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( I*) �,+�- bz\ P 
 bcX U+S Q M b U 	.-
2 U���{NOQM � G 5 ^a`N2i�

�a{NOQM � G	6 ZeK c�s RQKNM�W c 2 MdT W c { ` RQM 2 U ` R[K4M p � & ^ x Gw�KNM�W ^ U ` bPc WXf c ` M ` R[Z cap RQKNM�W c 2 MPT s MPOQM 3/ w�K4MoR[MPZeR�ZeM b RQU c ` s ^ ZSW ^a2 M cap ^ ^ TV{NW U ` {NW fNUVfjM 6 W T c ` � ^y`N2 � 5
WXW U `�2 U ^ WXM R[MdO G w�K4M s ^ TVTRQKNU b � ` MPZQZ s ^ Z 6 WXW ^a`N2 R c R ^ T W ^ ZQZ s ^ Z 5 ����I�I

� � ( s UYR[K M `42 f4TV{N��Z 0 G F ZeU ` � ^ O c {N��K ` MdZeZOeM p MdOeM ` b M f ^a2 R[KNMoO c {N�aK ` MdZeZ�KNMdU���K�R cap R[KNM�ZefNO ^ l f ^ U ` R[M 2 ZQ{NO p ^ b M s ^ Z�MdZCR[U�W ^ RQM 2 R c x M�T�MdZQZRQK ^a` 5 �
� � W G

0 w�K4M p�c O b M ZeM ` Z c OQZ s MdOeM ZeR ^a`N2 ^ O 2 6 � � 2 ZQM ` Z c OQZ p O c W p �%� � % w � � G w�KNM R[MPZeRiZeM b RQU c ` s ^ ZZeUVW fNT�l�Ze{NfNf c OeRQM 2 ^ R%RQKNM M `42 Z%R c ^ k c U 2 b O c ZQZ;R ^ T � p O c W W c W M ` R G w�KNM ^ ZQZeMdW x T�l cap ZQM ` Z c OeZ^a`42 bdc {NfNTVU ` ��Z s MdOQM 5 � m
WXW T c ` � ^a`N2 bdc k�MPOQM 2 x l ^a` ^ TV{NW U ` {NW fNUVfjM G w�K4MS� ^ f x MPR s MdM ` RQKNUVZbPc kaMdO ^a`N2 R[K4M_RQMdZCR ZeM b R[U c ` s ^ Z 5

WXW � ^ ZeZQ{NOeU ` � p OQMPM W c k�MPWXM ` R cap R[K4M'R[MdZCRgZeM b R[U c ` G � MPM � ��{NOQM� G � G1 w�KNM%M `N2 ZQ{4fNf c OeR[Z ^ OQM ^ R c R ^ T cap 6 I m
W W?T c ` ��� s KNMPOQMSRQKNM p�c O s ^ O 2 5

� m W W s ^ Z ^ fNfNO c �HU�W ^ RQMdTYl^ f ^ O ^ x c T ^ G w�KNM�ZeR[Oe{4R[Z ^ OeM 5
W T c ` ��Z c TVU 2�^ TV{4WXU ` {4W x ^ OQZ cap MdTVT�UVf4RQU b;b O c ZQZ_ZQM b R[U c `}( � m32 5 mW W 0 G

� 5
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w ^ x T�M � G 5
3���Q�M Q�uR7>An7>MLCi6�SEA:KB75An7LC>A�C87L;>AW=?6N@

&qM ` �aR[K h 6HG m � W� U ^ WXM R[MPO = m G m � 5
W� OelXJ}MPUV��K�R �

5
G
��I
� ���J ^ RQMdO 2 M ` ZQUYR l 7 �a�

�
G,� �����)W |� l ` G kHU�Z bPc ZQUYR l �

5
G m � 2 5 m

�  W : �yZ&qM ` �yR[K�R c 2 U ^ WXM R[MdO�O ^ R[U c �& � �4G	6� R[Oe{ b RQ{NO ^ TqW ^ ZeZ'R c � 2N2 M 2 W ^ ZeZ O ^ R[U c ��	
���
5
� m G F �� c {N��K ` MPZQZ � & 6a�

�
� 2 5 m

�  
� w�KNMol c � M�ZCR[Oe{ b RQ{NOQM s ^ Z%W ^a2 M cap ^ TV{4WXU ` {4W � � � 6 m�m 2 6 m�m x M ^ W Z G � R s ^ Z bdc `4` M b R[M 2 R c R[KNMkaMdOeRQU b ^ T ^ b RQ{ ^ R c OQZ cap RQKNM b ^ OeOQU ^ ��M x l�K4U ` ��MPZ G�� R R[K4MwT�M p R bdc `N` M b R[U c ` U ` � �a{NOQM � G	6 � O ^ U�TVZ ^a`42T�U ` M ^ O x ^ T�T x M ^ OQU ` ��Z ^ OQM {NZeM 2 x MPR s MdM ` R[K4MXKNU ` ��M ^a`N2 R[KNM ZQ{4fNf c OeR x M ^ W U ` c O 2 MdO�R c ^ TVT c�sfNUYR b K�W c R[U c ` cap R[KNM�W c 2 MPT G� W f c OCR ^a` R_f ^ O ^ W MPRQMdOQZ ^ OQM���U�kaM ` U ` R ^ x TVM � G 5

