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5.3 Reachability Matrix

Interior to an Object Exterior to an Object

In
te

ri
o
r 

to
an

O
b
je

ct
E

x
te

ri
o
r 

to
an

O
b
je

ctN
o
d
e

i

Node j

0

1

: if is within the
Obstruction Cone of
and there is not a LOS
path between and

: otherwise

i

j

i j

0

1

: if and lie within
disparate obstacles, or
there is no straight line
connecting and wholly
contained within the
object

: if and lie within the
same object and there is a
LOS path between and

i j

i j

i j

i j

0

0

��� ��� � ��� � �4�C� � ���G�V�1� �'� � �:�}�����4� ��� � ��� � � � ���}� ��� � � � �

n$.�B�-M0
-A;
347J+'-@Sa2'-A0
2�-A;@>�+v.�cC{6-ALA0DSa7JH)HV7J+�z'I'-G+�LG-80
2�-�LG.�343ZIVN+�7JLf><0
7J.�+&>�c'7JHJ7b0�ly.</a>|9'>�7b;q.�/�+'.CB�-A5Gg$S�-`I�0
7JHJ7J�G-r> )+�+�C$ �4�C�	�� � 
��

�?�'
) �! /E.�;,0
2'-v+'.CB�-A5G]sn�2'7J5�3r>\0=;
7bjm7J5,0=;
-f>\0
-fBy>�5s>4;
-A/E-M;
-G+'LG-3r><0=;
7bj&0
.k;
-G9�;
-A5=-G+?0`0
2'-r;
-f>�L"2i><c'7JHJ7b0�lo.�/�>y0=;"><+'5=347J5=5=7J.�+}c:-MN0�S�-G-G+y>49i><7b;,.</�+�.CB�-G5G]�n�2�-q;
-G>�L"2i>�c�7JH)7b0�lO3r><0=;
7bj|Lf>�+Oc:-s;
-G9VN;
-G5=-G+?0
-fBZ>�585=2'.fSa+47J+`eiK�IV;
-d¯C]@n�2�-�;
.\Sa5�>�+'BZLG.�HJI�34+'58B�-G+�.�0
-0
2'-q9�H[><LG-G34-G+?0�.�/80
2'-s0=;">�+�5=347b0=0
7)+�Kr>�+'BY0
2'-q;
-GLG-G7JFC7J+'Kr+'.CBV-G5Gg;
-G5=9:-GLM0
7)F�-GHbl?]:�,-G+�LG-�g1c?lm0
2�-v;
-G9V;
-G5=-G+?0"><0
7J.�+R.</�0
2�-Z3r><0=;
7bj1g1>;
-f><LM2'>�c'7JHJ7b0�lU9:.�HJ7)LMl&7J5`BV-A0
-A;
347J+'-fB1]O�d5P5=2�.\Sa+�7J+&0
2'-`e'K�IV;
-�g0
2'-M;
-�>\;
-d/t.�IV;�9:.�5=5=7)c�HJ-,Lf><5=-G5�/t.�;�0
2�-a+'.CB�-MN�9'>�7b;�LG.�+VeiK�IV;"><0
7J.�+w]��+_-G+?0=;=l}7J+}0
2�-m3r><0=;
7bjo/E.<;|0
2�-Y0�S�.U+'.CB�-A5 � >�+'B � I'+'B�-A;LG.�+'5=7)B�-A;">\0
7J.�+4;
-G9�;
-A5=-G+?0
580
2�-�;
-f>�L"2i><c'7JHJ7J0�l`.</�>�5=7JK�+i>�H'c:-A0�S�-G-G+0
2'-q0�S�.|+�.CB�-G5G]s� �J���$7J+'B�7JLf><0
-A5�LG.�349�HJ-A0
-v;
-G>�L"2i>�c�7JH)7b0�l?gwSa2�7JH)-> � � �17J+iB�7JLf>\0
-G5s>rLG.�349�HJ-A0
-GHblOc'HJ.?L"Tp-fBm0=;">�+�5=347J5=5=7).�+$]q��I�;=0
2'-M;fg7b/�� 7J540
2'-m5=-M0r.�/s+�.CB�-G5Gg�0
2�-G+ 5 K 3 ?��R]X��+�0
2'-Y/t.�HJHJ.\Sa7J+�K+'.<0"><0
7J.�+wg��rB�-G+�.�0
-G5a0
2'-�HJ.?Lf>\0
7J.�+y.�/�>Z+�.CB�-�Sa7b0
2'7J+y>�+Y.�c'560">\NLGHJ-�gCSa2'7JHJ-���B�-G+�.�0
-G580
2'-d9:.�5=7b0
7J.�+W.�/�>v+�.CB�-d-AjC0
-A;
7J.�;�0
.q-GFp-M;=l.�c�560">�LGHJ-d7J+r0
2�-�+'-A0�S�.<;
T1]8n�2�-�/E.�HJHJ.fSa7J+'K`BV7J5=LGI'5=5=7J.�+wgV>�58S�-GHJH:><50
2'-`;
-G>�L"2i>�c�7JH)7b0�lh3r>\0=;
7Jj1g�>�5=5=I�34-G5s0
2'-`0�S�.m+'.CBV-G5v><;
-`Sa7b0
2'7J+0=;">�+�5=347J5=5=7).�+Y;">�+�K�-q.�/u-f>�L"2m.�0
2�-A;f]
7�� �=�G� � � �V§�2�-G+`0�S�.P+�.CB�-G5�><;
-�Sa7b0
2�7)+40
2�-�5
><34-d.�c'560"><LGHJ->�+iBZ0
2�-A;
-�7J5�>�560=;"><7)K�2?0�HJ7J+'-�0
2i>\0�Lf><+4c:-dBV;">GSa+4LG.�+�+'-GLM0=N7)+�Km0
2'-`0�S�.O+'.CBV-G5GgD0
2'-4+�.CB�-G5P><;
-rLf><9i><c'HJ-|.</aLG.�343PI�N+'7JLf><0
7J.�+RSa7b0
2h-f><LM2k.�0
2�-A;f]P��+O0
2'-PLf>�5=-`0
2'><0�0�S�.W+'.CB�-A5><;
-ZSa7b0
2'7J+k0
2'-Z5
><34-`.�c�560">�LGHJ-4><+iBR>|560=;">�7JK�2C0qHJ7J+'-ZLf>�+VN+'.�0�c:-�BV;">GSa+r0
2i>\0�LG.�+�+'-GLM0
5�0
2'-d0�S�.v+'.CBV-G5GgCS�-s><5=5=I'34-0
2i><0�0
2'-�0�S�.P+�.CB�-G5�Lf>�+�+'.<0�LG.�343ZI'+�7JLf><0
-�]un�2'7J5�Lf><+r.?LANLGI�;�Sa2�-G+y+'.CBV-G5q><;
-PH).?LG><0
-fBySa7J0
2�7J+RLG.�+'Lf>fFp-P9:.�HblVK�.�+'5G]��+m0
2'-qLf><5=-P0
2'><0d0
2'-q0�S�.r+�.CB�-G5�Lf>�+yLG.�343ZI'+�7JLf><0
-�g�0
2'-/E.�HJHJ.fSa7J+'Kr9�;
.�9:-A;=0�lW2'.�H)B�5G�
7�� 36� 5 � � 7�� 36� 3 ��c'I�0 5��? ,���� 3 �

7 ��=�G� � � ���´0=;">�+�5=347J5=5=7).�+�c:-A0�S�-G-G+U+'.CBV-G5Z-MjV0
-M;
7).<;4><+iB7)+?0
-A;
7J.<;s0
.m>�+R.�cC{6-GLM0P7J5sc�H).?L"Tp-fBkc:-GLf><I'5=-Z0
2�-`+'.CBV-G5sHJ7)-Sa7J0
2�7J+Y0
2'-�.�c'560=;
I�LA0
7J.�+mLG.�+'-s5=-A0
5a.</@-f>�L"2Y.<0
2'-A;f]
7�� �=�G� �  �un�2'7J5,5=LA-G+i>\;
7).|7J5�0
2'-v5
>�34-P>�5,5=9:-GLG7bei-fBO7J+O0
2'-
� �2
,"3� �rLf><5=-�]

7 ��=�G� �  ��n�2'7J5Y34.CBV-R.</v0=;"><+'5=347J5=5=7J.�+�7J5OB�7JLA0">\0
-fB�cCl0
2'-q.�c�560=;
I'LA0
7J.�+yLG.�+'-v.�/@0
2'-q5=.�I�;
LG-v+'.CBV-�]�n�2'-v9i>�L"Tp-A0
5><;
-OBC;
.�9'9:-GB_><LGLG.�;"BV7J+'KR0
.kSa2'-A0
2�-A;`0
2�-mB�-A560
7)+'><0
7J.�+_7J5>r34-A3Zc:-A;a.</80
2�-P5=.�I�;
LG-v+'.CBV-�� 5,.�c'560=;
I'LM0
7).�+O5=-A0f~17©] -�]Jg$7b/
3 ?�,���� 5 �a0
2'-A+y0
2�-s0=;">�+'5=347J5=5=7J.�+y/t;
.�3 +�.CB�- 5 0
.|+�.CB�-
3 7J5ac'HJ.?L"Tp-fB1]

��+|.�IV;�0=;">�+'5=347J5=5=7J.�+Y34.CB�-GH©gCSa2'-G+m>P+'.CBV-s7J5�>\0=0
-G349�0
7J+�Kv0
.0=;">�+�5=347b0s>49i><LMTp-M0,0
.W>�+�.�0
2'-M;�+'.CBV-�g:0
2'-q;
-f><LM2'>�c'7JHJ7b0�lO3r>\0=;
7bj/E.<;40
2i>\0r9i>�7b;4.</s+'.CBV-G5`7J54L"2'-GL"Tp-fB1]_�°/,0
2�-|;
-f><LM2'>�c'7JHJ7b0�lo3r><N0=;
7bjW7)+'B�7JLf>\0
-G5�0
2i>\0�0
2'-,9'>�L"Tp-A0a5=2�.�I'H)BW+'.�0�c:-,;
-GLG-G7JFp-GB|c?l40
2'-;
-GLG-A7)F�-A;?�«B�I�-v0
.Vg$/t.�;s7J+�560">�+'LA-�g$0
2�-v;
-ALG-G7JFp-A;qc:-G7J+�K|HJ.?Lf>\0
-fBR7J+0
2'-Z.�c'560=;
I�LA0
7J.�+&LA.�+'-Z.�/�0
2�-`5=-G+iBV-A; �Mg�0
2�-`9i><LMT�-A0s7J5vBV;
.�9�9:-fB>�+'B|9V;
-GFp-G+?0
-fB`/t;
.�3 ;
-f>�L"2'7J+�KP0
2'-�;
-GLG-G7JFp-A;a+�.CB�-�]8n�2�7J5�><LA0
7J.�+;
-G5=I�HJ0
5a7J+m+�.�+�N«;
-GLA-G9�0
7J.�+|.�/D0
2�-�9i><LMTp-M0acClr0
2�-,;
-GLG-G7JFp-M;�+�.CB�-�]
5.4 Propagation Characteristics of Wireless

Transmissions*,+'-�.�/�0
2'-�9V;
7J3r><;=lqHJ7J347J0">\0
7J.�+'5D.</i0
2'-�9:-A;=/E.<;
3r>�+�LG-�.�/�Sa7b;
-ANHJ-G5=5�+�-A0�S�.�;
TC5@7J580
2�-�>\0=0
-G+CIi>\0
7).�+`-AjV9:-A;
7J-G+�LG-fBZc?lv0
2'-�5=7JK�+'>�H:><57b0Z9V;
.�9'>�Kp>\0
-G5P/[;
.�3�0
2'-r5=-G+'B�-A;q0
.O0
2'-`;
-GLA-G7JFV7J+�Kk+�.CB�-�]m��+U>5=-A0=0
7J+'KvSa7b0
2|.�c'560">�LAH)-A5Gg�0
2�-�5=7JK�+'>�Hw3r>GlZ;
-f><LM2W0
2'-a;
-GLG-G7JFp-A;�FV7)>
��"'� ��� �� �©+�.�+�N°HJ7J+'-AN°.</tN°5=7JK�2?0 �a9V;
.�9'>�Kp>\0
7J.�+y34-GL"2i>�+�7J5=345Ggi5=I'L"2>�5�;
-Azi-GLM0
7).�+$gwBV7Jª:;"><LA0
7J.�+R>�+'Bm5=Lf><0=0
-A;
7J+�K�]qn�2�7)5,-Aª1-GLA0,.�/ �B�����

� ����
��9'	�C0����(� ;
-G5=I'Hb0
5�7J+R>|BC;
.�9y7J+y0
2�-4^C7)K�+i><HJN«0
.<N���.�7J5=-Z¤�><0
7J.
�°^V��¤���.</@0
2'-s;
-GLG-G7JFp-GBY5=7JK�+i><H©],n�2�-s/t;
-G-AN°5=9'>�LG-q/©>�B�7J+'Kr34.CB�-AH)5



