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

')(+*-,/.�021436587:9;*-021�<=9/'?>8@�34589+*8A�BC<20EDGFIH�1�02*8J
K/LNMPOIQ�RTSVU�MPW6SYX�Z\[�X]U�O_^_SVM�RC`;aPbcMPWIa�M]dILNQ�RTSVU�X]^+SVe/[�XgfcfhM�i]M

jlk;mln6oqp$k]r+s4t�u;v]s�wyx;zgk]{l|}m�r6{g~\w��]x]r
� LNMPOIQ�RTSVU�MPW6SYX�Z&��������dI[�Xgfh^_U:�_bEQ���WIbc�4M�RV�TbcSy�

vg�6���4�6u6�g�6mgk&w�v]m4��r�|;�_�]z�w��gx]r

���q�P�P�l�}�g�]�:� M�O+RVMP�TMPW6S Q
aPMPW6STR¡Qgfcbc¢PM�£�QgW}£¤Q¥£_bc��STRVbc�I^_SVMP£¤Q�fci]XgRVb¦SVe_U§Z=XgR
�Ta¡eIM�£+^IfcbcWIi�U:^_f¦SVbc¨©S¡Q��Tª/QgigMPW6SV�NbcW�Q«£+bc��STRVbh�_^_SVM�£¬���+��SVMPU®­¯b¦SVe SVe_M�Xg�+°�MPa�SVbc�4M
X�Z�U�bcWIbcU�bc¢PbcWIi�SVe_M�Xl�4M�R¡Q�fcf&QgOIO_fcbhaPQ�SVbcX]W�aPX]U�O_fcM�SVbcX]W¬SVbcU�M]±-�\Qga¡e�Q�i]MPW6S?a�X]W_¨
�Tbc��SV��XgZqU�^If¦SVbcOIfcMCS¡Q��Tª+�YSVeIQ�S¯a�Q�W$�²MNM�³+MPa�^_SVM�£«X]W$U�^If¦SVbcOIfcMNU�Q�a�e_bhW_MP��­¯eIbca¡e
aPX�RTRVMP�TO²X]WI£#SVX:RVMP�TXg^_RVaPM��P±}´�e_M?U�Qga¡eIbcWIMC�TO²MPM�£_��Q�W}£#fcbcWIª�STR¡Q�WI��Z=M�R�R¡QlSVMP��Q�RVM
e_M�SVM�RVX]igMPWIM�X]^I�P±Y��^_R�a�MPW6STR¡Qgfcbc¢PM�£GQ�fhigXgRVb¦SVeIUµeIQg��Q�WG^IO_O²M�R��²X]^_W}£
X]W¥SVeIM
Xl�4M�R¡Q�fcf¶aPXgU�OIfcM�SVbcX]W�SVbcU�MNQ�W}£#bc�Y^_�TM�£#Q���Q�U�X;£_^_fcM�bcW«SVe_MN£+bh��STRVbc�_^_SVM�£#Qgfci]X�¨
RVb¦SVeIU/±¶�q³;SVMPWI�Tbc�4M��TbhU�^IfhQ�SVbcXgWI�)�TeIX�­·O_RVXgU�bh�TbcW_i#RVMP�T^_fcSV�)X�Z�SVeIM�Q�fci]XgRVb¦SVe_U��Pd
MP�TO²M�aPbhQgfcf¦�$Z=X�R��Ta¡eIMP£_^IfcbcWIi:aPX]U�U�^IWIbca�QlSVbcX]W_¨¸bcW6SVMPWI�Tbc�4M�U:^_f¦SVbc¨©S¡Q��Tª#Q�i]MPW6SV�P±

¹ ºI»�¼²½-¾?¿�À�Á�¼-ÂV¾�»

ÃÅÄ/Æ_ÇlÈÊÉ2Ë)Ì�ÍIËlÎ¶Ï�Ð�Ñ4ÐPÏTË�Ä 0=@\9?@�0E*-,_<E1_5�>-*80hÒ81]A:Ó©Ô�9+Õ/1�Ö�(+Ô�×?Ó©(+Ô&02Õ/Ø-<21�Õ/1�*IH�02*-,:A²02@¡H�Ô�02Ù->²H�1]A
9;Ø-Ø-<20=Ú�96H�0E(_*8@gÛ�ÜC9+ÚPÝÞA²02@¡H�Ô�02Ù->²H�1]Aß9+Ø-Ø-<202Úg96H�0E(_*ÞÚg9;*¥Ù�1¬02Õ$Ø8<E1gÕ$1g*IH�1gAG9_@:9�Õ«>8<hH�0hà�H�9_@¡×
9;,+1g*IHCÖ?Ý-1gÔ�1�H�Ý-1gÔ�1:9;Ô�1�Ø�(_@�@¡02Ù-<21�Ø-Ô�1gÚ�1gA²1g*8Úl1:Úl(_*8@VH�Ô�9+0E*IHP@�9;*¶A A-96HP9�H�Ô�9+*8@¡Ó©1�ÔP@�9;Õ/(_*-,
H�Ý-1�Úl(_*8@¡H�0EH�>-1g*_HNHP9+@�×}@gÛ²áNÝ-1âÕ/(+Ù-02<E1�9+,+1�*IHN1lã²1gÚ�>²H�1]@NÙ}ä¬Õ$02,+ÔP96H�0E*8,«Ó©Ô�(+ÕåÕ¬9_ÚPÝ-0E*81�H�(
Õ/9_ÚPÝ-02*-1+5²<2(}(+×}0E*8,#Ó©(_Ô)A-96HP9/9;*8A�Ô�1]@¡(_>-ÔPÚl1g@N9_Ú�Úl(_Ô�A-0E*-,#H�(/1]9+ÚPÝæ(;Ó�0hHP@�H�9+@�×²@�Û

Ã ×+1gä�Úl(+Õ/Ø�(+*-1g*IH�(;Ó�9;*}ä�Õ/(_Ù-0E<21/9;,+1g*IH�@¡ä²@¡H�1gÕç0=@âÚl(_*_H�Ô�(_<E<202*-, Ý-(6ÖèH�Ý81$9+,+1�*IHP@
9+Ú�Ú�1g@�@�H�Ý-1NÔ�1g@�(+>-ÔPÚl1]@�Û4F}>8ÚPÝ$Ô�1]@¡(_>-Ô�Ú�1g@�Õ¬94ä�0E*8Ú�<E>¶A²1�B�é�ê¤H�02Õ$1_5+A²0=@¡×�@�Ø89_Úl1+56A-9;H�9+Ù89+@�1
9+Ú�Ú�1g@�@�5]1lHPÚ;Û69;*¶A�Õ¬94äâÙ¶1�Ø-Ô�(6ëI0=A²1]A�Ù}ä�Õ/9+*}ä:Õ¬9_ÚPÝ-0E*81g@�0E*«H�Ý-1N*-1�HVÖC(_Ô�×�Ûgì8(+Ô�1lã-9;Õ/Ø-<21+5
Úl(+*¶@¡0=A²1�ÔN02Õ/Ø-<E1gÕ/1�*IH�02*-,¬9«Õ#>-<EH�0Eà�@¡H�1gØ�02*²Ó©(+Ô�Õ¬96H�0E(_*�Ô�1lH�Ô�021�ë69;<q9+@N9#Õ«>-<EH�0Eà�H�9+@�×¬Õ/(+Ù-02<21
9;,+1g*IHgÛ&áNÝ-1¬Õ/(+Ù80E<21 9;,_1�*IH�Ö?0E<2<YH�ÔP94ë+1g<�H�(
9�Ô�1�Õ/(;H�1/A896H�9+Ù89+@�1#H�(�Ô�>-*í9æîI>-1gÔ�ä¥Ö?0hH�Ý
>8@¡1gÔ¡àT@�Ø¶1]Úl0EÒ81gA�Ò8<EH�1�ÔP@gÛ8áNÝ-1�9;,_1�*IH?Ö?0E<2<&H�Ý-1�*�@�>-Õ/Õ¬9;Ô�0Eïg1:<2(²Ú�9+<E<2ä H�Ý-1�Ô�1g<E1gë69;*IH)Ô�1]@¡>8<hHP@
0E*IH�($9�@�Õ/9+<E<�*}>-Õ«Ù�1�Ô�(;Ó�H�(+Ø-0=Ú�@C(+Ô�Ó©1g96H�>-Ô�1g@gÛIê�@¡02*-,�H�Ý-1g@�1)Ó©1]96H�>8Ô�1]@�5_H�Ý-1�Õ/(+Ù-02<E1:9;,_1�*IH
Ö?0E<2<8H�Ô�94ë_1�<²H�(«9�A²0ED�1�Ô�1�*IH�A-9;H�9+Ù89+@�1)9;*8A Ô�1g,+0=@VH�1�Ô�9�Ø�1�ÔP@�02@¡H�1g*_H�î_>81�Ô�ä+5+Ô�1lH�>-Ô�*-0E*8,�Ù89+ÚP×
H�(¬H�Ý-1�>8@�1�Ô)(_*-<2ä�96ÓÊH�1�Ô�9¬@�1lH�*I>8Õ«Ù�1�Ô)(+Ó�Ý80hHP@)Ý89_@?Ù¶1g1�*�Ô�1�,_02@¡H�1gÔ�1]AqÛ²ð�Ó�H�Ý-0=@�A-9;H�9+Ù89+@�1
02@�Ô�1�Ø8<E0=Ú�9;H�1gA&5qH�Ý-1 9+,+1g*_H�Ö�(+>8<2AßÝ894ë+1$H�(¥ÚPÝ-(}(_@�1#Ö?Ý802ÚPÝñ@�0hH�1/H�(�ë}0=@¡0EHgÛ\áNÝ81�A²1gÚ�02@�02(+*
ò ´�eIbc��­�XgRVª��IQg���²MPMPW��T^IO_O²XgRTSVM�£�bcW�OIQ�RTSâ�6��LNMPOIQ�RTSVU�MPW6S�XgZ�LNM�Z2MPWI�TM«aPXgW;STR¡Q�a�S�ó$�C�C�
ô�õ4ög÷4øgù ¨ ö4ú ¨Vû�¨ ùgü]ý]ø QgW}£ LCþC�Cÿ8þ�aPX]W6STR¡Qga�S ôqü]ùg÷]ù4ø ¨ ö]ý ¨ ø ¨ ù û ù]ú d\���C�ÅigR¡QgW6S�� ù]ùgù û õ ¨ ù û�¨
û�¨ ù]÷]ú�� d��?` ô [�þC�C���&�GQP­YQlR¡£â�����y¨ ö]÷]ø�õ4øgý]÷ d��N` ô QP­YQ�R¡£��T�T` ögö û ø û ögü d��CX]W}£_Q�aPX�RVO²XgR¡Q�¨
SVbcX]W¶d6QgW}£:SVe_M�`+fcX4Q�W�Z=X]^_W}£_Q�SVbcX]W	�4­�M�Q�RVM�igR¡QlSVM�Z=^_fIZ=X�R�SVe_bh���T^IO_O²XgRTS�± � M¯Q�RVMCQgfc�TX�igR¡Q�SVM�Z=^If
SVX�
�X]�
�CR¡Q���Q�W}£�`+^_�VQgW�ó$a��CR¡QlSVe�Z2XgR?SVeIM�bcR�M��-XgRTSV��bhW�£_M��4MPfcX]O_bhW_i«SVe_M��Ta¡eIMP£_^IfcbcWIi«M�³;¨
O²M�RVbcU�MPW6SV�q^I�TbcWIi�SVeIM�L�� þ�i]MPW6SV�q���+��SVMPU/± � M�SVe}QgW_ª�ó$bhig^IMPf ô M�RVWIQgWI£_MP¢YQ�W}£:`_QgW6SVbhQgigX?þ\°�Q
Z=X�RCSVe_MPb¦R¯bhU�O_fcMPU�MPW6S¡Q�SVbcX]W#XgZ�SVe_MN�Ta¡eIM�£+^IfcbcWIiâ���+��SVMPU XgW#SVX]O$XgZ�SVe_M?L�� þCi]M�W;SV�P±



