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Á ��� ~�=�2�4�,>2�[:B/3;. � q ¢<Â@�-� ~!2K4�,/)�+:9*3#)�,/6L3#M�0:4�3#.<.<,>8�'-. � 2�'-A ¡���Ã ¦�U
�t.<,/'-Cb)�+-,/.s.<3#)58�EV)�3@4�9*,>'-2�B/.52pEH3#I�0�4�8�A:O-6@)�,>8�'-.s6�2�'Y2�B/4�3;2A�De[$3
[:O-,/Bl)�U]_18':.<,zA�3#4�q-2�.g2�'Y3#M:2�9*0:B/3?)�+:3p0:4�8�A�O-6#)�,/8�'-.58�E�kjC�O:4�3 � U

���!Ä(§#��¢<�K³ Å ¼ �
�
�
�KÆmÇ
���!Ä!��¢@��£��aÃ Å ¼ �
���
��� ¢<Â@�-� Ç
���!Ä(������ >��Ã Å ¼ Á ��� ¼ ¢<Â@�j� Ç

È Á ���PÉL¢<Â@�j�FÊ ¼ ¢<Â@�j� Ç

ËgÌHÍ$Î�ÏKÐ�ÑjÒ7ÓLÏKÔVÕ�Î�Ö�×�ÌHÔ$Ø�ÙRÚ´ÔjÏdÙ;Ô$ÛwÐrÙ�Ì�ÛwÜ�ÝHÐcÙ;×;Þ-×;Ð:ÛwÐ�Ø`×�Ù

W5+:370j2�4<)�,>2�B�C�4a2�9*9R2�4?8�E�kjC�O:4�3 � 6;B>2�4�,lk-3;.p+:8KIß)�+-3b)�3#4�9*,/'-2�B/.
6#89F[:,/'-3;.e)�8PC�,/=�3r9*8�4�3X6#89*0-B/3#M®0$8�4<)�,>8�'-.R8�Eb)�+:3XB>2�':COj2�C3U
&('�2d.<,/9*,/B>2�4\9R2�'-':3#4�q%,/)\,/.70$8.<.<,/[-B/3*)�8vA:3#k-'-3e9*8�4�3*6;89*0:B/3#M
.Q)a2K)�3;9*3;'
)�.;q�.<O:6@+R2�.sàá ��� 8�4 ��� U�W5+:3;,l45C�4a2�9*9R2�4�,/.s4�3;0$8�4<)�3�A
,/'dk-CO�4�37â�U

���!Ä!²��� �¤>¢ Å ¼ à�á ��� ½ ¡���Ã ¦v¾ �����F�
���!Ä!  ± Å ¼ ��� ½ ¡a��Ã ¦c¾ �����\�

È ��� ½ ¡a��Ã ¦c¾ �����\� �
�
��� �����\�

Ë?ÌzÍ$Î�ÏKÐwãVÒ7ÓLÏKÔVÕ�Î�Ö×�ÌzÔ$Ø�ÙfÚ´ÔjÏR×aä\ÔZÖÔ`ÛwÜ^ÝzÐ�å¨Ù;×;Þ:×;Ð:ÛwÐ�ØV×�Ù

W5+:3d':8'�x)�3#4�9*,/'j2�BJ.QD:9\[$8B �a���\� ,/.*2vC3#'-3#4�,/6X.Q)a2K)�3;9*3;'
)eA�3#N
k-'-3�AY[
DY)�+:3L0j2K4<)�,>2�B�C�4a2�9*9R2K4J8�E^k-CO:4�3L·�U

