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-
BC12 "12%

,- "7"4$02!$% >E%"&$>�%"B %"!$12 "12023$!=) � #$02<�<�0:7".$821�02BCBC.$% 124$%G! 02BJ123 7"3$,-% .$& ��02124  ,-3$#$%"8202!?F

&$ ">� "#$0:FH, 124$ "1 7" "! 7" "&$1:.$>�% #$02<�<�%">E%"!$1  "BC&$%"7"12B 3$<� "!  "#$ "&$1202A$% 7"3$,-&$.$1202!$F B 9 BC1:%", 02!

 "&$&$>�3$&$>�02 "12% ,-3$#$%"82B 3$< 7"3$,-&$.$12 "12023$!  "!$# &$>�3$A$02#$% �� 9NB 123 >�%"&$>E%"BC%"!$1 02!$12%">� "7"12023$!$B

/$%"1	��%"%"!(,-.$821202&$82%5 "BC&$%G7"12B )

• 
�L3$#$%"8202!$F #?%"BC02FH! BC&$ "7G%"B 02!$BC12%" "# 3$<�&$3$02!$1

-
#$%"BC0:FH!?B  "7"D$.$02>E%"B BC&$%"7"0: "8 BC02FH!$0:<�027" "!$7G% 02!

7"3$!$12%��?1 3$<5 "#$ "&$1202A$%*7"3$, &$.$1202!$F�B 9NBC12%",-B(#$%"BC0:FH!=) 
�4$%* "BCBC.$,-&$12023$!�02!�,-3$#$%G8202!$F�&$3$02!$1
-

#$%"BC02FH!$B(02B(124$ "1  "828 124$%*3$&$1202,-0	�G "1 023$!�#$%"7"02BC023$!$B(7" "!�/$%*12 ��$%"!�02!�%" ">�8 9 BC1: GFH%"B 3$<5B 9NBC12%",
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#$%"BC02FH!=) ��!L "#? "&$1202A$% B 9NBC1:%", #$%"BC02FH! 3$&$1202,-0	�G "12023$! #$%"7"02BC023$!$B- ">�% ,-.$7"4L,-3$>E% 7"3$,-&$82%��

#$.$% 123 124$% 02!$12%">
-
#$%"&?%"!?#$%"!$7"02%"B /$%"1	��%"%"! 124$% 7G3$,-&$.$12 "12023$!$B 02! #$02<�<�%">�%"!?1 ,-3$#$%"B 3$<

3$&$%">� "12023$!  "!$# 124$%�>�%G7"3$!$<�0:FH.$>E "12023$! 7"3$BC1�02! 12>� "!$BC0212023H!$02!$F-<�>�3$, 3$!$%�,-3$#$%�3$<�3?&$%">� "12023$! 123

 "!$3$124$%"> ) 
� "B �
-
82%"A$%"8 3$&$120:,-0	�G "12023$!$B;3$> %"A$%"!�,-3$#

e-
82%"A$%"8 3$&$1202,-0	�G "12023$!$B; ">�% 02!$BC.$<�<�027"02%"!$1

 "B(124$% 9 BC1202828 ,-02FH4$1 >�%"BC.$821 02!� "!�3$A$%">E "828 BC.$/
-
3$&$1202,- "8 #$%"BC02FH!=) �63?>5 "#? "&$1202A$%�7"3$,-&$.$1202!$F

B 9NBC12%",-B  <�82%��?02/$82%  "!$# 82 ">EFH% #?%"BC02F$! BC&$ "7G% 02B #$%"BC02>�%"# 124$ "1 7" "! &?>�3$A$02#$%  "#$%"D$.? "12%

3$&$&$3$>�12.$!$021:9�<�3?>�%��?&$823$>� "12023$!$M 12>� "#$%
-
3$<�<�B- "!$#L3$&$1202,-0	�G "12023$!=) 
�4$% 7"4? "8282%"!?FH% 02B  GFH "02! 123

#$%"A$02BC%; (,-3$#$%"8202!$F*&$ G>� "#$0:FH, 124$ "1�%"!$ "/$8:%"B5 (B 9NBC12%", #$%"BC0:FH!$%"> 123*7G "&$12.$>�%(#$%"BC0:FH!*BC&? "7G%"BCM

 "!$#(7"4$ ">E "7"12%G>�0	�G%5#$02<�<�%">E%"!$1  "8212%">�!$ "1202A$%"B 02!(124$%5#$%"BC0:FH! BC&$ "7"% )

• 
��3$!$BC12>� "02!$12B* ">�%�02!$12%"FH>E "85123  "!?9 #?%"BC02FH!  G7"1202A$021:9
) ��! 124$%�12 ">EF$%"12%"#  "&$&$82027" "120:3$! #$3$,- "02!

BC3$,-% 3$< 124$% 02!$12%">�%"BC1202!?F %��? ",-&$82% 7"3$!$BC12>� "02!$12B 02!$7"82.$#$% 1202,-02!$F 7"3$!$BC12>� "0:!$12BCML&$3���%">

7"3$!$BC12>� "02!$12BCM$ ">E%" ��7"4$02&  "!?# � 3$>=&$4 9 BC0:7" "8@/$3? ">�#  ">�%G ��7"3$!$BC12>� "02!$12BCM$7"3$BC1 7"3$!$BC12>� "0:!$12BCM$ ",-3$!$F

3$124$%">-7"3$!$BC12>� "02!$12B ) �L3$>�% 7"3$,-&$82%�� 7"3$!$BC12>� "02!$12B ,  G9 7">�3$BCBC7".$1�,-.$821202&$82%L "BC&$%"7"12B 3$<- "!

ad
 "&$1202A$% 7"3$,-&$.$1202!$F B 9NBC1:%",�) ��3$>�>�%"7"1 #$%"BC02FH!$B;,-.?BC1 BC "1202BC<E9  "828 B 9NBC12%", 7"3$!?BC12>� "02!$12B ) �

#$02<�<�027".$821�02BCBC.$% 02B�123 #?%"A$%"8:3$&  <�3?>�,- "8202BC, ��82 "!?FH.? GF$% � 124$ "1� "82823���B� -B 9NBC12%", #$%"BC02FH!$%G> 123

%��?&$>�%"BCB  ">�/$0212>� ">�028 9�7"3$,-&$8:%�� 7"3$!$BC12>� "02!$12B  "B &$ ">�1@3$<=1:4$%5B 9NBC12%", ,-3$#$%"82B )

� %"BC02FH!(�
&$ G7"%5� �?&$8
oration

� %"BC02FH! BC&$ G7"% %��?&$823$>� "12023$! 02B� BC%" ">�7"4 124$>�3$.?FH4 124$%-#$%"BC02FH! BC&$ "7G% ) 
�4$% 3$/ � %G7"1202A$% 3$<

124$%*BC%" ">�7"4�02B(123�<�02!$#� *#$%"BC02FH!�124$ "1 02!� "#$#$0212023$!�123�,-%"%"1202!$F�124$%*>E%"D$.$02>�%",-%"!$1 BC&$%"7"02<�027" "12023$!$B

 "!$# BC "1202BC<E9N02!?F 124$% 7"3$!$BC1:>� "02!$12BCM 02B 3$&$1202,- "8 ��02124 >�%"BC&$%"7"1 123  FH02A$%"! 3$/ � %G7"1202A$% <�.$!$7"12023$!

��<� "BC12%"BC1@02!(1202,-%"M?3$>�7"4$%" "&?%"BC1@02!(7"3$BC12M$3$>�82%" "BC1 02!( ">E%G � ) � 02124(124$02B #$%"<�02!$0212023$!(1:4$%5#$%"BC0:FH!(BC&? "7"%

%��?&$823$>� "12023$!(&$>�3$/$82%", 02B AH%"> 9�BC02,-0282 ">=123( 5��3$!$BC12>� "02!?1@�
 "1202BC<� "7"12023$! � >�3$/$82%", ����� � �
[26].
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�4$%51202,-%57"3$,-&$82%��?021:9�3?<=1:4$%5%��?&$823$>� "12023$!(02B #$%"12%">�,-02!$%"#(/?9�1 ��3(<� G7"123$>�B �  �=124?% BC0	�G%53$<

124$%�#$%"BC02FH!*BC&$ "7G%"M  "!$# / � 124$%�7"3$BC1�3$<�7"4?%"7��$02!?F-02!$#$0:A$02#$.$ "8�#$%"BC02FH!$B5<�3$>�7"3$!$BC12>E "02!$1�A$023$82 "12023$!$B )

� ! %��?4$ ".$BC1202A$% BC%" G>�7"4 124?>�3$.$FH4L 8: ">EFH% #$%"BC0:FH! BC&? "7"% 02B-&$>�3$4$02/$021202A$%"8:9�1202,-% 02!$12%"!$BC02A$% ) 
�3

3$A$%">�7"3$,-% 124$02B 7"4$ "8282%"!?F$%"M?4$%".$>�02BC12027"B 4$ "A$% /$%G%"!(.$BC%"# 02!(124$%5&$ "BC1 <�3$>�7"3$!$A$%"!$12023?!$ "8@%",-/$%"#$#$%"#

B 9NBC12%",-B #$%"BC0:FH! 123 FH.$02#$% 1:4$% BC%" ">E7"4 124$>�3$.?FH4 124$% #$%GBC02FH! BC&$ "7G% ) ��%".$>�02BC12027"BCM 4?3���%"A$%">�M #$3 !$3$1

&$>�3$A$02#$%�7"3$,-&$82%"12%�7"3$A$%G>� GFH%�3$<(124$%�BC%G ">E7"4JBC&$ "7"% ) ��!J "#$#$0212023$!$M�021 02B�#$02<�<�027".$821 123J#$%"A$%"823$&

%"<�<�%G7"1202A$%�4?%".$>�02BC12027"B*<�3?>( G#$ "&$1202A$%�7"3$,-&$.$1202!?F B 9NBC12%G,-B*#$.$%�123 124?%�,-.$82120
-
,-3$#$ "82021:9  "!$# 124$%

inter-
#$%"&$%"!$#?%"!$7"02%"B /?%"1	��%"%"!�7"3$,-&$.$12 "12023$!$B  "!$# >�%GBC3$.$>�7"%"B 02!�#$02<�<E%">E%"!$1�,-3$#$%"B ) 
�4$% 7"3$BC1�3$<

7"4$%"7��$02!?F(#$%"BC0:FH!$B 02B #$%"1:%">E,-02!$%"# /?9;124$% 7"3$!$BC12>� "02!$1 7G4$%"7��$02!?F(,-%"124$3$# %",-&$823 9N%G#=)5�
02,-.$82 "12023$!

 "!$# 12%"BC1202!$F  ">E% 3$!$% <�3$>�, 3$<K7"3$!$BC12>� "02!$167"4$%"7��$02!?F , %"124$3$#$BCM ��4$%">�% &$%G>�<�3$>�,- "!?7"%  "1212>�02/$.$12%"B 3$<

124$%-#$%"BC02FH!� ">�% %"BC1202,- "12%"#�/?9 %��?12%"!$BC02A$%-BC02,-.$82 "12023$!  "!$# 12%"BC1202!$F�) � !? "8:9N12027G "8�%"BC1202,- "12023$! 02B

 "!$3$124$%"> <�3?>�, 3$< 7"3$!$BC12>� "0:!$1K7"4$%"7��$02!?F�,-%"124$3$#$M ��4?%">�% &?%">�<�3?>�,- "!$7G%  "1212>�02/$.$1:%"B 3$< 124$% #?%"BC02FH!

are
%"BC1202,- "12%"#  "!? "8:9N12027G "82829 <�>�3$, 124$% &$%">E<�3$>�,- "!?7"%  G1212>�02/$.$12%"B 3$<K124$% #$%"BC02FH! 7"3?,-&$3$!$%"!$12B ) �63$>

%��? ",-&$82%"M  ">�%G ��823?FH027�F$ "1:%�7"3$.$!$1 �(3$<( "!J� � � � #?%"BC02FH!J7" "!J/$%� "!$ "8 9N12027" "828:9 %GBC1202,- "12%"# / 9

 "#$#$02!$F .$& 124$%  ">�%" "B 3$< 0:!$#$02A$02#$.$ "8 7"3$,-&$3$!$%"!$12B 02! 124$% #$%"BC02FH!=) �
02,-.H82 "12023$!  "!$# 12%"BC1202!$F 02B

,-3$>�%  "7"7".?>� "12% /$.$1�1202,-% 02!$12%"!$BC02A$%"M ��4$%">�%" "B  "!$ G8:9N12027" "8�,-%"124$3$#$B  ">�% <� "B 12M /$.$1�!$3$1 BC3

accurate.


�4$% 7"4? "8282%"!?FH% 02B 123L#$%"A?%"823$&L #?%"BC02FH! BC&$ G7"% %��?&$823$>� "12023$!L,-%"124$3$#L124$ "1�02B <E "BC1� "!$#

%"<�<�027"02%"!$1 9N%"1�3?<�<�%G>�B 7"3?,-&$82%"12% 7"3$A$%">E GFH%"M���4$0282% BC "1202BC<E9N02!?F  82 G>EFH% !$.?,-/$%"> 3$< B 9NBC12%",

constraints.
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�4$02B�>�%"BC%" ">E7"4- "1212%",-&$12B�123- "#$#$>�%"BCB�124$%"BC%�1	��3 �$% 9 02B BC.$%"B�02!-124$%�#$%"BC02FH!- "!$#-B 9H!$124$%"BC02B

3$<� "#$ "&$1202A$%�7"3$,-&$.$1202!$F B 9HBC12%",-B )�
�4$%�<�3$82823���02!$F >�%"BC%" ">�7"4-BC12 "12%",-%"!$1
3$.$128202!$%"B 124$%�3$/ � %"7"1202A$%"B

3$<=124$02B >�%"BC%" ">E7"4=)

���������
	
����
�����������������	
���������������
������������	 �"!#������$
-lev
�����
����� ��%�	
%��

�"!#%������������&$'���(���
�
�
�����
!)
*�
�+	
�
	����������'���
$)�-,����(%.�/�0!#������$'�+�(��	
�1��%�	
2*�����+	3�*����� ��%����

���4$'�
�
���5�
����� ��%6�"��	
�����"78�:9
�����
���;	
%��4�"!#%�����������<��;��%6�����;��	
�"���;�
����� ��%6�"��	
���;=>�������

��	
����� 
?!#��%.�4	@��	
�"���A%�,B$'2
�C�D��
+�
�����������A�
����� ��%����D�:9
�E�����������@���
%�������	
��%�����F

Outline

��4$ "&$12%">*��� >�%"A$02%���B�124$% BC12 "12% 3$< 124$%  ">�1;02! ,-3$#?%"8202!$F 3$<*<�82%��?02/$82% #$%"BC02FH! BC&$ "7"%"BCM

#$%"BC02FH! BC&? "7"% %��?&$823$>� "12023$! 02! B 9NBC12%", B 9N!$124$%"BC02B &$>�3$/$82%",-BCM  "!$# 7"3$!$BC12>E "02!$1�BC "1202BC<� "7"12023$!=)

� >�3$,-02!$%"!$1� "&$&$>�3$ "7"4?%"B-3?<�,-3$#$%"8202!$FL#$%"BC0:FH!LBC&$ G7"%GB- ">�% >�%"A$02% ��%"#=) � >�3$,-02!$%"!$1� "8:FH3$>�02124$,-B

 "!$#L "&$&$>�3? "7"4?%"B-<�3$>�#$%"BC0:FH!LBC&? "7"% %��?&$823$>� "12023$!$M 124$% #$%"BC0:FH!L#$02,-%"!$BC023$!$B-%��?&$823$>�%"#L/ 9 124$%"BC%

 "82FH3$>�02124$,-BCM@ "!$#-124$%�7"3$, &$82%��?021:9(3$<�124$%� "8:FH3$>�02124$,  ">�%�#$02BC7".$BCBC%"#=)�
�4$%�7"4$ "&$1:%">� "82BC3-FH02A?%"B� "!

3$A$%">�A$02%�� 3?<�124$% 7"3$!$BC12>� "0:!$1�BC "1202BC<� "7"12023$!L&$>�3$/$82%",-M  "!$#L124$% &$3$&$.$82 G>�7"3$!$BC12>E "02!$1�BC "1202BC<� "7"12023$!

algorithm
B ) ��4$ "&$12%"> �����  "#$#$>�%"BCBC%"B�124$% 02BCBC.$% 3?< B 9HBC12%", ,-3$#$%"8202!$F�) �
%",- "!$12027"B�3$<  "#$ "&$1202A$%

7"3$,-&$.$1202!$F B 9NBC12%",-BJ ">E% #$02BC7".$BCBC%"#=) �63$>�,- "8202BC, BJ<�3$>�>�%"&$>�%"BC%"!$1202!?F #$02<�<�%G>�%"!$1� "BC&$%"7"12BJ3$<

 "#$ "&$1202A$%;7"3$,-&$.$1202!$F B 9NBC12%",-B5 ">�%;&$>�%"BC%G!$12%"#=) 
�4$%;7"4$ "&$12%"> 7"3$!?7"82.$#$%"B ��02124*124$%;BC&$%"7"02<�027" "12023$!

3$<  ,-3$#$%"8202!$F &$ ">� "#$0:F$, 124$ "1-#$%"<�02!$%"BL124$% ,-3$#H%"8202!$F 7"3$!$7G%"&$12BL!$%"7"%"BCBC G>E9 <�3$> ,-3$#$%"8202!?F

 "#$ "&$1202A$% 7"3$,-&$.$1202!$F B 9NB 12%",-B ) � 7"3$!$BC12>� "02!$1L82 "!$FH.$ GF$% <�3$> BC&?%"7"02<�027G "12023$! 3$<  ">�/$0212>� "> 9

7"3$!$BC12>� "02!$12B 02B &$>E%"BC%"!$12%"#=)���4$ "&$12%"> ��� &$>�3$A$02#$%"B  (#?%"12 "0282%"#�%��?&$82 "!$ "12023$!�3$< 124?%(#$%"BC0:FH!�BC&? "7G%

explorati
3$!  "&$&$>�3$ "7"4=) � B 9 ,-/$3$82027 7"3$!$BC12>E "02!$1�BC "1202BC<� "7"12023$! ,-%"124$3$# 02B #$%"BC7">�02/$%"# 124$ "1

>�%"&$>�%"B %"!$12B #$%"BC02FH! BC&$ G7"%GB B 9 ,-/$3$82027G "828:9NM  "!$#  "&?&$8202%"B 7"3$!$BC12>� "02!$12B 123 124$% #$%"BC02FH! BC&$ "7G%



8

B 9N,-/$3$82027" "828 9
) 
�4?% 7"4$ "&$1:%"> 7"3$!?7"82.$#$%"B ��02124 124$% #?%GBC7">�02&$12023$! 3$<  #?%"BC02FH! BC&$ G7"% %��?&$823$>� "12023$!

123$3$8 )���4$ "&$12%">�� FH02A$%"B� 7" "BC%-BC12.$# 9 3$<�124$%- "&$&$82027G "12023$! 3$<�124$%-#$%"BC02FH! ,-%"124?3$#$3$823$F?9 123 124$%

#$%"BC02FH! 3$<K "!  "#$ "&$1202A$% 7"3?,-&$.$1202!$F(B 9NBC12%",�) ��4$ "&$12%G>�����%��? ",-02!$%"B 124$% >�%"BC.$8212B 3$<�124$% >E%"BC%" G>�7"4

 "!$#(&$>�3$A$02#$%"B >E%"7"3$,-,-%"!$#? "12023$!$B <�3$>=<�.$12.$>�% ��3$> �=)
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��� ��� 
���I ���

BACKGROUND


�4$02B�7"4$ "&$12%">�FH02A$%"B� "! 3$A$%">�A$02%�� 3$< 124?% BC12 "12%
-of-the-

 ">�1�02! 124$%��$% 9�02BCBC.$%"B�02! #$%"BC02F$!

 "!$#(B 9N!$124$%"BC02B 3$<� "#$ "&$1202A$% 7"3$,-&$.$1202!$F;B 9NBC12%",-BCM$BC.$, ,- ">�0	�G%"#(%" ">�8202%G> )�
�4?% FH3$ G8@3$<=124$%5BC.$>�A?% 9

02B5123*#$%"A$%"823$&* ;/$%"1212%"> .$!H#$%">�BC12 "!$#$02!?F 3$< 124$%��$%G9-02B BC.$%"B5&$%">�12 "02!$02!$F 123*B 9NBC12%", B 9N!$124$%"BC02BCM6 "!$#

 "82BC3�123�7">�%" "1:%  &$%G>�BC&$%"7"120:A$% ��02124 ��4$027"4�124$% ��3$> ��&$>�%"BC%"!$12%"#�02!�124$02B;#$02BCBC%">�12 G12023$!�7"3$.$82#�/$%

evaluated.


�4$%*<�02>�BC1 &$ ">�1 3$<5124$02B(7"4$ G&$12%">5BC.$>�A$% 9NB(124$%*12%G7"4$!$02D$.$%"B(.$BC%"#�02!�,-3$#$%"8202!$F�3$< #$%"BC02F$!

BC&$ "7"%"B )*�K "!?FH.? GFH%"B  "!$#  "&$&$>�3$ "7"4?%"B 124$ "1�7"3$!$BC02#$%">  "!$#�&$>�3$A$02#$%(124$%(7" "&? "/$0282021:9 3$< 7G "&$12.$>�02!?F

#$%"BC02FH! BC&$ G7"%"B  G>�% >E%"A$02% ��%"#=) 
�4$% BC%G7"3$!$# &$ ">�153$<�124$02B 7"4$ "&$12%">�<�3?7".$BC%"B*3$! 124$% &$>�%"A$ "82%"!$1

12%"7"4$!$02D$.$%"B�3$<�#$%"BC0:FH!-BC&? G7"%�%��?&$823$>� "12023$!-<�3$>�B 9NBC12%", B 9N!$124$%"BC02B )�
�4$%�8: "BC1
&$ ">�1�3$<�124$02B�7"4$ "&$12%">

#$%" "82B ��02124 124$%L7"3$!$BC12>E "02!?1�BC "1202BC<� "7"12023$! &$>�3$/$82%",�) � BC12.$#?9 3?<-124$% 7"3$!$BC12>� "0:!$1�BC "1202BC<� "7"12023$!

&$>�3$/$82%",-M5 "!$#  BC.$,-,- ">E9 3$< #$02<�<E%">�%"!$1� "8:FH3$>�02124$, B <�3$> 7"3$!$BC12>� "02!$1�BC "1202BC<� "7"1:023$! 4$ "A$% /$%"%"!

presented.

�L3$#$%"8202!$F;3$< � %"BC0:FH!(�
&$ G7"%"B

� >�%"A$023$.$BC8:9J124?%L02,-&$3$>�12 "!$7"%L3$<-,-3$#$%"8202!$F #$%"BC0:FH! BC&$ "7"%"B 123 %",-/$%"#$#$%"# 7"3?,-&$.$1202!$F

B 9NBC12%",-B 02! FH%"!?%">� "82ML "!?# %",-/$%"#$#$%"#  "#$ "&$1202A$% 7"3$,-&$.$1202!$F B 9NBC12%",-B 02! &$ ">�12027".$82 "> �� "B

#$%",-3$!$BC12>� "12%"#=) 
�4$% >E%"BC%G ">�7"4 02! ,-3$#$%"8202!$F 3?< #$%"B 02FH! BC&$ "7G%"B 02! 124$% %",-/$%"#?#$%"# B 9NBC12%",-B 02B

8202,-0212%"# � 4$3���%"A$%">�M 124$%L02#$%" L4$ "B <�3$.$!$# <E "A$3$>-02! 3?124$%">-#$3$,- "02!$B ) � >�02,- ">�02829 1	��3 #$02BC1202!$7"1

 "&$&$>�3$ "7"4?%"B;%��?02BC1 <�3$> >�%"&$>�%"BC%"!$1202!$F #$%"BC0:FH!�BC&$ "7G%"B ) �  ">� ",-%"12>�027 #$%"BC0:FH!�02B;3$!$%  "&$&$>�3$ "7"4�<�3$>

>�%"&$>�%"B %"!$1202!$F #$%"BC0:FH! BC&$ G7G%"M ��4$%G>�% 124$% #$%"BC0:FH! A$ G>�02 G12023$!$B  ">�%  "/$BC12>E "7"12%"# 02! BC02!$FH82% 3?>�,-.$821202&$82%
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&$ ">� ",-%"12%G>�B ) � 4 9NBC027" "828 9 #?02<�<�%">�%"!$1�#?%"BC0:FH!$B ,- 9 /$%;3$/$12 "02!$%"# <�>�3$, 124$%�&? ">� ", %"12%">�0	�G%"# #$%"BC0:FH!

BC&$ "7"% / 9 BC.$&$&$8 9 02!?F  "&$&?>�3$&$>�02 "12% A? "82.$% <�3$> 124$% 7G3$!$<�02FH.$>E "12023$! &$ ">E ",-%"12%">�B ) � #$02<E<�%">E%"!$1

 "&$&$>�3$ "7"4 <�3?>�7">E%" "1202!?F(#$%"B 02FH! BC&$ "7G% 02!$A$3$82A$%"B %��?&$82027 02128:9�%"!$.$, %">� "1202!?F(#$%"BC0:FH!  G8212%">�!$ "1202A$%"B <�3$>

124$%�7"3$,-&$3$!$%"!$12B�02!-124$%�B 9NBC12%", #$%"BC02FH!=)�
�4$%�#$%"BC02FH! BC&$ "7"%�02B� �7"3$,-/$02!$ "123$>�02 "8
&$>�3$#$.$7"1
3$<�124$%

7"3$,-&$3$!$%"!$1@ "8212%">�!? "1202A$%"B )5��4$ ">� "7"12%G>�02BC12027" "828:9;#$02<�<�%G>�%G!$1@#$%"BC02FH!$B ,- 9�/?%53$/$12 "02!?%"#(/ 9�B %"82%"7"1202!?F

 57"3$,-/$02!$ "12023$!(3$<= "8212%">�!? "1202A$%"B <�3$>=#$02<�<�%G>�%"!$1@7"3$,-&$3$!?%"!$12B )


�4$% BC%"7"12023$! &$>�%"BC%"!$12B� >�%GA$02%�� 3$< #$%"BC02FH! 82 "!?FH.? GFH%GB�BC.$7"4  "B���� � ��M� "!$# � 9N!? ",-027

� >�7"4$0212%"7"12.$>E% � %"B 7">�02&$12023$! �K "!?FH.$ GFH%"BCM�124$ "1 #$02>E%"7"128:9 BC.$&$&$3$>�1 7G "&$12.$>�%�3?<(#$%GBC02FH!JBC&$ "7G% ) �

>�%"A$02%�� 3$< >�%"7G%"!$1�>�%"BC%G ">E7"4$%"BJ02! BC3$<�1	�� ">E% 7"3$!$<�0:F$.$>� "12023$! ,- "!$ GFH%",-%"!$1�<�3?> 7">�%" "12023$!  "!$#

,- "!$ GFH%",-%"!$1@3$<=BC3$<�1	�� ">E% &$>�3$#$.$7"1@<� ",-028202%"B 02B  "82BC3(/$%"02!$F;&$>E%"BC%"!$12%"#=)

VHDL

��� � � ����%G> 9
-high-speed-integrated-

7"02>�7".$021��� ">�# �� ">�% � %"BC7">�02&$12023$! �K "!?FH.? "F$% � 02B� 

4$ ">�#��� G>�% #$%"BC7G>�02&$12023$! 82 "!$FH.$ GF$%
[9]

) ��� � ��M %"!? "/$82%"B 124$% 7">�%G "12023$! 3$< #$%"BC02FH! BC&$ "7G%"B <�3$>

#$02FH0212 "8 7"02>E7".$021 #$%"BC02FH!?M 02! /$3$124 <�82 "A$3$>�B 0 ) % ) &? G>� ",-%"12>�027G "828:9NM  "B ��%"828  GB /?9 %��?&$82027"0 1

%"!$.$,-%">� "12023$!(3$<=#?%"BC02FH!  "8212%">�!$ "1202A$%"B )

�  ">� ",-%"12>�027 #?%"BC02FH! 02B %"!? "/$82%"# 02! ��� � � / 9 &$>�3?A$02#$02!$F 7"3$!$BC12>�.$7"12B <�3?> 7">E%" "1202!?F

&$ ">� ",-%"12%G>�0	�G%"# ,-3$#$.$82%"B ) 
�4$% 7"3$!$<�02FH.?>� "12023$! &$ ">� G,-%"12%">�B�3$< 124$% ,-3$#$.$82%  ">E% %��?&$3$BC%"#  "823$!$F

��02124 124$% ,-3$#$.$82% 02!$12%">�<E "7"% #?%"BC7">�02&$12023$!=) ��! 124$% ,-3$#$.$82% 02!$12%">�<E "7"%"M 124$% 7"3$!$<�0:FH.$>� "12023$!

&$ ">� ",-%"12%G>�B5 G>�%;#?%"7"82 ">E%"#� "B
generic

M
 (��� � � �?% 9 ��3$>�#=)-��!�124$%;,-3$#$.$82%;02, &$82%",-%"!$12 "12023$!$M6 

&	!�'	!�1�)	 �! 7"3$!$BC12>�.$7"1�,  9 /$% .$B %"# <�3?> 7G>�%G "1202!$F 7"3$!$<�02FH.?>� "/$82% ,-3$#$.$82%"B ) 
�4$% F$%"!$%">E "12%

BC12 "12%",-%"!$1
 "7"7"%"&$12B� �!$.$, %">�027" "8
&$ ">E ",-%"12%">� "B� "!-02!$&$.$12M@ "!$#-7" "!-7">�%G "12%� "!$#-7G3$!$!$%"7"1
,-.$821202&$82%

7"3$&$02%"B 3$<� ,-3$#$.$82% /$ GBC%"# 3$! 124$% &$ G>� ",-%"12%G>�A? "82.$% ) �63$82823���02!?F 02BJ "! %��? ",-&$82% 3$<� 

7"3$!$<�02FH.?>� "/$82%5/$021
-
B %">�02 "8@, .$821202&$8202%">=#$%"BC02FH!(02!(��� � �5)
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entity
����� �����
	

is
generic �
� � ��� 	�������� �����������
port ��� �"! ��� �$#����%� � �&� in # 	�')(*��+�� ��!��, � in # 	�')(*��+�� ��! (.-.� ! 	.+�� �
� - � '�+
/ � 	.+10 ���2 � out # 	�')(*��+�� ��!3���

end
�����4(������
	 �

architecture 5 ��6.7
- of
�����4(������
	

is
component

�����4(�83'�'
port � 8 �:9*�"! ��; �"! ��� � � �&� in # 	�')(*��+�� ��!��� � out # 	�')(*��+�� ��!3���

end ! +=<�>�+ � � � 	 �
signal !�?&�@# 	�')(*��+�� ��! (.-.� ! 	.+�� �
� '�+
/ � 	.+ 0) ;
signal

> �@# 	�')(*��+�� ��! (.-.� ! 	.+�� �
� - � '�+
/ � 	.+10 ���
begin

- - A � � ����7�	��B7 � ' ! + ��� � ! 	 # ��� � 7��C7�'�'���� #8 � for D in
>FEG��7 � ��� generate

# ���4(%7�'�')( �H�@# ���4(%7�'�' port map � 8 ��I > ��D.���:9B��IB!�?J��D�K.�.���
! ��; ��IB!�� � ��IB!�?J��D.���"! ��� ��IB! ��� � � �L��I � �*���

end generate
8 �

- - A � � ����7�	��M8 � , ��7�	�� # 	.+">.����N�+��)<L<����
	 � >3� ? +
>.����7�	 � + �2=( ��� � ����7�	�� � for D in
>FEPO�8 �.A�Q generate> ��D.�SR�� , ��D.� 7 � ' #����%�

end generate
2=( ��� � ����7�	�� �

!�?J�T!�? EVU Q�W.X �SR�� EY0ZE �2 R��1!�?J�T!�? EPO D
A�[�X ���
end 5 ��6.7
- �


�4$% 7"3$!$<�0:FH.$>E "12023$! &$ ">E G,-%"12%">]\ 02! 124$02B %��? ",-&$82% 7"3$!$<�0:FH.$>E%"B 124$% BC0	�G% 3$< 124$%

,-.$821202&$8202%"> ) � !( "&$&$>�3$&$>�02 G12%5&$ ">� ",-%"1:%">=A$ "82.$%502B BC.$&?&$8202%"#
��4$%"!(124$%5,-3$#$.$82%502B 02!$BC12 "!$1202 "12%"#=)

� �?&$82027"021 >�%"&$>�%"BC%"!$12 "12023$!J3?<( "8212%">�!? "1202A$%"B�02B�BC.$&$&$3$>�1:%"#J02!J��� � � / 9 B %"&$ ">E "1202!$F 124$%

BC&$%"7"02<�027" "12023$! 3$< 02!$12%">E<� G7G% 3$<  7"3$,-&$3$!?%"!$1 <�>�3?, 0212B 02,-&$82%",-%"!$12 "12023$!=) ��!$12%G>�<� G7"% 3?<  

7"3$,-&$3$!$%"!$1�02B #$%"<�02!$%"#�02!* "!�!�'	 �%� � 7"3$!$BC12>�.$7"1 ) ��!$120 1202%"B  ">�%(#$%"BC7">�02/$%"#�02!�12%">E,-B 3$< 02!$&$.$1= "!$#
3$.$12&$.$15&$3$>�12B ) ��,-&$82%",-%"!?12 "12023$! 3$<; �7"3$,-&$3$!$%"!$150:B*#$%"<�02!$%"# 02!J "! )	1�+)^	%� �! +  
_	1�!�7"3$!$BC12>�.$7"1 )
�L.$821202&$82%  ">�7"4$0212%"7"12.$>�%"B 7G "! /$% BC.$&$&$8202%"# <�3$>  "! %"!$12021:9
) �63?> 02!$BC12 "!$1202 "12023$!  BC&$%"7"02<�027

 ">�7"4$0212%"7"12.?>�%L4$ "B 123 /?%L/?3$.$!$# 123 124$%L%"!$12021:9
) 
�4?%L/$02!$#$02!$F 7" "! /$%  "7G7"3?,-&$8202BC4$%"# 02! 124$%

02!$BC12 "!$1202 "12023$! 7"3$!$BC12>�.$7"1;021 BC%"82<�M 3$> 7" "! /$% BC%"&$ ">� "1:%"829 BC&?%"7"02<�0:%"# 02!  ��3$!$<�02FH.$>� "12023$! BC7">�02&$1 )
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�63$82823���02!$F 02B  "! %��? ",-&$82% 3$<  "! ��A$%"!
-
�  ">�021:9 7G3$,-&$3$!$%"!$1 ��02124 ,-.$8 1202&$8 %  ">�7"4$0212%"7"12.?>�%

#$%"<�02!$0212023$!$BCM$ "!$#( 57"3$!$<�0:FH.?>� "12023$!(BC7">�02&$1@124$ "1@&$%">�<�3?>�, B 124$%5/$02!$#$02!$F�)

����������� Q -.� � (	�.7�� � 	 ? is
port
� 9 -.� !H� in 9�� 	
(�
�� ! 	.+�� �
� downto

0 ����.7�� � 	 ? � out 9�� 	 ���
end Q -.� � (	�.7�� � 	 ?%�
- -

7 � 7�� ! 6 � 	�� ! 	������1N�+��"	�6��L��-.� � (.>�7�� � 	 ? � � 	 � 	 ?
ar ��� ����� � ������� X ����� of Q -.� � (	�.7�� � 	 ? is

signal D=� 	 ��� D=� 		� � D=� 	�� � D=� 	�� � D=� 	�� � D=� 	 � � 9�� 	 �
begin D=� 	 �$R��C9 -.� !F� 0 � xor 9 -.� !F���.���
D=� 		� R��C9 -.� !F� � � xor 9 -.� !F� � ���
D=� 	�� R��C9 -.� !F� � � xor 9 -.� !F� � ���
D=� 	�� R��C9 -.� !F� ��� xor 9 -.� !F�
�����
D=� 	�� R���D=� 	 � xor D=� 		� �
D=� 	 �MR���D=� 	�� xor D=� 	�� ��.7�� � 	 ? R���D=� 	�� xor D=� 	 ���

end X ����� �
- -

7 � +�	�6����C7�� ! 6 � 	�� ! 	������1N�+�� ��-.� � (.>�7�� � 	 ? � � 	 � 	 ?��� ��� ����� � ������� � 7 #�! 7�'�� of Q -.� � (	�.7�� � 	 ? is
signal D=� 	 ��� D=� 		� � D=� 	�� � D=� 	�� � D=� 	�� � D=� 	 � � 9�� 	 �

begin D=� 	 �$R��C9 -.� !F� 0 � xor 9 -.� !F���.���
D=� 		� R���D=� 	 � xor 9 -.� !F� � ���
D=� 	�� R���D=� 		� xor 9 -.� !F� � ���
D=� 	�� R���D=� 	�� xor 9 -.� !F� � ���
D=� 	�� R���D=� 	�� xor 9 -.� !F� � ���
D=� 	 �MR���D=� 	�� xor 9 -.� !F� ������.7�� � 	 ? R���D=� 	 � xor 9 -.� !F�
�����

end � 7 #�! 7�'�� �
- - ! + � N � ������7�	 � + � #�! � � >�	 53��� ' ��� �B+ � �B7�� ! 6 � 	�� ! 	������ 	.+C� � 	 � 	 ?
configuration

7 ( � + � N � � of
7 ( #
?�# 	��
< is��� � an_ D=��# 	.7 �.! � � Q -.� � (	�.7�� � 	 ?����������������� Wor k. Even_Par i t y( Tr ee) ;����� ��� � ;����� a_Conf i g;

��! BC.$,-,- G> 9NM=��� � � BC.$&?&$3$>�12B�124$% 7">E%" "12023$! 3$< #?%"BC02FH! BC&$ G7"%"B�<�3$> 4? ">�#��� G>�%-#$%"BC02FH!$B

02!( "!(%"82%GFH "!$1@,- "!$!?%">=/ 9;%"!$ "/$8202!$F;&? ">E ",-%"12>�0275#$%"BC0:FH!$M$ "B���%"828@ "B / 9; "82823���02!$F;>E%"&$>�%"B %"!$12 "12023$!

o
<�#$%"BC0:FH!L "8212%">�!? "1202A$%"B ) 
�4$% &$>�02,- "> 9 8202,-0212 "12023$!$B-3$<���� � � 4$3 ��%"A$%G>� G>�% 1:4$% 02!$ "/$0282021:9 123

BC&$%"7"02< 9�&$%">E<�3$>�,- "!?7"%�,-%"1:>�027"B  "823$!?F���02124 124$%� "8212%">E!$ "1202A$%�#$%"BC7">�02&$12023$! 02! 3$>�#?%"> 123 12>� "#$%
-
3$<�<

 "!$# 7"3$,-&$ ">�%  "8212%G>�!$ "1202A$%"B M? "!$# 124$% &$>�02,-021202A$% <�3$>�, 3$<�7"3$!$<�02FH.?>� "12023$! ,-%"7"4$ "!$0:BC,  "A$ "0282 "/$82% 02!
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124$% 82 "!$FH.$ GF$% ) 
�4$%">�%  ">E% !$3 123$3$82B 124$ "1 7" "! &$>�3$A$02#$%  ".$123$,- "12027 7"3$!$<�02FH.?>E "12023$! 3$< ��� � �

#$%"BC02FH!$B /$ "B %"# 3$! B 9NBC12%G, 7"3$!$BC12>� "02!$12BCM  "!$# 124$%">�% 02B !$3 ,-%"7"4$ "!$02BC, 123 A$ "8202#$ "12% 124$%

7"3$!$BC02BC12%"!$7 9�3$< 124$%�02!$BC12 "!?1202 "12%"# 7"3$!$<�0:FH.$>� "12023$!=) �6.?>�124$%">�M���� � � /?%"02!?F� �4$ G>�#��� ">E%�#$%"BC0:FH!

l
 "!$FH.? GFH%J&$>�02,- ">�028 9 02B !$3$1 BC.$0212%"# <�3$>�#$%"BC02FH!$02!$F 4$%"12%">�3?FH%"!?%"3$.$B B 9NBC12%",-B 124$ "1 7"3$!$BC02BC1 3$<

02!$12%">� "7"1202!?F;4$ ">�# �� ">E%5 "!$# BC3$<�1	�� ">�% 7"3$,-&$3$!$%"!$12B )

� 9N!? ",-027 � >�7G4$0212%"7"12.$>�% � %"BC7">�02&$12023$! �K "!?FH.$ GF$%"B

�L "!?9  G>�7"4$0212%"7"12.?>�% #$%"BC7G>�02&$12023$! 82 "!$FH.$ GFH%"B 4$ "A?% /$%"%"! #$%"A$%"823$&$%"# <�3$> B 3$<�1	�� ">�%

architect
.?>�%JBC&?%"7"02<�027G "12023$!$M�#$%"BC0:FH!  "!$#  "!? "8:9NBC02B

[10][11][12]
) I�%"7"%"!$128:9 BC3$,-%J3$< 124$%"BC%

82 "!$FH.? GFH%"B54$ "A$%;/?%"%"!*%��?12%"!$#$%"# ��02124*7"3$!$BC12>�.$7"12B5123*%"!$ "/$82%;7" "&$12.?>�%; "!$#* "!? "8:9HBC02B53$< # ��'	)	" %�+

softw
 ">�%  ">E7"4$0212%"7"12.$>E%"B )*
�4$%(# 9N!$ ",-027 /$%"4$ "A$023$> >�%G<�%">�B 123�124?%(A$ G>�02 "/$0282021:9 02! 7"3$,-&$3$BC0212023$!�3$<

02!$12%">� "7"1202!?F 7"3$,-&$3$!$%"!$12B�#$.$>�02!$F 124$% 7"3$.$>�B % 3$<  BC02!$FH82% 7"3$,-&$.$12 "12023$!=) � 8282%"!  ">EFH.$%"B�124$%

BC%"&$ ">� "12023$! 3$< # 9N!$ ",-027 >�%
-
7"3$!$<�0:FH.$>E "12023$! /$%"4$ GA$023$> 3$<  ">�7"4$0212%"7"12.$>E% <�>�3$, 0212B !$3$!

-

reconfigur
 "12023$! <�.$!$7"12023$!$ "82021:9

[10]
M  "!$# >�%"7"3$,-,-%"!$#$B %��?12%"!$BC023$!$B 123 � >�0 FH4$12M  "! ��� �

#$%"BC02FH!$%"# <�3$> BC12%" "# 9
-
BC12 G12%  ">�7"4$0212%G7"12.$>�%"BCM 123 4$ G!$#$82% #?9N!? ",-027 BC3$<�1	�� ">E%  ">�7"4$0212%"7"12.$>E%"B )

�L%"#$A$02#$3$A$027�4$ "B�&$>�%"BC%"!$12%"#JBC02,-0282 ">(02#$%" "B�02! 4$02B ��3$> �J3$!J#?9N!$ ",-027�BC3$<�1	�� ">�%� ">E7"4$0212%"7"12.$>E%

>�%"&$>�%"B %"!$12 "12023$!(.$BC02!$F;��O
-
B 1:9N82%

[12].

� >�02FH4$1�>�%"&?>�%"BC%"!$12B  ">�7"4$0212%G7"12.$>� "8�BC12>�.$7"12.$>E%  "B FH>� "&$4 3$< 7"3$,-&$3$!$%"!$12B  "!$#�7"3$!$!?%"7"123$>�B )

��3$,-&$3$!$%"!$12B >�%"&$>�%"BC%"!$1- G>�7"4$0212%"7"12.$>E "828:9
-
>�%"82%"A? "!$1 .?!$0212B 3$< 7"3$,-&$.$12 "12023$!  "!$# #$ "12 BC123$>� GF$%"M

��4$0282%(7"3$!$!$%G7"123$>�B >E%"&$>�%"B %G!$1�124$%(02!$12%">� "7"12023$!�/?%"1	��%"%G!�7"3$,-&$3$!$%"!$12B )*��! � >�02FH4?12M
7"3$,-&$3$!$%"!$12B

 "!$# 7"3$!$!$%"7"123?>�B  ">�%�1 9N&?%"#�)(
�4$.$B 123 #$%"<�02!$%� �B 9NBC12%G,-M 3$!$%�<�02>�BC1�#$%"7"82 ">E%"B  �BC%G1�3$<�7"3$,-&$3$!$%"!$1

 "!$#L7"3$!$!?%"7"123$>�1 9N&$%"BCM 12%">E,-%"#L "B  
Style

) 
�4$%"! 3?!$% #$%"7"8: ">�%"B  B %"1�3$<�02!$BC1: "!$7"%"B-3?<�124$%"B %

1:9N&$%"B  "!$#-124$%��� 9 02! ��4$0:7"4-124$% 9  G>�%� "BCBC%",-/$82%"#$M@12%G>�,-%"#- "B  
Configuration

)���3$,-&$3$!$%"!$12B

02! � >�02FH4$1�4$ "A$% 02!$12%">�<� "7G%"B 7" "8282%"#
ports

) � &$3$>�1 #$%"<�02!$%"B  823$FH027" "828 9 B %"&? ">� "/$82% &$3$02!$1�3$<
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02!$12%">� "7"12023$! ��02124-0212B�%"!$A$02>�3$!$,-%"!$1 )���3$!$!$%"7"123$>�B� "82BC3-4$ "A$%�02!$12%">�<� G7"%"B�7G "8282%"#
roles

)�
�4$%�>�3$82%"B

3$<  7"3$!$!$%"7"123$> 02#$%"!$1202< 9 124$% 823$FH027" "8-&$ ">�12027"02&$ "!$12B 02! 124$% 02!H12%">� "7"12023$! >�%"&$>E%"BC%"!$12%"# / 9 124$%

7"3$!$!$%"7"123$>�M? "!$#(BC&$%"7"02< 9�124?%5%��?&$%"7"12%"#(/$%"4? "A$023$>=3$<=%G G7"4(&$ ">�12027"02&$ "!$1@02!(124$%502!$12%">E "7"12023$!=)

� 9N!? ",-027 123$&$3$823?FH02%"B 7G "! /$% #?%"BC7">�02/$%"# 02! � >�02FH4$15/?9L%��?12%"!$#$02!$FL124?% 7"3$!?7"%G&$1 3$<� 

con
<�02FH.?>� "12023$!=) �
12%" "#?9

-
BC1: "12% BC3$<�1	�� ">�%- ">�7"4$0212%G7"12.$>�%GB�7"3$!$BC02BC1�3$<  .$!$02D$.$% 7"3H!$<�02FH.$>E "12023$! 124$ "1

>�%"&$>�%"B %"!$12B 124$%(<�0	�?%"#�123$&$3H823$F?9-3?< 124$%(BC3$<�1	�� ">E%( ">�7"4?0212%"7"12.$>�% ) � 8282%"!�&$>�3$&$3$BC%"B  
Configuror

M

123 ,- "!$ "FH%�124$%�7"4$ "!?F$%"B 02! 124$%� ">�7"4$0212%"7"12.$>� "8�123$&$3$823$F?9
)(
�4$%��
1:9 8:%�#$%"BC7">�02/$%"B5 "828�7"3$,-&$3$!$%"!$12B

124$ "1� ">�%; "A$ "0282 "/$82%;<�3$>�.$B %;02! 124$%� ">E7"4$0212%"7"12.$>�% ) � � 3$!$<�02FH.$>�3?>�BC7">�02&$1�#?%"<�02!$%"B 1:4$%�/$%"4$ "A$023$> 3$<

124$% ��3$!$<�02FH.?>�3$> ) 
�4$%*/$%G4$ "A$023$> 02B;#$%G<�02!$%"#�BC02,-0282 ">5123� *<�02!$0212% BC12 "12% ,  "7"4$02!?% ) � &$&?>�3$&$>�02 "12%

%"A$%"!$12B502!*124$%;BC12 "12%"B512>�02F$F?%"> >�%G7"3$!$<�0:FH.$>E "12023$!*3$< 124$%( ">�7"4$0212%"7"12.?>�% ) 
�4$%( ">�7"4$0212%G7"12.$>� "8=7"4$ "!?F$%"B

 ">�% #?%"<�02!$%"# / 9  BC%"D$.?%"!$7"% 3?< >�%G7"3$!$!$%G7"12023$!  G!$# #?9N!? ",-027 02!$BC12 "!$1202 "12023$! � #$%"82%"12023$! 3$<

components.

��! BC.$,-,- "> 9NM@# 9N!$ ",-027� ">E7"4$0212%"7"12.$>�%�#?%"BC7">�02&$12023$!-82 "!?FH.$ GF$%"B�&$>�3$A$02#$%�124$%�7G "&$ "/?0282021:9(3?<

7">�%" "1202!?F( #$%"BC0:FH! BC&$ "7"% <E3$>�BC3$<�1	�� ">�%  ">E7"4$0212%"7"12.$>E% #$%"BC02FH!=) ��! 124$% �
1:9N82% #$%"B 7G>�02&$12023$! #$02<�<�%">�%"!$1

��3$,-&$3$!$%"!$12B 02,-&$82%",-%"!$120 !$F�124$% BC ", % 02!$12%">�<� G7"% ,  G9*/?% BC&$%"7"02<�0:%"#=)���3���%"A?%">�M�124$% # 9N!$ ",-027

��� ��B BC.$<E<�%"> <E>�3$, 124$% BC ",-% 8202,-0212 "12023$!$B  "B ��� � ��) 
�4$% 82 "!?FH.$ GF$% #$3$%GB !$3$1 BC.$&$&$3$>�1

 "1212>�02/$.$1202!$F-124$%;7"3$,-&$3$!$%"!?12B ��02124 &$%">�<�3?>�,- "!$7G%�,-%"12>E027"M !$%"02124$%"> 02B 124$%">E%; "! 9 123?3$8�BC.$&$&$3$>�1�<�3?>

#$%"BC02FH! BC&$ G7"% %��?&$823$>� "12023$! 3$>- ".$123$,- "12027L7"3$!$<�0:FH.?>E "12023$!=) ��!  "#$#$0212023$!$M ��� �KB  G>�%L12 G>EFH%"12%"#

123��� ">�#$B BC3$<�1	�� ">�%  ">E7"4$0212%G7"12.$>�% #?%"BC7">�02&$12023$!  "!$#  ">E% !$3$1K&$ ">�12027".$82 G>�8:9�BC.$0212 "/$82% <�3$> #?%"BC7">�02/$02!?F

%",-/$%"#$#$%"#(4$%"1:%">�3?FH%"!?%"3$.$B B 9NBC12%",-B )

�
3$<�1	�� ">�%5�� 
riants

�
3$<�1	�� ">�%� "8212%">�!$ "1202A$%"B�3$>
variants

 ">�%�.$BC%"# 123-7">E%" "1:%  "!$#-,- "02!$12 "02! BC3$<�1	�� G>�%�&$>�3$#$.$7"1

<� ",-028202%"B ) �
3$<�1	�� ">�%�A$ ">�0: "!$12B�4$ "A$%�/$%"%"!J124$%�BC.$/ � %"7"1 3$<( "1212%"!$12023$!J02!J>�%"7"%"!?1 >�%"BC%" ">E7"4$%"B�02!
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BC3$<�1	�� ">�% 7"3$!?<�02FH.?>� "12023$! ,- "!$ GFH%",-%"!$1 ) ��1�02BJ.$!$#$%">�BC123$3$# 124$ "1�A$%">�BC "120282% ,- "!$ GFH%",-%"!$1�3$<

BC3$<�1	�� ">�% A$ ">�0: "!$12B 7" "! 4$%"82& BC3$<�1	�� ">�% #$%"A$%"8:3$&$,-%"!$1 &$>�3$7"%"BCBCM / 9 #$02BC12>�02/$.$1202!$F 124$%

#$%"A$%"823$&$,-%"!$1 7"3$BC1 3$A$%"> ,- "!?9 BC%"&? ">E "12%*7".$BC123$,-0	�G%"#�&$>�3$#$.$7"12B(02!� *&$>�3$#$.?7"1 <� ",-028:9  "#? "&$12%"#

<�>�3$, 124$% BC ",-%�/$ "BC% &?>�3?#$.$7"1 ) ��! 124$%� "/$BC%"!$7G% 3$<; &$>�3$&$%G>�A$ G>�02 "!$1 ,- "!$ GF$%",-%"!$1 <� G7"0282021:9NM

emergi
!?F(!$%"%"#$B 123 ,- "02!$12 "02!  7"3$,-&$82%�� B 9 BC12%", ��02124  "! %"A$%">

-
02!$7">E%" "BC02!?F(!$.$,-/$%">�3$<�A$ ">�02 "!$12B

7" "!(%G "BC028:9�/$%G7"3$,-%502!$12>� G7"12 "/$82% )


�4$%">�%�02B !$3$1� �BC02!?FH82%"M6FH%G!$%">� "8� "!$# ��02#?%"8:9- GFH>�%G%"#*#$%"<�02!$0212023$! 3$<�BC3$<�1	�� ">�%�A? G>�02 "!$12B 02!

124$%;BC3$<�1	�� ">E%(7"3$!$<�0:FH.$>� "12023?!*,- "!$ GFH%", %"!$1=7"3$,-,-.$!$021:9
) � /$>�3? "#*#?%"<�02!$0212023$!*% �?&$82 "02!$B5A$ ">�02 "!$1

 "B  >�%"82 "12023$! 8202!��$02!$F 1	��3 BC3$<�1	�� ">�% BC3$.$>E7"% 3$/ � %"7"12B 02!$#$02BC1202!$FH.$02BC4$ "/$82% .$!$#$%">  FH02A?%"!

 "/$BC12>� "7"12023$!=) � !$3$124$%">�#?%G<�02!$0212023$!L%��?&$82 "02!$B-A$ ">�02 "!$12B- "B- "8212%">E!$ "1202A$% 02,-&$82%",-%"!?12 "12023$!$B-3$<�124$%

BC ",-%-BC&$%"7"02<�027G "12023$!
[13]

M=02,-&$8:9 02!?F 124$%">E%"/ 9�124? "1�A$ ">�02 "!$12B�,- G9 /$%-3$/ � %"7"12B���0:124 02!$12%">�<� "7"%- "B

124$% 02!$A$ ">�02 "!$1 &$ ">�1  "!$# #$02<�<�%">E%"!$1 02,-&$82%",-%"!$12 "12023$!$B- "B 124$% A$ ">�02 "!$1 &$ ">�1 ) 
�4$02B #$%"<�02!$0212023$! 0 B

 ">EFH.$%"# 123 /$% 123$3 >�%"BC12>�0:7"1202A$%
[13]

M  "B 0 1 >�.$82%"B 3$.$1 #$02<�<�%">�%"!$1 02,-&$82%",-%"!$12 "12023$!?B 3$< 02!$12%">�<� "7G%"B

124$ "1@#$02<�<�%">=02!(02>�>E%"82%"A$ "!$1@#?%"12 "0282B )

�� ">�02 "!$1 >�%"&$>E%"BC%"!$12 "12023$!� G!$# ,- "!$ GFH%", %"!$1�02B�3$!$% 3?<�124$%-,-3$BC1 7".$,-/$%">�BC3$,-%*12 "B �$B�02!

BC3$<�1	�� ">�%-7"3$!$<�0:FH.$>E "12023$! ,- "!$ GFH%",-%"!$1 ) 
�4?%">E%  ">E%-1	��3 /$ "BC027-7"4$3$027"%"B�<�3$> 124?% >�%"&?>�%"BC%"!$12 "12023$!

3$<-A$ ">�02 "!$1�7"3$,-&$3$!$%"!$12B 02! BC3$<�1	�� ">�%L7"3$!$<�0:FH.$>E "12023$! ,- "!$ "F$%",-%"!$1�123$3$82B � Q � �L "02!$12 "02!$02!$F  

BC%"&$ ">� "1:%57"3$& 9�3?<=124$%57"3$, &$3$!$%"!$1@<�3$>=%G "7"4(A? ">�02 "!$1 �EA$ ">�02 "!$1@BC%GFH>E%GFH "12023$! � �  "!$# O �=�L "02!$12 "02!$02!?F

 BC02!$FH82% BC3$.?>�7"% 3$/ � %"7"1 <�3?>K "828 A$ ">�02 "!$12B 124$ "1  G>�% %��?12>� G7"12%"#  "B !$%G%"#$%"# ��BC02!$FH8:% BC3?.$>�7"% A? ">�02 "!$12B � )

�� ">�02 "!$1 B %GFH>�%GF$ "12023$! BC123$>E%"B A$ ">�0: "!$12B BC%"&$ G>� "12%"8 9 0:!  BC3$.$>E7"% >�%"&$3$BC02123$> 9
) 
�4$% &?>�02,- "> 9

#$02BC "#$A$ "!$12 GFH%-3$<�A? ">�02 "!$1 BC%"F$>�%GFH "12023$! 02B�124$%-02!$12>�3$#?.$7"12023$! 3$<�>�%"#$.$!$#$ "!?7 9 02!$123 124$%-&$>�3$#$.$7"1 � B

BC3$.$>�7"%J8202/$>E "> 9
) �
3$<�1	�� G>E%JA$ G>�02 "!$12B  G>�%J1 9N&$027G "828:9 ,-3$#$02<�02%"# 7"3$& 9 3$< BC3$,-%J3$124$%"> BC3$.$>�7G%

3$/ � %"7"12B ) ��<�12%"!*124$%(,-3$#$02<E027" "12023$!$B5 ">E%;BC,- "828�7"3$,-&$ G>�%"#*123*124?%;7"3$,-,-3$!*#? "12 )-
�4$02B582%" "#$B 123
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,- "02!$12%"!$ "!$7"% #$02<�<�027".$821202%"BCM; "B ,-.$821202&$82%J7"3$&$0:%"B 3$< 124$%JBC ",-% #$ "12 !$%"%"# 123 /$%J,- "02!$12 "02!$%"#

BC%"&$ ">� "1:%"8:9
) � !$3$124$%">J#$02BC "#$A$ "!$12 GFH% 02B 02! 124?% >�%G&$>�%"BC%"!$12 "12023$! 3$< A? ">�02 "!?7G% 3$<  BC02!$FH8:%

7"3$,-&$3$!$%"!$1 02!�,-.$821202&H82% #H02,-%"!$BC023$!$B ) � !�%��? ",-&$82% 02B;#$02<�<�%">�%"!$1 ��&$%">� "1202!?F �
9NB 12%", A$ ">�02 "!$12B

3$<� -7"3$,-&$3$!$%"!$1  "!$# #$02<�<E%">�%"!$1�.$BC%G>
-
02!$12%">�<E "7G%-A$ ">�0: G!$12B�3$<�124$%-BC ",-%-7"3$,-&$3$!?%"!$1 )�� ��02!?F 123

124$%"BC%*#$02<�<�027".$821202%"BCM�A? ">�02 "!$1 BC%GFH>�%GF$ "12023$!�02B(/$%"1212%">5BC.$0:12%"#�<�3$> >�%"&$>E%"BC%"!$1202!?F�A$ ">�0: "!$12B(124$ "1 4$ "A$%

!$3�3$> BC,- "828�BC3$.$>�7G%(12%��?1�02!�7"3$,-,-3$! ��02124�124$%"02> BC02/?8202!$FHB  "!$#�124? "1�A$ "> 9*3$!$8:9 ��02124$02!� (BC02!$FH82%

#$02,-%"!$BC023$!=) �
02!$FH82%(BC3$.$>�7G%(A$ ">�02 "!$1�>E%"&$>E%"BC%"!$12 "12023$! 3$!�124$%(3$124$%"> 4$ "!$#�BC123$>E%"B  "828�124$%(A$ ">�02 "!$12B

02!L BC02!$FH82% BC3$.$>�7"% <�0282% ) �L%"12 
-
7"3$!$BC12>�.?7"12B-FH.$02#$% 124?% BC%"82%"7"12023$!L "!$#L%��?12>� "7"12023$!L3$<�#$02<�<�%">�%"!$1

A$ ">�02 "!$12B(<�>�3$, 124$%*BC ",-%*B 3$.$>�7"%*<�0282% )L�
02!$FH82%*BC3$.$>E7G%*A$ ">�02 "!$1 >�%"&?>�%"BC%"!$12 "12023$! 02B( *&$>�3$,-02BC02!$F

A$ ">�02 "12023$! BC7"4$%",-% 02! &?>�3?FH>E ",-,-02!$F 82 "!?FH.? GFH%"B�124? "1(3$<�<�%G>*7"3$!$#$0212023$!$ "8(7"3?,-&$0282 "12023$!=) 
�4$%

,- "02!  "#$A$ "!$12 GF$%J3?<�BC02!?F$82%JBC3$.$>�7G%J>E%"&$>E%"BC%"!$12 "12023$! 02B 124$ "1 >E%"#$.$!$#$ "!?7 9 /$%"1 ��%"%"! #$0:<�<�%G>�%"!$1

A$ ">�02 "!$12B 3$<  (FH02A$%"!�7"3$,-&?3$!$%"!$1�7" "!�/$%(%"!$1202>�%"8 9 %"8202,-02!$ "12%"#�3$> ,-02!$02,-0 �G%"#=) � #$02BC "#$A$ "!$12 GFH%

3$<�BC02!$FH82%�BC3$.$>�7G% A$ ">�0: "!$15>�%"&$>�%"B %"!$12 "12023$! 02B 02! 124$%�3$/$<�.$BC7" "12023$! 3$<�124$%�BC3$.$>�7G% 7"3$#$% / 9 124?%

meta-
7"3$!$BC12>�.$7"12B 124$ "1K7"3$!$12>�3$8�124$%(02!$BC12 "!$1202 "12023$!�3$< 124$%(#$02<�<�%G>�%"!$1�A$ G>�02 "!$12B ) � #?#$0212023$!$ "828:9 M
021�02B

#$02<�<�027".$821@123(FH.$ G>� "!$12%G%5124$% 7"3$!$BC02BC12%"!$7 9�3$<= "!(02!$BC12 "!$120: "12023$!=)

��! BC.$,-,- "> 9NM BC3$<�1	�� G>�% A$ ">�02 "!$12B  ">�% 1 9N&$027" "828 9 B 3$.$>�7"% 7"3$#$% A? ">�02 "12023$!$B  "!$#  ">�%

7"3$,-,-3$!$8:9 .$B %"# 02! 7">�%" "1:023$! 3$<;BC3$<�1	�� ">�%�&$>�3$#$.$7"1 <� ",-028202%"B ) ��! 124$ "15>�%"BC&$%G7"12M A$ ">�02 "!$12B* ">�%

 "!$ "823?FH3$.$B*123 #$%"BC02FH!  "8212%G>�!$ "1202A$%"B ) 
�4$%�>�%"BC%" G>�7"4 02! BC3$<�1	�� ">�%�A$ ">�02 "!$12B*/$>�02!?FHB*<�3$>�124 BC3$,-%

02!$12%">�%"BC1202!$F*02BCBC.$%"B >�%GF$ ">�#$0:!$F*A$ ">�0: "!$1�,- "!$ GFH%",-%"!$12M� "!$#�7"3$!$BC02BC12%"!$1�02!$BC12 "!$1202 "120 3$!�3$< BC3$<�1	�� ">�%

&$>�3$#$.$7"12B 7">E%" "12%"#���02124 BC3$<E1	�� ">�% A? ">�02 "!$12B )5��3$!$BC02BC12%G!$7G9;02BCBC.?%"B 4$ "A?% /$%G%"!  "#$#?>�%"BCBC%"# 02! BC3$,-%

>�%"BC%" G>�7"4$%"B / 9 &?>�3$A$02#$02!$F  7"3$!$<�0:FH.$>E "12023$! .$120282021:9 M 124$ "1 4$%"82&$B 02! 02!$BC12 "!$1202 "1202!$F 7"3$!$BC02BC12%"!$1

&$>�3$#$.$7"12B
[13].
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�
.$,-,- ">E9 � �L3$#$%"8202!?F;3$<=#?%"BC02FH!(BC&$ G7"%"B

��!  "#$#$0212023$! 123 124$% >�%"A$02% ��%"# 820212%">� "12.$>E%  "/$3$A$%"M 124?%">�%  ">�% BC3$,-% 3$124$%G>  "&$&?>�3$ "7"4$%GB

��4$%">�%*124$%*02#?%" *3$< 7" "&$12.$>E02!$F�#$%"BC0:FH!�BC&$ G7"%"B(4$ "B <�3?.$!$#� "&$&$%" "8 ) � !�'	!�1�)	 �%���!�" 0	#	!�/�%�'	&�02B( 
12%"7"4$!$02D$.$%�%",-&$823?9N%G# /?9-�K%"#?%"7��G0�02! ,-3$#$%"8202!$F-82 ">�F$%�&$ ">� "8282%"8�B 9NBC12%",-B

[14]
)���! 4$02B  "&$&$>�3$ G7"4

 5,-3$#$%"82%">�7G "! 7">�%G "12%  5#$%GBC02FH!(BC12>�.?7"12.$>�%  "!$#(&?>�3$A$02#$%5 &$>�3$7G%"#$.$>� "8 BC7">�02&$1@124? "1 7" "!(/?%5.$BC%"# 123

>�%"&$82027" "12%"M?7"3$!$!$%G7"12M? "!$#(BC7G "82%
-
.$&(124?%5BC12>�.$7"12.$>E% ) 
�4$% ,- "02!( G>EFH.$,-%"!$1@02B 123(B  "A?%5124$%5.$B %">�<�>�3$,

7">�%" "1202!?F >�%"&$%"12021202A$%�,-3$#$%G8202!$F�BC12>�.$7"12.$>E%"BCM�4$3���%"A?%"> 02! 7"3$!$7"%"&$1  �<�8:%��?02/$82%�#$%"BC02FH! BC&$ G7"%�4? "B

/$%"%"! 7G "&$12.$>�%"#$MK124$ "1�7G "!�/$%-.$BC%"# 123�F$%"!$%">E "12% 7".$BC123$,-0	�G%"# #$%"BC02FH!$BCM�/ 9 %��?%"7".$1202!$F 124$%-B 7">�02&$1

��02124  "&$&$>�3$&$>�02 "12% &$ ">E ",-%G12%">�B )�� )	1�)	" !� �!�1�%���!�#  �!�" (*/�)	 �!�� 02B  &$3$&$.$82 ">�12%"7"4$!$02D$.$% 02! BC3$,-%

object-
3$>�02%"!$12%"#LBC3$<�1	�� ">�% 82 "!$FH.$ GF$%"B-<�3$>�#$%"BC7G>�02/$02!$F 7"3$!$<�0:FH.?>� "/$82% BC3$<�1	�� G>�% ,-3$#$.$82%"B ) 
�4$%

&$ ">� ",-%"12%G>�B 4$%">E%  ">E% !$3$!
-
!$.$,-%">�027"M� "!$# 1 9N&$027" "828 9*124?% #$3$,- "02! 3$< 124$% &$ ">E ",-%"1:%">�B 02B 124$% #$ "12 

1:9N&$%5BC%"1@3?<=124$%582 "!?FH.$ GF$% )

�6>�3$, 124$%�820212%">� "12.$>�%�BC.$>�A?%G9L02157" "! /$%�7"3$!?7"82.$#$%"#J124$ "15124$%�02#$%" �3$<;7">�%" "1202!?F #$%"BC02FH!