A²1�Ø�1�*8A8@/(+*ñH�Ý-1�,+1g*-1�ÔP9;<�*-1lHVÖ�(+Ô�×ÞH�ÔP9 � ÚæÚl(+*¶A²0hH�0E(_*8@g5�9+*8AíH�Ý-1�Õ¬9+ÚPÝ-02*-1�<2(_9_A¤9+*8A
@¡Ø�1�1]Aæ9;HNH�Ý-1�@�0hH�1�(;Ó�H�Ý-1�A-9;H�9+Ù89+@�1+Û

F}0E*¶Úl1)Õ/(+Ù80E<21�9;,_1�*IH�@�Õ/(6ë+1)9;Ô�(+>8*8A$0E*¬H�Ý-1�*81lHVÖ�(+Ô�×�5+(;ÓÊH�1g*�Ú�9+Ô�Ô�ä}0E*8,:ë69+Ô�0=9;Ù-<21)@�0Eïg1
(;ÓYA-96HP9#Ö?0EH�ÝæH�Ý-1�Õ�5-H�Ý-1�Ø�1�Ô�Ó©(+Ô�Õ/9+*8Úl1â(+Ó�9+*æ9+,+1�*IH)Ú�9+*�Ù¶1�9;D�1]Ú�H�1]Aæ<29+Ô�,_1�<2ä¬ÙIä�A-96HP9
H�ÔP9;*8@¡Ó©1�Ô¬A²1g<294ä²@g5�1]@¡Ø�1gÚ�029+<E<2äñ02*�Ý81lH�1gÔ�(_,+1g*-1�(_>8@«*81lHVÖ�(+Ô�×}@$Ö?0EH�Ý A²02ë+1�ÔP@�0hÒ81]Añ*-1�HVÖC(_Ô�×
<E02*-×²@�Û�áNÝ}>8@�5\Ó©(+Ô«@�ÚPÝ-1]A²>-<20E*-,ß9�Õ«>-<EH�0EàyHP9+@�×Þ9+,+1g*_H]5qH�Ý81�Ô�1 02@#9æH�ÔP9+A²1g(;D Ù¶1�HVÖC1g1�*GH�Ý81
9;Õ/(+>-*IH (+Óâ>-H�02<E02ï�1]AÅØ89;ÔP9;<2<21�<202@�Õ 02* H�Ý-1ß9;,+1g*IH�9;*8A H�Ý-1¥9;Õ/(_>-*IH�(;Ó�A-9;H�9ÞH�ÔP9;*¶@VÓ©1gÔ
(6ë+1�Ô�Ý-1]9+A 02*8Ú�>-Ô�Ô�1gA&Û

ðT*�H�Ý-0=@�Ø89;Ø�1�Ô]58Ö�1«@¡H�>8A²äæH�Ý-1#Ø8Ô�(_Ù-<E1gÕ (+Ó�@�ÚPÝ81gA²>-<202*-, Õ«>8<hH�0hà�H�9_@¡×�9;,_1�*IH�@�0E*
Ý81lH¡à
1�Ô�(+,+1g*-1�(_>8@¬*-1�HVÖC(_Ô�×²@¬Ö?0EH�Ý·H�Ý-1Þ(+Ù��V1gÚ�H�0Eë_1
(;Ó�(_Ø²H�02Õ/0Eïg0E*8,ñH�Ý81ß(6ë_1�ÔP9;<2<�9;Ø-Ø8<E0=Ú�9;H�02(+*
Úl(+Õ/Ø-<21lH�0E(_*GH�02Õ/1+Û��
9;*}äÞ9+@�@¡>-Õ/Ø²H�0E(_*8@�>¶@¡1]Aí0E*ñH�ÔP9+A²0EH�02(+*89+<�@�ÚPÝ-1gA²>8<E02*-,¥9+<E,_(+Ô�0hH�Ý-Õ¬@
Ù¶1]Úl(+Õ/1¬>-*8Ô�1]9;<202@¡H�0=Ú/0E*ÞH�Ý-02@«Ú�9+@�1+Û\ðT*Þ,_1�*-1gÔ�9+<y5&@�ÚPÝ-1]A²>-<20E*-,�9+<E,_(+Ô�0hH�Ý-Õ¬@:Ó©(+Ô�9�Õ/(+Ù-02<21
9;,+1g*IH?@�ä²@VH�1�Õ Õ«>8@¡H)ÖC(_Ô�×¬02*�9/Ý-1lH�1�Ô�(+,_1�*-1g(+>8@�1�*}ë}02Ô�(_*-Õ/1�*IH?Ö?Ý-1�Ô�1����
	CH�Ý-1�*}>-Õ«Ù�1�Ô
(;ÓYÕ¬9+ÚPÝ-02*-1g@)02@�<E02Õ/0hH�1gA��
����	?Ø-Ô�1]Úl1]A²1�*8Ú�1«Úl(_*8@¡H�ÔP9;02*_HP@?9;Ô�1�,+1g*-1�ÔP9;<�������	?A-9;H�9$H�ÔP9;*¶@VÓ©1gÔ
A²1�<=94ä²@�9+Ô�1N,_1�*-1gÔ�9+<��49;*8A�����	\H�9_@¡×«A->-Ø-<202Úg96H�02(+*/9;Ô�1�*-(;H¯9;<2<2(6ÖC1]AqÛ6áNÝ-02@¯Ø-Ô�(_Ù-<21�Õ 0=@���éYà
BC(+Õ/Ø-<21lH�1_Û�ðT*
H�Ý802@:Ø89+Ø¶1gÔg5�1g9_ÚPÝ¥9;,_1�*IH:Ú�(+*8@�02@¡H�@�(;ÓCÕ«>-<EH�02Ø-<21«HP9+@�×}@�Ö?0EH�ÝÞØ-Ô�1]Úl1]A²1�*8Ú�1
Úl(+*¶@VH�Ô�9+0E*IH�@g5²Ý-1g*8Úl1�Úg9;*æÙ¶1�*¶96H�>8Ô�9+<E<2ä Õ/(²A²1�<21gA�9+@�9$7 Ã�� �y7�02Ô�1gÚ�H Ã Úlä²Úl<20=Ú � Ô�9+Ø-Ý�	�Û
�C(+H�Ý«Ú�1�*IH�ÔP9;<202ï�1gA«9;*8A�A-02@¡H�Ô�0EÙ8>²H�1]A«@�ÚPÝ-1gA²>8<E02*-,�9+<E,_(+Ô�0hH�Ý-Õ¬@\9+Ô�1¯Ø8Ô�1]@¡1g*_H�1gAqÛ]ðT*�H�Ý-1CÚ�1�*²à
H�ÔP9;<20Eïg1gAæÚ�9+@�1+5}Ö�1�Ø8Ô�1]@¡1g*_HNH�Ý-1�ì
�·9;*8Aæé�ì�� 9+<E,_(+Ô�0hH�Ý-Õ¬@�Ö?Ý-0=ÚPÝæ0E*�9$@¡02Õ/Ø-<E0EÒ81]AæÚg9+@�1
Ý894ë+1¬9�Ø-Ô�(6ë69;Ù-<21/Ø¶1gÔ¡Ó©(_Ô�Õ¬9;*¶Úl1/>-Ø-Ø�1�Ô#Ù¶(_>-*8AqÛ&ðT*GH�Ý-1 A²0=@VH�Ô�02Ù->²H�1gAíÚg9+@�1+5qÕ«>8<hH�0hà�H�9_@¡×
9;,+1g*IH�@�9;Ô�Ô�02ë+1¯(6ë_1�Ô\H�02Õ$1_Û Ã A²02@¡H�Ô�02Ù->²H�1]A«@�ÚPÝ-1gA->-<E02*-,�Ó©Ô�9+Õ/1�Ö�(+Ô�×�0=@�Ø-Ô�(_Ø¶(I@¡1]A�02*«Ö?Ý-0=ÚPÝ
1g9+ÚPÝ�Õ#>-<EH�0EàyHP9+@�×�9;,_1�*IH�0=@�9_@�@�0E,_*-1gAæ0EH�@�(6Ö?*�@�ÚPÝ-1]A²>-<21�Ô�Ö?Ý-02ÚPÝ�>¶@¡1]@?H�Ý81#é�ì�� Ô�1]@¡>8<hHP@
9+@$9¥Õ/(²A²>-<21+ÛYÜYã}H�1�*8@�0Eë_1�@�0EÕ#>-<=96H�02(+*¶@#@�Ý-(6Ö Ø-Ô�(+Õ/0=@¡02*-,¥Ô�1g@�>-<EH�@#(;Ó)H�Ý-1�9;<2,+(+Ô�0EH�Ý-Õ¬@g5
1g@�Ø¶1]Úl0=9;<2<Eä¬Ó©(_Ô)@�ÚPÝ81gA²>-<202*-,¬Úl(+Õ/Õ#>-*-0=Ú�96H�0E(_*²à�0E*IH�1g*8@�0Eë_1�Õ#>-<hH�0hà�H�9_@¡×�9;,+1g*IH�@gÛ

