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\�z<`��Mi�a�\q\Fz�i�\q\Fz<gs[q`Í·�ij_0w��s`%�#ij[�y<`�[Fgs�jf<`�y¯\Fc�[Fz<c�� ij�s��\�z<`9\ l gha ¥ Z³ij[]wO`�a�\�[�cj�m\Fz<`
\ l i�f<[]�Âc l _�i=\�gscjf�©¡Å _Jc l ` l `Xij�hgs[�\�gsar`o·�ij_Jw<�s`,gh[(\ l `Xi�\F`�y�gsf¦Y¡`�ao\�ghcdf � ©

� `#�+gh�s�¨e<[F`(\Fz<`#f�cj\�ghcdf9cj�7e<f¡�Âcd�sy<ghf<�<�=ijf<y%\�z<`#�Mi�a�\:g¢\:a�ijf'tO`C¶�f<g¢\�`��¢Z��d`�f<` l i�\F`�y
t¨Z0i,¶�f<g¢\�`ba�cd_Jw<�s`o\�`+w l `�¶�·O©Lª«z<gs[Cgs[Ct�ij[]`�y&cdfJ\�z<`be<f��Âcj�sy<ghf<�,\�z<`�c l Zj��ij[Cw l `�[F`�fQ\�`�y
gsf 7 � �È� : ©��¤f¦\Fz<`%w<ijwO` l �<�"`9ijy�cdw�\bf<`� j` l \�z<`��s`�[][,i�y<g l `�a�\rijw�w l cQi�a{z����+gh\�z�cde�\be<[Fghf<�
k `�\ l g�f<`�\F[,ij[re<[Fe�i��R�xgsf³c l y<` l \Fc�iX dcdghy¦\�c�gsfQ\ l c¡y<e�a�`9iJf<`�� ghf¨\F` l _0`�y<g´i l Z&�Âc l _�ij�
_0cLy<`��@©�ª«z<`9§¨e<`�[]\�ghcdf£cj�me�[Fgsf���\�z<`%¶�f<gh\F`%w l `�¶¡·£ij[qi��d`�f�` l i=\�c l cj�:\�z�`9e<f��Âcd�hy<gsf��
gs[+ij�h[Fc'f<`o� e<w�\�c�cde l«¥ f<c��+�s`�y<�d`�©

ª«z�` l `�[]\"cj�3\Fz<`�w<ijwO` l gs[Cc l �Qi�f<g���`�y0ij[C�Âcj�s�sc��+[�©¨Y¡`�ao\�ghcdf��,y<`�¶<f<`�[#�Âc l _0ij�s�¢Z�i�e¡�
\�cd_0i�\{i�f<`�\¤�"c l]¥ [��xÄ¯Y<u#[+ijf�y&\�z<`qf�cj\�ghcdf&cj� l e<f<[�©�ª«z<`,f<`o·L\+[]`�a�\Fgscdf&�9gs[#y�`� dc�\�`�y
\�cr\Fz<`C�d`�f<` l i�\Fgscdf%cj�<wxcd[][Fgst��s` l e<f<[-tQZ�\Fz<`#a�cdf<[�\ l e�a�\�ghcdf�c��7i+¶<f<gh\F`"a�cd_0w��s`�\F`"w l `�¶¡·
cj�#\Fz<`�e<f¡�Âcd�sy<ghf<�<©�YL`�a�\Fgscdf � w l `�[]`�fQ\�[�z<c��|\�z<`�Ä¯Y<u ije¡\�cd_0i�\�cjf ijf�y\�z�` l `��Â` l �
`�f<a�`�y³t<ij[Fgha�Ä³Y<u#[�i l `�`o·L\ l ija�\F`�y�� l cd_ \Fz<`�w l `o¶�·O© � `�a�cdf�a��se�y<`�t¨Z�i�y<gh[Fa�e�[F[Fghcdf
[Fe<_J_�i l g���gsf<�%\�z<`�ijw<w l cQija{z¦ijf<y�w l cdwxcd[Fghf<�Ji'�Â`o� wx` l [Fwx`�a�\Fgh j`�[�©

� ����� "-/ # /1&2" &�� � * #0&�!#" #$"&%�� #(' & %*),+-"2"-(/. 0213+
46587 9 » � ¾9¿ �;:��
Å�f ��� �������� �=<?>I� ��� �@>�����>I� ���0� �?AB��� ��� gs[Ji£\�e<w��s`

A = 〈S, Σ,→, s0〉
�+z<` l `

S
gs[Ji

¶�f<gh\F`�[]`�\'cj� �������B>G� �
Σ
gs[9i¦[F`�\9cj�+�´ijtx`��h[��

→ ⊆ S × Σ × S
gs['i³[]`�\'c�� ��� �@>�����>I�

���	��� ���������� � �Oi�f<y
s0 ∈ S

gs[+\�z�`�gsf�gh\�gsij��[�\{i�\F`j© 57c l i0\ l ijf�[Fgh\Fgscdf
t = (s, a, s′) ∈ →

�
�#`�y<`�f<cj\�`

α(t) CEDGF= s
gh\F[ � ���0� 
H> �

β(t) CEDGF= s′
g¢\�[ �������I>�� �7ijf<y

λ(t) CEDGF= a
gh\F[ ��� �@>�� ©

I CED=F= {1, . . . , n} y<`�f<cj\F`�[+i�¶�f<g¢\�`q[]`�\bcj��ghf<y<gsa�`�[�© � `�a�cdf<[]gsy<` l \�z<` �@J�� 
 � � ��� �����K ���I������>�� 
G�?A K � ���������� �1�-� � >���� ������� �=<?>I� ��� �@>�����>I�B�����1�?AB�����
Ai = 〈Si, Σi,→i, s

0
i 〉i∈I

ÔsÙ3ÕxÔ´×
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 "!�#%$'&($*),+.-0/�12�3�452768/�12:9�;<+.=.><3�2?+A@ B�-�CED<FG/H2?IJDK/HDLD<+.CM@ /�9N9O=�-7+.DA3�@ 2QPA@ -01JRª«z�`%f<`o\¤�#c lF¥ cj� 5 gs�je l ` = gs[(�Âc l _0ij�s�¢Z�y<`�¶�f�`�y³tQZ"S

S0 = {0, 1, 2} S1 = {0, 1, 2}
Σ0 = {a, b, x} Σ1 = {c, d, e, x}
s0
0 = 0 s0

1 = 0
→0 = {(0, a, 1), (1, b, 2), (2, x, 0), (2, b, 2)}
→1 = {(0, c, 1), (1, e, 2), (2, x, 0), (1, d, 0)}

�¤f9ijf9gsfQ\F` l �h`XiX Lgsf<�r[F`�_�ijfQ\Fgsa�[��=\Fz<`#f�`�\¤�"c lF¥ tO`�z�iX ¡ghc l gs[ y�`�¶�f<`�y�ij[-\Fz<` � �d�scjt�ij� �
gsf<g¢\�g´i��sg���`�yJ�´ijtx`��h�s`�y�ije�\�cj_�i�\Fcdf

A = 〈S, Σ,→, s0〉
�+z�` l `TS

U S CEDGF= S1 × · · · × Sn

U Σ C D=F= ⋃

i∈I Σi

U ((si)i∈I , a, (s′i)i∈I) ∈ →
g43







∀i ∈ {1, . . . , n}

{

(si, a, s′i) ∈ →i

∨ (si = s′i ∧ a /∈ Σi)
∧ ∃i ∈ {1, . . . , n} (si, a, s′i) ∈ →i

U s0 CEDGF= (s0
1, . . . , s

0
n)
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 "!�#%$��*$ ø��«Ö�â%éÂð���éÂðRà¹ð¸æ{ãMß�ãÂåçÝFæ(Ý�ëQéÂð¸æXöoð��Rú���Ý]ò�à
�¤fQ\Fe<gh\Fgh d`��hZj�O�"`9�Âc l a�`�\�z<`�i�e�\�cd_0i�\�iJ\�c�`o dcd�¢ d`'[�Z¡f�a{z l cdf�cde<[F�¢Z¯�+z<`�fV\Fz<`�Z¯`o·¨�

`�a�e¡\�`0i�\ l ijf<[]gh\FgscdfV�´i�tO`��s�s`�y¯tQZV\�z<`�[�i�_0`�f�ij_J`j©6�¤fH\�z<`�cj\Fz<` l aXi�[F`j��\Fz<`�ZV`o dcd�¢ d`
gsf<y<`�wO`�f<y<`�f¨\F�hZj©)5 gs�je l `¯� [Fz<c��+[�\�z<`£w l cLy<e<a�\�ije�\�cj_�i�\Fcdf cj��cde l `o·�ij_Jw<�s`�©«Y¡`Í�
§Le�`�fQ\�gsij� l e<f<[�i l `9\�z<`9y�g43O` l `�fQ\�w�i�\�z�[qgsf¯\Fz<`9� l ijw<z£cj�µ\�z�`'w l cLy<e<ao\�ije�\Fcd_�i=\�cdf�©
Á f��Âc l \�e<f<i�\�`��hZd�d\Fz<gs[µf<c�\�gscjf0cj� l e<f0y<cL`�[Cf<cj\C`�f<�hgs�dzQ\µ\�z�`ra�ije<[�i�� l `��si�\�ghcdf<[mtx`�\¤�"`�`�f
\�z<`£y<g�33` l `�f¨\&c¡a�a�e l]l `�f�a�`�[�cj��\ l ijf<[]gh\Fgscdf<[ � [F`�`�f ij[�i�\Fcd_Jgsa�`� d`�fQ\�[ � �bij[�y<cdf<`£ghf
Ä¯Y<u#[�©��¤f�cde l a�cdfQ\�`Í·L\X�<\�z�` l gs�jz¨\(f<cj\�ghcdf�cj� l e�f�gh[(\�z<`,w<i l \Fg´ij�xc l y�` l ghf<�'cj�-`� j`�fQ\�[
\�z�i�\+z<i� j`%cLa�a�e lFl `�y�©7Ãb`�f<a�`j� l e�f<[+cj�mi'[]ZL[�\�`�_��+gh�s�OtO`�y<`o¶�f<`�y³ij[+t�ij[]gsa�Ä¯Y<u#[�©

465 4 � » �X��� � »"!�»$# � »$% � »'&)( �<���¬�
Ä¯Y<u#[�i l `&a�cd_Jwxcd[F`�y®cj�bt�ij[]gsa�[]a�`�f�i l ghcd[ � c l t7Ä¯Y�u#[ � �-\�z�i�\9y<`�w<gha�\'ghfQ\�` l ija�\Fgscdf�[
ij_0cjf<�[]`� j` l i��qcdtLn]`�a�\�[�©#ª«z<`�[F`£ghf¨\F` l ija�\Fgscdf<[0i l `¦\�z�`�f�a�cj_0wxcd[F`�y z<gh` l i l a{z<ghaXij�h�hZ
t¨Z¦_J`Xijf<[bcj�µcdwx` l i�\�c l [ � �scLcdw��7a{z<cjgsa�`��O[]`�§¨e<`�f<a�`��m©h©¢© � © 5�c l \�z�`�[�i ¥ `9cj�µ[]gs_Jw<�sgha�g¢\¤Zd�
�#`9�+gh�s��cdf<�¢Z¦a�cdf<[]gsy<` l i&[Fghf<�d�s`%z<gs` l i l a{z<gsa�ij���s`� j`��@© �¤fQ\�` l ijao\�ghcdf<[qghf³\�z<`9ije�\�cj_�i�\�i
f<`�\¤�"c lF¥ [C�#`ba�cdf�[Fgsy�` l i l `+[]ZLf<a{z l cdf<cje<[ � gR©õ`j© v `�f<y<` �o�R dcde<["a�cd_J_9e<f�gsaXi=\�gscjf � S=\�z<`oZ
i l `(t��scLa ¥ ghf<�<��ijf<y�gsfQ jcd�h j`([F`o d` l ij��w�i l \�gha�gsw<ijfQ\�[�©�5�c l \Fz<gs[ l `Xij[]cdf��da�cd_J_9e<f<ghaXi�\Fgscdf<[
gsf�t7Ä¯Y<u#[b�+gs�h��tO` l `�w l `�[F`�f¨\F`�y£tQZ l `o�Â` l `�f<a�`�[�\Fc0cj\Fz<` l t7Ä³Y<u#[�y<`�[Fa l gst�gsf<�Jz<c�� i
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a�cd_J_9e<f<ghaXi�\Fgscdf³_0`�a{z�ijf<gh[F_ gs[,gh_0w��s`�_J`�fQ\F`�y�©�YLe<a{z v `�f<y<` �o�R dcde<[%aXijfHtx`Jgh_0w��s`o�
_0`�f¨\F`�y�e<[]gsf<� i []ZLf<a{z l cdf<g �Xi�\Fgscdf t�i lFl gs` l �"ij[�y<`�w<gsao\�`�y�gsf 5 gh�de l `³��©��¤f*Ä¯Y�u#[��
l `��Â` l `�f<a�ghf<�®gsf�[Fgsy�`¯i y<gsij� l ij_ gs[�ij�s�hc¬�"`�y tQZ ghf<�sghf<`¦`Í·¡w l `�[F[Fghcdf<[�©«Ãr` l `j�C�#`¦�+gs�s�
cdf<�hZ�a�cdf�[Fgsy�` l«l `o�Â` l `�f<a�`�[r\Fc�[Fgs_Jw<�h`qt7Ä¯Y<u#[by<`�w<gsao\�gsf��Ja�cd_J_9e<f<ghaXi�\Fgscdf<[#ij_Jcdf<��i
�dgh j`�f£[F`o\,cj�µa�cd_0wxcdf<`�fQ\�[�© � `�y<c�f<cj\qij�s�hc¬� l `��Â` l `�f<a�`�f<`�[]\�ghf<�<�Oijf<y¯�+gh�s��f<cj\,e�[F`
gsf<�hgsf<`r`o·¡w l `�[F[]gscdf<[+�+gh\Fz¦cjw�\X��i��h\«c l �hc¡cdw3©
�¤f£cje l � l ij_0`o�#c lF¥ �3i0t7Ä¯Y<u gs[ry<`�¶�f�`�yVij[,iJ¶�f<gh\F`�[]`�\,cj�µ`o d`�f¨\F[�©��µija{z£`o d`�fQ\

