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AS 0

AS 1AS 2

R

2 -> 0  21R
2 -> 1  21R

2 -> 0  21R
2 -> 1  21R

2 -> 0  21R
2 -> 1  21R

2 -> 0  21R
2 -> 1  21R

2 -> 0  21R
2 -> 1  21R

0 -> 1  02R
0 -> 2  02R

0 -> 1  02R
0 -> 2  02R

2 -> 0  201R
2 -> 1  201R

0 -> 2  W
0 -> 1  W 1 -> 0  120R

1 -> 2  120R

2 -> 0  201R
2 -> 1  201R

0 -> 1  02R
0 -> 2  02R

2 -> 0  201R
2 -> 1  201R 0 -> 2  W

0 -> 1  W 1 -> 0  120R
1 -> 2  120R 0 -> 2 012R

0 -> 1 012R

0 -> 2  W
0 -> 1  W 1 -> 0  120R

1 -> 2  120R 0 -> 2 012R
0 -> 1 012R

Routing Tables

0(*R, 1R, 2R)     1(0R, *R, 2R)     2(0R, 1R, *R)

steady state

Messages Processing Messages Queued in System

 1 -> 0  10R
 1 -> 2  10R

0

R withdraws its route1
 0 -> 2  01R
 0 -> 1  01R

 1 -> 0  10R
 1 -> 2  10R

1 -> 0  12R
1 -> 2  12R2

1 and 2 receive new announcement from 0

 1 -> 0  10R
 1 -> 2  10R0(-, -, *2R)     1(-, -, *2R)     2(*01R, 10R, -)

 0 -> 1  01R
 0 -> 2  01R

R -> 0  W
R -> 1 W
R -> 2 W

1 -> 0  12R
1 -> 2  12R3

0 and 2 receive new announcement from 1

1 -> 2  12R
1 -> 0  12R

4

1 -> 0  12R
1 -> 2  12R5

0 and 1 receive new announcement from 2

0 and 2 receive new announcement from 1

6

N/A

N/A

N/A

N/A

N/A

N/A

 N/A

0(-, *1R, 2R)     1(*0R, -, 2R)      2(*0R, 1R, -)

0(-, *1R, 2R)     1(-, -, *2R)     2(01R, *1R, -)

2 -> 0  20R
2 -> 1  20R

2 -> 0  20R
2 -> 1  20R

2 -> 0  20R
2 -> 1  20R

2 -> 0  20R
2 -> 1  20R

0 and 1 receive new announcement from 2

(steps omitted)

48 N/A 0(-, -, -)     1(-, -, -)     2(-, -, -)
steady state

0(-, -, -)     1(-, -, *20R)     2(*01R, 10R, -)

0 -> 1  02R
0 -> 2  02R

2 -> 0  201R

0(-, *12R, -)     1(-, -, *20R)     2(*01R, -, -)

0(-, *12R, 21R)     1(-, -, -)     2(*01R, -, -)

2 -> 1  201R

1 -> 0    W
1 -> 2    W

Stage      Time 
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0 -> 1  01R
0 -> 2  01R
0 -> 3  01R

1 -> 0  10R 
1 -> 2  10R
1 -> 3  10R

1 -> 0  10R 
1 -> 2  10R
1 -> 3  10R

2 -> 0  20R
2 -> 1  20R
2 -> 3  20R

3 -> 0  30R
3 -> 1  30R
3 -> 2  30R

2 -> 0  20R
2 -> 1  20R
2 -> 3  20R

3 -> 0  30R
3 -> 1  30R
3 -> 2  30R

2 -> 0  20R
2 -> 1  20R
2 -> 3  20R

3 -> 0  30R
3 -> 1  30R
3 -> 2  30R

3 -> 0  30R
3 -> 1  30R
3 -> 2  30R

0 -> 1  01R
0 -> 2  01R
0 -> 3  01R

1 -> 0  10R 
1 -> 2  10R
1 -> 3  10R

2 -> 0  20R
2 -> 1  20R
2 -> 3  20R

3 -> 0  30R
3 -> 1  30R
3 -> 2  30R

0 -> 1  W
0 -> 2  W
0 -> 3  W

0 -> 1  W
0 -> 2  W
0 -> 3  W

1 -> 0  120R 
1 -> 2  120R
1 -> 3  120R

2 -> 0  201R
2 -> 1  201R
2 -> 3  201R

3 -> 0  301R
3 -> 1  301R
3 -> 2  301R

1 -> 0  120R 
1 -> 2  120R
1 -> 3  120R

1 -> 0  120R 
1 -> 2  120R
1 -> 3  120R

2 -> 0  201R
2 -> 1  201R
2 -> 3  201R

3 -> 0  301R
3 -> 1  301R
3 -> 2  301R

2 -> 0  201R
2 -> 1  201R
2 -> 3  201R

3 -> 0  301R
3 -> 1  301R
3 -> 2  301R

2 -> 0  201R
2 -> 1  201R
2 -> 3  201R

3 -> 0  301R
3 -> 1  301R
3 -> 2  301R

3 -> 0  301R
3 -> 1  301R
3 -> 2  301R

1 -> 0  W 
1 -> 2  W
1 -> 3  W

1 -> 0  W 
1 -> 2  W
1 -> 3  W

2 -> 0  2301R
2 -> 1  2301R
2 -> 3  2301R

3 -> 0  3120R
3 -> 1  3120R
3 -> 2  3120R

2 -> 0  2301R
2 -> 1  2301R
2 -> 3  2301R

2 -> 0  2301R
2 -> 1  2301R
2 -> 3  2301R

3 -> 0  3120R
3 -> 1  3120R
3 -> 2  3120R

3 -> 0  3120R
3 -> 1  3120R
3 -> 2  3120R

3 -> 0  3120R
3 -> 1  3120R
3 -> 2  3120R

announcement from 39
Min Route Timer expires

60
0(-, -, -, -)     1(-, -, -, -)     2(-, -, -, *301R)     3(-, *120R, 201R, -)

Min Route Timer expires
announcement from 3
0(-, -, -, -)     1(-, -, -, -)     2(-, -, -, -)     3(-, -, -, -)

12 90
2 -> 0  W
2 -> 1  W
2 -> 3  W

3 -> 0  W
3 -> 1  W
3 -> 2  W

3 -> 0  W
3 -> 1  W
3 -> 2  W

Time Routing Tables

steady state

Messages Queued in SystemMessages Processing

announcement from 2
0(-, -, -, -)     1(-, -, -, -)     2(-, -, -, *301R)     3(-, -, -, -)

