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a�bdc9e'f�g�hjilkFmnfporqOstmruwvOkKbdvOe`e'f9xVe qys5b�uwkdfOz
u{e qX|Ofp}pz�~dvykdkd�pfp}pzds�vOkdk�qXu�}r}nqyk�s�fD}

��orvX��f9m���orfpqXe
�#qy�d�TvOo�m�~df�orfps5b�f9o5s5bdf�k<���F�O�O��h ��fp��mnfpe��dorf��X�y�Og-h��O����qX|Ofp}

�K�;�p�9 ¢¡d£y�y¤ ��f9mnfps�mnu{vyk'qXk�~�u�}�vO¥{qXmnu{vyk�vy¦�¦§qyuw¥{¨dorfp};uwk'¥�qXor|yf�qXk�~`s�vOe`��¥wf9©�}�ª�}�mnfpe'}�}n¨�s5b'qy};mnfp¥wfDs�vOe�x
e�¨dkdu�s9qXmnu{vyk kdf9m�«�vOon¬�}�qyonf�s9on¨Ts�u�qX¥Tqyk�~­s5b�qy¥w¥{f9k�|yu{kd|:mrqO}�¬�}p®�a�b�f#�dorvy�d¥{f9e¯s�vOk�}nu{~�fponfD~'bdf9orf#u�}�mrb�q¢m
vy¦M~du{qy|ykdvF}�u{kd|�mnbdf�¥�qXor|yfD}�m±°dorf9k�s5b'��qOs5¬yf9m�}n«�u²m5s5bdu{kd|-kdf�m�«�vyor¬M®�a�bdf�s5b�qy¥w¥{f9k�|yf�u{}±mnv:�Tf�qy}�f�³­s9uwfpkOm
qO}�mnbdf-f9©�u�}�mnu{kd|'f�©��Tfpo�m#}nª�}�mrf9e4«�bdu{¥{f-�donv¢´�u�~�u{kd|�|OonfDq¢mrf9o�|yf9k�f9o5qX¥{u²m�ª­qyk�~­µTf�©�uw��uw¥{u²m�ªK«�u²mrb	orfp}n�<fpstm
mrv_mnfDs5bdkdvO¥wvO|yu�s9qX¥�qXk�~3orfps9vyk�¶�|O¨do5q¢mnu{vyk3s5b�qykd|yfD}-uwk·mnbdf­k�f�m�«�vyor¬<®_a�bdf�kdf�m�«�vyor¬¸u�}�e qO~�f­¨d�·vy¦
u{kFmnfpors9vykdkdfDstmrfp~¹s�vye'�<vykdfpkFmr}:fpqOs5bIvy¦�«�b�u{s5b3s9qyk3}nf9kT~!z�orfps9f9u{´yf'qXk�~Imno5qXkT}�e'uwm�e`fD}n}rqX|Ofp}�´�u{q	uwmr}
�<vyonmr}p®±a�bdf:�dorvy�d¥{f9e¯«�f�qyonf�¦§qys9fp~�«�u²mrb�u�}�mnv`¦ºvy¥{¥{v¢«»mnbdf:fp´yvy¥{¨�mruwvOkKvX¦�mnbdf:kdf9m�«�vOon¬'vOkKmrbdf:��qy}nu{}
vy¦�mnbdf'}�mronfDqXe+vX¦±mnu{e'f�xl}�m5qXe'�<fp~�qy¥{qyone }�«�bdu�s5b¸qyonoruw´Of�q¢m#mrbdf�}n¨d�<f9or´�u{}nuwvOk�s�fpkOmrf9oD®#¼¹f�b�q½´Of�~�f�x
s9u{~dfp~	mnv ¨T}�f�e'v�~�fp¥²x¾��qy}nfp~�mrfps5bdkdu�¿F¨dfp}#«�bdu{s5b�qyonf:orfps9vy|yk�uwÀpfp~�mnv �<f�e'vyorf�qy~dqy��mnfD~�mnv­fp´yvy¥{¨�mruw´Of
}nª�}�mrf9e }�mnbTqXk	f�©��Tfpo�mru{}nf�x¾��qO}�fD~�qy�d�dorvOqys5b�fp}�qXorfy®
a�bdu�}±��qy�Tfpo±}�m5qXonmr}�«�uwmnb q�~dfp}rs�oruw��mruwvOk�vy¦Tbdv¢«Á«�f�e'v�~�f9¥�mrbdf�|y¥{vy�TqX¥��Tfpb�q½´�uwvOo�vX¦�mrbdu�}�~�u�}ns9onf9mnf�x

fp´yfpkOmK}nª�}�mrf9e(��ªÁ¨�}nu{kd|Âs�vOe'e�¨dkdu�s9qXmnu{kd|3¶�kduwmnf¹}�m5q¢mrf�e qys5bdu{kdfp}p®Si¾m�|yv�fD} vykÃmrv·f�©��d¥�qXu{k»bdv¢«
mrbdu�}'e`v�~�fp¥�u{}`¨�}nfp~Â¦ºvyo qXkTqX¥{ªFÀpuwk�|�mnb�f[}�mnorfpqyeÄvX¦�qy¥{qyone }`qXk�~Á~�u�qX|yk�vO}nuwkd|¸mnbdf[kdf9m�«�vOon¬M®ÁÅ�¨do
«�vyor¬�u�}-��qO}�fD~IvOk3mnbdf­~du{qy|ykdvF}�fpo�qX�d�dorvOqOs5bI��onvO�TvF}�fD~¸��ªÂÆÇ�X�¢ÈV®_�Fmrqyo�mruwk�|[¦ºonvOe/q[e'v�~�f9¥�vX¦�mnbdf
k�f�m�«�vyor¬�qy~�qX��mrfp~:mrv�}nuwe�¨d¥{qXmnfR¦§qX¨d¥wmr}pz½mnbdu�};qX�d�dorvOqOs5b�mno5qXk�}�¦ºvyore }�uwm;u{kFmnv�q#¶�kduwmnf�}�m5q¢mnf�qX¨�mrvye q¢mrvyk�z
spqX¥{¥wfD~Éq¸~�u�qX|OkdvO}nf9oDz;uwk·vOor~df9o�mrvIqyk�qX¥{ª�À9f mrbdf�}�mnorfpqyeÊvy¦�qX¥�qXore }9®¸a�b�f�qX���donvFqys5bÉ~�fD}ns9onu{�TfD~Éu{k
ÆÇ�X�dzO��ËtÈ<�dorv¢´yfp~�mnv-�<f#|yorvy¨�k�~�fp~�vyk s9f9onmrqXu{k'��qy}nu�s�b�ª��<vXmnb�fp}nfp}±«�bdu�s5b'«�fponf�mrvFv-orfp}�mnoru�stmnu{´yf�¦ºvOo�vy¨do
qy�d�d¥{u{spq¢mruwvOk�®�a�bdu�}���qy�Tfpo;f9©�mnf9kT~d}�Æ �dËtÈ¾Ì }��dorvy�<vO}rqX¥Omnv-s9vye'e�¨dk�u{spq¢mnu{kd|�¶�kduwmnf�}�mrq¢mrf�e'qOs5bdu{kdfp}p®�a�bdf
~du²³­s�¨�¥²mruwfD}:«�f`b�qy~¸mnv_s9vy�<f�«�uwmnbÉqXorf�vO¨�mn¥{u{kdfp~¹qXk�~¸mnb�f`«�q½ª_«�f�v¢´Of9o5s�vye'f�mnbdfpe�u{}:��onfD}�fpkOmrfp~!®
Í e q¢��vOo�~�u²³­s9¨d¥²m�ª�u{}�mrbdf:b�¨d|yf-}nuwÀpf�vy¦�mrbdf:|y¥{vy��qy¥<e'v�~�fp¥!vX¦�mrbdf�}nª�}�mnfpe[®�a�v }�vO¥w´Of�mrbdu�}��dorvy�d¥{f9e
«�f:mrqy¬yf-qy~d´½qykFmrqX|Of:vX¦;mnbdf�b�uwfporqyors5bdu�s9qy¥!}�mron¨�s�mn¨dorf:vX¦�mnb�f-kdf�m�«�vyor¬KqXkT~�orf9¥{ªKvOk_q'|yf9k�f9oru{s�e'v�~�f9¥
vy¦�mrbdf�}�ª�}�mnfpe4¦ºvyo���¨duw¥�~�u{kd| q'|yfpkdf9oru{s�~�u�qX|OkdvO}nf9oD®
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s9vye'e�¨�kdu{spq¢mruwkd|�¶�kduwmnf�}�m5q¢mnf:e qys5b�uwkdfOz�|yfpkdf9oru{s�e'v�~�f9¥

