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± >E;�<�L+9x§TL�O]O �{D�O]DN<�;f>E;"OZ��F6OZ;iD	>El�O�D	G+<�G�>A@\@]<�MEM¦m ª5K�;"Qo@ZK�B"O�D�O]z�U"O];�@`O�m

¸ z�U�<�MXME9?S/<�D	GNSVK�Ls<�MXM�G)9�F6O]D�¢¦B�>AD)G2<�;�@ZO:G+KoMXO4<�S+£`m y FiO]O]B[B�OZF6OZ;iB"DNK�;ky¨K�S-D	G+<�G�>A@:G)9�F6O]Dp¢VMEK�Q�´�£Wm
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y uN>�G2@2H �{D�O]DN<�;f>E;"OZ��F6OZ;iD	>El�O�D	G+<�G�>A@\@]<�MEM¦m ª5K�;"Qo@ZK�B"O�D�O]z�U"O];�@`O�m

y >X�]O�B�OZF6OZ;�B�DNK�;tyíK�S�D	G+<�G+>E@\G)9�F6O]D]m
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3.5 Various execution environments§�H"OcO`��O]@ZU�G�>EK�;�OZ;�l�>EL�K�;"=?OZ;�Go>EDRG�H"OYMA<�D	GRl�<�L+9�>X;"Q}B�>Xa
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H�<�L+B"u<�L�O�F"MA<�G�SVK�L+=ú<�;iBxG+H"O�l�>EL	G+U�<�MJ=o<�@2H">X;�O�U�D�O]BfG�K
OZ��O4@`U�G+O^G�H"OoP6OZ;�@2H�=?<�L�d�D]mvîNU�;";">E;"QwB�>�É�OZL+OZ;�G�l�>EL	G+U�<�M
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o�������ëVà]ç�êEo0ß-ê�ç�é !6!6!f§�H�>ED5=?<�@2H">E;"O(>EDJP�<�D�O]B\K�;�K�;"O
Å�» ²  Yºs�[F"L+K�@`O]D+D�K�Lo<�;�B¼³Y° ± K�SCîs¥: }I7uN>XG�H
y U�; ¡�y »�m ¬"m

! ä�à���ë�O���ä�à4á���â !6!6!f§�H">AD0=o<�@2H�>X;"O(Hi<�DJB�Ui<�M�Å�Ä�Ä� Yºs�
F"L+K�@`O4D�D�K�L2DZIZuN>�G+Hp»�³4´  ± K�S�îs¥{ ~IZL+U";";">E;"QsªJ>E;�U��
 Y<�;�B�L2<�d�O�uN>XG�H^d�OZL+;"O]M�´"m ´"mX³4¹"m5ñ{K�G�OG+H�<�G-SVK�L-K�U"L
P6OZ;�@2H�=?<�L�d�D]I7B�U�<�MF�L�K�@`O4D�D�K�L^@Z<�F�<�P">EME>�G)9}D�H"K�U"MAB
H�<$l�O:ME>XG	G�MEO�>XS�;�K^>E=?F�<�@`G]m

! ä�à���ë��/��ë���ç�æiä §�H">ADwMEK�u%O]L	abOZ;�BÇ=o<�@2H">E;"O}@`K�=^F�L�>AD	O4D
K�;"Ofµ�¿�¿k Yºs�ce%O]MXO]L�K�;ruN>XG�HÜ³]¹�´c  ± K�S\î{¥{ 
<�;�Bfª5>X;�U��[ Y<�;iB�L+<�d�O\uN>�G+H[d�OZL+;"O]M0´"m ´"mX³�Å�m