gs[ l `�w l `�[]`�fQ\�`�yVij[r\Fz<`% j`�ao\�c l cj�mgh\F[rw l `�y�`�a�`�[F[]c l [,cdf¦`Xija{z³gsf<[�\{ijf<a�`j©xª«z<`9i�t<[F`�f<a�`
cj�#w l `�y�`�a�`�[F[]c l cdfijfHgsf<[�\{ijf�a�`�gs[,y<`�f<cj\F`�y tQZ¯\Fz<`JfLe��s�:`o d`�fQ\

•
© � `�ij[][FcLa�gsi�\�`�i

�´ijtx`��m\�c¦`Xija{z±`o d`�f¨\�� �+z<gha{z �+gs�h�m[F` l  d`&\Fc³f<cj\F`0\Fz<`&a�c lFl `�[Fwxcdf<y<ghf<�¦\ l ijf�[Fgh\FgscdfHcj�
\�z<`³ije�\�cj_�i�\�i�©25�c l `o·�ij_Jw<�s`��"a�cdf<[Fghy<` l gsf<� i[�Z¡[�\�`�_ �+gh\Fz \Fz l `�`¯gsf<[�\{ijf�a�`�[��C\Fz<`
`� d`�fQ\

e3

y�`�f<cj\F`�yt¨Z
((e1, (1, a, 2)), •, (e2, (3, a, 4)))

gs[�i�[]ZLf<a{z l cdf<g �Xi�\FgscdfH`� j`�fQ\
tO`o\¤�#`�`�f \Fz<`'¶ l [�\�i�f<yH\Fz<`'\�z<g l yHgsf<[�\{ijf�a�`j��i�f<yz<i� Lghf<��\�z<`J`� j`�fQ\�[

e1

ijf�y
e2

ij[
gs_J_0`�y<g´i�\F`(w l `�y<`�a�`�[][Fc l [«cdf0\Fz<`�[]`qgsf�[]\{i�f<a�`�[�©Lª«z<` l `�gs[Cf<c%gs_J_0`�y<g´i�\F`«w l `�y<`�a�`�[][Fc l
cdf±\�z<`�[F`�a�cdf�y gsf�[]\{i�f<a�`�[Fghf<a�`�g¢\'y<cL`�[�f<cj\Jw�i l \�gha�gsw<i�\�`&ghf±\�z<`�[]ZLf<a{z l cdf<g �Xi�\Fgscdf3©
ª«z<`��´ijtx`��h[9i l `

(1, a, 2)
ijf<y

(3, a, 4)
�-y�`�f<cj\Fgsf<�¯�Âc l gsf<[�\{ijf�a�`�\Fz<`&\ l ijf<[Fg¢\�ghcdf<[%\Fc

[]ZLf<a{z l cdf<g���`�ghf�ijf�ije�\Fcd_�i=\{i,f<`�\¤�"c l]¥ © 5�c l _0ij�s�¢Zd�ji ����� � c� d` l i�[F`�\#cj��ghf<[]\�ijf<a�`�[
I
gs[+i'\�e<w��s`

B = (E, Σ, A, Θ)
���+z<` l `

E = {(ei, σ)i∈I , σ ∈ Σ}
gs[bi'[F`o\�c��:`� j`�fQ\�[

[Fe<a{z®\Fz�i�\9`�ija{z
ei ∈ {•} ∪ E × Σ

©
E
a�cjf¨\�ijgsf�[ � � 
I��� >�� >�� � � � `� j`�fQ\�[�[]e<a{z®\�z�i=\

|{ei 6= •}| = 1
� ijf<y ��� � >��	��
������� � � `� j`�fQ\�[J[Fe�a{z \�z<i�\

|{ei 6= •}| > 1
� ©

Σ
gs[9i

�scLaXij�mi��sw<z�i�tO`o\X�
A
gs[�ijfij�hw<z�ijtx`�\�cj�"�scLaXij�:ija�\Fgscdf<[�ijf�yghf¨\F` l ija�\FgscdfVf�ij_J`�[���ijf<y

Θ : Σ −→ A
i�[F[Fgh�df<[bi'�d�scjt�ij�3f<ij_0`q\Fc0`o d`�f¨\F[�©

� z�`�f
fi = (e, σ)

�<�"`�y<`�f�cj\�`
πi(f) = e

© � `,�+gs�s�O[�iXZ�\�z<i�\
e
gh[+iJw l `�y<`�a�`�[F[Fc l

cj�
f
�-ijf<y®� l gh\�`

e → f
�+z�`�f

∃i ∈ I
[Fe<a{z®\Fz�i�\

πi(f) = e
©
E
ij�h[Fc³a�cdfQ\{ijghf<[9i

[Fwx`�a�g¢¶�a+`� j`�fQ\
⊥ = (•, . . . , •)i∈I

a�ij�s�h`�y9\�z�` ��� ������� >�� >�� � \Fz�i�\µz�i�[Cf�c�w l `�y�`�a�`�[F[]c l ©
� `(�+gh�s��[FiXZ9\�z�i=\Cijf0`o d`�f¨\"gs[ A ��� � AB��� ghf�i,t7Ä¯Y<u g�3

⊥
gh[ \�z�`be�f<gs§¨e<`+w l `�y<`�a�`�[][Fc l

cj�:i��s�3g¢\�[«a�cd_0wxcdf<`�fQ\�[�©�Å t7Ä³Y<u _9e<[�\bij�s[]c�[�i�\Fgs[]�¹Z0\�z<`,�Âcd�h�sc��+gsf��9w l cjwO` l \�gh`�[ S

g � \Fz<` l ` ;<`o·¡gh j`�ijf�y�\ l ijf<[]gh\Fgh d`,a��scd[]e l `
→∗

cj�
→

gh[+i'w�i l \Fg´ij�3c l y<` l ©
ghg ���
	�������������������������� 

∀e = (ei)i∈I ∈ E
���"` l `�§¨e<g l `0\�z<i�\

∃!a, ∀i ∈ I, ei 6=
• =⇒ Θ(σi) = a

©xª«z�gs[bw l cdwx` l \¤Z�_0`�ijf<[+\�z�i�\�ij�h��a�cd_JwOcjf<`�fQ\�[rw�i l \�gsa�gsw�i=\�gsf��
\Fc0i�f¦`o d`�fQ\r_9e<[�\r[�ZLf<a{z l cjf<g���`j©

gsghg �!�#"$�%����"&	�'�(�)�'���%�*�+� 
∀i ∈ I, ∀e ∈ E, ei 6= • =⇒ πi(e) = ⊥

c l
(πi(e))i 6=

•g¢  �,�-.�/���.���$��'� 
∀(e, e′) ∈ E2, ∀i ∈ I, e 6= e′ =⇒ πi(e) 6= πi(e

′)
©�ª«z<gh[�w l cdwx` l \¤Z

�Âc l t<gsy�[(\�z<`�gsfQ\ l cLy<e<a�\Fgscdf�c�� a{z<cjgsa�`�[+gsf�iJt�Ä¯Y<u�©
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�����'���	�

t�Ä¯Y<u«Y i l `³�dcLc¡y aXijf�y<gsy�i=\�`�[J\�c®_JcLy<`��+aXi�e<[�ij� l `��´i�\Fgscdf�[0ghf l e�f<[&cj��iy<gs[ä�
\ l ght<e�\F`�y [�Z¡[�\�`�_¦© � ����� ��� ���8J tx`�\¤�"`�`�f*`� d`�fQ\�[�gs[0y<`�¶<f<`�y*tQZ

→∗ © � z<`�f�f<`�g¢\�z<` l
e→∗ e′

�df<c l
e′ →∗ e

�j�"`b�+gh�s��[FiXZ'\�z�i�\
e
ijf�y

e′
i l `«ghf<y<`�wO`�f<y<`�fQ\ � c l 
G��� 
���� � >�� � � ©

ª«z<`'[F`o\�cj�C_0ghf<gs_0ij��`� j`�fQ\�[�gsf
B
��© l ©ç\

→∗ gs[�y<`�f<c�\�`�yHtQZ min(E)
© � `9�+gh�s��[�iXZ

\�z�i�\#ijf0`� d`�fQ\(gs[C_Jgsf<gh_�ij�L�Âc l ijf�ghf<[]\�ijf<a�`
i ∈ I

g¢�3\Fz<`�w l `�y<`�a�`�[F[Fc l `� j`�fQ\«cdf0a�cd_'�
wOcdf�`�fQ\

i
gh[
⊥
©6�¸\�gs[,_0i=·¡gs_0ij�-�Âc l \Fz<gs[,ghf<[]\�ijf<a�`Jg¢�Cgh\�gs[,f�cj\�i�w l `�y<`�a�`�[F[]c l `o d`�f¨\

�Âc l ijfJ`� d`�fQ\(cdf'\�z�gs[µgsf<[�\{ijf�a�`j©Qª«z�`r_Jgsf<gh_�i�� � l `�[]w�©Q_0i=·¡gs_0ij� � `� d`�fQ\(cdf�gsf�[]\{i�f<a�`
i� �+z<`�f�g¢\«gs[#y<`�¶�f�`�y � �+gs�h�Otx`,y<`�f<cj\�`�y�t¨Z

mini(E)
� l `�[]w�©

maxi(E)
� ©<Å t7Ä¯Y�u

B1gs[bi0w l `�¶�·¦cj�miJt7Ä³Y<u
B2

gh�mi�f<y³cdf��hZ�gh�
E1 ⊆ E2

ijf<y
∀e ∈ E1, Θ1(e) = Θ2(e)

©
ª«z<`�`�_Jw�\¤Z£t7Ä¯Y�u gs[q\Fz<`9\�e�w<�s`

B∅ = ({⊥}, ∅, ∅, ∅)
© 5 gh�de l ` � gs[�ijfV`o·�ij_Jw<�h`9cj�

t7Ä¯Y<u�©"ª«z<gs[0t7Ä¯Y<u�y<`o¶�f<`�[0\�z<`¦tO`�z�iX ¡ghc l c����gsf�[]\{i�f<a�`�[�Åq� ijf<y Å = © �: j`�fQ\�[
a, b, c, e

i l `r�scLaXij�7i�a�\�ghcdf<[���ijf�y l `o�Â` l `�f<a�`
x
l `�w l `�[]`�fQ\�[+i�[�ZLf<a{z l cjf<cde<[«ghf¨\F` l ija�\Fgscdf

tO`o\¤�#`�`�f
A0

ijf<y
A1

©

ª«z�` � > � ��>�� ����� 
G�?A K � ���������� cj�9\¤�"c�t7Ä¯Y<u#[
B1 = (E1, Σ1, A1, Θ1)

�
B2 =

(E2, Σ2, A2, Θ2)
gs[(\Fz<`�t7Ä¯Y<u

B = (E, Σ1 ∪Σ2, A1 ∪ A2, Θ)
�L�+z<` l ` S

E =

E1 ∪

(

E2 \
(

{⊥} ∪ {mini(E2)|i ∈ I}
)