11 N/A

0(-, -, -, -)     1(-, -, -, -)     2(-, -, -, *301R)     3(-, -, *201R, -)10 N/A

announcement from 2
0(-, -, -, -)     1(-, -, -, *30R)     2(-, -, -, *30R)     3(-, 120R, *201R, -)N/A8

0(-, -, -, -)     1(-, -, *20R, 30R)     2(-, -, -, *30R)     3(-, 120R, *20R, -)
announcement from 1

N/A7

withdrawal from 0
0(-, -, -, -)     1(-, -, *20R, 30R)     2(-, *10R, -, 30R)     3(-, *10R, 20R, -)6 N/A

announcement from 3
0(-, -, -, -)     1(-, -, *20R, 30R)     2(*01R, 10R, -, 30R)     3(*01R, 10R, 20R, -)

Min Route Timer expires
5 30

announcement from 2
0(-, -, -, *3R)     1(-, -, 20R, *3R)     2(01R, 10R, -, *3R)     3(*01R, 10R, 20R, -)4 N/A

announcement from 1
N/A 0(-, -, *2R, 3R)     1(-, -, *2R, 3R)     2(*01R, 10R, -, 3R)     3(*01R, 10R, 2R, -)3

announcement from 0
N/A 0(-, *1R, 2R, 3R)     1(-, -, *2R, 3R)     2(01R, *1R, -, 3R)     3(01R, *1R, 2R, -)2

0 N/A 0(*R, 1R, 2R, 3R)     1(0R, *R, 2R, 3R)     2(0R, 1R, *R, 3R)      3(0R, 1R, 2R, *R)

R withdraws its route
1 N/A

0(-, -, -, -)     1(-, -, -, -)     2(-, -, -, -)     3(-, -, -, -)
13 N/A process withdrawals

withdrawal from 1

2 -> 0  W
2 -> 1  W
2 -> 3  W

Stage

steady state

 
0(-, *1R, 2R, 3R)     1(*0R, -, 2R, 3R)     2(*0R, 1R, -, 3R)      3(*0R, 1R, 2R, -)

R -> 0 W
R -> 1 W
R -> 2 W

R -> 3 W
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Nodes Time States Messages
4 N/A 12 41
5 N/A 60 306
6 N/A 320 2571
7 N/A 1955 23823

©�6*ª1[w@Ub9O�M7@7R,8�R

Nodes Time States Messages
4 30 11 26
5 60 26 54
6 90 50 92
7 120 85 140

©�b9ª / 2�@7�yO#MUA�8�¤SRUP*8;:

Nodes Time  States Messages
4 30 11 26
5 30 23 54
6 30 39 92
7 30 59 140

©�EKª / O�RU2��78�R

���������
	��� �&� � �!� �7»,�pºJ¹ �'	 % �!�n» % ��º � �#º9¹���	��
��	U¹!�+	 0 �p»,� �\¹��Qº��X¹! �	�  �	������ 	 # �p¹��?º��X»�	 �  ���	#��	 �7¹! �gº  !� � 	� # �%¹&$
�?º���»�	 �  ���	#� -

¤y@J6 C�FU3�2�3hO L��\2�W�M,:�8 ´ ©�6*ªy6�C�3�Oe3�0,O�_`3SA�0J6KASA�078j/VRUOK_`@�E�O�@UP#8;:�Y
W�8�@7E;8hA�2�>?8;3yO LTb98;A�_18�8�@r�B6�@7R���·��B3�8�E�O�@JR,3yRU2�:�8;E;A�C�Fe:�8�C�6KA�8tA�O
A�0,8?@�M7>cb98	:�O�L / 2�@7�yO#MUA�8�¤SRUP*8;:�:�O�M7@JRU3�Zl�SMU:jR76KA.6D3�07O�_`3)6
3+A�:�O�@7W?E�O :�:�8�C�6 A�2�O#@�b98;A�_18�8�@eA�078t6�P*8;:.6 W#8)¤h�,vT6KA�0DC�8�@,W�A�0�R,MU:�Y
2�@,W�/VR,O�_`@ 8�P#8�@'A�3�6�@JR�E�O#@�P*8	:�W#8�@,E�8iC�6 A�8�@,E;F'Z �U498;E�2��JE�6 C�C�F'N
6 3)A�0,8?49O#2�@'AcO L`2�@ �+8�E	A�2�O�@dH��,vV�56�C�_16�FU3c6�@7@,O#M,@7E�8�R�:�O#M,A�8;3)O L
C�8�@,W�A�0rO�@78 1,H��Uv ´ 6KP#8;:.6�W�8�Rl �Z ��N96�@7ReH+�,va¨c6�P*8;:.6�W�8�Rr¤S�,vT6 A�0,3
O L`C�8�@7W A�0i�UZr/1078�3�8B:�8�3�M,C�A�3)E�O :�:�8�3�49O#@7R,3t_`2�A�0mO#MU: ´ �,©���+ ´ ª
C�O�_18	:Sb9O�M7@JR5O#@ / 2�@,�wO�M,A�8�¤wR,P*8	:`E�O#@�P*8;:�W�8�@7E;8hA�2�>?8;3�Z