�����\� Å ¼ �a H�p�$¤>¢#Ä!�����F�
È §;¤/��¡a³�Ä´�����F�

�� G�t�$¤>¢#Ä!�a���\� Å ¼ �a�!Ä(������ >��Ã
È U;U;U

§;¤/��¡a³�Ä!�����F� Å ¼ ¿ �a���\�!Ä(¤  H�a� À
�����\�!Ä(¤  G��� Å ¼ �a���\�

È �a���\�!Ä(¤  H�a�p�a���\�

ËgÌHÍ$Î%Ï�ÐwæVÒbçfÐ
è�Ø�ÌH×;ÌHÔ$Ø�ÔjÚg×�é�ÐvÍjÐ�Ø�Ð�Ï�ÌGÖXÙ;×#Þ-×;Ð:ÛwÐ�Ø`×

�^4�8
6;3;3;A:,/'-CY,/'X)�+-,/.?I52;DX,l)p,/.t0$8.<.<,/[-B/37)�8fA�3#kj':372�B/B�)�+:3T.Q)a2K)�3#N
9*3#'�)�.\2�'-A�6;8':.Q)<4�O-6#)�.e8�Et)�+:3X_¶B>2�'-C�Oj2�C3U®W5+:3f8�O:)�6;8�9*3f,/.
2�'v,>':6;89*0:B/3#)�3\C�4a2�9*9R2K4LêZ)�+-2�)LB>2�6@��.t)�+:370:4�8�A:O:6#)�,/8'rEG8�472�B/B
)�+:3J.QD�9F[$8B/.�)�+-2�)s+j2�=�3J[$3;3#'e2�.<.<O:9*3�Ae2�.s)�3#4�9*,/'-2�B/.�[-O:)s2�B/B>8�Ig.
A�3#kj':,/'-CF,/'r2TEG8�4�9R2�BVI52;Df)�+:3L6;8':6;3;0�)t8�E�2�)�8�9XU
ºaë .e2�'S3#M:2�9*0-B/3Y6;8':.<,>A:3#4e)�+:3d2K)�89*. Á ��� 2�'-A ¢<Â@�-� A:3#k-'-3�A[$3#B>8�IbU

ìTí�î
ïHð`ïzñ$ïzò%ð � U*ó �-¢d�(¢@�@�\ GÃ$��¤5�aô��*§��¤ �d��Ã¨�H�-¢d�@ >�K�
�!õ��:��Ã ¦
��  ¦ ¢d� ± �*�j�Q� ¦ £:¡#�� !��Ã�� ± �H�-¢F���<���\�*��� ê ¡���Ã-���� G��£��(¢r��Ã¨���´���
²��:���#¢TÃj���R¢L G� ¦ ¢Gö�Ã`¢ ¦  GÃv�H�-¢T¤>¢ ± �!õK�:��Ã ¦ ��  ¦ ¢�÷

ë 6#6;8�4aA�,>':Cc)�8v)�+-,/.FA:3#k-'-,l)�,/8'®2�'-A�4�3@EG3#4<4�,/'-C�qJ2�.R2�'S3#M:2�9*0:B>3�q
)�8F)�+:3L0:4�8�A�O-6#)�,/8'YEG8�4?)�+:3pà�á ���� .Q)a2�)�3;9*3#'�)�q�)�+:3b2�)�8�9øIg+-8.<3
'j2�9*3b,/. ²��� �¤>¢ ,/.t6;8�'-.Q)�,l)�O:)�3;AX[�DY)�+-3b�3#D�I58�4aAYà�á ��� 2�'-Ad)�+-3
6;8�O-0-B/3X8�Ep0-2�4�3;'
)�+:3;.<3;.*3;':6;B/8.<,/'-Cc)�+-3d6#8'jA�,l)�,>8�'j2�B?3@M:0�4�3;.<.<,/8'
¡���Ã ¦�UXW5+:3*[$8�A�Dw8�EJ)�+-3\à�á ��� 6;8�'-.Q)<4�O:6#)T,>.T2XC�3;'-3#4�,/6*.Q)a2K)�3#N
9*3;'
)b[:O:)b,l)7,/.7'-8�)70-2�4<)78�E5)�+-3 ²^�
 �¤>¢ 2�)�89ù,/)�.<3#B/E(Ufú52�.<3�Aw8'
)�+-3?6;8�'-6;3;0�)J8�E�2�)�8�9Xq
)�+-3?EG8B/B/8�Ig,/'-C*A�3#kj':,/)�,/8�'-.52�'jAR'-8�)a2�)�,/8':.
6�2�'X[$3L,/'
)<4�8�A:O-6#3�AVU

3. GENERAL MODEL
3.1 Sourcecodenotationë 6#6;8�4aA�,>':Cb)�87)�+:3gC�4a2�9*9R2K45êv2�'jAF)�8TA:3#k-'-,l)�,/8'r~ ��� q�27C�3;'-3@4�,>6
.<8O�4�6;3T6;8�A:3eû5üL6�2�'v[$3\A:3;.<6#4�,/[$3�Av2�.L2*B/,>.Q)p8�E1ý]üb6;8�O-0:B>3#.LA:3@N
.<6#4�,/[-,/':CP)�+-3r2K)�89*.Y2�'-A®)�+-3d+-,/3#4a2�4�6a+-,/6�2�Bt4�3;B>2K)�,>8�'-.f[$3#)�I13;3;'
2�)�8�9*.;UYW5+-3*.QD�9F[$8�B/.b.<O-9*9R2�4�,/o;3;Ac,/'w)a2�[-B/3 � 2�'jAZA�3;.<6#4�,/[$3�A
,/'d)�+-3tEG8B/B/8�Ig,/'-CY2�4�3bO:.<3�Af)�8FEH8�4�9R2�B/BlDdA:3#k-'-3p)�+:,>.J6#8'-6#3;0:)�U