)

∪







(e′1, . . . e
′
n)|∃i ∈ I, ∃(e1, . . . , en) ∈ mini(E2)

∧∀j ∈ I, e′j =

{

(maxj(E1), σ)
gh�

ej = (⊥, σ)
ej

cj\Fz<` l �+gs[F`







Θ(σ) = Θ1(σ)
gh�

σ ∈ Σ1, Θ2(σ)
c�\�z<` l �+gs[]`

Ä�c l `rgsfQ\�e<g¢\�g¢ d`��¢Zd�Q[]`�§¨e<`�fQ\Fg´ij�Oa�cd_JwOcj[Fgh\FgscdfJ_J` l �j`�["\¤�"c9t7Ä³Y<u#[«ij�hcdf<�%\Fz<`�g l a�cd_'�
_0cdf�ghf<[]\�ijf<a�`�[bi=·¡`�[btQZ�ijy<y<g¢\�ghcdf&cj� ijf�c l y�` l ghf<��tO`o\¤�#`�`�f�\�z<`��´i�[]\+`� j`�fQ\rcdf�`Xija{z
gsf<[�\{ijf<a�`�cj�

B1

ijf�y�\Fz<`,¶ l [�\b`� d`�fQ\qcdf�\�z�`�[Fij_J`,gsf<[�\{ijf<a�`�gsf
B2

©
Å � ��� ��� ��>�� >�� �3>G�G� � �I> ��> � ��>�� 
H> ��� ��� � � ÃqÄ¯Y<u � gh[£i \Fe<w<�s`

H = (N,→
,M, n0, F )

�7�+z<` l `
N
gs[�i�[F`o\,cj�µf<cLy<`�[��

→⊆ N ×M× N
gs[ri�\ l i�f<[Fg¢\�gscjf l `��´i¬�

\�gscjf��
M

gs[ri�[]`�\qc��mt7Ä¯Y<u#[��
n0

gs[+\�z<`%gsf<g¢\�gsij��f<cLy<`j�Oijf<y
F
gs[ri�[F`o\qcj�µi�a�a�`�w�\�ghf<�

f<c¡y�`�[�©�ÃqÄ¯Y�u#[ba�ijf�tx`qa�cdf�[Fgsy�` l `�y�ij[#¶�f<g¢\�`q[�\{i�\F`,ije�\Fcd_0i�\{i��sijtx`��s�h`�yJtQZ&t7Ä¯Y�u#[�©
Å)Ã�Ä¯Y<u

H
y<`o¶�f<`�[9i�[F`o\�cj�#w�i�\Fz<[

PH

©�5�c l i��dg¢ d`�fHw�i�\Fz
p = n0

M1−→ n1
M2−→

n2 . . .
Mk−→ nk ∈ PH

�"`'aXi�fi�[F[FcLa�gsi�\�`9i&t7Ä¯Y<u
Bp = M1 ◦M2 ◦ · · · ◦Mk

©Oª«z<`
l e<f<[�cj�+i¯Ã�Ä¯Y<u

H
i l `0\�z�`�w l `�¶�·¡`�['c��bij�s�µt7Ä¯Y�u#[9�d`�f�` l i=\�`�y±tQZw�i�\Fz<[9cj�

H
©

ª«z<` l e<f¦ij[F[]c¡a�g´i�\F`�y�\�c�\�z�`�`�_0w¡\¤Z�w�i�\Fz�gh[
B∅

©

ÔsÙ3ÕxÔ´×
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465�� 	 � % ���������<�����M���	���=À » ���
Å ����� c��(ijfHije¡\�cd_0i�\{i&f�`�\¤�"c lF¥

Ai = 〈Si, Σi,→i, s
0
i 〉i∈I

gs[,y<`o¶�f<`�y®ij[�i�t7Ä¯Y<u
M = (E, Σ, A, Θ)

�L�+gh\�z�\Fz<`,�Âcd�s�hc¬�+ghf<�9w l cdwx` l \Fgs`�[ S
g �

Σ =
⋃

i∈I

−→i

©(Ãb`�f<a�`j�#�Âc l ijf�`� j`�fQ\
e = (ei)i∈I

�"`Xija{z
ei

gh[�cj��\�z�`³�Âc l _

ei = (e′, t)
��ijf<y¯�"`'�+gs�s�-y<`�f�cj\�`

τi(e) CEDGF= t
�
αi(e) CEDGF= α(t)

ijf<y
βi(e) CEDGF= β(t)

©
� `�y<`�¶�f�`

βi(⊥) C D=F= s0
i

©
ghg �

A =
⋃

i∈I

Σi

©
gsghg �

Θ(t) = λ(t)g¢  �,�#"$�%����"&	�'�(�)�'���%�*�+� 
∀i ∈ I ei 6= • =⇒ αi(e) = βi(πi(e))

År[
Σ, A, Θ

i l `�gh_0w<�hgsa�gh\q�Âc l i³�dg¢ d`�f [F`�\9cj�«`� j`�fQ\�[
E
���"`��+gh�s�µcj�¹\�`�f®y<`�f<cj\�`

i�t7Ä¯Y<u
B = (E, Σ, A, Θ)

tQZ¯g¢\�[�[]`�\,c��µ`� d`�fQ\�[
E
© �¤fQ\�e<g¢\�gh j`��¢Zd�Oijf¯`� j`�fQ\

e 6= ⊥l `�w l `�[]`�fQ\�[:\Fz<`([�Z¡f�a{z l cdf�g��Xi=\�gscjf9cj�xijao\�gscjf<[ cj��\Fz<`(i�e�\�cd_0i�\Fcdf
Ai

[Fe<a{z9\Fz�i�\
ei 6= • 
ijf<y

ei = (e′, t)
_J`Xijf<['\Fz�i�\�\�z<`��scLaXi��«ija�\Fgscdf°cdf ije�\Fcd_0i�\�cdf

Ai

gh[
t
�"i�f<y5\Fz<`

w l `o ¡ghcde<[,i�a�\�ghcdf³\Fz�i�\,a�cdf<a�` l f<`�y£\�z<`�ije¡\�cd_0i�\�cjf
Ai

�(ij[
e′
© � cj\�`�\Fz�i�\,w l cdwx` l \¤Z

iii)
gs_Jw<�sgh`�[�\Fz�i�\��Âc l i��dgh j`�fHa�cd_Jwxcdf<`�fQ\

i ∈ I
ijf<yV�Âc l ijfQZVa{z�ijghf

⊥ −→ e1 =
(⊥, t1) −→ e2 = (e1, t2) . . . −→ ek = (ek−1, tk)

[]e<a{z¦\Fz�i�\
∀j ∈ 1..k, ej

i 6= •
�¡\�z<`

[F`�§¨e<`�f<a�`
t1.t2 . . . tk

gs[bi'w�i�\Fz�cj�:i�e�\�cd_0i�\Fcdf
Ai

©

��� ���

� �

� �
�


������ 


 !�#%$��%$ ×�éÂò�æ(ß�à3öoð��Xæ�ð¤öCß]àxß ø��«Ö�â��7åçãÂÜ#åõæ�ñçåõæ�ð�éÂðRëÈð@éÂð¸æ�î¸ðRà¸á
ª«z�gs[ l e<f&a�c lFl `�[Fwxcdf<y�[#\�c�\�z<`qa�cdf<a�i�\�`�f�i�\�ghcdf�c���\�z<`�t7Ä¯Y<u#[

AB
ijf�y

CEX
c��

5 gs�de l ` = ©��¸\F[+`� d`�fQ\�[qi l `%S

0 = ⊥, 3 = ((1, (1, b, 2)), •),
1 = ((0, (0, a, 1)), •), 4 = (•, (2, (1, e, 2))),
2 = (•, (0, (0, c, 1))), 5 = ((3, (2, x, 0)), (4, (2, x, 0)))
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= � ��� ��� ���������	��� ����
�����'���	�

ª«z�`J§¨e<`�[]\FgscdfVf<c�� gh[�\�c l `�w l `�[]`�fQ\9i��s�-\Fz<`'wxcd[F[]gst<�h` l e<f�[�©�ª«z<gh[,gs[�\Fz<` l cd�h`9cj�
\�z<` ����������������� ���+z�gsa{z°[Fe<wx` l gs_JwOcj[F`�[�i��s�µ\�z<` l e<f<[�� [Fz�i l `�['\�z�`�a�cd_J_0cjf®w l `o¶�·¡`�[
ijf<y�y<gs[�\�ghf<�de<gh[Fz<`�[(\�z<`�y<g�33` l `�fQ\bz<gh[]\�c l gs`�[«e<[Fghf<�'\�z<`�f<c�\�gscjf�cj� 
G�����$��
�� ©

� � � " � % " #0/1&2" & ��� *+" +

�6587 � %��¸¿ �MÀ � % �
� `0a�cdf<[]gsy<` l \�z�`�e<f<ghcdf®cj�«ij�s�µwxcd[F[]gst<�h` l e<f<[����Âc l _Jgsf��³i³f�`���`� j`�fQ\�[F`o\

E
©�ª«z<`

ijt<[F`�f<a�`�cj�ba{z<cjgsa�`�[�gs[9f<c£_Jc l `&�de�i l ijfQ\�`�y�©:ª«z<gh['gs[��+zQZ®�"`�y<`�¶�f�`�\Fz<`�a�cjf ;�gsao\
l `��si�\�ghcdf

#
cdf�\Fz<`�`� d`�fQ\�[qi�[+�Âcj�s�sc��+[�S

e # e′
g43
∃f, f ′ ∈ E















f 6= f ′

f →∗ e
f ′ →∗ e′

∃i ∈ I πi(f) = πi(f
′)�¤f¡�Âc l _0ij�s�¢Zd�=\¤�#c9`o d`�f¨\F[«i l `rghf0a�cdf ;�gha�\Cgh�O\�z<`oZ0z<i� j`qi�a�cd_J_Jcdf�i�f<a�`�[]\�c l `o d`�fQ\

\�z�i�\+t l ijf<a{z�`�[bcdf³i ��� � » gsf�[]\{i�f<a�`�©
ª«z�` �0��������������� c��,\�z<`¯[�ZLf<a{z l cjf<cde<[�w�i l ij�h�s`��+a�cd_0wxcd[]gh\�ghcdf5cj�,\�z<`³gsf<g¢\�g´i��sg���`�y

�´ijtx`��h�s`�yHije¡\�cd_0i�\{i
Ai = 〈Si, Σi,→i, s

0
i 〉i∈I

gh[�\Fz<`�[]`�\
U
cj�+ij�h�µ`� d`�fQ\�[9\�z<i�\'i l `

f<cj\bgsf�[F`��h�´�¤a�cdf ;�gha�\ S
U C D=F= {e ∈ E | ¬(e # e)}

©
	 l ijw�z<gsa�ij�s�¢Zd�¡�"`�y l iX� i0a�g l a��s`q�Âc l
`Xija{z�`� j`�fQ\X�xijf<y�ijf�i l a,� l cd_

e′
\�c

e
�<�´i�tO`��s�s`�y&tQZ

i
`Xi�a{z�\Fgs_J`

ei = (e′, t)
© 5 gh�de l `

~'[]z<c��+[b\Fz<`�[Fz�i�wO`�cj��\�z<`�e<f¡�Âcd�sy<ghf<�'cj��\�z<`�f<`o\¤�#c lF¥ cj� 5 gs�je l ` = ©
Å � ¶�f�gh\�` � l e<f � i��s[Fc%aXij�h�s`�y&i 
G�����E�����	��������� � cj��\�z�`�e<f��Âcj�sy<ghf<��gh[#i�t�Ä¯Y<u

B =
(F, Σ, A, Θ)

�+z<` l `
Σ, A, Θ

i l `%y�`�¶�f<`�y£ij[be<[Fe<ij�R�xijf<y
F
gs[ri�¶<f<gh\F`%[]e<t<[F`o\qcj�

E
�+z<gsa{z�gs[3a�cdf ;<gsa�\��¸� l `�`µijf<y,a�ije<[Fij�s�¢Z�a��scd[]`�y��Xg@©ì`TS {∀e, f ∈ F ¬(e # f)

∀f ∈ F ∀e ∈ E e→∗ f =⇒ e ∈ F

�%� ¿�m¿ ���Â� � ¿ % 7�5�� � >��0��������������� 
G��� ������� � ����� � � > K � �G���� ��> � ��� ���

�65 4 ���#� ��� �Â� � !3¿ ������� ¿ %��¸¿ � � ! &���� �X�=�<�j��� ¿ %
Å�[q`Í·�w��´ijghf<`�y¯w l `� Lghcde<[F�¢Zd�xcde l �dcQij��gs[b\�c&a�cd_Jw<e�\�`9i��d�scjt�ij��y<`�a��´i l i�\Fgh d`� Lgs`�� y<`Í�
¶�f<`�y ij[JiHÄ¯Y<u|� l cd_ iVy�gs[]\ l ght<e�\�`�y°gs_JwO` l i�\Fgh d`0 ¡gh`�� cj�qi£y<gh[]\ l gst�e�\�`�y5[�ZL[]\�`�_
�dgh j`�f tQZ5iVf<`�\¤�"c l]¥ cj�qije�\Fcd_�i=\{i�©:ª«z�`¦`Í·�gh[]\F`�f<a�`³cj��i£\ l gh Lg´i��([Fcd�he�\�ghcdf±\�cV\�z<gh[
w l cdt��s`�_)gs[«�de<i l ijfQ\F`�`�y�tQZ�\�z<`,�Âcd�h�sc��+gsf���w l cdwOcj[Fgh\Fgscdf3©
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1

c

⊥

a

d

e

b

1

0

0

1
1

x0

1
c d1

1

c

d

e

1

1
1

1
c d1

a b

0

0 x0

b

0

x0

1

0

b x0

1
0

0

1

1

c

⊥

a

d

e

b

1

0

0

1
1

x

0

1

b0

 "!�#%$��*$��N>.- F<+G6�2�� C?@ +��L2.68/�>.-Q+.-0/�12�3�4 2.6��?@ �?F<3�-	� D<+.CE@ /H9�
�+A@ /H- =�2?I ��� -0/O- �73�-
��?R

�%� ¿�m¿ ���Â� � ¿ % 465�� >��
A = (S, Σ,−→, s0)

�@> � � >B��� ���G��� ��� ������� �=<?>I� ��� �@>�����>I� ��� �
�1�?AB��� ��� ��� ������� >I� � J �@J�� 
 � � ��� ����� K �G� ��� 
�� �1�$���0� �?AB��� �

(Ai)i∈I

� � >��
H = (S, b(Σ),−→′

, s0, S)
�@> � � > � ��� ��� � >�� >

b(σ)
� � � � >B����� � 
G��� � ����� ����� � ����������> � � 
I��� ��
��������

K >�� ����� A >I�@� J ��� �����1�?AB��� ��� ��� �B����������> ��� � >��	��
������� K >�������� A >I�@� J@����� ����� �?AB��� �
��� ����� � >I� ���B� �@J�� 
 � �G��� ��� � 
G�?A A ��� ��
I����������� ���.�

−→′= {(n, b(σ), n′)|(n, σ, n′) ∈−→)}
�

� � >����2� � >+� >�� �1� � ��� � �1�
H

���.� � � >�� >�� �1� ����� � �1�
(Ai)i∈I

��� > > � ��� ������>�� � �
� `baXijfJgs_0ij�dghf<`#\�z�` l `�[]e<�h\Fgsf<��ÃqÄ³Y<u tQZ�z�iX ¡ghf<�%i��hc¡c ¥ cdf 5 gs�de l `b�¡©Lu#�h`Xi l �hZd�

gh\«y<cL`�[+f<c�\b�Âe��h¶��h�3cde l �jcQij��cj� l `o d` l [F`%_0cLy<`��3`�f��dgsf<`�` l gsf<�<© � `�_9e<[�\+\ l Z�\�c'¶��s��ij[
_9e<a{z¦ij[+wOcd[][Fght<�s`�\Fz<`�t7Ä¯Y<u#[�©

�65�� � � % �Â� » &%¿ � � � » � » �%� »�� �
ª«z<`«e<f��Âcd�hy<gsf��

U
c��3i�f�ije�\�cj_�i�\�i�f<`o\¤�#c l]¥ gs[:ijf'gsf�¶<f<gh\F`#[]\ l e<ao\�e l `j©QÃbc��#`o d` l �¨gh\:gh[

wOcd[][Fght<�s`�\Fc'�#c l]¥ cdf�i9¶�f<g¢\�` l `�w l `�[]`�fQ\{i�\Fgscdf�cj�
U
a�ij�s�h`�y�i �2� ���B> 
G�?A K ��>�� > K � > ��� ©

5�c l i�a�cjf�¶��de l i�\�ghcdf
c ⊆ U

ijf<y¯�Âc l ijf£i�e�\�cd_0i�\Fcdf
i ∈ I

�O�"`9y<`o¶�f<`9\Fz<` �������
>�� >�� �

↑ic
\Fz�i�\ba�cjf<a�` l f<`�y

i
gsf

c
i�[+\Fz<`�`� j`�fQ\

f ∈ c
[Fe<a{z�\�z�i�\ S

(fi 6= • ∨ f = ⊥) ∧ @f ′ ∈ c πi(f
′) = f
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= � ��� ��� ���������	��� ����
�����'���	�

�%� ¿�m¿ ���Â� � ¿ % �65�� ���<� 
G�����E�����	���������
c ⊆ U

���.� �����B��� ����� �?AB���1���
i ∈ I

�
↑ic� � �0� � � ��>��

� `�y<`�f<cj\�`
↑c
��\�z<`& j`�a�\Fc l

(↑i c)i∈I

cj�b�´ij[�\9`� j`�fQ\�[�©µª«z<` ��� ���G���2�������B>  j`�a�\Fc l
ij[F[]c¡a�g´i�\F`�y%�+g¢\�z%ira�cdf�¶��de l i�\Fgscdf

c
gs[�ij�s[]cry�`�¶�f<`�y�ij[�\�z<`C[]\�i�\�`�[ cj��`Xija{z'i�e�\�cd_0i�\Fcdf

i��¹\�` l z�iX ¡ghf<��wO` l �Âc l _0`�y�\�z<`�`� j`�fQ\
↑ic

��gR©õ`j©

� � � ���B>
(c) CEDGF= (βi(↑ic))i∈I

5�c l ij�s�
e ∈ U

�
dee C D=F= {f ∈ E | f →∗ e}

gs[qi0a�cdf�¶<�de l i=\�gscjf��Oa�ij�s�h`�y³\Fz<` � � 
I���

G�����E���0�	�������� �1�

e
© � `�y�`�¶�f<`�\�z�`�[]`�\

C
c�� 
���� � ���#>�� >�� ��� cj�:i�f¦e<f¡�Âcd�sy<ghf<�'ij[�S

e ∈ C
g43
∃f ∈ dee \ {e}

� � �����B>
(dfe) =

� � ����� >
(dee)

Å«a�\�e<ij�s�¢Z³\�z�`0`o d`�fQ\
f
�Âc l i�a�e¡\]�¸c�3°`� j`�fQ\

e
gs[��d`�f�` l i��s�hZ³f<cj\�e<f<gh§¨e<`j© � `0y<`o¶�f<`

\�z<` � >��I>�� >��	�������� 
G�����E�����	��������� �µy<`�f<cj\F`�y
∂e

c���i a�e�\��¤c�3 `� j`�fQ\
e ∈ C

ij[J\�z<`
gsfQ\�` l [F`�a�\Fgscdf���cj�C\�z<`��hc¡a�ij�:a�cjf�¶��de l i�\�ghcdf<[

dfe
c��#\�z�`J`o d`�f¨\F[

f ∈ dee \ {e}
[Fe<a{z

\�z�i�\�� � �����B>
(dfe) =

� � ����� >
(dee)

S

∂e CEDGF=
⋂

f∈dee\{e}�
	�������
(dfe)=

�
	�������
(dee)

dfe.

�%� ¿�m¿ ���Â� � ¿ %�� 5�� ��� �����
e ∈ C

� � � � ���B>
(∂e) =

� � ����� >
(dee)

�

ª«z�`¯[F`o\
{e ∈ U | @f ∈ C f →+ e}

gh[&i �2� ���B> 
G�?A K ��>�� > K � > ��� cj��\�z<`
e<f��Âcd�hy<gsf<�

U
©

� (�»L¿ � » � 7�5�� � > �2� ��� > 
G�?A K ��>��B> K � > ��� � � � �2� ���B>-�I>�� >��	���1��� �1� � � > ����������������� �

� Û<Ü�ðmò�æ�åçÝ]æqî¤ß]æqß]ñçà¹Ý«ø�ð:î¸Ý]æ�à¹åõö�ðRéÂð¸ö=áQÛ<Ü�åçà �7åçñçñ �oéÂÝÍö�ò�îRðmö�å��¬ðRéÂð¸æ{ã�ø�ß]à¹åçî �«Ö�â�à¸áQÛ<Ü�åçà�à¹ò�ùFù]ð¸à´ãÂà�ãÂÜ�ß�ã
ãÂÜ�ð�ð��Íã¹éMß]îRãÂåçÝFæ#ß]ñçùFÝ�éÂåêãÂÜ�ÞVî¸ÝFò�ñõö#ø�ð �XßäéMß]ÞmðRãÂðRéÂå��¸ð¸ö=á
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���������	��
������������������������������������� = �

ª«z�`��Âcd�h�sc��+gsf��9ij�h�dc l g¢\�z<_�a�cj_0w<e¡\�`�[«\Fz<`,¶�f<gh\F`,a�cd_Jw<�h`�\�`,w l `�¶¡·
U
©

� % �Â���Â� � ���Q�¡��� ¿ %
= ©(a l `�i�\�`,\�z�`�ghf<gh\Fg´ij�x`� j`�fQ\(S

U = ⊥ = (•)i∈I

�<�+gh\�z � � ����� >
({⊥}) = (s0

i )i∈I 
�¡©
C ← ∅ 


	�» �m» ��� � % ��� �#À » ��À � ¿ �;:
= ©([]`��h`�a�\ri9\�e�w<�s`

(xi)i∈I

�+z<` l `
xi ∈ {•}∪ →i

�<[Fe�a{z¦\�z<i�\(S
U ∃a ∈ Σ ∀i ∈ I

{

xi = • =⇒ a /∈ Σi

xi 6= • =⇒ λi(xi) = a
U ∀i ∈ I xi 6= • =⇒ ∃e′i ∈ U \ C, βi(e

′
i) = αi(xi)

�¡©(t�e<gs�hy&\�z<`�`� j`�fQ\
e = (ei)i∈I

�<�+z<` l ` {

ei = (e′i, xi)
g¢�

xi 6= •
ei = •

cj\�z�` l �+gh[F`
��©(g¢�

e /∈ U ∧ ¬(e # e)
gsf

U ∪ {e}
U U ← U ∪ {e};
U g¢�
∃e′ ∈ dee

�+g¢\�z � � � ���B>
(de′e) =

� � ����� >
(dee)

S
\Fz<`�f

C ← C ∪ {e};

∂e←
⋂

f∈dee\{e}�
	�������
(dfe)=

�
	�������
(dee)

dfe

5-gs�de l `µ~ � l gs�dzQ\ � []z<c��+[�\Fz<`µw l `o¶�·�cdt¡\{ijghf<`�y,� l cj_ cde l `Í·�ij_0w��s`j©��`o\�e<[�a�cdf<[]gsy<` l
\�z<`%`� d`�fQ\

e
�O�sijtO`��s�h`�y�t¨Z

x
© �¸\qgs[ri�a�e�\]�¸c�3H`� d`�fQ\X©��¸\F[ l `��d`�f�` l i=\�gscjf¯a�cjf�¶��de l i�\�ghcdf

∂e
gs[
{⊥}

©�ª«z�gs[+gs[«� l ijw<z<ghaXij�h�hZ l `�w l `�[F`�f¨\F`�y¯tQZ�ijf�cd[]a�gh�s�´i=\�gsf��9i l]l c���©

� . 021 ��� #�% "2,.#0/1&2"
Ä¯Y<u `o·L\ l ijao\�gscjf�[]\�i l \F[-�+g¢\�z�\�z<`#ijt<[]\ l ijao\�ghcdf�cj�¡\�z<`"w l `o¶�·O©(�¤fQ\Fe<gh\Fgh d`��hZj�¬�Âc l ib�dgh j`�f
¶�f<gh\F`,a�cd_Jw<�h`�\�`�w l `o¶�·O�7�"`�y<`�¶<f<`