>\;
-s+'.<0�K�-G+'-M;">�HJHblY5=I�7J0
-GB|0
.ZLf><HJLGI'H)><0
-s0
2�-s><0=0
-G+CI'><0
7J.�+mI�+iBV-A;=NK�.�+�-�c?lZ0
2�-a5=7)K�+i><H:c:-G7J+'Ks;
-GLG-G7JFp-GBw]8�,B�B�7b0
7J.�+'>�HJHbl?gp0
2'-�ziI�LA0
Ii>\N0
7J.�+'5�.</$0
2�-,5=7JK�+'>�Hi0">�T�-�9�H[><LG-s>\;
.�I'+'Br>q34-G>�+rF�><HJI'-�>�+iB42'>\F�-HJ.�+'Kr9:-A;
7J.CB�5Gg1HJ-f>�B�7J+'K40
.r>49'2�-G+'.�34-G+i>ZLG>�HJHJ-fB �#"����3�2
 � ) � '!�C03�
� ��� 0
2i><0�7)5qL"2i>\;">�LA0
-A;
7J�G-GBRI'5=7J+�K �#"�����"') � �3� BV7)560=;
7Jc�I�0
7J.�+�5G]`��+.�I�;P5=7J3ZI'H)>\0
7).�+'5vS�-r2i>fFp-rI'5=-GBR0
2'-�� P "3��� ����� ��
����#"���� �5"%03�
�	� � 0
2i>\0Z><LGLG.�3434.CB'><0
-P0
2'-Z;
-Az'-GLA0
7J.�+�5q.�/�0
2'-Z5=7)K�+i><H)5v.�ª�0
2�-5=IV;=/©><LG-Z.</80
2�-sK�;
.�I'+iBm7J+y>�B'B�7b0
7J.�+O0
.`0
2�-PBV7b;
-GLA0�9i><0
2O5=7JK�+i>�HJ5/[;
.�3 0
2'-,5=.�I�;
LA-�0=;">�+'5=LA-G7JFp-A;a0
.Z0
2'-qBV-G560
7J+i>\0
7).�+Y0=;">�+�5=LG-G7JFp-A;f],I'-q0
.W0
2�-P/©><LA0
.�;
5s.</��dN Du*s^m9�;
.�9i>�K�><0
7J.�+R>�+'BkHJ.�K�+'.<;
3r>�H/E>�BV7)+�K5�©5=2'>�BV.\Sa7J+�K(�Mg17J+O0
2'-v9�;
.�9:.�5=-fBO34.�c�7)HJ7b0�lY34.CB�-GHwS�-Z>�56N5=I�34-W0
2'><0P0
2'-W5=7)K�+i><H)5`;
-ALG-G7JFp-fB�c?lh0
2'-r;
-GLG-A7)F�-A;r><;
-|HJ7)347b0
-fB0
.rBV7b;
-GLA0d9i>\0
2'5a.�+�HJl?]8§&-q><5=5=I'34-�0
2�-q>\F�-A;">�K�-v9:.fS�-A;,.</8>Z;
-ANLA-G7JFp-fB49i><LMTp-M0�0
2i>\0�7J5�+�.�0�;
-GLG-G7JFp-fB`0
2V;
.�I'K�2�Du*s^`9�;
.�9i><Kp><0
7J.�+7J5dc:-GHJ.fS�0
2�-�347J+'7J3ZI�3 ^C�,¤�0
2�;
-G5=2�.�H)Bw]�d5Z>mLA.�+'5=-G¨CI�-G+'LA-�gDSa2'-G+�>O5=7JK�+'>�H�7J5P9�;
.�9'>�K�><0
-fBUc:-A0�S�-G-G+>49'>�7b;,.</8+'.CB�-A5,><+iBY0
2'-M;
-v7J5�>�+O.�c'560">�LAH)-v.�c�560=;
I'LA0
7J+�Kr0
2�-qB�7bN;
-ALA0�0=;">�+�5=347J5=5=7).�+Y9'><0
2r.�/$0
2'-,+�.CB�-G5Gg?0
2�-,5=7JK�+'>�H17J5 $�"��A����� 
 �	� �
�!�#"%$�&C�+0 c?lR0
2�-r.�c'560"><LGHJ-�]hn�2VI�5P0
2�-r;
-ALG-G7JFp-A;P/©>�7JHJ5Z0
.m;
-GLA-G7JFp-0
2�-�0=;">�+�5=347)5=5=7J.�+$]

6. SIMULATIONS

A

������� � ������� � � � � �'�G�V����� � � � � �

n�2�-a9�;
7J3r><;=lv.�cC{6-ALA0
7JFp-a.�/1.�IV;�5=7J3PI'H)><0
7J.�+�5@7)5@0
.sI'+'B�-A;
560"><+iB0
2�-O7J349i>�LM0|.</q.�c�560">�LGHJ-G5W7J+�>&5=7J3ZI'H)>\0
7).�+X-G+CFC7b;
.�+'34-A+C0f]�n$.><LM2�7J-GFp-Z0
2�7)5,I'+iBV-A;
560">�+'B�7J+'KVg1S�-`-GF�>�HJI'><0
-P0�S�.Y>�5=9:-GLA0
5s.</�0
2�-*,c�560">�LGHJ-a�Y.�c'7JHJ7b0�lv34.CB�-GH©]u�u7J;
560fg�S�-�B�-A0
-A;
347J+�-�0
2'-�LM2'><;"><LA0
-A;=N7J560
7JLG5�.�/:0
2'-�+�-A0�S�.�;
Tq0
.�9:.�H).�K�lZLA;
-f><0
-GB`cClq0
2�7)5@34.CBV-GH©]D�I'-�0
.0
2�-`9�;
-A5=-G+'LG-Z.�/�.�c'560">�LAH)-A5Z><+iBkB�-Ae'+'-fBy9i>\0
2CS�>Gl�5Gg�LM2'><;"><LA0
-A;=N7J560
7JLG5Gg�5=I'L"2h><5�0
2'-`>fFp-M;">�K�-4+�.CB�-ZB�-G+�5=7J0�l?g$><;
-`HJ7JTp-GHblO0
.mBV7bª1-A;Sa2�-G+�LG.�349i><;
-GB}Sa7J0
2�.<0
2'-A;|34.�c�7JH)7b0�lX34.CB�-AH)5G] ^V-GLG.�+iB1gdS�-BV-A0
-A;
347J+'-q0
2'-v7J349i><LA0�.</�.�I�;�34.�c'7JHJ7b0�lO34.CBV-GHu.�+O0
2�-P9:-A;=/t.�;=N3r><+'LG-,.�/8>�+Y>�BY2�.?L�;
.�IV0
7)+�K`9�;
.<0
.?LG.�H©]^C9:-GLG7beiLG>�HJHbl?g$0
.|I'+iBV-A;
560">�+'Bm0
2'-`+�-A0�S�.�;
Tm0
.�9:.�HJ.�K�lRL"2i><;"><LAN0
-M;
7)560
7JLG5sLM;
-f><0
-`c?lY.�I�;�34.�c'7JHJ7b0�lO34.CBV-GH©g1S�-Z-AF�><H)I'><0
-v0
2'-q/E.�HbNHJ.fSa7J+'K434-A0=;
7JLG5G�
7 * �w���±�|�V� � � ���@����F�-A;">�K�-&+CI'3Zc:-M;m.�/`+'-G7JK�2Cc:.<;
5O9:-A;+'.CBV-�]

7 ���'�	� ���V� � �	���m��I'3Zc:-M;`.�/,2'.�9'5`/t;
.�3²>R5=.�I�;
LG-|0
.h>B�-G560
7J+i>\0
7J.�+$]
�'.<;�LA.�349i>\;
7J5=.�+$g�0
2'-�><c:.<F�-�34-A0=;
7JLG58><;
-a>�HJ5=.s-GF�>�HJI'><0
-fBP/t.�;80
2'-;">�+'B�.�3 S�>GlV9:.�7J+?0a34.CB�-GH©]n�.,B�-A0
-A;
347J+�-80
2�-�7J349i>�LM0u.�/'0
2'-�.�c'560"><LGHJ-G58>�+iBq9i>\0
2?S�>GlV5D.�+0
2'-Z9:-A;=/E.<;
3r>�+'LA-`.�/�;
.�I�0
7J+'KVg�S�-`I�0
7JHJ7J�G-`0
2'-4�d*,d� 9�;
.�0
.?LA.�H/E.<;P;
.�I�0
-rBV7)5=LA.<F�-A;=l&><+iBh9'><0
2R5=-A0vI'9$]W��+h0
2'-G5=-45=7J3PI'H)><0
7J.�+�5GgS�-,>�HJ5=.vLG.�349'><;
-a0
2'-a;
-G5=I'Hb0
5�Sa7b0
240
2'-d9:-A;=/E.<;
3r>�+�LG-�.</u�d*,d�I'5=7J+�K�0
2'-�;">�+'B�.�3µS�>flV9:.�7)+?0�34.CB�-GH©]@n�2�-a34-A0=;
7JLG58S�-a-GF�><HJIi><0
-7J+Y0
2'-A5=-�5=7J3ZI'H)>\0
7).�+'5d><;
-s0
2�-,/E.�H)HJ.fSa7J+'KV�

7 � �'� � �����	�i�C� �4� ���C�u� � �:���W�,I�3Zc:-A;v.�/,B'>\0">O9i>�L"Tp-A0
5;
-GLG-G7JFp-fBY><0�0
2'-A7J;d7J+?0
-G+iBV-fBYBV-G560
7J+i>\0
7).�+'5G]
7 
 �:�1� � �:�������	�i�C� �Z�:� � ��� �'���Q�,I�3Zc:-A;O.</4+'-M0�S�.<;
T?NH[>Gl?-M;�LA.�+?0=;
.�Hw9i><LMTp-M0�0=;">�+'5=347J5=5=7J.�+�5G]
7 ,�u� �6�G��� ��u� �W��� � �@�k�@+iBVN«0
.<N�-A+iBo0=;"><+'5=347J5=5=7J.�+}0
7J34-/E.�;|B�><0">h9'>�L"Tp-A0
5G]�n�2'7J5rF�>�HJI'-O7J+'LAH)I'B�-G5WBV-GH)>flV5rBVI'-Y0
.;
.�I�0
-qBV7J5=LG.\Fp-A;=l?]
n�2'-q+�-A0�S�.�;
TW5=LG-G+i>\;
7J.rS�-qI�0
7JHJ7)�A-q0
.4-AF�><H)I'><0
-s0
2'-s.�c'560"><LGHJ-AN.�;
7J-G+?0
-fBq34.�c�7JH)7b0�l�34.CB�-AHp7J5u5=2'.fSa+v7)+se'K�I�;
-��V]Dn�2'7J5u34.CB�-AH�S�><5LA;
-f>\0
-fBhc'>�5=-fBk.�+R0
2�-`HJ.?Lf><0
7J.�+'5v.�/�c�I'7JH)B�7J+'K�5s.�+h0
2�-ZLf><349'I'5.�/:0
2�- � +�7)F�-A;
5=7b0�lv.�/$£�><H)7b/t.�;
+'7)>q><0�^�><+?0">,x�>\;
ci><;">C]�n�2'-�34.CB�-AH7J5a>q;
-A9�;
-G5=-G+?0">\0
7).�+Y.</�0
2'-dc'I�7JH[BV7J+'K�5�.�+Y>q5=-GHJ-GLA0
-GBY><;
-G>P.�/$0
2'-Lf><349'I'5G]4§h-`34.CB�-AH�><+U>�LM0
Ii>�H�Lf>�349�I'5�7J+&.<;"B�-A;q0
.mLM;
-f><0
-r>;
-f><H)7J560
7JL�5=7J3ZI�H[>\0
7J.�+q0
-A;=;">�7J+$]Dn�2'-�LA.�349'HJ-AjV7b0�l�.�/'0
2�-�K�-G.�34-M0=;
7)L5=2i><9:-G5a.�/D0
2�-�c'I�7)H)BV7)+�K�5a2i><5ac:-G-G+|;
-GB�I'LA-fB|c?l|>�9�9�;
.fjV7)3r>\0
7J+'K0
2'-O560=;
I�LA0
I�;
-A5|><5|I�+'7b0
5r.�/s;
-GLM0">�+'K�HJ-G5Gg�><5YBV-G5=LA;
7Jc:-fB}7J+X5=-ALAN0
7J.�+�¡�]J��]�n�2'-W��.<;
.�+�.�7�9'><0
2'5Z><;
-r0
2'-G+UK�-G+'-M;"><0
-fB�ci><5=-fBU.�+0
2'7J5834.CB�-GH©]D��+?0
-A;
-G560
7J+'K�HJl?g�0
2'-��8.�;
.�+'.�7'B�7)>�K<;">�3 K�-G+�-A;"><0
-GB`cCl0
2'7J5P34.CB�-GH�LGHJ.�5=-GHblo>�9�9�;
.fjV7J3r><0
-G5q0
2'-W>�LM0
Ii>�H�9'><0
2�5v0
2'><0P-AjCN7J560�>\;
.�I�+iB|0
2�-G5=-qc'I'7JH)B�7J+�K�5G]���0a0
2'-sc:-AK�7J+'+�7)+�K4.�/@5=7J3ZI�H)><0
7J.�+�5;
I'+�5GgC0
2'-,+�.CB�-G5a>\;
-,;">�+'B�.�34HJlr9�H)>�LG-fB|><0�0
2�-�5=7b0
-G5�LG.�349:.�5=7J+'K0
2'-,��.<;
.�+'.�7$K<;">�9�2$]§�2�-G+XI'5=7J+�K&0
2'-O;">�+'B�.�3²S�>flV9:.�7)+?0|34.CB�-GH©g�0
2�-A;
-k><;
-k+'..�c�560">�LGHJ-G547J+U0
2'-|5=7J3ZI'H)>\0
7).�+o><;
-f>C]o��0P0
2'-Wc:-GK�7J+�+'7J+'Kk.�/d0
2'-5=7J3ZI�H[>\0
7J.�+$gC0
2�-�+�.CB�-G5�>\;
-,;">�+'B�.�34HJlZ9'H)>�LA-fBrSa7b0
2�7)+r0
2'-�5=7J3ZI�NH)><0
7J.�+`><;
-f>C]@n�2'-�/t.�HJHJ.fSa7)+�Ks5=-GLA0
7J.�+�5@K�7JFp-�/tI�;=0
2'-M;@B�-A0"><7JH)58><c:.�I�00
2'-Z5=7)3PI'H)><0
7J.�+h9i>\;">�34-A0
-M;
5Ggu><5qS�-GHJH�><5�0
2'-`.�c�0"><7)+�-fBk;
-A5=I'Hb0
5G]^V7J3PI'H)><0
-fBy0
-A;=;">�7J+�5Ggu5=I'L"2&><5v0
2�-`.�+�-`5=2'.fSa+&7J+he'K�IV;
-4�Vg�Lf>�+c:-`K�-G+'-A;">\0
-fBhc?lk>�
p>fF�>|0
.?.�H8+i><34-fB�� � )� � � guS�-rB�-GFp-AH).�9:-fB/E.<;,0
2�-s9�;
.\{6-GLA0f]�n�2'-s0
.?.�HD><HJH).fSa5,0
2�-sI'5=-A;d0
.`5=9:-GLA7J/[lm0
2'-�0
-M;=N;">�7J+k5=7J�G-`><+iBy9'H)>�LG-P.�c�560">�LGHJ-G5s.�+y0
2�-v0
-M;=;">�7J+$]vn�2�-P0
.?.�Hu0
2�-G+K�-A+'-A;">\0
-G5�0
-A;=;"><7)+reiHJ-G580
2i>\0�><;
-dI'5=-GBW><5�7J+'9�I�0�cClP0
2'-d+'-A0�S�.<;
T5=7J3ZI�H[>\0
.�;q0
.m7J+iBV7JLf><0
-`0
2�-`.�c�560">�LGHJ-G5P>�+'BRLG.�349'I�0
-v0
2'-`9'><0
2VNS�>GlV5G]