Gw�KNM W ^ U ` U 2 M ^ cyp R[KNU�Z 2 MPZQU�� ` s ^ ZSR[K ^ R c ` T�l p�c O b MdZ c ` ^ bPc ` ZCR ^a` R b O c ZeZ%ZQM b R[U c ` ZeK c {NT 2 x MW M ^ Ze{NOQM 2 G � O ^ � ^y`N2 T�U p R p�c O b MPZ p O c W RQKNM_M `N2 ZQ{NfNf c OCR[Z ^a`N2 ZeRQOQ{4RQZ ZeK c {NT 2X` c R K ^ kaM R c x M bdc OeOQM b R[M 2
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p�c O G w�KNMST�M ` �yR[K cyp R[KNM R[MPZeR'ZeM b R[U c ` s ^ Z ^ bdc W fNO c WXU�ZQM x M R s MPM ` KNU���K � MPl ` c T 2 Z ` {4W x MPOQZ ( x ^ ZeM 2 c `TVM ` �aRQK 0 ^y`N2 R[KNMwTVM ` �aR[K cap R[K4M x ^ ZeU ` G w�l�fNU b ^ T R c�s U ` ��TVM ` �aR[K�U ` p � & ^ x s ^ Z 6�� W � c O 5
6
�
� RQUVW MdZR[K4M�TVM ` �aR[K cyp R[KNMiZeM b RQU c ` G w�K4M 2 U ^ W MPRQMdO s ^ Z�ZQMdT�M b R[M 2 W ^ U ` T�l R c M ` ZQ{4OQM�R[K ^ R R[K4M b l�TVU `N2 MdO s ^ ZR[Oe{NT�loOQU���U 2 G 2 c O ^ T c ^y2 cyp F m % �yW R[K4M W ^ � 2 UVZefNT ^ b MdW M ` R s ^ Z T�MdZeZ1R[K ^a` m �Y5 ' cap R[K4M ZeM b R[U c ` T�M ` �aRQK Gw�KNM�ZQM ` Z c O ^ OQO ^y` ��MdW M ` RQZ U�Z�ZQK c�s ` U `i� ��{4OQM � G � G�� fNU ` U `�^ � ` MdTYl � ReR[M 2 K c TVM s ^ Z_{NZQM 2 R c2 M bdc {Nf4TVM�W c W M ` R p O c W ZQK4M ^ O T c ^y2 Z G w�KNUVZ ^ T�Z c MdTVU�WXU ` ^ RQM 2i^ �HU ^ TqT c ^y2 Z_U `N2 { b M 2 x l x M `N2 U ` � cap R[KNMR[MPZeR;ZQM b R[U c ` G � KNUVW fNT ^ R[MPZ s MPOQMo{4ZQM 2 R c TVUVW U�R R[KNM ^ �HU ^ T W c k�MPWXM ` R cap R[KNM�R[MPZeR;ZQM b R[U c ` G w�KNU�Z;ZeMPRQ{Nf^ T�T c�s M 2 R[K4M%R[MdZCR b l�TVU `N2 MPOgR c O c R ^ RQM ^ O c { `N2 UYR q Z ^ �HUVZt� x {4R p O c W c x ZeMdOek ^ RQU c `i2 {NOQU ` �oR[K4M�M>�Hf8MPOQU�WXM ` R
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U�R%ZQMdMPWXM 2 R[K ^ R�RQKNM p OQU b RQU c ` U ` R[KNM�Ze{NfNf c OeR s ^ Z�M ` c {N��K R c f4OQMPkaM ` R�R[KNU�Z G � ` RQKNM�R c�s U ` ��R ^a` � R[KNMW c 2 MPT s ^ Z W c { ` R[M 2 c ` ^ OQU�� ^ T�T c�s U ` � W ^a` { ^ T�ZQMPReR[U ` � cap 2 O ^ p R ^a`N2 l ^ s ^a` ��TVM � s KNUVT�MgU ` R[KNM_p � & ^ x^ T�T ZQM RQRQU ` ��Z s MdOeM 2 c ` M x liRQKNM bdc ` RQO c TqZClHZCR[MPW cap RQKNM b ^ OeOQU ^ ��M Gw�KNM p�c O b M�ZeM ` Z c OQZ ^ OQM�ZCR ^a`N2N^ O 2 ZCR[O ^ U ` � ^ {N��MdZ x ^ ZQM 2 2 MdZeUV� ` Zo{NZQM 2 MP��R[M ` ZQU�kaMdTYl x l p �S� D� % w � �a� s KNU�TVM ^ TVT;kaMdT cHb U�R[U�MdZ ^ OQM M ` bdc 2 MdO c {4R[fN{HR[Z p O c W R[K4M b ^ OeOQU ^ ��MdZ G � ` x c R[K T ^ x c O ^ R c OQU�MdZ ^� c RQR[U ` ��MPO p�� ��� s MdOQM {NZQM 2 p�c O ^ WXfNT�U � b ^ R[U c ` � � TYR[MPOQU ` � ^a`42 ^a` ^ T c ��R c 2 UV��UYR ^ T bPc ` k�MPOQZQU c ` cap ^ TVTW M ^ Ze{NOQMPWXM ` RQZ Ga� T�R[K c {N��K Z ^ WXM�W ^ � M ^y`N2 W c 2 MdT)� R sgc 2 UEd MPOQM ` R�{ ` U�R[Z s MdOeMX{4ZQM 2 G � ` RQKNM�R c�s U ` �R ^y` � ^ Z ^ W fNT�M p OeMdz|{NM ` b l cap 6 m�m � � ^y`N2 ^ � T�R[MPO b {4R c d p OeMdz|{NM ` b l cyp � m � � s MdOQM {NZQM 2 G 2 c O�R[KNMp�c T�T c�s {NfiM>�HfjMdOeUVW M ` R[Z�U ` R[KNMVp � & ^ x R[K4M�Z ^ W fNTVU ` � p OeMdz|{NM ` b l s ^ Z_OQM 2 { b M 2 R c 5

