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 phg �É* ¸ t p�q tµ� p l¶t�> g �c
 q 
r* f tµ� phb�k�p�phk�g � p tµ� p �cl<l � & � q 
4l � t & * f 

� k l p�c
 ¸�gÞ&²fhfhg �É* j+gÞbebF& � k*�É& 
 f)�É& 
 phkßq�� t & * f 
 p ��� &©q²p � ¸ t f * k�j+k�¸ t~�½* d �Étµl�
 b 
��É*4t &fhd�p 
Æt & t q � g·j � phg �É* q²k�ph¸�gÞphd�p= t j �c
 b�k �c
 f�q 
 p�¸ t �É& 
+* p�¸�gÞ&cf 
 & è , j 
 p ��� &©q²p	êg � j * k�g �c�c
��É*�tµl gÞf påj+g)b�b 
 fhgÞ& *�
 &cf påjwgÞb�b 
 k l�
 p * k l�l &cp * f d4q tµ� p l¶t;��� &cf 
7W²á R á
%}
 j �Õt ¸ck * f 
 ¸cf d�p 
��É*�
Àl¶t ¸cfhg �cl d�b tz* k*�É& 
 q 
 pLfhd�p 
Æt & è t q � g'j 
+* j 
 f *;t k � p¸cfhg * g'j+g l�
 pF�É&ckËp�g �É* ¸cfhg)¸�gÞphd�p 
w* q²d+n 
+l g)¸c¸�d�pU¸ t f l�
=� fhg)&c¸ 
 q 
�* f t n t k l s�a a�ç <t &Pp 
 k � q 
Fl � " ç < 8 á æ d-j 
 b�b 
+�É*A� j 
\� fhg)&c¸ 
 q 
E* f t n t k lßt f 
+*�
�� & l�
 p�¸cfhg * g'j+g l�
 p

a!d ´ {{� æ 8�%NW�S�g R �/ÑXS�W�Ò�� ´ % æ Ñ ] T@Òü��do� % æ � æ 8�%�W
g�T�g��!Ñ R V?ÒË
+* < 3 æ ��8e� æ 8�%
W
g
V ] �=Ñ}S Y Ò|á´ t~� pQj 
+*h*h
�*���� p 

�>� g)&cp � g)&cpQk �É* d�f 
 phphg � p t &°fhg)& *;t?�Þ
 q tµ� pQ& ��* 0'¸ 
 ¸ t f v* k�j+& l k 
 fIq 
 fhd+p 
-t & t q � g'j á#a k � phk � k l d * t k * k �É* d�f 
 php t~�½* q2� d * &cq²k 
 f lyt ¸�g)phphk �cl k * dq�� & * k l k�p 
 f l�
 pQ¸cfhg * g'j+g l�
 p�q 
 fhg)& * t��)
�
 è k�p *;tµ�É* pW¸�gÞ&cf�n½g)k�fWp�� k l pQp�� t q t ¸ *;t k 
��½*  � g * f 
 phk * & tµ* k�g �Tá

te
l-0

06
28

70
0,

 v
er

si
on

 1
 - 

4 
O

ct
 2

01
1



ÖÕÖ ·!¸�¹»º�¼��2¾ n���Á�Ã&Å�À ¹ _���Ä ¹ ¿����3����Á������ ¹ Å����oÃ��2È��3��� ¹ Ä ¸ Ã»Æ

A B C
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 f l�
 p4j �²
 b�k � p l�
 pr¸ l &cp4j+g)&cf * p 
 p *l�
,µ j+g)b�¸ * t��)
 q 
 p�p t & * p{¶ á�� g)&cfåb t k �É*h
�� k�f lyt j+g � d�f 
�� j 
 q 
 p * t��cl�
 p�q 
 fhg)& v* t��)
 q tµ� p1& �c
u* g)¸�g l g � k 
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NÜÂ°�©Í¦²¯;¦CÞAÎxÏ ß�¦²±�à Ø�©¬Ì�©¬ÎÐáã«?¤�©Í¦²±�³±� g * d do� % æ Ñ R V�� R�b ÒU
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� j �Õt �½& 
E��� &©quq²d-j l¶t f 
 p 
 p l k 
�� p�q²k�f 
 j * p t n 
 j4p 
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 phg)&cp v ¸ t f * k 
q 
4l�
 &cf=nÞgÞk�phk �Õt��)
'� fxÉ~j 
  lyte*�
 j �c� kC�½& 
 q 
 påf 
�l¶t k�p�bF& lo* k�¸�gÞk �É* p á�� 
 p�f 
�l¶t k�p�bF& l v* k�¸�gÞk �É* p j+g � p�k�p *�
��½* 
 p�p 
��É* k 
�l�l�
 b 
��½* 
�� & �Q��� &©qQq²g �c� d �  rk �Þ� g)f 
 f}& ��
�� p 
 b �cl�
q 
�l k 
+� p 
+* q 
 nÞgÞk�phk � p4q²k�f 
 j * p � �É&ckßphg �½* f 
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Relais multipoints
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Réponse de la decouverte de routeDécouverte de route par diffusion

D

S

Source

Dest. Dest.
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 q 
 b�g � k l k * drq 
 ¸cfhg)b 
��Õt q 
Etµl d tz* gÞk�f 
Et n 
 j ¸ t &cp 
r� g * d æ � ¸ sPs

�`á9Ì?±2Ï�«@¯ %�Ì?äx°Ê«?¦²±Ê©�õ´«
¥E¦ÍËU¦²©Íä£õ¡«AÏ�Î�Ëª�oÑ R S@Ò k � j l & * q 
 p *h
 b�¸cpUq 
 ¸ t &cp 
Å
��É* f 
 l�
 pj �Õtµ���Þ
 b 
��É* p�q 
 q²k�f 
 j * k�g �u
+*!� g)&Àq 
 n'k *h
 php 
ÐÑ ] T?Ò|á m ����� &©q�b�g � k l�
 j+gÞbeb 
�� j 

���tµ* *�
�� q tµ�É* q t~� pU& �L
�� q²fhg)k * ¸ 
�� q tµ�É* & �c
 j 
 f *;t k �c
 ¸�d�fhk�g'q 
 q 
 *�
 be¸cp � j
� 
 p * v v q²k�f 

� & �1*�
 b�¸cp=q 
 ¸ t &cp 
@�wá

$$%%

changement de direction
Temps de pause dans chaque

^#È�_ ¼ ] áXT � s g'q ��l�
 q 
 b�g � k l k * drq 
 ¸cfhg)b 
��Õt q 
4t~l d tz* g)k�f 
Et n 
 j ¸ t &cp 

%}
+*h*�
 ¸�d+fhk�g·q 
 q 
�*h
 b�¸cp 
 è ¸ck�fhd 

��l�
e��� &©qÀb�g � k l�
 j � g)k�phk * & �c
 q 
 p * k �©tµ* k�g �t~l d tz* g)k�f 
V
+* & �c
 n·k *�
 php 
 & � k$	êg)fhb�d�b 
��É* q²k�p * fhk � &cd 
 q t~� p [minspeed..maxspeed] á
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�T
E��� &cqup 
 q²d�¸ lyt j 
�t~l g)fhpån 
 fhp l¶t�� gÞ&·n 
�l�l�
 q 
 p * k �Õtz* k�g � j � g)k�phk 
et n 
 j l¶t n·k *�
 php 
j � gÞk�phk 
)á1× l � t fhfhkon½d 

� k l 	 t k * & �c
 ¸ t &cp 
 ¸ 
�� q tµ�É* & �c
 ¸�d�f k�g'q 
 q 
F*h
 b�¸cp q²d �©� k 

�t n t~�½* q 
 f 
 jwgÞb�b 
�� j 
 f l�
 ¸cfhg'j 
 php�&²p á
�<t7�Ê� &cf 
 ] áUT k l�l &²p * f 
 l�
 q²d�¸ lyt j 
 b 
��É* q�� & �I��� &©qIb�g � k l�
 p�&ckon t~�½*Vl�
 b�g·q ��l�
æ � ¸ sus á2�T
 b�g'q ��l�
 æ � ¸ sus f 
 php 
 b �cl�
�t &Pb�g·q �+l�
 æ � sus phk l�
F*h
 b�¸cp q 
¸ t &cp 
Å
 p *=� & l�
+* minspeed = speedmin 
+* maxspeed = speedmax á æ � ¸ sus
 p * d �½t~l�
 b 
+�É* & � b�g'q ��l�
�lyt f �Þ
 b 
+�É* fhd�¸ tµ� q²& 
+* p�g)&²n 
��½* & * k l k�phd�¸�gÞ&cf l � d+n t~l & tÆv* k�g � q 
 pU¸ 
 f�	¶gÞf b t~� j 
 påq 
 p tµl$� g)fhk *+� b 
 p 
+* q 
 pU¸cfhg * g'j+g l�
 p=q 
 fhg)& *;t?�Þ
)á ´ t~� p lytb t (øg)fhk * d q 
 p *�
 p * p8q 
 ¸ 
 f1	êg)fhb tµ� j 
 �É&ck·& * k l k�p 
��É*8l�
 b�g'q ��l�
 æ � ¸ sus �zl�
 p ��� &©q²pbeg � k l�
 p=phg �É* q�� t�� g)f�qLq²k�p * fhk � &cd�p t~l d tz* g)k�f 
 b 
��É* q tµ� p l�
 p 
 j *h
 &cf=q 
 phk�bE& l¶tz* k�g �Tá

ä¨aT`ba�� ��hÙ¸Ýk³­���e=hÙ­ihÙ¸wk��t¥�e=¥Oj��¾­ihÙ­Q¥C²mh�¬±jm¥=kJ¦®§Je&��§�jHkJ¥=²mh
�T
 b�g'q ��l�
 q 
 beg � k l k * d�q 
 q²k�f 
 j * k�g �±tµl d tµ* gÞk�f 
e� g * d æ=´ sus �¬áãÌ?±�Ï�«?¯ ×o¦ªÙ

Û+Îx®^©Í¦ë«?±iõ´«�¥E¦ªËU¦ª©Íä)õ´«AÏ�Î^ËÍ��Ñ R S@Ò�t d * dUj+f d�dV¸�gÞ&cfßph&cf b�g �É*�
 f l�
 ¸cfhg �cl*� b 
 q 
'Ï
ÎE±�­¨¦ª©ªä
ùlÌ ) Î¨­ q²&³b�g·q ��l�
 æ � ¸ sus±á m �c
 n t?� & 
 q 
 q 
�� phk * d �xÏ�Î¨±�­¨¦ª©Íä�ùlÌ ) Î?��
 p *4l�
 f 
wv
� fhg)&c¸ 
 b 
��½* q 
 p ��� &©q²p�q tµ� p>& �e
�� q²fhg)k * q²&�p 
 j *h
 &cf�q 
 phk�bF& lytµ* k�g �Tá ´ t~� p l�
 j t pq²&Ib�g·q ��l�
 æ � ¸ susu� j 
 j+kËp 
 ¸cf g·q²&ck * ¸cf � pUq²&1j 
��½* f 
 q²&1p 
 j *�
 &cfVq 
 p�k�bF& lytz* k�g �j t f lyt ¸cf g �Õt?� k l k * d;�É&�� & �u��� &©q�b�g � k l�
 j � g)k�phk�php 
 & �c
E� g)&²n 
�l�l�
 q 
 p * k �Õtµ* k�g � �É&ck
 p * phk * &cd 
 q tµ� p l�
 j 
��½* f 
 q²&�p 
 j *�
 &cf�q 
 phk�bF& lytµ* k�g ��� g)&�& �c
 q 
 p * k �Õtz* k�g � �É&ck

 è k �)
Il�
 begÞ&²n 
 b 
��É* ¸ t f l�
 j 
+�É* f 
 q²&Ôp 
 j *�
 &cf �@
 p *\� f t~� q 
Þá�a k � phk �@l�
 p ��� &©q²pbeg � k l�
 p=p 
 b �cl�
��É* j+g � n 
 f �)
 f � p 
 q²k�ph¸ 
 f p 
 f 
+* j+g � n 
 f �Þ
 f 
�� j+g)f 
Þá

�T
 beg·q ��l�
 æ=´ sPs^t d * dåq²d+n 
�l gÞ¸c¸�d t@�©� q�� d+n·k *�
 f�j 
V* 0·¸ 
 q 
 j+gÞbe¸�gÞf *�
 b 
��½*
+* 	 t nÞgÞf k�p 
 f}& �Q� gÞb � f 
 p 
 b�k v j+g � p * t~�É* q 
 n½g)k�phk � pD¸ 
�� q tµ�É*D* gÞ& *�
�lyt phk�bE& l¶tz* k�g �Tá´ tµ� pÅj 
 beg·q ��l�

�¬l�
 p ��� &©q²p�b�g � k l�
 pÅj � gÞk�phk�php 
��É* & �²
 q²k�f 
 j * k�g �³tµl d tµ* g)k�f 
F
+* k l pp 
 q²d�¸ lyt j 
��É* j+g)b�b 
 q t~� p l�
 b�g'q ��l�
 æ � sus n 
 fhp lyt 	êfhg �É* k � f 
 q²&×p 
 j *h
 &cfÅq 
phk�bF& lytz* k�g � q t~� pßj 
+*h*h
 q²k�f 
 j * k�g �Tá m �c
 	êg)k�pÓ�É& 
Vlyt 	¶fhg �É* k � f 
 
 p *�tµ* *�
 k �É*�

�~l�
V��� &©q	 t k * & �c
 ¸ t &cp 
 ¸ 
�� q tµ�É* & ��*�
 b�¸cpå¸cfhd-q·d �©� k � j � g)k�phk * & �c
Ft & * f 
 q²k�f 
 j * k�g � q t~� p& ��tµ���)l�
�� 
��½* f 
 0 
+* 360
q 
�� fhd�p �D
+* jwg �É* k � & 
rl�
 ¸cfhg'j 
 phph&cp á

�<t��Ê� &cf 
 ] áXW b�g �½* f 
 & �P
 è 
 be¸ l�
 q 
 q²d+¸ l¶t j 
 b 
��½* q�� & �P��� &©qub�g � k l�
 �É&ckj+g)b�b 
+� j 
=t &�j 
��É* f 
 q²&ep 
 j *�
 &cfßq 
 phk�bF& lytz* k�g ���)
�� & * k l k�p tµ�É*>l�
 beg·q ��l�
 æ=´ sus á
�T
 pU¸�g)k �É* p=q t~� p l¶t'�Ê� &cf 
 k l�l &cp * f 
��É*=l � t fhf k�nÞd 
 q²& ��� &©q� lyt 	êfhg �É* k � f 
 g
ì �Õt ¸cf � pt n½g)k�fã	 t k * & �c
 ¸ t &cp 

�c
+* k l j � g)k�phk * & �c
Å� gÞ&²n 
�l�l�
 q²k�f 
 j * k�g �Tá

"xlß
 è k�p *h
Wt &cphphkß& �c
 n 
 fhphk�g � b�g'q²k � d 
 q²&×b�g'q ��l�
 æ=´ sus q t~� p l¶t �É& 
�l�l�
�l�
 p��� &cq²pEjwg �É* k � & 
��É*  Lj � gÞk�phk�frq 
 p4q²k�f 
 j * k�g � p t~l d tz* g)k�f 
 p4b t k�p 
�l�l�
 p �c
 phg �É* ¸ l &cp	¶gÞfhj+d 
 p}q 
 p 
 q²d�¸ l¶t j 
 f>n 
 fhp lyt 	êfhg �É* k � f 
 q²&�p 
 j *h
 &cf�q 
 phk�bF& lytµ* k�g ��t n t~�½* q 
 pA� t f vf15 *�
 f 
+* j �Õtµ���)
 f=q 
 q·k�f 
 j * k�g ��á�� g)&cfVd+n·k *�
 fUj 
�lyt��²l�
Å��� &cqLj � g)k�phk * & �c
 q²k�f 
 j * k�g �tµl d tµ* gÞk�f 
W
w* & �±
�� q²f gÞk *Ð� g)&±¸�g)k �½*E� �É& 
�l �É& 
 ¸ t f * q t~� p4j 
+*h*h
 q²k�f 
 j * k�g � q²&±q²d v
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''((
Frontière
de la zone

^#ÈM_ ¼ ] áXW � s g·q ��l�
 q 
 beg � k l k * d4q 
 q²k�f 
 j * k�g �utµl d tµ* gÞk�f 

¸ lyt j 
 b 
��É*Æá2�T
���� &©q�	 t k *rt~l g)fhp & �c
 ¸ t &cp 
  �j 
+* 
�� q²f gÞk *4t n t~�½* q 
 j � g)k�phk�f & �c
� gÞ&·n 
�l�l�
 q²k�f 
 j * k�g �Ôt~l d tz* g)k�f 
Þá&%}
+*h*h
 beg·q²k � j tz* k�g � q²&±b�g·q ��l�
 æ=´ sus ¸²fhg·q²&²k *q 
 p8beg·q ��l�
 pßq 
 b�g)&²n 
 b 
+�É* �½&ck·¸�g)&cfhf t k 
��É* 5 * f 
 phk�bE& l d�p6¸ t f l�
 b�g'q ��l�
 æ � sPs
�� 0 t (øg)& *;tµ�É* q 
 p *�
 b�¸cp=q 
 ¸ t &cp 
Þá
äiaT`ba�ä ��h�¸Ýkb­!��eCh�­¨h�¸wk��t¥�e=¥Oj���­i§U¦Q¤ gQ¦ihØ²#��¿U¥=kJ¦ ­¨h�¤3¥�¸ gie=§yÔ

j·¥CkJ¦»¥=e�e�¥=¸¹¥Ej#�Òh
� g)&cf l�
 b�g'q ��l�
 q 
 b�g � k l k * d�q t~� p & �c
 fhd � k�g � q 
 phk�bF& lytz* k�g � k l�l k�b�k * d 
e� g * d

3 % a sus �=p/«?¤�±2Ï�Ë$Î¨­+­ÐØÊ¦²¯\¤�Ë$Ì�©Í¦ë«?± æFÛxÎ+Ì�õ´«�¥E¦ªËU¦ª©Íä�õ´«AÏ�Î^ËÍ�iÑ R S?Ò��8lyt q²k�f 
 j * k�g ��
+*l¶t n·k *�
 php 
 j+g)&cf tµ�É*�
 q²&�b�g)&²n 
 b 
��½* q²d�¸ 
�� q 
��É* q 
 pQq²k�f 
 j * k�g �°
+* n·k *h
 php 
 ¸cfhd vj+d-q 
��É*h
 pEq²& ��� &©q×b�g � k l�
Þá m � n 
 j *�
 &²f4q 
 n·k *�
 php 
 v = (v, θ) 
 p * & * k l k�p�d�¸�g)&cfq²d-j+fhk�f 
Wl�
 q²d�¸ lyt j 
 b 
��½* q 
 n·k *�
 php 
 v 
+* q 
 q²k�f 
 j * k�g � θ áÇ�<t ¸�gÞphk * k�g � q·& ��� &cq
 p * f 
 ¸cfhd�p 
��É* d 
 j+g)b�b 
 (x, y) á��T
 n 
 j *�
 &cf=q 
 n·k *�
 php 
r
+*ålyt ¸�g)p�k * k�g � phg �½* bek�p! (øg)&cf t ¸cf � p=j �Õt �É& 
 ∆t
& � k * drq 
 *�
 b�¸cpUp 
�l g �Ll�
 pF	¶gÞf bF& l�
 pUph&ck�n tµ�É*�
 p ,

v(t+ ∆t) = min[max(v(t) + ∆v, 0), Vmax]
θ(t+ ∆t) = θ(t) + ∆θ

x(t+ ∆t) = x(t) + v(t) cos θ(t)
y(t+ ∆t) = y(t) + v(t) sin θ(t)
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g
ì
Vmax


 p *}l¶t n·k *�
 php 
 b t è k�bF&cb q²d �©� k 
 q t~� p lyt phk�bE& l¶tz* k�g ��� ∆v 
 p *}l�
 j �Õtµ���)
wvb 
��É* q 
ålyt n·k *�
 php 
 �É&ck 
 p * & � k*	¶gÞf b�d�b 
��½* q²k�p * fhk � &cd 
å
+�É* f 
 [−Amax ∗∆t, Amax ∗
∆t] � Amax 
 p *El � t j�j+d l d�f tz* k�g � b t è k�bF&cb�q�� & � ��� &©q±b�g � k l�
 q²g �c� d � ∆θ 
 p *Fl�
j �Õt~���)
 b 
��½* q 
�lyt q²k�f 
 j * k�g � �½&ck 
 p * & � k$	êg)fhb�d�b 
��É* q²k�p * f k � &cd 
}
��É* f 
 [−α∗∆t, α∗
∆t] �Õ
+* α 
 p *�l�
 j �Õt~���)
 b 
��½*Åt~��� & lyt k�f 
 b t è k�bF&cb^q t~� p l�
 �É& 
+l6l�
E��� &©q�p 
 q²d v¸ lyt j 
Þá

)*))*)++Sortie de la frontière
l’autre coté
Entrée de

^lÈ�_ ¼ ] á ] � s g'q ��l�
 q 
 b�g � k l k * drq tµ� p=& �c
 fhd � k�g � q 
 phk�bE& l¶tz* k�g � k l�l k�b�k * d

�T
 b�g'q ��l�
�3 % a sus 
 p * q²kÕDËd+f 
��É* q 
 pebeg·q ��l�
 pe¸cfhd�j+d-q 
��É* pWq tµ� p lyt 	 t�ò g �q²g �É*Qlyt 	¶fhg �É* k � f 
 q²&°p 
 j *�
 &cf�q 
 phk�bF& lytz* k�g �°
 p * ¸cfhk�p 
�
�� j+g)b�¸ *h
 � nÞgÞk�f lyt¡�²v
� &cf 
 ] á ] �wá ´ tµ� p * gÞ&cp l�
 pÅbeg·q ��l�
 p4q 
 b�g � k l k * deb 
��½* k�g �c� d�pÅ¸cf d-j+d-q 
 b�b 
��É*Ål�
 p��� &cq²p µ p 
 f 
-,Ê�+*�
+�É* ¶Pg)& t fhf�5 *�
��É* q 
 p 
 q²d�¸ lyt j 
 fr& �c
 	êg)k�p7�É&�� k l p tz*h*�
 k �)�c
��É*lyt 	êf g �É* k � f 
Þá ´ t~� p l�
 b�g'q ��l�
.3 % a sus l�
 p ��� &©q²p'�É&ck tz*h*h
 k �)�c
��É*Elyt 	êf g �½* k � f 
j+g �É* k � & 
��É* q 
 p 
 q²d�¸ lyt j 
 f 
+* fhd t ¸c¸ t f t k�php 
��É* q²& j^� * d�g)¸c¸�g)phdPq²&°p 
 j *�
 &cfQq 
phk�bF& lytz* k�g � q�� g
ì l � k�b�¸cf 
 p�phk�g � �½& 
�l�
 p 
 j *�
 &cfDq 
 phk�bE& l¶tz* k�g �I
 p * k l�l k�b�k * d á�%}
 b�g vq �+l�
 ¸ 
 & * 5 * f 
 & * k l k�phd=¸�g)&cf�phk�bE& l�
 f�& � fhd�p 
Æt &Qq 
F� f tµ� q 
U*;t k l�l�
 q 
U* 0'¸ 
b� s�a ag)& ���¡a a á
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äiaT`ba/. ��h¾¸Ýkb­!��e=h¾­¨h10�§UgQ¤3¤(Ô�2 §U²m½Uk�Ñ
�T
 beg·q ��l�
 q 
 b�g � k l k * dÅq 
7�Åt &cphp vøsut f��ÞgÆn Ñ R S@Ò<t d * d ¸cf gÞ¸�g)phd ¸�gÞ&cf l¶t phk�bF& vl¶tz* k�g � q�� & � fhd�p 
Æt & �l% % �C�ãÎEÛx­�«?±�±2Ì
ËUq�«?¯\¯;¤�±�¦�®xÌ�©Í¦ë«?±�­)Ø�ÎEÛ ) ¦�®xÎ¨­@�^Ñ ] S@Òü� b t k�påk l@tt &cphphk¬d * d�& * k l k�phd�¸�g)&cf lyt p�k�bF& lytz* k�g � q�� & � ¸cf g * g·j+g l�
 q 
 fhg)& *;t?�Þ
 t q � g'j Ñ}g
S?Òxá�%D
b�g·q ��l�
rt d * dÅj+g �Êò &L¸�g)&cfVp�� t q t ¸ *h
 f t & è q²kÕD¬d�f 
��½* p � kon 
Æt & è q�� t ph¸ 
 j *�tµl d tµ* gÞk�f 

�¸ t f l � k �É*h
 fhb�d-q·k t k�f 
 q�� & � ¸ t f t b �+* f 
 q�� t j�j+g)f�q �1©Í¤�±Ê¦²±�³o°ÊÌ@ÛxÌ?¯�Î^©¬ÎEÛ
�;á��T
 pDb�g)&²n 
wvb 
��É* p � d � d�fhd�p ¸ t f j 
 b�g'q ��l�
 d+n'k *h
��É* l�
 p t fhf15 * pDphg)&©q t k � p * gÞ& *D
�� d *;tµ�É* ¸cf g·j �c
q 
Ål¶t f d tµl k * d á

^lÈ�_ ¼ ] áXS � �T
 b�g·q �+l�
 q 
'�Åt &cp�p vøsut f��ÞgÆn
"x� k * k t~l�
 b 
��½*A� & �c
 n·k *�
 p�p 
e
+* & �c
 q²k�f 
 j * k�g � phg �É*4t phphk �)� d 
 p7 1j �Õt �É& 
���� &cqb�g � k l�
Þá·× k �É*�
 f n tµl�l�
 q 
Å*h
 b�¸cp � è 

� & � b�g)&²n 
 b 
��É* p 
 ¸cf g·q²&ck * �É&ckTb 
+*  �(øg)&cfl¶t n·k *�
 php 
�
+* lyt q²k�f 
 j * k�g � q 
 j �Õt �É& 
���� &©q á��ßl &cp ¸cfhd-j+k�phd�b 
��É*��Ëlyt n tµl�
 &cfÅq 
�lytn·k *�
 php 
4
+*ålyt q²k�f 
 j * k�g �Pt & n v k � b 
 k �½*�
 f n tµl�l�
 q 
r*h
 b�¸cp 
 p * j t~l j+& l d 
E
+� 	êg � j * k�g �q 
 p}n tµl�
 &²fhp q 
ålyt n·k *�
 php 
å
+* q 
ål¶t q²k�f 
 j * k�g � q²& (n− 1) vü� b 
 k �É*�
 f n t~l�l�
 q 
=*�
 be¸cp
+* q�� & �c
 n t fhk t?�cl�
4t~l d tz* g)k�f 

�c
�� & * k l k�p t~�½*ål�
 pUd��É& tz* k�g � pUp�&ckon t~�½*�
 p ,

sn = αsn−1 + (1− α)s+
√

(1− α2)sxn−1

dn = αdn−1 + (1− α)d+
√

(1− α2)dxn−1g
ì
sn


+* dn p�g �É* l�
 p � g)&²n 
�l�l�
 p n·k *�
 p�p 
�
+* q²k�f 
 j * k�g � q²& ��� &©qIbeg � k l�
  l � k � p *;tµ�É*
n í α � 0 ≤ α ≤ 1 �Õ
 p *ål�
 ¸ t f t b �+* f 
 q�� t j�j+gÞfhq�& * k l k�phd4¸�gÞ&cf l � t ph¸ 
 j * tµl d tµ* gÞk�f 
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+* d phg �É* q 
 prj+g � p * t~�É*h
 pÅf 
 ¸cf d�p 
��É*;tµ�É*rlyt n tµl�
 &cfÅb�gA0 
+�c�c
 q 
el¶t n·k *�
 php 
e
+* q 
lyt q²k�f 
 j * k�g � �É& tµ� q n→∞ í·
w* sxn−1 dxn−1

phg �É* q 
 p n t f k t?�cl�
 p t~l d tz* g)k�f 
 p=q�� & �c
q²k�p * f k � & * k�g � q 
/� t &cphp áR× j �Õt �½& 
 k �½*�
 f n tµl�l�
 q 
D*�
 b�¸²p �µl¶t ¸cfhg'j �Õt k �c
 q 
 p * k �Õtz* k�g �
 p * j tµl jw& l d 
�
�� & * k l k�p t~�É* l¶t q 
 p * k �Õtz* k�g ���·lyt n·k *h
 p�p 
�
+*Vlyt q²k�f 
 j * k�g � j+gÞ&cf t~�½*�
 pVq²&begÞ&²n 
 b 
��É*-á��8l &²pV¸²fhd-j+k�phd�b 
��É*�� ¸ 
�� q tµ�É* & � k �É*�
 f n tµl�l�
 q 
�*h
 b�¸cp n �'lyt ¸�g)p�k * k�g �q�� & �L��� &©q1b�g � k l�
r
 p * q²g �c� d 
 ¸ t f l�
 p=d��É& tz* k�g � p=ph&ckon t~�É*h
 p ,
xn = xn−1 + sn−1 cos dn−1

yn = yn−1 + sn−1 sin dn−1g
ì
(xn, yn) 
+* (xn−1, yn−1)

phg �É* f 
 ph¸ 
 j * k�n 
 b 
��É*Ål�
 pÅj+g'g)f�q²g �c� d 
 p x 
+* y q 
�lyt¸�g)phk * k�g � q²& ��� &©q t & è n v k � b 
�
+* (n − 1) vü� b 
 k �É*�
 f n t~l�l�
 p �Ë
+* sn−1
� dn−1

phg �½*lyt n·k *�
 p�p 
Å
+*Ul¶t q·k�f 
 j * k�g � q²& ��� &©q1b�g � k l�
 ¸ 
�� q tµ�É*=l�
 (n− 1) vü� b 
 k �É*�
 f n t~l�l�
Þá
ä¨aT`ba43 ��§ ÑJh�²·¤3¥=kJ¦ªµQ²mk"�i§"�t¥=e�¥�¤(jHh¹­ig ¸Ýkb­!��eChw­ih µQ²mkJ¸Ýh�¦i§J­¨h

§Je&��§�jHkJ¥=²mh
�<t n 
 fhphk�g � ¸cf g �Õt?� k l k�p *�
 q²&�b�g·q �+l�
 q 
 ¸cf gÞb 
+�Õt q 
Utµl d tz* g)k�f 

�~� g * d � æ � sus

�C�lÛ+«�¥xÌ�¥¨¦ÍËU¦Ý­E©ª¦�®�Ú�Î¨Û¨­¨¦ë«?±´«� /á9Ì?±2Ï
«?¯ %�Ì
ËXà'õ¡«�¥E¦ÍËU¦²©Íä\õ´«AÏ�Î�Ëª�/Ñ R S?Ò�� & * k l k�p 
 & �c
 b tÆv* fhk�j 
 q 
 ¸cfhg �Õt�� k l k * d�pV¸�gÞ&²fUq·d *�
 f b�k �c
 f l¶t ¸�g)phk * k�g � q�� & �I��� &©q�b�g � k l�
  lyt ¸cfhg vj �Õt k �c
 k * d�f tz* k�g ��� �É&²k 
 p * f 
 ¸cfhd+p 
��½* d 
 ¸ t f * f gÞk�p}q²k$D¬d�f 
��É* p�d *;tz* p�¸�g)&cf lyt ¸�g)p�k * k�g �
x 
+*�* fhg)k�pÅq²kÕD¬d�f 
��½* p d * tµ* p ¸�gÞ&cf lyt ¸�g)phk * k�g � y á�� � d *;tz* 0

f 
 ¸cf d�p 
��É*�
Fl¶t ¸�g)p�k * k�g �j+g)&cf t~�É*h
'� x gÞ& y � ¸�gÞ&cf>& �W��� &©q�b�g � k l�
 q²g �c� d �½l � d * tµ* 1
f 
 ¸cfhd�p 
��É*h
Ul¶t ¸�g)p�k * k�g �¸cf d-j+d-q 
��½*�
i� x g)& y �}
+*=l � d * tµ* 2

f 
 ¸cfhd�p 
��É*h
rlyt ¸cf g·j �Õt k �c
 ¸�g)p�k * k�g � q²& ��� &©q1p�� k lj+g �É* k � & 
  Fp 
 q²d+¸ l¶t j 
 f=q tµ� p lyt b£5+b 
 q²k�f 
 j * k�g �Tá
�<t b tz* fhk�j 
 q 
 ¸cf g �©t�� k l k * d�p=& * k l k�phd 
r
 p *r,

P =



P (0, 0) P (0, 1) P (0, 2)
P (1, 0) P (1, 1) P (1, 2)
P (2, 0) P (2, 1) P (2, 2)




g
ìWj �Õt �É& 
 d l d�b 
��½* P (a, b)
f 
 ¸cf d�p 
��É*�
Vl¶t ¸cfhg �Õt?� k l k * d/�É&�� & ����� &©qeb�g � k l�
 ¸ t php 
q 
Ål � d * tµ* a  l � d *;tz* b á�� 
 pUn tµl�
 &²fhpåq 
 j 
+* *�
 b tz* fhk�j 
 phg �É* & * k l k�phd 
 p=¸�gÞ&cf lyt b�k�p 
 F(øg)&cf4q 
Wl � 
�� p 
 b �cl�
 q 
 p4¸�g)phk * k�g � p x 
+* y q²& ��� &©q áÂ�<tÐ�Ê� &cf 
 ] áXg q²g �c�c
 & �
 è 
 b�¸ l�
 q 
�* f t ( 
 j * gÞk�f 
 q²&Fq²d�¸ lyt j 
 b 
��É* q�� & �F��� &©qEb�g � k l�
 & * k l k�p tµ�É* j 
 beg·q ��l�
Þá

%}
 b�g'q ��l�
U
 p * ¸ 
 &Wf d t~l k�p *h
 ¸ t f>f t ¸c¸�g)f *}t & è beg·q ��l�
 p æ � ¸ sus g)& æ � sPs j t fl�
 pIb�g)&²n 
 b 
��½* p�¸cfhg'q²&ck * p1phg �É* ¸cfhg �Õt�� k l k�p *h
 p 
+* ¸ t p tµl d tµ* g)k�f 
 pLj+g)b�b 
 j
� 
 p *¸ l & * � *=l�
 j t påq tµ� p lyt ¸cf tµ* kC�½& 
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^lÈ�_ ¼ ] á}g � {�
 f phk�g � ¸cfhg �Õt?� k l k�p *�
 q²&Lb�g'q ��l�
 q 
 ¸cf gÞb 
+�Õt q 
4t~l d tz* g)k�f 
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´ t~� p l�
 b�g·q ��l�
 q 
 beg � k l k * dWq 
 pÅp 
 j * k�g � p4q 
 n·k l�l�
�� g * d % % sus ��q�¦ª©Íä,­�Î+®^Ù
©Í¦�«?±�¯i«
¥E¦ÍËU¦ª©ªä4¯�«AÏ�Î�Ëª��Ñ R S@Ò�l�
 p 
 j *h
 &cf4q 
 phk�bE& l¶tz* k�g �±
 p * & � fhd�p 
Æt &±f gÞ& * k 
 f(�É&ckf 
 ¸cf d�p 
��É*�
 & �c
 p 
 j * k�g � q�� & �c
 n·k l�l�
 g
ì×g � n 
 & * d *;t?�cl k�fr& � f d�p 
Æt & t q � g'j á�� 
 pfh& 
 p 
+*Dl�
 p l k�b�k *�
 pDq 
 n'k *h
 php 
 phg �É* q²d�¸ 
�� q t~�É*h
 p q 
ål¶t n·k l�l�
 �½& 
�l � g � p�k�bF& l�
Þá��8t f
 è 
 b�¸ l�

�)l�
 p>fh& 
 pß¸ 
 &²n 
��É* 	¶gÞfhb 
 fß& �c
9� f k l�l�
 q t~� p l�
 j 
��É* f 
 n·k l�l�
åt n 
 jV& �²
 fhg)& *�
 � f tµ� q 
 n·k *�
 php 
 ¸cf � p=q 
Ålyt 	êf g �½* k � f 
 q²&1p 
 j *�
 &cfUq 
 phk�bE& lytµ* k�g � ¸�g)&cfUf 
 ¸cfhd�p 
��·v*�
 fr& �c
�� gÞ&©j l�
�t & * gÞ&cf4q 
Wl¶t n·k l�l�
Þá»%l�Õt �½& 
Q��� &©q±j+gÞbeb 
�� j 
Wlyt phk�bF& lytµ* k�g �  & � ¸�gÞk �É* q²d �©� k�ph&cfr& �c
 j 
 f *;t k �c
 f & 
W
+* j � g)k�p�k *�tµl g)fhp tµl d tµ* gÞk�f 
 b 
��É* & �c
 q 
 p v* k �Õtz* k�g ��� d �Étµl�
 b 
��É* f 
 ¸cfhd�p 
��½* d 
 ¸ t f�& � ¸�gÞk �É* ph&cfF& �c
 f & 
 �É& 
+l j+g � �É& 
´� n½g)k�f
�Ê� &²f 
 ] á _ �;á