�\2�@76�C�C�F'N#_18V8	=76 >?2�@78aA�0,8V�yA�O ´ �S3�8;E�O#@7R)E�O�@UP#8;:�W#8�@,E�8VC�6 A�8�@,E�2�8�3
8	=,0,2�b72�A�8�Rg2�@i�\2�W�M,:�8 ´ ©�bJª	Z5¤w3jR,8�3�E	:�2�b98�R�8�6 :�C�2�8;:�NQ/�M74�8;P*8�@'A�3
6K:�8V3+A�:�2�E;A�C�F)2�@,E;:�8�6�3�2�@,W�6�@7RcR,Oy@7O ATA�FU472�E�6 C�C�FjW�8�@78;:.6KA�8V>cM,C�A�2�4,C�8
6 @7@,O#M7@,E�8�>?8�@'A�3�Z\�\2�W�M,:�8S S3�07O�_`3QA�0J6 Aa>?O#3+A^H+�,vQ3�6�P*8;:.6 W#8yO#@,8
M,4¦R76KA�8h>?8�3�3�6�W�8SL%O�C�C�O�_`2�@7W56)/XM74e8�P*8�@'A�Z^��2�@,E�8 / 2�@7�yO#MUA�8�¤SR�Y
P#8;:tR,O'8;3�@7O�Ah2�>?476�E;ASA�078)�,:�3+At6�@,@7O�M7@7E;8�>?8�@'ASO LV6<:�O#M,A�8�N�_�8
>?2�W�0�Ah8;=U498�E;At/XM,4gC�6KA�8�@7E�2�8�3�A�O5b98B3�2�W#@,2��7E�6�@'A�C�F�C�8�3�3hA�0J6 @ ´ �
3�8;E�O#@7R,3�N76�31A�078	FB_1O�M7C�R5:�8 � 8�E;AVO�@7C�F?A�078w@78;A�_1O :�]?Cn6KA�8�@7E	F56�@JR
:�O�M,A�8;:X4,:�O'E�8;3�3�2�@,WhRU8�C�6�FU3X6�C�O#@,WS6`3�2�@7W#C�8a4J6 A�0�ZXxS2�3�E;M73�3�2�O#@j_`2�A�0
6B><6��+O :w:�O�M,A�8;:wP*8�@7R,O :�N70,OK_�8�P*8;:�NJ2�@7R,2�E�6KA�8�3yA�076 Aw6 AwC�8�6�3+ASO#@,8
_`2�RU8�C�FjR,8�4,C�O�F'8�R�:�O�M,A�8;:\2�>?4,C�8�>?8�@'A�3 / 2�@,�wO�M,A�8�¤wR,P*8;:�O#@)6`498;:
498;8;:^bJ6�3�2�3Q2�@73+A�8�6�R)O LJA�078h©�RU8�3+A�2�@J6KA�2�O�@c4U:�8;�7=¦N�498�8;:	ª�A�M74,C�8#ZX��8
8;>?470J6 3�2�£�8SA�0J6KA`A�072�3V2�>?47C�8�>?8�@'A.6 A�2�O�@eE.07O�2�E;8�2�3`2�@l6 E�E�O�:.R,6�@,E�8
_`2�A�0�A�078gsVuhv 3�498�E;2��7E�6 A�2�O�@k¯  ��	°j6�@7R¢><6�Ff2�>?4,:�OKP*8l:�O#MUA�8;:
>?8;>?O�:�FrMUA�2�C�2�£�6KA�2�O#@�Z�¤¸498	:h498�8;:wA�2�>?8;:�N¦07O�_18;P*8;:�N¦2�@'A�:�O�R,M7E;8�3
3�O�>?8e49O :�A�2�O#@dO�LyA�078 / 2�@7�yO#M,A�8�¤SR,P#8;:)R,8�C�6�FmA�O�/XM74J¶�/13�0,O�:�A
M,4¦R76KA�8�3�ZGH�L�6l:�O#MUA�8;:?076�3?4,:�8;PU2�O�M73�C�Fd3�8�@'A<6�@'FiM,4¦R76KA�8eA�Og6
W�2�P*8�@�498;8;:h_`2�A�072�@gA�0,8)C�6 3+A ´ �e3�8�E;O#@JRU3�N�A�0,8�@�6e@,8;_¥/XM74�6 @,Y
@,O#M,@7E�8�>?8;@�AVR,8�3+A�2�@78�R5L%O :`A�078h3�6 >?8h498�8;:V_`2�C�C\6 C�3�Ocb98�R,8�C�6�F'8�R
M,@'A�2�C¦A�078S8;=U472�:.6 A�2�O#@DO�L\A�0,8�498;:�Y�498�8;: / 2�@7�yO#MUA�8�¤SRUP*8;:1A�2�>?8;:�Z

H�@mW#8;@78;:.6 C�NQ_`0,2�C�8 / 2�@7�yO#M,A�8�¤SR,P#8;:t3�2�W#@72��7E�6�@'A�C�F�:�8�RUM7E�8;3jA�0,8
E;O#>?47MUA.6 A�2�O#@76�C¦6 @JR<E�O#>?>)M7@72�E�6KA�2�O#@?E�O�>?47C�8;=U2�A�F?O L\sVuhvdE�O�@,Y
P#8;:�W#8�@,E�8#N�A�078jA�2�>?8	:t6�C�3�Ol6K:�A�2��7E�2�6�C�C�F�E	:�8�6 A�8�3�>)M7C�A�2�47C�8)A�0,2�:�A�F�Y
3�8;E�O#@7Rj:�O#M,@JRU3\_`072�E	0cR,8�C�6�Ft8�@7RUY�A�O�Y�8�@7R�L%6�2�C�OKP*8;:^2�@c>?O#3+A\E�6�3�8�3�Z
¤y3w_�8)3�0,OK_�8�Rl2�@��U8�E;A�2�O�@�¨'Z  �N9A�078;3�8j:�O�M7@JRU3yLpO�:�>qR,M,8tA�O?A�0,8
RU8�C�6�F�2�@�A�0,8?8;=UE	076�@7W�8BO�L`476 A�0mP#8�E;A�O�:�3tE�O�@'A.6�2�@72�@7WD>cM,A�M76�C�C�F
RU8�498�@7R,8�@'A¦:�O#MUA�8�3�ZQ¤wC�A�0,O#M7W�0hA�078^sVuhvr3�498�E;2��7E�6 A�2�O�@cRU8�3�E;:�2�b98�3
¤S�,vT6KA�0lC�O'O�4�R,8;A�8�E	A�2�O�@�NQ¯  ��	°^R,O'8�3w@7O AS3�498�E;2�LnFr_`078	:�8jA�0,8)RU8;Y
A�8;E;A�2�O#@�3�0,O#M,CnR�O'E�E�MU:�Z)¤w@J6 C�F,3�2�3�O L1O#MU:tR76KA.6D6 @JR�R,2�3�E�M,3�3�2�O�@73
_`2�A�0GP*8�@7R,O�:�3j2�@JRU2�E�6 A�8�3cA�076 A)>?O#3+AcE�O#>?>?8;:�E;2n6 C�:�O#MUA�8;:�3cO�@7C�F
498	:�L%O�:�>qC�O'O#4�R,8;A�8;E;A�2�O#@�M749O�@rA�078�:�8�E�8�2�4UASO L16c:�O�M,A�8jM74¦R76KA�8#Z
��85R,2�3+A�2�@7W#M,2�3�0m:�8�E�8�2�P*8;:�Y�3�2�R,85C�O'O#4GR,8	A�8�E;A�2�O#@mLn:�O#> A�078?:�O#MUA�8
2�@,3�498�E;A�2�O#@c6�@JR�2�@�P#6 C�2nR,6 A�2�O#@j498;:�LpO�:�>?8�Rtb'Ft6y3�8;@JR,8	:\b98;LpO�:�8�A�0,8
O :�2�W#2�@J6KA�2�O�@�O�LQ6cC�O'O�498�RrM74¦R,6 A�8#Z

