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1. INTRODUCTION

1.1 Contribution of This Paper$&%('�)+*-,.*�/70R'�)23�4.5-36/7085-/69	:&'�<=%	<=%-/R4.I-<=@F'�/70��.,D5�4MAX,.@�d	9(/6<8/637J<='�4D5H*�014D?�@�/6AQN&$&%�'�)E'�)|37@�4M)8/7@�dX01/7@�,�<8/�9r<842C�01,.I-9r9(/6<8/63�<='�4.5�[�5-/6<=J:�4.08S>'F5(<=08I�)='�4D5h9�/6<8/�36<='�4.5�[&/6<83MN�[�)='F5-36/Q3708'�An'F5-,.@s4.0�)=I�)=*('�37'�4DI�),M36<='�U�'�<='�/6)>AX,Ddf4DCZ<8/75f'F5-9WI�36/�4.I-<=@F'�/701)6N�OZ<X'�)^,.@�)84p01/7@�,�<8/�9l<84I(5-/6w�*�/636<8/�9�*-,�<8<8/7085�9�'�)83�4.UM/701d;4.0T01,D01/c/6U�/75(<s9�'�)83�4.UM/701d�NOK5;*�08'�4D0X:&4D08S	� ���1�&:&/c%-,.UM/X9(/6U�/7@�4D*�/69tVWAX,.01<1V�'FCZ<8/70D[�:&%�'�38%'�)c,D5>4.5(JZ@F'F5�/H4.I-<=@F'�/70�9�/�<8/636<='�4.5},.@�G�4D08'�<=%�AB?-,�)8/69>4.5;I(5-)=I�*�/108JU�'�)8/�9g@�/6,D085�'F5-GgCK014MA�9�,M<8,�N�O�<R<8,.SW/�)r,>9(,�<8,>)8/6k�I�/15�36/;,M)X'F5�J*(I-<+'F5>,.5�4.5(JZ@F'F5�/X:�,.dH,D5�9;GD'�U�/6)s/6,�38%>9�,M<=I�A�,�)8364.01/�[�:&'�<=%�,%('�G.%})8364.01/n'F5-9W'�36,�<='F5-G	,r%('�G.%�*�4�)8)='F?('F@F'K<ud	4.C�?�/7'F5-G;,.5�4.I-<=@F'�/70DNVWAX,D01<1VY'FCZ<8/10nI-)8/6)c,Q�2,.I-)8)='�,.5tAn'�wW<=I(01/XAX4W9(/7@�,�)2,Q)8<8,�<='�)8<='�36,D@

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.

Copyright ACM ... � 5.00.

01/7*(01/6)8/75(<8,M<='�4.5�4.C�5-4.01A�,.@�?�/7%-,DU�'�4.01)6NT$&%�/2SY/6dn'�9(/6,H4.C�V�AX,D01<=JV�'FCZ<8/70R'�)c<84r@�/6,D085p<=%�/�AX4W9�/1@&:&'�<=%p4D5�JZ@F'F5-/r9W'�)8364DI�5(<='F5-G]@�/6,D085�J'F5-G^,.@�GM4.08'�<=%-AX)X,D5�9;<84Q36,.@�37I(@�,�<8/H,H)8364D01/nCZ4.0s,Q9�,M<=I�A_4.5�<=%�/?-,�)='�)X4DCT<=%�/H38%�,D5�GM/^4DCT<=%�/HAX4W9(/7@E?�/7CZ4D01/H,.5-9	,.CZ<8/10n@�/6,D085�'F5-GCK014MA�'�<6N�$\%-/X5�4DUM/7@&CZ/6,M<=I�01/�)n4DCcVWAX,D01<1VY'FCZ<8/10H,.01/�q�,W�c,;)8364.01/%-,�)R,^37@�/6,D0H)8<8,�<='�)8<='�3�,.@���'F5(CZ4D01AX,�<='�4.5�Ju<=%-/64.01/�<='K3;AX/�,.5('F5�G([�?#�2'�<'�)T,�9(,.*-<='�U�/R<84X38%�,D5�GM/6)T4.C�5-4.01A�,.@�?#/7%�,DU�'�4D01)24.C�5�/�:�*-,�<8<8/7085-)6[3D�+'�<c'�)n3�4�An*(I�<8,M<='�4.5-,.@F@�d	'F5�/6w�*#/75�)='�UM/�[T9-�+'�<n,M<8<8,.'F5-)b%('�G.%t9(/7J<8/636<='�4D5p,�3�37I�01,M36d�NQOK5]CZ,M36<6[�'�<c:&,�)c9(/6AX4D5�)8<=01,M<8/69]I-)='F5�G>�c�2��|I�*Q�6�M���X� �.�-<=%�,M<�5�/�<=:&4D08Sn'F5(<=08I-)='�4.5Q9(,�<8,c:&/701/�9�/6<8/�36<8/69X:&'�<=%%('�G.%>,�3�37I�01,M36dH,�AX4D5�G�<=%�/s9�,M<8,X<=%�,M<sV�AX,D01<1VY'FCP<8/70sG�,DU�/2%('�G.%-/70)8364D01/6)6Ni$&%-/;9�01,D:&?�,M3jS�4.CbV�AX,D01<1VY'FCP<8/70;'�)6[&%�4D:&/�U�/70D[T<=%-,�<H'�<36,D5�5-4�<s/6w�*�@�,D'F5	:&%(dH<=%-/2'�9�/75(<='Fe-/69	4DI�<=@F'�/101)c,.01/c/6wW36/1*�<='�4D5�,D@ZN$&%-/c364.5(<=08'F?(I�<='�4D5	4DC�<=%('�)&*�,D*�/70T'�)T<84n*�014DU�'�9(/n,c5-/6:fCK01,�A�/7J:&4D08S2CZ4D0&�W�D�Z�1�.�Z�K�Y�&�W���2�1�7 �¡��W�K���K�Y�|¢W£(�P¡����.¤8¥W?(d2364MAb?('F5('F5�GRVWAX,.01<=JV�'FCZ<8/70H:&'�<=%p,;)=I(*�/701U�'�)8/69f@�/�,.085('F5�G	<8/�3j%(5�'�k�I-/�N�¦&,�)8/69p4D5p<=%�/)8364D01/6)c<=%�,M<RV�A�,.01<1V�'FCZ<8/70�4.I-<=*�I-<8)6[�:&/R3701/6,M<8/n@�,.?�/1@�/69f9(,�<8,H?(dG.'�U�'F5-GX*�4�)='�<='�UM/n@�,.?#/7@�)2<84c%�'�GD%�/10c)8364D01/69^9(,�<8,X,D5�9H5�/�G�,�<='�UM/b@�,DJ?�/7@�)T<842@�4D:&/70\)8364.01/69H9(,�<8,(N�¦&dX)=I(*�/701U�'�)8/69^@�/�,.085('F5�GnC�014�Ai?�4�<=%<=%-/^*�4�)='�<='�UM/],D5�9f5-/6G�,M<='�U�/>9�,M<8,�[T:&/H?�I('F@�9l,.5�4.I-<=@F'�/70^e(@�<8/708J'F5-Gb08I(@�/T<=%�,M<|9W'�)83708'�An'F5-,�<8/6)T*�4�)='�<='�UM/c9�,M<8,2CK014�Ai5-/6G�,M<='�U�/s9�,M<8,�N$&%�'�)2e(@�<8/708'F5-Gr08I(@�/n'�)2I-)8/69;,�)s,m*(01/7*(014W36/6)8)='F5-G;4.C\V�A�,.01<1V�'FCZ<8/70CZ4D0T,n5-/6:x9(,�<8,M)8/6<6N�OP5�<=%�'�)&CK01,MAX/6:&4D08Sr'F5-9W'�U�'�9�I-,.@T4DI�<=@F'�/101)2,.01/'�9(/75(<='Fe�/�9�'F5Q<=%-/2I�5-)=I�*#/701U�'�)8/69;@�/6,.085('F5�GX*(014W36/6)8)6[-:\%('F@�/c,RG�/75(J/701,D@2*-,�<8<8/7085h4DCX<=%-/^'�9�/15(<='Fe�/69§4.I-<=@F'�/701)^'�)^9W'�)8364DU�/701/�9x'F5h<=%�/)=I(*�/701U�'�)8/69;@�/6,.085('F5-G^*�014W36/�)8)6N$&%-/|*�I(08*�4M)8/+4DC�?(I('F@�9�'F5�GR<=%('�)�CK01,MAX/6:&4D08S2'�)�<u:&4.JZCZ4D@�9�)6q&����$�4'�An*(014DU�/H<=%�/c*�4D:&/70a4.C\V�A�,.01<1V�'FCZ<8/70R?(d^364MAb?('F5�'F5-G>)=I�*�/101U�'�)8/69@�/6,D085�'F5-Gf:&'�<=%l,D5fI(5�)=I(*�/701U�'�)8/�9x4D5�/�N����n$�4>37@�/6,D08@�dl/6w�*�@�,D'F5<=%-/2AX/6,D5�'F5-GH4.C�<=%-/24.I-<=@F'�/701)s<=%�014DI�GD%;<=%-/+08I(@�/c,�36k�I('F01/69r'F5�<=%�/)=I(*�/701U�'�)8/69f@�/6,D085�'F5-Gg*(014W36/6)8)6Np$&%('�)X@�/6,�9()H<84]4DI�<=@F'�/70H*-,�<8<8/70859W'�)8364DU�/701d�N�¨]/c01/6k�I('F01/n<=%-,�<c���\,D5�9>�M�|?�/201/6,.@F'�z�/69],M<T4.5-36/�NOK5h<=%�/;)=I(*�/701U�'�)8/69h@�/6,.085('F5�Gf*(014W36/6)8)6[s:&/^I-)8/],p)8<84W38%�,M)8<='�39(/637'�)='�4.5p@F'�)8<R,�)R,r01/7*(01/6)8/75(<8,M<='�4.5t4.C�,^31@�,�)8)='Fe-36,�<='�4�5t08I�@�/X,D5�9/6An*(@�4DdX,2@�/6,D085�'F5-Gn,D@�G�4D08'�<=%�A��s©"Juª&V(�2«Z�2©�J8V(�T�7NW$&%�/ESW/6dc'�9�/�,4.CE�s©"Juª�V��f'�)2<84H)8/7@�/63�<+08I(@�/6)24D5><=%�/2?-,�)='�)c4DCE<=%�/2*(08'F5�31'F*�@�/H4.CAn'F5('�An'�z7'F5-Gf/6wW<8/15�9(/69f)8<84W38%-,�)8<='�3;364MAn*�@�/�w�'�<=dx«Zª�V(�¬�F�D­.�P�m«Z4D0)8<84W38%�,M)8<='�32364MAn*�@�/�w�'�<=d^«uV(�f����®.�P�7[�)8/6/sVW/636<='�4D5H®W�7NEOZ<�'�)|<=%-/64D01/6<=J'�36,D@F@�d]� �.­.��,D5�9H/6An*('F08'�36,D@F@�d	���M�7��9�/�AX4.5-)8<=01,�<8/69H'F5;<=%-/2)836/15�,D08'�44.C�'F5�CP4.01AX,M<='�4.5;<=%-/64D01dr4D0T)8<8,�<='�)8<='�3�,.@�9(/637'�)='�4D5><=%�/�4.01dX<=%-,�<&<=%('�)*(08'F5�37'F*(@�/r@�/�,�9()n<84H,H)8<=01,�<8/6GMd;4.C�@�/6,D085�'F5-G>37@�,�)8)='Fe-36,�<='�4D5p08I�@�/6)6N~lU�/101)='�4.5;4DC��s©"Juª&V(�2«Z�2©�J8V(�T�|:&%�'�38%Q36,.5H%-,.5-9�@�/R9W'�)83701/6<8/2,M<=J<=08'F?(I�<8/6)�4.5(@�d]:&,M)2'F5(<=014W9�I-36/69	'F5p<=%-/H)836/75-,.08'�4;4DCT<8/6wW<R37@�,�)8)='FJe-36,�<='�4D5f�����1�=Ns$&%�'�)T*�,D*�/70c'F5(<=014W9WI�36/�)n,H364MAn*�@�/�<8/nCZ4.01A�:&%('�3j%36,D5^%-,.5-9�@�/n?#4�<=%>364D5(<='F5WI�4DI�)c,D5�9;9W'�)83701/6<8/R,�<8<=08'F?(I�<8/�)6N~T*�*(@�d�'F5�G�4.I(0cCK01,�AX/�:&4.08S><84Q<=%�/n5-/6<u:&4.08S>'F5(<=08I�)='�4D5t9�/6<8/�37J<='�4.5t*�014D?�@�/�A^[&:&/H9(/6AX4D5�)8<=01,M<8/;<=%�,M<r���n<=%�'�)RCK01,�AX/�:&4.08Sp3�,.5)='�G.5('Fe-36,.5(<=@�dx'F5-3701/6,�)8/�<=%�/>,�3631I�01,M36dl4.C�VWAX,.01<1V�'FCZ<8/70D[R,D5�9h�M�



'�<�36,.5	%-/7@F*t<=%-/rI-)8/70X<84;9W'�)8364DU�/10^,^*-,�<8<8/1085f4DCT)84�A�/^)=*�/631'Fe�3GD014.I(*�)s4.C�'F5(<=08I-)='�4.5-)6N
1.2 Related WorkOK5HAX4�)8<�4.C�/6w�'�)8<='F5-Gr<8/�3j%(5�'�k�I-/6)TCZ4.0�4.I-<=@F'�/70���C�01,.I-9;9�/6<8/�36<='�4.5�[4D5�/ce(01)8<+@�/6,D085�)s<=%�/RAX/638%�,D5�'�)8A 4.CEG�/15�/701,M<='F5�GQ9�,M<8,H,.5-9;<=%�/75/�U.,D@FI�,M<8/6)2,�G.'�U�/15>9�,M<=I�AL01/7@�,M<='�U�/R<84X<=%-/2@�/6,.085-/69;AX/638%-,.5('�)8A^N¨>/	AX,Ddl37@�,M)8)='FCZdh<=%�/	,D*�*(014�,M3j%-/6)>4.CH4DI�<=@F'�/10	9(/6<8/636<='�4D5i'F5(<84<u:&4X<ud�*�/6)6qT<=%-/n)=I(*�/701U�'�)8/69WJZ@�/6,.085-'F5�G;?�,M)8/69>,.*(*�014M,�38%	,D5�9;<=%-/I(5-)=I�*�/101U�'�)8/69�JZ@�/6,.085('�5�G]?-,�)8/�9]4D5�/�Ns$&%�/cCZ4D01AX/70201/�k�I�'F01/6)R<=%-,�<'F5§<=%-/�@�/6,D085�'F5-Gf*(014W36/6)8)6[c,D5(df/6wW,MAn*�@�/	?�/;@�,.?#/7@�/69i:&'�<=%h01/7JGM,.019X<84T:&%-/6<=%�/10|'�<�'�)�/6wW3�/7*�<='�4D5�,D@���CK01,DI�9WI�@�/75(<T4.0�5-4�<&«Z)8/6/M[�/�N G�N�[� ���u[�� ®D�=[�� � �=[����6­.�u[��������u[��F�����P�7[D:\%('F@�/c<=%-/\@�,M<8<8/70s9�4W/�)|5�4M<6NE$\%-/+@�,M<8<8/70'�)�AX4.01/|'�AR*�4.01<8,D5(<\'F5�*�01,M36<='�36/2)='F5-36/T@�,.?�/7@�/�9^/6wW,MAn*�@�/�)&,.01/&5-4�<5-/636/�)8)8,.08'F@�d>,.UD,D'F@�,.?(@�/n'F5;01/6,.@�)='�<=I�,M<='�4.5-)6N
�T5�)=I(*�/701U�'�)8/69WJZ@�/6,.085('�5�GX?-,�)8/69HAX/6<=%-4W9()|%�,DUM/+?�/6/15H/6w�*(@�4.01/694D5{<=%-/}?-,�)='�)�4.CH<=%-/p<=%�/64D01dx4DCQ)8<8,�<='�)8<='�36,D@r%(d�*#4�<=%-/6)='�)p<8/6)8<=J'F5-Gl«Z)8/6/^/MN G(N�[s���1�Z�7N��;4M)8<X4.CR<=%-/6A ,D01/^I�5('�UD,.08'�,M<8/�'F5l5-,�<=I(01/,D5�9h)=I(o�/701);CK014�A 364�AR*�I-<8,�<='�4D5�,D@^9W'��H37I(@�<=dl'F5{9(/6,.@F'F5-Gh:\'�<=%AcI(@�<='FJ=UD,D08'�,�<8/;9(,�<8,�N�¦|I�01GM/H,.5-9pVY%-,D:&/7Ju$�,Dd�@�4.0;� �.��9(/6U�/7@�4D*�/69,D5p,.@�GM4.08'�<=%-A CZ4D0R4.5(JZ@F'F5�/HI�5-)=I�*#/701U�'�)8/69f4DI�<=@F'�/10H9�/�<8/636<='�4.5�N>OZ<I-<='F@F'�z6/6)s37I(0801/75(<|I-)8/70&*(014.e(@�/2,.5-9rI-)8/70E*�014De�@�/2%('�)8<84.01dH<84c36,D@�37I(J@�,M<8/2,c)8364D01/+CZ4D0&/�,�38%H9�,M<=I�A{'F5Q,.5Q4.5(JZ@F'F5�/2*(014W36/6)8)2«Z)8/�/b���	�D��� �.�CP4.0E)='�An'F@�,D0+*(014.e(@F'F5-GXAX/6<=%-4W9�)1�7[()='�An'F@�,D08@�dH:\'�<=%rV�AX,D01<1VY'FCP<8/70DNTOZ<3�,.5(5�4M<6[�%�4D:&/�U�/70D[�%�,D5�9W@�/H36,�<8/�G�4.08'�3�,.@TUD,.08'�,D?�@�/�)X:&%�'F@�/QVWAX,.01<=JV�'FCZ<8/70m36,.5�N>O�<R:&,M)n,D@�)84])=%-4D:\5�'F5x���	
D�T<=%-,�<cCZ4.0�<=%�/X5-/6<=:�4.08S'F5(<=08I-)='�4.5 9(/6<8/636<='�4D5i*(014.?(@�/6A I�)='F5-Gl<=%�/�9�,M<8,�)8/6<;�c�s� �|I�*�����M�pV�A�,.01<1V�'FCZ<8/70;4DI�<=*#/708CZ4.01A�/69l¦|I(01G�/;,.5-9lV�%-,.:�/7Ju$�,.d�@�4D01)	�,D@�G�4D08'�<=%�A�?�4�<=%>'F5	<8/101AX)24DC&9(/6<8/636<='�4D5p,�3�37I�01,M36d>,.5-9]364MAn*(I�J<8,M<='�4.5-,.@E/��m37'�/75-36d�N�25-4.080�,.5-9cv2Gc���6�W9(/6U�/1@�4.*�/69R5�4DU�/1@WI�5-)=I�*#/701U�'�)8/69H,.@�GM4.08'�<=%-AX)CP4.0�e(5-9�'F5-GH�W��¥����W�-�7�	
��1�.¥��1��4.I-<=@F'�/701)6[(:\%('�38%X,D01/|9(/7e(5�/69c'F5�<8/701AX)4DC�,2G�/�4�AX/6<=08'�3s9�'�)8<8,D5�3�/2:&'�<=%�4DI�<�,.5(dR)8<8,�<='�)8<='�36,D@�A�/6,.5('F5�G(N&¨>/3�4.5-)='�9�/70p¥��Z�W�Z��¥6�Z�K�1��¡�¢W£(�K¡��K�D¤j¥1[E:&%�'�38%l,D01/;9�/7e(5-/69f'F5h<8/701AX)X4DC9(/6U�'�,M<='�4.5	CK014MAL,D5;I�5-9�/108@�d�'F5�G;)8<8,M<='�)8<='�36,.@EAX4W9(/7@ZNOZ<+'�)2'�An*�4D01<8,.5(<X<84QG.'�UM/X,^37@�/�,.0�/6w�*�@�,D5�,M<='�4.5�<84^<=%-/n'�9�/15(<='FJe-/69H4.I-<=@F'�/701)6[W?�/63�,.I-)8/+'�<E36,.5H%-/7@F*Q<=%�/&I-)8/70&<842I(5-9�/701)8<8,D5�9H:&%(d<=%-/6dR,.01/&'F5(<8/701/6)8<='F5-GX,D5�9n%-4D:pU.,D@F'�9^<=%-/6dR,.01/�N�$&%-/701/T,.01/�[D%-4.:&J/�U�/70D[-4.5(@�d^,cCZ/6:l:&4D08S^4D5^'�9(/75(<='FCZd�'F5-G;,.5-9^/6w�*(@�,.'F5('F5�GQ4.I-<=@F'�/701),M<T4.5-36/�N&�25-4.080a,.5-9;v2G^� 
.��9(/6U�/1@�4.*�/69�,.@�G�4D08'�<=%�A�)2CZ4.0Te(5�9W'F5�G'F5(<8/15�)='�4D5�,D@�SW5�4D:&@�/69(G�/c4.C��W��¥��Z�W���1��
��8��¥6�8�s¢W£��K¡��K�D¤8¥7N�$&%('�)|*-,.*�/70*(014DU�'�9�/�)r,>9W'Fo�/701/75(<H,.*(*(014�,�38%fC�014�A�<=%�/1'F01)6q^:&/H/6w�*(@�,.'F5�)8<8,.J<='�)8<='�3�,.@T4DI�<=@F'�/701)R01,�<=%-/70R<=%�,D5	9W'�)8<8,.5-36/7JZ?-,�)8/69t4.5-/6)6NX~T@�<=%�4DI�GD%<=%-/c*�01/6U�'�4DI�)c:�4.08S	� 
.��36,.5>4D5�@�d^'F5-9W'�36,�<8/H<=%-,�<2/�,�38%;'�9�/75(<='Fe-/694DI�<=@F'�/10n'�)c9(/6U�'�,�<8/�9]CK014�A_<=%-/n*�,M<8<8/7085><=%-,�<cAX4M)8<24.C�<=%-/X4�<=%-/709(,�<8,c%-,.UM/�[(4.I(0T,.*(*(014�,�38%H%�/1@F*�)T<=%-/+I-)8/70&<84Q�W��¥��7¢��D�D¤E�\ -�W�Z�Z�.¤1�<=%-,�<T4DI�<=@F'�/701)2'F5>,�)=*�/637'Fe-3XG.014DI�*�AX,Dd^364MAXAX4D5�@�dH%�,DU�/MN$�4c<=%-/+?�/�)8<+4DC�4DI�0&SW5-4D:&@�/69�GM/�[�'F5�<=%�/c,D01/6,R4.C�4DI�<=@F'�/10���CK01,DI�99(/6<8/63�<='�4.5�[�<=%-/701/|'�)�5-4+*(01/6U�'�4DI�)E:&4.08SR:&%('�3j%m364�Ac?�'F5-/6)E,2)=I(*�/708JU�'�)8/�9�@�/6,D085�'F5-G;<8/638%�5('�k�I-/X:&'�<=%>,.5;I(5�)=I(*�/701U�'�)8/69�4.5-/�[�,�)s:\'�<=%4DI�0sCK01,�A�/6:&4.08S�N

2. MAIN FRAMEWORK¦&/1@�4.:h:&/c9(/6)83708'F?�/R<=%-/2CK01,�AX/�:&4.08SHCZ4D024DI�<=@F'�/10ce�@�<8/708'F5-G�N¨>/+*(01/7*-,.01/R,��|¡��Z�D¤7�K�Y�n¤1£�¡����L<=%-,�<T9(/6<8/701An'F5-/6)2,D5(d^9(,�<=I-A<84>?�/��Z*�4�)='�<='�UM/	�l4.0��Z5�/6GM,�<='�UM/	�f:&%-/701/;,]*�4M)='�<='�U�/p9�,M<=I�A '�)<=%-4.I-G.%(<T<842?�/s,.5Q4.I-<=@F'�/70s:&'�<=%H%�'�GD%^*(014.?-,.?('F@F'K<ud�NT$&%�/&e(@�<8/708'F5�G08I(@�/^'�)n'F5('�<='�,.@F@�dl)8/6<X<84^?�/Q,]9(/7CZ,DI�@�<X08I(@�/��Z5�/6GM,�<='�UM/�N ���-4.0�,GD'�U�/75�9(,�<8,�)8/�<��|[�:&/2e(@�<8/70��p<=%�014DI�GD%	<=%-/208I(@�/X<84X/6wW<=01,M36<2<=%-/9(,�<8,M)8/6<� h<=%�,M<2,.01/c9(/6<8/701AR'F5�/69;<84R?�/b*#4�)='�<='�U�/R?(dr<=%-/208I(@�/�N$&%-/75Q:&/29(/7@�/6<8/c)=I-3j%�9�,M<8,nCK014MA!�	<84nGM/6<T,be(@�<8/701/69;9(,�<8,M)8/6<
�#"$ nN^¨>/H<=%�/75p08I(5tVWAX,.01<1V�'FCZ<8/70XCP4.0%�&"� nN>OZ<c36,.@�31I�@�,M<8/6),Q)8364.01/XCZ4D0R/6,�38%p9(,�<=I-AB'F5��&"� L,D5�9�4.I-<=*�I-<8)n,Q9�,M<8,�)8/6<('