� � tµl$� g)fhk *+� b 
 q²&�b�g)&²n 
 b 
��É*A� q 
Vlyt q 
 p * k �©tµ* k�g � jwgÞ&cf t~�É*h
  l¶t�� g)&²n 
�l�l�
 q 
 p v* k �Õtz* k�g ���²l g·j tµl k�p 
 & � j �²
 b�k � j+g)fhf 
 ph¸¬g � q tµ�É*åt & *�
 b�¸²p=q 
 n½gA0 t?�)
Ål�
 ¸ l &²p=j+g)&cf *
��É* f 
rl�
 påq 
 & è ¸�gÞk �É* p á ç � gÞ& * f 

� g � ¸ 
 & * j+g � phkyq²d�f 
 fåq�� t & * f 
 påj t f t j * d�fhk�p * k*�É& 
 p*�
�l�l�
 p7�É&�� & �c
el k�bek *h
 q 
 n·k *�
 p�p 
�
+* & �c
 q·k�p *;tµ� j 
 b�k � k�bF&cb 
��É* f 
 q 
 & è ��� &©q²p á
a ¸cf � p l � t fhfhkon½d 
  lyt q 
 p * k �Õtz* k�g ���©l�
4��� &©qLb�g � k l�
 	 t k * & �c
 ¸ t &cp 
 ¸ 
�� q tµ�É* & �c
¸�d�fhk�g·q 
 q 
r*h
 b�¸cp�q²d �©� k 

� ¸c&ck�p�k l j � g)k�phk * tµl d tz* g)k�f 
 b 
��½* & �²
�t & * f 
 q 
 p * k �©tµ* k�g �
+* f d�¸ �+*�
Ål�
 ¸cf g·j 
 phph&cp á

%}
 b�g'q ��l�
 	¶gÞ&cf � k * q 
 pÅb�g)&²n 
 b 
+�É* p fhd tµl k�p *�
 pÅ¸�g)&cfÅ& �c
 ¸ t f * k 
 q�� & �c
 n·k l�l�
¸c&ck�px�½&�� k l�l k�b�k *�
 	êg)f *�
 b 
��É*}l�
 j+g)b�¸�g)f *h
 b 
��É* q 
 pDq²d�¸ lyt j 
 b 
��É* p q 
 p ��� &©q²p}beg v
� k l�
 p á ´ t~� p l¶t ¸cf tz* k*�É& 

�cl�
 p ��� &©q²p � � g �É* ¸ t p lyt j t ¸ t j+k * d4q 
 p 
 q²d�¸ lyt j 
 f l k � f 
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^#È�_ ¼ ] á _ � s g'q ��l�
 q 
 b�g � k l k * d4q 
 p=p 
 j * k�g � påq 
 n'k l�l�

b 
��É* p t~� prj+g � phk�q²d�f 
 f l�
 pÅg � p *;t j l�
 p 
+*Ål�
 pÅf ���)l�
 b 
��É* prq²& * f t@� j á ç � g)& * f 

�Ël�
 p
�)
�� p *�
�� q 
��½*  Åq²d�¸ lyt j 
 f}q tµ� pDq 
 p}beg·q ��l�
 p�p 
 b �clyt��cl�
 p 
�� j+g � q·&ck�p tµ�É*  * f t n 
 f plyt n·k l�l�
 g)& 
�� b t f�j �Õtµ�É*  * f t n 
 fhpe& � j t b�¸²&cp á&� 
 	 t k * q�� g �cl k �Þ
 f * g)& *���� &©qbeg � k l�
  p�&ckon·f 
 q 
 p}j �c
 b�k � p�¸cfhd-q·d �©� k�p t & � b 
��É*h
 f t lyt b�gA0 
+�c�c
 q²& � g)b � f 
 q 
p t & * p=q tµ� p l�
 pUp�k�bF& lytz* k�g � p á

â.��� � CWA��UH+0US"A10�J C4KL9�H+9;:@MOA10�R43@CE?INP0
�<t p 
 j * k�g � ] áUT�� ¸cf d�p 
��É*�
el�
 prb�g·q �+l�
 p4q 
 b�g � k l k * d��É&ckßphk�bE& l�
��½*4l�
 p ��� &©q²pq²g �É*�l�
 p�j+g)b�¸�gÞf *�
 b 
+�É* påphg �É* jwgÞb�¸ l$�+*h
 b 
��É* k � q²d�¸ 
�� q tµ�É* p á�%}
 ¸ 
�� q tµ�É*A� q t~� p& � f d�p 
Æt & t q � g·j � k l 0 tÐ��
Æt &©j+gÞ&c¸³q 
 phk * & tµ* k�g � prg
ì×k lß
 p *Å� d-j 
 php t k�f 
 q 
 b�g vq²d l k�p 
 f l�
 j+g)b�¸�g)f *h
 b 
��É* q 
 p ��� &©q²p,�É& tµ� q¦k l p1p 
 q²d�¸ lyt j 
��É*L
�� p 
 b �cl�
Þá9�6t f
 è 
 b�¸ l�

� q t~� pV& � p�j+d �Õt fhk�g�b�k l k *;t k�f 

� & �è� fhg)&c¸ 
 q 
 phg l q tµ* pV¸ 
 & *V
 D 
 j * & 
 f & �c
bek�phphk�g � q tµ� på& �c
 ¸ t f * k 
 q 
r*�
 f f t k �ut?�©� q 
 q²d * fh&²k�f 
 q 
 påb�k �c
 p t~�É* k�¸ 
 fhphg �c�²
�l��j t ¸ * &cf 
 f l�
 p t p�p t k l�lytµ�É* p 
+�c�c
 b�k�p � gÞ& * f t n t k l�l�
 fDp�k�b�¸ l�
 b 
+�É*V
�� p 
 b �cl�
 q2� & �c
 	 tÆv

ò g � j+gÉgÞ¸�d�f tµ* k�n 
 ¸�g)&cf t j�j+gÞbe¸ l k�fF& �c
Q* É)j �c
 j+g)b�bF& �c
ÞáÇa/�©� q 
 b�g·q·d l k�p 
 f�q 
*h
�l�l�
 p>phk * & tz* k�g � p � & � beg·q ��l�
 q 
 b�g � k l k * d=q 
ã� fhg)&c¸ 
U
 p *>� d-j 
 php t k�f 
 ¸�gÞ&cfßphk�bE& l�
 fj 
w*h*�
 j t f t j * d�fhk�p * k*�É& 
 j+gÉgÞ¸�d+f tz* kon 
Þá
%D
w*h*�
 p 
 j * k�g � ¸cfhd�p 
��É*h
 j+k � �Åb�g'q ��l�
 pßq 
 beg � k l k * dVq 
�� f gÞ&c¸ 
Þá -�& tµ* f 
 q�� 
��É* f 

 & è � q²g �É*Ål�
 ¸ l &cp � d � d�f tµlß
 p *Ål�
 b�g·q ��l�
 q 
elyt beg � k l k * d�q 
�� fhg)&c¸ 
Wt n 
 j�¸�g)k �É*q 
 fhd^	êd�f 
�� j 
'� æ �l�Ås��¨� phg �É* d * fhgÞk *h
 b 
��É*�l k�d+p á ç ��
 D 
+*��Þl�
 p>b�g·q ��l�
 p}q 
 b�g � k l k * d
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q 
 j+g l g �c�c

� q 
 j+g)b�bF& �Õt & * d � gÞb t q 
�
w* ¸�g)&cfhph&ck *�
 ¸ 
 &²n 
��É* 5 * f 
 b�k�p 
��Ð� &²n·f 

��1*;tµ�É* �É& 
 j t pUph¸¬d�j+k t & è q²&Lbeg·q ��l�
 æ �l�Ås±á
äia��³a�c ��h¾¸Ýkb­!��e=hÙh87³µÍkU¦ih�¦Jjm¥=h�eÌ§Ue ��§�jHkJ¥C²mh¾¬�kU²m²#��e �

m � q 
 pW¸²f 
 b�k 
 fhp�beg·q ��l�
 pWq 
 b�g � k l k * d�q 
,� fhg)&c¸ 
 ¸cfhg)¸�gÞphd 
 p *Wl�
 b�g'q ��l�

 è ¸�g �c
��É* k 
�l©t~l d tz* g)k�f 
 j+g)fhf d l d �~� g * d ç % æ sus �¬÷�áE°Ê«?±2ÎE±Ê©Í¦�Ì
Ë�q#«?Û¨ÛxÎ^Ë$Ì�©¬ÎxÏoá9Ì?±2Ï�«@¯
õ´«�¥E¦ªËU¦ª©Íä õ´«AÏ
Î�Ëª�4Ñ R S@Òxá9%}
 beg·q ��l�
 & * k l k�p 
 & �c
 	êg � j * k�g � q 
 begÞ&²n 
 b 
��É* ¸�gÞ&cfj+fhd 
 f l�
 p=b�g)&²n 
 b 
��É* p=q²& ��� &©qLbeg � k l�
Þá � *;tµ�É* q²g �c� d 
 & �c
 ¸�g)p�k * k�g � q²& ��� &cqgÞ&Qq²& � fhg)&c¸ 
�t & *h
 b�¸cp t �½l�
 n 
 j *�
 &cf −→b (t) 
 p * & * k l k�phd=¸¬g)&cf�q²d �©� k�f lyt ¸cfhg'j �Õt k �c
¸�gÞphk * k�g � q²& ��� &©q1gÞ&�q²& � f gÞ&²¸ 
4t & *�
 b�¸cp t+ 1 � −→b (t+ 1) ,

−→
b (t+ 1) =

−→
b (t)e−

1
τ + (σ

√
1− (e−

1
τ )2)r

g
ì
τ t (ø&cp *h
Ll�
1*;t & è q 
 j �Õtµ���)
 b 
��É* q 
Ll � 
�� q²fhg)k * ¸²fhd-j+d-q 
��½* q²& ��� &©qN Pphg �� gÞ&·n 
�lD
�� q²fhg)k *-á m � τ ¸ 
+* k * phk �Þ� k �©
 & ��� f t~� qÔj �Õt~���Þ
 b 
��É*A�<*;tµ� q²k�p��É& 
 r 
 p *& �c
 n t fhk t?�cl�
)�Ét &cphp�k 
��c�c
4t~l d tz* g)k�f 
Et n 
 j�n t fhk t~� j 
 σ á

äia��³aT` 2 kb­!��e=h¾­¨h¾¸Ýk"�t¥=e�¥Oj��¾­ihÙ¬�kJeCkJ¦Q¦¨h
�T
 b�g·q �+l�
 q 
 b�g � k l k * dÔq 
 j+g l g �c�c
 � g * d % sus ��q�«
ËU¤�¯;±Jõ¡«�¥E¦ÍËU¦²©Íä|õ´«�Ù

Ï�Î�Ëª�/Ñ R S?Ò p�� t n � f 
 & * k l�
 ¸�gÞ&cfDb�g'q²d l k�p 
 f & �²
 f 
 j �c
 f�j �c
 ph&cf l�
å*�
 f f t k �Tá�%}
 b�g'q ��l�
f 
 ¸cf d�p 
��É*�
 & �4
�� p 
 b �cl�
 q 
���� &©q²p@b�g � k l�
 p»�É&ckÉp 
 q²d�¸ lyt j 
��É*��Þl g �Õtµl�
 b 
��É*@
�� ¸ tzvf tµl�l$��l�
Å
�� ph&ck�n tµ�É* & ��t è 
 q²g �c� d � ¸ t f 
 è 
 b�¸ l�

� & �c
 l k �)�c
 q 
 p�g l q tµ* pUb t fhj �Õt~�½*
�� p 
 b �cl�
 n 
 fhp l�
 &cf 
��c�c
 bekVgÞ&�q 
 pegÞ¸�d+f tz* k�g � pWq 
 f 
 j �c
 f�j �c
 ¸�g)&cf�q²d�p t j * kon 
 fq 
 p�b�k �c
 p t~�É* k�¸ 
 f phg �c�c
+l²�;á m �²
Fl d �
� f 
 b�g'q²k � j tz* k�g � q²&Pb�g·q �+l�
£% sPs ¸ 
 f b 
+*t & è ��� &©q²pEb�g � k l�
 p�q 
 p 
 ph&ckon·f 
�� ¸ t f 
 è 
 be¸ l�

� & � � f gÞ&c¸ 
 b t fhj �Õtµ�É*F
��u�©l�
k � q²k 
��²�c
@�wá�� gÞ&cf l � k�be¸ l¶tµ�É*;tz* k�g � q 
 j 
 b�g'q ��l�

� & �c
 ¸cf 
 b�k � f 
.� f k l�l�
��ü³�Û¨¦�Ï�� q 
fhd�	¶d�f 
�� j 
�� 	êg)fhb t~�É* & �c
 j+g l g �c�c
 q 
r��� &cq²p=b�g � k l�
 p �D
 p * q²d �©� k 
iÑXS�V�Ò|áç � ph&ck *�

� j �Õt �É& 
r��� &©q � nÞgÞk�f ��� &cf 
 ] á}V~�D
 p * ¸ lyt jwd4¸ t fUf t ¸²¸�gÞf *  ephg � ¸�gÞk �É*q 
 fhd^	êd�f 
+� j 
 q t~� p lyt´� f k l�l�
 q 
 fhd�	¶d�f 
�� j 
�í g � ¸ 
 f b 
+*It~l g)fhp t & ��� &©q°b�g � k l�
q 
 p 
 q²d+¸ l¶t j 
 f tµl d tµ* gÞk�f 
 b 
��É*Wt & * g)&cf�q 
 phg � ¸�gÞk �É* q 
 f d�	êd�f 
�� j 
 & * k l k�p tµ�É* & �q 
 pLb�g'q ��l�
 p�q 
 b�g � k l k * d³q�� 
��É* k * dÀf 
 ¸cf d�p 
+�É* d�p�q tµ� p lyt p 
 j * k�g � ] áUT � q tµ� p lytl k * * d�f tz* &cf 

� g � ¸²fhgÞ¸�g)p 
 q�� & * k l k�p 
 f l�
 b�g'q ��l�
 q 
 ¸cfhg)b 
��Õt q 
Wtµl d tµ* gÞk�f 
 æ � sPs¸cfhd�p 
��É* d�q t~� p l¶t p 
 j * k�g � ] áUT·á R �wá��T
�� g)&²n 
Æt &I¸�g)k �É* q 
 fhd�	êd�f 
�� j 
 ¸�gÞ&cfD& �I��� &cqb�g � k l�
r
 p * q²d �©� k j+g)b�b 
e,
±2ÎEù:97Û+Ô� �ÔEÛ+ÎE±2®+Î;9ã°Ê«?¦Ý±�©=< «
ËÕÏ>97Û+Ô� �ÔEÛ+ÎE±2®+Î;9ã°Ê«?¦Ý±�©!? Ì�Ï ) Ì@±2®xÎ;9 ) Îx®^©¬«?Û
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@A@@A@BB
CACCACDD

EAEEAEFAFFAF
GAGGAGHH IAIIAIJJ

KAKKAKLL
MAMMAMNN
OAOOAOPP

Point de référence

Noeud mobile

angle

Grille de référence

^#ÈM_ ¼ ] áXV � s g·q ��lRQ q Q b�g � k l k * drq Q j+g l gTSUS Q
g
ì «
Ë$Ï>9(ÛxÔ� ^ÔEÛxÎ¨±2®xÎ;9ã°�«?¦²±�©VQXW *�l � t S©j+k Q SQ¸�g)kRS * q Q f d�	êd�f Q S©j Q�Q+*=Ì�Ï ) Ì?±2®xÎ;9 ) Îx®^©¬«@ÛYQXW *&USÀq²d-j tµlyt��TQ,�+«��â­�Î^©�� ¸cfhd-q·d � Sck&�É&ck8q²d�¸ l¶t j Q�lyti� fhk l�lZQ q Q fhd�	êd+f Q S©j QÞá2�[Q q²d-j tµlyt��TQ¸cf d-q²d � Sck QXW * j t~l j+& l d=¸ t f l � kRS *\Q fhb�d-q²k t k�f Q q�� &US Q q²k W * t S©j Qåtµl d tµ* gÞk�f Q]Qw* q�� &US t S �)lZQtµl d tµ* gÞk�f Q^Q S * f Q 0 Qw* π ¸c&ck W �É& QElZQ b�gÞ&²n Q b Q S *_W\Q 	 t k *_W;Q & lZQ b Q S * q t S W�l � t è Q q Q¸cf g � f QXW\W k�g�S á�� &ck W �½& Q lRQ b£5�b Q q²d-j tµl¶t?�TQ`QXW * & * k l k W d�¸�g)&cfVj �Õt �É& Q S � &©qIbeg � k lRQ
�lyt\� fhk l�lZQ q Q fhd�	¶d�f Q S©j QaQXW * &US QÅl k � S Q q²f gÞk *;Q)á
ä¨a��³a�� ��h ¸Ýkb­!��eCh ­¨h ¸Ýk"�t¥=e�¥Oj�� ­ih ¬�kJ¸w¸ gQ¦i§Ug³j�� ¦¨kJ¸w§J­¨hb �dce2f2 g

% g)b�b Q�lRQXW S²gÞb t q QXW �É&ck W;Q q²d�¸ lyt j Q S * q�� &US Q S©q·fhgÞk *  ×&US t & * f Q
��lRQ b�g vq �+lZQ q Q�lyt j+g)b�bE&US t & * d!ScgÞb t q Q a % sus �üö7«?¯�Ì�Ï?¦�®Ìq#«@¯\¯;¤�±Ê¦ª©ªä;õ´«�¥¨¦ÍËU¦ª©Íä'õ´«?Ù
Ï
Î�ËÍ��Ñ R S��&S�V�Ò f Q ¸cfhd W\Q S *\Q q QXW;� fhgÞ&²¸ QXW q Q S � &©q b�g � k lRQXW �É&ck W\Q q²d�¸ lyt j Q S *hQ S vW\Q b �clZQ q�� &US×¸�g)kRS *  l � t & * f QÞá ´ t S W j �Õt �É& Q j+g)b�bF&#S t & * d �ËlRQXW kRS©q²kon·k�q²& W b t kRS v* k Q SUS Q S *6lZQ &²f6¸cf gÞ¸cf QiQXW ¸ t j Q ¸ Q f W gTSUS Q�l g
ìEk lRWVW\Q q²d�¸ lyt j Q S * q Q b t Sck � f QVt~l d tz* g)k�f QÞá´ Q Scg)b � f Q & W\QXW�t ¸c¸ l kyj tz* k�gTS W_Q è k Wh*\Q S * ¸�g)&cf�j QÅ* 0·¸ Q q QjW j+dXS t fhk�g � ¸ t f Q è Q b�¸ lRQ
�&US � fhg)&c¸ Q q2� kRS©q²k�n'kyq²& W!Q S * f t kZS�q Q n·k W k *;Q fU&USLbF& W d Q)á´ t S WFlRQ beg·q ��lRQ a % sus � j �Õt �É& Q S � &©q & * k l k W;Q &USðq QXW beg·q ��lRQXW q Q beg � k vl k * dIq�� Q S * k * dQ¸cfhd W\Q S * d W q t S WFl¶tkW\Q j * k�gTS ] áXT�� ¸�g)&cf Q f f Q f t & * g)&cf�q�� &USÔ¸�g)kZS * q Qf d�	êd�f Q S©j Q q²gTSUScd á -�& t Scq lRQ ¸�g)kZS * q Q fhd�	¶d�f Q S©j Q j �Õt S �TQ
�É* g)& W}lZQ-W S � &©q W b�g � k lRQXWq t S WelRQ.� f gÞ&c¸ Q�W\Q q²d�¸ lyt j Q S * n Q f W�lZQ Scg)&²n Q-t & W\Q j *;Q &cfeq²d � Sck ¸ t f lRQ ¸�gÞkRS * q Q
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^#ÈM_ ¼ ] á b � s g·q �+lZQ q Q b�g � k l k * d4q Q j+g)b�bF&US t & * daScgÞb t q Q
fhd�	¶d�f Q S©j QlQ+* j+g)b�b Q S©j Q S *  Q f f Q f t & * gÞ&cfEq²&mScgÞ&²n QÆt & ¸�g)kZS * q Q f d�	êd�f Q S©j Q��ª�²v
� &cf Q ] á b �wá��[QXW ¸ t f t b �+* f QXW ¸�g)&cf lZQ b�g'q ��lRQ q Q b�g � k l k * dWq�� Q S * k * dWq²d � Sck W\W\Q S *  �É& Q�l�lRQ q²k W * t S©j Q &USnS � &©q1b�g � k lRQ ¸ Q & *�Q fhf Q f t & * gÞ&cf=q²&L¸�g)kZS * q Q f d�	êd�f Q S©j QÞá

% gÞb�¸ t fhd t &�beg·q ��lRQ q Q beg � k l k * dEq Q j+g l gTSUS Q\% sPs g
ìuj �©t �É& Q S � &©q t &US¸�gÞkRS * q Q fhd^	êd�f Q S©j Q kRS©q²k�n'kyq²& Q�l��ÕlRQXW S � &©q W q t S W=lZQ b�g'q ��lRQ q Q b�g � k l k * doScg)b t q Qa %Vsus ¸ t f *;t?�TQ S * &USL¸�g)kZS * q Q f d�	êd�f Q S©j Q j+gÞb�bE&US á
äia��³a�ä ��h¾¸Ýkb­!��e=h¾­¨h¾¸Ýk"�t¥=e�¥Oj��¾­ih°µÍkJg¨²·¤Hgi¥OjHh

�[Q b�g'q ��lZQ q Q b�g � k l k * d�q Q ¸�g)&cf W &ck *;Q
� S²g * d �>sPs �=�#¤�Ûx­¨¤ÊÎèõ´«�¥¨¦ÍËU¦ª©ªä´õ´«�Ù
Ï�Î�Ëª�9ÑXS�V�Ò���Q-W;W t k Q q Q f Q ¸cf d W\Q S *;Q f � jwgÞb�b Q�W gTSpScg)b l � kRS©q²k*�É& Q
� q QXW S � &cq W beg � k lRQXW�É&ck W &ckon Q S * &US Q j+k �clZQ ¸ t f * k�j+& l k � f QÞá

%
Q b�g·q ��lZQ j+gTS W k Wh*\Q=Q S�&US Q d��É& tz* k�g�Seq Q b�k W;Q  �(øgÞ&²f W k�b�¸ lRQ ¸�g)&cf lyt S²gÞ&²n Q�l�lRQ¸�g W k * k�g�S�q Q j �Õt �É& Q S � &cq ,
±�ÎEùq99°Ê«@­¨¦ª©Í¦ë«?±r<å«
Ë$Ï>99°Ê«@­¨¦ª©ª¦�«?±s?rÌ�®x®xÎ^Ë$ÎEÛ+Ì�©Í¦�«?±�vü©¬Ì?Û�³~Î^©#Ù/«
ËÕÏ>9ã°Ê«A­¨¦ª©Í¦�«@±&zk?

ÛxÌ@±2Ï�«?¯o9 ) Îx®^©ü«?Û
g
ì Ì�®+®xÎ�Ë$ÎEÛ+Ì�©Í¦�«@±�vü©¬Ì?Û�³~Î^©ëÙ1«�Ë$Ï>9ã°�«@­¨¦ª©Í¦ë«?±&z�QXW *El � kZS�	êgÞf b tz* k�g�S W &cf lRQ b�gÞ&²n Q b Q S * q²&S � &©qð¸�g)&cf W &ckon·k �VQ+*èÛ+Ì?±2Ï�«?¯o9 ) Îx®E©¬«?ÛtQXW * &US�q²d-j tµlyt��TQu�+«��â­�Î^©��Et~l d tz* g)k�f Q ¸�gÞ&cfj �Õt �É& Q S � &©q á&�<t n tµlRQ &cfeq Q�Û+Ì?±�Ï�«?¯j9 ) Îx®^©¬«@ÛtQXW * g �²*;Q SÉ& Q ¸ t fF&USðb�g'q ��lZQ q Qb�g � k l k * d4q�� Q S * k * d Q+*=l � tuW ¸ Q j *�t~l d tz* g)k�f Q q QXW S � &cq W�QXW *=l k�b�k * d t@� S�q Q b t kRS *;Q Sck�f&USLj �#Q b�kRS Q iWj t j Q q²&�S � &cqI¸�gÞ&²f W &ckon·k á��<t7�Ê� &cf Q ] á R�Y k l�l & W * f Q lRQ q²d�¸ lyt j Q b Q S *
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^lÈ�_ ¼ ] á R�Y � �[Q b�g'q ��lRQ q Q b�g � k l k * drq Q ¸�g)&cf W &ck *;Q
q�� &US � fhg)&c¸ Q q Q S � &©q Wi�4Q SeScgÞk�frq t S WrlytÐ�Ê� &cf Q@� �É&²k>¸�g)&cf W &ckon Q S *4lZQ S � &©q Q S
�clyt S©j á�%iQ b�g'q ��lRQXW�QXW *U* f �XW f d t~l k W *;QaQ+*=lyt f ��Q b Q S * f d�¸ t S©q·&�q t S W=lyt ¸cf tµ* kC�½& QÞá
ä¨a��³a/. ��h¾¸wkb­���e=h ­¨h ¸Ýk"�t¥�e=¥Oj�� ­wvMgQ¦®¿U²mkJgiµ�h¾§�ÑJh�¬ µ�kJ¥�¦JjØ­¨h

²#��x;��²mh�¦Q¬�h
�[Q b�g'q ��lRQ q Q b�g � k l k * deq�� &US � f gÞ&c¸ Q�t n Q jF¸�g)kRS * q Q fhd^	êd�f Q Scj Q Scg * d æ �l�Ås

�¬áãÎ� ^ÎEÛ+ÎE±2®xÎr�ã«?¦Ý±�©£ÿâÛ+«?¤A°�õ´«�¥E¦ÍËX¦ª©Íä�õ´«AÏ�Î^ËÍ�iÑ R S��&S
V?Ò f Q ¸cf d W\Q S *;QIlRQ begÞ&²n Q b Q S *tµl d tµ* gÞk�f Q q�� &US � f gÞ&c¸ Q q Q S � &©q WWt & W\W k � k Q S|�É& QIlZQ begÞ&²n Q b Q S *Wtµl d tµ* gÞk�f Q q Qj �Õt �É& Q S � &cqÅkRS©q²kon·k�q²& Q�l�lZQ b Q S * q t S W lRQÓ� fhg)&c¸ QFÑ}W b Ò|á��[QXW b�g)&²n Q b Q S *;W q²& � fhg)&c¸ QW gTS *»�Õt�W d WVW &cf lZQ j �UQ b�kRSF¸ t f�j+g)&cfh&F¸ t f6&USFj Q S * f Q q²& � fhg)&c¸ Q �É&ck QXWh* & * k l k W dD¸�g)&cfj tµl j+& lRQ f lRQ b�g)&²n Q b Q S * q²& � f gÞ&c¸ Q ¸ t f l � kRS *\Q fhb�d-q·k t k�f Q q�� &USWn Q j *;Q &cfDq Q begÞ&²n Qwvb Q S * −−→GM �½&ckT¸ Q & * 5 * f Q j � gÞk W k tµl d tz* g)k�f Q b Q S * g)&,5 * f Q ¸cfhd-q²d � Sck á
�[Q b�g)&²n Q b Q S * q²& j Q S * f Q q²& � fhg)&c¸ Q j t f t j * d�fhk W\Q j+g)b�¸ l$�+*;Q b Q S *�lRQ b�g)& vn Q b Q S * q QkW g�S � f gÞ&c¸ Q��Ïl¶t q²k�f Q j * k�g�S Q+*Qlyt n·k *;QXW\W\Q@�1ál�[QXW S � &©q W kZScq²k�n'kyq²& Q+lZWW\Q q²d�¸ lyt j Q S *Wt~l d tz* g)k�f Q b Q S * ¸ t fFf t ¸c¸�g)f *  lZQ &cf W ¸cfhg)¸cf QXW ¸�gÞkRS *\W q Q fhd�	¶d�f Q S©j Q¸cf d-q²d � Sck W�� q·g�S *UlZQXW b�g)&²n Q b Q S *;W q²d+¸ Q S©q Q S * q²&Lb�gÞ&²n Q b Q S * q²& � fhg)&c¸ QÞá
�<tN�Ê� &cf Q ] á R
R k l�l & W * f QðlZQ b�gÞ&·n Q b Q S * q QBW S � &©q W & * k l k W;t S *ÀlZQ b�g·q ��lZQæ �#�Ås±á2a kRS W k �  l � kRS W *;t S * t �¬lRQXW)W ¸�gÞkRS *\W S²gÞk�f W f Q ¸cfhd W\Q S *\Q S * lZQXW ¸�g)kRS *;W q Q fhd v	¶d�f Q S©j Q
� RP (t) � ¸�g)&cf lRQXW�* f gÞk W S � &cq WÆá��[Q beg·q ��lRQ æ �l�Ås & * k l k W\Q�lRQ n Q j *\Q &cf

−−→
GM

¸�g)&cfEj tµl j+& lRQ f lZQ-W Scg)&²n QÆt & è ¸�gÞkRS *;W q Q fhd�	êd+f Q S©j Q
� RP (t + 1) �  l � kZS W * t S *
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zÂê Ø³�ZÊT¾ Â²�¶»'Ã�¾<»PÑ×Ê�Í6ÎÏ�ÏÎ¶¼-ÈP¾ »�í¬ÄÆÊ¬¹<Ì8» Ú Q

RP(t)

RP(t+1)

GM

RM

Noeud mobile

^#ÈM_ ¼ ] á R
R � s g)&²n Q b Q S *;W q Q(W S � &cq W & * k l k W t S *=lRQ b�g'q ��lZQ æ �l�Ås
t + 1 á��<t Scg)&²n Q�l�lRQ ¸�g W k * k�gTSÀq Q j �Õt �½& Q S � &©q QXW *Åtµl g)f W j tµl j+& l d Q ¸ t f lytpW gÞbeb Qn Q j * gÞf k Q�l�lRQ q²&�n Q j *;Q &²f −−→GM t n Q j1&USðn Q j *;Q &cf tµl d tz* g)k�f Q q Q b�g)&²n Q b Q S *A� −−→RM á
�<tel gTS � & Q &cfåq Q −−→RM QXW * &US²k*	¶gÞfhbed�b Q S * q·k W * f k � &cd Q q t S W &US�q²k W �½& Q �É&ck t ¸�gÞ&cfj Q S * f Q RP (t + 1) ��* t S©q²k W �½& QyW t q²k�f Q j * k�gTS QXW * &#Sck*	¶gÞf b�d�b Q S * q²k W * fhk � &cd Q q t S W
[0..2π] á�[Q b�g'q ��lRQ æ �l�Ås�t d * dÅj+g�S ò &L¸�gÞ&cf9	 t k�f Q 	 t j Q  Fq QXW�W j+dXS t f k�g WU*\Q�lRW �É&�� &US Qt n tµlyt S©j �#Q�t ¸cf �XW>lyt �½& Q�l�lRQ &US Q d��½&ck�¸ Q q Q]W\Q j+g)&cf W"W\Q j+g)b�¸�g W t S * q�� � &cb t kRS W"Q+* q Qj � k Q S W��Æ* f t n t k l�lRQ S * j+g'g)¸�d�f tz* kon Q b Q S *Æá?�[QXW�� &ckyq Q-W»� &cb t kRS W9� j Q S * f QXW q QXW�� f gÞ&c¸ QXW¨�*;Q S©q Q S *  q²d � S²k�f�&US¦j �UQ bekZS � dXScd�f tµl ¸c&ck W �É&�� k lRW j+gTSUS t k W\W\Q S *.�Õt�� k * & Q�l�lRQ b Q S *l � Q S©q²f gÞk *@t ¸c¸cf g è k�b tz* k$	·q QXW n·k�j * k�b QXW-á@%l�Õt jw&US4q QXW j � k Q S W j+f d Q�W gTSÅ¸cfhg)¸cf Q j �#Q b�kRSt~l d tz* g)k�f QEt & * g)&cf=q²& W\Q j *;Q &cf � dXScd+f tµl j � gÞk W kT¸ t f lRQ &cf Wã� &²kyq QXWã� &cb t kZS W-á
äia��³a43 ��h¾¸Ýkb­!��e=h¾­¨h¾¸Ýk"�t¥=e�¥Oj��Ù§�ÑWh�¬�k"�Q¤(jm§J¬1eCh�¤

�[Q b�g'q ��lRQ q Q b�g � k l k * d t n Q jEg �UW *;t j lRQXW�Ñ ]ÊR Ò�t d * dejwg�S ò &À¸�g)&cf b�g·q·d l k W\Q f lZQb�g)&²n Q b Q S * q Q-W S � &©q W b�g � k lRQXW q t S WUlRQXWV*\Q fhf t kRS W �É&ckËf QXW\W\Q b �clRQ S *  �q QXW * g)¸�g v
� f t ¸ � k QXW fhd Q�l�lZQ-WÆá ´ QXW g � ( Q+*;W b�g·q·d l k W\Q S *ElRQXW'� É * k�b Q S *;WjQ+* q�� t & * f QXWjWh* fh&©j * &cf QXW�É&ck Q b�¸�5-j �UQ S * lRQXW b�g)&²n Q b Q S *;W q QXW S � &©q W���t kRS W k»�É& QElZQ &²f * f t S W b�k W\W k�gTS W t S W
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�©l á ç SLb�g'q²d l k W t S * &US *;Q�lË*;Q f f t kZS � &USL& * k l k W tz*;Q &cfU¸ Q & * q²d � Sck�f lZQ-W ¸�g W k * k�gTS W��clZQXW	¶gÞf b QXWaQw*ÅlZQ-W *;t k l�lRQXW q Q j QXW g � ( Q+*;W-áÂ%
Q beg·q ��lRQ ¸ Q & * b t Sck�¸c& lRQ frq QXW 	¶gÞfhb QXWaQw*q Q-W ¸�g W k * k�g�S W t f � k * f t k�f QXW ¸�g)&cf lRQXW g � ( Q+*;W�� ¸ Q fhb Q+*h*;t S * q Q b�g·q·d l k W\Q f �zQÆt &©j+g)&c¸q Q *\Q fhf t kRS W f d Q�lRW-á
�[Q q Q & è k � b Q jwgÞb�¸�g W t S * q·&Lb�g·q ��lRQ q Q beg � k l k * d QXW * &US � f t ¸ �UQ q Q begÞ&²n Qwvb Q S * �½&ckßf Q ¸cfhd W\Q S *;QelRQXW q²d�¸ l¶t j Q b Q S *;W q Q-W S � &cq WÆáÇ%
Q�� f t ¸ �UQ ¸ l¶t S t k�f Q{QXW *rlRQq²k t?� f t b�b Q q Qr{ g)fhgTScg�| q Q-W j+g)kZS W q QXW g �UW *;t j lRQXW\� lRQXW�t f15 *;QXW!W g�S * q QXW!W;Q^� b Q S *;W�½&ck W gTS *  4&US Q q·k W *;t S©j Q d �½t~lRQ q QXW q Q & è j+g)kRS W q�� &US�g �#Wh* t j lRQ@�;á�a kRS W k � j Q b�g·q ��lZQQXW *��ÕtuW d W &cf l � kRS * &ck * k�gTSe�½& Q�lRQXW j �UQ b�kRS W�*\Q S©q Q S *  W\Q q²d � Sck�fi Àb�k v q²k W * t S©j QQ S * f Q�lRQXW\� É * k�b Q S *\W�t q~( t j Q S *\WÆáÓ%
Q beg·q ��lRQ ¸ Q f b Q+* d �½t~lRQ b Q S *elRQ begÞ&²n Q b Q S *¸ t f l � kRS * d�fhk Q &cf=q QXWã� É * k�b Q S *;W-á
�[QL* f gÞk W k � b Q j+g)b�¸�g W t S * q²&°b�g'q ��lRQkQXW *WlZQ j � g)k è q QXW fhg)& *;QXW-á��[QXW S � &©q W& * k l k W\Q S *UlZQ-W j �UQ b�kRS WVlZQ-W ¸ l & W j+g)&cf *\W7�}Q S *;Q fhb Q q Q l gTS � & Q &cf Q &©j l kyq²k Q SUS Q@� ¸�g)&cfW\Q q²d�¸ lyt j Q f Q S * f Q q Q & è ¸�gÞkRS *\W q²& � f t ¸ �UQ q²&ðb�g)&²n Q b Q S *A� j
� QXW * v  v q²k�f Q �½&�� k lZWW &ckon Q S *VlRQ j �UQ bekZS lZQ ¸ l & W j+g)&cf * q t S W lZQ q·k t?� f t beb Q q Qå{ gÞfhgTScg�| á���Q ¸ lyt j Q b Q S *q Q-W g � ( Q+*;W!Qw* q QXW j �UQ b�kRS WålZQ-W f Q�l k t S *_W gTS * j t~l j+& l d W t &uq²d � & * q Q4lythW k�bF& lytz* k�g�SQ+* S Q j �Õt S �TQ S * ¸ tuW ¸ Q S©q t S *8* g)& *;Q l¶t!W k�bF& lytz* k�g�S á
�[QXW S � &©q W�W gTS * q²k W * fhk � &cd W�t &