6.1 Simulation Environment��HJH$.�/D0
2'-s5=7J3PI'H)><0
7J.�+�5dS�-A;
-s;
I'+mI�5=7J+'K`0
2'- 8,HJ.�34.?^V7J3 +'-M0=NS�.<;
T45=7J3ZI'H)>\0
.�;s�b�A�«]�n�2'-�5=7J3ZI'H)>\0
7).�+Y>\;
-f>P7J5��G�����<3��X�G�����<3mg>�+'Bm0
2'-v3r><jV7J3ZI'3 +�.CB�-q0=;">�+�5=347)5=5=7J.�+k;"><+'K�-P7J5s¢��<��3m]:��.fS�N-GFp-M;fg�7J+q0
2'-�9V;
-G5=-G+�LG-�.</:.�c�560=;
I'LA0
7J.�+�5Gg�0
2�-�><LA0
Ii><HC0=;"><+'5=347J5=5=7J.�+;">�+�K�-W.�/d-f><LM2U7J+iBV7JFV7)BVIi>�H�+'.CBV-47)5PHJ7)T�-GHblh0
.Oc:-rHJ7)347b0
-fB1]yn�2'-9�;
.�9i><Kp><0
7J.�+_34.CBV-GH�7J5Z0
2'-r0�S�.�N«;">GlU9i>\0
2'HJ.�5=5Z34.CB�-GH©]U��0v0
2'-�m�d£_H)>Gl?-A;fg?0
2'-d�6�8�8�U���p¢?]J���sq£��k9�;
.<0
.?LG.�H17J5�I�5=-fBwgV><+iB`0
2'-ci><+iBCSa7[BC0
2U7J54¢��Yc�9'5G]hx�-GLf><I'5=-WS�-|><;
-W34.CB�-GHJ7J+'Kk>mLf><349'I'5-G+CFC7b;
.�+'34-A+C0fga0
2�-R34.�c'7JHJ7J0�lX.</P0
2�-R+�.CB�-G5Gg,I'+'HJ-G5=5|.�0
2�-A;=Sa7J5=-560"><0
-GBwg:7J5a;">�+iBV.�34HblW5=-GHJ-GLA0
-fBOc:-A0�S�-G-A+O�4>�+'By�Z3��<5�0
.`;
-G9�;
-MN5=-G+?0sS�><HJTV7J+�Km5=9:-G-fBV5G]Wn�2'-`9'>�I'5=-`0
7J34-P7)+R.�IV;q5=7)3PI'H)><0
7J.�+'5q7J5>�HJ5=.v;">�+iBV.�34Hbl45=-GHJ-GLM0
-fB|c:-A0�S�-G-A+k�G�P><+iBW ����v5=-GLG.�+iB�5G]E��-G+'LG-�gSa2'-A+R>r+'.CBV-v;
-G>�L"2'-G5�7b0
5�7)+?0
-G+'B�-fBOBV-G560
7J+i>\0
7).�+$gw7b0�9'>�I'5=-A5,/E.<;>`LG-A;=0"><7J+k9:-M;
7).CBm.</@0
7)34-q><+iBY0
2�-G+m5=-GHJ-GLA0
5,>4+'-AS�B�-G560
7J+'><0
7J.�+



 0

 2

 4

 6

 8

 10

 12

 0  200  400  600  800  1000  1200  1400  1600  1800

A
v
e

ra
g

e
 N

u
m

b
e

r 
o

f 
N

e
ig

h
b

o
rs

 i
n

 R
a

n
g

e

Simulation Time (seconds)

Obstacle Model
Obstacle Model without Obstacles

RWP without Obstacles

��� ��� � ����� * �w���k�|�V� � � � ���
 0

 1

 2

 3

 4

 5

 0  200  400  600  800  1000  1200  1400  1600  1800

A
v
e

ra
g

e
 P

a
th

 L
e

n
g

th
 p

e
r 

D
a

ta
 S

o
u

rc
e

Simulation Time (Seconds)

Obstacle Model
Obstacle Model without Obstacles

RWP without Obstacles

������� � �
	��������'�������V� � ���_�:� � � � ��� � �R���

><+iBO5=9:-G-fBy><+iBmLG.�+C0
7J+CI'-A5,34.\Fp-G34-G+?0f]a�8>�L"2kB'>\0">r9:.�7J+C0�7J5s>�+>fFp-M;">�K�-�.�/10
-G+45=7J3ZI�H)><0
7J.�+4;
I'+�58Sa7b0
240
2'-a+�.CB�-G5�B�7J560=;
7Jc'I�0
-GB`7)+BV7bª1-A;
-G+?0a7J+'7b0
7)>�H�9:.�5=7b0
7).�+'5G]n$.|-GF�>�HJI'><0
-P0
2�-PL"2i>\;">�LA0
-M;
7)560
7JLG5q.</�0
2'-v+'-M0�S�.<;
TY0
.�9:.�HJ.�K�7J-G5LM;
-f><0
-fB4c?lZ0
2�-�0�S�.q34.�c'7JHJ7J0�lZ34.CBV-GHJ5Gg?S�-a;">�+'B�.�34HblZB�7J560=;
7Jc'IV0
-0
2�-P+�.CB�-G5�><0�0
2�-Pc:-GK�7J+'+'7J+�K|.</�0
2�-P5=7J3ZI�H)><0
7J.�+w]qn�2'-P+VI�3Zc:-A;.</�+�-G7JK�2Cc:.�;
5,9:-A;�+�.CB�-Z7J5�Lf>�HJLGI�H[>\0
-fBk/t.�;�0
2�7J5,7J+'7b0
7)>�H@BV7)560=;
7Jc�I�N0
7J.�+$g�>�5uS�-AH)H�>�5D9:-M;
7).CBV7JLf>�HJHblP0
2V;
.�I�K�2'.�I�0u0
2�-�5=7J3ZI�H)><0
7J.�+P>�5u0
2�-+�.CB�-G5$34.\Fp-�]$n�2'-�>fFp-A;">�K�-�9'><0
2sHJ-G+�K�0
2s7J5�LG.�349'IV0
-fB,7J+�0�S�.�BV7b/tN/t-A;
-G+?0�5=LA-G+i>\;
7).�5G]���+`0
2'-�e';
560fg?0
2�-a+'.CB�-A5�9:-A;
7J.CB�7JLf><HJHJl|BV7)5=LA.<F�-A;;
.�I�0
-G5s0
.|5=9:-GLG7bei-fBhB�-G560
7J+i>\0
7J.�+'5s0
2V;
.�I'K�2'.�I�0s0
2'-P5=7J3ZI'H)>\0
7).�+$]n�2�-`>fFp-A;"><K�-ZB�7J5=LG.\Fp-A;
-fBO9'><0
2yHJ-G+'K<0
2k7J5�9�HJ.�0=0
-fBOFp-A;
5=I�5,5=7J3ZIVNH)>\0
7).�+k0
7J34-�]���+m0
2'-q5=-GLA.�+iBm5=LA-G+i>\;
7).Vg1S�-qF�>\;=lY0
2�-v+CI�3Zc:-A;a.</+�.CB�-G5ac:-A0�S�-G-A+O¢��Z>�+iBO�f���V]8§&-s><HJH).fS�0
2'-�+'.CB�-A5a0
.P34.\Fp-�/t.�;���s5=-GLG.�+'B�5GgC>\0�5=9:-A-fB�58c:-A0�S�-G-G+4�s><+iB4�,3��\5Ggp5=.s0
2i>\0@0
2'-AlPLf>�+BV7J560=;
7)c�I�0
-40
2'-A345=-GHJFp-G5s;">�+'B�.�34Hblk0
2�;
.�I'K�2�.�IV0P0
2�-W5=7J3PI'H)><0
7J.�+>\;
-f>V]v��.�0
-q0
2i><0�0
2'7J5�7J5�7J349:.�;=0"><+?0,/E.<;s0
2'-v.�c�560">�LGHJ-`34.�c'7JHJ7J0�l34.CBV-GHd5=7)+�LG-m0
2'-Y7)+�7b0
7[><H,9�H[><LG-G34-G+?0
5`/t.�;W0
2'-m+�.CB�-G5W><;
-O.�+'Hbl>\0|0
2�-y5=7J0
-A5 � .�/q0
2'-m0
-A;=;"><7J+$g,>�5|B�-G5=LA;
7Jc:-fBX7J+�5=-GLM0
7).�+�¡�] ¢C]���45=-GLG.�+'B�5�></[0
-A;�0
2�-q560"><;=0�.�/@-f><LM2O5=7J3ZI�H)><0
7J.�+m;
I�+$gV0
-G+m;
.�IV0
-BV7J5=LG.\Fp-A;
7J-G5s>\;
-Z9:-A;=/t.�;
34-fB1g1>�+'BO0
2�-Z>fFp-M;">�K�-PB�7J5=LG.\Fp-M;
-fBO9i><0
2HJ-G+�K�0
2y/E.<;s-f>�L"2y7J5,;
-GLG.<;"B�-fB1]qn�2'-v+'.CBV-G5�LG.�+C0
7J+CI'-q34.\Fp-G34-A+C0Sa2�7JH)-�0
2'-�;
.�I�0
-�BV7J5=LG.\Fp-A;
7J-G5@><;
-�0">�TC7J+'Kd9'H)>�LG-�]@n�2'-�5=7)3PI'H)><0
7J.�+'5;
I�+|/t.�;,>Z9:-A;
7J.CBY.�/��f�����45=-GLG.�+'B�5G]��.�;�0
2'-A5=-�5=LG-G+'><;
7J.�5GgVS�-�560
I'BVl40
2�-,7J349i><LA0�.�/uc:.�0
2r0
2'-,9V;
-ANBV-Aei+�-fBm34.\Fp-G34-G+?0a9'><0
2?S�>GlV5,><+iBY0
2�-v7J+�LGHJI'5=7J.�+k.�/8.�c�560">�LGHJ-G5G]n$.o9:-M;=/E.�;
3 -AjV9:-A;
7J34-G+?0
5rI'5=7J+'K�.�+'Hbl}0
2�-k9V;
-AN�B�-Ae'+'-fB_9i><0
2VNS�>Gl�5GgsS�-&I�0
7JHJ7J�G-h0
2�-h.�c�560">�LGHJ-G5O0
.oLG.�349�I�0
-k0
2'-h9'><0
2?S�>GlV5Gg><+iB`0
2'-A+r;
-A34.<F�-a0
2�-G3µSa2'-G+WLG.�349'I�0
7J+�Ks+'-G7JK�2Cc:.<;
5�>�+'B49i><0
2HJ-G+�K�0
2�5G]�§�2'-A+Y0
2'-q.�c�560">�LGHJ-G5,><;
-q7J+'LGHJI'B�-fB1g'0
2'-Mlm>\;
-vIV0
7JH)7J�G-GB0
.R.�c�560=;
I'LA0P0=;">�+'5=347J5=5=7J.�+�5Gga>�5PS�-GHJH�>�5Z/t.�;40
2'-|9i>\0
2CS�>GlULf>�HbNLAI'H)><0
7J.�+�5G]Q��+oc:.�0
2_Lf>�5=-G5Gg�0
2'-m.�cV{�-GLA0
5W><;
-m7J+o0
2'-mHJ.?Lf>\0
7).�+'57JHJHJI'560=;">\0
-fBm7J+|eiK�I�;
-q�C]n�2�-P5=-ALG.�+'Bk5=-A0,.�/�5=7J3ZI'H)>\0
7).�+'5�LG.�349'><;
-G5d0
2'-v9:-A;=/E.<;
3r>�+'LA-.</u0
2'-���*,d�Q;
.�I�0
7J+�KZ9�;
.<0
.?LG.�H$I'5=7J+'KPc:.�0
2W0
2'-,;"><+iB�.�3´S�>GlCN9:.�7J+C0�>�+'B`.�I�;�.�c�560">�LGHJ-,34.�c'7JHJ7b0�l`34.CBV-GH©]@�d/[0
-A;�0
2�-a7)+�7b0
7[><H1B�7J56N0=;
7Jc�I�0
7J.�+v.�/�0
2'-�+�.CB�-G5Gg�0
2'-8+'.CBV-G5D34.\Fp-8/t.�;8����5=-GLG.�+iBV5D5=.�0
2i>\00
2�-Al�>\;
-mB�7J560=;
7Jc'IV0
-fBh0
2�;
.�I'K�2'.�IV0Z0
2�-|5=7J3ZI�H)><0
7J.�+_><;
-f>C]�n�-G+B�><0">r5=-G5=5=7J.�+�5s><;
-v0
2'-G+O560">\;=0
-fBw]�n�2'-PB'><0">r9i><LMT�-A0,5=7J�G-P7J5q�C�f¢c?lC0
-G5�>�+'BO0
2�-q5=-G+iBV7)+�K4;"><0
-v7)5,¡W9'>�L"Tp-A0
5 �\5=-GLG.�+'Bw],n�2'-v3r><jV7bN3PI'3 +CI'3Pc:-A;8.�/$9i>�L"Tp-A0
580
2i>\0�Lf><+|c:-d5=-G+?0�9:-A;�B'>\0">v5=-G5=5=7J.�+|7J5