364D5�)='�)8<='F5-G]4DC&9(,�<8,Q:&'�<=%]%('�G.%-/70R)8364D01/6)6NR¦&,�)8/69>4.5�<=%-/n)8364D01/6)6[:&/sG.'�U�/c*�4M)='�<='�U�/n@�,D?�/7@�)c<84R<=%�/c<84D**),+L9(,�<8,X4DC�%('�G.%-/6)8<c)8364.01/�)'F5-��". l,.5-9n@�/6<E,2)8/6<E4.C�<=%-/&*�4�)='�<='�UM/2@�,.?�/1@�/69^/6wW,MAn*(@�/6)|?�// �0KN`+5H<=%-/24M<=%�/70E%-,.5-9"[(:&/TAX,DSW/T,b01,D5�9(4�A )8,�An*(@F'F5-GX4.C21,+i9(,�<8,'F5&�3"� CK014MA¬<=%-/n*�4W4D@E4.CE01/6AX,.'F5('F5-G]9(,�<8,4�3"� �"� 0 ,D5�9G.'�UM/r5-/6G�,M<='�U�/H@�,.?�/7@�)H<84Q<=%�/6AQN;¨]/X@�/6<R,;)8/6<c4DC2<=%-/X5�/�G�,�<='�UM/@�,.?#/7@�/69p/6wW,�AR*�@�/6)c?�/.5*0�NRys/701/6)t,.5-971t,D01/b*(01/7Ju9�/�<8/701An'F5-/69*�4M)='�<='�U�/n5WI-Ab?#/701)6Nvs/6wW<�:&/�08I(5�,&)=I�*#/701U�'�)8/69n@�/6,D085�'F5-Gc,.@�GM4.08'�<=%-A{�2©"Juª�V��T�D�2©"JV(�a[�:&%('�3j%}<8,.SW/�)� 0 ,.5-9#5 0 ,D5�9	4DI�<=*(I-<8)c,^37@�,M)8)='Fe�/70%8l<=%�,M<9W'�)83708'�An'F5-,�<8/6)&<=%-/�*�4�)='�<='�UM/+/�wW,�An*(@�/6)�CK014MAf5�/6GM,�<='�UM/+4D5�/�)6N�~2AX4D5�G@�4W36,D@�08I(@�/6)2<=%-,�<&,D*�*#/6,.01/69^'F5�<=%�/c,M36k�I('F01/69;37@�,�)8)='Fe-/7098\[(:&/s)8/7J@�/636<�,b5WI-Ab?#/70s4.C�08I�@�/�)+<=%-,�<�:&4.I(@�9r?�/TI�)8/1CKI�@�CZ4D0&4DI�<=@F'�/10+e(@�<8/708J'F5-G�NH�|08'�<8/708'�,^CP4.0c)8/1@�/636<='F5-G�08I(@�/6)R,.01/c%�/701/MqX�D�2<=%-/7'F0R,�3�37I�01,M36d4.C�'�9(/75(<='FCZd�'F5-GX*�4�)='�<='�UM/c/6wW,�An*(@�/6)|'�)�,�)�%�'�GD%^,M)|*�4M)8)='F?�@�/�[#����<=%�/5WI-Ab?�/10;4.Ca/6wW,�AR*�@�/6)Q364DU�/701/�9f?(dg<=%-/^08I(@�/^'�)r5-4�<H<84W4�@�,D01G�/�[,.5-9:�W�&<=%�/c08I(@�/n'�<8)8/7@FC&'�)T'F5(<=I�'�<='�UM/7@Kd�AX/6,.5('F5-G.CKI(@ZNc¨>/n,M9�9><=%�/)8/7@�/63�<8/69X08I�@�/6)T<84��i<842I(*�9�,M<8/c<=%�/&e(@�<8/708'F5-Gn08I�@�/MN|$&%('�)|*(014W36/6)8)'�)+01/1*�/6,�<8/�9"N�$\%-/<;-4D:�'�)s9�/�)83708'F?�/69;'F5:��'�G.I(01/r�MN

=<>@?2ACB	DFEHG�I�JKDML,NHOPNHQ/N2AKRTSU>@DVB6WCD�R	D�X�RT>@N2Y�Z	[2Z	R	DV\
$&%-/25�4DU�/1@�CZ/6,�<=I(01/6)T4.CE<=%('�)&CK01,�A�/6:&4.08SQ,D01/n,M)\CP4.@F@�4D:T)6q����]_^��`�|¡��Z�D¤7���W�X¤7£W¡��/^���¡  �¥a�a^��c£�¥��D¤c��¢H£(���W�D¤j¥��Z�W���R¢W£��K¡��K�D¤8¥	b$&%�/;e(@�<8/708'F5�Gf08I(@�/;I�)8/6)c�Z'FC@dW<=%-/75VdW/7@�)8/e�fCZ4.01A <84	01/7*�01/�)8/75(<^,G�/15�/701,D@TCZ/6,�<=I(01/^4DCs,])=*�/�37'Fe�3;GD014.I(*t4.Cs4.I-<=@F'�/701)6Nty2/75-36/r'�<R'�)I-)8/7CKI(@|CZ4D0cI�5-9(/701)8<8,.5-9�'F5-G	,D5�9	/�w�*�@�,D'F5�'F5-G	:&%(d;<=%�/X'�9(/75(<='Fe-/694.I-<=@F'�/701)c,D01/n/6wW3�/7*�<='�4D5�,D@&,D5�9^%-4D:x'F5(<8/701/6)8<='F5-G^<=%-/6dQ,.01/�N�v24�<8/<=%-,�<c<=%-/n,M<8<=08'F?�I-<8/6)c'F5p9�,M<8,rI-)8/69;CZ4.0se�@�<8/708'F5-G;,.01/R5�4M<25�/63�/6)=J)8,.08'F@�dQ<=%�/s)8,�AX/s,�)T<=%-4�)8/+CP4.0sVWAX,.01<1V�'FCZ<8/70DN�y2/75-36/s<=%�/Te�@�<8/708'F5-G08I(@�/�'�)H,.?(@�/><84	3j%-,.01,M36<8/708'�z6/>4.I-<=@F'�/701)^'F5�<8/701AX)H4.CR,M<8<=08'F?�I-<8/6)<=%-,�<T,.01/25-4�<TI�)8/69HCZ4.0aVWAX,.01<1V�'FCZ<8/70DN�M�gf�¢�h6�D�K�-�K�W�2�C�|¡��Z�D¤1�K�W�T¤7£W¡��`i��K�a^6j2hR�W¤7�@j�� k6�Z�.¤��lh\ �¤u¢��.�6¥��m^�� -¢�i��D¤X¢�knj2hn�W¤1�@j�� k6�Z�D¤ob^OZ<b'�)R/6w�*�/63�<8/69p<=%�,M<nI�)='F5-G>,^e�@�<8/708'F5-G08I(@�/X,�)s,n*�01/1*�014W36/�)8)='F5�G^CZ4D0RVWAX,.01<1V�'FCZ<8/70RGD01/6,�<=@�dH'�An*(014.UM/6)c'�<8)/��H31'�/75�3�d�NT$&%�'�)T'�)2,�3�<=I�,D@F@�d]9(/6AX4D5�)8<=01,M<8/69^'F5><=%�/c5-/6<=:&4D08S^'F5(J<=08I-)='�4.5>9(/6<8/636<='�4D5	)836/15�,D08'�4m'F5�VW/636<='�4D5 � N,��I(01<=%�/10D[�4.I(0TCK01,�A�/7J:&4D08S]'�)X/�w�*�/636<8/69t<84^?�/^/1o�/636<='�UM/r'F5t<=%�/Q9�'�)83�4.UM/701dp4.Cs,^5-/6:*-,�<8<8/7085h4DCc4.I-<=@F'�/701)6N `+5-36/;<=%-/;9�,M<8,}'�)He�@�<8/101/69f?(dp<=%�/^08I(@�/,.5-9QV�A�,.01<1V�'FCZ<8/70E'�)&,.*(*�@F'�/�9^<84c<=%-/\01/�AX,.'F5('F5�G�9�,M<8,2'F5^<=%-/&5�/�wW<)8<8,�GM/�[W:&/�,.01/T,.?(@�/2<84s9�'�)8364DUM/70&*-,�<8<8/7085-)&4.C#4.I-<=@F'�/701)&<=%-,�<E9�'�9W5K� <,.*(*�/6,D02'F5><=%-/c/6,.08@F'�/10R)8<8,�G�/�)6N

3. OUTLIER DETECTOR: SmartSifter¨>/^?�08'�/o;�dp4DU�/701U�'�/�:BVWAX,.01<1V�'FCZ<8/70Q,M36364.019W'F5-Gg<84p� ���7�uNp$&%�/,.*(*(014�,�38%>4.C�VWAX,D01<1VY'FCZ<8/102'�)2GD'�U�/75>,M)&CZ4.@F@�4D:T)6qOu�+VWAX,D01<1VY'FCZ<8/102I-)8/6)T,n*�014D?�,D?�'F@F'�)8<='�3HAX4W9(/7@�,M)+,R01/7*�01/�)8/75(<8,.J



<='�4D5l4DC2,D5pI�5-9�/108@�d�'F5�GpAX/638%-,.5('�)8A 4.Cc9(,�<8,DJuG�/75-/701,�<='�4D5�Np$&%-/A�4W9�/7@E<8,DSW/6)s<=%�/cCZ4D@F@�4.:&'F5-Gr%('�/701,.0138%('�36,.@T)8<=08I-36<=I(01/�qT©�/�<b« ����� �9(/75-4�<8/T,29(,�<=I-A{:&%�/701/ � 9(/75-4�<8/6)E,2UM/636<84.0E4DC�36,M<8/6G�4D08'�36,.@�UD,.08'FJ,D?�@�/�)r,D5�9 � 9�/15�4M<8/6)X,>U�/636<84D0X4DCc364D5(<='F5WI�4DI�)HUD,.08'�,D?�@�/�)6Nf¨>/:&08'�<8/T<=%-/��84.'F5(<E9W'�)8<=08'F?�I-<='�4.5�4.C�«�� � [���,�)
	�«�� � [����
	�«�����	�«U[�� �����¨>/+01/1*�01/6)8/15(<�	�«�����?(dcI�)='F5-GX,(^���¥���¢1�W¤=��hh�W�D��¥��K����:&'�<=%Q,2e(5�'�<8/5WI-Ac?�/70Q4.Ca9�'�)��84D'F5(<^36/1@F@�)6[2,D5�9pCZ4.0H/�,�38%f3�/7@F@Z[+CP4.0H,D@F@���)H<=%-,�<CP,.@F@�'F5(<84c'�<6[(:&/&01/7*�01/�)8/75(<�	�«U[�� ����?(dbI-)='F5-GX,��T�W£�¥1¥��K�W�6hR�F�W�Z£�¤u�
hR¢D�W�6¡FN�ys/75�3�/+:�/\*(01/7*-,.01/s,�)EAX,.5(dH�2,DI�)8)='�,D5;An'�wW<=I(01/2A�4W9�/7@�),M)T36/7@F@�)2'F5><=%-/2%�'�)8<84MG.01,�A_9(/75�)='�<ud�NO8Ou�\ªEU�/101d^<='�AX/R,X9(,�<=I-A '�)2'F5(*�I-<6[�VWAX,.01<1V�'FCZ<8/70R/6AR*�@�4DdW)c,.54D5�JZ@F'F5-/n9W'�)8364DI�5(<='F5-GX@�/6,.085('F5�GH,D@�G�4.08'�<=%-A_<842I�*�9(,�<8/c<=%-/TAX4W9(/7@ZN�&4D5�)='�9(/70;<=%-/^)='�<=I-,�<='�4D5i:&%-/701/^,�)8/6k�I�/15�36/;4DCc9(,�<8,]'�)HGD'�U�/75�q«���� � [��1� � «��
� � [
�M�������r'F5h,D5i4D5�JZ@F'F5-/]*(014W36/6)8)6N �+'�U�/75§<=%�/! �<=%'F5(*(I�<p9(,�<=I-A «��#" � [#"u�7[b'�9(/75(<='FCZd{<=%-/p36/7@F@Q<=%�,M<
�#"rCZ,D@F@�)]'F5(<84,D5�9HI�*#9�,M<8/c<=%�/T%�'�)8<84MG.01,�A�9(/75-)='�<=dXI-)='F5�GH<=%-/6j%$'&�(	«�j��*)D£��D�H
�Z�K��¡�¡+�,$a��¥��7¢W£(���Z�K�W�-&��7 �¡��W�1�.(|¥��Z�@hn�W�Z�K¢W�Y�|,.@�GM4.08'�<=%-A <84^4D?�<8,D'F5	#/ "�0 « � �7N;$&%-/75�[�CP4.0R<=%-,�<X36/1@F@Z[|I(*�9�,M<8/^<=%-/Q�2,.I-)8)='�,.5lAR'�wW<=I�01/A�4W9�/7@EI-)='F5�G><=%�/-j%$�(�1 «�j��*)D£��D���Z�K��¡�¡2�-$a��¥6�1¢W£(���Z�K�W�-(��� -�1�D���g