BC&$ "7"%"B 0212BC%"82< 02B !$3$1 !$3$A?%G8 ) �  ">� ", %"12>�027�#?%"BC02FH! 4$ GB /$%"%"!  ">�3$.$!$# <�3$> 823$!?FHM  "!$# 4$ "A?%�/?%"%"!

,-.$7"4 &$3$&$.$82 ">�02! #$02FH0212 "867G02>�7".$021 #$%"BC0:FH!=)5
�4?% &? ">� ", %"12>�027  "&$&?>�3$ "7G4 02B &$3���%">�<�.?8 ��4$%"! #?%"BC02FH!

BC12>�.$7"12.$>�%"B( ">�%*>�%GFH.$82 G>�MK "!?#�124$% #$%"BC0:FH!�A? ">�02 "12023$!$B; G>�% &$ G>� ",-%"12%G>�0	�G "/$82%"MK% ) F�)  "!��
-
/$021  "#$#?%">

A$B )  Q �
-
/$021  "#$#$%"> ) � 3$12%"!$1202 "828:9 02!$<�02!$0212%"8:9 8: ">EFH% #$%"BC02FH! BC&$ G7"%"B 7G "! /$% 7G "&$12.$>�%"# 02!  "!

%��?12>�%",-%"8:9-7"3$,-&? "7"1=,- "!$!?%"> ) ��3 ��%"A$%G>�M6!$3$1= "828=#$%"B 02FH!*A$ G>�02 "12023$!$B5 ">E%;&$ G>� ", %"12%">�0	�G "/$82%"M6% ) F�)

 ;/$021
-
&$ ">E "8282%"8=A$B )  ;/$021

-
B %">E02 "8=02,-&$82%",-%"!$12 "12023$!*3$<  (,-.$821202&$8202%"> ) �
.$7"4*A$ ">�02 "12023?!$B57" "!*3$!$8 9-/?%

7" "&$12.$>�%"# / 9 %��?&$82027"02128:9 %G!$.$,-%">� "1202!$F 124$%� "8212%">�!$ "120:A$%"B ) 
�4$02B BC%G7"3$!$#  "&$&?>�3? "7"4 3$<;7">E%" "1202!?F

#$%"BC02FH! BC&$ "7G%"B�/ 9 %��?&$82027"021 8:9 %"!$.$,-%">� "1202!?F 124?% #$%"BC0:F$!  "8212%">�!$ "1202A$%"B�4$ "B�!$3$1�/$%G%"! <�3$>�,-.$82 "1:%"#

3$>JBC.$&$&$3$>�12%"#  "#$%"D$.? "12%"8:9NM�BC&?%"7"02<�027G "828:9 02! 124$% %G,-/$%"#$#$%"# B 9NBC12%",-B #$%"BC0:F$! 7"3$,-,-.$!$021:9
)

��3$!$BC02#$%">�02!$FL124$%  "#$A$ "!$12 GFH%"B 124$ "1 124$% ,-3$#$%"8202!$FL3?<�#$%"BC02FH! BC&$ "7G% 3$<�<�%G>�B 02! <�02!$#$02!$FL/$%"1212%">�M
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,-3$>�% <�82%��?02/$82%"M  "!$# &$3$>�12 G/$82% BC3$82.$12023$!$BCM 124$%">�% 02B 7"8:%" ">�8 9  !$%G%"# <�3$>�%"!$ "/$8202!?F ,-3$#?%"8202!$FL3$<

#$%"BC02FH!(BC&$ G7"%"B 02!( "! %",-/$%G#$#$%"#(B 9NBC12%",-B #?%"BC02FH!(,-%"1:4$3$#$3$823$F?9
)

� %"BC02FH!(�
&$ G7"%5� �?&$823$>� "12023$!

� %"BC02FH! BC&$ "7G%�%��?&$823$>� "12023$!J "B�#$%"<�02!?%"#J&$>�%"A$023$.$BC8 9 02B�124$%�12 "B �J3$< <�02!$#$02!$FJ #$%"BC02FH!

<�>�3$,  #$%"BC0:FH! BC&? "7"% 124$ "1 ,-%"%"12B 124$% >E%"D$.$02>�%",-%"!$1 BC&$%"7"02<�027" "12023$!$BCM�B  "1202BC<�02%"B 1:4$%�7"3$!$BC12>E "02!$12BCM

 "!$# ,-02!$02,-0	�G%"B ��,- ��$02,-0 �G%"B � BC3$,-% 7"3$BC1���3$/ � %"7"120:A$% � <�.$!$7"12023$!=) 
�4$.$BCM 02! %"BCBC%"!$7"% #?%"BC0:FH!

BC&$ "7"%-%��?&$823$>� "12023$! 02B� BC%G ">�7"4 &?>�3$/$82%",�) �L "! 9  "&?&$>�3$ "7"4$%"B� "&$&$%G "> 02! 820212%">E G12.$>�% <�3$>�#$%"BC0:FH!

BC&$ "7"%�%��?&$823$>� "12023$!=)L
�4$%"B %* "&$&?>�3$ "7"4?%"B(#$02<�<E%"> 02!�124?%*!$ "12.$>E%*3$< #$%"BC0:FH!�BC&? "7G%�%��?&$823$>�%"#$M�124$%

!$ "12.$>�% 3?<L7"3$!$BC12>E "02!$12B  G!$# 124$% 3$/ � %G7"1202A$% <�.$!?7"12023$!$B � 4$3���%"A$%">�M &$>�02,- ">�028 9 124$%"BC% 7" "! /$%

FH>�3$.$&?%"# 02!$123 1	��3*7" "12%GFH3?>E02%"B � Q ��� �?4$ ".$BC1202A$%�BC%" G>�7"4*/$ "BC%"# �  "!$# O � ��%".?>�02BC12027"B /$ "BC%"#=) �
3$,-%

3$<=124$%5>�%"&$>E%"BC%"!$12 "1202A$%  "&$&$>E3$ "7"4$%"B <E>�3$, %" G7"4(3$<=124$%51 ��3(7" "12%GFH3$>�0:%"B  ">E%5>�%"A$0:%���%"#(/$%"823��*)

��9NBC12%", ��9N!$124$%"BC02B / 9�BC3$82A?02!$F;
�02,-02!$F;��3$!$BC12>� "02!$12B

��! 124$02B  "&$&$>�3? "7"4 #$%"A?%"823$&$%"# /?9 '�.?7"4$7"02!$B �$0
[15]

M�124$%J&$>�3$/$82%", 3$<�#$%"BC02FH! BC&$ "7"%

%��?&$823$>� "12023$! <�3$> %",-/$%"#$#$%G# B 9NBC12%", &$ ">�120212023$!$02!$F  "!?# BC7"4$%"#$.$8202!$F�4? "B /$%"%"! <E3$>�,-.$82 "12%"#  "B  

7"3$!$BC12>� "02!$1 BC "1202BC<� "7"12023$!�&?>E3$/$82%",�) ��!�124$02B; "&$&$>�3? "7"4� "!� "&$&$82027G "12023$!�02B;BC&$%"7"02<�0:%"#�/ 9  B %"1 3$<

7"3$!$BC12>� "02!$12B 3$A$%"> 124$% <�02!$0212% #$3$,- "02! 3$< 02!$12%"F$%G>�B ) 
�4$% 7"3$!$BC12>E "02!$12B BC&$%"7"02< 9 1202,-02!$F

>�%"D$.$02>�%",-%"!$12BCM &$>�3$7G%"BCB &?>�%"7"%"#?%"!$7G% >E%"82 "12023$!$BCM  "!?# >�%"BC3$.$>E7"% 7"3$!$BC12>� "02!$12B ) � 7"3$!$BC12>� "02!$1

BC3$82A$02!$F 12%"7"4$!$02D$.$% ������� � � ��3$!$BC12>� "02!$1 �� "!$#$8202!$F 02! � >�3$823$F � 02B;.$BC%"#�123�<�02!$#� !$%" "> -
3$&$1202,- "8

BC3$82.$12023$!(124$ "1@BC "1202BC<�02%"B 124$%5FH02A$%"! 7"3$!$BC12>� "02!$12B  "!$#(,-02!$02,-0	�G%"B  57"3$BC1@<�.$!$7"12023$!=)


�4$%JFH3? "82B 3$<�124$%JB 9N!$124?%"BC02B &$>�3$/$82%", 12 ">�F$%"12%"# /?9 124$02B >�%"BC%" G>�7"4  G>�%J<�3$.$>E<�3$82# �  �

&$ ">�120212023$!  BC%"1-3$< 7"3$,-&?.$12 "12023$!$ "8-12 "B �$B ��&$>�3$7G%"BCBC%"B � 3$A$%">  BC%"1-3$< &$>�3$7G%GBCBC02!$F %"82%",-%"!$12B

��&$>�3$7"%"BCBC3?>�B �2� ������� � � / � &$ ">�120212023$! 124$%�02!$12%">
-
&?>�3$7"%"B B*7"3$,-,-.$!$027" "12023$! 3$A$%G>;7G3$,-,-.$!$027" "12023$!
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>�%"BC3$.$>�7G%"B ��/$.$BC%"B � 8202!��$B � � 7 � #$%">�02A?%� "! %��?%"7".$12023$! B 7"4$%"#$.$82%�3$< 124$%�&?>�3$7"%"BCB %"B 3$! &$>�3$7"%"BCBC02!?F

>�%"BC3$.$>�7G%"B �  "!$#�# �5#$%">�02A$%� *7"3$,-,-.$!$027" "12023$!�BC7"4$%"#$.$82%*3$<5124$%*02!$12%"> -
&$>�3$7"%"BCB 7"3$,-,-.$!$027" "12023$!

3$!(BC4$ ">�%"#(7"3$,-,-.$!$027G "12023$!(>�%"BC3$.$>�7G%"B )

� !J "&$&$82027" "12023$!J02B�BC&?%"7"02<E02%"#J "B  �&$>�3?7"%"BCB FH>E "&$4=) � &$>�3?7"%"BCB FH>E "&$4J02B  �#?02>�%"7"12%"#

 "7 9N7"82027 FH>� "&$4 � 124$% !$3$#$%GB�3$< 124$% FH>� "&$4 >�%"&$>E%"BC%"!$1(&$>�3$7"%"BCBC%"BCM  "!$#  "! %"#?FH% 3$< 124$% FH>� "&$4

#$%"!$3$12%"B  7"3$,-,-.$!$027" "12023?! &$ "124 /$%"1	��%"%"! 124?% &$>�3$7G%GBCBC%"B >�%"&$>E%"BC%"!$12%"# / 9(124$%�%G!$# !$3$#$%"B 3$<K124$%

%"#$F$% ) ��#$FH%"B 7G "! 4$ "A$% 7"3?!$#$0212023$!$B 3$! 124$%",-M ��4$027"4 02,-&$8202%"B 124$ "167"3$,-,-.$!H027" "12023$! 12 ��$%"B &$82 "7"%

3$!*124$3$BC%;%"#$F$%"B ��4$%"!*124$%( "BCBC3$7"02 "12%"#*7"3$!$#$0212023$!*02B5BC "1202BC<�02%"#=) � &$>�3$7"%"BCB502B5 "7G1202A$ "12%"# ��4$%"!* 

7"3$,-,-.$!$027" "12023$!*12 ��$%"B5&$8: G7"%;3$!�0212B502!$&$.$1=7"4$ "!$!?%"82B ) � &$>�3?7"%"BCB  "7"1202A$ "12%"B 7"3$, ,-.$!$027" "12023$!*123

 "!$3$124$%"> &$>�3$7G%"BCBCM= "1�124$% %"!$# 3$< 0212B�%��?%"7".$12023$!=) �� "7"4 &$>�3$7"%"BCB�4$ "B� #$%"12%">�,-02!?02BC12027 %��?%"7".$12023H!

1202,-% 124$ "1 02B #$%"&$%"!$#$%G!$1 .$&$3$! 124$% >�%"BC3$.$>�7"% 3$A$%"> ��4$027"4 124$% &$>�3$7"%"BCB %��?%"7".$12%"B )

��3$,-,-.$!$027" "12023$! 1202,-% 02B #$%"12%">�,-02!$02BC12027 /$.$1 02B  "82BC3 #$%"&$%"!$#$%"!$1 .$&$3$! 124$% .$!$#$%">�8 9 02!?F

7"3$,-,-.$!$027" "12023$! 7"4$ "!$!$%"8 ) � 7"3$,-,-.$!$027" "12023$! /$%"1	��%"%"! 1	��3 &$>�3$7"%"BCBC%"B 3$! 124$%�BC ",-%�>�%"BC3$.$>�7G%

02B  "BCBC.$,-%"#(123(>�%"D$.$02>�%5!$3 1
ime.


�4$%(,- "02!�124$%", %(3$< '�.$7G4$7"02!$B �$0 � B  "&$&$>�3? "7"4�02B 123 ,-3$#$%"8�124$%(&$>�3?7"%"BCB F$>� "&$4  "B  (BC%"1

3$<�<�02!$0212% #$3$,- "02! 7"3$!$BC12>� "0:!$12B 02,-&$3$BC%"# 3$! 124$% 1202,-02!HF(3$<�&$>�3?7"%"BCBC%"B  "!$# 124$% B 9HBC12%", >�%"BC3$.$>�7"%"B )


�4$%5<�3$82823���02!$F(<�02!$0212%5#$3$,- "02!(A$ ">�02 "/$82%"B  ">�%5#?%"<�02!$%"#=)

iτ �  "7"1202A$ "12023$!(1202,-%53$<=&$>�3$7"%GBCB
ip

iρ � %��?%"7".$12023$!(>�%"BC3$.$>�7"%53?<=&$>E3$7"%"BCB
ip

iδ � %��?%"7".$12023$!(1202,-%53$<=&$>�3$7"%GBCB
ip
��#$%"&$%"!$#$B 3$!(124$%5%��?%"7".?12023$!(>�%"BC3$.$>�7"%

iρ )

ijτ �  "7"1202A$ "12023$!(1202,-%53$<=7"3$,-,-.$!$027" "12023$!(/$%"1	��%"%"!
ip
 "!$#

jp

ijρ � 7"3$,-,-.$!$027" "12023$!(>�%"BC3$.$>�7G%53$<=7"3$,-,-.$!$027" "12023$!(/$%"1	��%"%"!
ip
 "!$#

jp
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ijδ � 7"3$,-,-.$!$027" "12023$!-1 02,-%�3$<�7"3$,-,-.$!$027" "12023$!-/$%"1	��%"%"!
ip
 "!$#

jp
��#$%"&$%"!$#$B�3$!-124$%

7"3$,-,-.$!$027" "12023$!(>�%"BC3$.$>�7G%
ijρ )


�4$%J7"3$!$BC12>� "02!$1 BC "1202BC<� "7"12023$! &$>�3$/$82%", 02B�123 <�02!$#  !  "BCBC02FH!$,-%"!$1 3$<�124$%"BC%J#$3$,- "02!

v
 ">�02 "/$82%"B BC.?7"4 124$ "15124$%�7G3$!$BC12>� "02!$12B  ">�%�BC "1202BC<�02%"#=) � ! 3$&$1202,- "8 BC3$82.$12023$! 123 124$% 7"3$!$BC12>E "02!$1

BC "1202BC<� "7"12023$! &$>�3$/$82%", 02B  "!  "BCBC02FH!$, %"!$1 124$ "1 ,-02!$02,-0	�G%"B  7"3$BC1 <�.$!$7"12023$!=) �
3$,-% 3$< 124$%

7"3$!$BC12>� "02!$12B  ">�% 02,-&$82027"021� "!$#�#$%">�02A$%"#�<E>�3$, 124$%(&$>�3$7G%"BCB F$>� "&$4=) � B %">�B 7G "!�#$%G<�02!$%( "#$#$0212023$!$ "8

7"3$!$BC12>� "02!$12B;3$A$%">5124$%"BC%*#$3?,- "02!�A$ ">�02 "/$8:%"B ) �
3$,-%*3?< 124$% 02,-&$82027"021 7"3$!$BC12>E "02!$12B;#$%">�02A$%"#�<�>�3$,

124$%5&$>�3$7"%"BCB FH>E "&$4( G>�%5BC4$3 ��!(/$%"823�� �

• 
� 1�!�+�!�#$!�'	+�!�+�0	'	�� �1�)	%�'	 

–
��<� -#$%"&?%"!$#$%"!?7 9�%��?02BC12B�/$%"1	��%"%"! &$>�3$7G%"BCB

ip  "!$# &?>�3?7"%"BCB

jp 02! 124$%�&$>�3$7G%"BCB5FH>E "&$4$M 124$%G! 124$%� "7"1202A$ "12023$!* "!$# 7"3$, &$82%"12023$! 3$<
ip 4$ "B 123 &$>�%G7"%"#?%

124$%5 "7"1202A$ "12023$!(3$<
jp )�
�4$02B 7"3$!$BC12>� "02!$1@02B %��?&$>�%"BCBC%"#
��02124(124$%5<�3$82823���02!$F;02!$%"D$.? "8202129 �

jii τδτ ≤+
(1)

Sim
0282 ">;7"3$!$BC12>� "02!$15%��?&$>�%GBCBC023$!$B*7" "! BC&?%"7"02< 9 >�%G "8

-
1:02,-%�#$%" "#$8202!$%"B� "!$# 3$124?%">(/$02!$ "> 9

1202,-02!$F;>�%"82 "12023$!$BC4$02&$B 3$A$%">�&$>�3$7"%"BCB  G7"1202A$ "12023$!( "!$#(7G3$,-&$82%"12023$!(1202,-%"B )

• � !���0�_	1�+�! +�0	'	�� �1�)	%�'	 
–


 ��3 &$>�3?7"%"BCBC%"B 02! 124?% &$>�3?7"%"BCB FH>E "&$4 7" "! %��?%"7".$12%

7"3$!$7".$>�>E%"!$128:9 ��4$%"! 124$%">E% 02B !$3 #$ "12 #$%"&$%"!$#?%"!?7G9 /?%"1	��%G%"! 124$%",�) ��3$!$7".$>�>�%"!$1

%��?%"7".$12023$! 4$3���%"A$%">�02B &?3$BCBC02/$82% 3$!$8:9���4?%"! 124$% &$>�3$7"%"BCBC%"BJ%��?%"7".$12% 3$! #$02<�<�%">E%"!$1

>�%"BC3$.$>�7G%"B )�
�4$02B 7"3$!$BC12>� "02!?1@02B %��?&$>�%"BCBC%"#
��02124(124$%5<�3$82823���02!$F;>�%"82 "12023$! �

( ) ( ) ( )jiijjjii ρρτδττδτ ≠∨≤+∨≤+ (2)

• �
-�!�+)_	 �%�0	'  �%�" ! +�0	'	�� �1�)$%�'	 

–
� &$>�3$7"%"BCB ,- G9 4$ "A$% #$02<�<�%G>�%"!$1 %��?%"7".$12023?! 1202,-%

#$%"&$%"!$#$02!?F 3$! 124$%  "BCBC02F$!$%"# >E%"BC3$.$>�7G% ) � �?%"7".$12023$! 1202,-% 7"3$!$BC12>E "02!$1 #$%"<�0:!$%"B 124$%

BC%"82%"7"12023$! 3$< %��?%"7".$12023$! 120 ,-% A$ "82.$% /$ "BC%"# 3$!
ρi
M=124$% A$ "82.$% 3$< 124$%  "BCBC02FH!?%"# >E%"BC3$.$>�7"%
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A$ ">�02 "/$82% ) 
�4?%(7"3$!$BC12>E "02!$1�02B #$%"<�02!$%"#� "B  "!�%"82%",-%"!$1K7"3$!$BC12>�.$7"12M
 (&?>�02,-021202A$%(7"3$!$BC12>�.$7"1

 "A$ "0282 "/$82%502!(����� � )

[ ]( )iiNiii TTTelement δρ ,,,,, 21
� (3)


�4$02B 7"3$!$BC12>�.$7"1
7"3$!$BC12>� "02!$1:B 124$% A$ "82.?% 3$<
iδ 123 /$% 3$!?%�3$<

iNii TTT ,,, 21
�

/$ "BC%"# 3$!-124$%

A$ "82.$%53$<
iρ M���4$%">�%

iNii TTT ,,, 21
�

 ">�% 7"3$!?BC12 "!$12B )

• 
� 1�!�+�!�#$!�'	+�! +�0	'	�� �1�)	%�'	 � %� 
^ +�0	" " _	'	%�+�)	 �%�0	'

–

�4$% &?>�%"7G%"#$%"!?7"% 7"3$!$BC12>� "02!$1

%��?&$>�%"BCBC%"# %" ">�8202%"> 0:FH!$3$>E%"B 124$% 7"3$,-,-.$!$027" "12023$! 1202,-% ) 
�4$% 02!$%"D$.$ "82021 9 /$%"823��

%��?&$>�%"BCBC%"B 124$% BC ",-% 7"3$!$BC12>� "02!$1  ".$FH,-%"!$1:%"# ��02124 7"3$,-,-.$!$027" "12023$! 1202,-% )5��1 02B  "BCBC.$,-%"#

124$ "15124$%�7"3$,-,-.$!$027" "12023$! BC12 ">�12B* "15124$%�7"3$,-&$82%"12023$!J3$<;124$%�BC3$.$>�7G%�&$>�3$7G%"BCBCM  G!$# 124$%

#$%"BC1202!$ "12023$!(&$>�3$7"%"BCB 02B  "7"1:02A$ "12%"#(3$!$8:9���4?%"!(124$%57"3?,-,-.$!$027" "12023$!(02B 7"3$,-&$82%"12%"#=)

( ) ( )jijijijii τδττδτ ≤+∧≤+ (4)

• 
� 0	" " _	'	%�+�)	 �%�0	'� �%�" ! +�0	'	�� �1�)	%�'	 

–

�4$%�7"3$,-,-.$!$027" "12023$!-1202,-%�/$%"1	��%"%"!-1	��3- ">E/$0212>� "> 9

&$>�3$7"%"BCBC%"B #$%"&?%"!$#$B 3$!  7"3$,-,-.$!$027" "12023$! >�%"BC3$.$>�7"%  "BCBC0:FH!$,-%"!$1  "B ��%"828  "B 3$!

 "BCBC02FH!$,-%"!$1�3$<�&?>�3$7"%"BCB %"B ) ��1�02B  "BCBC.$,-%"# 124$ "1�124$%;7G3$,-,-.$!$027" "12023$! 1202,-%�02B !$%"FH820:FH02/$82%

��4$%"!(124$%57"3$,-,-.$!$027" "1202!?F(&$>�3$7"%"BCBC%"B  ">�%  "BCBC02FH!?%"#(1:3(124$%5BC ",-%5>�%"BC3$.?>�7"%
i.e.

� N ( )ji ρρ = 	�6�� � ( )0=ijδ ��� # � [ ]( )ijijNijijij TTTelement δρ ,,,,, 21 � (5)


�4$02B B 9N!$124$%"BC02B &$>�3$/$82%", 02B <�3$>�,-.$82 "12%"#  "B  "! 3$&$1202,-0	�G "12023$! &$>�3$/$82%", 3$A$%">�7"3$!$B 12>� "02!$%"#
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h	m�s�i�h	v�m�n�s�i�q�kJt�m�h	f g m�l�l�r�q�m!n�dJl�r�f�h f�k�s�f g l�r<f'	�i�q���h	p$!,a>=(q�w(f'	�f!r�� s�d�f?��
 i�h9k�q�s j2��m�r�m�k�s�f�f g s�q

v�i�k g m�k q�l�s�i�u%m�pCh	q�p
��s�i�q�k2� q�rIw(q�r�h	f?k�q�sCf'	�f�k m@j�q�q g h	q�p
��s�i�q�k a bed�f?h���n�n!f�h	h�q�vIs�d�f@��


m�l�l�r�q�m�n�d i�h;t�m�h	f g q�k�s�d�f�m�h	h���u%l�s�i�q�k�s�d�m�s i�k�v�q�r�u%m�s�i�q�k�h	d�m�r�f g t�f�s�w(f�f�k h	q�p
��s�i�q�k�h;t�!
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n�r�q�h	h	q�	�f�r>u%m !7m�n�s
��m�p�p&!7p�f�m g s�q m�k i�u%l�r�q�	�f�uJf�k�s5q�v>m:h	q�p
��s�i�q�k a bed�f 	�m!p�i g i�s$!�q�v s�d�i�h

m�h	h���u%l�s�i�q�k g f�l�f�k g h�q�k�s�d�fCh	s�r���n�s
��r�fCq�v s�d�f g f�h	i�jBk h	l�m�n�fFa

5 ! h	s�f�u 5 ! k�s�d�f�h	i�h0��h	i�k�j � m�s�d�f�u%m�s�i�n�m�p � r�q�jBr�m�u%uJi�k�j
� r�m'��m�h	d�� � m!r���f�r?i�k�s�r�q g ��n�f m u%m�s�d�f�uJm�s�i�n�m�p�l�r<q�jBr<m�u%u%i�k�j t�m�h f g m�l�l�r�q�m�n�d$s�q

h"! h	s�f�u h ! k�s�d�f�h	i�h [18].
3 k s�d�f�i�r�m�l�l�r�q�m!n�d�� s�d�f\h�! k�s�d�f�h	i�h?l�r�q�t�p�f�u i�h?h	l�f�n�i�v�i�f g ��h	i�k�j m

k���u%t�f�r q�v p�i�k�f�m�r i�k�s�f!j�f!r n�q�k�h	s�r�m�i�k�s�h\s�d�m�sJu*��h	sJt�fch	m�s�i�h	v�i�f g w(d�i�p�fcu%i�k�i�u%i�x!i�k�j mcn�q�h	s

v���k�n�s�i�q�k aGbed�f�p�i�k�f�m�rCn�q�k�h	s�r�m�i�k�s�h�m�r�f�h	q�p
	�f g ��h	i�kBj?m � i�o�f g 3 k�s�f!j�f�r�� i�k�f�m!r � r�q�jBr�m�u%u%i�k�j
� ��3 � � � h	q�p
	�f�r a

bed�f2m�l�l�p�i�n�m�s�i�q�kJs�qJt�f2h"!Bk�s�d�f�h	i�x!f g i�h9r�f�l�r�f�h	f�k�s�f g ��h	i�k�j%m2s�m�h���jBr�m�l�d a��(q g f�h9i�kJs�d�f

s�m�h�� j�r�m�l�d g f�k�q�s�f m s�m�h�� a bem�h���h m�r<f m�s�s�r�i�t���s�f g w(i�s�d s�d�f f�o�f�n'��s�i�q�k s�i�u%f s�d�m�s i�h g f�l�f�k g f�k�s

��l�q�k�s�d�fIl�r�q�n�f�h	h	q�r�s�d�m�s�f!o�f�n'��s�f�hCs�d�fIs�m�h�� a*
(r<n�hCi�k�s�d�fIs�m�h�� jBr�m�l�d g f�k�q�s�f n�q�u%u*��k�i�n�m�s�i�q�k

bes�w(f�f�kJs�m�h���h a<
(r<n�h9m�r<fIm�s�s�r�i�t���s�f g w(i�s�dJs�d�f-	�q�p
��u%f2q�v g m�s�m2s�r�m�k�h	v<f�r�r<f g q�	�f�r s�d�f2m�r<nFa�bed�f

s�m�h��:j�r�m�l�d u%q g f�p m�p�h	q n!q�k�h	i g f�r�h s�d�f l�q�h	h	i�t�i�p�i�s$!;s�d�m�s m s�m�h�� u%m ! t�f m�t�p�fEs�q:l�f�r<v�q�r�u/m

v�r�m�n�s�i�q�k q�v�s�d�f s�m�h�� f'	�f�kEt�f�v�q�r�f m�p�p s�d�f i�k�l���s�h m�r�f m'	�m�i�p�m�t�p�f'� m�k g m�p�h	q s�d�f q���s�l���s n�m�k t�f

m'	�m�i�p�m�t�p�f�f'	�f�k t�f�v�q�r<f�s�d�f s�m�h�� v�i�k�i�h	d�f�h f�o�f�n'��s�i�k�j�f!k�s�i�r�f�p$!,aCbed�f�i�k�l���s�h s�q m�s�m�h�� m�r�f�p�m�t�f�p�f g

w(i�s�dGm>l�m�r�m�u%f�s�f�r(s�d�m�s h	l�f�n�i�v�i�f�h%s�d�f>v�r�m!n�s�i�q�kGq�v(m>s�m�h��Gs�d�m�s n�m�kGt�f>n�q�u%l�p�f�s�f g t�f�v�q�r�f>s�d�f

i�k�l���s u*��h	s�t�f�m'	�m�i�p�m�t�p�fFa 5 i�u%i�p�m�r�p$!2q���s�l���s�h m�r�f�m�p�h q p�m�t�f�p�f g w(i�s�d m�l�m�r�m�u%f�s�f�r�s�d�m�s h	l�f�n�i�v�i�f�h

s�d�fEv�r�m!n�s�i�q�k q�v5s�d�fEs�m�h��cs�d�m�s(u*��h	s(t�fEn�q�u%l�p�f�s�f g t�f�v�q�r<fEs�d�fGq���s�l���s(t�f�n�q�u%f�h>m'	�m�i�p�m�t�p�f�a
� f�p�m !�m�h	h	q�n�i�m�s�f g w(i�s�d5m g m�s�m s�r�m�k�h	v<f�r g f�l�f�k g h q�k%w(d�f�s�d�f�r i�s i�h m(r�f�u%q�s�f s�r<m!k�h	v�f�r q�rem p�q�n!m�p

s�r�m�k�h	v�f�r a � r�q�n�f�h	h	q�r�h m�k g d�m�r g w2m�r�f n�q�u%u*��k�i�n�m!s�i�q�k p�i�k���hcm�r�f m�s�s�r�i�t���s�f g w(i�s�d m n�q�h	s

parameter.

bed�f n�q�u%l�p�f�s�f u%m�s�d�f�uJm�s�i�n�m�p l�r�q�jBr<m�u%u%i�k�j uJq g f�p q�v s�d�f l�r�q�t�p�f�u r�f	����i�r�f�h

h	l�f�n�i�v�i�n�m�s�i�q�k q�v m�k q�t�
8f�n�s�i
	�f�v���k�n�s�i�q�k s�d�m�s d�m�h s�q t�f�q�l�s�i�u%i�x!f g m�k g m�h	f�s q�v n�q�k�h	s�r�m�i�k�s�h s�d�m�s
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d�m'	�f>s�qGt�f>h	m�s�i�h	v�i�f g acbed�f>q�t�
8f�n�s�i
	�f>v���k�n�s�i�q�kGn�m!kGf�i�s�d�f�r(t�f>s�d�f>s�q�s�m�p h"! h	s�f�u n�q�h	s q�r(s�d�f

q�	�f�r�m�p�peh ! h	s�f�u l�f!r�v�q�r�u%m!k�n�fFa>bed�f5h	f�seq�v n�q�k�h	s�r�m�i�k�s�h(n�q�k�h	i�h	s�h(q�v s�d�f5n�q�k�h	s�r<m�i�k�s�h(s�d�m�seu*��h	s

t�f h	m�s�i�h	v�i�f g v�q�r s�d�f5q�	�f�r<m!p�p s�m�h�� s�q t�f l�f!r�v�q�r�uJf g n!q�r�r�f�n�s�p&! m�h w2f�p�p m�h s�d�f5m�r<t�i�s�r�m�r !�s�i�u%i�k�j

m�k g n�q�h	s,n�q�k�h	s�r�m�i�k�s�h i�u%lBq�h	f g t%! s�d�f g f�h	i�jBk�f�r a-8 q�res�d�f(n�q�r�r�f!n�s,q�l�f�r�m�s�i�q�k%q�v s�d�f(h"! h	s�f�u s�d�f

q�r g f�r�i�k�jEi�u%l�p�i�n�i�s i�kGs�d�f s�m�h��GjBr<m�l�dGm�k g s�d�f g m�s�m s�r�m�k�h	v�f�r(u*��h	s t�f>q�t�h	f�r�	�f g ��s�m'��i�k�jEi�k�s�q

m�n�n�q���k�s�s�d�f�s�i�u%i�k�jIi�k�	�q�p$	�f g m�k g s�d�fCr<f�p�m�s�i�q�k�h�s�d�m�s�f�o�l�r�f�h	h�s�d�fCn�q�k g i�s�i�q�k�h�v�q�r n�q�u%l�p�f�s�f�m�k g

n�q�r�r�f!n�sEh ! h	s�f�u n�q�k�v�i�j2��r<m�s�i�q�k a bed�f�r�f m�r�f s�w2q t�m�h	i�n n�m�s�f!jBq�r�i�f�h q�v 	�m�r�i�m�t�p�f�h i�k s�d�f

l�r�q�j�r�m�u%u%i�k�j@u%q g f�p8y � �����
 �� 	�m�r�i�m�t�p�f�h m�k g�� �
 ����	� 	�m�r�i�m�t�p�f�h a bei�u%i�k�j7	�m!r�i�m�t�p�f�h m�r�f r<f�m�p

	�m�r�i�m�t�p�f�h�s�d�m�s�r<f�l�r�f�h f�k�s�s�i�u%i�k�jIq�v n!r�i�s�i�n�m�p�f'	�f�k�s�h�t�f!p�q�k�jBi�k�jIs�q�s�d�fCv�q�p�p�q�w(i�k�jIs�d�r�f�fCn�p�m�h	h	f�h y

1.
� m�s�mCm'	�m�i�p�m�t�i�p�i�s$!2s�i�u%i�k�j<	�m�r�i�m�t�p�f�h

i.
3 k�l���s g m�s�mCm'	�m�i�p�m�t�i�p�i�s&!

ii. 
���s�l���s g m�s�mCm'	�m�i�p�m�t�i�p�i�s$!

2. bem�h���f�o�f�n'��s�i�q�k�s�i�u%i�k�j?	�m!r�i�m�t�p�f�h

i. bem�h���f�o�f�n'��s�i�q�k�h	s�m�r�s�s�i�u%f

ii. bem�h���f�o�f�n'��s�i�q�k�f�k g s�i�u%f

3.
� m�s�mCs�r�m�k�h	v<f�r s�i�u%i�k�j?	�m�r�i�m�t�p�f�h

i.
� m�s�mCs�r�m�k�h	v<f�r h	s�m!r�s

ii.
� m�s�mCs�r�m�k�h	v<f�r�f�k g

� i�k�m�r !/	�m!r�i�m�t�p�f�h?m�r<f
� - � 	�m�r�i�m�t�p�f�h?s�d�m�sIr�f�l�r<f�h	f!k�sIs�d�f\i�u%l�p�f�u%f�k�s�m�s�i�q�k g f�n�i�h	i�q�k�h

r�f!jBm�r g i�k�jIs�d�fCh ! h	s�f�u n�q�k�v�i�j2��r<m�s�i�q�k�t�f�p�q�k�jBi�k�jIs�q�s�d�fCv�q�p�p�q�w(i�k�jIs�w(q n�p�m�h	h	f�h y

1. bem�h���s�q�l�r�q�n�f�h	h	q�r uJm�l�l�i�k�j?	�m!r�i�m�t�p�f

a. ad ,σ y 	�m�p
��fCq�v�� i�u%l�p�i�f�h�s�m�h�� aT i�h�m�p�p�q�n�m�s�f g s�q�l�r�q�n!f�h	h	q�r dP

2.
� m�s�mCs�r�m�k�h	v<f�r s&! l�f1	�m�r�i�m�t�p�f
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a. 2,1 aaγ y 	�m�p
��fCq�v�� i�u%l�p�i�f�h g m�s�mCs�r�m�k�h	v�f!r v�r�q�u�s�m�h�� 1aT s�q�s�m�h�� 2aT i�h�m

r�f�u%q�s�fCs�r�m�k�h	v<f�r a


 k���u%t�f�r q�v p�i�k�f�m�rHi�k�f	�%��m�p�i�s�i�f�h9m�r�fIv�q�r�u*��p�m�s�f g s�d�m�s3f�o�l�r�f�h	h9s�d�f2r<f�h	s�r�i�n�s�i�q�k�h9q�kJs�d�f

	�m�p
��f�h q�v�s�d�f�h	f 	�m�r�i�m�t�p�f�h��Fh���n�d s�d�m�s s�d�f�s�m�h�� q�r g f�r�i�k�j�i�u%l�p�i�n�i�s i�k s�d�f�s�m�h�� jBr<m�l�d i�h h	m�s�i�h	v�i�f g a


(s�d�f�rHn�q�k�h	s�r�m�i�k�s�hCm�r�fIv�q�r<u*��p�m�s�f g s�d�m�s f�k�v�q�r�n�fIf�o�n�p
��h	i�q�k�i�kJs�d�f?��h	m�jBfIq�vHs�d�fIl�r�q�n�f�h	h	q�rHm�k g

s�d�fCn�q�u%u*��k�i�n�m�s�i�q�k�p�i�k���h a

bed�f h"! k�s�d�f�h	i�hGu%f�s�d�q g r<f�p�i�f�hGq�k h	q�p
	�i�k�j s�d�f l�r<q�t�p�f�u v�q�r�u*��p�m�s�i�q�k m�hGm � i�o�f g

3 k�s�f!j�f�r � i�k�f!m�r l�r�q�jBr<m�uJu%i�k�j u%q g f�p8a�
 t�r�m�k�n�d -and-t�q���k g m�p�jBq�r�i�s�d�u i�h4��h	f g s�q h	q�p
	�f s�d�f
��3 � � u%q g f�p8aGbed�f m�p�jBq�r<i�s�d�u q�l�s�i�u5i�x!f�h�f�i�s�d�f�rCs�d�f�q�	�f�r�m�p�p�m�l�l�p�i�n!m�s�i�q�k@f�o�f�n'��s�i�q�k@s�i�u%f�q�r

s�d�fCm�r�n�d�i�s�f!n�s
��r�fCn�q�h	s8a
� m�s�d�f�u%m�s�i�n�m�p(l�r�q�jBr<m�u%u%i�k�j:t�m�h	f g m�l�l�r�q�m!n�d�f�h>l�r<q�	�i g fEm�k f�o�m�n�s(h	q�p
��s�i�q�k s�q s�d�f

q�l�s�i�u%i�x!m�s�i�q�k l�r�q�t�p�f�u*�,dBq�w(f'	�f�r�s�d�f�m�l�l�r�q�m�n�d j�f�s�h�r�m�l�i g p$!Ji�k�s�r<m�n�s�m�t�p�f�m�h�s�d�f�l�r�q�t�p�f�u h	i�x!f

jBr�q�w(h���m�h�s�d�f ��3 � � i�h�m ��k�q�w(k�� � -n�q�u%l�p�f�s�fCl�r�q�t�p�f�u [24].

5 ! h	s�f�u 5 ! k�s�d�f�h	i�h0��h	i�k�j<=(f'��r�i�h	s�i�n � f!n�s�q�r � m�n'��i�k�j
� f�n'� n�q�k�h	i g f!r�h s�d�f h"! k�s�d�f�h	i�h l�r�q�t�p�f�u m�h m n�qBk�v�i�j2��r<m�s�i�q�k l�r�q�t�p�f�u w(i�s�d s�d�f

q�t�
8f�n�s�i
	�f(q�veh f�p�f�n�s�i�q�k%q�vHd�m�r g w(m!r�f2n�q�u%l�q�k�f�k�s�h m�k g m�p�p�q�n�m�s�i�q�k%q�v s�d�f(h	q�v�s�w2m�r�f(s�m�h���h s�q%s�d�f

d�m�r g w(m!r�f [19] a bed�f g f�h	i�jBk"h	l�m!n�f f�o�l�p�q�r�m�s�i�q�k"n�q�k�h	i�h	s�h q�v\f�o�m�u%i�k�i�k�j s�d�f d�m�r g w(m!r�f

n�q�u%l�q�k�f�k�s l�q�h	h	i�t�i�p�i�s�i�f�h m k g f�o�m�u%i�k�i�k�j�s�d�f�m�p�s�f�r�k�m�s�i
	�f�m�p�p�q�n�m�s�i�q�k�h q�v�h	q�v�s�w(m�r<f�s�q d�m�r g w(m�r<f

n�q�u%l�q�k�f�k�s�h a?bed�f%m�p�p�q�n�m�s�i�q�k l�r�q�t�p�f�u i�h(n�q�k�h	i g f�r�f g m%l�m�n'��i�k�j>l�r�q�t�p�f�u m�k g m%k���u%t�f�r q�v

one-l�m�h	h��5j�r�f�f g ! �5d�f'��r�i�h s�i�n -g r�i
	�f�k m�p�jBq�r�i�s�d�u%h\m�r<fcn�q�k�h	i g f!r�f g v�q�r h	q�p
	�i�k�j s�d�fcl�m!n'��i�k�j

l�r�q�t�p�f�u@a 
(k f�o�s�f�k�h	i q�k s�q s�d�i�h t�m�h	i�n m�l�l�r�q�m�n�d n�q�k�h	i g f!r�h)d�m�r g w2m�r�f h	f�p�f!n�s�i�q�k

simultaneously.
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bed�f m�l�l�p�i�n�m�s�i�q�k5h	q�v�s�w(m�r<f(i�h r�f�l�r�f�h	f�k�s�f g m�h m h"! k�n�d�r�q�k�q���h g m�s�m v�p�q�w jBr�m�l�d � 5 � 8 ���

[20] a 3 s i�h(m�h	h���u%f g s�d�m�ser�f�h	q���r�n!f r<f	����i�r�f�u%f�k�s�h(m�r<f h	s�m�s�i�n�m�p�p&!�l�r�f g i�n�s�m�t�p�f5m!k g s�d�f s�m�h���h i�k

s�d�f g m�s�m v�p�q�w m�r�f m�s�s�r�i�t���s�f g w(i�s�d s�d�f�i�r r�f�h	q��Br�n�f r�f	����i�r<f�u%f�k�s�h a b !Bl�i�n�m�pcr�f�h	q���r�n!f

r�f	����i�r�f�u%f�k�s�hDi�k�n�p
� g f ��� ��� ��s�i�p�i x!m�s�i�q�k��$u%f�u%q�r ! �$n�q�u%u*��k�i�n!m�s�i�q�k�� g m�s�m/m�n	����i�h	i�s�i�q�k

n�d�m�k�k�f�p�h�� f�s�nFa bed�f d�m!r g w(m�r<f i�h r�f�l�r<f�h	f�k�s�f g m!h m h	f�s?q�v\l�r�q�n!f�h	h	i�k�j"f�p�f�u%f�k�s�h � ��� �

n�q�k�k�f�n�s�f g t�!Jt���h	f�h a 
 ��� i�h�m�s�s�r�i�t���s�f g w(i s�d m<	Bf�n�s�q�r�q�v�n�m�l�m�n�i�s&!%u%f�s�r�i�n�h aJbed�f�f�p�f�u%f�k�s�h

q�vHs�d�f�n�m�l�m!n�i�s$! 	�f!n�s�q�rHm!r<fIu%m�o�i�u*��u � ��� p�q�m g i�k�j2� uJm�o�i�u*��uAm'	�m�i�p�m�t�p�fIu%f�u%q�r ! �,k���u%t�f�r

q�v�n�q�u%u*��k�i�n�m�s�i�q�k�� g m�s�m�m!n	����i�h	i�s�i�q�k n�d�m�k�k�f�p�h���f�s�nFa 
7t���h i�h m�s�s�r�i�t���s�f g w(i�s�d s�d�f�h	n�d�f g ��p�m�t�p�f

bandwidth.

bed�f m�p�p�q�n�m�s�i�q�k�l�r�q�t�p�f�u i�h@v�q�r�u*��p�m�s�f g m�h@m t�i�k -l�m�n'��i�k�j l�r�q�t�p�f�u@a � m�n!d ��� i�h

u%q g f�p�f g m�h%m#	�f�n�s�q�r�i�x!f g t�i�k��Hw(d�f!r�f s�d�f f�p�f�u%f�k�s�h5q�v s�d�f;	�f�n�s�q�r m!r�f>s�d�f>f!p�f�u%f�k�s�h5q�v s�d�f
���	� h n�m�l�m�n�i�s&!<	�f�n�s�q�r a4
 s�m�h��5i�h u%q g f�p�f g m�h m4	�f�n�s�q�r q�t�
8f�n�s � s�d�f f�p�f�u%f�k�s�h q�v s�d�f4	�f�n�s�q�r m�r�f

s�d�f s�m�h�� � h�r�f�h	q���r<n�f?r�f	����i�r�f�u%f�k�s�hJv�q�r g i�v�v<f�r�f�k�sCr�f�h q���r�n�f�h a � q�u%u*��k�i�n�m�s�i�q�k\n�d�m�k�k�f�p�hJm�r<f

u%q g f�p�f g m�h h	n�m�p�m!r t�i�k�h � s�d�f h	i�x!f q�v f�m�n�d5t�i�k5i�h l�r�q�l�q�r�s�i�q�k�m�s�f s�q5i�s�h h	n�d�f g ��p�m�t�p�f t�m�k g w(i g s�d a
� q�u%u*��k�i�n�m�s�i�q�k�r�f	����i�r�f!u%f�k�s�hCq�vHs�m�h���hCm�r<fIm g�g r�f!h	h	f g w(d�f�k�l�f�r�v�q�r�u%i�k�j�m�p�p�q�n�m�s�i�q�k a 3 vHs�w(q

n�q�u%u*��k�i�n�m�s�i�k�j s�m�h���h m�r<f5m�p�p�q�n�m�s�f g s�q s�d�f h	m�u%f �
� �3s�d�f�k s�d�f n�q�u%u*��k�i�n�m�s�i�q�k r�f	����i�r�f�u%f�k�s

q�v s�d�f s�m�h��:i�h n�q�k�h	i g f�r�f g x!f�r�q��Hq�s�d�f�r�w(i�h	f m u%f�h h	m�j�f q�t�
8f�n�s i�h n�r�f�m�s�f g s�q:r�f�l�r�f�h	f�k�s s�d�f

n�q�u%u*��k�i�n�m�s�i�q�k�t�m�k g w(i g s�d�r�f	����i�r�f�u%f�k�s�q�v s�d�fCi�k�s�f�r -s�m�h���n�q�u%u*��k�i�n�m�s�i�q�k a

bed�f m�p�p�q�n�m�s�i�q�kEl�r�q�t�p�f�u i�h5s�qEl�m�n'�Es�d�f#	�f�n�s�q�r(q�t�
8f�n�s�h5n�q�r<r�f�h	l�q�k g i�k�j s�qEs�d�f s�m�h���h

i�k�s�q s�d�f<	�f�n�s�q�r�t�i�k�h n�q�r�r<f�h	l�q�k g i�k�j�s�q s�d�f ���	� h�m�k g u%f�h	h	m!jBf�q�t�
 f�n�s�h�n�q�r�r�f�h l�q�k g i�k�j�s�q s�d�f

n�q�u%u*��k�i�n�m�s�i�q�k r�f	����i�r�f!u%f�k�s�h�i�k�s�q\s�d�f?h	n�m�p�m�rIt�i�k�h�n�q�r�r�f�h	l�q�k g i�k�j\s�q s�d�f t���h a bed�f?u%m�i�k

l�m�n'��i�k�j n�r�i�s�f�r�i�q�k5i�h s�d�m�s t�i�k�h u*��h	s k�qBs q�	�f�r�v�p�q�w i8a fFa�s�d�f q�t�
8f�n�s�h h	d�q���p g v�i�s i k5s�d�f t�i�k a4
 v�i s

i�h g f�s�f�r�u%i�k�f g t�!2f'	�m�p
��m�s�i�k�jIl�r�q�t�p�f�u�h	l�f�n�i�v�i�n�v�f�m�h	i�t�i�p�i�s$!2n�q�k�h	s�r�m�i�k�s�h a
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bed�f?l�m�n'��i�k�j l�r�q�t�p�f�u g f!h	n�r�i�t�f g m�t�q�	�f?i�h�m�k � � -n�q�u%l�p�f�s�f@jBf�k�f�r�m�p�i�x!m�s�i�q�k q�vIs�d�f

	�f�n�s�q�r2l�m�n'��i�k�jGl�r�q�t�p�f�u [24] a � f�n'�\n�q�k�h	i g f�r�hJm?k���u%t�f�r2q�v2jBr<f�f g ! � q�k�f -l�m�h	h�� d�f'��r�i�h	s�i�n
g r�i
	�f�kcm�p�jBq�r�i�s�d�u)v�q�r%h	q�p
	�i�k�j s�d�fGt�i�kcl�m�n'��i�k�j l�r<q�t�p�f�u@a"bed�fGv�i�r�h	s2h	s�f�lci kcs�d�fGl�m�n'��i�k�j

pr�q�t�p�f�u i�h;s�q�q�r g f�r@s�d�f�q�t�
8f�n�s�h;v�q�r@l�m�n'��i�k�j3a 
-k���u%t�f�r@q�v g i�v�v�f�r�f�k�s d�f'��r�i�h	s�i�n�h;m�r�f

n�q�k�h	i g f�r�f g v�q�r(q�r g f�r�i�k�jGi�k�n�p
� g i�k�jEr�m�k g q�u*� g f�n!r�f!m�h	i�k�jEq�kGk�q g f>h	i�x!f � n�q�u%l���s�f>i�k�s�f�k�h	i
	�f

v�i�r�h	s
��� g f!n�r�f!m�h	i�k�j5q�k%m�r�n(h i�x!f � n�q�u%u*��k�i�n�m�s�i�q�k5i�k�s�f!k�h	i
	�f v�i�r�h	s
����m�k g5g f�n�r<f�m�h	i�k�j q�k%k�q g f(m�k g

m�r�n h	i�x!f � 
8q�i�k�s�p$!�n�q�u%l���s�f i�k�s�f�k�h	i
	�f m�k g n�q�u%u*��k�i�n�m�s�i�q�k i�k�s�f�k�h	i
	�f v�i�r�h	s
� a 3 k s�d�f k�f�o�s h s�f�l��

f�m�n�d q�t�
8f�n�s�i�h�l�m�n'��f g q�k q�k�fCq�v s�d�fCt�i�k�h a bed�fCh	f�p�f!n�s�i�q�k�q�v s�d�f�t�i�k�v�q�r�l�m�n'��i�k�jIi�h m�p�h	q g q�k�f

m�n�n�q�r g i�k�j�s�q7m;d�f'��r�i�h	s�i�n�a bed�f;d�f'��r�i�h	s�i�n�h n�q�k�h	i g f�r�f g i�k�n�p
� g f;v�i�r�h	s v�i�s
�2u%m�o�i�u*��u-p�f'	�f�p
� u%m�o�i�u%i x!f�h ��� ��s i�p�i x!m�s�i�qBk����3u%i�k�i�u*��u p�f'	�f�p � u%i�kBi u%i�x!f�h ��� p�q�m g i�k�j2���3m�k g u%i�k�i�u*��u p�f'	�f�p

q�v s�d�fCh	n�m�p�m!r t�i�k � u%i�k�i�u%i�x!f�h�t���h�p�q�m g i�k�j2� a
� d�f�k s�d�f%d�m!r g w(m�r<f%i�hIv�i�o�f g ��s�d�f%m�t�q�	�fJu%f�s�d�q g m g�g r�f�h	h	f�h2s�d�fJh ! k�s�d�f�h	i�h2l�r<q�t�p�f�u@a

3 k q�r g f!r s�q m g�g r<f�h	h s�d�f d�m�r g w(m�r<f h	f�p�f!n�s�i�q�k m!k g m�p�p�q�n�m�s�i�q�k 
8q�i�k�s�p$! m!k f�o�s�f�k�h	i�q�k i�h

n�q�k�h	i g f�r�f g s�q s�d�f:q�r�i�jBi�k�m�p5l�m�n'��i�k�j7m�p�jBq�r�i�s�d�u@a bed�f:f�o�s�f�k g f g m�p�jBq�r�i�s�d�u h	s�m�r�s�hEw(i�s�d m

u%i�k�i�u*��u"k���u%t�f�r q�v u%i�kBi�u*��u"n�q�u%l�p�f�o�i�s$! ���	� h a bed�f�kJs�d�f2l�m�n'��i�k�jJm�p�jBq�r�i�s�d�u"i�h9i�k�	�q���f g

s�q m�p�p�q�n�m�s�fJs�d�f%s�m�h���hIs�q n ��r�r�f�k�s d�m�r g w2m�r�fJh	f�p�f!n�s�i�q�k a 3 k?s�d�fJf'	�f�k�s q�v9m%v<m�i�p
��r�f'� m%d�f'��r�i�h	s�i�n
g r�i
	�f�k g f�h	i�jBk m g 	�i�h	q�r�uJm'��f�h�m�d�m�r g w2m�r�f h	f�p�f�n�s�i�q�k n�d�m�k�jBf�t�m�h	f g q�k s�d�f�n ��r�r�f�k�s�d�m!r g w(m!r�f

h	f�p�f�n�s�i�q�k�m�k g s�d�fCl�m!r�s�i�m�p�l�m�n'��i�k�jIh	s�m�s�fFa

bed�i�hGm�l�l�r�q�m�n�d d�m�hGt�f�f�k h���n�n�f�h	h	v���p%i�k v�i�k g i�k�j k�f�m�r>q�l�s�i�u%m�p%h	q�p
��s�i�q�k qBk h	q�u%f

prot�p�f�u i�k�h	s�m�k�n�f�h a1=(q�w2f'	�f�r���s�d�f�h���n�n!f�h	h q�v�s�d�f�m!l�l�r�q�m�n�d g f�l�f�k g h q�k s�d�f�f�v�v�f�n�s�i
	�f�k�f�h	h q�v

s�d�f�d�f'��r�i�h	s�i�n�v�q�r�s�d�f�l�m�r�s�i�n'��p�m�r�m�l�l�p�i�n�m�s�i�q�k i�k�h	s�m�k�n!fFa �(q m�s�s�f�u%l�s�d�m�h�t�f�f�k u%m g f�s�q m�h	h	f�h	h

s�d�fCh	n�d�f g ��p�m�t�i�p�i�s$!2q�v s�d�f�m�p�p�q�n�m�s�i�q�k a
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=(f'��r�i�h	s�i�nCt�m�h	f g =(m�r g w2m�r<f -5 q�v�s�w(m�r<f � q -syns�d�f�h	i�h � � 
 5 � ���
� m'	�f [21]

g f�h	n�r�i�t�f�h?m\d�f'��r�i�h	s�i�n -t�m�h	f g n�q -h ! k�s�d�f�h	i�h?s�f�n�d�k�i ����f\s�d�m�sIi�k�n�p
� g f�h?s�d�f

m�p�p�q�n�m�s�i�q�k�� h	n�d�f g ��p�i�k�j@m�k g l�f�r�v�q�r�u%m�k�n!f f�h	s�i�u%m�s�i�q�k m�h w(f�p�p m�h l�q�w(f�r�m�k g v�m'��p�s -s�q�p�f�r�m�k�n�f

q�l�s�i�u%i�x!m�s�i�q�k a 
#n�p
��h	s�f�r�i�k�j -t�m�h f g m�l�l�r�q�m�n�d d�m�h@t�f�f�k g f'	�f�p�q�l�f g s�d�m�sIn�p$��h	s�f�r�h?s�d�f\s�m�h��

jBr<m�l�d��2m�k g n�q�k�h	i g f�r�h m:n�p
��h	s�f�r v�q�r m�p�p�q�n�m�s�i�q�k7s�d�f�r�f�t�! r<f g ��n�i�k�j�s�d�f:n�q�u%l�p�f�o�i�s$!cq�v s�d�f

m�p�p�q�n�m�s�i�q�k m�p�jBq�r�i�s�d�u@a 8,q�p�p�q�w(i�k�j7m�p�p�q�n�m�s�i�q�k��Im n!p
��h	s�f�r i�hEh	n�d�f g ��p�f g m�k g f'	�m�p
��m�s�f g v�q�r

l�f�r�v�q�r�u%m�k�n�fFa bed�f m�p�jBq�r�i�s�d�u h	f�p�f�n�s�h?s�d�f\v�i�r�h	s�m�p�p�q�n�m�s�i�q�k s�d�m�sIi�h?h	n�d�f g ��p�m�t�p�f\m�k g u%f!f�s
g f�m g p�i�k�f�h a 
"h	p�i�jBd�s 	�m�r�i�m�k�sHs�q?s�d�i�h2t�m�h	i�nJm�l�l�r�q�m�n!d?d�m�hIm�p�h	q?t�f�f�k?l�r�f�h	f�k�s�f g � s�d�m�sHn�p
��h	s�f�r�h

m�k g m�p�p�q�n�m�s�f�h�s�d�fCs�m�h���h�i�k�h���n�d�mCu%m�k�k�f!r m�h�s�q�q�l�s�i�u%i�x!fCs�d�fCq�	�f�r�m�p�p�l�q�w(f�r�n!q�k�h���u%l�s�i�q�k a

bed�f � 
 5 � � m�l�l�r�q�m!n�d ��h	f�h u*��p�s�i�l�p�f s�m�h�� jBr<m�l�d�h v�q�r f�u%t�f g�g f g h"! h	s�f�u

r�f�l�r�f�h f�k�s�m�s�i�q�k a�bed�f2s�m�h���h9i�kJs�d�f2s�m�h��JjBr<m�l�dJm�r<f2l�f!r�i�q g i�nFa � i�v�v�f!r�f�k�s3s�m�h���jBr<m�l�d�h9u%m !5d�m'	�f
g i�v�v�f�r�f�k�sel�f�r�i�q g h a � m�n�d>s�m�h��>i�k>s�d�f5s�m�h��>jBr<m�l�d>n�m!k>m�p�h	q>t�f5m�k�k�q�s�m�s�f g w(i�s�d m g f�m g p�i�k�f5v�q�r

n�q�u%l�p�f�s�i�q�k a>8 q�rHf�m!n�d�s�m!h���m�k�f�o�f�n'��s�i�q�k�	�f�n�s�q�rHi�h g f�v�i�k�f g � s�d�m�s i�k g i�n�m�s�f�hCs�d�fIf�o�f�n'��s�i�q�k�q�v

s�d�f;s�m�h��7q�k g i�v�v�f�r�f�k�s l�r�q�n�f�h	h	i�k�j�f�p�f�u%f�k�s�h � ��� � a�: f�h	q���r�n�f;n�q�k�h	s�r�m�i�k�s�h m�r�f g f�v�i�k�f g m�h

l�r�f�v�f!r�f�k�n!f-	�f�n�s�q�rHq�vHm2s�m!h���� w(d�i�n�dJi�k g i�n!m�s�f2i�vHs�d�fIs�m�h��Jn�m�k�t�fIm�p�p�q�n�m�s�f g m�k g f�o�f�n'��s�f g q�k m

jBi
	�f�kGr<f�h	q���r�n!fFa 
(kGf�o�n�p
��h	i�q�k 	�f�n�s�q�r(i�h%m�p�h	q g f�v�i�k�f g s�d�m�s i�k g i�n�m�s�f�h%i�v(s�w(qGs�m�h���h%n�m�kGt�f

m�p�p�q�n�m�s�f g s�q s�d�fEh	m�u%fGr�f!h	q���r�n�fFa bed�fGn�q�u%u*��k�i�n!m�s�i�q�k t�f�s�w(f�f�kcs�m�h���h>i�h>r<f�l�r�f�h	f�k�s�f g t�!

f g j�f�h i�k5s�d�f s�m�h��%j�r�m�l�d a�8 q�r f!m�n�d%f g jBf(m n�q�u%u*��k�i�n�m�s�i�q�k>	�f�n�s�q�r i�h g f�v�i�k�f g ��s�d�m�s h	s�q�r�f�h s�d�f

n�q�u%u*��k�i�n�m�s�i�q�k;s�i�u%f@q�v�s�d�f@n�q�u%u*��k�i�n�m�s�i�q�k;q�k g i�v�v�f�r�f�k�s�p�i�k���h a9
 k���u%t�f�r�q�v g i�v�v<f�r�f�k�s

m�s�s�r�i�t���s�f�h�v�q�r ���	� h�m�r<fCm�p�h q g f�v�i�k�f g a


 d�f'��r�i�h	s�i�n g r�i
	�f�k7j�r�f�f g !cm�p�jBq�r�i�s�d�u-i�h7��h	f g v�q�r g f�h	i�jBk7h	l�m�n!f f�o�l�p�q�r�m�s�i�q�k�m�k g

h"! k�s�d�f�h	i�h a bed�f�r�fcm!r�fcs�d�r�f�fcu%m�i�k h	s�f�l�h\i�k s�d�fch"! k�s�d�f�h	i�h\m�p�jBq�r�i�s�d�u@y ��� � p
��h	s�f�r�i�k�j������

Allon�m�s�i�q�k������ 5 n�d�f g ��p�i�k�j�m�k g � f�r<v�q�r�u%m�k�n�f � h	s�i�u%m�s�i�q�k a � p
��h	s�f�r�i�k�jJi�k�	�q�p$	�f�h�jBr�q���l�i�k�jJq�v

s�m�h���h s�q5r�f g ��n�f s�d�f n�q�u%l�p�f�o�i�s$!Iq�v m�p�p�q�n�m�s�i�q�k a4
 h	i�k�jBp�f n�p
��h	s�f!r i�h m�p�p�q�n�m�s�f g s�q5s�d�f h	m�u%f ��� a
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� q�u%u*��k�i�n�m�s�i�q�k s�i u%f tBf�s�w(f�f�k s�m�h���h q�k s�d�f h	m�u%f ��� i�h:m�h	h���u%f g s�q t�f x!f�r�q a bed�f

cluh	s�f�r�i�k�jJd�f'��r�i�h	s�i�nIi�h9s�q�r�f g ��n�fIs�d�f2p�f�k�jBs�dJq�vHs�d�f2p�q�k�jBf�h	s l�m�s�d�� w(d�f�r�fIs�d�f2p�f!k�jBs�dJq�v mIl�m�s�d

i�k s�d�f�s�m�h�� jBr�m�l�d i�h g f�s�f�r�u%i�k�f g t%!2s�d�f�n�q�u%u*��k�i�n!m!s�i�q�k s�i�u%f�q�v s�d�f�f g jBf�h m�k g s�d�f�f�o�f�n'��s�i�q�k

s�i�u%f q�v s�d�f i�k�s�f�r�u%f g i�m�s�f s�m�h���h q�k5s�d�f l�m�s�d a � ! n�p
��h	s�f�r�i�k�j s�d�f s�m�h���h q�k5s�d�f p�q�k�jBf�h	s l�m�s�d5s�d�f

n�q�u%u*��k�i�n�m�s�i�q�k s�i�u%f n�m�k t�f r<f g ��n�f g a bed�f f�o�n�p
��h	i�q�k n�q�k�h	s�r�m�i�k�s�hAm�r�f s�m'��f�k i�k�s�q

n�q�k�h	i g f�r�m�s�i�q�k w(d�i�p�fJj�r�q�w(i�k�j n�p
��h	s�f�r�h a@
 g ! k�m�uJi�n%l�m�s�d n�p
��h	s�f�r�i�k�j>s�f!n�d�k�i ����f*��l g m�s�f�h2s�d�f

n�q�u%u*��k�i�n�m�s�i�q�k7s�i�u%f g !Bk�m�u%i�n�m�p�p$!�m�h s�d�f:n�p
��h	s�f�r<i�k�j�l�r�q�j�r�f�h	h	f�h��Im�k g ��h	f!h s�d�i�h ��l g m�s�f g

n�q�u%u*��k�i�n�m�s�i�q�k�s�i�u%f i�k7v�q�r�u%i�k�j k�f�w.n�p
��h	s�f�r�h a 8 q�p�p�q�w(i�k�j�n�p
��h	s�f�r v�q�r�u%m!s�i�q�k�m n�p
��h	s�f�r

m�p�p�q�n�m�s�i�q�k;l�r�q�n�f g ��r�f@i�h i�k�	�q���f g v�q�r�f!m�n�d:n�p
��h	s�f�r a 
(k;m�p�p�q�n�m�s�i�q�k;m�r�r<m !\i�h n�r�f�m�s�f g v�q�r m

n�p
��h	s�f�r s�d�m�s n�q�k�h	i g f�r�h:s�d�f7r�f�h	q���r<n�f7n�q�k�h	s�r<m�i�k�s�h:m�p�q�k�j�w(i�s�d m�r<n�d�i�s�f�n�s
��r<m�p d�i�k�s�h a � m�n�d

m�p�p�q�n�m�s�i�q�k�v�r�q�u s�d�f�m�p�p�q�n�m�s�i�q�k�m�r�r�m ! i�h;f'	�m�p
��m�s�f g v�q�r@t�f�h	s v�i�s�k�f�h	h a)bed�i h;i�h g q�k�f�t%!