6 m � � � � T�RQMdOQU ` � ^ RF m � � G � ` x c RQK b ^ ZeMdZ;RQKNM b {4R c d p OQMPz�{4M ` b l s ^ Z ZQM R;R c s MdT�T x MPT c�s RQKNM % l�z|{NUVZCR p OeMdz|{NM ` b l R c ^ k c U 2^ T�U ^ ZeU ` � cap R[KNMiZeUV� `N^ T GG� TVT p�c O b M ZQUV� ` ^ TVZ s MPOQMiOQM bdc O 2 M 2 U ` k c TYR[Z � s KNU�TVM b ^ T�U x O ^ R[U c ` ^a`42 ^ TVT 2 ^ R ^^a` ^ T�l�ZQU�Z s MPOQM�f8MPO p�c OeWXM 2 c `�^ � � {NZeU ` � p � w & � ���� G
( I"H � \A\ �?\ S X[S QT^`M+PRM
� ` RQKNUVZ ZeM b R[U c ` R[K4M W MPRQK c 2 c T c �al 2 MPZ b OQU x M 2 U ` R[KNM_T ^ ZeR�f ^ OCR cap b K ^ f4R[MPO 6 UVZ {NZeM 2 R c MPZeR ^ x TVU�ZQK ^ �}�('bdc `4� 2 M ` b M�U ` R[M k ^ T p�c O'R[K4M�W M ^ ZQ{NOeMdW M ` R OQMdZe{NT�RQZ� ` RQKNMwR c�s U ` � R ^a` � �jM ^ b K OQ{ ` s MPOQMofjMdO p�c OQW M 2 U ` x c R[K 2 UVOQM b RQU c ` Z p�c O M ^ b K bdc W x U ` ^ R[U c ` cypk�MPT c�b UYR l ^a`N2E^a` ��T�M G w�KNM M>�HfjMdOQU�WXM ` R s MdOeM � OQZeRwfjMdO p�c OQW M 2 5 �

q R[K � MdfHR[MdW x MPO 6 mam 6 � ^a`N2 OQMPf8M ^ R[M 2R[K4M 6�� q RQKe� ^a`42 ^ � ^ U ` RQKNM 6 I
q R[K � MdfHR[MdW x MPO 6 m�m 6HG � ^ b K OQMPZQ{NTYR;U�Z'R[KNM ` ^y`�^ kaMdO ^ ��M cyp ZeU �iOe{ ` Z G w�K4MM>� b Mdf4RQU c ` U�Z�R[KNM ^a` ��T�MdZ ^ x c kaM 5
6 � s KNU b K s MPOQM c ` T�l O ^a` RQKNM T ^ ZeR 2 ^ l�� R[K|{NZ c ` T�l R sgc OeMdfjMPRQU�R[U c ` ZM>�HU�ZeR p�c O�R[KNMPZQM ^a` ��T�MdZ G � ` p � & ^ x ^ TVT�M>�Hf8MPOQU�WXM ` RQZ s MPOQM�OQMPf8M ^ R[M 2 R[KNOeMdM�R[U�WXMPZ ^a`42 p�c O ZQMPTVM b R[M 2^a` �aTVMdZ�ZeU �iRQUVW MdZ G �;MPOQM ^ TVT8OQ{ ` Z ^ OeM�U ` R[KNM�Z ^ WXM 2 UVOQM b RQU c ` G� RXUVZ�R[KNM ` f c ZQZeU x T�MiR c {NZQM R[KNM�k ^ OQU ^ R[U c ` U ` R[KNM OQMPZQ{NTYR 2 UVOeM b RQT�l R c MPZeRQUVW ^ R[M ^ bdc `4�N2 M ` b MU ` RQMdOek ^ T)� x {4R;R c x MPReR[MPO;{ `42 MdOeZeR ^y`N2 R[KNM ` ^ RQ{NOQM cap RQKNMoMPOQO c OQZt� ^ 2 MPR ^ UVT�M 2�^a` ^ TYlHZeUVZ cap RQKNM�MdTVMPWXM ` R ^ TMdOeO c OeZ s ^ Z_fjMdO p�c OQW M 2 G w�K4UVZ_W {NZCR;U ` ^a` l b ^ ZeM x M 2 c ` M p�c O'R[KNM x U ^ Z�MdOeO c OeZ G