�\2�W�M,:�8i�G2�C�C�M73+A�:.6KA�8�3lA�078�R,8�C�6�F�2�@'A�:�O�RUM7E�8�R¢b'FI:�8�E�8;2�P#8;:�Y�3�2nRU8
O�@7C�FeC�O'O�4�R,8;A�8;E;A�2�O#@�Za¤1A`3+A.6�W�8 �,N����T�B6�@7R���� ´ 3�0J6 :�8�>)M,A�MUY
6 C�C�FrR,8�498;@JR,8;@�A�:�O#M,A�8;34$ ���T�c0J6 3w6 @l6�E	A�2�P#8h:�O#M,A�8�P�2�6 ´ � 6�@JR
��� ´ 0J6 3^6�@B6 E;A�2�P*8�:�O�M,A�81P�2�6S��� �)ZQ¤1ATA�0,8�8�@7R)O�LJ3+A.6�W#8"�UN ��� ´

R,8;Cn6�FU3t3�8�@JRU2�@7WDA�0,8?@78;_k�U� � 4J6KA�0gA�Ol6 C�C^A�0,:�8�8?O L`2�A�3j@,8�2�W#0UY
b9O�:�3QRUM78^A�OwA�078�O#498;:.6KA�2�O�@cO L92�A�3 / 2�@,�wO�M,A�8�¤wR,P*8	:\A�2�>?8;:�ZT�S@,C�F
6 LnA�8;:B2�A�3 / 2�@,�wO�M,A�8�¤wR,P*8	:jA�2�>?8;:)8;=U472�:�8�3�NT_`2�C�C ��� ´ 3�8�@7R�A�078
� ��� ´ � ���Q� ´ �U� ����sVuhv§M74¦R,6 A�8?>?8�3�3�6 W#8#ZD[S49O�@�:�8�E�8�2�4UA
O�LTA�0,2�3yC�O'O�498�Rr4J6KA�0D2�@r3+A.6�W�8)¨�N ���T�)_`2�C�C�2�@UP�6�C�2�R76KA�8hA�078�476 A�0
P�2�6 ��� ´ 6�@7RG3�8;@JRGsVuhv¸_`2�A�07RU:.6�_V6 C�3BA�O�8�6 E	0fO�Lw2�A�3?@,8�2�W#0UY
b9O�:�3�Z^/10,8w8	=76 >?47C�8`8�@7E;O#M7@'A�8;:�3a6�3�2�>?2�C�6K:V>cMUA�MJ6�C,R,8;498�@JRU8�@7E;F
b98;A�_18�8�@����Q )6 @JR���� ´ 6 AVA�078�8;@JReO LT3+A.6�W�8j·UZ

�m8�@,O�A�8lA�0J6KAe2�LjC�O'O#4¢RU8;A�8�E;A�2�O#@¢2�35498;:�L%O :�>?8�RIO#@Ib9O A�0IA�078
3�8�@7R,8;:w6�@7Re:�8�E�8;2�P#8;:y3�2nRU8#NJ2�@DA�0,8�b98�3+AyE�6�3�8j6 C�C�>cMUA�MJ6�C�RU8�498�@,Y
R,8;@7E�2�8�35_`2�C�Chb98�RU2�3�E;O P#8;:�8�R¢6�@7R�8�C�2�>?2�@76 A�8�R�_`2�A�0,2�@�6m3�2�@7W�C�8
:�O#M,@JR¦ZQ¤wW#6�2�@B:�8;A�M,:�@,2�@7WSA�Ot�\2�W#MU:�8y�UN*_�8yO�b73�8;:�P#8`A�076 A ��� ´ 6KA
A�078`8�@7RcO�L�3+A.6 W#8 �tE�O�M7C�RB2�@UP�6�C�2�R76KA�8VA�078�� ��� ´ � ���T� ´ ��� ���
>?8�3�3�6 W#8m6 @JR�3�8�@7R�6 @¢8;=U47C�2�E�2�Ar_`2�A�0JRU:.6�_16�C�A�O ���T�UZo��2�@7E�8
_`2�A�0JR�:.6�_16�C�356 :�8r@,O�A<2�>?4J6 E;A�8�Rib'F / 2�@7�yO#M,A�8�¤SR,P#8;:?6 E�E�O�:.R�Y
2�@7WcA�OjA�078h3+A.6 @JR,6 :.Rg¯  '�;°�N ��� ´ 6�@7R����T�t_1O#M,C�RDC�8�6 :�@rO L\A�078;2�:
>cMUA�MJ6 C¦R,8�498�@7R,8�@,E;F<_`2�A�072�@l6c3�2�@7W�C�8 / 2�@,�wO�M,A�8�¤wR,P*8	:V:�O#M7@7R�Z

�\2�W#MU:�8l�U©�E�ªj4,:�OKP�2�R,8�3)3�2�>cM7C�6KA�2�O�@i:�8�3�M7C�A�3BO L / 2�@7�yO#MUA�8�¤SRUP*8;:
>?O�R,2��78�RGA�Om498	:�L%O�:�> 3�8�@7R,8;:�Y�3�2�R,8lC�O'O�4¢R,8;A�8�E	A�2�O�@�Z¢�m8l@,O�A�8
A�0J6KAhL%O :t6�C�CQ@7O�RU8c3�2�£�8�3�N�>?O�R,2��78�R / 2�@,�wO�M,A�8�¤wR,P*8	:SE�O�@�P*8;:�W#8;3
_`2�A�072�@i6D3�2�@,W#C�8?A�072�:�A�F�3�8�E�O�@JR�:�O�M7@JR¦Z?�m8<6 C�3�OlO�b73�8;:�P#8BA�0J6 A
6�C�A�0,O#M7W�0rA�078tE�O�>?>cM7@,2�E�6 A�2�O#@DE�O#>?4,C�8	=,2�A�F5:�8;><6�2�@73`A�078�3�6 >?8#N
>?O�R,2��78�R / 2�@7�yO#MUA�8�¤SRUP*8;:`8;=U0,2�b,2�A�3y2�>?4U:�O P#8�R53+A.6KA�8tE�O#>?4,C�8	=UY
2�A�F5OKP*8;:yM7@,>?O�R,2��J8�R / 2�@7�yO#MUA�8�¤SRUP*8;:�Z