X
ij[+i'[]e<t<[F`o\�c�� a�cdf�¶��de l i�\Fgscdf<[(\Fz�i�\+a�cdfQ\{ijghf<[

\�z<`'�hc¡a�ij�-a�cdf�¶��je l i�\Fgscdf³cj�µ\�z<`9a�e�\]�¸c�3®`o d`�f¨\F[���\�z�`�g l�l `��j`�f<` l i�\Fgscdf£a�cdf�¶��de l i�\Fgscdf��
\�z<`%�scLaXij��a�cjf�¶��de l i�\�ghcdf¯cj�m\Fz<`%\F` l _0ghf�ij��`� j`�fQ\�[���ijf<y³\Fz�i�\qgh[�a��scd[]`�y£e<f<y�` l ghf¨\F` l �
[F`�ao\�ghcdf�©

X
aXijf³tO`%w l c=n]`�a�\F`�y£cdf¯`�ija{z£gsf�[]\{i�f<a�`%gsf³c l y<` l \�c0cdt�\{i�gsf¯i0f<`�\¤�"c lF¥ cj�

?�ijt<[�\ l ija�\�ije¡\�cd_0i�\{i6A{©xª«z<`�w l cLy<e<ao\,�Âc l _J[q\�z<`�Ã�Ä¯Y<u i�e�\�cd_0i�\Fcdf�©��#ij[Fgha�Ä¯Y<u#[
i l `rcdt�\{i�gsf<`�y&tQZ&a�cjf<[Fghy<` l gsf<�'i��s��\�z<`�`� d`�fQ\�[+c¡a�a�e l gsf<��gsf�ijf�gsfQ\�` l  �ij�3tx`�\¤�"`�`�f�\¤�#c
a�cdf�¶<�de l i=\�gscjf<[ cj�

X
�jijf<y'\ l ijf<[]gh\�ghcdf<[ i l `(y�`�y<e<a�`�y�� l cd_ a�cjf�¶��de l i�\�ghcdf<[-gsf<a��se<[]gscdf�©
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= � ��� ��� ���������	��� ����
�����'���	�

� `µy<`�f�cj\�`µtQZ
P
\�z�`µ¶<f<gh\F`ma�cd_Jw<�s`o\�`mw l `�¶�·,cj�¡\Fz<`µe<f��Âcd�hy<gsf��

U
cj��ijf�ije�\Fcd_�i=\{i

f<`�\¤�"c lF¥ ©7Å�f�`� j`�fQ\
e
gs[ �B>�� A ���.��� g¢�-\Fz<` l `�`o·¡gs[�\�[+f<c

f ∈ U
[Fe�a{z¦\�z<i�\

e→ f
© ��`�\

X
tx`,\�z<`�[]`�\bcj�-a�cdf�¶<�de l i=\�gscjf<[«gsf<y�e<a�\Fgh d`��hZ�y<`�¶�f�`�y¯i�[ S

U {⊥} ∈ X
U �Âc l ij�s�

e
a�e¡\]�¤cC3£`� j`�fQ\X�

dee ∈ X ∧ ∂e ∈ X 

U �Âc l ij�s�x\�` l _0ghf�ij�O`� d`�fQ\

e
�
dee ∈ X 


U �Âc l ij�s�
x, x′ ∈ X

�
x ∪ x′ gh[+i'a�cdf�¶<�de l i=\�gscjf =⇒ x ∩ x′ ∈ X

©

� `�y<`�f�cj\�`�tQZ
Y CED=F= {dee | e ∈ C}

\Fz<`��scLaXij�Oa�cdf¡¶��de l i�\�ghcdf<[«cj� a�e�\��¤c�3£`o d`�f¨\F[�©
5�c l ij�h�

x ∈ X
���s`o\�e<[%y<`�¶<f<`

Ex CEDGF= x \
⋃

x′∈X
x′(x

x′ ©-ª«z<`�[F`�\F[ Ex

i l `J[Fe�t<[F`o\�['cj�

`��s`�_0`�fQ\�[:\�z<i�\Ci l `«f�cj\µa�cdfQ\�ijgsf<`�y�gsf�ijfQZ'[]_�ij�h�s` l a�cjf�¶��de l i�\�ghcdf'cj�
X
©dª«z�`�Z�y<`o¶�f<`

\�z<`�t7Ä¯Y�u#[b\Fz�i�\«�+gs�h�3tx`�`o·L\ l ija�\F`�y¦� l cd_)\Fz<`�w l `o¶�·O©
5�c l ij�s�

x ∈ X
�3\�z�`'[F`�\F[

Ex′

�+gh\Fz
x′ ∈ X, x′ ⊆ x

i l `�i&w�i l \�gh\Fgscdf³cj�
x
© 5�c l

ij�s�7`� j`�fQ\
e ∈ x

�"`,y<`�f<cj\�`
E−1(e, x)

\�z<`�e<f<gs§¨e<`�a�cdf�¶<�de l i=\�gscjf
x′ ∈ X

[Fe<a{z�\�z<i�\
x′ ⊆ x

ijf<y
e ∈ Ex′

© ��`�\%e<[�y<`�¶�f�`&ijf ijt<[]\ l ijao\�ghcdfc��#\�z�`0w l `�¶�·
P
���+z<` l `J\Fz<`

`��s`�_0`�fQ\�[qcj�
X
w<�´iXZ�\�z<` l cd�s`�cj� ?ä_0ija l c��¸`� d`�fQ\�[KA�© 5�c l ij�s�

i ∈ I
�#`�y<`�¶�f�`9\�z<`9[]`�\

Xi

c�� _0ija l c��¤`o d`�f¨\F[b\Fz�i�\+a�cdf<a�` l f
i
i�[ S

Xi CEDGF= {x ∈ X | ∃e ∈ Ex, ei 6= • ∨ e = ⊥}

5�c l \Fz<`�`o·�ij_Jw<�s`,c�� 5 gh�de l `�~¡�<�"`�z<i� j`%S

U X = {⊥,⊥cd,⊥ab,⊥abcex,⊥abb}
U E⊥ = ⊥, E⊥cd = cd, E⊥ab = ab, E⊥abcex = cex, E⊥abb = b
U X0 = {⊥,⊥ab,⊥abcex,⊥abb}, X1 = {⊥,⊥cd,⊥abcex}
U Y = {⊥cd,⊥abcex,⊥abb}

5�c l i��s�
i ∈ I

ijf<y��Âc l ij�h�
x ∈ Xi \ {{⊥}}

��\Fz<`��´ij[�\+`� j`�fQ\r\Fz�i�\+a�cdf<a�` l f<`�y
i
gsf

x \ Ex

gh[
↑i(x \ Ex)

© � `'y<`�¶�f�`�\Fz<`'_0ija l c��¤`o d`�fQ\,\Fz�i�\,gh_0_J`�y<gsi�\�`��hZ�w l `�a�`�y<`�[
xcdf

i
i�[

πi(x) CEDGF= E−1(↑i(x \ Ex), x)
©

Á [Fghf<�«\�z<gh[�y<`�¶�f�gh\�ghcdf��o�Âc l `Xija{z
i ∈ I

�#`µaXi�f%f<c�� y<`�¶�f�`µ\Fz<`µgsf<g¢\�gsij�sg ��`�yb�´i�tO`��s�s`�y
_�ija l c��¤ije�\Fcd_�i=\�cdf

Ai CED=F= 〈Xi \ Y, {Ex | x ∈ Xi},→i, {⊥}〉
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���������	��
������������������������������������� = ~

�+z<` l `

→i =
{(πi(x), Ex, x) | x ∈ Xi \ {{⊥}} ∧ x /∈ Y }
∪ {(πi(x), Ex, E

−1(↑i∂e, ∂e) | x ∈ Xi ∧ x = dee
�+g¢\�z

e
a�e�\]�¸c�3£`� j`�fQ\

}

5-gs�de l ` � []z<c��+[:\�z<`#f<`�\¤�"c lF¥ cj�7_0ija l c��äije¡\�cd_0i�\{i«cdt¡\{ijghf<`�y�� l cd_ cde l `o·�ij_Jw<�s`�©
��`o\
A = 〈S, Σ,−→, s0〉

tO`£\Fz<`V[]ZLf<a{z l cdf<cde<[�w l c¡y<e�a�\
A1 × A2 × · · · × An

©
ª«z<`HÃqÄ¯Y<u�`o·L\ l ija�\F`�y*� l cd_ i®¶�f�gh\�`£a�cd_Jw<�s`o\�`£w l `�¶�·

P
gs[�y<`o¶�f<`�y ij[

HP =
(S,−→′, b(Σ), s0, S)

�¬�+z<` l `
∀σ ∈ Σ, b(σ)

gs[�\�z<`(t�Ä¯Y<u±cdt�\{i�gsf<`�y9tQZ9ijy�y<gsf<�
⊥
ij[

w l `�y<`�a�`�[F[]c l cj�mij�s��_Jgsf<gh_�i��3`� j`�fQ\�[r\�c
σ
�Oi�f<y

−→′= {(s, b(σ), s′)|∃s, σ, s′) ∈−→
}
© 5�c l cde l `o·�ij_Jw<�s`��-\�z�`¦Ã�Ä¯Y<u a�cd_Jw<e�\F`�y±� l cd_ \�z<`�[�ZLf<a{z l cjf<cde<[Jw l cLy<e<ao\Jgsf

5 gs�de l ` � gs[(\Fz<` l `�[]e<�h\Fgsf<��Ã�Ä¯Y<u c�� 5 gh�de l ` = ijf<f<cde�f<a�`�y³gsf�\Fz<`�tO`��dgsf<f�gsf<�<©

⊥ab

0⊥
ab

cex

b

cex

cd 0

1

ab cex
cd

cd b

 !�#T$��*$�� >.- +.-�/ 12<3�4 2.6 IJD7=73 2���D<FG/H2?IJDK/HDLD<+.CE@ /H9 �A3 2�C F.=0/
� (�»L¿ � » � 465�� >��

P
�@>+� �2� ��� >�
G�?A K ��>��B> K � > ���B�1�-��� �����1�?AB����� � >�� � ����� ����������� �

����� � ���.� ��>��
(Ai)i∈I

�@> � � > � >�� �1��� AB��
�� � � ���0� �?AB��� �	�-��� ������� >I� � �G�?A
P
� � >��

H
�@>

� � > � ��� � ��� ������� >I� � � �?A � � >-�@J�� 
 � � ��� ����� K � � ��� 
�� (Ai)i∈I

� � � >+� ��� � �1�
(Ai)i∈I���.� � � > � ��� � �1�

H
��� > > � ��� ������>�� � �

��`o\�e<[�a�cjf<[Fghy<` l \�z<`0_0c l ` l `�ij�sgh[]\�gha9`o·�ij_Jw<�h`0[]z<c��+f®gsf 5 gs�je l `J� � �s`o�¹\ � ©��¸\�gh[
i¯[Fgs_Jw<�h`&a�cdf�f<`�ao\�gscjf i�f<y l `��h`Xij[]`�w l c�\�cLa�cd�"tO`o\¤�#`�`�f \¤�"cHwO`�` l [�©mª«z<`&\¤�"cwx`�` l [
� [F`�f<y<` l i�f<y l `�a�`�gh j` l � i l `�w l `�[F`�f¨\F`�ycdf£\�cdwHcj�C\�z<`9¶��je l `�©�ª«z<`�ZHi l `'a�cdf�f<`�ao\�`�y
\�z l cde<�dz�a{z�ijf<f�`��s[-cj�<[]g���`"cdf�`j©¬ª«z<`"ije�\�cj_�i�\�i«cj�<a{z�i�f<f<`��h[:i l `µ�dgh j`�f9i=\�\Fz<`CtOcj\]\�cd_
cj�-\Fz<`q¶��de l `j©��¤f�\�z�gs[«w l cj\�cLa�cd�@�¡\Fz<`�[F`�f�y<` l aXi�f¦ghf<gh\Fg´i�\F`qi'a�cdf�f<`�ao\�gscjf�tQZ�[]`�f<y<ghf<�
\�z<`

Creq
_0`�[F[�i��d` ����
 � ijf�y �� � a{z�i l ija�\F` l [«y�`�f<cj\F`�\�z�`,[F`�f�y¦i�f<y l `�a�`�gh d`�i�a�\�ghcdf<[

l `�[]wO`�a�\Fgh d`��hZ � ©�Åb�¹\�` l \�z�i=\X�Xg¢\�aXijf�y<`�a�ghy<`m�scLaXij�h�hZ«\Fc«a��scj[F`:\�z�`ma�cdf<f�`�a�\Fgscdf�tQZ,[]`�f<y<ghf<�
\�z<`�_J`�[F[Fij�d`