� �ß½-¾! #"%$�& ' ¾?¿�$("

)ß1�Ô�1�Ø8Ô�1]@¡1g*_H?1]9+ÚPÝ�9;,_1�*IH�9+@?9¬A²0=@¡H�Ô�0EÙ->-H�1gA�9+Ø-Ø-<202Úg96H�0E(_*æÖ?0EH�Ý
9¬@�1lH�(;Ó�H�9+@�×²@)9;Õ/(_*-,
Ö?Ý-02ÚPÝ«H�Ý-1gÔ�1?9+Ô�1CØ¶(I@�@�0EÙ8<E1�Ø-Ô�1gÚl1]A²1�*¶Úl1NÚl(+*¶@VH�Ô�9+0E*IH�@�9;*¶A«A-9;H�9�H�ÔP9;*8@¡Ó©1�ÔP@�Û4áNÝ-0=@�@¡>-,_,+1]@VHP@
>8@¡02*-,«9«7 Ã�� 9+@�Ô�1gØ-Ô�1]@¡1g*IH�96H�0E(_*&Û Ã * 0E*¶@VHP9;*8Ú�1)(;Ó�H�Ý81�9;,_1�*IH#�¸(+Ô]5+Õ/(+Ô�1),+1g*-1�ÔP9;<2<2ä�H�Ý81
A²02@¡H�Ô�02Ù->²H�1]A 9;Ø-Ø-<20=Ú�96H�0E(_*�	$0=@¬@¡Ø�1gÚ�0hÒ81]A 9+@¬9í7 Ã��+*-, ��.0/213	l5¯Ö?Ý-1gÔ�1æH�Ý81
@¡1�H (;Ó
*-(²A²1g@#. ,5476 3 / 6 J /989878:/ 6�;�< A²1g*-(;H�1g@NH�Ý-1«@�1lH�(+Ó�H�9+@�×²@NH�(¬Ù�1�1�ã}1]Úl>²H�1gA�9+*8AæH�Ý-1#@¡1�H(;Ó�Ö�1�02,+ÝIH�1]Aq5�A²0EÔ�1gÚlH�1]A
1gA-,+1g@=1 Ô�1�Ø-Ô�1g@�1�*IH�@�Ù¶(+H�ÝÞØ-Ô�1gÚl1]A²1�*¶Úl1#Ú�(+*8@¡H�ÔP9;02*IH�@:9;*8A¥A-96HP9
H�ÔP9;*8@¡Ó©1�ÔP@¯9;Õ/(_*-,âH�9_@¡×²@¯02*0.¬Û}áNÝ-1)1�ã}0=@¡H�1�*¶Úl1)(+Óq9+*¬1gA²,_1>� 6�? / 6�@ 	BAC1·0EÕ/Ø-<2021g@ 6D@ Ú�9+*
*-(;H�@VHP9;Ô�H�1�ã}1]Úl>²H�0E(_*
>-*IH�02< 6�? Ò8*802@�Ý-1g@â9+*8A¥@�1�*8A8@�0EH�@:Ô�1g@�>-<hH:H�( 6�@ Û¶ðT*¥H�Ý-0=@âÚ�9+@�1+5�Ö�1
>8@¡1FE�� 6�? / 6D@ 	?H�(�A-1�*-(+H�1�H�Ý-1$ë+(+<2>-Õ/1�(+Ó�A-96HP9 6�? @�1�*8A8@?H�( 6�@ ÛHG\1lH:é�Ô�1]A:� 6�? 	)A²1g*-(;H�1
H�Ý-1�@�1lH)(+Ó�9;<2<�H�Ý81�0EÕ/Õ/1gA²0=96H�1�Ø-Ô�1gA²1]Úl1g@�@�(+ÔP@C(+Ó\HP9+@�× 6 ? Û

G&1lHCI ,J4LK 3 / K J /789878:/ KNMO< Ù�1
H�Ý81¥@¡1�H�(+ÓâÕ¬9_ÚPÝ-0E*81g@ 9_ÚlÔ�(_@�@/H�Ý-1¥*-1lHVÖ�(+Ô�×�Û)ß1æ9+@�@¡>-Õ/1¬1]9+ÚPÝíØ89+0EÔ�(+Ó)Õ¬9+ÚPÝ-02*-1g@«9;Ô�1�Úl(_*-*-1gÚlH�1]AÞH�(
1]9+ÚPÝG(;H�Ý-1�Ô$9;*8AQPR� KNS / KUT 	
Ô�1gØ-Ô�1]@¡1g*IH�@âH�Ý-1�A-9;H�9�H�Ô�9+*8@¡Ó©1�Ô�ÔP96H�1 Ù¶1�HVÖC1g1�*íÕ¬9+ÚPÝ80E*-1 KQS 9;*8A KVT Û�F}02*8Ú�1 H�Ý81�Ô�1 02@
*-(¥Úl(_Õ/Õ«>-*-0=Ú�9;H�02(+*ñA²1g<294äßÓ©(+Ô«H�ÔP9;*8@¡Ó©1�Ô�Ô�0E*-,
A896H�9
Ù¶1�HVÖC1g1�*íHVÖ�(�H�9_@¡×²@�(_*íH�Ý81�@�9;Õ/1
Õ/9_ÚPÝ-02*-1+5¶ÖC1�A²1�Ò8*-1WPX� K T / K T 	�H�( Ù¶1«0E*²Ò¶*-0hHVä_Û�áNÝ81�Ø-Ô�(}Ú�1g@�@¡02*-,/H�0EÕ/1�(+Ó�HP9+@�× 6�? (_*
Õ/9_ÚPÝ-02*-1 K T 0=@�A²1�*-(+H�1]A¬Ù}ä3Y
� 6�? / K T 	l5_Ö?Ý-0=ÚPÝ�Ú�(+>-<=A¬Ù�1:@�1lHCH�(«02*²Ò8*80hHVä/0EÓ 6�? Ú�9+* *-(+H
Ù¶1�1�ã}1]Úl>²H�1gAæ(+* K T Û



áNÝ-1#(_ÙR�V1gÚlH�02ë+1$(;ÓCH�Ý-1¬@�ÚPÝ-1gA²>8<E02*-,æØ-Ô�(_Ù-<21�Õµ0=@�H�(æÒ8*8AÞ9;*ß9_@�@�02,+*-Õ/1�*IHâÕ¬9;Ø K �
476 3 /987898:/ 6�;D<�� 4 K 3 /789898�/ K M < 9;*¶A
9�@�1lH:(;ÓC@¡H�9+Ô¡H�0E*-, H�02Õ$1]@���� � 6 ? 	 /�� , � /987898�/
	Y5
Ö?Ý-1�Ô�1#1]9+ÚPÝ�HP9+@�× 6 ? 0=@:@�ÚPÝ-1]A²>-<21gA�H�(�Ù�1$Ø-Ô�(²Ú�1g@�@¡1]A�(+*ßÕ/9_ÚPÝ-02*-1 K � 6�? 	�@VHP9;Ô�H�02*-,�9;H
H�02Õ$1���� � 6 ? 	l5¶@�>8ÚPÝ�H�Ý89;H)H�Ý81�Ø-Ô�1gÚl1]A²1�*¶Úl1�Úl(_*8@¡H�ÔP9;02*_HP@)9;Ô�1�@�96H�0=@¡Ò81gA�9;*¶AæH�Ý-1«@�ÚPÝ-1]A²>-<21
<E1g*-,;H�Ý�
 M���� 02@/Õ/02*-0EÕ/02ï�1]AqÛ��)1gÔ�1�
 M���� 0=@$H�Ý81æ(6ë_1�ÔP9;<2<CA²>8Ô�9;H�02(+*¤(+Ó)H�Ý81�@�ÚPÝ-1]A²>-<21
A²1lÒ8*81gA�9+@


 M������ Õ/9;ã
3�� ? � ;��

� � 6�? 	 , Õ¬96ã
3�� ? � ;