¡ S{@`K�U"L+D�O�I-;"K�G^<�MXMj��\ YDv<�L�Of<$l$<�>XMA<�P�MXORK�;~<�MEM%Hi<�L2B�a
u<�L�OvF"MA<�G	SVK�L�=oD]mC¯"U"L�G�H"O]L�=?K�L�O�I�G+H"OpS/<�@WG\G�H�<�G�<xj��: 
>EDC<$l�<�>XMA<�P"MEO^U";�B�O]L�G�H"ORD+<�=?O^;�<�=?O?K�;qD	O]l�O]L+<�M�B�>XÉ�OZL�a
OZ;�G ¡�y <�;�BCH�<�L+B"u<�L�O-F"MA<�G�SVK�L+=?D5>EDT;"KsQ�U�<�L2<�;�G+OZO7<�G�<�MEM
G�H"O]9w<�L+O�>X;iB�OZO4BwG�H�OvD+<�=?Ovj��: }×iG�H�OZ>EL:P�<�@2d�atO];�B"DNSVK�L
>X;iD)G2<�;�@ZOs=pU�D	G�P6O{B�>XÉ6O]L�O];�G]m(§�H"O{j��: YD7G�O4D)G+O]BRB�U�L�>E;"Q
G�H">AD^D)G+U�B�9q<�L+OoQ�OZ;�OZL2<�MEMX9�>X;qG+H"OZ>ELf³�m Ä�mX³?l�OZL2D	>EK�;Jm[�kO
D	H�K�uÿG�H�OYn ±  Ýj��:  ¢/d�;�K�uN;�<�D}ø)G+H"OY§TK�d�9�K}j�n)§Nù�£
<�;�B�G+H"O y �{ñ�ºsK�G y F6K�G y O]L�l�OZL�<�D�O`�"<�=?F"MEO]D�K�S�H�>XQ�H�a
FiO]L	SVK�L�=o<�;�@`Okj��\ YDf<�;�B�G+H"O y �{ñ ºsK�G y F6K�Gce%MX>EOZ;�G4I
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4. RESULTS AND DISCUSSION
¥:DxOZ��F�ME<�>X;"O4B®>E;®G�H"O�F"L+OZl�>XK�U�DxD�O]@`G�>EK�;JI{u%OY=?O4<�D�U"L�O
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n�n	nWI�uNH">A@2H?>ED(@ZK�;�D�>AD)G+OZ;�G(uN>�G+HvG+H"O�S/<�@`G7PiK�G�H^F"L+K�@ZO]D+D	K�L+D
D�H�<�L+O^G�H"OfD�<�=^OR<�L+@2H�>�G+O]@WG+U"L2<�M7@`K�L�O��-u%O?G+H�UiD�B�>ABq;"K�G
>E;�@`MEU�B�Ove%O]MXO]L�K�;x¤iQ�U"L+O]D>E;fG+H">ADNF�<�F6OZL4m

�kO�<�MED�K}SVK�@`U�DxK�;Ç<~=?<���>X=vU"=û;�U"=vPiO]LfK�SCFiK�D�D�>XP�MXO
G)9�F6O]D�¢/D	G+<�G+>E@4£CK�Ss´ ² I-uNH">A@2H~<�MEMXK�usDCG�O]D	G�>E;"Q�PiK�G�H~MEK�u
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SVO4<�G�U�L�>E;"Q�<�DfMXK�u <�Dc³q<�@`G�U�<�M�MX>El�O�G)9�FiOq<�G[L�U�;�G+>X=?O
¢/=^K�;"K�=?K�L�F"H�>E@4£?<�;�B®<�Do=o<�;�9|<�Dx´ ² ¢/=^O]Q�<�=^K�L�F�H">E@
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OZ�o@Z>XO];�G�� Î � ���Z���`���2� � <�;�BfP">E;�<�L+9xD�O]<�L2@2HRG+L�O]O]D]m
îNO4D	U�M�G2D\<�L�OpF"L�O4D	O];�G�O]BY>X;c¤�Q�U"L+O]D\¿x<�;�B�Å�IiG+H�<�GCD�H"K�u
G)uKxB�>XÉ6O]L�O];�G:j��\ YDsK�;[G�H"O^D�<�=?O · OZ;�G�>EU"=ÊF"ME<�G	SVK�L�=[I
<�DNu%O]MXMJ<�DN>E;f¤iQ�U"L+O]Ds¬?<�;�B[¹^G�H�<�G:D	H�K�u�G�H�OpºsK�G y F6K�G
@ZMX>EOZ;�G{j��: ÂK�;�G)u%KoB�>XÉ�OZL+OZ;�GNH�<�L2B�u�<�L+O:F"MA<�G�SVK�L+=oDZm

¡ ;Ü<�MEMCG�H�O]D�OkQ�L+<�F"H�D]I{G+H"O~D+<�=?O~»rP6OZ;i@2H"=o<�L+d�Dw<�L�O
G+O]D	G�O]BJI"L�O4D	U�M�G+>X;"Q?>E;�G�H"Op»^@`U�L�l�O]DK�;[O]<�@2HxQ�L+<�F"HJ×