�Z�K¢W�l�W�-�31��D�W�@hn� 4.�K�Y�.�c,.@�GM4.08'�<=%-A <84g4D?�<8,D'F55	 / "�0 «U[�� ���7N �-4.0
4M<=%�/10;36/7@F@�)6[a)8/6<.	�/ "�0 «U[�� ���6�7	�/ "98 � 0 «U[�� �����|$&%-/]A�4�)8<X'�An*�4D08J<8,D5(<XCZ/6,�<=I(01/;4.CbV��s©�ª�,D5�9�V��sª � ,.@�G�4D08'�<=%�A�)^'�)r<=%-,�<H<=%-/6dGD01,�9WI�,D@F@�dp�W��¥��7¢W£(����<=%-/2/7o#/636<T4.C�*�,M)8<&/6wW,�AR*�@�/6)T'F5;<=%-/24D5�JZ@F'F5-/*(014W36/6)8)6N�$&%�'�)XA�,.SW/�)X<=%�/Q4.I-<=@F'�/70Q9�/�<8/636<84.0��W�W�7 ����l�.�T<84;5�4D5�J)8<8,M<='�4.5-,.01d	)84DI�013�/6)6[E4.Cs:&%�'�38%p<=%-/rA�/63j%-,.5('�)8A CP4.0RG�/15�/701,M<='F5�G9(,�<8,cA�,.dc38%-,.5-G�/T4DU�/70E<='�AX/MN�$&%�/TVW�2©�ª	,.@�GM4.08'�<=%-AL:&,M)�9(/6U�/1@FJ4D*�/69H'F5]� ���1��,�)�,.5Q4.5(JZ@F'F5�/R9�'�)83�4.I(5(<='F5�GQU.,D08'�,.5(<T4.C�<=%-/2©�,.*(@�,�36/@�,D:f?-,�)8/69Q/6)8<='�AX,M<='�4.5>,.@�GM4.08'�<=%-A^[�:&%�'F@�/c<=%-/cVW�2ª,��,.@�GM4.08'�<=%-A:�,�)X9(/6U�/1@�4.*�/69f'F5§�F�W�7�T,M)X,.5�4.5(JZ@F'F5�/;9W'�)8364.I(5(<='F5-GfUD,.08'�,D5(<r4DC<=%-/2'F5-3701/6AX/75(<8,D@Eª � ,.@�GM4.08'�<=%-A «Z)8/6/X��� � �P�7NO8O8Ou�cV�AX,D01<1VY'FCP<8/70HG.'�UM/6)X,>)8364.01/H<84;/6,M3j%t9(,�<=I-A�4.5t<=%�/X?-,.J)='�)H4DC2<=%-/^@�/6,D085�/69tAX4W9(/7@ZNfys/701/H:&/^3�,.@�37I(@�,�<8/><=%�/;:c�6¡K¡��K�Y���D¤¥��1¢W¤=�X9(/7e�5-/69l,M)mCP4.@F@�4D:T)6q	©�/�<<	#/ "�0 «�� � [��b?�/><=%�/^*(014.?-,.?('F@F'�<=d9W'�)8<=08'F?(I�<='�4D5i@�/6,.085-/69t,.CZ<8/70m4.?-<8,.'F5('F5�Gt<=%�/; Z<=%f9(,�<=I-A^Nt$&%�/75<=%-/cy2/1@F@F'F5�GM/70X)83�4.01/c,�<T<=%-/= �<=%�9�,M<=I�A�'�)TG.'�U�/15;?(d
�
>c«���" � [�"u���@?BADCFEHG 	 / "�0 «�� � [��K"IG 	 / "98 � 0 «�� � [��KJ ��L [��
OK5(<=I�'�<='�UM/7@�d�[s<=%�'�)H)8364D01/;AX/6,M)=I�01/6)X%-4D:L@�,.01G�/;<=%-/^9W'�)8<=08'F?(I�<='�4D5	#/ "�0 %�,M)�AX4DU�/69cCK014�AM	�/ "98 � 0 ,.CZ<8/70�@�/�,.085('F5�GcCK014�A{« � " ��� " �7N�$\%WI-),>%�'�GD%�@�dh)8364.01/�9f9(,�<8,	'F5�9W'�36,M<8/6);,]%('�G.%h*�4�)8)='F?('F@F'K<udx<=%-,�<H<=%-/9(,�<=I-A¬'�)c,D5	4DI�<=@F'�/70R'F5�<=%�/X)8/15�)8/X<=%-,�<T'�<cG.01/6,M<=@�d;364.5(<=08'F?(I-<8/6)<84�3j%-,.5-G.'F5-G^,X)8<8,M<='�)8<='�36,.@EA�4W9�/7@ZN$&%-/+3�4�An*(I�<8,M<='�4.5><='�AX/TCZ4.0+V�AX,D01<1VY'FCP<8/70T'�)ONn« LQPBR �E:\%-/701/ L'�)s<=%�/c9(,�<8,�9�'�AX/15�)='�4D5p,.5-9

R
'�)s)8,�An*(@�/R)='�z6/�N

��4D0R,;G.'�UM/75t9�,M<8,�)8/6<6[�:�/XAX,Dd�08I(5tVWAX,.01<1V�'FCZ<8/70m<84^)8/6k�I-/75(J<='�,D@F@�dX)8364D01/|<=%-/&9(,�<8,2<=%-/75R)84D01<�<=%�/6Ah,�3�364.019W'F5�GR<84T<=%�/1'F0E)8364.01/6)6N$&%-/75;<=%-/R)84.01<8/69Q9�,M<8,�)8/6<T'�)+,Re�5-,.@E4DI�<=*(I�<T4DC�V�AX,D01<1VY'FCP<8/70DN

4. RULE GENERATOR: DL-ESC/DL-SC~s)"CZ4D0E<=%�/&08I(@�/+GM/75-/701,�<='�4D5�[(:&/|I-)8/T,2)8<84W38%�,M)8<='�329(/637'�)='�4D5r@F'�)8<,M)c,r01/7*(01/6)8/75(<8,M<='�4.5t4.C\,^37@�,M)8)='Fe�/70m,.5-9	/6An*(@�4Dd]<=%-/n*(08'F5�37'F*(@�/4DC&AR'F5�'�An'�z1'F5�G>/6wW<8/75-9�/�9	)8<84W3j%-,�)8<='�3�364�An*(@�/6w�'�<ud	4.0a)8<84W3j%-,�)8<='�33�4�An*(@�/6w�'�<=d;,M)2,X3108'�<8/708'�4.5;CZ4D0T08I�@�/R)8/7@�/636<='�4D5�N©�/6<.Sg?�/R,^AcI(@�<='FJ=9W'�AX/75-)='�4.5#,.@s)=*�,M36/X36,D@F@�/69	,Q9�4MAX,.'F5p,D5�9@�/�<OTU�WV.­ � �BXc:&%�/101/ �1�	�RAX/6,D5�)&,2*#4�)='�<='�U�/c9(,�<=I-AL:&%('F@�/*�=­ �A�/6,.5-)2,n5-/6GM,�<='�U�/R4.5-/�N¨>/X9(/75�4M<8/H,r01,.5-9(4�A�UD,.08'�,.?(@�/^4DUM/70YS�,M)�Z	,D5�9�<=%�,M<c4.UM/70T ,�)'[�NEªE,�38%>364�AR*�4.5-/75(<c4.C�ZH'�)s36,.@F@�/69>,.5>,M<8<=08'F?�I-<8/�N���4D0s,GD'�U�/75H*�4M)='�<='�U�/T'F5(<8/6G�/70�\�[�@�/6<�]f?�/&,c)8/6<�4DC
\�Ju<8/701A�)�4.56S^:&%-/701/,Y\�Ju<8/701A{'�)2,X364D5^�uI�5-36<='�4.5>4DCE,�<&A�4�)8<O\^,M<8<=08'F?�I-<8/n3�4.5-9�'�<='�4D5�)6[/MN G(N�[�«�_ ��` ®�­Y�+,.5-9	«�_ P.a � ­W�+,D5�9	«�_�b ` ��­W�&'�)2,n�DJu<8/701A¬,D5�9

_�ca9�/75-4�<8/�)2<=%-/�d.Ju<=%�,�<8<=08'F?(I�<8/�N~l¥���¢D�o^���¥������|�W�1�D��¥6��¢W�+¡���¥���8r'�)�,23�4.5-9�'�<='�4D5�,D@"*(014.?-,.?('F@F'�<=d�9�'�)=J<=08'F?(I�<='�4D5.	�«�[�� Z���<8,.SW'F5-G2,&CZ4D01Al4.C 8e�x«f g� �*h � � 	���� � ����� � «f gi �*h i � 	#i1�7Ny2/101/|CZ4.0�,.5(dRG.'�UM/75X'F5(*�I-<jZ�[ 8�,M)8)='�G.5-)�[k� hml :&'�<=%X*�014D?�,D?�'F@F'�<ud	 l :&%-/701/T<=%�/on#'�)&<=%-/+@�/�,�)8<|'F5-9�/�wr<=%-,�<�ZHAX,DSW/6)p l <=08I-/�NEy2/15�36/'�<&%�,M)2<=%-/2CZ4.@F@�4D:&'F5-G^AX/6,D5�'F5-G�q
qsr;tvumwBxmyBz|{ �~}m��� y
� }B� y����=�
� �~�Q�*}B���^�B��� w �����^�s}B�-���y � z�y � r;t
umw�xmyBz�{ ��}^��� y
� }B� y����=�
� �;���*}B���m�B��� w �Q���^�*}����^��*�s���*�s���*�*�s���*�s���*�s�*���y � z�y6�-�e� i �Q��}B�6�^�B��� w �����^�*}B�-� i��
VW<84W3j%-,�)8<='�3c9(/637'�)='�4D5^@F'�)8<8)|%-,DU�/&?�/6/15^9(/6UM/7@�4.*�/�9m'F5Q,c)836/15�,D08'�44.C�@�/�,.085('F5�G;)8<84W38%�,M)8<='�3n08I(@�/6)n���6�D��,�)T,X*(014.?-,.?('F@F'�)8<='K3HUD,.08'�,D5(<24.C�&'�U�/6)8<	� )^9(/637'�)='�4D5x@F'�)8<8)>�����.�uNf¨>/;/6An*(@�4Ddf,D5l,.@�GM4.08'�<=%-A �2©�Jª�V��¬�����1�&CZ4.0R@�/6,D085�'F5-Gp,])8<84W38%�,M)8<='�3;9�/�37'�)='�4.5l@F'�)8<nC�014�A GD'�U�/75*�4M)='�<='�U�/;,.5-9]5-/6G�,M<='�U�/Q/6wW,�An*(@�/6)6N>�2©�Juª&V(�i<8,.SW/�)n,M)b'F5(*�I-<X,9(,�<8,H)8/6k�I-/75�3�/n4DC�*�,D'F01)c4.C�Z�,.5-9�[�q+«�Z � � [ � �%�����6«�Z�� � [ � �\,D5�94.I-<=*(I�<8)Q,])8<84W38%�,M)8<='�3]9(/637'�)='�4D5x@F'�)8<6N�$\%-/^SW/�dg4DCc�s©"Juª&V(�L'�)<84	/6AR*�@�4Ddf<=%-/^*(08'F5�37'F*(@�/p4.CRAn'F5('�An'�z7'F5-G{�1�W���D���W�1�;¥6�Z¢D�o^���¥6�Z�K��1¢�h\ �¡��1�W�K���.«Zª�V��T�c�F�D­.�&'F5p08I(@�/^)8/7@�/63�<='�4.5�N	y2/101/^<=%-/rª�V(� '�)X,SW'F5-9l4.Cs/6wW<8/75-)='�4.5h4DC.�&'�)8)8,.5-/75 � )Q)8<84W3j%-,�)8<='�3>364�AR*�@�/6w�'�<udx«uV(����6®.�P�7[W:&%('�3j%H'�)&<=%-/2AX/�,�)=I(01/24.C�'F5(CZ4.01A�,�<='�4.5�k�I�,D5(<='�<=dH'F5�37@FI-9(/69'F5�,^9(,�<8,^)8/�k�I�/75-36/�NmV��iAX/�,�)=I(01/6)c<=%�/R'F5�CZ4D01AX,�<='�4D5p'F5	<8/701A�)4.C�<=%-/+@�4MG�,.08'�<=%-An'�3c@�4�)8)6[-/6k�I�'�UD,D@�/75(<=@�d^<=%-/2364W9(/7@�/75-G�<=%;01/�k�I�'F01/69CZ4D0�/75-364W9W'F5�GR<=%�/�)8/6k�I�/15�36/M[W:&%�'F@�/Tª�V��]A�/6,�)=I(01/6)�'�<"'F5H<8/701A�)�4.C,XGM/75�/101,.@�@�4�)8)TCKI(5�36<='�4D5�[�)=*#/637'Fe-36,.@F@�d	<=%-/c­.J1�2@�4M)8)+'F5><=%('�)236,M)8/�N¨>/;AX,Ddg,D@�)84	I�)8/;,D5l,.@�GM4.08'�<=%-A �2©�J V��2[E:&%�'�38%l'�)H4.?-<8,.'F5-/69?(d~�=I�)8<201/1*�@�,M37'F5�G�ª&V(�i:\'�<=%gV��x'F5t�2©�J=ª�V(�aN�$&%�/�9�/6<8,D'F@�)X4.C�2©�Juª&V(�T�.�2©�J V��x,D01/cG.'�UM/75;'F5>~+*(*�/75-9�'�w�N$&%-/|364MAn*(I�<8,M<='�4.5H<='�AX/�CZ4D0��s©"Juª�V��T�.�s©"J V(��'�)�Nn« L��^R �":&%�/101/L
'�)c<=%-/X9(,�<8,Q9�'�AX/15�)='�4D5�[�\^'�)c,X*�4�)='�<='�UM/r'F5(<8/6GM/70D[�I�)=I-,.@F@�d	)8/�<@�/6)8)s<=%�,D5;®�[-,.5-9