�ÕtuW t fhq lZQDl gTS � q QXW j �UQ b�kRS W�� k lZW j � g)k W k W\W\Q S * &US Q q Q-Wh* kZS tµ* k�gTS Q+* ¸²&ck W~W\Q q²d+¸ l¶t j Q S *n Q f W j Qw*h*;Q q QXW * kRS tµ* k�gTS Q S W &ckon t S *6lRQ j �UQ b�kRS lRQ ¸ l & W j+g)&cf *  U¸ t f * k�f6q Q
W t ¸�g W k * k�gTSj+g)&cf t S *\QÞá

^lÈ�_ ¼ ] á R T � s g)&²n Q b Q S *;Wåt n Q j g �UW *;t j lZQ-W & * k l k W t S *=lZQ q²k t?� f t b�b Q q Q { g)fhgTScg�|
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a kRS W k � j �Õt �½& Q S � &©q�j tµl jw& lZQ�lRQ j �UQ b�kRS lRQ ¸ l & W j+g)&cf *=W &cf lRQ!� f t ¸ �#Q j+f d�d�¸ t flZQ-W j �UQ b�kRS W^Q+* ¸c&ck W^W\Q q²d�¸ lyt j Q n Q f W j Q+*h*\Q q QXW * kZS tz* k�gTS Q S & * k l k W t S *FlRQ j �#Q b�kRSj tµl j+& l d ál� g)f W �É&�� k låtµ* *;Q kRS *lW t q QXW * kRS tz* k�gTS ��lRQ S � &©qN	 t k * &US Q ¸ t & W;Q ¸�gÞ&²fQ&US Qj Q f * t kRS Q ¸�d�f k�g'q Q q Q=*\Q b�¸ W-á~"xl j � g)k W k * t~l gÞf W &US Q S²gÞ&²n Q�l�lRQ q QXW * kRS tz* k�g�S � j tµl j+& lRQålZQj �UQ b�kRS lRQ ¸ l & W j+g)&cf * ¸�gÞ&cf l � tz*h*\Q kZScq²f Q
��Q+* f Q ¸cf Q S©q lZQ begÞ&²n Q b Q S *-á���Q-W S � &©q W¸ Q &²n Q S *
W\Q q²d�¸ lyt j Q f� l � kRS * d�fhk Q &cf}q QXWl� É * k�b Q S *;W j t f lRQ ¸ l & W j+g)&cf * j �UQ b�kRS Q S * f Qq Q & è Q S©q²f gÞk *;W ¸ Q & *�Q è k ��Q f lRQ ¸ tuW;W t?��Q ¸ t f l � kZS * d�f k Q &cf=q�� &US � É * k�b Q S *-á
â.�=â ¡/9�S 5D?1S<S 9+CE. S ?I3 H+0US�J CWA��UH+0US"AI0�J C4KL9�H�9;:<M

�<t ¸ Q f1	êgÞf b t S©j Q q�� &USW¸cf g * g·j+g lRQ q Q fhd W\QÆt & t q � g'jU¸ Q & * j �Õt S �TQ f�q Q b t Sck � f QW k � Sck � j tµ* k�n Q �É& t S©qWk l�QXW *�*;QXW * d t n Q jåq²kÕD¬d�f Q S *\W b�g·q �+lZQXW q Q b�g � k l k * d � b t k WDt & W\W k�É& t S©q lZQ b�5�b Q b�g·q ��lRQ q Q b�g � k l k * d Q-Wh* & * k l k W d t n Q jPq·k$D¬d�f Q S *;W ¸ t f t b �+* f QXW-á´ Q ¸ l & W��VlRQ j � g)k è q�� &USªb�g'q ��lRQeQ è k �TQ &USªb�g'q ��lZQ q QÀ* f t@� j×q Q q²gTSUScd QXW �É&ckkZS , & Q S©j QWt & W\W k lyt ¸ Q f�	¶gÞf b t Scj Q q²&×¸cf g * g·j+g lZQ)áÂ�8t f Q è Q b�¸ lRQ
� �É& t S©qÀg�S W k�bF& lZQ&US�beg·q ��lRQ q Q b�g � k l k * dLq Q.� fhg)&c¸ Q
�8l � dwn tµl & tµ* k�gTS�q²&ð¸cfhg * g'j+g lRQ q Q n'f t ¸cf Q S©q²f QQ S�j+gÞb�¸ *;QIl � tuW ¸ Q j *�l g'j t~l q�� &US Q ¸ t f * k Q q²& * f t@� jè l � kZS * d�fhk Q &cfeq²& � fhg)&c¸ QÞá&�<t¸ Q f�	¶gÞfhb t S©j Q q�� &US ¸cfhg * g'j+g lRQ q Q fhd W\QÆt & t q � g·j�q Q n·f t k * 5 * f Q d+n tµl &cd QÀt n Q j lZQb�g·q ��lZQ q Q b�g � k l k * d=�É&ck QXW *VlRQ ¸ l & W ¸cfhg'j �UQ q²& W jwdXS t f k�g�f d Q�l ¸cf d+n·& � j Q �É&ckË¸ Q & *	 t j+k l k *;Q f lZQ q²d+n Q�l g)¸c¸ Q b Q S * q·&L¸cfhg * g·jwg lRQ q Q fhd W;Q-t & t q � g'j á
�[Q beg·q ��lRQ q Q b�g � k l k * d�q Q ¸cfhg)b Q S t q Q�tµl d tµ* gÞk�f Q
� æ � susu�>t n Q jI&US�¸ Q+* k *¸ t f t b �+* f Q q�� Q S * fhd QB� q²k W *;t S©j Q gÞ& *;Q b�¸ W¨� ¸cfhg'q²&ck * &US b�g)&²n Q b Q S *è3 f g f Sck Q SQ+*A��Q S¦j+gTS W d��É& Q S©j Q
� d+n tµl & Q 	êgTS©q t b Q S * t~lRQ b Q S * &US fhd W;Q-t & W *;tz* k*�É& Q �½& t S©q k lQXW * & * k l k W dE¸�g)&cf l � d+n tµl & tµ* k�gTSPq QElyt ¸ Q f1	êgÞf b t S©j QÞá2�6t fåj+g�S * f Q
�¬t n Q j l � & * k l k W tµ* k�gTSq�� &US � f t S©q³¸ t f t b �+* f Q q2� Q S * fhd Q
�TlRQ b�g'q ��lZQ æ � sus f QXW;W\Q b �clZQQt &³b�g·q ��lZQ q Qb�g � k l k * d æ � ¸ sus�W k©gTS£0 t (øg)& *;Q q QXW>*;Q b�¸ W q Q ¸ t & W\QÞá��<t q²k$D¬d�f Q S©j Q ¸cfhkRS©j+k�¸ tµlZQQ S * f Q j QXW q Q & è b�g'q ��lRQXWaQXW * �½& QelRQXW S � &©q WaW k�bF& lyt S *ÅlRQ b�g·q �+lZQ æ � ¸ sus g�S *¸ l & W>*;Q Scq t S©j Q  W\Qã� fhg)&c¸ Q f t &Wj Q S * f Q q²& W\Q j *\Q &cf�q Q]W k�bE& lytµ* k�gTS � �É& QUlRQXW S � &©q WW k�bE& l¶t S *ÅlZQ b�g·q ��lZQ æ � sus±á��[Q b�g'q ��lZQ æ � ¸ susfQXW * & * k l k W d�q t S W(�zQ-t &©j+g)&c¸q�� d * &©q QXW q Q ¸cfhg * g·jwg lRQXW q Q f d W\QÆt & t q � g'j á�"xl�QXW *=,�Q è k �clZQ
�UQw* k l�W\Q b �clRQ j+f d Q fUq Q-Wb�g·q ��lZQXW q Q beg � k l k * dDfhd tµl k W *;QXW-á m SFkRS©j+gTSÉn½dXSck Q S * q Q j Q b�g'q ��lRQ=Q-Wh*6lyt=l k � S Q q²f gÞk *;Qq²&°b�g)&²n Q b Q S *pW &ckon·kU¸ t f lRQ S � &©q�b�g � k lZQ �½&ck W;Q q²d�¸ lyt j Q n Q f W�lyt ¸cf g·j �Õt kRS Qq QXW * kRS tz* k�g�S�j � gÞk W k Q)á
�[Q beg·q ��lRQ q Q b�g � k l k * dÅq Q q²k�f Q j * k�g�S tµl d tµ* gÞk�f Q
� æ=´ susu�#QXW * &US1b�g'q ��lRQ ¸ Q &fhd tµl k W *;Q ¸ t f�j Q �É&�� k lzQXW * ¸ Q &�¸cfhg �Õt��clRQ �É& Q�lRQXW q²k W ¸�g W k * k$	 W=W\Q q²k W ¸ Q f W\Q f t k Q S *Ut~l d tÆv* g)k�f Q b Q S * q t S W4* g)& *FlRQlW\Q j *;Q &cf � &US � É * k�b Q S * g)& &US Q n·k l�lZQ@�;á ç S±gÞ& * f Q
� k l�QXW *¸ Q &�¸cfhg �Õt��clRQ �É&�� k lRW 	 Q fhgTS * &#S Q ¸ t & W\QjW\Q & lRQ b Q S * t & � g)f�q�q Q4lyt 	êfhgTS * k � f Q q�� &US

te
l-0

06
28

70
0,

 v
er

si
on

 1
 - 

4 
O

ct
 2

01
1



Ú z ·!¸�¹»ºÇ¼���¾ n ¹ �oÃ��2È���ÈÝÀ���Ä ¹ ¿����3���£Á������ ¹ Å�� ¹ Ä ¸ Ã»Æ

W\Q j *\Q &cf á��[Q beg·q ��lRQ q Q q²k�f Q j * k�gTS t~l d tz* g)k�f Q beg·q²k � d ¸ Q f b Q+*=t & è S � &©q W q Q 	 t k�f Q&US Q ¸ t & W;Q]Q+* q Q j �Õt S �TQ f}q Q q²k�f Q j * k�g�S t n t S * q�� tµ* *;Q kRS©q²f Q=lyt 	êfhgTS * k � f Q q·& W\Q j *\Q &cfq Q`W k�bE& l¶tz* k�gTS á�%
Q ¸ Q S©q t S *A� j Qw*h*;Q n Q f W k�gTS QXW * kyq Q S * k*�É& Q4t &Lb�g'q ��lRQ q Q b�g � k l k * dq Q ¸cf gÞb Q S t q Q4tµl d tz* g)k�f Q
� æ � sPsu�#Q Sè0 t (øg)& *;t S * q QXWV*;Q be¸ W q Q ¸ t & W\QÞá
�[Q b�g·q ��lZQ q Q b�g � k l k * drq t S W &US Q fhd � k�g�S�q QaW k�bF& lytµ* k�gTSLk l�l k�bek * d Q
��3 % a susu�	¶gÞ&cf�Sck * q Q-W b�g·q ��lZQ-W q Q b�g)&²n Q b Q S *rt & è �½& Q�lRW gTSÀ¸�gÞ&cf f t k *aW � tz*h*\Q S©q²f Q q t S WÅlytf d t~l k * d á ç S�g)& * f Q
� j Q b�g'q ��lRQjQXW *ålRQjW\Q & l �É&ck ¸ Q fhb Q+*�t & è S � &©q W b�g � k lZQXW q QjW\Qq²k W ¸ Q f W\Q f q t S W�lRQwW\Q j *;Q &cf ��Q SPd l k�b�kRS t S * lZQ-W`Q D Q+*\W q QFlyt 	êf g�S * k � f QwW &cf l � d+n t~l & tÆv* k�gTSuq QXW ¸ Q f1	êg)fhb t S©j QXW-á2%
Q ¸ Q S©q t S *A�ÕlZQXW!Q D Q+*;W!W\Q j+g�S©q t k�f QXW �É&ck W\Q ¸cfhg'q²&ck�f t k Q S *Q S ¸ Q f b Q+*h* t S *�t & è S � &©q W b�g � k lRQXW q QlW\Q q²d�¸ lyt j Q f t & * g)&cfFq�� &US * g)f Q�� ©¬«?Û¨¤�­?�¸�g)&cfhf t k Q S * 5 * f Q j+gTS W k�q²d�f t?�clZQ-WÆá��8t f Q è Q b�¸ lRQ
� &US�S � &©qPb�g � k lRQ �½&ck W\Q q²d�¸ lyt j Qq t S WElyt b£5+b Q q²k�f Q j * k�gTS±n Q f W &USmS � &©q W *;tz* k*�É& Q q Q n·k Q S©q²f tkW gTS³n½g)k W kRSB L¸ l & vW k Q &cf W f Q ¸cfhk W;Q-WÆá
�[Q beg·q ��lRQ q Q b�g � k l k * d �Åt & W\W vøsPt f��)gzn�	êg)&cf\Sck * q QXW beg·q ��lRQXW q Q begÞ&²n Q b Q S *t & è �É& Q�lZW gTS�¸�gÞ&²fhf t k *_W � tz*h*;Q Scq²f Q q t S Wålyt fhd tµl k * d W k<q Q-W ¸ t f t b �w* f QXW�t ¸c¸cf gÞ¸cf k�d WW gTS * j � g)k W k W-á ç S°gÞ& * f Q
�ßl¶t b�d *+� g'q Q & * k l k W d Q ¸�gÞ&²fi	¶gÞfhj Q f lZQXW S � &©q W  ×¸ t f * k�fl g)kZS±q QXW(� gÞfhq W q²& W\Q j *\Q &cf4q Q{W k�bF& lytµ* k�gTS � d+n·k *;t S *Et kRS W k lRQXWjQ D Q+*;W q²& � g)f�q³q QW\Q j *\Q &cf �
QXWh* kZS * d�f Q-W;W t S *;QÞás 5�b QiW k lRQ b�g'q ��lRQ ¸cfhg �Õt�� k l k W *\Q q Q ¸cfhg)b Q S t q QVtµl d tµ* g)k�f Q
�
� æ � susu� 	êg)&cf\Sck *q Q-W b�gÞ&²n Q b Q S *\W t & è �É& Q�lRW gTSP¸�g)&cfhf t k *`W � tz*h*\Q S©q²f Q q t S W�l¶t f d t~l k * d � j � gÞk W k�f q QXW¸ t f t b �+* f QXWåt ¸c¸cfhg)¸cfhk�d W ¸�g)&cf W t b tz* f kyj Q q Q ¸cfhg �Õt�� k l k * dr¸ Q & * 5 * f Q q²koiQj+k lRQÞá
�[Q b�g'q ��lRQ q Q b�g � k l k * d×q QXW�W\Q j * k�g�S W q Q n·k l�lRQ
�ã% % susu�iW\Q b �clRQ jwfhd Q f1q QXWbegÞ&²n Q b Q S *\W f d t~l k W *;QXW ¸�gÞ&cf<&US Q
W\Q j * k�g�SFq�� &US Q n·k l�lRQ
� ¸²&ck W �É&�� k l'l k�bek *\Q
W d+n � f Q b Q S *lRQ j+g)b�¸�gÞf *;Q b Q S * q Q-W q²d�¸ lyt j Q b Q S *\W q QXW S � &©q4b�g � k lZQXW-á
%
QXW S � &©q W S�� gTS * ¸ t�W@lytj t ¸ t j+k * dUq�� Q fhf Q f l k � f Q b Q S *~W;t S W~W\Q=W gÞ&©j+k Q fßq QXW g �UW *;t j lRQXW�Q+* q�� t & * f QXW f ���)lZQ b Q S *;Wq Q * f t?� j á
% gTS©j Q f�S t S *UlRQXW jwkZSÊ��b�g'q ��lZQ-W�W 0�S *�� d * k*�É& QXW q Q beg � k l k * dÅq Qo� fhgÞ&²¸ Q ¸�g)&cf lZQXWf d W\QÆt & è t q � g·j � gTSL¸�g)&cf f t k * q²k�f Q �É& Q lRQ b�g'q ��lRQaQ è ¸�g�S Q S * k Q�l<tµl d tµ* gÞk�f Q jwgÞfhf d l d �ç % æ susu��W\Q b �clZQ q²d-j+fhk�f QE*�� d�g)fhk*�É& Q b Q S *�* gÞ& *Åt & * f Q b�g'q ��lZQ q Q b�g � k l k * d á�%
Qwv¸ Q Scq t S *��<lZQ j � gÞk è q QXW n t~lRQ &cf Wet ¸c¸cfhg)¸cfhk�d QXW ¸�g)&cf lRQXW ¸ t f t b �+* f Q-W τ Q+* σ � n½g)k�fW\Q j * k�gTS ] áXW²á R �_Q-Wh*�� ¸cf QXW �É& Q@� k�b�¸�g W\W k �clRQÞáÂ�[QXW b�g'q ��lRQXW q Q j+g l g�SUS Q
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�-ð;ñ�éåt�� øTù#ð;óXéXô�îzøTùUñ�� t�ê-ïRöZï¾ð;éXñ"öZé]îÕtuô;ô tuú�é�
ö���ó>êíìUéXöRöRé������������ �"!#�$!&%&')(�û#é`ê-éXô=îUñ�øTð\ø�ê-øTöRéXô����8tuñié�ý#é+*{î#öZé-,/.Dv1032/0546�178��9;: <>=?!A@�BC:EDFHGIFKJ (MLONEPHQ>� ø�ù#ð\énùUõ ê-ø�õ�ð\ñSRTöZékû#ékê-øTõUúTéXô�ð;ïRø�õTQ�ù îUñ\ø�ð;øÿê-ø�öRéU032/054ÖøTñ\ïRúTïZõ�QuöV,
Q�W�õüû#é_öZï�*{ï¾ð;é-ñiöRé_ô\ùUñ;ê-ø�X#ð�û#ùüê-øTõ�ð;ñ	R�öRé?����<�9I%#Y�<E�Z<>[�B\Y�])B�� :)(\�_^o�`2/.aL�b+cEP�ñ\óXû#ùUïRðiöZéõUø-*edUñ\é=û#éiî�QE��ùUé-ð\ô�û#é=ê-øTõ�ð;ñ	R�öRé=é-õhê;ìUø�ïRô\ïZô\ô�Quõ�ð~ô;é-ùUöZé+*héXõ�ð~ùUõUéiî�Quñ�ð;ïRé=û#éXôVõ)faù�û#ô
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wó�ð"Quð\ô]û#é`öZïRéXõUô�,/*xQuïZõ�ð;ïRéXõ�ð]é-ð�î�Q�ñ�ð"Quú�é`ùUõyQuñSdUñ�él� øTùUñ\õUïRô\ô"Quõ�ðû#éXô"êíìUé+*hïZõUô � éXñ�ô~ð\ø�ùUô~öRéXô�õ)faù�û#ô
Q�êXê-éXô\ô\ï�dUöZé-ô�, QuùUô\ô\ï#ù#ð;ïRöZïRô\ó�îzøTùUñ~öZéXôr*hïZô\éXô�
z� øTùUñî�Q�ñ�û#ï�g�ùUô\ïRø�õo�-n:øTù#ð;éXô"ê-éXô
Q�î#îUñ\øÿêíìUéXô�� øTùUñ\õ#ïZô\ô\éXõ�ð�û#éXô
Q�*{óXöRïZøTñ�Q ð;ïRø�õ#ô"îzø�ùUñ�öRé�î�Quô	{ô�Q�úTéw
jöV�Åó>ê;ìUéXöRöZéaû�éXô�îUñ�øTð\ø�ê-øTöRéXô]û#éYñ\øTù#ð"QuúTéYéXù�ý|{}*��+*{é-ô�,|*xQuïRô�û#éXô�î#ñ\ø�dUö�~+*héXô]û#éîzéXñS� ø�ñS*�Q�õ�ê�éXôjû#é+*{éXùUñ�éXõ�ð�,�ê-ø�*�*{éhî�Quñaé�ý�é+*{îUöRépû�éXôoñ\øTù#ð\éXôeQ � éXê?dzé�Q�ù�ê�ø�ùUîrû#éô�Q�ù#ð\ô�øTùnùUõnõUø-*edUñ\éaï�*{îzøTñ�ð�Q�õ�ð�û#éw*héXô\ô"QuúTéXô!û#éoê�ø�õ�ð\ñSRTöZé��

�[é_êíì�QuîUï¾ð;ñ\é��?QaîUñ\óXô\éXõ�ð\ó!öZéXôz*{øÿû/~XöZé-ô=û#é�*{ø�dUïZöRï¾ð;ó_ù�ð;ïRöZïRô\óXôiîzøTùUñ
ö���ó � QuöRù�Quð\ïZøTõû#éXôlîUñ�øTð\ø�ê-øTöRéXôüû#ékñ\ø�ù�ð"Quú�é-���
é-ð\ð;énó � QuöRù�Quð\ïZøTõ û#øTïRðx�-ð\ñ\éy�#Quï¾ð;é�Q � é>ênöZéy*{øÿû/~XöRéöZépîUöRùUô^îUñ�ø�êíì#éüû#ùrô;ê-óXõ�Quñ\ïRøtñ\óXé-ö�îUñ\ó � ùo��n:øTù#ð;é+� ø�ïRô�,�ïRö�õo�O��Qnî�Quô^éXõrúTóXõUóXñCQ�ö
û#éñ\éXöAQ ð;ïRø�õmû#ïRñ\é>ê ð;épéXõ�ð;ñ\é{öRéXôoð\ñ�Q � Quù�ý�ô\ùUñoöRépñ�ø�ù#ð�Q�úTépé-ðjê-éXù�ýeô\ùUñoöAQM*{ø�dUïRöRïRð\ó-�Ç�[éñ\øTù#ð"Quú�é
õUé
ô\é
ô\éXñ�ðVî�QuôVû#é
öAQp*hø-dUïRöRïRð\ó=û#é-ôVõ)faùUû#ô8�}ïZö�ö�Q]ô\ù)dUï¾ð\(�é-ðVöAQp*hø-dUïRöRïRð\ó
õo�ÅéXô�ðî�Q�ô"ê-ø�õ�ð;ñ�QuïRõ�ð;é�î�Q�ñ�öRé�ñ\øTù#ð"Quú�é-���:ø�ùUñ�ð"Quõ�ð�,TûIQ�õUô�ùUõ{ñ�óXô\é�QuùxQ�ûhìUøÿê�,�öAQ�*{ø�dUïRöZï¾ð;ó�é-ðöZé=ñ\øTù#ð"Quú�é=ô\øTõ�ð~ð;ñ	~Xô�öRïRóXô��
��Quñ~é�ý#é+*hîUöZé-,�öRéXô�õ)faù�û#ô~ô��ÅóXöRø�ïRúTõUéXõ�ð"ô\øTù � éXõ�ð�éXõhê-ñ\ó�Quõ�ðû#éXô`î�Quñ�ð\ï¾ð;ïRø�õUôaû#ùëñ�óXô\é�Q�ùZ,�ñ\éXõ�ûIQuõ�ð`öRéXôwQuöRú�øTñ\ï¾ð;ì)*héXôaû#éwñ\øTù#ð"QuúTéyïRõUøTîzóXñ�Quõ�ð;ô��2��Q

te
l-0

06
28

70
0,

 v
er

si
on

 1
 - 

4 
O

ct
 2

01
1



�I� ·!¸�¹»ºÇ¼����������o��¹o�r���I���l���;�i�|�A���

ê-ø�*�*^ùUõUï ê+Quð\ïZøTõnî�Quñ�ô"Quù#ð;ô]û#é � ïRéXõ�ð�QuöZøTñ\ô]ï�*{îzøTô\ô;ï�dUöRéaîUùUïRô���ùUéaöRéXô]õ)faù�û#ô � ø�ïRô\ïZõUôô\øTõ�ð
ð;ñ�ø�îlóXöZøTïRú�õUóXô�����Qw*{ø�dUïZöRï¾ð;ó_éXô�ð=ê-øTõUô\ï û#óXñ�óXé`ê�ø-*�*hé_ùUõK�&QTê�ð\éXùUñ���ùUïzîzø�ô\éYû#éXôîUñ�ø-dUö�~+*{é-ôHQuù�ý�îUñ\ø�ð;øÿê-ø�öRéXô!û#éañ�ø�ù#ð�Q�úTé-�� õ��#QuïRð�,�ö�Q�ñ\éXêíìUéXñ;ê;ìUé{ô\ùUñaöRéXôeQuöZúTøTñ\ï¾ð;ì)*{éXôjû#éhñ\øTù#ð"Quú�é{ûIQuõUôoöRéXôoñ\óXô\é�Quù�ý�Q�ûìUøÿêaô��ÅéXô�ð�îUñ�ïZõ�ê-ïRî�QuöRé+*{éXõ�ð_ê-øTõ�ê-éXõ�ð\ñ\óXéoô\ùUñ]öRéXôHQ�öRúTø�ñ�ïRð\ì)*{éXô!û#ó>û#ïRóXôH
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��ùUéXô�ð;ïRøTõUôoîUñ�ïZõ�ê�ïZî�QuöRéXô�¹[ê�ø-*�*héXõ�ðaîzéXù#ð	{ øTõ�ð;ñ\øTù � éXñ`ùUõ�õ)faù�û���ùUï�QK*{ø�û#ï¥W�óhô�Qð;ñ�Q>� é>ê�ð;øTïRñ\é^îzøTùUñ�QTê;ìUé+*{ïRõUéXñ_ùUõU*{éXô\ô�Quú�éjé-ð���ùo�Åé-ô\ð�{&ê-é���ùUï�ô\é^î�Quô;ô\éjô\ï:ùUõ÷õ)faùUûû#ø�ï¾ðhð\ñ�QuõUôC*hé-ð\ð;ñ�é�îUöZùUô\ïRéXùUñ\ô¡*{éXô\ô�Q�úTéXô{ûIQ�õUô{û#ï¥g�óXñ\éXõ�ð\éXôpû�ïZñ�é>ê�ð;ïRøTõUô¤Úÿ£_ïRõUô\ï�,~ê-é-ð
Q�öRúTø�ñ�ïRð\ì)*{é�û#é � ïRéXõ�ð�û#óXîzéXõ�ûIQuõ�ðnû�éXôÿQuîUîUöZïZê�Q ð;ïRø�õ#ô�é-ð�û#éXô�ê-ø�*{îUñ\ø�*{ïRô�îzé-ù � éXõ�ð
�-ð;ñ�é3�#QuïRð\ô�îzøTùUñ�QTû)Q�î#ð\éXñ�ê-éaôíê;ìUó+*xQ¡
yùUõUéªQ�î#îUöZïZê�Q ð;ïRø�õkî�Quñ�ð\ï ê-ù#öZï�~Xñ\é��

ù[é�û#éXù�ý�ï�~+*hé�QuöRú�øTñ\ï¾ð;ì)*{é"õUé�ô;ù#îUîzø�ô\é"î�Q�ô�ùUõUé�ê-øTõUõ�QuïZô\ô�Quõ�ê-é
û#éXô¢*{øTù � é+*{éXõ�ð;ôû#é{ð;øTùUôjöZé-ô^õ)faù�û�ô��¢ù��$QuöZúTø�ñ�ï¾ð;ì)*{élû#épöAQMW�úTùUñ\éKt_�Çòÿ*{øTõ�ð;ñ�épöAQÿ*hïZô\éK
?� øTùUñ^û#é-ôîzø�ô\ï¾ð;ïRø�õ#ô_û#éXô�õ)faù�û#ôH��ù�Q�õ�ûnïRöRô!õUéjê-øTõUõ�QuïRô;ô\éXõ�ð!î�Quô�öRéXùUñ\ô]ð;ñCQ�� é>ê�ð\ø�ïRñ\éXô?�lh�Y\!V<�Y"!&�
�iì�QE��ùUé_õ)faù�ûlïRõ)� øTñS*{é_öRéXô8Q�ù#ð\ñ\éXôiõ)faù�û#ôiô\ùUñiô�QoîzøTô;ï¾ð\ïZøTõ�ê-øTùUñ�Quõ�ð;é��_ù[é_îUô\éXù�û#ø�{ê-ø�û#é�îUñ\óXô\éXõ�ð\é!öRéXôz*hïZô\éXô�
8�&ø�ùUñz��ùUé�ñ�é+'-ø�ï¾ð
ùUõpõ)faù�û hi ô\ùUñ�öAQaîzø�ô\ï¾ð;ïRøTõ�û�ùlõ)faùUû
h0

�,)qøTùUñp��ùUéoê-éaô;êíìUó+*�Q?� øTõ�ê�ð;ïRøTõUõUé-,UïZöZ�#Quù#ð�ô�Q � ø�ïRñw¹
¾ ��ù�Quõ�û�ùUõeõ/faù�ûeû#øTïRðaéXõ � ø���éXñ`ö���ïZõ)� ø�ñ	*xQ ð;ïRø�õeû#é¡*{ïZô\é�
e� ø�ùUñaû#é{ô�Qüîzø�ô\ï½{ð;ïRøTõHÚ
¾ 
¡��ùUï�û#øTï¾ð	{ ïRö[éXõ � ø���éXñ]ê-é-ð�ð;éaïRõ)� øTñS*xQ ð;ïRø�õ�Ú
¾ ê-ø�*�*{éXõ�ð¨�&Q�ù#ð�{&ïRö[éXõ � ø���éXñ]ê-é-ð\ð\éoïRõ)� ø�ñ	*xQuð\ïZøTõ�Ú
ù�Qÿ*hø�û#óXöRïRô�Quð;ïRøTõsû#ùrîUñ�ø-dUö�~+*{épéXô�ðª�#Q�ï¾ð;épî�QuñjùUõrúTñ�QuîUìUélû#øTõ�ð^öRéXôjô;ø�*�*{é�ð;ôñ\éXîUñ�óXô\éXõ�ð;éXõ�ðoöZéXôaõ)faù�û#ôaé-ðoöRé{îzøTïZû#ôjû#éXôªQ�ñ	�-ð;éXôaöAQ�û#ïZô�ð�Q�õ�ê-éhîUì¦��ô\ï���ùUéhéXõ�ð\ñ\éhöRéXôõ)faù�û#ô��zù[éëû#é-ù�ý#ï�~+*{é¸QuöRú�øTñ\ï¾ð;ì)*hé÷ù#ð;ïRöRïZô\étùUõ QuñSdUñ�étñ\é>ê-øTù � ñ�Quõ�ðK*hïZõUï�*xQuö��1=?!&D

9I!i=�Õ_= �}hI�>9I9I!i9|m§%#YCB�B�(¨��ùUïqê-øTõ�ð\ïZéXõ�ðYöRéXôlQuñS�-ð;éXô!öRéXô_îUöZùUô_ê-ø�ùUñ�ð;éXôYû#ùtú�ñCQ�îUì#é§�4éXõð;éXñ	*{éiû#éiû#ïRô�ð"Quõ�ê-é>(¢��ùUï/Quô\ô;ùUñ�éXõ�ðqùUõUéiê-øTõUõUé>ê�ð;ï � ï¾ð;óiê-ø�*{îUö�~-ð;éiû#ù^úTñ�Q�î#ìUé-���
ì�Q���ùUéõ)faù�û�*{é-ð?
¡� øTùUñ^ô�Qnîzø�ô\ï¾ð;ïRø�õméXõmïRõ)� øTñS*xQuõ�ðjð;øTùUô^öZéXô?Quù#ð;ñ\é-ôwõ/faù�û#ô^öZïRóXô¡
nöRùUï
�4ô\éXô � ø�ïRô\ïRõUô"(�ûIQ�õUôiöV�$QuñSdUñ\é_ñ�é>ê-ø�ù � ñ�Quõ�ð5*{ïRõUï�*�Q�ö��/êk�1��îUñ\é+*hï�~Xñ�é_öZïRúTõUé`û#é_ö�Qwdzø�ù�ê-öRé- <�YyûIQ�õ#ô�öV�$QuöRú�øTñ\ï¾ð;ì)*héjû#éaö�QeW�úTùUñ\éªt/�Åò¦("�
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/ <E%���%#!�<�910
ti
0���B�: B\Y"9I!�B\Y3!�9)�\%���9�%5<32 hi ��YCB	�+Õ��¥��=?!A��B�"4!+<�Õ_Y�: Bª���lhI<>��!&%#!�<>9�: B h0

t 0���Bw%�B\=HhI����<�Õ|Y���9I%
(xti, yti)

0�����hI<>�"!&%#!V<�9�: B h0
��Õÿ=x<>=xB\9�% ti

(xt, yt)
0��¥�lhI<>�"!&%&!�<�9�:-B h0

�>Õy=�<�=xB\9I% t�6587 %�<>Õ|���¥B"�¡99�
Õ�:>� h1, h2, ..., hk
�\Õ_!���<�9�%�� :
!+� ��B\9�%&�x: B h0

: ��9)���:� ��Y��"Y�B¡Y�B\D
��<�Õ_[�YC��9I%
=�!i9I!�=x����$ 5
���E���\Õ)�¥B\Ye�¥�§:�!��"%���9;��B�<�h¤%#!�=x����B ri B\9I%#Y�B h0

B\% hi��� |(xt, yt)− (xti + vx(t− ti), yti + vy(t− ti))| ≥ r 

�������BK:-û�h;��� �CB\Y " hi hI<>Õ_Y?=xB\%V%#Y�B ";!�<�Õ_Y����ehI<>�"!i%#!�<�9 (ti = t Bk% (xti, yti) =
(xt, yt))����$ ������ !#�;'§�§û��"]/��9_m¦B�: B3=xB"�����+m¦B"�eB\9�%#YCB h0

Bk% hi 

�����=xBk%#%#Y�B#"4!�<>Õ_Y ti Bk% (xti, yti)
: ��9)�w��Bw%�B\=HhI��Bk%ohI<��"!&%#!�<>9���<>Õ_Y��>9�%&�����$ ������%$ �6587

& �i�9¼ t/�Åò ¾ ù��$QuöZúTø�ñ�ï¾ð;ì)*{éoû#ùnõ)faù�û hi

ù[éüîUñ�øTð\ø�ê-øTöZéx� ø�ñ\ê-élð\ø�ùUô^öZéXôwõ/faù�û#ô�*{ø�dUïRöZéXô?
÷û#ó � ïZé-ñwöRóXú�~Xñ\é+*{é-õ�ðhû#élöRéXùUñ\ôñ�ø�ù#ð\éXô�îUñ\ó>û#ókWUõUïZéXô"é-ð"û#ó-ð\éXñS*{ïRõUïRô�ð;éXô�îzéXõ�ûIQ�õ�ð"ùUõUé]ê-ø�ùUñ�ð;é�îzóXñ\ïRøÿû#é�û#é=ð\é+*{îUô�, Q>W�õûZ�©QTê;ìUé+*{ïRõUéXñiöRéXô�*{éXô\ô�Q�úTéXô��)�
ì�QE��ùUé_õ)faù�ûlô\éYû#óXî#ö�Q�ê-éYûIQ�õUôiùUõUé_ñ�óXú�ïRøTõüé-ð=ïRözô�Q�ï¾ð
��ùUï�,�û�éXô¨Quù#ð;ñ�éXô=õ/faù�û#ô�,|*xQ�ïRõ�ð\ïZé-õUõUéXõ�ð=öAQoð;ñCQTê-éYû�éYô\éXôiîzø�ô\ï¾ð;ïRøTõUô��_ù�Qª*hïZô\él
¨� øTùUñû#é-ô`îzø�ô\ï¾ð;ïRø�õUô`ô\é��#Q�ï¾ð3��ù�Quõ�ûëöRéyõ/faù�û�û#ó � ïZéyìUøTñ\ô`û#éyô�Qlñ�óXú�ïRøTõo�o0�QuõUôaê-éyê�Q�ô�,�ïZöïRõ)� øTñS*héaùUõUïA��ùUé+*{éXõ�ð�ô\éXô � øTïRô;ïRõUô�ûIQ�õUô]ö��©Q�ñ	dUñ\éañ�é>ê-ø�ù � ñ�Quõ�ðp*{ïRõUï�*xQuö��

�ié=ð\ñ�Q � QuïRöUïRõ�ð\ñ\ø�û�ùUïRð"ùUõhô;ê;ìUó+*xQYû#é]û#óXîUöRø�ïRé+*{éXõ�ð
ûZ��ùUõhñ\ó-ô;é�Quù�Q�ûyìUø�ê�,E*xQ�ïRô�ïZöõUéYô���ïZõ�ð\óXñ\éXô\ô\éYî�Quô¨
jð\ø�ù#ô=öZé-ô�îUñ�ø-dUö�~+*{éXô�û#éYöAQwê�ø-*�*^ùUõUïZê�Quð\ïZøTõ�é-ð�é-õ�î�Q�ñ�ð;ïZê-ùUöRïZéXñ
Quù ñ�ø�ù�ð"Q�úTé-��ù[éXôMQ�öRú�øTñ\ï¾ð;ì/*{éXô�ê-øTõUô;ïRô�ð;éXõ�ð�ô\ùUñ�ð;øTù#ðÿ
�*{ïRõUï�*{ïZô\éXñüöRéXô�û�ó � ïAQuð\ïZøTõUôû#é-ô=õ)faù�û#ô��#Q�ï¾ð;é-ô=îzøTùUñ8QTêíì#é+*{ïRõUéXñiùUõ§*héXô\ô"QuúTé-�)�
é-ð\ð;élQuîUîUñ\øÿêíìUé_îzéXù#ð5�-ð;ñ\é!ù#ð;ïRöZéûIQuõUôqöRéiê�Q�ôVûZ��ùUõ^ñ\óXô\é�Quù^ø�Ý^öAQ�îUöRùUî�Quñ�ð~û#é-ôVõ/faù�û#ôqô;øTõ�ðVê-øTõUõUé>ê�ð\óXôVé-ð���ùUéiê-éXñ�ð"QuïZõUôõ)faùUû#ô]ô\øTõ�ð�û#ïRô;îzéXñ�ô\óXô�,UîIQ�ô=ð;ñS~Xô=öZøTïRõnöRéXô]ùUõUô]û#éXôpQ�ù#ð\ñ\éXô�,/*�Q�ïRô�QuùUô\ô\ï[ûIQuõUô]öRéaê�Q�ôø�Ý öAQëû#ïRô\ð�Q�õ�ê�éné-õ�ð;ñ\é�û#éXù�ýsõ)faù�û#ôhéXô�ðhöRóXú-~-ñ\é+*{éXõ�ð{ô\ùUîzóXñ\ïRéXùUñ�éy
÷öZéXùUñ?òXøTõUénû#éð\ñ�QuõUôS*{ïZô\ô\ïRø�õo�Z£_ïZõUô\ïV,[öRéXôjõ)faù�û#ôw� ø�õ�ðjùUõUé{îzé-ð;ï¾ð;épû#ó � ïAQ ð;ïRø�õmû#é{öRéXùUñað;ñ�Q��&é>ê�ð;øTïRñ\éîzøTùUñ�Q�êíìUé+*{ïRõUéXñ�û#éXô¨*{éXô\ô�Q�úTéXô��
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�;ÂVÃ¸Ä�Å¢Æ�ÇoÈ�É_Ê�É_Ç�Ë�Ì�É|Í?Ë�Î�Æ_ÏkÉ|Ð�Ë�Ñ¤ÒiÎ�É_Í ô=<
Þ8ß�à�ß?> á¿âHâHã/ä8åIæpçéèpçA@ çZã,BDC ç;ìEC%Bkß

0�Q�õUô¡LGFE��P},�HYéXñ\öAQlé-ðwQuö���ïRõ�ð;ñ�ø�û#ùUïRô\éXõ�ð`ùUõ¸*{ó>ê+Q�õUïRôS*{éyîzøTùUñYö�QlîUñ�ó>û#ïZê�ð;ïRøTõeû#éö�Qx*hø-dUïRöRïRð\ó-�;ù�é�dUù#ðaû#éwöRéXùUñYô;êíìUó+*xQpéXô�ðaû#é�� ø�ù#ñ\õUïRñ`ùUõëô\éXñ � ï ê-éyû#é�*xQuïZõ�ð;ïRéXõ�û#éö�Qnê-øTõUõUé�ý#ïRøTõméXõ�ð\ñ\é{öZé-ôjõ)faù�û#ô�Q � Quõ�ðe��ùUé{öZéXôjñ�ø�ù#ð\éXôjõo�Åé ý#îUïRñ\éXõ�ð��I)~öZùUôjî#ñ\ó>ê-ïRô\ó\{
*{éXõ�ð�,�ô\ïVöRéXô`î�Quñ�Q�*�~-ð;ñ�éXôaû#ù *{øTù � é+*héXõ�ðaû#éyû#éXù�ý÷õ)faù�û#ô � øTïRô\ïZõUô`ô\øTõ�ðaê-øTõUõÿùUô�,ð;éXöRô���ùUéjö�Q � ï¾ð;éXô\ô\é-,�ö�Qpû#ïRñ\é>ê�ð\ïZøTõ÷é-ð_ö�Qpû#ïRô�ð"Quõ�ê-éwû#é^îUñ�ø�î�Quú Quð\ïZøTõ÷ñ�Q�û#ïZø),¤Q�öRø�ñ�ô_ø�õîzéXù#ðoû#ó-ð;éXñ	*{ïZõ#éXñ`öZéwð;é+*hîUôaîzéXõ�ûIQuõ�ðaöRé���ùUéXö�ê-éXôoû#éXùÿý�õ)faù�û�ôaô\éXñ\øTõ�ðoê-øTõUõUé>ê�ð\óXô��
2ÿïzø�õüô\ùUîUîzøTô\é���ùUéYû#éXù�ýpõ)faù�û#ô i é-ð j ô\øTõ�ð=ûIQuõUôiö�QwòXøTõUéYû#é!ð;ñCQ�õUôS*{ïRô\ô\ïZøTõüñCQTû#ïRø
r öV�Åù#õ�û�éwöV�$Quù#ð\ñ\é-,zé-ðl��ùUé (xi, yi)

, vi , θi , (xj, yj)
, vj , θj ,�� 0 ≤ θi, θj < 2π (]ô\øTõ�ðñ\éXô\îzé>ê�ð\ï � é+*{éXõ�ð�öRéXô
ê-ø�ø�ñ\û#ø�õUõ#óXéXô�,�öAQ � ïRð\éXô\ô\é�é-ð"ö�Qaû#ïRñ\éXê�ð;ïRø�õlû�ép*{øTù � ék*{éXõ�ð"îzø�ùUñöZé-ôoõ)faù�û#ô i é-ð j ,¢QuöRø�ñ�ôoöAQ�û#ùUñ\óXé Dt

îzéXõ�ûIQuõ�ðjöAQE��ùUéXöRöZé{öRéXôjû#é-ù�ý�õ)faù�û#ôaô;é-ñ\ø�õ�ðê-øTõUõUé>ê�ð;óXô�éXô�ð�û#ø�õUõ#óXéoî�Quñ]öAQ?� øTñS*^ùUöZéaô\ùUï � Q�õ�ð\é�¹

Dt =
−(ab+ cd) +

√
(a2 + c2)r2 − (ad− bc)2

a2 + c2

ø-Ý
a = vi cos θi − vj cos θj

b = xi − xj
c = vi sin θi − vj sin θj

d = yi − yj
2ÿï vi = vj

é-ð θi = θj
,�Q�öRøTñ\ô Dt

û#é � ïZéXõ�ð ∞ � � õ?�#Quï¾ð�, Dt
éXô�ð�öRé=ð\é+*{îUô�ûZ�Åé�ý#îUïRñCQuð\ïZøTõû#ù öRïZé-õ é-õ�ð;ñ�é�öRéXôhû#éXù�ýmõ)faù�û#ô���ù�éüô;êíìUó+*xQtù#ð\ïZöRïRô\é�ö���ïZõ)� ø�ñ	*xQ ð;ïRø�õJHK)
2rô\ùUñwöRéXôîzø�ô\ï¾ð;ïRø�õ#ôhû#éXôwõ)faù�û#ô����ié-ð�ð;éüïRõ)� ø�ñS*�Quð\ïZøTõséXô�ðwô�ð;ø�ê(L�óXé �ih�!�m�mE'¦��� �"j�B�:I(aûIQ�õ#ôhû#é-ôî�Q���ùUé-ð;ôaû#éhû#øTõUõUóXéXôaû#ùUñ�Quõ�ðaùUõUéhê-øTõUõUé�ý�ïZøTõ�é-ð`ù#ð;ïRöRïRô;óXéyîzø�ùUñYéXô�ð;ï�*{éXñYöRéyð\é+*{îUôûZ�Åé�ý�îUïZñCQuð\ïZøTõhû#ùyöRïZéXõyéXõ�ð;ñ\é=û#éXù�ýwõ/faù�û#ô � øTïZô\ïRõUô�� �
é-ð\ð;éiîUñ\óXû#ï ê�ð\ïRø�õhû#é=öAQH*hø-dUïRöRïRð\óéXô�ðoù#ð;ïRöRïZô\óXé{îzøTùUñeQuõ�ð\ï ê-ïRîzéXñaöZéXôoêíì�QuõUú�é+*héXõ�ð;ôjû�é{öAQüð;øTîzø�öRø�úTïRépé-õeñ�é>ê-ø�õ_W�ú�ùUñCQ�õ�ðöZé-ô�ñ\øTù#ð;é-ôHQ � Q�õ�ð]öRéXùUñ]é�ý#îUïRñ�Q ð;ïRøTõo�

Þ8ß�à�ß�� á¿âHâHã/ä8åIæpçéèpçA@ äMB1è�çONQPwçZãSRTC�ìECMBkß
0�Q�õUôHLÅòTò�P},UHYø�öZû#éXõ|dzé-ñ\újé-ð5Quö���îUñ\øTîzø�ô\éXõ�ðiùUõ{ôíê;ìUó+*xQaû#é_ê�ø�õ�ð\ñSRTöZé!û#ép*hø-dUïRöRïRð\óîzø�ùUñ�QE*hóXöZïRøTñ\éXñ]öRéXô�îzéXñS� øTñS*xQuõ�ê-éXô!ûIQuõUô�ùUõnñ\óXô\é�Quù�Q�ûnìUøÿê���ù[éXùUñ]ô	��ô�ðC~+*héoøTî�~Xñ\éûIQ�õ#ô=ùUõléXô;îIQTê-é_îUì¦�ÿô;ï���ùUé_ø�ÝüöRéXôiõ)faù�û#ôiéXô\ô�Q�ïRéXõ�ð=ûZ�$Q ð\ð;é-ïZõ�û#ñ�é_ùUõUéYê-øTõ/W�ú�ùUñCQuð\ïZøTõîzø�ùUñüîzéXñS*{é-ð�ð;ñ�éëöAQmê-ø-*�*^ùUõUïZê�Quð\ïZøTõ éXõþ*{ïRõUï�*{ïRô"Quõ�ð�ö���ùUô�Q�úTé�û#éëöV�Åó-õUéXñ\úTïZé��5ù�é-ô
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û#é-ù�ý�QuöZúTø�ñ�ï¾ð;ì)*{éXô"îUñ\óXô\éXõ�ð;óXô�,TôS�ÿõ�êíìUñ\øTõUéª�iW�ú�ù#ñ\é�t_�u�¦(qé-ð�Quô	��õ�êíìUñ�ø�õ#éª�&W�úTùUñ\épt/�GF¦(\,ô\ùUîUîzøTô\éXõ�ð¡��ùUé�ê;ì�Q���ùUé�õ/faù�ûsê-ø�õUõIQ>óZðyô"QkîzøTô\ïRð\ïZøTõo,qî�Quñwé�ý#é+*hîUöZé-,:éXõsù#ð;ïRöRïZô�Quõ�ðöRéyô	��ô�ðS~+*{éWHK)z2¤�¤£_ïRõUô\ïV,8öRéXô`õ/faù�û#ô3��ùUïVô\éXñ � é-õ�ðaû#éwñ\éXöAQ�ïRô`ô\éhû#óXî#ö�Q�ê-éXõ�ð � éXñ\ô`û#éõUøTù � é-öZöRéXôhê-øÿøTñ;û#øTõUõUóXéXôhîzøTùUñ¡Q�ô\ô\ùUñ\éXñwöAQ÷ê-ø�*�*wùUõUïZê�Q ð;ïRø�õ é-õ éXô\ô�Q��¦Q�õ�ðhû�é�ñ\ék*?{îUöRïRñhöAQ�ê-øTõ�ð;ñ�QuïRõ�ð;énû#éU2�ð\ø��1*{éXõUø � ïZê�é�ð�ù[ïZõ LXF�ò�Pw¹pºkð;øTù#ðxQuù öZøTõUúeûZ��ùUõUénñ�ø�ù#ð\é
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xi
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ÕI: i

xi−1
B\% xi+1
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ÕI:>� i− 1 Bk% i+ 1
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B"9I[�<�'¦B"Y xi ��Õ�^x[�<>!��"!i9)� i− 1 Bk% i+ 1YCB���B\[�<>!iY xi−1
Bk% xi+1��B\% x′i = (xi−1 _ xi+1)/2��B�: û�h;�¥� ��B\Y#" xi + g(x′i − xi)`��a
 � ����<�9I[�B"Y}m¦B\9¤��B

& �i�ã¼ t_�u� ¾ £_öRú�øTñ\ï¾ð;ì)*héaôS�ÿõ�êíìUñ\øTõUéoû#ébHYø�öZû#éXõ¦d�é-ñ\úxQ ðHQ�öV�
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é-ð\ð\éÿW�úTùUñ\éÿ*{øTõ�ð;ñ\éy��ùo�ÅéXõé�ý#ó>ê-ù#ð�Q�õ�ð�ö��©Q�öRúTø�ñ�ïRð\ì)*{éjû#éaöAQeW�ú�ùUñ�éet_�u�),Uêíì�QE��ùUéaõ)faù�ûnïRõ�ð\éXñS*{óXû#ï�QuïRñ\éaéXô\ô"QuïRéjû#éô\é`îzøTô;ï¾ð;ïRøTõUõUéXñ]ûIQuõUô�öAQ^öRïZúTõUéaû#ñ\øTï¾ð;éYéXõ�ð;ñ�é`ô\øTõ�õ/faù�û�îUñ\óXû#ó>ê-éXô\ô\éXùUñ�é-ð�ô\øTõ�õ)faùUûô\ùUï � Quõ�ð!ûIQuõUô�öRé3dUù#ð!û#éañ\é+*hîUöZïRñ]öAQhê�ø�õ�ð\ñ�QuïZõ�ð;éoû#ée2�ð;ø��1*héXõUø � ï ê`é-ðpù[ïZõo�
Y �Om¦<�Y"!&%&]¦=�B?:�Õy99�
Õ�: i
�]`dc 7]5 `I
 � �M�§�$!��\%}B\9e� �B\9�Y�BC��B\[���9�% xi−1

- ��!iYCB L = TrueB\9�Y�BC��B\[���9�% xi+1

- ��!iYCB R = TrueB\9�Y�BC��B\[���9�% movingi−1

- ��!iYCB L = FalseB\9�Y�BC��B\[���9�% movingi+1

- ��!iYCB R = False

L Bk% R 0¢[���Y"!�� �+�¥B"�3!�9�%�B\Y"9;B"�e��<�<���û�B\9)9;B"�
movingi

0�=�B"������m¦Bl�"!�mE9;�����>9�%f�\ÕIBe��Bw99�
Õ�: i ��<�=�=xB\9¤��B�"?��B?: û}h;��� ��B\Y
xi
0IhI<��"!&%#!�<>9���<�Õ|Y��>9�%�B?:>Õy9���Õ�: i

xi−1
Bk% xi+1

0IhI<��"!&%#!�<>9)��: B��39���Õ�:>� i− 1 Bk% i+ 1
g ∈ (0, 1] 0r:�Õ|=Hh�!�9_m - �-�k%�<�Y7 �[Z��g\�


B\9I[�<�' B\Y xi ��Õ�^x[E<�!��"!i9/� i− 1 Bk% i+ 17 �hZ��g\�

�$!A�\%�B\9e� �`��a
 � � (L&&R) == TrueB\9I[�<�' B\Y movingi ��Õ�^�[�<�!��"!�9)� i− 1 Bk% i+ 1��Bk%�i%jfk¢���u��B"ýr7ljfk¢���©�+B

��Bk% x′i = (xi−1 _ xi+1)/2��B?: û�h¤��� ��B\Yl[�B\Y�� xi + g(x′i − xi)7 �hZ��g\�
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 rM ùUõUï¾ð;óXô`öV�ÅùUõUéhû#éyöV�$Quù#ð;ñ�é-,ø-Ý rM éXô\ð!ùUõUé^û#ïZô�ð�Q�õ�ê-éjîzø�ô\ï¾ð;ï � éjîUñ\óXû#ókW�õUïRé^ïRõ)� óXñ\ïRéXùUñ�é?Q�ùtñCQ+��ø�õ÷û�éjô"Q¡òXøTõUéwû#éû#ó-ð;é>ê ð;ïRø�õ r � � õ�îUöZù#ô�,�ïZö~é-ô\ð`ô\ùUîUîzø�ô\ó¡��ùUéyîzøTùUñaêíì�QE��ùUé�Q�úTéXõ�ð i ø�õ�êíìUøTïRô\ïRðaùUõ#é
� QuöRéXùUñ τMi

> 0 ,IQ�îUîzé-öZóXé`ð;é+*hîUô�û�é3*xQuõ)faù � ñ\é-,/��ùUï�éXô�ð�Q�ô\ô\é+òaúTñ�Quõ�û#éaîzøTùUñ8�#QuïZñ�ééXõ�ô\ø�ñ�ð;é¡��ùUéyöRéhû#óXîUöAQTê-ék*{éXõ�ðoû#éwö��©Q�úTéXõ�ð i éXõ�ð;ñ�éhû#éXùÿýëîzø�ô\ï¾ð;ïRøTõUôaô\ù�êXê-éXô\ô\ï � éXôaô\é
�#QuïRðHQuùÿ*xQ ý#ï�*wù)* éXõ τMi

ô;éXê-ø�õ�û�éXô��
0�Q�õUô�öZéaê�Q�ô]ô	��õ�ê;ìUñ\øTõUé-,#öZé-ô�ð;é+*{îUô]û#él*xQ�õ)faù � ñ\é`îzø�ùUñ=ð;øTùUô]öRéXô�Quú�é-õ�ð;ô]ô\ø�õ�ðöZé-ô3*��+*{é-ô�, τM �;n:ø�ùUô`öZé-ôªQ�úTéXõ�ð\ôaô\éyô	��õ�êíìUñ\øTõUïRô\éXõ�ðoûIQuõUôaöRéhô\éXõUô3��ùUéyð\ø�ù#ôaô\ø�õ�ðï�*¡*{ø-d#ïZöRéXô_îzéXõ�ûIQ�õ�ðYöRéXô_îzóXñ\ïRø�û#é-ô`û#éwû#ó-ð\é>ê�ð;ïRøTõëé�ð_ð\ø�ùUô_ô\é^û#óXîUöAQTê-é-õ�ðYô;é-ùUöZé+*héXõ�ðîzéXõ�ûIQuõ�ð�öZéXô]îzóXñ\ïRø�û#é-ô_û#é3*�Q�õ)faù � ñ\é-,UöRéXôC��ùUéXöRöRéXô�ø�õ�ð�ùUõUéoû#ùUñ�óXé3W�ý#é τM �
0�Q�õUô�öRé!ê�Quô�Q�ô	��õ�ê;ìUñ\øTõUé-,�îzøTùUñ
ê;ì�Q���ùUé�QuúTéXõ�ð i ,�ö��©Q ý�é!û#ù{ð;é+*hîUô�îzéXù#ðz��ð;ñ\é�û#ï¥{

� ïRô;ó"ûIQuõUô�ù#õUé"ô\ó���ù#éXõ�ê-é�ûZ��ïRõ�ð;éXñ � QuöRöZéXô�û#é�ð\é+*{îUô [0, ti1), [ti1, ti2), ..., [ti(ki−1)), tiki), ...êíì�Q�ê-ùUõsû#é{öZøTõUúTùUéXùUñ τD + τMi

ø�Ý τD > τMi

�`�iì�QE��ùUépïZõ�ð;éXñ � QuöRöZé [ti(ki−1)), tiki)éXô�ðkê-øTõUô�ð;ï¾ð;ùUó�ûZ�ÅùUõUé�îzóXñ�ïZøÿû#éeû#é�û#ó-ð;é>ê�ð\ïZøTõ û#é�öZøTõUúTùUéXùUñ§W#ý#é τD
îzéXõ�û)Q�õ�ðnöAQ>{

��ùUéXöRöRé{öV�$QuúTéXõ�ðaéXô\ðaï�*�*{ø�dUïRöZé�,�ô\ùUï � ïRé{ûZ�ÅùUõUéyîzóXñ\ïRø�û#é{û#é?*xQ�õ/faù � ñ\éhûZ�ÅùUõUéhû#ùUñ\óXé
*xQ ý#ï�*^ù)* τMi

îzéXõ�ûIQuõ�ð�öAQE��ùUéXöRöZéaöV�$Quú�éXõ�ð i ô;éaû#óXîUöAQ�ê-é-� Ü �+*{é`ô;ï�ð;øTùUô]öRéXô�Q�úTéXõ�ð\ôù#ð;ïRöRïZô\éXõ�ð`öRé�*��+*héjð;é+*{îUô τD ,zïZöRôYøTî�~Xñ\éXõ�ð`û#é�*xQuõUï�~-ñ\é¡Quô	��õ�êíìUñ�ø�õUéyûIQuõUôYöZé^ô;éXõ#ôø-ÝhöRéXô~ð;é+*hîUô ti1, ti2, ..., i ∈ 1, 2, ..., n õUé�ô\ø�õ�ð"î�Quô"ê-øTñ\ñ\ó-öZóXô���£_ïRõUô\ïV,TöAQYô�ð;ñCQuð\óXú�ïRé]û#éêíì�QE��ùUéªQ�úTéXõ�ð]î�é-ù#ðp�-ð;ñ�éaï�*{îUöRó+*{éXõ�ð\óXéaïRõ�û#óXîzéXõ�ûIQ�*�*{éXõ�ð_û�éXôHQuù#ð;ñ�éXô]ô�Q�õUô]öV�$QuïZû#éûZ�ÅùUõUéaìUøTñ\öRøTú�éaú�öRø-dIQ�öRé-�
�
é{ð\ñ�Q � Q�ïRö"õ#épô���ø�êXê-ùUîzépîIQ�ôjû#é{ö�Q§*xQuõUï�~-ñ\épû#ø�õ�ðoöRéXô�QuúTéXõ�ð;ôw*{ø�dUïZöRéXôoô;épû#ó\{îUöAQTê-éXõ�ð���ñ ö=õ#é�ô\é�ô\ïRð\ùUé�î�Q�ôhûIQuõUôyöRé�û#ø-*�Q�ïRõUé�û#éXôyñ\óXô\é�Quù�ýðQ�ûsìUø�êK*xQuïRôyïZöiéXô�ðïZõ�ð;óXñ�éXô;ô�Quõ�ðiû#ù{îzø�ïRõ�ðiû#é � ùUé!û#é�öV�Åù#ð\ïZöRïRô�Quð\ïZøTõüû#é�öAQ3*{ø�dUïRöZï¾ð\ó-�¦ù[é�ñ\é-õ�û#é+ò\{ � øTùUôiû#é-ô

Q�úTéXõ�ð\ô�*{ø�dUïZöRéXô"õZ�$Q_î�Q�ô"îzøTùUñrdUù#ð�ûZ�©Q�ô\ô\ùUñ\é-ñ�öAQ`ê-ø-*¡*wùUõUïZê�Quð\ïRø�õhéXõ�ð;ñ�é�ê�éXôzQuú�é-õ�ð;ô��
Þ8ß�à�ßVÞ áTî¨ì_ã/ç¢ï²C�âHâ�ã/ä8åIæ�çoïðï|î�ã¬B1ç å¤äMN
ì/ãS³%B1çéèpçµ´°ä%P�ë
B�ë}ì*¶

Ü �+*{éjô\ï:ö�Q�*hø-dUïRöRïRð\ó?Q{ó-ð;ójö�Quñ\úTé+*{éXõ�ðYó-ð\ù�û#ïRóXé-,zöRéXô_ó-ð\ù�û#éXô_ñ�ó�Q�öRïRô\óXéXôYîzøTñ�ð\éXõ�ðú�ó-õUóXñ�QuöZé+*héXõ�ð�ô\ùUñ�öRé¨*{ø�ù � é+*{éXõ�ðzQuöRó�Quð\ø�ïRñ\é�û�éXô"õ)faù�û#ô�*{ø�dUïZöRéXô�,�é-��úI�IL×�IbkP�,Té-ð"õUøTõô\ùUñaöRé¡*{øTù � é+*héXõ�ðoê-øTõ�ð;ñ	R�öRó-��)�Q�ñ`é�ý�é+*{îUöRé{ûIQ�õUô�L�ò��EP},�HYñ\øTô\ô\ú�öAQuùUô;é-ñaé-ðwn:ô\éhø�õ�ð
*{øTõ�ð;ñ�óÿ��ùUé�öZéM*{øTù � ék*{éXõ�ð�Q�öRó�Q ð;øTïZñ�ékû#éXôhõ)faù�û#ô{îzé-ù#ðxQE*hóXöZïRøTñ\éXñhöRékû#ókdUïRðpû#ùñ\óXô\é�Quùo�_0�QuõUô�L�bhFEP�,_�iì�Q3LÿñCQEdzøTñ�ð��{é-ð5QuöV��øTõ�ð
ó-ð\ù�û#ïRó_û#éXô5QuöRú�øTñ\ï¾ð;ì)*{é-ô5��ùUï�éXô\ô"Q+��éXõ�ðû#é�îUñ�ó>û#ïZñ�é�öRéXô?*{øTù � é+*héXõ�ð;ôyû#éXôyõ/faù�û#ô�Q>W�õ û#é�ñ�ó>û#ùUïRñ\é�öAQ÷ê-øTõUô\ø-*�*�Quð\ïZøTõ û#éö���óXõUéXñ�ú�ïRé-�

ù[é¸*{øTù � é+*héXõ�ðnû#éXô�õ)faù�û#ô�îUñ\óXô\éXõ�ð\é�ùUõUé�øTîUîzø�ñ�ð;ùUõUï¾ð;óð¹=ô\ïYöRéXônõ)faùUû#ônô\é

te
l-0

06
28

70
0,

 v
er

si
on

 1
 - 

4 
O

ct
 2

01
1



ô�� ·!¸�¹»ºÇ¼����������o��¹o�r���I���l���;�i�|�A���

û#ó-îUö�Q�ê-éXõ�ð÷û;�ÅùUõUé�*�Q�õUï�~Xñ\é º Q�îUîUñ�ø�îUñ�ïZó-é ¼ öRéXô�Q�öRúTø�ñ�ïRð\ì)*{éXôkîzéXù � é-õ�ðté-õ ð;ïRñ\é-ñîUñ�ø�WUð�é-ð5Q � øTïZñ
û#ép*héXïZöRöRéXùUñ\éXô
îzéXñ	� øTñS*xQuõ�ê-éXô��|0�Q�õUôHLÅò ÷>P},6·HQ ðCòXïRô�é-ð5Q�öV��û#ókW�õUïRô\ô\éXõ�ðöAQsõUø�ð;ïRø�õ û#ùþh�Y�<E%�<���<���B�: B���<�9�%&Y�¸��¥B :-B"� =�<�Õ_[EB\=xB\9I%&�E���C<�=Hh�Õ/�©��<�Y"'�h�Y�<�%�<���<��&(ô\éXöRøTõpö�QE��ùUéXöRöRé!ùUõ{éXõUô\é+*�d#öZé!û#é]õ)faù�û#ô�ô\é�û#óXîUöAQTê-é!ûZ��ùUõUép*xQuõUï�~-ñ\é�ô\îzó>ê-ï¥W���ùUé�� · õð\éXö8îUñ\ø�ð;øÿê-ø�öRél� øTñ;ê-éYöZé-ô�õ)faù�û#ôp
^ô\éaû#óXîUöAQ�ê-éXñ�ô\éXöRø�õ�ù#õ�ô;êíìUó+*xQ�Q�W�õ�û#é`ô�Q ð;ïRôC�&Q�ïRñ\éöRéXô�ø-d/� é>ê�ð\ï�� ô��}é-�Åú)��,iô\é�ñ\éXõ�ê�ø�õ�ð\ñ\éXñ�îUöZùUô�ô\ø�ù � éXõ�ð�,iô\é�û#ïRô\îzéXñ\ô\éXñnûIQuõUônù#õUé¸òXø�õUéúTóXøTú�ñCQ�îUìUï���ùUé�,#é-ðíê��$(\�/ñ öRô�îUñ�óXô;é-õ�ð;éXõ�ð]ù#õ�îUñ�øTð\ø�ê-øTöRé`îzø�ùUñ=öAQ^ô\óXöZéXê�ð;ïRø�õnûZ��ùUõ�öRé�Q�û#éXñùUõ#ïA��ùUé!ûZ�ÅùUõpéXõUô\é+*�dUöRé_û#é�õ)faù�û#ô��_�
ø-*�*héXõ,'�Quõ�ð
î�Q�ñ�ùUõ#é_ê-øTõ/W�úTùUñ�Q ð;ïRø�õlø�Ýpð;øTùUôöRéXôüõ)faù�û#ôlô;øTõ�ð�ûIQuõUôüöRé�*��+*hétó-ð"Q ð�,�öRé÷î#ñ\øTð\ø�ê-øTöRé÷é�ý#ïRú�éëû#é-ôüõ)faù�û#ô�ê-éXñ�ð"QuïZõUô
*hø�ù � é+*{éXõ�ð\ô8QuöRó�Quð\ø�ïRñ\éXô8Q>W�õ�ûZ�$Quô\ô\ùUñ\éXñ
ô\ø�õlé�ý#ó>ê�ù#ð;ïRø�õ�ê-øTñ\ñ�é>ê�ð;é_é-ð8Q�dzø�ù�ð;ï¾ð¨
oùUõUéê-øTõ/W�úTùUñ�Q ð;ïRøTõ�Q � é>ê`ùUõnöZé�Q�û#éXñp��ù#ï�ê-øTõUõ�Q>óZð�ö�Q^ð"QuïZöRöRéjû#ùnñ\ó-ô;é�Quùo�

n:øTùUôYê-éXô�ð;ñCQ � Quù�ýZ,¤QuïRõUô\ï`��ùUéjöZéjõ)R�ð;ñ�é-,�îzéXù � é-õ�ð_ô\é^ô\ï¾ð;ùUéXñ!ûIQ�õUô!ö�Q{ê-öAQ�ô\ô\éwû#éXôîUñ�øTð\ø�ê-øTöRéXô{û#énê-øTõ�ð;ñ	R�öRénû#é-ô¡*{øTù � é+*{é-õ�ð;ôhû#ókW�õUïRé�î�QuñW·HQ ðCòXïRôhé-ð�QuöV��ûIQuõUôyL�ò¦÷�P}�
ñ öRôw*{øTõ�ð\ñ\éXõ�ðw��ùUéhöRépê-øTõ�ð;ñ	R�öRé{û#é�*hø-dUïRöRïRð\ó{éXô�ðoùUõeû#ø�*xQ�ïRõUé{û#éhñ\é>êíìUé-ñ;êíìUé�QTê�ð\ï����
�
éXô`û#éXñ\õUï�~Xñ�éXôwQuõUõUóXéXô�,8û#éXôYîUñ�ø�úTñS~XôYøTõ�ðYó-ð;ówñ�ó�Q�öRïRô;ó-ôaûIQuõUô`öV��ó-ð;ù�û#éyû#éXôYô	��ô�ðC~+*héXô
*hø-dUïRöRéXô
û#ïRô�ð;ñ�ï�dUù#óXôz��ùo��ïZöRô"ô;øTïRéXõ�ð"õ�Quð\ùUñ\éXöRô"ø�ùxQuñ�ð;ï¥W�ê-ïRéXöRô�� Ü QuïRô
ê-é-ô�ó-ð\ù�û#éXô"õUé]ô\ø�õ�ðî�Quô¨� ø�ê+Q�öRïRô;óXé-ô!ô\ùUñ�ö�Qhê�ø-*�*^ùUõUïZê�Quð\ïZøTõké-õ�ð;ñ\é`öZé-ô!ê-ø�*{îzø�ô�Quõ�ð;ô�û#éoê-éXô]ô	��ô�ðC~+*{éXô]é�ð
Quù�ê-ùUõnõUéoê-ø�õ#ô;ïZû/~Xñ�éoöZéañ�ø�ù�ð"Q�úTé-�
«�¬	¹ º äaâ:ã`³¼»üæ§³ µ�æ�ã¾½ ± â:äÀ¿�äb½-äª²^è\³ÂÁÙèXáwâqãqäpå�æ�ç"âVè-ä^á

0�Q�õUôaöAQ�ô\é>ê�ð\ïZøTõ�ö/��b{û�ùeêíì�QuîUï¾ð;ñ\é�öüõUøTùUôªQ � ø�õUôaî#ñ\óXô\éXõ�ð;óyùUõUé{ê-öAQ�ô\ô\ï�W�ê�Quð\ïZøTõû#é-ô!ñ\óXô\é�Quù�ýkô�Q�õUôpW�öV� · õUéoð;é-öZöRé^ê-öAQ�ô\ô\ï¥W�ê�Quð\ïRø�õ÷éXô�ð!ó � ïZû#é+*�*héXõ�ð � QuöAQEdUöRéjîzø�ùUñ�öZéXôñ�óXô\é�Q�ù�ýyQ�û�ìUø�ê`ô\ï[öV��ø�õnîUñ\éXõUûkê�ø-*�*héoê-ñ\ï¾ðC~-ñ\éaöV�Åó-ð\éXõ�û#ùUéoúTóXøTú�ñCQ�îUìUï���ùUéoøTùnöAQwð;ø�{îzøTöRø�úTïZé�é-ð�öV�ÅïRõ)� ñCQ�ô�ð\ñ\ù�ê�ð\ùUñ\é-�¦0�Q�õUô�ê-éXô"ð\ø�îzøTöZøTúTïZéXô�,�ö�Qaê-øTõUõUé>ê�ð\ï � ïRð\ó_û�éXô�õ)faù�û#ô"éXô�ðîUöRù#ðSRTðiö�Qoñ	~Xú�öRé_é-ðiô\ïzöRéXôiõ)faù�û#ôiô\é_û#óXîUöAQTê�éXõ�ð=ìUøTñ\ô=û#é!ö�QoîzøTñ�ð;ó-éYû#é_ô\éXô
ïZõ�ð;éXñ	�#QTê�éXôû#énê-ø�*�*wù#õUï ê�Q ð;ïRøTõo,
QuöRø�ñ�ô{öAQ�ê-ø�*�*wùUõUïZê�Q ð;ïRø�õ û#é � ïRéXõ�ð{ï�*{îzø�ô\ô\ï�dUöRé-�
0�Q�õ#ôpê-é-ð�ð;éð\ì)~Xô\é�õUø�ùUôhê-øTõUô;ïZû#óXñ�ø�õUôhùUõ�Quù#ð;ñ�énê+Q�ô�,~ê-éXöRùUï�û#éXôyñ\óXô\é�Quù�ý û#é�ú�ñCQ�õ�û#éüð"QuïRöZöRé�ø�ÝöAQ�ð\ø�îzøTöRø�úTïZéüû#ùrñ�óXô\é�Q�ùréXô�ðjð\ñS~XôjöAQ�ñ�ú�épî�Quñjñ�QuîUîzøTñ�ð?
�ö�QMòXø�õUélû#é{ð;ñCQ�õ#ôC*hïZô\ô\ïZøTõû#é-ô{õ)faù�û#ô¡*{ø�dUïRöZéXô��rù[éXôhõ)faù�û#ôhô\ø�õ�ð{û#ïRô;îzéXñ�ô\óXô{é-ðhöZé�ñ�óXô\é�Q�ù õo��éXô\ðhî�Q�ô{û#éXõ#ô;éê-ø�*�*{é!î�Quñié�ý#é+*{îUöRéYûIQuõUô3L�ò ö>P}�_0lQuõUô=ê-éYê-øTõ�ð;é�ý�ð\é_õUø�ùUô�*{øTõ�ð;ñ�ø�õUô=ê�ø-*�*héXõ�ðiöZéXô
*hø�ù � é+*{éXõ�ð\ô_îzéXù � éXõ�ðl��ð;ñ\é^ù#ð\ïZöRïRô;ó-ôYîzø�ùUñlQ�êíìUé+*{ïRõUéXñ_ék»pê�QTê�é+*{éXõ�ðYöZé-ô�*{éXô\ô�Q�úTéXô
Q � éXê`ö�Qhê�øÿøTîzóXñ�Q ð;ïRø�õtû#éXô]õ)faù�û#ô]ïZõ�ð;éXñS*hó>û#ïAQ�ïRñ\éXô��

0�Q�õUô"öZéXô�ð;ñ�Q � Quù�ýhîUñ\ó-ô;éXõ�ð;óXô�ûIQ�õ#ô�öRéXô�ô\é>ê�ð;ïRøTõUô�îUñ�ó>ê-ó>û#éXõ�ð\éXô
û#é�ê-é�êíì�QuîUï¾ð;ñ\é-,�öRéê-øTõ�ð\ñSRTöZéyû#é�*{ø-dUïRöRï¾ð;óyéXô�ðl�&Q�ï¾ð`ô\ùUñ�ð;øTù#ð`îzøTùUñ3Q�ô\ô\ùUñ\é-ñYöAQüê-ø�õUõUéXê�ð;ï � ï¾ð;óhû#ùëñ\óXô\é�Quùo�Ã øTùUô�Q � ø�õ#ô�îUöRù#ðCR�ð�ó-ð\ù�û#ïZóoê-éaîUñ\ø�dUö�~+*{éaô;øTùUô]ùUõUQ�ù#ð\ñ\éªQuõUú�öRé-,�ê-éXöRùUï�û#éXôHQ�*{óXöRïRøE{ñCQuð\ïZøTõUô3��ùUéyê-éyê-ø�õ�ð\ñSRTöZéyû#éyöAQx*{ø�dUïZöRï¾ð;óyîzéXù#ðwQ�*{éXõUéXñ3Q�ùëñ\øTù#ð"QuúTé-�Zù[éXô_ð;ñCQ � Quù�ý
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�;Â�<ÅÄÿÒiÍ�Ð6Æ�Í�Í�Ò�Ñ¤Ç ô�Ó

îUñ\ó>ê-óXû#éXõ�ð;ô^ô;ù#îUîzø�ô\éXõ�ð?��ùUélöRéXô^õ)faù�û#ôyê-øTõUõ�QuïZô\ô\éXõ�ðwöRéXùUñ\ôwê-øÿøTñ;û#øTõUõUóXé-ôyé�ý)QTê�ð\éXôé-ð^î�Q�ñ	� øTïZôwê�éXöZöRéXôwû#élöRéXùUñ�ô � ø�ïRô\ïRõUô^éXõmù�ð;ïRöZïRô�Q�õ�ðyû#éXôjð\é>êíìUõUï���ùUéXôwû#épöZøÿê�QuöZïRô�Quð\ïZøTõo�
�ié-ð�ð;é]ê-ø�õUõIQ�ïRô\ô"Quõ�ê-é]õo�ÅéXô�ð"î�Quô"õUó>ê-éXô\ô�Q�ïRñ\é]îzøTùUñ"öV�Åé�ý�ó>ê-ù#ð;ïRøTõpû#é]õUø�ð;ñ\épQ�öRúTø�ñ�ïRð\ì)*{é-�
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· õUéwQuîUîUñ\øÿêíìUéaû#ï¥g8ó-ñ\éXõ�ð\é`îzø�ùUñ=ñ\óXô\øTù�û#ñ\é`öRé`îUñ�ø-dUö�~+*{éYîUñ\ó>ê-ó>û#é-õ�ð]éXô�ð]û#éYð;ïRñ\é-ñîUñ�ø�WUð
û#éXô
*{øTù � é+*héXõ�ð;ô�û#éXô�õ)faù�û#ô
*{ø�dUïZöRéXô�éXõpöRéXô
�#QuïZô�Quõ�ðiê-ø�*�*wù#õUïA��ùUéXñz��ù�Quõ�ûïRöRô]ô\é`ñ\éXõ�ê-øTõ�ð;ñ�éXõ�ð��I0lQuõUô�ê-éaê�Quô�,#ô;ï8öZéXô�õ)faù�û#ô]ô\é`ñ\éXõ�ê�ø�õ�ð\ñ\éXõ�ð]ô\øTù � éXõ�ð]é-ð¨*��+*{éô���ïZöRô�ô\ø�õ�ð!û#óXîUöRø>��óXô_û)Q�õUô�ùUõUéwòXøTõUéeQ�ô\ô\é+òoöAQ�ñ�ú�é-,UùUõUéjê-ø-*�*^ùUõUïZê�Quð\ïZøTõkîzéXù#ð�Q � øTïRñöRïRéXùo�· õUé�ô;øTöRù#ð;ïRø�õlîzøTùUñ�Q�öRöRóXúTéXñiê-éXô
îUñ�ø-dUö�~+*héXô
éXô�ðiû#é�� øTñ;ê�éXñ�öZé-ôiõ/faù�û#ôz*{ø�dUïRöZéXô5
ô\é�û#óXîUöAQTê�éXñ�ô\éXöZøTõpùUõ{ô;êíìUó+*xQ`ô\îzó>ê-ï¥W���ùUéHQ>W�õlûZ�©QTê-ê-ø-*{î#öZïRñ�öRéXô
û#é+*�Q�õ�û#éXô�û#ùpîUñ\ø�{ð\ø�ê-øTöRé-� Ã øTð\ñ\éªQuîUîUñ\øÿêíìUéjê-øTõUô\ïRô\ð\éoõ#øTð�QE*�*héXõ�ðH
�� øTñ;ê-éXñ]öRéXô]õ)faù�û#ôH
wô\éoû#óXîUöAQTê-éXñ
� éXñ\ôoû#éXôoîzøTïZõ�ð;ôjû#éhñ\éXõ�ê-øTõ�ð;ñ�éxQ � é>êhûZ�©Q�ù#ð\ñ\éXôoõ)faùUû#ôª��ùUï�ô\épû�óXîUö�Q�ê-éXõ�ðjûIQ�õUôaöZéXô
òXøTõUéXô�QTûE��QTê-é-õ�ð;éXô��

�ié!êíì�QuîUïRð\ñ\é!éXô�ðiê-ø�*{îzøTô;ó_û#é!û#éXù�ý{î�Q�ñ�ð;ïRéXô��|ù�QaîUñ�é+*{ï�~Xñ\é!î�Quñ�ð\ïZée�4ô\é>ê�ð;ïRøTõ�F/��b�(îUñ�óXô\éXõ�ð;éoö��©Q�îUî#ñ\ø�ê;ìUé^ïRõ�ð;ù#ïRð\ï � é^û#éjõUø�ð;ñ\éoô\ø�öRù#ð;ïRøTõ Q�ïRõUô\ï`��ùUéoö���éXõ � ïRñ\øTõUõUé+*{é-õ�ðYû#ùñ�óXô\é�Q�ùnó-ð\ù�û#ïRójûIQuõUô�ê-é-ð\ð\é`ð;ì)~Xô\é-�)ù`Qyû#éXùÿý#ï�~k*{éoîIQ�ñ�ð;ïRé��4ô\é>ê�ð;ïRøTõ�F/�$ö-(iî#ñ\óXô\éXõ�ð\éaöZéXôõUø�ð"Q ð;ïRøTõUô�ù#ð\ïRöZïRô\óXéXô]ûIQuõUô�ê-é�*xQuõÿùUô;ê-ñ\ï¾ð�� � õUô;ùUï¾ð\é-,�éXöRöRéaû#ó\W�õUïRð�öRé`ê-øTõ�ê-éXî#ð]û�é�d�Q�ô\éû#é�õUø�ð;ñ\é�ô\ø�öRù#ð;ïRøTõU�4ô\ø�ùUô�{ ô\é>ê�ð\ïZøTõUôMF/�$ö_�$öYé-ðMF/�$ö_�Çò (\, QuïZõ#ô;ïI��ùUé�öRé¨*{øÿû#óXöZé]û#éXô"õ)faù�û#ô
��ùUïo� øTñS*{éXõ�ð]öZéañ\óXô\é�Quùo� � õ/WUõo,UùUõnñ\óXô\ù)*hóoê-ø�õ�ê-öRù#ð�öRéjê;ì�Q�îUï¾ð;ñ�é-�
àx¬+­ á áM³ ± ¿Ï¿�ãqäpç ¯ ³ èXáwâqæ�è âqè�»�³*å§³â½ ± µ[äb½Xælâqè-ä^á

�ié�ð\ð;é"ô\é>ê�ð\ïRø�õw�#Quï¾ð:ùUõoìUïRô�ð;øTñ\ï���ùUé�û#é"õUø�ð;ñ�é�ð\ñ�Q � QuïRö�� � öRöRé
ê�ø-*�*héXõ�ê-é"î�Quñ�û#ó>ê-ñ\ïRñ\éöV�$Quñ;ê;ìUïRð\é>ê�ð;ùUñ�é�*{ïRô\é�éXõlîUöAQ�ê-é!îzø�ùUñ�öAQoê-ø�*�*wùUõUïZê�Q ð;ïRø�õlûZ�ÅùUõpéXõUô\é+*�dUöRé_û#é�ñ\ø�dzøTð\ô��� õUô\ùUïRð\é-,qéXöZöRé�îUñ�óXô;é-õ�ð;éüö���é�ý�ð;é-õUô;ïRøTõ û#é�ê-é-ð\ð\éÿQuñ;êíìUï¾ð;éXê�ð;ùUñ\éMQ�ù�ýmñ\óXô\é�Quù�ý QTûmìUø�êé-ð`û#ó>ê-ñ�ïRð`öAQ{ð;øTîzø�öRø�úTïRé¡��ùUéwõUøTùUôaê�ø�õUô\ïZû#óXñ\øTõUô`îzø�ù#ñ3Q�î#îUöZï���ùUéXñYõUø�ð;ñ�éwï û#óXéwô\ùUñYöRéê-øTõ�ð\ñSRTöZé=û#é-ô�*{øTù � é+*{é-õ�ð;ôVû#éXôVõ)faù�û#ô�*{ø�dUïRöRéXô~ûIQ�õUôqùUõwñ\óXô\é�Quù¡Q�û^ìUøÿêiû#é
ú�ñCQ�õ�û#éð�Q�ïRöRöZé-�
ã8ß�à�ß�à á¿ã)åIæ�ë}ì_ç¢å�ì/î�ã/çéèpçéå¤ä%´ä´ î®N�ë�å9C�ì/ë1äMN çONzì_ã/ç ã)ä�Pwä�ì/ï

ù��ÅïZû#óXérû#é�ô\é�ô;éXñ � ïRñkû#ù *hø�ù � é+*{éXõ�ðnîzø�ù#ñUQE*{óXöRïRø�ñ�éXñnöZé�ñ\øTù#ð"Quú�éeûIQuõUôkùUõñ�óXô\é�Q�ù Q�ûkìUø�êeQ{û#ó+dUù#ð;ó-é^öRøTñ\ô_û#éjõUø�ð;ñ\éað;ñ�Q � Q�ïRö�ô;ùUñ�ùUõtô;êíìUó+*�Qpû#é^ê�ø-*�*^ùUõUïZê�Q>{ð\ïZøTõnîzøTùUñ]ùUõné-õUô;ék*�dUöRéoû#éañ\ø�dzøTð\ôªL�b+v),Zb�ö�P}�I0�QuõUô!ê�é`ð;ñCQ � QuïZöV,#õUø�ùUô�Q � øTõUô]ó-ð;ùUû#ïZóöRéXôl*{øTù � é+*héXõ�ð;ô`ûZ�ÅùUõëéXõUô\é+*�dUöRéhû#éyñ�ø-dzø�ð;ôwQ>W�õ�ûZ�$Quô\ô\ùUñ\éXñYöV�$Q�êíìUé+*{ïRõUé+*{é-õ�ðoû#éXô
*héXô;ô�Quú�é-ô�ûZ�ÅùUõUé�ô\ø�ùUñ\ê-é�
Yù#õUé�û#éXô�ð;ïRõ�Q ð;ïRø�õo�¦�iø�*�*{é�ô\øTùUñ;ê-é�ø�ù{û#éXô�ð;ïRõ�Q ð;ïRø�õo,TõUø�ùUôê-øTõUô\ïZû#óXñ\ïRø�õ#ô!ùUõ#éwd�Quô\élW#ý#é-,Uî�Quñ]é�ý#ék*{îUöRéoùUõ�)
��,#ø�ùnùUõnñ\ø�dzøTð��Ã øTùUôaõUø�ùUôaô\ø�*�*{éXô`ïRõ�ð;óXñ�éXô\ô;ó-ôª
�öAQ�ê-ø�*�*wùUõUïZê�Q ð;ïRø�õ�é-õ�*{øÿû#é�Q�û�ìUø�êyûZ�ÅùUõéXõ#ô;é+*edUöRé�û#éëñ�ø-dzø�ð;ô�û#óXîUöRø>��óXô�ô\ùUñüùUõ ð\éXñ\ñCQ�ïRõo�8^_ù#ð;ñ�éëöRéXô�ê�Quô�îUñ�óXô\éXõ�ð;óXô�ûIQ�õUôöAQ�ô\é>ê�ð\ïZøTõTt/�Åòeû#ù êíì�QuîUï¾ð;ñ\énîUñ�ó>ê-ó>û#éXõ�ð�,�ø�õ îzéXù#ðpï�*xQuú�ïRõUéXñ{öV�$QuîUîUöRï ê+Quð\ïZøTõ ûZ��ùUõUé
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ð;éXöRöRé�Quñ;êíìUï¾ð;éXê�ð;ùUñ�éhûIQuõUôYùUõUéwô;ï¾ð\ù�Quð\ïZøTõ *{ïZöRï¾ð"QuïRñ\éwø-ÝëùUõëéXõUô\é+*�d#öZéyû#éwñ�ø-dzø�ð;ôYéXô�ðû#óXîUöRø>��óeûIQ�õUônùUõ ð\éXñ\ñCQ�ïRõ *{ïRõUó-,=ø�ù ê-ø�õ�ð"Q�*{ïZõ#ó-,�é-ðnø�Ý öV��ø�õ � éXù#ðnó-ð"Q�dUöZïRñnùUõUéê-ø�*�*wùUõUïZê�Q ð;ïRø�õ÷é-õ�*{øÿû#é�QTûkìUøÿêjéXõ�ð\ñ\é^ê-éXô!ñ\ø�d�ø�ð;ô!îzø�ù#ñ�QTêíìUék*{ïZõ#éXñYû#é-ô_øTñ;û#ñ\é-ôø�ùëñ�Quî�Q ð;ñ\ïRéXñ`û#éXôYïRõ)� øTñS*xQ ð;ïRøTõUô�� · õ÷ð;éXöqñ\ø�dzøTð`îzéXù�ðl�-ð;ñ\éwó+��ùUïRî�ó¡Q � é>êwû#ï¥g8óXñ�éXõ�ð\ôê�Quî#ð;éXùUñ�ôz��ùUïUô\éXñ � éXõ�ðz
`ô\øTõ�û#éXñ�öZé�ð\éXñ\ñ�QuïRõ{é-ðz
`ñ�é>ê-ùUéXïRöZöRïRñ
û�éXô"ïZõ)� ø�ñ	*xQuð\ïZøTõUô"ø�ùpû#é-ôû#ø�õ#õUóXéXô����iì�QE��ùUé�ñ\ø�dzø�ðhéXô�ð�Q�ù#ð\ø�õUø�*{é�é-ðyô;é�û#óXîUöAQ�ê-énûIQuõUôhù#õUé§òXø�õUé�öRï�*{ï¾ð;óXé-�
0lQuõUô�ê-é-ð\ð;é¨ò-ø�õUé-,�öRé]ñ\ø�dzøTð�îzéXù#ð�ékg�é>ê�ð\ùUéXñ�û#ï � éXñ\ô\éXô�ð"ø�êíìUéXô"é-ð�îzéXù�ðiê�ø-*�*^ùUõUï���ùUéXñ
Q � é>êkûZ�$Quù#ð;ñ�éXôpñ\ø�dzøTð\ôK��ùIQ�õ�û ïZöRôpô;é�ð;ñ\øTù � éXõ�ðüûIQuõUôpöZéXô�òXøTõUéXôüû#énð\ñ�QuõUôC*hïZô\ô\ïRø�õöZé-ôjù#õUôjû#éXôeQ�ù#ð\ñ\éXô����
ì�Q���ùUé{ñ�ø-dzø�ðª� ø�õ�ê ð;ïRø�õUõUé{éXõ�*{øÿû#é�QTû�ìUøÿê�ë�ïRö"îzéXù#ðjû#ø�õ�ê
�-ð;ñ�é�
eö�Q�� ø�ïRô�ô\øTùUñ;ê-é-,iû#é-ô\ð\ïZõ�Q ð;ïRøTõ øTù ñ\øTù#ð;é-ùUñüîzø�ùUñMQ�êíìUé+*hïZõUéXñüöRéXô§*{é-ô;ô�Quú�é-ô
� éXñ�ô]ûZ�©Q�ù#ð\ñ\éXô=ñ\ø�dzøTð\ô��_£_ïRõUô\ïV,#öRéXô5*{éXô\ô�Q�úTéXô�ô\øTõ�ðpQTê;ìUé+*{ïRõUóXô]ûZ��ùUõ�ñ�ø-dzø�ðp
^ö��©Q�ù#ð\ñ\é
� ùUôC��ùo�©
hê-éw��ùo��ïZöRôHQuñ\ñ�ï � éXõ�ðH
yû#éXô�ð;ïRõ�Q ð;ïRø�õo�
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ôZÂè. ÄªÑ¤Ç�Ð-ÉUæ¢Ë�Í¡É ËKÇoÑ�Ë�Æ/Ë>ÒiÑ¤Ç ±=±
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éjúTñ�QuîUìUé � QhõUø�ù#ô_ô\éXñ � ïRñ�
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Ä§ÉL��Ç`ÒAË�Ò�Ñ¤Ç <NM %���9I%`: <�9I9¤û5Õ_9?m�Y���hI])B�: B`h)<�!i9�%&�p:-B5Y�B"9;: B�@kD}[�<>Õ|� G YC:�[ = (V,E)%�B+�%�\ÕIB |V | = M Bk% |E| = N ý5Õ_9;B¡9)Õ_=�û\Y�<E%}�E%#!�<�9 σ B"�\%8Õ_9;Bx�\! !�B��\%#!�<�9�:-B E "
[1..N ] �
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PÍé�É|ÍKQ�Ñ�Î>Ð-É|Î	Pµæ�ÆIÎ>Ð-Ñ9Æ�Î�ÒiÎ é�É*Æ�Î>Í æ�Ñ¤Ò&Ç¤Ë�Í�Ì�É Î�É_Ç�Ì¢ÉLR
S:ç¤Ñ9Æ�Í�Ì�Æ�Ç�Í éT�¥Ñ¤Î>Ì�Î�É
Ì�É²é�ÆTÇ�Æ`Ê0�|Î�ÑIË�Æ)Ë>Ò�Ñ¤Ç É/Ç Î�É|Í+ærÉ|Ð�Ë�Æ�Ç�Ë�é�Æ�Ð-Ñ¤Ç�Ë�Î�Æ�Ò&Ç�Ë�É Ò&Ç�Ë�Î�ÑoÌdÆ`ÒAË�É Ì�Æ�Ç�Í é�Æ
Í+É|Ð�Ë>ÒiÑ¤Ç ôZÂè.;Âè.�Í+É*é�Ñ¤Ç é�ÆVU�Æ¢É*éwé�É Ì�Æ�Ç�Í�Æ`Çµæ�Ñ¤Ò&Ç¤ËUÌ�ÉÔÎ�É/Ç¢Ì�É�R
S	ç�Ñ9Æ�Í
W¨ÐEÅ¢ÆXUOÆ¢É
ÇEO Æ¢ÌTÆ/Ë+Ë�É_Ç�ÌTÍ+Ñ;ÇEç�Ñ¤Ò&Í�Ò&Ç¿Æ6ç/Æ�Ç�Ë�Ì¢É�Ð-Ñ¤Ç¤Ë>Ò&Ç�Æ¢É|ÎxÍ+Ñ¤ÇTÌE�*ædé�ÆIÐ-É_Ê�É_Ç¤Ë �ñ~ð�Q�õ�ð^û#ø�õUõ#ópùUõrúTñ�QuîUìUé G YC:�[ = (V,E) é-ðjùUõUépõ�ù)*{óXñ\ø�ð"Q ð;ïRøTõ σ ,[õUøTùUô�Quô�{ô\ø�ê-ïRø�õ#ô�
têíì�QE��ùUéüõ)faù�û nk (k ∈ [1..M ]) ,:ùUõ Q�ù#ð\ø-*xQ ð;é Ak ��ùUï
ñ\éXîUñ�óXô\éXõ�ð;éXñCQô\ø�õløTñ;û#øTõUõ�Quõ�ê-é+*{éXõ�ð�� · õpð\éXö¤Q�ù#ð\ø-*�Quð\é!ñ\éXîUñ�óXô\éXõ�ð;é!öRé!î�Quñ;ê-øTùUñ�ôiî�Quñ
öRé!õ)faù�ûlû#éð;øTùUôyô\éXôyîzøTïZõ�ð;ôhû#é�ñ�éXõ�û#é+ò\{ � ø�ùUô�� Ã ø�ùUô¡Q � øTõUô?�#QuïRðyöRé�êíìUøTï ý ��ùUéüöZéüõ)faù�ûsî�Quñ�{ê-øTùUñ�ðYô\éXô_îzøTïRõ�ð;ôYû#éjñ\éXõ�û#é+ò"{ � ø�ùUô_éXõ Ñ¤Î>Ì�Î�É�Ð Î�Ñ¤ÒiÍ�Í+Æ�Ç�Ë �;�iì�QE��ùUé?Quù#ð;ø�*xQ ð;é Ak ,��ùUé]ö���ø�õxQuîUîzéXöRöZéHQuù#ð;ø�*xQ ð;é]öRø�ê�Quö�,�éXô�ð
û#ókW�õUï�ê-ø�*�*{é]ùUõ{é-õUô;ék*�dUöRé!ûZ��ó-ð"Q ð;ô Qk
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��� Ø®Ù�¹»ºÇ¼65��87��aÝ`���|�:9�¹/���i�aÛJÝ`����¹����&º����|�����i�

ð\ñ�QuõUô\ïRð\ïZøTõUô Tk é-ðYûZ�ÅùUõ÷ó�ð"Q ðYïRõUï¾ð;ïAQ�ö ik �¤ù[éXô_ó-ð�Quð\ôYû#é^öV�$Quù#ð;ø�*xQ ð;éjô;øTõ�ð_öRéXô_îzø�ïRõ�ð;ôû#é!ñ\éXõ�û#ékò\{ � øTùUô=é�ð=öRéXô
ð;ñCQ�õ#ô;ï¾ð;ïRøTõUôiéXõ�ð;ñ�éYê-éXôió-ð�Quð\ôiñ�éXîUñ\óXô\éXõ�ð\éXõ�ðiöZéXôz*{ø�ù � é+*{éXõ�ð\ôéXõ�ð;ñ\é�öRéXô
îzø�ïRõ�ð;ôiû�é!ñ\éXõ�û#ékò\{ � ø�ù#ô��¦ù��$Quù#ð;ø�*xQ ð;é�öZøÿê�Q�özîzøTùUñ�ùUõlõ)faù�û nk éXô�ð=û#ó\W�õUï
� ø�ñ	*{éXöRöZé+*héXõ�ð!ê-ø�*�*{é`ô;ù#ïRðª¹
Ä§É���Ç`ÒAË>Ò�Ñ¤ÇJVZY\[ÏÆoË�Ñ¤Ê�Æ/Ë�Éêé�ÑoÐ-Æ�é^]Z_ 9é��h hIB+����B���Õ_%�<�=x��%�B ��<������H:>ÕT9���Õ�: nk ý��� ��Õ/%}<�=x�E%}B Ak = {Qk, Tk, ik} %�B+���\Õ�B#0

` !&�`B	^�!��\%�BwÕ_9 ûk%}�E% q : ��9)�ª�:� ��Õ_%�<�=x��%�B¨hI<�Õ_Y?�"])���"Õ�B¨hI<>!i9�%¨: BªYCB\9;:-B�@kD}[�<�Õ¦� e:>Õy9���Õ�: nk ��÷8<�Õ|Y��"])� �\Õ|9�:�� B\9�%#YCB?B\Õ�^ÿ<�9�9;<E%�B label(q) = σ(e) �` !&�zB	^�!A�\%�B�Õ_9;B�%#Y��>9)�"!&%#!V<�9 t ∈ Tk : Bx�:� ûk%��E%3:-BK�¥� ��B+� σ(ei)
"U�:� ûk%}�E%3: Bx���-��B+�

σ(ej)` �"! σ(ei) < σ(ej)
Bk%|�\Õ%� !#�r9�� B:^�!��\%�BwhI���M:�� û\%��E% q ∈ Qk

%�Bk���\Õ�B σ(ei) <
label(q) < σ(ej)

ý5<>Õ
` �"! σ(ei) = max{label(q), q ∈ Qk} Bk% σ(ej) = min{label(q), q ∈ Qk} �` ��� ûk%��E%�!i9I!&%&!�����: Bª�:� ��Õ_%�<�=��E%�B?B"�\% ik = min{label(q), q ∈ Qk} �

ù�Q?W�ú�ù#ñ\é?÷|�u�pñ�éXîUñ\óXô\éXõ�ð;éjöRéXôHQ�ù#ð\ø-*xQ ð;é-ô!öRø�ê�Quù�ýZ,�ø-d#ð\éXõÿùUô�
hî�Quñ�ð\ïZñ!û#éoöAQhõÿù_{
*hóXñ\ø�ð"Q ð;ïRø�õkû#ùnúTñ�QuîUìUéjû�éaö�Q�WUú�ùUñ�é�÷|�Çò/,UîzøTùUñ�êíì�QE��ùUéaõ)faù�ûZ�
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& �i�9¼ ÷_�O� ¾ ù[éXôHQuù#ð;ø�*xQ ð;éXô]öRø�ê�Quù�ý
ù[éXô�ð;ñ�QuõUô\ï¾ð;ïRø�õUô"éXõ�ð\ñ\é]öRéXô"ó-ð"Q ð;ô�û)Q�õUô�ê-éXôzQuù#ð;ø�*xQuð\éXô"öRø�ê�Quù�ýhô;ù#ï � éXõ�ð�ùUõ{øTñ;û#ñ�éê-ñ�ø�ïRô\ô�Q�õ�ðkû#éXîUùUïRônöRéXùUñ\ô�ó-ð�Quð\ô�ïZõUï¾ð;ïAQuù�ý ñ�éXô\îzé>ê�ð;ï�� ô�îzø�ùUñ�êíì�QE��ùUé�õ)faù�ûZ�8ñ ö��#Quù#ðõUø�ð;é-ñ�öV�Åó���ùUï � Q�öRéXõ�ê-é!ó�ð"Quð�ÉuîzøTïRõ�ðiû#é�ñ�éXõ�û#é+ò\{ � øTùUô
é�ð�ð\ñ�QuõUô;ï¾ð;ïRøTõ�É�*hø�ù � é+*{éXõ�ð�éXõ�ð;ñ�éû#é-ù�ýjîzøTïZõ�ð;ôVû#é�ñ\éXõ�û#ékò\{ � øTùUô��>ù��ÅéXõUô\é+*edUöZé
û#éXô�Q�ù#ð\ø-*xQ ð;éXô:öZøÿê�Quù�ýjñ\éXî#ñ\óXô\éXõ�ð;é�öV�ÅéXõ_{ô\é+*edUöZéhû#éXô`ó-ð�Quð;ô`öRø�ê�Quù�ý�û�ù�ô	��ô�ðS~+*{é-� � õ�ékg�é-ð�,8ïRöRôaïRõ�û#ï���ùUéXõ�ðaø�Ý�ô\éwð;ñ�ø�ù � éyùUõ
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õ)faù�û�îzéXõ�ûIQuõ�ð�öRéaî�Quñ;ê-øTùUñ\ô�û�éaô\éXô]îzø�ïRõ�ð\ô!û�éañ\éXõ�û�é+ò\{ � øTùUô��)ñ öZô]ô\éXñ � ïRñ\øTõ�ð�Q�ùUô\ô\ï¢
û#ókW�õUïRñ�ùUõÿQ�ù#ð\ñ\é3Q�ù#ð\ø-*xQ ð;é¡� � øTïRñ=ô\é>ê�ð;ïRøTõU÷_�O�|(z��ùUï8ñ�éXîUñ\óXô\éXõ�ð;éXñ�Q^öV�Åó�ð"Quð�úTöRø-d�Quö[û#ùô	��ô�ðC~+*{éw
hêíì�QE��ùUéaïZõUô�ð�Q�õ�ð��
ñ ö��#Quù#ðiõUøTð\éXñ8QuùUô\ô\ï¤��ùo�$Quù�û#ókdUù#ð�,ÿêíì�QE��ùUé_õ)faù�ûlé-ô\ðiïRõUï¾ð;ïAQ�öRïRô\ó`ûIQuõUôiô\ø�õlîzø�ïRõ�ðû#é_ñ\éXõUû#é+ò\{ � øTùUô8Q��¦Q�õ�ðiöRé_î#öZùUôiîzé-ð\ïRðiõÿù)*{óXñ�øI�¦£_ïRõUô\ïV,ÿøTõMQjû/~XôiöRéYû#ó+d#ù#ð¨QuùK*{øTïZõ#ôû#éXù�ýlõ)faù�û�ô�ûIQuõUôiöRéH*��+*{é!îzøTïZõ�ð=û#é_ñ\éXõUû#é+ò\{ � øTùUô�,�ê-é-öZùUï�õ�ù)*{óXñ\ø�ð;ó�Q � é>ê 1 �/�iéXöAQ

Q�ô\ô\ùUñ\é]öRé!û#ó>ê�öZéXõ�ê;ìUé+*{éXõ�ð
û#éXô
*hø�ù � é+*{éXõ�ð\ô
ê+Q�ñ+,�û/~Xô�öRé!û�óXî�Q�ñ�ð�ïZö)��QuùUñ�Q`ê-éXô
û#éXù�ýõ)faù�û#ô?��ùUï � øTõ�ðwô\é�û#ó-îUö�Q�ê-éXñ � éXñ\ô^öRéXùUñ\ô^î�øTïRõ�ð;ôwû#éüñ\é-õ�û#é+ò\{ � øTùUôwô\ùUï � Q�õ�ð\ôyûIQuõUôöZé-ùUñ\ô{ø�ñ\û#ñ\éXô{ñ\é-ô;îzéXê�ð;ï�� ô��M)qøTùUñhö���é�ý#é+*{îUöRékû#énöAQ W�úTùUñ\é�÷|�u�),�ô\ï�øTõþê�ø�õUô\ïZû/~Xñ\énöRéXôõ)faù�û#ô a é-ð b ,�QuöRø�ñ\ôw¹)qøTùUñ_öRé^õ)faù�û a ¹�ö��©Q�ù#ð\ø-*�Quð\é^öZøÿê�Q�ö Aa éXô�ðYöV�ÅéXõUô\é+*�d#öZéwûZ�Åó-ð�Quð\ô Qa = {1, 9} ,zé-ðû#é`ð;ñ�QuõUô\ïRð\ïRø�õUô Ta = {1→ 9, 9→ 1} ,�û#øTõ�êoû#é-ù�ý�ó-ð"Q ð;ô]é-ð!û#é-ù�ý�ð;ñ�QuõUô\ï¾ð;ïRø�õUô��)qøTùUñ`öRéyõ)faù�û b ¹�öV�$Quù#ð;ø�*xQ ð;éyöZøÿê�Quö Ab éXô�ðaöV�Åé-õUô;ék*�dUöRéhûZ�Åó-ð�Quð;ô Qb = {1, 2} ,8é-ðû#é`ð;ñ�QuõUô\ïRð\ïRø�õUô Tb = {1→ 2, 2→ 1} ,Uû#ø�õ�êaû#éXù�ý�ó-ð�Quð\ô]é-ð!û#éXù�ý�ð\ñ�QuõUô;ï¾ð;ïRøTõUô��
£_ù÷û#óXî�Quñ�ð!öRéXô!õ)faù�û#ô a é-ð b ô\øTõ�ð_ûIQ�õ#ô_öV�Åó-ð�Quð_û#éw*��+*{éoö�Q�dzéXö 1 ,�ê-ée��ùUï�ô\ïZúTõUï¥W�é
��ùo�ÅïRöRô�ô\øTõ�ð�ûIQuõUô=öZéH*��+*{é_îzøTïZõ�ð�û#éYñ\é-õ�û#é+ò\{ � øTùUô��/ù[é_õ)faù�û a � Q�QuöRø�ñ�ô=ô;éYû#ïRñ\ïRú�éXñ
� éXñ�ô{öRénîzøTïRõ�ðlû#é�ñ\éXõ�û�é+ò\{ � øTùUô 9 ,~ð�Q�õ�û#ïRô���ùUé b � Qëô\énû#ïZñ�ïRú�éXñ � éXñ�ô{öRénîzøTïRõ�ðlû#éñ\éXõ�û#ékò\{ � ø�ù#ô 2 �

; ¬:Ç a ½k²jäjãqè â ¯ ´ ³*å.b äjãVå�ä^á�á ± á�ç�³8´ ³]áwâ
ù��$Quñ;ê;ìUïRð\é>ê�ð;ùUñ�é^û#é^ê�ø�õ�ð\ñSRTöZéjû#éª*{ø�dUïRöZï¾ð;óe��ùUéjöV�ÅøTõ � éXù#ð!ó-ð�QEd#öZïRñ!é-ô\ð�d�Quô\óXéjô\ùUñö�Qx*{øÿû#óXöRïZô�Q ð;ïRø�õ�û#ù�ô	��ô�ðC~k*{éwî�Q�ñYöRéyú�ñCQ�îUì#éhû#éXô`îzøTïZõ�ð;ôaû#éyñ\é-õ�û#é+ò\{ � øTùUô�,8ô�Qlõÿù_{

*{óXñ\ø�ð"Q ð;ïRøTõ�QuöRó�Quð\ø�ïRñ\éüé-ðyöRéK*{ó>ê�QuõUïRôS*{é�û#éXôyñ�éXõ�û#é+ò\{ � øTùUô��a)�Quñ?Q�ïRöRöZéXù#ñ\ô�,VöRéXô¡Q�ù_{ð;ø�*xQ ð;éXô�öZøÿê�Quù�ý Q � é>ê÷öRéXô�ó���ùUï � QuöRéXõ�ê-éXô�ó-ð"Q ð�É îzø�ïRõ�ðnû#éëñ\éXõUû#é+ò\{ � øTùUô�é-ðüð;ñ�QuõUô\ï¥{ð;ïRø�õ=É�*{øTù � é+*héXõ�ð�,#ñ\éXîUñ�óXô\éXõ�ð;éXõ�ð]ð;ø�ð"QuöZék*{éXõ�ð�öV�Åó�ð"Quð�û#éoêíì�QE��ùUéaõ)faù�ûZ�
�
é-ð\ð;é8Q�ñ\êíìUï¾ð;é>ê�ð\ùUñ\é � QH��ð;ñ\é5*hïZô\é=é-õhî#ö�Q�ê-é¨
_î�Quñ�ð\ïZñ~ûZ�ÅùUõ¡Q�öRúTø�ñ�ïRð\ì)*{é8��ùUé=õUøTùUô

Q � ø�õ#ôyê-ø�õ,'-ùmé-ð?��ùUïiû#ókW�õUï¾ðyöAQy*xQuõUï�~Xñ�é�û#øTõ�ðwöRéXôwõ)faù�û#ô � øTõ�ðwô\éüû#óXîUöAQTê-éXñ+��ù�Qô�ð;ñ�Q ð;óXúTïRé�û#éx*{ø�ù � é+*{éXõ�ðwû#éXôwõ)faù�û#ôwô\éXñCQtê-ø�*{îUö�~-ð;é+*{éXõ�ðyû#ïZô�ð\ñ\ï�dUùUóXé�ê�Quñ^öZéXùUñ�ôû#ó>ê-ïRô\ïZøTõUô�õUéaô;øTõ�ð]î�Q�ô]ô	��õ�êíì#ñ\ø�õ#ïZô\óXéXô�îIQ�ñ]ùUõ#éoìUøTñ\öRøTú�éaú�öRø�d�Q�öRé-�
�
é-ð�QuöRú�øTñ\ï¾ð;ì)*hé]éXô�ð�ð;ø�ð"QuöZé+*héXõ�ðzQ�ô	��õ�ê;ìUñ\øTõUé]î�Quñ"öRéXô�*{øTù � é+*héXõ�ð;ô"û#éXô�õ)faù�û#ôê�QuñVîUöRùUô\ïRéXùUñ\ôVõ)faùUû#ôVîzéXù � é-õ�ðVô;éiû#ó-îUö�Q�ê-éXñqéXõwî�Quñ�QuöRö�~XöRé-� � õ^îUöZùUô�, îzéXõUûIQ�õ�ðVöRéiñ�ø�ù_{ð"Quú�é_ûZ��ùUõx*{éXô\ô�Quú�é-,�öRéXô
õ)faù�û#ô
ïZõ�ð\éXñS*hó>û#ï�QuïRñ\éXô
õUé!ô\øTõ�ð
î�Q�ô
ø�dUöRïZúTóXô=û#é!ô���ø�êXê-ùUîzé-ñô\éXùUöZék*{éXõ�ðaû#ù�ñ�ø�ù#ð�Q�úTéhû�éhê-é�*{éXô\ô�Q�úTéwî�Q�ñ�ð;ïZê-ùUöRïZé-ñ�,;*xQuïRô`ïRöRô`îzéXù � éXõ�ðªQ�êXê-ø�*{îUöRïRñûZ�$Quù#ð;ñ�éXô
ð"ø�êíìUéXôiî�QuñS*{ïzöZé-ô���ùUéXöZöRéXô=î�Quñ�ð\ï ê-ïRîzéXñió � é-õ�ð;ùUéXöRöRé+*{éXõ�ð8
jùUõUélQuù#ð;ñ�é!ð;ñCQ�õUô�{