5=-A0�0
.Y�Cg �����C]:�,-G+�LG-�gw><+R><K�K<;
-GKp>\0
-`.�/����Cg �����W9i>�L"Tp-A0
5�Lf>�+yc:-;
-GLG-A7)F�-fB4cClv0
2'-s�G�PBV-G560
7J+i><0
7J.�+'5�L"2'.�5=-G+$]8n�2�-�0
-G+45=.�IV;
LG-G5�><+iBB�-A560
7)+'><0
7J.�+�5�>\;
-d;"><+iB�.�34HblZ5=-GHJ-GLM0
-fBw]@��+Z0
2'-G5=-a5=7J3ZI�H)><0
7J.�+�5GgV>�HJH+'.CBV-G5q><;
-r><5=5=7JK�+'-GBR0
2'-P5
>�34-`5=9:-G-GBRc:-A0�S�-G-G+R�m><+iBU�f�Y3��\5Gg5=.q0
2i><0�0
2'-d-Aª1-GLA0�.�/u34.�c'7JHJ7b0�l`LG>�+Wc:-,BV-A0
-A;
347J+'-fB1]8�Y.\Fp-G34-G+?0LG.�+C0
7J+CI'-A5P0
2�;
.�I'K�2'.�IV0P0
2�-r5=7)3PI'H)><0
7J.�+'5P/t.�;r>m9:-M;
7).CB�.�/q�G�����5=-GLG.�+iBV5G]
6.2 Results

Network Topologyn�2'-P>fFp-A;"><K�-Z+CI�3Zc:-A;d.�/8+�-G7JK�2Cc:.�;
5�9:-M;�+'.CBV-v0
2V;
.�I�K�2'.�I�0d0
2'-5=7J3ZI�H[>\0
7J.�+'5,7)5s5=2�.fSa+R7J+yeiK�IV;
-`¥C]vn�2'-Z+CI�3Zc:-A;�.�/�+'-G7JK�2Cc:.<;
59:-A;@+�.CB�-�/E.<;@0
2'-�;"><+iB�.�3�S�>GlV9:.�7J+?0@34.CB�-AHV3r>\0
LM2�-G5u0
2'.�5=-�9�;
-MNFC7J.�I'5=HblyBV-G34.�+�560=;"><0
-fBY/t.�;s���4+'.CBV-G5�Sa7b0
2R¢��<��3 0=;"><+'5=347J5=5=7J.�+;">�+�K�-G5a7J+m>r�f������3 �X�G������3 ><;
-f>|�J�G <�«]���+W7)+?0
-A;
-A560
7)+�KP;
-G5=I�Hb07J5s5=2'.fSa+h7J+k0
2'7J5,eiK�I�;
-�] � 5=7J+�K|0
2'-P.�c�560">�LGHJ-434.CB�-AHuSa7J0
2k0
2'-.�c�560">�LGHJ-G5GgV0
2'-,>fFp-A;">�K�-�+CI'3Pc:-A;�.</u+�-G7JK�2Cc:.�;
5�9:-A;�+'.CB�-�7J5�LG.�+VN5=7)B�-A;"><c'HblkHJ.\S�-A;v0
2i>�+k7J+R0
2�-Z;">�+'B�.�3 S�>GlV9:.�7J+?0q34.CB�-GH©]4n�2�7J5Lf><+Zc:-�-Mj�9�H)>�7J+'-fBqc?ls0�S�.�;
-f><5=.�+'5G]Dn�2'-�e�;
560D7J5u0
2i><0u+'.CB�-A5u0
2i><0><;
-a7J+?0
-A;
7J.�;�>�+'BZ-AjC0
-A;
7J.�;@0
.s.�c'560">�LAH)-A5�>\;
-�+'.�0�><c'HJ-�0
.�LG.�343PI�N+'7JLf>\0
-�]1�,-A+'LG-�g�+'.CBV-G580
2'><0�><;
-a7J+?0
-A;
7J.�;80
.s.�c�560">�LGHJ-G5�.�+'HblP2i>fFp->�5�+�-G7JK�2Cc:.�;
5�.<0
2'-A;a+�.CB�-G5�0
2'><0a>\;
-,Sa7b0
2'7J+WH)7J+�-�.�/D5=7JK�2C0a7J+r0
2'-5
>�34-d.�c�560">�LGHJ-�]�n�2�7)5�7J5�HJ7JTp-GHbl`0
.vc:-�>v5=3r><H)H:+CI�3Zc:-A;�.�/$+'.CBV-G5G]^V-ALG.�+'Bwgi0
2�-v.�c'560"><LGHJ-G5�c'HJ.?L"T|0
2�-P9V;
.�9i><Kp>\0
7).�+y.�/@0
2'-qSa7b;
-GHJ-G5=50=;">�+�5=347J5=5=7).�+'5�.</u0
2'-�+'.CB�-A5�-AjC0
-A;
7J.�;�0
.P0
2�-,.�c'560">�LAH)-A5G]N��-G+'LG-�g7J+Y3r><+Cl`LG7b;
LGI'34560"><+'LG-G5a>v+'.CBV-�� 5d+�-G7JK�2Cc:.�;
5a>\;
-s+'.<0a>�HJHw+'.CB�-A5Sa7b0
2'7J+|0
2�-�.�34+�7bN�BV7b;
-GLA0
7J.�+'>�H:0=;">�+�5=347)5=5=7J.�+|;">�+�K�-�.</u0
2'-�+'.CBV-�~0
2'-�0=;"><+'5=347J5=5=7J.�+4;">�+�K�-d7)580�lV9'7JLf><HJHJl`H)7J347b0
-fBZ0
.s5=.�34-d5=I�c'5=-A0�.�/0
2'7J5d><;
-G>V]E�,-G+�LG-�gV0
2'-�+CI�3Zc:-A;�.</D+'-A7)K�2Cc:.�;
5d7)5dBV-GLA;
-f><5=-fBw]�'.<;d0
2�-s34.�c�7)HJ7b0�l|34.CB�-AHwSa7b0
2O9i>\0
2?S�>GlV5dc�I�0a+�.�0�.�c'560"><LGHJ-G5Gg0
2'-�+'.CBV-G5�3r>�7J+?0">�7J+r0
2'-G7b;a ����`BV-GK�;
-A-,.�34+�7bN�BV7b;
-GLA0
7J.�+'>�H:0=;">�+�56N347J5=5=7J.�+U;">�+�K�-G5G]k��+R0
2'7J5P5=LA-G+i>\;
7).Vg�0
2�-r+VI�3Zc:-A;q.</d+'-G7JK�2Cc:.<;
59:-A;W+'.CBV-O7J5|3PI'L"2}K�;
-G><0
-A;W0
2i><+}7J+X0
2'-m.<0
2'-A;W0�S�.&34.�c�7JH)7b0�l34.CB�-AH)5G]Un�2'7J5`7J54B�I�-W0
.y0
2'-WHJ7J347J0">\0
7J.�+o.�/dSa2'-A;
-W0
2'-W+'.CB�-A53r>GlP0=;">fFp-AH«]Dx�-GLf><I'5=-a0
2'-a+'.CBV-G5�LG>�+4.�+�HblZ0=;">fFp-A;
5=-�0
2'-dBV-Aei+�-fB9i>\0
2?S�>GlV5Gg'0
2'-v>\;
-f>4.�/D0
2'-q+�-A0�S�.�;
Tr0
2i><0�Lf><+Oc:-v.?LALGI'9�7)-GBmcCl>4+'.CBV-v7J5d;
-fB�I�LG-fBw]dn�2�-P+�-A0�S�.�;
TY><;
-f>4Lf><+kc:-vBV7)FC7)B�-GBm7)+?0
.r>K�;
7)BR>�5s5=2'.fSa+R7)+yeiK�I�;
-Z�V]`��+k0
2�-P;"><+iB�.�3 S�>flV9:.�7)+?0q34.CBV-GH©g-f><LM2mK<;
7)Bmc:.\j|2i><5d>�+m-f¨?I'>�H�9V;
.�c'>�c'7JHJ7b0�l|.�/@LG.�+?0">�7J+'7J+'K4.�+'-s.<;34.�;
-�+�.CB�-G5G] �,.fS�-GF�-A;fg�0
2�-�.�c'560"><LGHJ-�34.CBV-GHCHJ7)347b0
5@0
2'-�+CI'3Pc:-A;



 0

 1

 2

 3

 4

 5

 20  30  40  50  60  70  80  90  100

A
v
e

ra
g

e
 P

a
th

 L
e

n
g

th
 p

e
r 

D
a

ta
 S

o
u

rc
e

Number of Nodes

Obstacle Model
Obstacle Model without Obstacles

RWP without Obstacles

������� � � 	�	 �������������V� � ���_�:� � � � � * � � �@� ���� * �w��� ���

 0

 10000

 20000

 30000

 40000

 50000

 60000

 0  2  4  6  8  10

#
D

a
ta

 P
a

c
k
e

ts
 R

e
c
e

iv
e

d

Node Speed (m/s)

Obstacle Model
Obstacle Model without Interior Movement

RWP without Obstacles

��� ��� � �
	 � �q� �'� ���������i�C� �4� ���C�u� � �:� �

.</dK�;
7)Bhc:.fjV-G5v0
2'><0vLf><+ULG.�+?0">�7J+U34.�c'7JHJ-4+'.CB�-A5v0
.Y0
2�.�5=-rLG.�+�N0"><7J+'7J+'Kv9i>\0
2CS�>Gl�5G]8��.�;�7J+�560">�+'LA-�g�>q34.�c'7JHJ-�+�.CB�-dSa7)HJH:+�-GFp-A;�c:-HJ.?Lf>\0
-fBY7J+r0
2'-�K<;
7[BWc:.fjrH[><c:-GHJ-fB � � ��7J+reiK�I�;
-s�vc:-GLf>�I�5=-,0
2'-M;
-7J5�+'.s9i>\0
2?S�>Gl`LG.�+?0">�7J+'-fB47J+`0
2'7J5�><;
-f>C]1�,-G+�LG-�g?c?lZH)7J347b0
7J+'K�0
2�-34.\Fp-A34-G+?0�.</u0
2'-�+'.CB�-A5�0
.P0
2'-,9�;
-AN�B�-Mei+'-GBr9'><0
2?S�>GlV5GgC0
2'-�-M/tN/t-GLA0
7JFp-s>\;
-f>P.</�0
2�-,+'-M0�S�.<;
T47J+WSa2�7)L"2W+'.CB�-A5�Lf>�+Wc:-,HJ.?Lf>\0
-fB|7J5;
-GB�I'LA-fBw]@n�2�7J5�HJ-f>�B�5�0
.s2�7JK�2'-M;�LGHJI�560
-A;
7J+'Ks.�/w+�.CB�-G5GgC><+iBZ2�-G+'LA->P2'7JK�2�-A;d+'.CB�-qBV-G+'5=7b0�lY><5a7)+'B�7JLf>\0
-fBY7J+|e'K�I�;
-q¥C]�u7JK�I�;
-U�f�h7JHJHJI'560=;">\0
-G5|0
2�-O>fFp-A;">�K�-y9i><0
2}H)-A+'K�0
2}.<F�-A;40
7J34-7J+O-f><LM2O.</@0
2'-s+'-M0�S�.<;
TC5G]an�2'-s;
.�IV0
-G5�>\;
-q7)+�7b0
7[><HJHJlOB�7J5=LG.\Fp-A;
-fBSa2�-G+Z0
2�-�B'>\0">�5=-G5=5=7J.�+�5�560">\;=0f]@n�2'7J58.?LGLGIV;
5�>\/t0
-A;����,5=-GLG.�+iB�5@.</5=7J3PI'H)><0
7J.�+m0
7J34-�]�n�2'-qHJ-G+'K<0
2'5d.�/@0
2'-s9'><0
2'5�><;
-s0
2�-G+Y0=;">�L"Tp-fB0
2V;
.�I�K�2'.�I�0�0
2�-Z5=7J3ZI�H)><0
7J.�+�5G] � >\0
2hHJ-G+'K<0
2'5s3r>GlOL"2i><+'K�-ZB�I�-0
.�HJ7)+�Tqc�;
-f><TV5@><+iBv5=I'c'5=-G¨CI�-G+?0�;
-fBV7J5=LG.\Fp-A;=lv.�/i;
.�I�0
-G5G]Dn�2'-�e'K�NIV;
-�5=2'.fSa5D0
2i>\0D0
2'-�9'><0
2PH)-A+'K�0
2�5@><;
-�;
.�I'K�2�Hblv0
2�-�5
>�34-�/E.�;@0
2�-0�S�.434.�c'7JHJ7J0�lY34.CBV-GHJ5�7J+YSa2�7JLM2O.�c'560">�LAH)-A5�B�.4+�.�0dc'HJ.?L"T|0=;"><+'56N347J5=5=7J.�+�5G]`n�2�-P0
2�7J;"BO34.�c'7JHJ7J0�ly34.CB�-GH�5=2'.fSa5q>�+R>fFp-A;">�K�-r¢����7J+�LA;
-f>�5=-Y7)+�0
2'-|9i>\0
2_HJ-G+�K�0
2$]���+o0
2�7J5`5=LG-G+'><;
7J.RS�-mLf>�+oLG.�+�NLAH)I'B�-s0
2i>\0�0
2�-A;
-q7J5,><+y>\F�-A;">�K�-P.�+'-AN°2'.�9O7J+'LA;
-f><5=-P7J+m0
2�-s9i><0
2HJ-G+�K�0
2�BVI'-`0
.Y0
2�-49�;
-G5=-G+�LG-r.�/�0
2�-4.�c'560"><LGHJ-G5G]kn�2'7J5v7J+'LA;
-f><5=-7J5PB�7b;
-GLA0
HblRB�-A9:-G+iBV-G+?0q.�+R0
2�-`0
.�9:.�H).�K�lR.�/�0
2�-`+'-A0�S�.<;
T1]|�'.<;7J+�560">�+'LA-�gw7J/�>�+k.�c�560">�LGHJ-ZS�>�5�9�H)>�LG-fBy2'.<;
7J�G.�+?0">�HJHblk>�LM;
.�5=5q¥����.</�0
2�-q+'-A0�S�.�;
T|Sa7[BC0
2$g:0
2�-v9'><0
2yHJ-G+'K<0
2O/t;
.�3 .�+�-P5=7)BV-P.</�0
2�-.�c'560"><LGHJ-q0
.P0
2'-�.<0
2'-A;aS�.�I'H)BYc:-s7J+'LM;
-f>�5=-fB|5=7)K�+'7beiLG>�+?0
Hbl?]§X2i><0�0
2�-,eiK�I�;
-sBV.?-G5a+'.<0�;
-G9�;
-G5=-A+C0fgV2�.\S�-GFp-A;fg�7J5�0
2'-�+CI�3`Nc:-M;|.</s;
.�IV0
-G5W0
2'><0rS�-M;
-k+�.�0|>�c�HJ-m0
.Uc:-yB�7J5=LG.\Fp-A;
-fB}B�I'-m0
.5=.�I�;
LG-A5,><+iBWB�-G560
7J+i>\0
7J.�+'5dc:-G7J+'KPHJ.?Lf><0
-fB|7)+?0
-A;
7J.<;,><+iBW-AjC0
-A;
7J.�;0
.r.�c'560">�LAH)-A5G]qn�.WB�-A0
-M;
347)+�-�0
2'-v-Aª1-GLA0,.�/@0
2'-A5=-P.�c'560=;
I'LM0
7).�+'5GgS�-Z34-f><5=I�;
-fBm0
2�-Z+CI'3Pc:-A;,.</�/E>�7JHJ-fBk;
.�I�0
-ZB�7J5=LG.\Fp-A;
7J-G5�/t.�;�0
2�-0
-A+OB'>\0">Z5=-G5=5=7J.�+�5G]a��/E>�7JHJ-fBm;
.�I�0
-qBV7J5=LG.\Fp-A;=l|7)5dBV-Aei+�-fBY><5d0
2�-7J+'>�c'7JHJ7b0�lR0
.OB�7J5=LG.\Fp-A;P>m9'><0
2&c:-A0�S�-G-A+U>Y5=.�IV;
LG-W>�+'B&B�-G560
7J+'><N