R
'�)s)8,�An*(@�/R)='�z6/�N

5. EXPERIMENTAL RESULTS

5.1 Dataset¨>/2I�)8/�9^<=%-/29(,�<8,�)8/�<+�c�s�i�|I(*	�������H� �.��*�01/1*�,D01/69rCZ4D0&5-/6<=J:&4D08S	'F5(<=08I�)='�4D5i9(/6<8/63�<='�4.5�Nl$&%�/H*�I(08*�4�)8/;4DCc4DI�0Q/6w�*�/108'�AX/75(<:&,M)2<84^9(/6<8/63�<2,�)cA�,.5(d^'F5(<=08I-)='�4.5-)X,�)2*�4M)8)='F?�@�/Q:&'�<=%�4DI�<cAX,DSWJ'F5-GgI-)8/	4.C�<=%�/;@�,.?#/7@�)	364D5�36/1085�'F5-Gf'F5(<=08I�)='�4D5�)6N ~+@�<=%-4.I-G.%i'F5�c�2����I(*i�����M�g<=%-/;9(,�<8,]@�,D?�/7@�);:&/701/HI�)8/�9f'F5l<=01,.'F5('F5-GgCZ4D0)=I(*�/701U�'�)8/69f'F5(<=08I-)='�4.5h9(/6<8/636<='�4D5�[T:�/mI-)8/69t<=%�/6A�4D5�@�d	CZ4D0H<=%�//6UD,.@FI-,�<='�4D5p4.C�,.@�GM4.08'�<=%-AX)6NªE,�38%X9(,�<=I-Ax'F5R�c�s�l�|I�*H�����M�+'�)�)=*#/637'Fe-/69n?(dc®��E,M<8<=08'F?�I-<8/6)«U��®�364.5(<='F5WI-4.I-)c,.5-9*�c36,�<8/�G�4.08'�3�,.@��2,.5-9^,R@�,.?�/7@�9�/�)83708'F?�'F5-G^,M<=J<8,�38Sc<ud�*�/T«u���|SW'F5�9()6q�5-4.01AX,D@Z[�?-,�38S�[.?(I�o#/70 4DU�/70�;-4D:b[6CP<=* :\08'�<8/M[:&,D01/6z6AX,M)8<8/70D[&/6<83MNF�x:&%-/701/^,D@F@T@�,.?�/7@�)Q/6wW36/7*-<#�Z5�4D01AX,.@a�	'F5-9�'FJ36,M<8/r,D5t,�<8<8,�38S�N>OK5p<=%�/H4D08'�G.'F5-,.@c,M<8<=08'F?�I-<8/6)6[�<=%�/701/H,D01/^AX,D5(d,�<8<=08'F?(I-<8/6)|<=%-,�<�,.01/&4D?�<8,D'F5�/�9n?(dc364�Ac?('F5�'F5-Gn)8/�U�/701,D@(,�<8<=08'F?(I�<8/6)6N¨>/&9�/1@�/6<8/69H)=I�38%H,M<8<=08'F?�I-<8/6)|CK014MAi<=%-/&4.08'�GD'F5�,D@�®(�T,�<8<=08'F?(I�<8/�)|<84G�/�<|�	�T,M<8<=08'F?�I-<8/6)6q��^�����^�
 B¡�¢�£=¤^��¥ ¦�§Q��¨�£,��¤^� ¦�§Q��¨�£�¤^�Q© ¨^�Q��¡^��£ª ��¡�¢�«M¬Q���^«�£<¢Q�Q­®¡^¬^���Q«�¨�¢���£�¢Q�Q­®¡^¬Q¬��% B¯�£=¤Q¨^�Q©
 B¥Q¨�£<°���¡^��¡Q¥Q¡Q¯�£¯Q��¢��M��¡Q¡^�I¯Q¡^«
 �¢�£-«^�®¨Q¤^��£�¬�¯Q�^«�N�¨]/�I�)8/�9n<=%-/+�e�2,M<8<=08'F?�I-<8/6)CZ4D02�s©"Juª�V��2N2��I(01<=%�/10c:&/c)8/7@�/�36<8/69^CZ4DI�0a,�<8<=08'F?(I�<8/6)6q'¤Q¨^�Q©
 B¥Q¨�£�^�����^�
 B¡�¢�£=¤^��¥ ¦�§Q��¨Q¤�£=��¤^� ¦�§Q��¨Q¤�CZ4.0�<=%-/�I-)8/|4DC�VWAX,D01<1VY'FCZ<8/10DN$&%�'�)E'�)|?�/636,DI�)8/c<=%-/6)8/&CZ4DI�0T:�/701/T<=%�4DI�GD%(<&4.C�,�)�<=%�/TAX4M)8<|?�,M)='�3,�<8<=08'F?(I-<8/6)6Nl¨>/^:&/701/H'F5(<8/701/6)8<8/69p'F5l)8/6/1'F5�G	%-4.:�:�/7@F@aV�AX,D01<=JV�'FCZ<8/70�:&4.08SY/69�I-)='F5-Gl<=%�/6)8/p,M<8<=08'F?�I-<8/6)>4.5(@�d�N�¨]/�:&/701/	,D@�)84'F5(<8/701/6)8<8/�9x'F5iGM/75-/701,�<='F5-Gf08I�@�/�)^I�)='F5-GlAX4.01/�,�<8<=08'F?(I�<8/6)><=%-,.5VWAX,.01<1V�'FCZ<8/70DNa`+5�@�d;± )8/101U�'�36/g��'�)23�,�<8/6GM4.08'�36,D@ZNRVY'F5-36/R<=%�/R364D5(<='F5�JI-4.I-)&,�<8<=08'F?(I�<8/cUD,D@FI�/6)�:&/701/T364.5-36/75(<=01,M<8/69H,.014DI�5-9^­([W:&/T<=01,.5-)=JCZ4D01AX/69R/6,�38%HUD,.@FI-/&'F5(<84c,2UD,.@FI-/&CZ,.0�CK014�Ai­([.?(dY²=�g@�4�G�«�³�´n­������



:&%-/701/c<=%-/2?�,M)8/n4DC�@�4�G�,D08'�<=%�A_'�) � N$&%-/;4.08'�G.'F5-,.@m9�,M<8,�)8/6<Q364.5(<8,D'F5�);®([ 
M�g
�[ ®g�(�	9(,�<8,([+'F5-37@FI-9�'F5-G
�([ �Y� � [ � � �R,�<8<8,M3jS()X«U
M­�N��T+X�7N�$\%('�)201,�<8/R4.CE,M<8<8,�38S()+'�)s<84W4m@�,D01G�/CP4.0c)8<8,M<='�)8<='�36,.@\4.I-<=@F'�/70X9(/6<8/63�<='�4.5�Nn$&%-/701/7CZ4D01/�[�:&/c01/6AX4DU�/�9]<=%-/9(,�<8,�:\%-4�)8/;,M<8<=08'F?�I-<8/	¡�¢1�D���1�>�K�^'�)m5-/6GM,�<='�U�/MNx$&%-/r01/6)=I(@�<8,.5(<9(,�<8,M)8/6<6[E:&%�'�38%p:&/n5-,�A�/69pV��&[�364.5-)='�)8<8)X4DCT���D��[�� � �^9(,�<8,([�'F5�J31@FI�9W'F5�G ��[ ��� �g,M<8<8,�38S()g«Z­(N � � +X�7N_~T<8<8,�38S();<=%�,M<;)=I�3�36/6)8)=CKI(@F@�d¡�¢1�D�W�7� �K�n,D01/n36,D@F@�/69p�K���Z¤1£�¥��K¢W��¥1N¨>/|CKI(01<=%�/10�*�014W9WI�3�/69XCK014�A{V��^e-U�/T9�,M<8,�)8/6<8)�VW­�[ V#�M[FV(��[ V �([FVW®?(dH01,.5-9�4MAB)8,�AR*�@F'F5-G�[�:&%-/701/R/6,�38%>4.C�<=%�/�A¬364D5�)='�)8<8)c4DCE,.?�4DI�<��­�+¬4DCTV��&N�$�,.?(@�/^�X)=%-4D:+)c<=%-/R9�,M<8,;)='�z6/�[�<=%�/n5WI-Ac?�/70R4.C�'F5�J<=08I-)='�4.5-)c,.5-9^<=%-/R9�/6<8,D'F@�)24DC�'F5(<=08I�)='�4D5�)cCZ4.0\/6,�38%>9�,M<8,�)8/6<6N

5.2 Illustration by an Example©�/6<&I�)T'F@F@FI�)8<=01,M<8/r%-4.:h4.I(0cCK01,MAX/6:&4D08S^:�4.08S()6N/��'F01)8<cV��n:�,�)CP/69^<84�V�A�,.01<1V�'FCZ<8/70s:&%�/701/c<=%-/2e(01)8<`
�[ ­�­M­X9�,M<8,n'F5>V��c:&/101/+5-4�<)83�4.01/69;?�I-<2I-)8/69;4.5(@�d�CP4.0c<=01,D'F5�'F5-G^?�/63�,.I-)8/r<=%-/RAX4W9�/1@E:&4.I(@�95-4�<T?�/R:&/7@F@FJu<=01,.'F5-/69;'F5	<=%-/c/6,.08@�d;)8<8,MG�/6)6NT~TCZ<8/70&*(014W36/6)8)='F5-G;,.@F@4DC&<=%-/R9�,M<8,m'F5}V���[�:&/c)84D01<8/69]<=%-/6A_,�363�4.019W'F5�GQ<84r<=%-/7'F0R)8364D01/6)<=%-,�<sVWAX,.01<1V�'FCZ<8/70aG�,DU�/MN¨>/^3701/�,�<8/r@�,D?�/7@�/69l/�wW,�An*(@�/6)X?(d	G.'�U�'F5-G	*�4�)='�<='�UM/�@�,D?�/7@�)Q<84<=%-/2<84D*>�T+ 9(,�<8,�4.C�%�'�GD%�/�)8<2)8364D01/6)&,.5-9r5-/6GM,�<='�U�/2@�,D?�/7@�)s<84n<=%-/
� + 9(,�<8,R'F5pV��201,.5-9(4�An@�d>)8,�An*(@�/69;CK014�A�<=%-/201/6AX,D'F5�'F5-G;9(,�<8,�N«Zvs4�<8/&<=%-,�<��Z*�4�)='�<='�UM/	�R9�4W/6)�5-4�<�5-/636/6)8)8,D08'F@�dXAX/6,D5���'F5(<=08I-)='�4.5�[ �?(I-<2%�'�GD%�@�d	)83�4.01/69>9�,M<8,�N �	$\%-/75�:&/c'F5�*(I�<R<=%-/6AB<84H�2©�J=ª�V(�a[:&%('�3j%>4DI�<=*(I-<2<=%-/2CZ4.@F@�4D:&'F5�GQ9�/�37'�)='�4.5>@F'�)8<6q
qsr�� �m� w }Q��� �������
	���
 �m�B��}m���B�B���B}����}B� y�� �m� z �*}���� y �Q�*}B���^�B��� �
���
������������������� �y � z � r;z ��� ���B} y"!$#��%�
�&#�
 �B�B��}k�B�('Q� � �B� zBy �}B� y�� �m� z �*}���� y �Q�*}B���^�B��� �
���
������)���	�)���)�	�	��*�y � zBy|�my ' w }Q��� y ���*}B���m�B��� �+�%�,��	-�.#/�*#/��#����&�

ys/701/;« � ���Y�.� ���W�c'F5f<=%-/re(01)8<c08I�@�/QAX/6,.5-)X<=%-,�<X<=%-/X5WI�Ac?�/704DCR<=%�/;9(,�<8,p)8,M<='�)=CZd�'F5�Gt<=%�/;3�4.5-9�'�<='�4D5 �u9�I(01,�<='�4D5 ` ­�N �.®Y�10*(014�<84W3�4.@��2<837* �r'�)s�g���H:&%('F@�/ � �M�^4.CE<=%-/6A_:&/701/c*�4�)='�<='�UM/�Nc¨>/'�GD5�4D01/69	<=%-/ne(01)8<+08I(@�/n?�/636,DI�)8/X'�<8)s,�3637I(01,�3�dg« � ���W�D�g�M�W�+'�)25-4�<%('�G.%�/75-4.I-G.%�N&¨>/+*('�3jSY/69rI(*;4D5�@�dH<=%-/+@�,�)8<E08I�@�/2'F5�<=%�/T@F'�)8<+,D5�9I-)8/c'�<+,M)T,ne�@�<8/108'F5�GH08I�@�/�q
qsr;�my �*}�� y �32�2 � �m� w }���� �����%�
	���)4
 �m�B��}m���B�B�5�B}6����7�7� �B�82�2 z ��� ���B} y"!$#��%�
����	4
 �B����}k����'Q� � �B� zBy �97�7�}�� y�� �m� z �*}���� y:�
vs/6wW<�:&/|'F5(*�I-<&,T5�/6:p9(,�<8,M)8/6<&V(�+'F5(<84R<=%�/|08I(@�/�[(,.5-9n@�/6<<;;?�/<=%-/X)8/6<s4.CT9(,�<8,H9(/6<8/701An'F5-/69p<84X?�/n*�4M)='�<='�U�/X?(d;<=%-/n08I�@�/MNn$&%-/5WI-Ac?�/70T4DC�9(,�<8,2'F5-37@FI�9(/69^'F5=;	:&,�),���M�2,D5�9;�����R4.C�<=%�/�AL:&/701/'F5(<=08I-)='�4.5-)T4.C�<=d�*#/p¦®�Q¥�>�«Z�g�(N � 
�+i,�3631I�01,M36d�[(�g�(N����g+i364DU�/701,MG�/D�7Nvs4;4�<=%-/70�<=d�*�/H4.C�'F5(<=08I�)='�4D5�)H:&,M)b'F5-37@FI-9�/69�Nf«�?a¢W�Z��qs$&%�'�)R'F5�JCP4.01AX,M<='�4.5t,.?�4DI�<R'F5(<=08I�)='�4D5�)Q:&/701/X5�4M<bI-)8/69	CZ4D0n@�/6,D085�'F5-G	?�I-<4D5�@�dXCZ4D0E<=%�/s/6UD,.@FI-,�<='�4D5;4.C�,D@�G�4.08'�<=%-AX)6N �r$&%('�)�'�An*(@F'�/6)s<=%�,M<|<=%-/e(@�<8/708'F5-G^08I�@�/�)=I�363�/6)8)=CKI(@F@�d]GM/75�/101,.@F'�z6/69�,m*-,�<8<8/1085	4DC�¦®�Q¥�>^,D5�9@�/�9^<84R9�'�)8364DUM/701d^4DC�,R)=*�/637'Fe-3cG.014DI�*�4.C�4DI�<=@F'�/101)6[�:\%('�38%^<=I(085-/694DI�<T<84n?#/n,XGD014.I(*>4.C#¦®�Q¥�>A@
��4D0c<=%-/be(@�<8/701/69>9(,�<8,�)8/�<RV���"B;�[�:�/208I�5}V�A�,.01<1V�'FCZ<8/70R,�GM,.'F5�N$&%-/75t:&/H4.?-)8/701U�/�9g<=%-,�<m� � 'F5(<=08I-)='�4.5-)^:&/701/X'F5-37@FI-9�/69f'F5t<=%-/<84D*h�g
M��«f�n�6­M­�­V"��������^9�,M<8,�)8/6<�CB4DCn%('�G.%-/6)8<;)8364D01/6)6NLys/75-36/:�/X364.I(@�9	9(/6<8/636<R�M�.®(«f�n�6��� ´c� � �a'F5(<=08I-)='�4.5-)n'F5�<=%�/^��­�­M­;9�,M<8,'F5-37@FI-9�/�9x'F5§V��WN§`+5h<=%�/;4M<=%�/70H%-,.5-9"[s:&%�/15§V��]:�,�)XCZ/69t<84VWAX,D01<1VY'FCZ<8/10;4.5(@�d�[X�M�6­]'F5(<=08I-)='�4.5-)>:&/701/^'F5-37@FI�9(/69x'F5h<=%-/;<84.*��­�­M­29(,�<8,T4.C(%�'�GD%�/�)8<|)8364D01/6)6N�$&%('�)�'�An*�@F'�/�)|<=%-,�<�<=%�/&3�4.UM/701,�GM/|4DC'F5(<=08I-)='�4.5}9�/6<8/�36<='�4.5>'F5f��­�­M­r9(,�<8,Q:&,�)T)='�GD5�'Fe-36,.5(<=@�d]'F5-3701/6,M)8/69C�014�AP��®�N �W� + «f�n����­W�T��� � �b<84-�W��N����T+H«f�c���.®Y� �(� � �2?(d^e(@�<8/708'F5�G:&'�<=%><=%-/208I�@�/c*(@FI�)aV�AX,D01<1VY'FCP<8/70DN