*{ïRô;ô\ïRøTõþû�éÿ*{éXô\ô"QuúTé-�
0!ékê-énîzøTïZõ�ðüû�é � ùUé-,�öV�©Q�öRú�øTñ\ï¾ð;ì/*{éké-ô\ð{óXú Q�öRé+*{éXõ�ðKQ�ô	��õ_{êíìUñ\øTõUé{î�QuñoöAQnê-ø�*�*^ùUõUï ê+Quð\ïZøTõeéXõ�ð;ñ�é{öRéXôoõ)faù�û#ôoî�Q�ñ\ê-é���ùo��éXõ Quð�ð;éXõ�ûIQuõ�ðe��ùo�ÅùUõ
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Ó�õ Ø®Ù�¹»ºÇ¼65��87��aÝ`���|�:9�¹/���i�aÛJÝ`����¹����&º����|�����i�

*héXô;ô�Quú�éªQuñ\ñ�ï � éª
yô�Qyû#éXô�ð;ïRõ�Quð\ïZøTõo,�ûZ�$Quù#ð;ñ�éXô�ê-ø-*�*^ùUõUïZê�Quð\ïZøTõUô�îzé-ù � éXõ�ðHQ � øTïRñ]öRïZéXùï�*{îUöRï���ù�Quõ�ð!û#éXô�õ)faùUû#ô���ù#ï � ïRéXõUõUéXõ�ð!ûZ�©QTê;ìUé+*{ïRõUéXñ]ùUõÿ*{éXô\ô�Q�úTé-�
!i9I!i%#!����$!A��B\Ye�¥Bw9���Õ�: nk : �>9)�l��<>9xhI<�!�9�%5: BwYC:�[x�>[�B��e�¥B8h;�$Õ¦�5hIBk%#!&%�9IÕ|=xû\YC<I��6587 �"])���"Õ�B8h)<�!i9�%5: BwYCB\9;: BC@kD}[�<�Õ|�e:-B nk : ��9/�ª�:� <�Y�:>Y�B�Bk%8B\9���<�Õ��k��B#$ 5��� Õ_9�9��
ÕI:§B"�\%5B\9��E%#%�B\9�%�B�: ��9)�e��B8h)<�!i9�%8:-BwYCB\9;: B�@\D}[�<�Õ|�|

�����

û��"])��9|m¦B\Y�: B��3=xB�������m¦B"���,� !&�;'MB\9��I�
9;<E%#! - '8� � � ��� :-û��+��B\9;�"]/Be�¥Bw=x<>Õ_[�B\=�B\9�%�[�B\Y"�w��B8hI<>!i9�%5: BwYC:�[��"Õ|!i[���9I%��� �"!�Õ_9 =�B"������m B m B"�\%�Y�B:�+Õ 

�������� ���§: B��\%#!i9;�E%&!�<�9�: B m B"�\% nk 

�����%#YC��!&%�B\Y m ����è���

��<�9)��B"Y\[�B"Y m hI<�Õ_Y3YC<�Õ/%}��m¦B9����%$ ������%$ ���
��<�9�%#!�9IÕ�B\Yª�¥Bw=x<>Õ_[�B\=�B\9�%
[�B"Y"�w��B8hI<>!i9�%8:-BwYCB\9;: B�@\D}[�<�Õ|���"Õ|!i[���9I%p��������
Á���!i%	� � � ��� YCB"�\%�B�B\9���%V%�B\9�%�B�: Bª�:� ��Õ_%#Y�B39��
ÕI:§: ��9)�e��B8h)<�!i9�%8:-BwYC:�[����$ ������%$ �6587

& �&�9¼ ÷|�$t ¾ ù��$QuöZúTøTñ\ï¾ð;ì)*{éoûZ��ø�ñ\û#ø�õUõ�Quõ�ê-é+*héXõ�ð!û#ùnõ)faù�û nk
ù[éXô�õ)faù�û#ô�îzéXù � éXõ�ðnêíìUøTïZô\ïRñnû#éëõUé�î�Quô�ô\é�û#óXîUöAQTê-é-ñ�ð;øTù#ð�öZé÷ð;é+*{î#ô�,z*xQ�ïRôô\éXùUöRé+*{éXõ�ð5��ù�Quõ�ûlïRözô��$QuúTïRð=û#é�ð\ñ�QuõUôC*hé-ð\ð\ñ\é!ùUõx*{é-ô;ô�Quú�éH��ùUï�õUó>ê-éXô\ô\ïRð\é_öRéXùUñ
î�Quñ�ð;ï½{ê-ïRî�Q ð;ïRø�õnûIQ�õ#ô]öRé`ñ\øTù#ð"QuúTé-�)ù[éXô8*{øTù � é+*{é-õ�ð;ô]û�éXô]õ)faù�û#ô�ô\éXñ�ø�õ�ð�öZé-ô¨*¡�+*{éXô�îzøTùUñöRéXô
û#ï¥g�óXñ\éXõ�ð\ô
*{øÿû/~XöZé-ôiû#é�ð\ñ�Q�W�ê�û#øTõ�ð�ø�õ{î�Q�ñ�öZé�ûIQuõUô�ö�Q`ô\é>ê�ð\ïZøTõKt_��b��-£_ïZõ#ô;ïV, ��ùUé�öRé

*hø�û/~XöRéaû#é_ð\ñ�Q>W�ê_ô;øTï¾ð3¹�ù#õUé`ô\éXùUöRé`îIQ�ïRñ\é`û#éYô;øTùUñ\ê-é\{&û#éXô�ð;ïRõ�Quð\ïZøTõ��1�"!�9_m-��B�À¨<�Á�(\,�øTùîUöRùUô\ïRéXùUñ\ôYî�Q�ïRñ\é-ô`ô\ø�ùUñ\ê-é\{&û#éXô�ð;ïRõ�Q ð;ïRø�õð��=�Õ)�Ö%#! À¨<�Á���(\,�øTùëîUöRùUô\ïRéXùUñ\ô`ô\øTùUñ;ê-éXôYé-ðYùUõUéû#é-ô\ð\ïZõ�Q ð;ïRøTõT�/û#ï¾ð;é���<�9;���>�\%S(",�öRé{ô;ê;ìUó+*xQ�û#é¡*{øTù � é+*{éXõ�ðoñ\éXô�ð\é{öRé¡*��+*{é-�Zù
�©Q�öRúTøE{ñ�ïRð\ì)*{élûZ�ÅøTñ;û#øTõUõ�Quõ�ê-é+*{éXõ�ð;ôwû#éXôª*{ø�ù � é+*{éXõ�ð\ôjîzø�ùUñjùUõrõ)faù�û nk
éXô�ð^îUñ\ó-ô;éXõ�ð;óûIQuõUô]ö�QeW�ú�ùUñ�ée÷_�©t/�HYñ�ø�ê-éHQuù�*{ó>ê�QuõUïRôS*{é!û#é�îzøTïZõ�ð;ô
û#é�ñ\éXõ�û�é+ò\{ � øTùUô�,�öRéXô
õ/faù�û#ô
îzé-ù � éXõ�ð�ù#ð;ïRöZïRô\éXñùUõ#éYîzé-ð;ï¾ð;é�òXøTõUé`û#é_ð\ñ�QuõUôS*{ïRô;ô\ïRø�õ¸�1�"=����i��%#Y��>9)�"=?!A���"!�<�9yYC��9_m¦B�("�_ù�Qjñ\ó>û#ù�ê�ð\ïZøTõ�û#éöAQ3òXø�õ#é_û#é�ð\ñ�QuõUôS*{ïRô;ô\ïRø�õKQaîzø�ùUñ
ê-øTõUô\ó���ùUéXõ�ê�é_öAQoê-ø�õUô\éXñ � Q ð;ïRøTõ�û#é�öV�ÅóXõUéXñ�ú�ïRé!é-ðiû#éöAQ�d�Q�õUû#é�î�Quô\ô�Q�õ�ð\éª�����>9;:�Ár!V:E%&]�(qé-õ�*xQuïZõ�ð;éXõ�Quõ�ð�é-õ�*��+*{é=ð;ék*{îUô"öAQaê�ø�õUõUé>ê ð;ï � ï¾ð;óû#ùnñ�óXô\é�Q�ùo�
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±¤Â VKcwÎ�Ñ�æ`Î�ÒH� Ëd�_Í�ÌdÆ¿Îe�|Í+É¦Æ�Æ ÓoÃ

; ¬gf h ãqäÀ¿�ãVè # â # µ å�æ ã # µo³ ± æ
ù��$QuöRú�øTñ\ï¾ð;ì)*{éYû#é_öAQ3W�ú�ùUñ�é3÷_�©tjïRõ�ð;ñ\øÿû#ùUï¾ð=ùUõüøTñ;û#øTõUõ�Quõ�ê-é+*{éXõ�ð=îzøTùUñiöRéXô5*{øTù_{

� é+*{é-õ�ð;ôlû#éXôpõ)faù�û#ôx*hø-dUïRöRéXô��5�
éXîzéXõ�ûIQuõ�ð�,�ïRöp�#Quù�û#ñCQ�îUñ\øTù � éXñx��ù#é÷ê�é-ðlø�ñ\û#ø�õ_{õ�Q�õUê-é+*{éXõ�ðpQuô;ô\ùUñ�é3��ùo�ÅïRö8õo�O�§QuùUñ�Q^î�Quô]û#é�dUöRø�ê�Quú�é��C: B�� :/�¥<��"j)(�ûIQ�õ#ô�öZéYñ\óXô\é�Quùo�I2ÿïê-éXöAQtó-ð"QuïRðwöZé�ê�Quô�,�QuöZøTñ\ôwöRéXô�*{éXô\ô�Q�úTéXôwîzø�ùUñ�ñ�QuïZé-õ�ðyõUéüî�Q�ô��-ð\ñ\éMQ�êíìUé+*hïZõUó-ôhûIQuõUôùUõeð;é+*hîUôªdzøTñ\õUólûZ��ùUõUépô\ø�ùUñ\ê-éK
�ùUõUélû#éXô�ð;ïRõ�Q ð;ïRø�õo�I):øTùUñoîUñ\øTù � éXñoö��©QEdUô\éXõ�ê�éüû#é
dUöRø�ê�Quú�éyõUø�ùUôYõUø�ùUôYô;ø�*�*{éXôYô\éXñ � ïZô`û#éXôwQ�ù�ð;ø�*xQuð\éXô`öRø�ê+Q�ù�ý�û#ó>ê�ñ\ï¾ð;ôaûIQuõUô`ö�Qlô\é>ê"{ð;ïRø�õ ÷|��b��¢�ié-ôªQuù#ð;ø�*xQuð\éXô�,Z��ùUï~ñ\éXîUñ�óXô\éXõ�ð;éXõ�ðoöRéXôaó-ð�Quð\ôaöRø�ê�Quù�ý�û#ù�ô	��ô�ðC~k*{é-,8ô\ø�õ�ðùUõÿ*{ø>��éXõnîUùUïRô\ô�Q�õ�ð]îzø�ùUñ]ïRõ�ð\ñ\ø�û#ù#ïZñ�éoé-ð�î#ñ\ø�ù � éXñ�öZéXô]îUñ\øTîUñ\ïRó-ð;ó-ô!û#ùnñ\ó-ô;é�Quùo�)qøTùUñ�ê-éXöAQ_,TõUø�ùUô~ïZõ�ð\ñ\øÿû#ùUïZô\øTõUô�û;�$Q�dzø�ñ;ûyöAQ_õUøTð\ïZøTõ{ûZ�$Quù#ð;ø�*xQ ð;é=îUñ\øÿû#ùUïRð���ñVð"Q�õ�ðû#ø�õ#õUóhùUõ�éXõUô\é+*�dUöRéhûZ�$Quù#ð;ø�*xQ ð;éXô`öZøÿê�Quù�ý Ak = {Qk, Tk, ik} (k ∈ [1..M ]) öRéXùUñ
Q�ù#ð\ø-*�Quð\éaîUñ\øÿû#ùUïRð�éXô�ð�ê-ø�õUô�ð\ñ\ùUï¾ð!ê-ø-*¡*{éaô\ùUï¾ðª¹

` ��B"�3û\%��E%&�¨��<�9�%�: B"� M D}Õ>h;�¥Bk%
: B"�lûk%��E%i�3: B��3��Õ/%}<�=x�E%}B"����<�����Õ�^ (q1, ..., qM) ∈
Q1 × . . . ×QM` �:� ûk%}�E%
!�9I!&%#!V����B"�\%z�:� ûk%}�E%8��<>=HhI<>��ûe: Bª%}<�Õ|�w��B"�eûk%��E%&�l!i9)!&%#!��>Õ�^ÿ: B"�e��Õ_%�<�=x��%�B"�
��<�����Õ�^ (i1, ..., iM)` !#�wB	^�!��\%}B�Õ|9;B�%#Y��>9)�"!&%#!V<�9°B\9�%#YCBÔ: B\Õ�^ û\%��E%&� Q = (q1, . . . , qM) Bk% Q′ =
(q′1, . . . , q

′
M) : B��:� ��Õ/%�<�=��E%�B�h�Y�<�:>Õ_!&%8�"!HBk%8��B"Õ)��B\=�B\9�%8�"!p��� ûk%��E% Q Bk%H��� ûk%��E%

Q′ :�! úji\YCB\9�%���B\Õ)��B"=xB\9�%¤hI��Y3��B"�wûk%��E%&�w: Bª: B\Õ�^K��Õ/%�<>=x�E%�B��3��<�����Õ�^ Ai Bk% Aj%�B+���"Õ�Bw: ��9/� Q ý label(qi) = label(qj)
Bk%�%�B+�9�\Õ�Bw:-��9)���¥B"�3��Õ_%�<�=x��%�B"� Ai Bk%

Aj !#�`B	^E!��\%�B"ý�Y�B"��hIB��k%#!i[EB\=xB\9I%&ý
Õ|9;Bª%#Y��>9)�"!&%#!V<�9 :-B��:� û\%��E% qi " q′i Bk%8: B��:� ûk%��E%
qj
" q′j �lk
B\%V%�Bª%&Y���9/�"!&%#!�<>9��lh)<�Õ_Yª���-��B+� {label(qi)} �

�
é-ðªQ�ù#ð\ø-*xQ ð;é?*{øÿû#óXöRïZô\éhöV�Åó � ø�öRù#ð;ïRøTõeû#éhöV�Åó-ð�QuðaúTöZø�d�Quö"û#ù�ô	��ô�ðC~+*{é�
�ê;ì�Q���ùUéïZõ#ô\ð�Q�õ�ð�� � õwé\g8é-ð�,ué-õ¡Q�õIQ�ö¥��ô�Q�õ�ð�êíì�Q�ê-ùUõyû#é
ô;é-ôVó-ð"Q ð;ô�, øTõwéXô�ð�ê+Q�î�Q�dUöRé�û�éiô�Q � ø�ïRñqø-Ýô\é^ð\ñ\øTù � éwêíì�QE��ùUé^õ)faù�û 
lê;ì�Q���ù#éwïRõUô�ð"Quõ�ð�� · õUéjð;ñ�QuõUô\ïRð\ïZøTõëûIQ�õUôYê-é-ð3Quù#ð;ø�*xQ ð;éñ\éXîUñ�óXô\éXõ�ð;éoéXõkékg8é�ð!ùUõ÷ê;ì�Q�õUúTé+*{éXõ�ðYû#éoîzøTô;ï¾ð;ïRøTõ÷ûZ�$QuùU*hø�ïRõUô!û#éXù�ýnõ)faù�û#ô_ûIQuõUôöZéañ�óXô;é�Q�ùo�
0�Q�õUô�ùUõ îUñ�é+*{ïRéXñüð;ék*{îUô�,8Q>W�õ û#é *{ïRõUï�*{ïZô\éXñ�öRéXô�ð\ñ�QuõUô\ïRð\ïZøTõUô�,iõUø�ùUôÿQ � ø�õ#ôêíìUøTïZô\ïoû�é�ñ\éXîUñ�óXô;é-õ�ð;éXñ�öZé-ô�ð;ñ�QuõUô\ïRð\ïRø�õUônø�Ý ô\éXùUöRé+*héXõ�ðtû#é-ù�ý Q�ù#ð\ø-*�Quð\éXônöZøÿê�Quù�ýêíì�QuõUú�é-õ�ðpûZ�Åó-ð�Quð���£_ù#ð\ñ\é+*{é-õ�ð{û#ï¾ð�,�ûIQuõUôhöRénô	��ô�ðS~+*{é-,VùUõ ô\éXùUö=ó � ~XõUé+*héXõ�ðU�}ñ\éXõ_{ê-øTõ�ð;ñ\é{û)Q�õUôaùUõ�îzøTïRõ�ðjû#éyñ\éXõ�û#é+ò\{ � ø�ùUô"(_é-ô\ðaîUñ\ïRôaéXõ�ê-ø-*{î�ð;é�
üö�QK� ø�ïRô���)qøTùUñ`öRéXô

Q�ù#ð\ø-*�Quð\éXô=öRø�ê+Q�ù�ý�û#é_öAQwW�úTùUñ\é3÷_�O�I,�öZéXù#ñ¨Quù#ð;ø�*xQ ð;é_îUñ�ø�û#ùUï¾ð�éXô�ðiñ\éXîUñ�óXô\éXõ�ð;óYûIQuõUôö�QeW�ú�ùUñ�ée÷_�GF)�
0�Q�õUôaê-é-ðªQ�ù�ð;ø-*�Quð\éyô;øTõ�ðaîUñ�óXô\éXõ�ð;ó-ôaô\éXùUöRé+*{éXõ�ðaöRéXôaó-ð�Quð\ôªQ�êXê-éXô\ô\ï�dUöZé-ôjû#éXîUùUïRôö���ó-ð"Q ðnïRõUï¾ð;ïAQ�ö (1, 1, 2, 4, 3, 5, 7) � � õ é\g8é-ð�,=öV�$Quù#ð;ø�*xQ ð;é�îUñ\øÿû#ùUï¾ðkê-ø-*{î#öZé-ðUQ 576
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Ó�. Ø®Ù�¹»ºÇ¼65��87��aÝ`���|�:9�¹/���i�aÛJÝ`����¹����&º����|�����i�

1, 1, 2, 4, 3, 5, 7

9, 2, 2, 4, 3, 5, 7

9, 1, 3, 4, 3, 5, 7

9, 1, 2, 4, 4, 5, 7

9, 1, 2, 5, 6, 5, 7

9, 1, 2, 4, 8, 7, 7

9, 1, 2, 4, 8, 5, 8

9, 1, 2, 4, 3, 5, 9

9, 1, 2, 4, 6, 6, 7

{1}

{2}

{3}

{4}

{5}

{9}

{8}

{7}

{6}

& �i�9¼ ÷|��F ¾ £!ù#ð;ø�*xQuð\éaîUñ�ø�û#ùUï¾ð

& �i�9¼ ÷|�Ö÷ ¾ £!ù#ð;ø�*xQuð\éaîUñ�ø�û#ùUï¾ð
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±¤Â VKcwÎ�Ñ�æ`Î�ÒH� Ëd�_Í�ÌdÆ¿Îe�|Í+É¦Æ�Æ Ó=<

f

g

a
b

c

d

7

e

1

2

3

5

6

4

8

9

& �i�9¼ ÷_�uc ¾ £_ù#ð;ñ�éaõÿù)*{óXñ�øTð�Quð\ïZøTõkû#ùnú�ñCQ�î#ìUéjû#éXô]îzøTïZõ�ð\ô!û#éañ�éXõ�û#é+ò\{ � øTùUô
ó-ð"Q ð;ô�*xQuïRô�,qûIQ�õ#ôwö�QÿW�úTùUñ\éÿ÷|��F/,:õUéüô\øTõ�ðwîUñ\óXô\éXõ�ð;óXô?��ùUélöZé-ô 9 ó�ð"Q ð;ô¡Q�êXê-éXô\ô\ï�dUöZéXôû#éXîUùUïRô!ê-é-ð�ó�ð"Q ð�ïZõ#ïRð\ï�QuöV�)qøTùUñ"õUøTô"ð;éXô�ð;ô�,TõUø�ùUô�Q � øTõUô
ê�ø�õ,'-ùpù#õUé�îUöAQuð\é\{}� ø�ñ	*{é!û#é]ô\ï�*wùUöAQuð\ïZøTõlû#é]ñ\óXô\é�Quù
QTû�ìUøÿêhé�ðª��ùUï~ô\éXñ�QüîUñ\óXô\éXõ�ð;óXé{ûIQuõUôaöZé{êíì�QuîUï¾ð;ñ�é�N/�¢�ié-ðaø�ù#ð\ïZö�û#ïRô;îzøTô\épûZ��ùUõUéhïZõ_{ð;éXñ	�#Q�ê-éhúTñ�QuîUìUïA��ùUé���ùUïVî�é-ñS*{é-ðoû�éhñ�éXîUñ\óXô\éXõ�ð\éXñ`öRéXôªQuù#ð;ø�*xQ ð;éXô`îUñ\øÿû#ùUïRð\ôoê-ø�*�*{éïZöRöRùUô�ð;ñ\ó
ûIQuõUôqöAQ8W�úTùUñ\é5÷_�$÷_���ié-ð�Quù#ð;ø�*xQ ð;é�éXô�ðqöRé
*��+*{ézQ � é>ê�ê-éXöRùUïÿû#é
öAQ8W�úTùUñ�é8÷|��F/,
*xQuïZô]ïRö[õo�$Q>»lê;ìUéaî�Q�ô]öRéXô�öAQEdzé-öZô!û#éXô�ð;ñCQ�õUô\ï¾ð;ïRø�õ#ô��

�
é-ðwQ�ù#ð\ø-*�Quð\éyîUñ�ø�û#ùUï¾ðaé-ô\ðYú�óXõUó-ñ\ó�
lîIQ�ñ�ð\ïRñ`û#éyöAQlõÿù)*{óXñ�øTð�Quð\ïZøTõ�û#é-ô`îzøTïZõ�ð\ôû#é�ñ\éXõ�û#é+ò\{ � ø�ùUô�,���ùUï=ê-ø�*�*{é�õUøTùUôyö��©Q � ø�õUôyõUø�ð;ó�éXô�ð�QuöRó�Quð\ø�ïRñ\é-��ù��$Quù#ð;ø�*xQ ð;é�û#éö�QÔW�úTùUñ\é ÷_�GF éXô�ðkñ\éXöAQ ð;ï � é+*{éXõ�ðkô;ï�*{îUöRé-,8*xQuïZô�,�îzøTùUñnùUõUé Quù#ð;ñ�éeõÿù)*hóXñ\ø�ð"Q ð;ïRø�õû#éXô{îzø�ïRõ�ð;ôpû#énñ\éXõ�û�é+ò\{ � øTùUô��4øTù û#éXôxQ�ñ	�-ð;éXôpû#ù úTñ�QuîUìUékû#éXô{îzø�ïRõ�ð;ôpû#énñ\éXõ�û#ékò\{
� øTùUô"(!øTõ�îzéXù�ðaø�d#ð;éXõUïRñ`ùUõ�Q�ù�ð;ø-*�Quð\éyîUñ�ø�û#ùUï¾ð`ð\ø�ù#ðw
x�&Q�ï¾ðoû#ï¥g�óXñ\éXõ�ðoû#éyê-éXöRùUï�û#éö�Q�W�ú�ùUñ�é�÷_�$÷_��£_ïZõUô\ïV,�ùUõUé¡Q�ù�ð;ñ\éwõ�ù)*{óXñ\ø�ð"Q ð;ïRøTõ�ê-ø�*�*{éwê-éXöRöZéwñ\éXîUñ\ó-ô;é-õ�ð;óyûIQuõUô`öAQ
W�ú�ù#ñ\éx÷|�©c/,oQEdzøTù#ð;ï¾ðe
üù#õ�Quù#ð;ø�*xQ ð;éyîUñ\øÿû#ùUïRðªQ+�|Quõ�ð 39 ó-ð"Q ð;ôwQTêXê-é-ô;ô\ï�dUöRéXôjû#éXîUù#ïZôô\ø�õnó-ð"Q ð�ïRõUï¾ð;ïAQuö��

ù��$Quù#ð;ø�*xQ ð;é"îUñ\øÿû#ùUï¾ðqîzøTùUñ:ê-é-ð\ð\é�õUøTù � é-öZöRé�õÿù)*{óXñ�øTð�Quð\ïZøTõo,>ú�ó-õUóXñ\ó"î�Q�ñ�öAQ�îUöAQuð\é\{
� øTñS*{éoû#é`ð\éXô�ð�éXô�ð�ñ�éXîUñ\óXô\éXõ�ð\óoûIQuõUô�öAQ�W�úTùUñ\ée÷_�uN)�
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& �i�9¼ ÷_�uN ¾ ù��$Quù#ð;ø�*xQuð\éaîUñ\øÿû#ùUï¾ð�îzø�ùUñ]öV�$Quù#ð;ñ�éaõÿù)*{óXñ�øTð�Quð\ïZøTõ
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±¤Â VKcwÎ�Ñ�æ`Î�ÒH� Ëd�_Í�ÌdÆ¿Îe�|Í+É¦Æ�Æ Ó��

0�Q�õUô`ê-é-ð3Quù#ð;ø�*xQuð\é-,zö���ó-ð"Q ð`ïRõUï¾ð;ïAQ�ö (1, 1, 2, 3, 2, 3, 4) éXõëìIQ�ù#ð`û#éwöAQ�W�úTùUñ\é-,;Qð;ñ\øTïRô^ô;ùUêXê-éXô\ô\éXùUñ\ô§¹ (4, 5, 2, 3, 2, 3, 4) , (1, 1, 5, 3, 6, 3, 4) é�ð (1, 1, 2, 6, 2, 7, 4) é-ðû#éXù�ý�îUñ\ó>û�ó>ê-éXô\ô\éXùUñ\ô (1, 1, 2, 3, 9, 3, 9) é-ð (1, 5, 5, 3, 2, 3, 4) �0�Q�õUô!ê-éXô�Quù#ð;ø�*xQ ð;éXô�îUñ\øÿû#ùUïRð\ô�,zêíìIQ���ùUéoó-ð�Quð�QhùUõkô\ù�êXê-éXô\ô\éXùUñ!ê-ée��ùUï�îUñ\øTù � é
��ùUéüöZéüô	��ô�ðC~+*héüõo�Åé-ô\ð���QE*xQuïRô?dUöRø_��ùUó-� � õsîUöRùUô�,`��ùUéXö���ùUé�ô\øTï¾ðyöZé�êíìUé+*{ïRõ �4ô\ùUï¾ð;éûZ�Åó-ð�Quð\ô"(_ô\ùUï � ï"û)Q�õUôoê-éXôªQuù#ð;ø�*xQuð\éXô�,8ø�õ�îzéXù#ðoê-ø�õ#ô\ð�Quð\éXñaîUöRùUôaø�ù¸*{ø�ïRõUôaô\ï�*hîUöZé\{
*{éXõ�ðK��ùUétöZéXôlõ)faù�û#ôlð;ñCQ � éXñ\ô\éXõ�ðpð;øTùUôlöZéXù#ñ\ôüîzøTïZõ�ð\ô�û#étñ\éXõ�û#é+ò"{ � ø�ù#ôMQ�îUñ	~XôüùUõõUø-*edUñ\é3dzøTñ\õUóoû#é`ð;ñCQ�õUô\ï¾ð;ïRø�õUô��

ù[é �#Quï¾ðnû#é÷õUé�ê-øTõUô\ï û#ó-ñ\éXñM��ùZ�ÅùUõ ó � ~XõUé+*{éXõ�ðy
röAQ�� øTïZô�õo�$QuùUñ�QÔQuù�ê-ùUõ ékg�é-ðô\ùUñjöZéXôjîUñ\øTîUñ\ïRó-ð;óXô^û#ùmô	��ô�ðC~+*hé-�`0�Q�õ#ôwê-éüê�Quô�,�öV�$Quù#ð;ø�*xQ ð;élîUñ�ø�û#ùUï¾ð?QuùUñ�Qÿ*{øTïZõ#ôûZ�Åó-ð�Quð\ô�� � õ^ékg�é-ð�, éXõwñ�ó�Q�öRï¾ð;óiöRéXôVð\é+*{îUô~û�éiî�Quñ;ê-øTùUñ\ôVéXõ�ð\ñ\é=û#é-ù�ý^îzøTïZõ�ð;ô~û#éiñ\éXõ�û#ékò\{
� øTùUôyô\ø�õ�ðwð;ñ	~Xôhû#ï¥g�óXñ\éXõ�ð;ôyîzøTùUñyöRéXôhû�ï�g�óXñ\é-õ�ð;ôyõ)faù�û�ô�� Ã ó�Quõ)*{øTïRõUô�,qöV�$Quù#ð;ø�*xQ ð;éîUñ\øÿû#ùUï¾ðyó�ð"Quõ�ðwù#õUé§QEdUô�ð;ñCQTê ð;ïRø�õsû#ùmô	��ô�ðS~+*{é-,�ïZö�õo�©Q�ô\ô\ø�ê�ïZélî�Q�ô^öRépð;ék*{îUô?Q�dUô\ø�öRù
Q�ù�ýüð;ñCQ�õUô\ï¾ð;ïRø�õUô��/£_ïRõUô\ï�,#ïRö�éXô�ð�ð;øTù�� øTùUñ\ô]îzøTô\ô;ï�dUöRéoû#éoê-øTõUô\ï û#óXñ�éXñ]û#éXù�ý�ð\ñ�QuõUô;ï¾ð;ïRøTõUôô\ùUñ�û#éXô]îzø�ïRõ�ð\ô!û#éañ\éXõ�û#ékò\{ � øTùUô!û#ïRô�ð;ïRõ�ê�ð;ô��� õ ó-ð;ù�û#ïAQuõ�ðpöV�$Quù#ð;ø�*xQ ð;énîUñ�ø�û#ùUï¾ðpõUøTùUôxQ � ø�õ#ôpî#ù õUø�ù#ôpñ�éXõ�û#ñ�étê�ø-*{î�ð;ékû#éîUöRùUô;ïRéXùUñ�ôiîUñ\øTîUñ\ïRó-ð;ó-ô=û#ùlô	��ô�ðC~+*{é��|ù�QaîUñ\øTîzø�ô\ï¾ð;ïRø�õüû#é / <�9�D&m¨��<�����m¦B¨m-��<-�����8û#ó>ê-ñ�ïRðöZé!ô	��ô�ðC~+*hé!éXõlú�óXõUó-ñ�Quö�ð"Quõ�û#ïZô���ùUé_ê-éXöRöRéYû#é / <�9ID&mp�¥<�����m¦Bl�¥<������8û#ó>ê-ñ�ïRðiöRé_ê-ø-*hî�øTñ�{ð;é+*{é-õ�ð!û#é-ô�õ)faù�û#ô]éXõnî�Q�ñ�ð;ïZê-ùUöRïZéXñ+�
cwÎ�Ñ�ærÑ�Í�ÒAË>Ò�Ñ;Ç Ã	Y\nÿÑ;Ç�S*o é�ÑoÐ�ÆIÈ�ÉUÈ�é�Ñ,F�Æ=é^]Zp Õ�B+����Bf�\Õ�Br��<�!&%¤���p9IÕ|=xû\YC<E%��E%&!�<�9x��])<�!&D
�"!�B�hI<�Õ_YH��B"��hI<>!i9�%&�l: B�YCB\9;: B�@kD}[E<�Õ|��ý¢�"!`�:� <�Y�:-<�9I9;��9¤��B\=xB\9I%
:-B"�3:-û�h;��� �CB\=xB\9�%i�l: B"�
9��
ÕI:>��B"�\%���<�9)�\%&Y\Õ|!&%�B\9 Y�B"��hIB��k%���9I%¡��� ���Om¦<>Y\!i%&]¦=xB�:�� <�YC: <�9I9;�>9;��B\=�B\9�%�: B¸�¥�rq�D
mEÕ_YCBtsu�wv�ýz��Bl�"'��\%xi\=�Bw9�� B"�\%=!+��=x�>!����+��<g�"Õ�ûe�
Ã øTùUô?QuöZöRøTõUô^õUøTùUô^ñ\ók� óXñ\é-ñK��B\9 !i%����$!��"Õ�B�(w
�öV�Åé�ý#é+*hîUöZélû#épö�Q§W�ú�ùUñ�éM÷|�©cUQ � é>ê{ô\ø�õ
Q�ù#ð\ø-*�Quð\éaîUñ�ø�û#ùUï¾ð�û#éaöAQeW�úTùUñ\éª÷|�©NyîzøTùUñ�ïZöRöRùUô�ð;ñ\é-ñ]öAQwîUñ�éXù � éaû#éaê-é-ð\ð\éaîUñ�ø�î#ñ\ïRó-ð;ó-�
cwÎ�É*ÆOç�É £�W�õþû#étîUñ\øTù � éXñx��ù#étöRétôS�ÿô\ðS~+*{ékõo�ÅéXô�ðª�	Q�*xQ�ïRôxdUöRø_��ùUó-,�ïZö�ô\ù/»hð�û#éîUñ\øTù � éXñ§��ùUé�ê;ì�Q���ùUéëó-ð"Q ð�û#éëöV�$Quù#ð;ø�*xQ ð;éëîUñ�ø�û#ùUï¾ð�,5Quð�ð;éXïRõ�ðÿ
rî�Q�ñ�ð;ïRñ�û�éëö���ó-ð"Q ðïZõ#ïRð\ï�QuöV,�Qyù#õnô;ù�ê-ê-éXô\ô;é-ùUñ��

0e�$Q�dzø�ñ\ûZ,�ö���ó-ð"Q ðüïRõUïRð\ï�Quö_û#é÷öV�©Q�ù#ð\ø-*xQ ð;étîUñ�ø�û#ùUï¾ðMQ�ð\ø�ù��&ø�ùUñ�ôüùUõþô\ù�êXê-éXô\ô\éXùUñ��� õsékg8é�ð�,qî�Quñwö�Q÷ê�ø�õUô�ð;ñ�ù�ê�ð;ïRøTõ û#éüö��©Q�ù#ð\ø-*�Quð\é�îUñ�ø�û#ùUï¾ð�,VûIQuõUôhê-é-ðyó-ð�Quðwð\ø�ù#ôyöRéXô
Q�ù#ð\ø-*�Quð\éXô�öZøÿê�Quù�ý ô\ø�õ�ð�ûIQuõUô�öRéXùUñ\ô�ó-ð�Quð\ô�ïZõ#ïRð\ï�Quù�ý é-ð�û#éXù�ý ûZ��éXõ�ð\ñ\é÷éXù�ý ô\ø�õ�ðûIQ�õ#ô`ùUõ�ó�ð"Q ðaû#éwö�Q�dzéXö 1 ��£_ïZõUô\ïV,�ïRöVé�ý#ïRô\ð\é¡Q�ù *{øTïZõUôYùUõUé^ð;ñ�QuõUô\ïRð\ïRø�õ�
lî�Quñ�ð;ïRñ`û#éö���ó-ð"Q ð�ïRõUïRð\ï�Quö�û#éaöV�$Quù#ð;ø�*xQuð\éaîUñ\øÿû#ùUï¾ð!û#éoöAQ�dzéXö {1} �Ü Q�ïRõ�ð\éXõ�Quõ�ð�,uïZö_�&Q�ù#ð~îUñ�ø�ù � éXñr��ùUé-,E��ùUéXö/��ùUéiô;øTï¾ð�öV��ó-ð"Q ð�û#é=öV�$Quù#ð;ø�*xQ ð;é=î#ñ\ø�û#ù#ïRð
Quð�ð;éXïRõ�ðH
wî�Quñ�ð;ïRñ�û#éaöV�Åó-ð�Quð�ïRõUï¾ð;ïAQuö�,�ê-é-ð�ó�ð"Q ðHQyùUõnô\ù�êXê-é-ô;ô\éXùUñ+�
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Ó�ô Ø®Ù�¹»ºÇ¼65��87��aÝ`���|�:9�¹/���i�aÛJÝ`����¹����&º����|�����i�

)qøTùUñ�ê-ép�#QuïRñ\é-,�ïRö�ô\ù/»hð
û#é�îUñ\øTù � é-ñz��ù#é!êíì�QE��ùUé�ó-ð�Quð�Q ð\ð;éXïRõ�ð�
`î�Quñ�ð\ïZñ�û#é�öV�Åó�ð"Q ðïRõUï¾ð;ïAQ�ö�é-ô\ð:ùUõoó-ð"Q ðqïRõUï¾ð;ïAQ�ö�îzø�ùUñ�ùUõUé�Quù#ð;ñ\é"õÿù)*{óXñ�øTð�Quð\ïZøTõe��ù#ï�î#ñ\ø�û�ùUïRðqöRélº�*��+*{é�¼
Quù#ð;ø�*xQ ð;é��&*{ø�û#ùUöRø�öRéXôhó-ð"Q ð;ôhïRõUïRð\ïAQ�ù�ý é-ð{öRéXôhö�Q�dzéXöRô\("�r£_ïRõUô\ïV,�ê-é-ð{ó�ð"Q ðxQ�ù#ñ�Q�Quù
*hø�ïRõUô{ùUõ ô\ù�êXê-é-ô;ô\éXùUñ+�%)�Quñhñ�ó>ê-ùUñ\ñ�éXõ�ê-é-,~øTõ îUñ�ø�ù � éÿ��ùUénêíì�QE��ùUénó�ð"Q ðxQuð�ð;éXïRõ�ðx
î�Quñ�ð\ïZñ"û#é]öV�Åó-ð�Quð"ïRõUïRð\ï�Quö�éXô�ð"ùUõ{ó-ð"Q ð"ïZõUï¾ð;ïAQuö�îzø�ùUñ"ù#õUé�Q�ù�ð;ñ\é�õÿù)*{óXñ�øTð"Q ð;ïRøTõ{é-ð�û#ø�õ�êïRö�Q¡Q�ùÿ*{øTïRõUô�ùUõnô\ù�êXê�éXô;ô\éXùUñ+�

2ÿùUîUîzøTô;øTõUôH��ùUé-,�ûIQuõUô�öV�Åó-ð"Q ð!ïRõUï¾ð;ïAQuö:û#éoöV�$Quù#ð;ø�*xQ ð;éoîUñ�ø�û#ùUï¾ð�,Uø�õ�QhêíìUøTïRô;ï[ùUõUéð\ñ�QuõUô\ïRð\ïZøTõ {p} ��ùUï~ï�*hîUöZï���ùUéyöZé-ôªQ�ù#ð\ø-*xQ ð;éXô`öZøÿê�Quù�ý Ai é-ð Aj �¢�iéXôaû#éXù�ý�Quù#ð;ø�{
*�Quð\éXô�öZøÿê�Quù�ý{ô;øTõ�ð�,�î�Quñ�û#ókW�õUï¾ð;ïRø�õo,�ûIQuõUôiû�éXô�ó-ð"Q ð;ô�Q+�|Quõ�ð�öZé¨*��+*{é]ö�Q�dzéXöV,¦��ùUï�éXô�ðûZ�©Q�ïRöRöZé-ùUñ\ô!öZéoîUöRùUô!îzé-ð;ï¾ð!ö�Q�dzéXö p û#éoöRéXùUñ\ô!ó-ð�Quð\ô���0lQuõUô�ð\ø�ùUô�öZé-ô_ê�Q�ô�,�öAQyð;ñCQ�õUô\ï¾ð;ïRø�õ
{1} îzéXù�ð���ð;ñ\éoê;ìUø�ïRô\ïZé�,)*xQ�ïRô]ïZö�îzéXù#ð�éXõné�ý#ïRô�ð;éXñ�ûZ�©Q�ù#ð\ñ\éXô]îzøTô\ô;ï�dUöRéXô��÷¨�>Y?B:^|B\=Hh;�¥B"ýZh)<�Õ_Yª���¡9IÕ_=�û\Y�<�%��E%#!�<>9�: Bª���yq`mEÕ|Y�B/su�wz�ýz��B"���>Õ/%�<�=��E%�B"�w��<�����Õ�^
��<>9�%_h�Y�û���B\9�%�û"�¨: ��9)�8���{q�mEÕ_YCB|su�4}�~!�Ek
B"�p�>Õ/%�<�=��E%�B"��m¦û\9�i\YCB\9�%¢��� ��Õ/%}<�=x�E%}B�h�YC<�:�Õ_!i%
:-Bª�¥��q`mEÕ_YCB�su�H�K��[�B��ª��<�=?=�Beûk%��E%r!i9)!&%#!��E� (1, 1, 2, 3, 2, 3, 4) � Y ��<�Y���ý p = 1 ý p = 2<>Õ p = 3 �

a 1

c

d

e

f

g 9
2

3

4

5

5

b 1

6

2

4 7

7 83

6 8 9

& �i�ã¼ ÷|��b�v ¾ £_ù#ð;ø�*xQ ð;éXô�öZøÿê�Q�ùÿý
2ÿøTïRð N öRénõUø�*�dUñ\é�ð;ø�ð"Quö]û#éXô{îzøTïZõ�ð;ôpû#énñ\é-õ�û#é+ò\{ � øTùUô{é-ð{ô\ùUîUîzø�ô\øTõUôx��ùUénöAQñ�éXõÿù)*{óXñ�øTð�Quð\ïZøTõnô\ùUï � Quõ�ð;éaô\øTïRðHQuîUîUöRïA��ùUóXée
wð\ø�ù#ô�öRéXô�îzøTïRõ�ð;ô�û#éañ\éXõ�û#é+ò"{ � ø�ù#ôª¹
¾ ô\ï[öV�Åó-ð"Q ð q QwöZéaöAQ�dzéXö k , k > p ,IQ�öRøTñ\ô�ô\øTõnõUø�ù � é�QuùköAQEdzéXö[é-ô\ð k − 1 ë¾ ö���ó-ð"Q ð!û#éaöAQEdzéXö p î#ñ\éXõ�û�öRéoöAQ�dzéXö N ë¾ ô\ïZõUøTõköRéaö�Q�dzéXö�û#éaöV�Åó-ð�Quð�õUéaêíì�Q�õ#ú�éaî�Q�ô
G !��:� <�9T��<�9)��!�:!i\YCBK��B��§��Õ/%�<>=x�E%�B"����<�����Õ�^ Ad Bk% Af ýlB\% p = 3 ýl����<�Y��x�:� ûk%��E%

:-Bw��� ��B+� 3 h�YCB\9;:���Bw�¥� ��B+� 9 ��i�B"�ªû\%��E%&�ª: B3��� ��B+��!�9 - û\Y"!�B\Õ|Yb" 3 9;Bª�"])��9_m¦B"9�%;hI���ªBk%
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±¤Â VKcwÎ�Ñ�æ`Î�ÒH� Ëd�_Í�ÌdÆ¿Îe�|Í+É¦Æ�Æ Ó9±

a 1

c

d

e

f

g

8

2

b 1

2

3

3

4

4

9 5

5 7

9 76

86

& �i�ã¼ ÷|��b�b ¾ £_ù#ð;ø�*xQ ð;éXô]öRø�ê+Q�ù�ýyQ�îUñ	~Xô]ö�Qyõ�ù)*{óXñ\ø�ð"Q ð;ïRøTõ
��B\Õ�^M: Be���-��B+� k > 3 h�YCB\9;:�YC<�9�%z��Be�¥� ��B+� k − 1 �0e�$Q�dzø�ñ\ûZ,�ê-øTõUô;ïZû#óXñ�ø�õUô
öRéXô�Quù#ð;ø�*xQuð\éXô�öZøÿê�Quù�ýlû#ï¥g8ó-ñ\éXõ�ð\ôiû�é Ai é-ð Aj QuîUñS~-ô
öAQõUø�ù � éXöRöZé=õÿù)*hóXñ\ø�ð"Q ð;ïRø�õo�-2/Q�êíì�Quõ�ðr��ùUéiöZéXô�Quù#ð;ø�*xQ ð;éXôVöZøÿê�Quù�ý Ai é-ð Aj ó-ð�Q�ïRéXõ�ð~öRéXôô\éXùUöZô5Q+�|Quõ�ð�ùUõló-ð�Quð5Q � é>ê]öRé!öAQEdzéXö p o é-ð���ù#é!öAQaõUø�ù � éXöRöZé!õ�ù)*{óXñ\ø�ð"Q ð;ïRøTõüê-øTõUô\éXñ � éö���ø�ñ\û#ñ\éüû�éXô^öAQEdzéXöRôwû#éXô?Quù#ð;ñ\éXôjó-ð"Q ð;ô�,:ê-éXô?Quù#ð;ø�*xQ ð;éXôjô;øTõ�ð^öRéXôe*��+*{é-ô���ù#éüê-éXù�ý
��Quù#ð;ø�*xQ ð;éXô"(5��ùUï�QuùUñ�QuïZéXõ�ð�ó-ð;óaø�d#ð;éXõ�ùUôHQ � é>êaê-é-ð�ð;éaõUøTù � éXöRöRéoõÿù)*{ó-ñ\ø�ð"Quð\ïRø�õo�Y !�9)�"!�ý�hI<>Õ_Y¡9;<E%#YCB§B:^|B\=Hh;�¥B"ý���B��K��Õ/%}<�=x�E%}B"����<�����Õ�^ Aa ý Ab ý Ac ý Ae Bk% Ag9;B��"])�>9_m¦B\9�%�hI�>���V��B\Õ/�©�W�\ÕIB+� �\ÕIB"�?��� �CB+�©���"])��9|m¦B\9�%�=x�>!��?��B"�¡��Õ/%�<�=��E%�B"�w��<�9�%8��B"�
=tA\=�B"� � ��÷8<�Õ_Y�9;<E%#YCBeB	^|B\=�h;��B"ý���B"���ª9;<�Õ|[�B���Õ�^�����Õ_%�<�=��E%�B"�3��<�����Õ�^¡��<�9�%rYCB�h�YCûkD
��B\9�%�û���: ��9/�ª����q`mEÕ|Y�Bts(�4}!}��

Ü Q�ïRõ�ð\éXõ�Quõ�ð�,=ê�ø-*{î�Quñ\øTõUô�öRéXôÿQuù#ð;ø�*xQuð\éXô Ai é�ð Aj Q�î#ñS~Xô�öV�$QuîUîUöZïZê�Q ð;ïRøTõ û#éö�QnõUøTù � éXöRöZélõÿù)*hóXñ\ø�ð"Q ð;ïRø�õÔQ � é>êlê-éXù�ýrû#élöAQkõÿù)*{ó-ñ\ø�ð"Q ð;ïRø�õmïRõUï¾ð;ïAQ�öRé-�`ù��ÅøTñ;û�ñ\éüû#éî�Q�ñ\ê-øTùUñ\ô"û#éXô�ó-ð�Quð\ô�éXô�ð�ñ�éXô;îzéXê�ð;ó]ûZ��ùUõUé8*xQuõUï�~Xñ\éªº_ê-ïRñ;ê�ùUö�QuïRñ\é�¼ ,E*�Q�ïRô�öV�Åó�ð"Quð�ïRõUï¾ð;ïAQ�ö
Qwêíì�QuõUúTó-� � õ�é\g8é-ð�,�öRé`õUøTù � éXö8ó-ð�Quð�ïRõUï¾ð;ïAQ�ö�ûIQuõUô]ê;ì�QTê-ùUõ�û#éaê�éXôpQuù#ð;ø�*xQuð\éXôpQuîUñS~-ôñ\éXõÿù/*{óXñ\ø�ð"Q ð;ïRø�õnéXô�ð�öRéaô\ù�êXê-éXô\ô\éXùUñ�û#é p îUùUïRôC��ùo��ïZö�QwöZéaöAQEdzéXö[öRéaîUöZùUô]îzé-ð;ï¾ð��
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q`mEÕ|Y�B>su�4}�~���[�B�����B"�H��Õ/%�<�=��E%�B"� Ad Bk% Af : B�����q`mEÕ_YCB�s(�4}!}��8iÀ� <>Y�:�YCB�: Brh)��Y���<>Õ_Y��
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îUñ	~Xô"(3��ùUépö��©Q�ù#ð\ø-*xQ ð;épîUñ\øÿû#ùUïRð���ùUépö���ø�õrîzéXù#ð^ø-d#ð\éXõUïZñ�
nî�Quñ�ð;ïRñ^û#éXô?Quù#ð;ø�*xQ ð;éXôöRøÿê�Q�ù�ýüïRõUï¾ð;ïAQuù�ýüéXõ�öRéXùUñ��#QuïRô"Quõ�ð=ô\ù)dUïRñ=öAQª*��+*hé_ñ\éXõÿù)*hóXñ\ø�ð"Q ð;ïRø�õo�_ù�Qjô\éXùUöRé`ê;ìUø�ô\é
��ùUï�êíì�QuõUúTéoéXô�ð�öV��ó-ð"Q ð�ïRõUïRð\ï�Quö�û#éaö��©Q�ù�ð;ø�*xQuð\éaîUñ\øÿû#ùUï¾ð��

ù��Åó-ð�QuðjïRõUï¾ð;ïAQ�ö�û#é{ö��©Q�ù#ð\ø-*�Quð;é{îUñ�ø�û#ùUï¾ð�Q��¦Q�õ�ðoô\ù)dUï"öAQ�ñ\éXõÿù)*{ó-ñ\ø�ð"Q ð;ïRø�õeéXô�ðjöAQñ�éXõÿù)*{óXñ�øTð�Quð\ïZøTõwû#ù^ô;ù�ê-ê-éXô\ô;é-ùUñ�, î�Quñqö�Q�ð;ñ�QuõUô\ï¾ð;ïRø�õ {p} , û#é
ö���ó-ð"Q ðVïRõUïRð\ï�Quö�û#é
ö��©Q�ù#ð\øE{
*�Quð\éYîUñ�ø�û#ùUï¾ð�ø�ñ�ïZúTïRõ�Q�öV� � õ�é\g8é-ð�,�ô\éXùUöRô=öZéXô=ó-ð�Quð\ô=ïZõ#ïRð\ï�Quù�ý�û�éXô¨Q�ù#ð\ø-*�Quð;é-ô=öZøÿê�Q�ùÿý
Ai é-ð Aj ø�õ�ð�êíì�QuõUúTó��/ê-éYô;øTõ�ð�û#ó-ô;øTñS*xQuïRô]öRéXô�ô;ùUêXê-éXô\ô;é-ùUñ\ô�û#é p (�é-ð�,�ô;ï8ø�õ�ô\ùUï¾ð]öAQð\ñ�QuõUô\ïRð\ïZøTõ {p} ûIQ�õ#ô^öV�$Quù#ð;ø�*xQ ð;épîUñ\øÿû#ùUï¾ð^ïZõ#ïRð\ï�QuöH�4øTùmûIQuõUô^öV�©Q�ù#ð\ø-*xQ ð;épî#ñ\ø�û#ù#ïRðû#é-ôMQuù#ð;ø�*xQ ð;éXôlöRøÿê�Q�ù�ýþû#étöAQ�W�úTùUñ�é¸÷_��b�v (\,�ð;øTùUôlöZéXô§Quù#ð;ø�*xQ ð;éXô�,
û#ï¥g�óXñ\éXõ�ð;ôüû#é
Ai é-ð Aj ,�ñ�éXô�ð;éXõ�ð_ûIQuõUô_öRéXùUñ�ô!ó-ð"Q ð;ô!ïRõUïRð\ï�Quù�ýké-ð�, Ai é-ð Aj ,�Q � Quõ�ê-éXõ�ð_ûIQ�õUô!öRéXùUñ\ôó-ð�Quð\ôlQ � é>êjöZé^îUöRùUô_îzé-ð;ï¾ðYö�Q�dzéXöVûIQuõUôYöAQpõUøTù � é-öZöRéwõÿù/*{óXñ\ø�ð"Q ð;ïRø�õZ�Z�iéXô_ó-ð"Q ð;ô_ô\øTõ�ð�,î�Quñ"ê-øTõUô\ð\ñ\ù�ê�ð\ïZøTõo,�öRéXùUñ�ô�õ#ø�ù � é�Q�ù�ýyó-ð"Q ð;ô"ïRõUï¾ð;ïAQuù�ýZ�-£_ïRõUô\ï�, QuîUñS~Xô"öAQYð\ñ�QuõUô\ïRð\ïZøTõ {p}ð\ø�ùUôVöRéXôrQuù#ð;ø�*xQ ð;éXôVô\øTõ�ð~ûIQ�õ#ô~öV�Åó-ð�QuðVïRõUï¾ð;ïAQ�ö�û#ókW�õUï�î�QuñqöAQ!õUøTù � éXöRöRé=õ�ù)*{óXñ\ø�ð"Q ð;ïRøTõo�

1,1,2,3,2,3,4

1,1,5,3,6,3,44,5,2,3,2,3,4 1,1,2,6,2,7,4

{1} {2}
{3}

1,1,2,9,2,9,3

1,1,4,9,5,9,33,4,2,9,2,9,3 1,1,2,5,2,6,3

{1} {2} {9}

p = 3

N = 9

Renumérotation

état initial

Renumérotation

nouvel état initial

& �&�9¼ ÷|��b�ö ¾ £!ù#ð;ø�*xQuð\éXô]îUñ\øÿû#ùUï¾ð;ô
÷¨<>Õ_Y�9;<E%&Y�BªB	^|B\=�h;��B"ý
: ��9/�3�¥��q`mEÕ|Y�B�su�:}(�ÿB"9y]/��Õ/%zB"�\%�Y�B�h�Y�û"��B"9�%�û�Õ_9¤B�hI�>Yk%#!VB

:-Bl�:� ��Õ/%�<>=x�E%�B�h�YC<�:�Õ_!i%
�>[�B��p��<�9�ûk%}�E%`!i9I!&%&!����;Bk%���B����e�"ÕI����B"����B\Õ|Y��d�6k
Bk%���Õ_%�<�=x��%�B
h�Y�<�:�Õ|!&%8B"�"%�m¦û\9¤û\Y�û#"�hI��Y\%#!iY�: B"�e��Õ/%�<�=��E%�B"�w��<����>Õ�^ÿ:-Be���yq�mEÕ_YCBts(�4}�~!�i¢�8hI��Y\%#!VBlB\9U������: BH�¥��q�mEÕ_YCB�su�:}(�-ý¢YCB�h�YCû"��B\9�%�B¨Õ|9;BrhI��Y\%#!�B�: BH�:� �>Õ/%�<�=��E%�Brh�YC<�:�Õ_!i%�\Õ|!;hIB\Õ_%�Ak%#YCB�m û\9;û\YCû�0

te
l-0

06
28

70
0,

 v
er

si
on

 1
 - 

4 
O

ct
 2

01
1
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` ��<�!&%�hI��Y����ªYCB\9IÕ_=�û\Y�<�%��E%#!�<>91����[EB�� p = 3 Bk% N = 9 � :-Bl��� ��Õ/%}<�=x�E%}B
h�YC<�:�Õ_!&%
:�� B\9U])��Õ/%3�

` ��<�!&%�hI��Yl�¥B"�w�>Õ/%�<�=��E%�B"����<�����Õ�^K:-B3�¥��q`mEÕ|Y�B�su�:}!}�ý���B"�+�\ÕIB+�©���+<�9�%
< �k%�B"9IÕ|�3B\9
��h h;�©!��\Õ��>9�%`���3YCB\9IÕ|=xû\YC<E%���%#!�<�9��"Õ_Yp��B"�H��Õ_%�<�=��E%�B"�p��<�����Õ�^?: B����{q`mEÕ_YCB>su�:}�~!�F ��9)���¥Be9;<>Õ_[�B+�`��Õ/%}<�=x�E%}B"ý¨�>!i9)�"!5< �k%�B\9IÕ¦ý5��� ûk%��E%z!i9I!i%#!������"]/��9_m¦Be�E�"�_hIB\Õ/%�Ak%#YCB¡< �kD

%�B\9IÕ¿��h�YBi"�xÕ_9¤B§YCB\9IÕ|=xû\YC<E%��E%#!V<�9þ: Bÿ�¥�¸%#YC��9)�"!i%#!�<�9¸hI��Y {p} : BM�:� ûk%}�E%l!�9I!&%#!V���8: B
�:� ��Õ_%�<�=��E%�B?:�� B"9�])��Õ_%x�

2

ù�QyîUñ�ø�îUñ�ïZó-ð\óª��ù#éoöV�ÅøTõ � ïZé-õ�ð!û#éaîUñ\øTù � éXñ]éXô�ð�ùUõUéaîUñ\øTîUñ\ïRó-ð\óoúTöZø�d�QuöZé-� � öRöRéeQ�ô�{ô\ùUñ\é���ùo�ÅïRö¢��Qhð\ø�ù��&ø�ùUñ�ôlQ�ùU*{øTïZõUô!ùUõ÷õ)faù�û���ùUï:ô\éwû#óXîUöAQ�ê-éyûIQuõUô_öRé^ñ\ó-ô;é�Quùo� � õñ\é � Quõ�êíìUéléXöRöRélõUépîUñ\øTù � épî�Q�ôe��ùUépð\ø�ù#ô^öRéXô^õ)faù�û#ô^ô\élû#óXîUöAQ�ê-éXõ�ð¡Quù dzøTù#ðwûZ�ÅùUõð;é+*{î#ôªdzøTñ\õUó-�`�
é-ð\ð\é{îUñ\øTîUñ\ïRó-ð;ópû#ùeñ\óXô\é�Quùrø�ÝröV�ÅøTõ Q�îUîUöRï���ùUépöV�ÅøTñ;û#øTõUõ�Quõ�ê-é+*{éXõ�ðû#éXô�*{øTù � é+*{éXõ�ð;ô
ô;é-öZøTõüöV�$QuöZúTøTñ\ï¾ð;ì)*{éYû#é!ö�Q3W�úTùUñ\é3÷|�$toéXô�ðiú Q�ñ�Quõ�ð\ïZé_î�Quñ
ö�QoîUñ�ø�îzø�{ô\ïRð\ïZøTõkô\ùUï � Q�õ�ð\é�¹
cwÎ�Ñ�ærÑ�Í�ÒAË>Ò�Ñ;Ç .�Y\nÿÑ;Ç�S*o é�ÑoÐ�ÆIÈ�ÉêéiÑZÐ-Æ�é^]Zp ÕIB+�i��B �"Õ�B���<�!i%K��� �"Õ_!&%}B : B�%&Y���9/�"!&D
%#!�<�9/��:-��9)�?�:� ��Õ_%�<�=��E%�BHh�Y�<�:>Õ_!&%&ý5%}<�Õ|�?��B"����Õ/%}<�=x��%�B"�?��<�����Õ�^��"])��9_m B\9�%�:�� û\%��E%���Õ
��<�Õ/%5:�� Õ_9�9;<�=��\Y�B���<�Y"9;û�: Bª%#YC��9)��!&%#!�<�9/��: ��9/�ª�:� ��Õ/%�<>=x�E%�B5h�Y�<�:�Õ_!&%T�
cwÎ�É*ÆOç�É 0e�$Q�dzø�ñ\ûZ,�ê-ø�*�*{é�ö��©Q�ù�ð;ø�*xQuð\é�îUñ\øÿû#ùUï¾ð{éXô�ð¡W�õUï=é-ð���ùo��ïRö�õUé�îUñ�óXô\éXõ�ð;éî�Q�ô~û�é�dUöRø�ê�QuúTé-,Tê;ì�Q���ùUéiô\ùUïRð\é=û#é�ð;ñ�QuõUô\ïRð\ïZøTõUô~ûIQuõUô~ê-é-ðrQ�ù#ð\ø-*xQ ð;é5QE*¡~XõUé
ð\ø�ù�� øTùUñ�ôûIQ�õ#ô=ùUõló-ð"Q ð=û#ó	�	
 � ïZô\ï¾ð;ó�Q�îUñ	~Xô=ù#õüõUø�*�dUñ\épW�õUï��#dzøTñ\õUó>("û#é!ð;ñCQ�õUô\ï¾ð;ïRøTõUô��_0�Q�õUô=ê-éê\�#ê-öRé��4õUøTõ � ïZû#é>(",#öRéXô�ó-ð�Quð\ô]û#éYð\ø�ùUô=öZé-ô�Quù#ð;ø�*xQ ð;éXô=öZøÿê�Quù�ý�ô;øTõ�ð�óXú Quù�ýÿQ�ù�û#ó+dUù#ðé-ðp
^öAQªW�õ�û#ù�ê\�#ê-öRé-�_£_ïRõUô\ï�,ÿô;øTï¾ð�ö��©Q�ù#ð\ø-*�Quð\éYöZøÿê�Q�ö8ñ�éXô\ð\é`ûIQ�õ#ô�öRél*¡�+*{éYó-ð�Quð�,�ô\ø�ï¾ðïZö¢Qyî�Quñ;ê-øTùUñ\ù�ð;øTùUô]ô;é-ô�ó�ð"Q ð;ô�Q�ùÿ*{øTïRõUô�ù#õUéw� ø�ïRô��Ü Q�ïRõ�ð\éXõ�Quõ�ð�,�îUñ�ø�ù � ø�õUôr��ùUé=ô\ï�ö��©Q�ù#ð\ø-*�Quð\é=öZøÿê�Quö�Q!îUöRùUô�ûZ�ÅùUõyó-ð�Quð�,uïRöUêíìIQ�õUúTéXñ�QûZ�Åó-ð�Quðié-ð8QuïRõUô\ï�ïRözî�Quñ;ê-øTùUñ\ñ�Qað\ø�ùUô
ô\éXôió-ð�Quð\ô��/2ÿùUîUîzø�ô\øTõUôiöZé_ê-ø�õ�ð;ñ�QuïRñ\é-,ÿê��Åé-ô\ð�{1
>{&û#ïRñ\é
��ùo�ÅïRö�õo�©Qjî�Quô�êíì�QuõUúTó`ûZ��ó-ð"Q ð��|£_öRøTñ\ô
ð;øTùUô=öRéXô¨Quù#ð;ñ�éXô8Q�ù#ð\ø-*�Quð\éXô¨Q � é>ê!öRéXôC��ùUéXöRô=ïRöZQû#éXô
îzøTïRõ�ð;ô
û#é!ñ�éXõ�û#é+ò\{ � ø�ùUô�éXõlê-ø-*¡*wùUõpõUé!êíì�QuõUúTéXõ�ð
î�QuôiûZ��ó-ð"Q ð�� � õpékg8é�ð�,�ô\ïRõUøTõïZöRô^î�Quñ;ê-øTùUñ\ñCQ�ïRéXõ�ðjð;øTùUô^öRéXùUñ\ô^ó-ð�Quð\ô^é-ð^éXõmîIQ�ñ�ð;ïZê-ùUöZïRéXñ^öV��ó-ð"Q ðwéXõ ��ùUéXô�ð\ïZøTõsê-éx��ùUïéXô�ð]ê�ø�õ�ð\ñ�Q�û#ïZê�ð;øTïZñ�éwQ � éXê_öAQjô;ùUî#î�øTô\ï¾ð;ïRø�õo�I�
ø-*¡*{é!ð;øTùUô=öRéXô=õ)faù�û#ô=ô\ø�õ�ð=ñ\éXöRïZó-ô�î�QuñùUõ�ê;ìUé+*{ïRõð�4øTù÷ô\ùUïRð\é>(�û#éwîzøTïRõ�ð;ô`û#é^ñ\éXõUû#é+ò\{ � øTùUô¡�4ïRöqõo�O��Q{î�Q�ôYû#éwõ)faù�ûtïRô;øTöRó>(\,
Q�öRøTñ\ô!î�Q�ñ]ð\ñ�QuõUô;ï¾ð\ïZøTõ Q�ù�ê�ùUõtõ)faù�ûkõUéoô;éjû#óXîUöAQTê-éXñCQ/,zê�ée��ùUï�éXô�ð!ï�*hîzø�ô\ô\ï�dUöZé^ûIQuõUôùUõ^ê\�#ê-öRé�õUø�õ � ïZû#é�îUùUïRô���ùUé5Quùª*{øTïZõUôqû#éXù�ýeQuù#ð;ø�*xQ ð;éXôqû#øTï � éXõ�ðVê;ì�Q�õUúTéXñqûZ��ó-ð"Q ð��

2

0!é�ê-é�ð\ð;éüîUñ\øTîUñ\ïRó-ð;óüø�õsîzéXù#ð{û#óXû#ùUïZñ�éM��ùUé§��ùUéXö5��ùUéüô;øTï¾ðhöV��ó-ð"Q ð{ê�ø�ùUñCQ�õ�ðhû#ùñ\óXô\é�Quù Quð�ð;éXïRõ�ð§
�î�Quñ�ð;ïRñlû#énö���ó-ð"Q ðlïRõUï¾ð;ïAQ�öV,
ê;ì�Q���ùUétõ/faù�û Q ð\ð\éXïRõ�û#ñ�Qeê;ì�QTê�ùUõ û#é
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Ã|õ�õ Ø®Ù�¹»ºÇ¼65��87��aÝ`���|�:9�¹/���i�aÛJÝ`����¹����&º����|�����i�
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Ì »uÅÇÅLÍ�¿ÎÁ�»Ï½!Ðu¸�¾V½
Ñ
ÅLÍ�¿ÎÁ�Ò�ÓVÔ�Ð�º!»eÊÕ»uÅ�¾V½ÂÖ

Ð�¿Ø× »{¿\Ù Ð�¿@× Ú
Ð�¿Ø× »{¿xÛ Ð�¿@× Ü
Ð�¿Ø× »{¿®Ü Ð�¿®Ý Ü
Ð�¿Ø× »{¿\Þ Ð�¿®Ý Ú
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Ð{¿@× Í Ð{¿@× ×
Ð{¿@× º Ð{¿@× Ù
Ð{¿@× Á Ð{¿®Ý á
Ð{¿@× » Ð{¿@× Ú
Ð{¿@× â Ð{¿®Ý Û
Ð{¿@× Æ Ð{¿®Ý ã
Ð{¿®Ý Í Ð{¿@× ã
Ð{¿®Ý º Ð{¿@× Û
Ð{¿®Ý Á Ð{¿®Ý Ú
Ð{¿®Ý » Ð{¿®Ý Û
Ð{¿®Ý â Ð{¿®Ý Ù
Ð{¿®Ý Æ Ð{¿®Ý ×
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� K  
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�).)/X/ ( "]0 � � � � :  I@S/>0 *)&-&��'9 O��3/9 $ & $ 9^*)9 � /_0 �4* �7/ * � (>Y  �� � � ( �` &8*)9�: � � "! 2"3$ �4&X� O+"%/ &8* /a@4 ���� �Q��* $��3/ *)& ª 9 /I$��(�7/ * �� � ���'&�&  & 0B/ 9 / & "�¬��3/	�C #"%$A@S/ 9 / & "b * �M ��! ��(� : �7$ (%9 / �
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f � /f�3/ &�� /	�RQ|@ �4* fl/#fN" � / 7
*)& $A" : f � /

"%/ 9 �pf �nq $Aq �'& f *)& / 9  
� , / �mK /	���N/ * � � / 2
*)& $A" : f � /X"3/ 9 �nf �r � � �Af Y f3/	� �'& � K  �� ,4� �N$7"3. 9 / Y �7/#f &pmX*�� f A /R" B f �4& "b$ & $7"3$` ��7$Mf : f �  & f8�7//� � $ & "
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Ëtsvu wyx{z}| b ê�ëfìUí}îMï â�ð}~ z�ñ â�ð����e� ò¾ï���z�ï ã�ð}~fâ ñ�xcí�ò
� /+�3/ &�� /	�RQ|@ �'* f 1

Y
C
�  & f*�7/'� � $ & " 2 /B" D �  & f 3

� r ���Nv#f;�C &�N/ & 0 �4& "��N/ �  & f;�E/
� � $ & " 1  I@S/>0 B Y A f3/ ��: ���C 40B/k@S/	�AfH�7/�� � $ & " � /M�3/ &�� /	�RQ|@ �4* f 4

��� $(�+/#fN"H�7/����N/ 9 $7/	��  ����3$A@S/��a/B"_ #"3"%/ &�� �7/ &nmX*�� D �
� * ��� � f �4& f =?* /�f �4& "%/ 9 �nf �mK  2"N"%/ & "3/ �  & f 4 f � $A"
13
*)& $7" : f � /�"%/ 9 �nf � r $ & f3$ Y � �4* �y�7/ &nmX*�� A �C r"!�40%.)/�� 9��4* @S/ 9 / & "c@S/	�Afy�7/�� � $ & "� /��3/ &�� /	�RQ|@ �'* f 4 � "%/ 9 �nf ��K  #"3"%/ & "%/ �  & f��E/r� � $ & " � /r�3/ &�� /	�RQ|@ �4* f 4 � 9  �� , /�mK /	���N/ * �c�� *)& / ��* � : / � / 3 + 13 + 2 = 18

*)& $A" : f � /]"3/ 9 �nf � r � � �
f Y f3$d0B/]"3/ 9 �nf
/#fN" ��: �M �f
f : /B" A &LK  R�j �f�@ * D  ����N$7@'/	� Y  �� � �Af�$(�L0 �4& f3$ � v	�3/ =?* / D /#fN"�" �49 O : / &
�M &)& / ��� $ &)�4&LY f3$o�7/ &nmX*�� D  ����3$A@S/ �  & f*�7/'� � $ & " � //�N/ &�� /	�RQ|@ �'* f 4  
���Nv#f Y �M ��/Rq+/ 9 ���7/ Y 17

*)& $A" : f � /b"%/ 9 �nf Y  �� � �Af��E/��3/#fN"%/ ��* "3/ 9 �nf � /r�C {"<�\0!.)/ Y 0 K /#fN"PQ � Q � $��3/
18 − 17 = 1

*)& $A" :�� /U"%/ 9 �nf Y /#fN"{ ]� �4* " : � �C �"<�\0!.)/�f * $A@4 & "3/�0 K /#fN"PQ � Q � $��3/ � �C 
"!�40%.)/e� 9��4* @S/ 9 / & "�@S/��
f%�E/*� � $ & " � /8�N/ &�� /	�RQ|@ �4* f 1 � "%/ 9 �nf �mK  2"N"%/ & "%/ �  & fM�7/
� � $ & " � /+�3/ &�� /	�RQ|@ �'* f 1 � 9  �� , / �mK /	���N/ * �y� �
[  2$ & "%/ &  & "�$��mwy * " ��:I9��4& "��3/�� =?* /+� K�: "< #"�fN"< 2O��7/ ��* � : f3/V *LY�� Opf%/	�P@ :+�  & f��E/#f

/Rq+/ 9 ���7/#f Y � �'* �7�! ©�B"��N/ ,':B&): �! ��E$Xf : � &LK $ 9 � � �N"3/ =S* /	�:� : f3/V * /R" =S*LK $���/#fN"�� � fgf3$7O��7/� / ��:I9  
�7�3/	���E/#f &nmX*�� f �  & fr0B/B" : "! 2" �i_Kn: "! 2"jfN"< 2O��7/ ��* fNstfN"%v 9 /�/�f3"l"��3v#f1$ 9 � � �N"< & " Y 0I 
� �  & f�0B/R" : "! 2"U� K�� � � �3/�mK  
�7�3$A@ : /U * q�� � $ & "
f � //�3/ &�� /	�RQ|@ �4* f �  & f8� K  * " �49  #"%//��� �3��* $A"��N/#fN"%//�7/ 9 � 9 / �k � * f\��� : 0B$Xf :I9 / & " Y f3$r" �4* f��7/#f &nmX*�� f��3/�f���/>0<"%/ & "�� K  �� ,4� �N$A"%. 9 / � /#f�� � $ & "gf � /
�N/ &�� /	�RQ|@ �4* f � />�` J· ,4* �3/ ���ED"� Y  
� � �Af �  & f *)& � � $ & " � />�3/ &�� /��RQ|@ �'* f ���4&)&):'Y
$��_s� * �! p" �4* � �4* �
f©�7/ 9 � 9 / &nmX*���=?* $k ����3$A@S/	�% ��7/\���N/ 9 $7/	� F �'*@� / * q�$7v 9 /#GX/R"
" �'* � �'* �Af f �4& @ � $Xf3$ &�=?* $M ����3$A@S/	�% ��7/ � / * q�$7v 9 / F �4* ���N/ 9 $7/	�<G� * O �4* " �mKn*)& "%/ 9 �nf
0 �4& fN"< & " �t�  & f�0B/�0> ]f Y 0 �4&)&  2$Mf
f! & "�� Kn� � � �3/ � /e�}@+$Xf3$7"3/�� � /#fM� � $ & "
f � /��N/ &�� /	�RQ
@ �'* f Y+�'& ��/ * " ��: "3/>0R"%/����E/#f��M &)& /#f �  & f��E/hfNstfN"%v 9 / �nk �'* � : " *�� $E/	��� Kn: "! 2"cf3"! \O��7/��* fNstfN"3v 9 / Y��4& $ & "�� �Q��* $A" �mK  \O � � � �C &)� "%$ �4&«� /�� K  * " �49  2"3/���� �Q��* $A";0 �49 ���7/B"
"3/ 9 � � �3$Xf : ���  & f;0B/B"� * " �'9  #"%/ Y��'&  ]� �4* "%/ *)& /l@' ��3$C 2O��7/ � /l"%/ 9 �nf� * q : "< #"gf
� � 0> * q =?* $�0 �49 � � f%/ & "��7/#f : "! 2"gf � /©� K  * " �49  #"%/©��� �3��* $A" ��È & f * $A"%/ �'& � $Xf%0�� : "3$Xf%/
�7/;"3/ 9 �nf+�3/	��� : f3/ & " : �M 
�z0B/B"N"%/Z@' ��3$C 2O��E/ � � /	�` � * �% U� �'* �X/��d/B"'� K  *),'9 / & "< #"%$ �'&��*p&)�49 O��3/ �mKn: "< #"gf � /z0B/ &)�'* @'/	�f * " �'9  #"%/r�M ����! ���� � �P" � � K  * " �'9  #"%/r��� �3��* $A" �i  ��: · & $A"%$ �'&�� /'� K  * " �49  #"%/+��� �Q��* $A"]0 �49 ���7/B"�"%/ 9 � � �3$Xf : /#fN";�C �f * $A@' & "%/e�
���l��� ò9ö)ò?ó � Ë �¢¡A£�¤Gö5ó�¥­õ�ö �§¦ ô$ó{¨}¤Xò9öª©Có�¥ ¦ ñ � ö�ö � ¥ ¦ ó¢ô�ò¬«#­n®ih�¯ª°<±
±v²#³´³X²c°]µp¶·¹¸Hº ° · ²h±¼» ¸�½ µ ¾ ·À¿<¸]º ±�³X² ·Á· ² º ± ¸ »�¾´Â"Ã�Äcµt¯Å°]µ ·¹¸]º ° · ²À±Æ» ¸"½ µt¾ ·À¿<¸]º ±Ç³X² ·À½ °]¯nÂe³X²<È�µv²#³¸ ¯¢°�É ¸ µ · ²ªµt¯�²ªÊ�°]»�¾Ë°
Ì#³Í² ½ ² · ² º ±¼Â ø ¿�Î °
È�µv²jÃ · ° · ³ ¸�¿ °�³ÍÏH�Ð°H¯nÂ ¿ ² · °]µ ·¹¸]º ° · ²�Ä�¾�³²
Ñ�¾´Â · ²cµ ¯Ç² · »g°]¯nÂ�¾ · ¾ ¸ ¯ ½ ²Á³AÒ Ã · ° ·