57698:5$;



���9�����	��
!�����`7	�Ä
��Ä
��'
����#"���
������������#"�������
 
���
��R������
Ê$
��&'�����	
��9��� 
	�Ä1
	��-,	,	�;� ��)	�Ê
	����������
������'7	��7K��,I��7�� 1��

�7�,I���;� ��
������ 
	�/����
�����7­& 
�� ����1�������"0"87	�	�����-�������	



�� ����� � ¤�� q3~���mrfpstmruwvOk ~df_��qXkdk�fp} ~dqyk�}­~�fD} }�ª�}�mnc9e'fD} s�vye'�d¥{f�©�fD}`mnf9¥�¿O¨�f	¥{fp}­on�D}�fDqX¨�©Â~�f
mr�9¥{�ps9vye'e�¨dk�u{spq¢mnu{vyk'fD}�mR¨�k �donvO�d¥{c9e'f�~�uw³­s�u{¥wf#f9m�s9on¨�s9u{qy¥]® � Ì qX�d��¥wu�s9qXmnu{vyk ��mr¨�~�u{�9f�~�qXk�}�s9f�m�qXonmnu�s�¥{f
fD}�m�¥{q�~d��mnfDstmruwvOkÂ~�f­��qykdkdfD}�~dqyk�}�¥{fK�d¥{¨�}�|yo5qXk�~3or�p}nfpqy¨I¦ºo5qXk��9qXu�}���s9vye'e�¨dmrq¢mruwvOk·~�f­��qO¿F¨df�m5}9®
� fIs5b�qy¥w¥{f9k�|yf�fD}�m[~!Ì �9mnorfIqy¨�}n}nu�f9³­s9qys9f¸¿F¨df¸¥{f3}�ª�}�mnc9e'f�f9©��Tfpo�m	f�©�u{}�mrqykFm�f�m[~!Ì v��Monu{o�¨�kdf¸�d¥{¨�}
|Oorqyk�~�f�qO~dqX�dmrq¢mruw´�uwmn���º�doru{}nf�fpkIs�vOe'��mnf`~�fp}��9´Ovy¥{¨�mnu{vyk�}#mnfDs5bdkdvy¥{vy|Ou{¿F¨dfD}#f9m�~�fD}�orfps9vyk�¶T|y¨do5q¢mruwvOk�}
~d¨­on�D}�fDqX¨���® ��f:~�fponkdu{f9o�fp}�m�s9vyk�}�mnuwmn¨d��~!Ì ¨dkKfpk�}�fpe��d¥{f�~df�s�vOe'�TvF}nqykOm5}�u{kFmnf9o5s�vOkdkdfDstmn�D}�fpkOmronf�f9¨�©!®
��bTqy¿F¨df#s�vOe'�TvF}nqykOm±�<f9¨�m��9e'f�mnmnorfyzyorfps9f9´Ovyu{opz¢vO¨�mrorqyk�}ne`f9m�mronf#~�fD}±e'fp}r}nqy|yfD}9® � f��dorvy�d¥{c9e'f�fD}�mR~�f
}n¨du{´�onf:¥VÌ �p´yvy¥{¨�mruwvOk�~�¨[or�p}nfpqX¨!�`��qXonmnu{o�~�¨	µ�vXm�~�Ì qy¥{qyone'fp}�~dqXmn�pfp}�qXororuw´¢qXkFm�qX¨[}�¨��Tfpon´�u�}�fp¨dop® "�vy¨�}
¨dmnu{¥wu�}�vOk�}R~dfp}±mrfps5bdk�u{¿F¨dfD}#�-��qO}�f#~�f�e'v�~dc9¥{fp}�¿F¨du<}�vOkOm��d¥w¨T}Rqy~�qX��mr�9fp}RqX¨�© }�ª�}�mncpe`fD}±�9´Ovy¥{¨�mnuw¦§}R¿F¨df
¥{fp}�}nª�}�mrc9e'fp}�f9©��Tfpo�m5}9®
��qXk�}�¨dk���onfpe`u{f9o�mnfpe`�T}�kdvO¨�};~��ps9onu{´yvOk�}�s�vOe'e`fpkFm�kdvO¨�}�e'v�~��9¥{u�}�vOk�}�¥{f�s9vye'�TvOo�mrf9e'f9kFm�|O¥wvO��qX¥