�m8DR,2�3�E�M,3�3�8�RGA�0,2�3c4,:�O#49O�3�8�Rf>?O�RU2��JE�6KA�2�O�@GA�O / 2�@7�yO#M,A�8�¤SRUY
P*8;:j_`2�A�0d6r@�M7>cb98	:tO�L`:�O#MUA�8;:cP#8�@JRUO�:�3�NQ6 @JRi6 A)C�8�6�3+AcO#@,852�@UY
R,2�E�6KA�8�RrA�0J6KAh6 C�C�L%M,A�MU:�8tP*8;:�3�2�O#@,3SO�La6B_`2�R,8�C�F�RU8�47C�O�F'8�R5:�O#M,A�8	:
_`2�C�C^2�@,E�C�MJR,8tb9O A�0�3�8;@JR,8	:�6�@7Rr:�8�E�8�2�P*8;:�Y�3�2�R,8)¤h�UvT6 A�0lC�O'O#4gR,8	Y
A�8�E;A�2�O�@�Z</10,8B8�C�2�>?2�@76 A�2�O#@�O�L�:�O�M7@7R,3�N�07O�_18�P#8;:�NX:�8�«'M,2�:�8;3hA�0J6 A
A�078?:�O�M,A�8;:BR,O'8�3)@7O�AB6�4,47C�F / 2�@7�yO#MUA�8�¤SRUP*8;:tA�Ol_`2�A�0JRU:.6�_16�C�3
6�3)3�498�E�2��J8�Rm2�@�¯  '�;°�Zg¤1A)C�8�6 3+ABO�@78<><6K��O�:j:�O#MUA�8;:cP#8�@JRUO�:j0J6 3
><6#RU8�6�@e2�>?47C�8�>?8�@'A.6 A�2�O�@DRU8�E�2�3�2�O#@DA�O?6 474,C�F / 2�@7�yO#MUA�8�¤SRUP*8;:
A�O�b9O�A�0G6�@,@7O�M7@7E;8�>?8�@'A�3j6�@JRm_`2�A�0JR�:.6�_V6�C�3�Zd¤±RU2�3�E;M73�3�2�O#@GO�L
A�078t>?O A�2�P�6 A�2�O�@�6�@JRl8�@,W#2�@78;8;:�2�@7W?A�:.6#RU8�O�¦3SLpO�:h6�474,C�F,2�@,W / 2�@UY
�yO#M,A�8�¤SR,P#8;:�A�OV_`2�A�0JR�:.6�_V6�C�3T2�3XO�M,A�3�2�R,8^A�078^3�E�O#498^O�LUA�072�3\476�498;:
6�@7R5:�8�><6 2�@73y6�@l6 E;A�2�P*8�6K:�8�6BO�LTO�M,:yE�MU:�:�8�@'AV:�8�3�8�6 :�E.0�Z

7. CONCLUSION¤w3�A�078^@J6KA�2�O�@J6 C,6 @JR�8�E�O�@7O�>?2�E^2�@,Ln:.6�3+A�:�M7E	A�M,:�8�b98;E�O#>?8^2�@7E;:�8�6 3+Y
2�@7W�C�FDR,8;498�@JRU8�@'A`O#@DA�0,8hW#C�O#b76�C�H�@'A�8;:�@78	A�N,A�0,8�6�P#6 2�C�6 b72�C�2�A�Fl6 @JR
3�E�6 Cn6 b72�C�2�A�FiO L`H+vTY�b76�3�8�Rg@78;A�_1O�:�]�3t_`2�C�Ca8�>?8;:�W�8e6 3c6 >?O#@,WDA�078
>?O#3+Aw3�2�W#@,2��7E�6�@'Aw4,:�O�b7C�8�>?3`L�6�E;2�@,W?A�078�E�O�@�A�2�@�M78�Rr8�P*O#C�MUA�2�O�@lO�L
A�078jH�@'A�8;:�@,8;A�ZS/1072�3h4J6 498;:h076�3�6K:�W#M,8�RrA�0J6 AwA�078jC�6�E.]rO�La2�@�A�8	:�Y
R,O�><6�2�@�L%6�2�C�O P#8;:lRUM78rA�OiRU8�C�6�F*8�RIsVuhv¡:�O�M,A�2�@7WmE;O#@�P*8;:�W�8�@7E�8
_`2�C�C^49O A�8�@'A�2�6�C�C�F�b98�E�O#>?8)O#@,8cO�L^A�078)]*8;FeL�6�E	A�O�:�3tE�O#@'A�:�2�b7MUA�2�@7W
A�OtA�078 ��W*6 4 �cb98	A�_18;8�@?A�078S@,8�8�RU3V6�@7R<8	=,498;E;A.6 A�2�O#@,3VO�L�A�O�R76�F¦³ 3