�Y.�c�7)HJ7b0�lm�Y.CB�-AH ��+�7J0
7)><H��i><7JH)-GB n$.�0">�H��i>�7JHJ-fB£�.�+�+'-GLA0
7J.�+'5 £�.�+�+'-GLM0
7).�+'5
¤�>�+'B�.�3±§U>GlV9:.�7J+?0 �C] ¢C� ��] ¯� *,c'560"><LGHJ-  C] ¡�¡ ¥V] ¡p�
� ���D�t� 	 � * � � �@� � ��� � � � �t�V� 
 �i�u��� ��� � �i� ���

0
7J.�+O>\/t0
-A;a0
2�-�3r><jV7J3ZI�3±+CI'3Pc:-A;�.</D¤�¤�����><0=0
-G349V0
5:�E0
2�;
-G-�g7J+k��*,d�:�M]'n�2'-q;
-G5=I�HJ0
5Ggw>fFp-M;">�K�-GBk.\Fp-A;d0
-G+y5=7J3ZI�H[>\0
7J.�+O;
I'+�5Gg><;
-q5=2�.\Sa+Y7)+|0">�c'HJ-`��]�n�2�-�0">�c'HJ-q5=2'.fSa5a0
2'-�+CI�3Zc:-A;�.</D/©><7)HJ-fB;
.�IV0
-mBV7)5=LA.<F�-A;
7J-G5`c:.�0
2U/t.�;`0
2�-Y7J+'7b0
7)>�H�;
.�I�0
-mBV7J5=LG.\Fp-A;=l&/t.�;r>B�-A560
7)+'><0
7J.�+m>�+iB40
2'-d0
.�0"><Hw;
.�I�0
-sBV7)5=LA.<F�-A;
7J-G5dB�I�;
7J+�Kv0
2�-�5=7J3ZI�NH)><0
7J.�+w]8¤�.�I�0
-�BV7J5=LG.\Fp-A;
7J-G5�Lf><+W/E>�7JH1H[>\0
-A;a7J+W0
2�-�5=7J3PI'H)><0
7J.�+W7b/D>;
.�IV0
-ac�;
-f><TV58BVI'-�0
.�0
2'-�5=.�I�;
LG-d.�;�B�-A560
7)+'><0
7J.�+434.\FC7J+'K�7J+?0
.�.<;.�IV0�.</u><+|.�c'560">�LAH)-�]��d5�0
2�-d0"><c'HJ-,5=2�.\Sa5GgC0
2�-�+CI'3Pc:-A;8.�/w/©><7)HJ-fB;
.�IV0
-sB�7J5=LG.\Fp-M;
7)-A5d7J5aLG.�+'5=7)B�-A;"><c'Hbl|2'7JK�2�-A;a7J+|0
2'-�+'-A0�S�.<;
TrSa7b0
2.�c�560">�LGHJ-G5r0
2i><+_7J+o0
2'-Y;"><+iB�.�3 S�>GlV9:.�7J+?0r34.CB�-AH«]�n�2'7J54/©>�LM05=7JK�+�7Je'Lf>�+?0
Hblr7J349i><LA0
5�0
2�-d;
.�I�0
7J+'Kv9:-A;=/E.<;
3r>�+�LG-d;
-A5=I'Hb0
5�5=2'.fSa+7J+Y0
2'-,+'-AjC0a5=-GLA0
7J.�+$]n�2'-`>\F�-A;">�K�-49i><0
2RHJ-G+'K<0
2&7J+h+'-M0�S�.<;
TC5�Sa7J0
2hF�>\;=l�7J+�KY+CI'3`Nc:-A;
5$.�/�+'.CB�-A5u7J5�5=2'.fSa+q7J+seiK�IV;
-d����]@n�2�-8e'K�IV;
-�5=2�.\Sa5$0
2i><0$0
2'-9i>\0
2PHJ-G+�K�0
2�5@><;
-�;
.�I�K�2�HJls0
2�-�5
>�34-8/E.<;80
2�-�34.�c'7JHJ7J0�lq34.CB�-GHJ5D7J+Sa2'7JL"2`.�c�560">�LGHJ-G5�B�.�+�.�08c'HJ.?L"Tv0=;"><+'5=347J5=5=7J.�+�5G]8n�2'-�;
.�IV0
-G5@0
2i><0><;
-WBV7)5=LA.<F�-A;
-fBh7J+CFp.�HJFp-4+�.CB�-G5s0
2'><0P><;
-r-G7b0
2'-M;P;"><+iB�.�34HblhBV7J56N9:-A;
5=-fB`.<;�.�+49�;
-AN�B�-Mei+'-GBZ9i>\0
2CS�>Gl�5@.</w0
2�-�0
-A;=;">�7J+rLG.�+�5=7)B�-A;
-fB1gc'IV0fg@;
.�I�0
-A54><;
-m+�.�0Zc�;
.�T�-G+oB�I'-r0
.R>�+o.�c'560=;
I�LA0
7J.�+w]���+U0
2'-34.CB�-AH80
2'><0vLG.�+�5=7)B�-A;
5v.�c�560">�LGHJ-G5Z>�5P>�+U.�c�560=;
I'LA0
7J.�+h0
.m0=;">�+�56N347J5=5=7J.�+$g�0
2'-Ye'K�IV;
-Y5=2'.fSa5W>�+o7J+'LA;
-G>�5=-O7J+o0
2�-O>fFp-A;"><K�-m9'><0
2HJ-G+'K<0
2'5a><5�0
2'-,+CI�3Zc:-A;�.�/D+�.CB�-G5�Sa7J0
2�7J+|0
2'-�+'-A0�S�.<;
T47)+�LA;
-f><5=-/t;
.�3 ¢��m0
.h�f���V]m§X2'-G+h0
2�-A;
-r><;
-4/t-AS�-A;Z+'.CBV-G5Ggu0
2'-r+CI'3Pc:-A;.�/�5=I'LGLA-G5=56/EI�H1;
.�I�0
-G5aBV7J5=LG.\Fp-A;
-fBr7J5�5=3r>�HJHJ-A;dB�I�-d0
.q0
2'-�5=Lf><;
LA7J0�l>�+'BPBV7J5=9:-A;
5=7J.�+Z.</�0
2�-�+�.CB�-G5G~�0
2'-A;
-�><;
-�/t-AS�-M;@+'.CB�-A5�0
.�5=-M;
Fp-�><5;
-GH)>GlV5d/t.�;a;
.�IV0
-G5d/[;
.�3 >Z5=.�I�;
LG-�0
.r>`BV-G560
7J+i>\0
7).�+$] �,-G+�LG-�gV0
2'-9�;
.�ci><c'7JHJ7J0�lZ.</i/E.<;
3r><0
7J.�+Z.�/1HJ.�+�K,;
.�IV0
-G5@7)58HJ.fSsgC>�+'Bv0
2'-�;
.�I�0
-A50
2i>\0`>\;
-r5=I'LGLG-A5=56/EI'HJHbl�BV7)5=LA.<F�-A;
-fBU><;
-W5=2'.<;=0f]y��5q0
2'-r+CI'3Pc:-A;.�/d+�.CB�-G5v7J+'LA;
-f><5=-G5Gg�34.�;
-4+'.CBV-G5P><;
-|>\F�>�7JH)>�c�HJ-W/t.�;Z;
.�I�0
-4/E.<;=N3r><0
7J.�+$]Z�'.�;s-Mj'><349'HJ-�gw+'.CBV-G5s.�+k.�9�9:.�5=7b0
-45=7)B�-G5s.</�c�I'7JH)B�7J+'K�5Lf><+YLG.�343ZI'+�7JLf><0
-d5=7J+'LG-,0
2�-A;
-s>\;
-�.�0
2�-A;a+'.CBV-G5�9�;
-G5=-A+C0�0
.`>�LM0>�5�;
-GH)>flV5�c:-M0�S�-A-G+40
2'-d5=.�I�;
LA-�>�+'BrB�-G560
7J+i>\0
7J.�+$]1��-G+'LA-�gC.�+W>fF?N-A;"><K�-�g:0
2�-s+VI�3Zc:-A;a.</@5=I'LGLA-G5=56/EI�H�;
.�IV0
-PBV7J5=LG.\Fp-A;
7J-G5,7J5dK�;
-f>\0
-A;fg>�+'BZ0
2'-G5=-�;
.�I�0
-G5�><;
-dH).�+'K�-A;�0
2'>�+`0
2'-�;
.�I�0
-G5�B�7J5=LG.\Fp-A;
-GB4Sa2�-G+0
2'-M;
-q><;
-�/E-MS�-A;�+'.CBV-G5G]

Routing Performancen�2'-W0
.�0"><H�+VI�3Zc:-A;v.</�B�><0">y9i>�L"Tp-A0
5v;
-GLG-G7JFp-GB�c?lR0
2'-G7b;rBV-G560
7bN+i>\0
7J.�+'5,7)5,5=2'.fSa+y7)+yeiK�I�;
-r�\¢?]qn�2'-P+VI�3Zc:-A;d.</�B�><0">r9i>�L"Tp-A0
5;
-GLG-A7)F�-fBWI�5=7J+'Ks0
2'-�.�c'560"><LGHJ-,34.CBV-GHi7J5�5=7JK�+'7be'Lf>�+?0
Hbl4HJ.fS�-A;�0
2'>�+



 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 8000

 9000

 10000

 11000

 0  2  4  6  8  10

#
C

o
n

tr
o

l 
P

a
c
k
e

ts
 T

ra
n

s
m

it
te

d

Node Speed (m/s)

Obstacle Model
RWP without Obstacles

��� ��� � �
	 ��� 
 �i�w� � �:� �����	�i�C� �Z�:� � ��� �i� �
 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  2  4  6  8  10

E
n

d
-t

o
-E

n
d

 D
e

la
y
 (

m
s
e

c
)

Node Speed (m/s)