þ Þ-ÿ^ÝHÐPÑ-Ò��dÔj×;Þ:×�ÌHÔ$Ø�Ú´ÔjÏYÙ;Ô$Î�Ï�ÖÐcÖÔVÕ�Ð�������
	�� ������������� ���������! "�!��#$ &%('$#� *)+ ,.- ��/0%('�#$ !)1 # ,.-�, �� - %('�#� *)2 ü �*3 -�4 �����$���! "�!��#� 5 ü76 8 + 3 -�49,.- ��/:�<; -�4  =�*3 -�4 �����$���! "�!��#� > ü '?��/A@B !�C�<; ,.- ��/D�C�<; -�4  &�!3 -�4 ���������! "�!�?#� E ü76 F 1 3 -�4 # ,.-�, �� - ;G��� -�4  &�!3 -�4 ���������H "�!�?#� 
W5+-3*.QD�9\[$8BJIFü76 F
q�EG2�4TEH4�89 C�,>=�,/'-CvA�3#)a2�,/B/.T8'Z)�+:3e)�D�0$3q�.<,/o;3
2�'-AZ=�2�B/O-3*8�EpA:2�)a2�q^,/.\O:.<3�AZ)�8d4�3#EH3#4\)�8v2X.<0$3#6;,lkj6*4�O-'P8�EJ)�+-3
.<8O�4�6;3F6#8�A:3U�Kb2K)a2Y,/.L9R2�A:3TA:3#0$3;'jA�3;'
)p[$8�)�+cEz4�89|)�+:3\.<0-2�'�N
'-,/':C\,/'jA�3#MMLe2�'-AR)�+:3p.<8�O:4�6;3L6#8�A:3L,/'jA�3#MONp.<,/'-6#3b2\.<3#)58�E^A:2�)a2
9FO:.Q)J[$3b6;8�9*0j2�)�,/[:B>3tIg,/)�+f)�+-3b.<0$3;6;,lk-6b.<8O:4�6#3b6;8�A:3U

3.2 Profiling notation��+:3;'S2r.<8O:4�6#3f6;8�A�3Xû ü ,/.\4�O:'PIg,l)�+¨A:2�)a2PI ü76 F 3�2�6a+®2�)�8�9Xq
8[:.<3#4�=�3�A®2�.e2cIg+-8�B/3r2�)*.<8�O:4�6;3fB/3;=�3;B�q5,/.*3#M�3;6#O:)�3�AS2v6;3#4<)a2�,/'
'�O-9\[$3#478�EJ)�,/9*3;.;UdW5+-3R.QD�9F[$8�B>.7.<O:9*9R2�4�,/o;3�Ac,>'w)a2�[-B/3fâX2�4�3
O-.<3;AY)�8FEH8�4�9R2�B/BlDf3#M�0:4�3;.<.g0:4�8�kjB/,/'-Ce,/'�EG8�4�9R2K)�,/8'%U

þ Þ:ÿ^ÝHÐcãVÒ��fÔj×;Þ-×;ÌHÔ$Ø�Ú(Ô-ÏfÙ;ÔjÎ�Ï�ÖÐ�QVÝHÐBR$Ð�Ý1Ü�ÏKÔ-è�ÝGÌHØ�Í���S�O�
	T� ������������UWVYX �� - �$��'�� -�4  Z'���/=@B H�C�<;
 *)� H�!� - %(��'��[ ü76 8\6 F '���/=@B H�C�<;
 *)� H�!� - %(��'��J�<; -�4  ,.- ��/ 5 üH6 8] % -�4 # ,.-^,�E ü76 F[ üH6 F '���/=@B H�C�<;
 *)� H�!� - %(��'_�<; ,<`(`S,.- ��/D�C�<; 2 ü] % -�4 # ,.-^,�E ü76 F
¯�,/':6;3\)�+:3TEHO-'-6@)�,>8�'bas~ � 4�3#)�O:4�':.L2YA�D�'j2�9*,>679*3�2�.<O:4�3q`,l)b9\O-.Q)
A:3#0$3;'jAT8'R2p.<3#)]8�EVA:2�)a2�U ë 6;6#8�4aA:,/':CL)�8p)�+-3gA�3#kj':,/)�,/8�'*2�'-AF'-8�N
)a2�)�,/8�'-.?0:4�3;=�,/8O:.<B/DY,/'
)<4�8�A:O:6;3�AVq�)�+-3tEG8B/B/8�Ig,/'-C*4�3;B>2�)�,/8':.t+:8B>AV�c ü76 8\6 Fed a�~gf ü76 8^h I ü76 F � ~ �K�

c ü76 FedjiTkl 8�m º a�~gf ü76 8^h I üH6 F � dni�kl 8Gm º c ü76 8\6 F ~´â �



W5+:3p6;8�O-'
)14�3@)�O:4�'-3;Ae[�D\)�+-3gEGO:'-6#)�,/8'Oa�~ � +-2�.1':8\3@M:0:B/,>6#,/)]4�3;B>2�N
)�,/8�'wIg,l)�+c)�+:3e2�6#)�Oj2�Bs3@M:3#6;O:)�,/8'v)�,/9*3F8�4LIg,l)�+w)�+-3\'�O-9F[$3@4p8�E
6#B>8
6a�Y6#D�6;B/3;.;U

3.3 Timing notation&('e8�4aA�3#4s)�8b2�6;6#8O-'
)sEG8�452p4�3�2�B-9*3�2�.<O:4�3g8�E$)�+:3J3#M�3;6;O�)�,>8�'F)�,/9*3q
)�+:3LEGO:'-6#)�,/8':.?2�'jAR)�+-3L.QD�9\[$8B/.J8�E^)a2�[-B/37·e2�4�3b,/'
)<4�8�A:O:6;3�A`U

þ Þ:ÿ^ÝHÐcæVÒ��fÔj×;Þ-×;ÌHÔ$Ø�Ú(Ô-ÏY×;Ì�ÛZÌGØ�Í�������
	�� �o?�����G���p V\X �� - ����'�� -�4  , � - � ,<`  *)$ !�!� - %(��' - %(/D p V\X �� - ����'�� -�4  Z�� !;� !�� !'��! " *)$ !�!� - %(��' - %(/D qp V\X �� - ����'�� -�4  Z !� - %(/ ,.-  H#M *)$ !�!� - %(��' - %(/D r ü76 F , � - � ,<`  *)$ !�!� - %(��' - %(/D s�<; 2 ü ] % -�4 # ,.-�,�E ü76 Fr ü76 F �� !;� !�� !'��! " *)$ !�!� - %(��' - %(/D 2 ü ] % -�4 # ,.-�,�E üH6 Fqr ü76 F  !� - %(/ ,.-  H#M *)$ !�!� - %(��' - %(/D s�<; 2 ü ] % -�4 # ,.-�,�E ü76 F
W5+:3d9*3�2�.<O:4�3R8�EtO-':,l)e8�E?)�,/9*3qs,/'S)�+:,/.F6;8�'�)�3@M�)�qs':3;3�A:.T)�8v[$3
,/'-A:3;0$3;'-A:3;'
)J8�E�)�+-3p80$3#4a2K)�,>':CFEH4�3;i�O:3;'-6@DR8�E�2T9*,>6@4�80:4�8
6#3;.<.<8�4
2�'jAr)�+�O-.t)�+:3F6;8�'-6;3#0:)b8�E56;B/8
6a�
x�6#D�6;B/3;.b0$3#4b,/':.Q)<4�O-6#)�,/8'¨~´_5�s& �
,/.?O-.<3�A`U