V�'�An'F@�,.08@�d�[-:&/T,.*(*�@F'�/69Q�2©�J=ª�V(�},MG�,D'F5;<84cV(��d*;p<842G�/�<|,208I(@�/�q
qsr�� �^� w }Q��� ���$#-�D#��E#F
 �m����}m���B�����B}�����}B� y�� �^� z �*}Q�.� y:�
~l5�/�:l9�,M<8,�)8/6<sV��X:&,�)�e(@�<8/701/69^?(dX<=%-/2*�01/�36/69W'F5�GX08I(@�/�[�<=%-/75<=%-/+e(@�<8/701/69H9�,M<8,�)8/6<�:&,�)&,MG�,D'F5re(@�<8/701/69H?(dX<=%-/+,D?�4DU�/208I(@�/�NE¨]/4.?-)8/701UM/69	<=%-,�<�� � 'F5(<=08I-)='�4.5-)H:&/701/c'F5�31@FI�9(/69g'F5}<=%�/X/�wW<=01,�36<8/69*�4M)='�<='�U�/T9�,M<8,�)8/6<�,D5�9(�.­ +�4DC�<=%-/6Ai:�/701/�4.C-<=d�*�/ ª �^��¨�G�¥Q¯% B¨�¢��<@$&%�'�)c@�/69p<84^9W'�)8364DU�/101dg4DCT,;)=*�/631'Fe�3QG.014.I(*p4DC24DI�<=@F'�/101)6[|:&%('�3j%'F5-37@FI�9(/6)c,XGD014.I(*>4.C ª �^��¨�G�¥Q¯% B¨�¢ �<@

5.3 Evaluation¨>/&'F5(U�/6)8<='�GM,�<8/69H%�4D:p:&/7@F@-4.I(0|C�01,�AX/6:�4.08Sc*�/708CP4.01AX)�'F5H364MAnJ*-,.08'�)84.5t:&'�<=%}V�AX,D01<1VY'FCP<8/70DNH$&%�014DI�GD%�4DI�<R<=%�'�)R)8/636<='�4D5�[E:&/R9(/7J5-4�<8/H4.I(0nC�01,�AX/6:�4.08S�,�)=�H0cVp«f���\I(@�/H,.5-9tV�AX,D01<1VY'FCP<8/70��b,D5�9VWAX,.01<1V�'FCZ<8/70�,�)aV�V�NK�-4.0c/�wW,�An*(@�/�[�CZ4D0c<=%-/X36,M)8/X:&%�/701/�VW­^:&,M)I-)8/69X,�)�,s<=01,.'F5('F5�GR)8/6<�<84s364.5-)8<=08I�3�<|,Te�@�<8/708'F5-Gc08I�@�/�[Y/6,�38%X4DC�V���[V(��[�V���[-,.5-9>V�®�:&,�)&I-)8/69rCZ4D0s<8/6)8<6[�'ZN /�N�[�'�<s:&,�)Ee�01)8<Te�@�<8/701/�9^?(d<=%-/+08I(@�/c,.5-9^VWAX,D01<1VY'FCZ<8/102:�,�)E,.*(*�@F'�/69;<84R<=%-/+e(@�<8/701/69^9(,�<8,M)8/6<6N$�,D?�@�/��])=%-4.:T)Q<=%�/;364DUM/701,�GM/6)^,M3j%('�/6U�/�9�?(d�V�Vp,.5-9@�H0cV�Ny2/101/c<=%�/c364DUM/701,�GM/n4DC�V�VX'�)2<=%-/201,�<='�4H4.CE<=%-/25WI�Ac?�/70a4.C�'F5(<=08I�J)='�4.5-)c'F5	<=%-/X<84.*JI	9�,M<8,]«KI;�n��[ ­�­M­�[���[ ­�­�­([K�([ ­M­�­Y�24.C&%('�G.%-/6)8<)8364D01/6)+*(014W9�I-36/69^?(d�V�V�[�<84�<=%�/c<84M<8,.@�5WI-Ac?�/70c4DC�'F5(<=08I�)='�4D5�)2'F5<=%-/X9�,M<8,�)8/6<6Na$\%-/X364DUM/701,�GM/X4.C��L0cV�'�)c<=%-/b01,M<='�4^4DC&<=%-/n5WI-AnJ?�/70\4.C�'F5(<=08I-)='�4.5-)+'F5�<=%�/s4.I-<=*�I-<T4.C#�L0cV#[(<84R<=%�,M<6N�$&%�/s4.I-<=*�I-<%-/701/X'�)X<=%�/H)8/6<R:&%�'�38%t364.5-)='�)8<8)H4.CL;L«@;('�<8/701/69p9(,�<8,;?(d�08I(@�/6)1�,.5-94Cx«K%('�G.%-/6)8<&)8364D01/69X9(,�<8,2?(dRV(V���'F5.��'�GDI�01/R��NC��4D0E/6wW,�AR*�@�/�[364D5�)='�9(/70s<=%�/T36,M)8/&'F5^:&%('�3j%�V��2:�,�)�'F5�*(I�<�,�)&<8/6)8<E9(,�<8,c,.5-9H<=%�/5WI-Ab?�/10^4DCR4.I-<=*�I-<8)H:&,�)Q��[ ­�­�­t«Z)8/6/;<=%�/Q364.@FI-An5h:&%-4�)8/^e(01)8<@F'F5-/2'�)TV�­c'F5Q$�,.?(@�/c�M�7N�©�/6<�<=%�/&5WI-Ab?�/10T4.C�'F5(<=08I�)='�4D5�)T'F5�37@FI-9(/69'F5;<=%-/+*#4�)='�<='�U�/R9(,�<8,�)8/�<&/6wW<=01,�3�<8/69r?(dX<=%-/+e(@�<8/708'F5-GX08I�@�/2?�/ 5 � N©�/�<|<=%-/+5WI-Ab?#/70T4.C�'F5(<=08I-)='�4.5-)+'F5-37@FI-9�/69;'F5Q<=%�/T<84D*]� � ­�­M­ ";� ;=�9(,�<8,;4.C�%�'�GD%�/6)8<�)8364.01/6)c'F5t<=%�/Re�@�<8/701/�9g9(,�<8,M)8/6<�V#� "B;x?�/-5 � N$&%�/15H<=%�/E5WI�Ac?�/70�4.C�'F5(<=08I-)='�4.5-)T9�/�<8/636<8/69c?(d-�L0cV2'F5H<=%-/b�M[ ­M­�­4.C+V#�R'�)n36,D@�37I(@�,�<8/69t,�)�5 � ´c5 � NX$&%�'�)R36,D@�37I�@�,M<='�4.5�:&,�)c9(4.5-/CZ4D0H<=%�/;3�,�)8/6)n'F5�:&%�'�38%l<=%-/^5WI�Ac?�/70Q4DCc4.I-<=*(I�<8)H:&/701/>��[ ­�­M­�[��[ ­�­M­�[-,.5-9*��[ ­�­�­(N&ªE,�38%>UD,.@FI-/b'F5><=%-/n3�4.@FI-An5	:&%-4�)8/2e(01)8<+@F'F5-/'�)�V�­H'�)n36,D@�37I(@�,�<8/69p,�)c<=%-/X,DU�/101,�G�/H4DCT364DU�/701,MG�/6)R4DU�/70R,D@F@&<8/�)8<9(,�<8,�)8/�<8)6qsV#�M[FV(��[�N�N�N�[FVW®�N�$\%-/c)8/6364D5�9>364D@FI�An5�)=%-4.:T)T<=%-/n364DUM/708J,�GM/c4.C�V(Vr,DU�/101,�G�/�9;4.UM/70s,.@F@�<=01,.'F5('F5�GQ)8/6<8)6q�V�­([�N�N�[ VW®�[(:&%�'F@�/R<=%�/<=%('F019;364.@FI-An5�)=%�4D:T)T<=%�4M)8/c4.C��L0cV#N¨>/c)8/6/+C�014�AL$�,D?�@�/a�b<=%-,�<T:&%-/75Q<=%�/s)='�z6/c4.C�/6UD,.@FI-,�<8/69;9(,�<8,'�)�@�/6)8)|<=%-,.5r�.­�­M­29(,�<8,X«f�c� +X�7[^�L0cVn3�4.I(@�9X9�/�<8/636<E)='�G.5('Fe�36,D5(<=@�dAX4D01/2'F5(<=08I�)='�4D5�)R<=%�,D5�V�V�N
�T/6AX,D08S�,D?�@�dM[��L0cVr,M<8<8,.'F5-/69>�g
�N � +364DU�/101,�G�/X'F5l��­�­M­;9�,M<8,;4.5p,DU�/101,�G�/H:&%('F@�/^V(V],M<8<8,.'F5-/69p®g��N��T+CZ4D02<=%-/c)8,�A�/c)8,�An*(@�/n)='�z�/�N
��'�GDI�01/>�^)=%-4D:+)c%-4.: <=%�/H,DU�/101,�G�/�9g3�4.UM/701,�GM/^GD014.:T)R,�)R<=%�//6UD,.@FI-,�<8/�9	)8,�An*(@�/H)='�z6/n'F5-3701/6,M)8/6)6NX$&%-/b%-4.08'�z64D5(<8,.@T,Mw�'�)n)=%-4D:T)<=%-/X¥6��h& �¡��n¤u�W�Z��dY<=%�/T01,�<='�4H4.CE<=%-/c)='�z6/R4.CE/6UD,D@FI�,M<8/69])8,MAn*(@�/n<84<=%-/^<84�<8,D@s9�,M<8,	)='�z6/�[�:\%('F@�/;<=%-/;U�/701<='�36,D@s,�w�'�)H)=%�4D:T)H<=%�/Q364DU�J/701,MG�/�Nt¨]/Q4.?-)8/701U�/><=%-,�<X<=%-/^364DUM/701,�GM/;4.C.�L0cVpG.014D:T)XAX4.01/01,.*('�9W@�dg<=%-,.5t<=%-,�<R4.CaV(V�CZ4.0�­.J1��+�)8,MAn*(@�/r01,�<8/�)6N;¨g%-/75t<=%�/)8,�AR*�@�/&01,�<8/�'�)�@�,.01GM/70E<=%-,.5(��+r[D<=%-/6dc,.01/�5-4�<�9W'Fo�/701/75(<E)84TAbI-3j%�N¨>/r,D01/X,.?(@�/H<84;)8,Dd;<=%�,M<n<=%-/H4.I-<=@F'�/70Xe(@�<8/708'F5�G>364D5(<=08'F?�I-<8/6)X<84'�An*(014DU�'F5�GQ<=%�/R,�3631I�01,M36d^4DCEV(VrCZ4.0T@�4D:x)8,MAn*(@�/b01,M<8/6)6N
��'�GDI�01/:�])=%-4D:T)r<=%-/^GD01,.*(%l4DCc<=%-/;364DU�/701,MG�/6)H4.Co�L0cV},D5�9V(V�CZ4.0R)8A�,.@F@T)8,MAn*�@�/H01,�<8/6)6NQy2/101/X<=%�/H364DUM/701,�GM/6)n4DCO�L0cV],.01/*(@�4�<8<8/69^CZ4D0T,.@F@�4.CE9W'Fo�/701/75(<s<=01,.'F5('F5�GH)8/6<8)6NE$&%-/c364DU�/701,MG�/6)T:&/701/36,D@�37I�@�,M<8/69p4.5(@�d]CZ4D02*�4M)='�<='�U�/;9(,�<8,�)8/�<8)c/6wW<=01,�36<8/�9]?(d;<=%�/X08I(@�/�N