����� � 6�? 	 � Y(� 6�? / K � 6�? 	%	 	 /

Ö?Ý-1�Ô�1 � � � 6�? 	�0=@NH�Ý81âÒ8*-0=@¡Ý�H�02Õ/1�(;Ó 6 ? Û�
9;*}ä/9;Ø-Ø-Ô�(4ã²0EÕ¬9;H�02(+*/9;<2,+(+Ô�0EH�Ý-Õ¬@�9+*8A/Ý-1g>-Ô�0=@¡H�0=Ú�@¯Ý¶94ë+1)Ù�1�1g* Ø-Ô�(+Ø�(_@�1gA$Ó©(+Ô�7 Ã��
@�ÚPÝ-1]A²>-<20E*8,8Û �¥9;*}ä#(+ÓqH�Ý-1gÕ 9+@�@¡>-Õ/1?H�Ý-1�A896H�9�H�ÔP9;*8@¡Ó©1�ÔCA²1�<=94ä#0=@C*-1�,_<E02,+02Ù-<21�Úl(_Õ$Ø¶9;Ô�1gA
Ö?0hH�Ý�H�Ý-1:H�9+@�×¬1lã²1]Úl>²H�0E(_* H�02Õ/1+Û8ì8(+Ô�H�Ý8(_@�1:Ú�(+*8@�02A-1�Ô�0E*-,$A-96HP9�H�Ô�9+*8@¡Ó©1�Ô?A²1�<=94ä+5}Õ/(_@¡HN(;Ó
H�Ý-1 Ô�1g@�>-<EH�@�9+Ô�1¬Ø8>-Ô�1g<Eäß1�Õ/Ø-02Ô�0=Ú�9+<"! ��#-59�+5 �%$�5\(+Ô�Ý894ë_1/ë49+Ô�02(+>¶@�9+@�@¡>-Õ/Ø²H�0E(_*8@âH�Ý896H#A-(
*-(;HYÝ-(_<2A�Ó©(+ÔYÔ�1g9;<20=@VH�02ÚC9;Ø-Ø-<20=Ú�96H�0E(_*8@g54@�>8ÚPÝ/9+@�9;<2<2(6Ö?0E*-,�H�9_@¡×�A²>8Ø-<E0=Ú�9;H�02(+*#H�(�94ë+(_02A�<E(_*-,
A-96HP9�H�ÔP9;*¶@VÓ©1gÔCA²1g<294ä²@�9+*8A 9_@�@�>-Õ/0E*8,«>-*-<202Õ$0EH�1]A *}>-Õ#Ù¶1gÔC(+Ó&Õ/9_ÚPÝ-02*-1g@�! &%$�5IÔ�1g@¡H�Ô�02ÚlH�02*-,
H�Ý-1¬@¡H�Ô�>8Ú�H�>-Ô�1$(;Ó�H�9+@�×�,+ÔP9;Ø8Ý'! ()$�5&9_@�@�>-Õ/02*-,�,_<E(_Ù89;<2<Eä�@�Õ¬9;<2<�A896H�9�H�ÔP9;*¶@VÓ©1gÔâA-1�<=94ä*! +,$
(+Ô?<2(}Úg9;<2<Eä�@¡Õ¬9;<2<&A-9;H�9#H�ÔP9;*8@¡Ó©1�Ô)A-1�<=94ä-! �,$�Û

. / $�»�¼²½10�"�Â32�$\¿54NÁ76�$\¿�À "¡Â�»98;:P¾¯½<0 ' À "V¼-Â>=)?�0A@CBED�8!$\»C¼
ðT*¤H�Ý-02@¬@�1gÚlH�02(+*&5YÖ�1æØ-Ô�(_Ø¶(I@¡1�HVÖ�(Þ@�ÚPÝ-1gA->-<E02*-,G9;<2,+(_Ô�0EH�Ý-Õ¬@#Ó©(+Ô¬9ßÕ«>-<EH�0Eà�H�9+@�×¤9+,+1�*IH �
H�Ý-1GF Æ,H�I�Ì,HKJ,L¡ÇPÌNM�O,I�Ì%H�J �¸ì�� 	CA²ä}*89;Õ/0=Ú?Ø-Ô�0E(_Ô�0EHVä$9+<E,_(+Ô�0hH�Ý-Õ 9+*8A/H�Ý-1�P Ì,H�Ï�È¸Ì6É F Æ,H�I�Ì%H�J à
Ç�ÌQMKO%I�Ì,HKJ �¸éCì
� 	NA²ä}*89+Õ/02ÚâØ-Ô�02(+Ô�0hHVä 9+<E,_(+Ô�0hH�Ý-Õ�ÛX��(+H�Ý�ì��·9;*¶A�éCì
�·9;Ô�1:Ù¶9+@�1gA�(+*�9
Ù89+@�02Úâ,_Ô�1g1gA²äæ9;<2,+(_Ô�0EH�Ý-Õ 0E<2<E>¶@VH�Ô�9;H�1gAæ02*¥F}1gÚlH�02(+* �8Û �_5²H�Ý-(_>-,+ÝæH�Ý-1�ä�Ú�9+*æÙ�1«Ú�(+Õ«Ù80E*-1]A
Ö?0hH�ÝæÕ¬9+*Iä�(;H�Ý81�Ô)@�ÚPÝ-1gA²>8<E02*-,¬9;<2,+(_Ô�0EH�Ý-Õ¬@CH�(¬1g*-Ý89+*8Úl1:H�Ý81�02Ô)Ø¶1gÔ¡Ó©(_Ô�Õ¬9+*8Úl1]@�9_@NÖC1g<E<�Û

R SUT V�W1XZY\[]X�[)^`_Ca`b`c\Y\d`e
ðT*�H�Ý81CÙ89_@¡0=Ú�9+<E,_(+Ô�0hH�Ý-Õ�5]9+*#9+,+1�*IH�Ú�(+*8@�0=@VH�0E*-,�(;Óf	 H�9+@�×²@\02*W.·02@�@�ÚPÝ-1gA->-<E1]A�02*�	�@¡H�1gØ8@�5
(+*-1#H�9_@¡×
9;H�9�H�02Õ/1+ÛqðT*IH�>80hH�0Eë_1�<2ä+5�0hÓN(+*81«HP9+@�×
Ú�9;*Þ@VHP9;Ô�H:1�ã²1gÚl>-H�02*-,�(_*¥(_*-1#Õ¬9_ÚPÝ-0E*81
96H?H�Ý81�1g9+Ô�<20E1]@VHNH�0EÕ/1�9;*¶A�Ö?0EH�Ý�H�Ý-1âÓ¸9+@¡H�1]@VH�@�Ø�1�1gA&58Ö�1�@�ÚPÝ-1]A²>-<21:H�Ý-0=@)Ø89+Ô¡H�02Ú�>-<=9;ÔNH�9_@¡×
(+*/H�Ý802@CØ89;Ô�H�0=Úl>8<29+Ô¯Õ¬9+ÚPÝ-02*-1+ÛC�)(6Ö�1�ë_1�Ô]5;0hH�02@�Ø¶(I@�@�02Ù-<E1�H�Ý89;H�Ù}ä/Ö�9+0hH�0E*-,�9«Ù-0EH�H�Ý81)H�9_@¡×
Ú�9;*¬Ù�1:1lã²1gÚ�>²H�1]A¬(+* 9âÓ¸9_@VH�1�Ô�Õ¬9+ÚPÝ-02*-1+ÛIáNÝ-1�Ô�1lÓ©(_Ô�1_5+Ö�1�@�1�<21gÚ�HCH�Ý-1�Ù¶1]@VHCH�9_@¡×Ià�Õ/9_ÚPÝ-02*-1
Ø89;02Ô�9;H�1]9+ÚPÝ�@�ÚPÝ-1]A²>-<20E*-,/@¡H�1�Ø�Ù}ä$Ö�1�02,+Ý80E*-,«HVÖC(#Ø89;ÔP9;Õ/1�H�1�ÔP@ � H�Ý-1�H�0EÕ/1â9;*8A�@¡Ø�1�1]A�9;H
Ö?Ý-02ÚPÝæ(+*81�HP9+@�× Ú�9;*�Ù¶1â1�ã}1]Úl>²H�1gAqÛ-ì�02,8Û �:Ø-Ô�1]@¡1g*IH�@�(+>-ÔNÙ89_@¡0=Ú:@�ÚPÝ-1]A²>-<20E*8,$9+<E,_(+Ô�0hH�Ý-Õ�Û
áNÝ-02@�9;<2,+(+Ô�0EH�Ý-Õ 0=@?02*8@¡Ø80EÔ�1gA�Ù}ä¬H�Ý-1�73G�Fæ9+<E,_(+Ô�0hH�Ý-ÕåØ-Ô�1g@�1�*IH�1]A�02*g! �Z#,$�Û

G&1lHih S Ù�1�H�Ý-1�@�ä}@¡H�1gÕ @VHP96H�1�96H¬@�ÚPÝ-1gA²>8<E02*-,G@VH�1�Ø<j¡5�Ö?Ý802ÚPÝ�Ô�1�k81gÚlH�@#H�Ý-1æØ89+Ô¡H�029+<
@�ÚPÝ-1]A²>-<21�0E*-Ó©(+Ô�Õ/9;H�02(+*æ>-ØæH�( @¡H�1gØ-jVÛfh S Úl(_*8@�02@¡H�@N(+Ó�H�Ý-1�@¡>8Ù8@¡1�H)(;Ó 6 (;ÓY9;<2<�H�Ý-1�HP9+@�×²@
Ö?Ý-02ÚPÝßÝ894ë+1«Ù¶1/@�ÚPÝ81gA²>-<21gA
Ù¶1�Ó©(+Ô�1$@¡H�1gØljYH�(+,_1lH�Ý81�Ô�Ö?0EH�ÝßH�Ý81#Õ¬9+ÚPÝ80E*-1]@)H�Ý-1�ä�9+Ô�1$9+@¡à
@¡02,+*-1]A#H�(�9;*¶A«H�Ý-1�@�ÚPÝ-1gA->-<E1]A/@VHP9;Ô�H�02*-,âH�02Õ/1g@gÛ Ã H�@�ÚPÝ-1gA²>8<E02*-,�@¡H�1�Øij¡56H�9_@¡× 6 ? 02@¯Úg9;<2<E1]A
H�ËPÌNJ6Ñ 0hÓC0hH:02@:*-(+H:@�ÚPÝ-1gA²>8<E1]A
ä+1�H:9+*8A
9;<2<�(;Ó¯0EH�@:Ø-Ô�1gA²1]Úl1]@�@�(+ÔP@?Ý894ë_1�Ù¶1g1�*Þ@�ÚPÝ-1]A²>-<21gAqÛ
G&1lH?H�Ý-1�@�1lH?(;ÓY9;<2<qÔ�1]9+A²ä H�9+@�×²@NÙ¶1nm$Û

Ã H�1]9+ÚPÝ�@�ÚPÝ-1gA->-<E02*-,/@VH�1�Ø]jV5}ÖC1âA²1�Ò8*-1�H�Ý-1 J+Ì;Ï�Ì�Ì,o6Ì6ÈÊÉEÌ_ÇlÉEË#Ï�ÈÊÄ/Ë�prq � 6�? / K T 	�(;Ó�9
Ô�1]9+A²ä/HP9+@�× 6 ? Asm (_*�Õ¬9+ÚPÝ-02*-1 K T 9_@CH�Ý-1â1g9+Ô�<2021g@¡HCH�0EÕ/1âÖ?Ý-1�*æ9;<2<�H�Ý-1�A-9;H�9$@¡1g*IHCH�(