~d¨¸}�ª�}�mncpe`f$� ¥VÌ qyu{~�f`~!Ì qX¨�mrvye q¢mrfp}�s9vye'e�¨�kdu{spqXkFmr}p®#��¨�u{}�kdvO¨�}#f9©���¥wu�¿F¨dvyk�}�s�vOe`e'fpkOm:s�f�e`v�~�cp¥wf
fD}�m�¨�mnu{¥wu�}n���TvO¨do�qyk�qX¥{ª�}�fpo�¥wf-µTvXm�~!Ì qX¥�qXore'fp}�f9m�f��Mfps�mn¨dfpo�¥{f�~�u�qX|OkdvO}�mnu�sX®%"#vO}#mno5q½´¢qX¨�©�}pÌ qX�d�d¨�uwfpkOm
}n¨do�¥]Ì qX���donv�s5bdf�~�u{qy|ykdvF}�mru{¿F¨dfp¨doR��onvO�TvF}��pf#��qXo�ÆÇ�X�½È¾®±�±qXonmrqXkFm�~�Ì ¨dk�e'v�~dc9¥{f�~�f�or�p}nfpqX¨­qO~dqX�dmn�&��¥{q
}nu{e�¨d¥�q¢mruwvOk�~�f-��qykdkdfOzds�f�mnmnf-qX���donv�s5bdf�mno5qXkT}�¦ºvOone'f�¥wf:e'v�~�c9¥{f:f9k	¨dk_qX¨�mrvye q¢mrf�¶�k�u�qX�d�<f9¥{�-~�u�qX|Xx
k�vO}�mnu�¿O¨�f9¨doD® � Ì qX�d��onv�s5bdf:�dorvy�<vO}n�9f:~dqXkT}-Æ �y��zT�dËtÈ�}pÌ qy�d�d¨du{f�}�¨�o#~�fp}�b�ª��<vXmnb�cp}nfp}�mnorvy�[orfp}�mnoru{s�mnu{´yfD}
�<vy¨�o�kdvXmronf�qy�d�d¥{u{spq¢mnu{vyk�®�"�vXmronf-��qy�du{f9o���mrf9k�~¹ÆÇ��ËtÈ;qX¨�©[qX¨�mrvye q¢mrfp}�s�vOe'e�¨dkdu�s9qykFmr}p® � fp}#~du²³­s�¨�¥²x
mr�p}�onfpk�s�vOkFmnor�9fp}�f9m�¥{fp}�}�vO¥w¨dmnu{vyk�}�¨�mnu{¥wu�}n�9fp}�}nvykFm��dor�p}nf9kFmn�pfp}p® � q ��¥w¨�}�|yo5qXkT~�f�~�uw³­s�¨d¥wmn����mrqyu²m�¥wu{�9f
��¥�q­m5qXu{¥w¥{f`~d¨¹}nª�}�mrc9e'f$�	~�u�qX|OkdvO}r¿F¨df9oD®:�;vO¨do:on�D}�vO¨�~�orf�s�f'�dorvy��¥wcpe`f�kdvy¨T}�q½´Ovyk�}�mnu{or���dorvX¶�m:~�f
¥�q`}�mron¨�s�mn¨dorf�bduw�porqyors5b�u{¿F¨df�~�¨�or�p}nfpqy¨Kf9m�k�vy¨�}�q½´yvOk�}�s�vykT}�mron¨duwm�¨dk	e`v�~�cp¥wf�f�m�¨dk_~�u�qX|OkdvO}�mnu�¿F¨df9¨�o
|O�9kd�ponu�¿F¨dfy®
' 2 �D� . £
( � �I¤ mnfDs5bdkdu�¿O¨�fp})�	��qy}nf`~df`e'v�~�cp¥wfD}9z�}n¨d�<f9or´�u{}nuwvOk�z!or�p}nfpqX¨d©¸~�f`mn�9¥{�ps9vye'e�¨�kdu{spq¢mruwvOk�}9z
qy¨�mnvOe q¢mnfD}�s�vye'e�¨dkdu�s9qXkFm5}9z�e'v�~�c9¥{f-|y�pkd�9oru�¿O¨�f



� ���������
	��
���������������������
���! "�$#%�'&(���� "�����

�M������� 
�7	���;�����

��f�mrfps�mnu{vyk[qXk�~Ku{}nvy¥�q¢mruwvOkKvX¦�¦§qXu{¥w¨dorfp}�u{k�¥�qXor|yf:qXkT~Ks�vOe'�d¥wf9©K}�ª�}�mnfpe'}�}n¨�s5b[qy}�mnfp¥wfDs�vye'e�¨dkdu�s9q¢mruwvOk
k�f�m�«�vyor¬�}!qyonf�s9on¨Ts�u�qX¥yqyk�~-s5b�qX¥{¥{f9kd|Ouwkd|�m5qy}n¬�}9®�a�b�f��dorvy�d¥{f9e%s�vOk�}�u�~�fponfD~�b�f9orf±u{}�mnb�qXm�vX¦d~�u�qX|OkdvO}nu{kd|
mrbdf�¥{qyon|Ofp}�m;°�onfpk�s5b���qOs5¬yf9m�}n«�u²m5s5bdu{kd|�k�f�m�«�vyor¬��p® Í k'f9©��<f9onm±}�ª�}�mnf9e�s9¨doronfpkOmr¥wª-b�f9¥{��}�vy�<f9o5q¢mrvyo5}!mnv
qyk�qX¥{ª�À9f-}�mnorfpqXe }�vy¦;mruwe'f9x¾}�mrqye`�<fp~[fp´yfpkOm5} �ºvOo�qX¥�qXore } ��qXkT~[u{~�fpkFmnuw¦ºª��dorvy��¥wfpe'}�vOk[mnbdf-k�f�m�«�vyor¬<®
�R´yf9orª:~dq½ª�qyonvO¨dk�~�vyk�f�b�¨dk�~�orfp~:mrbdvy¨T}nqyk�~-qX¥�qXore }�qXorf�orfps�fpuw´Ofp~:qXkT~�qXk�qy¥wª�Àpfp~:��ª�mrbdf�}n¨d�<f9or´�u{}nuwvOk
s9f9kFmnfpop®»Å�¨do s5b�qX¥{¥{f9kd|Of�u�}`mnv¹�Tf�qO}`f�³­s�u{f9kFm­qy}�mnb�f	f9©�u{}�mnu{kd|3f�©��<f9onm }nª�}�mrf9e8«�bdu{¥{f	��onv¢´�u�~�uwk�|
|OonfDq¢mrf9o�|Of9kdfporqy¥wuwm�ª[qXk�~[µTf�©�uw��uw¥{u²m�ª_«�uwmnbIonfD}��<fps�m�mrvKmrfps5bdkdvO¥wvO|yu�s9qy¥�qXkT~_onfDs�vOk�¶�|y¨�orqXmnu{vyk_s5b�qXk�|yfp}
u{k	mnbdf-k�f�m�«�vyor¬<®
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¥{qy�Tfp¥{}�«�uwmnb � . ®;i¾¦!mrbdf9orf�u�}�kdv�s9vye'e'vykKs9vye'�TvOkdf9kFm5}�«�f�q¢mnmrqOs5b'mnbdf:qXe��duw|O¨dvy¨T}±¥{qy�Tfp¥ � mnv
� ®