&('¨)�+:3X6;8':.Q)<4�O-6#)�,/8�'m8�Ep)�+-3X9R2K)�+-3;9R2K)�,>6;2�B5EG8�4�9 )�+-3XO:0-0$3#4Qx
6;2�.<3q�.<+-8�4<)�+j2�'jAeEG8�4�9*.]Ig,/B/B$[$3tO:.<3�A*9*8�4�3g8�Ez)�3;'%UsW5+:3;,l4J9*3�2�'�N
,/':Ce,/.t6;B>2K4�,/k-3�Ad[
DR)�+-3p)�+�4�3;3pEH8B/B/8KIg,/':Cf.<,/9*0-B/3p4�3#Bz2K)�,/8'-.;�t ü76 F=dvu ~´û ü?h I ü76 F � ~!· �t ü76 Fed u ~´û ü?h I ü76 F � ~ ���wt ü76 F=d wu ~´û ü?h I ü76 F � ~ ���
W5+:3\)�8�)a2�Bs2�6#)�O-2�B^3#M�3;6#O:)�,/8'v)�,/9*3xt ü76 F 8�E1)�+:3\.<8�O:4�6;3e6#8�A:3*û ü
Ig,l)�+RA:2�)a2DIFüH6 Fp6�2�'*[$3J3@M:0�4�3;.<.<3�A*2�.s)�+:3?.<O:9�8�E`)�+-3J3@M:3#6;O:)�,/8'
)�,/9*3L8�E�3�2�6a+r2K)�89yf üH6 8 q-6;8�O-'
)�3�Azc üH6 8g6 F )�,/9*3;.;q�)�+j2�)g,/.;�

t ü76 Fed{i�kl 8Gm º u ~gf ü76 8^h I ü76 F �}| a�~gf ü76 8^h I üH6 F � dd{i�kl 8Gm º u ~gf ü76 8^h I ü76 F �}| c ü76 8g6 F
~ ��

W5+:3r4�3#EG3#4�3#'-6;3w2�'-Am3;.Q)�,/9R2�)�3�Am)�,/9*3;.R6�2�'�[$3c2�B/.<8S3#M�0:4�3;.<.<3�A
Ig,l)�+R.<,/9*,/Bz2K414�3;B>2K)�,>8�'-.;q�[-O�)])�+:3;,l4JA�,>.<6#O-.<.<,/8'R,/.5A�3#EG3#4<4�3;A*)�8b)�+:3
':3#M�)g.<3;6#)�,/8'VU

3.4 Mathematical formulation&('�)�+-,/.F.<3;6@)�,>8�'®2vC�3;'-3@4a2�BJ9R2�)�+:3;9R2�)�,/6�2�B59*8�A:3#B])�+j2K)e6�2�'S[$3
O:.<3�AX)�8dA�3;.<6#4�,/[$3\)�+:3T)�,/9*,/'-C*8�E52R.<8�Ez)�I52�4�3q%.Q)a2�4<)�,/'-CREH4�8�9ù,l)�.
+:,/C+�x�B/3;=�3;Bs.<8O�4�6;3*A:3#.<6#4�,/0:)�,/8'w,>.b0�4�3;.<3;'
)�3�A`UFW5+:3e+
D�0$8�)�+-3#.<3;.
8�'fIg+:,>6a+f)�+:3L9*8�A:3#B$,>.J[-2�.<3�Af2�4�3b3#M�0:Bz2�,/'-3�AY2�'-Af0j2K4<)�BlDT»�O-.Q)�,lN
k-3�Af8�'d)�+-3p[j2�.<,/.?8�E^.<8�9*3b0:4�3;B/,/9*,/'j2K4<Df3@M:0$3@4�,>9*3#'�)a2�B$4�3;.<O-Bl)�.;U

ë .J,/'jA:,/6�2K)�3�Ad,/'f)�+:3L6;8�'-6;B/OjA�,/'-CF0-2�4<)?8�E�)�+-3p0�4�3;=�,/8O-.g.<3;6@)�,>8�'%q
)�+:3g3#M�3;6;O:)�,/8�'R)�,/9*3g8�E%2b.<8O�4�6;3?6;8�A:3pû5ü5Ig,/)�+*,/':0-O:)1A-2K)a2�IFü76 F
6;2�'X[$3b3#M�0�4�3;.<.<3�Ad2�.;�

t ü76 FedjiTkl 8�m º c üH6 8g6 F | u ~gf ü76 8�h I üH6 F � ~ ���

Ig+:3#4�3t)�+:3?A:3;0$3;'-A:3;':6;3?8�EV)�+-3J4�3�2�B$3@M:3#6;O:)�,/8'*)�,/9*3g8�E�2�'Y2�)�8�9
,/.b3#M�0:B>,/6;,l)�BlDv,/'jA�,>6;2�)�3�Av[
Dr)�+-3T.<3;6;8'-AZ2K4�CO-9*3#'�)p8�E])�+-37EGO-':6#N
)�,/8�' u ~ � U®W5+-,/.e3�i
Oj2K)�,/8'¨A:3#k-'-3;.FIg+-2�)*,/.e6;2�B/B/3�A ��¡#��£:�¤J�� G�*¢
)�+�4�8O:C+-8�O:)g)�+-3t4�3;.Q)?8�E�)�+:3b0j2�0$3@4�U