Obstacle Model
RWP without Obstacles

��������� � 	 � � ,�u� �=�G��� ��u��� ���G�V� � ���

0
2'><0,I'5=7J+'K40
2'-s;"><+iB�.�3 S�>Gl�9:.�7J+C0�34.CB�-AH«],n�2'7J5�7)5,B�I�-q0
.40
2�-7J+'>�c'7JHJ7b0�l�/E.<;4;
.�IV0
-G5`0
.hc:-YB�7J5=LG.\Fp-A;
-fB�c:-A0�S�-G-G+_5=.�IV;
LG-G5`0
2i>\0>\;
-m7J+?0
-A;
7J.�; �©-AjC0
-A;
7J.�; �Z0
.R>�+_.�c'560"><LGHJ-y>�+'B_BV-G560
7J+i><0
7J.�+'5`0
2i>\0>\;
-`-AjC0
-A;
7J.�; �©7J+?0
-A;
7J.�; ��0
.|>�+k.�c�560">�LGHJ-�]v§�2�-G+k0
2�-P5=.�I�;
LG-`>�+iBBV-G560
7J+i>\0
7).�+�><;
-W-G7b0
2'-A;v+�.�0Pc:.�0
2&-AjC0
-A;
7J.<;P0
.y><H)H�.�c�560">�LGHJ-G5P.�;+�.�0�c:.�0
2q7J+C0
-M;
7).<;�0
.�0
2'-85
>�34-8.�c�560">�LGHJ-�g<7b0D7J5�7J349:.�5=5=7)c�HJ-8/t.�;u0
2�-0�S�.v+'.CBV-G5�0
.sei+'B4>s9i><0
2`0
.v-f><LM2r.�0
2�-A;f]@�d5�S�><5�5=2'.fSa+r7J+40"><Nc�HJ-d��g<0
2�-@+VI�3Zc:-A;w.</V/E>�7JHJ-fBs;
.�I�0
-�B�7J5=LG.\Fp-M;
7)-A5$Sa7b0
2s0
2'-8.�c'560"><LGHJ-34.�c'7JHJ7b0�l434.CBV-GH'7J5�5=7JK�+�7beiLf><+C0
Hblr2�7)K�2'-A;�0
2i><+rSa7b0
240
2'-a;">�+'B�.�3S�>Gl�9:.�7J+C0f]@��+4.�IV;�34.CB�-GH©g?.�+'LG-d0
2'-�;
.�IV0
-,BV7J5=LG.\Fp-A;=l47J5�BV-G-G34-fB>r/©><7)HJIV;
-�g$0
2�-`B�><0">r5=-G5=5=7J.�+&c:-A0�S�-G-A+k0
2�-P5=.�I�;
LG-4><+iBkB�-G560
7J+'><N0
7J.�+`7J5�><c:.�;=0
-fB1~�0
2'-�;
.�I�0
-aBV7)5=LA.<F�-A;=lv7)5@+�.�0@;
-AN�><0=0
-G349V0
-fBqH[>\0
-A;7J+Y0
2�-�5=7J3ZI�H[>\0
7J.�+$]n$.47)5=.�H)><0
-q0
2'-s7J349i><LA0d.�/D0
2'-s.�c'560"><LGHJ-G5,.�+m9i><LMTp-M0,BV-GHJ7JFp-A;=l?gS�-O-GF�>�HJIi>\0
-Y0
2'-m5=LA-G+i>\;
7).&Sa2�-A;
-O+'.CBV-G5r><;
-O9V;
-GFp-G+?0
-fBU/t;
.�3-A+C0
-M;
7)+�KOc'I�7)H)BV7)+�K�5G]yn�2�-r+'.CB�-A5P34.\Fp-4.�+'Hblh.�+U9i>\0
2'5q.�+&0
2�--MjV0
-M;
7).<;D0
.�0
2�-�c'I�7JH[BV7J+'K�5G]���/�0
2'-�L"2'.�5=-G+v9i><0
2v.�/i>�+�.CB�-�5=2�.�I�H[B9'>�5=5s0
2�;
.�I'K�2h0
2'-`7J+?0
-A;
7J.�;v.</a>Yc'I�7JH[BV7J+'K�g$S�-49V;
-GFp-G+?0�0
2�-`7J+�N0
-M;
7).<;434.\Fp-G34-G+?0v><+iBU7J+'560
-f>�B�2'>fFp-40
2'-W+'.CB�- � {6I�349���0
.O0
2�-><9'9V;
.�9�;
7)>\0
-W-Mj�7b0ZB�.?.<;=S�>Gl?]O�dHJ0
2�.�I�K�2h0
2�7)5q34.\Fp-G34-A+C0�7)5v+'.<0;
-G>�HJ7J560
7)L�gi7b0�><H)HJ.fSa5aI'580
.P560
I'BVl`0
2�-�7J349i><LA0�.</$0
2�-,.�c'560">�LAH)-A5�7)+.�c'560=;
I�LA0
7J+'Kr0=;">�+'5=347J5=5=7J.�+�5G]qn�2'-ZB'>\0">4;
-ALG-G9�0
7J.�+k/t.�;�0
2�7)5,5=LG-AN+'><;
7J.`7J5d>�HJ5=.`5=2�.\Sa+|7J+|eiK�I�;
-Z�f¢C]�n�2'-,K�;">�9�2Y5=2�.\Sa5d>4¢<�<N� ����7J+�LA;
-f>�5=-O7J+�0
2'-|+VI�3Zc:-A;P.�/,9i><LMTp-M0
5Z;
-GLG-G7JFp-GBoc?l�BV-G560
7J+i><0
7J.�++�.CB�-G5�>�5dLG.�349i><;
-GBW0
.rB'>\0">P;
-GLG-A9�0
7J.�+O.</@.�I�;d.<;
7)K�7J+i>�H�34.CB�-GH©]n�2�7J5Y7J+'LA;
-G>�5=-h7J5YB�I'-O0
.&0
2�-y/E>�LA0|0
2i>\0m>UHJ7J+'T}c:-M0�S�-A-G+X0�S�.+�.CB�-G5�3r>flZc:-�3r><7J+C0"><7J+'-fB`Sa2'-A+|.�+'-d+'.CB�-@{6I�349'580
.v0
2�-�+�-AjC0BV.?.�;=S�>fl?g�><5�.�9'9:.�5=-fBW0
.v-G+?0
-A;
7J+'Kv0
2'-dc'I�7)H)BV7)+�K�]1��.\S�-GFp-A;fgC0
2�-9'>�L"Tp-A0�B�-GHJ7JFp-A;=lY7)5�560
7JH)HD+�.�0�>�5,2�7JK�2k>�5d0
2'-q;">�+iBV.�3 S�>GlV9:.�7J+?034.CBV-GHwc:-GLf>�I�5=-�0
2'-�34.\Fp-A34-G+?0�/t;
.�3 .�+'-qBV.?.�;=S�>fl|0
.4>�+�.�0
2�-A;LG>�+Y;
-G5=I�Hb0�7J+O><+YI�+�;
-G9'>�7b;">�c�H)-sHJ7J+'TWc�;
-G>�T:]x�>�5=-fB`.�+`.�IV;8;
-A5=I'Hb0
58S�-a2ClV9:.<0
2'-G5=7J�G-�0
2'><0@0�S�.�34-GL"2i>�+�7J5=345LA.�I'H)B�c:-UIV0
7JH)7J�G-GB�0
.X7J349�;
.\Fp-UB�><0">XBV-GHJ7)F�-A;=l?] n�2'-&e';
560k7J50
.�9:-A;
347b0WLG.�343ZI'+�7JLf><0
7J.�+}c:-A0�S�-G-G+�+'.CBV-G5W7)+?0
-A;
7J.<;O>�+'BX-AjCN0
-M;
7).<;a0
.Z.�c�560">�LGHJ-G5ac'>�5=-fBW.�+|0
2�-�LG.�349:.�5=7b0
7J.�+Y.</u0
2'-,.�c'560"><LGHJ-S�>�HJHJ5G]�n�2'-a5=-GLG.�+iBZ7J5@0
.�2i>fFp-�0
2�-�5=.�I�;
LA-d+�.CB�-�9:-A;
7J.CBV7)LG>�HJHbl`;
-AN>\0=0
-G349�0dI�+'5=I'LALG-G5=56/EI�H�;
.�IV0
-ZBV7J5=LG.\Fp-A;
7J-G5�0
2V;
.�I�K�2'.�I�0d0
2'-q5=7J3`NI�H)><0
7J.�+w]�n�2'><0�S�>fl?gV7b/D>q;
.�IV0
-�H)><0
-A;ac:-GLA.�34-G5a>fF�>�7JH)>�c'HJ-qBVI'-�0
.0
2�-s34.\Fp-G34-G+?0�.</@+'.CBV-G5Gg:B�><0">Z9'>�L"Tp-A0dB�-AH)7JFp-M;=lYLG.�I'H)B|;
-G5=I�34-�]n�2�-s7J+VF�-G560
7JKp><0
7J.�+Y.�/uc:.�0
2Y.</u0
2'-A5=-�34-GL"2i>�+�7J5=345�7J5d>�+m>\;
-f>Z.<//tI�0
IV;
-�S�.�;
T:]

n�2'-WLG.�+C0=;
.�H�.\Fp-A;
2'-G>�BU7J5`5=2'.fSa+o7)+Ue'K�I�;
-y�f C]�n�2'-WK�;"><9'25=2'.fSa540
2i>\040
2'-m+CI�3Zc:-A;Z.�/sLG.�+?0=;
.�Hd9i>�L"Tp-A0
5`0=;"><+'5=347b0=0
-fBocCl0
2'-O.�c'560"><LGHJ-k34.CBV-GHd7)5W5=7JK�+�7Je'Lf>�+?0
Hbl_H).fS�-A;|0
2'>�+X7J+}0
2�-m;">�+VNB�.�3 S�>Gl�9:.�7J+C0f]&n�2'7J5Z;
-G5=I�Hb0`7J54B�7b;
-GLM0
HJl&LG.�;=;
-GH)>\0
-fBoSa7b0
2U0
2'-+CI'3Pc:-A;�.</u/©><7)HJ-fBYB'><0">v5=-G5=5=7J.�+�5G]�x�-ALf>�I�5=-s3r>�+?lWB'>\0">P5=-G5=5=7J.�+�5><;
-W><c:.�;=0
-fB1gu/E-AS�-A;P5=-G5=5=7J.�+'5Z><;
-r3r>�7J+?0">�7J+�-fBk0
2V;
.�I'K�2'.�I�0q0
2'-5=7J3ZI�H[>\0
7J.�+$gV;
-G5=I�HJ0
7J+�K47)+|HJ-G5=5�.\Fp-M;
2'-f>�Bw]�u7JK�IV;
-Y�G¡|5=2'.fSa5�0
2'-P-G+iBCN°0
.<N°-G+iByB'>\0">|9'>�L"Tp-A0sBV-GHJ7JFp-A;=lkB�-MNH)>Gl?]4n�2'7J5s34-f><5=I�;
-G34-A+C0�7)+�LGHJIiBV-G5�;
.�IV0
-4>�Lf¨?I�7)5=7b0
7J.�+RH)><0
-G+�LG7J-G5/E.<;rB�7J5=LG.\Fp-M;
7)+�KO0
2'-4;
.�IV0
-�]&n�2�-We'K�IV;
-W5=2�.fSa5Z0
2i>\0P0
2�-|B�><0">B�-AH)7JFp-M;=lUB�-AH[>GlR/E.�;P0
2'-4.�c'560">�LAH)-|34.CB�-GH87J5Z5=7JK�+�7beiLf><+C0
HblUHJ.fS�-M;0
2i><+Q7)+�0
2�-R;">�+'B�.�3 S�>flV9:.�7)+?0O34.CBV-GH©] x�-ALf>�I�5=-h0
2'-A;
-R><;
-/E-MS�-A;PB'>\0">|5=-G5=5=7J.�+'5s0
2i>\0v><;
-4><c'HJ-Z0
.Yc:-ZLG.�349�H)-M0
-fBwg10
2'-M;
-`7J5HJ-G5=5�B�><0">Z0=;">\¬4LP7J+m0
2�-v+�-A0�S�.�;
TW.\Fp-A;">�HJH©]@�,-G+�LG-vB'>\0">`9i>�L"Tp-A0
5-AjV9:-A;
7J-G+�LG-ZHJ-G5=5qLG.�+C0
-A+C0
7J.�+k/t.�;s0=;">�+�5=347J5=5=7).�+&><+iBk><;
-4><c'HJ-P0
.c:-qB�-AH)7JFp-M;
-fB|34.<;
-s¨?I'7JLMTCHblr0
.Z0
2'-A7J;dBV-G560
7J+i>\0
7).�+'5G]

7. CONCLUSIONSn�2'7J5q9i><9:-A;vB�-A5=LA;
7Jc:-G5v>|+'-MS±34.�c'7JHJ7b0�ly34.CB�-AH@0
2'><0q-G+'>�c�H)-A50
2'-@7J+'LAH)I�5=7J.�+q.�/V.�c�560">�LGHJ-G5�7)+q>�B�2'.?L@+'-M0�S�.<;
T,5=7J3ZI�H)><0
7J.�+�5G]Dn�2'-I'5=-M;�5=9:-GLG7be'-G5�0
2�-v9�H)>�LG-G34-A+C0�.�/89:.�HJlVK�.�+'5dSa7b0
2'7J+O0
2'-q5=7J3ZI'H)>\N0
7J.�+k><;
-G>Wc?lOBV-Aei+�7J+'K`0
2'-qLG.?.<;"B�7J+i>\0
-G5s.�/@0
2�-P.�c'560">�LAH)-A5G]sn�2'-34.CB�-AH�0
2'-G+�7J+'LG.<;
9:.�;">\0
-G5`0
2'-|.�c'560"><LGHJ-G547J+?0
.k0
2�-|5=7J3ZI�H)><0
7J.�+0
-A;=;"><7)+r><+iB`Lf><HJLGI'H)><0
-A5�9i>\0
2CS�>Gl�5@c:-A0�S�-G-A+`0
2'-a.�c�560">�LGHJ-G5�I'5=7J+'K0
2'-a�8.�;
.�+'.�7'9i><0
2ZLG.�349�I�0"><0
7J.�+$]@n�2�-d.�c'560"><LGHJ-G5�><;
-dI'5=-GB`c:.�0
20
.rB�-Mei+'-�0
2�-q34.<F�-G34-G+?0�9i>\0
2?S�>GlV5�.</80
2�-s34.�c�7)HJ-q+'.CBV-G5Gg1><+iB0
.s.�c�560=;
I'LA0@0
2�-a0=;"><+'5=347J5=5=7J.�+4.</:0
2'-�+'.CBV-G5G]8�8>�L"2`0
7)34-a>�+�.CB�-0=;">�+�5=347b0
5Z>O9i><LMT�-A0fg@0
2'-r34.CB�-GH�B�-A0
-M;
347)+�-G5qSa2'-A0
2�-A;Z0
2�-W7J+VN0
-G+'B�-fBY;
-GLA7)9�7J-G+?0�.�/@0
2�-v9'>�L"Tp-A0�7J5�Sa7b0
2'7J+O0
2'-q.�c�560=;
I'LA0
7J.�+k5=-M0.�/a0
2�-`0=;">�+'5=347b0=0
7J+'KO+�.CB�-�]Y��/a5=.Vg8;
-ALG-G9�0
7J.�+U.�/�0
2'-r9'>�L"Tp-A0v7J5c'HJ.?L"Tp-fB1]n�2'-�5=7J3ZI'H)>\0
7).�+4;
-G5=I'Hb0
5�.</�0
2'-d.�c�560">�LGHJ-�34.CB�-GH1><+iB`0
2'-a;">�+VNB�.�3®S�>GlV9:.�7J+?0�34.CBV-GHVLG.�+�LGI�;@Sa7b0
24>�9�;
-AFV7J.�I'5@34.�c�7)HJ7b0�lP34.CB�-AHLG.�349i><;
7J5=.�+_� �<�@7J+y0
2i>\0,0
2'-v34.�c�7JH)7b0�lO34.CB�-GH�5=7)K�+'7beiLG>�+?0
Hbly7)3`N9i><LA0
5a0
2'-s9:-A;=/t.�;
3r>�+�LG-q.�/�>�+y>�BY2'.?Lq+�-A0�S�.�;
T|;
.�I�0
7J+'K49V;
.�0
.<NLG.�H«]8n�2V;
.�I�K�240
2'-�I�5=-�.</w0
2�-a�d*,��X9V;
.�0
.?LG.�H©g?S�-d2i>fFp-�5=2'.fSa+0
2i>\0�0
2'-v34.�c�7JH)7b0�lO34.CB�-GHD-Mª1-GLA0
5s>rF�>\;
7J-A0�ly.</�L"2i>\;">�LA0
-A;
7J560
7JLG5Gg7J+'LGHJI'B�7J+'K,0
2�-�LG.�+�+'-GLM0
7)FC7b0�lv.</:0
2'-�+'.CBV-G58>�+'BZ+'-A0�S�.<;
TPBV-G+'5=7b0�l?g>�5qS�-AH)H�>�5s0
2'-Z9i>�L"Tp-A0PBV-GHJ7)F�-A;=lR>�+iBR.<F�-A;
2'-f>�BR.</�0
2'-Z;
.�I�0
7J+'K9�;
.<0
.?LG.�H©]