°�vyo�f9©�qye'�d¥wfOz�s�vOk�}nu{~�fpo:mnbdf­}nª�}�mrf9e/«�bdvO}nf`¶�kduwmnfK}�mrqXmnf'e qys5bdu{kdf u�}:|yu{´yf9k¹u{kI¶T|y¨dorf­�d®­a�bdf
fp´yfpkOm5} *�& qXorf-vy��}nf9or´¢qX�d¥{f:f9´yfpkFmr}pz�«�bdfponfDqy} �4& qXorf:¦§qXu{¥w¨dorfp}p®�a�bdf�~�u�qX|OkdvO}nf9o�vy¦±}n¨�s5b�q }nª�}�mrf9e�u{}
|Ouw´Of9k�uwk	¶�|O¨donf'ËD�d®RÅ�mnbdfpo�f�©dqXe'�d¥{fp}�vy¦;~�u�qX|OkdvO}nf9o5}�s9qyk��<f:¦ºvy¨dkT~�u{k3Æ �dËtÈ¾®
a�bdf-~�u�qX|OkdvO}nf9o�u{}�f9©��d¥wvOu²mrfp~KvykK¥{u{kdf-qy}R¦ºvy¥{¥wv¢«#}p® 3�uw´Of9k�q`}nfp¿F¨df9kTs�f�vX¦�vO��}�fpon´¢qy�d¥wf�f9´Of9kFmr}�qXkT~

q s9¨doronfpkOm�}�mrqXmnfOz�mnbdf�}�m5q¢mnf�«�bdu{s5b_spqXk[�Tf�onfDqys5bdfD~K��ªKmno5qXk�}nu²mruwk�|­qX¥{vykd|`mnb�f���q¢mrb_vX¦±vy�T}�fpon´¢qX��¥wfD}
|Ouw´Ofp}�mnbdf:}�f9m�vy¦�qX¥{¥Tmnbdf��TvF}n}nu{�d¥wf�}�m5q¢mrfp}�vX¦�mrbdf�}nª�}�mrf9e¯qy}r}nv�s9u{qXmnfD~'mnv`q�}nf�m�vX¦�¦§qyuw¥{¨dorfp}�f�©��d¥�qXu{kduwk�|
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±a�bdf:¶�k�u²mrf�}�m5q¢mnf:e qys5b�uwkdf-~�fD}ns9onu{�du{kd|`mnbdf�}nª�}�mrf9e4�<f9bTq½´Fu{vyo

(1,{N})
o1 o2

o3

(13,{F1})

o3
(6,{F2})

(12,{F2,F3})

o3

(3,{F1}) (7,{N}) (4,{F1}) (9,{A})

°;u{|y¨dorf'Ëp� 
;a�bdf�~du{qy|ykdvF}�fpo

mrbdf�vO��}�fpon´¢qXmnu{vyk�}p® ��fpuwkd|Kuwk_mrbdf�u{kduwmnu�qX¥�}�m5q¢mnf � � 
 4 � 7 � qXk�~[vO��}nf9or´Fu{kd|`mnb�f�}nfp¿F¨df9kTs�f * � 
 * � zTmnbdf
~du{qy|ykdvF}�fpo�orfpqOs5bdfp}�mrbdfK}�mrq¢mrf � ����
 4 � � 7 � ® a�bdf9orf�¦ºvOonf'«�f ¬�kdv¢«�mrb�q¢m-mrbdfK}nª�}�mnfpe u�}-u{k3}�mrqXmnf ���
qyk�~Kmnb�qXm#vykdf:vX¦;mnb�f:¦§qXu{¥w¨dorfp}�vy¦�m�ª��<f � � bTqy}�v�s9s9¨donorfp~�®
ilkIvyo5~�f9o�mrv�~�fDqX¥;«�u²mrb�e�¨�¥²mruw�d¥{f�¦§qXu{¥w¨dorfp}pz;Æ �y�½È;��onvO�TvF}�fD}�q kdfp«�~�f�¶Tkdu²mruwvOk¸u{k�«�bdu�s5b_mnb�f`qye�x

��uw|Ovy¨�}�}�ª�e��<vy¥�u{}�mrqy¬yfpk_v���® Í }�mrqXmnf�vX¦�mnbdf'~�u�qX|OkdvO}nf9o�spqXk_u{k�s�¥{¨�~�f`qK}rqXe'f�e'v�~�f9¥�}�mrq¢mrf�e qXk�ª
mruwe'fD}�«�u²mrb_~�u �Mf9orf9kFm�¥�qX�<f9¥�}9®�Å�k�mnbdf-f9©dqXe'�d¥{fyz�«�f�s9qXk	|yv`¦ºorvye }�mrqXmnf���mnv­}�mrqXmnf-�`�FªKm�«�v`«�q½ª�}
«�b�u{s5b�qyonf��<vXmrb�¬yfp��m�u{k�}�mnfDqy~_vy¦�e'fpon|Ouwkd|­mnbdfpe�«�uwmnb�uwk¸mnbdf`qXe���uw|Ovy¨�}#}nª�e��<vy¥V®�a�bdf�mno5qXk�}nu²mruwvOk
vy¦�mnb�f:~du{qy|ykdvF}�fpoR¥�qX�<f9¥{fp~­��ª *�� qXkT~K}�mrqXonmnu{kd|�¦ºonvOe4}�m5q¢mnf � ����
 4 � + 7�� ����
 4 � 7�� � |yv�fD}Rkdv¢« uwk	}�m5q¢mnf
� � � 
 4 � + 7 �	����
 4 � 7�� ��� 
 4 � � 7�� � uwkT}�mrfpqy~IvX¦ � � � 
 4 ��+ 7�� ����
 4 �
7�� � qO}:�Tf9¦ºvyorfy®'a�bdf'kdf9« ~�u�qX|yk�vO}nf9o�u{}
|Ouw´Of9kI�Fª[¶T|y¨dorf�ËOËy®`a�bdu{}�kdfp« ~�f9¶�kduwmnu{vyk¹vX¦�~�u{qy|ykdvF}�fpo�bTqy}��Tfpf9k¹uwkFmronv�~�¨�s9fp~�mnv_~�f�mrf9ore'uwkdfOz�u{k
mrbdf�spqy}nf-vX¦�e�¨d¥wmnu{�d¥{f-¦§qXu{¥w¨�onfD}9zTu²¦�mnb�f�}�ª�}�mnfpe u�}�~�u�qX|OkdvO}rqX�d¥{fy®�a�bdf-¦ºvyore qX¥�~�f9¶�kduwmnu{vyk_vy¦;mrbdf�kdfp«
~du{qy|ykdvF}�fpo�u�}�|yu{´yfpk�u{k¹Æ �y�½ÈV®

o3

(13,{F1})

o1 o2

o3

o3

(6,{F1,F2}) (9,{F2}) (9,{N}) 

(6,{F1,F2,F3}) (9,{F2,F3}) (9,{F3}) 