h	n�d�f g ��p�i�k�j s�d�fcn�p
��h	s�f�r>q�v>s�m�h���hGq�k s�d�f m�p�p�q�n�m�s�f g ��� a bed�f h	n�d�f g ��p�f i�hGf'	�m�p
��m�s�f g v�q�r

l�f�r�v�q�r�u%m�k�n�f i�k s�f�r�u%h q�v g f�m g p�i�k�f h	m�s�i�h	v�m�n�s�i�q�k�� m!k g t�f�h	s v�i�k�i�h	d s�i u%fFa 3 k s�d�f f'	�f�k�s q�v�k�q

v�f�m�h	i�t�p�f%h	n�d�f g ��p�f%s�d�f%m�p�p�q�n�m�s�i�q�k i�h g i�h	n�m�r g f g m�k g m�k�q�s�d�f�r m�p�p�q�n�m�s�i�q�k i�h2f�o�m�u%i�k�f g i�k�h	s�f�m g a


 	�m�r�i�m�k�s q�v � 
 5 � � ��k�q�w(k:m�h � 
 5 � � -� � ��h f�h l�q�w(f�r5n�q�k�h���u%l�s�i�q�k:i�k�h	s�f�m g q�v s�m�h��
g f�m g p�i�k�f�h�i�k�n�p
��h	s�f�r�i�k�jIm�k g m�p�p�q�n�m�s�i�q�k�f'	�m�p
��m�s�i�q�k a

� f�i�k�jDm d�f'��r�i�h	s�i�n g r�i
	�f�k m�l�l�r�q�m!n�d � 
 5 � � i�h q�r g f�r�h q�v u%m�jBk�i�s
� g f v�m�h	s�f�r

n�q�u%l�m�r�f g s�q s�d�fJq�l�s�i�u%i�x�m�s�i�q�k t�m�h	f g m�l�l�r�q�m�n�d�f�hIv<q�r h	i�u%i�p�m�r l�r�q�t�p�f�u%h a7
 g�g i�s�i�q�k�m�p�p$! � s�d�f

m'��s�d�q�r�h>r�f�l�q�r�s(k�f�m�r5q�l�s�i�u%m�p(h	q�p
��s�i�q�k:v�q�r5h	q�u%f l�r�q�t�p�f�u i�k�h	s�m�k�n�f�h a =(q�w(f'	�f�r��Cd�f'��r�i�h	s�i�n

t�m�h	f g u%f�s�d�q g h�n�m�k�k�q�s q�v<v�f�r�n�q�u%l�p�f�s�f�k�f�h	h j2��m�r<m�k�s�f�f�h a%bed�fIh���i�s�m�t�i�p�i�s$!Jq�v�s�d�fIm�p�jBq�r�i�s�d�uAi�h
g f�l�f�k g f�k�s q�k s�d�f�d�f'��r�i�h	s�i�n�f�u%l�p�q%! f g i�k n�p
��h	s�f�r�v�q�r<u%m�s�i�q�k aCbed�f�r�f�i�h k�q�t�m�n'��s�r�m�n'��i�k�j�w(d�f�k

mCl�m�r�s�i�n'��p�m!r n�p
��h	s�f�r v�q�r�u%m!s�i�q�k�v�m�i�p�h�s�q�v�i�k g mCv�f�m�h	i�t�p�fCm�p�p�q�n�m�s�i�q�k a
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5 ! h	s�f�u�h"! k�s�d�f�h	i�h�t%!2d�f'��r<i�h	s�i�n g r�i
	�f�k�n�q�k�h	s�r�m�i�k�f g l�m rtitioning

����l�s�mIl�r�f�h f�k�s�hCm�d�m�r g w(m!r�f -h	q�v�s�w2m�r�f�h ! k�s�d�f�h	i�hCu%f!s�d�q g s�d�m�s l�m�r�s�i�s�i�q�k�hCmIt�f�d�m'	�i�q�r�m�p

h	l�f�n�i�v�i�n�m�s�i�q�k i�k�s�q d�m!r g w2m�r�f5m�k g h	q�v�s�w(m!r�f i�u%l�p�f�uJf�k�s�m�s�i�q�k�h [22] a bed�f g f�r�i
	�f g l�m�r�s�i�s�i�q�k i�h

r�f	����i�r�f g s�qJh	m�s�i�h	v !5s�d�f2s�i�u%i�k�j%n�q�k�h	s�r<m�i�k�s�h a�bed�f2l�m�r�s�i�s�i�q�k�i�k�j%u%f�s�d�q g m�s�s�f�uJl�s�h9s�qJu%m�o�i�u%i x!f

s�d�f>q�	�f�r<m�p�p h"! h	s�f�u l�f�r�v�q�r�u%m�k�n�fFa 
 d�f'��r�i�h	s�i�n>t�m!h	f g i�s�f�r�m�s�i
	�f>i�u%l�r�q�	�f�u%f!k�s m�p�jBq�r�i�s�d�u i�h

��h	f g s�qch	q�p
	�fGs�d�i�h n�q�k�h	s�r�m�i�k�f g l�m!r�s�i�s�i�q�k�i�k�j l�r�q�t�p�f�u@a"bed�f g f�s�m�i�p�h q�v%s�d�f\m�l�l�r�q�m!n�dcm�r<f

l�r�f�h	f�k�s�f g t�f�p�q�w�a

bed�f l�r�i�u%m�r ! jBq�m�p q�v s�d�f h"! k�s�d�f�h	i�h u%f�s�d�q g i�h s�q5l�m�r<s�i�s�i�q�k5m t�f�d�m'	�i�q�r�m�p h	l�f�n�i�v<i�n�m�s�i�q�k

v�q�r i�u%l�p�f�u%f�k�s�m�s�i�q�k:i�k�s�q:d�m�r g w(m!r�f m�k g h	q�v�s�w2m�r<fFa bed�f s�m�r<jBf�s m!r�n�d�i�s�f�n�s
��r<f n�q�k�h	i�h	s�h q�v m

general-l���r�l�q�h	f(l�r�q�n�f�h	h	q�rem�k g m�k%m�l�l�p�i�n�m�s�i�q�k%h	l�f�n!i�v�i�n(i�k�s�f�jBr<m�s�f g n�i�r�n'��i�s8a2bed�f(l�m�r�s�i�s�i�q�k�i�k�j

m�s�s�f�u%l�s�hcs�q u%m o�i�u5i�x!f s d�f l�f�r�v�q�r�uJm�k�n�f'� w(d�i�p�f h	m�s�i�h	v ! i�k�j s�d�f s�i�u%i�k�j n!q�k�h	s�r�m�i�k�s�h a 


l�m�r�s�i�s�i�q�k n�q�h	s%v���k�n�s�i�q�k ����m�k�s�i�v�i�f�hGs�d�f l�f�r<v�q�r�u%m!k�n�f q�v m l�m�r�s�i�s�i�q�k ��h	i�k�j g f�p�m ! hGq�v>s�d�f

q�l�f�r�m�s�i�q�k�h���l�r�q�n!f�h	h	q�r���s�i�p�i�x!m�s�i�q�k���t���h0��s�i p�i�x!m�s�i�q�k���n q�u%u*��k�i�n�m�s�i�q�k g f�p�m !If�s�nFa


 d�m�r g w(m!r�f g f�h	n!r�i�l�s�i�q�k"p�m�k�j2��m!j�f9=(m�r g w(m�r<f � i�h ��h	f g s�q"n�m�l�s
��r�f s�d�f h"! h	s�f�u

v���k�n�s�i�q�k�m�p�i�s$!,a�=2m�r g w(m!r�f � g f�h	n�r�i�l�s�i�q�k@n�q�k�h	i�h	s�h�q�v�m�h f�s�q�v�i�k�s�f�r�m!n�s�i�k�j@l�r�q�n�f�h	h	f�h�s�d�m�s�m�r<f

i�k�h	s�m�k�s�i�m�s�f g i�k�s�q t�p�q�n'��h ��h	i�k�jcm g f!n�p�m�r<m�s�i
	�f\h	f�uJm�k�s�i�n�h a 3 k�j�f�k�f�r<m�p
� s�d�f h"! h	s�f�u u%q g f�p

n�q�k�h	i�h	s�h�q�v mCh f�s�q�v�d�i�f�r�m!r<n�d�i�n�m�p�p&!2r<f�p�m�s�f g h f	����f�k�n�i�k�j�j�r�m�l�d�h a � f!r�s�i�n�f�h r�f�l�r<f�h	f�k�s�p�m�k�j2��m!j�f -

p�f'	�f�peq�l�f�r<m�s�i�q�k�h(m�k g f g j�f�h(r�f�l�r�f�h	f�k�s g f�l�f�k g f�k�n�i�f!h(t�f�s�w(f�f�k>s�d�f5q�l�f!r�m�s�i�q�k�h(i�k>s�d�i�h(jBr<m�l�d a
� o�f�n'��s�i�q�k@q�vCq�l�f�r<m�s�i�q�k�h w(i�s�d�i�k@m�h	i�k�jBp�f jBr<m�l�d@i�h h	i�k�jBp�f r�m�s�f'� d�q�w(f'	�f�rCq�l�f!r�m�s�i�q�k�h�m�n!r�q�h	h

jBr<m�l�d u%q g f�p�h/v�q�p�p�q�w u*��p ti-r�m�s�f f�o�f�n'��s�i�q�k h	f�u%m�k�s�i�n�h a 
(l�f�r<m�s�i�q�k�h/s�q r�f�l�r�f�h	f�k�s

h"! k�n�d�r�q�k�i�x!m�s�i�q�k s�q f�o�s�f�r�kBm�p f'	�f�k�s�h m�r<f�n�m�p�p�f g k�q�k g f�s�f�r�u%i�k�i�h	s�i�n g f�p�m ! � � � � q�l�f�r�m�s�i�q�k�h���m�k g

l�r�f�h	f�k�s ��k���k�q�w(k;f�o�f�n'��s�i�q�k g f�p�m !,a bei�u%i�k�j n�q�k�h s�r�m�i�k�s�h m�r�f@h	l�f�n�i�v�i�f g s�q g f�v�i�k�f@h	l�f�n�i�v�i�n

l�f�r�v�q�r�u%m�k�n�f r�f	����i�r<f�u%f!k�s�h"q�v s�d�f g f�h	i�r�f g i�u%l�p�f�u%f�k�s�m�s�i�q�k a bew(q ��i�k g h"q�v s�i�u%i�k�j

n�q�k�h	s�r�m�i�k�s�h2m�r<f%h	l�f!n�i�v�i�f g y ��� � i�k���u%m�o g f�p�m ! n�q�k�h	s�r�m�i�k�s�h2s�d�m�s l�r�q�	�i g fJt�q���k g h2q�k s�d�f%s�i�u%f
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i�k�s�f�r�	�m�pGt�f�s�w(f�f�k i�k�i�s�i�m�s�i�q�k q�v f�o�f�n'��s�i�q�k q�v s�w q q�l�f�r�m�s�i�q�k�h � m�k g ��� � o�f�n'��s�i�q�k r�m�s�f

n�q�k�h	s�r�m�i�k�s�h�s�d�m�s�l�r�q�	�i g fCt�q���k g h�q�k�h���n�n�f�h	h	i
	�fCi�k�i�s�i�m�s�i�q�k�h�q�v s�d�fCh	m�u%fCq�l�f!r�m�s�i�q�k a

bed�f7h"! k�s�d�f�h	i�h:l�r�q�t�p�f�u i�h:v�q�r�u*��p�m�s�f g m�h:m n�q�k�h	s�r�m�i�k�f g q�l�s�i�u%i�x!m�s�i�q�k l�r�q�t�p�f�u@a

8 r�q�u m5jBi
	�f�k h	f�s q�v h	f	����f�k�n�i�k�j j�r�m�l�d u%q g f�p�h m�k g s�i�u%i�k�j n�q�k�h	s�r�m�i�k�s t�f�s�w(f!f�k q�l�f�r�m�s�i�q�k�h��

s�d�f(l�r�q�t�p�f�u i�h s�q%n�r�f�m�s�f(s�w(q%h	f	����f�k�n�i�k�j5j�r�m�l�d%u%q g f�p�h���h���n�d%s�d�m�s,q�k�f(n�m�k%t�f(i�u%l�p�f�u%f�k�s�f g

i�k�d�m�r g w(m�r<fCm�k g s�d�fCq�s�d�f�r�i�k�h	q�v�s�w(m�r�fCm!k g s�d�fCv�q�p�p�q�w(i�k�jIh	s�m�s�f�u%f�k�s�h m�r�fCs�r���fFy

1. bei�u%i�k�jIn�q�k�h	s�r�m�i�k�s�h�m�r<fCh	m!s�i�h	v�i�f g v�q�r s�d�fCs�w(q jBr�m�l�d u%q g f�p�h

2.
� r�q�n�f�h	h	q�r���s�i�p�i�x!m�s�i�q�k�� 1≤P

3.
� ��h0��s�i�p�i�x!m�s�i�q�k�� BB ≤ ,

m�k g mCl�m�r�s�i�s�i�q�k�n�q�h	s�v���k�n�s�i�q�k�� ),,,( 1 mPBSff H
−= i�h�u%i�k�i�u%i x!f g


 d�f'��r�i�h	s�i�n g r�i
	�f�k i�s�f�r<m�s�i
	�f?i�u%l�r�q�	�f�u%f�k�sCl�r�q�n!f g ��r�f?d�m�h�t�f!f�k ��h	f g s�q h	q�p
	�f?s�d�f

n�q�k�h	s�r�m�i�k�f g q�l�s�i�u%i�x!m�s�i�q�k l�r�q�t�p�f�u@a bed�f l�r�q�n�f g ��r�f h	s�m�r�s�h@w(i�s�d�m�k�i�k�i�s i�m�pIh	q�p
��s�i�q�k�� m�k g

i�s�f�r�m�s�i
	�f�p$! i�u%l�r�q�	�f�h s�d�i�h h	q�p
��s�i�q�kDt%! u%i�j�r�m�s�i�k�j q�l�f!r�m�s�i�q�k�h t�f�s�w(f�f�k s�d�f l�m�r�s�i�s�i�q�k�h a
� i�jBr�m�s�i�q�k q�v5m�k q�l�f�r�m�s�i�q�k m�v�v�f�n�s�h>i�s�h>f�o�f�n'��s�i�q�k g f�p�m !,a 3 s(m�p�h	q m�v�v<f�n�s�h>s�d�fEp�m�s�f�k�n !;m�k g

r�f�m�n�s�i�q�k5r�m�s�f q�v s�d�f s�d�r�f!m g s�q5w(d�i�n�d5s�dBi�h q�l�f�r�m�s�i�q�k5i�h u%q�	�f g a 
(l�f�r�m�s�i�q�k�h v�q�r u%i�jBr�m�s�i�q�k5m�r�f

h	f�p�f�n�s�f g h���n�dJs�d�m�s,s�d�f(u%q%	�f(p�q�w(f�r�h s�d�f2n�q�u%u*��k�i�n!m�s�i�q�k%n�q�h	s
��w(d�i�p�f(u%m�i�k�s�m�i�k�i�k�j5n�q�k�h	s�r<m�i�k�s

h	m�s�i�h	v�i�m�t�i�p�i�s$! a9bed�fCl�r�q�n�f�h h	q�r m�k g t���h0��s�i�p�i�x!m�s�i�q�k�n�qBk�h	s�r�m�i�k�s�h�m�r�fCm�p�h	q�n�d�f�n'��f g a

bed�f g r�m�w(t�m!n'�;q�v<����l�s�m � h m�l�l�r�q�m�n�d;i�h i�k;i�s�h�r�f�h	s�r�i�n�s�f g s�m�r�j�f�s�m�r�n�d�i�s�f!n�s
��r<fFa bed�f

m�l�l�r�q�m�n�d q�k�p&!Jn�q�k�h	i g f!r�h m�h	i�k�jBp�f�l�r�q�n�f�h	h	q�r��3m�k g m h	i�k�jBp�f6
 5 3 � i�k s�d�f�s�m!r<jBf!s�m�r�n�d�i�s�f!n�s
��r�fFa

b ! l�i�n!m�p f�u%t�f g�g f g h ! h	s�f�u%h m�r�f n�q�u%l�q�h	f g q�v u*��n�d/u%q�r�f g i
	�f�r�h	f'��d�f�s�f�r�q�jBf�k�f�q���h

m�r�n�d�i�s�f�n�s
��r�f�h a bed�f l�r�q�t�p�f�u q�v7h	n�d�f g ��p�i�k�j d�m!h m�p�h	q k�q�s:t�f!f�k m g�g r�f!h	h	f g a � f�s�s�f�r

l�m�r�s�i�s�i�q�k�i�k�jIn�m�k�t�fCq�t�s�m�i�k�f g t%!In�q�k�h	i g f�r�i�k�jIl�m!r�s�i�s�i�q�k�i�k�jIm�k g h	n�d�f g ��p�i�k�jIh	i�u*��p�s�m�k�f�q���h	p$!,a
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5 ! h	s�f�u�h"! k�s�d�f�h	i�h�t%!2d�f'��r<i�h	s�i�n g r�i
	�f�k�f�o�s�f�k g f g l�m�r�s�i�s�i�q�k�i�k�j
� m�p�m'	�m g f [23] 	�i�f�w(h h�! h s�f�u h ! k�s�d�f�h	i�h m�h�m�kAf�o�s�f�k g f g l�m�r�s�i�s�i�q�k�i�k�j l�r�q�t�p�f�u@a

� o�s�f�k g f g l�m�r�s�i�s�i�q�k�i�k�j g i�v<v�f�r�h(v�r�q�u s�d�f u%q�r�f5n�q�u%u%q�k t�i�k�m�r !�l�m!r�s�i�s�i�q�k�i�k�j l�r�q�t�p�f�u w(d�f!r�f

s�d�f$l�m�r�s�i�s�i�q�k�i�k�j"i�h�r<f�h	s�r<i�n�s�f g s�qAl�m�r�s�i�s�i�q�kAm�u%q�k�j"r<f�h	q���r�n!f�h � u%m�l�l�i�k�j ��m!p�p�q�n�m�s�i�q�k�� m�k g

l�m�r�s�i�s�i�q�k�i�k�s�i�u%f � h	n�d�f g ��p�i�k�j2� a � m�p�m'	�m g f�n�q�k�h	i g f�r<hCi�u%l�p�f�u%f�k�s�m�s�i�q�k�h	f�p�f�n�s�i�q�k 
8q�i�k�s�p$!%w(i�s�d

u%m�l�l�i�k�j)m�k g h	n�d�f g ��p�i�k�j3a � q�s�d)f�o�s�f�k g f g m!k g t�i�k�m�r !/l�m�r�s�i�s�i�q�k�i�k�j)l�r�q�t�p�f�u%h m�r<f

n�q�k�h	s�r�m�i�k�f g q�l�s�i�u%i�x!m�s�i�q�k�l�r�q�t�p�f�u m�k g d�m'	�f�t�f�f�k h d�q�w(k s�q t�f�� � -d�m�r g a1
 d�f'��r�i�h	s�i�n�t�m�h	f g

m�l�l�r�q�m�n�d d�m�h t�f�f�k g f'	�f�p�q�l�f g s�d�m�s f�u%l�p�q%! h m�k i�u%l�p�f�u%f�k�s�m�s�i�q�k -t�i�k h	f�p�f�n�s�i�q�k l�r�q�n�f g ��r�f�v�q�r

h	f�p�f�n�s�i�k�j5i�u%l�p�f�u%f�k�s�m�s�i�q�k�h m�k g m(d�f'��r�i�h	s�i�n(t�m�h	f g jBr<f�f g ! m�p�jBq�r�i�s�d�u v�q�reh	q�p
	�i�k�j5s�d�f(r<f g ��n�f g

t�i�k�m�r !2l�m�r�s�i�s�i�q�k�i�k�jIl�r�q�t�p�f�u@a

bed�fIl�r�i�u%m�r !%q�t�
8f!n�s�i
	�f�hCq�vHs�d�fIh"! k�s�d�f�h	i�hCl�r�q�n�f g ��r�f�m�r�fFy�m �Hl�m�r�s�i�s�i�q�k�s�d�fIs�m�h���hCi�k�m�k

m�t�h	s�r�m�n�s9s�m�h�� -p�f'	�f�p9h	l�f�n�i�v<i�n�m�s�i�q�k\q�v2m�k\m�l�l�p�i�n!m�s�i�q�k\i�k�s�q\d�m�r g w(m�r<f m�k g h	q�v�s�w(m�r�f s�m�h���h � t��

h	n�d�f g ��p�f%s�d�fJs�m�h���h2v�q�r f�o�f�n'��s�i�q�k�� m�k g n'� h	f�p�f�n�s m�k?m�l�l�r�q�l�r�i�m�s�f%i�u%l�p�f�u%f�k�s�m!s�i�q�k v�q�r m%s�m�h��

v�r�q�u�u*��p�s�i�l�p�fCi�u%l�p�f�u%f�k�s m�s�i�q�k�h a

bed�f m�l�l�p�i�n�m�s�i�q�k i�h r<f�l�r�f�h f�k�s�f g m�h(m � i�r<f�n�s�f g 
(n !Bn�p�i�n6�(r�m�l�d � � 
-�����3w(d�f�r<f k�q g f�h

r�f�l�r�f�h f�k�s s�m�h���h%m�k g f g jBf!h%r�f�l�r�f�h	f�k�s g m�s�m>m�k g n�q�k�s�r�q�p l�r�f�n�f g f�k�n�f�h%t�f�s�w2f�f!kGk�q g f�h acbed�f

s�m�h���hIi�k?s�d�f�jBr�m�l�d@n�m�k?t�fJu%m�l�l�f g s�q@f�i�s�d�f�r9d�m�r g w(m�r�f�q�r9h	q�v�s�w2m�r�fFa 3 u%l�p�f!u%f�k�s�m�s�i�q�k?t�i�k�h

m�r�f g f!v�i�k�f g v�q�r f�m!n�d s�m!h�� v�q�r t�q�s�d h	q�v�s�w(m�r<f'� m!k g d�m�r g w(m!r�fcu%m�l�l�i�k�j3a.bed�fch	q�v�s�w(m�r<f

i�u%l�p�f�u%f�k�s�m�s�i�q�kEt�i�k�h5r�f�s�m!i�k g i�v�v�f�r�f�k�s h	q�v�s�w(m�r<f i�uJl�p�f�u%f�k�s�m�s�i�q�kEq�l�s�i�q�k�h5q�v(s�d�f s�m�h�� a:bed�f
g i�v�v�f�r�f�k�s,q�l�s�i�q�k�h m!r�f2n�d�m�r<m�n�s�f�r�i�x!f g t�! f�o�f�n'��s�i�q�k%s�i�u%f(m�k g m!r�f�m � n�q g f(h	i�x!f'� aIbed�f(d�m�r g w(m�r<f

i�u%l�p�f�u%f�k�s�m�s�i�q�k�t�i�k�h�r�f�s�m�i�k g i�v�v�f�r<f�k�s�d�m�r g w2m�r<fCi�u%l�p�f�u%f�k�s�m�s�i�q�k�h�q�v s�d�fCs�m�h�� a9bed�fCd�m�r g w(m�r<f

q�l�s�i�q�k�h�m�r�fCn�d�m!r�m�n�s�f�r�i�x!f g t%!2f�o�f�n'��s�i�q�k�s�i�u%fCm�k g d�m�r g w(m!r�fCm!r�f�mFa

bed�fGq�	�f�r<m�p�p2f�o�s�f�k g f g l�m�r�s�i�s�i�q�k�i�k�j l�r�q�t�p�f�u)i�h v<q�r�u*��p�m�s�f g i�kcs�f�r�u%h q�v%s�w(qch���t -

problems.
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� ������� ����+�� ,�� )'��� ����+ ���������
 �� � �������
+ � – �(i
	�f�k�m � 
�����m�r<f�m�m�k g s�i�u%fCf�h	s�i�u%m�s�f�h�v�q�r

h	q�v�s�w(m�r�f2m�k g d�m�r g w2m�r�f(i�u%l�p�f�u%f�k�s�m�s�i�q�k�h q�vem�p�p,k�q g f�h���n�q�u%u*��k�i�n�m�s�i�q�k%n�q�h	s�h���m�k g m g f�h	i�r�f g

p�m�s�f�k�n ! � g f�s�f!r�u%i�k�f5m5u%m!l�l�i�k�j M q�v k�q g f�h(s�q>d�m�r g w(m�r�f%m�k g h	q�v�s�w(m!r�f'� m�k g s�d�f5h	s�m�r�ses�i�u%f

v�q�r f�m!n�d5k�q g f � h	n�d�f g ��p�f t ���Fh���n�d5s�d�m�s s�d�f m�r�f�m q�n!n'��l�i�f g t%!�s�d�f k�q g f�h u%m�l�l�f g s�q5d�m�r g w(m�r�f

i�hGu%i�k�i u*��u*��m�k g s�d�f g f�h	i�r�f g p�m�s�f�k�n !7r�f	�%��i�r�f�uJf�k�s%i�hGu%f�s8aDbed�f u%m�l�l�i k�j l�r�q�t�p�f�u i�h

n�q�u%t�i�k�m�s�q�r�i�m�p�i�k�s�d�fCk���u%t�f�r q�v k�q g f�h � )2( NO ).

Implementation-���
 ,�+'�
+ .'�
�
�� � �������
+ � – �(i
	�f!k m d�m�r g w(m�r<f i�u%l�p�f�u%f�k�s�m�s�i�q�k

curve iCH �2s�d�m�s i�h m;n�q�p�p�f�n�s�i q�k7q�v d�m�r g w(m�r<f;i�u%l�p�f�u%f�k�s�m�s�i�q�k�h w(i�s�d g i�v�v�f�r�f�k�s m�r�f�m -s�i�u%f

n�d�m�r�m!n�s�f�r�i�h	s�i�n�h��Fm�k g m h	i�uJi�p�m�r h	q�v�s�w(m�r<f i�u%l�p�f�u%f�k�s�m!s�i�q�k5n'��r�	�f iCS v�q�r m k�q g f i �Fm�k g m l�r�f -

g f�s�f�r�u%i�k�f g d�m�r g w2m�r�fIq�r�h	q�v�s�w(m�r�fIu%m�l�l�i�k�j2� g f�s�f�r<u%i�k�fIs�d�fIi�u%l�p�f�u%f�k�s�m�s�i�q�kJt�i�k *
iB v�q�rHs�d�f

node.


(k%i�s�f�r�m�s�i
	�f(h	q�p
��s�i�q�k%u%f�s�d�q g d�m�h t�f�f�k%l�r�f�h f�k�s�f g s�d�m�s,h	q�p
	�f�h s�d�f(s�w(q%h���t -l�r�q�t�p�f�u%h

h	i�u*��p�s�m�k�f�q���h	p$!,a>bed�f%v�i�r�h seh	s�f�l>q�v s�d�f%m�p�jBq�r�i�s�d�u h	q�p
	�f�h(s�d�f5u%m�l�l�i�k�j l�r�q�t�p�f�u q�k>s�d�f5v<r�f�f
� i�u%l�p�f�u%f�k�s�m�s�i�q�k t�i�k k�q�s h	f�p�f�n�s�f g � k�q g f�h-��h	i�k�j>mJd�f'��r�i�h	s�i�n g r�i
	�f�k h	f!m�r�n�d?m!p�jBq�r�i�s�d�u@a?bed�f

h	f�n�q�k g h	s�f�l h	f�p�f!n�s�h s�d�f i�u%l�p�f�u%f�k�s�m�s�i�q�k ��h	i�k�j@m�k�q�s�d�f�r�d�f'��r�i�h	s�i�n t�m�h	f g m�p�j�q�r�i�s�d�u v�q�r�q�k�f

k�q g f5w(i�s�d>m5jBi
	�f�k>u%m�l�l�i�k�j3a>bed�f5h	s�f�l�h(m�r<f5r�f�l�f�m�s�f g ��k�s�i�pek�q�k�f5q�v s�d�f5k�q g f5i�h(v�r�f�fFa>bed�f

u%m�l�l�i�k�j m�p�jBq�r�i�s�d�u m�k g s�d�f i�u%l�p�f�u%f�k�s�m�s�i�q�k t�i�k h f�p�f�n�s�i�q�k m�p�jBq�r�i�s�d�u m!r�f t�r<i�f�v�p$! g f�h	n!r�i�t�f g

below:

	 �
��������
 ���
�
�
.'���
� � �
� ��.'����������,�+�� 	 
������ – bed�f/� � � � m�p�jBq�r�i�s�d�u s�r�m'	�f!r�h	f�hEs�d�f
� 
�� m�k g u%m�l�h f�m!n�d k�q g f�s�q5f�i�s�d�f�r�d�m�r g w2m�r�f q�r h	q�v�s�w(m�r�f'�Fh���n�d5s�d�m�k5m�k q�t�
 f�n�s�i
	�f v���k�n�s�i�q�k

i�h2u%i�k�i u%i�x!f g a bed�f%i�u%l�qBr�s�m�k�s m�h	l�f�n�s q�v s�d�f*� � � � m�p�jBq�r�i�s�d�u i�h2m g m�l�s�i
	�f%h f�p�f�n�s�i�q�k q�v s�d�f

q�t�
8f�n�s�i
	�f%v���k�n�s�i�q�k a?bed�fJs�w(q q�t�
8f�n�s�i
	�fJv���k�n�s�i�q�k�h�) �
 ��
,�� �
����+%q�v s�d�f%k�q g fJm!k g ��+ ��. +' ��
����+

��+',�������.'+�.'�� �,����-+���� m�r<f u*��s
��m�p�p$! n�q�k�s�r�m g i�n�s�q�r !,a beq q�	�f�r�n�q�u%f s�d�i�h l�r�q�t�p�f�u*� m�k
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m�l�l�r�q�l�r�i�m�s�f q�l�s�i�u%i�x!m�s�i�q�kEq�t�
8f�n�s�i
	�f>i�h%n�d�q�h f�kGm�s9f�m�n�dGh	s�f�l�� t�m�h	f g q�kGm ���$������� . ���
�
�
.'���
�
� �

u%f�m�h���r�fFa bed�i�h�u%f�m�h���r�f@h	i�jBk�i�v�i�f�h�s�d�f?s�i�u%f?n�r�i�s�i�n!m�p�i�s$!,a 3 vIs�d�f?s�i�u%f@n�r�i�s�i�n!m�p�i�s$!Gf�o�n�f�f g h m

s�d�r�f�h	d�q�p g s�d�f�k s�d�f m�p�jBq�r�i�s�d�u n�q�k�h	i g f�r�h:v�i�k�i�h	d s�i�u%f7q�v s�d�f7k�q g f7m�h:i�s�h u%i�k�i�u%i�x!m�s�i�qBk

q�t�
8f�n�s�i
	�fFa:bed�f jBp�q�t�m�p n!r�i�s�i�n�m�p�i�s$!@m�p�q�k�f d�q�w2f'	�f�r(i�h5i�k�m g f	����m�s�f'�Hm�h5i�s v�m�i�p�h5s�qEn�m�l�s
��r�f s�d�f

n�d�m�r�m!n�s�f�r�i�h	s�i�n�h q�vei�k g i
	�i g ��m�p,k�q g f�h a2beq%m�n�n�q�u%u%q g m�s�f(k�q g f(n�d�m�r�m!n�s�f�r�i�h	s�i�n�h�� p�q�n�m�p,u%m�l�l�i�k�j

l�r�f�v�f!r�f�k�n!f�h�m�r<f g f!v�i�k�f g m!k g m�r�f1��h	f g s�q�u%q g i�v !2s�d�f�n�r�i�s�i�n�m�p�i�s$!2s�d�r<f�h	d�q�p g a
� �0���
+ ��+' ��
���
�
�� � �
 ���+'�
+'.'�
�
�� � � � � � – bed�f t�i�k�h	f�p�f�n�s�i�q�k$m�p�jBq�r�i�s�d�u h	f�p�f�n�s�h m�k

i�u%l�p�f�u%f�k�s�m�s�i�q�k>t�i�k>v�q�r s�d�f5n'��r<r�f�k�sek�q g f'� h���n�d>s�d�m�ses�d�f5s�i�u%i�k�j>n�q�k�h	s�r<m�i�k�s�h(m�r�f5uJf�s
� w(d�i�p�f

m�h	h	i�jBk�i�k�j v�f�w2f�h	s l�q�h	h	i�t�p�f v�r�f�f k�q g f�h s�q5s�d�f�i�r d�i�jBd -m�r�f�m i�u%l�p�f�u%f�k�s�m�s�i�q�k5t�i�k�h a bed�i�h i�h g q�k�f

t%!Gf�h	s�i�u%m�s�i�k�j\s�d�f?k���u%t�f�rIq�vIv�r�f!f?k�q g f�h�s�d�m�sCu*��h	sCt�f?i�u%l�p�f�u%f�k�s�f g t%!Gd�i�jBd -m!r�f!m � p�q�w -

p�m�s�f�k�n ! � m�p�s�f�r�k�m�s�i
	�f i�k q�r g f�rAs�q-u%f!f�s�s�d�f s�i�u%i�k�j n�q�k�h	s�r�m�i�k�s�h�� v�q�r f�m�n�d-l�q�h	h	i�t�p�f

i�u%l�p�f�u%f�k�s�m�s�i�q�kEt�i�kEq�v s�d�f n'��r�r<f�k�s k�q g fFa 
 t�i�kGi�h5h	f�p�f�n�s�f g s�d�m�s m�h	h	i�jBk�h%s�d�f v�f�w2f�h	s v�r�f!f

k�q g f�h s�qcs�d�f�i�r%d�i�jBd -m!r�f�m\i�u%l�p�f�u%f�k�s�m�s�i�q�k a"bei�fGm!u%q�k�j t�i�k�h i�h t�r�q���f�k w(i�s�dcp�q�w(f�r%m!r�f�m

n�q�k�h	i g f�r�m�s�i�q�k a
� m�p�m'	�m g f � h�i�h�s�d�fCv�i�r�h	s m�l�l�r�q�m�n�d�s�q n�q�k�h	i g f�r i�u%l�p�f!u%f�k�s�m�s�i�q�k�m�p�s�f�r�k�m�s�i
	�fFa =2q�w(f'	�f�r��

s�d�f:k�q�s�i�q�k q�v i�u%l�p�f�u%f�k�s�m�s�i�q�k m�p�s�f�r�k�m�s�i
	�f�hEi�hGr�f�h s�r�i�n�s�f g s�q m!r�f�m -s�i�u%f:s�r�m g f -q�v�v�h a 
(k�p&!

d�m�r g w(m!r�f ��h	q�v�s�w(m!r�f�u%m�l�l�i�k�j�d�m�h�t�f!f�k n�q�k�h	i g f�r<f g �3s�m�h�� m�p�p�q�n�m�s�i�q�k d�m�h�t�f�f�k i�jBk�q�r�f g aJbed�i�h

i�h�i�k�m g f	����m�s�f$v�q�r g i�h	s�r�i�t���s�f g d�f�s�f�r�q�jBf�k�f�q���h�r�f!h	q���r�n�f$k�f�s�w(q�r����>s$! l�i�n!m�p q�v f�u%t�f g�g f g

m g m�l�s�i
	�fCh ! h	s�f�u%h a

5 ��u%u%m�r !,y � f�h	i�jBk 5 l�m�n!f � o�l�p�q�r�m�s�i�q�k

bed�i�h(h	f�n�s�i�q�k>r�f'	�i�f�w(f g s�d�f5r�f�l�r<f�h	f�k�s�m�s�i
	�f5r<f�h	f�m!r�n�d i�k>h"! h	s�f�u h"! k�s�d�f�h	i�h(m�k g g f�h	i�jBk

h	l�m�n�f f�o�l�p�q�r�m�s�i�q�k a 3 k\n�r<i�s�i ����f q�v2s�d�f r�f'	�i�f�w(f g r<f�h	f�m�r<n�d\v�q�p�p�q�w(i�k�jGq�t�h	f!r 	�m�s�i�q�k�hJn�m�k\t�f

made:
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bed�f�n�q�k�n�f�l�s�q�vCs�d�f g f�h	i�jBk@h	l�m�n!f�s�d�m�s�d�m�h�t�f!f�k n!q�k�h	i g f�r�f g i�k@s�d�f�h	f r�f�h	f!m�r<n�d�f�h�i�h

q�	�f�r�p$!cr�f�h	s�r�i�n�s�i
	�f a 
(k�p&!cm�p�p�q�n�m�s�i�q�k q�vJs�m�h���h@s�q r<f�h	q���r�n�f�h��(m�k g h	n�d�f g ��p�i�k�jcq�vJs�m�h���h?q�k

resour�n!f�h\d�m'	�fct�f�f�k r<f!n�q�jBk�i�x!f g m�h g f�h	i�jBk g f!j�r�f�f�h\q�v v<r�f�f g q�u@a � m�p�m 	�m g fcn�q�k�h	i g f�r�h

m�p�s�f�r�k�m�s�i
	�f i�u%l�p�f�u%f�k�s�m�s�i�q�k�h q�v s�m�h���h � d�q�w(f'	Bf�r�� s�d�f i�u%l�p�f�u%f�k�s�m�s�i�q�k m�p�s�f�r�k�m�s�i
	�f�h

n�q�k�h	i g f�r�f g m!r�f u%f!r�f�p&! m�r�f�m -s�i�u%f s�r�m g f -q�v�vEm�p�s�f!r<k�m�s�i
	�f�h a � r�m'��m�h	d m�k g � f�n'� n�q�k�h	i g f�r

r�f�h	q���r�n!f�hEm�p�h	q m�hEq�k�f:q�v s�d�f g f�h	i�jBk g f!jBr�f!f�hEq�v>v�r�f�f g q�u7�Cd�q�w(f'	�f�r��Is�d�f!i�r m�l�l�r�q�m�n�d i�h

p�i�u%i�s�f g s�q�u*��p�s i�l�p�i�n�i�s$! q�v�r�f�h	q���r<n�f�h@q�k�p&!,a �(q�k�f;q�v�s�d�f r�f'	�i�f�w(f g r�f�h	f!m�r<n�d�f�h@n�q�k�h	i g f!r

m�p�jBq�r�i�s�d�u m�p�s�f!r�k�m�s�i
	�f�h�� s�q�l�q�p�q�j%!Gm�p�s�f!r�k�m�s�i
	�f�h�� m�k g i�u%l�p�f�u%f�k�s�m�s�i�q�k m�p�s�f�r�k�m�s�i
	�f�h�s�d�m�sCp�f�k g

g f�h	i�jBk�h	l�m!n�fCv�p�f�o�i�t�i�p�i�s$!(m!k g l�r�q�	�i g fCt�f�s�s�f�r q�l�s�i�u%i�x!m�s�i�q�k�q�l�l�q�r�s
��k�i�s�i�f�h a

bed�f g f�h	i�jBkEq�t�
8f!n�s�i
	�f�h5q�v(s�d�f h ! k�s�d�f�h	i�h5u%f�s�d�q g h5r<f'	�i�f�w(f g m�r�f>v�i�o�f g m�k g p�i�u%i�s�f g a
� q�h	sCu%f�s�d�q g h�h	m�s�i�h	v !Es�i�u%i�k�j � l�r�f!n�f g f�k�n�f �In�q�k�h	s�r�m�i�k�s�h�� w(d�i�p�f?m�s�s�f�u%l�s�i�k�j s�q u%i�k�i�u%i x!f?m

h	i�k�jBp�f n�q�h	s v���k�n�s�i�q�k a bed�i�hci�hcr�f�p�m�s�i
	�f�p$! i�k�v�p�f�o�i�t�p�f m�hci�s r�f�h	s�r�i�n�s�hcs�d�f g f�h	i�jBk�f!rGv�r�q�u

n�q�k�h	i g f�r�i�k�j7s�r�m g f -q�v�v�h a 8 q�r i�k�h	s�m�k�n�f'�Im g f�h	i�jBk�f�r u%m ! t�f:w(i�p�p�i�k�j7s�q r<f�p�m�o s�d�f:s�i�u5i�k�j

n�q�k�h	s�r�m�i�k�s
��i�v�s�d�m�s r�f�h���p�s�h i�k m�p�q�w(f�r�r<f�h	q���r�n!f ��h	m!jBfFa 8 ��r�s�d�f�r���s�d�f g f�h	i�jBk�f�r�i�h p�i�u%i�s�f g t%!2s�d�f

h	f�s�q�v q�t�
8f�n�s�i
	�fCv���k�n�s�i�q�k�h�m�k g n�q�k�h	s�r�m�i�k�s�h�d�m�k g p�f g t%!2s�d�fCh ! k�s�d�f�h	i�h�u%f�s�d�q g a

bed�f g f�h	i�jBk h	l�m!n�f f�o�l�p�q�r�m�s�i�q�k i�h p�i�u%i�s�f g i�k h	n�m�p�m�t�i�p�i�s$!Iq�r n�q�	�f!r�m!jBf a�bed�f f�o�d�m'��h	s�i
	�f

h	f�m�r�n�d%t�m�h	f g u%f�s�d�q g h l�r<f�h	f�k�s�f g i�k%s�d�f(h���r�	�f ! d�m'	�f(m(p�i�u%i�s�f g h	n�m�p�m�t�i�p�i�s$!,aIb d�f ! d�m'	�f(t�f�f�k

m�t�p�f�s�q f�o�l�p�q�r�f�f�v<v�f�n�s�i
	�f�p$!�q�k�p&!�i�k h	u%m�p�p g f�h	i�jBk h l�m�n�f�h � � � � -��� k�q g f�h i�k s�m�h�� jBr�m�l�d%� a 3 k

n�q�k�s�r�m�h	s
�Hs�d�f d�f'��r�i�h	s�i�n�h5t�m�h	f g m�k g h	s�q�n�d�m�h	s�i�n u%f�s�d�q g h5r�f'	�i�f�w(f g d�f!r�f r�f�l�q�r�s r�f�h���p�s�h5v�r�q�u

f�o�l�p�q�r�m�s�i�q�k i�k u*��n�d p�m�r<j�f�r g f�h	i�jBk h	l�m�n�f�h � � � ��� -� ��� k�q g f�h�� a 5 q�u%f%q�v s�d�f!h	f%m�l�l�r�q�m�n�d�f�h

w(i�s�dJf�v�v<f�n�s�i
	�f2d�f'��r�i�h	s�i�n�hCd�m'	�f2t�f�f�k�m�t�p�f2s�q�v�i�k g h	q�p
��s�i�q�k�h9k�q�s3s�q�qJv�m�r q�v<v v<r�q�u"s�d�f2q�l�s�i�u%m�p

h	q�p
��s�i�q�k a1=(q�w(f'	�f�r���i�s i�hHn�p�f�m�r�s�d�m�s s�d�f�h	f�m�l�l�r�q�m�n�d�f�h g q k�q�s q�v�v�f�r�n�q�u%l�p�f�s�f�n�q�	�f�r�m!j�f�q�v�s�d�f
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g f�h	i�jBk h	l�m�n�f'� m�k g s�d�f5h���n�n�f�h	h q�v s�d�f u%f�s�d�q g i�h4	�f�r !�n�p�q�h	f�p&!�s�i�f g w(i�s�d s�d�f5f�v�v�i�n!m�n !�q�v s�d�f

applicm�s�i�q�k�� g q�u%m�i�k�h	l�f�n�i�v�i�nCd�f'��r�i�h	s�i�nFa

� q�k�h	s�r�m�i�k�s 5 m�s�i�h	v�m�n�s�i�q�k
� f�h	i�jBk h	l�m�n!f f�o�l�p�q�r�m�s�i�q�k m�h g f�v�i�k�f g f�m�r�p�i�f!r�i�h�h	i�u%i�p�m�r�s�q m � q�k�h	s�r<m�i�k�s 5 m�s�i�h	v�m�n�s�i�q�k

� r�q�t�p�f�u � � 5 � � [26] a/bed�i�h;h	f�n�s�i�q�k�r�f'	�i�f�w(h;s�d�f�n�q�k�h	s�r�m�i�k�s h	m�s�i�h	v�m�n�s�i�q�k�l�r�q�t�p�f�u*�%m�k g

suu%u%m�r�i�x!f�h�h	q�u%fCl�r�q�u%i�k�f�k�s�n�q�k�h	s�r�m�i�k�s�h	m�s�i�h	v�m�n�s�i�q�k�m�p�jBq�r�i�s�d�u%h a
� q�k�h	s�r�m�i�k�s�h	m�s�i�h	v�m�n�s�i�q�k i�hAm�k f�u%f�r<jBf�k�s�h	q�v�s�w(m!r�f s�f�n�d�k�q�p�q�j%! v�q�r g f�n�p�m�r�m�s�i
	�f

g f�h	n�r�i�l�s�i�q�k5m�k g f�v�v<f�n�s�i
	�f(h	q�p
	�i�k�j q�v p�m�r<jBf'��l�m�r�s�i�n'��p�m�r�p$! n�q�u%t�i�k�m�s�q�r�i�m�p
��l�r�q�t�p�f�u%h f�h	l�f�n�i�m�p�p$!

i�k s�d�f�m�r�f�m�h q�v�l�p�m�k�k�i�k�j�m!k g h	n�d�f g ��p�i�k�j [25] a1: f�n�f�k�s�p$! ��n�q�k�h	s�r<m�i�k�s h	m�s�i�h	v�m�n�s�i�q�k m�l�l�r�q�m�n�d�f�h

d�m'	�f>v�q���k g m�l�l�p�i�n!m�s�i�q�kEi�kEh	f'	�f�r<m�p r<f�h	f�m!r�n�d g i�h	n�i�l�p�i�k�f�h��Hi�k�n�p
� g i�k�j 
(r�s�i�v�i�n�i�m!p 3 k�s�f�p�p�i�jBf�k�n�f �


(l�f�r�m�s�i�q�k�h : f�h	f!m�r�n�d�� 5 n!d�f g ��p�i�k�j%m�k g � p�m�k�k�i�k�j2� � � 5 3 � i�r<n'��i�s � f�h	i�jBk�� � p�f�n�s�r�i�n�m�p �(f�s�w(q�r��

8 m'��p�s � q�n�m�s�i�q�k���
(l�s�i�q�k�b r�m g i�k�j�f�s�nFa

bed�fCu%m�i�k�f�p�f�u%f�k�s�h�q�v�m � q�k�h	s�r�m�i�k�s 5 m�s�i�h	v�m�n�s�i�q�k � r�q�t�p�f�u � � 5 � � m�r�fFy

• mCh	f�s�q�v�	�m�r�i�m�t�p�f�h { }nxxxX ,...,, 21= .

• v�q�r f�m!n�d<	�m�r�i�m�t�p�f ix ��mCv�i�k�i�s�fCh	f�s iD q�v l�q�h	h	i�t�p�f1	�m�p
��f�h � i�s�h g q�u%m�i�k�� a

• m�k g mCh	f�s�q�v�n�q�k�h	s�r�m�i�k�s�h a


�n�q�k�h	s�r�m�i�k�s�i�h g f�v�i�k�f g m!h�m�p�q�jBi�n�m�p�r<f�p�m�s�i�q�k m�u%q�k�j�h	f'	�f�r<m�p ��k���k�q�w(k�h � 	�m�r<i�m�t�p�f�h����

f�m�n�d�s�m'��i�k�j�m1	�m�p
��fCi�k m�j�i
	�f�k g q�u%m�i�k a bed���h���mCn�q�k�h	s�r�m�i�k�s�r�f�h	s�r�i�n�s�h�s�d�fCl�q�h	h	i�t�p�f1	�m�p
��f�h�s�d�m�s

m jBr�q���lEq�v4	�m!r�i�m�t�p�f�h5n!m�kGh	i�u*��p�s�m�k�f�q���h	p$!?s�m'��fFa 3 kEs�d�i�h5n�q�k�s�f o�s
�Hn�q�k�h	s�r�m�i�k�s h5d�m'	�f h	f'	�f�r�m�p

i�k�s�f�r�f�h	s�i�k�jIl�r�q�l�f�r�s�i�f�h y

• ����+'.'� )'�
.'���
�
�� /� )��������
�
���4�
 )'��� �����
�
�� y � q�k�h s�r�m�i�k�s�h>k�f�f g k�q�s���k�i ����f�p$!;h	l�f!n!i�v !;s�d�f

	�m�p
��fCq�v m1	�m�r�i�m�t�p�fFa
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• Declarativey � q�k�h	s�r�m�i�k�s�h u%f�r�f�p&!Jh	l�f�n�i�v !�r<f�p�m�s�i�q�k�h	d�i�l�h m�u%q�k�j j�r�q���l�h q�v 	�m!r�i�m�t�p�f�h a

bed�f ! g q k�q�s g f�v�i�k�f�mCl�r�q�n�f g ��r�fCs�q f�k�v�q�r<n�fCs�d�q�h	fCr<f�p�m�s�i�q�k�h	d�i�l�h a

• Additivey bed�f q�r g f!r�q�v m�l�l�p�i�n�m�s�i�q�k�q�v�n�q�k�h	s�r<m�i�k�s�h g q�f�h@k�q�s g f�s�f�r�u%i�k�f s�d�f f�k g -

result.

• Non-directional y 
 n�q�k�h	s�r�m�i�k�seq�k>s�w(q 	�m�r�i�m�t�p�f�h(n!m!k>t�f5i�k�s�f!r�l�r�f�s�f g m�h2m%n�q�k�h	s�r�m�i�k�s

q�k<	�m�r�i�m�t�p�f � ��jBi
	�f�k mCn�q�k�h	s�r�m�i�k�s�q�k<	�m�r�i�m�t�p�f � m�k g 	�i�n�f -versa.


Dh	q�p
��s�i�q�k s�q m � 5 � i�h m�k m�h	h	i�jBk�u%f�k�s(q�v>	�m�p
��f!h>s�q/	�m�r�i�m�t�p�f�h>h���n�d s�d�m�s(m�p�p(s�d�f

n�q�k�h	s�r�m�i�k�s�h m�r�f@h	m�s�i�h	v�i�f g a$bed�f@h	i�x!f@q�v�s�d�f@h	q�p
��s�i q�k;h	f�s�q�v�m � 5 � g f�v�i�k�f�h s�d�f g f�j�r�f�f@q�v

constrained-k�f�h	h q�v�s�d�f � 5 � a 3 v�s�d�f�r<f�m�r<f�k�q h	q�p
��s�i q�k�h s�d�f�k s�d�f�l�r�q�t�p�f�u i�h h m�i g s�q t�f�q�	�f�r -

n�q�k�h	s�r�m�i�k�f g a 3 v s�d�f�r<f(m�r<f2u%m�k%! h	q�p
��s�i�q�k�h s�d�f�k%s�d�f2l�r�q�t�p�f�u i�h h	m�i g s�q%t�f���k g f�r -n�q�k�h	s�r<m�i�k�f g

l�r�q�t�p�f�u@a bed�fEl�r�q�t�p�f�u%h>s�d�m�s(v�m�p�p(t�f�s�w(f�f�k/��k g f�r -n�q�k�h	s�r�m�i�k�f g m�k g q�	�f�r -n!q�k�h	s�r�m�i�k�f g m�r�f

n�p�m�h	h	i�v�i�f g m�h n�r�i�s�i�n!m�p�p$! -n!q�k�h	s�r�m�i�k�f g l�r�q�t�p�f�u%h a/bed�f g f�v�i�k�i�s�i�q�k$q�v?n�r�i�s�i�n!m�p�p$! -n�q�k�h	s�r�m�i�k�f g

l�r�q�t�p�f�u%hCi�hCh	q�u%f�w(d�m�s h��Bt�
8f�n�s�i
	�fIm�k g s�d�fIf�o�m�n�s t�q2��k g m�r !5t�f�s�w(f�f�k���k g f!r -n!q�k�h	s�r�m�i�k�f g m�k g

critically-n�q�k�h	s�r�m�i�k�f g l�r�q�t�p�f�u%h�i�h�m�l�l�p�i�n�m�s�i�q�k�� g q�u5m�i�k -specific.

bed�f k���u%t�f�r q�v 	�m�r�i�m�t�p�f�h(q�	�f�r w(d�i�n�d s�d�f n�q�k�h	s�r�m�i�k�s i�h f�o�l�r�f�h	h	f g � g f�v�i�k�f s�d�f -m�r�i�s&!

q�v m%n�q�k�h	s�r�m�i�k�s8a>bed���h�����k�m�r ! n�q�k�h	s�r<m�i�k�s�h(m�r�f%s�d�q�h	f5s�d�m�sei�k�	�q�p
	�f 
 ��h	seq�k�f>	�m�r�i�m�t�p�fFa � k�m�r !

n�q�k�h	s�r�m�i�k�s�h n�m�k$t�f h	m�s�i�h	v�i�f g h	i�u%l�p$! t�! l�r���k�i�k�j$s�d�f g q�u%m�i�k$q�v s�d�f 	�m�r�i�m�t�p�fFa � i�k�m�r !

n�q�k�h	s�r�m�i�k�s�h�f�o�l�r�f�h	h�m�r�f�p�m�s�i�q�k�h	d�i�l@t�f�s�w(f�f�k@s�w(q7	�m�r�i�m�t�p�f�h a 
 � 5 � i�h<��k�q�w(k@m�h�m ���
 ����	�

CSP w(d�f�kGm�p�p s�d�f>n�q�k�h	s�r�m�i�k�s�h%i�kGs�d�f � 5 � m�r�f>f�i�s�d�f�r���k�m�r ! q�r(t�i�k�m�r !,a � i�k�m�r ! � 5 � h%m�r�f

r�f�l�r�f�h f�k�s�m�s�i
	�f2q�v m�p�p � 5 � h9t�f�n�m'��h	f2m�k�!5n�q�k�h	s�r�m�i�k�s q�v m2d�i�jBd�f�r -m�r�i�s&!5n�m�kJt�fIf�o�l�r�f�h	h	f g m�h9m

t�i�k�m�r ! n�q�k�h	s�r�m�i�k�s [25].
� i�k�m�r ! � 5 � h m�r�f@r<f�l�r�f�h f�k�s�f g m�h m n�q�k�h	s�r�m�i�k�s�j�r<m�l�d�� w(d�f�r<f@s�d�f

k�q g f�h r�f�l�r�f�h f�k�s 	�m�r�i�m�t�p�f�h m�k g s�d�f m�r�n�h r�f�l�r<f�h f�k�sEn�q�k�h	s�r�m�i�k�s�h t�f�s�w(f�f�k s�d�f 	�m�r�i�m�t�p�f�h



41

r�f�l�r�f�h f�k�s�f g t%!?s�d�f k�q g f!h a bed�i�h�i�h m���h	f�v���p r�f�l�r�f�h	f�k�s�m�s�i�q�k t�f�n�m'��h	f i�s f�k�m!t�p�f�h s�d�f���h	f q�v

l�q�w(f�r�v���p jBr<m�l�d�s�f�n�d�k�i ����f�h�q�k�m�p�p � 5 � h a

bed�f�r�f-m�r�f-v�q���r v���k g m!u%f�k�s�m�p�p$! g i�v�v<f�r�f�k�s m�l�l�r�q�m�n�d�f�h s�q h	q�p
	�i�k�j n�q�k�h	s�r�m�i�k�s

h	m�s�i�h	v�m�n�s�i�q�k�l�r�q�t�p�f�u%h y

1. � ��,��
+ �����
�
.�,�+'����.�� �����������
������, –
5 ! h	s�f�u%m�s�i�n h	f!m�r<n!d m�p�jBq�r�i�s�d�u%h s�r�m'	�f�r�h f s�d�f f�k�s�i�r�f

h	f�m�r�n�d%h	l�m�n�f2v�q�r�u%f g t�! m!p�p,m�h	h	i�jBk�u%f�k�s�h q�v 	�m�p
��f�h s�q*	�m�r�i�m�t�p�f�h m�k g n�d�f�n'�%f!m!n�d%q�k�f

v�q�rIn�q�k�h	s�r�m�i�k�sCh	m�s�i�h	v�m!n�s�i�q�k a bed�f?h"! h	s�f�uJm�s�i�n?h	f�m�r<n!d m�p�jBq�r�i�s�d�u%h�m�r<f@j2��m�r<m�k�s�f�f g s�q

v�i�k g m h	q�p
��s�i�q�k:i�v s�d�f�r<fEf�o�i�h	s�h q�k�f t�f�n�m'��h	f q�v s�d�f�i�r f�o�d�m'��h	s�i
	�f n�q�	�f!r�m!j�fEq�v s�d�f

h	f�m�r�n�d5h	l�m�n!fFa4=(q�w2f'	�f�r���s�d�f�i�r n�q�u%l���s�m�s�i�q�k�m�p n�q�uJl�p�f�o�i�s$!Ii�k%jBf�k�f!r�m�p
�Fi�h f�o�l�q�k�f�k�s�i�m�p

i�k>s�d�f5k���u%t�f�r q�v 	�m�r�i�m�t�p�f�h a>bed�f5l�r�q�u%i�k�f�k�seh"! h	s�f!u%m�s�i�n5h	f�m�r�n�d>m�p�jBq�r�i�s�d�u%h(i�k�n�p
� g f

�(f�k�f�r<m�s�fCm�k g b f�h	s
��m�k g � m�n'��s�r�m!n'��i�k�j [27].

2. 
 �� �,��
,��
+' �. � �����������
������, –
� q�k�h	i�h	s�f�k�n !$m�p�jBq�r�i�s�d�u%h:l�r���k�f7s�d�f h	f�m!r�n�d h	l�m�n�f t�!

g f�s�f�n�s�i�k�j m�k g f�p�i�u%i�k�m�s�i�k�j i�k�n�q�k�h	i�h	s�f�k�n�i�f�hDm�s m�k f�m�r�p&! h	s�m!jBfFa 3 v m!p�p s�d�f

i�k�n�q�k�h	i�h	s�f�k�n�i�f�h(d�m'	�f5t�f�f!k>f�p�i�u%i�k�m�s�f g s�d�f�k s�d�f5l�r ��k�f g h	f!m�r�n�d h	l�m�n!f%n�q�k�s�m�i�k�h(q�k�p$!

s�d�fIh	q�p
��s�i�q�k�hCs�q�s�d�f � 5 � a bed�fIn�q�k�h	i�h	s�f�k�n ! -f�k�v�q�r�n!i�k�jJm�p�jBq�r�i�s�d�uAu%m'��f�h�m�k�!Jl�m�r�s�i�m�p

h	q�p
��s�i�q�k q�v m%h	u%m�p�p h���t -k�f�s�w(q�r�� f�o�s�f�k�h	i�t�p�f%s�q h	q�u%f%h���r�r�q���k g i�k�j>k�f�s�w(q�r���a?bed���h��

s�d�f l�q�s�f�k�s�i�m�p i�k�n�q�k�h	i�h	s�f�k�n�i�f�h5m�r<f g f�s�f�n�s�f g m�h5h	q�q�kEm�h5l�q�h	h	i�t�p�fFa 3 kEm>t�i�k�m!r ! � 5 �

n�q�k�h	i�h	s�f�k�n !Jn�d�f!n'��h�n!m�k t�f�l�f�r<v�q�r�u%f g q�	�f�r�k�q g f�h��3m�r�n�h��3m�k g l�m�s�d q�v�s�d�f�n�q�k�h	s�r�m�i�k�s

jBr<m�l�d [27].

3. 
 �� �,��������
 �� � �����������2�
�
�� – b ! l�i�n�m�p�p&! � f�p�i�u%i�k�m�s�i�q�k-q�vAm�p�p�i�k�n�q�k�h	i�h	s�f�kBn�i�f�h i�h

f�o�l�f�k�h	i
	�f m�k g s�d�f�r�f�v�q�r<f n�q�k�h	s�r�m�i�k�sEl�r�q�l�m!jBm�s�i�q�k u%f�s�d�q g h n�q�u%t�i�k�f h"! h	s�f�u%m�s�i�n

h	f�m�r�n�d%u%f�s�d�q g h w(i�s�d%n�q�k�h	i�h	s�f�k�n ! m�p�jBq�r�i�s�d�u%h s�q%i�u5l�r�q�	�f(s�d�f(q�	�f�r<m�p�p,n�q�u%l���s�m�s�i�q�k�m�p

n�q�u%l�p�f�o�i�s$! a bed�f l�f�r<v�q�r�u%m�k�n�f q�vEh ! h	s�f�uJm�s�i�n h f�m�r�n�d u%f�s�d�q g i�h i�u%l�r�q%	�f g t�!
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f�u%t�f g�g i�k�j\n�q�k�h	i�h	s�f�k�n !Gn�d�f�n'��hJw(i�s�d�i�k\s�d�f h f�m�r<n!d\l�r�q�n�f g ��r�f s�q\l�r���k�f s�d�f h	f�m!r�n�d

s�r�f�fFa � m�h f g q�k>s�d�f g f!jBr<f�f5q�v n�q�k�h	i�h	s�f�k�n ! n�d�f�n'� l�f�r�v�q�r�u%f g w(i�s�d�i�k>s�d�f5h"! h s�f�u%m�s�i�n

h	f�m�r�n�d l�r�q�n!f g ��r<f s�d�f�r<f m�r�f g i�v�v�f!r�f�k�s n�q�k�h	s�r�m�i�k�s l�r�q�l�m!jBm�s�i�q�k m�p�jBq�r�i�s�d�u%h a bed�f

l�r�q�u%i�k�f�k�s n�q�k�h	s�r�m�i�k�s l�r<q�l�m�j�m�s�i�q�kDm�p�jBq�r�i�s�d�u%h i�k�n�p
� g f � m�n'��s�r<m�n'��i�k�j2� 8,q�r�w(m�r g

n�d�f�n'��i�k�j2��m�k g � q�q��6
(d�f!m g [28].

4.
� +'�����
,��
�
. �� �� ,��
��.�����,��
�
. ,�+'����.�� – bed�f�h	f uJf�s�d�q g h r�f�p$! q�k g q�u%m�i�k -h l�f�n�i�v�i�n

i�k�v�q�r�u%m�s�i�q�k i�k s�d�f�v�q�r�u qBv�d�f'��r�i�h	s�i�n�h m�k g ��q�r�h	s�m�s�i�h	s�i n�m�p t�f�d�m'	�i�q�r�s�q j2��i g f�s�d�f�h	f�m�r�n�d

l�r�q�n�f g ��r<fFa>bed�f5h	f!m�r�n�d i�h(k�q�sef�o�d�m'��h	s�i
	�f5m�k g k�q n�q�u%l�p�f�s�f�k�f�h	h2j2��m!r�m�k�s�f!f�h2n�m�k>t�f

u%m g f�� d�q�w(f'	�f�r�� s�d�f%h	f!m�r<n�d i�h2u*��n�d?v�m�h	s�f!r m�k g i�v9s�d�f%d�f'��r�i�h	s�i�n%i�hIf�v�v<f�n�s�i
	�f�s�d�f�k i�s

jBf�k�f�r�m�p�p&!Gr<f�s
��r�k�h�n�q�r<r�f�n�s�r�f�h���p�s�h a b ! l�i�n!m�pCd�f'��r�i�h s�i�n?h	f�m�r�n�d;m�p�jBq�r�i�s�d�u%h�f�u%l�p�q%!Gm

jBr<f�f g ! p�q�n�m�peh f�m�r<n�d>h	s�r�m�s�f�j%! s�d�m�s ��h	f�h2m “ repair” q�r � ���
�
� .'�
��� ���
 �� � u%f�s�m!l�d�q�r s�q

u%q�	�f"s�q�w(m�r g h$mAu%q�r�fAn�q�u%l�p�f�s�f"h	q�p
��s�i�q�k a bed�f"l�r�q�u%i�k�f�k�s d�f'��r�i�h	s�i�n"h	f�m!r�n�d

m�p�jBq�r�i�s�d�u%h�i�k�n�p
� g f1=(i�p�p � p�i�u%t�i�k�j2� � i�k -� q�k�v�p�i�n�s�h���m�k g bem�t���h	f�m�r<n�d [28].