���n���gf �<��¡ � �V�B¢�m�� � � � £��B¢�m�� ¨
� ` bPc ` p�c OeW ^ RQU c ` s UYR[K T ^ R[MPO b K ^ f4R[MPOQZSRQKNM ^y` ��TVM cap ^ RQR ^ b � U�Z 2 M ` c RQM 2 x l R[KNMwZel�W x c T . G w�KNM p�c O b M` c OeW ^ T-R c R[K4M b l�TVU `N2 MPO ^ �HUVZt� x {4R�U ` R[KNMofNT ^a` M p�c OeWXM 2 x l�RQKNM U ` bdc W U ` � kaMdT c�b UYR l ^a`N2 RQKNUVZ ^ �HUVZ �8UVZ2 M ` c R[M 2 R[K4M ` c OQW ^ T p�c O b M G w�KNM x UED ` c OQW ^ T p�c O b M UVZ�R[K4M ` RQKNM p�c O b M ` c OQW ^ T R c R[K4UVZ�fNT ^a` M G � ` R[KNMp � & ^ x R[KNM�W c 2 MdT s ^ Z_O c R ^ RQM 2 ^ x c {4R'RQKNM��*D ^ �HUVZgU `�� ��{4OQM � G	6 p�c O�W c ZeR cyp RQKNM�OQ{ ` Z �NZ c RQK ^ R'RQKNM �^ �HUVZ UVZ�R[KNM ` c OQW ^ T 2 UVOeM b RQU c ` s KNUVT�M;RQKNM�� ^ �HUVZgU�Z RQKNM x U D ` c OeW ^ T 2 UVOQM b RQU c ` G w�KNUVZgUVZ 2 M ` c RQM 2 O c R ^ RQU c `U ` fNU�R b K U ` R[KNM p�c TVT c�s U ` � G � ` R[KNMoR c�s U ` � R ^a` � ^a`42 R[KNMwOQMPW ^ U ` U ` �XOe{ ` Z%U ` R[K4M p � & ^ x RQKNMoW c 2 MdTs MdOQM O c R ^ RQM 2 ^ x c {4R R[K4M � ^ �HU�Z ��U ` s KNU b K b ^ ZQM�� ^ �HUVZ x M bdc WXMPZ RQKNM ` c OeW ^ T ^a`N2 � ^ �HMdZ R[KNM x U D ` c OQW ^ T2 U�OQM b R[U c ` Z �4OQMdZef8M b RQU�k�MPT�l G w�K4UVZ_UVZ'RQKNM `�2 M ` c R[M 2 l ^ s O c R ^ R[U c ` Gw�KNM_fNOeMdZQM ` R[M 2 OQMPZQ{NTYR[Z cap R[KNM�MP�Hf8MPOQUVW M ` RQZ ^ OQM p�c O b M ^a`N2 W c W M ` R bdc Mt� b UVM ` RQZ G � M ` c R[U ` �%R[KNMW M ^ Ze{NOQM 2 p�c O b MdZ p O c W?RQKNMSR s c p�c O b M%ZQM ` Z c OQZ s U�RQK�ZQ{4f8MPOQZ b OQU�f4R[Z"� ^y`N2 � p�c O p�c O s ^ O 2i^a`N2�^ p R'ZQM ` Z c O
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OQMPZQfjM b R[U�kaMdTYl�� R[KNM�OeM 2 { b R[U c ` Mdz|{ ^ RQU c ` Z 2 MPZ b OQU x M 2 U ` b K ^ f4R[MPO 6 ^ OeM

$ < : (�. 0 > t w� � t u
��: 749 : = h ( � G 5 0

$ < | (�. 0 > t wz � t uz�: 749 : = h ( � G	6 0
$ < � (�. 0 >

� { t wz � t uz 	���: 749 : = h : ( � G � 0
> { t wz � t uz�: 749 : = h ( � G F 0

$ <  (�. 0 > � { t w� � t u
� 	 h�: 749 : = h : ( � G,� 0

> { t w� � t u
��: 749 : = h ( � G � 0

w�KNM%Ze{ x Z b OQU�f4R[Z 6 ^a`N2 � 2 M ` c RQMdZ p�c O b MPZ'U ` R[KNM � ^y`N2 � 2 U�OQM b R[U c ` Z � s KNU�TVM � ^a`N2 � U `N2 U b ^ RQMdZ�W c W M ` R^ x c {4R�RQKNM�Z ^ W M ^ �HMdZ Gw c ��M ` MdO ^ TVU��dM�� RQKNMwOeM 2 { b R[U c ` MPz|{ ^ R[U c ` Z bdc ` R ^ U ` WXM ^ ZQ{4OQM 2 p�c O b MdZ � ^X2 l `N^ WXU b fNOQMPZQZQ{4OQM�� >�: 749 : ^a`42 OeMdfNOeMdZQM ` R ^ RQU�k�M 2 U�WXM ` ZQU c ` Z G w�K4M�MPOQO c O_Z c {NO b MPZ ^ OeM���O c {4f8M 2�^ bdbdc O 2 U ` ��R c R[KNU�Z G
���n���n� �k�B� ��¢�¨�¢�m�� £�� ¡	� ¢�£�¨ 
§¢§� ¢r��¨ &"m�� &"m�� � � � �£�¨�� �B�� �����¨
2 c O'R[K4M p�c O b M�W M ^ Ze{NOQMPWXM ` R[Z �NRQKNMdOeM ^ OQM�R[K4OQMdM�OeMdfNT�U b ^ R[U c ` Z'TVM k�MPTVZ ^ k ^ UVT ^ x TVM 3

 w�KNMoZQM ` Z c OeZ s MPOQM b ^ TVU x O ^ R[M 2�^ p RQMdO ^ ZQZQMPW x TYl G�� l O c R ^ R[U ` � RQKNMoZeM ` Z c O ^a`42 R[KNMwZQf ^ b MdOSU�R s ^ ZW c { ` R[M 2 c ` � � ` c�s ` s MPUV��K�RQZ cap 5 m