(1,{N}) (3,{F1}) (7,{N}) (4,{F1}) (9,{F2}) (9,{N}) 
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a�b�f�~�u�qX|OkdvO}nf9o�qy�d�dorvOqys5b3u�}�qXm�mrorqOstmnu{´yf'¦ºvOo�vO¨do�qy�d�d¥{u{spq¢mruwvOk3¦ºvyo�m�«�v�orfpqO}�vOk�}9®_a�bdf	~�u�qX|yk�vO}�mnu�s
u�}'orfpqX¥{u{À9fp~ÁvykdxV¥{uwk�f	��ªÂ¦ºvy¥{¥wv¢«�u{kd|Imnbdf�}�mrqXmnf_vX¦:qI¶�kduwmnf¸}�mrqXmnf[e qys5bdu{kdf_qysps�vyo5~�u{kd|ImnvÉvy�T}�fpon´Ofp~
fp´yfpkOm5}9®¹a�bdf9orf�¦ºvOonfKu²m'u{}�f�³­s9uwfpkOmD®Éa�bdf�~�u�qX|OkdvO}nf9o�u{}`�d¨du{¥wm`v
� ¥{uwk�fK¦ºorvyeÊmnb�fK|y¥{vy�TqX¥�e`v�~�fp¥�vy¦
mrbdf�}nª�}�mrf9e «�bdu�s5b­u�}�uwmr}nf9¥w¦��d¨du{¥wm�¦ºorvye e'v�~�f9¥�}Rvy¦�f9¥{f9e'f9kFm5qXorª`s9vye'�TvOkdf9kFm5}9®�¼»bdfpk­mnb�f�}nª�}�mnfpe u{}
e'v�~�uw¶�fp~�zpmrbdf�fp¥wfpe`fpkFmrqXorª�e'v�~�fp¥{}�qyonf±¨��<~dqXmnfD~ �Xs�vOk�}�fD¿F¨df9kFmn¥{ª�q�k�f9«3e'v�~df9¥Oqyk�~-q�kdfp«3~du{qy|ykdvF}�fpo
qyonf ��¨duw¥wmpz�«�bdu�s5bÉ|yu{´yfD}�mnbdu�}`qX�d�dorvOqOs5b¸|Of9kdfponu�s�uwm�ªy®�1#k�¦ºvOo�mr¨dk�qXmnf9¥{ªyz;mrbdfK~�u�qX|OkdvO}nf9o�qy�d�dorvOqys5b3qy}
��onvO�TvF}�fD~I��ªÃÆÇ��ËtÈ�s�vOk�s�fponk�}�}�ª�k�s5bdorvyk�vy¨�}:¶Tkdu²mrf�}�mrqXmnfKe qOs5bduwk�fp}p®�ilk·vy¨�o�qX���d¥wu�s9qXmnu{vykÉ«�f­b�q½´Of
s5b�vO}nf9k�mnv­¨�}nf:mnfpe'�TvOorqy¥�s�vOe'e�¨dkdu�s9qXmnu{kd|`¶�kduwmnf`}�m5q¢mnf-e qOs5bduwk�fp}p®�a�bdu�}�¦ºvOone qX¥{u�}�e+u{}�«�f9¥{¥�}n¨duwmnfD~
mrvÁe'v�~�fp¥wu{kd|Ámnf9¥{fps9vye'e�¨�kdu{spq¢mruwvOk kdf9m�«�vOon¬�}­vOo[�donvymnv�s�vO¥{}IÆ{Ë½�pÈ¾z�«�b�f9orf¹s9vye'�TvOkdf9kFm5}Kf9©�s5bTqXkd|Of
e'fD}n}rqX|Ofp}p® ��vyorf9v¢´yfpoK«�f¸kdfpfp~ mnv �TfÉqy�d¥wfImnv f�©��dorfp}r}Kmnf9e'�<vyo5qX¥-s�vOk�}�mno5qXu{kOm5}­vOk mnb�f3~df9¥�q½ª�}
�§f9e'u�}n}nuwvOk qyk�~Émrorqyk�}ne`u�}r}�u{vyk ~�f9¥�q½ª�}�vy¦�e'fp}r}rqX|yfD} ��®Âi¾m­«�qy}�mnb�¨�}'oru�s5bdf9o`¦ºvyore qX¥{u{}ne qy}'«�f9¥{¥#qy}
}nvye'f-}n�TfDs�uw¶Ts�uwmnu{fp}�vy¦;vO¨do#qX�d��¥wu�s9qXmnu{vyk	«�bdu{s5b�¦ºvyo5s�fD~K¨T}�mnv'f�©�mrf9k�~�mnb�f�~�u{qy|ykdvF}�fpo�qy�d�dorvOqOs5b�®
Í }Ru{k�ÆÇ�X�½È¾z�«�f�onfp¥wª`vyk'mrbdf�|O¥wvO��qX¥�e`v�~�fp¥Tvy¦!mnbdf�}�ª�}�mnfpe mrv��<f�}n¨dor´yf9ªOfp~��¢®±a�bdu�}�|y¥{vy��qy¥�e'v�~�f9¥

e q½ª�bTq½´yf`�Tfpf9k3�d¨du{¥²m���ª¹s�vye'�<vO}nuwk�|�fp¥wfpe`fpkFmrqXorª�e'v�~�f9¥�}pz�qy}�f9©���¥{qyuwkdfD~¹uwkÉ}n¨d��}nfpstmruwvOk3�d® �T®'ilk
mrbdu�}:e`v�~�fp¥]zMmrbdorf9f'¬�uwk�~�}�vy¦�e'fp}r}rqX|yfD}�f9©�u{}�m 
�uwkFmnfponkTqX¥�e'fp}r}nqy|yfp}pz!qX¥�qXore }�qyk�~_¦§qyuw¥{¨dorf`e'fD}n}rqX|Ofp}p®
a�b�f:¦§qXu{¥w¨dorf-e'fp}r}nqy|yfD}�uwk�s9¥w¨T~�f-mnb�f�e'fp}r}nqy|yfp}�s9vyoronfD}��<vykT~�uwk�|�mrv mnbdf�v�sps�¨dororf9k�s9f�vy¦�q`¦§qyuw¥{¨dorf-�d¨�m
qy¥{}nv�mrbdf_s�vOe`fp��qys5¬3e'fp}r}rqX|yfD}9®3ilkFmnfponkTqX¥�e'fp}r}nqy|yfp}`qXkT~É¦§qXu{¥{¨donf	e'fp}r}nqy|yfD}�qyonf�kdvXm'vy��}nf9or´¢qX�d¥{fy®
�Re`uwm�mrfp~Éfp´yfpkOm5}-s9qyk3mnbdfponf9¦ºvyorf`�<f­u{kFmnf9ork�qy¥�f9´Of9kFmr}-vOo�qX¥�qXore }9®	��fps9f9u{´yfp~If9´Of9kFmr}�qXorf'¦§qXu{¥w¨dorf vyo
u{kFmnfponk�qy¥�f9´Of9kFmr}p® a�b�f_e`v�~�fp¥#vX¦�mnbdf�}nª�}�mrf9e u�} q3�XxVmn¨��d¥wf ��� 
 � 
�� 
8� 	 � «�bdf9orf � * � � � � � z
��� * � � � � � � z ��� * � � ��� � � «�u²mrb � � � mrbdf }�f9m�vX¦�onfDs�f9u{´yfD~�u{kFmnf9ork�qy¥±f9´yfpkFmr}pz � � mnbdf­}nf�m�vy¦
¦§qyuw¥{¨dorfp}pz � � � mrbdf�}nf�m`vX¦�f9e'uwm�mnfD~Éu{kOmrf9ork�qX¥�f9´Of9kFmr}pz � � mrbdf�}nf�m`vX¦�f9e'uwm�mrfp~Âqy¥{qyone }p®_a�bdfK}nf�m�vy¦
vO��}nf9or´½qy�d¥{fp} ��� u{}�~�f9¶�kdfp~¸��ª ���	* � � qXk�~_mnbdf'}�f9m�vy¦R¨dkdvO��}�fpon´¢qy�d¥wfD} � � � qO} � � � �2� � �;� � � ®
a�b�f�}n¨d�<f9or´Fu�}nuwvOkK�dorvy�d¥{f9e4s9vyk�}nu�}�m5}�u{k­¶Tk�~�u{kd|'f9´yfpkFmr}�vX¦ � � f9©��d¥{qyuwk�uwkd|'}nvye'f�vO��}nf9or´½qy�d¥{f�f9´Of9kFmr}
vy¦ ��� ®
ilkÂmnbdfK¦ºvy¥{¥wv¢«�u{kd|�z�«�f­¶�o5}�m�u{k�¦ºvyore qX¥{¥wª¹uwkFmronv�~�¨�s9f­mrbdfKf9©Fmrf9k�}nu{vyk·vy¦�mnbdf	~�u{qy|ykdvF}�fpo�«�fKb�q½´Of