H�9+@�× 6�? Ó©Ô�(+Õå0EH�@?Ø8Ô�1]A²1gÚ�1g@�@¡(_Ô�@C02@�94ë49+0E<=9;Ù8<E1â96H)Õ¬9+ÚPÝ80E*-1 K T �

piq � 6 ? / K T 	 � Õ/9;ã���������
	���
������ � � � � 6�@ 	 � EH� 6�@ / 6�? 	
PX� K � 6 @ 	 / KUT 	�� / 6�? A]mF/:�����������

ðT*·(;H�Ý-1�Ô�ÖC(_Ô�A8@�5 piq � 6 ? / K T 	¬Ô�1�k81]Ú�HP@�Ý-(6Ö"@�(}(+*·9+<E<�H�Ý81ßA-9;H�9ñØ¶9+@�@¡1]A Ó©Ô�(_Õ 6 ? � @
Ø-Ô�1]A²1gÚ�1g@�@¡(_Ô�@�Ú�9+*#9+Ô�Ô�0Eë_1C9;H�Õ¬9_ÚPÝ-0E*81 K T Û;áNÝ-1 Ä/ÌQM"!²ÈÊÎ�Ë:Ì,o6Ì6ÈÊÉEÌ_ÇlÉEË�ÏyÈÊÄ¬Ë�K q � K T /Kh S 	
Ó©(+ÔN1g9_ÚPÝ�Õ¬9+ÚPÝ80E*-1 KUT 02@�H�Ý-1:H�02Õ/1:Ö?Ý81�*�9;<2<�H�Ý-1âHP9+@�×}@N9_@�@�0E,_*-1gA H�( KUT @¡(#Ó¸9;ÔNÒ8*802@�Ý
Ø-Ô�(²Ú�1g@�@¡02*-,8Û K q � KUT /�h S 	�0=@?A²1lÒ8*81gA�H�(¬Ù�1n#$0hÓ�*-(/H�9_@¡×�Ý89+@NÙ�1�1g*�9_@�@�02,+*-1]A¬H�( KVT Û

# c\e%$'&)Y)(�^+* T-,3V�W1XZY\[ # cUe'$'&,Y
(�^+*�.
�+ÛNðT*-0EH�0=9;<20Eï]96H�02(+* � G&1�H¯H�Ý81�@�1lH�(+Ó�Ô�1g9_A²ä�HP9+@�×²@�m·Ù�1?H�Ý-1�@�1lH�(+Óq1�*IH�Ô�ä�HP9+@�×}@�0E*0. 5 È)/ÊË�/
H�Ý-(I@¡1:HP9+@�×}@NÖ?0EH�Ý�*-(¬Ø8Ô�1]A²1gÚ�1g@�@¡(_Ô�@7�

�²Û Ã H)1g9_ÚPÝæ@�ÚPÝ-1gA->-<E02*-,¬@¡H�1�Ø�j¡5-A²( �0 ì-(_Ô&1g9_ÚPÝâØ89;02Ô&(;Ó²Õ¬9+ÚPÝ80E*-1 KVT 9+*8A:Ô�1]9+A²ä�H�9_@¡× 6 ? 5�Ö?Ý-1gÔ�1 6 ? A�m$5 �1�2�3�2�ß5
Úl(_Õ/Ø->²H�1�0EH�@�A²ä}*89;Õ/0=Ú�Ø8Ô�02(+Ô�0hHVä p�4 � 6 ? / KUT /Kh S 	 ,

Õ¬96ã 4Zpiq � 6 ? / KUT 	 / K q � KUT /Kh S 	 < �6587 Y(� 6 ? / KUT 	
Õ¬9;ã 3�� @ � M 4 Y(� 6�? / K @ 	 <

���L	

0 ì�0E*¶A H�Ý-1¥HP9+@�×Ià�Õ¬9+ÚPÝ80E*-1ßØ89;02ÔN� 6 ?:9 / KUT 9 	�@¡>8ÚPÝ·H�Ý89;H p�4 � 6 ?;9 / KUT 9 /Kh S 	 ,
Õ/0E* � � �=<+> 3�� T � Mlp?4 � 6 ? / K @ /�h S 	0 @�ÚPÝ-1gA²>8<E1«H�9+@�× 6 ?:9 (+*
Õ¬9_ÚPÝ-0E*81 KUT 9 96ÓÊH�1�Ô�H�Ý-1#<29_@VHâ@�ÚPÝ81gA²>-<21gA�H�9+@�×æ(+*�H�Ý-02@
Õ¬9+ÚPÝ-02*-1_Û0 G&1�H"j , jf� �+Û-ê�Ø�A-9;H�1nm 9;*8Ash S Û0 á�1�Ô�Õ$02*89;H�1�0EÓ m ,A@ Û

BDC�E ��F}� 
�Q��Tbca�Q�fci]XgRVb¦SVe_U
áNÝ-1CÕ¬9;ã�H�1�Ô�Õ 02*#1]î_>¶96H�02(+* ���L	 �¸@�1�1Nì�02,8ÛR�L	&Ô�1�Ø8Ô�1]@¡1g*_HP@&H�Ý-1N1g9+Ô�<20E1]@VH�H�02Õ/1CHP9+@�× 6 ?

Ú�9;*�Ù�1�,_0E*�1lã²1]Úl>²H�0E(_*æ(_*�Õ/9_ÚPÝ-02*-1 KUT 0hÓ 6 ? 0=@)@�ÚPÝ81gA²>-<21gAæ(_* KUT Û8áNÝ-1�@�1gÚl(_*8A�H�1gÔ�Õ
Ô�1�k81gÚlH�@âÝ-(6Ö Ó¸9_@VH�HP9+@�× 6 ? Ú�9;*ÞÙ�1$1�ã²1gÚl>-H�1gAÞ(_*ßÕ¬9+ÚPÝ80E*-1 KUT Û\F²0E*8Ú�1/H�Ý-1/1�ã}1]Úl>²H�0E(_*
H�02Õ$1�Ó©(+ÔC(+*-1�Ò-ã²1gA/HP9+@�×¬Úl(+>8<2A¬Ù�1:ë+1�Ô�ä/A²0hD�1�Ô�1�*IH�(+*�A²0ED�1�Ô�1�*IHCÕ¬9+ÚPÝ80E*-1]@�5IÖ�1�>8@�1)H�Ý-02@
H�1�Ô�ÕåH�(/Ô�1gØ-Ô�1]@¡1g*IH�H�Ý-1�Ô�1�<=96H�02ë+1â1 � Ú�0E1g*8Úlä�(;ÓYA²0hD�1�Ô�1�*IH)Õ¬9+ÚPÝ80E*-1�àyHP9+@�× Úl(_Õ«Ù-02*896H�0E(_*8@gÛ
áNÝ-1�ÖC1g0E,_ÝIH?Úâ0=@?>8@�1gA�H�(¬Ù¶(}(_@¡H?H�Ý81�ÖC1g0E,_Ý_H?(+Ó�H�Ý-1«@�1gÚl(_*8A�0hH�1�Õç0E*�(+ÔPA²1gÔCH�( 9+ÚPÝ-021�ë_1
9¤,_(I(²A Úl(+Õ/Ø-Ô�(+Õ/0=@¡1ßÙ¶1�HVÖC1g1�*·H�Ý-1]@¡1ßHVÖC( ÚlÔ�0EH�1�Ô�0=9-ÛNáNÝ-1íÚPÝ-(+0=Úl1ß(;Ó#ÚÞ0=@æÚ�>-Ô�Ô�1g*_H�<Eä
1lã²Ø¶1gÔ�02Õ/1�*IH�9+<�9;*¶A�A²1]@¡1gÔ�ë_1g@$Ó©>-Ô�H�Ý81�Ô�@¡H�>8A-ä+Û¯ðT* H�Ý81¥Ú�9_@¡1�Ö?Ý-1g*�HVÖ�(ÞH�9_@¡×Ià�Õ/9_ÚPÝ-02*-1
Ø89;02Ô�@CÝ894ë_1)02A-1�*IH�0=Ú�9+< p?4 ë49+<E>81+5_H�021g@N9;Ô�1�Ù-Ô�(+×_1�*¬Ù}ä¬ÚPÝ-(}(_@�0E*8,�H�Ý-1:Ø89+0EÔ�0E*�Ö?Ý-0=ÚPÝ H�Ý81
H�9+@�×�Ý89_@¯9:Ý-02,+Ý-1gÔYÙ¶(+H¡H�(_Õ$à�<21�ë_1�<�5;Ö?Ý-1�Ô�1�H�Ý-1?Ù�(;H�H�(_Õ#à�<21�ë+1g<-(;Óq9�H�9_@¡×�0=@¯A²1�Ò8*-1]A$9_@�H�Ý81
<29+Ô�,_1g@¡HN@�>-Õ (+Ó�1�ã²1gÚl>-H�02(+*�H�02Õ$1]@)9;<2(+*8,$9+*Iä�Ø896H�Ý�Ó©Ô�(+ÕåH�Ý-0=@NH�9_@¡× H�(¬9;*}ä 1�ã}0EH?H�9_@¡×�Û

�)(;H�02Ú�1�H�Ý896H:Ó©(+Ô�1g9+ÚPÝß@¡Ø�1gÚ�0hÒ¶Ú#Ø89+0EÔ�(;Ó¯Ô�1g9+A-ä�HP9+@�×�9;*8A�Õ¬9_ÚPÝ-0E*81�5�0hHP@ p�4 ë49+<E>81
02@)A-0hD�1�Ô�1�*IH�96H�A-0hD�1�Ô�1�*IH�@�ÚPÝ-1gA->-<E02*-,¬@¡H�1�Ø¶@�5�9;*8Aæ0=@?*-(+*¶A²1gÚ�Ô�1]9+@�0E*-,$Ö?0EH�Ý�H�Ý81�0E*8Ú�Ô�1]9+@�1