D � m�m ��O ^ W Z s MPOQM ^ f4fNTVU�M 2 U ` 2 UVOeM b RQU c ` Z m � � m � 5
6 m � 5�� m

� 6 F m �
^a`42 6 I m 2

Md��OeMdMPZ s UYR[K OQMPZQfjM b R�R c RQKNM�f c ZQU�RQU�kaM�� ^ �4U�Z G w�KNU�Z�� ^ k�M W c OQM RQK ^a` 5
6 m f c U ` R[Z c `s KNU b K R c x {NUVT 2�^ 6 D � b ^ T�U x O ^ R[U c ` W c 2 MdT U ` bdc Oef c O ^ RQU ` � b O c ZeZ0D R ^ T � ^a`N2�^ T�UV� ` W M ` R�MPOQO c OQZ 3
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3�4 Å�5 f � +-(�6'7 � 3�4 Å�5 8 � +-(�6'7 �

3�4 Æ95 f � +-( 6'7 � 3�4 Æ95 8 � +-( 6'7 �
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± ³ ²8g�²9²9²2»A¼W± ³7o8±VW ³(²8g ²A²9²8±VU9¦ ³�¼A»Wg o ³(²8g ²A²9²#AsU8± ±Vo8g�¦ ³ ²8g�²9²9²8±DU#A ±[¦Wg¹¼
» ²Wg ²9²A²XU8±¥» ±DAXU ²8g�²9²9²#A#A�´ U2»Wg o ³7oWg¹»A¦E-|³ ²A²2´ ³(¦2»9» ³®o8g U9¼E-|³(²9²2´ ³�»9¼A»
¦ ²Wg ²9²W±DAXA ´Wg W8± ²8g�²9²9²#WXW ¦XU8g » ³�»Rg ²#AA-|³ ²A²2´ W8g U2¼ U8g�²XoA- ³ ²9²2´ ³(¦8g�¦8±
A ²Wg ²9²9»#oXo ¦XU8g ¼ ²8g�²9²8±T¦ ±Vo ²8g�²9²9²8±A±9± ³ »#U9² ²8g�²9²9²9»9¼9» ³4±¥»Wg ¼
o ²Wg ²9²#o2»9¼ ¼Wg »#W ²8g�²9²2»E²8± ¦8± ´Wg�²XUA-|³(²9²Xo ´WgG±VW ²Wg ²9²W±¥»9¼ ±[²Wg W
W ²8g ²W±9±[¦ ¦8g�²XU ²8g�²9²2»¥oXW ´W±9gG± ³(²8g ²A²9²8±VUXU ¦Xo8g o ²Wg ²9²W±Vo8± ±¥´Rg¹»
±[² ²8g ²W±VU2´ U8g ´9¼ ²8g�²9²2»¥W#A A2¦ ³(²8g�²9²9²XU8± ´¥A.g » ²Wg ²9²W±VUXo »#WWg U
±¥» ²8g ²A¦8±DA ´Wg » ²8g�²9²2»R±Vo ±9±VW ³(²8g�²9²9²XW2´ ³®U8g;±[´ ²Wg ²9²9»W±¥´ AXA8g U
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² ³ ²8g�²9²9²#A8±Vo ³ »#U8g W U8g UA¦A-|³(²9²2´ »#W2¼ ³(²8g ²A²9²2»A²XW ³�»A»Wg o ³®o8g ²#oA-|³(²9²2´ ³ ¼¥A.g�¦
± ´Wg W8±T- ³ ²9²9´ ±9g;±DoA- � ²9²9¦ ³(²8g ²A²9²8±9±[¦ ³4±VWXo ³(²8g ²A²9²2»#U2¼ W9¦8gG± ³ ¼Wg¹´¥oA-|³(²9²2´ ³4±[¦8g o
» ²Wg ²9²A²2¼9¼9¼ ±[²#U A.g ¦#oA-|³(²9²2´ ¼A²Xo ³(²8g ²A²9²2»9¼¥A ±9±[´ ³4±9g¹´�A9-|³(²9²2´ ´¥U#A
¦ ²8g ²A²8±¥¼ ´W±9g » ²8g�²9²9²8±DW2¼ ¦2¼9» ³(²8g ²A²9²2»A²2´ ±¥¼E² ´Wg o#A9-|³(²9²2´ ³C±DA�¼
A ²8g ²A²2»9¼¥A ±[²8g U ²8g�²9²9²#AXo2´ ±¥¼#U ³7U8g ¼9¼E- ³ ²9²9´ ¼9»Wg U ²8g�²9²9²W±¥¼#W W9¦Wg¹´
o ²8g ²A²Xo9²XW U8g�¦8± ²8g�²9²9²2¼A»W± ±¥¼A² ³(²8g ²A²9²8±[²8± o2»Wg�¦ ²8g�²9²9²9¼9¼ ´#WWg¹»
W ²8g ²W±[²#A ±[¦8g U ²8g�²9²8±VoW± ±[¦Xo ³(²8g ²A²9²8±DA�¼ ±DA9¦ ²8g�²9²8±T²8± oXoWg o
±[² ²8g ²W±Vo2´ ´Wg »W± ²8g�²9²2»W±DW ±¥´9´ ³(²8g ²A²9²#A.± ³C±T¦8g o ²8g�²9²8±�AXA U9²Wg ¦
±¥» ²8g�²2»A¦ ´Wg ¼ ²8g�²9²9²XU9¼9¼ A�¼9» ³(²8g ²A²9²Xo2¼9¼ ³C±�A.g A ²Wg ²9²W±¥¼ ±[»A¦
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²8g�² ²Wg;±¥´ ²8g AXA ²8g�¦2» ±9g ²A² ²8gG±[¦
²Wg¹»A² ±9g ´#o ²8g U2» »Wg ²A¦ ²8g�¦9¦
²Wg¹»9´ »Wg W#A ±9g A�´ ¦8g ¦#W ²8g W2»
²Wg ¦9² ¦8g »9¼ ±9g ´¥A A.g¹´¥o ²8g ¼W±
²Wg ¦2´ ´Wg ´W± »Wg U2» o8g¹»E² ²8g ¼#U
²Wg A2² ¦8gG±Vo ¦8g�¦XU o8g W9¼ ±9g�²9¦

