������

��� %HQ�$UWL]L�� 0���DQG�)DOFRZLW]��-���³$�6HFRQG�2UGHU
*RGRQRY�7\SH� 6FKHPH� IRU� &RPSUHVVLEOH� )OXLG

'\QDPLFV�´� -RXUQDO� RI� &RPSXWDWLRQDO� 3K\VLFV�
9RO�����������

��� 9DQ� /HHU�� %��� ³7RZDUG� WKH�8OWLPDWH�&RQVHUYDWLYH
'LIIHUHQFH� 6FKHPHV� 9�� D� 6HFRQG�2UGHU� 6HTXHO�WR
*RGRQRY¶V 0HWKRG�´� -RXUQDO� RI� &RPSXWDWLRQDO
3K\VLFV��9RO�����������

��� (LQIHOGW�� %��� ³2Q� *RGXQRY�7\SH� 0HWKRGV�IRU�*DV
'\QDPLFV�´� 6,$0� -RXUQDO� RI� 1XPHULFDO�$QDO\VLV�
1R����������

��� (LVHPDQ�� 3�� 5��� ³$� 0XOWL�6XUIDFH� 0HWKRG� RI
&RRUGLQDWH� *HQHUDWLRQ�´� -RXUQDO�RI�&RPSXWDWLRQDO
3K\VLFV��9RO������SS����������������

��� 3LVKHYDU�� $���DQG�$KPDGLNLD��+���³2Q�&UHGLELOLW\�RI
DQ� $OJHEUDLF� 7XUEXOHQFH�0RGHO�LQ�3UHGLFWLQJ�7ZR�
'LPHQVLRQDO� ,QMHFWLRQ� )ORZ�´� $FFHSWHG� LQ�,UDQLDQ
-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\�
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