W�8R2Kª`8�4aAd)�+-3b6#89*0-B/3#M�,l)�DY8�E^)�+-370:4�8�[-B/3;9h,l)p,/.?O-.<3#EHO-BV)�8*6;8'�N
.<,>A:3#4g)�+:3L,>A:3�2�B�6;8�'jA:,l)�,/8':.?A:3#k-'-3�AY[�DR)�+:3;.<3b2�.<.<O:9*0:)�,/8':.;�

� )�+-3\)a2K4�C3#)T2K4�6@+:,l)�3;6#)�O:4�3\+j2�.72�'cO-'-B/,/9*,l)�3�Ar'�O-9F[$3@4t4�3;C�N
,>.Q)�3@4�.J2�'-AY2�B/B`)�+:3t=�2�4�,>2�[-B/3;.58�E%)�+:3t6;8�A�3L2K4�3L2�B/B/8
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6;6;O�4�UÁ W5+:3T2�B/C8�4�,/)�+:9I52�.?'-8�)p0-2�4<)?8�E^)�+:3T.<3@)t8�E�)�3;.Q)�[$3;'-6a+-3#.?O:.<3�A
)�8*A�3#4�,/=�3p)�+-3b6#8'-.Q)a2�'
) � U
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W5+:3vA:,/.Q)<4�,/[-O�)�,>8�'m8�EL)�+-3Y4�3;B>2�)�,/=�3r3#4<4�8�4�.;qg.<+-8�Ig'm,/'¨k-CO�4�3 � q
,/.*2�0-0�4�8KM�,/9R2�)�3#B/D�¿L2�O:.<.<,z2�'®Ig,l)�+®2�=�3#4a2�C3�óõô dö� � � � · � 2�'jA
.Q)a2�'jA:2�4aAdA�3;=�,>2�)�,/8'z÷ �ô d � � ���� U1W5+-,/.g.<O-C�C3;.Q)�.J)�+j2K)5)�+-3pB>3;2�.Q).�i
O-2�4�3F3#.Q)�,>9R2K)�8�4b,/.L6#8�4<4�3;6#)T2�'jArO-':0$8B>2�4�,/o;3;AVU ë 'v2�'j2�BlD�)�,/6�2�B
0�4�8
8�E�8�E�)�+-,/.g0:4�8�0$3#4<)�,/3;.t,/.g[$3#D
8�'jA*)�+-3b.<6;8�0$3b8�E^)�+:,>.J0-2�0$3#4�U
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7. CONCLUSIONSW5+:,/.b0j2�0$3@4b0:4�3;.<3#'�)�3;Aw2�'Z2�0-0:4�82�6a+c)�8f6@+-2�4a2�6#)�3#4�,/o;3F)�+:3\)�,/9eN
,/':C\EG3;2�)�O:4�3#.?8�E^2T0:4�8C�4a2�9©2K)J)�+-3p.<8�O:4�6;3@N(B/3;=3;B�U1W5+:3p0�4�80$8.<3;A
.Q)<4a2K)�3;C�Dm,/.f[-2�.<3�A�8�'�2ZEG8�4�9R2�Bp+:,/3#4a2�4�6a+-,/6�2�Bb2�'-2�BlD�.<,>.f8�Eb)�+:3
6#8�A:3Z.Q)<4�O:6#)�O:4�3c2�'jA�C�2K)�+-3#4�.r2�9R2K)�+-3;9R2K)�,>6;2�BL9*8�A�3;Bp8�E\)�+:3
)�,/9*,/'-C7,/.<.<O-3#.1Ig,l)�+f0�4�8�kjB/,/'-C�y�.Q)a2K)�,>.Q)�,/6�2�B%,/'�EG8�4�9R2K)�,/8'%UsW5+:3t3#':N
)�,l4�372�'j2�BlD�.<,/.?{-8�I +-2�.g[$3;3;'d,>9*0:B/3;9*3;'
)�3�AeIg,l)�+-,/'r2F0�4�8�)�8�)(D�0$3
)�8
8�B/.<3#)1)�+-2�)sI53?2�4�3g6;O�4<4�3;'
)�B/D\O-.<,/':CLEG8�41=2�B/,zA:2�)�,/'-C72�'jA\)�O:'-,/'-C
)�+:3J9*8�A:3;B�0j2K4a2�9*3#)�3@4�.;U^&�'\0j2�4<)�,/6;O:B>2�4�q�)�+:3J8[:)a2�,/'-3�AF3#.Q)�,>9R2K)�3;.
8�'c)�,/9*,/'-CRk-)�.p=�3#4<DXI13;B/B]2�6#)�Oj2�B�=2�B>O:3;.;qVEG8�4T2R[:4�82Ar4a2�':C3e8�E
[$3#'-6a+-9R2�4���.VIg,/)�+\2=¿L2�O-.<.<,>2�'eA:,/.Q)<4�,/[-O�)�,/8'T8�E-)�+:312�[-.<8�B>O�)�314�3;BlN
2K)�,/=�3b3#4<4�8�4�.;q:Ig+-8�.<3T9R2�C':,/)�O-A:3t,>.?2K4�8O-'-AX·�N ��ê U
�Z8�4��R,/.t,/'f0:4�8C�4�3;.<.g)�8:�

� 3#M�)�3;'-Ac)�+-3e2�'j2�BlD:.<,/.T.Q)<4a2�)�3;C�,/3;.F,/'P8�4aA:3#47)�8X,/'-6#B>O-A:3e3#':N
3#4�C�Dd3;.Q)�,/9R2K)�,>8�'r2�)J)�+:3L.<8O�4�6;3@x�B>3#=�3;B�q$[j2�.<3�Af8�'d)�+-3pB>8�IJN
B/3;=�3;BV0:4�8
6#3;.<.<8�4t6@+-2�4a2�6#)�3#4�,/o�2�)�,/8�'wA�3;.<6#4�,/[$3�AY,>' � · �!�

� ,/'-6;B/O-A:3^)�+-,/.%EG2�.Q)�2�'jAp{-3#M�,/[-B/3^)�,>9*,/':CJ3;.Q)�,/9R2�)�,/8'b.Q)<4a2K)�3;C�D
Ig,l)�+-,/'d)�+:3bWg°b¯-_ ë +
ItyK.QI 6;8�A�3;.<,/C'dEz4a2�9*3#I18�4��$U

8. REFERENCES�l�#�xÿ UT¾7U-ú12�9*9*,�q��«U��L4�O:, »�)�o;3#4�qj2�'-A�~sU�~�2�=�2�C�'-8:Uj¯�8�EH)(IJ2�4�3
0$3#4<EH8�4�9R2�'-6;3L3#.Q)�,>9R2K)�,/8'X.Q)<4a2K)�3;C,/3;.t,>'d2F.QD�.Q)�3;9eN´B/3;=�3;B
A�3;.<,/C'd)�8
8�B!U-&�'�� �Q��¡@¢�¢ ¦  GÃ
���T� ± �H�-¢��b��� ¦ ²1����¢��j� ± ��²]����¢
� � ¦ ¢@�� >��Ã
	d���<³��<���@� qj0-2�C�3;. � â�x �� qSKL3;6;3;9\[$3#4?â �$�$� U

� â � _tU-ú]4a2�'-A:8�B>3#.<3q-�«U-¬-8�4�'j2�6#,z2K4�,�q
~sU:��89R2�'
)�3qj¬1Uj¯:2�B/,>6#3q
2�'jAzK\Uj¯�6;,/O:)�8�U ë 9\O-Bl)�, x
B/3;=�3#BV.Q)<4a2K)�3;C�DYEG8�4p.<8�EH)(IJ2�4�3
0$8�I53@4t3#.Q)�,>9R2K)�,/8'%U:&�'�� �Q��¡a¢a¢ ¦  HÃ����\� ± �H�-¢����H���aÃ:�(÷
�:ô��t������ G£����Ã��-ô��a�(¢@���-ô�Ã-�H�:¢@�a H� q-0j2�C3;. ���� x �;� â
q
¯�3;0:)�3;9\[$3#4gâ �$��� U