²8g » ²Wg ²2´ ²8gG±[² ²8g�²XW ²8g ¦#o ²8g�²2¼
²Wg;±[² ²8gG±DA ²8gG±¥¼ ²8g o9» ²8g�²XW
²Wg;±DA ²8g »#o ²8gG±¥¼ ²8g U9´ ²8gG±[²
²Wg;±VW ²8g ´#U ²8g�¦#A ±9g A8± ²8gG±¥»
²Wg¹»9» ±9g�¦9² ²8g�¦2» »Wg ²9» ²8gG±¥´
²Wg¹»#o ±9g U2» ²8g W#A »Wg¹¼¥o ²8g »#U
²Wg¹»#U ±9g�¦Xo ±9g�²9¦ ¦8g¹´A» ²8g »#W
²Wg ¦2» ±9gG±¥» ²8g AsU A.g¹»A¼ ²8g�¦2»
²Wg ¦Xo »Wg�²XU ±9g�¦2» ´Wg ²#o ²8g�¦XU

²8g A ²Wg ²2´ ²8gG±¥´ ²8gG±¥» ²8g ¦#U ²8g�²XW
²Wg;±[² ²8gG±DA ²8g�²XU ²8g o#o ²8g�²XU
²Wg;±¥´ ²8g�¦#A ²8g »A¦ ²8g W#U ²8g�²XU
²Wg;±VU ²8g�¦XU ²8gG±¥¼ ±9g A2´ ²8gG±¥»
²Wg¹»¥A ±9g�²XU ²8g »#U »Wg;±[´ ²8gG±¥´
²Wg¹»#W ±9g WXo ²8g o#A »Wg U#o ²8gG±Vo
²Wg ¦2» ±9g U2´ ²8g UXo A.g ²A² ²8g »9¼
²Wg ¦Xo ±9g U2» ²8g ¼#U ´Wg ²¥A ²8g »#U

²8g o ²Wg ²2´ ²8g »W± ²8gG±[² ²8g¹¼A» ±9g�²2¼
²Wg;±[² ²8g A�¼ ²8g�¦9¦ ²8g W#o ²8g A�´
²Wg;±¥´ ²8g�¦9² ²8gG±VW ²8g U#W ²8g�¦#A
²Wg¹»A² ²8g ´9» ²8g »W± ±9g¹»A¼ ²8g�¦9²
²Wg¹»¥A ±9gG±¥» ²8g »9¼ ±9g W9¼ ²8gG±Vo
²Wg¹»#U ±9g ¼9¼ ²8g�¦2» »Wg¹¼¥W ²8g »9´
²Wg ¦9¦ »Wg »9¼ ²8g A2¦ ¦8g W9¼ ²8g »¥A
²Wg ¦2¼ »Wg�¦9¦ ²8g Aso ´Wg ²#o ²8g�¦2´

±9g�² ²Wg ²2´ ²8g A2² ²8gG±Vo ²8g¹¼E¦ ±9gG±¥»
²Wg;±[² ²8g o8± ²8g U9¦ ²8g¹¼A¼ ²8g�¦9²
²Wg;±¥´ ²8g ´9´ ²8g A.± ±9g ²¥A ²8g�¦#A
²Wg¹»A² ²8g o2¼ ²8g A2¦ ±9g¹»¥W ²8gG±VU
²Wg¹»9´ ²8g oXW ²8g A2² ±9g oA¦ ²8g »9»
²Wg¹»#U ²8g ¼9¼ ²8g o2´ ±9g U9» ²8g »W±
²Wg ¦#A ²8g U2» ²8g A�¼ »Wg A9² ²8g »A²
²Wg ¦XU ±9g »9» ²8g A�» ¦8g¹»R± ²8g »9»
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²8g�² »Wg A�´9»9´ ²8g�²9²2¼9´ ²8g�²9²#A2» ²8g�²2»A¦2¼ ²8g ²A²9¦Xo
o8g »9¼9»9» ²8g�²9²9¦Xo ²8g�²9²9¦A² ²8g�²9²XW2» ²8g ²A²8±VW
U8g ´#UXW2´ ²8g�²9²9¦XW ²8g�²9²9¦9» ²8g�²9²2»#U ²8g ²A²8±VU