(;Ó�H�Ý-1í@�ÚPÝ-1]A²>-<20E*8, @¡H�1gØ8@�Û���1�*8Ú�1Þ9+<E,_(+Ô�0hH�Ý-Õ-�¥0=@�9�A-äI*¶9;Õ/02ÚßØ-Ô�0E(_Ô�0EHVäÅ@�ÚPÝ81gA²>-<202*-,
9;<2,+(+Ô�0EH�Ý-Õ�Û

R S�� ��V XZ[Z^`_ a b`c\YUd e
áNÝ-1�Ô�1�9+Ô�1:@¡0EH�>89;H�02(+*8@C02*�Ö?Ý-0=ÚPÝ H�Ý-1�Ù¶9+@�02Ú�9;<2,+(+Ô�0EH�Ý-Õ Õ¬94ä/,+1�*81�ÔP96H�1�ë+1�Ô�ä/>-*8@�96H�02@¡Ó¸9+Úlà
H�(+Ô�ä�@�ÚPÝ-1gA->-<E1]@�Û-ì�02,8ÛD�/@�Ý-(6Ö)@N@¡>¶ÚPÝæ9+*æ1�ã-9;Õ/Ø-<21+Û

áNÝ-1�×+1gäæ@¡H�Ô�>8ÚlH�>-Ô�1�02*�H�Ý-1$9;,_1�*IH � @NH�9_@¡× piq�� H�Ý89;H:Ú�9+>8@�1g@?Ø�1�Ô�Ó©(+Ô�Õ¬9;*8Ú�1«A²1�,_Ô�9;à
A-96H�0E(_*¥0=@:H�Ý-1/@¡Õ¬9+<E<�H�Ô�0=9;*-,_<E1«Ó©(+Ô�Õ/1gA
Ù}ä�HP9+@�×²@ 6 J / 6�� / 6�� 5qÖ?Ý81�Ô�1 6�� Ô�1]î_>80EÔ�1g@�<29+Ô�,_1ë+(+<2>-Õ/1)(+ÓqA896H�9�Ó©Ô�(_Õ 6 J 9+*8A 6�� 5_Ô�1]@¡Ø�1gÚlH�02ë+1�<2ä+ÛIáNÝ-0=@¯0=@C9+*¬0EÕ/Ø�(+Ô�H�9;*IHC@�Úl1g*89;Ô�02(85+9_@¯0EHÚ�9;Ø-H�>-Ô�1g@�Õ¬9;*}ä�Õ/(+Ù-02<E1$9;,_1�*IHâ9+Ø-Ø-<202Úg96H�0E(_*8@�Ö?Ý802ÚPÝßØ¶1gÔ¡Ó©(_Ô�Õ 02*²Ó©(+Ô�Õ¬96H�02(+*¥,_96H�Ý-1�Ô�02*-,
9;*8A�Ô�1�H�Ô�0E1gë69;<�Û-7�>-1âH�(/H�Ý-1�,_Ô�1g1gA²ä¬*¶96H�>8Ô�1â(;Ó�H�Ý81�Ù89+@�02Úâ9+<E,_(+Ô�0hH�Ý-Õ�5IÖ?Ý81�* 6 J 9;*8A 6��9;Ô�1NÚ�(+*8@�0=A²1�Ô�1gA#Ó©(+ÔC@�ÚPÝ-1]A²>-<20E*8,856H�Ý-1�@�ÚPÝ-1gA²>8<E1gÔY(+*-<2ä«1gë49+<E>¶96H�1]@�H�Ý81�îI>89;*IH�0EH�021g@¯(;ÓqA-96HP9
H�ÔP9;*8@¡Ó©1�Ô�Ô�1]A$H�($Ô�1]9+A²ä$HP9+@�×}@ 6 J 9+*8A 6�� 5}*-(/Úl(_*8@¡0=A²1gÔ�9;H�02(+*¬0=@C,_0Eë_1�*/H�(«H�Ý-1�<=9;Ô�,+1�A-96HP9H�ÔP9;*8@¡Ó©1�ÔP@¯Ó©Ô�(+ÕåH�Ý-1gÕ H�(#H�Ý-1g0EÔ?Ú�(+Õ/Õ/(+*�@�>8ÚgÚl1g@�@�(+ÔP@
	 � Û8F}(#H�Ý-1âÙ89_@¡0=Ú�9+<E,_(+Ô�0hH�Ý-Õ Ó¸9;02<2@
H�(¥9_@�@�0E,_* 6 J 9+*8A 6�� H�(�H�Ý-1�@�9;Õ/1 Õ¬9+ÚPÝ-02*-1_5&Ý-1�*¶Úl1�9;H�<E1]9+@¡H�(+*-1 (+ÓCH�Ý-1 HVÖ�(�<29+Ô�,_1A-96HP9¬H�ÔP9;*¶@VÓ©1gÔ�A²1g<294ä²@)Õ#>8@¡H�(²Ú�Ú�>-ÔgÛ¶ðT*
,+1g*-1�ÔP9;<�5¶9_@)<2(+*-,æ9+@)H�Ý-1#H�9_@¡×æ,+ÔP9;Ø-Ý
Ú�(+*IH�9+0E*¶@
@VH�Ô�>8ÚlH�>-Ô�1g@¯Ö?Ý-1�Ô�1?H�Ý81�A-96HP9âH�ÔP9;*¶@VÓ©1gÔ�1]A«H�(«9�@�0E*8,+<21?*-(²A²1?Ó©Ô�(+Õ 0hHP@¯Õ«>8<hH�0EØ-<21�Ø8Ô�1]A²1gÚ�1g@¡à
@¡(_Ô�@N9;Ô�1â9;<2<�ë_1�Ô�ä¬<29+Ô�,_1�Ú�(+Õ/Ø89;Ô�1gA�Ö?0hH�ÝæH�9+@�×¬1lã²1]Úl>²H�0E(_*�H�0EÕ/1g@g5-@�0EÕ/02<29+Ô�Ø�1�Ô�Ó©(+Ô�Õ¬9;*8Ú�1
A²1�,_Ô�9_A-96H�0E(_*�Ö?02<E<&(²ÚgÚl>-Ô]Û

1

7.5482

2

70.9685

3

2.949

4

12.974

5

1.7451

6

3.8152

7

26.3058

8

9.0702

9

52.0218
10

12.6022

23.7703
60.4895

125.0288

173.4176

19.7055

16.8922

18.3747

1.6411

0 20 40 60 80 100 120 140

M0

M1

(b) Optimal Schedule

1 2 3 4 56

7 8 9 10

0 20 40 60 80 100 120 140

M0

M1

(c)Schedule generated by the basic algorithm

1 2

3 4 5 67 8 9

10

BDC�E ���8��
��������������������������! "�"�#��$��%�� &���(')���#���(�*�,+.-/�0�����1�2���3�4�2'5���#�%���1-6�7�2�*�*'0�*'!�8�
���9���#�;:<���
=?>��.�1���5�@:5'0���8�BA����� C�*���D�4�.E6�� &�F-G�,�����1�H���I����=J>��.�����5�@:
����-6�<K�LM�.�5 C���ONP���Q�R:!�9�0���S�2�<')�
'0���2���T���7���.�7�8���@U/�9V)�9��>����(�������1-6��WX���2'
���.�% C���ONP���Y�R:3�9�0���B�9'<N)�Z'0���2���T���Q���.�%$4�,+ >�-G�3�@:7'0���8�
�8�!A��3���@���.�;:<�����*�9')K"LM�.�%�*>#A8N��9��[#�F���S\�]<^Q�9�_�� Y�%���.�Z��[����1-G��+������#�*'4>#+O��W� ����1+O�7�*>.A8N��@��[#���1��\�`<^
�@�#�4 a�I���#�5�����.�9'�>_+O�ZN)���H���@���T�9'SA�E6���.�!A*���*�(�!��+ N0����������-!Wa ����(���B�1�
�*���.�*�('0���9�0Ab+ EF+c���)N)���5���_���
���#����[�����-G�,+OK

á\(�Ô�1�Õ/1]A²ä$H�Ý-0=@C@�0EH�>89;H�02(+*&5IÖC1:Ú�9+*¬1�*-Ý89+*8Úl1�(+>-Ô�@�ÚPÝ81gA²>-<21�ÔCÙ}ä#HP9;×}02*-,#9_A²ë69;*IH�9+,+1
(;ÓNH�Ý-1�Ó©(+Ô�Ö�9+Ô�A²à�Ù89_ÚP×}Ö�9+Ô�Aß@¡ä}Õ/Õ/1lH�Ô�äÞ(;ÓNH�Ý-1�Ø-Ô�(+Ù-<21�Õ�Û�F²Ø¶1]Úl0EÒ¶Ú�9+<E<2ä+5�ÖC1�A²1lÒ8*81 H�Ý81
0E*}ë+1gÔ�@�1/ë+1gÔ�@�0E(_*ß(+ÓN9�,_0Eë_1�*GÕ«>8<hH�0hà�H�9_@¡×Þ9;,+1g*IH«@�ÚPÝ-1]A²>-<20E*8,æØ8Ô�(_Ù-<E1gÕ * , ��.�/ 1=	�9_@
d* , ��. / d1=	�5qÖ?Ý-1gÔ�1 d1 , 4 � 6 @ / 6 ? 	�e � 6 ? / 6 @ 	WAV1 < Û&áNÝ-1/HP9+@�×
,+ÔP9;Ø8Ý¥(;Ó�H�Ý81$02*}ë+1gÔ�@�1
Ø-Ô�(_Ù-<21�Õ"0=@âH�Ý81/@�9;Õ/1¬9+@:H�Ý-1¬(+Ô�02,+02*89;<�(+*81$1�ã-Úl1�Ø-H�H�Ý-1 A²02Ô�1gÚ�H�0E(_*ß(+ÓC1]9+ÚPÝÞ1gA²,_1+5 È)/ÊË�/
H�Ý-1�Ø-Ô�1gÚ�1gA²1g*8Úl1âÔ�1�<=96H�0E(_*&5²02@N02*}ë+1gÔ¡H�1gAqÛ

f &�$Mg $ X�Y)(�Y�$7d Tih !8Ë
ÈÊÎ7o4Ë�HPÐ�Ë P H�Æ+Ç�ÉEË�Ä Ì;Î JGÏ
!-ËßÆ,H�ÈhÍ+ÈÊÎ�Ì;É P H�Æ+Ç�ÉEËlÄ !-Ì%o4Ë¥Ï
!-Ë�Ð�Ì;Ä/Ë
Ä#ÈÊÎ¶ÈÊÄ/Ì;É\Ä¬Ì�O_Ë�Ð P Ì6Î%/