Dreq
�:c l�l `�a�`�g¢ d`�[J\Fz<`¦_J`�[][�ij�j`

Ddreq
gsf<y<ghaXi�\Fgsf<�¦\�z�i�\0i£y<gh[]\{i�f¨\

y<gs[]a�cdf<f�`�a�\Fgscdf°z�i�['tO`�`�f5_�ijy�`�t¨Z \�z<` l `�a�`�gh j` l © �¤f°aXi�[F`�cj�ra�cd�h�sgs[]gscdf � l `�a�`�w�\�ghcdf
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= � ��� ��� ���������	��� ����
�����'���	�

cj�
Ddreq

ghf¦[�\{i�\F`
2
� �<\�z<`�a�cdf�f<`�ao\�gscjf³gs[rij�h[FcJa��scj[F`�y3©3²qf�\�z<` l `�a�`�g¢ d` l [Fghy<`j�xi��¹\F` l

z�iX ¡ghf<� l `�a�`�g¢ d`�y¦\�z<`
Creq

��\�z<` l `�a�`�gh d`�y¯_0i�Z&y<`�a�gsy<`�\�cJa��hcd[F`�\�z<`�a�cjf<f<`�ao\�ghcdf³tQZ
[F`�f�y<gsf<�¦\�z<`&y�gs[]\�ijfQ\'y<gh[Fa�cjf<f<`�ao\�ghcdf®_J`�[F[Fij�d`

Ddreq
© �¸�+f<cj\X��\�z<`

Dreq
_J`�[][�ij�j`

gs[ l `�a�`�g¢ d`�y®gsfH[]\�i�\�`
1
©6�¤fH\�z�i�\%aXi�[F`j��g¢\%gh[ l `�§¨e<g l `�y\�z<i�\%\Fz<` l `�a�`�g¢ d` l ij�h` l \F[,\�z<`

[F`�f�y<` l tQZ�\Fz<`
Dconf

_0`�[F[Fij�d`q\�c�i��s�sc��*g¢\(\�c'a��scd[]`q�scLaXij�h�hZ'\Fz<`,a�cdf�f<`�ao\�gscjf�© � c�\�`
\�z�i�\�gsf®a�ij[F`�c��+a�cd�h�sgs[]gscdf3��gh\%gs[�wxcd[][Fgst��s`0\Fc l `�a�`�g¢ d`�i¯_J`�[][�ij�j`

Dreq
ghf®[]\�i�\�`

0
�

�+z<gsa{z�_9e<[�\+tO`�[ ¥ ghw<wO`�y�©

1

2

0

1

2

0
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!Dreq

?Creq

?Dreq

?Dconf ?Ddreq

?Ddreq

?Dreq

!Dconf

!Ddreq

0

1 2

!Creq !Dreq
?Creq ?Dreq

0

1 2

!Ddreq !Dconf
?Ddreq ?Dconf

⊥

!Creq?Creq

!Dreq!Ddreq

?Dreq

!Dconf

?Dconf

?Ddreq?Dreq?Ddreq

!Creq

0
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2
1

0

1
3

3

2

2

0

3 1

2 3

0 1

0 2 1
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5-gs�de l `b� � l gh�dzQ\ � [Fz�c¬�+[C\�z<`+w l `�¶�·Jc��3\�z�`be�f��Âcd�sy�gsf<�,cj�O\�z<gh[µ`o·�ij_Jw<�s`�© � `b[Fz�c¬�
\�z l `�`qa�e�\]�¸c�3¯`o d`�fQ\F[���a�c lFl `�[Fwxcdf<y<ghf<��\Fc9\�z<`�\Fz l `�`,t�ij[]gsa�w<i�\F\F` l f�[«cj��\�z<`�w l cj\Fc¡a�cd�R�
�+z<gsa{z i l `0�scLaXij�:y�gs[Fa�cdf<f<`�a�\Fgscdf���y<gh[]\{i�f¨\�y<gh[Fa�cdf<f<`�a�\�ghcdf®i�f<y®a�cj�s�sgh[Fghcdf�©3ª«z�`�Ä¯Y<u
 ¡gh`�� w l cLy<e<a�`�y�t¨Z&cde l _0`o\�z<cLy�gs[«[]z<c��+f³gsf 5-gs�de l `���©

� � / +0, * +I+0/1&2"
� `'z�iX j`�ijy�y l `�[F[F`�y\Fz<`�w l cdt��s`�_ cj� l `� j` l [F`J_0cLy<`��-`�f<�jgsf<`�` l ghf<�<��i�f<yV_0c l `'w l `Í�
a�gs[]`��¢Z\Fz<`�ije�\Fcd_�i=\�gsa�\ l ijf<[]�´i�\Fgscdf®c��r[�ZLf<a{z l cjf<cde<[Jf<`�\¤�"c l]¥ [�cj�+¶�f�gh\�`&ije�\�cj_�i�\�i
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gsfQ\�c£_J`�[][�ij�d`�[]`�§¨e<`�f<a�`¦a{z�i l \F[�©mÅ�\ l gh Lgsij�"[]cd�se¡\�gscjf®gs[9\Fc£t<e<gs�hy®\�z<`�w l cLy<e<a�\Ji�e¡�
\�cd_0i�\�cjf�ijf<y�\�c�gsfQ\�` l w l `�\+\ l ijf<[]gh\�ghcdf��´i�tO`��s[«ij[+t�i�[Fgsa%Ä¯Y�u#[�© Á f��Âc l \�e�f�i�\�`��hZj��\�z<gh[
y<`��d`�f<` l i�\�`�y'Ä¯Y�uHy<cL`�[�f<cj\��Âe<�¢¶��s�¬\�z�` l `�§¨e<g l `�_J`�fQ\F[-cj� l `o d` l [F`C`�f��dgsf<`�` l gsf<�<���+z<gsa{z
i l `+\�c%w l `�[F`�fQ\(\Fz<`ba�cdf<a�e lFl `�fQ\«z<gh[]\Fc l gh`�[µcj��\Fz<`r[�ZL[]\�`�_)e�[Fgsf��9ij["_9e<a{z&i�[#wxcd[F[]gst<�h`
i�w<i l \Fg´ij�Oc l y<` l  ¡gh`���©

ª«z�gs[��"c lF¥ ghf¨\ l cLy<e<a�`�[�f<`o� \�`�a{z<f<gh§Le�`�[�\�z�i�\�wx` l _0g¢\�\�c l `�a�c� j` l i+�j�scdt�i��jw�i l \�gsij�¢�
c l y<` l t�ij[]`�yV ¡gh`�� cj�#i�[�ZL[]\�`�_ y<`�[]a l gstx`�yHt¨Z¯a�cd_JwOcj[Fgh\Fgscdf¦cj�"[F`�§¨e<`�fQ\�g´i��ma�cd_JwOc=�
f<`�fQ\�[���i�f<y�z<`�f<a�`r[F`�`�_J[ l `��s`o ji�f¨\C�Âc lµl `o d` l [F`�_0cLy<`���`�f<�dghf<`�` l gsf��<©Qª«z<`�_0ijghf0i��s�dc��
l gh\Fz<_ gs[b\�z<`�e<f��Âcd�hy<gsf<�Jcj�m\Fz<`9f<`o\¤�#c l]¥ cj�Ci�e�\�cd_0i�\�i�©��¸\,a�cj_0w<e¡\�`�[b\�z<`�[F`�\qcj�Cij�s�
w�i l \Fg´ij�-c l y�` l�l e<f�[�©�ª«z�ijf ¥ [�\�c�\�z�`�¶<f<gh\F`�f<`�[F[�cj�#\Fz<`�[]ZL[]\F`�_���\�z<gh[�[]`�\�gs[,¶�f�gh\�`��hZ
�d`�f<` l i�\F`�y*tQZ i®w l `�¶¡·3© 5 l cd_ \�z<gh[�w l `�¶�·O�(�"`£[Fz<c��"`�y i�(iXZ \Fc®`o·L\ l ijao\�t�ij[Fgha
w�i l \Fg´ij�-c l y�` l w�i�\]\�` l f<[ � t�Ä¯Y<u#[ � ©�ª«z<` l `�_Jc� �ij� cj�C\�z�`�[F`Jw�i�\]\�` l f<[�gsf¯\Fz<`�w l `o¶�·O�
�Âcd�s�hc¬�"`�y�tQZ%ir�scLaXi��dw l c¬n]`�a�\Fgscdf%�s`�ijy%\Fc�ijf�ijt<[�\ l i�a�\:f�`�\¤�"c lF¥ cj�0?¤_�i�a l c=�äije�\Fcd_0i�\{i�A�©
Å ÃqÄ³Y<u �+gh\�z0\�z<`r[�ij_J`�tx`�z�iX Lgsc l ij[C\�z<`qghf<gh\Fg´ij�<ije�\�cj_�i�\�i%f<`o\¤�#c lF¥ a�ijf�\Fz<`�f�tx`
w l cLy<e<a�`�y�tQZ&a�cj_0w<e¡\�gsf���\�z<`�w l cLy<e<ao\«cj��_�i�a l c9ije�\�cj_�i�\�i�©LÅ�f�ij�¢\�` l f�i�\Fgh d`ra�cde��sy
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tO`�\Fc�a�cdf�[Fgsy�` l i&w�i l ij�h�s`���a�cdf<[]\ l e<ao\�gsf³\Fz<`�ÃqÄ³Y<u���ij[qw l cdwxcd[F`�y£�Âc l ghf<[]\�ijf<a�`'ghf
f<`�\Fa{z�i l \F[ 7 � : ©

ª«z�` ij�h�dc l gh\�z�_0[&z<i� j` tx`�`�f gs_Jw<�h`�_J`�fQ\�`�y�gsf i5[]cj�¹\¤�(i l `Hw l cj\Fcj\¤ZLwO` � i±�Â`��
\�z<cde�[�ijf<y'c��7�sgsf�`�[�cj�OuC�¤a�c¡y<` � ©�ª«z<`«f<`o·L\m[�\�`�w9�+gs�s�¨tx`#\�c�tO`«i�t<�s`C\�cqy<`�ij�¨�+gh\�z'_Jc l `
a�cd_Jw<�s`Í·�[�Z¡[�\�`�_0[�© 5 g l [�\X���"`�z�iX j`�\Fc l `��´i¬·�\�z<`�[�Z¡f�a{z l cdf�cde<[,ij[][Fe<_Jw�\Fgscdf�\�c�\{i ¥ `
tO`�f<`�¶<\�c��C\Fz<`�ij[�Z¡f�a{z l cdf�cde<[�a�cd_J_9e<f�gsaXi=\�gscjf³gsf£Ä¯Y<u#[�© � `9\�z�gsf ¥ gh\,gh[qwxcd[F[]gst<�h`
\�c�¶�f�yVi�a��sij[F[rcj�µ[]ZL[]\F`�_J[qgsf¦�+z<gsa{z£[�Z¡f�a{z l cdf�cde<[,a�cj_0_9e�f<gsa�i�\�ghcdf¦a�ijf¯tx`9[�i=�Â`��hZ
l `�w��´ija�`�y&tQZ0ijf�ij[�ZLf<a{z l cjf<cde<[«cdf�`r�+gh\Fz<cde�\"a{z�ijf��dgsf<��\�z<`r[F`o\(cj��w�i l \�gsij� l e�f<[�© ��`o\
e<[ l `�a�ij�s�mf�`� d` l \Fz<`��h`�[F[�\�z�i=\�i�[]ZLf<a{z l cdf<cde<[�a�cj_0_9e�f<gsa�i�\�ghf<��ije�\Fcd_�i=\{i�ijf<y Ä¯Y<u
y<`�¶�f�`"e<f�a�cd_Jw�i l ijt<�s` �´ijf<�je�ij�d`�[�©�ª«z<gh[�_J`Xi�f<[�\�z�i=\ i(\ l ijf<[]�´i�\Fgscdf,c���ije�\Fcd_0i�\{i(ghf¨\Fc
Ä¯Y<uH_0iXZqf<c�\�`o·¡gs[�\�[�©65�e l \�z<` l _Jc l `���y<`�a�ghy<gsf<�(�+z�`�\�z�` l i+f�`�\¤�"c lF¥ c��<ij[�ZLf<a{z l cjf<cde<[
ije�\�cj_�i�\�i³y<`o¶�f<`�[JiHÄ¯Y<u|�´i�f<�de�ij�j`&gs['i�f5e�f<y<`�a�gsy�i�t<�s`�w l cdt<�h`�_�© Ãb`�f<a�`j�:\�cVtx`
` 3O`�a�\Fgh j`rghf0i�f�ij[�ZLf<a{z l cjf<cde<[C� l ij_J`��"c lF¥ �Qcde l ijw<w l cQija{z0�+gh�s�¡f<`�a�`�[F[Fi l gh�hZJijw�w<�hZ%\�c
i l `�[]\ l gha�\�`�y0a��´ij[][µcj��ije¡\�cd_0i�\{i¡©QY¡`�a�cdf<y��hZd�Q\Fz<`rÄ¯Y<u#[µ�#`rcdt�\{i�gsf�i l `by�`�wx`�f<y<`�fQ\(cj�
\¤�#c'\�z�gsf<�d[�S¡\Fz<`,y<`�¶<f<gh\Fgscdf�cj��a�e�\]�¸c�3¯`o d`�fQ\F[�ijf�y�\Fz<`,y<`o¶�f<gh\Fgscdf�cj��a�cdf�¶<�de l i=\�gscjf<[
\�z�i�\«i l `,`Í·¡\ l ijao\�`�y�� l cd_)\Fz<`q¶�f<g¢\�`qa�cd_Jw<�s`o\�`qw l `�¶�·O©7YLc��Mi l �<i�f�`� d`�fQ\�gh[«i9a�e�\+cC3
`� d`�fQ\�g¢�µgh\�[,a�cdf�¶��je l i�\Fgscdf£z<ij[�ij� l `Xijy¡Z¯tx`�`�fV[]`�`�fHgsfVg¢\�[qa�ije<[�i��mw�ij[]\�©�ª«z<gh[,�s`Xi�y<[
\�c&[]cd_0`%y<e<w<�hgsa�i�\�ghcdf<[+cj�µ`� j`�fQ\�[�ghf¦\�z�`�¶�f<g¢\�`�a�cd_Jw<�s`o\�`�w l `o¶�·O©�ª«z<`9y<`o¶�f<g¢\�gscjf³cj�
a�e�\��¤c�3�`o d`�f¨\F[(aXi�f0tx` l `�¶<f<`�y0e<[Fghf<��\Fz<`bijy<`�§Le<i�\�`bc l y�` l [Cw l cdwOcj[F`�yJtQZ���©$�m[Fw�i l �Xi
gsf 7 � : ©#ª«z<gh[&`�f<z<ijf<a�`�_0`�fQ\��+gs�s� l `�y<e<a�`¯\�z<`¯y�e<w<�sghaXi�\Fgscdf cj��`� j`�fQ\�[�©ru#cdf<a�` l f<ghf<�
\�z<`�y<`o¶�f<gh\Fgscdf�cj� a�cdf¡¶��de l i�\�ghcdf<[(\�cJ`o·L\ l ijao\ � \�z<`