��4D02/�wW,�An*(@�/�[
�L0cV#«uVW­W�|'F5-9�'�3�,�<8/6)c<=%-/c364DU�/701,MG�/R4.C��L0cVr:&%-/75VW­	:&,�)RI�)8/69t,�)H,><=01,.'F5('F5�Gt9�,M<8,�)8/6<H<84>364.5-)8<=08I�3�<^,;e�@�<8/708'F5-G08I(@�/�NR~+@F@�4.C�<=%�/X3�4.UM/701,�GM/6)c4.Cp�H0cV^,D01/X364D5�36/15(<=01,�<8/69	,D014.I(5�9��® +9dV�D­�+r[�:&%('�3j%Q'�)c�D­�+bJ �g� + %�'�GD%�/10R<=%�,D5;<=%-4�)8/R4.C�V(V#N



��������� �	��
 ������
�����
 ��������
����
����������
���� 
�����������
������ 
�����������
������������ �! ���"$# �	%&��������"���
������ �	����'������

(�) *�+�,�-�) .�.�+ )0/ .�, 1�)�1 231�) 23,
(42 *�+�1�2�- .�5�- )0/ .�- 1�5�2 *�. 231
(�1 *�6�)�2�. .�23, )0/ .�1 1�)�- *�1 23+
(�. *�+�6�*�) .�.�, )0/ .�5 1�2�- 2�)�) 2�*
(�5 *�6�2�6�* .�5�1 )0/ .�, 1�2�* 2�)�- 23+

I87:9CS@D#EVG<;=7VR�7?>KD�R	Z

(�( �@��� A8B ( ����� ������
���
���CD�������������
��E�������������������FHG����I��
���� �J��E�������C��3� �J��E�������C��3� (�) ����� (42 �@��� (�1 �@�K� (�. ����� (�5 �@�K�


�� 2�)�)�) � 2 �K� 5�.�/�2 -�6�/ , +�)�/ 6 -�*0/�2 -�5�/ . -�*�/ 5 -�6�/ *

�� 1�)�)�) � 1 �K� +�)�/ , +�2�/ 6 +�.�/�2 +�.0/ ) -�*�/ , +L2�/ - +�2�/ -

�� .�)�)�) � . �K� +�,�/ 1 +�5�/ . +�,�/ * +�50/ - +�2�/ - +M5�/ + +�5�/ ,

IN7O9CS@DQP G<R�N4S_DVB�7V?_DTR6N2\VU&7 BT> ZeN2Y G<>I>VS2ZXWZY[>

\

]@\

^@\

_@\

`@\

a \@\

\ \@b c a a b c ] ]@b c d

e fgh
ijkh
lmn

oqpJr s t@uvr w@x�y3t@r t�z {0|

}@~��3�q�}@~��q�

=�>@?2ACB	DQP2G<>I>�S2ZZWZYX>N���=S DVBM7V?_D�W�R6N�S_DVB�7H?_D

\

]@\

^@\

_@\

`@\

a \@\

\ \@b ] \@b ^ \@b _ \@b ` a

e fgh
ijkh
lmn

oqpJr s t@uvr w@x�y3t@r t�z {0|

}@~��3�q�qz � \ |}@~��3�q�qz � a |}@~��3�q�qz � ] |}@~��3�q�qz � d |}@~��3�q�qz � ^ |}@~��q�

=�>@?2ACB	DQ� G<>I>?S2ZZWZYX>N�8;->J� DVB	DVY R(I`B�7_>UYC>UYK?�>KD�R	Z

6. CONCLUDING REMARKS¨>/b%-,DU�/n*(014.*#4�)8/69>,X5�/6:hCK01,�AX/�:&4.08SQCZ4.0s4.I-<=@F'�/70�9�/�<8/636<='�4.5?(dX364MAb?('F5('F5�GQ,.5HI�5-)=I(*�/701U�'�)8/69>4.I-<=@F'�/70c9(/6<8/63�<84.0Dq�V�A�,.01<1V�'FCZ<8/70:&'�<=%	,Q)=I�*#/701U�'�)8/69	@�/6,.085('F5-G],D@�G�4.08'�<=%-A^q��2©"Juª�V��2N�~+5>4DI�<=@F'�/70e(@�<8/708'F5�GR08I�@�/T'�)|364D5�)8<=08I-36<8/69Q:&'�<=%H)=I�*#/701U�'�)8/69r@�/�,.085('F5�GX?(dRG�/75(J/701,M<='F5�G^@�,D?�/7@�/69	9(,�<8,Q4.5�<=%�/c?-,�)='�)R4.C�<=%�/X)83�4.01/6)s<=%�,M<RV�AX,D01<=JV�'FCZ<8/70Q36,.@�31I�@�,M<8/6)rCZ4D0XI(5�@�,D?�/7@�/69h9�,M<8,�Np¦&d>I�)='F5-Gp<=%�/H08I�@�/;,M),r*(01/7*(014W36/6)8)='F5-G]4DCsVWAX,.01<1V�'FCZ<8/70D[�:�/X,.01/X,D?�@�/H<84Q)='�G.5('Fe�36,D5(<=@�d'�An*(014DU�/R<=%�/T*�4D:&/70T4DCEVWAX,.01<1V�'FCZ<8/70DN ��I�01<=%-/701AX4D01/2'�<|%-/7@F*�)s<=%�/I-)8/70H<84;9W'�)8364DU�/70H,>G�/15�/701,D@&*-,�<8<8/7085t<=%-,�<R,])=*�/�37'Fe�3QG.014DI�*t4.C4.I-<=@F'�/70�AX,Dd]%�,DUM/�Np¨]/Q9�/�AX4.5-)8<=01,�<8/69l<=%(014.I-G.%�<=%�/H5�/�<=:&4D08S'F5(<=08I-)='�4.5;9(/6<8/63�<='�4.5;<=%-,�<E4.I(0ECK01,�AX/�:&4.08S�:&,�)E/7o�/�36<='�U�/T?�4�<=%X'F5'�9(/75(<='Fe�3�,�<='�4.5t,D5�9Q/6w�*�@�,D5�,M<='�4.5p4DCE4.I-<=@F'�/701)6N

7. REFERENCES� 2$����/L� �����������&�����H� /�� ��%I
������������ �J�q�$�����¡ ��@¢������$���J£�¢���¤�¢��@¢��L¥M��'��
¦ 
�����§HB ( ������� 2�*�*�50/� 1���¨I/�� ����"$'�
�� ¨�/0© 
�������������
�� ©ª/L« ��
������������������<¬ /�­ ��������"$'�
���®
"���������
 ¯�"�����
�����°@ ���������FH����'�����������C�§D
����IG���������
���CD������
��
������������C�
����±
��²
J�������H��������"���
����:�3
��¡³I�µ´q£$¶·´�¸D¹D¤D¤�º�»�»��
G�G:¼ 23+�,�½�2�6�5 � 2�*�*�*�/� .���­¾/L� ����C��N�����¿¥ /�( '���%&�$°@�:�3§��������3¬D������"���
���C·"��������������¾
J�������
����
���CK������G���
�E��IG����������@§�G�������
��À³��µ´q£$¶8´�¸·ÁNÂDÁIÃ�Ã��$´$¢�£qÄ��$�H��´Å ��¢M�LÆ<¤��q����£$���@´��[¢���ÆHÇN����È�É[¢M��¢�Ê��qËª�q���J�:G�G:¼ *�½�2�. � 2�*�*�+�/� 5�� � /�¨ ��%&"������&����� ¨�/L­ ���3E���������®8����G���
�E��I
��������H��������"���
����:��¤�¢��@¢
É=�����v��Ê<¢M��Æª¹��O´�ÌN� ��Æ�Ê���¤��v��£µ´3Í3�$�$Î���E���� /�2 ��ÏD����%&���N®8"�������FH
�"
­ �� ���
���'�������� � ���������<Ð&®���G�G:¼ 1�*�2 ° .�2�- � 2�*�*�+ � /� ,�� '�����G:¼ Ñ�Ñ�%I%I% / '���" / "���F� -�� '�����G:¼ Ñ�Ñ�#���� / 
�"$� / ��"$
 / ������Ñ������@�� ��������µÑ�#�����"���G *�* ÑM#�����"���G *�*�/ '��ÒFH�� +���ÓN/�«[/ ÏD�������I�����HA / � /�Ô C0�L®N��C�����
���'�FH��
J���IFH
���
���C
��
���������"��$°@ �����������������
������&
��<������C��N������������������
��¿³��µ´q£$¶·´�¸���Ä��
Õ�Ö �JÄ�×4ØO¤DÙÛÚI´���¸��q���$��£��$� G�G:¼ .�*�1�½�5�)�. � 2�*�*�60/� 6���ÓN/�«[/ ÏD�������I�����HA / � /�Ô C0� ¨ 
�����
���C·
�����������
���������#�����%I������C��
��
&��
���������"��q°@ ��3��������������
���������
��¿³��µ´q£$¶·´�¸���Ä�� Õ�Ü ��ÄÝ×�Ø:¤DÙ
ÚI´���¸��q���$��£��$�:G�G:¼ 1�2�2$½�1�1�1 � 2�*�*�*�/� *�� � /�� �����D�����<Ð / ÓN/L� ����������§����:��FHG4������������Þ�������"��&����������
���CD�����
����������������"���
�����
����I������FH����§���������"���
����:��Á�ÚOÉàß���¢M���$¶�´��
Âq��¸3´��$ËH¢�����´3�Ý¢���Æ² �Î��$���qËÛ ���£q���$�v�JÎ�� 1 � G�G:¼ 1�*�,�½�.�.�2 � 2�*�*�* � /� 2�)���¦�/L� ����� (4/ ¥ /�( ����� 
J���������HÏ /�¦?/�« ��#4� « 
���
���C�������
��±�����������
 ���
����á
�����������
�������������"���
�����FH�����������3
��Z³��µ´$£q¶�´�¸D¹D¤D¤�º�»�â��
2�*�*�6�/

� 2�2$��ã�/L� 
:�����áÏ /�ä ��FH����
���'�
����:��å��I"���������
 ¯�"�����
���������
���C
ÓI( Ð¾°@ ��������<������"$'�������
�"I����"�
���
�������
���������
��¿³��µ´$£q¶·´�¸áÚOÂ�¹·ÉVæ »�»��
G�G:¼ 231�1�½�2�.�) � 2�*�*�* � /� 231��Dä�/L« ���������<�����<¥ /�� ��������%&����������¬D������"���
����K��
&FH�� �
����IG�'������

��������á����
���C�����G4����E�
������������������������Ò%±����#���¼:��¯������IG����������@§�G����
®NE3��
����� ����8E�
���¼:
J��G:¼ Ñ�Ñ�
���G / ������� / #������$��E��$� / ��" / ç GLÑMG��� �Ñ (�è�( �:®·Ñ
FH����������Ñ�����G��������$Ñ�
 "������ *�+ �IA *�+ ° 5�5�/ G�� /� 2�.���é�/L« �������<����� ©�/�­ 
���#������ é ������G�����E�
������KG�����¯���
���CN
J���




���������
 
J§�
���C8����G�����
�FHG4�������D
J�������:��
��¡³I�µ´q£$¶·´�¸D³&¹·¤D¤¡æ »�»��
G�G:¼ 1�,L2 ° 1�-�2 � 2�*�*�* � /� 2�5�� ¥ / A8
������������:� ¨ 
���'����&
���
J����FH����
����������H������"$'�������
�"I"���FHG�����å�
��@§��
Â ����� ß0��¢����$¶ Â$��¸q¶8ß Ä��$´��$Î�� è �&° 5�1 � 2 ��G�G /�5�)�½�5�+ � 2�*�*�- � /� 23,�� A /�«X/�Ô ����������� ©�/�ÓN/�ã 
��������:��®�E�
���%T�M
���'�� Ó±« ����C�����
���'�F
��'���� ç ������
 ¯����±
���"�����FH��������������G����������������H����'����IE�����
����������

���G:¼ Ñ�Ñ3
J��G / "$� / ������������� / �$����Ñ�G��� �Ñ��@����
�������Ñ�%I%I%8Ñ�G��� ���
�"$����
 ����� / '���F��2�*�*�.�/

� 2�-�� A / �±/ A8
�E�������� � ��������
���C�����"�
���
����K��
���������É[¢�£$Ä��v����Ø:��¢��$���v��Ê�� 1 �
G�G:¼ 1�1M*�½L1�5�- ��� 2�*�6�+ � /� 23+��ª(4/ A8����������� é�/�« �������:� ÓN/�Ô ����FH�����:� ä�/Lè �����:������� ©�/�­ 
���#������
¬D
���"���E�����§���
:
��������H���������&
����I��������"���FHF�����
�"��3��
������@°@"�'���� ������C����
�����H����������
��������3
��Z³��µ´$£q¶�´�¸D¹D¤D¤�º�»�»���G�G:¼ 5�)�*�½�5�2�. � 2�*�*�*�/� 2�6�� ¥ / �:��#�����"$'�
������<Ï / ä ��FH����
���'�
�� Ó FHG�
���
�"�������E�����������
�������
 ���
��������
����:��������"���
���������C�
���� ( FH����� ( 
 