� H�Æ]Æ F / é¯Ô�(I(+Ó�(_Õ$0EH¡H�1gA�Ó©(+Ô)@�Ø89_Úl1�Úl(_*8@¡0=A²1gÔ�9;H�02(+*8@gÛ
ðT* H�Ý81:02*}ë+1gÔ�@�1�Ø-Ô�(+Ù8<E1gÕæ5IH�Ý-1�A-96HP9�H�Ô�9+*8@VÓ©1gÔ�Ô�1gA¬Ó©Ô�(_Õ Ô�1]9+A²ä$H�9_@¡×²@�02*�H�Ý-1â(+Ô�0E,_0E*89+<

Ø-Ô�(_Ù-<21�ÕåÙ�1gÚ�(+Õ/1g@)A896H�9#H�Ô�9+*8@VÓ©1gÔ�Ô�1gA�H�(/Ô�1g9_A²ä¬H�9_@¡×²@g5}H�Ý}>8@)Úg9;*æÙ¶1«1�ë69;<2>896H�1gA�Ù}ä H�Ý81
@�ÚPÝ-1]A²>-<21�Ô]ÛqáNÝ-02@«@¡>-,_,+1]@VHP@)H�Ý896H�Ö�1¬Ú�9;*ÞÔ�>-* Ã <E,_(+Ô�0hH�Ý-Õ �/(+*ßH�Ý-1¬02*}ë+1gÔ�@�1«Ø-Ô�(+Ù8<E1gÕæ5
H�Ý-1g*æÔ�1�ë_1�ÔP@¡1�H�Ý81�,+1�*81�ÔP96H�1]A�@�ÚPÝ-1gA->-<E1��¸Ö?Ý-02ÚPÝ�0=@)9#Ó©1g9_@¡02Ù-<21â@�ÚPÝ-1]A²>-<21�Ó©(_Ô?H�Ý81:02*}ë+1gÔ�@�1
Ø-Ô�(_Ù-<21�Õ0	�H�(�,+1lH:9$Ó©1g9+@�02Ù-<E1#@�ÚPÝ-1]A²>-<21�Ó©(+Ô�H�Ý-1«(+Ô�0E,_0E*89+<&Ø-Ô�(+Ù-<21�Õ�Û8ì�02,8Û���@¡>8Õ$Õ¬9+Ô�02ï�1]@
H�Ý-0=@?9;<2,+(_Ô�0EH�Ý-Õ Ö?Ý-0=ÚPÝæÖC1âÚ�9+<E<�� Æ,H�I�Ì,HKJ���ÌNM�O,I�Ì%H�J�� � ��� A²ä}*89;Õ/0=Ú�Ø8Ô�02(+Ô�0hHVä @�ÚPÝ-1]A²>-<Eà
0E*-,¶Û\ì-(_Ô�H�Ý81 Õ/(;H�02ë696H�0E*-,¥1lã-9;Õ/Ø-<21¬0E*ñì�02,8Û(�-5\ì�� ,_1�*-1gÔ�9;H�1]@:H�Ý-1 (_Ø²H�02Õ¬9;<�@�ÚPÝ-1]A²>-<21
@¡Ý-(6Ö?*æ02*�@�>-Ù-,_Ô�9+Ø-Ý ��59	�(;ÓYì�0E,¶Û��-Û

0 20 40 60 80 100 120 140

M0

M1

(a): Optimal schedule

1 2 3 4 56

7 8 9 10

0 20 40 60 80 100 120 140

M0

M1

(b)Schedule generated by the basic algorithm

1 2

3 4 5 67 8 9

10

0 20 40 60 80 100 120 140

M0

M1

(c)Schedule generated by backward scheduling

1 2

3

4

5

6

7

8

910

BDC�E �
	8� þÅU�XgSVbc�gQ�SVbcWIi�M�³_Q�U�OIfcM?Z=XgR)M�³+¨
SVM�WI�TbcX]W

# cUe'$'&,Y
(�^+* � ,���
 W1cUe'$'&,Y
(Z^ *�.
�+Û?'?>-* H�Ý-1
Ù89_@¡0=Ú�9;<2,+(_Ô�0EH�Ý8Õ � Ã <E,_(+Ô�0hH�Ý-Õ
�
	$(_* (+Ô�0E,_0E*89+<?Ø-Ô�(+Ù-<21�Õ * , ��. / 1=	�5
,+1�H)@�ÚPÝ-1]A²>-<21nhB�

�²Û?'?>-*®H�Ý-1�Ù89+@�02Ú¤9;<2,+(+Ô�0EH�Ý-Õ (+* 02*}ë+1�ÔP@�1
Ø-Ô�(+Ù-<21�Õ d* , ��.�/ d13	l5²Ô�1gë+1�ÔP@�1)H�Ý81�,_1�*²à
1�ÔP96H�1gAâ@�ÚPÝ-1gA²>8<E1YH�(),+1�H\9NÓ©1g9_@¡02Ù-<21�@�ÚPÝ-1gA}à
>-<21�h���Ó©(+ÔNH�Ý-1�(+Ô�02,+02*89;<�Ø-Ô�(+Ù-<21�Õ��

�-ÛNð�Ó 
 M���� ��h!	�� 
 M���� �Uh�� 	l5�(_>²H�Ø->-H*hN5
(;H�Ý-1�Ô�Ö?0=@¡1â(+>-H�Ø->²H h��¸Û

B C E ����� ô 
ñQgfci]X�RVb¦SVeIU

R S R f ��V XZ[)^ _ a`b cUY\d`e
BC1�Ô�H�9;02* @¡>-Ù¶@VH�Ô�>8ÚlH�>-Ô�1g@/02*�H�Ý-1�Õ#>-<hH�0hà�H�9_@¡×�9;,+1g*IH � @$7 Ã�� 1g*89;Ù-<21æH�Ý-1�Ø�1�Ô�Ó©(+Ô�Õ¬9;*8Ú�1
0EÕ/Ø-Ô�(6ë+1gÕ$1g*IHâ(+Ó ��
 (6ë_1�Ô:H�Ý-1¬Ù¶9+@�02Ú/9;<2,+(_Ô�0EH�Ý8Õæ5qØ¶9;Ô�H�0=Úl>-<=9;Ô�<Eä�H�Ý-(_@�1��¡Ù¶9+A���0E*-àyH�Ô�1g1
@VH�Ô�>8ÚlH�>-Ô�1g@�Ö?Ý-1gÔ�1�H�Ý-1/A-96HP9¬H�ÔP9;*¶@VÓ©1gÔ�Ô�1gAæH�(�9 @�0E*8,+<21«*-(²A²1#Ó©Ô�(_Õ 0EH�@:Õ#>-<hH�0EØ8<E1$Ø-Ô�1gA²1�à
Úl1g@�@�(+ÔP@�9;Ô�1�9;<2<�ë+1�Ô�äÞ<29+Ô�,_1+Û(��äGÔ�1�ë+1gÔ�@�02*-,�H�Ý-1æ7 Ã�� 5�H�Ý-1]@¡1�0E*-àyH�Ô�1g1�@VH�Ô�>¶Ú�H�>8Ô�1]@«Ö?02<E<
Ù¶1]Úl(+Õ/1��¡Ù¶9+A��#(+>²H�àyH�Ô�1g1g@=�ÊH�Ý-1�A-9;H�9«H�ÔP9;*8@¡Ó©1�Ô�Ô�1]A¬Ó©Ô�(+Õ 9/@�0E*8,+<21�*-(²A²1:H�($0EH�@NÕ#>-<EH�02Ø-<E1
@¡>8ÚgÚl1]@�@�(+ÔP@N9;Ô�1â9+<E<\ë+1�Ô�ä <=9;Ô�,+1L	C9+*8AæÖ?0E<2<&Ù�1�1g9_@¡02<2ä Ý89;*¶A²<E1]AæÙIä�H�Ý-1«Ù89+@�02Úâ9+<E,_(+Ô�0hH�Ý-Õ�Û
�)(6Ö�1�ë+1gÔg58Ö?Ý-1�*�H�Ý-1#7 Ã�� Ú�(+*IH�9+0E*¶@)Ù�(;H�Ý¥Ù89+A�02*²à�H�Ô�1�1g@�9;*8A�Ù¶9+A�(+>-H¡à�H�Ô�1�1g@g5-H�Ý-1#ì��
9;<2,+(+Ô�0EH�Ý-Õ"Õ¬94ä¥Ó¸9;02<YH�(
,_1�*-1gÔ�9;H�1/,+(}(²AÞ@�ÚPÝ-1]A²>-<21g@g5\@�0E*8Ú�1/H�Ý-1 Ó©(+Ô�Ö�9+Ô�Aß(+Ô�Ù89_ÚP×}Ö�9+Ô�A
@�ÚPÝ-1]A²>-<20E*8,�9;<2(+*-1$Ú�9+*-*-(;H�Ý89;*8A-<E1#Ù¶(+H�Ý�HVä}Ø�1g@�(;Ó��¡Ù¶9+A�� @�>-Ù-,_Ô�9+Ø-Ý8@�@¡02Õ«>-<EH�9+*-1�(_>8@�<Eä_Û
BC(+*8@�02A-1�Ô)H�Ý-1«1�ã-9;Õ/Ø-<21«@¡Ý8(6Ö?*
0E*ßì�02,8Û��²Û ��(;H�Ý�(+ÓYH�Ý-1$@�ÚPÝ81gA²>-<21g@�,+1g*-1�ÔP96H�1gAæÙ}äæÓ©(+Ô�à
Ö�9+Ô�Aí9+*8AñÙ89_ÚP×}Ö�9+Ô�AG@�ÚPÝ-1gA²>8<E02*-,ß@�>²D�1�Ô$(+*-1�<E(_*-,ßA896H�9
H�ÔP9;*8@¡Ó©1�Ô/A²1g<294ä ���Z#N# 	lÛ�áNÝ81
ãIàT@¡H�Ô�>8Ú�H�>-Ô�1?Ú�(+*IH�9+0E*8@�Ù�(;H�Ý/H�Ý-1?Ù¶9+A$0E*-àyH�Ô�1g1O� Ã �)BB	�9+*8A$Ù89+A$(+>-H¡à�H�Ô�1�1 ��B�7:Ü 	l5+Ö?Ý-0=ÚPÝ
Ú�9;>¶@¡1�H�Ý-1�Ú�(+*8@�02A-1�ÔP9;Ù-<21�Ø�1�Ô�Ó©(+Ô�Õ¬9;*8Ú�1�A²1g,+ÔP9+A-9;H�02(+*&Û}áNÝ-1âÙ89_A�02*²à�H�Ô�1�1g@N9+*8A�Ù¶9+A (_>²H¡à
H�Ô�1�1g@?Úg9;*�9;<=@¡(/Ù�1�0E*¶A²1�Ø�1�*8A-1�*IH)(;Ó�1g9_ÚPÝ�(+H�Ý-1gÔg5-9_@N02@?@�Ý-(6Ö?*æ0E*�ì�0E,¶Û1+-Û