n�2�-A;
-r><;
-W>Y+CI�3Zc:-A;s.</�S�>GlV5s0
.m-AjC0
-G+'Bk0
2'7J5q7J+'7b0
7)>�H8S�.�;
T:]n�2�-�e';
560a.</�0
2'-A5=-�;
-GH)><0
-G5�0
.P0
2�-�5=-GHJ-GLA0
7J.�+m.�/@BV-G560
7J+i>\0
7).�+'5G]8��+0
2�7J5P34.CBV-GH�-f><LM2�BV-G560
7J+i>\0
7).�+U5=7b0
-W2'>�5P>O+'.�+��G-A;
.O9V;
.�ci><c'7JHJ7b0�l.</vc:-G7J+'K�5=-GHJ-GLA0
-fB�c?l}>&K�7JFp-G+�+�.CB�-�] ��+X;
-f>�HJ7b0�l?gd7b0m7J5W.�/t0
-A+0
2�-ZLf><5=-`0
2i>\0s9:-G.�9�HJ-Z0=;">fFp-GHD34.�560,/t;
-f¨?I'-A+C0
Hblyc:-A0�S�-G-A+hc'I�7JH[BCN7J+�K�54HJ.?Lf><0
-GB}9'2?lV5=7JLf>�HJHbl�LGHJ.�5=-m0
.k-f>�L"2}.<0
2'-A;4>�+iBU0=;">fFp-GHaHJ-G5=5/[;
-f¨?I'-G+?0
Hbl}0
.oc'I�7JH[BV7J+'K�5W/EIV;=0
2'-A;Y>GS�>Gl?] n�2�7)5WS�.�I'H)B�c:-k0
2�-LG>�5=-�g:/t.�;�7J+�560">�+'LA-�gi7J+y>4LG.�HJHJ-GK�-PLf><349'I�5a0
2'><0�2i>�B|0
2'-q5=LG7J-G+�LG-c�I'7JH)B�7J+'K�5�LAH)I�560
-A;
-fB`7J+`.�+'-d><;
-f>s><+iBP0
2�-�2CI'3r>�+�7b0
7)-A58c�I'7JH)B�7J+'K�57J+h>�+'.<0
2'-A;P>\;
-f>V] � 9'9:-A;=N�B�7JFC7J5=7J.�+k5=LG7J-G+'LG-4560
I'B�-G+?0
5,S�.�I�H[BRc:-HJ7JTp-GHblW0
.`34.\Fp-�Sa7b0
2�7)+|0
2'-�5=LG7J-G+�LG-q><;
-G>`>�+'BWS�.�I'H)B|0=;">fFp-GHwHJ-G5=5/[;
-f¨?I'-G+?0
Hblo7J+C0
.R0
2'-O2CI'3r><+'7b0
7J-G5r><;
-f>C]®n�2�-y.�9'9:.�5=7b0
-mS�.�I�H)Bc:-m0=;
I�-m/E.<;|0
2�-m2CI'3r>�+�7b0
7)-A54560
IiB�-A+C0
5G]�n�.h34.CB�-GHa0
2'7J5r9'2�-AN+�.�34-G+�.�+wg�BV-G560
7J+i>\0
7).�+h5=-GHJ-GLM0
7).�+&LG.�I'H)BRc:-P-AjV9:.�+'-A+C0
7)><H8c'>�5=-fB.�+&0
2'-rBV7)560"><+'LG-rc:-A0�S�-G-A+&0
2'-49:.�0
-A+C0
7)><H�B�-G560
7J+'><0
7J.�+�><+iBR0
2�-+�.CB�-�� 5dLGI�;=;
-A+C0a9:.�5=7b0
7).�+$]��+W>�B'BV7b0
7).�+W0
.vI'5=7J+�K`>�+r-AjV9:.�+'-G+?0
7)>�H1BV7)560=;
7Jc�I�0
7J.�+r/E.<;dB�-G560
7bN+'><0
7J.�+y5=-GHJ-GLM0
7).�+$g17b0�7)5,>�HJ5=.W5=.�34-A0
7J34-G5�0
2i>\0,LG>�5=-q0
2i><0�LG-A;=0"><7J+HJ.?Lf>\0
7J.�+'58><LA0@>�5u><0=0=;">�LM0
7).�+Z9:.�7)+?0
5�/t.�;@9:-G.�9'HJ-�>\0D5=9:-GLG7be'L�0
7J34-G5G]��.�;�7J+�560">�+'LA-�g:0
2'-qI'+�7JFp-A;
5=7b0�l|LG-G+?0
-A;�7J5,HJ7JTp-GHblm0
.4c:-P>r9:.�9'I�H[>\;BV-G560
7J+i>\0
7).�+oB�I�;
7J+�Km0
2'-rHJI'+'L"2U2'.�I�;P7b/,>OF�><;
7J-A0�l&.�/d34-f><H�.�9�N0
7J.�+'5�><;
-d>fF�><7)H)><c'HJ-�]�£�.�+�LG-A;=0
5Gg?HJ-GLA0
IV;
-G5GgV>�+'BZ5=9:-GLG7)><Hi-GFp-G+?0
5@.�+>`LG>�349'I�5�Lf>�+m>�HJHu><LA0�><5,>\0=0=;">�LA0
7J.�+O9:.�7J+?0
5aSa2�-A;
-q7J+iB�7JFC7)B�I'>�HJ5/[;
.�3 >�HJHD>\;
-f>�5d.�/D0
2�-sLf>�349�I'5�z'.\S�0
.`.�+'-v><;
-f>4>\0�>`5=9:-GLG7bei-fB0
7J34-�]D§h-,S�.�I'H)BYHJ7JTp-,0
.`7J+CFp-G560
7JK�><0
-�0
2'-,34.CB�-GHJ7J+'KP.�/D5=I�LM2Y><0=N0=;"><LA0
7J.�+O9:.�7)+?0
5�>�+'B|0
2'-s7J349i><LA0a.�+m0
2V;
.�I�K�2'9�I�0d><+iBY+�-A0�S�.�;
T9:-M;=/E.�;
3r><+'LG-�;
-A5=I'Hb0
7J+'KZ/[;
.�3 5=I'L"2YLG.�+'LG-A+C0=;">\0
-fB|0=;">\¬4Lq><;
-f><5G]��+v0
2�-�LGIV;=;
-G+?0D34.CB�-AH«g<0
2'-�7J+C0
-M;
5=-GLA0
7J+'K�5=7b0
-G5@>\;
-�B�-M0
-A;
347J+'-fBc?l_0
2'-y��.<;
.�+�.�7�LG.�349'IV0"><0
7J.�+wg,><5OB�-A5=LA;
7Jc:-fBX7J+�5=-ALA0
7J.�+Q¡�] ¢C]n�2�7J5uLf>�+s;
-G5=I�Hb0u7J+q.?LGLGI�;=;
-A+'LG-G5�.�/�+'.�+VN°.�9�0
7J3r><HpB�.?.<;=S�>Glq9'H)><LG-AN34-A+C0fgw/E.<;Z7J+�560">�+'LA-`Sa2'-A;
-`0�S�.OBV.?.�;=S�>GlV5P><;
-rHJ.?Lf><0
-fBR.�+h0
2�-5
><34-`5=7)B�-`.</a>�+R.�cC{6-GLM0f]rn�.m-G+'>�c�H)-P;
-f>�HJ7J560
7JL|BV.?.�;=S�>flR9'H)><LG-AN34-A+C0fg<.<;D0
.,-Aj�>�LM0
HJlv34.CBV-GH?-AjV7J560
7)+�K,c�I'7JH)B�7J+'K�5Gg�0
2'-�I'5=-A;@5=2�.�I�H[Bc:-d><H)HJ.fS�-GBr0
.s7J+iBV7JLf><0
-�0
2'-a9�H[><LG-G34-G+?08.�/10
2�-aB�.?.�;=S�>Gl�5�.�+`0
2�-.�cV{�-GLA045=7)BV-G5G]Rn�2'-G5=-W9�;
-A/t-A;
-G+�LG-G5ZLG>�+U0
2'-G+Uc:-rLG.�+'5=7)B�-M;
-fBU7)+0
2�-r��.<;
.�+'.�7�LG.�349'IV0"><0
7J.�+wgD5=I'L"2h0
2i>\0q0
2'-rK�;"><9'2U7J5P34.CBV7bei-fB0
.Z7)+�LGHJIiBV-�0
2'-G5=-�+�-AS�9:.�7J+?0
5G]�u7J+'>�HJHbl?g�0
2'7J5ZS�.�;
TULf><+X><H)5=.Rc:-Y7J349�;
.\Fp-GBU0
2V;
.�I�K�2o2'7JK�2�-A;K<;">�+CI'H)>\;
7J0�lh34.CBV-GHJ7J+'Km.</�0=;">�+�5=347)5=5=7J.�+'5q0
2�;
.�I�K�2h>�+iBR><;
.�I'+iBc�I'7JH)B�7J+'K�5G]D��+v0
2'7J5D7J+'7b0
7)>�H�34.CB�-GH©g<S�-�2'>\F�-�>�5=5=I�34-fBv0
2'><0@c'I�7JH[BCN7J+�K�58><;
-�.�9i>�¨?I�-�>�+'BPLG.�349'HJ-A0
-GHblvc'HJ.?L"Tv5=7JK�+i>�H�9�;
.�9i>�K�><0
7J.�+w]D��+;
-G>�HJ7b0�l?g$3r>�+?lOc'I�7JH[BV7J+'K�5qBV.|9:-M;
347J0�0
2'-P9�;
.�9'>�K�><0
7J.�+&.</�Sa7b;
-ANHJ-G5=5�5=7JK�+i><HJ5,0
2�;
.�I'K�2|0
2'-G7b;�-AjC0
-A;
7J.�;,S�>�HJHJ5G]�n�2'-v¨?Ii>�HJ7b0�l|.�/@0
2�-5=7JK�+i>�HD9:-A+'-A0=;">\0
7).�+y7)5,>Z/EI�+'LA0
7J.�+y.</80
2�-qLG.�349:.�5=7J0
7J.�+R><+iBY0
2�-0
2�7JLMTC+'-A5=5v.</�0
2'-`S�>�HJH©]m§&-`S�.�I'H)BhHJ7JTp-40
.OBV-GFp-GHJ.�9&>m34-A0
2'.CB/t.�;834.CB�-AH)7J+�K,0
2'7J5DL"2i><;"><LA0
-A;
7J560
7JLa.�/i0
2�-�.�cC{6-GLM0
5G]@�,.�+VN°c'HJ.?LMTC7J+'KS�>�HJHJ5|S�.�I'H)B}c:-OHJ7JTp-GHbl�0
.&2'>\F�-y>h5=7JK�+'7be'Lf>�+?0W7J349i>�LM0r.�+}0
2�-+�-A0�S�.�;
TW0
.�9:.�HJ.�K�lOL"2i>\;">�LA0
-A;
7J560
7JLG5G],�'.�;�7J+'560"><+'LG-�g'0
2'-v>fFp-A;">�K�-+�.CB�-OBV-G+'5=7b0�lo>�+iBoB'>\0">R9'>�L"Tp-A0rBV-GHJ7)F�-A;=lUS�.�I'H)B_c:-|2'7JK�2�-A;r7b/+�.CB�-G5v7J+?0
-A;
7J.�;q0
.Oc'I�7)H)BV7)+�K�5sS�-M;
-W+�.�0q7J5=.�H)>\0
-fB&/t;
.�3�0
2�-Z;
-G560.</D0
2'-�+�-A0�S�.�;
T:]n�2�-@5=9:-GLG7beiL8F�><HJI'-G5w.�cV0">�7J+'-fB�7J+s.�I�;u5=7J3PI'H)><0
7J.�+�5�>\;
-�560=;
.�+'K�HJlBV-G9:-G+'B�-G+?0�.�+m0
2'-vLG.�+�eiK�I�;">\0
7).�+y.�/@0
2'-v.�c�560">�LGHJ-G5�7J+m0
2�-P+�-A0=NS�.�;
T40
-A;=;"><7)+w]1�,.fS�-AFp-A;fgC0
2'-,B'><0">qHJ-f>�BV5�0
.`><+|7J349:.�;=0"><+?0�LG.�+�NLAH)I�5=7J.�+$]�n�2�-m;
-G5=I'Hb0
5r5=2'.fS 0
2i>\0W>RSa7)B�-m;">�+�K�-O.</s5=LG-G+'><;
7J.�53PI'560vc:-W560
IiB�7J-fBh0
.kBV7)5=LA-A;
+U0
2'-r.\Fp-A;">�HJH�9:-M;=/E.�;
3r><+'LG-W.�/a0
2�-;
.�I�0
7J+'Ko9�;
.<0
.?LG.�H©] n$-G560
7J+'Ko.�/Z>�cV;
.p>�B�-A;|;">�+'K�-h.</Z+�-A0�S�.�;
TLA.�+iBV7b0
7).�+'54><+iBh0
.�9:.�HJ.�K�7)-A5W7J5P+'-G-fBV-fB&/E.<;4>yLG.�349�H)-M0
-WI�+iBV-A;=N560"><+iBV7)+�KR.</s>�Bo2�.?L|;
.�IV0
7J+'Kk9�;
.�0
.?LA.�Ha9:-A;=/E.<;
3r>�+�LG-�]�§&-W7J+�N0
-A+iBY0
.rB�7J560=;
7Jc'IV0
-q.�I�;�34.CB�-AH�><5�>`9'HJI�K�N°7J+m0
.`0
2'- 8,HJ.�34.p^V7J35=7J3PI'H)><0
.<;,5=.`0
2'><0a7b0,LG>�+mc:-sI�5=-A/EI�H$0
.`.<0
2'-A;dSa7b;
-GHJ-G5=5,+�-A0�S�.�;
T;
-A5=-f><;
L"2'-A;
5G]