([q1, t1], . . . , [qn, tn])
ø�³AÒ Ã · ° ·

([q′1, t
′
1], . . . , [q′n, t

′
n])Â�¾�± ¸ µt» ¿<Î °
È�µ¼²

i ∈ [1..n]
�

å ÏÀÂ ¸ ¾ ·
q′i = qi

² ·
t′i = ti

°HÊ�² ¿
ti
Ã:Ól°�³yøe³X° ½ µt»gÃ<² ½ ²�³Í° · Ê ¿<Î ² ½�¸ ¯ · ³X²�± ¸ ¾¬¯ ·Ô½ ²»<²�¯ ½ ²<Õ�¶:Ê ¸ µ Â ½ ²�Â · ¾¬¯�° · ¾ ¸ ¯Ö²�Â · ¯vµ º Ã�» ¸�· Ã

label(qi)
ÄÁ² ·×· ²#³�È�µØÒ ¾�³�¯	Ò ²AÑ�¾´Â · ²Ù±v°�Â
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Ú	Û��?Ü%ó¢ñ¬­3ô$õ � © � õÆ¤LÐÅ¨�­8ÑÏõVòLñLñ?õ � © � « ËtsÆÝ
µt¯

j
· ²#³ÇÈ�µ¼²�Ä

label(qi) = label(qj)
² ·
tj =

½ µ »<Ã<² ½ ²À³X° · Ê ¿�Î ² ½
¸ ¯ · ³X²Ø± ¸ ¾¬¯ ·½ ²�»<²�¯ ½ ²<Õ�¶:Ê ¸ µlÂ ½ ²�Â · ¾´¯Ç° · ¾ ¸ ¯Þ²�Â · ¯vµ º Ã�» ¸�· Ã
label(qj)

ö
ç ÏÀÂ ¸ ¾ ·

q′i = qi
² ·
t′i = ti + δ

¸Hß
δ
²�Â · ³X² � ±v°�Â ½ ² ½ ¾´Â ¿ »<Ã · ¾�Â"° · ¾ ¸ ¯¤�Ö² · ti ²�Â ·¾¬¯�à�Ã�»�¾Ë²�µt»öøÐ³X° ½ µt»gÃ<² ½ ²y³X° · Ê ¿�Î ² ½
¸ ¯ · ³X²�± ¸ ¾´¯ ·�½ ²Á»<²�¯ ½ ²<Õ�¶:Ê ¸ µlÂ ½ ²�Â · ¾´¯Ç° · ¾ ¸ ¯²�Â · ¯vµ º Ã�» ¸�· Ã

label(qi)
ö

á ÏÀÂ ¸ ¾ ·
q′i 6= qi

² ·
t′i = δ

°]Ê�² ¿
ti
ÃËÓl°�³Føo³X° ½ µt»gÃ<² ½ ²â³X° · Ê ¿�Î ² ½
¸ ¯ · ³X²h± ¸ ¾¬¯ ·½ ²�»<²�¯ ½ ²<Õ�¶:Ê ¸ µ Â ½ ²�Â · ¾´¯Ç° · ¾ ¸ ¯ã²<Â · ¯nµ º Ã�» ¸�· Ã

label(qi)
² · ¾�³9²
Ñ�¾�Â · ²

j
· ²#³�È�µ¼²�Ä

label(qi) = label(qj)
² ·
tj =

½ µt»gÃ<² ½ ²e³X° · Ê ¿�Î ² ½�¸ ¯ · ³Í²y± ¸ ¾¬¯ ·Ù½ ²�»g²�¯ ½ ²gÕ�¶Ê ¸ µlÂ ½ ²�Â · ¾¬¯Ç° · ¾ ¸ ¯?²�Â · ¯nµ º Ã�» ¸�· Ã
label(qj)

Ï
�äÒ Ã · ° · ¾´¯v¾ · ¾I°�³ ½ ²ª³AÒ °]µ ·¹¸]º ° · ²h±Æ» ¸�½ µ ¾ ·h¿<¸]º ±Ç³X² ·Á· ² º ± ¸ »�¾´Â"Ãå²�Â · ³�Ò Ã · ° ·À¿<¸]º ± ¸ Â"Ã ½ ²·¹¸ µ Â�³X²�ÂæÃ · ° · Âh¾¬¯v¾ · ¾I°]µ�Ñ ½ ²<Âæ°]µ ·¹¸]º ° · ²�Â�³ ¸�¿ °]µ�Ñç°]Ê�² ¿ ³X°eÊ�°]»�¾I°
Ì#³X² · ² º ±¼Âæ²�Â · Ã:Ól°�³kø
δ
Ä

([i1, δ], ..., [in, δ])
Ï

k �4* �L$��(� * fN"��N/	��0B/B"N"%/ ��: · & $A"%$ �'&LY �N/	���3/ &)�4& fo� K /Rq�/ 9 ���E/ ��*X, �% 
�).)/ � /�fo� � $ & "
f � /
�3/ &�� /��RQ|@ �'* f � /8�C {· ,4* �3/ �)�7D"!)F  'G �n� �4&1, �! ��).)/ � /#f ��: ���C 40B/ 9 / & "gf�/#fN"��3/	��� : f3/ & " :�  & f/�C 1· ,'* �N/ ���EDBÄjF  'G ���  & f^0B/ , �! ��).)/ Y �7/#f &)�49 O��N/#fz/ & $A"< ��7$ =S* /ªf * �'�7/#fU ��%0�f
�3/	��� : f3/ & "%/ & "y�E/#f ��* � : /#f � /#f�"<�\0!.)/#fc/ & "��N/%�E/#fX� � $ & "
f � /%�3/ &�� /	�<Q�@ �'* fX� �'* ��0%.M =?* /&nmX*��âè �p� �'&  * " �49  #"%/8��� �3��* $A"�0 �49 ���7/B"�/#fN"M�3/	��� : f%/ & " :��  & f��C z· ,4* �3/ ���EDBÄMF OMG Y
"< &�� $Xf =?* /��C �· ,'* �N/ �)�7DVÆ �3/	��� : f%/ & "%/�� K  * " �49  #"%/"��� �3��* $A"�0 �49 ���E/R"�"3/ 9 � � �3$Xf :
 >@'/>0 δ = 1 /B" : "! 2"�$ & $A"%$C �� ([1, 1], [1, 1], [2, 1], [3, 1])

�
~ �(� * fN"�� �'& f 9  2$ & "%/ &  & ">�E/#f 3 0> �f ��� $(�^s  *)& /¡"��% & f3$A"%$ �4&��  & f>� K  * " � Q9  #"%//��� �3��* $A"}0 �'9 ���7/B"]"%/ 9 � � �N$Mf : 0 �49�9 /{$��MfÙf �4& " ��: · & $Mf*�M 
�*�C ��: · & $7"3$ �4& D"!��k �4* �b0R/#f]$(��� * fN"��! #"%$ �4& f &)�4* f & /^0 �4& f3$ ��: � �4& f =?* /'� K  * " �'9  2"%/'� � 0> �� ��*T&nmX*�� A Y���'& 0 i = 1

� r � � �
f Y �C �"��! & f%$A"%$ �4&t9  �� =S*): / item1
�  & f �C �· ,4* �3/ ���ED>Æ �3/	��� : Qf3/ & "%/_�E/�0> ]f D � /&�C ��: · & $A"%$ �'& �fÈ �(�7/&�3/	��� : f3/ & "%/ *)& /Z"��% & f3$A"%$ �4& / & "��N/&�7/#f : "< #"gf

([4, 3], [2, 3], [2, 1], [3, 2]) /B" ([4, 3], [1, 1], [3, 1], [3, 2])
=S* $_0 � ���N/#f�� �4&�� � *)& /6 2"PQ

"%/ & "3/ �  & fO�7/+� � $ & " � /r�3/ &�� /��RQ|@ �'* f 4
�v�  & fr0R/z0> ]f Y q′1 = q1 = 4 /B" t′1 = t1 = 3/B" t1 /#fN" :I,  
� � �C ��* � : / � /'�C U"<�\0!.)/ ��*�&nmX*�� A @S/	�Af;�7/'� � $ & " � /'�3/ &�� /	�RQ|@ �4* f� /#fN"%$ &  #"%$ �'& label(q1) = 4 /B"H$�� &LK /Rq�$XfN"%/O�M ]f *)& j "%/	� =?* / label(q1) = label(qj)

/B"
tj =

��* � : / � /8�` X"<�\0!.)/ ���'& "��7/8� � $ & " � /8�3/ &�� /	�RQ|@ �4* f � /#fN"%$ &  #"%$ �'& /#fN" &8*)9�: � � " :
label(qj)

�cÈ & /���/R" Y��'& ��/ * "^@ � $�� �  & fR� Kn: "! 2" ([4, 3], [2, 3], [2, 1], [3, 2])
=?* /\�7/#f: "< #"gfO� � 0> * q � /#fb * "��3/�fb * " �49  #"%/#f�f �4& "�" �4* f � $Í� : �N/ & "gf � / label(q1) = 4
�i /U0> �f � /#fN"��N/	��� : f3/ & " : �M 
�8�C ;"��! & f3$7"3$ �'&x9  
� =?*): / item2

�  & f��C �· ,4* �3/ ���ED>Æ����K /#fN" *)& /a"��% & f3$A"%$ �'& / & "��3/I�7/#f : "< #"gf ([4, 2], [2, 2], [2, 1], [3, 2]) /B" ([4, 3], [2, 3], [2, 1], [3, 2])

é
ê 6g8Æ8:6<;H;�C�8�GÇë�\F6 	Hì N�8I=9í�îFïAðH5XW�7¹ñ�\�=A@¼;�C�D�>]@Æ@IN�8�\ò=
@�6g8:_�@vC�E�G�_Uã�6�E ì [96 	 Ec>�= ` D�=AN3â×DF\�\FNH@�GË8I=A8\^6�>�[ 	 EHDòGËD�C�E
î
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ËtsvÚ wyx{z}| b ê�ëfìUí}îMï â�ð}~ z�ñ â�ð����e� ò¾ï���z�ï ã�ð}~fâ ñ�xcí�ò
� /*� K  * " �49  2"3/ =?* $d0 � �7�3/#f�� �'&�� � � K  
���N$A@ : / ��*�&nmX*�� A �  & fM�7/8� � $ & " � /8�N/ &�� /	�RQ
@ �'* f 4

�¼�  & fr0B/z0> ]f Y q′1 = q1 = 4 /B" t′1 = t1 + δ
���

t′1 = 3
Y
t1 = 2 /B" δ = 1

�i /U0> ]f ! /#fN"��3/���� : f3/ & " : �M 
�8�C �"��% & f%$A"%$ �4&�9  �� =S*): / item3
�  & f��C �· ,4* �3/ ���ED>Æ���bK /#fN" *�& /�"��! & f3$7"3$ �4& / & "��N/I�E/�f : "! 2"
f ([4, 3], [1, 3], [2, 1], [4, 1]) /B" ([1, 1], [1, 4], [2, 1], [3, 1])=S* $M0 � ���N/#f�� �4&�� � �` b· & � /O�C �"<�\0!.)/ � /#f &nmX*�� f A /B" D �  & fS�7/O� � $ & " � /O�N/ &�� /	�RQ

@ �'* f 4
���  & f�0B/^0I �f Y q′1 = 1

Y
q1 = 4

Y F
q′1 6= q1

G Y t′1 = δ = 1 /B" t1 = 3 /#fN" :B,  ��� �C ��* � : / � //�C ;"<�\0!.)/ ��*T&nmX*�� A @S/	�Af*�E//� � $ & " � //�N/ &�� /	�RQ|@ �4* f 4 /B"]$(�f/Rq�$XfN"%/
j = 4

F �  & fM� K  * " �49  2"3/8� � 0> �� ��*l&nmX*�� D G�"%/	� =?* / label(q1) = label(q4) = 4 /B"
t4 = 1 /#fN" :I,  
� � �` ��* � : / � /O�` b"<�\0!.)/ ���'& "S�E/O� � $ & " � /O�N/ &�� /	�RQ|@ �4* f � /�f3"3$ &  #"%$ �4&/#fN" &?*)9�: � � " : 4

�

óô õö

÷øùú
D

A

B1 2

34

4

C
3

11
2

2

1 3

5�6�7 ð98:6<;Iã�=û>�=A@ü>�[�;�\F6�_�=�K` =
E�G:@

1,1,2,3 4,2,2,3

4,1,3,34,1,2,4

5XW�7c�M�ý6�N"GËC ` 6gGË=�;H8IC�>HNHDòG _�C�8I8I=
@�K;�C�EH>]6�E�Gþ6�N ì 8:6<;�ã�=ã>�=ã\F6 	 Kì N�8I= í�îFï�5XW�7
a�âäãcb �)�7DIÄÐdpÈ q+/ 9 ���7/+� �'* ��$���� * fN"��3/	�O�C ��: · & $A"%$ �4& D"!

ÿr�4* fZ >@ �'& f * "3$(�7$Xf : 0B/6"±sQ��/ �mK  * " �'9  #"%/\� �4* �©��� �'* @'/	�©�C ���� � � � f3$A"%$ �'& f * $AQ
@4 & "%/e�

�����Æ¦�� «������ ��� ú õ · °]¯ ·À½
¸ ¯v¯ÇÃ�µ ¯ ¸ » ½
¸ ¯v¯Ç°]¯ ¿ ² º ²�¯ · ² · µ ¯Å²�¯nÂ"² º Ì#³X² ½ ² ½ µ »<Ã<²<Â± ¸ µt» ¿�Î °�È�µ¼² · Ê ¿�Î ²å²�¯ · »g² ½ ²�µ�Ñ�± ¸ ¾´¯ · Â ½ ²�»<²�¯ ½ ²<Õ�¶:Ê ¸ µlÂ<Äc¾�³ ²
Ñ�¾�Â · ²�µt¯ÅÃ · ° · Â · °
Ì#³X²¸Hßo·¹¸ µlÂä³X²�Âh¯
	Øµ ½ ÂhÂ ¸ ¯ · ±vÃ�»�¾ ¸"½ ¾ËÈ�µv² º ²�¯ ·c½ °]¯nÂ�³X² º���º ²�Ã · ° · Ï
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[4,1],[2,1],[2,1],[3,2]

[4,2],[2,2],[2,1],[3,2] [4,3],[2,3],[2,1],[3,2]

[1,1],[1,4],[2,1],[3,2]

[1,1],[1,3],[2,1],[3,2]

[1,1],[1,2],[2,1],[3,2] [1,1],[1,1],[2,1],[3,1]

[4,3],[1,1],[3,1],[3,2]

[4,3],[1,2],[3,2],[3,2]

[4,3],[1,3],[2,1],[4,1][1,1],[1,4],[2,1],[3,1]

item2 item1

item3

aHâ�ãcb ���ED>Æ�d i_K  * " �'9  2"%/r��� �3��* $A"�"%/ 9 � � �N$Mf : 0 � �7�3/#f�� �'&��  & " � � K  * " �'9  #"%/ � /+�C 
· ,'* �3/ �)�7DIÄjF O�G

����� ¤L� � k �'* ����� �'* @'/	��0R/B"3"%/���� � ���3$ : " :'Y��4&�� $Xf%0�� : "3$Mf3/r�7/#f�"%/ 9 �nf���/B" �4&p* "%$��E$Xf3/
� K  * " �49  2"3/'��� �Q��* $7"]0 �49 ���7/B"�"%/ 9 � � �N$Mf : �k * $Xf =?* / Y �M 
� �+: · & $7"3$ �'&LY �7/ &��'9 O��3/ �mK�: "< #"gf �  & fa0B/B"a * " �'9  2"3/%��� �Q�+* $7"a0 �49 Q
���7/B"�"3/ 9 � � �3$Xf : /#fN"�· & $m/R" =?* /X0!.M =?* / : "< #"] æf3/ * �7/ 9 / & " *)& f * 0I0B/#f
f3/ * � Y 0%.M =?* /f * $7"3/ � /�"��! & f3$7"3$ �4& f �  & fo� K  * " �'9  2"3/ 9 v & / � *)& 0Rs�0=�E/ � � /�0<s�0��7/k Y �M ���0 �4& fN"�� * 0<Q
"%$ �'&mY)*)& / ��* � : /}·�q�/ Y 0R/ =?* $G��� �'* @'/+�` R��� � � � f3$A"%$ �'& �

2

k �4* ��0> ��C0 * �E/	�Y�7/#ff"%/ 9 �nf �mK  2"N"%/ & "3/ � /#f &nmX*�� f �  & f *)& � � $ & " � /S�3/ &�� /	�<Q�@ �'* f Y�'& 0 �'& fN"�� * $A"6/RqQ���E$E0B$A"%/ 9 / & " � K  * " �49  #"%/���� �Q��* $A"�"3/ 9 � � �N$Xf : � �M 
�P"%$�� � /�� K�: "< #"
$ & $7"3$` �� � r · &>� / 9 $ & $ 9 $Xf%/����C 6"< 2$(���7/ � /R� K  * " �49  #"%/ Yd�4& ��/ * "r�M ��3w � $XfX0 �4& fN"�� * $��3/

��� G¹6�E�G >HC�E]E�[�=�NHE�= ` 6<8 ì =c>S� =�8Ë8I=AN�8 @IN�8 \^6y>HN�8I[A=cD�\v=A@�G�GËC�N���C�N�8Ë@�;�C�@I@ËDòW]\�=c>H=c_Uã�C�DF@ID�8 >�=A@L�6�\ò=
N�8Ë@{8:6gG:DòC�EHEH=A\�\�=A@{;�C�N�8�\�=�GI= ` ;]@Aî
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f3/ * �7/ 9 / & "©�7/#f : "! 2"
f ��� $��_s¾ � /�fU0%.M &), / 9 / & "gf � /#f : "< #"gf/� � 0> * q � /#f &nmX*�� f �� *  &�� �7/Z0<s�0��7/ �  & f�� K  * " �'9  2"3/R��� �Q��* $A"b"%/ 9 � � �3$Xf : /#fN"b"�� �'* @ :'Y��4&>��:5��* $A"��E/#f
"3/ 9 �nf �mK  2"3"3/ & "3/�� �'* �60%.M =S* / &nmX*�� �  & fef%/#f�� � $ & "gf � /��N/ &�� /	�RQ|@ �4* f � �M ��PQ
"3$(� � /"� K�: "< #"�$ & $A"%$C 
� � k  
�Z/Rq�/ 9 ���E/ YH�  & f&�` T· ,4* �3/ ���ED>Æ Y��4& ��/ * " ��:5��* $��3/ =?* /
�7/ &nmX*�� A  2"N"%/ &�� 3

*)& $A" : f � /�"%/ 9 �nf �  & f_�7/U� � $ & " � /��3/ &�� /	�RQ|@ �4* f 4
��k � * f

��� : 0B$Xf :I9 / & " Y � K  ����N$7@ : / ��*¤&pmX*�� A �  & f+�7/&� � $ & " � /_�3/ &�� /	�RQ|@ �'* f 4 /#fN"+�3/	��� : Qf3/ & " : /W�M ��Y� Kn: "! 2" ([4, 3], [2, 3], [2, 1], [3, 2])
��� �4&  #"3"%/ & "%/ �  & fc0B/W� � $ & " � /W�N/ &�� /	�RQ

@ �'* f�/#fN"� �� � �
f%�3/	��� : f3/ & " :8�  & fM�7/b0Rs�0��7/8�M ��%�7/#f : "< #"gfy� ([4, 3], [1, 1], [3, 1], [3, 2])
Y

([4, 3], [1, 2], [3, 2], [3, 2])
Y
([4, 3], [1, 3], [2, 1], [4, 1])

=?* $G�3/�f3"3/ & "�" �4* fÁf * � [4, 3]
�

������� � !#"%$�&('*),+.-�/101'%24365�$1+
� *  &���*)&-&nmX*�� " �49 O�/X/ & �M &)& / Y $�� & /'��/ * ";��� * f;�M ��%0 �4* �3$���f3/#f;� � $ & "
f � /

�N/ &�� /	�RQ|@ �4* f ��� $ pi /#fN"H�7/ &)�'9 O��3/ � /�f3/#fH� � $ & "gf Y  
� � �
f pi �7$7/ & f � /�0 �49�9U*)& $E0> #"%$ �'&& /Øf �4& "X��� * ff@' ��7$ � /�f �]�  & f�0B/�0> ]f YV&)�4* fX��� � � � f �'& f �mKn* "3$(�7$Xf%/�� *)& ��� � " � 0 � �7/ � : "< #"� /&�7$7/ & f � /Z"±sQ��/ ¹��pk�q � �4* � =?* /Z" �'* f+�E/#f &nmX*�� fz0 �4&)&  \$Xf
f3/ & "'�E/ * �
f+� * ��" * �3/#f� /'�7$E/ & f]/B"*�3/>0> ��C0 * �E/ & "8�7/#fb0!.)/ 9 $ & f;�E/#f*��� * f]0 �'* �P"gfr/ & "��N//�7/#f &nmX*�� f F / & wy 2$A"8�7/
0%.)/ 9 $ & �7/+��� * f]0 �4* �N"�@S/	�Af *)& � � $ & " � /+�3/ &�� /��RQ|@ �4* fRG ��k�4& "��! 2$(�N/ 9 / & "{ * q>��� � " � 0 � �E/#f � @S/>0R"3/ * � � / � $MfN"< & 0B/#fz0 �49�9 /87 ~ k F69 ¸ µt¶· ¾´¯tÓ8:g¯�à ¸ » º ° · ¾ ¸ ¯ � » ¸�·¹¸"¿<¸ ³ G Y �E/�f*��� � " � 0 � �7/#f � : "! 2" � /'�7$7/ & f &mK / & @ � $7/ & "*�M ]f� * q
� �'* "3/ * �
fr � �N 40R/ & "gfO�7/ &��'9 O��3/ � /�f! * "gf =?* $��7/#f�f : �M ��3/ �mKn*)& / � /#fN"%$ &  #"%$ �'&LY�9  \$Xf
� Kn: "< #" � /��7/ * �Af��7$C \$Xf �'& f �n� /}0B/B"N"%/�w� <; �4&LY 0%.M =S* /�� �4* "%/ * �k/#fN"�0> ��M 2O��E/ � / � �N/#f
f%/��*)& /X0> ��N"%/ � /�� Kn: "! 2" ��* � : f%/V * /R"���/ * "��M ���0 �'& f :>=S* / & "�0> 
�E0 * �7/	� � " �4* " 9��49 / & "
�C _� �'* "3/+�` R��� * f] ������ � ���3$ : /'� �4* � *)&�9 /#f
f! , / ���4&)&): �=r& ��� � " � 0 � �7/ � : "< #" � /��7$7/ & f����N/ &�� / & 0 �49 ��"%/ *)& /�� * ��" * �N/ � /��7$E/ &��  & f��7/
� : f3/V *LY �M 
��/Rq+/ 9 ���7/ *)& � �4* "%/ * � =?* $�" �49 O�/}/ & �M &)& / Y /B"O�3/>0> ��E0 * �7/'� � 0> ��7/ 9 / & "
�7/#f*��� * fb0 �4* �N"gfb0!.)/ 9 $ & fr@S/	�Af8�7/#f� * "��3/#f*� �4* "%/ * �Af ��k * $Xf =?* //� Kn�4&x� ��v	�3/ �  & f *)&
/ & @+$�� �4&)& / 9 / & "� � . � 0 Yc*)& /p * "��3/åf � � * "%$ �4& � �'* ���! 2$A"�0 �4& f3$Xf3"3/	� � * "%$��7$Mf3/	� *)& /
@'/	�
f3$ �'&�9��3� $A· : / � /�f;��� � " � 0 � �E/#f � : "< #" � /+�7$7/ & 0 �49�9 / ¹ i � 7 �4*?>1@ 7 k�q��A �C � $Í� : �N/ & 0B/ � /b0B/#f%��� � " � 0 � �7/#f Y3�  & f &)� "��N/b0> ]f Y?�4& ��/ * " : @+$A"%/	�W� K / & @ � $ � /
0B/��N"< 2$ & f 9 /#f
f! , /#f FCB]È i�i ¹ G�f * ��� K�: "< #" � /#fO�E$7/ & f Y 0> �� &)� "��3/}" � � � � �4, $E/z/#fN"�· ,': /
/B"�0 �4&)&8* / � � K  I@' & 0B/ ��� /U��� * f Ya&)�4* f�0 �4& f3$ �+: � �4& f � /#f_� : f3/V * q ��� �7/#f &nmX*�� ff �4& "%�C +��� * �M 
�P" ��* "3/ 9 �nf ��: 0 �'&�& />0R" : f�/B" ��� �E/#f�0 �'&�� $7"3$ �4& f � /*� * ��" * �N/ � /*�7$E/ & ff �4& " � $X� : �3/ & "%/#f � /{0R/	�(�7/#f � /z0B/#fO��� � " � 0 � �E/#f ��  & f &)� "��N/U0> ]f Y f%$ *)&T&nmX*�� " �'9 O�/^/ & �M &)& / Y f �4& @ � $Xf3$ & ��/ * "��7/ �+: "%/>0R"3/	�
0 �49�9 /�0B/	�C �/#fN" ��: 0��3$A" �  & fI�C yf3/>0R"%$ �4& �)�ò!)�7D'� � /k@ � $Xf%$ &&� $X� * f3/r �� � �Af *)&Z9 /#f
f! , /�  & fO�7/+� : f3/V * � �'* �] I@S/	�P"%$���" �4* fO�7/#f] * "��N/#f &nmX*�� f � � / 9 /�fgf! , /r��/ * "r0 �4& "%/ & $��*)& &8*)9�: � �z� /çf :>=?* / & 0R/�� �4* � : @8$7"3/	�&�E/#f�O �4* 0��7/#f � ~ ��w� * " &)� "3/	�;$C0R$ =?* / &)�'* f
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0 �4& f%$ ��: � �'& f =?* /'�7/ &nmX*�� " �49 O�/z/ & �M &�& /{/B" &��'& �` &� * ��" * �N/ �mK�*)& f3/ * � � /�f%/�f
�E$7/ & f � r $ & f3$ Yd�'&�& / � $Í� * f3/ =?*LK�*)& f3/ * � 9 /#f
f< , / �  & fr�7/_� : f3/V * � �4* �z &�&)�'& 0B/��=?* /&�7/ &nmX*�� /#fN"}" �49 O : / & �M &)& /���� * "3ó4" =?* / pi 9 /#f
f! , /#f+� �4* �{ &)&)�4& 0B/	�+�7/#f� * ��" * �3/#f � /#f pi �7$E/ & f �� $I�7/;@ � $Mf3$ & �mKn*)&¾&pmX*��

ni
" �'9 O�/�/ & �M &�& / Y  �� � �
f ni & /��3/>0I 
�E0 * �7/ �M ]f'�7/#f"%/ 9 �pf �mK  #"3"%/ & "%/ �  & fÀf%/�fr� � $ & "gf � /R�3/ &�� /	�<Q�@ �'* f �ED ~ ��0 �'& "3$ &8* / � �7/#fr�M ��%0 �'* �N$(�

0 �49�9 /1 I@4 & " � ~ ��0 �'& "3$ &?* / �+�'& 0 � ��: "%/>0R"3/	� =?* /\�7/ &nmX*�� /#fN"U/ & �M &)& / Y�9  2$Xf
$(� & / � $X� * f3/r�j �fcfNstfN" :B9  2"3$ =S* / 9 / & "�0B/B"3"3/}$ & w � � 9  #"%$ �'& � >��4* "%/Bw � $Xf Y � �4* �×f K  �f
f * Q
�3/	� =?* /r� K $ & w � � 9  #"%$ �4&-&mK /#fN"O�M ]fO��/	� ��* / Y $�� � $X� * f3/+� : �N$ �3� $ =?* / 9 / & " *�&�9 /#f
f! , /
� �'* �z &)&)�4& 0B/	�r�C ��M &)& /Z" �'* "3/#fr�7/#f kT *)& $A" : f � /U"%/ 9 �pf Yd��� T /#fN"r�` \� : �3$ �Q� /� /R�M 
�30 �'* �Af � /Z0B/#fr� � $ & "gf � /R�3/ &�� /��RQ|@ �'* f � r $ & f%$ Y 0%.M =S* / &nmX*��>��� $A"r�3/>0R/B@ � $(�
/ & @+$�� �4&GF " �4* "%/#f��7/#f kT *)& $A" : f � /]"%/ 9 �nfM�E/�f 9 /#f
f< , /#f =?* $m &)&)�'& 0B/ & " *)&l9 � 9 /&nmX*�� / & �M &)& / �Ø� $ *)& &pmX*�� & /U�3/H; � $A"���� * f *�& "%/	� 9 /#f
f! , / Y 0B/	�C T@S/ * " � $��3/=?* /Áf � $A"%�7/ &nmX*�� / & �M &)& /r/#fN"W� : "! \O��7$ Y f � $A" =?* / ��K  * "��3/�f &nmX*�� fH$ & "%/�� 9�:5� $C 2$(�N/#ff �'& "b" �49 O : fb/ & �M &)& / �	�  & fb" �'* f��7/#f}0> ]f Y f3$ *)&�&nmX*��x& /©�3/H; � $A"r�M ]f � / 9 /#fPQf! , /^$ &�� $ =?*  & "��C ��M &�& / �mKn*)&  * "��N/ &nmX*��mY $���0 �4& f3$ � v	�3/Z * O �4* " �mKn*)& 0B/��N"< 2$ &&)�'9 O��3/ � /+� : �N$ �3� /#f F �M ���/Rq+/ 9 ���7/ ! G =?* /+�E/ &nmX*�� /#fN";� : "< 2O��7$ �r * � : "< 2O��E$Xf
f3/ 9 / & " �mKn*)&�&nmX*��  
���Nv#f *)& /+�M &)& / Y $��{f K  &)&)�4& 0B/'�M �� *)&�9 /#fPQf! , / � $Í� * f :  >@'/>0 *)&�&8*)9;: � �U� /Ðf :>=?* / & 0R/ F 0 �49�9 /©� � �
f � /©�` ��: "%/>0R"3$ �4&>�mKn*)& /
�M &�& /#GS� �'* �� ]f
f * �3/	� *�& /�� :I* "%$��7$Mf! #"%$ �'& �% 
��$ � / � /�0B/8�7$E/ & �nk �4* ��0B/	�C Y $���f3/ � $��3$ , /
@S/	�Af�f �'& � � $ & " � /+�3/ &�� /	�RQ|@ �4* fO�E/+��� * fO��� � 0!.)/X/R"b #"3"3/ &�� f �4& . �49�� � �4,'* / �Æ� $f *
O �'* " � / T *)& $7" : f � /�"%/ 9 �nf Y $�� & /��7/��3/ & 0 �4& "��3/��M �f Y  
� � �
fZ$��M��/ * ";0 �'& f3$ ��: �N/	�=?* /jf �'& . �'9;� � �',4* /p/#fN"�/ & �M &)& / � ~ �k@' 5 �� � �
f �  & f&�E/"� � $ & " � /"�3/ &�� /	�RQ|@ �4* ff * $7@4 & "b/B"b$��Y�3/>0 �'9�9 / & 0B/ ��� v#f =?*LK $��Y�N/ & 0 �4& "��3/ *)& . �49�� � �4,'* / Y $��Y� * $f"��% & f 9 /B"
� K $ & w � � 9  #"%$ �'&x=?*LK $��f/#fN"8� : "< 2O��E$o� �4* � =?*LK $��o�` � $Í� * f3/ �Æ� /äf �4& 0 � " :'Y � K . �'9�� � �',4* /
� * $�"��! & f 9 /B"r� Kn: "! 2" � /#fr�7$E/ & f+� �49 � * f ��* � : f3/V * �{� /_��� * f Y $��Ù� &�:I,'� 0B$7/â�� I@S/>0
� * $�� �4* � ��: "%/	� 9 $ & /	� �  & f =?* /	� : "< #" � /�� K  * " �49  2"3/r��� �Q��* $7"�0 �'9 ���E/B"�"3/ 9 � � �3$Xf :
$(� f%/�"�� �'* @S/ � � /	�C �� * $W��/	� 9 /B" � / ��:5��* $��3/�0 �'9 O)$E/ &@� /�"%/ 9 �nf^$�� ��� $7"Z #"3"3/ &�� �3/
 >@4 & " � /z0 �49�9 / & 0B/	�O� K /Rq : 0 * "%$ �4&h� /+� K  
� ,4� �N$7"3. 9 / �mKn� � ���4&)&  & 0B/ 9 / & " �A 0R/�fN"< � / Yc&)�4* f &LK  I@ �4& fR�M �fU/ & 0 � �3/l$ 9 ��� :I9 / & " : 0B/���� � " � 0 � �E/ �  & f &)� ff3$ 9^* �` #"%$ �4& f � ~ �¢�N/#fN"%/ � @' ��7$ � /	��/ 9 �)$��3$ =?* / 9 / & " =?* /*�E/�f�0 �4& fN"< & "%/�f�0!. � $Mf3$7/#f F / � , �
k G�f �4& "�@4 ��` 2O��7/#f �

I�J \(KÍ6�N�G}EHC�GI=A8}D�_AD(L"N�=�ñ�E�C�NH@}_�C�EH@ËD�>�[A8IC�EH@ML"N�=�\ò=A@}>�C�EHE�[A=A@9>H=A@9E�N NH>H@}@�C�E�G}@�GËC"_PO�[�=
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 ê { á � æ ç òCÜ ·S°�®�± º ±
+�´ÉÂ�ÁRÜV��à Fd� ) F�Í�F�0 à �P8�P M�ç

� P�8 �=Y�{ ä©ã ¨FçW¨�÷ ä |�|�û�÷ ä©â ç Î�{ å�õ õ¤á û æ � å {��©~ Í á � å � ú { á�õ �Õ÷ ø {£÷1| å ö6{ ã ÷�ç
æ û�û����/��� õ«á û æ � å {��©~�ç � å � ú { á�õ ç ã�å�õ ���?÷1�}� õ¤á�â 
.Î å {�~ : � ê�å { ä û æ6õ ç æ û õ �Þç

� G 0��=Y�{ ä©ã ¨FçW¨�÷ ä |�|�û�÷ ä©â ç Î�{ å�õ õ¤á û æ � å {��©~ Í á � å � ú { á�õ �Õ÷ ø {£÷1| å ö6{ ã ÷�ç
æ û�û����/��� õ«á û æ � å {��©~�ç � å � ú { á�õ ç ã�å�õ �`� å { å�â6å�ä * ä á�ê { á�õ ç æ û õ �¿ç

te
l-0

06
28

70
0,

 v
er

si
on

 1
 - 

4 
O

ct
 2

01
1



���( o¡\¢ �
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