� áVç$à���ê"ë�jE� ¥úF"ME<�>X;|l�>XL�G�U�<�M@]<�MEM¦I(>E=?F"MEOZ=?OZ;�G�O4BruN>XG�H
G�H"O �4��#"��3"��#��$��� ����� P�9�G�O4@`K�B�O�I\G+H�<�G�@]<�;Ü@`K�FiO
uN>�G+H[<�;�9R;�U"=pP6OZLNK�S�F6K�D+D	>EP"MEO�L�O4@`OZ>El�O]LG)9�F6O]D��$m
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B�>ED�F�<�G+@2HJI%uN>�G+H®´ ² MEO]<$l�O]DpG�H�<�Gx<�L+O�D	G+<�G�>A@[@Z<�MEMADZI
G�H"OvL�O4@`OZ>El�O]LsK�P"_)O]@WG\PiO]>X;�QxF�<�D�D�O]Bw<�D{<�;cO`��F"ME>E@Z>�G
<�L+Q�U"=?OZ;�G4m

!#" oC�%$&�+��ä�é���o0à4ê�à]á¦é�]�è�á/ì4ê�ç�å&j4� ¥rD	O4z�U�OZ;�@ZO(K�S�>�S/DT@`K�;"a
G+<�>E;">E;"QR´ ² D	G+<�G+>E@\MEO]<�S-@]<�MEMED]m
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o&poá/à]é$è�oJà]ê"à]á/é�]�è�á/ì4ê�ç�å�jE� ¥~j�<$l�<ND	uN>XG+@2HJI4G+L+<�;�D	MA<�G+O]B
>E;�G�K®< ��� U ����,4
0�$�6*$� P�9�G�O]@ZK�B�OquN>�G+H½´ ² @]<�D�O]D]I
O4<�@2H�PiO]>X;"Qo<?D	G+<�G+>E@C@]<�MEM¦m

�wæ��vê"ë¦ë�jE� §�H">ED�P6OZ;i@2H"=o<�L+dY@`K�;�G2<�>E;�D\;"Kw@Z<�MEM(<�G�<�MEMtI
>XG�D�H"K�usD�G�H"O\P�<�D	O\@`K�D	G%K�SJG�H�O:P6OZ;�@2H�=?<�L�do=?O4@2H�a
<�;">ED�= ¢/MXK�K�Fw<�;�BfD	G+<�G�>A@\=^OZG�H"K�Bw@]<�MEMA£`m

§�H"OYB�>XÉ6O]L�O];�Gx@`K�;�G+L�K�MsD)G+L�U�@`G�U"L+O]Dx<�L+OfG+O]D	G�O4B�<�Q�<�>X;�D	G
µ�³:O`��O]@ZU�G�>EK�;�F�<�G�G�O]L�;�DK�SJG�H"O\SVK�U"L�d�>E;�B"DF"L+O]D�OZ;�G+O]BR>E;
D	O4@WG+>XK�;?Ä�m µiI é K�; ì]à <�;�G4I é�õJé�ë >E@�I ç < ä'R K�=È<�;�B ì]à���ß F6O]B0I
G�H�<�GR@`K�=?F6K�D�ORG+H"O��r<���>ED]m~§�H"O[;�U"=pP6OZL2D^<�F"F6O]<�L�>E;"Q
>X;ÜG+H"O}F�<�G	G�O]L�;Ü;�<�=?O~>X;iB�>E@]<�G+OqG�H"Or<�@WG+>Xl�OkL2<�;�Q�OqK�S
G)9�FiOkn)8:D�SVK�LfO4<�@2H�Fi<�G	G+OZL+;Jmÿ§�H�U�D ���� Y · e Y�·%¸ >ED�<
F�<�G�G�O]L�;�=o<�B�OCK�STL2<�;�B�K�=hG)9�FiOCn)8\D�P6O`G)uOZOZ;q³C<�;iB[Å�I
,������ Y · e Y · i >ADN<pG)9�F6O�n)8½F�<�G	G�O]L�;fuN>�G+Hw¹vD	G�O]F�DZI�SVL+K�=
³�G+Kf¹"I0<�;�B *�,�� Y ·�¹ >AD\<RF�<�G	G�O]L�;cuN>�G+Hc@`K�;�D)G2<�;�G{G)9�F6O
n)8½µ�I"<�;�B[D	K?K�;Jm