8. REFERENCES�b�M� D8]'x�>\{6>\{Mgw�R]:n�>�T�>�7©g'¤q]'��2CI�{6>Vg��`]in�>�+'KVg'¤q]'x�>�K<;
.CB�7)>Vg>�+iBY�R]68,-A;
H)>C]68,HJ.�34.p^V7J3m�8�®^CLf>�H)>�c�HJ-s�,-A0�S�.�;
T^V7J3ZI�H[>\0
7J.�+m�@+CFC7J;
.�+'34-G+?0f]�£�.�349'I�0
-M;�^VLG7J-G+�LG-�-G9i>\;=0
34-G+?0an�-GL"2'+�7JLf>�Hw¤�-A9:.�;=0fg��Z¥�¥����p¢�¯Cg � £�D��qg$�G¥�¥p¯?]
� ¢f�P£�]ix�-M0=0
560
-A0=0
-A;f]1^C34.?.�0
2W7J5,x�-M0=0
-A;a0
2i>�+m^V2'><;
9$�8�;">�+iBV.�3 �Y.�c'7JHJ7J0�lO�Y.CBV-GH$/t.�;,^V7J3PI'H)><0
7J.�+|.�/D§�7b;
-GHJ-G5=5�,-A0�S�.�;
TC5G]���+ � )/"%$ ���+0����(��� "('�
��-� ¡����	��
 �

� �-
 � )�����
�2"'���3�� "�)+&'���4" ��"'� �5"%0(�	� ���(��� � � �3� �'��� ���N��� 0
� ��� �4�#�'
�2"�� "('	� ��)��	��� ��� ��� 0 � "C�	���� � �'��
 � � �
� � � � � ��� g�¤d.�34-�g��°0">�Hbl?g 
�I'HblY¢����V��]�  \�P£�]ix�-M0=0
560
-A0=0
-A;fg �v]���><;=0
-A+'560
-G7J+$g'>�+'B��P] � -A;
-A�AN�£�.�560">V]^C0
.?L"2i>�560
7JL � ;
.�9:-A;=0
7J-G5d.�/D0
2�-�¤�>�+iBV.�3´§&>Gl�9:.�7J+C0�Y.�c'7JHJ7b0�lY�Y.CB�-AH«���@9:.?LM2 D$-G+�K�0
2wg�,7J;
-ALA0
7J.�+m�7J560=;
7Jc'IV0
7J.�+>�+iBY£�-GHJHD£�2'>�+'K�-s¤,>\0
-�]���+ ��)+"%$����+0����(���B"�':
��4� � ��� ��
 �
� �-
 � )�����
�2"'���3�� "�)+&'���4" ��"'� �5"%0(�	� ���(��� � � �3� �'��� ���N��� 0
� ��� �4�#�'
�2"�� "('	� ��)��	��� ��� ��� 0 � "C�	���� � �'��
 � � �
� � � � � ��� g'��0
H)>�+?0">Cg�8��qg:^C-G9�0
-G3Pc:-A;d¢<���p¢?]

� ¡<�P£�]ix�-M0=0
560
-A0=0
-A;�>�+'BO£�]�§&>�K�+'-A;f]'n�2'-v^C9i><0
7)><H$��.CB�-�7J560=;
7)c�I�0
7J.�+Y.�/u0
2�-�¤,><+iBV.�3 §U>GlV9:.�7J+?0d�Y.�c'7JHJ7J0�l�Y.CB�-GH©]���+ � )/"%$ ���+0����(��� "('A
��-� �����  � ) � �����Q"')�&'���4" � "��
�5"C�	���� � 0��4"%$�� � 
 P "�)+&'� ��� � � ��� g�9i><K�-G5d¡����V���Cg � HJ3mg
8,-A;
3r>�+?l?g��m><;
L"2y¢<���p¢?]

� �f� 
�]ix8;
.?LM2wgiZ]��v]i�m>�Hb0
��g'Z] 
�.�2�+'5=.�+wg��P] N6£�]4�,Iwg�>�+iB

�] 
�-A0
LM2�-GF�>V]'� � -A;=/t.�;
3r>�+�LG-P£�.�349'><;
7J5=.�+m.</8�YI'Hb0
7bN,�,.�9§�7b;
-GHJ-G5=5,��B ��.?Ls�,-A0�S�.�;
Tr¤d.�IV0
7)+�K � ;
.�0
.?LG.�H)5G]i��+
� )/"%$ ���+0����(��� "('�
��-� ¡ ��� � �4�-�4�3� ��
 ��� ��� � �
� �-
 � )�����
�2"'���3� 
 "'��'%� )+� ��$��B"�� �5"3�	���� 
 "'�A� ��
���(� ����0
� � 
 P "�)+&'����� � � "C�	� 
 "�� � g�9i><K�-G5��p���C¥�¯Cg:s><HJH[><5Gg:n�-Mj'><5Gg*,LA0
.�c:-A;q�G¥�¥��C]

� �\�vn,]:£�><349$g 
�]ix�.�HJ-G+'KVg:><+iBY�v]��>\FC7J-G5G]'�µ^VIV;
Fp-Alr.</�Y.�c'7JHJ7b0�lm�Y.CB�-GHJ5a/E.<;���B �,.?L,�,-A0�S�.�;
TW¤d-G5=-f><;
L"2$]
� ��)+�	��� ��� 
 "��B� ���-�2$���
�2"'�-�! �5"C�	����� 
 "��9� ��
�����
��� 
 � 
 ��" � �4�+$	�2�3� ������� � "�� �5"C�	���� � 0!#:"%$
� � 
 P "�)+&'�����$" � � �	�+��)+$ �%� � )�� � 0�� ��� 0 � �C��� �2$���
�"��-� g¢��°�3�M� ¡��� &�C����¢Cg$¢����p¢?]

� ¯f�q�P]Vs>fFC7)-A5G]:�@F�><H)I'><0
7J+'K4�Y.�c'7JHJ7b0�lm�Y.CB�-GHJ5a§�7b0
2'7J+m><+O�,B2'.?Ls�,-M0�S�.<;
T:]:�m><560
-A; � 5d0
2�-G5=7J5Gg:£�.�H).<;">�BV.Y^CLM2�.?.�Hw.�/�Y7)+�-G5Gg1¢<�����V]
� �\�v�a]V§®]��7 {6TC560=;">V]'���,.<0
-�.�+mn�S�. � ;
.�c'HJ-G345�7J+£�.�+'+�-GLA0
7J.�+|Sa7J0
2G8�;">�9'2�5G] �A����' �5��
��4� �?��
� & g��� ¢���¥&�V¢�¯C��gD�f¥p�<¥V]
� ¥\�q¤v]��v] 8,I'-M;
7)+w]:£�2'>�+�+'-GH�*,LGLGI�9i>�+�LAl|n�7J34-��7J560=;
7Jc'I�0
7J.�+7)+m>4£�-GHJHJI'H)><;�¤,>�B�7J.r^?l�560
-A3m] ��� � � � )/���-� �C$	
�2"'�-� "��

. � �(�2$	���#��) � �+$ ����"��#"���� g1 ��4�« 3�M� ��¥&�?¥�¥VgD�G¥���¯C]
�b�f�\�!(D]4��>�>�5G]'���,-ASQ¤d.�IV0
7J+'K � ;
.�0
.?LG.�H$/t.�;�¤�-GLA.�+�e'K�IV;">�c'HJ-§�7b;
-GHJ-G5=5���-A0�S�.�;
TC5G]���+ ��)+"%$����+0����(���B"�':
��4� ��� � �

� �-
 � )�����
�2"'���3� 
 "'��'%� )+� ��$��B"���) �-� ��� )�� �3� �@� ) � "�� �3�

 "��B� ���4�2$���
�2"��4� � ��
 ) � 
 � g'9'>�K�-G5��<�p¢��V�����Cgw*,LM0
.�c:-A;�f¥�¥�¯C]

�b���M�!(D] 
�]4��>�><5d>�+iBm�R]'¤q] � -G><;
HJ3r>�+w]in�2�- � -A;=/E.<;
3r>�+�LG-q.�/
�,I'-A;=lY£�.�+?0=;
.�Hu^CLM2�-G34-G5�/E.<;a0
2'-�(:.�+'-,¤�.�I�0
7J+'K� ;
.<0
.?LG.�H©]:��+ ��)+"%$�����0'������� "(' � �  
� � � gV9i><K�-G5�f�p¯��i�f¯�¯Cg1��>�+�LG.�I�Fp-A;fg�x�;
7b0
7J5=2y£�.�HJI�3Zc'7)>Cg$�G¥�¥��C]

�b�\¢f�*�P]��,.�+'K�gi�R]68,-M;
H[>Cg68P] � -G7©g:><+iBm£�] N�£�]1£�2�7)>�+'KV]:�
8�;
.�I'9O�Y.�c'7JHJ7b0�lm�Y.CB�-GHw/E.<;,��B|2�.?L�§�7b;
-GHJ-G5=5���-A0�S�.�;
TC5G]��+ � )/"%$ ���+0����(��� "('A
��-� ��
 �+� ��� � � � � � � �-, .�. g�^V-f>\0=0
HJ-�g§k�vg'��I'K�I'560s�G¥�¥�¥C]

�b�f \�P^1] N 
�] Dw-G-�g'�a]i�R]i¤d.fl?-A;fg�>�+'Bm£�]i�a] � -A;
TC7J+'5G]'�,B|2�.?L¤�.�I�0
7J+'K � ;
.<0
.?LG.�H@^CLf>�H)><c'7JHJ7J0�l1]/��
 �+�0� ���� �
� �-
 � )�����
�2"'���3�21�"'��)������ "('3� � 
 P "')�& � �����%�(� �?� �-
 g�f 4�°¢��M� ¥p¯\N
���G¡�g$�m>\;
LM2O¢����� V]



�b�A¡��vx�]-D$7)>�+�Kr>�+'B	(u]-�,>�>�5G] � ;
-GB�7JLA0
7JFp-s�7J560">�+�LG-AN°ci><5=-fB�Y.�c�7JH)7b0�lO�m><+i>�K�-G34-G+?0a/E.<; � £�^|��-A0�S�.�;
TC5G]'��+
��)+"%$�����0'������� "('�
��-� ��� � � 
 "���'!� )�� ��$��B"'� 
 "��A� ��
 � )

 "�� �B���-�2$���
�"�� � � � � 
� ��� gV�,-AS ��.�;
T:gV�3�Zg'�m>\;
LM2�f¥�¥�¥C]

�b�f�\�P�R]'B�-qx�-A;
KVg1�R]�F�><+���;
-GF�-GH)Bwg'�R]1*,Fp-M;
3r><;
5�><+iBO*P]^VL"2?S�>\;
�GTp.�9V/�] 
 "��A�-��
,�'
�2"������ @�+"���� 
) � " � � �C"�) � 
����B�
��� 0 � �C��� �2$���
�"��-� ]1^C9�;
7J+'K�-A;a�8-A;
H)>�K�g:¢������V]�b�G�<�P�R]�¤v] � -f><;
HJ3r><+$g�(D] 
�]4��>�><5Gg � ]i^V2'.�H)>�+iBV-A;fg�>�+'BO^1]'^1]nu><c�;
7J�G7©]1*,+W0
2'-���349i>�LM0a.�/@�dHJ0
-M;
+i><0
- � >\0
2Y¤d.�IV0
7)+�KZ/E.<;
D$.�>�Bmx�>�H)>�+�LG7J+'K47J+y�Y.�c�7JH)-v��B|2'.?Ls��-A0�S�.�;
TC5G]���+
��)+"%$�����0'������� "('�
��-� � ��� � �-�4�4�3�3� "�)+&'�
��" ��"�� �5"3�	����
��� 0 � 0 �4"%$ � � 
 P "�)+&'���(� ����0 
 "��9� ��
 � )�� �5"3�	� # 
 � � g9i><K�-G5� &�'�f�Cg:x�.�560
.�+$g:�m�vg'��I�K�I'560�¢<�����V]

�b�f¯\�P£�]:��] � -A;
TC7)+�5a>�+'Bm�a]i�R]�¤�.fl?-A;f]'n�2'-��,B|2�.?L*,+�N°�-A3r>�+iB4�7J560"><+'LG-s�8-GLA0
.<; � ;
.�0
.?LA.�H©]:��+m£�]i��]� -A;
TC7J+'5Gg�-fB�7b0
.<;fg/� 0 �4"%$�� � 
 P "�)+&'����� g'9i><K�-G5s�\¯< &�C¢C�f¥C]�,B�B�7J5=.�+VN«§&-G5=HJ-Al?g'¢������C]
�b�G�<� 8P]�¤�-G560">Z>�+iB � ]:^V>�+?0
7©]i�d+m��+'>�HblV5=7J5d.</u0
2'-s��.CB�-^V9'><0
7)>�Hw�7J560=;
7Jc'IV0
7).�+m.�/D0
2�-�¤�>�+iBV.�3´§&>Gl�9:.�7J+C0�Y.�c�7JH)7b0�lO�Y.CBV-GH$/t.�;,�,Br2'.?Ls�,-M0�S�.<;
TC5G]'��+ ��)+"%$�����0'�������

"('�
��-� ¢ J�� ��
 � � �4
 � ) � ��
�2"�� �3�� "�)�&'���4"���"�����) ��� $	� ����� �
"(' �5"C�	����� 
 "��9� 
������� � �  � 
 � gin�.�I�HJ.�I'5=-�g:��;"><+'LG-�g*,LA0
.�c:-A;,¢�����¢C]

�b�G¥<�v��]:�R]'¤�.fl?-A;fg � ]i�R]:�Y-GHJHJ7)><;=N�^V347b0
2wgi><+iB D@]i��]1�Y.�5=-A;f]��+|��+'>�HblV5=7J5�.�/u0
2�-s*,9�0
7J3PI'3 �,.CB�-,�-G+'5=7b0�l4/E.�;���BW2�.?L�Y.�c�7JH)-q��-A0�S�.�;
TC5G]'��+ ��)+"%$����+0�������� "('�
��-� ��� � �
� �-
 � )����'
�2"������ 
 "���'!� )�� ��$��B"'� 
 "'�B�B���4�2$���
�2"��4� g�9i><K�-G5�p��¯��?���V��g6�,-GHJ5=7J+'TC7©g'�u7)+�H)>�+iB1g 
�I'+'-v¢<���C��]