J���$����
��<³I�$´$£$¶8´�¸D �Î�ËDÃL´��$�v��Ë
´��¡Â$��¸�´��$Ëª¢M�J�@´��[¢���Æ�Â$���8ÁIÃ�Ã�� ��£�¢M�J�@´�������
��¿¥���G����������3�q� 1M)�)�)�/� 2�*�� Ï / ä ��FH����
���'�
���®?����������
���C�"���
�������
�����
J���I������"$'�������
�"I�����������
ÉX¢�£qÄ������DØ:��¢M�$������Ê�� � ��� / * � G�G:¼ 2�-�, ° 1�)�. � 2�*�*�1 � /� 1�)�� Ï /�ä ��FH����
���'�
���®?����"�
���
�����°@��'����������@
�"I��å���������
�������
 ������"$'�������
�"
"���FHG�����å�
��@§D�����<
����I��G�G���
�"�����
�������������������
���C���Â ����� ß���¢����$¶8´��
Âq��¸$¶8ß¾Ä��$´��$Î�� è �&° 5�5 ��G�G /�2�5�1�5�½�2�5�.3* � 2�*�*�6 � /� 1�2$� Ï /�ä ��FH����
���'�
���¥ / �:��#�����"$'�
�� ©ª/ ¦ 
�����
���FH���3����� ­ / « 
��������� ��°@��
����8��������G�����E�
���������������
���� ��������"���
���������
���CD¯���
����8FH
�å����������
%I
���'<��
���"���������
���C8����������
���C�����C�����
���'�FH����
��¿³��µ´q£$¶·´�¸
¹D¤D¤ Õ������ ��®8Ð « ­ ����������G�G:¼ 1�,�)�½L1�,M5 ��� 1�)�)�) � /

���	�	
��Q;�
��*G�� D�7 BTYC>UYK?V>KR	N2X J&7HZ	R�> XÝ; D�XV>@ZT>@N2Y��`>@Z	R	Z
¦&/1@�4.:p:&/�G.'�U�/T,T?�08'�/7C#)=SW/6<838%H4.C#�2©"J V(�2«Z�2©"Juª�V��T� dY<=%�/&,D@�G�4DJ08'�<=%-ALCZ4D0|@�/6,D085�'F5-GH)8<84W3j%-,�)8<='�3R9(/637'�)='�4.5;@F'�)8<8)6NE~h9�,M<8,n)8/�k�I�/75-36/'�)c9(/75-4�<8/69>,�)�� � � «�Z � � [ � �H�����6«�Z®� � [ � �T:\%-/701/.Z " '�)s,.5>'F5�J*(I-<6[%[ l '�)s,X364D0801/6)=*�4.5-9W'F5�G;4DI�<=*(I�<6[-,.5-9 R '�)T)8,�An*(@�/R)='�z6/�N
��'F01)8<&:�/+GD'�U�/s,n)8<=01,M<8/6G�dnCP4.0T9W'�)83701/6<='�z7'F5-GH,n3�4.5(<='F5WI-4.I-)2UD,.08'FJ,D?�@�/MN^ys/701/X<=%-/r9W'�)83701/6<='�z1'F5�G	A�/6,.5-)n9(/6<8/701AR'F5�'F5-G	,^<=%(01/6)=%-4.@�9� CP4.0c/�,�38%>U.,D08'�,.?(@�/~_ l <=%-/75	38%-,.5-G�/�_ l 'F5(<84r,X?('F5�,D01d]UD,D08'�,.?(@�/?(d;)8/�<8<='F5�G�_ l ` � ,.5-9;_ l a � NRys/701/ � '�)c3j%-4�)8/75})84^<=%-,�<+CP4.0� � [���« � � � � �|'�)2An'F5('�An'�z6/69>:&'�<=%;01/6)=*�/63�<+<84 � q��« � � � � ������«�� �� �H´���«�� � 8 � �

:&%-/701/�� �� '�)R,^)=I(?�)8/6k�I-/75-36/;4.C�� � )=I�38%p<=%-,�<._ l ` � :&%�'F@�/� �8 '�)2,H)=I(?�)8/�k�I�/75-36/H4.C�� � )=I-3j%�<=%�,M<�_ l a � NTys/701/���«�� � �'�)R¥6�Z¢D�o^���¥6�Z�K�T�1¢�h\ �¡��1�W�K���2���6®.��4DC � � 36,.@�37I(@�,�<8/�9],M)\CP4.@F@�4D:T)6q
��«�� � ��� R !#"

R �R%$ ´ �
� @�4MG

R�&
� � «8�D�

:&%-/701/X<=%-/X?�,M)8/r4DCT<=%-/n@�4�GM,.08'�<=%-A '�)���[
R �2'�)n<=%-/n5WI-Ab?#/70X4DC/�wW,�An*(@�/6)X'F5'� � )=I-38%p<=%�,M<�[I���M[E,.5-9�!]«)((�.� "*(�@�4�G (n"«8��"+((��@�4�G�«8�`",((�7N

��4D0�,s)8/6<�4.C-,�<8<=08'F?(I�<8/�)6q.- �@V�_ � � ����� � _�/ XW[.CP4.0E,2GD'�U�/75�'F5�*(I�<9(,�<8,H)8/6k�I-/75-36/0� � [WCZ4.0s/6,M3j%k_ l [�:&/s3j%-4W4�)8/ � l �l,.01GEAn'F5�1��« � � � � ��,�)�,D?�4DU�/�[M,.5-9R3j%-,.5-G�/�_ l 'F5(<8432_ l )6N <6N�2_ l �x��'FC�«�_ l ` � l �2_ l �x­n'FCs«�_ l a � l �7N 2- �4�~n)5�«�- � � � ��� V�2_ � � ����� � 2_6/ XWN&y2/101/c,9W'�)83701/6<8/RUD,.08'�,D?�@�/n01/�AX,.'F5-)c<=%�/c)8,MAX/�N$&%-/&,.@�GM4.08'�<=%-AL�2©�J V��	CZ4.0�@�/6,D085�'F5-GR)8<84W3j%-,�)8<='�3s9�/631'�)='�4.5^@F'�)8<8)3�4.5-)='�)8<8)]4DCX<u:&4	*�014W36/�)8)8/6)6ql�+014D:&'F5-Gf,.5-9l*�08I(5�'F5-G�N�OP5h<=%-/GD014D:\'F5-G^*(014W36/6)8)c,r08I(@�/XAn'F5('�An'�z7'F5#G]<=%-/X)=*(@F'�<8<='F5�G>364�AR*�@�/6w�'�<ud'�)Q)8/6k�I-/75(<='�,.@F@�di,M9�9(/69l<84	<=%-/^@F'�)8<6N{¦&/7@�4D:B:�/;)=%�4D:�%�4D:_<843�,.@�37I(@�,�<8/><=%�/Q)=*�@F'�<8<='F5-Gp364�AR*�@�/6w�'�<ud�N���4.06 �7W] � CZ4D0X,>G.'�UM/759(,�<8,R)8/6k�I-/75-36/8� � [W:&/&@�/6<�� �" ?#/2,R)=I�?-)8/6k�I-/75�3�/c4.C9� � )=I-3j%<=%-,�<.Z�AX,.SY/6)= +<=08I-/�[�,D5�9]@�/�<�� � : " ?#/X,;)=I�?-)8/6k�I-/75-36/^4DC�� �)=I-38%^<=%-,�<�ZXAX,DSW/6)p "CZ,.@�)8/�NE¨>/29(/7e(5�/s<=%�/c¥Z �¡��K�Z�����W�c�7¢�h& �¡��1�����9�4DC� |:cN 0DN <6N9� � ?(d
��«f *� � � ������«�� �" ��´���«�� � : " � «u���

:&%-/701/;��«�� � �mCZ4D@F@�4D:+)	«8���7N�OK5h<=%�/;*(014W36/6)8);4.CRGD014D:\'F5-G�[R:&/38%-4W4�)8/Y |)84X<=%-,�<���«f �� � � �|'�)sAn'F5�'�AR'�z6/69>:bN 0DN <6N� jN

<*>�S_DVY G~i)8/�<+4DCE,�<8<=08'F?(I�<8/RUD,.08'�,D?�@�/6)8- �@V�_ � � ����� � _�/ X �,X9(,�<8,H)8/6k�I-/75-36/0� � [,n*#4�)='�<='�U�/R'F5(<8/6G�/70o\
eYC> R�>�7 SU>>=�7VRT>@N2Y G? q ��? � [2- q ���~n)5Y«�- � ?R�7[@hq2�l,n)8/�<+4DC�364D5^�uI�5-36<='�4.5-)24DC�,M<&AX4�)8<O\H,�<8<=08'F?(I-<8/6)&'F5A2-
8gq �CB<*B	NVO.>UYK?
WCN#O%JC> S@D0?ED��B^q
��4D0E/6,�38%6 F7�@2[W36,D@�37I(@�,�<8/2<=%-/&'F5�CP4.01AX,M<='�4.5QG�,D'F53G0��«f �� ?n�7N IH2q �f,.01GEAn'F58��«f *� ?R�
>mQ���«�?n�K";��«f H � ?n�FJp­
RTJKDVY? H q �x,X)=I(?�)8/�<24.C ?i<=%-,�<sAX,.SY/6)' H <=08I�/h H q2�l<=%�/&@�,D?�/7@�)T<=%�,M<|A�4�)8<|CK01/�k�I�/75(<=@�d�,.*(*�/6,.01/�9r'F5K? H	 H q2�ML N.OP L � �IQK�L N O L � � «*� ? H� �.'�)�<=%�/&5WI-Ab?�/1024DC�/6wW,�An*(@�/6)T)6N <6N[k� h H&'F5;?�H��~29(9	«f H �*h H � 	 H �\<84%8? q ��?�";? H2- q ���~n)5Y«�- � ?n�@lq2�4@�"eVm RH�X
DVS@Z	D�24X4.I-<T4.CE<=%-/2@�4W4.*~s9�9Q<=%�/R9�/1CZ,.I(@�<+08I(@�/r«f �S�T � �*h H � 	�H��&<84.8��BTACYC>UYK?
WCN#O%JC> S@D(8gqUD�x4.5(@�d^,X9(/7CZ,DI�@�<T08I�@�/
;�08I�5-/2<=%-/&?�4�<8<84MAi08I�@�/s4�<=%-/70T<=%-,.5H<=%-/T9�/7CP,.I(@�<|08I�@�/TCK014�A
8p<84X4.?-<8,.'F5&8 0
>mQ�V&«�� � q 8 0 � ` V�«�� � qV8E�
RTJKDVYp�24X4DI�<T4DCE<=%�/2@�4W4D*
DVS@Z	D 8gq2�c8 0`+I-<=*�I-<�8

=�> ? ACB�D�WKG<;��YX3>IR�Z$;��YX[
�>IR�\
¨>/nA�,.dH,D@�)84r3�,.@�37I(@�,�<8/]��«�� � �|?(d^<=%-/2CZ4.@F@�4D:&'F5-GrCZ4D01AbI(@�,�q

��«�� � ����An'F5HV R � � R "
R �*XO´�^`_ R @�4MG R � «U�Y�

:&%�/101/
R � '�)E<=%�/&5WI-Ab?�/10T4.C�/�wW,�An*(@�/6)|'F5K� � )=I-3j%m<=%�,M<�[k�x��[,.5-9;^�'�)c,X*�4M)='�<='�U�/X01/6,.@�5WI-Ac?�/70DNR$&%�/Rk�I�,D5(<='�<=d	«U�Y�+'�)236,D@F@�/69<=%-/f�1�W�Z�.�-�W�7�;¥6�Z¢D�o^���¥6�Z�K�Q�7¢�h& �¡��1�W�K���^«s( jCf#��� �.­.�sCZ4.0�<=%�/>­.J1�@�4�)8)6N`+5-36/	:&/;GM/6<;,p9�/�37'�)='�4.5i@F'�)8<6[R:&/;*(08I�5-/	,	08I�@�/>CK014�A <=%�/?�4M<8<84�AL'F5>4.019(/70D[-)84X<=%�,M<T<=%�/R<84�<8,D@�3�4�An*(@�/6w�'�<=d^'�)sAn'F5('�An'�z6/69�N¦&/7@�4D:h:&/T)=%�4D:f%-4D:x<84R36,.@�31I�@�,M<8/n<=%-/2<84M<8,.@�364�AR*�@�/6w�'�<ud�N`�-4.0T,9(/637'�)='�4.5>@F'�)8<�8&[�CP4.0s,X364D5^�=I(5-36<='�4.53 |,.*(*�/6,D08'F5�GH'F5><=%�/2?#4�<8<84�A08I(@�/n'F5�8&[�:�/b@�/6<�? " ?�/n,H9(,�<8,M)8/6<2)=I-3j%�<=%-,�< Z�AX,.SY/6)= |<=08I-/�N¨>/c36,.@�37I(@�,�<8/�<=%�/H�Z¢W�Z��¡��7¢�h& �¡��1�����9�E4.C � � :bN 0DN <6N,8}?(d? " ��«�? " �
´�^ 0 ? "ba «f u� � «Z®Y�

:&%�/101/+<=%-/&)=I-Ai'�)|<8,DSW/75H4DUM/70&,D@F@# �)�,D*�*#/6,.08'F5-Gn'F5-8&[W,.5-9]^ 0 '�)|,*�4M)='�<='�U�/n01/6,D@�5WI-Ab?#/70D[�:&%�'�38%>AX,DdX?�/n9W'Fo�/701/15(<+CK014MA%^�'F5p«U�Y�7Ny2/101/ a «f u���f@�4�G.� @.��CZ4D0s<=%�/c<84M<8,.@�5WI-Ac?�/706� @.��4DCE364.5m�=I(5�36<='�4D5�):&'�<=%>,�<sAX4�)8<'\;,�<8<=08'F?(I�<8/6)R4DU�/70�2-mNT~i@F'�)8<�8gCZ4D0c:&%('�3j%t«Z®W�&'�)An'F5('�An'�z6/69>'�)\e(5-,.@F@�d>4.I-<=*�I-<6N