��onvO�TvF}�fD~!® �RqOs5b·~�uw³ s9¨d¥wm�ªIu�}�|Ouw´Of9kÉqXk�~¹mrbdf­�dorvy�<vO}nfp~3}nvy¥{¨�mnu{vyk3u�}�f9©���¥{qyuwkdfD~ÉqXk�~¹u{¥w¥{¨�}�mno5q¢mrfp~!®
a�b�u{}`u�}�¦ºvO¥w¥{v¢«�fp~3��ª·q�¦ºvOone qy¥�~�f9¶�kduwmnu{vykÁvX¦#mrbdf[f�©�mnfpk�~�fp~Á~�u�qX|yk�vO}nf9o��'mnbdf[qX¥{|yvOonuwmnb�eÊ¨T}�fD~Émnv
��¨duw¥�~	u²m�¦ºorvye4mnbdf-e'v�~�f9¥�vX¦�mrbdf�}nª�}�mnfpe �]}�fpf��T® �`qyk�~K�T® � �t®
a�bdf-e qyuwk	f�©�mnfpk�}nuwvOk�}�~�fp}rs�oru{�TfD~Ku{k	mnbdf:¦ºvO¥w¥{v¢«�uwk�|'}n¨d��}nfps�mnu{vyk�}�qyonf:qy}�¦ºvO¥w¥{v¢«#} 

� a�bdf ~�u�qX|yk�vO}nf9o�bTqy}�mnv[~�fpqy¥�«�u²mrb¹q �1����� ��	 ���
�,� �$	>��¶�kduwmnf }�m5q¢mrf�e qys5b�uwkdfOz!}�v	«�f`b�q½´Of�mnv
~�fpqy¥�«�uwmnb[f�©ds5b�qykd|yfD~­e'fp}r}nqy|yfD}9®

� ¼If�k�f9fp~�mnv:m5qX¬Of�u{kFmnv-qysps�vy¨�kOm;mnb�f�f9e'u²mnmnfD~�fp´yfpkOm5}�fp}n�TfDs�u�qX¥{¥wª-«�b�f9k`mnbdfpª�qXorf�f9e'u²mnmnfD~�«�uwmnb
~�f9¥�q½ª�}9®±a�bdu�}�u�}�«�b�ªKs�vOk�~�uwmnu{vyk�}�vOkKmrbdfp}nf-u{kOmrf9ork�qX¥!fp´yfpkOm5}�b�q½´yf��<f9f9k_qO~d~�fp~�mrv�mrbdf�}�mrq¢mrfp}
vX¦;mnbdf-f9©�mnf9kT~�fp~[~�u�qX|OkdvO}nf9oD®
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� ¼If�kdf9fD~	mnv­¬Of9fp�_uwk�¦ºvOone qXmnu{vyk_qX�<vy¨�m�¦§qXu{¥w¨dorfp}#mnb�qXm�e q½ª�bTq½´yf-v�s9s9¨donorfp~�®�i¾m�u{}#mnbdf�onfDqy}nvyk
«�b�ªK«�f�bTq½´yf-~�u�}nspqXo5~�fp~Kmnbdf�qXe���uw|O¨dvy¨�}�}nª�e��<vy¥ � ¦ºorvye¯mrbdf�}�mrqXmnf:¥{qy�Tfp¥]zT«�bdu�s5b��<fps9vye'fp}
q`¥wu�}�m#vy¦;�<vO}r}nuw�d¥{f�¦§qXu{¥w¨�onfD}9®
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��¨�m�s9qyk`qy¥{}nv-vy¨dmn�d¨�mRq-}nf�m�vX¦Mf9´yfpkFmr}p®�a�bdf#f9©�mnf9kT~�fp~'~�u�qX|OkdvO}nf9o�uwmr}nf9¥w¦M�<fps9vye'fp}Rq-s�vye'e�¨dkdu�s9q¢mruwk�|
¶Tkdu²mrf�}�m5q¢mrf�e qOs5bduwk�fy®
°�vyo�f9©dqXe'�d¥{fyz�¥{f�m�¨�}�s9vyk�}nu�~�f9o�mrbdf�e'v�~�f9¥;u{k[¶�|y¨dorf­ËD�d® q qXk�~[¥{v�vy¬�qXm#mnb�f�mno5qXkT}�uwmnu{vyk[¥{fpq½´�uwk�|

mrbdf[}�m5q¢mnf ����
 4 � ��� �
	�� 7�� vX¦�mrbdf�f9©�mnf9kT~�fp~Á~�u{qy|ykdvF}�fpop®IilkÉmnb�f�e'v�~�f9¥Vz±¦ºorvye8}�mrq¢mrf	�_mnbdf	vykd¥{ª
vO��}nf9or´½qy�d¥{f u{} �
����$ z±«�bdu�s5b·u�}�~d¨df­mrv�mnb�fKf9´Of9kFm ������

���6� ®¸¼»uwmnbÉmrbdf�u{kduwmnu�qX¥�s�vOk�}�mron¨Tstmnu{vykÉvy¦
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(1,{})1