5 ��u%u%m�r !,y � q�k�h	s�r�m�i�k�s 5 m�s�i�h	v�m�n�s�i�q�k
3 s i�h�l�q�h	h	i�t�p�fIs�q�u%m�l m�k g h	q�p
	�fIs�d�f g f�h	i�jBk�h	l�m!n�f�f!o�l�p�q�r�m�s�i�q�k�l�r�q�t�p�f�uAm�hCm � 5 � m�h

g f�u%q�k�h	s�r�m�s�f g i�k [15] t2! � ��n�d�n�i�k�h���i8a =(q�w(f'	�f!r�� � ��n�d�n�i�k�h���iJr�f�h	s�r�i�n�s�h\s�d�fcn�q�k�n�f�l�sJq�v
g f�h	i�jBk h	l�m�n!f s�q r�f�h	q���r�n!f m�p�p�q�n�m�s�i�q�k���m�k g h	n�d�f g ��p�i�k�j g i�u%f�k�h	i�q�k�hGq�k�p$! a � d�f�k g f�h	i�jBk

h	l�m�n�f�h m�r<f�n�q�u%l�q�h	f g q�v m�p�s�f�r�k�m�s�i
	�f�h�i�k m�d�i�f�r�m!r�n�d�i�n�m�p�r�f�l�r�f�h	f!k�s�m�s�i�q�k@s�d�f�r<f i�h�k�q�s�m n�p�f�m!r
g i�r�f�n�s u%m�l�l�i�k�j$s�q m � 5 � a 
-k�f�w ��i�k g q�v n!q�k�h	s�r�m�i�k�s h	m�s�i�h	v�m�n�s�i�q�k�l�r<q�t�p�f�u u%m ! t�f

f�k�	�i�h	i�q�k�f g i�k7w(d�i�n�d m g f�h	i�jBk7u%q g ��p�f:w(i�s�d7m�p�s�f�r�k�m�s�i
	�f�hEn�m�k7t�f:n�q�k�h	i g f�r�f g m�h m � 5 �

	�m�r�i�m�t�p�f'� s�d�f g q�u%m�i�k q�v�s�d�f@	�m�r�i�m�t�p�f@t�f�i�k�j\s�d�f?h f�sCq�vIm�p�s�f!r�k�m�s�i
	�f�h a � i�s�d s�d�i�h�	�i�f�w s�d�f

h	q�p
��s�i�q�k q�v s�d�f � 5 � d�m�hIs�q v�i�k g m�h	h	i�jBk�u%f�k�s s�q?s�d�f*	�m!r�i�m�t�p�fJv�r�q�u s�d�f g q�uJm�i�k a@=(q�w(f'	�f!r��

s�d�f@n�d�m�p�p�f�k�jBf@n�q�u%f�h���l:w(d�f�k;s�d�f@m�p�s�f�r�k�m�s�i
	�f�h s�d�f�u%h	f�p
	�f�h m�r�f n�q�u%l�q�h	f g i�k;m@n�q�u%l�p�f o
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d�i�f�r�m�r<n�d�i�n�m�p u%m�k�k�f!r w(i�s�d5h���t -m�p�s�f�r�k�m�s�i
	�f�h a 
(k�f l�q�h	h	i�t�i�p�i�s$!Ii�h s�q5v�p�m�s�s�f�k5s�d�f r�f�l�r�f�h f�k�s�m�s�i�q�k��

f�k���u%f�r�m�s�i�k�jIs�d�fCm�p�s�f!r�k�m�s�i$	�f�h a =(q�w(f'	�f�r���s�d�i�h�r�f�h���p�s�h�i�k�mCn�q�u%t�i�k�m�s�q�r�i�m�p jBr�q�w2s�d�q�v s�d�f � 5 � a

Furthf�r�� s�d�fcn�q�k�h	s�r�m�i�k�s�h	m�s�i�h	v�m�n�s�i�q�k m�p�jBq�r�i�s�d�u%h g f'	�f�p�q�l�f g i�k � 5 � r�f�h	f!m�r�n�d m!r�f

h	f�m�r�n�d:m�p�jBq�r�i�s�d�u%h s�d�m�s�m�r�f@f�i�s�d�f�r�f�o�d�m'��h	s�i
	�f'� q�r�d�f'��r�i�h	s�i�n g r�i
	�f�k�� q�r�h	s�q�n!d�m�h	s�i�nFa9
(p�p�q�v

s�d�f�h	fGm�p�jBq�r�i�s�d�u%h s�r�m g fGh n�m�p�m�t�i�p�i�s$!:w(i�s�dcn�q�	�f�r�m!j�f\i�kcs�d�fGh	m�u%fGu%m�k�k�f�rJm�h?s�d�fGr�f'	�i�f�w2f g

g f�h	i�jBk�h	l�m!n�f�f�o�l�p�q�r�m�s�i�q�k�s�f�n�d�k�i ����f�h a



44

� =�
 � b � : 3 3�3

5 � 5 b � � � 
 � � � 3 �-�

� f'	�f�p�q�l�i�k�j m u%q g f�pGv�q�r m�k i�k g ��h	s�r�i�m�p -h	s�r�f�k�jBs�d h	q�v�s�w(m�r�f h"! h	s�f�u l�r�i�q�r s�q i�s�h

n�q�k�h	s�r���n�s�i�q�kEq�r(r�f�k�q�	�m�s�i�q�kEi�h5m�h5f�h	h f�k�s�i�m�p m�h5d�m'	�i�k�jEm t�p
��f�l�r�i�k�s v�q�r p�m!r<jBf>t���i�p g i�k�j [29] a

Thi�h(n�d�m�l�s�f�r w(i�p�pev�q�n'��h q�k>s�d�f5n�q�k�n�f�l�s�h(r�f	����i�r�f g s�q>l�r�q�	�i g f5m5u%q g f�p�i�k�j f�k�	�i�r�q�k�u%f�k�sev�q�r

m g m�l�s�i
	�f�n�q�u%l���s�i�k�j�h ! h	s�f�u%h a 
�r�i�jBq�r�q���h�u%q g f�p�i�k�j�l�m�r�m g i�jBu i�h�m�k f�h	h	f�k�s�i�m�p�r�f	����i�r�f�u%f�k�s

q�v m;u%q g f�p�i�k�j�f�k�	�i�r�q�k�u%f�k�s8a 3 k7m;h ! k�s�d�f�h	i�h u%f�s�d�q g q�p�q�j%! �2s�d�f;u%q g f�p�i�k�j�l�m�r<m g i�jBu i�h

deter�u%i�k�f g l�r�i�u%m�r�i�p&!It�!�s�d�f�h"! k�s�d�f�h	i�h jBq�m�p�h���s�d�f f!o�f�n'��s�i�q�k h	f�u%m�k�s�i�n�h q�v�s�d�f�s�m�r�j�f�s h ! h	s�f�u*�

s�d�fCs�m�r<jBf�s m�r<n�d�i�s�f�n�s
��r<f'��m�k g s�d�fCn�q�k�h	s�r<m�i�k�s�h – q�l�f�r�m�s�i�q�k�m�p�m�h�w2f�p�p�m�h l�d�! h	i�n�m�p8a bed�f�n�d�m�l�s�f�r

h	s�m�r�s�h"q���s t%!Dv�q�r�u%m�p�p&! h	l�f�n�i�v ! i�k�j#m g m�l�s�i
	�f n!q�u%l���s�i�k�j h"! h	s�f�u%h"m g�g r<f�h	h	f g t%!Ds�d�i�h
g i�h	h	f�r�s�m�s�i�q�k a/8 q�r(m�kGf�k�	�i�r�q�k�u%f�k�s s�qEh���n�n!f�h	h	v���p�p&! h���l�l�q�r�s s�d�f>u%q g f�p�i�k�jEq�v h ! h	s�f�u%h��Hs�d�f

f�k�	�i�r�q�k�u%f�k�s u*��h	s v�m�i�s�d�v���p�p$! r<f�l�r�q g ��n�f s�d�f g q�u%m�i�k h	l�f�n�i�v�i�n n�q�k�n!f�l�s�h�� r�f�p�m�s�i�q�k�h�� m�k g

n�q�u%l�q�h	i�s�i�q�k�l�r�i�k�n�i�l�p�fIr�q���s�i�k�f�p$!>��h f g t%!%s�d�f g f�h	i�j�k�f�r�h [30][31] a68 q�rHs�d�m�s r�f�m�h	q�k�v�m�u%i�p�i�m�r��

well-��k g f�r�h	s�q�q g u%q g f�p�i�k�j v�q�r�u%m�p�i�h	u%h m�r�f f�uJl�p�q%! f g v�q�rcr�f�l�r�f�h	f�k�s�m�s�i�q�k q�v g i�v�v�f�r<f�k�s

m�h	l�f�n�s�h;q�v@m�k�m g m�l�s�i
	�f7n�q�u%l���s�i�k�j$h ! h	s�f�u@a)bed�f�n�d�m�l�s�f!r@f�o�l�p�q�r�f�h;f�o�i�h s�i�k�j$u%q g f�p�i�k�j

v�q�r�u%m�p�i�h	u%h9s�d�m�s3n�m�kJt�f2f�o�s�f�k g f g m�k g n�q�u%t�i�k�f g s�q%r�f�l�r�f�h	f�k�s3m g m�l�s�i
	�f2n�q�u%l���s�i�k�j%h"! h	s�f�u%h a


(k?i�u%l�q�r�s�m�k�sHk�q�s�i�q�k r�f�p�f'	�m�k�sHs�q?h"! h	s�f�u g f�h	i�jBk?m�k g h"! k�s�d�f�h	i�hIi�hIs�d�fJn�r�f�m�s�i�q�k?q�v9m g f�h	i�jBk

h	l�m�n�fFa � q�h	sJh	s�m�s�f -of-the-m�r�s g f�h	i�jBk u%f�s�d�q g q�p�q�jBi�f�h f�u%l�p�q%! u%q g f�p�i�k�j l�m�r�m g i�jBu%h\s�d�m�s

h���l�l�q�r�sCu%q g f�p�i�k�j q�v�l�q�i�k�s -g f�h	i�jBk�h v�q�r�h ! h	s�f�u%h a bed�i�h�n�d�m�l�s�f�r g f'	�f�p�q�l�h s�d�f?n�q�k�n�f�l�sCq�v

n�r�f�m�s�i�k�j?v�p�f�o�i�t�p�f g f�h	i�jBk h	l�m�n�fJt�! u%q g f�p�i�k�j g f�h	i�j�k?m�p�s�f�r�k�m�s�i
	�f�h aEbed�f�p�m�h	s�h	f�n�s�i�q�k?q�v9s�d�i�h

n�d�m�l�s�f�rCl���s�hIm�p�pHs�d�f�n�q�k�n!f�l�s�hIs�q�j�f�s�d�f�r9i�k@mJu%q g f�p�i�k�j l�m!r�m g i�jBu���h	f g i�k?s�d�fJn�r<f�m�s�i�q�k?q�vCm
� q�u%m�i�k 5 l�f�n�i�v�i�n � q g f�p�i�k�j � k�	�i�r�q�k�uJf�k�s � � 5 � � �2i�k\m�n!n�q�r g m�k�n�f?w(i�s�d\s�d�f � ��p�s�i -�(r�m�l�d
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(r�n�d�i�s�f�n�s
��r<f � � ��
�� [30] a9
 n�q�k�h	s�r�m�i�k�s�p�m�k�j2��m�j�f@v�q�r�f�o�l�r�f�h	h	i�k�j h ! h	s�f�u/n�q�k�h	s�r�m�i�k�s�h i�h

m�p�h	q g f�h	n�r�i�t�f g a

Multi-u%q g m�p 5 s�r���n�s
��r�m�p�p$!?
 g m�l�s�i
	�f � q�u%l���s�i�k�j � � 5 
 � � 5 ! h	s�f�u%h

bed�f�s�m�r<j�f�s�h ! h	s�f�u%h�q�vCs�d�i�h�r�f�h	f�m!r�n�d m�r�f f�u%t�f g�g f g r�f�m�p -s�i�u%f'� m g m�l�s�i
	�f�h	i�j�k�m�p�m�k g

i�u%m�jBf�l�r�q�n!f�h	h	i�k�j�h ! h	s�f�uJh a 5 l�f�n�i�v�i�n!m�p�p$! ��mCu%q g f -t�m�h	f g h	s�r���n�s
��r�m�p�m g m�l�s�m�s�i�q�k q�v s�d�f�h"! h	s�f�u

i�hGn�q�k�h	i g f�r�f g a bed�i�hGh	f�n�s�i�q�k f�p�m�t�q�r�m�s�f�h ��l�q�k s�d�f h	f�u%m�k�s�i�n�hGq�v>u%q g f -t�m�h	f g h	s�r���n�s
��r�m�p

adaptati�q�k���m�k g n�q�k�n�p
� g f!h�w(i�s�d�s�d�fCr�f	����i�r�f�u%f�k�s�h�v<q�r mCu%q g f�p�i�k�jIl�m�r<m g i�jBu@a

bed�f s�m�r<jBf�s>h ! h	s�f�u%h q�l�f!r�m�s�f i�k m g ! k�m�u%i�n f�k�	�i�r�q�k�u%f�k�s>s�d�m�s>i�u%l�q�h	f�h/	�m�r ! i�k�j

v���k�n�s�i�q�k�m�p m�k g l�f�r�v�q�r�uJm�k�n�f"r<f	����i�r�f�u%f�k�s�h$q�k s�d�f"h"! h	s�f�u@a 3 s i�h$m�h	h���u%f g s�d�m�s s�d�f

q�l�f�r�m�s�i�q�k�m�p h	l�m�n�f5q�v s�d�f5h"! h	s�f�u i�h t�q���k g f g m�k g n!m�k t�f5n�d�m!r�m�n�s�f�r�i�x!f g i�k�s�q>v�i�k�i�s�f'� g i�h	n�r�f�s�f

u%q g f�h q�v q�l�f�r�m�s�i�q�k a bed�f h ! h	s�f�u r<f�n�q�k�v�i�j2��r�f�h � m g m�l�s�h����3w(d�f�k s�r�m�k�h	i�s�i�q�k�i�k�j v�r�q�u m u%q g f

q�vHq�l�f�r�m�s�i�q�k�s�q�m�k�q�s�d�f�rHs�q�h	m�s�i�h	v !5s�d�f g i�h	s�i�k�n�s r�f	����i�r�f�u%f�k�s�hCl�f�rHu%q g fIq�vHq�l�f�r�m�s�i�q�k a � q g f

s�r�m�k�h	i�s�i�q�k�h m�r�f s�r�i�j�j�f�r�f g i�k:r�f�h	l�q�k�h	f s�q:h	s�i�u*��p
��h v�r�q�u/s�d�f f�k�	�i�r�q�k�u%f�k�s i�k:s�d�f v�q�r�u/q�v

f'	�f�k�s�h a�bed�f2h ! h	s�f�uAm g m�l�s�m�s�i�q�kJl�q�p�i�n�i�f�h9m�r<f2f�o�l�r�f�h h	f g i�kJs�d�f2s�r<m�k�h	i�s�i�q�k�h9m�k g s�d�f2s�r�m�k�h	i�s�i�q�k

r���p�f�h a�bed�f u%q g f�hJq�v2q�l�f�r�m�s�i�q�k�� s�r�m�k�h	i�s�i�q�k�h�� m�k g s�r�m�k�h	i�s�i�q�k\r���p�f�hJs�q�j�f�s�d�f�rIn�q�k�h	s�i�s
��s�f s�d�f
�	������� 
�� � � �	��������� �	� �	� q�v s�d�fCh"! h	s�f�u@a

bed�f v���k�n�s�i�q�k�m�p r�f	����i�r�f!u%f�k�s�hci�k f�m�n�d u%q g f q�vGq�l�f�r�m�s�i�q�k g f�v�i�k�f s�d�f n�q�u%l�p�f�o

h	i�jBk�m�p ��i�u%m!jBf l�r�q�n�f�h	h	i�k�j-n�q�u%l���s�m�s�i�q�k�h s�d�m�s�s�dBf h"! h	s�f�u d�m�h s�q-l�f�r�v<q�r�u*� m�k g s�d�f

l�f�r�v�q�r�u%m�k�n�f2r�f	����i�r<f�u%f�k�s�h h	l�f�n�i�v ! s�d�f ��� � � 
 ��� ����
 � s�d�m�s,s�d�f2n�q�u%l���s�m�s�i�q�k�h i�k%m2jBi
	�f�kJu%q g f
u*��h	s h	m�s�i�h	v ! a bed�f n�q�u%l���s�m�s�i�q�k�h m�r�f i�u%l�p�f�u%f�k�s�f g m�h m h	f�s q�v n�q�u%l���s�m�s�i�qBk�m�p n�q�u%l�q�k�f�k�s�h��

n�q�k�n'��r�r<f�k�s�p$! f�o�f�n'��s�i�k�j q�	�f�r%mGk�f�s�w(q�r��cq�v%d�f�s�f!r<q�jBf�k�f�q���h l�r�q�n�f�h	h	i�k�j f�p�f!u%f�k�s�h r�m�k�jBi�k�j

v�r�q�u l�r�q�n�f�h	h	q�r�h � : 3 5 � � � 5 � � s�q n�q�k�v�i�j2��r<m�t�p�f d�m!r g w(m�r<f � 8 � ��
���� m�k g n�q�u%u*��k�i�n�m�s�i�k�j�	�i�m

signm�p�hIq�r g m�s�m�v�p�q�w�aEbed�fJk�f�s�w(q�r��?q�v9d�f�s�f�r�q�jBf�k�f!q���hIl�r�q�n�f�h	h	i�k�j f�p�f�u%f�k�s�hIn�q�k�h	s�i�s
��s�f�hIs�d�f
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� � ����� 
�� � � ������������� � h	f�s>q�vEs�d�f h"! h	s�f�u@a bed�f h	f�s>q�vEn�q�u%l���s�m�s�i�q�k�m�p>n�q�u%l�q�k�f�k�s�h���s�d�f

n�q�u%u*��k�i�n�m�s�i�q�k s�q�l�q�p�q�j%!@t�f�s�w(f�f�k s�d�f n�q�u%l�q�k�f�k�s�h�� m�k g s�d�f r�f�h	q���r�n!f m�p�p�q�n!m�s�i�q�k s�q�jBf�s�d�f�r
g f�v�i�k�f s�d�f ��� 
 ��� 
 � 
�� � � �	� � 
 ����� 
 ����� q�v�s�d�f h ! h	s�f�u@a 5 ! h	s�f�u .'�� )'�����������
�
�� r�f�v�f!r�h s�q s�d�f

n�q�u%l���s�m�s�i�q�k�m�pCh	s�r���n�s
��r�f@q�vIs�d�f?h ! h	s�f�u*� m�k g s�d�f �"+'.'�� )'�����������
�
�� i�k s�r�m�k�h	i�s�i�q�k�i�k�j\v�r�q�u.m

u%q g f�q�v@q�l�f�r<m�s�i�q�k�s�q�m!k�q�s�d�f�r@i�k�	�q�p
	�f�h;n�d�m�k�jBi�k�j$s�d�f7n�q�u%l���s�m�s�i�q�k�m�p h	s�r ��n�s
��r�f�q�v@s�d�f

h"! h	s�f�u*��d�f�k�n�fCs�d�fCs�f!r�u�u%q g f -t�m�h	f g h	s�r���n�s
��r�m�p�m g m�l�s�m�s�i�q�k a

8 r�q�u s�d�f7m�t�q�	�f g f�h	n!r�i�l�s�i�q�k v�q���r n�p�q�h	f�p$! -n�q���l�p�f g ! f!s g i�h	s�i�k�n�s m�h	l�f�n�s�h n�m�k t�f

i g f�k�s�i�v�i�f g s�d�m�s�v�m�n�s�q�r i�k�s�q s�d�f g f�h	i�jBk�q�v m�k � 5 
 � h�! h s�f�u@a bed�f�h fCm�r<fFy

1. bed�fCq�l�f�r<m�s�i�q�k�m�p�t�f�d�m'	�i�q�r��

2. bed�fCf�o�f�n'��s�i�q�k�r�f�h	q���r<n�f�h �

3. bed�fCn�q�u%l���s�m�s�i�q�k�m�p�h	s�r���n�s$��r�fCl�f�r u%q g fCq�v q�l�f!r�m�s�i�q�k��!m�k g

4. bed�fCn�q�k�h	s�r�m�i�k�s�h a
3 k q�r g f!r�s�q g f�h	i�jBk m�k g h !Bk�s�d�f�h	i�x!f�h"! h	s�f�u%h��,m�p�p�s�d�f!h	f�m�h	l�f!n�s�h�m�k g s�d�f�i�r�i�k�s�f�r<m�n�s�i�q�k�h

u*��h	s t�f;u%q g f�p�f g f�o�l�p i�n�i�s�p$!cm�k g v�q�r�u%m�p�p&!,a bed�f�r�f;m�r<f;r�i�n�d7u%q g f�p�i�k�j�v<q�r�u%m�p�i�h	u%h v�q�r

u%q g f�p�i�k�j$f!m�n�d�q�v s�d�f�h	f7m�h	l�f�n�s�h;i�k g f�l�f�k g f�k�s�p&!,a bed�f�n�d�m�p�p�f�k�jBf�i�h;s�q m'��jBuJf�k�s s�d�f�h	f

u%q g f�p�i�k�j v�q�r�u%m�p�i�h	u%h m�k g n�q�u%t�i�k�f s�d�f�u i�k5m�k5i�k�s f�j�r�m�s�f g u%q g f�p�i�k�j f�k�	�i�r�q�k�u%f�k�s h���n�d5s�d�m�s
g f�h	i�jBk f�k�jBi�k�f!f�r�hJw(q�r���i�k�j\w(i�s�d g i�v�v<f�r�f�k�sCm�h	l�f!n�s�h�n�m�k\w(q�r�� w(i�s�d\v�q�r�u%m�p�i�h u%hJv�m�u%i�p�i�m�r2s�q

s�d�f�u�m�k g ! f!s�n�q�q�l�f!r�m�s�f�m!k g u%f�m�k�i�k�j�v���p�p$!If�o�n�d�m�k�j�fCi�k�v�q�r�u%m�s�i�q�k�w(i�s�d�f�m!n�d q�s�d�f�r a

bed�f�h���t -h	f�n�s�i�q�k�h�t�f�p�q�wAv�q�r�u%m�p�i�x!f�s�d�f g i�v�v�f�r�f�k�s�m!h	l�f�n�s�h�p�i�h	s�f g m�t�q�	�f�m�k g i g f�k�s�i�v !

s�d�f u%q g f�p�i�k�jGv�q�r�u%m�p�i�h	uJhJs�d�m�s9w(i�p�p9t�f m'��jBu%f�k�s�f g m�k g ��h	f g v�q�r2u%q g f�p�i�k�jGf!m�n�d\q�v2s�d�f�h	f

m�h	l�f�n�s�h�i�k�s�d�fCu%q g f�p�i�k�jIf!k�	�i�r�q�k�u%f�k�s8a
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Operational
� f�d�m'	�i�q�r

8 q�r�u%m�p�p&! �,s�d�f q�l�f!r�m�s�i�q�k�m!p�t�f�d�m'	�i�q�r q�v m�k � 5 
 � h"! h	s�f�u n�m�k t�f f�o�l�r�f�h	h	f g m�h m �
-

tuple.

{ }0,,,, mTCTEM (8)

where,

M i�h�mCv�i�k�i�s�fCh	f�s�q�v u%q g f�h�q�v q�l�f�r�m�s�i�q�k��

E i�h�mCv�i�k�i�s�fCh	f�s�q�v f'	�f�k�s�h �

MMT ×⊆ i�h�s�d�fCh	f�s�q�v s�r�m�k�h	i�s�i�q�k�h �

{ }falsetrueTETC P ,: →×
g f�k�q�s�f�hcs�d�f s�r�i�j�jBf�rGn�q�k g i�s�i�q�k�hcq�k s�r�m�k�h	i�s�i�q�k�h�� PE

t�f�i�k�jIs�d�fCl�q�w(f�r h f�s�q�v E �!m�k g

Mm ∈0 i�h�s�d�fCi�k�i�s�i�m�p�u%q g fCq�v q�l�f�r�m�s�i�q�k a

bed�f(q�l�f!r�m�s�i�q�k�m�p,h	f�u%m�k�s�i�n!h n�m�k%t�f g f�h	n�r�i�t�f g w(i�s�d%m g i�r�f�n�s�f g jBr�m�l�d ��k�q�w(kJm�h ������+

������ �,��
�
�
�� ������� � aGbed�f�k�q g f�h�q�vCs�d�i�h jBr�m�l�d r�f�l�r<f!h	f�k�s�u%q g f�h�q�vCq�l�f!r�m�s�i�q�k q�vCs�d�f�h ! h	s�f�u*�

m�k g s�d�f$f g jBf�h�q�v s�d�f�jBr<m�l�dAr�f�l�r�f�h	f�k�s@s�r<m�k�h	i�s�i�q�k�h a � g jBf�h7m�r�f$p�m�t�f�p�f g w(i�s�d tr ������+ �

conditions�em � q�q�p�f!m�k@f�o�l�r�f�h	h	i�q�k@q�	�f�rCs�d�f�f'	�f�k�s�h Ee∈ a � 	�f�k�s�h�m!r�f � q�q�p�f!m�k7	�m�r�i�m�t�p�f�h

s�d�m�sem�r�f5h	f�ses�q>h	i�jBk�i�v ! m%n�d�m�k�jBf5i�k>s�d�f5q�l�f!r�m�s�i�k�j f�k�	�i�r�q�k�u%f�k�s8a;
(k>f'	�f�k�s i�h(h	m�i g s�q>q�n�n'��r

w(d�f�kGs�d�f 	�m�r�i�m�t�p�f>i�h%h	f�s8a � 	�f�k�s�h%uJm ! q�n!n'��r2m�h !Bk�n�d�r�q�k�q���h	p$! � m�k g u*��p�s�i�l�p�f>f'	�f�k�s�h%uJm !

q�n�n'��r2h	i�u*��p�s�m�k�f�q���h	p&!,a 
(s9m�k%!El�q�i�k�s9q�v2s�i�u%f s�d�f h"! h	s�f�u#i�hJi�k\h	q�u%f u%q g f q�v2q�l�f�r�m�s�i�q�k

Mm∈ a;
 s�r�m�k�h	i�s�i�q�k i�h(f�k�m�t�p�f g w(d�f�k>s�d�f5h"! h	s�f�u i�h(i�k>m u%q g f5q�v q�l�f�r�m�s�i�q�k>r�f�l�r�f!h	f�k�s�f g

t%! s�d�f(h	q���r<n�f2k�q g f(q�ves�d�f(m!r�n g f�k�q�s�i�k�j%s�d�f(s�r�m�k�h	i�s�i�q�k���m�k g s�d�f2s�r�i�j�jBf�r n�q�k g i�s�i�q�k%m�h	h	q�n�i�m�s�f g

w(i�s�d@s�d�f�s�r�m�k�h	i�s�i�q�k@i�h�h	m�s�i�h	v�i�f g aGbed�f�q�l�f�r�m�s�i�q�k�m�p t�f�d�m'	�i�q�rCq�v�s�d�f�h ! h	s�f�u i�h g f�s�f�r�u%i�k�i�h	s�i�n

i8a fFaHm�sIm�k�!:s�i�u%f\k�q u%q�r<f\s�d�m�k q�k�f\s�r�m�k�h	i�s�i�q�k i�h?f�k�m�t�p�f g h	i�u*��p�s�m�k�f�q���h	p$!3a 
(k f�k�m�t�p�f g
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s�r�m�k�h	i�s�i�q�k%i�h s�m'��f�k%t�! s�d�f2h"! h	s�f�u"m�k g s�d�f g f�h	s�i�k�m�s�i�q�k%q�ves�d�f(s�r<m�k�h	i�s�i�q�k%t�f�n�q�u%f�h s�d�f(n'��r<r�f�k�s

u%q g fCq�v q�l�f�r<m�s�i�q�k a 8 i�j2��r�f 1 h	d�q�w(h�mCu%q g fCs�r<m�k�h	i�s�i�q�k�jBr�m�l�d�a

41 ee ∧

3m

1m
2m

4m
41 ee ¬∧

2e

3e

124 eee ¬∨∧

41 ee ∧

3m3m

1m1m
2m2m

4m4m
41 ee ¬∧

2e

3e

124 eee ¬∨∧

8 i�j2��r�f 1 y 
�u%q g fCs�r<m�k�h	i�s�i�q�k�jBr<m�l�d

bed�fIq�l�f!r�m�s�i�q�k�m�p h	f�uJm�k�s�i�n!h g i�h	n'��h	h	f g m�t�q�	�fIu%m !Jt�fIu%q g f�p�f g w(i�s�d�s�d�f<8 i�k�i�s�f 5 s�m�s�f
� m�n�d�i�k�f � 8 5 � � r�f�l�r<f�h f�k�s�m�s�i�q�k�� m u%q g f�p�i�k�j v�q�r�u%m�p�i�h	u l�q�l���p�m�r v�q�r r�f�l�r<f�h	f�k�s�i�k�j

t�f�d�m'	�i�q�r�m�p h	l�f!n�i�v�i�n�m�s�i�q�k�h a5bed�f?8 5 � r�f�l�r<f�h	f�k�s�m�s�i�q�k g f�h	n�r�i�t�f�hCt�f�d�m'	�i�q�rHi�k�s�f�r�u%hCq�vHh	s�m�s�f�h��

s�r�m�k�h	i�s�i�q�k�h��3m�k g f'	�f�k�s�h a�bed�f u%q g f�h q�v m�k � 5 
 � h"! h	s�f�u u%m�l g i�r�f�n�s�p$!�s�q s�d�f h	s�m�s�f�h i�k m�k

8 5 � r�f�l�r<f�h	f�k�s�m�s�i�q�k a =(q�w(f'	�f!r���s�d�f 8 5 � r�f�l�r�f�h	f�k�s�m�s�i�q�k n!m�k t�f ��k�w2i�f�p g !�v�q�rEp�m�r<j�f

h"! h	s�f�u%h>w(d�f�k s�d�fEk���u%t�f�r5q�v5u%q g f�h>m�k g s�r�m�k�h	i�s�i�q�k�h>m�r�fEp�m�r<j�fFa � o�s�f�k�h	i�qBk�h>d�m'	�fEt�f�f�k

l�r�q�l�q�h	f g s�q:s�d�f 8 5 � r<f!l�r�f�h	f�k�s�m�s�i�q�k:s�q:i�k�s�r�q g ��n!f d�i�f�r�m!r�n�d�! m�k g n�q�k�n'��r�r<f�k�n ! t�! =(m!r�f�p

[33] a 3 k%m2d�i�f�r<m�r�n�d�i�n�m�p�8 5 � ��m(h	s�m�s�f(uJm ! t�f2v���r�s�d�f�rer<f�v�i�k�f g i�k�s�q%m�k�q�s�d�f�r 8 5 � a-=(i�f�r�m!r�n�d�!

h	i�u%l�p�i�v�i�f�h s�d�f 	�i�h���m�p�r�f�l�r�f�h	f�k�s�m�s�i�q�k:m�k g u%m'��f�h s�d�f 8 5 � r�f�l�r�f�h	f�k�s�m�s�i�q�k:u%q�r�f i�k�s
��i�s�i
	�fFa

8 ��r�s�d�f�r��<��h f q�v>d�i�f�r�m!r�n�d%! l�r�q�u%q�s�f�hGs�q�l -g q�w(k g f�h	i�jBk l�r<m�n�s�i�n�f�h\m�k g 	�m�r ! i�k�j p�f'	�f�p�hGq�v

jBr<m�k���p�m�r�i�s&!5w(d�f�kJu%q g f�p�i�k�j%h ! h	s�f�uAt�f�d�m'	�i�q�r a 3 k�m2n�q�k�n'��r�r<f�k�s�8 5 � � u*��p�s�i�l�p�f-8 5 � h�� f�m�n�d

q�v w(d�i�n�dJi�h9h	f	����f�k�s�i�m�p3uJm !5t�f2n�q�u%l�q�h	f g n�q�k�n'��r�r<f�k�s�p$!5m�k g s�d�f2n'��r<r�f�k�s3h	s�m�s�f2q�v s�d�f2h ! h	s�f�u

i�h5m s
��l�p�f g f!v�i�k�f g t�!@s�d�f n'��r<r�f�k�s h	s�m�s�f q�v(s�d�f i�k g i
	�i g ��m�p n�q�u%l�q�h	i�k�j 8 5 � h a � q�k�n'��r�r<f�k�s

8 5 � h�u%m !�t�f�v�p�m�s�s�f�k�f g �Fd�q�w(f'	�f�r�s�d�f�h	s�m�s�f�h	l�m�n�f5q�v�s�d�f�v�p�m�s�s�f�k�f g 8 5 � i�h�m n�r�q�h	h�l�r�q g ��n�s
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q�v9s�d�fJh	s�m�s�fJh	l�m�n�f�hIq�v9s�d�fJn�q�u%l�q�h	i�k�j@8 5 � h a � q�k�n'��r�r�f�k�n !>i�k?s�d�f�8 5 � r�f!l�r�f�h	f�k�s�m�s�i�q�k?i�h

f�o�s�r�f�u%f�p$!(	�m�p
��m�t�p�f i�k.n�m�l�s
��r�i�k�j#v�i�k�f -j�r�m�i�k�f g l�m�r�m�p�p�f�p�i�h	u@a � h	f q�v$d�i�f�r�m�r<n�d�! m�k g

n�q�k�n'��r�r<f�k�n !?s�q�jBf�s�d�f�r�i�kEs�d�f�8 5 � r�f�l�r<f�h	f�k�s�m�s�i�q�kEn�m�k u%q g ��p�m�r�p&!?n!m�l�s
��r�f�	�f�r !?p�m�r<j�f h	s�m�s�f

spaces.

� o�f�n'��s�i�q�k<: f�h	q���r�n�f�h

8 q�r�u%m�p�p&! �(s�d�f f�o�f�n'��s�i�q�k�r�f�h	q���r�n�f�h@u%m !ct�f f�o�l�r�f�h	h	f g m�h@m h	f�s R q�v�r�f�h	q���r�n�f�h
� l�r�q�n�f�h	h	i�k�j f�p�f�u%f�k�s�h�� m'	�m�i�p�m�t�p�f�v�q�r h ! h	s�f�u f�o�f�n'��s�i�q�k a18 q�r�s�d�f�l���r�l�q�h	f q�v�s�d�i�h g i�h	h	f�r�s�m�s�i�q�k

s�d�i�h�m�t�h	s�r�m�n�s�i�q�k i�h�h���v�v�i�n�i�f�k�s
�,d�q�w(f'	�f!r��,v�q�r s�d�f�l���r<l�q�h	f�q�v jBf�k�f�r�m�s�i�k�j f�o�f�n'��s�m�t�p�f�m�r�s�i�v�m!n�s�h��

s�d�f i�k�s�f�r -n�q�k�k�f�n�s s�q�l�q�p�q�j%!@q�v s�d�f>k�f�s�w(q�r��Gi�h5q�v2i�k�s�f�r�f�h	s8a:bed�f r<f�h	q���r�n!f k�f�s�w(q�r��En!m�kEt�f
g f�h	n�r�i�t�f g w(i�s�d m�k m�s�s�r�i�t���s�f g g i�r�f�n�s�f g j�r�m�l�d6��k�q�w(k m�h ��+',�������.'+  �+'��� ��� � ������� � aCbed�f�k�q g f�h

q�v s�d�i�hIjBr�m�l�d?r�f�l�r�f�h	f�k�sHs�d�f%r�f�h	q���r�n!f�h���w(d�i�p�f%s�d�f%f g jBf�hIq�v s�d�i�hIj�r�m�l�d?r�f�l�r<f�h f�k�s m%l�d�! h	i�n!m�p

n�q�u%u*��k�i�n�m�s�i�q�k n�d�m�k�k�f�pDt�f�s�w(f�f�k s�d�f r�f�h	q���r�n!f�h a � q�u%u*��k�i�n�m�s�i�q�k n�d�m�k�k�f�p�h m�r<f

��k�i g i�r�f�n�s�i�q�k�m�p,t�! g f!v�m'��p�s �Bm(t�i -g i�r<f�n�s�i�q�k�m�p,n�d�m�k�k�f�p3i�h i�k g i�n�m�s�f g w(i�s�d%s�w(qJf g j�f�h i�k%q�l�l�q�h	i�s�f
g i�r�f�n�s�i�q�k�h�t�f�s�w(f!f�k�s�d�fCn�q�u%u*��k�i�n�m�s�i�k�jIk�q g f�h a 8 i�j���r�f 2

g f�l�i�n�s�h�m�r�f�h	q���r<n�fCk�f�s�w(q�r�� jBr�m�l�d a

GPP

ASIC

FPGA

A/D

GPP

ASIC

FPGA

A/D

8 i�j2��r�f 2 y 
�h	i�u%l�p�fCk�f�s�w(q�r���q�v r�f�h	q���r�n�f�h
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(r�n�d�i�s�f�n�s
��r<f 8 p�q�w � i�m!j�r�m�u%h � 
-8 � � g f'	�f�p�q�l�f g t%! =2m�s�p�f !�m�k g � i�r�t�d�m�i%v�q�r�u m

h���i�s�m�t�p�f(t�m�h	i�h v�q�reu%q g f�p�i�k�j5s�d�f(l�d�! h	i�n!m�p,m�r<n�d�i�s�f�n�s$��r�f(q�v m(h ! h	s�f�u [34] a-
(r�n�d�i�s�f�n�s
��r�f-8 p�q�w
g i�m�jBr<m�u%h i�h m(t�p�q�n'� g i�m�jBr<m�u%u%m�s�i�n(r�f�l�r�f�h f�k�s�m�s�i�q�k%n�q�k�h	i�h	s�i�k�j5q�v 
(r�n�d�i�s�f�n�s
��r�f � q g ��p�f�h���m�k g

3 k�v�q�r�u%m�s�i�q�k�8 p�q�w � d�m�k�k�f�p�h a 
(k\m�r�n�d�i�s�f�n�s
��r�f u%q g ��p�f u%m !Et�f m l�d�! h	i�n�m!p9u%q g ��p�f i8a fFa3m

l�r�q�n�f�h	h	i�k�j5f�p�f�u%f�k�s � � 5 � � : 3 5 � � 8 � ��
�� 
 5 3 � ����m2h	s�q�r�m�j�f(f�p�f�u%f�k�s � � f�u%q�r ! � ��m(h	f�k�h	q�req�r

m�kJm!n�s
��m�s�q�rHf�p�f�u%f�k�s � 
 � � � 
�� a<
2kJm!r�n�d�i�s�f�n�s
��r<f2uJq g ��p�f2u%m !5m�p�h	q�t�fIm2n�q�uJl�q�h	i�s�f2u%q g ��p�f

s�d�m�sCn�m�k t�f@��h	f g s�q n�r�f�m!s�f?d�i�f�r�m�r�n�d�i�n�m�pCm�r�n�d�i�s�f!n�s
��r�f g f�h	n�r�i�l�s�i�q�k�h a 
(k i�k�v�q�r�u%m�s�i�q�k v�p�q�w

n�d�m�k�k�f�p r�f�l�r<f�h	f�k�s�h�m l�d�!Bh	i�n�m�p�n�q�u%u*��k�i�n�m�s�i�q�k n�d�m!k�k�f�p�t�f�s�w(f!f�k s�d�f m�r<n�d�i�s�f!n�s
��r�f�u%q g ��p�f�h a

bed�i�h t�m�h	i�n�m�p�p$! n!m�l�s
��r�f�h�s�d�f m�h -t���i�p�s?s�q�l�q�p�q�j�! q�v\s�d�f s�m�r<jBf�s?m!r�n�d�i�s�f�n�s
��r�f'� m�p�q�k�j w(i�s�d

l�m�r�m�u%f�s�r�i�n7i�k�v�q�r�u%m�s�i�q�k m�t�q���s l�r�q�n�f�h	h	i�k�j n�m�l�m!n�i�s�i�f�h��Jn�q�u%u*��k�i�n�m�s�i�q�k t�m!k g w(i g s�d�h��Jm�k g

h	s�q�r�m�j�fCn!m�l�m�n�i�s�i�f�h a

� q�u%l���s�m�s�i�q�k�m�p 5 s�r���n�s
��r�f

8 q�r�u%m�p�p&! ��s�d�fCn�q�u%l���s�m�s�i�q�k�m�p�h	s�r���n�s
��r�fCq�v s�d�fCh"! h	s�f!u�u%m !2t�f�f�o�l�r�f�h	h	f g m�h�m � -tuple

{ }AFP ,, (9)

where,

P i�h�s�d�fCh	f�s�q�v n�q�u%l���s�m�s�i�q�k�m�p�l�r�q�n�f�h	h	f�h � n�q�u%l�q�k�f�k�s�h"� �

PPF ×⊆ i�h�s�d�fCh	f�s�q�v g m�s�m�v�p�q�w�t�f�s�w(f�f�k�l�r�q�n�f�h	h	f�h �!m�k g

RPA →: i�h5s�d�f r�f�h	q���r�n�f m�p�p�q�n�m�s�i�q�k a � m�n�dEl�r�q�n�f�h	h5i�h5m�h	h	i jBk�f g s�qEm l�r�q�n�f�h	h	i�k�j

element.

bed�f h	f�u%m�k�s�i�n�h q�v s�d�f n�q�u%l���s�m�s�i�q�k�m�p h	s�r���n�s
��r�f n�m!k t�f g f�h	n�r�i�t�f g w(i�s�d m�k m!s�s�r�i�t���s�f g

g i�r�f�n�s�f g jBr<m�l�d���k�q�w(k�m�h � ����.'+',�, ������� � [36] a5bedBfIk�q g f�hCq�vHs�d�i�h�jBr�m�l�d m�r�f�n�q�u%l���s�m�s�i�q�k�m�p

l�r�q�n�f�h	h	f�h a bed�f f g jBf�h$q�vcs�d�i�h jBr�m�l�d r�f�l�r�f�h	f!k�s\n�q�u%u*��k�i�n�m�s�i�q�k ��g m�s�m�v�p�q�w��ct�f�s�w(f�f�k
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l�r�q�n�f�h	h	f�h a � q�k�n�f�l�s
��m!p�p$! s�d�f l�r�q�n�f�h	h	f�h q�l�f!r�m�s�f n�q�k�s�i�k���q���h	p$! m�k g n�q�k�n'��r�r�f�k�s�p&!

s�r�m�k�h	v�q�r�u%i�k�j;i�k�v�i�k�i�s�f h	f	����f�k�n�f q�v i�k�l���s g m�s�m s�q:i�k�v�i�k�i�s�f h	f	����f�k�n�f q�v q���s�l���s g m�s�mFa�bed�f

l�r�q�n�f�h	h	f�h n�q�u%u*��k�i�n!m�s�f 	�i�m f�o�n�d�m�k�jBf q�v g m!s�m s�q���f�k�h a bed�f n�q�u%u*��k�i�n�m�s�i�q�k i�h

m�h"! k�n�d�r�q�k�q���h�m�k g s�d�f�s�q%��f�k�hCm�r<fIt���v�v�f!r�f g i�k�8 3 8 
�����f'��f�h a%bed�fIl�r�q�n�f�h	h	f!hCi�k�s�d�fIl�r�q�n�f�h	h

jBr<m�l�d m�r<f g i�h	s�r�i�t���s�f g m!k g f�o�f�n'��s�f g q�	�f�r s�d�f h	f�sGq�v r�f�h	q���r<n�f�h R a 
(w(i�k�j s�q s�d�f

d�f�s�f�r�q�jBf�k�f�i�s$! q�v s�d�f r�f!h	q���r�n�f�h��@h	q�u%f l�r�q�n�f�h	h	f!h u%m ! t�f i�u%l�p�f�u%f�k�s�f g m�h d�m�r g w2m�r<f

v���k�n�s�i�q�k�h m�k g q�s�d�f�r�h u%m !�t�f�i�u%l�p�f�u%f�k�s�f g m�h h	q�v�s�w(m�r�f�v���k�n�s�i�q�k�h a � d�f�k i u%l�p�f�u%f�k�s�i�k�j�s�d�f

l�r�q�n�f�h	h	f�h m�h�h	q�v�s�w2m�r<fCv���k�n�s�i�q�k�h�f�o�f�n'��s�i�k�jIq�k mCh f	�%��f�k�s�i�m�p�l�r�q�n!f�h	h	q�r���s�d�f�n�q�k�n'��r�r�f�k�n !2i�h�q�v

m n�q�k�n!f�l�s
��m�p k�m�s
��r<f m�k g i�k r�f�m�p�i�s$!�s�d�f l�r�q�n!f�h	h	f�h m!r�f h	n�d�f g ��p�f g v�q�r f�o�f�n'��s�i�q�k l�f�r�i�q g i�n�m�p�p&!

t%!�m�r���k�s�i�u%f�i�k�v�r<m�h	s�r���n�s
��r�fFaCbed�f�l�r�q�n!f�h	h i�h h	n�d�f g ��p�f g v�q�r f�o�f�n'��s�i�q�k w(d�f�k5m�p�p s�d�f�i�k�l���s�h s�q

s�d�fEl�r�q�n�f�h	h>m�r�fEm'	�m�i�p�m�t�p�fFa 
(k f�o�f�n'��s�i�q�k q�v s�d�fEl�r�q�n�f�h	h>n�q�k�h���u%f�h g m�s�mGs�q���f�k�h>q�k s�dBf

i�k�l���s�h�m�k g l�r�q g ��n�f�h g m�s�m�s�q���f�k�h�q�k�s�d�fCq���s�l���s�h a 8 i�j2��r<f 3 h	d�q�w(h�mCl�r�q�n�f�h	h j�r�m�l�d a

2p

1p
3p

4p
2p2p

1p1p
3p3p

4p4p

8 i�j2��r�f 3 y 
�h	i�u%l�p�fCl�r�q�n!f!h	h�jBr<m�l�d

bed�f m�t�q�	�f h f�u%m�k�s�i�n�h n�m�kDt�f n�m�l�s
��r�f g m�h m � m�s�m�v�p�q�w � q g f�p
�;m u%q g f�p�i�k�j

v�q�r�u%m�p�i�h	u*��l�m�r�s�i�n'��p�m�r�p&! h"��i�s�m�t�p�f%v�q�r u%q g f�p�i�k�j>i�u%m!jBfJm�k g h	i�jBk�m�p l�r�q�n�f�h	h	i�k�j n�q�u%l���s�m�s�i�q�k�h

[36] a�bed�f t�m�h	i�n g m�s�m�v�p�q�w u%q g f�p g q�f�h k�q�s h���l�l�q�r�s d�i�f�r�m�r�n�d�i�n�m�p r�f�l�r�f�h	f�k�s�m!s�i�q�k a�=(q�w(f'	�f�r��

u%m�k%!�f�o�s�f�k�h	i�q�k�h d�m'	�f�t�f!f�k l�r�q�l�q�h	f g s�d�m�s i�k�s�r�q g ��n!f�d�i�f�r<m�r�n�d�!Ii�k5s�d�f g m�s�m�v�p�q�w7u%q g f�p [37] a



52

3 kEs�d�f�h	f f�o�s�f�k�h	i�q�k�h m g m!s�m�v�p�q�w t�p�q�n'� u%m !?t�f r<f�v<i�k�f g s�q n�q�k�s�m�i�k m�k�q�s�d�f!r g m�s�m�v�p�q�w�a bed�f

t�m�h	i�n g m�s�m�v�p�q�w7f�o�f�n'��s�i�q�k�h	f�u%m�k�s�i�n�h�d�m'	�fCt�f�f�k�f�o�s�f!k g f g s�q�d�i�f�r�m�r<n�d�i�n�m�p g m�s�m�v<p�q�w�a

bed�f t�m�h	i�n g m�s�m!v�p�q�w u%q g f!p n�m�l�s
��r�f�h m h	i�k�jBp�f(h	q�p
��s�i�q�k5v�q�r i�u%l�p�f�u%f�k�s�i�k�j5m l�m!r�s�i�n'��p�m�r

h	f�s,q�vev���k�n�s�i�q�k�m�p3r�f	����i�r�f!u%f�k�s�h a-
(h f�u%l�d�m�h	i�x!f g f!m�r�p�i�f�r���d�q�w2f'	�f�r�� l�q�i�k�s,h	q�p
��s�i�q�k�h q�t�s�m�i�k�f g

t%! h���l�l�r<f�h	h	i�k�j m�p�s�f�r�k�m�s�i
	�f�h\p�f�m g s�q h���t -q�l�s�i�u%m�pJm�k g i�k�v�p�f�o�i�t�p�f g f�h	i�jBk�h a�
)k�f!f g v�q�r

n�m�l�s
��r�i�k�j g f�h	i�jBk:h	l�m�n�f�h��Ct%!\u%q g f�p�i�k�j;m�p�s�f!r�k�m�s�i
	�f�h f�o�l�p�i�n�i�s�p$!\w(m�h g f�u%q�k�h	s�r�m�s�f g f�m�r�p�i�f!r a

bed�i�hGr�f�h	f�m�r�n�d f�o�s�f�k g hGs�d�f g m�s�m�v�p�q�w r�f�l�r<f�h	f�k�s�m�s�i�q�k s�q f�k�m�t�p�f r�f�l�r�f�h	f�k�s�m!s�i�q�k q�v g f�h	i�jBk

m�p�s�f�r�k�m�s�i
	�f�h a � i�s�d>s�d�i�h(f!o�s�f�k�h	i�q�k>m g m�s�m�v�p�q�w t�p�q�n �>u%m ! t�f g f�n�q�u%l�q�h	f g i�k>s�w(q g i�v�v�f!r�f�k�s

w(m ! h a/bed�f v�i�r�h	s�s$! l�f q�v g f�n�q�u%l�q�h	i�s�i�q�k$i�h mcd�i�f�r�m�r<n�d�i�n�m�p g f�n�q�u%l�q�h	i�s�i�q�k$i�k$w(d�i�n�d$m
g m�s�m�v�p�q�w"t�p�q�n'�?n�m�k@n�q�k�s�m�i�k?m g m�s�m�v�p�q�w"u%q g f�p8a bed�fJh	f�n�q�k g s&! l�fJq�v g f!n�q�u%l�q�h	i�s�i�q�k?i�h2m�k

q�r�s�d�q�jBq�k�m�p g f�n�q�u%l�q�h	i�s�i�q�k�� i�k w(d�i�n�d m g m�s�m�v�p�q�w t�p�q�n'� n�q�k�s�m�i�k�h u%q�r�f s�d�m!k q�k�f g m�s�m!v�p�q�w

t�p�q�n'� m�h m�p�s�f�r�k�m�s�i
	�f�h a 3 kEs�d�i�h n�m�h	f s�d�f n�q�k�s�m�i�k�f�r�t�p�q�n'� g f�v�i�k�f�h q�k�p$! s�d�f i�k�s�f�r�v�m!n�f q�v�s�d�f

t�p�q�n'� m�k g i�h g f'	�q�i g q�v m�k%!�i�u%l�p�f�u%f�k�s�m�s�i�q�k g f�s�m�i�p�h aCbed�f g m�s�m�v�p�q�w t�p�q�n'��h n�q�k�s�m�i�k�f g w(i�s�d�i�k

s�d�f(n�q�k�s�m�i�k�f�r g f�v�i�k�f g i�v�v�f!r�f�k�s,i�u%l�p�f�u%f�k�s�m�s�i�q�k�h q�ves�d�f(i�k�s�f�r�v<m�n�f(h	l�f�n�i�v�i�n!m�s�i�q�k�h a � i�s�d%s�d�f�h	f

eo�s�f�k�h	i�q�k�h i8a fFa d�i�f�r�m�r<n�d�!�m�k g m�p�s�f�r�k�m�s�i
	�f�h���m g m�s�m�v�p�q�w7u%q g f�p n!m�k u%q g ��p�m�r�p&!�n�m�l�s
��r<f�m p�m�r<jBf

k���u%t�f�r q�v g i�v�v<f�r�f�k�s�n�q�uJl���s�m�s�i�q�k�m�p�h	s�r���n�s
��r�f�h�s�q�jBf!s�d�f�r s�q�v�q�r�u�mCn�q�k�v�i�j2��r�m�s�i�q�k�h	l�m�n�fFa

Constraints

� q�k�h	s�r�m�i�k�s�h�l�p�m ! s�w(q@i�uJl�q�r�s�m�k�s�r�q�p�f�h i�k@s�d�i�h�r�f�h f!m�r�n�d a � r�i�u%m�r�i�p&! � n�q�k�h	s�r�m!i�k�s�h�m�r�f

��h	f g s�q yCm'� f�h	s�m�t�p�i�h	d p�i�k���m�j�f�hEm�k g g f�h	n�r�i�t�f:i�k�s�f!r�m�n�s�i�q�k�hEt�f�s�w2f�f�k s�d�f f�p�f�u%f�k�s�hEq�v s�d�f
g i�v�v�f�r�f�k�sem�h	l�f!n�s�h q�v m�k � 5 
 � h"! h	s�f�u 	�i�x�aBu%q g f�h q�v q�l�f!r�m�s�i�q�k��3n�q�u%l���s�m!s�i�q�k�m�p l�r�q�n�f�h	h	f�h��

m�k g r�f�h	q���r�n�f�h ��m�k g t%� f�o�l�r�f�h	h r�f�h	s�r�i�n�s�i�q�k�h q�	�f�r s�d�f/n�q�u%l�q�h	i�s�f.l�r�q�l�f�r�s�i�f�h q�v m

n�q�u%l���s�m�s�i�q�k�m�p�h	s�r���n�s
��r�fFa
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bed�f g i�v�v<f�r�f�k�s m�h	l�f!n�s�h9q�v�m�k � 5 
 � h ! h	s�f�uAm�r�fIn�p�q�h	f�p$!%n�q���l�p�f g s�q�j�f�s�d�f�r�� m�k g s�d�f�r�f

m�r�f n�q�u%l�p�f�o�i�k�s�f�r�m�n�s�i�q�k�h s�d�m�s�u*��h	s�t�f r�f�l�r�f�h	f!k�s�f g m�k g f�k�v�q�r�n�f g a 8 q�r?f�o�m�u%l�p�f'�5s�d�f

v���k�n�s�i�q�k�m�p,m�k g l�f�r�v�q�r�uJm�k�n�f(r<f	����i�r�f�u%f�k�s�h m!r�f g r�i
	�f!k%t%! s�d�f2u%q g f(q�veq�l�f�r�m�s�i�q�k���m�k g d�f�k�n!f

s�d�fIh	f�p�f�n�s�i�q�k�q�vHm�l�l�r�q�l�r�i�m�s�fIn�q�u%l���s�m�s�i�q�k�m�p m�p�s�f�r�k�m!s�i
	�f�h�� m�k g s�d�fIm�p�p�q�n�m�s�i�q�kJq�vHr�f�h	q���r�n!f�hCs�q

n�q�u%l���s�m�s�i�q�k�m�pHl�r�q�n!f�h	h	f�h�i�hIs$! l�i�n!m�p�p$! u%q g f g f�l�f�k g f�k�s8a 
(k � k�jBp�i�h	d?p�m�k�j2��m�j�f�f�o�l�r�f�h	h	i�q�k

q�v h���n�d5m n�q�k�h	s�r<m�i�k�s w(q���p g t�fFy � /�6�� ��! ������� � 	L< +�'��1+�NL+
>.����7�	 � + ����# <3+�'���� � 	�6�� �

# ����� ! 	 7��
	���� � 7�	 � -.� 8 +�N N=� �.! 	 � + � 7�� � 	 ? W*� 7 � ' 7�����+ ! 7�	�� ��� # +���� ! � O 	.+

7��
	���� � 7�	 � -.� 8�� a b !Bl�i�n�m�p�p$! s�d�f�r�f m�r<f n�q�k�h	i�h	s�f�k�n !Dm�k g s&! l�i�k�j r�f�h	s�r�i�n�s�i�q�k�h w(d�f�k

n�q�u%l�q�h	i�k�j g i�v�v�f!r�f�k�s m�p�s�f!r�k�m�s�i
	�f�h q�v g i�v�v�f�r<f�k�s v���k�n�s�i�q�k�m�p�i�s$! fFa j3a � 7��
	���� � 7�	 � -.� 8 � +�N

N=� �.! 	 � + � 7�� � 	 ? W � <�� # 	 5 � ! +=<�>�+ # ��' / � 	�6 7��
	���� � 7�	 � -.� 8 � +�N N=� �.! 	 � + � 7�� � 	 ?

W � 7 � ' 7 #���� ��������� # +
��� ! �BO � <�� # 	 5 � 7�����+ ! 7�	���'B	.+ 5 +�	�6L8 � 7 � '$8 ��� a2bed�f�h f

s$! l�f�h q�v n�q�k�h	s�r�m�i�k�s�h s�m'��f(s�d�f�v�q�r�u q�v�m r�f�p�m�s�i�q�k�h	d�i�l5t�f�s�w(f�f�k g i�v<v�f�r<f�k�s f�p�f�u%f!k�s�h a � q�u%l�p�f o

r�f�p�m�s�i�q�k�h	d�i�l�h n�m�kEt�f n�r<f�m!s�f g t�!?n�q�u%t�i�k�i�k�j@l�r�i�u%i�s�i
	�f r�f�p�m�s�i�q�k�h	d�i�l�h w(i�s�d v�i�r<h	s q�r g f�r p�q�jBi�n

connectives.

bed�fIh	f�n�q�k g v�q�r�uAq�v�n�q�k�h s�r�m�i�k�s�hCf�o�l�r�f�h	hCr�f�h	s�r�i�n�s�i�q�k�hCq�	�f�rHs�d�fIn�q�u%l�q�h	i�s�fIl�r�q�l�f�r�s�i�f�h

q�v m;n�q�u%l���s�m�s�i�q�k�m�p h	s�r���n�s
��r�fFa�
.n�q�u%u%q�k7f�o�m�u%l�p�f;q�v h���n�d7m;n�q�k�h	s�r�m�i�k�s w(q���p g t�f;m

u%m�o�i�u*��u p i�u%i�s q�k f�k g -to-f�k g p�m�s�f�k�n !�q�v m5n�q�u%l�p�f�o>n�q�u%l���s�m�s�i�q�k�m�p h	s�r���n�s
��r�f'�3q�r m t�q���k g

q�k%s�d�f(l�q�w(f!ren�q�k�h���u%l�s�i�q�k%q�vem2n�q�u%l���s�m�s�i�q�k�m�p,h	s�r ��n�s
��r�fFaIbed�f�h	f2m�r<f(n�q�u%l�q�h	i�s�f(l�r�q�l�f�r�s�i�f�h��

m�hGs�d�f ! m�r�f k�q�s%i�k�d�f�r<f�k�s%s�q s�d�f n�q�u%l���s�m�s�i�q�k�m�p5h	s�r���n�s
��r�f'��t���s%m�r�fcn�q�u%l�q�h	f g v�r�q�u s�d�f

i�k�d�f�r�f�k�s l�r�q�l�f!r�s�i�f�h q�v s�d�f(t�m�h	i�n n�q�u%l�q�k�f�k�s�h q�v s�d�f(n�q�u%l���s�m�s�i�q�k�m�p h	s�r���n�s
��r�fFa�8 q�r f�o�m�u%l�p�f'�

s�d�f�f�k g -to-f�k g p�m�s�f�k�n !Iq�v m�n�q�u%l�p�f�o5n�q�u%l���s�m�s�i�q�k�m!p h	s�r���n�s
��r�f�i�h s�d�f h���u q�v�p�m�s�f�k�n�i�f�h q�v�s�d�f

t�m�h	i�n(t���i�p g i�k�j5t�p�q�n'��h q�ves�d�f(n�q�u%l���s�m�s�i�q�k�m�p,h	s�r���n�s
��r�fFa2bed�i�h v�q�r�u q�ven�q�k�h	s�r�m�i�k�s,r�f�h	s�r�i�n�s�h s�d�f

h	f�p�f�n�s�i�q�k?q�vCm�p�s�f�r�k�m�s�i
	�f�h�m�k g s�d�f�i�rCn�q�u%l�q�h	i�s�i�q�k a b ! l�i�n!m�p�p$! � s�d�fJs�w(q@v�q�r�u%h�q�v9n�q�k�h	s�r<m�i�k�s�h

m�r�fCn�q�u%t�i�k�f g s�q�j�f�s�d�f�r a
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(t�
8f�n�s � q�k�h	s�r�m�i�k�s�h � m!k�j���m�j�f � 
 � � ���3m�l�m�r�s�q�v�s�d�f � k�i
	�f!r�h	m�p � q g f�p�i�k�j � m!k�j2��m!j�f
� ��� � � h���i�s�f'�Fv�q�r�u%h m jBq�q g t�m�h	i�h v�q�r f�o�l�r�f�h	h	i�k�j s�d�f s$! l�f q�v n�q�k�h	s�r<m�i�k�s�h h	d�q�w(k5m�t�q�	�f [38] a


 � �7i�hJm g f!n�p�m�r�m�s�i
	�f p�m!k�j2��m!j�f'��s&! l�i�n�m�p�p&! ��h	f g i�kGq�t�
8f�n�s u%q g f�p�i�k�jEs�qGh	l�f�n�i�v ! i�k�	�m!r�i�m�k�s�h

q�	�f�r%q�t�
8f!n�s�h m�k g q�t�
8f�n�sIl�r�q�l�f�r�s�i�f�h�� l�r�f - m�k g l�q�h	s - n�q�k g i�s�i�q�k�h q�kcq�l�f!r�m�s�i�q�k�h���m�k g m�h?m

k�m'	�i�j�m�s�i�q�k p�m�k�j2��m!j�fFa b d�i�h g i�h	h	f�r�s�m�s�i�q�k f�o�s�f�k g h m h���t�h	f�s q�v 
 � � s�q f�o�l�r�f�h	h s�d�f s$! l�f q�v

n�q�k�h	s�r�m�i�k�s�h r�f�v�f�r<r�f g s�q m�t�q�	�fFa bed�f f�o�s�f�k g f g n�q�k�h	s r�m�i�k�s p�m�k�j2��m!j�f i�h h	l�f�n�i�v�i�f g p�m�s�f�r i�k s�d�i h

chapter.

bed�f g i�v�v<f�r�f�k�s m�h	l�f!n�s�h@v�q�r�u%m�p�i�x!f g m�t�q�	�f;n�m�k�t�f;l���s�s�q�jBf�s�d�f!r�s�q7v�q�r�u-m:v�q�r�u%m�p
g f�v�i�k�i�s�i�q�k�q�v m�k � 5 
 � h�! h s�f�u@a 8 q�r�u%m�p�p&! ��m�k � 5 
 � h"! h	s�f�u�n!m�k�t�f g f!v�i�k�f g m�h�m�k �

-tuple:

{ }MCCRmTCTEMD ,,,,,,, 0= (10)

where,

D
g f�k�q�s�f�h�m�k�m g m�l�s�i
	�fCn�q�uJl���s�i�k�jIh ! h	s�f�u7�

C i�h5m h f�s q�v(h ! h	s�f�uDn�q�k�v�i�j2��r<m�s�i�q�k�h � n�q�u%l���s�m�s�i�q�k�m�p h	s�r���n�s
��r�f�h"� h	l�f!n�i�v�i�f g m�t�q�	�f��

and

CMMC →: i�h>s�d�fEu%m�l�l�i�k�j:v���k�n�s�i�q�k s�d�m�s(m�h	h	q�n�i�m�s�f�h>f�m�n�dcu%q g fEq�v5q�l�f�r�m�s�i�q�k

w(i�s�d\m n�q�k�v�i�j2��r�m�s�i�q�k a 
 u%q g f s�r<m�k�h	i�s�i�q�k\i�k\s�d�f?q�l�f�r�m�s�i�q�k�m�p9t�f�d�m'	�i�q�rIi�u%l�p�i�f�hJm h ! h	s�f�u

reconfiguration.

bed�i�h�n�q�k�n�p
� g f�h�s�d�f�h	l�f�n�i�v�i�n�m�s�i�q�k q�v�s�d�f�m g m�l�s�i
	�f�n!q�u%l���s�i�k�j�h"! h	s�f�u%h�m g�g r�f�h h	f g t%!

s�d�i�h r�f�h	f�m!r�n�d a�bed�f�k�f�o�s h f�n�s�i�q�k g f�h n�r�i�t�f�h m�u%q g f�p�i�k�j�l�m�r<m g i�jBu g f�v�i�k�f g v�q�r s�d�f�n�r<f�m�s�i�q�k q�v

mCu%q g f�p�i�k�j�f�k�	�i�r�q�k�u%f�k�s8a
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� q g f�p�i�k�j � m�r<m g i�jBu

bed�f � ��p�s�i4�(r�m�l�d 
(r�n�d�i�s�f�n�s
��r�f � � �-
�� l�r�q�	�i g f�h>m ��k�i�v�i�f g h	q�v�s�w(m�r�fEm�r�n�d�i�s�f�n�s
��r�f

m�k g v�r<m�u%f�w(q�r��>v�q�r n!r�f�m�s�i�k�j>m � q g f�p 3 k�s�f!j�r�m�s�f g � r�q�j�r�m�u 5 ! k�s�d�f�h	i�h � � 3 � 5 � f�k�	�i�r�q�k�u%f�k�s

[32][30] a�bed�f2n�q�r�f2n�q�uJl�q�k�f�k�s�h9q�v s�d�f � ��
 m�r<fIm2n'��h	s�q�u%i�x!m�t�p�f 	 ����� ���
.'��� � ����+'�������
�
���

v�q�r�n�r�f!m�s�i�q�k q�v�u*��p�s�i -m�h	l�f�n�s g q�u%m�i�k -h	l�f�n�i�v�i�n�u%q g f�p�h�� � ����+'�������
������,�+',�v�q�r�h	s�q�r�m�jBf�q�v�s�d�f

n�r�f�m�s�f g u%q g f�p�h��em�k g m � ����+'� �  ��
+ � � ��+'�
���
�
�� @s�f�n�d�k�q�p�q�j%! s�d�m�s m�p�p�q�w(h�n�r<f�m�s�i�q�k@q�v g q�u%m�i�k -

h	l�f�n�i�v�i�n'�:m�l�l�p�i�n�m�s�i�q�k -h	l�f!n�i�v�i�n u%q g f�pci�k�s�f�r�l�r�f�s�f�r�h"v�q�r s�r�m�k�h v�q�r�u%m�s�i�q�k q�v u%q g f�p�h i�k�s�q

executable/anap&! x=m�t�p�f m�r<s�i�v�m�n�s�h a bed�f g f�s�m�i�p�h q�v�s d�f � ��
 m�r�f l�r<f�h	f�k�s�f g i�k 
(l�l�f�k g i�o 
�a

bed�f;n�r<f�m�s�f g f�k�	�i�r�q�k�u%f�k�s i�h g q�u%m�i�k7h	l�f�n�i�v�i�n;m�k g i�k�n�p
� g f�h s�q�q�p�h m�k g v���k�n�s�i�q�k�m�p�i�s$! v�q�r

n�r�f�m�s�i�q�k m�k g h	s�q�r�m!jBf q�v h"! h s�f�u u%q g f�p�h��3m�k g jBf�k�f�r<m�s�i�q�k q�v f�o�f�n'��s�m�t�p�f ��m�k�m�p$!Bx!m�t�p�f m�r�s�i�v�m�n�s�h

v�r�q�u�h"! h	s�f�u�u%q g f�p�h a

bed�fIn'��h	s�q�u%i�x!m�s�i�q�k�m�k g n!r�f�m�s�i�q�k�q�v�m g q�u%m�i�k�h	l�f�n!i�v�i�n ��3 � 5 f�k�	�i�r�q�k�uJf�k�s i�k�	�q�p
	�f�h

m n�m�r<f�v���p?m�k�m�p&! h	i�h q�v\s�d�f k�f�f g h q�v\s�d�f g q�u%m�i�k"f�k�jBi�k�f!f�r�h�� s�d�f n�q�u%l�q�k�f�k�s�h m�k g s�d�f

n�q�u%l�q�h	i�s�i�q�k l�r�i�k�n�i�l�p�f�h ��h	f g i�k s�d�f g q�u%m�i�k��Gm�k g s�d�fAs�m�r<jBf�s;m�l�l�p�i�n�m�s�i�q�k�h a 8 q�r�m�k

envirok�u%f�k�s s�q h���n�n�f�h	h v���p�p$!$h���l�l�q�r�s s�d�f7n�r�f!m�s�i�q�k q�v h"! h	s�f�u%h��Js�d�f7f�k�	�i�r�q�k�u%f�k�s u*��h	s

v�m�i�s�d�v���p�p$!@r�f�l�r�q g ��n�f s�d�f n�q�k�n�f�l�s�h f�u%l�p�q�! f g t�! g f�h	i�jBkEf�k�jBi�k�f�f!r�h a bed�f l�r<f'	�i�q���h h	f�n�s�i�q�k

m g�g r�f�h	h	f g s�d�fEr�f	����i�r�f�uJf!k�s�h q�v m�k:m g m�l�s�i
	�f n�q�uJl���s�i�k�j;h"! h	s�f�u g f�h	i�jBk f�k%	�i�r�q�k�u%f�k�s m�k g

i g f�k�s�i�v�i�f g s�d�f u%q g f�p�i�k�j v�q�r�u%m�p�i�h	u%h s�d�m�s u*��h	s t�f f�u%l�p�q%! f g v�q�r�u%q g f�p�i�k�j m�k g g f�h	i�jBk�i�k�j

m g m�l�s�i
	�f?n�q�u%l���s�i�k�j\h ! h	s�f�u%h a bed�i�h�h	f�n�s�i�q�k m g�g r�f�h	h	f�h�s�d�f?i�k�h	s�m�k�s�i�m�s�i�q�k qBvIs�d�f?u%q g f�p�i�k�j

n�q�k�n�f�l�s�h�m�k g v�q�r�u%m�p�i�h	u%h�i�k�m�k � ��
�t�m�h	f g ��3 � 5 f�k�	�i�r�q�k�u%f�k�s8a
3 k\s�d�f � ��
 s�f�n�d�k�q�p�q�j%!2� s�d�f u%q g f�p�i�k�jGn�q�k�n�f�l�s�h�s�q\t�f i�k�h	s�m�k�s�i�m�s�f g i�kGs�dBf ��3 � 5

f�k�	�i�r�q�k�u%f�k�s m�r<f%h	l�f�n�i�v�i�f g i�k m meta-�����%+'�
�
 �� p�m!k�j2��m!j�fFa@
 metamodel q�v s�d�f%u%q g f�p�i�k�j

l�m�r�m g i�jBu i�h n�q�k�h	s�r���n�s�f g s�d�m�s�h	l�f�n�i�v�i�f�h s�d�f�h ! k�s�m�o%� h	s�m�s�i�n�h	f�u%m�k�s�i�n�h�� m�k g s�d�f�l�r<f�h	f�k�s�m�s�i�q�k

h	f�u%m�k�s�i�n�h"q�v s�d�f g q�u5m�i�k#h	l�f�n�i�v�i�n u%q g f�p�i�k�j#l�m�r�m digm. bed�f u%f�s�m�u%q g f�p n�m�l�s
��r�f�h
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i�k�v�q�r�u%m�s�i�q�k%m�t�q���s,s�d�f(q�t�
8f�n�s�h s�d�m�s,m�r�f(k�f!f g f g s�q%r<f�l�r�f�h	f�k�s,s�d�f(h ! h	s�f�u i�k�v�q�r<u%m�s�i�q�k%m�k g s�d�f

inter-r�f�p�m�s�i�q�k�h	d�i�l5t�f�s�w(f!f!k g i�v�v�f�r�f�k�s q�t�
8f�n�s�h m�h m �-� �@n�p�m�h	h g i�m!jBr<m�u@a bed�f u%f�s�m -u%q g f�p�i�k�j

p�m�k�j2��m!jBf m�p�h	q l�r�q�	�i g f�h5v<q�r�s�d�f h	l�f!n�i�v�i�n�m�s�i�q�k q�v 	�i�h���m�p l�r�f�h	f�k�s�m�s�i�q�k q�v s�d�f q�t�
8f�n�s�h i�k s�d�f
� ��
�j�r�m�l�d�i�n!m�p�u%q g f�p�f g i�s�q�r a

bed�f � ��
Dt�m�h	f g 
 g m�l�s�i
	�f � q�u%l���s�i�k�j 5 ! h	s�f�u g f�h	i�jBk f�k�	�i�r�q�k�uJf�k�s g i
	�i g f�h>s�d�f

u%q g f�p�i�k�j�l�r�q�n�f�h	h i�k�s�q v�q%��r�n�m�s�f!jBq�r�i�f�h i�k m!n�n�q�r g m�k�n�f�w(i�s�d s�d�f m�h	l�f�n�s�h q�v m�k � 5 
 � h"! h	s�f�u

i g f�k�s�i�v�i�f g f�m�r�p�i�f!r y

a. Operatiok�m�p � f�d�m'	�i�q�r<m�p � q g f�p�i�k�j –
3 k s�d�i�h)v�i�r�h	s n�m�s�f!jBq�r ! � s�d�f

q�l�f�r�m�s�i�q�k�m�p t�f�d�m'	�i�q�r q�v m!k � 5 
 � h"! h	s�f�u i�h u%q g f p�f g a bed�f g f�h	i�jBk�f�r n!m�k

h	l�f�n�i�v !cs�d�f;q�l�f�r�m�s�i�k�j�u%q g f�h q�v s�d�f;h"! h	s�f�u M �2s�dBf;p�f�j�m�p s�r�m�k�h	i�s�i�q�k�h

t�f�s�w(f�f�k�u%q g f�h T � s�d�fIn�q�k g i�s�i�q�k�h9v�q�r s�r�m�k�h	i�s�i�q�k TC � m�k g h"! h	s�f�u"f'	�f�k�s�h

E i�k m�k$f�o�s�f�k g f g 8 i�k�i�s�f 5 s�m�s�f � m!n�d�i�k�f v�q�r�u%m�p�i�h	u@a bed�f u%q g f�p�i�k�j

n�m�s�f!jBq�r ! m�p�h	q f�k�m�t�p�f�h$m�h	h	q�n�i�m�s�i�q�k q�vcm u%q g f"q�vcq�l�f�r�m�s�i�q�k w(i�s�d m

n�q�u%l���s�m�s�i�q�k�m�p�h	s�r���n�s
��r�fFa

b.
� q�u%l���s�m�s�i�q�k�m�p 5 s�r���n�s
��r�f � q g f�p�i�k�j –

3 k5s�d�i�h n�m�s�f!j�q�r ! ��s�d�f�n�q�u%l���s�m�s�i�q�k�m�p

h	s�r���n�s
��r�f�h�h	f�s C q�vCs�d�f�h ! h s�f�u i�h�u%q g f�p�f g a � ��p�s�i�l�p�f g m�s�m�v�p�q�wAu%q g f�p�h

u%m ! t�f%n!r�f�m�s�f g ��f�m!n�d n'��h	s�q�u%i�x!f g v�q�r m%l�m�r�s�i�n'��p�m�r u%q g fFa@
(p�s�f�r�k�m�s�f�p$! ��m

h	i�k�jBp�f g m�s�m�v�p�q�w u%q g f�p7u%m !#f�k�n!m�l�h���p�m�s�f u*��p�s�i�l�p�f h	s�r���n�s
��r�f�h ��h	i�k�j

alternatives.

c.
� o�f�n'��s�i�q�k>: f�h	q���r�n�f � q g f�p�i�k�j –

3 k5s�d�i�h n�m�s�f!jBq�r ! �Fs�d�f h	f�s q�v r�f�h	q���r�n�f�h R

m'	�m�i�p�m�t�p�f v�q�r h ! h	s�f�uDf�o�f!n'��s�i�q�kEm�r�f u%q g f�p�f g a 
(p�q�k�j w(i�s�dEs�d�f l�d�! h	i�n�m�p

l�r�q�n�f�h	h	q�r�h�� n�q�k�v�i�j2��r<m�t�p�f@d�m�r g w2m�r�f � 8 � ��
���� 3 ��
�� u%f�u%q�r ! g f'	�i�n�f�h�� s�d�f

i�k�s�f�r�n�q�k�k�f�n�s�i�q�k�s�q�l�q�p�q�j%!Ii�h�m�p�h	q�u%q g f�p�f g a



57

d.
� q�k�h	s�r�m�i�k�s � q g f�p�i�k�j – 
$s�f�o�s
��m�p n�q�k�h	s�r�m�i�k�s3p�m�k�j2��m!jBfId�m�hCt�f�f�k�l�r�q�	�i g f g

s�d�m�s m�p�p�q�w(h v�q�r f�o�l�r�f�h h	i�q�k)q�v i�k�s�f�r�m�n�s�i�q�k�h m!k g p�i�k���m�jBf�h t�f�s�w(f�f�k

u%q g f�p�i�k�j7q�t�
8f!n�s�hEi�k h	m!u%f:q�r g i�v�v<f�r�f�k�s%n�m�s�f!jBq�r�i�f�h��Im�k g f�o�l�r�f�h	h	i�q�k q�v

l�f�r�v�q�r�u%m�k�n�f�n�q�k�h	s�r�m�i�k�sHq%	�f�r9n�q�u%l���s�m�s�i�q�k�h a bed�f�n�q�k�h	s�r�m�i�k�sHp�m�k�j2��m!j�fJi�h
g f�r�i
	�f g v�r�q�u 
 � �?m�h�h	l�f!n�i�v�i�f g f�m!r�p�i�f�r a

bed�fcu%f�s�m�u%q g f�pJq�v?s�d�f�h fcu%q g f�p�i�k�j n�m�s�f!jBq�r�i�f�h��5m�k g s�d�f n�q�k�h	s�r�m�i�k�sJp�m�k�j���m�j�fci�h
g f�h	n�r�i�t�f g t�f�p�q�w�a


(l�f�r�m�s�i�q�k�m�p � f�d�m'	�i�q�r � q g f�p�i�k�j
� f�d�m'	�i�q�r�m�p u%q g f�p�h n!m�l�s
��r�f s�d�f q�l�f�r�m�s�i�q�k�m�p t�f�d�m'	�i�q�r q�v s�d�f h ! h	s�f�u@a#
(h i g f!k�s�i�v�i�f g

f�m�r�p�i�f�r@m ���
,�. �"+'�
+ � �
 ��
�
+ ���
���
+ � ��.����
 �+�r�f�l�r�f�h f�k�s�m�s�i�q�k��5f�o�s�f�k g f g w(i�s�d$d�i�f�r�m�r<n�d�! m�k g

n�q�k�n'��r�r<f�k�n ! �>i�h�h	f�p�f!n�s�f g v�q�r u%q g f�p�i�k�j"s�d�f g !Bk�m�u%i�n$t�f�d�m'	�i�q�r q�v s�d�f�h"! h	s�f�u@a bed�i�h

r�f�l�r�f�h f�k�s�m�s�i�q�k?d�m�hIt�f�f!k?h	f�p�f�n�s�f g?g ��fJs�q?i�s�hIh	n�m�p�m!t�i�p�i�s$! � ��k�i
	�f!r�h	m�pHm�n!n�f�l�s�m�t�i�p�i�s$! �em�k g f�m�h f -

of-��h	f i�k u%q g f�p�i�k�j3a#8 i�j���r�f 4 i�p�p
��h	s�r�m�s�f�h(s�d�f t�f�d�m 	�i�q�r u%q g f�p�i�k�j m�h	l�f!n�s q�v s�d�f u%f�s�m�u%q g f�p

q�v�s�d�f u%q g f�p�i�k�j@l�m�r�m g i�j�u@a bed�f q�t�
8f�n�s�h6��h	f g v�qBr�n�r�f�m�s�i�k�j@m d�i�f�r<m�r�n�d�i�n!m�p
�Hl�m�r�m�p�p�f�p
� v�i�k�i�s�f

h	s�m�s�f�u%m�n�d�i�k�f�r<f�l�r�f�h f�k�s�m!s�i�q�k@m�k g s�d�f�i�rCi�k�s�f�r -r�f�p�m�s�i�q�k�h	d�i�l�h�m�r�f�f�o�l�r�f�h	h	f g m�h m ��� � n�p�m�h	h
g i�m�jBr<m�u�i�k�s�d�i�h�v�i�j2��r<fFa

bed�fCl�r�i�u%m�r !Iq�t�
8f�n�s�i�k mCv<i�k�i�s�fCh	s�m�s�fCu%m�n�d�i�k�f�r�f�l�r�f�h f�k�s�m�s�i�q�k�i�h�mCh	s�m�s�fFa Stateh g f�v�i�k�f

q�l�f�r�m�s�i�q�k�m�p u%q g f�hCq�vHs�d�f�h"! h	s�f�u@a>=(i�f�r�m!r�n�d�!%i�hCf�k�m�t�p�f g i�k�s�d�fIr�f�l�r�f�h f�k�s�m�s�i�q�k�t%!%m�p�p�q�w(i�k�j
5 s�m�s�f�h2s�q n�q�k�s�m�i�k q�s�d�f!r 5 s�m�s�f�h a@
(s�s�r�i�t���s�f%q�v s�d�i�h2q�t�
8f�n�s g f�v�i�k�f�h2s�d�f g f�n�q�uJl�q�h	i�s�i�q�k q�v s�d�f

h	s�m�s�fFaCbed�f 5 s�m�s�f u%m !It�f m�k6
 � � h	s�m�s�f'�Fw(d�f�k5s�d�f h	s�m�s�f�u%m�n�d�i�k�f n�q�k�s�m�i�k�f g w(i�s�d�i�k s�d�f 5 s�m�s�f

i�h�mCn�q�k�n'��r<r�f�k�s�h	s�m�s�fCu%m!n!d�i�k�fFa bed�f 5 s�m�s�fCi�h�m�k 
�::h	s�m�s�f'��w(d�f�k�s�d�fCh	s�m�s�fCu%m�n!d�i�k�fCn�q�k�s�m�i�k�f g

w(i�s�d�i�k>s�d�f 5 s�m�s�f5i�h(m5h	f	�2��f�k�s�i�m�peh	s�m�s�f5u%m�n�d�i�k�fFa 3 v s�d�f 5 s�m�s�f g q�f�h(k�q�sen�q�k�s�m�i�k>n�d�i�p g;5 s�m�s�f�h

s�d�f�k i�s i�h2h	l�f�n�i�v�i�f g m�hIm � � 
-8Gh	s�m�s�fFa 3 k � ��
"s�d�f�r�fJm�r<f%s�w(q ��i�k g h2q�v uJq g f�p�i�k�j>q�t�
 f�n�s�h��
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models m�k g atomsa � q g f�p�h m�r<f n�q�u%l�q���k g q�t�
8f�n�s�h s�d�m�s u%m ! n�q�k�s�m�i�k5q�s�d�f!r q�t�
8f�n�s�h a4
(s�q�u%h

m�r�f%m�s�q�u%i�n%q�t�
8f�n�s�h2s�d�m�s d�m'	�f%k�q i�k�s�f�r�k�m�p g f�n�q�u%l�q�h	i�s�i�q�k a 5 s�m�s�f�h2m�r�f%n�q�u%l�p�f�o?q�t�
8f�n�s w(i�s d

m�k�i�k�s�f�r�k�m�p g f!n�q�u%l�q�h	i�s�i�q�k�m�k g d�f�k�n!f 5 s�m�s�f�h�m�r<fCu%m�l�l�f g s�q � ��
 models.

3 k�m g�g i�s�i�q�kJs�qJh	s�m�s�f�h9i�k�mIv�i�k�i�s�f2h	s�m�s�f2u%m!n�d�i�k�fIr�f�l�r<f�h	f�k�s�m�s�i�q�k�� s�r�m�k�h	i�s�i�q�k�h g f!v�i�k�f2s�d�f

l�q�s�f�k�s�i�m�pCn�q�k g i�s�i�q�k�h�r�f	�2��i�r�f g v�q�rIs�d�f?h"! h	s�f�u s�q n�d�m�k�jBf?h	s�m�s�f�h�m�k g s�d�f g f�h	s�i�k�m�s�i�q�k h	s�m�s�fFa
� ���� �,��
�
�
�� q�t�
8f�n�s�h(i�k s�d�f5u%q g f�p�i�k�j f�k�	�i�r�q�k�u%f�k�sem�r�f>��h	f g s�q>u%q g f�pem5s�r�m�k�h	i�s�i�q�k>v�r�q�u q�kBf

u%q g f s�q m�k�q�s�d�f�r a bed�f5m�s�s�r�i�t���s�f�h q�v s�d�f5s�r�m�k�h	i�s�i�q�k>q�t�
8f�n�s g f!v�i�k�f s�d�f5s�r�i�j�jBf�r m�k g s�d�f%j2��m�r g

n�q�k g i�s�i�q�k a bed�f s�r�i�jBjBf!r m�k g j2��m�r g m�r<f � q�q�p�f!m!k"f�o�l�r�f�h	h	i�q�k�h a � d�f�k s�d�f�h	f � q�q�p�f�m�k

f�o�l�r�f�h	h	i�q�k�h�m�r�f?h	m�s�i�h	v�i�f g s�d�f?s�r�m�k�h	i�s�i�q�k\i�h�f�k�m�t�p�f g m�k g u%q g f?n�d�m�k�jBf?m!n�n!q�u%l�m�k�i�f g w(i�s�d

h"! h	s�f�u r<f�n�q�k�v�i�j2��r�m�s�i�q�k n!m�k s�m'��f l�p�m�n�fFa;ber<m�k�h	i�s�i�q�k�h m�r�f u%m�l�l�f g s�q � ��
 m�s�q�u*� m�h s�d�f !

d�m'	�f k�q i�k�s�f�r�k�m�p g f�n�q�u%l�q�h	i�s�i�q�k a beq g f�k�q�s�f m s�r�m�k�h	i�s�i�q�k t�f�s�w(f�f�k s�w(q 5 s�m�s�f�h s�w(q

n�q�k�k�f�n�s�i�q�k�h@d�m'	�f s�q�t�f u%m g f'�(q�k�f v�r�q�u-s�d�f h q���r�n�f 5 s�m�s�f s�q�m ber�m�k�h	i�s�i�q�k�q�t�
8f�n�s
�(m�k g

m�k�q�s�d�f�rev�r�q�u s�d�f(ber�m�k�h	i�s�i�q�k%q�t�
8f�n�s,s�q%s�d�f g f�h	s�i�k�m�s�i q�k 5 s�m�s�fFa � k�v�q�r�s
��k�m�s�f�p$! � ��
 g q�f�h k�q�s

h���l�l�q�r�s g i�r�f�n�s n�q�k�k�f�n�s t�f�s�w(f�f�k � �-
 u%q g f�p�h a � q�k�k�f�n�s�i�q�k i�k � ��
 n�m�kEt�f u%m g f q�k�p&!

t�f�s�w(f�f�k�m�s�q�u%hCq�rHl�q�r�s�h a � q�r�s�hCm�r�fIm�s�q�u%i�nIq�t�
8f�n�s3n�q�k�s�m�i�k�f g i�k�mIu%q g f�p m�k g ��h	f g m�hCmIp�i�k��

l�m�r�s8a�bed���h�� i�kJq�r g f�r s�qJf!k�m�t�p�f2s�r�m�k�h	i�s�i�q�kJn�q�k�k�f�n�s�i�q�k�h9t�f�s�w(f�f�k 5 s�m�s�f�h�� l�q�r�s3q�t�
8f�n�s�h9d�m'	�f2s�q

t�f i�k�h	f�r�s�f g i�k5s�d�f 5 s�m�s�fFa bed�f �  ������ � ���� �,��
�
�
�� 5q�t�
8f n�s m�k g s�d�f 
���s�l���s�ber�m�k�h	i�s�i�q�k5q�t�
8f�n�s d�m'	�f

t�f�f�k l�r�q�	�i g f g v�q�r5s�d�i�h>r�f�m�h	q�k a 5 q�u%f�s�i�u%f�h��Cs�r�m�kBh	i�s�i�q�k t�f�s�w(f�f�k s�w(q 5 s�m�s f�h>m�s g i�v�v�f�r�f�k�s

p�f'	�f�p�h�q�v s�d�fCd�i�f�r<m�r<n�d�!2d�m!h�s�q�t�fCh	l�f�n�i�v�i�f g a9bed�i�h�i�h�f�k�m�t�p�f g i�k�s�d�f � �-
�t�!2r<f�v�f�r<f�k�n�i�k�jIs�d�f


���s�l���s�ber�m�k�h	i�s�i�q�k q�t�
8f�n�s q�v�h	q���r�n�f 5 s�m�s�f q�r�s�d�f 3 k�l���s�ber�m�k�h	i�s�i�q�k q�t�
8f�n�s q�v�s�d�f g f�h	s�i�k�m�s�i�q�k
5 s�m�s�fFa � +
)'+ ��+' �.'+2i�h9m�k � ��
 u%q g f�p�i�k�j%m�r�s�i�v<m�n�s3s�d�m!s3i�h ��h	f g s�q%n�r�f�m�s�f2m2l�q�i�k�s�f�r -p�i
��f2p�i�k��Js�q

u%q g f�p�h�q�r�m�s�q�u%i�n�q�t�
8f�n�s�h a 3 k s�d�f�u%f�s�m�u%q g f�p�m r�f�v<f�r�f�k�n!f�i�h�r�f�l�r<f�h	f�k�s�f g m�h m�k m�h	h	q�n�i�m�s�i�q�k

n�p�m�h	h a 3 k s�d�f#8 5 � v�q�r�uJm�p�i�h	u*� s�d�f i�k�i�s�i�m�p h	s�m�s�f i�h g f�k�q�s�f g t�! g r<m�w(i�k�j@m�kEm�r�r�q�w w(i�s�d�q���s
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h	q���r�n�f;s�q m;h	s�m�s�fFa 3 k7s�d�f � ��
.s�f�n�d�k�q�p�q�j%! n�q�k�k�f�n�s�i�q�k�h w(i�s�d�q���s m;h	q���r�n�f:n�m�k�k�q�s t�f

specifie
g a bed�f�r�f!v�q�r�f'� m n�q�k�k�f�n�s�i�q�k i�h u%m g f v�r<q�u m�k InitialTransition q�t�
8f�n�s>s�q m�k

3 k�l���s�ber<m�k�h	i�s�i�q�k�l�q�r�s�q�v m 5 s�m�s�fCs�q g f�k�q�s�fCs�d�fCi�k�i�s�i�m�p�h	s�m�s�fFa
3 k m g�g i�s�i�q�k s�q h	s�m�s�f�hGm�k g s�r�m�k�h	i�s�i�q�k�h���s�d�f/8 5 � r�f�l�r�f�h f�k�s�m�s�i�q�k i�k�n�p
� g f�h\f'	�f�k�s�h a

bed�f�h	f�n�m�k t�f g i�r�f!n�s�p$!Jh	m!u%l�p�f g f�o�s�f�r�k�m�p�h	i�jBk�m�p�h�q�r�n�q�u%l�p�f�o n�q�u%l���s�m�s�i�q�k�m�p r�f�h���p�s�h a 3 k s�d�f

u%q g f�p�i�k�j:l�m�r<m g i�jBu Event q�t�
8f�n�s�h>n�m�l�s
��r�fEs�d�fEf 	�f�k�s�	�m�r�i�m�t�p�f�h a � 	�f�k�s�h m�r�fEu%m�l�l�f g s�q
� ��
�m�s�q�u%h a

bed�fCn�q�u%l���s�m�s�i�q�k�s�q t�f�f!o�f�n'��s�f g i�k�m�u%q g fCq�v q�l�f!r�m�s�i�q�k�i�h g f!v�i�k�f g t�!Im�h	h	q�n!i�m�s�i�k�j�m

u%q g f>w(i�s�dGm>n�q�u%l���s�m�s�i�qBk�m�p h	s�r���n�s
��r�fFa 3 kGs�d�f>u%q g f�p�i�k�jEf�k�	�i�r�q�k�u%f�k�s s�d�i�h%m�h	h	q�n�i�m�s�i�q�kGi�h

f�o�l�r�f�h	h	f g t�!%r<f�v�f!r�f�k�n�i�k�j�mIl�r�q�n�f�h	h	i�k�jJq�t�
8f�n�s ��g f�h n�r�i�t�f g p�m�s�f!r��Hi�k m 5 s�m�s�fFaJbed�fIr�f!v�f�r<f�k�n!f�h

m�p�p�q�w m h	i�k�jBp�f(n�q�u%l���s�m�s�i�q�k�m�p h	s�r���n�s
��r�f s�q5t�f m�l�l�p�i�f g s�q5m�k%!�k���u%t�f�r q�v u%q g f�h��Fq�r m�p�p�q�w m�p�p

u%q g f�h�s�q�d�m'	�fCh	f�l�m!r�m�s�f�n!q�u%l���s�m�s�i�q�k�m�p�h	s�r���n�s
��r�f�h a
3 k@m g�g i�s�i�q�k@s�q@s�d�f�m�t�q�	�f�q�t�
8f�n�s�h�m 5 s�m�s�f�u%m !>m�p�h q@n�q�k�s�m�i�k � q�k�h	s�r�m�i�k�s�q�t�
 f�n�s�h a 


n�q�k�h	s�r�m�i�k�s q�t�
8f�n�s i�h m�k:m!s�q�u%i�n q�t�
8f�n�s w(i�s�d:m s�f�o�s ��m�p m�s�s�r�i�t���s�f s�d�m�s i�h#��h	f g s�q:h	l�f�n�i�v ! m

n�q�k�h	s�r�m�i�k�s�f�o�l�r�f�h	h	i�q�k�i�k�s�d�fCn�q�k�h	s�r�m�i�k�s�p�m�k�j2��m!j�fCh	l�f�n�i�v�i�f g p�m�s�f!r a



60

� �������	� 
 ��� 
 
�������� � 
 ���
� ������
�����
���
 � 
 
������ ��� �������

State

� � � 
 ������������� � 
 ���
� � ��! � "������ � 
 ���

Transition
InitialTransition

1

-transitions 0..*

InputTransition

OutputTransition

1 -states 0..*

1

-inputTransition0..1

1

-outputTransition 1

1

-initial 0..1

Event

1

-localEvents0..*

StateReference
1

-stateHookup 0..1

StateHUReference

0..*0..*

-stateHURefs

EventReference

0..*0..*

-eventRefs

InputTransReference

0..*0..*

-inputTransRef

OutputTransReference

0..*0..*

-outputTransRef

��#�$ ��� ���	�	
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 ���
Constraint

ProcessingReference

0..*

0..1-procRef

1

-constraints 0..*

TransitionObjects TransitionConnection

-src 1

-dst

1
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ProcessingObjects

8 i�j2��r�f 4 y � f�s�m�u%q g f�p�q�v�q�l�f�r�m�s�i�q�k�m�p�t�f�d�m'	�i�q�r u%q g f�p�i�k�j
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� q�u%l���s�m�s�i�q�k�m�p 5 s�r���n�s
��r�f � q g f�p�i�k�j

bed�i�h:u%q g f�p�i�k�j n�m�s�f!jBq�r !�i�h ��h	f g s�q g f�h	n�r�i�t�f s�d�f7n�q�u%l���s�m�s�i�q�k�m�p h	s�r���n�s
��r�fFa 

g m�s�m�v�p�q�w r<f�l�r�f�h f�k�s�m�s�i�q�k w(i�s�d f�o�s�f�k�h	i�q�k�h2v�q�r d�i�f�r�m!r�n�d�! m�k g m�p�s�f�r�k�m�s�i
	�f�h2d�m�h2t�f�f�k h	f�p�f!n�s�f g

v�q�r�u%q g f�p�i�k�j n�q�u%l���s�m�s�i�q�k�m�p�h	s�r���n�s
��r�fFa bed�i�h@r<f!l�r�f�h	f�k�s�m�s�i�q�k g f�h n�r�i�t�f�h n!q�u%l���s�m�s�i�q�k�h@i�k

s�f�r�u%h7q�v:n�q�u%l���s�m�s�i�q�k�m�p l�r�q�n!f�h	h	f�h7m!k g s�d�f�i�r g m�s�m�i�k�s�f�r<m�n�s�i�q�k�h a beq u%m�k�m!jBf�h ! h	s�f�u

n�q�u%l�p�f�o�i�s$! � s�d�f?n�q�k�n�f�l�sCq�v2d�i�f!r�m�r<n�d�!Ei�h ��h	f g s�q h	s�r���n�s
��r�f?n�q�u%l���s�m�s�i�q�k g f�v�i�k�i�s�i�q�k a�bed�f

r�f�l�r�f�h f�k�s�m�s�i�q�k i�h f�o�s�f�k g f g s�q f�k�m�t�p�f�n�m�l�s
��r�i�k�j�f�o�l�p�i�n�i�s g f�h	i�jBk m�p�s�f�r�k�m�s�i
	�f�h aCbed�i�h f�o�s�f�k�h	i�q�k

m�p�p�q�w(h(m g f�h	i�jBk�f�r s�q>r<f�l�r<f�h	f�k�sef�o�s�r�f�u%f�p&! p�m!r<jBf%n�q�k�v�i�j2��r<m�s�i�q�k>h	l�m!n�f�h(i�k m5d�i�jBd�p&! u%q g ��p�m�r

m�k g h	n!m�p�m�t�p�f2uJm�k�k�f�r a>8 i�j2��r<f 5 i�p�p
��h	s�r�m�s�f�h9s�d�fIn�q�u%l���s�m�s�i�q�k�m�p3h	s�r���n�s
��r�fIu%q g f�p�i�k�jJm�h	l�f!n�s3q�v

s�d�f u%f�s�m�u%q g f�pEq�v:s�d�f u%q g f�p�i�k�j l�m!r�m g i�jBu@a b d�f g i�v�v�f!r�f�k�sEq�t�
8f�n�s�h m�k g s�d�f�i�r:i�k�s�f�r -

r�f�p�m�s�i�q�k�h	d�i�l�m�r�f g f�h	n�r�i�t�f g t�f�p�q�w�a

bed�fGn�q�u%l���s�m�s�i�q�k�m�p2h	s�r���n!s
��r�fGi�h u%q g f�p�f g w(i�s�dcs�d�fGv�q�p�p�q�w(i�k�jcn�p�m�h	h	f�h q�vJq�t�
8f�n�s�h y

Compounds� Primitives�Fm�k g Templatesa2bed�f�h	f(q�t�
8f�n�s�h r�f�l�r�f�h f�k�s,m(n�q�u%l���s�m�s�i�q�k�m�p,l�r�q�n�f�h	h

i�k m g m�s�m�v�p�q�w r�f�l�r�f�h	f�k�s�m�s�i�q�k a �����
��� �����
,cm�r�f ��h	f g s�q g f�v�i�k�f s�d�f i�k�s�f!r�v�m�n!f q�vGs�d�f�h	f

l�r�q�n�f�h	h	f�h�� s�d�r�q���jBd�w(d�i�n�d s�d�fIl�r�q�n�f�h	h	f�hCf�o�n�d�m�k�j�fIi�k�v�q�r�u%m�s�i�q�k a � m�s�m � q�r�s�h9m�r�fIh	l�f�n�i�m�p�i�x!f g

i�k�s�q �  �������� �����
,(s�d�m�s r�f�l�r�f�h	f�k�sei�k�l���s�h(s�q>m5n�q�u%l���s m�s�i�q�k�� q�r � ��� ������� �����
,(s�d�m ser�f�l�r�f�h	f�k�ses�d�f

q���s�l���s�h�v�r�q�u m�n�q�u%l���s�m�s i�q�k aJbed�f�m�s�s�r�i�t���s�f�h�q�v�s�dBf � m�s�m � q�r�s�q�t�
8f�n�s�h�n�d�m�r<m!n�s�f�r�i�x!f�s�d�f g m�s�m

s�d�m�sen�m�k>t�f5f�o�n�d�m�k�jBf g w2i�s�d>s�d�f5n�q�u%l�q�k�f�k�s8a;
(s�s�r�i t���s�f�h(h	l�f�n�i�v ! g m�s�m5s&! l�f'� g m�s�m5r�m�s�f'� g m�s�m

v�q�r�u%m�s
��m�k g�g m�s�mCh	i�x!fFa
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DataPorts

InputPorts OutputPorts
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-dataInputs 0..*

1

-dataOutputs 0..*
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 �
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Constraint

1

-constraints

0..*

ResourceReference
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-src

1

-dst

1

DataFlowConnection

1

-components

1..*

1

-alternatives

1..*

8 i�j2��r�f 5 y � f�s�m�u%q g f�p�q�v n!q�u%l���s�m�s�i�q�k�m�p�h	s�r���n�s
��r�fCu%q g f�p�i�k�j


 � r�i�u%i�s�i
	�f i�h(m5t�m�h	i�n5f�p f�u%f�k�ser�f�l�r�f�h f�k�s�i�k�j s�d�f5p�q�w(f�h	sep�f'	�f�peq�v l�r�q�n�f�h	h	i�k�j s�d�m�sei�h

u%q g f�p�f g a4
 � r�i�u%i�s�i
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f�i�s�d�f�rIm?d�m!r g w(m�r<f?u%m�n!r�q;q�rIm?h	q�v�s�w(m�r<f?v���k�n�s�i�q�k a � r�i�u%i�s�i
	�f?q�t�
8f�n�s�h�m�r�f?m�k�k�q�s�m�s�f g w(i�s�d

m�s�s�r�i�t���s�f�h a bed�f�h	f m�s�s�r�i�t���s�f�hcn�m�l�s
��r<f u%f!m�h���r�f g l�f�r�v�q�r�u%m�k�n�f'� r�f�h	q���r�n�f � u%f�u%q�r ! ��m!r�f!m'�

r�f	����i�r�f�u%f�k�s�h�� m�k g q�s�d�f�r ��h	f�r -g f!v�i�k�f g l�r�q�l�f�r�s�i�f�h a 5 l�f�n�i�v�i�n�m�p�p&! � � ���
+' �. �?m�s�s�r<i�t���s�f5n�m�l�s
��r�f�h

s�d�f5l�r�f -g f�s�f!r�u%i�k�f g p�m�s�f�k�n ! q�v s�d�f5l�r�i�u%i�s�i
	�f'� � ��+'� m�s�s�r�i�t���s�f5n�m�l�s
��r�f�h(s�d�f%jBm!s�f5n�q���k�sew(d�f�k

s�d�fCl�r�i�u%i�s�i
	�fCi�h�mCd�m!r g w(m!r�fCu%m!n�r�q���m�k g n�q g fCh	i�x!f�w(d�f�k�s�d�fCl�r�i�u%i�s�i
	�fCi�h�mCh q�v�s�w(m�r�f�u%q g ��p�f'�

m�k g � �����������������9m�s�s�r�i�t���s�f n�m�l�s
��r<f�hJs�d�f l�r<f -n�q�u%l%��s�f g\g m�s�m l�r�q�n�f�h	h	i�k�jGs�d�r<q���jBd�l���s9q�v2s�d�f

n�q�u%l�q�k�f�k�s8a bed�f ��. ��� ��� �<����+:m�k g � �
�
+��<����+:h	s�q�r�f:s�d�f:k�m�u%f m�k g s�d�f:p�q�n�m�s�i�q�k q�v s�d�f

u%q g ��p�f'�em�k g s�d�f � +',������".'+ � �'��+ m�s�s�r�i�t���s�f�h	l�f�n�i�v�i�f!h�s�d�f�i�u%l�p�f�u%f�k�s�m�s�i�q�k@s�f�n�d�k�q�p�q�j%! q�vCs�d�f

l�r�i�u%i�s�i
	�fCi8a fFa�: 3 5 � � ��� ��q�r � 5 � ��q�r�8 � ��
���q�r�
 5 3 � ��f�s�nFa


 � q�u%l�q���k g i�h m.n�q�u%l�q�h	i�s�f.q�t�
8f�n�s s�d�m�s u%m ! n�q�k�s�m�i�k � r�i�u%i�s�i
	�f�h�� q�s�d�f�r
� q�u%l�q���k g h��3m�k g ��q�r bef�uJl�p�m�s�f�h aBbed�f�h	f5q�t�
8f�n�s�h(n�m�k>t�f5n�q�k�k�f�n�s�f g w(i�s�d�i�k s�d�f5n�q�u%l�q���k g s�q
g f�v�i�k�f$s�d�f g m�s�m!v�p�q�w h	s�r ��n�s
��r�fFa � q�u%l�q���k g h�l�r�q�	�i g f$s�d�f$d�i�f�r�m�r<n�d�! i�kAs�d�f$h	s�r���n�s
��r�m�p

desn�r�i�l�s�i�q�k�s�d�m�s�i�h�k�f�n�f�h	h m�r !2v�q�r u%m�k�m!jBi�k�jIs�d�fCn�q�u%l�p�f�o�i�s$!(q�v p�m�r<j�f g f�h	i�jBk�h a


 g f�h	i�jBk m�p�s�f!r�k�m�s�i
	�f�i�h ��h	f g i�k s�d�f�u%q g f�p�i�k�j�l�r�q�n!f�h	h�s�q m�p�p�q�w�s�d�f�h	l�f�n�i�v�i�n�m!s�i�q�k q�v

u*��p�s�i�l�p�f5m�p�jBq�r�i�s�d�u ��m�r�n�d�i�s�f�n�s
��r�f%m�p�s�f�r�k�m�s�i
	�f�h(v�q�r m%jBi
	�f�k>l�r�q�n�f�h	h a bed�f5b f�uJl�p�m�s�f5q�t�
8f�n�sei�h

��h	f g s�q n�m�l�s
��r�f�s�d�f g f!h	i�jBk m�p�s�f�r�k�m�s�i
	�f�h a bef�uJl�p�m�s�f�h7d�m'	�f�m�w(f�p�p g f�v<i�k�f g i�k�s�f�r�v�m�n!f

r�f�l�r�f�h f�k�s�f g w(i�s�d s�d�f � q�r�s�h m�k g n�m�k n�q�k�s�m�i�k q�k�f q�r�u%q�r�f m�p�s�f�r�k�m�s�i
	�fFa bed�f!h	f m�p�s�f�r�k�m�s�i
	�f�h

n�m�k%t�f2f�i�s�d�f�r � q�u%l�q���k g h q�rebef�u%l�p�m�s�f�h q�r � r�i�u%i�s�i
	�f�h���s�d���h m�p�p�q�w(i�k�j5d�! t�r�i g d�i�f�r�m�r<n�d�i�f�h q�v

alternas�i
	�f�h m�k g h���t�h ! h	s�f!u%h a � d�f�k%m�p�s�f�r�k�m�s�i
	�f�h m�r�f���h	f g ��s�d�f(m�p�jBq�r�i�s�d�u h	s�r ��n�s
��r�m�p,u%q g f�p�h
g f�h	n�r�i�t�f m d���jBf k���u%t�f�r q�v l�q�s�f�k�s�i�m�p g f�h	i�jBk i�u%l�p�f�u%f�k�s�m�s�i�q�k�h a bedBf h	f�p�f�n�s�i�q�k#q�v

m�l�l�r�q�l�r�i�m�s�fJm�p�s�f�r�k�m�s�i
	�fJv<q�r g f�h	i�jBk i�u%l�p�f�u%f�k�s�m�s�i�q�k i�h2p�f�v�s s�q?s�d�f g f�h	i�jBk?h	l�m�n�fJf�o�l�p�q�r�m�s�i�q�k

m�k g h"! k�s�d�f�h	i�h�s�q�q�p8a
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� d�f�k i�u%l�p�f�u%f�k�s�i�k�j�m g f�h	i�jBk m7n�q�u%l���s�m�s�i�q�k u*��h	s t�f7u%m�l�l�f g s�q m l�d%! h	i�n�m�p

r�f�h	q���r�n!fFa2bed�f g f�h	i�jBk�f�r n!m�k%l�r�q�	�i g f(s�d�f(uJm�l�l�i�k�jJh	l�f�n�i�v�i�n�m�s�i�q�k�h t�! r<f�v<f�r�f�k�n�i�k�j%m(r<f�h	q���r�n!f

w(i�s�d�i�k m l�r�q�n!f�h	h	i�k�j q�t 
8f�n�s8a 3 s u*��h	s t�f k�q�s�f g s�d�m�s u%m�l�l�i�k�j h	l�f�n�i�v�i�n!m�s�i�q�k�hcm�r�f k�q�s

u%m�k g m�s�q�r !,a 
 g f�h	i�jBk�f!r;u%m !"p�f!m'	�f�s�d�f�h f ��k�h	l�f�n�i�v�i�f g � i�k w(d�i�n�d n!m�h	f s�d�f�r�f�h	q���r�n!f

m�p�p�q�n�m�s�i�q�k�i�hCn�q�k�h	i g f�r�f g m�k�q�s�d�f�r g i�u%f�k�h	i�q�k�q�vHs�d�f g f�h	i�jBk�h	l�m�n!fIv�p�f�o�i�t�i�p�i�s$!5m�k g i�hCr�f�h	q�p
	�f g

t%!2s�d�f g f�h	i�jBk�h	l�m�n�f�f�o�l�p�q�r�m�s�i�q�k�s�q�q�p8a

bed�f�l�r�q�n�f�h	h	i�k�j$q�t�
8f�n�s�h:u%m ! m�p�h	q�n�q�k�s�m�i�k � q�k�h	s�r�m�i�k�s q�t�
8f�n�s�h;s�q�f�o�l�r�f�h	h ��h	f�r -
g f�v�i�k�f g n�q�k�h	s�r<m�i�k�s�h�i�k�m�n�n!q�r g m�k�n�f�w(i�s�d�s�d�fCn�q�k�h	s�r�m�i�k�s�p�m�k�j2��m!j�fCh	l�f�n�i�v�i�n�m�s�i�q�k�h a

� o�f�n'��s�i�q�k<: f�h	q���r�n�f � q g f�p�i�k�j

bed�i�hEn�m�s�f!jBq�r !7u%q g f�p�hEs�d�f:r�f�h	q���r�n�f�hGm'	�m�i�p�m�t�p�f:v<q�r s�d�f:h ! h	s�f�u f�o�f�n'��s�i�q�k a bed�f

r�f�h	q���r�n!f�h;m�r<f�u%q g f�p�f g i�k�s�f�r�u%h;q�v@l�d�! h	i�n�m�p d�m�r g w(m!r�f7n�q�u%l�q�k�f�k�s�h;m�k g s�d�f�l�d%! h	i�n�m�p

n�q�k�k�f�n�s�i�q�k�h�m�u%q�k�jIs�d�f�u a 8 i�j2��r�f 6 h	d�q�w(h�s�d�fCr�f�h q���r�n�fCu%q g f�p�i�k�jIm�h	l�f�n�s�q�v�s�d�fCu%f�s�m�u%q g f�p

q�v s�d�fCu%q g f�p�i�k�jIl�m�r�m g i�j�u@a

bed�f�s�q�l -p�f'	�f�p q�t�
8f�n�s i�k m : f�h	q���r�n�f�u%q g f�p i�h;m Network q�v@n�q�u%l�q�k�f!k�s�h a 


�(f�s�w(q�r��Ju%m !%n�q�k�s�m�i�k y � � �(f�k�f!r�m�p -l���r�l�q�h f2l�r�q�n�f�h h	q�r f�p�f�u%f�k�s�h � h���n�d�m�h � 5 � h9q�r h	s�m�k g m�r g

: 3 5 � � � 3 5 � l�r�q�n�f�h	h	q�r�h�� r�f�l�r<f�h	f�k�s�f g t�! m
� ���%.'+',�,���� q�t�
8f!n�s � ��� � r�q�j�r<m�u%u%m�t�p�f p�q�jBi�n

n�q�u%l�q�k�f�k�s�h � h���n�dcm�h@8 � ��
(h��%r�f�l�r<f�h	f�k�s�f g t�! m � � 	 � q�t�
8f�n�s � ��� � f g i�n�m�s�f g d�m!r g w(m!r�f

n�q�u%l�q�k�f�k�s�h v�q�r v�i�o�f g v ��k�n�s�i�q�k�h � 
 5 3 � h�� r�f�l�r<f�h f�k�s�f g t%! m�k � � � 
"q�t�
8f�n�s � � � � f�u%q�r !
g f'	�i�n�f�h r<f�l�r�f�h f�k�s�f g t�!Im � + �����	�%q�t�
8f!n�s � � � 5 f�k�h	q�r�h s�d�m�s m�r�f�d�m�r g w2m�r�f m�n	����i�h	i�s�i�q�k g f'	�i�n�f�h

r�f�l�r�f�h f�k�s�f g t�! m ��+' �,�� � q�t�
8f�n�s �(m�k g�� �@
(n�s
��m�s�q�r�h v�q�r?d�m�r g w(m!r�f f!v�v�f!n�s�m�s�i�q�k$i�k�s�f�r�v�m�n�f

r�f�l�r�f�h f�k�s�f g t�! m�k � .'�
�%���
���@q�t�
8f�n�s8a �2f�s�w(q�r���h d�m'	�f;m d�i�f�r<m�r�n�d�i�n�m�p g f!n!q�u%l�q�h	i�s�i�q�k�i8a fFa

�(f�s�w(q�r���h�u%m !2n�q�k�s�m�i�k�q�s�d�f�r �(f�s�w(q�r���h a
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� �������	� 
 ���

 ���������
� 
 ���
Resource

����� ��� �����	
 ���������
� 
 ���
Constraint

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

PhysicalPort

1

-ports 0..*

1

1

PhysicalConnection

1

-constraints

0..*

Network

��� � �&����������� ')(*�&�+�$# ��� �������
� , % �&�	-.��������/+��# ��� �������
��0 ���!��� (1�$# ��� �&�����

Processor
��2)��354 ')(*���6�$# ��� �������
� , % ���	-.�������&/+�$# ��� �������
� 357 � � , ���������$# ��� �������

FPGA

ASIC

� �8
 9*�+�$# ��� �&�����
� : 
 /��
;��$# ��� �������

Memory

SensorActuator

1

-resources

1..*

8 i�j2��r�f 6 y � f�s�m�u%q g f�p�q�v f!o�f�n'��s�i�q�k�r�f�h	q���r�n�fCu%q g f�p�i�k�j

�(f�s�w(q�r���h m�k g n�q�u%l�q�k�f�k�s�h d�m'	�f(l�q�r�s�h a2bed�f�h	f(m�r�f(r�f�l�r�f�h f�k�s�f g w(i�s�d%m ��� ��,��
.'����� �����

obj f�n�s i�k s�d�f u%q g f�p�i k�j f�k�	�i�r�q�k�u%f�k�s8a 
 � d%! h	i�n!m�p � q�r�s r�f�l�r�f�h f�k�s�h m l�d%! h	i�n�m�p

n�q�u%u*��k�i�n�m�s�i�q�k l�q�r�s s�d�m�s�n�m�k t�f m�s�s�m�n�d�f g s�q m n�q�u%u*��k�i�n�m�s�i�q�k n�d�m�k�k�f�p8a b d�f m�s�s�r�i�t���s�f�h q�v

s�d�f � d%! h	i�n!m�p � q�r�s q�t�
8f�n�s g f�v�i�k�f s�d�fEh	l�f!n�i�v�i�n�h q�v s�d�f n�q�u%u*��k�i�n�m�s�i�q�k:l�r�q�s�q�n�q�p m�h	h	q�n�i�m�s�f g

w(i�s�d s�d�f"n�q�u%u*��k�i�n�m�s�i�q�k n�d�m�k�k�f�p8a � q�u%u*��k�i�n�m�s�i�q�k p�i�k���h$t�f�s�w(f�f�k n�q�u%l�q�k�f�k�s�h$m�r�f

r�f�l�r�f�h f�k�s�f g t�!2n�q�k�k�f�n�s�i�k�jIs�d�f � d�! h	i�n�m�p � q�r�s�h�q�v n�q�u%l�q�k�f�k�s�h a
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bed�f m�s�s�r�i�t���s�f�h q�v s�d�f n�q�uJl�q�k�f�k�s�h n�m�l�s
��r�f s�d�f i�k�d�f!r<f�k�s l�f�r�v�q�r�uJm�k�n�f(m�s�s�r�i�t���s�f q�v s�d�f

l�r�q�n�f�h	h	i�k�j�f�p�f�u%f�k�s8a�8 q�r f�o�m�u%l�p�f'� � r�q�n�f�h	h	q�r m�s�s�r�i�t���s�f�h i�k�n�p
� g f;l�r�q�n�f�h	h	q�r s$! l�f'�2n�p�q�n'�

h	l�f�f g �Hu%f�u%q�r !@m�k g q�s�d�f!r r�f�h	q���r�n!f�h ��8 � ��
 m�s�s�r�i�t%��s�f�h5i�k�n�p
� g f#8 � ��
 s$! l�f'��n�p�q�n'�Eh	l�f�f g �

m�k g s�d�f2l�r�q�jBr<m�u%u%m�t�p�fIj�m�s�f � p�q�jBi�n2t�p�q�n'�%� n�q���k�s � � f�u%q�r !%m�s�s�r�i�t���s�f�h9i�k�n�p
� g f2u%f�u%q�r !5h	i�x!f'�

m�k g u%f�u%q�r !%w(i g s�d a5bed�f�r�f�h	q���r<n�fIu%q g f�p�h�n�m�l�s
��r�f�s�d�f � as-t���i�p�s � s�q�l�q�p�q�j%!Jq�vHs�d�fIk�f�s�w(q�r��

q�v r�f�h	q���r<n�f�h a

� q�k�h	s�r�m�i�k�s � q g f�p�i�k�j

bed�f � q�k�h	s�r�m�i�k�s�q�t�
8f�n�s�h�u%f�k�s�i�q�k�f g f�m�r�p�i�f�r�d�m'	�f�m s�f�o�s�m�s�s�r�i�t���s�f�v�q�r�h	l�f�n�i�v�i�n�m�s�i�q�k q�v

n�q�k�h	s�r�m�i�k�s�h a � q�k�h	s�r�m�i�k�s�hIm�r�fJh	l�f!n�i�v�i�f g i�k?mJp�m�k�j2��m!jBfJs�d�m�sHi�hIm�k?f�o�s�f�k g f g h���t�h	f�sHq�v 
 � � a

bed�fIh	l�f�n�i�v�i�f g n�q�k�h	s�r�m�i�k�s�q�l�f�r�m�s�f�hCi�k�s�d�f�n�q�k�s�f�o�s q�vHs�d�fIq�t�
8f�n�s s�d�m�s n�q�k�s�m�i�k�h�s�d�f � q�k�h	s�r�m�i�k�s

q�t�
8f�n�s8a 
 n�q�k�h	s�r<m�i�k�s�f�o�l�r�f�h	h	i�q�k�n�m�k7r�f�v<f�r�s�q�s�d�f n�q�k�s�f�o�s�q�t�
8f�n�s�m�k g s�q7q�s�d�f�r�q�t�
8f�n�s�h

m�h	h	q�n�i�m�s�f g w(i�s�d�s�d�fCn�q�k�s�f!o�s�q�t�
8f�n�s�m�k g s�d�f�i�r l�r�q�l�f�r<s�i�f�h a bed�f�n�q�k�s�f�o�s�q�t�
8f�n�s n�m�k�t�f�r�f!v�f�r<r�f g

s�q\t%! s�d�f 
 � � ��f ! w(q�r g self a 
(h	h	q�n�i�m�s�f g q�t�
8f�n�s�hJn�m�k\t�f r�f�v<f�r�r<f g s�q\t%!Ek�m'	�i�j�m�s�i�q�k�� m�k


 � � n�q�k�n�f�l�s8a : q�p�f\k�m�u%f�h?m�r�f���h	f g s�q k�m'	�i�j�m�s�f\m�k g m�n�n!f�h	h?m�h	h	q�n�i�m�s�f g q�t�
8f�n�s�h a 8 q�r

f�o�m�u%l�p�f'��s�d�f f o�l�r�f�h	h	i�q�k # ����N � >�7���� � 	 f'	�m�p
��m�s�f�hGs�q s�d�f l�m�r�f�k�s%q�t�
8f�n�s5q�v>s�d�f n�q�k�s�f�o�s

objecs
��h	i�u%i�p�m�r�p$! # ����N � ! 6 � ��'���� � f'	�m�p
��m�s�f�h s�qcm\h	f�s2q�v%n�d�i�p g r�f�kcq�t�
8f!n�s2q�v%s�d�fGn�q�k�s�f�o�s

q�t�
8f�n�s8aGbed�f�v�q�p�p�q�w(i�k�j@m!h	h	q�n�i�m�s�i�q�k�h�m�r�f f�k�m�t�p�f g v<q�rCk�m'	�i�jBm�s�i�q�k@i�k s�d�f g f�r�i$	�f g n�q�k�h	s�r<m�i�k�s

language:

• parent – f'	�m�p
��m�s�f�h�s�q�s�d�f�l�m�r�f�k�s�q�v s�d�f�n�q�k�s�f�o�s�q�t�
8f�n�s�i�k�s�d�fCd�i�f�r�m�r<n�d�!,a

• children – f'	�m�p
��m�s�f�h9s�qJm(h	f�s3q�v n�d�i�p g r�f�kJq�t�
8f�n�s�h9q�v s�d�f2n�q�k�s�f�o�s,q�t�
8f�n�s3i�k%s�d�f2q�t�
8f�n�s

d�i�f�r�m�r<n�d�!,a � d�f�k%i�k�	�q���f g w(i�s�d%s�d�f(k�m�u%f(q�vem(n�d�i�p g m�h m�k%m�r�j2��uJf�k�s,s�d�f(f�o�lBr�f�h	h	i�q�k

f'	�m�p
��m�s�f�hCs�q�mIh	l�f!n�i�v�i�nIn�d�i�p g q�t�
8f�n�s fFa j3a ���������	�	
�����
����	�������	
�����
	����� f'	�m�p
��m�s�f�h
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s�q�m�k�q�t�
8f�n�s w(i�s�d�s�d�fIk�m!u%f childX n�q�k�s�m�i�k�f g i�k�s�d�fIn�q�k�s�f�o�s q�t�
8f�n�s8a5bed�f�u%q g f�p�i�k�j

f�k�	�i�r�q�k�u%f�k�s�f�k�v�q�r<n�f�h0��k�i ����fCk�m�u%f�h�v�q�r�m�p�p�q�t�
8f�n�s�h i�k�mCh	i�k�jBp�fCn�q�k�s�f�o�s8a

• project – f'	�m�p
��m�s�f�h s�q m�l�r�q�
8f�n�s q�t�
8f�n�s s�d�m�s i�h s�d�f�r�q�q�s n�q�k�s�m�i�k�f�r�q�v�m�p�p s�d�f�q�t�
8f�n�s�h i�k

s�d�fCh"! h	s�f�u�u%q g f�p8a

• resources – f'	�m�p
��m�s�f�h�s�q mCh	f�s�q�v r�f�h	q���r�n�fCq�t�
8f�n�s�h\n�q�k�s�m�i�k�f g i�k�s�d�fCh ! h	s�f�u u%q g f�p8a

• modes – f'	�m�p
��m�s�f�h�s�q�mCh	f!s�q�v s�d�fCq�l�f�r�m�s�i�q�k�m�p�u%q g f!h�q�v s�d�fCh"! h	s�f�u@a

• processes – f'	�m�p
��m�s�f�h�s�q mCh	f�s�q�v s�d�fCl�r�q�n�f�h	h	i�k�jIq�t 
8f�n�s�h�q�v s�d�fCh ! h	s�f�u


 n�q�k�h	s�r�m�i�k�s f�o�l�r�f�h	h	i�q�k n�m�k f�i�s�d�f�r f�o�l�r�f�h	h g i�r�f!n�ser�f�p�m�s�i�q�k>t�f�s�w(f!f�k>s�d�f%q�t�
8f�n�s�h(t�!

��h	i�k�j r�f�p�m�s�i�q�k�m�p�q�r�p�q�jBi�n!m�p�q�l�f�r�m�s�q�r�h�� q�r�f�o�l�r�f�h	h l�f�r�v�q�r�u%m�k�n�f@n�q�k�h	s�r<m�i�k�s�h t%!\h	l�f�n�i�v ! i�k�j

t�q���k g h q�	�f�r�q�t�
8f!n�s l�r�q�l�f!r�s�i�f�h a 
(t�
8f�n�s l�r�q�l�f�r�s�i�f�h n!m�k t�f�r<f�v<f�r�r<f g s�q i�k m�uJm!k�k�f�r�h	i�u%i�p�m�r�s�q

m�h	h	q�n�i�m�s�i�q�k�h a�bed�fEv�q�p�p�q�w(i�k�j;l�r�q�l�f�r�s&!;n�q�k�h	s�r���n�s�h m�r�fEf�k�m�t�p�f g i�k:s�d�f g f�r<i
	�f g n�q�k�h	s�r�m�i�k�s

p�m�k�j2��m!jBfCv�q�r f�o�l�r�f�h	h	i�q�k�q�v n�q�k�h	s�r�m�i�k�s�h y

• latency – f'	�m�p
��m�s�f�h�s�q�s�d�f�p�m�s�f�k�n !2m�s�s�r�i�t���s�fCq�v�mCl�r�q�n�f�h	h	i�k�jIq�t�
 f�n�s

• area – f'	�m�p
��m�s�f�h�s�q�s�d�f�m�r<f�mCm�s�s�r�i�t���s�fCq�v�mCl�r�q�n!f�h	h	i�k�jIq�t�
8f!n�s

• power – f'	�m�p
��m�s�f�h�s�q�s�d�f�l�q�w(f�r n�q�k�h���u%l�s�i�q�k�q�v m�l�r�q�n�f�h	h	i�k�jIq�t�
8f�n�s

• implementedBy – f'	�m�p
��m�s�f�h s�q$m�k�m�p�s�f�r�k�m�s�i
	�f q�v?m s�f�u%l�p�m�s�f l�r�q�n�f�h	h	i�k�j$q�t�
8f�n�s

h	f�p�f�n�s�f g v�q�r i�u%l�p�f�u%f�k�s�m�s�i�q�k

• assignedTo – f'	�m�p
��m�s�f�h s�q s�d�fEr�f�h	q���r�n�fEs�d�m�s(mEl�r�q�n�f�h	h	i�k�j:q�t�
8f�n�s(i�h>m�h	h	i�j�k�f g q�r

u%m�l�l�f g s�q a

bed�f�r�f@m�r<f@v�q���r�t�m�h	i�n@v�p�m 	�q�r�h q�v g f�h	i�jBk;n�q�k�h	s�r�m�i�k�s�h s�d�m�s�n�m�k;t�f@f o�l�r�f�h	h	f g i�k;s�d�f

u%q g f�p�i�k�j f�k�	�i�r�q�k�uJf�k�s ��h	i�k�j s�d�f g f�r�i
	�f g n!q�k�h	s�r�m�i�k�s p�m�k�j2��m!jBfFy � m'� n�q�u%l�q�h	i�s�i�q�k�m�p

n�q�k�h	s�r�m�i�k�s�h�� � t��>r�f�h	q���r<n�f n�q�k�h	s�r�m�i�k�s�h�� � n � l�f!r�v�q�r<u%m�k�n�f n�q�k�h	s�r�m�i�k�s�h��Im�k g ��g � q�l�f!r�m�s�i�q�k�m�p
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constraintsa � q�r�f�n�q�uJl�p�f�o n�q�k�h	s�r�m�i�k�s�h;n�m�k�t�f�f�o�l�r�f�h	h	f g t%! n�q�u%t�i�k�i�k�j$s�d�f�h	f�t�m�h	i�n

n�m�s�f!jBq�r�i�f�h�q�v n�q�k�h	s�r�m�i�k�s w(i�s�d�v�i�r�h	s�q�r g f�r p�q�jBi�nCn�q�k�k�f�n�s�i
	�f�h a

� q�u%l�q�h	i�s�i�q�k�m�p�n�q�k�h	s�r�m�i�k�s h
� q�u%l�q�h	i�s�i�q�k�m�p9n�q�k�h	s�r�m�i�k�s�hJm�r�f p�q�jBi�n?f�o�l�r�f�h	h	i�q�k�hJs�d�m�s9r�f�h	s�r�i�n�s9s�d�f?n�q�u%l�q�h	i�s�i�q�k\q�v

m�p�s�f�r�k�m�s�i
	�f n�q�u%l���s�m�s�i�q�k�m�p�t�p�q�n'��h a bed�f !Df�o�l�r<f�h	hAr�f�p�m�s�i�q�k�h	d�i�l�hAt�f�s�w(f�f�k m�p�s�f�r�k�m�s�i
	�f

i�u%l�p�f�u%f�k�s�m�s�i�q�k�h(q�v g i�v�v�f�r�f�k�sen�q�u%l�q�k�f�k�s�h a>bed�f�h	f5m�r�f5f�h	h	f�k�s�i�m�p�p$! n�q�u%l�m�s�i�t�i�p�i�s$! g i�r�f!n�s�i
	�f�h

m�k g m�r�f:h	i�u%i�p�m�r s�q s�d�f:s
! l�f f	����i
	�m�p�f�k�n!f:h	l�f�n�i�v�i�n�m�s�i�q�k�hEq�v m:s$! l�f:h"! h	s�f!u@a bed�f�r�f�v�q�r<f'�

n�q�u%l�q�h	i�s�i�q�k�m�p9n�q�k�h	s�r�m�i�k�s�hJm�r�f?m�p�h	q r�f�v<f�r�r<f g s�q m�hJs$! l�i�k�j\n�q�k�h	s�r�m�i�k�s�h a3bed�f?n�q�u%l�q�h	i�s�i�q�k�m�p

n�q�k�h	s�r�m�i�k�s�h?m�r�f\h	l�f�n�i�v�i�f g w(i�s�d s�d�f����0���
+ ��+' ��
+�� � �7l�r�q�l�f�r�s&! q�vJm\s�f�u%l�p�m�s�f\q�t�
8f�n�s8a 8 q�r

f�o�m�u%l�p�f'�

! + ��# 	���7 ��� 	 ! +=<�>�+ #�� 	 � + � 7�� �G� �

( sel f . chi l dr en( “ FFT” ) . ������������������������� �
# ����N � ! 6 � ��'���� �J�	�=W�W.X�
3� � ! 6 � ��'���� �J�	�=W�W.X ( [
��
3���
� <�>3� � � #
( sel f . chi l dr en( “ I FFT” ) . ������������������������� �
sel f . chi l dr en( “ I FFT” ) . chi l dr en( “ I FFT_HW” ) )

}

f�o�l�r�f�h	h	f�h5m n�q�u%l�m�s�i�t�i�p�i�s ! g i�r�f�n�s�i
	�f t�f�s�w2f�f�kEs�w(qGm�p�s�f�r�k�m�s�i
	�f l�r�q�n�f�h	h	i�k�j t�p�q�n'��h FFT m�k g

I FFT a bed�f n�q�u%l�q�h	i�s�i�q�k�m�p n�q�k�h	s�r�m�i�k�sEn�m�k m�p�h	q s�m'��f m�k i�u%l�f�r<m�s�i
	�f�v�q�r�u*� w(d�f�k s�d�f

���0���
+ ��+' ��
+�� � � prq�l�f�r�s&! q�v9mJs�f�u%l�p�m�s�fJq�t�
8f�n�sHi�h�m�h	h	i�jBk�f g s�q@mJl�m�r�s�i�n'��p�m!r9i�u%l�p�f�u%f�k�s�m�s�i�q�k

m�p�s�f�r�k�m�s�i
	�f>fFa j3a � # ����N � � <�>3���
<�� � 	���' 9�? � # ����N � ! 6 � ��'���� �J�	�=W�W.X ( [
��
3��� � s�d�f>n�q�k�h	s�r�m�i�k�s

i�h�f�o�l�r�f�h	h	f g i�k�n�q�k�s�f�o�s�q�v3s�d�f FFT s�f�u%l�p�m�s�fCq�t�
8f�n�s
� a
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: f�h	q���r�n�fCn�q�k�h	s�r�m�i�k�s�h

: f�h	q���r�n�f n�q�k�h	s�r�m�i�k�s�h r�f!p�m�s�f n�q�u%l���s�m�s�i�q�k�m�p t�p�q�n ��h s�qDr�f�h	q���r�n�f�h a bed�f!h	f m�r<f

t�m�h	i�n�m�p�p$!�m�h	h	i�jBk�uJf�k�s g i�r�f�n�s�i
	�f�h:s�d�m�s m�h	h	i�jBk m r<f�h	q���r�n�f7s�q m7l�r�q�n!f�h	h	i�k�j q�t�
8f�n�s8a-bed�f

r�f�h	q���r�n!f>n�q�k�h	s�r�m�i�k�s�h%m�r<f>h	l�f�n�i�v�i�f g w(i�s�dGs�d�f;��,�,����� �+�� � �Gl�r�q�l�f�r�s&!@q�v(m>l�r�q�n�f�h	h	i�k�jEq�t�
8f!n�s8a

8 q�rHf�o�m�u%l�p�f'� � # ����N � 7 #�#�� � � ��' X + � >3��+ � � ! 	 . r esour ces( “ FPGA_1” ) } i�hCm�k�i�u%l�f�r�m�s�i
	�f

r�f�h	q���r�n!f>n�q�k�h	s�r�m�i�k�s8a � q�r�f>n�q�u%l�p�f�o\r�f�h	q���r�n�f>n�q�k�h	s�r�m�i�k�s�h%u%m ! t�f>v�q�r�u%f g t%! n�q�u%t�i�k�i�k�j

r�f�h	q���r�n!fCm�k g n�q�u%l�q�h	i�s�i�q�k�m�p�n�q�k�h	s�r�m�i�k�s�h�fFa j3a

! + ��# 	���7 ��� 	 ��� # +���� ! � �G� �

���P# ����N � ! 6 � ��'���� �J�	�=W�W.X�
3� � � <�>3���
<�� � 	���' 9�?L�
sel f . chi l dr en( “ FFT” ) . chi l dr en( “ FFT_HW” ) )

i mpl i es

# ����N � ! 6 � ��'���� �J�	��D)W�W.X�
3� � � <�>3���
<�� � 	���' 9�?L�
sel f . chi l dr en( “ I FFT” ) . chi l dr en( “ I FFT_HW” ) )

and

( sel f . chi l dr en( “ FFT” ) . ����������������� � � >3��+ � � ! 	 � ��� # +���� ! � # �	�=W � A 8�( � 
3���
and

( sel f . chi l dr en( “ I FFT” ) . assignedTo � >3��+ � � ! 	 � ��� # +���� ! � # �	�=W � A 8�(�� 
3���
}

� f�r�v�q�r�u%m�k�n!f constraints

� f�r�v�q�r�u%m�k�n!fIn�q�k�h	s�r�m�i�k�s�hCf�o�l�r�f�h	hCk�q�k -v���k�n�s�i�q�k�m�p r�f	����i�r�f�u%f�k�s�hCs�d�m�s s�d�fIh"! k�s�d�f�h	i�x!f g

h"! h	s�f�u)u*��h	s2q�t�f !,a"bed�f�h	fGm!r�fGf�o�l�r�f�h	h	f g m�h t�q%��k g h q�	�f�r%s�d�f\n�q�u%l�q�h	i�s�fGl�r�q�l�f!r�s�i�f�h q�v

n�q�u%l���s�m�s�i�q�k�m�p t�p�q�n'��h a bed�f>v�q�p�p�q�w(i�k�jEl�f!r�v�q�r�u%m!k�n�f>m�s�s�r�i�t���s�f�hJd�m'	�f t�f�f�k\n�q�k�h	i g f�r�f g v�q�r

n�q�k�h	s�r�m�i�k�s�h	l�f�n�i�v�i�n!m�s�i�q�k a

o bei�u%i�k�j – f�o�l�r�f�h	h	f�h:f�k g -to-f�k g p�m�s�f�k�n !�n�q�k�h	s�r<m�i�k�s�h��Jh	l�f�n�i�v�i�f g q�	�f�r s�d�f

f�k�s�i�r�f5h"! h	s�f�u*� q�r u%m !�t�f%h	l�f�n�i�v�i�f g q�	�f�r m5h���t�h"! h	s�f�u fFa j3a �P# ����N � ��7�	�� �.!�?

R ��0 � . 

o 
(r�f�m – f�o�l�r�f�h	h	f�h7t�q���k g q�	�f�r;s�d�f�m�r<f�m�q�v;m h"! h	s�f�u q�r;m�h���t�h ! h	s�f�u
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�P# ����N � 7�����7 R � 05) aCbed�f�m�r�f!m�i�h g f�v�i�k�f g v�q�r�m�d�m�r g w(m!r�f�n�q�u%l�q�k�f!k�s s�q t�f

s�d�fCp�q�jBi�nCt�p�q�n'� n�q���k�s�m�k g v�q�r mCh	q�v�s�w2m�r�f�n�q�u%l�q�k�f�k�s�s�q�t�fCs�d�fCn�q g fCh	i�x!fFa  

o
� q�w(f�r – f�o�l�r�f�h	h	f�h?t�q���k g q�	�f�rJs�d�f\uJm�o�i�u*��u)l�q�w(f�rJn�q�k�h���u%l�s�i�q�k q�v�m

h"! h	s�f�u q�r�m h���t�h"! h	s�f�u f�a j3a ( sel f . chi l dr en( “ Mul t i pl i er _32” ) . po
/.���

R1� 0�0 � .


(l�f�r�m�s�i�q�k�m�p�n�q�k�h	s�r<m�i�k�s�h

bed�f�h	fIn�q�k�h	s�r<m�i�k�s�hCf�o�l�r�f�h	hCn�q�k g i�s�i�q�k�hCr�f�p�m�s�i�k�j g f�h	i�jBk�n�q�k�v�i�j2��r�m�s�i�q�k�hCs�q�q�l�f�r<m�s�i�q�k�m�p

u%q g f�h a � q g f -h	l�f�n�i�v�i�n g f�h	i�jBk r�f	����i�r�f�u%f�k�s�h��Jn!q�u%l�q�h	i�s�i�q�k l�r�f�v�f�r�f�k�n�f�h m�k g m�p�p�q�n�m�s�i�q�k

r�f�h	s�r�i�n�s�i�q�k�hIn�m�k?t�fJh	l�f!n�i�v<i�f g w(i�s�d?s�d�f�h	fJn�q�k�h	s�r�m�i�k�s�h aFbed�fJl�r�f'	�i�q���h	p$!>h	l�f!n�i�v�i�f g n�q�k�h	s�r�m�i�k�s�h

m�r�f(m�l�l�p�i�n�m�t�p�f(i�k%m�p�p,u%q g f�h q�veq�l�f�r�m�s�i�q�k a2bed�f(q�l�f�r�m�s�i�q�k�m�p,n�q�k�h	s�r�m�i�k�s�h n�q�k g i�s�i�q�k�m�p�i�x!f(s�d�f�h	f

n�q�k�h	s�r�m�i�k�s�h w(i�s�d m u%q g f q�v q�l�f�r�m�s�i�q�k fFa j3a � �P#
?�# 	.�
<��3+�'�� �G� �
>3��+ � � ! 	 � <3+�'�� # �	��X ���)< ��� 7�� X ��7 ! ; ��� � 
3���M� <�>3� � � # �P# ����N � ��7�	�� �.!�? R1� 0 ��� .

Conclusions

bed�i�h n�d�m�l�s�f!rcr<f'	�i�f�w(f g s�d�f ��f ! n�q�k�n�f�l�s�h$r�f	�%��i�r�f g i�k u%q g f�p�i�k�j u*��p�s�i -u%q g f�p

h	s�r���n�s
��r�m�p�p$! m g m�l�s�i
	�f n�q�u%l���s�i�k�j h"! h	s�f�u%hcm�k g g f�u%q�k�h	s�r�m�s�f g m�k i�k�h	s�m�k�s�i�m�s�i�q�k q�vGs�d�f�h	f

n�q�k�n�f�l�s�h i�k m�k � ��
 t�m�h	f g � q g f�p -3 k�s�f!jBr�m�s�f g � f�h	i�jBk � k�	�i�r�q�k�uJf�k�s8a 5 l�f�n�i�v�i�n�m�p�p$!2�

u%q g f�p�i�k�j%v�q�r�u%m�p�i�h	u%h9v�q�rHu%q g f�p�i�k�j%s�d�f2q�l�f�r�m�s�i�q�k�m!p3t�f�d�m'	�i�q�r�� u%q g f�p�i�k�j%s�d�fIn�q�u%l���s�m�s�i�q�k�m�p

h	s�r���n�s
��r�f'�\m�k g u%q g f�p�i�k�j s�d�f r�f�h	q���r�n�f�h w2f�r�f r�f'	�i�f�w(f g a 
(k i�k�h	s�m�k�s�i�m�s�i�q�k q�v7s�d�f�h	f

v�q�r�u%m�p�i�h	u%h�� f�o�s�f�k g f g s�q s�d�fIh	l�f�n�i�v�i�nIk�f!f g hCq�v � 5 
 � h"! h	s�f�u%h�� i�k s�d�f � �-
$t�m�h	f g � q g f�p
3 k�s�f!j�r�m�s�f g � k�	�i�r�q�k�u%f�k�sHw(m�h2h	l�f�n�i�v�i�f g m�h2m%u%f�s�m!u%q g f�p8a@
 n�q�k�h	s�r�m�i�k�s p�m�k�j2��m!j�f%f�o�s�f�k g f g

v�r�q�u m5h���t�h	f�seq�v�
 � �;d�m�h(t�f�f�k>l�r�f�h	f�k�s�f g v�q�r s�d�f5f�o�l�r�f�h	h	i�q�k>q�v ��h	f�r -g f�v�i�k�f g q�l�f�r�m�s�i�q�k�m�p

m�k g l�f�r�v�q�r�u%m�k�n!fCn�q�k�h	s�r�m�i�k�s�h a
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(k i�u%l�q�r�s�m�k�s n�q�k�s�r�i�t���s�i�q�k q�v s�d�i�h g i�h	h	f�r�s�m�s�i�q�k i�h i k u%q g f�p�i�k�j q�v g f�h	i�jBk h	l�m�n�f�h t�!

f�o�l�p�i�n�i�s u%q g f�p�i�k�j q�v m�p�s�f�r<k�m�s�i
	�f�h a bed�f g m�s�m�v�p�q�w u%q g f�p�i�k�j v�q�r�u%m�p�i�h	u w(m�h f!o�s�f�k g f g w(i�s�d5m

s�f�u%l�p�m�s�fJq�t�
8f�n�s
� s�d�m�s g f�v<i�k�f�hIm�k?i�k�s�f!r�v�m!n�f�m�p�q�k�j?w(i�s�d?u*��p�s�i�l�p�fJl�q�s�f�k�s�i�m�pHi�u%l�p�f�u%f�k�s�m�s�i�q�k�h

q�vHmIv���k�n�s�i�q�k�m�p�i�s$!,a5bef�u%l�p�m�s�f�hCn�m�k�t�f?��h	f g s�q�n�m�l�s$��r�fIm�p�jBq�r�i�s�d�uAm�p�s�f�r�k�m�s�i
	�f!h�� m�r�n�d�i�s�f�n�s
��r<m�p

m�p�s�f�r�k�m�s�i
	�f�h��Em�k g s�f�n�d�k�q�p�q�j%! m�p�s�f�r�k�m�s�i
	�f�h a � i�s d s�f�u%l�p�m�s�f�h$i�s i�h l�q�h	h	i t�p�f"s�q n�r�f�m�s�f

m�l�l�p�i�n�m�s�i�q�k g f�h	i�jBk�h s�d�m�sGm�r�f k�q�sEh	l�f�n�i�v�i�n�m�p�p&!As�i�f g s�q m�k�!"l�m�r�s�i�n'��p�m!r:m�r<n�d�i�s�f�n�s
��r�f'�?q�r

s�f�n�d�k�q�p�q�j%! ��s�d���h f�k�m�t�p�i�k�j s�d�f i�h	h���f q�v m�l�l�p�i�n!m�s�i�q�k5m�k g s�f!n�d�k�q�p�q�j%!�f'	�q�p
��s�i�q�k��Fm�s p�f!m�h	s v�r�q�u

m h"! h	s�f�u i�k�s�f!j�r�m�s�i�q�k l�f�r�h	l�f�n�s�i
	�fFa bed�f g f�h	i�jBk h	l�m!n�f�h n�r�f!m�s�f g t%! n�m�l�s
��r�i�k�j

n�d�m�r�m!n�s�f�r�i�h	s�i�n�m�p�p&! g i�v�v�f!r�f!k�s g f�h	i�jBk\m�p�s�f�r�k�m�s�i
	�f�h�� jBi$	�f�hJs�d�f f�k�	�i�r�q�k�u%f�k�s9m�k g s�d�f g f�h	i�jBk�f�r��

s�d�f\v�r�f�f g q�u s�q f�o�l�p�q�r�f\m�k g h	f�m�r�n�d v�q�rJs�d�f � t�f�h s � g f�h	i�jBk s�d�m�sIh	m�s�i�h	v�i�f�h?m\jBi
	�f�k h	f�sIq�v

n�q�k�h	s�r�m�i�k�s�h a 
�s�q�q�p�v�q�r f�o�l�p�q�r�i�k�jIs�d�f�h	f g f�h	i�jBk�h	l�m�n!f�h�i�h g i�h	n'��h	h	f g i�k�s�d�fCk�f�o�s�n�d�m�l�s�f�r a
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� =�
 � b � : 3 �

� 
 � 5 b : 
 3 �(b � 
 5 � � � � 5 3 � � 5 � 
 � � � � � � 
�: 
(b 3 
 N

bed�f�q�t�
8f�n�s�i
	�f q�v g f�h	i�jBk h	l�m�n�f f�o�l�p�q�r�m�s�i�q�k v�q�r�h ! h s�f�u h"! k�s�d�f�h	i�h�i�h�s�q v�i�k g m h	i�k�jBp�f
g f�h	i�jBk�� q�rHm2h f�s3q�v g f�h	i�jBk�h9v�r�q�u"s�d�f g f�h	i�jBk�h	l�m�n!f2s�d�m�s3h	m�s�i�h	v�i�f�h9s�d�f2h ! h	s�f�uAn!q�k�h	s�r�m�i�k�s�h9m�k g

u%m�o�i�u%i x!f�h � u%i�k�i�u5i�x!f�h�� m�k q�t�
8f�n�s�i
	�f � n�q�h	s
�>v���k�n!s�i�q�k a bed�f f�o�m�n�s%f�o�l�p�q�r m�s�i�q�k h	s�r�m�s�f�j%!
g f�l�f�k g h ��l�q�k s�d�f�h ! k�s�d�f!h	i�h�q�t�
8f�n�s�i
	�f�h�m�k g s�d�f�k�m!s
��r�f�q�v�s�d�f g f�h	i�jBk h	l�m�n!f i�k s�f�r�u%h�q�v�s�d�f
g i�u%f�k�h	i�q�k�m�p�i�s$!5q�vHs�d�fIh	l�m!n�f'� n�q�k�s�i�k���i�s$!%q�vHs�d�fIh	l�m�n!f'� m�k g q�s�d�f�r g f�v�i�k�i�k�jJn�d�m!r�m�n�s�f!r�i�h	s�i�n�hCq�v

s�d�f g f�h	i�jBk:h	l�m�n!fFa 3 k j�f�k�f�r�m�p
�Cs�d�f g f�h	i�jBk:h	l�m�n�fEf�o�l�p�q�r�m�s�i�q�k:u%f�s�d�q g h n�m!k:t�f l�r�i�u%m�r�i�p&!

jBr�q���l�f g i�k�s�q>s�w(q>n�m�s�f!jBq�r�i�f�h y�m'� f�o�d�m'��h	s�i
	�f5h	f�m!r�n!d>t�m�h	f g � m�k g t�� d�f'��r�i�h	s�i�n!h(t�m�h	f g a 5 q�u%f

r�f�l�r�f�h f�k�s�m�s�i
	�f m�l�l�r�q�m�n�d�f!h v�r�q�u f�m�n�d$n!m�s�f!jBq�r ! w(f�r�f r<f'	�i�f�w2f g i�k � d�m�l�s�f�r � a 3 s�w(m�h

q�t�h	f�r�	�f g s�d�m�s�w(d�f�k g f�h	i�j�k�h	l�m�n�f�h�m!r�fCp�m!r<jBfCk�q�k�fCq�v s�d�fCr�f'	�i�f!w(f g u%f�s�d�q g h�i�h�f�v�v�f!n�s�i
	�fFa
� f�s�m�l�d�q�r�i�n�m�p�p&! �Fh	f�m!r�n�d�i�k�j v�q�rem h	i�k�jBp�f g f�h	i�jBk5i�k5m(p�m�r�j�f g f�h	i�jBk5h	l�m�n!f i�h m'��i�k5s�q5s�d�f

l�r�q�	�f�r�t�i�m�p � k�f�f g p�fIi�kJm2d�m !5h	s�m�n'� � � m�k g s�d�fIn�q�u%l�p�f�o�i�s$! q�vHh	f�m!r�n�dJi�kJh���n�d g f�h	i�jBkJh	l�m�n�f�h9i�h
g q�u%i�k�m�s�f g t�!2s�d�f�h	i�x!fCq�v�s�d�f g f�h	i�jBk�h	l�m!n�fFa9bed�i�h g i�h	h	f�r�s�m�s�i�q�k g f'	�f�p�q�l�h�mCk�q�	�f�p�m�l�l�r�q�m�n�d s�q

s�d�f g f�h	i�jBk h	l�m�n�f5f�o�l�p�q�r�m!s�i�q�k i�k p�m�r<jBf g f�h	i�jBk h	l�m�n!f�h a bed�f�r�f5m!r�f5s�w(q n�q�r�f%n�q�k�n�f�l�s�h i�k>s�d�f
g f'	�f�p�q�l�f g m�l�l�r�q�m�n�d y

a)
� r�q�jBr<f�h	h	i
	�fCl�r���k�i�k�jIq�v s�d�f g f�h	i�jBk�h	l�m�n!fCt�!2n�q�k�h	s�r�m!i�k�s�h	m�s�i�h	v�m�n�s�i�q�k���m�k g

b)
5 ! u%t�q�p�i�nCuJf�s�d�q g h�v�q�r n�q�k�h	s�r�m�i�k�s�h	m�s�i�h	v�m�n�s�i�q�k

bed�f�u%m�i�k@i g f�m�t�f�d�i�k g l�r<q�jBr<f�h	h	i
	�f�l�r���k�i�k�j?i�h�s�q@m'	�q�i g m�h	i�k�jBp�f�h	s�m!jBf�h	f�m!r�n!d@i�k@m

p�m�r�j�f g f�h	i�jBk5h	l�m�n�fFa 3 k�h	s�f!m g �Fs�d�f g f�h	i�jBk5h	l�m�n!f i�h i�s f�r�m�s�i
	�f�p&!Il�r���k�f g s�d�r�q���jBd5s�d�f m�l�l�p�i�n�m�s�i�q�k

q�v n�q�k�h	s�r�m�i�k�s�h a�bed�fIj�r�m�k%��p�m�r�i�s$!5q�v s�d�f2n�q�k�h	s�r�m�i�k�s�hCi�h9l�r�q�jBr<f�h	h	i
	�f�p&!5i�u%l�r�q�	�f g a 3 kJs�d�f2f�m!r�p&!

h	s�m�jBf�h q�v g f�h	i�jBk h	l�m�n!f l�r���k�i�k�j2��w(d�f�k s�d�f g f!h	i�jBk h	l�m!n�f7i�h f�o�s�r�f�u%f�p$!�p�m�r<jBf'��n�q�m�r�h f -
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granul m�r�i�s&!5n�q�k�h	s�r<m�i�k�s�h9m�r<f2m�l�l�p�i�f g a 3 k�h���t�h	f	����f�k�s h	s�m�j�f�h�� w(d�f�kJs�d�f g f�h	i�jBk�h	l�m�n�f2i�h9u*��n�d

h	u%m�p�p�f�r v�i�k�f -jBr�m�k���p�m�r�i�s$! n�q�k�h	s�r�m�i�k�s�h m�r�f m�l�l�p�i�f g a bed�i�h s�f�n�d�k�i ����f i�h�t�m�h	f g q�k s�d�f

m�h	h���u%l�s�i�q�k s�d�m�s:n�q�m�r�h	f -j�r�m�k���p�m�r�i�s&! n�q�k�h	s�r�m�i�k�s�h n�m�k t�f f�m�h	i�p&! f'	�m�p
��m�s�f g m�k g m v�m�h	s

constrai k�s,h	m�s�i�h	v�m�n�s�i�q�k%l�r�q�n�f g ��r�f2n�m�k%t�f g f'	�f�p�q�l�f g v�q�reh	m�s�i�h	v ! i�k�j5n�q�m!r�h	f(n�q�k�h	s�r�m�i�k�s�h a bed�f

fine-jBr�m�k���p�m�r�i�s&! n�q�k�h	s�r�m�i�k�s�h���q�k s�d�f%q�s�d�f�r d�m�k g dBm'	�f%s�q t�f%f'	�m�p
��m�s�f g t�! mJu%q�r�f%i�k�s�f�k�h	i
	�f

n�q�k�h	s�r�m�i�k�sCh	m�s�i�h	v�m�n�s�i�q�k l�r<q�n�f g ��r�f@h���n�d;m�h�l�f�r<v�q�r<u%m�k�n�f?h	i�u*��p�m�s�i�q�k q�rIf�uJt�f g�g f g s�f�h	s�i�k�j3a

8 i�j2��r�f 7 i�p�p
��h	s�r�m�s�f�h�s�d�fCi g f�mCq�v g f�h	i�jBk�h	l�m�n�f�f�o�l�p�q�r�m�s�i�q�k�t%!2l�r�q�j�r�f�h	h	i
	�fCl�r���k�i�k�j3a

���������	��

�������	�����
���������������	�������������������	�������~1010 Options

 �!#"%$	&#')()*
Constraint
Satisfaction

~100- +�,#,	,.-0/#1 ()&	243 High-57698	6 '
Simulation

:7�������7�	���������;���4�	�

Constraints

:7�����	
<�������������;�	���	�

Estimation
5- +�,.-0/#1 ()&	243

Low-Level
(Device)
Simulation

Embedded
Testing

=�> !?3@()*BAC'
Measurements

1- D�-0/#1 ()&	243

���������	��

�������	�����
���������������	�������������������	�������~1010 Options

 �!#"%$	&#')()*
Constraint
Satisfaction

~100- +�,#,	,.-0/#1 ()&	243 High-57698	6 '
Simulation

:7�������7�	���������;���4�	�

Constraints

:7�����	
<�������������;�	���	�

Estimation
5- +�,.-0/#1 ()&	243

Low-Level
(Device)
Simulation

Embedded
Testing

=�> !?3@()*BAC'
Measurements

1- D�-0/#1 ()&	243

8 i�j2��r�f 7 y � r�q�jBr<f�h	h	i
	�f g f�h i�jBk�h	l�m�n!fCl�r���k�i�k�j

� d�i�p�f m h	i�k�jBp�f n�q�m�r�h	f -j�r�m�k���p�m�r�i�s&! n�q�k�h	s�r�m�i�k�s u%m'!;t�f f�m�h ! s�q:f'	�m�p
��m�s�f m!jBm�i�k�h	s m

h	i�k�jBp�f g f�h	i�jBk�� 	�f�r�i�v ! i�k�j m�p�pHs�d�f g f�h	i�jBk�hIm�j�m�i�k�h	sHmJn�q�m�r�h	f -jBr�m�k���p�m�r�i�s$!>n�q�k�h	s�r<m�i�k�sHi�k?mJp�m�r�jBf
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g f�h	i�jBk@h	l�m�n�f n�m�k@h	s�i�p�p�t�f d�i�jBd�p&! n�q�u%l���s�f -i�k�s�f�k�h	i
	�fFaGbed�i�h�n�q�u%l�p�f�o�i�s$! i�h�i�k�d�f�r�f�k�s g ��f s�q

s�d�f�f�k���u%f�r<m�s�i�q�k@q�vCm�k f!o�l�q�k�f�k�s�i�m�p�p$!>p�m!r<jBf g f�h	i�j�k@h	l�m�n�fFa\beq@q�	�f!r�n�q�u%f s�d�i�h�n�d�m�p�p�f�k�jBf m

h"! u%t�q�p�i�n n�q�k�h	s�r�m�i�k�s h	m�s�i�h	v�m�n�s�i�q�k u%f�s�d�q g w(m�h g f'	�f�p�q�l�f g a bed�f d�i�jBd�p�i�jBd�s q�v�s�d�f h"! u%t�q�p�i�n

n�q�k�h	s�r�m�i�k�s h	m�s�i�h	v�m�n�s�i�q�k uJf�s�d�q g i�h s�d�f�m�t�i�p�i�s$!Is�q6���%��� �*.'�� �,��������
 ��
, �
�6����+ +' ��
����+ ��+',����� 6, ����.'+

� �
��������� +' �����+ �����
�
 �� i�k g i
	�i g ��m�p g f�h	i�jBk�h a 5 ! uJt�q�p�i�n�m�k�m�p&! h	i�h7u%f�s�d�q g h r�f�l�r�f�h f�k�s s�d�f

l�r�q�t�p�f�u g q�u%m�i�k%i�u%l�p�i�n�i�s�p$!5m�h u%m�s�d�f�u%m�s�i�n!m�p,v�q�r�u*��p�m�f(m�k g s�d�f(q�l�f�r�m�s�i�q�k�h q%	�f�res�d�f g q�u%m�i�k

m�r�f�l�f�r�v�q�r�u%f g t�!Jh ! u%t�q�p�i�n�u%m�k�i�l���p�m�s�i�q�k q�v�u%m�s�d�f�u%m�s�i�n�m�p�v�q�r�u*��p�m�fFa : f!n�f!k�s�p$! �,h ! u%t�q�p�i�n

m�k�m�p&! h	i�hJu%f�s�d�q g hJt�m�h	f g q�k

(r g f�r�f g � i�k�m�r ! � f�n�i�h	i�q�k � i�m�jBr�m�u%h � 
 � � � � [39][40] d�m'	�f

v�q���k g u*��n�d h���n�n�f�h	h i�k h	q�p
	�i�k�j�m�p�m�r<jBf�k���u%t�f�r�q�v l�r�q�t�p�f�u%h i�k g i�jBi�s�m�p h"! h	s�f!u g f�h	i�jBk���v�i�k�i�s�f

h	s�m�s�f h"! h	s�f�u m�k�m�p&! h	i�h�� n�q�u%t�i�k�m�s�q�r�i�m�p q�l�s�i�u5i�x!m�s�i�q�k�� m�r�s�i�v�i�n�i�m�p i�kBs�f�p�p�i�jBf�k�n!f'� m�k g

mathematicap�p�q�jBi�n [41] aGbed�f�h	f�h"! u%t�q�p�i�n�m�k�m�p&! h i�h�u%f�s�d�q g h�f�u%l�p�q%! � q�q�p�f�m�k@m�p�jBf�t�r<m�m�h

s�d�f ��k g f�r�p&! i�k�j:u%m�s�d�f�u%m!s�i�n�m�p(v�q�r�u%m�p�i�h	u@a bed�fGh"! uJt�q�p�i�nEn�q�k�h	s�r<m�i�k�s(h	m�s�i�h	v<m�n�s�i�q�k u%f�s�d�q g

g f'	�f�p�q�l�f g i�kJs�d�i�h g i�h	h	f�r�s�m�s�i�q�kJi�h9t�m�h	f g q�k 
 � � � h a 
 � � � h9m�r<f2t�m�h	i�n�m�p�p&!%m g m�s�m2h	s�r���n�s
��r�f

v�q�r9h"! u%t�q�p�i�n�m�p�p&!>r�f�l�r�f�h	f!k�s�i�k�j � q�q�p�f!m�k?v���k�n�s�i�q�k�h a 
"l�q�w(f�r�v���pHh���i�s�fJq�v9jBr<m�l�d?m�p�jBq�r�i�s�d�u%h

m�n�n�q�u%l�m�k�i�f�h s�d�f 
 � � � g m�s�m h	s�r���n�s
��r<f'� m�k g l�r�q�	�i g f�h v�q�r�v<m�h	s h ! u%t�q�p�i�n u%m�k�i�l���p�m�s�i�q�k q�v
� q�q�p�f�m�k v���k�n�s�i�q�k�h a 
 � � � h�m�r�f�v���r�s�d�f�r g f�h	n�r�i�t�f g i�k<
(l�l�f�k g i�o � a

Thf r�f�h	s q�v s�d�i�h n�d�m�l�s�f�r g f�h	n�r�i�t�f�h i�k g f�s�m�i�p s�d�f@h"! u%t�q�p�i�n n�q�k�h	s�r�m�i�k�s h	m�s�i�h	v�m�n�s�i�q�k

u%f�s�d�q g m�k g m g f�h	i�jBk h	l�m!n�fJf�o�l�p�q�r�m�s�i�q�k s�q�q�p s�d�m�s f�k�m�t�p�f�h2i�k�s�f!r�m�n�s�i
	�fJm�k g i�s�f�r�m�s�i
	�f g f�h	i�jBk

h	l�m�n�fCf�o�l�p�q�r�m�s�i�q�k�s�d�r�q���j�d�h"! u%t�q�p�i�nCn�q�k�h	s�r�m�i�k�s�h	m�s�i�h	v�m�n�s�i�q�k a

5 ! u%t�q�p�i�n � q�k�h	s�r�m�i�k�s 5 m�s�i�h	v action

bed�f h"! u%t�q�p�i�n n�q�k�h	s�r�m�i�k�s h	m�s�i�h	v�m�n�s�i�q�k l�r�q�t�p�f�u n�q�k�h	i g f�r�f g d�f!r�f i�hcm v�i�k�i�s�f h	f�s

u%m�k�i�l���p�m�s�i�q�k l�r�q�t�p�f�u@a;bed�f g f�h	i�jBk h	l�m�n�f v�q�r � 5 
 � h"! h	s�f�u%h�� m�h5n�m�kEt�f h	f�f�kEv�r�q�u s�d�f
g f�v�i�k�i�s�i�q�kJi�k � d�m�l�s�f�r ��� i�h9m2v�i�k�i�s�f2h	f�s3s�d�m�s3i�h9l�r�i�u%m�r�i�p$!%m2n�r�q�h	h9l�r�q g ��n�s3q�vHu%q g f2h	l�m�n�fIm�k g
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n�q�k�v�i�j2��r�m�s�i�q�kch	l�m!n�fFa"b d�fGu%q g fGh	l�m!n�f\m�k g n�q�k�v�i�j2��r<m�s�i�q�kch	l�m�n!fGi�kcs
��r�k m�r�f\v�i�k�i�s�fGh	f�s�h

n�q�u%l�q�h	f g q�v s�d�f�i�r r�f�h	l�f�n�s�i
	�fcn�q�k�h	s�i�s
��f�k�sJf�p�f�u%f!k�s�h a � q�k�h	s�r�m�i�k�s�h\m�r�fcr�f�p�m�s�i�q�k�h\i�k s�d�i�h

l�r�q g ��n�sEh	l�m�n�fFa � q�k�h	s�r�m�i�k�sEh	m�s�i�h	v�m�n�s�i�q�k i�h r�f�h	s r�i�n�s�i�q�k q�v:s�d�f g f�h	i�jBk h	l�m�n�f w(i�s�d s�d�f

n�q�k�h	s�r�m�i�k�s�h a bed�i�h�n�m�k�t�f�h���u%u%m�r�i�x!f g m�h�v�q�p�p�q�w(h y

• CM × –
g f�h	i�jBk�h	l�m!n�f

• ( )cmO , – n�q�k�h	s�r�m�i�k�s�h

• ( ) ( ) ( ) ( ){ }cmOcmCcMmcmCM r ,,,,, ∈∈∈=× – n�q�k�h	s�r�m�i�k�s�h	m�s�i�h	v�m�n�s�i�q�k
5 q�p
	�i�k�j%s�d�i�h9v�i�k�i�s�f2h f�s3u%m!k�i�l���p�m�s�i�q�kJl�r�q�t�p�f�u"h ! u%t�q�p�i�n�m�p�p$!%r�f	����i�r<f�h9s�d�fIh	q�p
��s�i�q�kJq�v

s�w(q<��f !2l�r�q�t�p�f�u%h y

1.
5 ! u%t�q�p�i�n�r�f�l�r<f�h	f�k�s�m�s�i�q�k q�v g f�h	i�jBk�h	l�m�n!f'��m�k g

2.
5 ! u%t�q�p�i�n�r�f�l�r<f�h	f�k�s�m�s�i�q�k q�v g f�h	i�jBk n�q�k�h	s�r�m�i�k�s�h a
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U5V�WTX�Y+Z [ \K]�^�_`[ a�b�U>c�d�\�^Ke�^�c�f ^(_`^�b�g d�g [ Y�b

R	
h)�45%('�6#M

Composing

U5V�WTX�Y+Z [ \Ki�Y�b�_`g f d�[ b�gje�^�c�f ^�_`^�b�g d�g [ Y�b

8 i�j2��r�f 8 y 5 ! u%t�q�p�i�n � q�k�h s�r�m�i�k�s 5 m�s�i�h	v�m�n�s�i�q�k
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bed�f h"! u%t�q�p�i�n n�q�k�h	s�r�m�i�k�s h	m�s�i�h	v�m�n�s�i�q�k$i�h h	i�u%l�p$! s�d�f p�q�jBi�n�m�p�n�q�k�
 ��k�n�s�i�q�k�q�v?s�d�f

h"! u%t�q�p�i�n r<f�l�r�f�h f�k�s�m�s�i�q�k$q�v g f�h	i�jBk$h	l�m�n�f�w(i�s�d�s�d�f h"! u%t�q�p�i�n�r�f�l�r<f�h	f�k�s�m!s�i�q�k$q�v g f�h	i�jBk

n�q�k�h	s�r�m�i�k�s�h a(8 i�j2��r<f 8 i�p�p
��h	s�r�m�s�f�hGh"! u%t�q�p�i�n n�q�k�h s�r�m�i�k�s%h	m�s�i�h	v�m�n�s�i�q�k a bed�fck�f�o�s%h	f�n�s�i�q�k�h
g f�h	n�r�i�t�f\s�d�f\h ! u%t�q�p�i�n\r<f�l�r�f�h	f�k�s�m�s�i�q�k q�v g f�h	i�jBk�h	l�m�n�f'� m�k g h ! u%t�q�p�i�n\r<f!l�r�f�h	f�k�s�m�s�i�q�k q�v

constraints.

5 ! u%t�q�p�i�n1: f�l�r�f�h	f�k�s�m�s�i�q�k�q�v � f�h	i�jBk 5 l�m�n�f

bed�f���f ! s�q f�o�l�p�q�i�s�s�d�f�l�q�w(f�rCq�vCh ! u%t�q�p�i�n � q�q�p�f!m�k@u%m�k�i�l���p�m�s�i�q�k@i�h�s�q f�o�l�r�f�h	h�m

l�r�q�t�p�f�u i�k5m(v�q�r�u w(d�f�r�f(m�p�p q�v s�d�f(q�t�
8f�n�s�h m�r�f(r�f�l�r�f�h	f�k�s�f g m�h � q�q�p�f�m�k%v���k�n!s�i�q�k�h [40] a � !

i�k�s�r�q g ��n�i�k�j m t�i�k�m!r !�f�k�n!q g i�k�j q�v s�d�f f�p�f�u%f�k�s�h i�k>m v�i�k�i�s�f h	f�s m�p�p q�l�f�r�m�s�i�q�k�h i�k�	�q�p
	�i�k�j s�d�f

h	f�s3m�k g i�s�h9h���t�h	f�s�hCn�m�k�t�fIr�f�l�r<f�h	f�k�s�f g m�h � q�q�p�f!m�k�v���k�n�s�i�q�k�h a � q�k�h	i g f�rHmIv�i�k�i�s�f2h	f�s D a<
2k

f�p�f�u%f�k�s Dd ∈ n�m�k t�f ��k�i ����f�p$!Af�k�n�q g f g m�h7m 	�f�n�s�q�r;q�v n t�i�k�m�r ! 	�m�p
��f�h��?w(d�f�r�f
� �

Dn 2log= a bed�f\f�k�n�q g i�k�jci�h g f�k�q�s�f g t%! m\v���k�n�s�i�q�k { }nD 1,0: →σ � u5m�l�l�i�k�jcf�m!n�d

f�p�f�u%f�k�s�q�v D s�q�m g i�h	s�i�k�n�s n -t�i�s�t�i�k�m�r ! 	�f�n�s�q�r a bed�f v���k�n�s�i�q�k ( ) ( )∏
≤≤

⊕=
ni

ii dvdf
1

σ �

w(d�f�r�f nivi ≤≤1: m�r�f � q�q�p�f�m�k;	�m�r�i�m�t�p�f�h�� ( )diσ i�h s�d�f i -s�d t�i�s i�k s�d�f f�k�n�q g i�k�j2� m�k g s�d�f

l�r�q g ��n�s�q�l�f�r<m�s�q�r g f�k�q�s�f�h p�q�jBi�n�m�p n�q�k�
 ��k�n�s�i�q�k���r�f�l�r<f�h	f�k�s�h�s�d�fCf�p�f�uJf�k�s Dd ∈ h"! u%t�q�p�i�n�m�p�p$!,a

bed�f:h	f�s D u%m !�t�f:h ! u%t�q�p�i�n�m�p�p$!�r<f�l�r�f�h f�k�s�f g m�h ( )
�

Dd

df
∈∀

�Iw(d�f�r�f:s�d�f ��k�i�q�k q�l�f�r�m!s�q�r

g f�k�q�s�f�h�p�q�jBi�n!m�p g i�h 
 ��k�n�s�i q�k aJbed�i�h�v�q�r�u%h�s�d�f�jBf�k�f�r�m�p�m�l�l�r�q�m!n�d s�q�w(m�r g h�r�f�l�r�f�h	f�k�s�i�k�j�v�i�k�i�s�f

h	f�s�hIh"! u%t�q�p�i�n�m�p�p&!,a 
"v�i�o�f g -p�f�k�jBs�d?f�k�n�q g i�k�j h	n�d�f!u%fJd�m�hIt�f�f�k@��h	f g m�t�q�	�f�s�q?f�k�n�q g fJs�d�f

f�p�f�u%f�k�s�hIq�v9s�d�fJh	f�s8a =(q�w(f'	�f�r�� w(d�f�k?h	f�s�hIm�r�fJd�i�f!r�m�r�n�d�i�n�m�p�p&!>n�q�u%l�q�h	f g m�	�m�r�i�m�t�p�fJp�f�k�jBs�d

prefix-t�m�h	f g f�k�n�q g i�k�jIh n!d�f�u%fCu%m !2t�fCl�r<f�v<f�r�m�t�p�fFa
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3 k\q�r g f!r(s�qGr�f�l�r�f�h	f�k�s s�d�f g f�h	i�jBk\h	l�m�n!f>h ! u%t�q�p�i�n�m!p�p$! ��s�d�f f�p�f�u%f�k�s�h%q�v(s�d�f g f�h	i�jBk

h	l�m�n�f5d�m g s�q>t�f%f�k�n�q g f g m�h(t�i�k�m�r !�	�f�n�s�q�r�h a;
(k>f!k�n�q g i�k�j h	n�d�f�u%f5w(m�h g f'	�f�p�q�l�f g m�v�s�f!r m

n�m�r�f!v���pEm�k�m�p&! h	i�h q�v:s�d�f l�r�q�t�p�f�u g q�u%m�i�k��?s�m'��i�k�j i�k�s�q n�q�k�h	i g f�r�m�s�i�q�k s�d�f d�i�f�r�m�r<n�d�i�n�m�p

h	s�r���n�s
��r�f(q�ves�d�f g f�h	i�jBk%h	l�m�n�fFa2bed�f(n�d�q�i�n!f(q�vef�k�n�q g i�k�j5h	n�d�f�u%f(d�m�h m(h	s�r<q�k�j%i�u%l�m�n�s,q�k%s�d�f

h	n�m�p�m�t�i�p�i�s$! q�v@s�d�f�h ! u%t�q�p�i�n�u%m�k�i�l���p�m�s�i�q�k�m�p�jBq�r�i�s�d�u%h [40][41] a bed�f g f�h	i�jBk�h	l�m�n!f�m�h

u%f�k�s�i�q�k�f g f�m�r�p�i�f!r i�h(m%l�r<q g ��n�seq�v s�d�f5u%q g f5h	l�m�n!f%m�k g s�d�f%n�q�k�v�i�j2��r�m�s�i�q�k>h l�m�n�fFa bed�f5s�w(q

h	l�m�n�f�hCn!m�k�t�fIf�k�n�q g f g h	f�l�m�r�m�s�f�p$!Jm�k g r�f�l�r<f�h	f�k�s�f g h"! u%t�q�p�i�n!m�p�p$!Jm�k g s�d�f g f�h	i�jBk�h	l�m!n�fIn�m!k

t�f5h"! u%t�q�p�i�n�m�p�p&! n�q�u%l�q�h	f g a>bed�f5v�q�p�p�q�w(i�k�j h	f�n�s�i�q�k�h g f�h	n�r�i�t�f5s�d�f5f�k�n�q g i�k�j m�k g h ! u%t�q�p�i�n

r�f�l�r�f�h f�k�s�m�s�i�q�k�q�v s�d�fCs�w(q h	l�m�n�f�h a

� k�n�q g i�k�j�m�k g h ! u%t�q�p�i�n�r<f�l�r�f�h	f�k�s�m�s�i�q�k�q�v s�d�fCu%q g fCh	l�m�n�f

bed�f u%q g f h	l�m!n�f n!m�l�s
��r<f�h@s�d�f t�f�d�m'	�i�q�r�q�v�s�d�f;h"! h	s�f�u-m�k g i�h n�q�k�h	s�r���n�s�f g m�h@m

=(i�f�r�m�r<n�d�i�n�m�p � m!r�m�p�p�f�p-8 i�k�i�s�f 5 s�m�s�f � m�n�d�i�k�f � = � 8 5 � �5m�h g f�h	n!r�i�t�f g i�k � d�m�l�s�f�r � a bed�f

h	s�r���n�s
��r�f>q�v2m;= � 8 5 � n!m�kGt�f>h	d�q�w(k\m�h%m�k 
 � � -OR-� � 
-8 s�r�f!fFa 3 kGs�d�i�h%s�r�f�f>s�d�f>p�f!m�v

k�q g f�h(r�f�l�r�f�h	f�k�s s�d�f � � 
-8 -h	s�m�s�f�h2q�v s�d�f%h ! h	s�f�u m�k g s�d�f5i�k�s�f�r�u%f g i�m�s�f5k�q g f�h2r�f�l�r<f�h	f�k�ses�d�f

AND-h	s�m�s�f�h%m�k g 
�: -h	s�m�s�f�h acbed�f g i�h	s�i�k�n�s�i�q�kGt�f�s w(f�f�kGm�k 
 � � -h	s�m�s�f>m�k g m�k 
�: -h	s�m�s�f>i�h

u%m g f�t%!?��h	i�k�j<	�i�h���m�p�p$! g i�v�v�f�r�f�k�s t�r<m�k�n�d�i�k�j�h	d�m�l�f�h a18 i�j2��r�f 9 t�f�p�q�w g f�l�i�n�s�h m = � 8 5 � m�k g

i�s�h�h	s�r���n�s
��r�fCi�k�m�k<
 � � -OR-� � 
�8�s�r<f�fCr<f�l�r<f�h	f�k�s�m�s�i�q�k a
� k�p�i
��fCmCv�i�k�i�s�fCh	s�m�s�fCu%m�n!d�i�k�f'��w(d�f�r<fCm�h ! h	s�f�u�i�h�i�k�mCh	i�k�jBp�fCh	s�m�s�f�m�s�m�k�!IjBi
	�f�k�l�q�i�k�s

q�v s�i�u%f'�9s�d�f n'��r�r�f�k�s h	s�m�s�f q�v s�d�f h ! h	s�f�u/i�k:m = � 8 5 � i�h m n�q�k�v�i�j2��r<m�s�i�q�k:q�v h	s�m�s�f�h s�d�m�s

i�k�n�p
� g f�h f�o�m�n�s�p$!?q�k�f h���t -h	s�m�s�f q�v�m�k�
�: -h	s�m�s�f m�k g m�p�p h���t -h	s�m�s�f�h q�v�m�k 
 � � -h	s�m�s�fFa bed�f

h	s�m�s�f n�q�k�v�i�j2��r<m�s�i�q�k h	d�q���p g k�q�sGt�f n�q�k�v���h f g w(i�s�d s�d�f h"! h	s�f�u n�q�k�v�i�j���r�m�s�i�q�k�h i�k s�d�f

n�q�k�v�i�j2��r�m�s�i�q�kJh	l�m�n�fFa<
 h	s�m�s�f2n�q�k�v�i�j2��r�m�s�i�q�kJi�h9f�h	h	f�k�s�i�m�p�p$! m2w2f�p�p -v�q�r�u%f g l�m�s�dJi�kJs�d�f�
 � � -

OR-� � 
�8;s�r�f!f r�f�l�r<f�h	f�k�s�m�s�i�q�k q�v�s�d�f h	s�m�s�f u%m�n�d�i k�f v�r�q�u s�d�f r�q�q�s s�q p�f�m�v � p�f�m'	�f�h���i�k s�d�f
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s�r�f�fFa1
 w(f�p�p -v�q�r�u%f g l�m�s�d5q�r�i�jBi�k�m�s�f�h v�r�q�u s�d�f r�q�q�s m�k g n�q�k�h	i�h	s�h q�v�m4��k�i ����f�s�r�m�i�p t�r�m�k�n�d�i�k�j

v�r�q�u m�k�
�: -k�q g f m�k g u*��p�s�i�l�p�f h	i�u*�Bp�s�m�k�f�q���h s�r�m�i�p�h t�r�m�k�n�d�i�k�j@v�r�q�u m�k 
 � � -k�q g fFa 8 q�r

f�o�m�u%l�p�f'� �"5 � 5 ��� 5 � ��� 5 � ����� 5 ����� 5 ����� 5 �������5i�h�m w(f�p�p -v�q�r�u%f g l�m�s�d�� m�k g h	q i�h �"5 � 5 � �
5 �����%i�k 8 i�j2��r�f 9 h	d�q�w(kEm�t�q�	�fFa:bed�f t�m�h	i�n jBq�m�p q�v s�d�f f�k�n�q g i�k�j h	n�d�f�uJf i�h5s�qEm�h	h	i�jBkEm
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r�f	����i�r�f g s�q�i g f�k�s�i�v !2n�d�q�i�n!f�h�u%m g fCw(d�f�k s�r�m'	�f!r�h	i�k�j�f�m�n�d�q�v s�d�f�h	fCs�r�m�i�p�h�i�k g f�l�f�k g f�k�s�p$!,a
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F�GIH�J�G	K�G	L�M�N�L�O�P�N�L�G	Q�J�Q�J�N�M�R�S"G	M�N�T�T	U�L�K�M�J�Q�N�L�M�K
V�W�XZY�[	\�]�^_[	`�`1a�b�[	^	Wc`�a X	\�X	d�e�X	fgW1X	a�X_a X	h�]�X	\ib�dc[Z\�^	[	h�[	Y�h�X_\kj>l?Y�b�h�]�^_mnb�b�h�X	[	d

a�X	`�a�X	\�X	d�e�[	e�]�b�d&b�oph�]�d�X	[	ap[#a�]�e�W�l?X	e�]�^.^	b�d�\�e�a�[	]�d�e�\'b�ope+W�X.o�b�a�l
mba +++≥ qκ rts W�X	a�X κ ]+\

[�^	b�d�\�e�[	d�e�[	d�f
mba ,,, u [	a�X�d�b�d

-
d�X	v�[	e�]�w�X�]�d�e�X#v�X	a)w1[	a�]�[	Y�h�X#\yx?z{d2e�W�X�o�b�h�h�b s ]�d�v&\�X	^	e�]�b�d2[	d

[	`�`�a�b�[	^	W|o�b�a6\kj>l?Y�b�h�]�^	[	h�h�j<a�X	`1a�X	\�X	d�e�]�d1vBh�]�d�X	[	a"[	a�]�e�W�l?X	e�]�^=^	b�d�\�e�a�[	]�d�e�\*b�o6e�W�X=o�b�a�l}\�W�b s d
[	Y�b�w�X�]�\�`�a�X	\�X#d�e�X	f�x�~�[	`1`�a�b�[	^	W�`�a X	\�X	d�e�X	f�Y1X	h�b s�s [	\�b�a�]�v�]�d�[	h�h�j.f1X	w�X	h�b�`�X	fD]�d

[43].

��]�a�\�e�h�X	e
naaaa �21= r nbbbb �21= r ncccc �21= r Y�X���d�\�]�v�d1X	f

n -
Y�]�e�Y�]�d�[	aIj

a�X	`�a�X	\�X	d�e�[	e�]�b�d@b�o�e�W�a�X#X�d�b�d
-
d�X#v�[	e�]�w�X�]�d�e�X	v�X	a�w�[#a�]�[	Y�h�X	\ r�s ]�e�W�X	[	^	W�b�o

ia r ib r ic
[	\|[

mnb�b�h�X	[	d=w�[	a�]�[	Y�h�X�x2V�W�X�h�]�d�X	[	a�[	a�]�e�W�l?X	e�]�^D^	b�d�\�e�a�[	]�d1e
bac +=

b�w�X	a�e�W�X	\�X�w1[	a�]�[	Y�h�X	\6^#[#d�Y�X

a�X	`�a�X	\�X	d�e�X	f2[	\�[�mnb�b�h�X#[	d�o���d�^	e�]�b�d2]�d2e�W�X�o�b�h�h�b s ]�d�v&l?[	d�d�X#akx*�"X	o�]�d�X ( )kcr0

[	d�f ( )kcr1
[	\

e�W�X�`�a�X	f�]�^	[	e�X	\�o�b�a�e�W�XE^	[	a a j
-
Y�]�e�o�a�b�l

nknk bbaa �� +
Y�X	]�d�v��D[	d�f��'a�X	\�`�X	^	e�]�w�X	hCj�x�V�W1X	d r
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( ) ( ) ( ) ( ) ( )�� �
≤∧∧∧+∨∧∧∨⊕∧∧+
>

=
nkcbakcrcbacbakcr

nk
kcr

kkkkkkkkk 11

1

10
0

(22)

and,

( ) ( ) ( ) ( ) ( )�� �
≤∧∧∨⊕∧∧+∨∧∧∧+
>

=
nkcbacbakcrcbakcr

nk
kcr

kkkkkkkkk 11

0

10
1

(23)

V�W�X�o���d�^	e�]�b�d ( )10crf sum =
a�X	`�a�X	\�X	d�e�\:e�W�X�h�]�d�X	[	a<[	a�]�e�W�l?X	e�]�^�^	b�d�\�e�a�[	]�d�e

bac +=
[	\:[

mnb�b�h�X	[	d-o���d1^	e�]�b�d�xBV�W�X&\�]��#X&b�o'e�W�X��"mn�"�Za�X	`�a�X#\�X	d�e�]�d�v
f
]�\�\�W�b s d-e�b9Y�X

n10≤
]�d

[43]

s W�X	d�e�W�X�w�[	a�]�[	Y�h�X	\E[	a�X�b1a�f�X	a�X	f�W�]�v�W�X	\�e Y�]�e o�]�a�\�e [#d�f�]�d�e�X	a�h�X	[	w�X	f
kkk bac ,,
[	e X	[	^	W�Y�]�e e�W���\yx

V�W���\ r e�W�X�a�X	`�a X	\�X	d�e�[	e�]�b�d ]�\|W�]�v�W�h�j@\�^	[	h�[	Y�h�X�x VpW�X�h�]�d�X	[	a9[	a�]�e�W�l?X	e�]�^�^	b�d1\�e�a�[	]�d�e?^	[	d�Y�X
X��1e�X	d�f�X	fie�bil?b�a�X w1[	a�]�[#Y�h�X	\�Y�j���\�]�d1v e�X	l?`�b�a [	a j w1[	a�]�[	Y�h�X	\yx ��b�a<X��1[	l?`�h�X r e�W�X h�]�d�X#[	a
[	a�]�e�W�l?X	e�]�^�^	b�d�\�e�a�[	]�d�e

cbadC ++=:
^	[	d�Y�X�a�X	`�a�X	\�X	d�e�X	f�[	\|e s b�\�X	`�[	a�[	e�X�^	b�d�\�e�a [	]�d�e�\

batempC +=:1

[	d�f
ctempdC +=:2

x 	 X	e
nttttemp �21= r

1Cf
Y�X e�W�X mnb�b�h�X#[	d

o���d�^	e�]�b�d a�X	`�a X	\�X	d�e�]�d1v
1C r [	d�f

2Cf
Y�Xge�W�Xcmnb�b�h�X	[	d o���d�^	e�]�b�d a�X	`�a X	\�X	d�e�]�d1v

2C r e�W�X	d

( )
nitCCC

i

fff
≤≤∃

∧=
1:21

a�X	`�a X	\�X	d�e�\
C

x"z e�\�W�b���h�f*Y�X"d�b�e�X	f*e�W�[	e�e�W1X	a�X"l?[ j�Y1X"[	d*b�w�X#a�o�h�b s ]�d

a�X	`�a�X	\�X	d�e�]�d�v�e�W�X6[	a�]�e�W�l?X	e�]�^E\���l<xEz{dDb�a�f�X#a e�bD[	w�b�]�fDe�W�XEb�w�X	a�o�h�b s"r X#[	^	W
n -

Y�]�etw�[	a�]�[	Y�h�XEl?��\�e

Y�X=X��1e�X	d�f�X	fA[	d�fAa X	`�a�X	\�X#d�e�X	fA[	\ 
 �
vNn 2log+ -

Y�]�end���l?Y�X	a r)s W�X	a�X
vN

]�\*e�W�X=d���l?Y�X	a6b�o

w�[	a�]�[	Y�h�X	\i]�dge�W�XZ\���l<x
���1`�X	a�]�l?X	d�e�[	h�a�X	\���h�e�\i]+d�f�]�^	[	e�XZe�W�[	e�e�W�XZ\�]��#XZb�o e�W�X��"mn�"�

a�X	`�a�X	\�X	d�e�]�d�v*e�W1X"^	b�l?`�h�X	e�X"h�]�d�X	[	ap[	a�]�e�W�l?X	e�]�^"^	b�d�\�e�a [	]�d�e�]�\ ( )ρ
vnNO r�s W�X	a�X

n
]�\�e�W�X"d���l*Y�X	a

b�o2Y�]�e�\<]�d e�W�X�Y�]�d�[	a j a�X#`�a�X	\�X	d�e�[	e�]�b�d�b�o2X	[#^	W�d�b�d
-
d�X#v�[	e�]�w�X�]�d�e�X#v�X	a2w�[#a�]�[#Y�h�X r vN

]�\<e�W�X

d���l?Y�X	a�b�o�d�b�d
-
d1X#v�[	e�]�w�X�]�d�e�X	v�X	a�w�[#a�]�[	Y�h�X	\ r [	d�f ρ ]�\�[�^	b�d�\�e�[	d�e�\���^	W�e�W�[	e

21 ≤≤ ρ .
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�"X��1e9^	b�d�\�]�f�X	a|h�]�d�X	[	a|[	a ]�e�W�l?X	e�]�^�^	b�d�\�e�a�[	]�d�e9b�o|e�W�X�o�b�a�l
ba ≥

x V�W�]�\ ^	[	d Y�X
a�X	`�a�X	\�X	d�e�X	f_\kj>l?Y�b�h�]�^	[	h�h�jZ[#\�[%mnb�b�h�X	[	d4o���d�^	e�]�b�d_]�d_e�W�X%o�b�h�h�b s ]�d�v_l?[	d�d�X	akx �.X	o�]�d�X

`�a�X	f�]�^	[	e�X ( )keq
e�bAf�X	d�b�e�X�X����1[	h�]�e�j<b�o"e s b

1+− kn
Y�]�end���l?Y�X	a \

nknkk bbaaa �� =+1 r
[	d�f ( )kgt

e�b�f�X	d�b�e�X
nknkk bbaaa �� >+1

x�V�W�X	d r

( ) ( )�� �
≤+∧⊕
>

=
nkkeqba
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keq

kk 1

1
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and,

( ) ( )�� �
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>

=
nkbakgtba
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kkkk 1

0
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V�W�X9o���d1^	e�]�b�d ( ) ( )11 gteqf ge ∨=
a X	`�a�X	\�X	d�e�\&e�W�X9^	b�d�\�e�a [	]�d�e

ba ≥
[	\&[-mnb1b�h�X	[	d;o���d1^	e�]�b�d�x

V�W�X.\�]��#X.b�ope�W�X �"mn�"� a�X#`�a�X	\�X	d�e�]�d1v
f

^	[	d&Y�X.\�W�b s d&e�b&Y�X
n10≤

xDz{d&e�W�X.[	Y�b�w�X.m�b�b�h�X	[	d

a�X	`�a�X	\�X	d�e�[	e�]�b�d r a
^	[	d�Y�X�\��1Y�\�e�]�e���e�X	f s ]�e�W�[�^	b�d�\�e�[	d�e�[	d�f�e�W�X�\�]��#X�b�o�e�W�X�a X	\���h�e�]�d�v �.mn�"��]�\

X	w�X	d*\�l?[	h�h�X	akx"V�W�X6b�w1X	a�[	h�h�h�]�d�X	[	a [	a�]�e�W�l?X	e�]�^"^	b�d�\�e�a [	]�d�e�b�o e�W�X6o�b1a�l
mba +++≥ �κ r ^	[	d

Y�X a X	`�a�X	\�X	d�e�X	f \kj�l?Y�b�h�]�^	[	h�h�j Y�j o�b�a l?]�d�v mnb�b�h�X	[	d a�X	`1a X	\�X	d�e�[	e�]�b�d b�o

mbatempC +++= �:1

[	d�f
tempC ≥κ:2

\�X	`�[	a�[	e�X	h�j9[	d�f-e�W�X#d-e�[���]�d�v9e�W1X&^	b�d��I��d�^	e�]�b�d

b�o e�W�X e s b r [	d�f �1��[	d�e�]�o j>]�d1v e�W1X Y�]�d�[#a j w�[	a�]�[	Y�h�X	\ a�X#`�a�X	\�X	d�e�]�d�v
temp

]Ix X�x

( )
nitCCC

i

fff
≤≤∃

∧=
1:21
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V�W�X-Y�[	\�]�^<[	`�`1a�b�[	^	W:`�a X	\�X	d�e�X	f�[	Y�b�w1X-f1X	l?b�d�\�e�a�[	e�X	\2^	b�l?`�b�\�]�e�]�b�d�b�o�\kj>\�e�X#l h�X	w�X	h

`�a�b�`�X	a�e�]�X	\?o a�b�l e�W�X�`1a�b�`1X	a�e�]�X	\?b�o"`1a�]�l?]�e�]�w�X	\ s W�X#d|e�W�X	\�X�`�a�b�`1X	a�e�]�X	\&^	b�l?`�b�\�X�[	f�f�]�e�]�w�X	hCj�x
� b�l?`�b�\�]�e�]�b�d�b�o�\�jy\�e�X	l

-
h�X	w�X	hDh�[	e�X	d�^ j�o�a�b�l e�W�X8^	b�l?`�b�d�X	d�e�\B]�\Bd�b�eD\�b�\�e�a�[	]�v�W�e�o�b1a s [#a�f�x

� W�X	d�e�W�X*^	b�l?`�b�d�X	d�e�\"[	a�X*^	b�d�d�X	^	e�X	f�e�b�o�b�a�l [*`�]�`�X	h�]�d�X r h�[	e�X	d�^	]�X	\"b�on[	h�h�e�W�X*^	b�l?`�b�d�X	d�e�\
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^	[	d9Y�X&[	f�f�X	f9��`-e�b9o�b�a�lge�W�X?\�j>\�e�X	l h�X	w�X	hph�[	e�X	d1^ j x��"b s X	w1X	a r s W1X	d9e�W�X&^	b1l?`�b�d�X	d�e�\.[	a�X
^	b�d�d�X	^	e�X	f?e�b?o�b�a�l l?��h�e�]�`�h�X"`�[	a�[	h�h�X	h�f�[	e�["`�[	e�W�\�e�W�X#d?]�e�]�\�d�b�e�\���o�o�]�^	]�X	d�e�e�b?\���l ��`?h�[	e�X	d�^	]�X	\
b�o [	h�h�e�W�X6^	b�l?`�b�d�X	d�e�\n]�d?e�W�X6\�j>\�e�X	l e�b*o�b1a�l e�W�X6\kj�\�e�X	l h�X	w�X	h�h�[	e�X	d�^ j�x"~"f�f�]�e�]�b�d�[	h�h�j r�s W�X	d
^	b�l?`���e�[	e�]�b�d�\A[	a�X8f�]�\�e�a�]�Y1��e�X	f@b�w�X	a=l?��h�e�]�`�h�X8W�X	e�X#a�b�v�X	d�X	b���\Aa X	\�b���a�^#X	\ r e�W1X8\�j>\�e�X	l

-
h�X	w�X	h

h�[	e�X	d�^ j-f�X	`1X	d�f�\Dd�b�e�b�d�h�j<b�dBe�W�X�f1[	e�[�f�X	`1X	d�f�X	d1^#]�X	\ r Y���e�[	h�\�bBb�dBe�W�X�a�X	\�b1��a�^	X=[	h�h�b�^	[	e�]�b�d
[	d�f:e�W�X<\�^	W�X	f���h�]�d�v x���b�h�w�]�d�v�\�j>\�e�X	l

-
h�X	w1X	hEh�[	e�X	d�^#j;^	b�d�\�e�a [	]�d�e�\�]�d:e�W�X<`�a�X \�X	d�^	X<b�o�e�W�X	\�X

f�X	`�X	d�f�X	d1^	]�X	\�]�\�[E^	W�[	h�h�X	d1v�]�d1v�`�a�b�Y�h�X	l<x � W�]�h�X �"m��"��� \�^#[	d�Y�XE��\�X	f�e�b�]�d1^	b1a�`�b�a�[	e�XE[	h�h�e�W�X
f�X	`�X	d�f�X	d1^	]�X	\ ]�d�^	h���f�]�d�v}a�X	\�b���a�^	X [	h�h�b�^#[	e�]�b�d}[	d�f}\�^	W�X	f���h�]�d�v ]�d}\�b�h�w�]+d�v e�W�X h�[	e�X	d�^ j
^	b�d�\�e�a�[	]�d�e�\ r e�W�X \�^	[	h�[	Y�]�h�]�e�jcb�o�e�W�X l?X	e�W�b�f}Y�X#^#b�l?X	\ \���\�^	X	`�e�]�Y�h�X [	d�f a�X	\���h�e�\ ]�d}[	d
X��1`�b�d�X	d�e�]�[	h�Y�h�b s -

��` ]�d e�W�X �.mn�"� a�X	`1a�X	\�X	d�e�[	e�]�b�d�x V�W�X@\kj>l?Y�b�h�]�^�a�X#`�a�X	\�X	d�e�[	e�]�b�d b1o
h�[	e�X	d�^ jZ^	b�d�\�e�a�[	]�d�e�\�`�a X	\�X	d�e�X	f_]�d_e�W�]�\�f�]�\�\�X	a�e�[	e�]�b�d_[	f�f�a X	\�\�X	\�b�d�hCj e�W�X \�e�a���^	e���a�[	h<f�[	e�[
f�X	`�X	d�f�X	d1^	]�X	\ [	d�fZ]�v�d�b1a X	\ a�X	\�b��1a�^	X [	h�h�b�^	[	e�]�b�dZ[	d�f \�^	W�X	f���h�]�d1v s W�]�h�X�\�b�h�w�]�d�v h�[	e�X	d1^ j
^	b�d�\�e�a�[	]�d�e�\yxBV�W�]�\�]�d-X	o�o�X#^	e)[	\�\���l?X	\�e�W�[	e)[	h�h)^	b�l?`1��e�[	e�]�b�d�\�e�W�[	e)W�[	w�X&d�b-f�[	e�[

-
f�X	`�X	d�f1X	d�^ j

l?[#j*X��1X	^	��e�X"^	b�d1^	��a�a X	d�e�h�j�x�V�W���\�e�W�X.[	`�`�a�b1[	^	W?a X	\���h�e�\�]�d?["Y�X	\�e
-̂
	[	\�X.[	`�`�a�b �1]�l?[	e�]�b�d?b�o�e�W�X

system-
h�X	w1X	h;h�[	e�X	d�^ j�x z d [	d X#[	a�hCj4\�e�[#v�X ^	b�[	a \�X

-
v�a�[	]�d�X	f ^	b�d�\�e�a [	]�d�e;\�[	e�]�\�o�[	^	e�]�b�d e�W�]�\

[	`�`�a�b �1]�l?[	e�]�b�dB]�\�a�X	[	\�b�d�[	Y�h�X�x�V�W�X�`�a���d�X	fBf�X	\�]�v�dB\�`�[	^	X�^	[	dBY�X�o���a�e�W1X	aEa X	o�]�d�X	fBY�j9��\�]�d1v

fine-
v�a�[	]�d1X	f=^	b�d�\�e�a�[	]�d�e \�[	e�]�\�o�[	^	e�]�b�d=l?X	e�W�b�f�\6]�o�\�b�f�X	\�]�a�X	f�x=z{e l?��\�e Y�XDd�b�e+X	f=W�X	a�XDe�W�[	e e�W�X

\�j>l?Y�b�h�]�^6^	b�d�\�e�a [	]�d�e�\�[	e�]�\�o�[	^	e�]�b�d*l?X	e�W�b�f*f�b1X	\nd�b�e�]�d�^	b�a�a�X#^	e�h�jDa���h�X6b���e�[	d�j�f1X	\�]�v�d*e�W1[	e�l?[ j
`�b�e�X	d�e�]�[	h�h�j l?X#X	e�e�W�X�h�[	e�X	d�^ j ^	b�d�\�e�a�[	]�d�e s ]�e�W�\�b1l?X�a�X	\�b���a ^	X:[	h�h�b�^	[	e�]�b�d�[	d�f�\�^	W�X	f���h�]�d1v
[	a�a�[	d1v�X	l?X	d�eIx �"d�hCj�e�W�X6f1X	\�]�v�d�\�e�W�[	etf�b*d�b�etl?X	X	ete�W�XEh�[	e�X	d�^ j�^	b�d�\�e�a�[	]�d�etX	w1X#d s ]�e�WDe�W�XEY�X	\�e

-

^	[	\�X-[	`�`�a�b �1]�l?[	e�]�b�d�[	a�X-`�a���d�X	f�b���e�o�a�b�l e�W�X-f�X	\�]�v�d�\�`�[	^	X�x�z d�e�W�X-d�X��1e'`�[	a�[#v�a [	`�W r e�W�X
[	h�v�b�a�]�e�W�l%e�W�[	e�^	b�l?`�b�\�X	\�\�j>\�e�X	l

-
h�X	w1X	h�h�[	e�X	d�^ j.]�\�f�]�\�^	��\�\�X	f�x
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V�W�X	a�X"[#a�X"e s b?l?[	]�d?\�e�X	`�\']�d?e�W�X"[	h�v�b�a�]�e�W�l � ��� � j>l&Y�b�h�]�^"a�X	`�a�X	\�X	d�e�[	e�]�b�d?b�o�e�W�X"Y�[	\�X
^	b�d�\�e�a�[	]�d�e r [	d�f���� ��`�h�]�e�e�]�d�v9[	d�f<X��1e�X	d�f�]�d�v9e�W�X&Y1[#\�X&^	b�d�\�e�a�[	]�d�e)e�b-]�d�^	b�a�`�b�a [	e�X&e�W�X&`�[#a�[	h�h�X	h
`�[	e�W�\�]�d�e�W�X�f�[	e�[�o�h�b s v�a [#`�W

1.
V�W�X�o�]�a�\�e�\�e�X	`2b�o�e�W�X�[	h�v�b1a�]�e�W�l_^	b�d�\�]�\�e�\�b�o)\�j>l?Y�b�h�]�^�a�X	`�a X	\�X	d�e�[	e�]�b�d2b�o)e�W1X�Y1[	\�X
^	b�d�\�e�a�[	]�d�e r�s W�X	a�X*e�W�X*Y�[	\�X*^	b�d�\�e�a�[	]�d�e�]�\"o�b�a�l?X	f���d�f�X	ane�W�X*[	\�\���l?`�e�]�b�d�e�W�[	e e�W�X
h�[	e�X	d�^ j w�[	h���X	\:b�oB[	h�h�e�W�X�d�b�d

-
b�a�e�W�b1v�b�d�[	h�^	b�l?`1b�d�X	d�e�\:[	f�f

-
��`%e�b%o�b�a�l e�W�X

system-
h�X	w1X	h h�[	e�X	d1^ j�xDV�W1]�\']�\'f�b�d�X�[	\'`�X#ape�W�X�[	`�`1a b�[	^	W2o�b�a)a�X	`�a X	\�X	d�e�]�d1v?h�]�d1X	[	a

[	a�]�e�W�l?X	e�]�^.^	b�d�\�e�a�[	]�d�e [	\'f1X	\�^	a�]�Y�X	f&]�d&e�W�X.`�a X	w�]�b���\�\�X	^	e�]�b�d�x�V�W�]�\']�\'[.^	b�d�\�e�a [	]�d�e

b�o e�W�X o�b�a�l
vecNvvv +++≥ �21κ r8s W�X	a X

veci Niv ≤≤1:
[	a�X e�W1X d�b�d

-

b�a�e�W�b�v�b�d1[	h h�[	e�X	d�^ j&w1X	^	e�b1a�\yx&V�W�X�\���Y�\�X����1X	d�e \�e�X	`�\6]�d�e�W�X�[	h�v�b�a�]�e�W�l s b�a � s ]�e�W
[�\�j>l?Y�b�h�]�^�a X	`�a�X	\�X	d�e�[	e�]�b1d�b�o�e�W�]�\�Y�[	\�X�^	b�d�\�e�a�[	]�d�eIx

2.
V�W�]�\�\�e�X	`<b�o�e�W�X�[	h�v�b1a�]�e�W�lc^	b�d�^	X	a�d�\ s ]�e�W<X��1`�h�b�a�]�d�v-e�W�X�f�[	e�[

-
f1X	`�X	d�f1X	d�^	]�X#\�]�d

e�W�Xif�[	e�[io�h�b s v�a�[	`�W4[#d�f_\���]�e�[	Y�h�j l?b�f�]�o j>]�d1v_e�W�XiY�[	\�X%^	b�d�\�e�a�[	]�d�eIx V�W�X
[	h�v�b�a�]�e�W�l a X	^	��a�\�]�w�X	hCj|e�a [#w�X	a�\�X	\2e�W�X-W�]�X	a [	a ^	W�]�^	[	h�f1[	e�[-o�h�b s v�a�[	`�W x@V�W�X-l&[	]�d
[	^	e�]�b�d-W�[	`�`�X	d�\�[	e)e�W�X2^	b1l?`�b���d�f-d�b�f�X&]�d-e�W�X2f�[	e�[	o�h�b s v�a [	`�W�xAV�W�X	a X&[#a�X2e s b
`�b�\�\�]�Y�]�h�]�e�]�X	\*[	en[=^	b�l?`�b���d�fAd�b�f�X � ���6V�W�X	a�X=]�\*[�`�[	e�WA]�dAe�W�X=f�[	e�[=o�h�b s [	ene�W�X
d�b�f�X.e�W�[	e ]�d�^	h���f�X	\'[	h�h e�W�X.^	b�l?`�b�d�X	d�e�\���b�a����pV�W�X	a X.[	a�X.l?[	d�j*]�d�e�X#a�\�X	^	e�]�d1v
	�d1b�d

-

]�d�e�X	a�\�X	^	e�]�d1v<`�[	e�W�\*[	d�fBd1b�d�X�b�o6e�W�X�`1[	e�W�\D]�d�^	h���f�X=[	h�h�e�W�X=^	b�l?`�b�d�X	d�e�\yx8z dAe�W�X
o�]�a�\�e ^	[	\�X�e�W�X�Y�[	\�X�X��1`�a�X	\�\�]�b�d�d�X	X	f�d�b�e Y�X�l?b�f�]�o�]�X	f�[	\Ee�W�X�h�[	e�X	d�^ j&`�a�b�`�X#a�e�j2b�o

a
h�h�e�W�X.^	b�l?`�b�d�X	d�e�\�]�\'[	h�a X	[	f�j*^	b�d�\�]�f�X	a�X	f&]�d?e�W�X.Y1[	\�X.^	b�d�\�e�a�[	]�d�eIx�z d?e�W1X"\�X#^#b�d�f

^	[	\�X r e�W�X"Y�[	\�X"X��1`�a�X	\�\�]�b�d*d�X	X	f�\ne�b*Y�X"l?b�f�]�o�]�X	f*e�b?[	^	^	b���d�e�o�b1a l?��h�e�]�`�h�X6`�[	a [#h�h�X	h
`�[	e�W�\yx|V�W�]�\�]�\�f�b�d�X2Y1j9^	b�d�\�]�f�X	a�]�d1v-[2`�[	e�W<]�d<e�W�X2\���Y<v�a [	`�W<^	b�d�e�[	]�d�X	f<]�dBe�W�X
^	b�l?`�b���d�f�x�~"h�h e�W�X*^	b�l&`�b�d�X	d�e�\6e�W�[	e [#a�XDd�b�e b�d�e�W�]�\6`�[	e�W=]�d=e�W�XD\���Y

-
v�a�[	`�W�f�b
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d�b�e ^	b�d�e�a�]�Y���e�X.e�b&e�W�X.h�[	e�X d�^#j*[	h�b�d1v?e�W�]�\'`�[	e�W�x�V�W�X	a�X	o�b�a X r ]�d&e�W�X.Y�[	\�X.^	b�d�\�e�a [	]�d�e
e�W�X*h�[	e�X	d�^ j=w�X#^	e�b�a�\"^	b1a�a�X#\�`�b�d�f�]�d�v=e�b�e�W1X	\�X?^	b�l?`�b�d�X	d�e�\"[	a X*\���Y�\�e�]�e���e�X	f s ]�e�W�[
^	b�d�\�e�[	d�e w�[	h���X.b�o � � �t[	d�f&e�W�X	\�X.w�[	a�]�[	Y�h�X	\'[	a�X ����[	d1e�]�o�]�X	f&b���eIx�V�W���\'e�W�X.a�X	f���^	X	f
Y�[	\�X X��1`�a�X	\�\�]�b�d ]�\@d�[	a�a�b s X	f f�b s d e�b \���l e�W�X h�[	e�X	d�^	]�X	\@b�o8^	b�l?`�b�d�X#d�e�\
]�d�^	h���f�X	fDb�d�h�j.b�dDe�W�]�\�`�[	e�W�x�V�W�X	dDe�W�XE^	b�l?`�b�d�X	d�e�\)]�dDe�W�XE`�[	e�WD[	a�XEW�]�X	a�[	a�^	W�]�^#[	h�h�j
e�a�[	w�X	a�\�X	f s ]�e�W�e�W�]�\Ba�X	f���^	X	f�Y�[	\�X:X��1`�a�X	\�\�]�b�d�e�b�o���a�e�W�X	a�a�X	f��1^	X:]�eDf�b s d�e�W�X
W�]�X	a�[	a ^	W�j�x�V�W�X9\�[	l?X9`�a b�^	X	f���a�X9]�\&a X	`�X	[	e�X	f s ]�e�W;[	h�h'e�W�X9`�[	e�W�\&]�d;e�W�X9v�a�[#`�W�x
V�W�X�a�X	f���^#X	f2Y�[	\�X�X��1`�a�X	\�\�]�b�d2[	h�b�d�v&X#[	^	W2`�[	e�W2]�\�^#b�d��I��d�^	e�X	f2e�b�v�X	e�W1X	a)e�b2a�X#o h�X	^	e
e�W�[	e=[	h�h=e�W�X�`1[	e�W�\8l?��\�e�\�[	e�]�\�o jie�W�X@\kj>\�e�X	l h�X	w1X	h=h�[	e�X	d�^ j%^	b�d�\�e�a [	]�d�eIx V�W�X
^	b�l?`�h�X��1]�e�jBb1o.e�W�]�\&[	h�v�b�a ]�e�W�l ]�\&f�X	`�X	d�f�X	d�e'��`�b�d�e�W�X9d���l?Y�X	a.b1o.`�[	e�W�\&]�d:e�W�X

graph.

V�W�X*^	b�l?`�h�X	e�X&mnb�b�h�X	[	d9X �1`�a�X	\�\�]�b�d�e�W���\"o�b�a�l?X	f�^#b�d�\�]�\�e�\"b�onl?[	d�j�\���Y
-
X��1`�a�X	\�\�]�b�d�\

X	[	^	W*b�o s W�]�^	W*]�\n[	d*[	a�]�e�W1l?X	e�]�^6\���l ^	b�d�\�e�a�[	]�d�e�b�d*e+W�X6h�[	e�X	d�^ j�w�[	a�]�[	Y�h�X	\nb�o e�W�X6`�a�]�l?]�e�]�w�X	\n]�d
[?f�[	e�[?`�[	e�W9e�W�a�b��1v�W9e�W1X&f�[	e�[	o�h�b s v�a [	`�W�x � W�X	d9^#b�d��I��d�^	e�X	f s ]�e�W9e�W�X?mnb�b�h�X	[	d9X��1`�a�X	\�\�]�b�d
a�X	`�a�X	\�X	d�e�]�d�vBe�W�X�^	b�d1o�]�v��1a�[	e�]�b�dB\�`�[	^#X r e�W�X=^	b�d�o�]�v��1a�[	e�]�b�dB\�`�[	^#X�]�\Da�X	\�e�a�]�^	e�X	fAe�bBb�d�h�j-e�W�b�\�X
[	h�e�X	a�d�[	e�]�w�X	\ r e�W�X=h�[	e�X	d�^ jBw�[	h���X	\*b�o s W�]�^	WA\�[	e�]�\�o�]�X	\*e�W�X=\���Y

-
X��1`�a�X	\�\�]�b�d�\*a�X	`�a�X	\�X	d�e�]�d1vBf�[	e�[

`�[	e�W�\yx8V�W�X=h�[	e�X	d�^ jBw�[	a�]�[	Y�h�X	\*[	a X ����[	d�e�]�o�]�X	fAb���e�o�a�b�l}e�W�X=`�a�b�f���^	e�mnb�b�h�X#[#dAX��1`�a�X	\�\�]�b�d�\yx
V�W�X?a�X	\���h�e�[	d�e)mnb�b�h�X	[	d-X �1`�a�X	\�\�]�b�d�\.b�w�X	a�e�W�X?\�e�a���^#e���a�X?w�[	a�]�[	Y�h�X	\.a�X	`�a X	\�X	d�epe�W�X?^	b�d�\�e�a�[	]�d�X	f
f�X	\�]�v�d�\�`�[#^	X�x

� J�G	Q���� U�K�M���Q�L��	��U�
�G	J�T	U�L�K�M�J�Q�N�L�M�K
~"a�X	[ r ^	b�\�e r [	d�f<`�b s X	a�^#b�l?`�b�\�X2[	f�f�]�e�]�w�X	h�j�x|V�W���\ r v�]�w�X	d<e�W�X	\�X2`�a�b�`�X#a�e�]�X	\Do�b�a�e�W�X

^	b�l?`�b�d�X	d�e�\E]�d�e�W�X�\�jy\�e�X#l r e�W�X�\�jy\�e�X	l4h�X	w�X	h `�a�b�`1X	a�e�j&^#[	d�Y�X�^	b�l?`�b�\�X	f�Y�j2\�]�l?`�h�j?[	f�f�]�d1v
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��`�e�W�X:`�a�b�`1X	a�eCj
-
w�[	h��1X:b1o�]�d�f�]�w�]�f���[	hD^	b�l?`�b�d�X	d�e�\>xgV�W�X8Y�[	\�]�^8[	`�`�a�b�[#^	W@`�a�X	\�^	a�]�Y�X	f@o�b�a

\�b�h�w�]�d�v�^	b�d�\�e�a�[	]�d�e�\;b�d [	f�f�]�e�]�w�X `�a�b�`�X	a�e�]�X	\;^	[	diY�X ��\�X	f s ]�e�W�b���e&[	d1j�l&b�f�]�o�]�^	[	e�]�b�d o�b�a
^	b�l?`�b�\�]�d�v�^	b�d�\�e�a [	]�d�e�\�b�d�e�W�X	\�X�`�a�b�`�X	a�e�]�X	\yx

�"`�X	a�[	e�]�b�d�[	h�^	b�d�\�e�a [	]�d�e
�"`�X	a�[	e�]�b�d�[	h�^	b�d�\�e�a�[	]�d�e�\?a X	h�[	e�X�^	b�d�o�]�v���a�[	e�]�b�d�\ s ]�e�W|l?b�f�X	\yx z{o r dmo ∇ℑ :

]�\?[	d

b�`�X	a�[	e�]�b�d�[	hp^	b�d�\�e�a [	]�d�epa�X	h�[	e�]�d�v�l?b�f�X?b�o�b�`�X#a�[	e�]�b�d
m s ]�e�W9`�a�b�^	X	\�\�]�d�v�Y�h�b�^���\

d
e�W�X	d9e�W�X

mnb�b�h�X	[	d o���d1^	e�]�b�d ( ) ( )dConfigsmgsStateConfio ∇=ℑ
a�X	`�a�X	\�X	d�e�\ e�W�X ^	b�d�\�e�a�[	]�d�e

oℑ

symbolically.

~"`�[	a�e<o�a�b�l e�W�X	\�XiY�[	\�]�^%^	b�d�\�e�a�[	]�d�e�\ r ^	b�l?`�h�X��_^	b�d�\�e�a�[	]�d�e�\�l?[#j Y1Xio�b�a�l&X	f_Y1j
^	b�l?Y�]�d�]�d�v b�d�X:b�a2l?b�a X:b�o2e�W�X	\�X:^	b�d�\�e�a�[	]�d�e�\ s ]�e�W�o�]�a�\�e�b�a�f�X	a�h�b1v�]�^�^	b�d1d�X	^	e�]�w�X	\yx V�W1X
\�j>l?Y�b�h�]�^2a X	`�a�X	\�X	d�e�[	e�]�b�dBb�o�e�W�X2^	b�l?`�h�X��B^	b�d�\�e�a�[	]�d�e�\�^	[	d<Y�X�[	^#^	b�l?`�h�]�\�W�X	f<Y1j-^	b�l?`�b�\�]�d�v
e�W�X�\�j>l?Y�b�h�]�^�a X	`�a�X	\�X	d�e�[	e�]�b�d�b�o�e�W�X�Y�[	\�]�^�^	b�d�\�e�a [	]�d�e�\yx

V�W�X \kjyl?Y�b�h�]�^ ^	b�d�\�e�a�[	]�d�e \�[	e�]�\�o�[	^	e�]�b�d [	`�`�a�b1[	^#W f�X	\�^	a�]�Y�X	f [	Y�b�w�X W�[#\}Y�X	X	d
]�l?`�h�X	l?X	d�e�X	f ]�d [ f�X	\�]�v�d \�`�[#^	X X��1`�h�b�a�[	e�]�b�d e�b�b�hIx V�W�X d�X��1e|\�X	^	e�]�b�d f�X	\�^	a�]�Y�X	\�e�W�X
`�a�b�l?]�d�X	d�e�o�X	[	e���a X	\�b�o�e�W�XEf�X	\�]�v�d�\�`�[#^	XEX��1`�h�b�a�[	e�]�b�d�e�b�b�hIx

�"X	\�]�v�d ��`�[#^	X ���1`�h�b�a�[	e�]�b�d�V�b�b�h
V�W�X�`�a�b�l?]�d�X	d�e o�X	[	e���a�X	\6b�o�e�W�X�f�X	\�]�v�d�\�`�[	^#X�X��1`�h+b�a�[	e�]�b�d�e�b�b�h ]�d�^	h���f�X�e�W�X�[ Y�]�h�]�e�j?e�b

]�d�e�X	a�[	^	e�]�w�X	hCj?[	d�f&]�e�X	a [	e�]�w�X	h�j?[	`�`�hCj?^	b�d�\�e�a�[	]�d�e�\yxDVpW�X.X#o�o�X#^	e b�o)w�[	a�]�b���\�^	b�d�\�e�a�[	]�d�e�\'��`�b�d&e�W�X
f�X	\�]�v�d?\�`�[	^#X"^	[	d?Y�X"w�]�\��1[	h�]��#X	f?]�d?e�W�]�\�e�b�b�hIx"V�W�X"e+b�b�h�l?[	]�d�e�[	]�d�\�l?��h+e�]�`�h�X"^ b�d�e�X��1e�\�[	d�f*]�e�]+\
`�b�\�\�]�Y�h�X"e�b?a�X	w�X	a�e�e�b?["`�a�X	w�]�b���\�^	b�d�e�X��1eIx � W�X	d�X	w�X	a�^	b�d�\�e�a�[	]�d�e�\�[	a�X"[	`�`�h�]�X	f&[	d�f?e�W�X"f�X	\�]�v�d
\�`�[	^	X2]�\�`�a���d�X	f<[2d�X s ^#b�d�e�X��1e)]�\�^	a�X	[	e�X	f�xAV�W1X&\���Y�\�X�����X	d�e)`�a���d�]�d1v9]�\�`�X	a o�b�a�l?X	f-]�d-e�W�]�\
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d�X s ^	b�d�e�X��1eIx6V�b � ��d�f�b��"[	d*[	`�`�h�]�X	f?^	b�d�\�e�a�[	]�d�e�b�d�X"^	[	d*\�]�l?`�hCj�a X	w�X	a�e�Y1[	^��?e�b*e�W�X6`�a�X	w�]�b��1\
^	b�d�e�X��1eIx�V�W�X�f�X	`�e�W�b�o�e�W�X�^	b�d�e�X��1e�\�e�[	^���]�\���\�X	a�`�a b�v�a [	l?l?[	Y�h�X�x

��]�v��1a�X
16 �

�.X	\�]�v�d ��`�[#^	X ���1`�h�b�a�[	e�]�b�d�V�b�b�h

V�W�X.f�X	\�]�v�d2\�`�[	^#X�X��1`�h�b�a�[	e�]�b�d&e�b�b�h W�[	\�[.l?��h�e�]
-̀
�[#d�X�v�a [	`�W�]�^	[	h�o�a�b�d�e

-
X	d�f�x*V�W�X.o�]�a�\�e

`�[	d�X�]�\E[�^	W�X	^���h�]�\�e Y�b � r e+W�[	e ]�\Eo�]�h�h�X	f���` s ]�e�W�[	h�h�e+W�X�^	b�d�\�e�a�[	]�d�e�\E[	a�X�`�a X	\�X	d1e ]�d�e�W�X�l?b�f�X	hIx
V�W�X	a�XE]�\�[E^	W�X#^���Y�b �D]�d�o a�b�d�e�b�o X	w�X	a j�^	b�d�\�e�a [	]�d�e�]�d�e�W�X�h�]�\�eIx�V�W1X���\�X	a ^	[	dD^#W�X	^���e�W�XEY�b �De�b
\�X	h�X	^	e�e�W�X�^	b�d�\�e�a [	]�d�e�\De�bB[	`�`�h�j�x��|b�a X�e�W�[	dBb�d�X=^#b�d�\�e�a�[	]�d�e�^	[	dBY�X�\�X	h�X	^	e�X	fAo�b�aE[	`�`�hCj>]�d1v x
V�W�X�\�X	^	b�d�fD`�[	d1X�b�o�e�W1X��1\�X	a�]�d�e�X	a�o [	^#X�\�W�b s \�e�W�XE\�e�a���^	e���a�[	h�\�`1[	^	XE[	\�[�e�a�X#X�x'�"]�o�o�X	a X	d�e�]�^	b�d�\
[	a�X?��\�X	f9e�b9f�]�\�e�]�d�v���]�\�W9Y�X	e s X	X	d9[&^	b�l?`�b���d�f���~ �"� ��d�b�f�X r [?e�X	l?`�h�[	e�X�� �	� ��d�b�f�X r [	d�f9[
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`�a�]�l?]�e�]�w�X � 	 ��~.� � d�b�f1X�xE~�Y�b �*[	ete�W�XEY�b�e�e�b�l b�o e�W�XE`�[	d�XEf�]�\�`�h�[ j>\�e�W�XE\�]��#XEb1o e�W�XE\�e�a���^	e���a�X
\�`�[	^	X9^	b�l?`�b�\�X	f;]�d;e�W�X9e+a�X	X9W�]�X	a�[#a�^	W�j�x�V�W�X9e�W�]�a�f;`�[	d�X9b�o.e�W�X9��\�X	a.]�d�e�X	a�o�[	^	X9\�W�b s \&e�W�X
Y�X	W�[	w�]�b�a�[	h ��l?b�f�X �"\�`�[#^	X9[	h�\�b|[	\?[�e�a�X	X�x V�W�X�h�[	\�e�`�[	d�X�b�o"e�W1X���\�X	a"]�d�e�X#a�o [	^	X�\�W�b s \&e�W�X
a�X	\�b���a�^#X	\<]�d�e�W�X�l?b�f1X	hIx V�W�X�l&X	d���b�o2e�W1X���\�X#a2]�d�e�X	a�o [	^	X:W�[	\<b�`�e�]�b�d�\Bo�b�a2[	`�`�hCj>]�d1v�[
\�X	h�X	^	e�X	f�\�X	e"b�o*^	b�d�\�e�a [	]�d1e r [	`�`�h�j>]�d1v8[	h�h"^	b�d�\�e�a�[	]�d1e�\ r b�a*a�X	w�X	a�e�]�d1v8e�b�[A`�a�X#w�]�b���\�^	b�d�e�X��1e x
��]�v��1a�X

16
\�W�b s \�[�\�^	a X	X	dD\�W�b�e�b�o�e�W�X�e�b�b�h�]�d�b�`�X	a�[	e�]�b�d�x

� W�X	d�e�W�X���\�X	a2\�X	h�X	^	e�\B[:v�a�b���`�b1o2^	b�d�\�e�a [	]�d�e�\<e�b�[	`�`�h�j r e�W�X�e�b�b�hDX	w�[	h��1[	e�X	\<e�W�X
^	b�d�\�e�a�[	]�d�e�\ne�b*f�X	e�X	a�l?]�d�X6e+W�X6W�]�v�W�X	\�e�d�b�f�X6]�d*[	d1j�W�]�X	a�[	a ^	W�j ��\�e�a���^	e���a X6b�a Y�X	W�[	w�]�b�a�[	h � e�W�[	e�]�\
[	o�o�X#^	e�X	fAY�j<e�W�X�^	b�d�\�e�a�[	]�d�eIx�z{o6e�W1X�v�a�b���`Ab�o"^	b�d�\�e�a�[	]�d�e�\*[	o�o�X#^	e�\*l?b�a�X=e�W�[	d|b�d�X=W�]�X	a�[#a�^	W�j
\�]�l?��h�e�[	d�X	b���\�h�j ��X��1[	l?`�h�X � [	dDb�`�X	a�[	e�]�b�d�[	ht^	b�d�\�e�a [	]�d1e � e�W�X	dDe�W�XEX	d�e�]�a�XEf1X	\�]�v�dD\�`�[	^	XEW1[	\�e�bDY�X
X	d�^	b�f�X	f�x z oBe�W�X@v�a�b���` b�oB^	b�d�\�e�a�[	]�d�e�\8[	o�o�X#^	e�\8b�d�h�ji[�\�]�d�v�h�X�W�]�X	a�[	a ^	W�j ��X��1[	l?`�h�X � d�b
b�`�X	a�[	e�]�b�d�[	h�^	b�d�\�e�a�[	]�d�e�]�d2e�W�X�v�a�b���`�� r e�W�X	d2b�d�hCj?e�W�[#e�W�]�X	a�[	a�^	W�j?]�\�X	d�^	b�f�X	f�x?V�W�]�\�]�\�f�b�d�X�]+d
b�a�f�X	a�e�b ��X	X	`=e�W�X �"mn�.� a�X	`�a�X	\�X	d�e�[	e�]�b�d=l?[	d�[	v�X	[#Y�h�XD[	e X	[	^	W=\�e�[#v�X r [	\ s X	h�h�[	\6e�b=\�`�X	X	f���`
e�W�X*^	b�d�\�e�a�[	]�d�e�[	`�`�h�]�^#[	e�]�b�d r Y�X	^	[	��\�X*e�W�X �.mn�.� [	h�v�b�a�]�e�W�l?\"[	a X*\�X	d�\�]�e�]�w�X*e�b9e�W�X*\�]��#X*b�one�W�X
�"mn�"� a�X	`1a�X	\�X	d�e�[	e�]�b�d�x9~"f�f�]�e�]�b�d�[	h�h�j r�s W1X	d�e�W�X&v�a�b���`�b�o�^	b�d�\�e�a�[	]�d�e�\"W1[	\"d1b�`�X	a�o�b1a�l?[	d�^#X
^	b�d�\�e�a�[	]�d�e r e�W�X-`�X	a�o�b�a�l?[#d�^	X-`�a�b�`�X	a�eCj|w�[#a�]�[	Y�h�X	\2[#a�X-d�b�e�]�d�^	h���f�X	f�]�d�e�W�X-X d�^	b�f�]�d�v;b�o�e�W�X
\�e�a���^	e���a�XE\�`�[#^	X�x�V�W�]�\�]�\�[6Y�]�v�]�l?`�a�b�w�X	l?X	d�etY1X	^	[	��\�XE]�et\�]�v�d�]�o�]�^	[	d�e�hCj�a X	f���^#X	\ne�W�XEd���l?Y�X	a b�o
mnb�b�h�X	[	diw�[	a�]�[	Y�h�X	\;a X�����]�a�X	f e�bia�X	`�a X	\�X	d�e&e�W�X ^	b1d�o�]�v���a [	e�]�b�d \�`�[	^#X�x ~"o�e�X#a9^	a X	[	e�]�d1v�e�W�X
a�X	`�a�X	\�X	d�e�[	e�]�b�d=b�o�e�W�XD\�`�[	^	X r e�W�XD^	b�d�\�e�a�[	]�d�e�\6[	a�XDX	d1^	b�f�X	f=[	d�f=e�W�XD\�`�[	^	XDa�X	\�e�a�]�^	e�X	f s ]�e�W=e�W�X
a�X	\���h�e�\yx%V�W�XA^	��a a�X	d�e6f1X#\�]�v�d8\�`�[#^	XA]�\=X	w�[	h��1[	e�X	f�[	v�[	]�d�\�e6e�W�XAa�X	\�e�a�]�^	e�X	f�a�X#`�a�X	\�X	d�e�[	e�]�b�d8e�b
f�X	e�X	a�l?]�d�XDe�W�XD`�a���d�]�d1v�b�one�W�XD\�`�[	^	X�x�~ d�X s ^	b�d�e�X �1e ]�\6^	a�X	[	e�X	f=[	d�f=b�d�hCj2e�W�b�\�XDd�b�f�X	\6e�W�[	e

s X	a�X=d�b�e�`�a���d�X	fA[	a�X=`�a�b1`�[	v�[	e�X	fB]�dBe�W�X=d�X s ^	b�d�e�X��1eIx�V�W�X�^	b�d�\�e�a�[	]�d�e�\De�W�[#e s X	a�X=[	`�`�h�]�X	f

earlier
[	d�f ]�o?e�W�X|d�b�f�X	\-[	o�o�X#^	e�X	f Y1j8e�W�X|^	b�d�\�e�a [#]�d�e�\9[	a�X|`�a���d�X	f r e�W�X	d e�W�X|^	b�d�\�e�a�[	]�d�e.]�\
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f�X	^	h�[	a X	f � f�X#[	f�� r [	d�f2]�\�d�b�e�[	f�l?]�e�e�X	f2]�d2e�W�X�d�X s ^	b�d�e�X��1eIx*V�W�X�`�[	d�X	\�b�o)e�W�X���\�X	a)]�d�e�X	a�o�[#^#X
[	a�X���`�f�[	e�X	f�[	^#^	b�a�f�]�d1v�e�bDe�W�X�d�X s ^	b�d�e�X��1eIx

Conclusions

V�W�]�\�^	W�[	`�e�X	a�X��1`�h�b�a�X	f2e�W1X ��X j?]�\�\��1X	\�]�d2^	b�d�\�e�a [	]�d�e�Y�[	\�X	f2f1X	\�]�v�d2\�`�[#^	X�X��1`�h�b�a�[	e�]�b�d
[	d�f%`�a�X	\�X	d�e�X	f [�\kjyl?Y�b1h�]�^�^	b�d�\�e�a�[	]�d�e�\�[	e�]�\�o�[	^	e�]�b1d%l?X	e�W�b�f%f�X	w�X	h�b�`�X	f%o�b1a<`�a���d�]�d�v%[	d�f
X��1`�h�b�a�[	e�]�b�d&b�oph�[	a�v�X.f�X	\�]�v�d&\�`�[	^#X	\yx�V�W�X.W�]�v�W�h�]�v�W�e�b�ope�W�X.\�jyl?Y�b�h�]�^.l?X	e�W�b�f2]�\']�e�\'[	Y�]�h+]�e�jDe�b
^	W�X	^���[	d�f�X	d�o�b1a�^	X*^	b�d�\�e�a [	]�d�e�\"]�d�[Dh�[	a�v�X*f�X	\�]�v�d�\�`�[	^	X s ]�e�W�b���e�X	d���l?X	a�[	e�]�d1v=e�W�X*l?X	l?Y�X	a�\
b�o)e�W�X�\�`�[	^	X�x � s ]�d�v&e�b2e�W�]�\�e�W�X�\�jyl?Y�b�h�]�^�l?X	e�W�b�f2W�[	\�X��1^	X	h�h�X	d�e�\�^	[	h�[	Y�]�h�]�e�j?[	d�f2X��1e�a�X	l?X	hCj
h�[	a�v�X;f�X	\�]�v�d \�`�[	^	X	\ ��]�d�e�W�X;b�a�f�X	a&b�oB� � 30�&W�[	w�X;Y�X	X	d `�a���d�X	f [	d�f X��1`�h�b�a�X	f ��\�]�d�v e�W�]�\
l?X	e�W�b�f�x�V�W�XE^	W�[	`�e�X#a�[	h�\�b�f�X	l?b�d�\�e�a�[	e�X	fD[�l?X	e�W�b�fDo�b�a�\�b�h�w�]�d1v�h�]�d�X	[#a�[#a�]�e�W�l?X	e�]�^�^	b�d�\�e�a�[	]�d�e�\
b�w�X	a�e�W�X�[	e�e�a�]�Y���e�X	\�b�o [	dDb�Y��IX	^	e�W�]�X	a�[#a�^	W�j.\kj>l?Y�b�h�]�^	[	h�h�j.��\�]�d1v �.mn�"� � \yx

z e l?��\�e Y�XDX	l?`�W�[	\�]��#X	f=W�X	a�XDe�W�[	e e�W�XD`�X	a o�b�a�l?[	d�^#X*^	b�d�\�e�a�[	]�d�e w�[	h�]�f�[	e�]�b�d=`�X	a�o�b�a�l?X	f
Y1j9e�W�]�\�l?X	e�W�b�f<]�\�[	e�[2^ b�[	a�\�X2h�X	w�X	h�b�oEv�a�[	d���h�[#a�]�e�j9]Ix X�x�e�W�X2l?X	e�W�b�f<b�`�X	a�[	e�X	\�b�d<[	d�[	h�j>e�]�^	[	h
X	\�e�]�l?[	e�X	\6b�o�e�W�XD`�X	a�o�b�a�l&[	d�^	XDl?X	e�a�]�^	\ r f�X	w�b�]�f=b�o�h�b s -

h�X	w�X	h [	a ^	W�]�e�X	^	e���a [	h f�X	e�[	]�h�\yx�z o�[Do�]�d�X
v�a [	]�d�X	f�[	d�f�f1X	e�[	]�h�X	f�w�X#a ]�o�]�^	[	e�]�b�d�b�o*`�X	a o�b�a�l?[	d1^	X|^	b�d�\�e�a�[	]�d�e"]�\�f�X	\�]�a�X	f�e�W1X	d�[Af�X	\�]�v�d�X#a
l?��\�eDa�X	\�b�a�eDe�b�^	b�d�w�X	d�e�]+b�d�[	hDf�X	e�[	]�h�X	f r h�b s -

h�X	w�X	h*[	a�^	W�]�e�X	^	e���a [	hD\�]�l?��h�[	e�b�a�\yx �"b s X	w�X	a r ]�e
\�W�b���h�f Y�X;d�b�e�X	f e�W�[	e�e�W�X	\�X;\�]�l?��h�[	e�]�b�d�\-[	a�X;e�]�l?X;]�d�e�X	d�\�]�w�X;[	d�f ^	[	d \�]�l?��h�[	e�X;b�d�h�j�b�d�X
f�X	\�]�v�d�[	et[�e�]�l?X r e�W�X	a�X	Y�j�l?[	d�f�[	e�]�d�v�e�W�XEX	d���l?X	a [	e�]�b�d�b�o�e�W�X�f�X	\�]�v�d�\�`�[	^#X�x

~ ��X#j<`�b�]�d�en[	Y�b���ene�W�X=^	b�d�\�e�a�[	]�d�enY�[	\�X	fAf�X	\�]�v�dA\�`�[	^	X=X��1`�h�b�a�[	e�]�b�dA]�\*e�W�X�b�a�f�X	a6b�o
^	b�d�\�e�a�[	]�d�e [	`�`�h�]�^	[	e�]�b�d�x=VpW�XDX	d�f�a�X	\���h�e r ]Ix X�x�e�W�XDo�]�d1[	h `�a���d�X	f�f�X	\�]�v�d=\�`�[#^	X r ]�\6]�d�f�X	`�X	d�f�X	d�e
b�oAe�W�X@b�a�f1X	aAb�o|^	b�d�\�e�a�[#]�d�e�[	`�`�h�]�^	[	e�]�b�d r W�b s X	w�X#a r e�W�X@e�]�l?X@^	b�l?`�h�X��1]�e�j [	d�f X	w1X	d e�W�X
\�^	[	h�[	Y�]�h�]�e�j2b�o�e�W�XDX��1`�h�b�a�[#e�]�b�d=]�\6f�X	`�X	d�f�X	d�e ]�d=[Dd�b�d

-
f�X	e�X	a�l?]�d�]�\�e�]�^Dl?[	d�d�X	a�b1d=e�W�XDb�a�f�X	a�]�d

s W�]�^	W�e�W�X�^	b�d�\�e�a [	]�d�e�\�[	a XE[	`�`�h�]�X	f�x'z dDo�[#^	e�e�W�X	a�XE]�\�[E`�b�e�X	d�e�]�[	h�o�b�a [	d�X��1`�b�d�X	d1e�]�[	h�Y�h�b s ��`�b�o
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e�W�X��"mn�.�Za�X	`1a�X	\�X	d�e�[	e�]�b1d r [&`�W�X	d�b�l?X	d�b�d-e�W�[	e)]�\�[&^	b�l?l?b�d-^	W�[	h�h�X	d1v�X&o�b1a �"mn�.�ZY�[	\�X	f
[	h�v�b�a�]�e�W�l?\ r o�b�a \�b�l?XEb�a�f1X	a b�o ^	b�d�\�e�a�[	]�d�et[	`�`�h�]�^	[	e�]�b�d�x�V�W�XEf�X	`�X	d�f�X	d�^#XEb�o e�W�XE\�^	[	h�[	Y�]�h�]�e�j�b�o
e�W�X*X��1`�h�b�a�[	e�]�b�d�l?X	e�W�b�f9b�d�e�W�X*b�a�f1X	anb1o�^	b�d�\�e�a�[	]�d1e�[	`�`�h�]�^	[	e�]�b�d�]�\"[?^	b�l?`�h�X �9`�a�b�Y�h�X	l [	d�f
d�X	X	f�\�e�b�Y�X�]�d�w�X	\�e�]�v�[	e�X	f�o ��a�e�W�X	akx
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� �"~���V�� ���

� ~ � � ��V��"���

V�W�]�\*^	W�[	`�e�X	a6`�a�X	\�X	d�e�\*[=^	[	\�X=\�e���f1j<]�dAe�W�X=[	`�`�h�]�^	[	e�]�b�dAb�o6e�W�X=[	f�[	`�e�]�w�X=^	b�l?`���e�]�d�v
\�j>\�e�X	l f�X	\�]�v�d=[	d�f=\kj>d�e�W1X	\�]�\6o�a�[	l?X s b�a �=f�X	w1X	h�b�`�X#f=]�d=e�W�]+\6a�X	\�X	[	a�^	W�x�~"d=X	l?Y�X	f�f�X	f r a�X	[	h

-

e�]�l?X r ~"f�[	`�e�]�w�X �|]�\�\�]�h�XE~"��e�b�l?[	e�]�^EV�[	a v�X	e ��X	^	b1v�d�]�e�]�b�d ��~	�|~"V � � \�j>\�e�X	l W1[	\�Y�X	X	dD^	W�b�\�X	d
[	\ e�W�X e�[	a�v�X	e-b�o;e�W�X ^	[#\�X \�e���f1j�x V�W�X ^	b�l?`�h�X �1]�e+]�X	\ b�o;e�W�X ^	W�[	d�v�]�d1vZ^	b�l?`���e�[	e�]�b�d�[	h
a�X�����]�a�X	l?X	d�e�\.[	d�f-^	b�d�\�e�a�[#]�d�e�\.[	\�\�b�^	]�[	e�X	f s ]�e�W9e�W�X?~	�|~"V � \�j>\�e�X	l [	a X?[&v�b�b�f9e�X	\�epb�o�e�W�X
e�b�b�h�\gf�X	w�X	h�b�`�X	f W�X	a�X�x V�W�X o�]�a�\�ei\�X	^	e�]�b�d `�a b�w�]�f�X	\g[ o���d�^	e�]�b�d�[	hi[	d�f b�`�X	a�[	e�]�b�d�[	h
\�`�X	^	]�o�]�^	[	e�]�b�dAb�o6e�W�X=~	�;~"V � \�j>\�e�X	l<x ��b�l?X=\�]+l?`�h�]�o jy]�d1vA[	\�\���l?`�e�]�b�d�\*[	Y�b���ene�W�X=\�jy\�e�X	l
W�[	w�X9Y�X#X	d;l?[	f�X9o�b1a.e�W�X-`���a�`�b�\�X9b�o.f�X	l?b�d�\�e�a�[	e�]�b�d;]�d;e�W�]�\&^	[	\�X9\�e���f1j�x�V�W�X9\���Y�\�X�����X	d�e
\�X	^	e�]�b�d�\|f�X	l?b�d�\�e�a�[	e�X�e�W�X�l?b�f�X	h�]�d�v r X��1`�h�b�a�[	e�]�b�d�[	d�f�`�a���d�]�d�v@b�o�e�W�X�f1X#\�]�v�d�\�`�[	^#X�o�b�a
\�j>d�e�W�X	\�]��#]�d�v�e�W�X�\kj>\�e�X	l<x

~"f�[	`�e�]�w�X �|]�\�\�]�h�X�~"��e�b�l?[	e�]�^�V�[	a v�X	e ��X	^	b1v�d�]�e�]�b�d � j>\�e�X	l

T
W�X:^	b�a X:b�o�e�W�X:~	�;~"V � \�j>\�e�X	l ]�\B[	d�~"��e�b�l?[#e�]�^:V�[	a v�X	e ��X	^#b1v�d�]�e�]�b�d ��~"V � �

[	h�v�b�a�]�e�W�l<x'~"V �:]�\�[	d�]�l&[	v�X�`�a�b1^	X	\�\�]�d1v�[	h�v�b1a�]�e�W�l%o�b�a ^	h�[	\�\�]�o�]�^	[	e�]�b�d�b�o e�[	a v�X	e�b�Y��IX	^	e�\�]�d�[	d
]�d�`���e ]�l?[	v�X�x�V�W�XD^	b1a�XD`1a�b�^	X	\�\�]�d1v�b�o�e�W�XD[	h�v�b�a�]�e�W1l ]�\6Y�[	\�X	f=b�d=^	b�a�a�X	h�[	e�]�b1d=o�]�h�e�X	a�]�d�v x�~"d

input
]�l?[	v�X<]�\�^	b�a a�X	h�[	e�X#f s ]�e�W:e�X	l?`�h�[	e�X<o�]�h�e�X	a�]�l?[	v�X	\�^	b�a a�X	\�`�b�d�f�]�d1v�e�b:f�]�o�o�X	a X	d�eEe�[	a v�X#e

^	h�[	\�\�X	\yx*V�W�X�`�X#[���\�]�d2e�W�X�^	b�a�a X	h�[	e�]�b�d2\���a�o�[#^	X�[#a�X�]�d�f�]�^	[	e�]�w�X�b�o)a�X#v�]�b�d�\�]�d2e�W�X�]�d�`���e�]�l?[	v�X
e�W�[	e�l?[#j9^	b�a a�X	\�`�b�d�f<e�b<e�[	a v�X	e�b�Y��IX	^	e�\yx|V�W�X	\�X�a�X#v�]�b�d�\�b�o�]�d�e�X	a�X	\�e�]�d<e�W�X2]�d�`���e�]�l?[	v�X2[	a X
o���a�e�W�X	a-`�a�b1^	X	\�\�X	fi[	d�fi^#h�[	\�\�]�o�]�X	fiY1j���\�]�d1v [ �"]�\�e�[	d�^	X � h�[	\�\�]�o�]�X	a � b�a�a�X	h�[	e�]�b�di��]�h�e�X	a�]�d1v
��� � � � �*[	h�v�b1a�]�e�W�l<x%V�W�]�\=^	b�a�a X	h�[	e�]�b�d8Y�[	\�X	f�f�]�\�e�[	d�^	XB^	h�[	\�\�]�o�]�X	a*[	h�v�b1a�]�e�W�l ��\�X	\=[Av�h�b�Y�[#h
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e�a�[	d�\�o�b�a�l?[	e�]�b�d�o�]�h�e�X	a e�b�e�a [	d�\�o�b�a�l%e�W�X�]�l?[#v�X	\�]�d�e�bD[�^	[	d�b�d�]�^	[	h�\�`�[#^	X�x'V�W�XE`1a�b�`�X	a�e�]�X	\�b�o e�W�X
e�a�[	d�\�o�b�a�l?[	e�]�b�d o�]�h�e�X	a2[	a X�\���^	W e�W�[	e�]�d�e�X	a

-̂
	h�[	\�\-f�]�\�e�[	d�^	X	\-[#a�X;l&[��1]�l?] �#X	f [	d�f ]�d�e�a�[

-̂
	h�[	\�\

f�]�\�e�[	d�^	X	\?[#a�X�l?]�d�]�l?]��#X	f|��d�f�X	a"e�W1X�e�a�[	d�\�o�b�a�l?[	e�]�b1d r�s W�]�^	W|]�l?`�a�b�w�X	\&f�]�\�e�b�a�e�]�b�d|e�b�h�X	a�[	d�^#X
[	d�f9f�]�\�^	a�]�l?]�d�[	e�]�b�d9^	[	`�[	Y1]�h�]�e�j�b�o�e�W�X?[	h�v�b�a�]�e�W�l \�]�l?��h�e�[	d�X	b���\�h�j

[44]
x9V�W�X?f�]�\�e�[	d�^	X?b�o�e�W�X

e�a�[	d�\�o�b�a�l?X	f2]�l?[#v�X�o�a�b�l4e�W�X�e�a�[	d�\�o�b�a�l?X	f�^	h�[	\�\�o�]�h�e�X	a�\�]�d2e�W�]�\�\�`�[	^	X�v�]�w�X	\E[�a�X	h�[	e�]�w�X�l?X	e�a�]�^
e�b:]�f�X	d�e�]�o j;e�W�X<e�[#a v�X	eE^	h�[	\�\�]�d:e�W�X<]�d�`���eE]�l?[	v�X�x%��]�v��1a�X

17
\�W�b s \�e�W�X<W�]�v�W

-
h�X	w1X	hEY�h�b�^��

f�]�[	v�a [	l%b�o�e�W�X�~"V �8[	h�v�b1a�]�e�W�l<x

Template
Filters

Distance
Classifier

Filters

� ��������� 	�

���
Stream

��
�� �
������� 
����
position

Pre-
processing

Cross-
correlation

Peak-
detection

ROI
extraction

Cross-
correlation

Distance-
Calculation

Class-
Determination

��]�v��1a�X
17 �

~"V �:W�]�v�W
-
h�X	w1X	h�Y�h�b�^���f�]�[#v�a�[	l

V�W�XB~"V � ]�\=[B^	b�l?`���e�[	e+]�b�d�[	h�h�j;]�d�e�X	d�\�]�w�XB[	h�v�b�a�]�e�W�l<x � ]�e�W8[Ba�X	o�a�X	\�W8a�[	e�XBb�o����
o�a�[	l?X	\ 	�\�X#^ s ]�e�WDX	[	^	W*o�a�[#l?XEY�X	]�d�vD[

128128×
`�] �1X	h�\ s ]�f�X r�� -

Y�]�etf�X	X	`D]�l?[#v�X r [	d*X	\�e�]�l?[	e�X	f

10-
�����.� 	 ��� �-[	a X.a X�����]�a�X	f&e�b&`1a�b�^	X	\�\�e�W�X.]�l?[#v�X#\']�d&[�a�X	[	h

-
e�]�l?X.o�[	\�W�]�b�d�x �|b�a�X	b�w�X	a r e�W�X

o�[	^	eEe�W�[	eEe�W�X<\kj>\�e�X	l ]�\=X#l?Y�X	f�f�X	f s ]�e�W�]�d:[<l?]�\�\�]�h�X r e�]�v�W�e�h�j�^	b���`�h�X	f s ]�e�W:[<^	h�b�\�X	f
-
h�b�b�`
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e�a�[	^���]�d1v [	d�f v���]�f�[	d1^	X \�j>\�e�X	l r ]�l?`�b�\�X	\�[ s ]�f�X a [	d1v�X b1o8b�`1X	a�[	e�]�b�d�[	h|[	d�f `�W�j>\�]�^#[	h
^	b�d�\�e�a�[	]�d�e�\Db�dBe�W�X�~	�|~"V � \�jy\�e�X	l<x�V�W�X	a X�[	a�X�a X	[	h

-
e�]�l?X�^	b�d�\�e�a�[	]�d�e�\Db s ]�d�v<e�bBe�W�X�^	h�b�\�X

^	b���`�h�]�d�v s ]�e�W*e�W�X6`�W�jy\�]�^#[	h�^	h�b�\�X	f
-
h�b�b�`*v���]�f1[	d�^	X6\�j>\�e�X	l �ye�W�X	a�X"[	a�X6`�W�j>\�]�^#[	h�^	b�d�\�e�a�[	]�d�e�\nb�d

e�W�XD\�]��#XDb�o�e�W�XDW1[	a�f s [	a�X?f���XDe�b=e�W�XDh�]�l?]�e�X	f=a�b�b�l [	w�[	]�h�[	Y�h�X*o�b�anX	h�X	^	e�a�b�d�]�^	\.]�d=e�W�XDl?]�\�\�]�h�X �
e�W�X	a�X.[#a�X.`�b s X	a)^	b�d�\�e�a�[	]�d�e�\'Y�b�e�W&f���X.e�b&e�W�X.\�W�b�a�e�Y�[	e�e�X	a j*h�]�o�X r [	d�f&h�]�l?]�e�X	f2W�X	[	e f�]�\�\�]�`�[	e�]�b�d

capacity.

����������	�

����� �

Lock-on
Locked-On����������������������������� ���

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

-Acq.

Free-Flight����������	�

�����

����������	�(�)+* ,-�%.
�/������������������� ���

����������	��/�
-Acq.

0�1 �&��	

Range
TrackAimPoint

Selection
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Target

Target

Latency

Throughput

2
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,9����3 0<; ��= =

Targets

>8��5?���������

Targets

Time/
MFLOPS

����������	�

����� �

Lock-on
Locked-On����������������������������� ���

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

-Acq.

Free-Flight����������	�

�����

����������	�(�)+* ,-�%.
�/������������������� ���

����������	��/�
-Acq.

0�1 �&��	

Range
TrackAimPoint

Selection

Civilian/Friendly
Target

Target

Latency

Throughput

2
����34����5768��5����,9��.�������	 ��6���5����:"��� 1 68��5����

,9����3 0<; ��= =

Targets

>8��5?���������

Targets

Time/
MFLOPS

��]�v��1a�X
18 �
�"`1X	a�[	e�]�b�d�[	h�\�^#X	d�[	a�]�b�b�o�e�W�XE~	�|~"V �:\�j�\�e�X	l

��]�v��1a�X
18

f�X	`�]�^	e�\�e�W�X%b�`�X	a�[	e�]�b�d�[	hB\�^	X	d1[	a�]�b4b�o8e�W�X%~	�|~"V � \�jy\�e�X	l<x z{d4[	d
b�`�X	a�[	e�]�b�d�[	h&h�]�o�X#^ j>^	h�X e�W�X l?]�\�\�]�h�X ^	[	d ��d�f�X	a v�b [ h�[	a v�X d���l?Y�X	a9b1o9f�]�o�o X	a X	d�e&l?b�f�X	\;b�o
b�`�X	a�[	e�]�b�d�\yx���b�ap]�d�\�e�[	d�^	X r `�a�]�b�a�e�b?h�[	��d1^	W?e�W�X.l?]�\�\�]�h�X"]�\�b�d?e�W�X.a�[	]�h�\�b�oph�[	��d�^#W?w�X	W�]�^	h�X r [	d�f
e�W�X*\�X	X���X#anb�d�Y�b�[#a�f�e�W�X?l?]�\�\�]�h�X*]�\"\�^	[	d�d�]�d�v=e�W�X?\�^	X	d�X?o�b�an`�b�e�X	d�e�]�[	h�e�[	a v�X	e�\>x�V�W�]�\"l?b�f�X*]�\
f�X	\�]�v�d�[	e�X	f*[	d

on-platform-target-
Q�TA@CB�N�K�N�M�N�U�L l?b�f�X�x"z o [6e�[	a v�X	e�]�\no�b���d�f*[#d�f*h�b�^���X	f*b�d*e�b r
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e�W�X�l?]�\�\�]�h�X2l?[#j9Y1X�h�[	��d1^	W�X	fBe�bBe�a�[	^��Be�W�X�e�[	a�v�X	eIx:V�W�]�\�l?b�f�X�]�\�f�X	\�]�v�d�[	e�X	fB[
locked-on-

target-tracki
L�O l?b�f�X�x�~"h�e�X	a�d�[	e�X	hCj r e�W�XDl?]�\�\�]�h�XDl?[ j�Y�XDh�[	��d�^	W�X	f s ]�e�W�b���e [Dh�b�^��=[	d�f=l?��\�e

^	b�d�e�]�d���X�[	^�����]�\�]�e�]�b�d�]�d�[�o�a�X	X�o�h�]�v�W�e ��d�e�]�h [�e�[	a�v�X	e ]�\Eb�Y�e�[	]�d�X	f�x&V�W�]�\El?b�f�X�]+\Ef�X	\�]�v�d�[	e�X	f=[

free-flight-target-
Q�TA@CB�N�K�N�M�N�U�L l?b�f�X�x-V�W�X?o a�X	X&o�h�]�v�W�epX	d�f�\ s W�X	d9[&e�[	a v�X	ep]�\�]�f�X	d�e�]�o�]�X	f9[	d�f

h�b�^���X	f*b�d*e�b�x6z{d*e�W�X6X	w1X#d�e�b�o h�b�\�\nb�o e�a�[	^�� r f���X6e�bDb�Y�\�e�a���^	e�]�b�d*b�a l?[	d�X	��w�X	a ]�d�v r e�W�X6l?]�\�\�]�h�X
a�X	w�X	a�e�\*Y�[#^��Ae�bAe�[	a v�X	en[#^ ����]�\�]�e�]�b�d�x8~"\*e�W�X=l*]�\�\�]�h+X=^	b�w�X	a�\*e�W�X=f�]�\�e�[	d�^#X=e�bAe�W�X=e�[	a v�X	e r e�W�X
d�[	e���a�XEb�o e�a�[	^���]�d1vD^	W�[	d1v�X#\�[	d�fD]�etX	d�e�X	a�\�f�]�o o�X	a X	d�e�l?b�f�X	\�b�o b�`�X	a [	e�]�b�d�\�e�W�[	e�a�X	o�h�X#^	ete�a�[	^���]�d1v
[	e�f�]�o�o�X	a X	d�e�f�]�\�e�[	d�^	X

-
a�[	d1v�X�o�a�b�l_e�W�X�e�[	a v�X	eIx�����\�e�`�a�]�b�a)e�b2]�l?`�[	^	e r e�W�X�l?]�\�\�]�h+X�]�\�]�d2[	d

aim-

point-trackingr�s W�]�^	W�]�\�e�W�X�e�X	a�l?]�d�[	h�l?b�f�X�b�o�b�`1X	a [	e�]�b�d�x
V�W�X	\�X f�]�o�o X	a�X	d�eAl?b�f�X	\�b�o8b�`�X	a [	e�]�b�d ]�d [ l?]�\�\�]�h�X � \@b�`�X	a�[	e�]�b�d�[	hAh�]�o�X#^#j>^#h�X [	a X

charact
X	a�]��#X	f-Y�j�f�]�o�o�X#a�X	d1e)^	b�l?`���e�[	e�]�b�d�[	h)a�X�����]�a�X#l?X	d�e�\ r Y�b�e�W-]�d-e�X	a�l?\�b�o�o���d�^	e�]�b�d�[	h�]�e�j�[	\

s X	h�h<[	\�`�X	a�o�b�a�l?[	d1^	Xi[#d�f_`�b s X	akx V�W�Xi^	b�l?`���e�[	e�]�b�d_]�d_e�[	a�v�X	e<[	^�����]�\�]�e�]�b�d_l?b�f�X	\�]�\
e�W�a�b���v�W�`���e�^#a�]�e�]�^	[	h r�s W1X#d�[*\�X	d�\�b�a�]�l?[#v�X s ]�e�W�l&[	d1j=f�]�o�o�X#a�X	d�e�`�b�e�X	d�e�]�[	h�e�[#a�v�X	e�\"W�[	\"e�b�Y�X

scanne
f [	d�f�[	d�d�b�e�[	e�X	f s ]�e�W�`�b�e�X	d�e�]�[	h?e�[	a�v�X	e?]�f�X	d�e�]�e�]�X	\ r `�a�]�b�a�]�e�]�X	\|[	d�f�h�b�^	[	e�]�b�d�\yx V�W�X

^	b�l?`���e�[	e�]�b�d=]�d=e�a�[	^���]�d1v=l?b�f�X	\6]�\6h�[	e�X	d�^ j2^#a�]�e�]�^	[	h r�s W�X	d=[	d=]�l?[#v�X s ]�e�W=[D\�]�d�v�h�XDb�an[Do X s
e�[	a�v�X	e�\E]�\E\�^	[	d�d1X	f�`�a�]�l?[	a ]�h�j&o�b�a�f1X	e�X	a�l?]�d�]�d1v2e�W�X�h�b�^	[	e�]�b�d�^	W�[	d1v�X	\Eb�o�e�W�X�h�b�^���X	f�e�[	a v�X	e r e�b
f�a�]�w�X�e�W�X�^	h�b�\�X	f2h�b�b�`2e�a�[#^���]�d�v2[	d�f�v���]�f�[	d1^	X�\kj>\�e�X#l<x*V�W�X�`�b s X	a)W1[	\�e�b2Y�X�l?[	d�[#v�X	f2b�w1X#a
e�W�X.b�`�X	a�[	e�]�b�d�[	h h�]�o X	^ j>^	h�X�]Ix X�x `�b s X	ap]�\'e�]�v�W�e�h�j?Y���f1v�X	e�X	f&`�a�]�b�ape�b&l?]�\�\�]�h�X.h�[	��d1^	W s W�X	d&e�W�X#a�X
]�\�h�]�l*]�e�X	f:W�X	[	eEf�]�\�\�]�`�[	e�]+b�d:^	[	`�[	^	]�eCj;[	d�f:X	[	a�hCj;b1d:]�d:e�W�X<b�`�X	a�[	e�]�b�d�[	hEh�]�o�X ^#j>^#h�X s W�X	d:e�W�X
Y�[	e�e�X	a j.W�[	\�e�b�Y�XE^	b�d�\�X	a�w1X	f�x � h�b�\�X	a�e�b�e�W�X�[	]�l

-̀
�b�]�d�e�`�b s X	a�Y���f1v�X	e�]�d1v�]�\�d�b�e�^	a�]�e�]�^	[	hIx

V�W�X&d�X��1e)\�X	^	e�]�b�d9]�h�h���\�e�a�[	e+X	\�e�W�X&l?b�f�X	h�]�d�v9b�o'e�W�X	\�X&b�`�X	a�[	e�]�b�d�[	h)[	d�f-^	b�l?`���e�[	e�]�b�d�[	h
^	W�[	a�[#^	e�X	a�]�\�e�]�^	\ r [	h�b�d1v s ]�e�W e�W�X�e�[	a�v�X	e9W�[	a�f s [	a�X `�h�[	e�o�b�a�l r [	d�f e�W�X�^	b�d�\�e�a�[	]�d�e�\ ]�d e�W�X
l?b�f�X	h�]�d�v�X	d�w�]�a�b�d�l?X	d�eIx
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�|b�f�X	h�]�d�v�~	�|~"V � ��j>\�e�X#l
V�W�X�l?b�f�X	h�]�d�v�[	d�f�f�X	\�]�v�d�\�`�[	^	X�^#a�X#[	e�]�b�d�`�a�b�^	X	\�\6]�d�w�b�h�w�X	\E]�e�X	a�[	e�]�w�X	h�j2^	b�d�\�e�a���^	e�]�d�v

e�W�X�`�a�X	w�]�b���\�h�j.f1X	\�^	a�]�Y1X	fD^	[	e�X#v�b�a�]�X	\�b1o�l?b�f�X	h�\�e�W�[	et^	[	`�e���a�X�\kj>\�e�X	l%f�X	\�]�v�d�]�d1o�b�a�l?[	e�]�b�d�x

��]�v��1a�X
19 �

~	�|~"V �8mnX	W1[	w�]�b�a�[	h �|b�f�X	h�\

�"`�X	a�[	e�]�b�d�[	htmnX	W1[	w�]�b�a
V�W�X8o�]�a�\�e*\�e�[	v�X8b�o=l?b�f�X#h�]�d�v�b�o=[8l?��h�e�]

-
l?b�f�X8[	f�[	`�e�]�w�X8\�j>\�e�X	l ]�\Af�X	o�]�d�]�d�v�e�W�X

b�`�X	a�[	e�]�b�d�[	h*Y1X	W�[	w�]�b�a=b1o�e�W�X8\kj>\�e�X	l<x}V�W�]�\A]�d�o�b1a�l?[	e�]�b�d@]�\A^	[	`�e���a X	f@]�d�e�W�X8m�X	W�[	w�]�b�a [	h
�|b�f�X	h�\yx*��]�v���a X

19
\�W�b s \�e�W�X�e�b�`

-
h�X	w�X	h�Y�X	W�[	w�]�b�a�[#h�l?b�f�X	h�\�o�b�a)e�W�X�~	�|~"V ��\�jy\�e�X	l<x*V�W�X

b�`�X	a�[	e�]�b�d�[	h�Y1X	W�[	w�]�b�a�f1X	\�^	a�]�Y�X	f�`1a�X	w�]�b���\�h�j�]�\�^#[	`�e���a�X	f s ]�e�W�l?b�f�X	\ r e�a�[	d�\�]�e�]�b�d�\ r [	d�f�X	w1X	d�e�\yx
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V�W�X9v�a�[ jAY�b �1X	\&a�X	`�a�X	\�X#d�e'l?b�f�X	\&b�o.b�`�X	a�[	e�]�b�d r [	d�f;f�]�o�o�X	a X	d�e']�^	b�d�\&a�X	`�a X	\�X	d�e'e�a�[	d�\�]�e�]�b�d�\
[	d�f=X	w�X	d�e�\yx=V�W�X*o�]�v���a�X?[	h�\�b=]�h�h���\�e�a�[	e�X	\6e�W�XD��\�X*b�onW�]�X	a�[	a ^	W�j2]�d=l?[	d1[#v�]�d1v�^#b�l?`�h�X��1]�e�j�x=z d
e�W�XDe�b�`

-
h�X	w�X	h l?b�f�X	h e�W�X�f�]�o�o�X	a�X	d�e eCj>`�X	\6b�o�e�a�[	^���]�d1v�[	d�f=[	^�����]�\�]�e�]�b�d=Y�X	W�[	w�]�b�a�]�\6[	Y�\�e�a�[	^	e�X	f

]�d�[�\�]�d1v�h�X�e�a [	^���]�d1v2l?b�f1X�x&V�W1X�]�d�e�X	a�d1[	h ^	b�l?`�b�\�]�e�]�b�d�b�o�e�W�X�e�a [	^���]�d1v2l?b�f1XD]�\Ea�X	w1X	[	h�X	f�]�d
e�W�X�o�]�v���a�X�]�dD]�d�\�X	eIx �|��h�e�]�`�h�X�X	d�e�a j.`�b�]�d�e�\�]�d�e�b�e�W�X�e�a�[	^���]�d1v�l?b�f�XE[	a X�\�`�X#^	]�o�]�X	f�x��.X	`�X	d�f�]�d1v
b�dAe�W�X=X	d�e�a j<`�b�]�d�ene�W�X=\�j>\�e�X	l}l?[ j<X	d�e�X#a

long-range-
M�J�Q�T � N�L�O b�a

long-range-acquisition

l?b�f�X	\yx8V�W�X�e�a�[	d�\�]�e�]�b�dAo a�b�l}e�a�[	^���]�d1vBe�b|[	^�����]�\�]�e�]�b�dAl?b�f�X=]�\*X	d1[	Y�h�X	f s W�X#dAe�W�X=e�a�[#^��A]�\
h�b�\�eIx V�W�X�e�a�[	d�\�]�e�]�b�d|o�a�b�l h�b�d�v

-range-
e�a [	^���]�d1vAe�b

medium-range-trackingr [	d�f|l?X	f�]���l
-

range-
e�a [	^���]�d1v�e�b

short-range-
M�J�Q�T � N�L�O ]�\;X	d�[	Y�h�X	f s W�X	d e�W�X `�a�b �1]�l?]�e�j@\�X	d�\�b�a�\;\�]�v�d�[	h

f�]�\�e�[	d�^	X�^	h�b�\���a�X�x

� b�l?`���e�[	e�]�b�d�[	h ��e�a���^	e���a�X
V�W�X�d�X��1e�\�e�[	v�X�]�dBe�W�X�l&b�f�X	h�]�d�v<`�a�b1^	X	\�\D]�\Df�X	o�]�d�]�d�v<e�W�X�^	b�l?`���e�[	e�]�b�d�[	h�\�e�a ��^	e���a�X	\

o�b�a�]�l?`�h�X	l?X	d�e�]�d�vZe�W1Xio ��d�^	e�]�b�d�[	h<a�X�����]�a�X	l&X	d�e�\�b�o�e�W�Xif�]�o�o X	a�X	d�e<l?b�f�X	\�b�o�b�`�X	a [	e�]�b�d�x
�"X	o�]�d�]�d�v�e�W�XE^	b�l?`���e�[	e�]�b1d�[	ht\�e�a���^	e���a�XE]�\�^	W�[	h�h�X	d�v�]�d�v r [	\�e�W�XEf�X	\�]�v�d1X	a W�[	\�e�bD\�]�l?��h�e�[	d�X	b���\�h�j
l?[	d�[#v�XEe�W1XEa X�����]�a�X	l?X	d�e�\nb�o l?��h�e�]�`�h�XEl?b�f�X	\�b1o b�`1X	a�[	e�]�b�d r [	d�f*W�[	\ne�bD[	d�[	hCj �#XE[	d�fDX	w1[	h���[	e�X
[	h�e�X	a�d�[	e�X s [ j>\�b�o ^	b�l?`�b�\�]�d�v�e�W�XEf�X	\�]�a X	fDo���d1^	e�]�b�d�[	h�]�e�j�x�V�W�X6[	Y�]�h�]�e�j�e�bD^	[	`�e���a XE[	h�e�X	a�d�[	e�]�w�X	\ r
[	d�f-X��1`�h�b�a�X&[	d�f-X	w�[	h���[	e�X&e�W�X&f�]�o�o�X#a�X	d�e)\kjy\�e�X	lg^	b1d�o�]�v���a [	e�]�b�d�\�[	e)[&h�[	e�X	a'\�e�[	v�X r [	\�\�]�\�e�\�e�W�X
f�X	\�]�v�d�X#aE]�dBl?X	X	e�]�d1v<e�W�]�\D^	W�[	h�h�X	d1v�X�x � W�X	dBl?b�f�X#h�]�d�v<e�W�X�^	b�l?`���e�[	e�]�b�d�[	h�\�e�a���^	e���a�X�b�oEe�W�X
~	�|~"V �@\�j>\�e�X	l `�a�]�l?[	a�]�h�j&e�W�a X	XDo�b�a�l?\6b�o�[	h�e�X	a�d�[	e�]�w�X	\6X	l?X	a�v�X � ����o���d�^	e�]�b�d�[	h [	h�e�X	a�d�[	e�]�w�X	\ r
����[	h�v�b1a�]�e�W�l%[	h�e�X	a�d�[	e�]�w�X	\ r [	d�f ����]�l?`�h�X	l?X	d�e�[	e�]�b�d�[#h�e�X	a�d�[	e�]�w�X	\yx
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��]�v��1a�X
20 �

~	�|~"V �8����d1^	e�]�b�d�[	h�~"h�e�X	a�d�[	e�]�w�X	\

����d�^	e�]�b�d�[	h�~"h�e�X	a�d1[	e�]�w�X	\
z d�e�W1X*\�W�b�a�e

-
a [	d1v�X?[	d�f�[	]�l

-̀
�b�]�d�e�e�a�[	^���]�d1v=l?b�f�X	\.[*\�]�d�v�h�X?e�[	a v�X	e�]�\"Y�X	]�d1v=e�a�[	^���X	f r

[	d�f�e�W�X-`�a�]�l?[	a j|a�X	\���h�e�f�X	\�]�a�X	f�o�a�b�l e�W�X-^	b�l?`���e�[#e�]�b�d�]�\2e�W�X9e�[	a�v�X	e�h�b�^	[	e�]�b�d�x@V�W�X-~"V �
`�a�b�Y�h�X	lc]�d<e�W�]�\�l?b�f�X2]+\�[2\�]�d�v�h�X

-target-single-̂
	h�[#\�\�`�a�b�Y�h�X	l r Y�X	^	[	��\�X2e�W�X2e�[	a�v�X	e�^	h�[	\�\�]�\

[	h�a�X	[	f�j*]�f�X	d�e�]�o�]�X	f&[	d�f&e�W1X.^	b�a�a�X	h�[	e�]�b�d&v�b�[	h ]�\'e�b&f�X	e�X	a�l?]�d�X.e�W�X.h�b�^	[	e�]�b�d&b�ope�W�X.e�[	a�v�X	e ]�d&e�W�X
]�l?[	v�X�xAz d-e�W�]�\�l?b�f�X&e�W�X&a�X	\���h�e�\�o�a�b�lge�W�X&~"V �i\���Y�\�j>\�e�X	lg[	a X&^	b�b�a�f�]�d�[	e�X2e�a�[	d�\�h�[	e�X	f-[	d�f
o�X	fAe�bAe�W�X�e�a�[#^���]�d1vB[	d�f;v���]�f�[	d1^	X=\���Y�\kj>\�e�X	l<x �.dAe�W�X=b�e�W�X	a"W�[	d�f|]�dAe�W�X�h�b�d�v

-
a [	d1v�X�[	d�f

mid-
a�[	d1v�X.[#^�����]�\�]�e�]�b�d&l?b�f�X	\'l?��h�e�]�`�h�X.`�b�e�X	d�e�]�[	h e�[	a v�X	e�\'[#a�X.\�b��1v�W�e r [	d�f&e�W1X.`�a�]�l?[	a j?a�X	\���h�e

f�X	\�]�a�X	f-o�a�b�lge�W�X&^	b�l?`���e�[	e�]�b�d-]�\�e�W�X&]�f�X	d�e�]�o�]�^	[	e�]�b�d-b�o'l?��h�e�]�`�h�X&e�[	a�v�X	e�\�]�d-e�W�X&\�^	X	d�X�xBV�W�X
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~"V � `�a�b�Y�h�X	lZ]�d&e�W�]�\'l?b1f�X.]�\'[�l?��h�e�]�`�h�X
-target-multiple-̂

	h�[	\�\'`�a�b�Y�h�X	l<xDVpW�X.a X	\���h�e�\'o�a�b�l
e�W�XD~"V �@\���Y�\�j>\�e�X	l r ]�d=e�W�]�\6l?b�f�XD[	a�XDo�]�a�\�e `�a�b�^	X	\�\�X	f=e�b=\�X	h�X	^	e e�W�XDW�]�v�W�X	\�e�`�a�]�b�a�]�e�j2e�[	a v�X	e r
[	d�f e�W�X;h�b�^	[	e�]�b�d b�o&e�W�X;W�]�v�W�X	\�e�`�a�]�b�a�]�eCj8e�[#a v�X	e�]�\-^	b�b�a�f�]�d�[	e�X;e�a�[	d�\�h�[	e�X	f [#d�f o�X	f e�b e�W�X
e�a�[	^���]�d1vD[	d�f&v���]�f�[	d�^#X6\��1Y�\�j>\�e�X	l<x"V�W���\ r e�W�X"~"V � \���Y�\�j>\�e�X	l ]�d*e�W�X	\�X"l?b�f�X	\nb�o b�`1X	a [	e�]�b�d
]�\:o���d�^	e�]�b�d�[	h�h�j f�]�o�o�X#a�X	d�e r W�b s X	w�X	a r ]�e�\:]�d�e�X	a�o�[#^	X#\:e�b%e�W�X�\�X	X���X	a<[	d�f%e�W1X�e�a�[	^���]�d1vi[	d�f
v���]�f�[	d1^	X \���Y�\�j>\�e�X	l a�X#l?[	]�d e�W�X \�[	l?X�x V�W�X	\�X [	a�X ^	b�d�\�]�f�X	a X	f o���d�^	e�]�b1d�[	h&[	h�e�X	a�d�[	e�]�w�X	\yx
��]�v��1a�X

20
]�h�h���\�e�a�[	e�X	\�e�W�X��1\�X�b�o�o���d�^	e�]�b�d�[	h�[	h�e�X#a�d�[	e�]�w�X	\�]�d�l?b�f�X	h�]�d�v�e�W�X�~	�;~"V �:\�j>\�e�X	l<x

~"h�v�b�a�]�e�W�l%~"h�e�X	a�d1[	e�]�w�X	\
��X	^	[	h�h e�W�[	e e�W�X�^	b�a X.`�a�b1^#X	\�\�]�d�v?]�d2e�W�X.~"V ��[	h�v�b�a�]�e�W�lZ]�\'^	b�a�a�X	h�[	e�]�b�d&Y�[	\�X	f�x*z l?[#v�X

^	b�a�a�X	h�[	e�]�b�d�^	[	dDY�X�`1X	a�o�b1a l?X	f�]�d�\�`�[	e�]�[	h�f�b�l?[	]�d s W�X	a�XEX	[#^	W�`�]��1X	h�]�d�e�W�X�^	b1a a�X	h�[	e�]�b�d�\���a�o [	^	X
]�\�^	[	h�^	��h�[	e�X	f�Y�j?\�W�]�o�e�]�d1v2e�W�X�e�X	l?`�h�[	e�X�o�]�h�e�X	a)b�w1X	a)e�W�X�]�d�`���e�]�l?[#v�X r [	d�f�^	b�l&`���e�]�d�v&e�W�X�\���l
b�o `�]��1X	h�`�a�b�f���^	e�\n]�d*e�W�X"b1w�X	a�h�[	`?a�X#v�]�b�d�x"~"h�e�X	a�d1[	e�X	h�j r ]�l?[#v�X"^	b�a�a X	h�[	e�]�b�d*l?[ jDY�X6`1X	a�o�b1a�l?X	f
Y1j e�a�[	d�\�o�b1a�l?]�d�v�e�W�X:]�d�`1��eD]�l?[	v�X:]�d�e�b�\�`�X	^	e�a�[	h*f�b�l?[	]�d s ]�e�W�[:��[	\�eD��b���a�]�X	a�e�a�[	d�\�o�b1a�l
������V � r `1X	a�o�b1a�l?]�d�v:[<^	b1d��I��v�[	e�XB`�a�b�f���^	e s ]�e�W:e�W�X<\�`�X	^	e�a [	hEf�b�l?[	]�d:a X	`�a X#\�X	d�e�[	e�]�b�d:b�o�e�W�X
e�X	l?`�h�[	e�X6o�]�h�e�X	a r [	d�f*e�a�[	d�\�o b�a�l?]�d�vDe�W�X6`�a�b�f���^	e�Y�[#^��*e�b*\�`�[	e�]�[	h�f�b�l?[	]�d*��\�]�d�vD[	d?z{d�w�X#a�\�X"��[	\�e
��b���a�]�X	a�e�a [	d�\�o�b�a�l � z ����V � x.����d�^	e�]�b�d�[	h�h�jDe�W�X.[	h�e�X	a�d1[	e�]�w�X	\�[	a�X.X�����]�w�[	h�X	d�e r W�b s X	w�X	apX	[	^	W?W1[	\
f�]�o�o�X	a�X	d�e=`�X	a o�b�a�l?[	d�^#X�^#W�[	a�[	^	e�X	a�]�\�e�]�^	\yx ��`�[	e�]�[	h=f�b�l?[	]�d%^	b�a�a X	h�[	e�]�b�d%]�\:^#b�l?`���e�[	e�]�b�d�[	h�h�j

l?b�a�X X��1`�X	d�\�]�w�X e�W�[	d \�`�X	^	e�a�[	h f�b�l?[	]�d ^	b�a a�X	h�[	e�]�b�d ��]Ix X�x ( )4NO
w�\yx ( )NNO 2

2 log
x

�"b s X	w�X#a r \�`�X	^	e�a [	h�f�b�l?[#]�dB^	b�a�a�X	h�[	e�]�b�dBb�`�X	a�[	e�X	\*b1dBX	d�e�]�a�X�]�l?[#v�X r [	d�fBW�[	\*h�[	e�X	d�^ j-b�dBe�W�X

b�a�f�X	a b1o ( )NNO 2
2 log

b�`�\ r1s W1X	a�X#[	\ s ]�e�WD\�`�[	e�]�[	htf�b�l?[	]�d*^	b�a�a X	h�[#e�]�b�dD`�[	a�e�]�[	hta X	\���h�e�\�^	[	d*Y�X

b�Y�e�[	]�d�X	f X	w�X	a j ( )2NO
b�`�\yx4V W�X	\�X;[	a�X�^	b�d�\�]�f�X	a�X	f [	h�v�b�a�]�e�W�l [	h�e�X	a�d�[	e�]�w�X	\yx4��]�v���a�X

21

]�h�h���\�e�a�[	e�X	\�e�W�X���\�X�b�o�[	h�v�b1a�]�e�W�l%[	h�e�X	a�d�[	e�]�w�X	\�]�d�l?b�f�X	h�]�d�v�e�W�X�~	�;~"V �:\�j>\�e�X#l<x
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��]�v��1a�X
21 �

~	�|~"V �:~"h�v�b�a�]�e�W�l%~"h�e�X	a�d�[	e�]�w�X	\

z l?`�h�X	l?X	d�e�[	e�]�b�d�~"h�e�X	a�d�[	e�]�w�X	\
�|[	d1j�[	h�v�b1a�]�e�W�l?\.]�d9e�W�X?~	�|~"V � \�j>\�e�X	l \���^	W9[	\ r � a�b�\�\

-
� b�a�a�X	h�[	e�]�b�d r ����V r z ����V r

�|[	e�a�]�� �|��h�e�]�`�h�]�^	[	e�]�b�d r ��X	[��
-to-Surface-

��[	e�]�b@^	[	h�^	��h�[	e�]�b�d r X	e�^�xn^#[	d@Y�X8]�l?`�h�X	l?X	d�e�X	f@[	\

floating-̀
�b�]�d�e&\�b�o�e s [	a�X�\���Y�a�b���e�]�d�X r b�a9[ o�]��1X	f

-̀
�b�]�d�e&\�b�o�e s [	a�X \���Y1a�b���e�]�d�X r b�a9[ f�]�v�]�e�[	h



113

^	]�a�^	��]�eIx-V�W�X	\�X?[#a�X?^	b�d�\�]�f�X	a�X	f9]�l?`�h�X	l?X	d�e�[	e�]�b�d9[	h�e�X	a�d�[	e�]�w�X	\yx-��]�v���a X
22

]�h�h���\�e�a�[	e�X	\.e�W�X?��\�X
b�o�]�l?`�h�X	l?X	d�e�[	e�]�b�d�[	h�e�X	a�d1[	e�]�w�X	\�]�d�l?b�f�X	h�]�d�v�e�W�X�~ �|~"V �:\�j>\�e�X	l<x

��]�v��1a�X
22 �

~	�|~"V �8z l?`�h�X	l?X	d�e�[	e�]�b�d�~"h�e�X	a�d�[	e�]�w�X	\

V�W�X&^	b�d�o�]�v���a�[	e�]�b�d-\�`�[	^#X&]�\�^	b�l?`�b�\�X	f-]�d-e�W�]�\.l?[	d�d�X	a'Y1j�^#[	`�e���a�]�d1v9[	h�h)o���d�^#e�]�b�d�[	h r
[	h�v�b�a�]�e�W�l r [	d�f?]�l?`�h�X	l?X	d1e�[	e�]�b�d?[	h�e�X	a�d�[	e�]�w�X	\yx.V�W�X.l?b�f�X	h�X	f ��a�]�l?]�e�]�w�X	\�]�d?e�W�X"^	b�d�o�]�v���a�[	e�]�b�d
\�`�[	^	X9[	a�X9eCj>`�]�^	[	h�hCjB`�a X

-
X �1]�\ e�]�d�vAh�]�Y�a�[	a jA^	b�l?`�b�d�X#d�e�\yx V�W�X�^#[	`�e���a�X	f;^	b�d�o�]�v���a [	e�]�b�d|\�`�[	^#X

X	d�^	[	`�\���h�[	e�X	\�l?[	d�j4`�b�\�\�]�Y�h�X ^	b�d�o�]�v���a [	e�]�b�d�\ s ]�e+W s ]�f�X	h�j_f�]�o o�X	a X	d�e|^	W�[	a [	^	e�X	a�]�\�e�]�^	\�o�b�a
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]�l?`�h�X	l?X	d�e�]�d�v@e�W�X�^	b�l?`1��e�[	e�]�b�d�[	h?a�X�����]�a�X	l?X	d�e�\|b1o�f�]�o�o�X	a X	d�e?l?b�f�X	\|b�o�b�`�X	a�[	e�]�b�d�x V�W�X
\�X	h�X	^	e�]�b�d�b�o�[	`�`1a�b�`�a�]�[	e�XD^	b�d�o�]�v��1a�[	e�]�b�d�o�b�a�e�W�X�f�]�o�o X	a�X	d�e l?b�f�X	\Eb1o�b�`�X	a [	e�]�b�d�]�\Ef�b�d�X�Y�[	\�X#f
b�d�e�W�X�f�X	\�]�v�dD^	b�d�\�e�a�[	]�d�e�\�]�d�e�W�X�f�X	\�]�v�d�\�`�[#^	XEX��1`�h�b�a�[	e�]�b�d�`�a�b�^	X	\�\yx

���1X	^	��e�]�b�d ��X	\�b���a�^	X	\
V�W�X d�X��1e-\ e�[	v�X ]�dZe�W�X l?b�f�X	h�]�d�v `�a�b�^	X	\�\ ]�\ f�X	o�]�d�]�d�v e�W�X e�[	a v�X	e-`�h�[	e�o�b1a�l o�b�a

X��1X	^	��e�]�b�d=b�o�e�W�XD\�`�X	^	]�o�]�X#f=o���d�^	e�]�b�d�[	h�]�e�j�x�V�W1XDW�[#a f s [	a�X
-̀
�a�b�^#X	\�\�]�d�v=X	d1v�]�d�X#X	a�\6^	[	`�e��1a�XDe�W�X

[	a�^	W�]�e�X	^	e��1a�[	h�f�X	e�[	]�h�\:]�d e�W�X�a�X	\�b���a ^	X�l?b�f�X	h�\ r ^#b�d�^	��a�a�X	d�e�hCj s ]�e�W%e�W�X�f1X#o�]�d�]�e�]�b�d%b�o<e�W�X
Y�X	W�[	w�]�b�a�[	h�[	d�f ^	b�l?`���e�[	e�]�b�d�[	h \�e�a���^	e���a�X l?b�f1X	h�\yx ��\�\�X	d�e�]�[	h�h�j}e�W�Xg\�`�X	^	]�o�]�^	\Zb�oie�W�X
[	a�^	W�]�e�X	^	e��1a�[	h�l?b�f���h�X	\n[	h�b1d�v s ]�e�W*e�W�X"e�b�`�b�h�b�v1jD[	a X"^	[	`�e���a�X	f*f�]�a�X	^	e�hCj�x"��]�v���a�X

23
\�W�b s \ne�W�X

e�b�`8h�X	w�X	h6b�oDe�W�X ��X	\�b���a ^	XBl?b�f�X	h�\yx%V�W�]�\=o�]�v���a�XA\�W�b s \=e�W�X �8� � �@`�a�b�^	X	\�\�b�a�\ r � �'z � �
`�a�b�^	X	\�\�b�a r [	d�f���� � �"~ r [	d�f���~ 	���o�b�a�]�l?[#v�X�[	^��1��]�\�]�e�]�b�d�x

��]�v��1a�X
23 �

~	�|~"V � ��X	\�b���a�^	X �|b�f�X	h�\
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Constraints

~"\Ae�W�X8h�[	\�e*`�W�[	\�X8b�o�e�W�X8l?b�f�X	h�]�d�v�`1a�b�^	X	\�\ r \kj>\�e�X	l ^	b�d�\�e�a�[	]�d�e�\A[	a�X�X��1`�a�X	\�\�X	f�x
� b�d�\�e�a�[	]�d�e�\n[	a�X6\�`�X	^	]�o�]�X	f?Y�b�e�W*e�b*X��1`�a�X	\�\ne�W�X6f�X	\�]�v�d*^	b�a�a�X#^	e�d�X	\�\n^	a�]�e�X	a�]�[ r [	\ s X	h�h�[	\ne�b*W�X	h�`
v���]�f�X e�W�X ^	b�d�\�e�a [	]�d�e2Y�[#\�X	fif�X	\�]�v�di\�`�[#^	X X��1`�h�b�a�[	e�]�b�d�x z{e2l?��\�e2Y�X d�b�e�X	fie�W�[	e2[	h�h2e�W�X
^	b�d�\�e�a�[	]�d�e�\�X��1`�a�X	\�\�X	f s W1]�h�X�l?b�f�X	h�]�d�v&e�W�X�\�j>\�e�X	l4l?[#j?d�b�e�Y1X�X	d1o�b�a�^#X	f�x*VpW�X���\�X	a)f1a�]�w�]�d�v
e�W�X�]�d�e�X	a�[	^	e�]�w�XEf�X	\�]�v�d�\�`�[#^	X�X��1`�h�b�a�[	e�]�b�d�f�X	e�X#a�l?]�d�X#\�e�W�X�\�X	e�b�o ^	b�d�\�e�a�[	]�d�e�\�e�bD[	`�`�h�j�x'~"h�h�e�W�X
o�b���a%o�b�a�l?\4b�o%^	b�d�\�e�a [	]�d�e�\ ��^	b�l?`�b�\�]�e�]�b�d�[	h r a�X	\�b���a�^	X r `�X#a�o�b�a�l&[	d�^	X r b�`1X	a�[	e�]�b�d�[	h �%[#a�X
X	l?`�h�b1j>X	f X��1e�X	d�\�]�w�X	h�j�]�d e�W�XA~	�|~"V � \�jy\�e�X	l<x V�W�XAe�[	Y�h�XAY�X	h�b s \�W�b s \�a�X	`�a�X	\�X	d�e�[	e�]�w�X
^	b�d�\�e�a�[	]�d�e�\yxBV�W�X&h�[	Y�X	h)^#b�h���l?d-\�`�X	^	]�o�]�X	\�e�W�X&d�[	l&X&b�o'e�W�X&^	b�d�\�e�a�[	]�d�eIxBV�W�X2^	b�d�e�X��1e)b�o'e�W�X
^	b�d�\�e�a�[	]�d�e r [	d�f�\�b�l?X�a X	l?[	a ��\�[	a X�\�`�X	^	]�o�]�X	f�[	\�^	b�l&l?X	d�e�\�]�d�e�W�X�^	b�d�\�e�a�[	]�d�e�X �1`�a�X	\�\�]�b�d�x

V�[	Y�h�X
1 �

� b�d�\�e�a�[	]�d�e�\�]�d�e�W�X�~	�|~"V �:[	`�`�h�]�^	[	e�]�b�d

LABEL CONSTRAINT

C1 ���������	��
��
����
������������������������������������
��� �! 	���
�	��
�� � �! �
�����
��" #�������������
���$���������������������
��� ���������	��
��
����
% � &���
��'��
�)(�*��%���� &�
������������+��#�
���,�
-�����'��������/.�0��������	��
������21!(�
����	3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.�0��������	��
������21!(�
����	3��&4��
-�����'��������/.�9� 	���
�	��
��:�&0��������	��
��������	3����

i mpl i es�,�
-�����'��������/.�;�
��	�
-���'���<����%������3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.�;�
��	�
-���'���<����%������3��&4��
-�����'��������/.�9� 	���
�	��
��:��;�
��	�
-���'���<����%������3������

and���,�
-�����'��������/.�0��������	��
������21!(�
����	3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.�0��������	��
������21!(�
����	3��&4��
-�����'��������/.�9� �
�����
��:�&0��������	��
�� i on” ) )

i mpl i es�,�
-�����'��������/.�;�
��	�
-���'���<����%������3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.�;�
��	�
-���'���<����%������3��&4��
-�����'��������/.�9� �
�����
����:��;�
��	�
-���'���<����%������3������

}
C2 ���������	��
��
����'�
���
����
 	�������������������������������

���>= ����
����
��� ��= �
+���'? ����
���@���������������������
��� ���������	��
��
����
% � &���
��'��
�)(�*��%���� &�
������������+��#�
( ( ( ch ����'��������/.%<��
��'��A9��
�����
����B���
�C�3��&45��(� &�
�
(	��������'�6������87�
-�����'��������/.%<��
��'��A9��
�����
����B���
�C�3��&4

�
-�����'��������/.%<��
��'��A9��
�����
����B���
�C���<�����
����
������B����
����3����
i mpl i es���,�
-�����'��������/.%D�+��	��
��
�%��E����������	3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.%D�+��	��
��
�%��E����������	3��&4

�
-�����'��������/.%D�+��	��
��
�%��E�������������<�����
 t i ng_Poi nt ” ) ) )



116

and�����,�
-�����'��������/.%<��
��'��A9��
�����
����B���
�C�3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.%<��
��'��A9��
�����
����B���
�C�3��&4

�
-�����'��������/.%<��
��'��A9��
�����
����B���
�C���<��
+���'���B����
����3����
i mpl i es���,�
-�����'��������/.%D�+��	��
��
�%��E����������	3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.%D�+��	��
��
�%��E����������	3��&4

�
-�����'������ ( “ Ext r act _Regi on_Fi xed_Poi nt ” ) ) )
}

C3 ���������	��
��
��� (�*��%���:����
��������%� = � � ��������
	��� �����
��� (���'�����
	�%��' = *����
���������%�	�
���
�������
��� ����������+���������E%�	���% �
�� � �	� 4 0���������B	�������������
���
� �%�������
(�;���'������87) #���	�!���
� ���&4,(���'���� �/.
����E%�	���% �
�� � �	��3��&4

�
-�����'��������/.%�	��
���C��
����3��&4��
-�����'��������/.�������� - r ange- acqui s i t i on” ) )
i mpl i es� �%�	� = 45��(� &�
�
(	��������'�6������87��
-�����'��������/.�;�*��%������
��������%��<�� � ��0���
	����3����
}

C4 ���������	��
��
��� (�*��%���:����
��������%����-	������������
	��� �����
��� (���'�����
	�%��' = *����
���������%�	�
���
�������
��� ����������+���������E%�	���% �
�� � �	� 4 0���������B	�������������
���
��� �%�������
(�;���'������87) #���	�!���
� ���&4,(���'���� �/.
����E%�	���% �
�� � �	��3��&4

�
-�����'���� n( “ t r acki ng” ) . chi l dr en( “ mi d- r ange- 
�����*������%�������	3����"���� �%�������
(�;���'������87) #���	�!���
� ���&4,(���'���� �/.
����E%�	���% �
�� � �	��3��&4
�
-�����'��������/.%�	��
���C��
����3��&4��
-�����'��������/.���-����
� - r ange- acqui s i t i on” ) ) )

i mpl i es� �%�	� = 45��(� &�
�
(	��������'�6������87��
-�����'��������/.�;�*��%������
��������%�	��-	������0���
	����3����
}

C5 ���������	��
��
��� ���
�����
������
��������%�2���
�����
��������
	��� �����
��� (���'�����
	�%��' = *����
���������%�	�
���
�������
��� ����������+���������E%�	���% �
�� � �	� 4 0���������B	�������������
���
� �%�������
(�;���'������87) #���	�!���
� ���&4,(���'���� �/.
����E%�	���% �
�� � �	��3��&4

�
-�����'��������/.%�	��
���C��
����3��&4��
-�����'��������/.���-����
� - r ange- t r acki ng” ) )
i mpl i es� �%�	� = 45��(� &�
�
(	��������'�6������87��
-�����'��������/.�9��
�����
� Tar get _Si ngl eCl ass” ) )
}

C6 ���������	��
��
��� ���
�����
������
��������%����-	������������
	��� �����
��� (���'�����
	�%��' = *����
���������%�	�
���
�������
��� ����������+���������E%�	���% �
�� � �	� 4 0���������B	�������������
���
��� �%�������
(�;���'������87) #���	�!���
� ���&4,(���'���� �/.
����E%�	���% �
�� � �	��3��&4

�
-�����'��������/.%�	��
���C��
����3��&4��
-�����'��������/.�(&��' - r ange- �	��
���C��
����3����"���� �%�������
(�;���'������87) #���	�!���
� ���&4,(���'���� �/.
����E%�	���% �
�� � �	��3��&4
�
-�����'��������/.%�	��
���C��
����3��&4��
-�����'��������/.�������� - r ange- t r acki ng” ) ) )

i mpl i es� �%�	� = 45��(� &�
�
(	��������'�6������87��
-�����'��������/.�9��
�����
����
��������%�	��-	������0���
	����3����
}

C7 ���������	��
��
���$�
(��	��'�'���'��A��(� &� �����
��� ��(�
������ = ���%( �%����C������?������*��%�#� ��� �	��
���C��
���@�%� st em��� ����������+���������E%�	���% �
�� � �	�
�,�
-�����'��������/.�1!(�
������A9���*	�����	3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.�1!(�
������A9���*	�����	3��&4��
-�����'��������/.�9
����C����!�21�<�3����

���'
�,�
-�����'��������/.%E�����*��%�#� ��B	�����������
����3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.%E�����*��%�#� ��B	�����������
����3��&4��
-�����'��������/.�����
���C��
�����A9
�������
(&3����

}
C8 ���������	��
��
��� �%����C����!�A� = �&
	���
���������

��� �����
��*	�������%�	�
���
�������
��� ����������+���������E%�	���% �
�� � �	�
�,�
-�����'��������/.�1!(�
������A9���*	�����	3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.�1!(�
������A9���*	�����	3��&4��
-�����'��������/.�9
����C����!�21�<�3����
��(� &���
���
�,�
-�����'��������/.�1!(�
������A9���*	�����	3��&4��
-�����'��������/.�9
����C����!�21�<�3��&4 
	������������'���� ���87
 #���	�!���
� ���&4������
��*	������� �/.
� ��� 0���� � ���
������3����



117

}
C9 ���������	��
��
���  ����!�&������- � �����

��� �����
��*	�����$
	���������
(	������
���'>
��%��������
���� � ���%�	�
���
�������
��� (�*��%���� &�
������������+��
�,�
-�����'��������/.%<��
��'��A9��
�����
����B���
�C�3��&45��(� &�
�
(	��������'�6������87
�
-�����'��������/.%<��
��'��A9��
�����
����B���
�C�3��&4��
-�����'��������/.%<��
��'��A9��
�����
����B���
�C������&3����

���'
( chi l dr en( “ Fi nd_Si ngl e_Peak” ) . chi l dr en( “ Fi nd_Si ngl e_Peak_HW” ) .
	������������'���� ���87

 #���	�!���
� ���&4������
��*	������� �/.
���%������
 <�B���� �	1!;>;���'�*��
�	3����
}

C10 ���������	��
��
�������!�&
������&
�����
 �����
��� 
�����
���� �
� *��	�%�#�)� =�� - ��
����>����*�� �
��� ����������+���� ������� - r ange- acqui s i t i on� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	5;�*��%������
��������%��<�� � ��0���
	����	��&4

�����
 ����
������	�

}
C11 ���������	��
��
�������!�&
������A��
�� �����

��� ��
����������@��� �
� *��	�%�#�)� = (��
��� ����������+���� ������� - r ange- acqui s i t i on� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	5;�*��%������
��������%��<�� � ��0���
	����	��&4
��
���������������
����	�

}
C12 ���������	��
��
�������!�&
������� �� � �����

���  �� � ���$��� �
� *��	�%�#�)� = (��
��� ����������+���� ������� - r ange- acqui s i t i on� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	5;�*��%������
��������%��<�� � ��0���
	����	��&4
 �� � ��� ����
������	�

}
C13 ���������	��
��
��� (#�����!�&
������&
�����
 �����

��� 
�����
���� �
� *��	�%�#�)� =�� - ��
����>����*�� �
��� ����������+���� (&��' - r ange- 
�����*������%�������	� ��-����
� - r ange- acqui s i t i on� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	5;�*��%������
��������%�	��-	������0���
	����	��&4

�����
 ����
������	�

}
C14 ���������	��
��
��� (#�����!�&
������A��
�� �����

��� ����������+���� (&��' - r ange- 
�����*������%�������	� ��-����
� - r ange- acqui s i t i on��� ��
����������@��� �
� *��	�%�#�)� = (��
� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	5;�*��%������
��������%�	��-	������0���
	����	��&4
��
���������������
����	�

}
C15 ���������	��
��
��� (#�����!�&
������� �� � �����

��� ����������+���� (&��' - r ange- 
�����*������%�������	� ��-����
� - r ange- acqui s i t i on���  �� � ���$��� �
� *��	�%�#�)� = (��
( syst e (�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .



118

�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	5;�*��%������
��������%�	��-	������0���
	����	��&4
 �� � ��� ����
 � �	�

}
C16 ���������	��
��
��������(#�!���	��C��&
�����
 �����

��� 
�����
���� �
� *��	�%�#�)� =�� - ��
����>����*�� �
��� ����������+���� (&��' - r ange- �	��
���C��
�����)������� - r ange- t r acki ng� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	%9��
�����
����
��������%�	��-	������0���
	����	��&4

�����
 ����
 �����	�

}
C17 ���������	��
��
��������(#�!���	��C��A��
�� �����

��� ����������+���� (&��' - r ange- �	��
���C��
�����)������� - r ange- t r acki ng��� ��
����������@��� �
� *��	�%�#�)� = (��
� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	%9��
�����
����
��������%�	��-	������0���
	����	��&4
��
���������������
�� �	�

}
C18 ���������	��
��
��������(#�!���	��C��� �� � �����

��� ����������+���� (&��' - r ange- �	��
���C��
�����)������� - r ange- t r acki ng���  �� � ���$��� �
� *��	�%�#�)� = (��
� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	%9��
�����
����
��������%�	��-	������0���
	����	��&4
 �� � ��� ����
������	�

}
C19 ���������	��
��
��� ���!���	��C��&
�����
 �����

��� 
�����
���� �
� *��	�%�#�)� =�� - ��
����>����*�� � – <�B���� ��
% �
����%���@��� ����� � ��
������
��� ����������+���� ��-����
� - r ange- t r acki ng� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	%9��
�����
����
��������%�A9��
�����
��0���
	����	��&4

�����
 ����
�� ���	�

}
C20 ���������	��
��
��� ���!���	��C��A��
�� �����

��� ��
����������@��� �
� *��	�%�#�)� = (��
��� ����������+���� ��-����
� - r ange- �	��
���C��
���� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	%9��
�����
����
��������%�A9��
�����
��0���
	����	��&4
��
���������������
 ���	�

}
C21 ���������	��
��
��� ���!���	��C��� �� � �����

���  �� � ���$��� �
� *��	�%�#�)� = (��
��� ����������+���� ��-����
� - r ange- �	��
���C��
���� �%�������
(�;���'������87��%�	� = �
��(� &���
���
( pr oj ect ( ) . pr ocesses( “ ATR_TopLevel ” ) .�
-�����'��������
	�0���������B	�������������
����	��&4��
-�����'��������
	%9��
�����
����
��������%�A9��
�����
��0���
	����	��&4
 �� � ��� ����
������	�

}



119

V�W�X�^	b�d�\�e�a [	]�d�e�\�a�X	o�h�X	^	e�e�W1X�^	a�]�e�]�^#[	h�]�e�j.b1o�`�b s X#a�]�dD[#^�����]�\�]�e�]�b�d�l?b�f�X	\ r [	d�f�h�[	e�X	d�^ j.]�d
e�a�[	^���]�d1v e�a�[#^���]�d1v l?b�f�X	\>x4V�W�a�X#X;`1X	a�o�b1a�l?[	d�^#X;^#b�d�\�e�a�[	]�d�e�\-W�[	w�X;Y1X	X	d�f�X#o�]�d�X	f o�b�a2X#[	^	W
l?b�f�X.e�W�[	e Y�b���d�f&e�W�X.`�b s X	a r [	a X	[ r [	d�f&h�[	e�X	d�^ j�xDV�W�X.[	a�X#[.^	b�d�\�e�a�[	]�d�e�\'\�`�X#^#]�o j*e�W�X.[	w1[	]�h�[	Y�h�X
h�b�v�]�^.v�[	e�X"^	b���d�e�b�d?e�W�X"� � �"~2x�z{d?e�W�X"X	[	a�hCjD[	^�����]�\�]�e�]�b�d?l?b�f�X	\ne�W�X"� � �"~�� \�[	a�X"\�W���e�f�b s d
e�b=a�X	f���^	XDe�W�XD`�b s X	a�^	b�d1\���l?`�e�]�b�d r s W�]�^	W=]�\E]�d�f�]�^ [	e�X	f=]�d=e�W�XDe�]�v�W�e�X	a�[	a�X#[D^#b�d�\�e�a�[	]�d�e ]�d=e�W�X
[	^�����]�\�]�e�]�b�d�l?b�f�X	\yx@V�W�X9d�X��1e'\�X	^	e�]�b�d�f�X	\�^	a�]�Y�X	\2e�W�X-[	`�`�h�]�^	[	e�]�b�d�b�o�e�W�X	\�X-^	b�d�\�e�a�[	]�d�e�\2o�b�a
f�X	\�]�v�d�\�`�[#^	XEX��1`�h�b�a�[	e�]�b�d�[	d�f�`�a���d�]�d1v x

C
b�d�\�e�a�[	]�d�e�Y�[	\�X	f��"X	\�]�v�d ��`�[	^	X ���1`�h�b�a�[	e�]�b�d

V�W�X9l?b�f�X	h�\&[#a�X-[	d�[	hCj �#X#f s ]�e�W;e�W�X9f�X	\�]�v�d�\�`�[	^#X-X��1`�h�b�a�[	e�]�b�d;e�b�b�h'e�b;X��1`�h+b�a�X9e�W�X

f�X	\�]�v�d%\�`�[#^	X�x V�W1X�]�d�]�e�]�[	h�f�X	\�]�v�d%\�`�[#^	X�]�d%e�W�X�~	�|~"V � \�j>\�e�X	l ]�\ 23109.3 ×
x V�W�X

`�a�X	w�]�b���\�h�jD\�`1X	^	]�o�]�X	f&^	b�d�\�e�a�[	]�d�e�\�[	a�X"]�e�X#a�[	e�]�w�X	hCjD[	`�`1h�]�X	f?e�b?a�X	f���^#X"e�W�X"\kj>\�e�X	lZf�X	\�]�v�d?\�`1[	^	X�x
����Y�\�X�����X	d�e�e�b�e�W�X-\�j>l?Y1b�h�]�^-^	b�d�\�e�a�[	]�d�e�\�[	e�]�\�o�[	^	e�]�b�d�Y�[	\�X	f�f�X	\�]�v�d�\�`�[	^#X-X �1`�h�b�a�[	e�]�b�d r e�W�X
f�X	\�]�v�d�X#a�^	[	d ^	b�d�e�]�d���X s ]�e�W e�W�X4X��1`�h�b�a�[	e�]�b�d b�o�e�W�X4a�X	l?[	]�d�]�d�vcf1X	\�]�v�d}\�`�[	^	X4��\�]�d�v
`�X	a�o�b�a�l?[	d1^	X:\�]�l?��h�[	e�]�b�d�[	d�f�l?��h�e�]�`�h�X:o�]�d�X

-
v�a�[	]�d1X#f�\�]�l?��h�[	e�]�b�d�\yx Vpjy`�]�^#[	h�h�j r e�W�X:f�X	\�]�v�d

\�`�[	^	X6X��1`�h�b�a�[	e�]�b�dDa�X�����]�a�X#\�\�X	w�X	a [	ht]�e�X	a�[	e�]�b�d�\yx � b�d1\�e�a�[	]�d�e�\�W�[	w�XEe�bDY1XEl?b�f�]�o�]�X	fD[	d�f*a�X	o�]�d�X	f
e�b�[	a�a�]�w�X*[	e�e�W�X*f�X	\�]�a�X	f�\�b�h���e�]�b�d�x=V�W�X*o�]�d�[	h�b���e�^	b�l?X*b�one�W�X*f�X	\�]�v�d�\�`�[	^	X*X �1`�h�b�a�[	e�]�b�d=]�\"[
o�X s f�X	\�]�v�d�^	b�d1o�]�v���a�[	e�]�b�d1\�e�W�[	e�^	[	d�Y�X�e�X	\�e�X	fD[	d�f�]�l?`�h�X	l?X	d�e�X	f�x

V�W�X*e�[	Y�h�X*Y�X	h�b s \�W�b s \.b�d�X*]�e�X	a�[	e�]�b�d�e�W�a�b���v�W�e�W�X?\�j>l?Y�b�h�]�^*^	b�d�\�e�a�[	]�d�e�\�[	e�]�\�o�[	^	e�]�b�d
Y�[	\�X	f=f�X	\�]�v�d�\�`�[	^#XDX��1`�h�b�a�[	e�]�b�d�x�V�W�X*e�[	Y�h�X*h�]�\�e�\6f�]�o�o�X	a�X	d�e�^	b�d�\�e�a�[	]�d�e�\"[	d�f�e�W�X	]�a�]�l?`�[	^	e b�d
e�W�X?f�X	\�]�v�d9\�`�[#^	X�x<V�W�X&\�]��#X?b�o�e�W�X �.mn�"�Za�X	`1a�X	\�X	d�e�[	e�]�b�d9b�o�e�W�X&f�X	\�]�v�d9\�`1[	^	X&Y�X	o�b1a�X&[	d�f
[	o�e�X	a ^	b�d�\�e�a�[	]�d�e�[	`�`�h�]�^	[	e�]�b1d�]�\�[	h�\�b�\�W�b s d�x�V�W�X�^	b�h���l?d�h�[	Y�X	h�X	f�[	`�`�h�]�^	[	e�]�b�d�e�]�l?X�\�W�b s \�e�W�X
e�]�l?X�e�[���X	d�o�b�a�\�[	e�]�\�o�[#^	e�]�b�d�b�o�e�W�X�\�`�X	^	]�o�]�X	fD^	b�d�\�e�a�[#]�d�eIx
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V�[	Y�h�X
2 �

� b�d�\�e�a�[	]�d�e�[	`�`�h�]�^	[	e�]�b�d�b�w�X	a�f�X	\�]�v�d�\�`�[#^
e

L
A
B
E
L

� � � z � �
� ��~ � �
� z�� �
(PRE)

� � � z � �
� ��~ � �
� z�� �
(POST)

�"mn�"�
� z�� �
(PRE)

�"mn�"�
� z�� �
(POST)

~�� � 	 z � ~"Vpz � �
Vpz � � � z � � � �

C1 231086.3 × 231093.1 × 138 144 10

C2 231093.1 × 221033.3 × 144 165 20

C7 221033.3 × 211007.4 × 165 167 20

C8 211007.4 × 211007.4 × 167 167 20

C9 211007.4 × 211034.1 × 167 149 20

C10 211034.1 × 211033.1 × 149 272 40

C12 211033.1 × 151027.1 × 272 122 691

C11 151027.1 × 151027.1 × 122 122 20

C13 151027.1 × 151017.1 × 122 249 30

C15 151017.1 × 151016.1 × 249 270 221

C14 151016.1 × 151016.1 × 270 148 481

C16 151016.1 × 151013.1 × 148 359 40

C17 151013.1 × 141068.2 × 359 7783 2894

C18 141068.2 × 101013.4 × 7783 111 3796

C19 101013.4 × 101013.4 × 111 148 40

C20 101013.4 × 61035.1 × 148 117 90



121

C21 61035.1 × 51087.3 × 117 107 30

C3 51087.3 × 51027.3 × 107 111 40

C4 51027.3 × 51094.1 × 111 133 40

C5 51094.1 × 51094.1 × 133 137 40

C6 51094.1 × 41046.6 × 137 136 40

�"b�e�]�^	X*e�W�[	e�e�W�X?^	b�d�\�e�a�[	]�d1e�\"W�[	w�X*Y�X#X	d�[	`�`�h�]�X	f9]�d9[*`�[	a�e�]�^	��h�[#anb�a�f1X	akx9V�W�X?b�a�f�X	anb1o
^	b�d�\�e�a�[	]�d�e�[	`�`�h�]�^	[	e�]�b�dBW�[#\D[	dB]�l?`�[	^	e�b�w�X	aEe�W�X�\�^	[#h�[	Y�]�h�]�e�j9b1oEe�W�X�[	`�`�a�b1[	^	WA[	\ s X	h�h�[	\De�W�X
b���e�^	b�l?X=b�o6e�W�X=f1X	\�]�v�d|\�`�[	^	X=`1a���d�]�d�v x z dAe�W�X�X	[#a�h�j<\�e�[#v�X	\*b�o6f1X	\�]�v�d|\�`�[#^	X=X��1`�h�b�a�[	e�]�b�d r
^	b�l?`�[	e�]�Y�]�h�]�e�j r [	d�f%a�X	\�b1��a�^	X�^	b�d�\�e�a�[	]�d�e�\�[#a�X�[	`1`�h�]�X	f�x V�W�X	\�X�^	b�d�\�e�a [	]�d�e�\�Y�X	]�d�vi\�]�l?`�h�X
h�b�v�]�^	[	h�a X	h�[	e�]�b�d�\�[	a�X�a X	h�[	e�]�w�X	h�j?X#[	\kj*e�b2\kj>l?Y�b�h�]�^	[	h�h�j&[	`�`�hCj?[	d�f2a X	\���h�e�]�d2[�a�X#f���^	e�]�b�d2b�o)e�W�X
f�X	\�]�v�dB\�`1[	^	X�x���X	a o�b�a�l?[#d�^	X�^	b�d�\�e�a [	]�d�e�\D[	a X�[	`�`�h�]�X	fBh�[	e�X	a r)s W�X	dAe�W�X�f�X	\�]�v�dB\�`�[	^	X=\�]��#X�]�\
\�l?[	h�h�X	akx�V�W�X�`1X	a�o�b�a�l&[	d�^#X�^	b�d�\�e�a�[	]�d�e�\�[#a�X�[	`�`�h�]�X	fD]�d�e�W�X�b�a�f�X	a�b1o�e�W�X	]�a ^	a�]�e�]�^#[	h�]�e�j r e�b�l?b�f�X

-

\�`�X	^	]�o�]�^ o���d�^	e�]�b�d�[	h-[	h�e�X	a d�[	e�]�w�X	\yx ��b�a;X��1[	l?`�h�X r ]�dZe�W�X [	^�����]�\�]�e�]�b�d l?b�f�X	\ e�W�X `�b s X	a
^	b�d�\�e�a�[	]�d�e ]�\6[	`�`�h�]�X	f=Y�X	o b�a�XDe�W�XDh�[	e�X	d�^ j�^	b�d�\�e�a�[	]�d1eIx 	 [	e�X	d1^ j2^	b�d�\�e�a�[	]�d�e d1b�e Y�X	]�d�v�^#a�]�e�]�^	[	h
^	[	d�Y�X:`1a�b1v�a�X	\�\�]�w�X	hCj e�]�v�W�e�X	d�X	f�e�b�o�]�d�f�e�W�X:h�X#[	\�eDh�[	e�X	d�^ j f�X	\�]�v�d�\yxcz d@^#b�d�e�a�[	\�e r ]�d�e�W�X
e�a�[	^���]�d1v�l?b�f�X	\�h�[	e�X	d1^ j.^#b�d�\�e�a�[	]�d�e�\�[	a�X�[	`�`�h�]�X	f�Y1X	o b�a�X�`�b s X#a�^	b�d�\�e�a�[	]�d�e�\yx

V�W�X&f�X	\�]�v�d-\�`1[	^	X2X��1`�h�b�a�[	e�]�b�d-e�b�b�h)f�b�X	\�d�b�e)l?[	]�d1e�[	]�d-[&\�]�d1v�h�X&l?b�d�b�h�]�e�W�]�^ �"mn�.�
a�X	`�a�X	\�X	d�e�[	e�]�b�d�b�o�e�W�X8f�X#\�]�v�d�\�`�[#^	X�x ����Y�\�X����1X	d�e*e�b�[	d�[	`�`�h�]�^#[	e�]�b�d�b�o�^#b�d�\�e�a�[	]�d�e�\ r e�W�X
`�a���d�X	f-f1X	\�]�v�d<\�`�[	^#X&]�\�a X

-
X	d�^	b�f1X	f<[	d�f-e�W�X �.mn�.�Za�X	`1a�X	\�X	d�e�[	e�]�b�d-a�X

-
v�X	d�X#a�[	e�X	f s ]�e�W-e�W�]�\

d�X s X	d�^	b�f�]�d1v xBV�W�]�\�W�X	h�`�\�e�b ��X	X	`-e�W�X��"mn�"�Za�X#`�a�X	\�X	d�e�[	e�]�b�d-l?[	d�[#v�X#[	Y�h�X2[	e)X	[	^	W-\�e�[#v�X�x
V�W�X�\���Y�\�X�����X	d�e�`�[	a�[#v�a�[	`1W�\Df�X	`�]�^	e�e�W�X�a�X	\���h�e�\De�[	Y���h�[	e�X	fB[	Y�b�w�X=v�a�[	`�W�]�^#[	h�h�j<[	\DY�[	aE^	W�[	a�e�\ r
[	d�f�`�a�X	\�X	d�et[	d�[	d�[	hCj>\�]�\�b1o�e�W�X�a�X	\���h�e�\yx
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��]�v��1a�X
24 �

�.X	\�]�v�d�\�`1[	^	XE\�]��#X ��h�b�v�\�^	[	h�X ��w�\yx [	`�`�h�]�X#f�^	b�d�\�e�a�[	]�d�e�\

��]�v��1a�X
24

\�W�b s \�[.`�h�b�e b1ope�W�X.f1X	\�]�v�d2\�`�[	^#X.\�]��#X.b1d&[.h�b1v
-
\�^#[	h�X�[#v�[	]�d�\�e e�W�X�[	`�`�h�]�X	f

^	b�d�\�e�a�[	]�d�e�\yx2z{e ^#[	d�Y�X�\�X#X	d�o�a�b�l4e�W�X�^	W�[#a�e W�X	a�X�e�W1[	e e�W�X�f�X	\�]�v�d�\�`�[#^	X�\�]��#X�\�e�[#j>\Ea X	h�[	e�]�w�X	h�j
^	b�d�\�e�[	d�en[	d�f|e�W�X	dAa X	f���^#X	\*]�dAf�]�\�^	a X	e�X=\�e�X	`�\yx�V�W1]�\*^	[	dAY1X�[	e�e�a�]�Y���e�X	fAe�bAe�W�X=o [	^	ene�W�[	e�e�W�X
[	`�`�h�]�X	f|^	b�d�\�e�a�[	]�d�e�\?[	a�X�h�b�^	[	h�]��#X	f|e�b|[�`�[	a�e�]�^	��h�[	a.o���d�^	e�]�b�d�[	h�[	h�e�X	a�d�[	e�]�w�X�x ��[	^	W|o���d�^	e�]�b�d�[	h
[	h�e�X	a�d�[	e�]�w�X=o�b�a�l?\*[�\���Y

-
\�`�[	^	X=b�oE]�e�\Db s d r [	d�fBe�W�X=[	`�`�h�]�^	[	e�]�b�dBb1oE^	b�d�\�e�a [	]�d1e�a�X	f���^#X	\De�W�[	e

sub-
\�`�[	^	X ��W�b s X	w�X#a r \�]��#X�b�o2e�W1X�f�X	\�]�v�d�\�`1[	^	X:]�\<f�b�l?]�d�[	e�X	f�Y�j e�W�X:h�[	a v�X	\�e�\���Y

-
\�`�[	^#X�x

� W�X	dD[	h�hte�W�XE\���Y
-
\�`�[	^	X	\�b�o e�W�XEo���d�^	e�]�b�d�[	ht[	h�e�X	a�d�[	e�]�w�X	\�W�[	w�XEY�X	X	dD`�a���d1X	f r e�W�X	a�XE]�\�[E\���f�f�X	d

a�X	f���^	e�]�b�d?]�d?e�W�X"\�]��#X"b�o�e�W�X"f�X	\�]�v�d?\�`�[	^#X�x �"`�X#a�[	e�]�b�d�[	h�^	b�d�\�e�a�[	]�d�e�\�[	a X"[	`�`�h�]�X	f?e�b s [	a�f�\�e�W�X
h�[	\�eE`�W�[	\�X<b�o�X��1`�h�b�a�[	e�]�b�d�x V�W�X<[	\�\�b�^	]�[	e�]�b�d�\�b�o�l?b�f�X	\�b�o�b�`�X	a�[	e�]�b�d�\ s ]�e�W:e�W�X<f�]�o�o�X	a�X	d�e
o���d�^	e�]�b�d�[	h [	h�e�X	a�d1[	e�]�w�X	\Z[	a�X X��1`�a�X	\�\�X	f ]�d e�W�X	\�X ^	b�d�\�e�a�[	]�d�e�\yx9V�W�]�\ ��X	X#`�\ e�W�X b�w�X	a�[	h�h
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a�X	`�a�X	\�X	d�e�[	e�]�b�d l?[	d�[#v�X	[#Y�h�X r [	\ e�W�X	a�X [	a�X d�b f�X	`�X	d�f�X	d1^	]�X	\ Y�X	e s X	X	d e�W�X l?b�f�X [	d�f
^	b�d�o�]�v��1a�[	e�]�b�d�w�[	a�]�[	Y�h�X	\�]�d�e�W�X�X	[	a�hCj.\�e�[#v�X	\�b�o�f�X	\�]�v�d�\�`�[#^	X�X��1`�h�b�a�[	e�]�b�d�x

��]�v��1a�X
25

\�W�b s \*[�`�h�b�enb�oEe�W�X�\�]��#X�b�o6e�W�X�\kj>l?Y�b1h�]�^�a�X	`�a X	\�X	d�e�[	e�]�b�dBb�o6e�W�X=f�X	\�]�v�d
\�`�[	^	X	\.[#v�[	]�d�\�epe�W�X?[	`�`�h�]�X	f9^	b�d�\�e�a�[	]�d�e�\ r [	o�e�X	a�[?^	b�d1\�e�a�[	]�d�ep]�\.[	`�`�h�]�X	f�x<z{ep^	[	d-Y�X	X?\�X	X	d9e�W�[	e
e�W�X �.mn�"� a�X	`1a�X	\�X	d�e�[	e�]�b1d|\�]��#X�]�\&v�X	d�X#a�[	h�hCjB\�l?[	h�h'[	d�f|\�e�[ j>\&l?[	d�[#v�X	[	Y�h�X9e�W�a�b���v�W�b���e'e�W�X

explorat
]�b�d�x.V�W�X	a�X"]�\�["\�l?[	h�h�v�a�b s e�W?]�d?e�W�X.a�X	`�a X	\�X	d�e�[	e�]�b�d?\�]��#X"v�b�]�d1v*o�a�b�lZb�d�X"^	b�d�\�e�a�[	]�d�e

e�b2[	d�b�e�W�X	a r Y1X	^	[	��\�X�[�h�[	a v�X�d���l?Y�X	a�b�o � f�b�d � e�^#[	a X	\ ��[#a�X�^	b�d�w�X#a�e�X	f2e�b � ^	[#a X	\ ��x*V�W1X	a X�]�\�[
\�]�d�v�h�X"h�[	a v�X"`�X	[��?e�W�[	e�]�\�^	[	��\�X	f?Y�jD["`�b s X	a�^	b�d�\�e�a [	]�d�e�[	`�`�h�]�X	f?e�b?e�W�X"\���Y

-
\�`�[	^	X"o�b1a�l?X	f?Y�j

e�W�X�\�]�d�v�h�X
-
e�[	a v�X	e�e�W�a�X#X

-̂
	h�[#\�\�`�a�b�Y�h�X	l<x�V�W�]�\�^	b�d�\�e�a�[#]�d�e�a�X	\���h�e�X	f�]�d�[E\�]�v�d�]�o�]�^	[#d�e�a�X	f���^	e�]�b�d�]�d

e�W�X*f�X	\�]�v�d�\�`�[#^	X*\�]��#X r [	d�f�[	o�e�X	an`�a���d�]�d1v=[	d�f�a X
-
X#d�^	b�f�]�d�v=e�W�X*a X	`�a�X	\�X	d�e�[	e�]�b�d�\�]��#X*]�\6\�l?[	h�h

again.
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��]�v��1a�X
25 �
��jyl?Y�b�h�]�^Ea�X	`�a X	\�X	d�e�[	e�]�b�d�\�]��#X � �"mn�.��d1b�f�X	\ ��w�\yx [	`�`�h�]�X	f�^	b�d�\�e�a [	]�d�e�\
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��]�v��1a�X
26

\�W�b s \.[*`�h�b�epb�one�W�X?^	b�d�\�e�a�[	]�d�e�[	`�`�h�]�^#[	e�]�b�d�e�]�l?X*]�d�l?]�h�h�]�\�X	^	b�d�f�\"[	v�[	]�d�\�e
e�W�X"[	`�`�h�]�X	f?^	b�d�\�e�a [	]�d�eIx�z e ^	[	d?Y1X"\�X#X	d?e�W�[	e�]�d&v�X	d1X#a�[	h r e�W�X"e�]�l?X"o�b1a�\kj>l?Y�b�h�]�^	[	h�h�jD\�[	e�]�\�o jy]�d1v
^	b�d�\�e�a�[	]�d�e�\�]�\�`�a�b�`�b�a�e�]�b�d�[#hte�bDe�W�XE\�]��#XEb�o e�W�XEf�X	\�]�v�d*\�`�[	^	X6a�X	`�a X	\�X	d�e�[	e�]�b�d�x V�W1XE`�X	[���\�]�dDe�W�]�\
`�h�b�e6^	b�a�a�X	\�`�b�d�f8e�b8e�]�v�W�e6^	b�d�\�e�a�[	]�d�e�\yx V�W�X s b�a�\�e

-̂
	[	\�XBe�]�l?XB]�\=d�X	[	a�h�j � \�X	^ r's W�]�^	W8o�b�aD[

f�X	\�]�v�d:\�`�[#^	X<b1o�\�]��#X�� �������:]�\�b�a�f�X	a�\
-of-

l?[#v�d�]�e���f�X<Y�X	e�e�X	a�e�W�[	d:\�e�a�]�^	eEX	d1��l?X	a�[	e�]�b�d�x V�W�X
e�]�l?]�d�v=a�X	\���h�e�\"\�W�b s d�W�X	a X s X	a X*b�Y�e�[	]�d�X	f�b�d�[����1� � � � ��X	d�e�]���l z z�zn`�a�b�^#X	\�\�b�a s ]�e�W � ���

MB-RAM.
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��]�v��1a�X
26 �

� b�d�\�e�a�[	]�d�e�[	`1`�h�]�^	[	e�]�b�d�e�]�l?X ��l?\ ��w�\yx [	`�`�h�]�X	f�^	b�d�\�e�a�[	]�d�e�\

Applyin
v_^	b�d�\�e�a�[	]�d�e�\�]�d4e�W�]�\�l?[	d�d�X	a:e�W�X%f�X	\�]�v�d4\�`�[	^	X%W�[	\�Y�X	X	d4a X	f��1^	X	f4e�b

[	`�`�a�b �1]�l?[	e�X	h�j 41046.6 ×
f�X	\�]�v�d�\yx�V�W�]�\�]�\�\�e�]�h�h�["h�[	a�v�X"d���l?Y1X	a�b�o�f1X	\�]�v�d�\ r W�b s X	w�X#a r l?b�\�e
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f�X	\�]�v�d�\|]�d�e�W�]�\|f�X	\�]�v�d�\�`�[	^	X�f�]�o�o X	a�l?X	a X	hCj�]�d�a�X	\�b���a�^	X [	h�h�b�^	[	e�]�b�d�x z d�e�W�]�\|`�[	a�e�]�^	��h�[	a
[	`�`�h�]�^	[	e�]�b�dD`�a X	\�X	d�e�X	fD]�d*e�W�]�\�^	[	\�X6\�e���f1j r l?b�\�etb�o e�W1X	\�XEa X	\�b���a�^#X6[	h�h�b�^	[	e�]�b�d�\�[#a�X6X�����]�w�[	h�X	d�eIx
V�W�X	a�X	o�b1a�X r e�W�X8f1X	\�]�v�d1X	a�^	[	d�a�[	d�f�b�l?hCj�`�]�^���[	d1j�b�d1X�x �"b s X	w1X	a r ]�d@b�e�W�X	a=[#`�`�h�]�^	[	e�]�b�d
\�^	X	d�[	a�]�b�\?e�W�X9f�X	\�]�v�d|\�`�[#^	X�l?[ jBY1X�`�a���d1X	f|o���a�e�W1X	akx ����a�e�W�X#a"X��1`�h�b�a�[	e�]�b�d|b�o"e�W�X�a X	f���^	X#f
f�X	\�]�v�d�\�`�[#^	X�l?[ j.Y1X�`�X	a o b�a�l?X	f s ]�e�W�l?b�a�X�X��1`�X	d�\�]�w�X�\�]�l?��h�[	e�]�b�d�[	d�f�e�X	\�e�]�d�v�x
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� �"~���V�� ���.z

� � ~ 	 ~.m�z 	�z V � ��V��"���

V�W�]�\�^	W�[	`�e�X	a `�a�X	\�X	d�e�\�[E\�e���f1j�]�dDe�W�XE\�^	[	h�[	Y�]�h�]�e�j�b�o e�W�XEf�X	w�X	h�b�`�X	fD[	`�`�a�b1[	^	W�xE��b�a e�W�X
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