� *-1¬*896H�>-ÔP9;<C@�(+<2>²H�0E(_*Þ0=@�H�(¥>8@�1 Ù89_ÚP×}Ö�9+Ô�AÞ@�ÚPÝ81gA²>-<202*-,�(+*-<2äÞ(+*GH�Ý8(_@�1 Ø89;Ô�H�@�(;Ó
H�Ý-1æ7 Ã�� Úl(_*_HP9;02*-02*-,�Ù89+Añ0E*²à�H�Ô�1�1]@�9;*¶AGÓ©(+Ô�Ö�9+Ô�AG@�ÚPÝ-1gA->-<E02*-,�(_*íH�Ý-1�Ô�1gÕ¬9;02*8A²1�Ô«(;Ó
H�Ý-1�7 Ã�� 5�H�Ý81�*�9_@�@�1�Õ#Ù-<21 H�Ý81g@�1�HVÖ�(¥Ø89+Ô¡H�029+<?@�ÚPÝ-1]A²>-<21g@«H�(_,+1lH�Ý-1�Ô#H�(Þ,+1�H#H�Ý-1�Ò8*89;<
(+*-1_Û�éY9;Ô�H�0EH�02(+*-02*-,ÞH�Ý81
7 Ã�� (+Ø²H�0EÕ¬9;<2<2ä�9;*¶A�1 � Úl021�*IH�<2ä�0=@ A²0 � Úl>-<EHgÛ�ì�0E,¶ÛG(Þ@¡Ý8(6Ö)@
(+>-ÔN@¡(_<E>-H�02(+*¬Ö?Ý-0=ÚPÝ Ö�1�Ú�9+<E<¶H�Ý819P Ì,H�Ï�È¸Ì6É F Æ%H�I�Ì,H�J ÇPÌQMKO%I�Ì,H�J � � � ��� A²ä}*89+Õ$0=Ú)Ø8Ô�02(+Ô�0hHVä
@�ÚPÝ-1]A²>-<20E*8,/9+<E,_(+Ô�0hH�Ý-Õ�Û

ì-(+Ô�H�Ý-1$1lã-9+Õ$Ø8<E1$@¡Ý-(6Ö?*¥0E*Þì�02,8Û �²5¶H�Ý81#Ø89+Ô¡H�029+<\Ù89_ÚP×}Ö�9+Ô�A�@�ÚPÝ-1gA->-<E02*-,�02@�0EÕ/Ø-<21là
Õ$1g*IH�1gA�Ù}ä�Ò8ÔP@VH)Ô�1�ë_1�ÔP@¡02*-,$H�Ý-1#Ø89;Ô�H)(;Ó�H�Ý-1«@�ÚPÝ-1gA²>8<E1�Ó©(_Ô:B�5¶7 9;*8A�Ü ,+1�*81�ÔP96H�1]A�Ù}ä
Ó©(+Ô�Ö�9+Ô�A @�ÚPÝ-1]A²>-<20E*-,#H�($,+1�HN9#Ø89+Ô¡H�029+<�@�ÚPÝ-1gA->-<E1nh 3 (;Ó\H�Ý-1â02*Ië_1�ÔP@¡1:7 Ã�� 5²02*�Ö?Ý-0=ÚPÝ�B�57·9;*¶A$Üí9+Ô�1?@�ÚPÝ-1gA->-<E1]A$(+*$H�Ý-1NÒ¶Ô�@¡H¯Õ¬9+ÚPÝ-02*-1)9;*¶A$@¡H�9+Ô¡H�9;HYH�02Õ/1 �²5��_5N#âÔ�1]@¡Ø�1gÚlH�02ë+1g<Eä_Û
áNÝ-1�*�H�9_@¡×²@ Ã 9;*8AC�·9+Ô�1:Ù89_ÚP×IÖN9;ÔPA @�ÚPÝ-1gA->-<E1]A�(_*�H�Ý-1�@�9;Õ/1�Õ¬9_ÚPÝ-0E*81â9_@�H�Ý-1g0EÔ?Ø8Ô�1�à
A²1gÚ�1g@�@¡(_Ô�B®02*ßH�Ý-1¬Ô�1�ë+1gÔ�@�1gAß7 Ã�� Û\'?1gë+1gÔ�@�0E*8,�H�Ý-1�@�ÚPÝ-1gA²>8<E1$Ó©(+ÔâH�Ý-1¬02*Ië_1�ÔP@¡1¬7 Ã�� 5
ÖC1â,+1�H�9;*æ(+Ø²H�0EÕ¬9+<&@�ÚPÝ-1]A²>-<21âÓ©(+ÔNH�Ý-1�(+Ô�0E,_0E*¶9;<�Ø-Ô�(+Ù-<21�Õ�Û

A B

C

D E

100 100

100 100

A

B

C D E

101 102 103 1041

Schedule generated by forward scheduling

B CA D

E

1 2 3 103 104

Schedule generated by backward schedulingBDC�E ���8� þ �IQ]£ía�Q��TM�Z=X�R$SVe_M ô 

Q�fci]XgRVb¦SVe_U/±

A B C

D

E

F G H

A

B

C

D

E F G H

A B C D

E

F

G

H

1 2 3 4 5 101

1 2 3 4 101

Schedule generated by the forward scheduling

Schedule generated by the backward scheduling

1 1 1 1

1 1 1 1

100
100

100
100

100

100

B C E ���8� þCW_XgSVeIM�R��IQ]£:aPQg�TMYZ=X�R�SVeIM ô 

Qgfci]X�RVbcSVe_U/±

# c\e%$'&)Y)(�^+* R , 4 ��
 W1cUe'$'&,Y
(�^+*�.
�+Û?'?>-*�H�Ý-1:Ù89+@�0=Ú�9+<E,_(+Ô�0hH�Ý-Õ � Ã <2,+(_Ô�0EH�Ý-Õ �L	Y(_*�(+Ô�02,+02*89;<¶Ø-Ô�(_Ù-<21�Õ * , ��.0/ 1=	�5},+1�H
@�ÚPÝ81gA²>-<21nhB�

�²Û G&1�H h � , hB�-ì-(_Ô?1g9+ÚPÝ�H�9_@¡× 6D@ A 6 5-A²( �0 '?1gë+1�ÔP@�1«H�Ý-1¬Ø89;Ô�H�(;Ó?@�ÚPÝ81gA²>-<21ih��¯Ú�(+*8@�02@¡H�02*-,æ(;Ó�H�Ý-(I@¡1$HP9+@�×}@�@¡H�9+Ô¡H�0E*8,æ9;ÓÊH�1�Ô
H�02Õ/1#Õ¬9;ã � � �����)	���
 � � � � � � � 6�? 	%	�02*lh��\H�(�,_1lHâ9 Ø89+Ô¡H�029+<�@�ÚPÝ-1gA²>8<E1 h 3 5�Ö?Ý-0=ÚPÝ
02@9/@�ÚPÝ81gA²>-<21âÓ©(+ÔNH�Ý-(_@�1:H�9_@¡×²@N02*�H�Ý-1�02*Ië_1�ÔP@¡1â7 Ã�� Û0 FIHP9;Ô�H�02*-,âÓ©Ô�(_Õ h 3 5;Ô�>8* Ã <E,_(+Ô�0hH�Ý-Õ �N(_*#H�Ý-1?02*Ië_1�ÔP@¡1N7 Ã�� Ó©(+ÔYH�Ý-1?Ô�1�Õ¬9;02*-02*-,
H�9_@¡×²@�H�(¬,+1�*81�ÔP96H�1â9/Úl(_Õ$Ø8<E1�H�1�@�ÚPÝ-1gA²>8<E1nh J Ó©(_ÔNH�Ý-1�02*}ë+1�ÔP@�1:7 Ã�� Û0 '?1gë+1�ÔP@�1 h J H�(¬,+1�H?9/@�ÚPÝ-1gA->-<E1�h�� �yÛ0 ð�Ó�
 M���� �Uh�� � 	 � 
 M���� �Uh�� 	�58<E1�H h�� , h�� �¸Û

�-Û � >²H�Ø8>²H h � Û

B C E ���-� ÿ ô 
íQgfci]X�RVbcSVe_U
áNÝ-02@?@�ÚPÝ-1]A²>-<20E*-,/Ø-Ô�(²Úl1]@�@N0=@?A²1�Õ/(_*8@VH�Ô�9;H�1]A�02*�ì�02,8Û1&8Û



E D C A B

1 2 3 4 5

A C D E

B

1 101 102 103 104

E D C

1 2 3

C

1 2 3 4 5

B A D E

   (b) (c) (d)(a)

(a) Schedule generated by forward scheduling; (b) Partial schedule of the inverse DAG for C, D and E; (c) Complete schedule  
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ACCR: Average Communication to Computation Ratio
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Error Range:+−10% 
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Error Range: +−50%
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