2

-TC_cut
+cvhs

-TC_back
+cves

a) System model

(2,{TC_cut})

-cvhs
-cves

+TC_cut
+TC_back

b) Extended diagnoser

°;uw|O¨donf'ËD��
±a�bdf:f�©�mnfpk�~�fD~	~du{qy|ykdvF}�fpo�«�uwmnb[vO¨�mn�d¨dm#e`fD}n}rqX|Ofp}
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	 � � mnv � �	
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��% $ � ��� s�vOe`fD}-��qOs5¬Iq¢m�mnu{e`f � � z;f�©��d¥�qXu{kduwk�| �
�0��$ � ����� qXkT~
�7��� �<f9|yu{k·mrvIorf9�<v�vXm'q¢m`mnbdf_}rqXe'f­mruwe'f �
� ® ����� s�vye'fD}���qOs5¬3mnv¹q¸kdvOone qy¥�}�mrqXmnf[q¢m�mruwe'f
� � z!f�©��d¥�qXu{kdu{kd| ,��
��� ® ����� b�qy}�kdvym�s�vye'f`��qys5¬_ªOf�mDz�f�©��d¥�qXu{kdu{kd|Kmrb�q¢m-uwmr} ,��
��� qy¥{qyone bTqy}�kdvXm
ªOf�m��<f9fpkÉonfDs�f9u{´yfD~!® Í } ����� mrqy¬yfD}:mnu{e'f , � � ,�� 
1,�� � mnv�orf9�<v�vXmDz�uw¦�qXm-mnu{e'f �
� �9, � kdv ,������
qy¥{qyone b�qO}��<f9fpkIorfps9f9u{´yfD~ �§qyk�~�kdv	vXmrbdf9o:qX¥�qXore uwkT~�u{spq¢mrfp}�mnb�qXm:q�e qy}n¬�uwkd|�b�qy}�v�s9s9¨doronfD~ �tz<mnb�u{}
b�ª��<vXmnb�fp}nu{}�spqXk	�Tf-fp¥wu{e'uwk�qXmnfD~!®

a�bdf'~�u�qX|OkdvO}nf9o�u{}�mnb�f9k¸f9©�mnf9kT~�fp~¸�Fª�~�q¢mnu{kd|Kmnbdf`f9´Of9kFmr}:qXkT~_¬yfpf9�du{kd|­mrf9e'�<vyo5qX¥�s�vykT}�mrorqyuwkFmr}
vOkKmrbdfp}nf-f9´Of9kFmr}p®
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� ®
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e'fpqXkT}±mnbTq¢mRmrbdf�u{kFmnfponk�qy¥�e'fp}r}rqX|yf �7����

���6� s9qyk vykd¥{ª�v�sps�¨do�uwk mrbdf#mruwe'f�uwkFmnfpon´¢qy¥ � �
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 � � � ®

� ¼If`m5qX¬yf`qy~�´¢qykOm5qX|Of�vX¦�mrbdf�¦ºvy¥{¥wv¢«�u{kd|­m�«�vKor¨d¥{fp}�}nqXmnu�}�¶Tfp~���ª	mnb�f'}nª�}�mrf9e e'v�~�f9¥±qXkT~¸qy~�~
mnbdf�s9vyoronfD}��<vykT~�uwk�|�mrf9e'�TvOorqy¥�s�vOk�}�mrorqyuwkFm5} 


� ��qys5b	f9´yfpkFm�vOk	mnbdf�}rqXe'f�mno5qXk�}nuwmnu{vykKv�sps�¨do5}�q¢m�mnb�f�}nqye`f�mruwe'fy®
� �R´yf9kFm5}�vX¦;m�«�v s�vOk�}nfps�¨dmnu{´yf�mno5qXk�}nu²mruwvOk�}�qXorf:}�¨d�d��fpstm�mrv q'�donfDs�fD~�f9k�s9f�s9vyk�}�mno5qXu{kFmp®

°;u{k�qX¥{¥wªOz�q	}�m5q¢mnf`vX¦�mnbdf'f9©Fmrf9k�~dfp~¹~�u{qy|ykdvF}�fpo�u�}:vX¦�mrbdf`¦ºvyore � � 
-5 
 & 
�� � «�b�f9orf � u�}:q�}nª�}�mrf9e
}�mrqXmnfOzd¥�q }nf�m#vX¦±~dqXmnfp~�¦§qyuw¥{¨dorfp}pzdu�u�}#q'¥wu�}�m�vX¦±~dq¢mrfp~	u{kOmrf9ork�qX¥!e'fD}n}rqX|Ofp}�qXkT~ � q'}�f9m#vX¦�mnfpe`�<vyo5qX¥
s9vyk�}�mno5qXu{kFmr}p® Í mrorqyk�}nu²mruwvOk�u�}�mnoruw|O|yfponfD~­��ª mnb�f-onfDs�f9�dmnu{vyk	vX¦±q`~�q¢mnfD~KvO��}nf9or´½qy�d¥{f�fp´yf9kFm#qXkT~�e q½ª
vO¨�mn��¨�m�q'}�f9m#vX¦;~�q¢mnfD~	f9´yfpkFmr}�qy}r}�v�s9u{qXmnfp~�«�uwmnb	mnfpe`�<vyo5qX¥�s9vyk�}�mno5qXu{kFmr}p®

(1,{})

2

3

1

-f2
+o1

-f1

b) Extended diagnoser

-(o1,t1)

a) System model

(3,{(f1,u1),(f2,t1)})
with u1<t1

°�u{|y¨�onf'Ë½� 
±a�bdf:f�©�mnfpk�~�fp~[~�u�qX|OkdvO}nf9o�«�uwmnb[mnfpe'�TvOorqy¥�s�vykT}�mrorqyuwkFmr}