� · � _tU-ú]4a2�'-A:8�B>3#.<3q-�«U-¬-8�4�'j2�6#,z2K4�,�q`¬1U$¯�2�B/,/6;3qj2�'jAOKFU-¯�6;,/O�)�8:U
ë 'f,/'-.Q)<4�O:6#)�,/8'�x
B/3;=�3;BVEGO:'-6#)�,/8'-2�B/,l)�D
x
[-2�.<3�AX3#'-3#4�C�D
3;.Q)�,/9R2K)�,>8�'d9*8�A�3;BVEH8�4t·�â�N´[-,l)�.g9*,>6@4�80:4�8
6#3;.<.<8�4�.;U$&('
� �<��¡a¢�¢ ¦  GÃ����T� ± �H�:¢���K�H���\¢@�� >��Ã��?£��´���*���� !��Ã � ��Ã ± ¢@�<¢@Ã$¡a¢ q
0-2�C3#.t· ��� x�· �
� q ÿ O:'-37â �$��� U

� ��� �JU��bB/,/'-C�3#4�9R2�'d2�'-A ë UTKFU-¯`Ujâ�3@MVUT¾?3�2�BlN!)�,/9*3L3;O-6#B>,>A`� ë
B>2�':CO-2�C3bEH8�4g4�3;B/,>2�[-B/3b4�3�2�B/N!)�,/9*3b.QD�.Q)�3;9*.;U �������
ó �Q��Ã-�@��¡#�� ���Ã-�T��Ã��j� ± ��²]����¢��JÃ
�� GÃ`¢�¢@�a GÃ�� q � â�~ �� � ����� x � â � q
µt8�=3;9F[$3#4 ����� ·�U

� �K� ¯$Uj�X2�B/,>�$q$�wU$�X2K4<)�8'-8�.<,�q`2�'-A��FU-WpUj¯`U�~%,�U$¯
)a2�)�,/6L)�,/9*,/'-C
2�'j2�BlD�.<,/.g8�E�3;9\[$3�A-A�3�AY.<8�EH)(IJ2�4�3�Uj&�'�� �Q��¡a¢a¢ ¦  HÃ����\� ± �H�-¢
�T¢@�a /��Ã��?£��´���*���� !��Ã � ��Ã ± ¢@��¢@Ãj¡a¢ q$0j2�C3;. �;��� x �K� â
q ÿ O-':3�;���� U

� ��� _tU��FU:�^2�4��$U-��4�3;A:,/6#)�,/'-CRA�3#)�3#4�9*,/'-,/.Q)�,/'-C\3#M�3;6;O:)�,/8�'d)�,/9*3L8�E
4�3�2�BlN´)�,/9*3L0�4�8C�4a2�9*.;U:&�'�� � � ó �-¢@�� G� qj¯�3�2K)<)�B>3�q ë O:CO:.Q)�;�� â
Uj�t'-,/=�3#4�.<,l)�DY8�E���+j2�.<+-,/'-C�)�8'VU

� �K� ��U:�sO:.<6@+:'-3#4t2�'jAX_tU!�b8o;2�U`_52�B/6;O-B>2�)�,/':CR)�+:3L9R2�M�,/9FO:9
3#M�3;6#O:)�,/8'Y)�,>9*3p8�E�4�3�2�BlN´)�,/9*3b0�4�8C�4a2�9*.;U1ó �:¢�"���£��aÃ$�¤�� ±
# ¢<�¤lÄ ó  H�R¢��-ô��a�(¢@�\� q � ~´â � � �;�$� x �K��� q%¯�3;0:)�3;9\[$3#4 �;��� U

� ��� �eU-¯�O:o;O-��,V2�'-A ë U$¯�2�'-C�,/8�=�2�':'-,lN%$p,/'-6#3;'
)�3;B/B>,�U-��¥e6;,/3;'
)
.<8�EH)�I52�4�370$3#4<EH8�4�9R2�':6;3b3;.Q)�,/9R2�)�,/8�'X9*3#)�+-8�A�.1EG8�4
+-2�4aA�I52�4�3KyK.<8�Ez)�IJ2K4�3\6#8�A:3;.<,/C'VUj&('�� �<��¡a¢�¢ ¦  GÃ����\� ± �H�-¢
�T¢@�a /��Ã��?£��´���*���� !��Ã � ��Ã ± ¢@��¢@Ãj¡a¢ q ÿ O-':3 ������ U

� ��� $TU'&$,/=�8K»Q'-8K=�,/672�'-A�(\U-�d3#D�4�Uj_189*0-,/B/3�Ad+
ItyK.QI
6;8�N´.<,>9\O-B>2�)�,/8�'%U:&�'�� �<��¡a¢�¢ ¦  GÃ
���T� ± �H�:¢��\¢@�� >��Ã��?£��´���e���� !��Ã
� ��Ã ± ¢@��¢@Ãj¡a¢ q ÿ O:'-3 ������ U
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