X
[F`�\ � ���"`%a�ijf¦y�`�a�ghy<`,\�cJ[Fz�i l `

_0c l `%c l �s`�[F[ra�cd_J_0cjf³w l `�¶�·¡`�[,ghf¦\Fz<`�t7Ä³Y<u#[���i�f<y³¶�f<yViJ\ l i�y<`�c�3Htx`�\¤�"`�`�fV\Fz<`
fLe�_9tO` l cj�Cy<e<w��sgsa�i�\�ghcdf<[�ijf<y¯\�z�`'[Fg���`'cj�m\�z�`'a�cdf<[]gsy<` l `�yHt�Ä¯Y<u#[�©�ª«z�gs[,a�cje<�sy£tx`
w�i l i�_0`o\�` l g���`�y�©
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+ áCÔsÛ �-Ú �#ð¸à¹àÂß�ùFð-Öoð,5{ò�ð¸æ�î¸ð�â�ÜXß�é¹ãÂà¸Ú�à´ãMß]æ�ö�ß�éMö��Qá �  $!oÚ  $!$!#!oá

�	�
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� � ¿�¿�b¿ � � � ¿ �m¿ ���¹��� ¿ % 7
� � � �1� � �¸\�gs[�i®y<g l `�ao\�a�cdf�[F`�§¨e<`�f<a�`cj��\�z<`Vy<`o¶�f<g¢\�gscjf<[�©��"Z�y<`o¶�f<gh\Fgscdf3�#i l e�f gh[
a�cdf ;<gsa�\��¸� l `�`j�Oijf<y³t¨Z¦a�cjf<[]\ l e<ao\�gscjf��3g¢\�gh[ra�ije<[�i��s�hZ�a��scd[]`�y�©xª«z<`9e<f¡�Âcd�sy<ghf<��gh[rt�e<gs�¢\
t¨Z�a�cdf<[]gsy<` l gsf��J\Fz<`%e�f<gscdf�cj�:ij�s� l e<f<[�© �"Z�y�`�¶�f<g¢\�ghcdf��<\�z�`%a�cdf ;�gha�\ l `��´i�\Fgscdf

#
gh[

\�z<`�a�cjf<[F`�§Le�`�f<a�`�cj��\�z<`��hc¡a�ij�3a{z<cjgsa�`�[+gsf�`Xi�a{z¯ije�\Fcd_0i�\�cdf3�<ijf<y�g¢\«gs[«ghf<z<` l gh\F`�y�tQZ
aXije<[Fij�sg¢\¤Zd©

� � ¿�¿�b¿ � � � ¿ �m¿ ���¹��� ¿ % 4
� � � �1� � g �

Runs(H) ⊆ Runs((Ai)i∈I)
©3Y¡e<w�wOcd[]`9\�z<gh[�y<cL`�[�f<cj\qz�cd�sy�©xª«z<`�f¯\�z<` l `

gs[«i l e<f
r ∈ Runs(H)

i�f<y�i9w l cLa�`�[F[
i
[Fe�a{z�\Fz�i�\(\Fz<`qw l c=n]`�ao\�gscjf�cj�

r
cdf

i
gh[(f<cj\

ija�a�`�w�\F`�y±tQZ
Ai

� gR©õ`j©�\�z�`�[F`�§¨e<`�f<a�`�cj�«\ l ijf<[]gh\�ghcdf<[�cdf
i
y<`o¶�f<`�y±tQZ l e<f

r
gs[�f<cj\

i�w�i=\�zHcj�
Ai

� ©�ª«z�gs[�_0`�ijf<[�\�z�i=\,\�z<` l `Jgs[�i��"c l y
w = v1.a1.v2.a2 . . . vk.ak.vk+1�+gh\�z

∀p ∈ 1..k, ap ∈ Σi

[]e<a{z³\�z<i�\
b(w)

gs[biJ�"c l y¯cj�mÃ��Ot�e�\
w
gh[rf�cj\qi��#c l y³c��

A
©xu#cdfQ\ l ijy<gha�\�ghcdf�©
ghg �

Runs((Ai)i∈I) ⊆ Runs(H)
©3Å��s�m�hgsf<`�i l g �Xi�\Fgscdf�[�cj�

Runs((Ai)i∈I)
i l `JijaÍ�

a�`�w¡\�`�y³t¨Z
A
© ��`o\

r
tO`%i l e<f³c��

(Ai,i∈I

�Oi�f<y
w = σ1.σ2 . . . σk

tO`%iJ�hgsf<`�i l g �Xi�\Fgscdf
cj�

r
©
w
gh[qija�a�`�w¡\�`�yHtQZ

A
�3[Fc&\Fz<` l `'gs[,iJ�#c l y

b(w)
ija�a�`�w�\F`�yVtQZ

H
©Oª«z<` l e<f£c��

H
ij[F[]c¡a�g´i�\F`�y&\�c

b(w)
gh[#\�z�` l e<f

r′ = b(σ1) ◦ b(σ2) ◦ · · · ◦ b(σk)
©
r′
gs[(gh[Fcd_Jc l w<z<gsa

\�c
r
�7ij[bgh�-\¤�#c0�s`o\F\�` l [bcj�

w
i l `�gsf<y<`�wO`�f<y<`�f¨\��x\Fz<`�f�\�z<`�g l \ l ijf<[]�´i�\Fgscdf�gsf

b(w)
i l `

ij�s[]cHghf<y<`�wO`�f<y<`�fQ\�©"Ãb`�f<a�`j�
∀r ∈ Runs((Ai)i∈I)

�:\�z<` l `�gs[�ijf5`�§¨e<g¢ �ij�s`�f¨\ l e<f ghf
Runs(H)

©
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� � ¿�¿�b¿ � � � ¿ �m¿ ���¹��� ¿ % �

� � � �1� � ��`o\�e<[�a�cdf<[]gsy<` l \�z<`�[]`�\
Li(c) CED=F= {f ∈ c | fi 6= • ∨ f = ⊥}

���"`J[Fz<c��
\�z�i�\

Li(c)
gs[+\�cj\�ij�s�¢Z�c l y<` l `�y¯tQZ�\�z�` l `��´i=\�gscjf

→
©7ª«z<`%_�i¬·�gh_9e<_ ij[re�[F`�y³gsf�\�z<`

y<`�¶�f�gh\�ghcdf³gh[r\FzLe�[qe<f<gh§Le�`j©�YLe<w<wxcd[F`9\Fz<` l `9`o·¡gs[�\�[�\¤�"c�`� j`�fQ\�[
f, f ′ ∈ Li(c)

©�Y¡gsf�a�`
t¨Z�y<`�¶<f<gh\Fgscdf��L\�z<`oZ�i l `qgsf&\Fz<`�[�ij_J`qa�cjf�¶��de l i�\�ghcdf

c
��\�z<`oZ&a�ijf<f<cj\+tx`,gsf�a�cdf ;�gha�\�©

ª«z<`�Z�aXijf<f�cj\«tx`,f<`�g¢\�z<` l a�cdf�a�e l]l `�fQ\+[]gsf<a�`q\�z<`oZ�a�c lFl `�[Fwxcdf<y�\Fc9\ l i�f<[Fg¢\�gscjf<[#cj��\Fz<`
ije�\�cj_�i�\Fcdf

i
�<�+z�gsa{z�gs[«[F`�§¨e<`�fQ\�gsij�R©�ª«z¨e<[+\�z�`�Z�i l `�aXije<[Fij�s�¢Z l `��si�\�`�y�©

� � ¿�¿�b¿ � � � ¿ �m¿ ���¹��� ¿ % �

� � � �1� � ��`o\
e ∈ C

©Xª«z�` l `Ci l ` ¶�f<g¢\�`��hZr_�ijfQZ
f ∈ dee\{e}

[]e<a{z%\Fz�i�\ � � �����B>
(dfe) =� � � ���B>

(dee)
©¡ª«z<`�ghfQ\�` l [F`�a�\�ghcdf&cj�3\�z<`r�scLaXij�7a�cjf�¶��de l i�\�ghcdf<[Ccj��[]`� d` l ij�O[Fe<a{z�`o d`�fQ\F[

f
gs[ba�cjf ;�gsao\]�R� l `�`%ijf<y³aXije�[�ij�h�hZ�a��hcd[F`�y��x[Fc&g¢\rgh[�i0a�cdf�¶<�de l i=\�gscjf

F
© � `��+gs�s��[]z<c��

\�z�i�\�� � �����B>
(F ) =

� � ����� >
(dee)

©
5�c l \�z�gs[µ�#`r[Fz<c��*\�z�i=\#_Jc l `b�d`�f<` l ij�s�¢Z9�Âc l \¤�#c9a�cdf�¶��je l i�\Fgscdf�[

F
ijf<y

F ′ [Fe<a{z\�z�i�\ � � ����� >
(F ) =

� � ����� >
(F ′) = S

ijf<y
F ∪ F ′ gh[�a�cdf ;�gha�\��¸� l `�` � �+z<gsa{zgs[,\ l e<`�Âc l cde l �scLaXij�<a�cdf�¶��je l i�\Fgscdf�["[]gsf<a�`b\Fz<`�Z0i l `b[]e<t<[]`�\�[#cj�

dee
� � � � � ���B>

(F ∩F ′) = S
©

�¤f<y<`�`�y£�s`o\
i ∈ I 


gh�
↑i(F ∪ F ′) ∈ F ∩ F ′ �O\�z�`�f ↑i(F ) = ↑i(F

′) = ↑i(F ∩ F ′) =
↑i(F ∪F ′)