4.1 Observations¯�>XQ�U"L�O?¿�D	H"K�usD\F6OZL�SVK�L+=o<�;�@ZOp>E;�=?>EMXME>ED�O]@ZK�;�B�D:K�S%OZ��OZa
@`U�G+>XK�;^G�>E=^O�SVK�L(G�H�ONn ±  Ãj�n)§rK�;^< · O];�G�>EU"=ön	n�nWm · ME<�>X;
�]���W�t��Ì����2Ì���� � ¢ �4��#"��3���#��$��������� I6D�H"K�uN;}<�Dp@`K�;�G+>X;�U"K�U�D
P"MA<�@2dw@`U"L+l�O$£{<�F"F6O]<�L:G�K�P6O^D�OZ;�D�>XG�>El�OvG�KfG�H"O?B�9�;�<�=?>A@
O`��O]@ZU�G�>EK�;�F�<�G	G+OZL+;�DoG+O]D	G�O]BJm��:>XL�G�Ui<�M{@]<�MEMEDoOZ��O]@`U"G�>E;"Q
@`K�;�D)G2<�;�G�F�<�G�G�OZL+;�D�<�;iBcD	G�OZF�FiO4BcF�<�G	G+OZL+;�D:G+<�d�Ov<�PiK�U�G
Å ²�² =?D]I�@`K�=?F�<�L�O4BvG�KR³ ²�²�² =oD(SVK�L%@Z9�@ZMX>A@s<�;�B?L+<�;�B�K�=
F�<�G�G�O]L�;�D]mC§�H"Ovñ{K�e<�MXM�´ ² =^>A@`L+K�abP6OZ;�@2H"=o<�L�dfO`��O]@ZU�G�O4D
>X;|¿ ²�² =oD]m�§�H"O]L�OZSVK�L+O?G�H"OfK�l�O]L�H"O4<�BkK�Ssl�>EL	G+U�<�M@Z<�MXMAD
l�<�L+>XO4D%P6O`G)uOZO];�³ ²�² <�;�Bfµ ²�² =oD]I"<vS/<�@WG+K�L�K�STSVK�U"LsB"U"O
K�;"ME9�G+KpB�>XÉ6O]L�O];�@`O4D(>E;?G)9�F6OsF�<�G	G+OZL+;�DZm ¡ G�H�OZL�j��: YD7K�;
G�H"O · OZ;�G�>EU"=ÊF"ME<�G	SVK�L�=ÊD	H"K�uÜD�>X=?>EME<�L{L2<�G�>EK�DC¢V¤�Q�U�L�O4Ds¿
<�;�BRÅ�£Wm ¡ ;?<�;o�sMXG�L2< y F�<�L+@n�n	nN¢�¤�Q�U"L+O�¹�£WI�l�>EL�G�U�<�M�@Z<�MXMAD
<�F"F6O]<�LTMEO]D+D�D	O];�D	>XG�>El�O�G�K:O`��O]@ZU�G�>EK�;�Fi<�G	G+OZL+;�D]mT§�H"O�@`K�;�a
D)G2<�;�GfFi<�G	G+OZL+;Ç>ADxOZ��O]@`U"G�O]B¼D	ME>EQ�H�G�ME9�=^K�L�O�O`�R@`>EOZ;�G+MX9�I
P"U�G�<oD)G+OZF"F6O]BwFi<�G	G+OZL+;YD	H�K�usD�G�H"O^D�<�=?OCFiO]L	SVK�L�=o<�;i@`O
<�Ds<?L2<�;iB�K�=úK�L{@Z9�@ZMX>A@�F�<�G	G�O]L�;5m%n�;Y@ZK�;�G�L2<�D	G]I"D	G�O]F"FiO4B
F�<�G�G�O]L�;�D7uN>�G+HRMXK�u�l�<�L+>E<�P">EMX>XG)9pP6OZH�<$l�ONu%O]MXM�K�;R<�MEM · O];�a
G�>EU"=�j��: YD�¢V¤�Q�U"L+O]D�¿�I"Åp<�;iBx¬�£`I�uN>�G+H�<^@`K�D)GN@`MEK�D�OsG+K
G�H�<�G�K�SG�H"Of@`K�;iD)G2<�;�GCF�<�G�G�OZL+;Jm ¡ l�OZL2<�MEM¦I5l�>EL�G�U�<�M�@Z<�MXMAD
G�O];�BRG+KvP6O�=?K�L+O{O`��F6OZ;�D�>El�O:G�H�<�;xK�G+H"OZLND	G�L+U�@WG+U"L+O]DO]D	a
FiO4@`>A<�MEMX9ouNH�OZ;fG�H"O�;�U"=pP6OZL�K�STB�>XÉ6O]L�O];�G�G)9�F6O]D>ED�D�=o<�MEM
<�;�B�uNH"O];�G+H"O?G)9�FiO?F�<�G	G+OZL+;�>AD�@`9�@ZMX>A@�mo§�H"O4D	O?L+O]D�U"M�G2D
>X;iB�>E@]<�G+OCK�F�G+>X=?>E�]<�G+>XK�;[K�F"F6K�L�G�U";�>�G+>XO4DSVK�L{j��: ¾>E=^F�MXOZa
=?OZ;�G�K�L+D]m