��·#�



R,6 A.6?@78	A�_1O :�]�3�ZwH�@DA�072�3w4J6�498	:�NJ_18)R,8�>?O�@73+A�:.6KA�8�ReA�0J6KAS>)M7C�A�2�Y
0,O#>?8�RtL�6 2�C�OKP*8;:�@7O�_�6KP#8;:.6�W�8�3^A�0U:�8�8V>?2�@�M,A�8�3�N*6�@JR)><6�FtA�:�2�W#W�8;:
O�3�E�2�C�Cn6KA�2�O#@73cCn6 3+A�2�@7W�6�3jC�O#@7W�6 3j�,LpA�8�8;@m>?2�@UMUA�8�3�Ze�7M,:�A�0,8;:�NX_�8
3�0,O�_18�R�A�076 AtA�078�3�8<RU8�C�6�F,3�_`2�C�C1W�:�O�_kC�2�@,8�6 :�C�Fg_`2�A�0gA�078<6#R,R,2�Y
A�2�O�@DO�L\@78;_�6 M,A�O#@,O#>?O�M7313+FU3+A�8�>?3�A�OjA�078hH�@'A�8;:�@78;A12�@<A�078Sb98�3+A
E�6�3�8#N*6�@JRj8;=U49O#@,8�@'A�2n6 C�C�Fj2�@tA�078�_�O�:�3+A�ZQ/10,8�3�8�:�8�3�M,C�A�3Q3�M,W#W#8;3+A^6
3+A�:�O�@7Wh@,8�8�R�A�Ow:�8�8;P#6 C�M76 A�8V6 474,C�2�E�6KA�2�O#@73^6 @JR)4U:�O�A�O'E�O�C�3�N*2�@7E�C�M7RUY
2�@,Wl8�>?8;:�W#2�@,W�¬SO'��6 @JR �^O#H�v�3+A.6�@7R76K:.R,35¯����;°�NT_`072�E.0d6�3�3�M,>?8
6e3+A.6�b7C�8<M7@7R,8;:�C�FU2�@7We2�@'A�8;:�Y�RUO#><6�2�@�L%O�:�_16 :.RU2�@,Wl2�@,Lp:.6 3+A�:�M7E;A�MU:�8
6 @JReL%6�3+AyH+vG4J6KA�0e:�8�3+A�O :.6�C�Z

/10,2�3j476�498;:)6 C�3�OD3�M7W#W�8�3+A�8�R�3�498;E�2��JE?E.0J6�@,W#8�3�A�OeP*8�@JRUO�:jsVuhv
2�>?4,C�8;>?8�@'A.6 A�2�O#@,31_`072�E	0�N72�L^RU8�47C�O�F'8�R¦NU_�O#M,CnRr3�2�W�@72��JE�6 @'A�C�Fe2�>BY
4U:�OKP*8aH�@'A�8;:�@78;AXE�O#@�P*8	:�W#8�@,E�8�C�6 A�8;@7E�2�8�3�ZQsaM,A\8;P*8�@�_`2�A�0)O�M,:T3�M,W�Y
W�8�3+A�8�RtE	076�@,W#8�3�A�Ow¤S�,vT6KA�0�C�O'O�4cRU8;A�8�E;A�2�O�@�N�sVuhvl4J6KA�0�E	076�@7W�8�3
_`2�C�C�3+A�2�C�C*A�:�2�W�W#8;:\A�8;>?49O�:.6 :�FhO#3�E�2�C�C�6 A�2�O#@,3Q6�@JRh:�8�«'M,2�:�8^><6�@'FS3�8�E;Y
O�@JRU3wC�O#@,W#8;:yA�0J6 @DA�078�E;M,:�:�8�@'Awv��U/1� :�8�3+A�O�:.6 CXA�2�>?8�3�Z���8�E�6�@
E;8;:�A.6�2�@7C�F?2�>?4U:�O P#8`sVuhviE�O#@�P*8;:�W�8�@7E;8`A�0U:�O#M,W#0BA�078y6�R7R,2�A�2�O#@<O L
3+FU@,E	0U:�O#@72�£�6KA�2�O#@�NaRU2�¦M,3�2�@7WlM74¦R,6 A�8�35¯ �K°`6 @JRi6�R7R,2�A�2�O#@76�C13+A.6KA�8
2�@UL%O�:�><6KA�2�O#@�¯ ¨�°�N1b7MUA?6 C�C`O LwA�0,8�3�8DE.0J6 @7W#8;3cA�O�s1uhv¸E;O#>?8r6KA
A�0,8�8;=U498�@,3�8�O L96`>?O�:�8�E;O#>?47C�8;=h4,:�O�A�O'E;O#CU6�@7Rj2�@7E	:�8�6�3�8�Rt:�O#MUA�8;:
OKP*8	:�078�6�R�Zy/1078t8;=�A�:.6 O�:.R,2�@76 :�FlW :�OK_VA�0�6 @JRr3�M,E�E�8�3�3wO�LQA�078tH�@UY
A�8	:�@78;AQ2�3Q6 :�W�MJ6 b7C�FBRUM78^A�OwA�078�3�E�6�C�6�b,2�C�2�A�FB6 @JR)3�2�>?4,C�2�E�2�A�FtO�LJA�0,8
M,@JRU8;:�C�F,2�@,WB4,:�O A�O'E�O#C�3�Zy/1078t2�>?47C�2�E�6KA�2�O�@73wO�LTA�072�3`A�:.6#RU8;Y�O��b98;Y
A�_18�8;@eA�078w3�E�6�C�6 b72�C�2�A�FDO LX_`2�R,8	Y�6K:�8�6j:�O�M,A�2�@7W)4,:�O A�O'E�O#C�3y6�@7R<A�0,8
W :�O�_`2�@,W<@78�8�R<L%O :wL%6�M7C�A�Y�A�O#C�8;:.6 @7E�8t2�@eA�0,8�H�@'A�8;:�@,8;AV2�3S6 @l6�E	A�2�P#8
6K:�8�6BO�L\O#M,:yE�MU:�:�8�@'AV:�8�3�8�6K:�E	0�Z

Acknowledgments��8a_`2�3�0)A�OyA�0J6 @7]�¤y@72�3�0c¤`:�O�:.6�N#�w6�@7RUFjs�M,3�0�N�/XO#@'F*!�2�N#v\8�R�:�O
/ 6K:.«'M78�3�NV�UM73�6 @f�tZ(�h6K:�:�2�3�NVs�8;:�A<�yO#3�3�2�N )#O#0,@I��E�MJR,R,8;:B6�@JR
saO#b?�'A�OKP#6 C�C*LpO�:\A�0,8�2�:TE�O�>?>?8�@'A�3X6 @JRt078�C�4,LpM7C'2�@73�2�W�0�A�3�ZX�m8a6�C�3�O
A�076�@,]e>?8�>)b98;:�3VO�LTA�0,8tH�@'A�8;:�@78	A`3�8;:�P�2�E;8j4U:�OKPU2�RU8;:SE;O#>?>cM,@72�A�F
LpO�:tA�078;2�:tE;O#>?>?8�@'A�3�N�3�M74,49O�:�Aj6�@7R�_`2�C�C�2�@7W#@,8�3�3tA�Or498;:�>?2�A�O#MU:
2�@,3+A�:�M7>?8�@'A.6 A�2�O�@�O�LSA�078�2�:5@78;A�_1O :�]U3�Z��\2�@76�C�C�F'NV_18rA�0J6 @7]mA�0,8
��H�u��V� / /   �#���c6�@,O#@'FU>?O#M,3a:�8;Lp8;:�8�8�31LpO�:1A�0,8�2�:1L%8�8�R,bJ6 E	]B6�@JR
E;O#@73+A�:�M,E;A�2�P*8�E;:�2�A�2�E�2�3�>rZ