©(�¸�
↑i(F∪F ′) /∈ F ∩F ′

�¬\�z<`�f
↑i(F ∪F ′) ∈ F \F ′

c l
↑i(F ∪F ′) ∈ F ′\F

©
��`o\�e<[-[FiXZ,\�z�i�\

↑i(F∪F ′) ∈ F \F ′ 

\�z<`�f

↑i(F
′) ∈ F∩F ′

i�f<y
↑i(F

′) = ↑i(F∩F ′)
©

ª«z<`�f
βi(↑i(F

′)) = βi(↑i(F ∩ F ′)) = βi(↑i(F ))
©

� � ¿�¿�b¿ � � (�»¨¿ � » � 7
� � � �1� � ª«z<`�¶�f<g¢\�`�f<`�[][#cj��\Fz<`�w l `�¶¡·��Âcd�h�sc��+[µy<g l `�ao\��hZ'\Fz<`r�Mi�a�\#\Fz�i�\"cde l []ZL[]\F`�_J[(cj�
w�i l i��s�s`��7[]ZLf<a{z l cdf<cde<[bije¡\�cd_0i�\{i�i l `qc���¶�f<gh\F`q[]\�i�\�` � `Xi�a{z¦i�e�\�cd_0i�\Fcdf&z�ij[(i�¶�f<gh\F`
fLe�_9tO` l cj�b[]\�i�\�`�[�ijf<y±gsfQ\F` l i�a�\�ghcdf<['i l `�_J`�_Jc l ZH�s`�[F[ � ©:ª«z<`�y�g��Ja�e<�¢\'w�i l \'gs[%\�c
[Fz<c�� \Fz�i�\«\Fz<`,e<f��Âcd�hy<gsf��9aXijf�tx`,cdt�\�ijgsf<`�y�� l cd_ \�z<`,¶�f�gh\�`�a�cd_Jw<�s`o\�`,w l `�¶�·O©�ª«z<gh[
gs[(\�z�` l cd�s`�cj� \Fz<`

↑dee
�Âc l `Xi�a{z¦a�e�\]�¸c�3£`� j`�fQ\

e
©

��`o\
c
tO`+i,a�cjf�¶��de l i�\�ghcdf'\�z�i=\µa�cdfQ\{i�gsf<[µi,a�e¡\]�¤cC3�`� j`�fQ\

e
© � `+[Fz�c¬� \�z�i=\

c
aXijf

tO` l `�y<e�a�`�y'\Fc�i�a�cdf¡¶��de l i�\�ghcdf
c′
\�z�i=\:z�ij[m[�\ l gsa�\F�hZ��s`�[F[:`o d`�f¨\F[m\�z�ijf

c
tQZ l `�w<�sija�ghf<�

\�z<`+`� j`�fQ\�[#cj�
dee

tQZ'\�z�cd[F`bcj�
∂e
�Lijf�y0tQZ ?¤\ l ijf<[]�´i�\Fgsf<��A"\Fz<`+`� j`�fQ\�[(c��

c\dee
©¨ª«z<gh[

l `�y�e<a�\Fgscdf�aXi�f�tx`,gh\F` l i�\�`�y�e<fQ\�gs�O�#`�cdt�\�ijgsf&i�a�cdf�¶��je l i�\Fgscdf
cP ⊆ P

�+g¢\�z<cde¡\+ijfQZ
a�e�\��¤c�3`� j`�fQ\X©�ª«z<`'a�cdf�¶��je l i�\Fgscdf

c
aXi�f£tO`9cjt�\{ijghf<`�y¯� l cd_

c′
tQZ³wO` l �Âc l _0ghf<�J\Fz<`

l `� j` l [F`&cj�«\Fz<` l `�y<e�a�\�ghcdf cjwO` l i�\Fgscdf<[����+z<gsa{z®gh[%cjt�\{ijghf<`�y[Fgh_0w<�¢Z£tQZH`o·¡a{z�ijf<�jgsf<�
\�z<` l cj�s`qcj�

dee
ijf<y

∂e
ghf�\Fz<` l `�y<e<a�\Fgscdf�[�©

ÔsÙ3ÕxÔ´×



���������	��
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5�c l _�i��s�hZj�
c′ CED=F= ∂e∪{h(f) | f ∈ c \ dee}

�Q�+z<` l `�\Fz<`b_�ijw�w<gsf<�
h
gs[µy<`o¶�f<`�y�ghf¡�

y<e<a�\Fgh j`��hZJi�[C�Âcd�h�sc��+[ S��Âc l ij�s��`o d`�fQ\
f = (f1, . . . , fn) ∈ c\dee

�
h(f) CEDGF= (f ′

1, . . . , f
′
n)

�+gh\�z
f ′

i CEDGF=






•
gh�

fi = •
(↑i∂e, t)

gh�
fi = (↑i dee, t)

(h(g), t)
gh�

fi = (g, t)
�+g¢\�z

g 6= ↑idee�"ZJa�cdf<[�\ l e<a�\Fgscdf
c′
gh["a�ije<[Fij�s�¢Z�a��scj[F`�y3© ��`�\#e<[(a{z<`�a ¥ \Fz<`qijt�[F`�f�a�`qcj��a�cdf ;�gha�\F[�©057c l

ij�s��`o d`�fQ\
f ∈ c′

ijf<y³�Âc l ij�h�
i ∈ I

���#`%z�iX d`�\Fc0[]z<c�� \�z�i�\b\�z�` l `%gs[bf<cJ_0c l `�\Fz�ijf
cdf<`�`� j`�fQ\

f ′ ∈ c′
[]e<a{z¦\Fz�i�\

πi(f
′) = f

©
U g¢�

f ∈ ∂e
ijf<y

f 6= ↑i∂e
\Fz<`�f�\Fz<` l `£`o·¡gs[�\�[�i®e<f<gh§¨e<`

f ′ ∈ ∂e
[Fe�a{z \Fz�i�\

πi(f
′) = f 


ijf�y�tQZJy<`�¶�f�gh\�ghcdf�cj�
h
f<c�`� j`�fQ\«cj�O\�z<`+�Âc l _

h(g)
�+gh\�z

g ∈ c\dee_0iXZ&[Fi�\�gh[]�¹Z
πi(h(g)) = f

©
U g¢�

f = ↑i∂e
\Fz<`�f�t¨Z0y<`o¶�f<gh\FgscdfJcj�

↑i∂e
\Fz<` l `�gh[#f<c

f ′ ∈ ∂e
[]e<a{z&\�z<i�\

πi(f
′) =

f
©jÅ�f�y�\Fz<`«`� j`�fQ\�[Ccj�7\�z�`#�Âc l _

h(g)
�+gh\�z

g ∈ c\dee
\�z<i�\m[�i=\�gs[��¹Z

πi(h(g)) = fi l `0\Fz<`&gh_�ij�j`�[�t¨Z
h
cj�«\�z�`�`� j`�fQ\�[

g ∈ c \ dee
\Fz�i�\9[Fi�\�gh[]�¹Z

πi(g) = ↑idee
©

ª«z�` l `�gs[«f�cJ_Jc l `q\�z�ijf�cdf<`,[]e<a{z
g
tO`�aXije�[F`

c
gs[+a�cdf ;�gha�\]�R� l `�`j©

U g¢�
f
gs[�cj�«\�z<`0�Âc l _

h(g)
�+gh\�z

g ∈ c \ dee
� \�z�`�f®\�z�`&`� j`�fQ\�[

f ′
\�z�i�\9[�i�\Fgs[]�¹Z

πi(f
′) = f

i l `¯\�z�`£gs_0ij�d`�[0tQZ
h
cj��\Fz<`£`� j`�fQ\�[

g′ ∈ c \ dee
\Fz�i�\�[�i=\�gs[��¹Z

πi(g
′) = g

©<ª«z<` l `%gh[«f<c�_0c l `q\�z<ijf¦cjf<`,[Fe<a{z
g′ tx`�a�ije<[]` c

gh[«a�cdf ;<gsa�\��¸� l `�`j©

� � ¿�¿�b¿ � � (�»¨¿ � » � 4
� � � �1� � 5 g l []\X�L�s`o\(e<[«w l c� d`q\Fz�i�\#\Fz<`,`o·¡`�a�e�\Fgscdf<[«c���\�z<`qf�`�\¤�"c lF¥

(Ai)i∈I

cj��_�i�a l c=�
ije�\�cj_�i�\�i,a�c l]l `�[]wOcjf<y�\�c�\�z�`�a�cjf�¶��de l i�\�ghcdf<[µcj�O\�z<`re<f��Âcd�hy<gsf<�

U
©%�µija{z&`o·¡`�a�e�\Fgscdf

cj�
(Ai)i∈I

a�c lFl `�[Fwxcdf<y�[�\�c£i¦a�cdf�¶<�de l i=\�gscjf
c
cj�

U
���+z�gsa{z±aXi�f®tO` l `�y�e<a�`�y®\�c£i

a�cdf�¶<�de l i=\�gscjf
cP

cj�x\�z<`+w l `�¶�·
P
�j�+z<gha{z0y�c¡`�[Cf�cj\Ca�cdfQ\{i�gsfJijfQZ'a�e¡\]�¤cC3�`� j`�fQ\X©Lª«z<`

[]\{i=\�` l `Xi�a{z<`�y&tQZ'\Fz<`r_0ija l c��¤ije�\�cj_�i�\�i
Ai

i��¹\�` l \Fz<gs[µ`Í·�`�a�e�\Fgscdf�gs[µ�´ijtx`��h�s`�y't¨Z'\Fz<`
a�cdf�¶<�de l i=\�gscjf

xi ∈ Xi \ Y
[]e<a{zV\�z�i�\

↑ic = maxi(Exi
)
©OÅ|_�i�a l c=�¤`� j`�fQ\

Ex

a�ijf
tO`�ijy<y<`�y®\�c

cP

� i�f<y®z<`�f<a�`&\Fc
c
� g435�Âc l ij�s�

i ∈ I
�
x ∈ Xi =⇒ πi(x) = xi

©
�¤f®\�z<`&[�\{i�\F`

(x1, . . . , xn)
��\Fz<`�_�i�a l c=�äije�\Fcd_0i�\{i

Ai

�+g¢\�z
x ∈ Xi

a�ijf±[]ZLf<a{z l c��
f<g���`cdf*\�z�`\ l ijf<[]gh\�ghcdf<[

(πi(x), Ex, x)
�sijtx`��s�h`�y�tQZ

Ex

� �+g¢\�z
x ∈ X \ Y

� g�3
�Âc l ij�h�

i ∈ I
�
x ∈ Xi =⇒ xi = πi(x)

©��¤f \�z<gh[�a�ij[F`³�Âc l `Xi�a{z
i
[Fe<a{z�\Fz�i�\

x ∈ Xi

\Fz<`�_�i�a l c=�äije�\Fcd_0i�\�cdf
Ai

l `�ija{z<`�[�\�z�`�[�\{i�\F`��´ijtx`��h�s`�y t¨Z
x ∈ Xi \ Y

©
Y¡gs_Jgs�si l �¢Zd��\�z<`�_0ija l c��äi�e�\�cd_0i�\�i

Ai

�+gh\�z
x ∈ Xi

aXijf[]ZLf<a{z l cdf<g���`0cjfH\Fz<`J\ l ijfL�
[Fgh\Fgscdf�[

(πi(x), Ex, E
−1(↑i∂e, ∂e))

�´i�tO`��s�s`�y�t¨Z
Ex

� �+gh\Fz
x ∈ Y

� g43£�Âc l ij�s�
i ∈ I

�
x ∈ Xi =⇒ xi = πi(x)

© �¤fV\Fz<gs[raXij[]`9�Âc l `�ija{z
i
[Fe<a{zV\�z<i�\

x ∈ Xi

\�z�`9_�i�a l c=�
ije�\�cj_�i�\Fcdf

Ai

l `�ija{z<`�[b\Fz<`�[]\{i=\�`��´ijtx`��h�s`�y&tQZ
E−1(↑i∂e, ∂e) ∈ Xi \ Y

©
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�d� ��� ��� ���������	��� ����
�����'���	�

ª«z¨e<[%\�z<`0f<`�\¤�"c lF¥ cj�«ije�\�cj_�i�\�i¦i�f<y\Fz<`�w l `�¶�·y<`o¶�f<`�\Fz<`J[�ij_J`�e<f¡�Âcd�sy<ghf<�<�
ijf<y�[FcJy<cL`�[«\�z<`�Ã�Ä¯Y<u�©

� c������s`�\�e�[�w l c� d`�\�z<`'`�§¨e<gh �ij�h`�f<a�`Jc�� l e<f<[�tQZ£gsf<y�e<a�\FgscdfVcdf£\�z�`J[]g���`'cj�"\Fz<`
l e<f<[�© ��`�\be<[+[Fz<c�� \Fz�i�\«�Âc l i��s�

R
� l e<f�cj�

H
i�f<y¦c��

(Ai)i∈I

�<ijf<y��Âc l ij�s�
e
�

R ∪ {e} ∈ Runs((Ai)i∈I)⇐⇒ R ∪ {e} ∈ Runs(H)

��`o\%e�[%a�cdf<[Fghy<` l ij[�gsfVw l cdwxcd[Fg¢\�gscjfV����\�z<`�\�c�\{ij�h�hZ¦c l y<` l `�y [F`o\
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