²8g ´ ²8g »W±[²XU ²8g�²9²2»#W ²8g�²9²8±A± ²8g�²2»A¦XW ²8g ²A²9²Xo
²8g�¦8±VW2¼ ²8g�²9²2»#W ²8g�²9²8±T¦ ²8g�²2»A¦2¼ ²8g ²A²8±¥´
²8g ´#W#A.± ²8g�²9²2»9´ ²8g�²9²8±�A ²8g�²2»#o9¦ ²8g ²A²9²Xo
²8g W#A2²2» ²8g�²9²2»9´ ²8g�²9²8±T¦ ²8g�²2»#W#A ²8g ²A²9²Xo
±9g »W±¥»9» ²8g�²9²9¦2» ²8g�²9²8±[¼ ²8g�²9¦2»#U ²8g ²A²9²Xo
»Wg A�´A²2´ ²8g�²9²2´A¦ ²8g�²9²#A9² ²8g�²9¦9²#A ²8g ²A²9¦9¦
o8g »9¼#oXW ²8g�²9²2»#U ²8g�²9²2»�A ²8g�²8±[²8± ²8g ²A²2»A²
U8g o9²9²XW ²8g�²9²2»A² ²8g�²9²2»R± ²8g�²9²2»9» ²8g ²A²8±[¦
±VW8g Aso9¦XW ²8g�²9²9¦XU ²8g�²9²9¦9´ ²8g�²9²2»9´ ²8g ²A²8±VU

±9g ´ ²8g »A²XU#A ²8g�²9²#A2² ²8g�²9²8±A± ²8g�²2»¥AsU ²8g ²A²9²Xo
²8g »#oXoXW ²8g�²9²Xo9² ²8g�²9²8±A± ²8g�²2»9¼#W ²8g ²A²9²Xo
²8g ´#W2´#W ²8g�²9²2´W± ²8g�²9²8±[¼ ²8g�²9¦8±¥» ²8g ²A²8±¥»
²8g W#A2¦8± ²8g�²9²#A�» ²8g�²9²8±[» ²8g�²9¦2»¥A ²8g ²A²9¦Xo
±9g »W±¥´9¼ ²8g�²9²2´9» ²8g�²9²8±DU ²8g�²9¦2´9» ²8g ²A²8±VW
»Wg A�´A²2´ ²8g�²9²#AXA ²8g�²9²8±DW ²8g�²2»#U9² ²8g ²A²8±DA
o8g »9¼#oXW ²8g�²9²8±Vo ²8g�²9²8±[¼ ²8g�²9²XU2¼ ²8g ²A²8±DA
U8g o9²#A2² ²8g�²9²8±[² ²8g�²9²8±[´ ²8g�²9²2»#U ²8g ²A²8±¥»
±VW8g AsW2»¥A ²8g�²9²2»#W ²8g�²9²2»¥o ²8g�²9²8±¥¼ ²8g ²A²8±¥´

»Wg ´ ²8g »A²XU#A ²8g�²9²2¼9¼ ²8g�²9²8±A± ²8g�²9¦2»9¼ ²8g ²A²9²Xo
²8g�¦8±DA�» ²8g�²8±[²9² ²8g�²9²8±A± ²8g�²9¦2»9» ²8g ²A²9²Xo
²8g ´#W#A2¦ ²8g�²8±¥¼A² ²8g�²9²8±A± ²8g�²9¦9¦2´ ²8g ²A²9²Xo
²8g W#A�»9» ²8g�²8±Vo8± ²8g�²9²2»A» ²8g�²9¦XW9¦ ²8g ²A²8±DA
±9g »9»W±¥´ ²8g�²9²2´#o ²8g�²9²2»�A ²8g�²9¦XW8± ²8g ²A²2»#o
»Wg A�´W±[² ²8g�²9²#Aso ²8g�²9²2»A¼ ²8g�²2»#WXo ²8g ²A²8±[¦
o8g »#W9²XW ²8g�²9²2»9» ²8g�²9²2»R± ²8g�²9²XoXU ²8g ²A²9¦2¼
U8g o8±VU9¦ ²8g�²9²2»9¼ ²8g�²9²2»E¦ ²8g�²9²9¦2¼ ²8g ²A²8±[¦
±VW8g ´¥A2²2´ ²8g�²9²9¦2´ ²8g�²9²2»A» ²8g�²9²2»9¼ ²8g ²A²2»W±



 
 
 
 PREVIOUS DR.ING. THESES  
 
 From the previous Department of Marine Hydrodynamics  
  
  
 Løtveit, Magne  : A Study of Pressure- and Velocity Relations in the Slip-Stream of Propellers of 

Single Screw Ships to clarify the Propeller Action behind the Hull. 1963.  (in 
Norwegian)  

  
 Dahle, Emil Aall  :  A Study of the Coefficients in the Differential Equations for the Rolling Motion 

of a Vessel.  1971. (in Norwegian)  
  
 Langfeldt, Jan N.  : A Theoretical and Experimental Study of the Feasibility of Two-Phase 

(Gas-Water) Jet Propulsion of Craft.  1972.  
  
 Berg, Tor Einar  : Manoeuvring of Vessels.  1978. (in Norwegian)  
  
 Skjørdal, Svein O.  : Wave Induced Oscillations of Ship Hulls. 1978.  
  
 Nielsen, Finn G.   : Hydrodynamic Relations of Oil Booms. 1980.  
  
 Liapis, Nicolas  : Hydrodynamic Analysis of the Ship-Buoy System.  1980.  
  
 Pettersen, Bjørnar  : Calculation of  Potential Flow about Ship Hulls in Shallow Water with 

Particular Application to Manoeuvring.  1980.  
  
 Rye, Henrik    : Ocean Wave Groups.  1981.  
  