§�H"OsF6OZL�SVK�L+=o<�;�@ZONK�S(� Î � ���Z���`���+� � B�OZF6OZ;�B�D7K�;?G+H"O{D�>X�]O
K�S6G�H"OsD�O]z�U"O];�@`Os<�;�BvG�H"ONL2<�;�d�K�S�>�S/D7O`��OZL2@`>AD	O4B0I�D�H"K�L�G�O]L
D	O4z�U"OZ;�@ZO]D^P6OZ>E;"QcS/<�D)G+OZL4m y H�K�L�G�� Î � ���`���Z�6�2� � <�L+OxG+H"O
=?K�D	GvO`�R@Z>XO];�G?u�<$9cG+Kc>E=^F�MXO]=^O];�G?B�9�;�<�=?>E@fB�>ED�F�<�G+@2H
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* 2 *�� Y · e Y · h F�<�G�G�OZL+;xK�;fº{K�G y FiK�G y O]L�l�OZLK�; · O];�G�>EU"=
n�n	n�¢�¤�Q�U"L�OpÅ�£�K�L{´�µ�Á¨K�;fG�H"O ,��"��� Y�· e Y · h F�<�G	G�O]L�;�K�;
º{K�G y FiK�G{e%ME>EOZ;�GsK�;��sMXG�L2< y F�<�L+@:n	n�n\¢V¤�Q�U�L�O�¹�£`m7§�H"OZL+O`a
SVK�L�O�K�;"Op@]<�;cD�>XQ�;">X¤i@Z<�;�G+MX9fK�F�G+>X=?>E�ZOpG�H"Ov>X=?F"MEOZ=?OZ;�G2<�a
G+>XK�;xK�S5B"9�;i<�=?>E@:B�>AD	F�<�G+@2HR>E;f@ZU"L+L�O];�G�j��\ YD%uNH"OZ;xG�H"O
;�U"=vPiO]LTK�S�F6K�D+D�>XP"MEO7G)9�F6O]DT>EDTd�;"K�uN;R¢VP�9CD	G+<�G+>E@�<�;�<�MX9�D�>ED
K�LsB�9�;�<�=?>A@\D+<�=?F"ME>E;"Q�£�G�KoP6O�D�=?<�MXMtm

Âs���6Ì��WÍr�t���2�cÓ�� � Õ�Ì����+ÒÇ¢ ± §N8�£oF"L+K�l�>EB"O]DR<�;"K�G+H"OZLRu�<$9
G+K�F6OZL�SVK�L+= D	G�L+OZ;"Q�G�HkL�O4B�U�@`G�>EK�;cK�SB�9�;�<�=?>E@?B�>AD	Fi<�G+@2H
D�>�G+O]D]m ± >X;�<�L�9fG�L+OZO4D�<�F"F6O]<�L{G+KxP6O?D�>EQ�;">X¤i@Z<�;�G�ME9fS/<�D)G+OZL
G+H�<�;�l�>XL�G�U�<�M0@Z<�MEMAD%>E;[=?K�D	G�@]<�D�O]D�¢/<�MXM�¤�Q�U"L+O]D]I�Fi<�L�G�>A@`U�a
MA<�L+MX9x¤�Q�U�L�O4D:Å^<�;�Bw¹�£Wm�®H"OZ; ± §N8\D{<�L�O�D�MXK�uOZL�G+H�<�;
l�>EL	G+U�<�M"@]<�MEMED]I�>XG7>ED-Q�OZ;"O]L+<�MXME9CP�9p<�D	=o<�MEM�=o<�L+Q�>E;JI�<�D�¤�Q�a
U"L+O]D{¿o<�;�Bw¬oD�H"K�uCm y >X;i@`OCG+H"Op@`K�D)GsK�S ± §N8ËQ�L+K�usDN<�D
G+H"O[MXK�Q�<�L+>XG�H"= K�S{G�H"O�;�U"=pP6OZL?K�S:P"L+<�;�@2H"O4DZI(uNH"O]L�O4<�D
D�O]z�U"O];�@`O4DfK�Sx� Î � Hi<$l�O�<|ME>X;"O4<�Lw@`K�D)G4I ± §N8¾>AD[=^K�L�O
D+@Z<�ME<�P"MXO�mR§�H">ADC=o<�d�O4D ± §N8�<[Q�K�K�B�>X=?F"MEOZ=?OZ;�G2<�G�>EK�;
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Fi<�G+@2H�>X;"Qim�n�;tÙ#ï���Ò¼ì:���i��Ì���ì/Þ�ÑðÞ7���]Î`�Z�W�
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