8. REFERENCES¯��	°�H�@'A�8;:�@,8;Ayv\8;LpO�:�><6�@,E�8 / 8�6 3�M,:�8�>?8�@'Ay6 @JRD¤y@J6 C�FU3�2�3
vT:�O ��8�E;A)©�H+v / ¤hª	Z,0�A�A�4 $ ¶#¶K_V_V_�Z >?8;:�2�A�Z 8�RUM9¶ 2�4,><6UZ

¯  �° / M7C�A�2�A�0,:�8�6#R,8�RD�wO�M,A�2�@7Wc/XO'O#C�]�2�Ac© / �^/`ª1vT:�O ��8�E;A�Z
0'A�A�4�$ ¶#¶�_V_V_�Z >B:�A.R�Z @78;A�Z

¯ ´ °��SO :�A�0r¤y>?8;:�2�E�6�@e�S8;A�_1O�:�]D�S498;:.6KA�O�:�3wuw:�O#M,4
©��h¤y����u�ª	ZU0'A�A�4�$ ¶#¶�_V_V_�Z @J6�@,O#WUZ O :�W,Z

¯ � °��BZ7s�0J6K:�W*6�P#6 @�N,xcZJ�Sb,:.6#RUOKPU2�E#N,6 @JRl�wZJuSM7@'A�8;:�Z7�7O�:�><6 C
�^8;:�2��JE�6KA�2�O�@rO�L\xh2�3+A.6�@7E;8 �a8�E	A�O�:y�wO�M,A�2�@7WcvQ:�O A�O'E�O#C�3�Z
�.� ��{	�.�9} �������9}�|��^��� ��{	��{	�9�.{c� ����	,{�� ��{��
	V�+��� �%�'�e}��Jz
����� 	7{	��1�+z'{	���X������� ��N9¤yM7W,Z7  �#�#��Z

¯ ¨�°j�wZ¦��0,8�@7WUN7�tZU�w2�C�8;F'NJ�¦Z���M7><6K:�N,6�@JR�),Z¦u)Z7¤wE;8�P*8�3�Z7¤
!�O'O�4,Y��,:�8�8t²T=�A�8�@JRU8�RDsa8�C�C�><6 @,Y��7O :.Re�yO#M,A�2�@,WBvT:�O�A�O'E�O�C
��2�A�07O�M,Ays�O�M7@,E�2�@7W<²T¦8�E;A�Z�	V�+�����^� ���
	7{ ��� 

� ������� 
 
�NU4J6 W#8�3S #  � ��  ´ ��N�¤wM,W,Z¦����·#�UZ

¯ �K°�!^ZJuh6�O<6 @JR�),Z7�y8;=�L%O :.R�ZJ��A.6 b7C�8�H�@'A�8;:�@,8;AV�yO#M,A�2�@,W
��2�A�07O�M,AwuSC�O#b76�C\��O'O�:.R,2�@76 A�2�O#@�Z�	V�+�����^� � ��� 

� ��� 
���� ����� � N )�M7@78j  �#���UZ

¯ ��°"),Z9uh6 :�E�2�6 Y !�M7@J6KY�¤wE�8�P#8�3�Z !�O'O#4UY�Ln:�8�8��yO#M,A�2�@,WB[S3�2�@7W
xh2�¦M73�2�@,W<��O#>?4,M,A.6 A�2�O�@73�Z���� �!�#" ��� 
$�,��}�� �;}#��������� �)���
%t{ � � � ��� �%�'��N¦�78�b�Z¦���#� ´ Z

¯ ·K°j/SZ9uw:�2��?@l6 @JRlu)ZU��2�C�L%O�@7W,ZJ¤w@D¤w@J6 C�F,3�2�3`O�LTsVuhv
��O#@�P*8;:�W�8�@7E�8tvT:�O#498	:�A�2�8;3�Z&	1�����.{�{�z �%�����)� ���
	7{ ��� 

� ���'��� 
 
�N,¤wM7WUZ����#���UZ

¯ �K°j/SZ9uw:�2��?@l6 @JRlu)ZU��2�C�L%O�@7W,ZJ¤ �U6 L%8jvT6KA�0 �^8�E;A�O�:
vQ:�O A�O'E�O#C�Z�	1�������Q� �(��� �!�)�.� �������*�cN / 6 :�Z9 ��#���UZ

¯����K°jswZ �S6�C�6�b,2�Z��.� ��{	�.�¦{ � �`��#���%�'���y�+� 	#� ��{���� ���{	Z���2�3�E�O<vT:�8�3�3�N
���#�#��Z

¯��#�	°txcZ �S6�>?4UA�O#@�N#�jZ9�U6�C�6�><6�NJ6 @JR5xcZ9��0J6 0�Z,/1078�H�v
/X8�C�8�470,O#@'Fes�O�:.RU8;:Suh6 A�8;_16�FlvT:�O�A�O'E�O�C�©�/VsVuhvaª	N )#M,@78
���#���UZJRU:.6 LnA�Y�2�8	A�LpY�2�4,A�8�C�Y�W#C�4,Y�A�b,W#4,Y����#Z A�=�A�Z

¯��K �° ),Z �S6�_`]U2�@,3�O#@�ZJ��2�3�E�O<�wO�M,A�2�@7Wc��¤w¬)Z
0�A�A�4 $ ¶#¶K_V_V_�Z L%6#«'3�Z O�:�W'¶�L�6�«�3.¶KE�2�3�E�O�Y�@,8;A�_�O�:�]�2�@7W�Y�L%6*«JZ

¯�� ´ ° / Z+�t6�6 A�Z¦�SP#8;:�P�2�8	_¢O�L1���#�#�?H�¤Ss��w8;A�_�O�:�] !X6�F'8;:
�mO�:�]�3�0,O#4�NU�wO P9Z������#�UZ70'A�A�4�$ ¶#¶�_V_V_�Z 2�8;A�L�Z O�:�W'¶K2�@�A�8	:�@78;A�Y
RU:.6 LnA�3.¶�R�:.6 LpA�Y�2�8;A�LnY�2�6 b,Y�@'A�_`C�F�:�_`3+Y�OKP*8	:�Y����#Z A�=�A�Z