°�vyo�f9©dqXe'�d¥{fyz�¥wf9m�¨�}`s�vOk�}�u�~�fpo-mnbdf	}�ª�}�mnfpeÊ}nbdv¢«�kÉu{k3¶�|y¨dorf�Ë¢��® qd®_°dorvyeÄ}�m5q¢mrf�Ëyz;mnb�f­vykd¥{ª
�<vO}r}nuw�d¥{f:vy��}nf9or´¢qX�d¥{f:f9´Of9kFm�u{} * � ® � f9m#¨�}�}�¨��d�TvF}�f:mrb�q¢m#uwm#v�s9s9¨dor}�qXm�mnu{e`f �
� ®�a�bdfponf9¦ºvyorf ( � qX¥�}nv
v�sps�¨do5}#q¢m�mnu{e`f �
� qXk�~ ( � qXm�q'mnu{e'f 	 � «�bdu{s5b_´Of9oru²¶Tfp}�mrbdf�s�vOk�}�mno5qXu{kOm 	 ��� �
� ®�a�b�f�f�©�mnfpk�~�fD~
~du{qy|ykdvF}�fpo�u�}�|yu{´yfpk�u{k�¶�|y¨dorf'Ë½��® ��®
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f9©�mnf9ork�qy¥!f9´yfpkFmr}#qyk�~	uwkFmnfponkTqX¥�fp´yf9kFm5}�uwkTs�¥{¨�~�fp~[u{k & ® � f�m�¨�}�}�¨d���TvF}�f:mrb�q¢m�«�f�qXororuw´Of�qXm�}�m5q¢mrf � .
mrbdorvy¨d|Ob:mno5qXk�}nu²mruwvOk�} �)� + 
 �)��� 
������ 
 �)�3� ® Í mno5qXkT}�uwmnu{vyk:¦ºorvye � � 
-5 
 & 
�� � mrv � � . 
-5). 
 & . 
�� . � u�}�mrbdf9k�qO~d~�fD~
mrv:mnbdf�f�©�mnfpk�~�fD~ ~�u{qy|ykdvF}�fpopz¢«�uwmnb & . * &-( &8+ � & � zO«�bdfponf &8+ u�}�mrbdf�}nf�m�vy¦Mu{kFmnfponk�qy¥df9´Of9kFmr}�onfDs�f9u{´yfD~
mrbdorvy¨d|Ob �)� + 
 �)��� 
������ 
 �)� � qyk�~ & � mrbdf­}nf�m�vX¦�u{kOmrf9ork�qX¥±fp´yfpkOm5}:f9e'uwm�mnfD~Imnbdorvy¨d|Ob �)� + 
 �)���	
������ 
 �)�3� ®
5+. *95 � 5 � ( 5 + «�bdfponf 5 � u{}�mnbdf�}�f9mRvX¦�qX¥{¥d¦§qyuw¥{¨dorf�e'fp}r}nqy|yfp}�onfDs�f9u{´yfD~�mrbdorvy¨d|Ob �)� + 
 �)� � 
������ 
 �)� � qXkT~
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5 + u{}�mnbdf`}�f9m�vX¦ � � ����}��<f9¥{vykd|Ouwkd|'mrv 5 �&5 � ®�a�bdf-mrorqyk�}�uwmnu{vyk[¦ºorvye � � 
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 & 
�� � mrv � � . 
15). 
 & .�
 � . � u{}
¥�qX�<f9¥{fp~���ª ( � * 
 � � � 5 + ® �_vOonfpv¢´yfpopz½s�vOk�}�mrorqyuwkFm5}�orf9¥�q¢mruw´Of�mnv�mnb�f�~�q¢mnf�vX¦ 5 + qyonf�qy~�~�fp~�mnv � ®�°;uw|O¨dorf
Ë �K|Ouw´Ofp}�qXk¹f�©dqXe'�d¥{f`vX¦�q	}nª�}�mnfpe�«�uwmnbImnf9e'�<vyo5qX¥±s�vOk�}�mno5qXu{kOm5}:qXk�~¸vX¦�uwmr}:f9©�mnf9kT~�fp~¹~�u�qX|yk�vO}nf9oD®
¼¹f�qy}r}n¨de'f�mrb�q¢m�mrbdf � � ����vX¦ ( � u�} 4 ( � 7 ®

(1,{},{})

(4,{},{})

1

2

3

4

a) System model

−(o1,t1)

−f2

−f1
+o1

+(i,d1,d2)

−i
+o2

−(o2,t2)
+(f1,t1) +(f2,u1)
with t1<u1<t2

{(i,t1+d1,t1+d2)})
(2,{(f1,t1)},

b) Extended diagnoser

°;u{|y¨dorf'Ë ��
±a�bdf-f9©�mnf9kT~�fp~[~�u�qX|OkdvO}nf9o�«�u²mrb[uwkFmnfponkTqX¥!f9´Of9kFmr}
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Notations :

[d1,d2], [d’1, d’2], [d"1,d"2] denote the time intervals corresponding respectively to the SW rebooting delay, 
the TC repairing delay, the SW repairing delay.

cvhs(t)

t->u1

t->u2

u3<t’<t
n004(t)

s1(u1,u2) = ((TC_cut,u1), (TC_SC_back,u2)) with d’1 < u2-u1 < d’2

s3(u2,t’,u3)
s2(u1,t)

with d’1 < u3 - u1 < d’2 and d1 < u2 - u1 < d2
tm(u) = (TC_SW_back,u+d1,u+d2)

s3(u1,u2,u3) = ((TC_break,u1), (TC_SW_back,u2), (TC_SC_back,u3))

s2(u1,u2) = ((SW_break,u1), (SW_TC_back,u2)) with d’’1 < u2-u1 < d’’2

n003(t)

cvhs(t)
t->u1

cvhs(t)
t->u1

l={(SW_break,u1)}

cves(t)

cves(t)

s1(u1,t)

u1<t’<t
s1(u1,t)

t’->u1

n004(t)
s2(u1,t)

cves(t)
u1<t’<t’’<t

cves(t)
u2<t’<t’’<t

s3(u1,t’,t)
t’’->u1

s3(u2,t’’,t)
s1(u1,t’)

cvhs(t)
t->u2

cves(t)
u2<t’<t

s3(u2,t’,t)

l={(TC_break,u1)

cvhs(t)
u2<t’<t

t’->u1
t->u2

u2<t’’<t’<t
s3(u1,t’,u2)

t->u2
t’’->u1cves(t)

u2<t’<t

s2(u1,t’)
u2->u1
t->u2

cves(t) t->u2

n004(t)

s3(u1,t’,t)

cves(t)
u1<t’<t

l={(SW_break,u1)
(TC_cut,u2)}

cvhs(t)

s3(u1,t’,u2)
u2<t’’<t’<t

t’’->u1
t->u2

l={(SW_break,u1)

(TC_SC_back,u3)}

cves(t)
u1<t’<t
t->u3
u1->u2
t’->u1

cvhs(t)
u1<t’<t

s2(u1,t’)
t->u1

cvhs(t)
u3<t’<t

s3(u2,t’,u3)
t->u2

t->u3
cves(t)

cvhs(t)
t->u2

cvhs(t)
u3<t’<t

s3(u2,t’,u3)
t->u2

n004(t)
u3<t’<t

s2(u1,t’)
s3(u2,t,u3)

cves(t)
u2<t’<t

s1(u2,t)

cves(t) s1(u2,t)

(TC_break,u2)}
l={(SW_break,u1)

7

5
l={(TC_cut,u1)}
2

l={} i={} 1

 i={} 

3  i={} 

4  i={} 

8

6

l={(TC_break,u1)}

(TC_break,u2)

(TC_SC_back,u2)}

s3(u1,t,u2)

or

or u2<t’’<t’<t

or u1<t’’<t’<t

cvhs(t)

i={tm(u1)}

i={tm(u1)}

i={tm(u2)}

i={tm(u1)}
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