 Utnes, Torbjørn H. : Forward-Speed Effects on the Hydrodynamic Motion Coefficients of a 

Surface-Piercing Body. 1982  
  
 Børresen, Rolf    : The unified theory of ship motions in water of finite depth.  1984.  
  
 Aarsnes, Jan Vidar : Current Forces on Ships.  1984.  
  
 Skomedal, Nere   : Application of a Vortex Tracking Method to Three-Dimensional Flow Past 

Lifting Surfaces and Blunt Bodies.  1985.  
  
 Løken, Arne Edvin  : Three-dimensional second order hydrodynamic effects on ocean structures in 

waves.  1986.  
  
 Aanesland, Vidar : :               A Theoretical and Numerical Study of Ship Wave Resistance.  1986.  
  
 Sortland, Bjørn    :  Force Measurements in Oscillating Flow on Ship Sections and Circular 

Cylinders in a U-Tube Water Tank.  1986.  
 
 Falch, Sigurd    : A numerical study of slamming of two-dimensional bodies.   1986.  
  
 Lian, Walter    : A numerical study of two-dimensional separated flow past bluff bodies at 

moderate KC-numbers.    1986.  
  
 Braathen, Arne   : Application of a vortex tracking method to the prediction of roll damping of a  

two-dimensional floating body.   1987.  

 
 

Page 1 of 3 



 
 
 
 Gang Miao       :   Hydrodynamic Forces and Dynamic Responses of Circular Cylinders in Wave 

Zones.  1989.  
 
 Greenhow, Martin     :   Linear and Non-Linear Studies of Waves and Floating Bodies.  Part I and Part 

II. 1989. 
 
 Chang Li          :   Force Coefficients of Spheres and Cubes in Oscillatory Flow with and without  

Current.   1989. 
 
 Jæger, Arild   :  Seakeeping, Dynamic Stability and Performance of a Wedge Shaped Planing  

Hull. 1989. 
 
 Hoff, Jan Roger   :  Three-dimensional Green function of a vessel with forward speed in waves. 

1990. 
 
 Rong Zhao   :  Slow-Drift of a Moored Two-Dimensional Body in Irregular Waves. 1990.  
 
 Løland, Geir   :  Current Forces and Flow through Fish Farms.  1991. 
  
 Krokstad, Jørgen R.  :  Second-order Loads in Multidirectional Seas.   1991. 
 
 Mørch, Hans J. B. :  Aspects of Hydrofoil Design; with Emphasis on Hydrofoil Interaction in Calm 

Water. 1992. 
  
 Steen, Sverre  :  Cobblestone Effect on SES.  1993. 
  
 Kvålsvold, Jan  : Hydroelastic Modelling of Wetdeck Slamming on Multihull Vessels.  1994. 
 
 Ulstein, Tore  : Nonlinear Effects of a Flexible Stern Seal Bag on Cobblestone Oscillations of 

an SES.  1995. 
 
 Solaas, Frøydis  : Analytical and Numerical Studies of Sloshing in Tanks.  1995. 
 
 Bratland, Anne K. : Wave-Current Interaction Effects on Large-Volume Bodies in Water of Finite 

Depth.  1995. 
 
 Herfjord, Kjell  : A Study of Two-dimensional Separated Flow by a Combination of the Finite 

Element Method and Navier-Stokes Equations.  1995. 
 
 Pedersen, Egil  : A Nautical Study of Towed Marine Seismic Streamer Cable Configurations.  

1996. 
 
 Hansen, Edmond H. : A Discrete Element Model to Study Marginal Ice Zone Dynamics and the 

Behaviour of Vessels Moored in Broken Ice.  1998. 
 
 Haugen, Elin Marita : Hydroelastic Analysis of Slamming on Stiffened Plates with Application to 

Catamaran Wetdecks.  1999. 
 
 Tønnessen, Rune  : A Finite Element Method Applied to Unsteady Viscous Flow Around 2D Blunt 

Bodies with Sharp Corners.  1999. 
 
 Haslum, Herbjørn Alf : Simplified Methods Applied to Nonlinear Motion of Spar Platforms.  2000. 
 

 
 

Page 2 of 3 



 
 

 
 

Page 3 of 3 

 Baarholm, Rolf Jarle : Theoretical and experimental studies of wave impact underneath decks of 
offshore platforms.  2001. 

 
 Greco, Marilena  : A Two-Dimensional Study of Green-Water Loading.  2001. 
 
 Holmedal, Lars Erik : Wave-current interactions in the vicinity of the sea bed.  2002. 
 
 Rognebakke, Olav : Sloshing in rectangular tanks and interaction with ship motions. 2002- 
 
 Lader, Pål  : Geometry and Kinematics of Breaking Waves.  2002. 
 
 Yang, Qinzheng  : Wash and wave resistance of ships in finite water depth.  2002. 
  
 Ronæss, Marit  : Wave Induced Motions of Two Ships Advancing on Parallel Course.  2002. 
 
Chezhian, Muthu  : Three-Dimensional Analysis of Slamming. 2003 
 
Tregde, Vidar  : Aspects of Ship Design; Optimalization of Aft Hull with Inverse Geometry 

 Design . 2004 
 
Wist, Hanne Therese : Statistical Properties of Successive Ocean Wave Parameters. 2004. 
 
Ransau, Samuel  : Numerical Methods for Slows with Evolving Interfaces. 2004. 