¯��4� °)�wZ !�6�b9OKP�2�A�£�Z � ��}#|�}-,���| � ��~<� ���
	7{'�.� ��{	�.�¦{ � .w}#� �-,.� �¦{
�`��#���%�'�/�.� �	��}�� ��� ,��� U��{	Z�v^0,x§A�078;3�2�3�N7[S@,2�P#8;:�3�2�A�F<O�L
/ 2�E.072�W#6�@�NJ¤wM,W,Z����#���UZ

¯��K¨�°)�wZ !�6�b9OKP�2�A�£�N9¤jZ,¤y0UM ��6�NJ¤tZ7saO#3�8#NJ6�@JRD��Z )*6 0J6 @72�6�@�Z9¤
��A�MJR�F<O�LTxS8�C�6�F*8�RDsVuhv���O#@�P*8;:�W�8�@7E;8#ZJ/�8�E	0,@72�E�6 C��y8�49O�:�A
/ �U�`Y�/1�`Y� ����#� Y���·UN / 2�E;:�O�3�O�LnAS�y8�3�8�6K:�E	0�N9�78�b�Z7 ��#���UZ

¯����K°)�wZ !�6�b9OKP�2�A�£�N9¤jZ,¤y0UM ��6�NJ6 @JRD��Z )*6 0J6�@,2�6�@�Z
²Q=U498;:�2�>?8�@'A.6�C��'A�MJRUF<O LTH�@'A�8;:�@,8;Aw��A.6 b72�C�2�A�Fe6�@7R
��2�R,8;Y�6 :�8�6c�S8;A�_1O :�]D�J6 2�C�MU:�8�3�Z�	V�+�����0�.����{	�	�J}��������J}#|
� ~����U��� � 1�q����2X}�U| � �3�9�#|�{	��} � �'�^�*��� #���%����N )#M7@,8c�����#��Z

¯��K��°)�wZ !�6�b9OKP�2�A�£�N¦u)Z / 6�C�6�@�N96�@7RD��Z )*6�076�@,2n6 @�Z7H�@'A�8;:�@78	A
�wO�M,A�2�@7W)H�@73+A.6 b72�C�2�A�F¦Z&���!�!�#" ��� 
4�7�+}�� �	}*��������� �)���
%j{ � � ���	� �%����NJ¤wM,W,Z����#�#��Z

¯���·K°)�wZ !�6�b9OKP�2�A�£�N¦u)Z / 6�C�6�@�N96�@7RD��Z )*6�076�@,2n6 @�Z9�w:�2�W�2�@73yO�L
vT6 A�07O�C�O#W#2�E�6 C\H�@'A�8;:�@,8;A`�yO#M,A�2�@,WcH�@,3+A.6�b,2�C�2�A�F¦Z�	V�+�����^� � �
	,{
��� �!�)�5%�2��'��� 
lN / 6K:�ZX���#�#��Z

¯����K°��)Z,vT6 =U3�O#@�Z9²Q@JR�Y�A�O Y�²^@7R5H�@�A�8	:�@78;AyvT6 E	]*8	A`xSFU@J6�>?2�E�3�Z
	V�+�����^� ���
	7{ ��� 
 � ���'��� 
 
lN����#�#��Z

¯  ��K°t�jZ,v\8;:�C�><6�@�Z&�.����{	�������,�¦{���������� �36 � {������9z7�yz��
�������7Z
¤SR7RU2�3�O#@,Y���8�3�C�8;F'NU�w8�6�R,2�@7W / 6�3�3�6 E	0�M73�8	A�A�3�N\�����#�UZ

¯  ��	°�8cZU�w8;]U0'A�8;:y6 @JRe/SZ !�2�Z7¤§s�O :.R,8;:Suh6KA�8;_V6�FlvT:�O�A�O'E;O#C �
©�sVuhv�*ª	N¦��8�4,A�Z¦�����#��Z¦RU:.6KLpA�Y�2�8;A�LpY�2�RU:�Y�b7W�4 � Y����UZ A�=�A�Z

¯  # �°j��Z9��E	0,@78�2�R,8	:�NJ�9ZJsa8�C�C�OKP�2�@�NJ6�@JRe¤jZ,H�@,O#M,F*8#Z,s�M72�C�R,2�@7W
/�:�M73+A�_1O�:�A�0'FD��FU3+A�8�>?34$2!�8�3�3�O�@73`Lp:�O#> A�0,8tva/1� 6�@JR
H�@'A�8;:�@78	A�Z��.����{	�	�9{ �'�^�*��� #���%����N74J6�W�8�3y��� �U�# 'N9�SOKP9Z¦�����#�UZ

¯   ´ °��BZ �a6 :.6�R,0J6 @�NU�tZJuSOKP�2�@JR,6�@�N76�@7RexcZ7²Q3+A�:�2�@�ZJv\8	:�3�2�3+A�8;@�A
�wO�M,A�8��S3�E;2�C�C�6 A�2�O�@73y2�@5H�@'A�8;:�Y�xhO�><6�2�@<�wO�M,A�2�@7WUZ,/X8�E.07@72�E�6 C
�w8�49O :�A`[��,���V�5/1� ��� Y�� ´ �#NJxS8�4J6K:�A�>?8�@'AVO�La��O�>?47M,A�8	:
�UE�2�8�@,E�8#N,[S@72�P*8	:�3�2�A�F5O�L^��O#M,A�0,8;:�@l�16 C�2�LpO�:�@,2n6�N��78�b�Z����#���UZ

¯   � °�� Z�9¦6�M,>?8�@e6�@JR�),Z )UZ9u)Z Y !^Z7¤wE�8;P*8�3�Z,xSFU@J6�>?2�E�3VO L
xh2�3+A�:�2�b,M,A�8�RD�U0,O�:�A�8�3+A�Y�vT6 A�0e�wO�M,A�2�@7WB¤wC�W#O :�2�A�0,>?3�Z�	1�������
� ���
	7{ ��� 
 � ���'��� 
 
�N,¤wM,W,Z¦�����U�#Z

��·*�


