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Q)RTSLUWV#X+Y[Z]\_^a`cbedfS�UWVEb+g
h8UiU#jlkTmngLopkqdHb
rtsfhpuvV
d�b+wxmybvdHsfmnz=X�h8U

{|op}T}=h8sed|~cV�sfVEgHRlV�s�gHRTV�k=����������\��8o�kqjlo�sf`���������\�����}lo���VLb

�������L���T����� Q)RTmyb>}lo�}=V�s�g�h�klbfmy~cV�s�b�~TmnbedfsHmnzTjcdfVE~Wbf`cbvdHV�U�b��8~cV��lkTVL~�o�b�o�g�h��n��VEg�dHm�h8kihp��g
h8Ui}=h8kTV�kqdHb
mnkqdfV�s�o�g
dfmnkT��dfRTsHh�jT�8Rimnk8dHV�sf��o8g
VEb���X�h�UW}=h�kTVLk8d�b���mnk8dHV�sf��o�g�VLb�opk@~W~cmnbedfsHmnzTjcdfVE~�be`cbedfV�U�b�o�sfV+UihT~cV��nVL~
o8b#r�V
dfsHm'klV
dHbL��� dimyb�¡�VL���'¢akTh0¡£dfRlopd�dHRTV�jTkc��h8�n~Tm�kT�¤h��¥bfjlg�R¦o¤~cmybvdHsfmnzTjcdHVL~¦bf`abedfVLU(��o�g�dHh�sHmybeVEb��
mnk§dfRTV�bfV�klbfVWdHRlo0d#m�d�g�o�k�z=V¨V
©c}TsHVLbHbfVL~�o�b�dHRTV�g
h8UW}=h8bfmªdHm�h8k�hp�)jTkT��h��y~cm�kl�8b�hp�)m�dHb#g�h�UW}=h�kTVLk8dHbL�
Q)Rlmnb���o�g�dHh�sHmnbfVL~W��h8sfU«hp�FdfRTV[jTkc��h8�n~Tm�kT�i}Tsfh0¬amy~cVLb�o#UWh�sHVxg
h8UW}lo�g�d'sHV�}TsHVLbfV�kqdHopdfmnh�k�h���dHRTV�be`cbedfVLU
dHs�o�uvVEg�dHh�sHm�VEb��co�kl~�U�op¢�VLb)m�d|}=h8bHbemnzT�nVxdHh�o�klop�n`cbeVxdHRTV�be`cbedfV�Uzq`�}lo�sed�b��
Q)RTVx}@op}=V�s���hcg
jlbfVLb�h8k�dHRTV[~TV�sHm�¬po0dfmnh�k¨hp��o��lkTm�dfV�o�kl~�g
h�UW}T�nV
dHVx}TsHV
�T©O®C¯JX�r�°�m�k�dfRTV[jTkc��h8�n~a±

mnkT�²hp�+o&~TmnbedfsHm�zljcdfVE~§be`cbedfVLU���^a}=VEg
m��@g�o����n`���h�kTV�¡�h�jl�n~��nm�¢�VWdfhO~cmnsHVLg�dH��`³h8zcdHo�m�k.bej@gHR.o&¯JX�r´mnk
��o8g�dHh�sHmnbfVL~²��h�sHU&��¡+mªdHRTh�jTd�g
h8UW}TjcdfmnkT���ls�bvd�o�¯JX�r;hp�tdfRTVW���nh�zlo���~cmnbedfsHmnzTjcdfVE~¤bf`cbvdHV�U]opk@~²dHRTV�k
��o8g�dHh�sHmnbfmnkT��m�dL�xQ)RTV�g
h8klbvdHsfj@g�dfmnh�k²h���bfjlgHR³o�µvUWhc~cjl�no�s|}TsHV
�T©q¶�myb|z@o�bfVL~&h8kO~cVLsfmn¬am�kT��bfjTUWU�opsHm�VEb
h���g
h8UW}=h�kTVLk8d[z=VLRlo�¬qmnh�jlsHb¥¡�� sE� dE��dHRTV�mns�m�kqdfV�sf��o�g�VLbL�=dfR@o0d�opsHVig
h�UWU#jTklmngLo0dfVE~²dfh�dfRlVikTV�mn��Raz=h�jTsf±
mnkT��g
h�UW}=h8kTV�kqdHbL��Q)RlV��yo0dfdfVLs|mnk8dfVL��s�o0dHV[dHRTV�U·dfh�dfRlV�mns|�nhcgLop�Fz=V�Rlo�¬am�h8jTs�b��lopkl~&}TsfVL}lopsHV�mnk8dfVLse��o8g
V
bfjTUWU�opsHm�VEb���h8sWdfRTV²klV
©ad�g
h�UW}=h8kTV�k8d�b��¸Q)RTmybW�8��h8zlop�n��`.dHo�¢�VLbidfRlV&�¹h8sfUºhp��o§UiVEbfbHop�8V�}@o�bHbemnkT�
o��n��h�sHm�dfRTU&�a¡+RTVLsfV[dHRTV����nh�zlo���bf`abedfVLU/myb)klV�¬�V�s|g�h�klbfmy~cV�sHVL~��
»²¼q½5¾H¿#À �0Á��8� rJV
dHsfm|kTV
dE��jTkc��h8�n~Tm�kT�@�t�lkTm�dfVOg
h�UW}T�nV
dHV�}lsfV��T©���~cmybvdHsfmnzTjcdHVL~�bf`abedfVLU&�t}TjT�n�nzlo�g�¢5�
gLo0dHV���h8sf`WdfRTVLh�sH`
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	 � � X�V&}@op}TmnV�s�g
h�k@bemy~cS�sHV²~cVLb¨bf`cbvdHS�UWVLb¨~cmnbedfsHmnzTj��LbL�)~���lkTmyb¨g
h8UWUiVO~cVEb¨g
h8���nVLg
dfmnh�klb
~cV�g�h�UW}=h8bHopkqdHb)sHV��nm��Eb)}lops¥~cVLb|m�kqdfV�sf��o�g�VLbL�'X�h�UW}=h8bHopkqdHbL�cm�kqdfVLse��o8g
VLb+V
dxbe`cbedfSLUiVEb+~TmnbedfsHm�zlj��Lb|bfh�k8d
UWhc~�L��myb��Eb�}lops�~cVLbFs��EbeVEopjc©[~cV>r�V
dHsfmB��� ��VLbed�zTm�VLk�g�h�kTkaj��qjTV>�nV�~�L}T�nmno���V�~�� jlk[dHV��8bf`cbvdHS�UWV�~cmybvdHsfmnzTj��
uvh�jlmªd)~�� jTkTVx}TsHh�}TsHm��
d��¥~cV|��o8g�dHh�sHmnbHo0dHm�h8k��Jmn�=}=V�jcd'VLk¨V��=V�d)b�� V
©c}TsHmnUiVLs�g
h8UWUiV¥�yo#g
h8UW}=h8bfmªdHm�h8k¨~cVLb
~�L}T��myop�8VLb'~cVLb)~cm�����sHV�kqdHb)g
h8UW}=h8bHopk8d�b�~cj�be`cbedfSLUiV8��X�V�dedHV[sfVL}Ts��EbeVLk8dHopdfmnh�k���o�g
dfh�sHmyb��LV¥~Tj�~�L}T�nmno���V
VLbed�V�kW����k���s�op�a}T�njlb�g�h�UW}lo�g
dfV��qjTV+��V|~�L}T��myop�8V)���nh�zlo��C�pV
d�}=VLsfUWV
d�V�kWh�jTdfsHV+~�� o�klop�n`cbeVLs���V|bf`cbvdHS�UWV
}lo�s)UWh8sHg
VEopjc©��

 !� h8zauvVEg�dHmª��~cV�g
V³}lo�}TmnV�s�VLbed��yo¦g
h8klbvdHsfj@g�dfmnh�k-~cV³}Ts��
�l©aVEb¨�lkTmyb�g�h�UW}T�nV
dHb�®�rt¯JX)°�~lopklb��nVLb
~�L}T��myop�8VLbt~cVxbe`cbedfSLUiVEbt~cmybvdHsfmnzTj��Eb��Jrt��jlb�}Ts��Lg
myb���UWV�k8dE�8h8k¨gHRlV�s�gHRTV#"�h�zcdHV�kTmns�~cmnsfVEg�dHV�UWV�kqd'~cV|dfV��yb
}Ts��
�T©cVEbxbfh�jlb¥��h8sfUWV#��o�g
dfh8sfmyb���V��5V�k$�L¬amªd�opk8d�~cVWg
h8klbvdHsHjTm�sHV�~�� opz=h�s�~²jTk¤}Ts��
�T©cVig�h�UW}T�nV
d�~Topklb[��V
~�L}T��myop�8V�~cj be`cbedfSLUiV��8��h8zlop�>}=h8jTs�VLklbfjTmªdHV��nVW��o8g�dfh8sfmybfV�sE��X�V
dedHV�g
h�k@bvdHsfjlg
dfmnh�k§~cV¨}Ts����T©cVLb�beh8jlb
��h�sHUWV¨UWhc~cjT�yopmnsfV�beV¨��h�kl~cV�bfjTs#�yo²kThpdHm�h8k ~cV¨s��LbfjTU%��~cj¦g
h8Ui}=h8sedHV�UWV�kqd�~�� jlk¦g
h�UW}=hqbfo�k8d�}lo�s
s�op}T}=h8sed&"Obfh�k¸®CbeVEbH°�m�kqdfVLse��o8g
V8®CbH°
�¤X�VLb#s��EbejlU'�Eb#beh8k8d�g�h�UWU#jTkTm(�qj��Lb�opjc©.g
h8Ui}=hqbfo�k8d�b�¬�h�mybfm�klbL�
�qjTm+��VEbimnk8dHS���sHV�kqd)"¤�nV�jTsW}lsfh8}TsfV�~���}T�nmno���V�}=h�jTs�g�h�klbedfsHjTmnsfV�~cVEbis��LbfjTU%�Lbi¬�V�s�b��nVLb�g
h8Ui}=hqbfo�k8d�b
bfjTm�¬popkqdHbL�8V
d'o�m�klbfm@~TV¥bfjTm�dfV8�� �V+dHh�jcd'}TsfVLkl~W�yo���h8sfUWV¥~*� jTk�o����8h�sHm�dfRTUWV+"�g�m�s�g
jl�nopdfmnh�k�~TV|UWVEbfbHop�8VLb
V�kqdfsHV�g
h8UW}=h8bHopk8d�b��ch�,��nV�bf`abedfSLUWV����nh�zlo��5k*� VLbed�ueo�U�opmyb)UWo�kTmn}TjT�����
- À �L� ¾ �/. � �¦� s��EbeVLo�j¦~cV�r�V
dfsHmB�t~���}T�nmno���V8�>}Ts��
�l©aV��lkTm+g�h�UW}T�nV
dE�tbf`cbvdHS�UWV�~cmybedfsHm�zTj�����}lsfhc~TjTmªd
�lzTs����cdfR��Lh�sHm�V�~cVEb+gLo0d��L��h8sfmnVLb
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¯Jmn��jTsHV*)��>wxmybvdHsfmnzTjcdHVL~&bf`abedfVLUo�kl~�dfRlV�jTkc��h��y~cmnkT�8b+hp�Jm�dHb|g
h8UW}=h�kTVLk8dHb

+ , �������W����t���
�#�

r�V
dHsfmTkTV�dHb|®�r.-[°���h8sfU ox¡+my~cV��n`#jlbeVE~�UWhc~cV��lg
�yo�bHb���h�s�opklo��n`abfmnkT�[g
h8klg
jlsfsHV�kqd>opkl~i~cmybvdHsfmnzTjcdHVL~Wbe`cbe±
dHV�U�bL�0/|UWh8kT�#dfRTV�~cVE~cmyg�o0dHVL~�dHhah��ybL�abeh8UiVxsHVLg�V�k8d)o�}T}TsHh8o8gHRTVEb�Rlo�¬�Vxz=V�V�k�zlo�bfVL~¨h�k¨dHRTV�beh�± gLop�n��VE~
r�V
dHsfm5kTV
d�b�jTkc��h��y~cmnkT�8bL�>Q)RTVxjTkc��h��y~cmnkT�#dfVEgHRTklm��qjTV21 "T�3)54�6�}Tsfh0¬amn~TVLbto�k¨V�7¨g�m�VLk8d'sHV�}TsHVLbfV�kqdHopdfmnh�k�hp�
o��n��sHjTklb¥h��to¨r8-�mnkOdfRTV#dHsfjlV�g�h�klg
jlsfsHV�klg�`�®�h8sx}lo�sedHmno���h8sH~TV�s�°+bfV�U�opkqdfmyg�b �:9�©aVEg
jcdHm�h8klb[opsHV#g�h�kc±
bfmy~cV�sHVL~¨o8bt}lo�sedHmno��n��`ih8sH~cVLsfVE~�bfV
dHb�h��FVL¬�V�kqdHb�s�o0dHRTV�stdfR@opk�bfV �qjTV�k@g
VLbL�q¡+RTmygHR�sHVLbfjT��dHb�m�k�m�UW}=h�sfdHo�k8d
UWVLUih8sf`²bHoE¬amnkT�8b|��h�s�o����8h�sHmªdHRTU�b¥o�klop�n`cbemnkT��z@VLRlo�¬qmnh�jlsHb¥hp��dHRTmnb[kTV�dL��Z²h8bed[hp��dfRlVLbfViop�n��h8sfm�dfRlUWb
~Th�klhpd�sHV��n`�h8k�dHRTV+��jT���ljlkc��h��y~cmnkT��hp��o�r.-��8RTh�¡'V�¬�V�sE�pzTjcdts�o0dHRTV�s>h8kWo[�lkTm�dfV¥opk@~ig�h�UW}T�nV
dfV+}lsfV��T©
®C¯JX�r�°�h���mªd;1=<c�>)?)p�@)A"�6B�>Q)RTVx~cV
�lkTm�dfmnh�k¨h��lµeg�h�UW}T�nV
dfVLkTVLbHb ¶|~cVL}=V�kl~Tbth8kWdfRTV¥}TsHh�}=VLsedv`#h���m�kqdfVLsfVEbvdE�
zljcdxm�dxmyb¥��V�klV�sHo��n��`�z@o�bfVL~&h�k&dHRTV���o8g�d¥dfRlopd[op�n��sfVEo�gHR@opzT�nV�U�opsH¢am�kT�qb+hp�>dfRTV#klV
d[o�sfV�sfVL}TsfVEbeVLk8dfVE~
mnk�dfRTmyb+}TsHV
�T©��c¡+RTmyg�R�myb+bfj�7¨g
mnV�kqd+��h�s|bfV�¬�VLsHo��5bed�opkl~To�sH~�}Tjlsf}=hqbeVEb'mnk�UWhc~cVL�ª± gHRlVLg�¢qmnkT�B1%)L�T�C)E��6 �
Q)RTmyb�}lo�}=V�s¨��hTg
jlbfVLb�h�k¸}lopsfdfmyg
jT�yo�s¨r.-(g�op�n�nVL~ µf~cmybvdHsfmnzTjcdHVL~¸bf`cbvdHV�U�b�� ¶§~TV
�lkTVE~ za` o8bfbfV�Ui±

zl��mnkT�¤g
h8UW}=h�kTVLk8dHb�®�bfjTzc± kTV
d�b�°�zq`§mnk8dfVLse��o8g
VLb�®�bfRlo�sfVE~.bejTzc± kTV�dHb�°��D/g�V�k8dHsHo��t}TsHh�}=VLsedv`¤hp�+dHRTVLbfV
~TmnbedfsHmnzTjcdfVE~³be`cbedfV�U�b¥myb¥dfRlopdxdfRlV�mnsxjlkc��h��y~cmnkT��gLopkOz=V#��jTsfdfRlV�s+µeg�h�UW}TsHVLbHbeVE~q¶�EA�F	¦o¨��o�g�dHh�sHmnbHo0dHm�h8k
}lsfh8}=V�sfd `G1
)��CHT��Ia�0)AHJ6 �W^a}=VEg
m��@g�o����n`8�5dHRTVWjTkc��h8�n~cmnkT�&hp�'o�~TmnbedfsHmnzTjcdfVE~¤bf`cbedfV�U g�o�k¤z=ViV�©c}TsfVEbfbfVL~
o8b|dfRlVig
h8Ui}=hqbem�dfmnh�kOhp��dfRTV�jTkT��h��y~cm�kl�8bxhp�tmªd�b[g
h�UW}=h8kTV�k8d�bL�x� k8dfVLsfVEbvdHm�kl���n`��@dHRTVig
h8���nVLg
dfmnh�kOhp��dfRTV
�nhcgLop�ajTkc��h8�n~Tm�kT�qb�UWo�`�z=V)UWh�sHV)g
h�UW}lo8g�dJdHRlopk�dHRTV)jTkT�¹h8�y~cm�kT��hp�ldHRTV)�8��h8zlop�cbf`abedfVLU&��o�bJmn�n��jlbedHsHopdfVL~
mnk§¯Jm��8jTsHVK)��WQ)RTV�bf`cbvdHV�U]m�k§¯Jmn��jTsHVB)8®�o8°[g�h�klbfmnbed�bxh��tdv¡�h²g
h�UW}=h8kTV�k8d�b��

A
o�kl~
B
�Fmnk8dfVLsHo8g�dHm�kT�

dHRTsHh�jT�8R³o�k³mnk8dfVLse��o8g
V8��Q)RTVLsfV�V�©cmnbed
m = 2

}=hqbfbfmnzTm��nm�dfmnVLb¥dHh�}TsfhT~cjlg
V
t4
m�k

UnfA
®C¯�mn�8jTsfVB)�®�z@°e°

o�kl~
n = 3

}=hqbfbfm�zlm��nmªdHmnVLb�dfh¦}TsfhT~cjlg
V
t4
mnk

UnfB
®C¯�mn�8jTsfVL)8®CgL°e°
�|RTV�k@g
V

m · n = 6
~cm��=VLsfVLk8d

g�h�U#zTmnklopdfmnh�klb)mnk�dHRTV�jTkc��h��y~cmnkT��hp��dfRlV����nh�zlo���be`cbedfVLU��
Q)RTV+��o�g
dfh8sfmybfopdfmnh�ki}TsHh�}=VLsedv`#hp��jTkc��h��y~cmnkT�8b�¡)o�b��ls�bed�UWV�kqdfmnh�kTVE~Wzq`NM m�klbf¢�V��@m�k�1%)AH�6B�qzTjcd�h�kT�n`

��h8jTkl~im�dHb>�lsHbedtop}T}T�nmyg�o0dHm�h8klb>opsHh�jTk@~i�����?<T�0m�k�~cmyo���kTh8bfmybJ}TsHh�zT�nV�U�b:1 O�6B�P/¸g
�nh8bfV��n`�sfVL�nopdfVE~�}Tsfh8zT�nV�U
g�h�klbfmybvd�bxmnk§g
h�UW}TjcdHm�kl��dfRlViUWmnkTmnUWo�����o�g
dfh�sHmybeVE~²��h�sHU hp�'o�k¤jTkc��h��y~cmnkT�l��opkl~³¡'o8b�g
h�k@bemy~cV�sHVL~³opd
dHRTV�bHopUWV#}=V�sfmnhc~Q1 HT�RIa��)�6 �x^a}=VEg
m��@g�o����n`��@dfRTVLsfV#��VLkTV�s�op�n�n`�V�©amybedxbfV�¬�VLsHo�����o�g
dfh8sfmybfVL~���h8sfU�b|��h�s¥dfRTV
jlkc��h��y~cmnkT��hp�'o�~TmnbedfsHmnzTjcdfVE~¤bf`abedfVLU&�#Q)RTV�µe�no�sf�8VLbvde¶�h8kTV�Rlo8bxdfRTVi��jT����g�h�UW}=h�klV�k8d�jTkc��h8�n~Tm�kT�qb�o�b
��o8g�dHh�s�b��TS'jcdxhp�tg
h8jTsHbfV�klhpd[op�n��sfjTk@b|h���o��8m�¬�VLkOg
h8Ui}=h8kTV�kqd¥¡+mn���JsfVLUWo�mnk&}=hqbfbfmnzT��V�mnk²dfRlV#���nh�zlo��
bf`cbedfV�U&�+^a`aUWUWV
dfsHmyg�op�n�n`��TdfRlVxµfbeU�op�n�nVLbedv¶�h8kTV�myb|h�zTdHopmnkTVE~�zq`&beVL��VEg�dHm�kT�¨sfjlklb|hp��VEo�g�R²g
h8UW}=h�kTVLk8d
dHRlo0d�~ch�}@opsfdfmyg
mn}lo0dHV�dHh�o�sfjTk³h���dfRTVi���nh�z@op�Jbf`cbvdHV�U&�U9!�qjTmn¬0op�nV�kqdf�n`��5dfRlVLbfV�UWm�klm�U�op�J��o8g�dfh8sHb[g�opk
z=V�h�zcd�opmnkTVL~ zq`.sHVLbedfsHmng
dfmnkT� ®�o8g�dHjlop�n��`.}TsfhpuvVEg�dfmnkT�a°�dHRTV����nh�zlo���jTkc��h��y~cmnkT�¤h8k VEo�g�R¦g�h�UW}=h�klV�k8dE�
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(
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(
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N
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A
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B
opkl~�opk�mnk8dfVLse��o8g
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C
�
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N = A ×C
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d|bf`cbvdHV�U/`am�VL�n~Tb+o#��o8g�dHh�sHmnbfVL~¨��h�sHU«h���dHRTV
jTkc��h8�n~Tm�kT��hp��bfjlg�R&oWbf`abedfVLU&� $ mn¬�V�k

N = A×C
N B
h�kTV�h8zcdHo�m�k@b

UnfN = UnfA ×
C
O UnfB
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¡+RTVLsfV

UnfN
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UnfA
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UnfB
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�
A
opk@~
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×C
O
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UnfC
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z=V¥V
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�  FV�d

βA = (OA, fA)
o�kl~

βB = (OB, fB)
z=V[zTs�opklg�RTmnkT��}TsHhcg�VLbHbeVEbthp�

A
opkl~

B
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φA ◦ fA
sHV��yo0dHVLb+dHRTV�hcg�g�jTsfsHV�klg�V�kTV�d

OA
dfh�kTV
d

C
��beh�zq`�dHRTV
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UnfC
�TdHRTV�sHV�V
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φOA : OA → UnfC
dHRlo0d¥V�klbfjTsHVLb

φA ◦ fA = fC ◦ φOA
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UWh�sH}TRTmybeU
φOB : OB → UnfC

� $ mn¬�V�k&dHRTVLbfV�UWh�sH}TRTmybfUWb+dfh
UnfC
�ldfRTV � �����#�`	�� � hp�
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OA ×
C
O OB = Unf

(

OA ×
UnfC
N OB

) ®F4q°
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©cmybvd�b|o���h8�n~cmnkT�
f
��sHh�U

OA ×C
O OB
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A×C
N B
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dfh�g
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UnfN
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C
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UnfN
m�k

UnfC
�

ΠC (UnfN ) = φOA ◦ ψ
O
A (UnfN ) = φOB ◦ ψ

O
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VEbfbfVLbtopkl~�klV
dHbL�ao�kl~WdfRlV�mns
sHV��yo0dHmnh�k�zq`�o8bfbfhcg
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/¥��dfV�sHklopdfmn¬�V��n`��8dfRTmybt}TsHhpuvVLg
dfmnh�k¨gLopk�z=Vxh�zcd�opmnkTVL~�zq`idHo�¢qmnkT���@sHbed
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��r�sHh0uvVEg�dHm�h8klb�h�k
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opkl~
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UnfN
opsHVx~cV
�lklVL~�bemnUWm��yopsH��`�o�b�mªd�b�mnU�op��VEb

za`
ψO
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opkl~
ψO
B

sHVLbf}=VLg
dfmn¬�V��n`���r�sHhpuvVLg�dHm�h8klb)klopdfjTs�op�n��`¨V�©qdHV�kl~�dfh¨opkq`KS'r�h��
N
�

-|h�dfmyg
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UnfN
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h8klg
jTsHsHV�k8dxm�k

(UnfN )|C
¡+RTVLsfVEo�b

dHRTV�`W¡'V�sHV|klhpd�mnk
UnfN
�>Q)RTVxbHopUWV¥}TRTV�klh�UWV�kTh8k¨hcg�g�jTsHbto8bt¡�V��n�=¡+mªdHR¨}lsfhpuvVLg
dfmnh�klbL��Q)RTV�sHV
��h8sfV¥o

}lsfhpuvVLg
dfmnh�k
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mnk
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mnk

UnfN
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�nhqbvdE��YxzlbfV�sH¬�V�dHRlo0d�}lsfhpuvVLg
dfmnh�klb�h�k�mnk8dHV�sf��o�g
VEb
C
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dHVLg�RTkTmyg�o��asHV
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dHo�m��ybtdfR@o0d)o�sfV¥kTh�d'sHVLop�n�n`Wo0d�dHRTV[g�V�kqdfV�s'h���dHRTV�bvdHjl~c`8��� d'mybtdfRlV�sHV
��h�sHVxg�RTh8bfV�k�dHh
��hTg
jlb�h8k¨dfRTV�bf}=VLg�mª�@g[~cm 7¨g�jT�ªdHm�VEb'sfVL�nopdfVE~Wdfhih�zcd�opmnkTmnkT���@kTmªdHV�g
h8Ui}l��V�dfVx}lsfV
�l©aVEb�¡+mªdHR�o#UWhc~cjl�no�s
o�}T}TsHh8o8gHRF�@opd|dHRTV#V�©a}=VLklbfV�hp�to��nm�UWm�dfVE~ObfV
dedHm�kl�¨¡+RlV�sHV�m�kqdfVLse��o8g
V�kTV�dHb[opsHV�kTh�dx��V�klV�s�op�FklV
dHbxzTjcd
bfmnUW}T��V�opjcdHh�U�opdHoT�
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dfh8sHb

UnfA
opkl~

UnfB
dfh�dHRTV#z=V�Rlo�¬amnh�jTs�b+hp��g�h�UW}=h�kTVLk8dHb

A,BdHRlo0d|sHV�U�opmnk��¹VEo�bfm�zl��V�mnk�dfRTV�VLk8dfmnsHV�bf`abedfVLU
N
��YxkTV�g�o�k�¡+sHm�dfV

UnfN = ΠA (UnfN )×C
O ΠB (UnfN )
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Unfx
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o�sfV[UWmnkTm�U�o���mnk�dfRTV�beVLklbeV[dfRlopd)d�op¢am�kl�Wopkq`�bedfsHmyg�d+}TsHV
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Z²mnkTm�U�o��5��o�g
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UnfN
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ΠA (UnfN ) = UnfA ×
C
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C
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A
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}=hqbfbfmnzT��V[mnk�dHRTV����nh�z@op�5bf`cbvdHV�U
N
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C
�5¡+RTmygHR³V�k@bejTsHVLb

N = A ×C
N B
o8b¥mªd[¡)o�bxbfV�V�k¤opz=h0¬�V��;/�d[dfRlV�V�kl~Ohp�>dHRTmyb

bfVLg�dHm�h8kF�ERTh0¡�V�¬�VLsL��dHRTV��8V�kTVLsHo���mybfo0dHmnh�k¥dHh|Uih8sfV�g�h�UW}T�nV
©W®¹dHsfVLV
± beRlo�}=VL~l°�be`cbedfVLUWbF¡+mn���8z=V�V
©TopUWmnkTVL~��
� d[myb¥��jTsedHRTV�sHUWh�sHV#o8bfbfjTUWVL~&dHRlo0dxdHRTV�mnk8dfVLse��o8g
V

C
myb[opk³o�jcdfh8UWopdfh8kF�=kThpd�o¨�8V�kTVLsHo���bfop��V#kTV�dL�5mnk

h�s�~cVLs'dfh�o�¬�h�my~¨dHRTV�V
©adfs�o#dHVLg�RTkTmyg�op��~cm
7¨g
jT��d `�h���~cVLop�nmnkT�W¡+mªdHR�UWmybf��VEo�~cmnkT�W}TsfhpuvVEg�dfmnh�k@b��
/´dfsHmn¬qmyop��beh8��jcdHmnh�k�dfh¨h8zcdHo�m�kOopk²¯JX�r¸h��

N
mnk&��o�g
dfh�sHmybeVE~���h�sHU·¡�h8jT�n~&z=V�dHh¨bedHo�sed|��sfh8U�bfo�`

oi���nh�z@op��¯JX�r��
PrefN

�lo�kl~�dfh�}TsfhpuvVEg�d+m�d|h�k�dHRTV�g
h�UW}=h8kTV�kqdHb+o�b'��h8���nh0¡|b��

PrefN v ΠA (PrefN )×C
O ΠB (PrefN )

®C�8°
�|h0¡�VL¬�V�sE�LdfRTmyb�mnUi}=hqbeVEbFdfh¥¡'h�sH¢¥�ls�bvdJh�k�dfRTV��8��h8zlop�qbe`cbedfV�U&��¡+Rlmng�R#g�h�jT�y~�z=VtV�©adfsHV�UWV��n`[V
©c}=V�k@bemn¬�V
m���dHRTV�bf`cbedfV�U/mnb)�no�sf�8V��J� k�}lo�sedHmng�jT�no�sL�qdfRTmyb)}TsHV�¬�V�kqdHb�dHo�¢am�kT�Wo�~c¬popkqdHop�8V¥hp��dHRTV�g
h8Ui}lsfVLbHbfm�h8k¨�8o�m�k
}TsHh�¬amy~cVL~¨zq`W��o�g
dfh�sHmybeVE~i��h8sfU�bL�ao�kl~�dfRTmyb'}TsfVL¬�V�kqdHb'o�b�¡�VL���5}TsHhcg
VEbfbfm�kl��dfRTV�bf`cbvdHV�U£za`�}lopsfdHbL��Q)RTV
h�zcuvVLg
dfmn¬�V�h���dfRTmyb|bfVLg�dHm�h8k�mnb)dfhWzljTm��y~G����������
 � �¤dfRTV���o8g�dHh�s�b'hp��oW¯JX�r hp�

UnfN
�

Q�h²h8zcdHo�m�k§dfRTVLU���m�d#mnb�kTh�d#V�kTh8jT��R�dfh³bfm�UW}T�n`¤zTjlm��y~.¯JX�r hp�'dHRTV�g�h�UW}=h�kTVLk8dHb
	
mnk.��V�klV�s�op�B�

dfRlV�mns+g�h�U#zTmnklo0dHm�h8k�zq`¨}TjT�n��z@o�g�¢�¡'h�jT�y~�kTh�d)z=V�g
h�UW}T�nV
dHVx��h8s'dfRTV��8�nh�zlop��be`cbedfVLU���Q)RqjlbL�adfRTV�my~cVEo
mybidfh§zTjlm��y~�¯JX�r£h��[g�h�UW}=h�kTVLk8d�b�dHRlo0d¨¡+m��n�¥op�ybeh�}TsHh0¬qmy~cV&bfj�7¨g
mnV�kqdf�n` sHmygHR�z=V�Rlo�¬am�h8jTs�b�h8k¦dHRTV
mnk8dfVLse��o8g
Vim�k¤h8sH~cVLs¥dHh�VLklbejTsHV��8��h8zlop��g
h8Ui}l��V�dfV�klVLbfbL��Q)RTmyb�~cVLUWo�kl~Tb[hp�'g
h8jTsHbfV�o�k¤op�8sfVLV�UWV�kqdxh��
dfRlV�dv¡�h�g
h�UW}=h8kTV�k8d�b�opz=h�jcd�¡+RlopdJz=VLRlo�¬qmnh�jlsHb�dfRTV)m�kqdfV�sf��o�g�V'bfRTh�jl�n~#}TsHh�¬amy~cV��popkl~�bfh[opk�V
©TgHR@opkT�8V
hp�Jmnkc��h8sfU�o0dHm�h8k�z=V�d ¡�VLV�k²g
h8Ui}=h8kTV�kqdHbL�

/ bedfs�opmn��Rqde��h�sH¡'opsH~�¡)oE`¨dHh�m�UW}T�nV�UWV�kqd|dHRTmnb|my~cVLoWmyb)dHh¨bvd�opsfd+¡+m�dHR&�nhcg�o����n`�g�h�UW}T�nV
dHV�}TsfV��T©cVLbL�
opk@~�dfRTVLk&dHh�dfs�opk@beUWm�d�®�opk@~&sHVLg
VLm�¬�V�°�dHRTV#z=V�Rlo�¬am�h8jTs�b)sHV �qjTmnsHVL~�h�k&dHRTV#m�kqdfV�sf��o�g�V��@z=V
��h8sfV�sfVEg
h8U�±
}TjcdHm�kl�&��hTg�op�>¯JX�r ¡+mªdHR¤dfRlVLbfViV�©adfs�o�sHV �qjTmnsHV�UWV�kqdHbL��V
d�gp���¥h�¡'V�¬�V�sE�5dHRTmnb�UWm��8R8d�sHVLbfjT��d�mnk�UWo�kq`
m�dfV�s�o0dHmnh�klb'z=V
dv¡�V�VLk�dHRTV�g
h8UW}@h8kTV�kqdHbL�tX�h�klbfmy~cV�s'dfRTV�V�©TopUW}T�nV[m�k&¯Jm��8jTsHV;4l�c¡+Rlmng�R�~TV�}Tmyg�d�b

PrefAopk@~
PrefB
�pdv¡�h��nhcg�o��T¯JX�r��p¡+m�dfR�o�bfmnUi}l��V+mnk8dfVLse��o8g
V)h8kT��`�g
h8klbemybedfmnkT�[h��@dfRlV)dfs�opklbfmªdHmnh�k

t1
o�kl~#dHRTV

}T�yo�g�V
c0
�
PrefA

kTV�VE~Tb�h�kTV|hcgLg
jTsHsfVLklg
V)h��=dHRTV|mnk8dHV�sf��o8g
V+dfs�opklbfm�dfmnh�k
t1
�PS'`ig
h8k8dfs�o�bedL�

PrefB
kTVLVL~Tb

dv¡�hihcgLg
jTsHsfVLklg
VEbthp�
t1
dfhWz=V�g�h�UW}T�nV
dfV8�>Q)Rqj@b��

PrefA
Rlo8b�dfhiz=V�V
©adfVLkl~cVL~�zq`¨h8kTV[hcg�g
jlsfsHV�klg�V¥h��

t1 	
dfRTmyb�kTVL¡¦z=V�Rlo�¬am�h8jTsJh8k�dHRTV)mnk8dfVLse��o8g
V'Rlo8b�dfh�z@V)}TsHh�}lo��8o0dHVL~�dfh

PrefB
�J� kio8~T~cm�dfmnh�kF�ph8kTV'kTVLVL~Tb

dfhWg�RTVLg�¢W��h�s'�8��h8zlop�5g
h8Ui}T�nV
dHV�kTVEbfb'zq`¨g�h�klbfmn~TV�sHm�kT�����nh�zlo��@U�opsH¢am�kT�qb��aopk@~�dfRTmyb'UWmn��Rqd)sfV��8jlm�sHV|dHRTV
V
©adHV�klbfm�h8k�hp��dHRTV�}TsfV��T©cVLb'hp��dfRTVEbeV�g
h8Ui}=h8kTV�kqdHb'jTkqdfmn�F���nh�zlo��@dfsHjTklgLo0dfmnh�k�}=h8m�kqdHb+opsHVxsHVLo�g�RTVL~F�J� k
dfRlVWV�kl~��FdfRTmyb�UWm��8R8d�sHVLbfjT��d�m�k�U�opka`²V�©cg�Rlo�kT��VEb���Q�h&o�¬�h�my~²dHRTmnb�bem�dfjlopdfmnh�kF��dHRTVWz=V�Rlo�¬am�h8jTs[h��'o
g
h8UW}=h�kTV�kqd�h�k.m�dHb�m�kqdfVLse��o8g
V�mnb�gLop}cdHjTsfVE~§jTkl~TV�s#dfRlV¨��h8sfU(h��|oG `�� ��	���� � ��
B�Jdfs�opklbfUWm�dedfVE~§mnk
µeh�kTV#beRTh�dL� ¶�Q)RTV�bejTUWU�opsH`�kTV
dxmyb|h8zcdHo�m�kTVE~���sfh8U�opk²V�©adfV�kl~TVL~²gLopkTh8kTmyg�op��}TsfV��T©�za`WµesHV
��h��y~cmnkT�0¶
m�dHb+sfVEbvdHsfmyg�dHmnh�k�dfhWdfRTV�mnk8dHV�sf��o8g
V8�

� > )>5/< 5	0 $ 5�. W # d & ) W <�0 $ ,�<�� F $ 31. 576�. ?
Pref

N

.1, $ 31+;< $>= 6 N�. G < W . W 2�F4313 '�$`(�� ? )�+/0�8 $ ,�. W # b & @	� F 5�. W N�< W <(+ $ 35	04< 0�. W .10 $ 3 2JF4313 'J$!(
� ( )/G <(+;. W N�)>?
Pref

N

.1,-3 $ + N�<(+ @

=?> V@=�A



���������
	�����������
�������������������! )?)

a 0

a 1

a 0

t 2

t 1

t 2 e 2

e 3

e 4

c 0

a 0

a 1

t 1
e 1

c 0

c 0

#%$�&
Pref

A

c 0

c 0

t 1

c 0

t 1

t 1

c 0

c 0

c 0

t 1

#
'�& . W 5/<(+ $!( 5/.1) W

t 3

b 1

b 0

b 1 d 1

b 0

b 1

b 0

d 2

b 1

b 1b 1

b 0

b 1

d 1

d 0
e 2 t 4

e 4 t 1

t 5

t 3
e 1

e 3 t 1

t 3
e 5 t 4

e 8

d 0

e 6

t 6t 1e 9

e 7 t 3

e 11

e 10

c 0

c 0 c 0

c 0

#
(�&
Pref

B

¯Jm��8jTsfVU4��>� ���njlbedfs�o0dHm�kl�isHV �qjTmnsfVE~�m�kqdfV�s�o�g
dfmnh�k�¬amno�dfRlV�mnk8dHV�sf��o�g�V�z=V
dv¡�V�VLk&g�h�UW}=h�kTVLk8d�b

��'*) � � .,-���,�� � �� �  1�� � � � 07,����(, 6
Q)RlV#V
©adHV�kl~cVE~OgLopkTh8kTmyg�op��}lsfV��T©&hp�to�g�h�UW}=h�kTVLk8d

A
h�s
B
mnbxzTjTmn�ªd[¡+m�dHROsHV��qops�~�dfh�m�dHbxmnk8dHV�sf��o8g
V8�

^cjlgHR¦o²}TsHV
�T©§gLop}cdHjTsHVLb�dfRTV�z=V�Rlo�¬amnh�jTs�h��'dHRlo0d�mnk8dHV�sf��o8g
V¨mnk.sHV��yo0dHm�h8k�dfhOm�dHb�g
h8Ui}=h8kTV�kqdL�&� d�myb
h8zcdHo�mnkTVL~¨zq`�sfVEbvdHsfmyg�dHm�kT��dHRTV[g�jcdedHm�kl�ig�h�k8dHV
©adL�amnk�}lo�sedHmng�jT�no�s�dHRTV�beV�d'hp��g
h8kc�l��jlsHopdfmnh�klb�¡+RTmyg�R�opsHV
j@beVE~���h�s)dHRTV�g
jcdf±Bh��³g�sfm�dHV�sfmnh8kF�
��¼:��� � � � À ��� ����


A
�`��	 �`����� ���3�5�2
��0��
?� 	��Q���2
 ��� ��	:� �

C
�&* � �5� � � �%� �"
 ��
�� �N��� 
 �5� ��	��`�

C
� 
?� �

�5�
 
������ � ���2
 ���:

ΘC =

(

≈mar ,Ctot , {κe}e∈EA

) �  �?�F�.�3�`���P��
?�
∀e ∈ EA

�

κe =

{

{ [e′] : e′ ∈ EA, ΠC (e′) 6= ∅ }
� �

ΠC (e) 6= ∅
# 	%$

{ [e′] : e′ ∈ EA, ΠC ([e]4 [e′]) = ∅ }
��
�� �5���0�  5� # �&$ ®FOq°

� �>�����
4

�  
��>�  ���� �*� 
��!� �  5� 
���� � �5�]�5� � � �

Q)RlV�sHVLbedfsHmng
dfmnh�k�h���dfRTV�g�jcdedHm�kT�¨g�h�k8dHV
©ad
ΘC

mnk
A
UWVLo�klb'dfRlopd �

®Co8°B/|k mnk8dHV�sf��o�g
V�V�¬�VLk8d²®Copk V�¬�VLk8d�g�h�sHsfVEbe}=h�kl~Tm�kT�OdHh�o³dfs�opklbfm�dfmnh�k¦hp�¥dfRlV�mnk8dfVLse��o8g
VE°�gLopk z=V
~cVLbfm��8klo0dHVL~�o�b+oWg
jcdf±Bh��OV�¬�VLk8d+h8kT��`¨m��Jm�dHb|g
h�sHsHVLbf}=h�kl~cmnkT��V�¬�V�kqd+mnb|op�ybehWopk�mnk8dfVLse��o8g
V�V�¬�V�kqdL�

®�z=°KM RlV�sHVLo�bL�@dfRTVWg
h�sHsfVEbe}=h�k@~cm�kl��V�¬�VLk8d
e′
hp�to�}Tsfmn¬0opdfV�g
jcdf±Bh��§V�¬�VLk8d

e
®�mB� V8��opkOV�¬�VLk8d[¡+RTmyg�R

~chaVLbWkThpd¨g�h�sHsfVLbf}=h�kl~.dfh.o�kq`.dfs�opkqdfm�dfmnh�k�hp�¥dHRTV&mnk8dHV�sf��o�g�VE°�Rlo�bidfh§z=V²g�RTh8bfV�k�bfjlg�R¦dHRlo0d
dfRTV�sHV�opsHV[kThWm�kqdfV�sf��o�g�V[VL¬�V�kqdHb�µez=V
dv¡�V�VLka¶

e
opk@~

e′
�cmB� V8��mnk

ΠC ([e]4 [e′])
��Q)RTmyb+g
h8kl~cm�dfmnh�k

mnb+kTVLg�VLbHbfo�sf`Wdfh¨g
jcd|mnkc�lkTm�dfV#gHR@opmnklb)hp�J}TsHmn¬0o0dHV[VL¬�V�kqdHb+m�k�dfRTV�jTkT��h��y~cm�kl�l�
��¼:��� � � � À ���+* �>� ����	�� �����������3��� � ��  

Pref ΘC

A

���3���2� �`�;� �-
?� �* 5� 
;�]���5E���� 
F 
fsbleΘC

A

�  �� 	����
�`�

?� ��V�©adfV�k@~cVL~&g�o�kTh�kTmyg�o��5}TsHV
�T©L� �

A
� �%� �"
 �;��
F ���2
 �5� ��	�� �

C
�

¯Jmn��jTsHVLb <T®�oq°[o�kl~�®�gE°�beRlh�¡�dfRTV�V
©adHV�kl~cVE~�gLopkTh8kTmngLop�>}TsfV��T©cVLb�hp��dHRTV¨g
h�UW}=h8kTV�k8d�b
A
opkl~
B
m�k

¯Jmn��jTsHV��c��� k dHRTV�bfV �qjTVL��dfRTV&g
jcdf±Bh�� V�¬�V�kqdHbio�sfV�~cs�oE¡+k¦o8b�~ch8jTzT�nV�z=hE©cVLb�m�k �l�8jTsHVLbL��¡+RTVLsfVEo�b
mnk¤dHRTV�gLo�bfVihp�'V
©adHV�kl~cVE~�g
jcdf±Bh�� V�¬�VLk8d�b[dfRTV�h�jTdfV�s�z=h�©Omyb�~cs�o�¡+k¤¡+mªdHR§o&~To�bfRTVE~³�nm�kTV8�

Pref ΘC

A

V�VXW�Y>Z�[]\!^`_�a!b�c`d�e



)E� ��	 �?	�� � �  � ����� 	��5���

a 0 c 0

a 0 c 1

3t

2t
e 1

e 3

c 0

e 2 1t

a 1

a 1

1te 0

# $�&
Pref

ΘC
A

2t  0y

3t  1y

sA
0

(a0, c0)

sA
1

(a0, c1)

#%'�&
Π̂C (A)

c 0

2te 0

b 0

3t
e 2

c 1

c 0

2te 3

b 2

c 1

3t
e 6

b 2c 0

e 1 4t

b 1

e 4 5t

b 0

e 5 4t

b 1

#
(�&
Pref

ΘC
B

2t  0y

 1y3t

 2y2t

3t  3y

sB
1

(c1, b0)

sB
2

(c0, b2)

sB
0

(c0, b0)

sB
3

(c1, b2)

# =�&
Π̂C (B)

¯�mn�8jTsfV <�09>©adfVLkl~cVL~&}TsfV��T©cVLb+opkl~�dfRTV�mns¥g
h8sfsHVLbf}=h�kl~cmnkT�ibfjTUiU�o�sf`¨kTV�dHb

g
h8m�k@g
my~cVLb|¡+mªdHR&dHRTV#gLopkTh�klmngLop�F}TsHV
�T©&bfm�klg�V�dfRTV#h�kT�n`�g
jcdf±Bh��¤V�¬�VLk8dxo�kl~&mªd�b¥g
h8sfsHVLbf}=h�kl~cmnkT�WV�¬�VLk8d
opsHV[mnk8dfVLse��o8g
V�V�¬�VLk8d�b�� �|h0¡�V�¬�VLsL�adfRTmyb+mnb+kThpd)dHRTV�g�o�bfVx��h8s

Pref ΘC

B

m�k&¯Jmn��jTsHV <T®CgL°
��Q)RTV�V�©adfV�k@~cVL~
}TsHV
�T©�mnb)�no�sf�8V�s�dfRlo�k�dfRlV�bedHo�kl~To�sH~¨}TsHV
�l©5�c¡+RTmygHR�¡�h�jl�n~�z=V�h�zcd�opmnkTVL~�za`�beV
dfdfmnkT�

e4
o�b)oig
jTde± h �

V�¬�VLk8d+bfm�klg�V
[⊥] ≈mar [e4]

opkl~
[⊥]Ctot [e4]

�	�¥h�¡'V�¬�V�sE�
e4
~ThaVLb�kTh�d)g�h�sHsfVEbe}=h�kl~WdfhWopk�V�©adfV�k@~cVL~

g
jTde± h ��VL¬�V�k8d�bemnklg
V#m�dxmybxo¨}TsHm�¬po0dfV�VL¬�V�kqd[opkl~
ΠC ([e4]4 [⊥]) = {e2, e3}

�¥Q)Rlmnbxo�}T}T�nm�VEbxop�ybeh�dfh
dfRlV�V�¬�VLk8d

e5
�>Q)RTV�V�¬�V�kqd

e6
mnb+o�k�V�©qdHV�kl~TVL~�g�jcde± h �³bfmnklg
V�mªd�beVL�ª�>opkl~�mªd�b+g�h�sHsfVEbe}=h�kl~Tm�kT��V�¬�VLk8d

e2opsHV[mnk8dHV�sf��o�g
V�VL¬�V�kqdHbL�
/¥k³V�©adfV�k@~cVL~³gLopkTh8kTmyg�op��}TsHV
�l©²mnb�g
h�UW}T�nV
dHVibfm�klg�V�mªd�myb[o�g�opklh�kTmyg�o���}TsfV��T© ®�bfV�V�rtsfh8}=h8bfmªdHm�h8k

�c� O�mnkQ1
)E�J6�°��>� d|Rlo8b'dfh�z@V�bfRTh�¡+k�dHRlo0d|m�d|mnb)�lkTm�dfV8�
 � À � À � � � � À � �

Pref ΘC

A

�  �.�>��
 � �

 � ÀFÀ�� 9 S'`¨r�sfh8}=h8bfmªdHm�h8k��T�
)E�#mnk 1
)E�J6Fm�d+myb)V�klh�jT�8R�dfh�beRlh�¡¸dHRlo0d+VEo�g�R�mnkc�lkTm�dfV
≺
± g�Rlopmnk�mnk

UnfAg�o�k z=V²g�jcdL� Q�¡�h§gLo�bfVLbWopsHV&g
h8klbemy~cVLsfVE~�� � �xdHRTV�sHV&o�sfV�mnkc�lkTm�dfVL��` UWo�kq` mnk8dHV�sf��o�g
V&V�¬�VLk8d�b���mB� V8�
V�¬�VLk8d�b¥¡+RTmyg�R³g�h�sHsfVEbe}=h�kl~�dfh

C
�=mnkOdfRTVig�Rlo�m�k²dHRTV�kOdHRTVigHR@opmnk³g�o�k²z=Vig
jTd�bemnklg
V#dfRTV�kajTU#z=V�s[h��

U�opsH¢am�kT�qb'mnb)�lkTm�dfV�o�kl~�dfRajlb|bfh�UWV�UWo�sf¢amnkT�imyb+o��lk@op�FUWo�sf¢amnkT�ihp��bfV�¬�VLsHo��5m�kqdfVLse��o�g�V�V�¬�VLk8dHbL�
Y¥dHRTV�sH¡+mybeV8�8dfRlV�sHVxmyb�h8kT�n`�o#�lkTm�dfV�kqjTU#z=V�s+hp��mnk8dHV�sf��o�g
V[V�¬�VLk8dHb'mnk�dfRTV�gHRlo�m�k���^am�k@g
VxdfRlV�gHR@opmnk

myb�m�kT�lkTm�dfV¥m�d'g
h�kqdHo�m�klbtopk�mnkc�lkTm�dfV|d�opmn�lhp��h8kT��`i}Tsfmn¬0opdfV�®�kTh�kT±Bmnk8dHV�sf��o8g
V�°JVL¬�V�kqdHbL�>^amnklg
V|dfRTV¥kqjlU#z=V�s
hp��U�o�sf¢amnkT�8b>myb>�@kTmªdHVxbfh�UWV|UWo�sf¢amnkT��mybto��lk@op�@UWo�sf¢amnkT��hp�FbfV�¬�VLsHo��T}TsHm�¬po0dfV|V�¬�VLk8d�b�mnkWdHRTV|dHo�m��=opk@~
dfRajlb)dHRTV�gHRlo�m�k²g�opk�z=V�g
jcdE�

¤

��' & � 	�  � 0 � �,/.76
Q)RTV)bfjTUWUWo�sf`�kTV
d>hp�@o[g
h8Ui}=h8kTV�kqd�gLop}cdHjTsfVEb�dfRTV)z=V�Rlo�¬am�h8jTs�h��@o[g
h�UW}=h8kTV�kqdJ¡�� sL� dL�Jmªd�bJm�kqdfVLse��o8g
V��
opk@~�mªd|myb+~TV�sHm�¬�VE~¨��sHh�Umªd�b+V
©adfVLkl~cVL~&g�o�kTh�kTmyg�o��5}TsHV
�T©��

=?> V@=�A



���������
	�����������
�������������������! )�"

fA

φA φA

fA

C

Π̂C(A)

Pref ΘC

A

A

¯�mn��jlsfV H���X'opkTh8kTmngLop�5UWh8sf}TRlmnbfU/sHV��yo0dfmnkT�idfRTV�bfjTUWUWo�sf`¨kTV�d
Π̂C (A)

dHhidfRlV�m�kqdfV�sf��o�g�V
C
�

��¼:��� � � � À ��������

Pref ΘC

A

�`��
?� � � ��
 �5�3� �`� � 	��3���>� �`	����3�������N�]�
A
� �%� �"
 �T��
� :��� 
 �5� ��	��`�

C
	�� � �
��


cutΘC

A

� ��
?� �T �� 
P� � � ��
 �5�3� �`� �5�
 � � � �5EJ�5�2
� � � ��

Π̂C (A) = (S, Y, s0,→)

�?��� ��
 ��
��>�;	��
 ���*	�
 ���
loop((Pref ΘC

A )|C)
�0��
?�

loop
� ��� � � �K	J 

∀e ∈ (cutΘC

A )|C
���������

e•
	��3�

e′•

� �>�����
e′

�  
?� � � ���!���! � ���3��� ��� ��E��5�2
*� �
e
�+* �>��� �A� �� ��]�

Π̂C (A)
� �����]�� � ��� � 
 � 
��>���3�A�?�! 

�]�
(Pref ΘC

A )|C
# � � 
 � 
?� � ����������� � �5��	�
 �F��� ���D �
 	�
 �! 

S
$ � 	��3�

s0
�`���!���� � ��� �J 
 � 
��>� �2���@���*	��

�`��� ����
 �F��� � �
(Pref ΘC

A )|C
�:������� ��EJ�5� � 
��>�����;� �?�  �
 �`	�� ���@� � 	��2����� �2���  ��2 

fA : Pref ΘC

A → Π̂C (A)
	��3�

φA : Π̂C (A) → C
 !�2��� 
?� 	�


φA ◦ fA = φA ◦ fA
#  ��`� �.� � ���%$������ 
?� �N ��%�5�>��� �

Π̂C (A)
�  

�`	�� �
� � 
?� �ibfjTUWU�opsH`�klV
d*�]�
A
� �%� �"
 �;��
� U��� 
 �5� ��	��`�

C
�

�!� 	 � ����
��F��� � 
 ����	��5��� ��
 	�
 � ���  �5��  !�F���  �`���%��� � � 	:� � �5EJ�5� 

e
� �

Π̂C (A)
�  U	J ` 5� �5� 	�
 �`���0��
?� 
?� �

��	�� � �����
Mark([e])

� � �`����� ���3�5�2

A

��>	�
 ��
 �3���A���2� �� 2���

Pref ΘC

A

�����*��� �����! � 
����  ��	�� � ����� �  
��� �3���� 5��� 
 �`�K	J 	 �
	��`���P��� 
?� �  �
 	�
 �

s = e•
�

Q)RTVB�%�A� � h8}=V�s�o0dHm�h8k²��h��y~TbxdHRTVWV
©adfVLkl~cVE~³}TsHV
�T©OsHVLbedfsHmyg�dfVE~²dfh�dHRTVWm�kqdfVLse��o8g
V��FmC� V��#dfRTV�bvd�o0dHVLb
sHVLo8gHRlVL~¤za`³mnk8dHV�sf��o�g�V¨g
jcdf±Bh��¦VL¬�V�k8d�b

e
opk@~¤dfRTVLm�s�g
h8sfsHVLbf}=h�kl~cmnkT��V�¬�VLk8d�b

e′
opsHVWUWV�sH��VL~F��¡+RTmyg�R

o��n��h0¡|b)dHh¨sHV�}=VEo0d|dHRTV[µfbeV��8jlV�klg
V
¶���sfh8U
e′
dHh
e
o�kOopsHzTm�dfs�opsH`¨kajTU#z=V�sxh���dHm�UWVLbL�¥{+VLgLop�n��dfRlopd¥dfRTV

g�jcdedHmnkT��g�h�kqdfV
©ad
ΘC

myb>~cVEbemn��kTVE~#mnkWbfjlg�RWo[¡'o�`�dfRlopd>mnkqdfV�sf��o�g�V+g
jcdf±Bh��¨V�¬8V�k8d�b�Rlo�¬�V+o�g
h�sHsHVLbe}=h�k@~a±
mnkT��VL¬�V�k8d|dfRlopd|myb|o��nbfh�opk&mnk8dfVLse��o8g
V�V�¬�VLk8dL��-|h�dfV�op�ybfhidfRlopdL�@~cjTV�dfhWdHRTV�sfVEbvdHsfmyg�dHm�h8k�h���m�kqdfV�sf��o�g�VLb
dHh�o�jcdfh8UWopdHol�qdHRTV�bejTUWU�opsH`¨kTV
d�b|opsHV�op�ybfhWopjcdHh�U�o0d�oT�
¯Jm��8jTsfV <&~cV�}Tmyg�d�b�dHRTV�bejlUiU�o�sf`³kTV
d�b�h���dHRTV�g
h�UW}=h8kTV�kqdHb�m�k ¯�mn��jlsfV���dHh��8V
dfRlV�s�¡+m�dfR§dfRlV�mns

g�h�sHsfVEbe}=h�k@~cm�kT��V
©adfVLkl~cVL~W}TsfV��T©cVLbL�JQ)RTV+klV
d
Π̂C (A)

mnk�¯Jmn��jTsHVT<T®�z@°>g
h8m�k@g
my~cVLb>¡+m�dfRWdfRTV|mnk8dfVLse��o8g
V
C
�)Q)RTmyb+myb|kThpd|dHRTV#gLo�bfV�¡+m�dfR

Π̂C (B)
mnkO¯Jm��8jTsHV <c®C~l°
�)Q)RTVLsfV#opsHV[dv¡�h�bvd�o0dHVLb+�yopz=VL��VE~�zq`�V�m�dfRTVLs

c0
h8s
c1
��RTh0¡�VL¬�V�sE�0dfRTVL`�o�sfV+o8bfbfhcg
myo0dHVL~#¡+m�dfR¨~cm��5V�sHV�kqd�U�o�sf¢amnkT�8b�m�k

B
®��8m�¬�VLkimnkWzTs�o�g�¢�V
d�b�kTV
©ad>dHh

dHRTVxbvd�o0dHVLb�°��J� d'g�opk�z=V¥bfV�VLkidHRlo0d'bejTUWU�opsH`�kTV
d�btg�o�sfsH`#UimnkTmnU�op�@m�kc��h8sfU�opdfmnh�k�o�z=h�jcd�g
h8Ui}=h8kTV�kqdHb
bfmnklg
V[dHRTV�mns¥bvd�o0dHVLb+opsHV[�nmnkT¢�VL~�¡+mªdHR�dHRTV�U�opsH¢am�kT�qb'sfVEo�g�RTVL~�za`�m�kqdfVLse��o�g�V�V�¬�VLk8dHbL�
YxzlbfV�sH¬�V�dfRlopdxdfRTVWbvd�o0dHVLb¥h��>dfRlVibejlUiU�o�sf`�kTV�d�opsHV�o�bHbehcg�mnopdfVL~&¡+m�dfR³jTklm��qjTV�U�opsH¢am�kl�8b¥bfm�k@g
V

dHRTV�V
©adHV�kl~cVE~�}TsfV��T©��E��sfh8U;¡+Rlmng�R�dHRTV'bfjTUWUWo�sf`[klV
dJmyb�~cVLsfmn¬�VL~F��mnbJ~cV��lkTVL~�jlbfmnkT�xo 
 ��
 	���o�~cV��qjlo0dHV
h8sH~TV�sE�JQ)RTmyb'UWVLo�klbL�am�k�dHV�sHUWb'h���mnk8dHV�sf��o�g
V[V�¬�VLk8dHbL�qdHRlo0d+RloE¬amnkT�#dv¡�him�kqdfV�sf��o�g�VxVL¬�V�kqdHb'¡+m�dfR�V��qjlop�
�@klop�FU�opsH¢qmnkT�qb�mnUW}T��mnVLb)dHRlo0d|h�kTV�h���dfRTVLUmyb+oWg
jTde± h �OVL¬�V�kqdL�lopkl~�dfRqjlb)dHRTV�`�o�sfV�UiVLsf�8VL~�za`¨dfRTV
�%�A� � h�}=V�s�o0dHh�sE�
w¥jlV�dfhWdfRTV�klopdfjTsHV�hp��dHRTV�bejlUiU�o�sf`¨kTV
d+dHRTV���h��n�nh�¡+mnkT�WsfVL�nopdfmnh�k�RTh8�n~TbL�

 � À � À � � � � À � (
ΠC (UnfA) = ΠC

(

UnfΠ̂C (A)

) �

� k hpdfRlV�si¡�h�s�~TbL�JdHRTV�bfjTUWU�opsH`�kTV�dimybio�zT��V�dHh�~cVLbHg
sHm�z=V�op�n�'}=h8bHbemnzT�nV�z=V�Rlo�¬am�h8jTs�b�h��
A
h�k dfRTV

mnkqdfV�sf��o�g�V��
 � ÀFÀ � 9  �V
d|jlb|beRTh0¡

(UnfA)|C = UnfΠ̂C (A)

�ls�bedL�
� dxmyb|¡�VL����¢akTh0¡;dfRlopd|dHRTV#jTkT�¹h8�y~cm�kT��h��

A
g�opk²z=V[µesfV���h��y~cVL~q¶�h8kOo¨g�o�kTh�kTmyg�o��F}TsHV
�T©

Pref ΘC

A

�
h8stV��8jlm�¬pop�nV�k8dH��`�dHRlo0d

Pref ΘC

A

myb�bfj�7¨g
mnV�kqd�dfh#sHVLg�h�¬�VLs>dfRlV|��jT�n�=jlkc��h��y~cmnkT�
UnfA
�>Q)RTV¥my~cVLo�myb�dHRlo0d

V�VXW�Y>Z�[]\!^`_�a!b�c`d�e



)54 ��	 �?	�� � �  � ����� 	��5���

b 0

e 4 t 1
e 3 t 1

t 1e 8

c 0

c 0 c 0

c 0

t 1

e 7 t 1

e 12 e 13 t 1

t 3
e 1

b 1

b 0

e 2 t 4

d 0

d 1b 1

b 1

d 2

d 0

d 1b 1

t 4

t 5e 6

t 6e 9

e 11

t 3e 5

b 1 b 1

c 0 b 0 b 0

t 3e 10

c 0 c 0 b 0

b 0

b 0

#%$�&
Pref

ΘC
B

y 3

y 5

s  (c , b , d ) 0    0    0    0

s  (c , b , d ) 1    0    0    1

s  (c , b , d ) 2    0    0    2

y 1y 0

y 2

y 4

#
'�&
Π̂C (B)

s  (c , b , d ) 1    0    0    1

y 5

y 3

s  (c , b , d ) 2    0    0    2

y 1

s  (c , b , d ) 0    0    0    0

#
(�& 5/+;.10�< =
Π̂C (B)

o0�¹dHV�s�opka`ig
jcdf±Bh���V�¬�VLk8d
e
�8¡+m�dfR¨g�h�sHsfVEbe}=h�kl~Tm�kT��V�¬8V�k8d

e′
�8h8kTV|gLopk�µe���njTV
¶+o�g
h�}a`#h��

(Pref ΘC

A )|e′+
�

dfRlV�sfVEbvdHsfmyg�dHm�h8k�hp�
Pref ΘC

A

dfh¨kThc~cVLb+dfRlopd¥o�sfV�m�k&dHRTV���jcdfjTsHV�h��
e′
�@~cVLkThpdHVL~&zq`

e′+
�'w¥h8m�kl�WdfRlopd

sHV�}=VLopdfVE~c��`[o�kl~[��h8s�op�n�8g�jcde± h �iV�¬�VLk8d�b�o����nh0¡|b5dfh¥sHVLg
h0¬�V�s�dfRlV���jT���qjTkc��h8�n~Tm�kT�@��Q)Rlmnb�myb�o|g�h�klbfV �qjTVLklg
V
hp�>dfRlV�g
h8UW}T��V�dfVLkTVLbHb|}TsHh�}=VLsedv`��|Q)RlV�bfo�UiV#RTh��y~Tb|��h�s

(UnfA)|C
o�kl~

(Pref ΘC

A )|C
z=VLg�o�jlbeV#¡+RTV�k

oWg
jTde± h �³V�¬�V�kqd+myb|opk�mnk8dfVLse��o8g
V�VL¬�V�k8dE�Tmªd�b|g
h�sHsHVLbe}=h�k@~cm�kl��V�¬�VLk8d|mnb|op�ybeh�opk�mnk8dfVLse��o8g
V�V�¬�VLk8dE�
Yxz@beVLsf¬�V>dHRlo0d�dfRlV'g
h�UW}T�nV
dHm�h8k�h�}=V�s�o0dHm�h8k�h��

(Pref ΘC

A )|C
�po�b�m�dJ¡'o8b�~TVLbHg
sHm�z=VE~�o�z=h�¬�V8��opUWh8jTk8d�b

V
©To8g�df�n`OdHhOg�h�UW}TjcdHm�kT�²dfRlV¨jTkc��h��y~cmnkT�Ohp�
Π̂C (A)

�Jzq`�~cV��lkTm�dfmnh�k.h��
Π̂C (A)

�&Q)RTmyb�}Tsfh0¬�VLb�dfRlopd
(UnfA)|C

mybtmnbfh�UWh�sH}TRTmyg'dHh
UnfΠ̂C (A)

��^ah�dfRTVEbeV|dv¡�h#hcg�g
jlsfsHV�klg�V+kTV
d�btRloE¬�V|dfRTVxbHopUWV|}TsHhpuvVLg
dfmnh�k
h�k

C
®�¡+RTmng�R²bemnUW}T�n`�opUWh�jlk8dHb)dfhidHsfmnUWUWm�kl�idfRlVLbfV�h8zauvVEg�dHbL�TmB� V8�>UWV�sH��mnkT�imybeh8Uih8sf}lRTmng�g
h�kc�@��jTs�o0±

dfmnh�k@bH°
�
¤

��¼ 	 �c� �	9 / bejTUWU�opsH`.kTV
d
Π̂C (A)

mybih8zcdHo�m�klVL~¦zq` �nhah8}Tm�kl�³dfRTV²sfVEbvdHsfmyg�dHm�h8k¦m�klbedfVEo�~¦h��¥dfRlV
}TsHhpuvVLg�dHm�h8k&hp�

Pref ΘC

A

dHhWdHRTV�z=VLRloE¬amnh�jlsHb)h��JdHRTV�mnk8dHV�sf��o8g
V
C
®�kTh�dfsHmnUiUWmnkT�¨mnb¥o�}T}T�nm�VE~l°��){|VLg�o����

dfR@o0d>dHRTV+dfsHm�UWUWmnkT��¡�h�jl�n~iUWV�sH��V)mybeh8UWh�sH}TRTmyg'g�h�kc�l�8jTs�o0dfmnh8k#h��=dfRTV|sfVEbvdHsfmyg�dHm�h8kF��o�kl~�dfRlopd
Π̂C (A)g�o�sfsHmnVLb¥UWmnkTmnU�op�>m�kT��h�sHUWopdfmnh�k�opz=h�jTd

A
®�mC� V���dfRTV�bedHopdfVLb[h��

Π̂C (A)
o�sfVWo�bHbehcg�mnopdfVL~O¡+m�dfR�U�opsH¢8±

mnkT�8b+mnk
Pref ΘC

A

°
�)Q)RqjlbL�TdfRlV�dfsHm�UWUWmnkT��¡'h�jT�y~�UWV�sH��V�bvd�o0dHVLb+mnk&dfRTV#sfVEbvdHsfmyg�dHm�h8k�¡+RTmygHR²UWm��8R8d¥z=V
o�bHbfhcg
myo0dfVE~�¡+m�dHR ~cm��5V�sHV�kqdiU�opsH¢am�kT�qb�mnk

Pref ΘC

A

��Q)Rlmnb�myb#mn�n��j@bvdHsHopdfVL~.mnk ¯Jm��8jTsHV 4@� �&jlbfmnkT�OdHRTV
g
h8UW}=h�kTV�kqdxm�k¤¯Jm��8jTsfV 4@®�gE°��[Q)RTV�g�h�kc�l�8jTs�o0dfmnh�k@b

[e12]
opkl~

[e13]
opsHV�mnbfh�UWh�sH}TRTmyg�m�kOdfRTV�sHVLbedfsHmng
±

dfmnh�k ®�¡+m�dfRlh�jcd#g
h�k@bemy~cV�sHmnkT��dfRTV���sHV�`�VL~Oh8jcd�kThc~cVEb[mnk³dHRTVi�l�8jTsHVE°���opk@~OdfRajlbL�F¡�h8jT�y~³z=VWUWV�sH��VL~
op��dfRlh�jT�8ROdHRTV�`³g�h�sHsfVEbe}=h�kl~²dHh&~cm��=VLsfVLk8d�U�o�sf¢amnkT��mnk³dHRTVW}TsHV
�T©

Mark([e12 ]) = (c0, b0, d2)
opk@~

Mark([e13 ]) = (c0, b0, d1)
�>¯TsHh�U�dfRTV¥bfjTUWUWo�sf`#klV
dtmnk�¯Jmn��jTsHV 4l� �c®�z=°�h8kTV|g�o�kWsfVLUih0¬�V'dHRTV|��hch�}lb

g
h8k8d�opmnkTm�kl�
y0
�
y2
o�kl~

y4
sfVEbejT��dfmnkT�im�k&o � dfsHm�UWVL~*�aklV
d|beRlh�¡+k�mnkK4l� �c®CgL°��t¯TsHh�U£dHRTV�}=h�mnk8d+hp��¬am�VL¡

hp�¥dfRTV&g�h�UW}=h�kTVLk8d
A
�t¡+RTmng�R sfVEg
V�mn¬�VLb

Π̂C (B)
�¹sHh�U

B
��m�dWmnbikTVEg
VLbHbHopsH`¤dfh¤¢akTh0¡/V�� �l�

y1
zTjcd

kTh�d
y0
��h8s#dHRTV�g�h�klbedfsHjlg�dHm�h8k.h��+dHRTV�}TsHV
�T©��Q-|h�dfV�dfRlopdWop�n��dfs�opklbfmªdHm�h8klb#m�k

Π̂C (B)
g
h8sfsHVLbf}=h�kl~

dfh�hTg�g
jlsfsHV�klg�VLb#hp�
t1
���¥o�¬am�kT�¤��h�jTkl~�o¤g�jcde± h �¸V�¬�VLk8d�g�h�k8d�opmnkTmnkT�

y1
dHRTV�sHV�mnkl~cm�sHVLg
df�n`.V�©amybed�o

g
jTde± h ��V�¬�VLk8d�g
h8k8d�opmnkTm�kl�
y0
bfmnklg
V+dfRTV|V�©cVLg
jTdfmnh�kWhp�

y0
sfVEo�g�RTVLb�dfRTV¥bHopUWV|bedHopdfV�� $ VLkTV�s�op�n�n`��pdfRTVLsfV

V
©cmybvd+op�ybeh�hpdfRlV�s)gLo�bfVLbt¡+RlV�sfVxmybfh�UWh�sH}TRTmyg¥g
h8kc�l��jlsHopdfmnh�klb�g�o�k¨z=V[UWV�sH��V8�J� k�o8~T~cm�dfmnh�kF�ah8kTV[g
h8jT�y~

=?> V@=�A



���������
	�����������
�������������������! )J<

}=VLse��h8sfU«o���jTsfdfRlV�s�dfsHmnUiUWmnkT��zq`�V
©c}lopk@~cm�kl��dfRTV[V
©adfVLkl~cVE~¨}TsfV��T©��qRTh0¡�V�¬�VLsL�8dfRTmyb�¡'h�jT�y~�UWVLo�k�dHh
dHs�o�~cV
± h �Oz=V
dv¡�V�VLk�dHRTV�¡+my~adfR²o�kl~�dfRlV��nV�kl�pdfR&hp��dHRTV�sfVEbejl�ªdHm�kT��bfjTUWUWo�sf`¨kTV�dL�

��'	� � � � 	��(� 0 � �� � �1�� � � ��07,���� � �  6�.0 	 � .71(� 
��¼:��� � � � À �����:��E���� 	 ���  �
 �!� �5�
 �`�B ��J �
 � �

N = A ×C
N B


?� ��g�o�kTh�klmngLop�J}TsHV
�T©²��o8g�dfh8s #�� � � $
�]� 	 �`����� ��� ��� 


A
�  �:� 
 	���� � � � �

A = A×C
N Π̂C (B)

® )E�8°

Pref
Θ∗

A = ΠA

(

Pref Θ∗

A

) ® )?)E°

� �>�����
Θ∗ =

{

≈mar ,⊂, {κe = κbas}e∈E

} � * � �  ���� �*� 
 �!� � ���5�
	�
 �F��� �  U�� 5�`��
 �K� ��� �3�
Pref

Θ∗

B

�

YxzlbfV�sH¬�V�dHRlo0d[m�k²dHRTmybxbfV
df±BjT}²dHRTVibeV��nVLg
dfVE~²o8~cV �qjlopdfV�h8sH~TV�s¥mnbxbfmnUi}l��`�dfRTVibfV
dxmnklg
�njlbfm�h8k
⊂ � �¡+Rlmng�R�op�n��h0¡|bFdfRTV)g
h�UW}lo�sfmybfh�k�hp�Tz@o�bfmngtg�h�kc�l�8jTs�o0dfmnh�k@b�z=h�dfR#mnk

Pref
Θ∗

A

�0mnk
Pref

Θ∗

B

o�kl~�mnk
Pref Θ∗

Nmnk²opk&opk@op�nh���h�j@b�U�opkTkTVLsL��Q)RTmnb+}TsHh�}=V�sfdv`�¡+mn���Fz=V�g
sHjlg
myop��mnk�dHRTV�}TsHhahp��h��Jr�sfh8}=h8bfmªdHmnh�kB"T�
YxzlbfV�sH¬�Vxop�ybeh#dfRlopd

Pref
Θ∗

A

mnb)o#}TsHV
�T©¨hp�
UnfA = UnfA ×

C
O UnfΠ̂C (B)

opkl~�beh#dHRTV[}TsHh0uvVEg�dHm�h8k
h8k
A
gLopk�z=V�op}T}T�nmnVL~�dHhWm�dL�T¡+RTmyg�R�sHVLbfjT��dHb)mnk&o�dHsfjTV�zTs�opklg�RTmnkT�i}TsHhcg
VEbfb'h��

A
�

¯Th8s'dHRTV�sHjTkTklm�kT�WV
©To�Ui}l��V�hp��dfRlmnb+}lop}=VLsL�adfRTV�g�o�kTh�kTmyg�o��5}TsfV��T©¨��o�g
dfh8sHb'h��
N
o�kl~�dfRTVLm�s¥g
h�Ui±

}=hqbem�dHm�h8k mnk8dfh o§}lsfV��T©�hp�
UnfN

opsHVO~cV�}Tmyg�dHVL~ m�k-¯Jm��8jTsHVDIa��YxzlbfV�sH¬�V&dfRlopd¨dHRTV³��hcgLop�xg
jcde± h �
~TVLg
mybfm�h8klb'opsHV �qjTm�dfV�g
h8klbeVLsf¬po0dfmn¬�V¥o�kl~¨U�o�`WzTjlm��y~�zTs�opklg�RTVLb�hp��o�X'¯�r dfRlopd+opsHV¥kThpd)kTVEg
VLbHbfo�sf`�dHh
dHRTV[hpdfRlV�s���o�g�dHh�sE��¯Th8s�V
©To�Ui}l��V8�8dfRTV�g
jcdf±Bh��&VL¬�V�k8d

e6
hp�

Pref
Θ∗

A

mnk�¯Jm��8jTsfV Ic®�o8°tmnb�kTh�d'sHVLo�g�Rlopzl��V
mnk

Pref
Θ∗

A ×
C
O Pref

Θ∗

B

��Q)RTmybxmyb[~cjTV�dfh�dHRTV���o�g�d[dfRlopd[mnkl~cVL}=V�kl~cVLk8d�dfsHjTklg�opdfmnh�klb[opsHV#}=V�sf��h�sHUiVE~
mnk�dfRTV�~cV��lkTm�dfmnh�k&hp�JdfRTV�dv¡�h�X'¯Jr��@/¥b|oWg
h8klbeV��qjTV�klg�V[h���dfRTmyb|g
h8klbeVLsf¬po0dfmn¬�V[g�jcde± h �¤g�sfm�dfVLsfmnh�kF�czq`
z@o�g�¢�}TsHh0uvVEg�dHm�kT��dHRTVxg
h�UW}=hqbem�dfmnh�k

Pref
Θ∗

A ×
C
O Pref

Θ∗

B

h8kWdfRTV|dv¡�hiX'¯Jr
Pref

Θ∗

A

opk@~
Pref

Θ∗

B

h�kTV
U�o�`²�8V
d�bfU�op�n��VLsx��o�g
dfh8sHbL��� k�hpdHRTV�s�¡�h8sH~TbL�5dfRTVidv¡�hOX'¯Jr ~ch&kThpd�g
h�sHsHVLbf}@h�k@~&dfh�dfRTVWUWmnUimnU�op�
g�h�¬8V�sfmnkT�ihp��dHRTV�mns|g�h�UW}=h8bfm�dfmnh�kF�
��¼ 	 	.� � � � 
?� �8 !�� �*	���� � ��


Π̂C (B)
�?�A�! ��3��
 ���`���2�`� 
?� ��� ��� 	�EA�F�����` � �

A
# ��� ������� �3��� �5�  5��� �

�]� 
��>� ���2
 �5� ��	��`�
C
 5� �5�2�`�����

A
$ � ��� ���>	J 

Pref Θ∗

A v Pref
Θ∗

A

�

Q)Rlmnb�myb�beh¦z=VLgLopjlbfVOdfRTV§bejTUWU�opsH`�kTV�d&o�~T~Tb�UWh�sHV³g�h�klbedfs�opmnklb�dHh g�h�UW}lopsHVOU�opsH¢amnkT�8b¨mnk¸dfRTV
g�h�klbedfsHjlg
dfmnh�k¤hp�

Pref Θ∗

A

��o�kl~³dfRajlb�dfh²~TV
dfVEg�d#g
jcdf±Bh�� VL¬�V�k8d�bL�WQ)Rlmnb�sfVEbejT��d�dfRajlb�V
©c}TsHVLbHbeVEb¥dHRlo0d
¡+RlV�k&g
h�UW}=h�klV�k8d�b

A
opkl~
B
~chikTh�d)�nmnUim�d)dHRTV�z=V�Rlo�¬am�h8jTsHb�h���dfRTV�mnk8dHV�sf��o�g�V

C
�adfRlV�X�r�¯.h���VLo8gHR

g�h�UW}=h�klV�k8d¥¡+mn����z@V#g�h�UW}T�nV
dHV��(�¥h�¡�VL¬�V�sE�Tmnk²��V�klV�s�op�5dHRTmyb¥g
h8UW}T��V�dfVLkTVLbHb+myb|kThpd¥kTVEg
VEbfbHopsH`�dfh¨�8V
d
dHRTV����nh�z@op�>g�h�UW}T�nV
dHV�kTVLbHb[��h8s

N
�Jo0�¹dfVLs�g�h�UW}=h8bfmªdHm�h8k¤hp��dHRTVWdv¡�h³X'¯Jr�� M¤V�kTh0¡ beRlh�¡�dfRlopd�dfRTV

dv¡�h�X'¯�r¸~ch�g
h8U#zTm�klV�mnk8dfh¨oi���nh�z@op�n��`¨g�h�UW}T�nV
dHV�}TsHV
�T©�hp�
N
�

 � À � À � � � � À ���

ΠA

(

Pref Θ∗

N

)

, ΠA

(

Pref Θ∗

A×C
N
B

)

v ΠA

(

Pref Θ∗

A×C
N
Π̂C (B)

)

, ΠA

(

Pref Θ∗

A

)

, Pref
Θ∗

A

{|VLg�o����nmnkT��®C�8°���dHRTmyb[sHVLbfjT��d�V
©c}TsHVLbHbeVEb|dHRlo0d�dfRTVidv¡�hOX'¯Jr
Pref

Θ∗

A

o�kl~
Pref

Θ∗

B

��h�sHU]o�}TjT�n��z@o�gH¢
g�h�¬8V�sfmnkT�
	xhp��o��lkTm�dfV#g
h�UW}T�nV
dHV�}TsHV
�T©�hp�

UnfN
�

 � ÀFÀ � 9  �V
d�jlb��lsHbed�g�h�UW}lopsHV�dfRlV�}TsfhpuvVEg�dfmnh�k�h�k
A
h���dfRTVW��jT�n��jlkc��h��y~cmnkT�8b�hp�

N
opkl~�hp�

A =
A×C

N Π̂C (B)
�TsHopdfRTVLs'dHRlopk�dfRTVLm�s¥g�o�kTh�kTmyg�o��5}TsHV
�T©cVLbL� $ mn¬�V�k

UnfA×C
N
Π̂C (B) = UnfA ×

C
O UnfΠ̂C (B)

® )���°
� = 5"9 $ ,"2 )�. W 5 < = )<F 5 ' 6� $ 3 5 <(+�� )<N�31<�+-5K0 $ 5"5	04< )�+ = <(+

⊂
.1, W )>5 $>= <�� F $ 5/< 8 $ W = 5	0 $ 5"5K0 < 24+;<���2 ' F4.13 = F , . W N

⊂
.1, $8(]$ W ) W . (]$ 3 24+;<��J2 # = <(,/24. 5/<

⊂
' <(. W N W )>5 $>= <�� F $ 5/< & , . W ( <

⊂
.1,-. W ( 3OF = < = . W $ W $>= < � F $ 5/< )�+ = <(+ @� W )>5 W < ( <�,/, $ +;.13 6 0�. W .10 $ 3 8 $ ,-.1313OF4,;5 + $ 5 < = . W 5	04< <32 $ 0�2431< $`' )/G <

V�VXW�Y>Z�[]\!^`_�a!b�c`d�e



)AH ��	 �?	�� � �  � ����� 	��5���

a 0

e 0 t1

a 1

 3ee 2 t1

a 1

a 0

e 5 t1 e 6

a 1

a 0

e 1

e 4

(c0, s
B
0
)

(c1, s
B
1
)

(c0, s
B
2
)

(c1, s
B
3
)

(c0, s
B
2
)

(t2, y
B
0
)

(t2, y
B
2
)

(t3, y
B
3
)

(t3, y
B
1
)

# =�&
Pref

Θ∗

A

e 1 t4e 0

b 1

b 2

e 3 e 4 t5

b 0

b 0

e 2

(c0, s
A
0
)

(c1, s
A
1
)

(c0, s
A
0
)

(c1, s
A
1
)

(t3, y
A
1
)

(t2, y
A
0
)

(t2, y
A
2
)

# < &
Pref

Θ∗

B

 0a  0b

4t 1e

 1b

1t 0e

2t
 2e

 1c 0a

e 1t

 1a

5t

 8e 1t  7e 4t

 1ba 1

 2b 0c

3t
 4e

2t
 6e  5e

3t
e 9

 1c 0a  0b

 2b 0c

 1a

 0c

 3

# ? &
Pref

Θ∗

A ×C

O Pref
Θ∗

B

¯Jm��8jTsHV I ��X'o�kTh�kTmyg�o��5}lsfV��T©���o8g�dHh�s�b+opkl~�dfRTVLm�s¥g�h�U#zTmnklo0dHm�h8k�zq`�}TjT�n��zlo8gH¢5�.-|h�dfmyg
V�dfR@o0d|VL¬�V�k8d
e6hp�=��o8g�dfh8s|®C~l°�¬0o�kTmybeRTVEb�mnkidfRlV+}Tjl���nzlo�g�¢5��Q�h�}TsHVLbfV�sH¬�V'm�dL�8h8kTV+¡�h�jl�n~ikTVLVL~�dHRTV|}lopsfd>h��

f
mnk�~To8beRTVE~

�nm�kTVEb��T¡+RTmygHR&myb)mnkl~cVLVL~�jlbeVL��VEbfb'dHhW��V�d|oWg
h8Ui}l��V�dfV[�@kTmªdHV�}TsHV
�T©�hp�
UnfN
�

h�klV�Rlo�b

ΠA (UnfA) = ΠA

(

UnfA×C
N
Π̂C (B)

)

= UnfA ×
C
O ΠC

(

UnfΠ̂C (B)

)

= UnfA ×
C
O ΠC (UnfB)

= ΠA

(

UnfA ×
C
O UnfB

)

= ΠA (UnfN )
®])A"q°

Q)RTV|bfVLg�h�kl~iV �qjlop�nm�d `#j@beVEb+® Ip°���dHRTV+dfRTmnsH~Wh�kTV|~cV�sHmn¬�VLbJ��sHh�U r�sfh8}F�8�c��dfRTV+��h�jTsfdfRWV��qjlop�nmªdv`#jlbfVLb|® Ip°
op�qopmnk³opkl~OdfRTVW�no8bvd[h8kTVig�h�sHsfVEbe}=h�kl~lb+dHh�®�"8°��#Q)RTmyb�beRlh�¡|b¥dHRlo0d

UnfΠ̂C (B)

g
h8k8dHo�mnklbxV
©To�g
df�n`�dHRTV
mnkc��h�sHU�o0dfmnh�k opz=h�jcd

B
dfRlopd¨myb�kTVEg
VLbHbHopsH`§dfh

A
mnk h�s�~cV�sWdHh ~cV
dHV�sHUimnkTV²¡+R@o0d�o�sfV&m�dHb¨}=h8bHbfm�zT�nV

z=V�R@oE¬amnh�jTs�btm�k
N
�P9!�qjTmn¬0o���VLk8df�n`8�qdfRTmyb'sHVLbfjT��d'V
©c}TsHVLbHbeVEb�dfR@o0d

N
opkl~
A
RloE¬�Vxmy~cVLk8dfmyg�o��5sfjTk@bt��sHh�U

dfRlV�}=V�sHbf}=VLg
dfmn¬�V[h��
A
�

S'V���h�sHVtg
h�UW}lo�sfmnkT�)dHRTV�}TsfhpuvVEg�dfmnh�k@bFhp� �3���������� [h��adHRTVLbfVtjTkc��h8�n~Tm�kT�qb����nV
dJjlb�U�o�¢�V>dv¡�h¥sfVLU�opsH¢abL�
Yxz@beVLsf¬�V��lsHbed�dfRlopd�dHRTV�VL¬�V�k8d�b�hp�

UnfΠ̂C (B)

V�m�dfRTVLs�be`aklg�RTsHh�kTmybfV�¡+m�dfR#VL¬�V�kqdHb�h��
UnfA

h8s�¬0o�kTmybeR
mnk�dfRTV¥}ljT���nzlo8gH¢&®])E��°��Jmnk¨hpdfRlV�st¡�h8sH~lb���dfRTV[bejTUWU�opsH`�kTV�d

Π̂C (B)
~chaVEb�kThpd�Rlo�¬�V|}TsHmn¬0o0dHV|V�¬�VLk8dHbL�

bfh���h8s+V�¬�V�sH`¨V�¬�VLk8d
e
h��

UnfA
h�kTV�Rlo8b

ΠA (e) 6= ∅
�

^cVLg
h8kl~c�n`��5sHVLgLop�n��dHRlo0d[dHRTViV�¬�V�kqdHb[hp�
UnfΠ̂C (B)

o�sfV��no�z=V��nVL~Ozq`&dHRTViU�opsH¢qmnkT��hp�
B
dfRlV�`²}TsHhp±

~cjlg�VL~���o�b[V
©c}T�yopmnkTVL~Omnk³dfRlVWg
h8klbvdHsHjlg�dfmnh8kOh���bfjTUWUWo�sf`²kTV
d�bW®�bfV�V�dfRlVi�yo�bed�bfV�k8dHV�klg�Vim�k�wxV
�v�CH8°��

=?> V@=�A



���������
	�����������
�������������������! )�I

^ch¤m�k¦dfRTV�}TjT�n��z@o�g�¢ ®])E�p°
�tbf`aklg�RTsfh8kTmnbfVL~.V�¬�VLk8d�biopsHV¨dHRqjlbWo�bHbfhcg
myo0dfVE~�dfh§o²��jT�n�)U�o�sf¢amnkT�³hp�
N
�

h8zcdHo�mnkTVL~�zq`¨UWV�sH��mnkT�#dfRTV�U�opsH¢am�kl�#}lsfhc~Tjlg
VE~¨mnk
B
dHh�dfRlV[U�o�sf¢amnkT��}TsfhT~cjlg
VE~¨mnk

A
�>Q)RTmyb'Rlh��y~Tb

o8b'¡�V��n�5��h�s+V�¬�V�kqdHb)hp�'®])E��°tdfRlopd|opsHVx}TsHmn¬0o0dHV¥dHh
A
�c}TsHh�¬amy~cVL~�h�kTV�sfVL��mnVLb'h8k�dfRTV��yo�bed+bf`aklgHRTsHh�klmnbfVL~

VL¬�V�kqd�dfhO��V�d�dHRTV¨U�o�sf¢amnkT�&}TsHhc~cj@g
VL~�h8k�dHRTV
B
}lo�sedE�²Yx¬�VLsHo����B��VL¬�V�sH`³V�¬�VLk8d#h��

UnfA
o�}T}=VLo�sHb

¡+m�dHR�dHRTV�U�opsH¢qmnkT�im�d|¡�h�jl�n~�R@oE¬�V�}TsHhc~cjlg�VL~�m�k
N
�

M�V�klh�¡ }TsHh�¬�V[dfRTV�mnklg
�njlbfm�h8k�hp�
ΠA

(

Pref Θ∗

N

) m�kqdfh
ΠA

(

Pref Θ∗

A

) �
 FV�d

e
z=V�o���VEo�bfm�zl��V¨VL¬�V�k8d�hp�

UnfN
®�mC� V��²kThpdibvdHsfmyg�dH��`�}TsfVEg
VL~TVL~§zq`§o²g�jcde± h ��V�¬�VLk8d#h��)dfRTV

gLopkTh8kTmyg�op�T¯JX�r'°��qopkl~WbfjlgHRWdfRlopd
ΠA (e) 6= ∅

��Q)RTV|g�h�kc�l�8jTs�o0dfmnh�k
κ = [e]

dHV�sHUimnklopdfVLb>¡+m�dfR�U�opsH¢q±
mnkT�

m
h��
N
��S'`�® )�"�°'dHRTV�sHV�V�©amybedHb|opd|�nVLo8bvd|h8kTV�g
h8kc�l��jlsHopdfmnh�k

κ′ = [e′]
h��

UnfA
®�o�kl~�}=hqbfbfm�zl��`

bfV�¬8V�sHo��¹°�bfjlgHR�dHRlo0d
ΠA (κ) = ΠA (κ′)

�0S'`�dfRTV¥�ls�bvd�sHV�U�opsH¢iopz=h0¬�V��
ΠA (κ′)

mnbtmybfh�UWh�sH}TRTmyg)dfh
κ′
�

bfhl�q¡+m�dfR�o��nm��8R8d)opzTj@beV¥h��FkThpd�o0dHm�h8klb��qh�kTVxgLopk¨¡+sHmªdHV
ΠA (κ) = κ′

�>ZOh�sHV�h0¬�V�sL��za`�g
h8klbvdHsfj@g�dfmnh�k¨hp�
dHRTV|bfjTUWU�opsH`�kTV�d

Π̂C (B)
�8h�kTV|g�o�kWgHRlhah8bfV

κ′ = [e′]
mnk�bejlg�R�o[¡)oE`�dfRlopd>dfRlV+U�opsH¢am�kl��o�bHbfhcg
myo0dfVE~

dHh
e′
mnk

UnfA
mnb�}TsfVEg
mybeVL��`²V �qjlo���dHh

m
��o�kl~³bfmnUWm��yopsH��`&��h�s�op�n��U�o0d�gHRTmnkT��V�¬8V�k8d�b[mnk³dfRTVWmybeh8UWh�sf±

}lRTmnbfU�V�©a}lsfVEbfbfVL~�zq`
ΠA (κ) = κ′

� M m�dfR²dHRTmyb¥g�RTh8mng�V��@V�¬�V�kqd
e′
myb|kTVEg
VLbHbHopsHm��n`¨��VLo�bfmnzT��V#m�k

UnfA
�

YxdfRTV�sH¡+mybeV8���nV
d
f ′ 6= e′

z=V�o&g�jcde± h � VL¬�V�kqd�mnk
κ′
opk@~³�nV
d

g′
z=VWm�dHb�g
h�sHsfVEbe}=h�k@~cm�kl��VL¬�V�kqdL��z=hpdHR

z=VLm�kl��o�bHbfhcg
myo0dfVE~�dHh�U�opsH¢amnkT�
m′ ��^am�klg�V+dfRTV¥g�jcdedHm�kl�#g
h�kqdfV�©qd Θ∗

m�k
UnfA

sHV��nm�VEb>h�k�bfV
dtm�klg���j@bemnh�k
o8b+o�~cV��qjlo0dHV[h8sH~TV�sL�ch�kTV�R@o�b

g′ ∈ [f ′] @ [e′]
�
f ′, g′
opsHV[sHVLbf}=VLg�dHm�¬8V��n`�sHV��yo0dHVL~�dfh�V�¬�V�kqdHb

f, g
mnk
κ
�

^ch�z=hpdHR
f
o�kl~

g
opsHV+o8bfbfhcg
myo0dHVL~#dfh�UWo�sf¢amnkT�

m′ �qopk@~iUWh�sHV�h0¬�V�s f ∈ [g] @ [e]
��^aV
dtmnklg���jlbfmnh�kW¡'o8b

o��ybeh�g�RTh8bfV�k�dfh�~cV
�lklV�dHRTV#g
jTdedfmnkT��g
h8k8dHV
©ad
Θ∗
m�k

UnfN
�l¡+Rlmng�R&U�op¢8VLb

f
o�g�jcde± h ��®�}lsfh0¬amn~cVE~

fmyb+��VEo�bfm�zT�nV��@mC� V��)myb|kThpdxo���sHVLo8~c`¨}lsfVEg
VL~cVE~�za`�o¨g
jcdf±Bh��t°��)� kOo�kq`�g�o8beV8�cdHRTmyb¥g�h�k8dHsHo8~cmyg�dHb)dHRlo0d
e
myb

o���VEo�bfm�zl��VxVL¬�V�kqdL��� k�bejlUiU�o�sf`8�8dfRTmyb'}TsHh�¬�VEb�dfRlopd+g
h8kc�l��jTs�o0dHm�h8k
ΠA ([e])

��h�s�dHRTVx��VLo�bfmnzT��V[V�¬�V�kqd
eh��

UnfN
myb+}TsfVEbeVLk8d+mnk

ΠA

(

Pref Θ∗

A

) �T¡+RTV�klg�V[dHRTV�sHVLbfjT�ªdE�
¤

-|h�dfmyg
VtdHRlo0dJdfRlV�mnklg
�njlbfm�h8k�bvd�o0dfVE~�m�k�r�sfh8}=h8bfmªdHmnh�k "|U�o�`�z=V'bedfsHmyg�dL�JQ)RTmyb�R@op}T}=V�k@b���h�sJV
©To�Ui}l��V
¡+RlV�k²o�k�VL¬�V�k8d

e
hp�

UnfN
mnb+}TsHVLg�VL~cVE~�za`�o�g
jTde± h �³VL¬�V�kqd

f
dHRlo0d¥mnb|}Tsfmn¬0opdfV[dHh

B
��Q)RTmyb|g�jcde± h �

U�o�¢�VLb
e
kThpd[��VLo8bemnzT�nV���zTjcd�dfRTmyb[}TRTVLkTh�UWV�klh�k¤gLopk³kTh�d[z=VWbfV�V�k³mnk

UnfA
��¡+RTV�sHV�V�¬�VLk8dHb[}TsHm�¬po0dHV

dHh
B
~chWkTh�d|o�}T}=VLopsE�

 � À � À � � � � À ��� Pref
Θ∗

A

�  �.�>��
 � �

Q)RlV�}TsHhah���mnb|bemnUWm��yops)dfhWdfRTV�h8kTV�m�k&r�sHh�}=hqbem�dfmnh�kD)��

 � À � À � � � � À ��� Pref Θ∗

N , Pref Θ∗

A×C
N
B
v Pref

Θ∗

A ×
C
O Pref

Θ∗

B

�

 � ÀFÀ � 9 � UWUWVL~TmnopdfV���sfh8U ®C�8°)opkl~�r�sHh�}=hqbem�dHm�h8kK"T�
¤

Q)RTmyb�sHVLbfjT��d�~chaVLb�kTh�d¨V�kqdHo�m��|dfRlopd�dHRTV²��o�g�dHh�s�b
Pref

Θ∗

A

opkl~
Pref

Θ∗

B

}TsHh0¬qmy~cV�dHRTVOUWm�kTmnU�op�
}ljT���nzlo8gH¢�g�h�¬�VLsfmnkT�&hp�

Pref Θ∗

N

�&¯Jm�s�bvd#hp�|op�n��z=VEg�opj@beV�h8kTV�U�o�`³Rlo�¬�V¨bedfsHmng
d�}lsfV��T©�m�klg���jlbfmnh�kF��o�b
m�d�¡'o�b�kThpdHmng�VL~ opz=h0¬�V�� /|kl~ bfVLg
h8kl~c�n` z=VEg�o�jlbeV&dfRTV²��o�g�dHh�s�b��)g
h�UW}TjTdfVL~ beVL}lops�o0dHV��n`���UWo�`¦kTh�d
dHRTV�U�bfV��n¬�VLb|bfopdfmybv��`

Pref
Θ∗

A = ΠA

(

Pref
Θ∗

A ×
C
O Pref

Θ∗

B

)

o�kl~�bf`aUiUWV�dfsHmngLop�n��`8�co8b+beRTh0¡+k�zq`¨dfRlV�g
h�jTkqdfVLse± V
©TopUW}T�nV[m�k²¯Jm��@�@Ia�

��' � �407,@, 6 ����� ,1� 6���6�.,1 6
Q)RlV�o�z=h�¬�V�o�}T}TsHh8o8gHR�g�opk�z=V���V�klV�s�op�nmnbfVL~¨dfhWUWh�sHV�g
h�UW}T�nV
©�dfsHV�V
± bfRlop}=VL~�bf`cbvdHV�U�b)Rlo�¬am�kT�WU�opka`
g�h�UW}=h�klV�k8d�b��WQ)RTmyb�¡+m��n�>z=VWmn�n��jlbedfs�o0dHVL~¤h�k³dHRTV�~cmybedfsHm�zljcdfVL~§be`cbedfV�U

N = A ×X
N B ×

Y
N C
bfRTh�¡+k

mnk¤¯Jm��8jTsfV��T�x� d[Rlo8b|dfRTsHV�Vig
h�UW}=h8kTV�kqdHb¥¡+RTmygHR³h�kl��`&m�kqdfVLsHo8g�d¥dHRTsfh8jT��R²dfRTVLm�s[mnk8dfVLse��o8g
VEb¥z=V
dv¡�V�VLk
VEo�g�R&h�dfRTV�sE�)Q)Rqj@b��ldfRlV�sHV�myb|kTh¨hpdHRTV�s¥mnk8dfVLsHo8g�dHm�h8k&z=V
dv¡�V�V�k²dfRTV�g
h8Ui}=h8kTV�kqdHb

A
opk@~
B
dHRlopk&dHRTV

mnkqdfV�sf��o�g�V
X
��o�kl~¤bfmnUimn�yopsH��`8�5dHRTV�sHVWmnb�kTh&hpdHRTV�s�m�kqdfVLsHo8g�dfmnh�k¤z=V�d ¡'V�V�k¤dHRTV�g�h�UW}=h�klV�k8d�b

B
o�kl~
C

V�VXW�Y>Z�[]\!^`_�a!b�c`d�e



)L� ��	 �?	�� � �  � ����� 	��5���

dfR@opkWdHRTV¥m�kqdfVLse��o8g
V
Y
�J� k�dfRTV¥}TsHh�}=hqbem�dfmnh�klb>z=V��nh0¡��8mªd�mybtbfRTh0¡+kidHRlo0dtdfRlV¥gLopkTh8kTmyg�op�T}lsfV��T©���o�g
dfh8sHb

hp�5dHRTmnb�dHRTsfVLV¥g
h8Ui}=h8kTV�kqd�be`cbedfV�U£g�opk�z=V¥g�h�UW}TjcdHVL~�sfVLg�jTs�bemn¬�V��n`���¡+mªdHRWdHRTVxbeh�± gLop�n��VE~�}TsHh�}lo��8o0dHm�h�k
sHjT��Vxopk@~idHRTV¥UWV�sH��V|sHjT�nV���Q)RlVLbfV|sHjT�nVLb�g�opk¨z=Vxg
h8U#zTm�klVL~Wdfh#V�©qdHV�kl~WdHRTV[g
h�UW}Tjcd�o0dHm�h8k�}TsHhcg
VE~cjTsHV
dfh¨opkq`�be`cbedfVLU/¡+m�dfR²o�dfsHV�V�beRlo�}=V��

A CB

B ′

A CYX B

¯Jmn��jTsHV����>wxmybvdHsfmnzTjcdHVL~&bf`abedfVLU
N = A×X

N B ×
Y
N C
�

 � À � À � � � � À ����� � � À � � # �c� � À � � � . ¼�� � ��
 N = A×X
N B×

Y
N C = A×X

N B
′ � �>�5�]� B′ = B×Y

N C
�

� � 
8�� � ��� � � 
��>� � ��
� 

A = A×X
N Π̂X

([

B ×Y
N Π̂Y (C)

])

A′ = A×X
N Π̂X (B′)

	�� ��
?� �N	J ` 5� �5�F	�
 � �-� 	��3���@� � 	��� ���F� �;��	�� 
 ���` 

Pref
Θ∗

A = ΠA

(

Pref Θ∗

A

)

Pref
Θ∗

A′ = ΠA

(

Pref Θ∗

A′

)

* � �5�
Pref

Θ∗

A = Pref
Θ∗

A′

�

� k.hpdHRTV�s#¡�h�s�~TbL�FdHRTV�bfjTUWU�opsH`³kTV
d�b#gLopk§z=V�g
h8UW}TjcdfVE~§sfVEg
jTs�bemn¬�V��n`8��¡+RTmng�R.}TsHh�¬amy~cVLb�o²¡'oE`³dfh
h�zTdHopmnk&dfRlV�g�o�kTh�kTmyg�o��F}TsHV
�T©���o�g
dfh8s|mnk

A
¡+mªdHR³beU�o����JbfgLop�nV�g�h�UW}Tjcd�o0dHm�h8klb#®�m�dxmyb¥jTkTkTVEg
VLbHbHopsH`¨dfh

Rlo�kl~c�nV
B′
°
�

 � ÀFÀ�� 9 YxklV#Rlo�b
UnfB′ = UnfB ×

Y
O UnfC

zq`.®F"q°��5¡+RTVLklg
V
ΠB (UnfB′) = UnfB ×

Y
O ΠY (UnfC)jlbfm�kl�²}lsfh8}=V�sfdfmnVLb�hp�+}lsfhpuvVLg
dfmnh�klb�h�k.jTkT�¹h8�y~cm�kT�qb����²¯lsHh�U r�sHh�}=hqbem�dfmnh�k �&h�klV¨Rlo�b
ΠY (UnfC) =

ΠY

(

UnfΠ̂Y (C)

) �'beh
ΠB (UnfB′) = UnfB ×

Y
O ΠY

(

UnfΠ̂Y (C)

)

= ΠB

(

UnfB ×
Y
O UnfΠ̂Y (C)

)

=

ΠB

(

UnfB×Y
N
Π̂Y (C)

) �¥Q)RTmyb¥sfVEbejT��dHb¥mnk
ΠX (UnfB′) = ΠX

(

UnfB×Y
N
Π̂Y (C)

) �|� kOhpdHRTV�sx¡�h�s�~TbL�TdHRTV
sHjTklb|h��

B′ = B ×Y
N C
opkl~²hp�

B ×Y
N Π̂Y (C)

o�sfV�mn~TV�k8dHmngLop����sHh�U·dfRTV#}=VLsHbf}=VLg
dfmn¬�V�h��>mnk8dfVLse��o8g
V
X
�

zTjcd�hp��g�h�jTs�bfV'dfRTV¥bfVLg�h�kl~ikTV�dtmyb>�8V�kTVLsHo����n`#bfUWo����nV�s>dHRlopkWdfRTV+�@sHbed�h8kTV|bfm�klg�V)dHRTV|}TsHm�¬po0dHV)}T�yo�g�VLb>h��
C
¬0o�kTmnbfR&mnk&dfRTV�g
h8klbvdHsHjlg�dfmnh8k�h��JdHRTV#bfjTUWU�opsH`�kTV�dL� /¥bxo�g�h�klbfV �qjTVLklg
V��lh�klV�Rlo8b

ΠA (UnfA) =

ΠA (UnfA′)
�T¡+RTmygHR&V�kqdHo�m��yb

Pref Θ∗

A
= Pref Θ∗

A
′

�
¤

 � À � À � � � � À ����� 	 ¼ � #=¼ � �
. ¼�� � � 

N = A ×X

N B ×
Y
N C

	��3�
B = Π̂X (A) ×X

N B ×
Y
N Π̂Y (C)

�
* � �5�

ΠB

(

Pref Θ∗

N

)

v Pref
Θ∗

B = ΠB

(

Pref Θ∗

B

) �

^ah�dfRTV[d ¡�hi�yo0dHV�s�op�5bejlUiU�o�sf`WkTV�dHb+opsHVxbfj�7¨g
mnV�kqd'dfhWg
h8UW}TjcdfVxdHRTV�gLopkTh8kTmngLop�=}TsHV
�T©���o�g
dfh�s)m�k�dHRTV
g
VLk8dHsHo��Fg
h�UW}=h�klV�k8dE�
 � ÀFÀ�� 9 YxkTV�g�o�k bfRTh�¡ dHRlo0d

ΠB (UnfN ) = ΠB (UnfB)
��sfh8U(r�sHh�}=h8bfm�dfmnh�k �Oo�b���h��n��h0¡|bL�OQ)RTV

bfjTUWUWo�sf`�kTV
d�b�sHVLg�V�mn¬�VL~imnk
B
h�k�m�dHbtm�kqdfV�sf��o�g�VLb

X
opkl~

Y
��mn¬�V+V�©co8g�dH��`#dfRTV¥mnkc��h�sHU�o0dfmnh�kWh��

A
opkl~

C
��sHVLbf}=VLg�dHm�¬�VL��`8�=dfRlopd[myb[kTVLg
VEbfbHopsH`�dfh

B
dHh�sfVEg
h0¬�V�sxmªd�b[z=V�Rlo�¬am�h8jTsHb¥mnk

N
��Q)RTmybxUWVLo�klb¥dfR@o0d

Nopk@~
B
Rlo�¬�V�my~cV�k8dHmyg�op�FsHjTklb'��sHh�U/dfRTV�}=h8m�kqd+h��J¬am�VL¡-h��

B
�

� A ( 5	F $ 313 6 845	04.1,-.1,:5	04< 24+;)�2 $ N $ 5 .1) W +	F 31< ) W F W ? )�3 = . W N�, @

=?> V@=�A



���������
	�����������
�������������������! )�O

S'`&bemnUWm��yo�sxopsH��jTUWVLk8dHb¥o8b|mnkOr�sHh�}=hqbem�dfmnh�k "T�=V�� �l�xo¨g�jcde± h �§V�¬�V�kqdxmnk
ΠB (UnfN )

U�oE`�hTg�g
jls
z=V���h�sHV>h�kTV>mnk

ΠB (UnfB)
��mªd�mybFV�¬amn~TV�k8dFdHRlo0d

ΠB

(

Pref Θ∗

N

) myb��Emnk���V�kTVLsHo��C�EbeU�o����nV�s�dfRlo�k
Pref Θ∗

B

�
¤

Q)RTV�UWhc~cjl�no�s¥g
h�k@bvdHsfjlg
dfmnh�k&hp��g�o�kTh�kTmyg�o��F}TsfV��T©���o�g
dfh8sHb|~cVEbfg�sfmnz=VL~&o�z=h�¬�V�h�kOopk²V��nV�UWV�kqdHo�sf`
bedHsfmnkT�.h���g
h8UW}@h8kTV�kqdHb¨V�©qdHV�kl~lb¨klopdfjTs�op�n�n` dHh kTV�dHb�Rlo�¬qmnkT�¦o§dfsHV�V³bfRlop}=V8��X�h�UW}Tjcd�o0dHm�h8klb�opsHV
h8sf�qopkTmybfVL~&o�b¥��h��n��h0¡|b��[Q)RTV#�lsHbed¥dHRTm�kl��mnb¥dfh�h�zcd�opmnk³bejTUWU�opsH`�kTV�dHb¥��sfh8U op�n��kTVLm��8Rqz=h�s�b¥opdxVLo8gHR
g�h�UW}=h�klV�k8d�b��x^ajTUWU�opsH`�kTV
d�bxopsHV��lsHbed[g
h�UW}TjTdfVL~ObedHo�sedHmnkT��o0d¥dfRTV���VEoE¬�VEb|hp�>dfRTVibvdHsfjlg
dfjTsHV��=o�kl~
}lsfh8��sHVLbfbfm�kT�§mnkq¡)ops�~Tb��+jlbfm�kT� dfRTV³}TsHh�}@op�8o0dHm�h8k�sHjT��V8� ^c}=VLg
m��@g�o��n��`8�|o0d�VEo�g�R¸g
h�UW}=h8kTV�kqdL�+¡+RTVLk
bfjTUWU�opsH`&kTV
d�b�opsHV�o�¬0o�m��yopzT�nV#h�k

n − 1
mnk8dHV�sf��o�g�VLbxh8jcd[h���dfRlV

n
hp��dHRTmnb�g
h�UW}=h8kTV�kqdL�5dfRTViUWV�sH��V

sHjT�nV²mnb�op}T}T�nmnVL~ ®�mC� V��
B
myb�sHV�}l�no8g
VL~ za`

B
o�b¨o�z=h�¬�V�°���dfRTVLk dfRTVO}TsHh�}lo��8o0dHm�h�k sHjT�nV²`qmnV��y~TbWdHRTV

bfjTUWU�opsH`¨kTV�d+dHh¨beVLkl~�h�k�dfRTV��yo�bed+zlsHo�klgHRF��Q)RTmnb|}TRlo�bfV[dHV�sHUWm�klopdfVEb)¡+RlV�k&VLo8gHR²g
h8Ui}=h8kTV�kqd|Rlo�b
sHVLg�V�mn¬�VL~#oxbfjTUWU�opsH`�kTV�dJ��sHh�U´VLo8gHR�hp�@mªd�bJkTV�mn��Raz=h�s�b���Q)RTVLk#dfRTV)UWV�sf�8V�hp�=op�n�qmnklg�h�UWm�kl�[bfjTUiU�o�sf`
klV
dHb�o0d#VLo�g�R.g�h�UW}=h�kTVLk8d�op�n��h0¡|b�dfh³g
h�UW}TjTdfV�dfRlV�g�o�kTh�kTmyg�o��>}lsfV
�l©³��o8g�dHh�s�hp�)dfRTmyb#g�h�UW}=h�klV�k8dE�
-¥hpdHV�dHRlo0dxo0dxop�n��bedfVL}lb+mnk&dfRTmyb¥g
h8UW}TjcdHopdfmnh�k²opsHV��nhcgLop��opkl~&~ch¨kThpd¥U�op¢�V�jlbfV�hp��opkq`�¢akTh�¡+�nVL~T��V
o�z=h�jcd)dHRTV����nh�z@op��bf`cbvdHV�U&�

� � ������������
�����

Q)Rlmnb�}lo�}=V�s�Rlo8b�}TsfVEbeVLk8dHVL~§o&kTh0¬�VL�top}T}lsfhqo�g�R³dfh³o�~l~csfVEbfb�dfRTV�g�h�klbedfsHjlg�dHmnh�k�h��'�lkTm�dfV�g
h�UW}T�nV
dHV
}lsfV��T©cVLb[h��'r.-£jTkc��h8�n~Tm�kT�qb��W� d#be}=VEg
myop�nmnbfVLbxdHh²~cmnbedHsfmnzTjcdHVL~�bf`cbvdHV�U�bL�FmC� V��Wr8-£V
©c}TsHVLbHbeVE~³o8b[klV
de±
¡'h�sH¢cb+hp��g
h8UW}=h�kTV�kqdHbL�=opkl~&}TsHh0¬qmy~cVEb)dfRlV�¯JX�r¸m�k²��o�g
dfh8sfmybeVE~���h�sHU&�ldfRlopd¥myb¥mªd[~cV�dfVLsfUWmnkTVLb|�lkTm�dfV
z=VLRlo�¬qmnh�jlsHb�hp�FVLo�g�R¨g�h�UW}=h�kTVLk8dtdfRlopdL�q}ljcd�dfh��8V
dHRTV�sE�qopsHV|bfj�7¨g
mnV�kqdtdHh#zTjTmn�n~�o�¯JX�r¦hp��dfRTVx���nh�zlo��
bf`cbedfV�U&�¥Z²h8sfVLh�¬�VLsL�cdHRTV�g�h�klbedfsHjlg
dfmnh�k²hp�>dfRTVEbeV���o8g�dfh8sHb|h���dHRTV�¯JX�r¸dHo�¢�VLb+dHRTV���h8sfU�h��>UWhc~cjl�no�s
g�h�UW}Tjcd�o0dHm�h8klb��c}=V�sf��h�sHUWVL~�o0d)dfRTV�bHg�o���V[hp��oibfm�kl���nV�g
h�UW}=h8kTV�k8dE��^a}=VEg
m��@g�o����n`��Tg
h8UW}=h�kTVLk8dHb+g
h�Ui±
U�jTkTmngLo0dHV#bejlUiU�o�sf`�kTV
d�b+dfh�dHRTV�mns¥kTV�mn��Raz=h�jTs�bL�cdfRlopd¥sHV�}TsHVLbfV�kqd+dfRTV#z=V�Rlo�¬am�h8jTs�b'dfRlopd|dHRTV�`&op�n�nh�¡
h8k�dfRTVLm�s|mnk8dfVLse��o8g
V�¡+m�dfR�dHRTmnb+klV�mn��Rqz=h8jTsL�

/|}T}@opsHV�k8dH��`8�pdHRTV|g�h�UW}Tjcd�o0dfmnh8kWbHgHRTVLUiV+sHV �qjTmnsHVLb>beVL¬�V�s�op�csfh8jTkl~Tb>hp�5jTkc��h��y~cmnkT��mnkWVLo8gHR�g
h8Ui}=h�±
klV�k8dE�0h�klV�¡+m�dHR�dHRTV'g
h�UW}=h8kTV�k8d�op�nh�kTV8��opklhpdfRlV�s�h8kTVt¡+mªdHR�dfRTV'g
h8UW}=h�kTV�kqdJg
h8jT}T�nVL~�dHh|dfRTV�sHVLg
VLm�¬�VE~
bfjTUWU�opsH`³kTV
dE��Q)RTVLbfV¨beVEg
h8kl~¤h8}=V�s�o0dHm�h8k�g�o�k§hp�+g
h8jTs�beVWz=V�klV
�Td���sHh�U dfRTV��ls�bvd#h�kTV8��¡+RTmng�R§sHV
±
~Tjlg
VEb|dfRTV�h�¬�VLsfRTVEo�~��+� k8dfVLsfVEbvdHm�kl���n`��@h8klg
V#bfjTUWU�opsH`�kTV�dHbxo�sfV#g
h8UW}TjcdfVE~��5bfh�UWV�UWhc~cV���± gHRTVEgH¢amnkT�
d�o�bf¢cb¥U�o�`&z=VLg�h�UWVibfm�UW}T�nV�sE��¯lh�s[V
©To�Ui}l��V�¡+RTVLk³h8kTVig
h�UW}=h8kTV�kqd[mnb[sHV�}T�yo�g
VE~²zq`Oo�kThpdHRTV�s+µvmnUi±
}l��VLUiVLk8d�o0dfmnh8kF� ¶�dfRTV�z=VLRloE¬amnh�jTs�b[hp�'dfRTV�kTVL¡ ¬�V�s�bfm�h8k¤m�k�dfRTV¨���nh�zlo��>be`cbedfVLU gLopk�z=V¨~cV
dHV�sHUWm�kTVE~
mnUWUWVL~cmyo0dHV��n`��'¡+m�dfRTh8jcd¨sfV�±BjTkc��h8�n~Tm�kT��dfRTV²�8��h8zlop�+bf`cbvdHV�U&� Q)RTmybW}=hqbfbfmnzTm��nm�d ` dfh§sHV
± jlbfV�}TsfVL¬am�h8jlb
g�h�UW}Tjcd�o0dHm�h8klb�op�¹dfVLs�o��nhcg�o��>be`cbedfVLU]jT}5~To0dHVWmyb�hp�)g
h8jTsHbfViV
©adfsHV�UWV��n`³~cVLbfm�s�opzl��V8�Fo�kl~³h8kTVWhp��dfRTV
UWh�dfmn¬0o0dHmnh�klb���h8s)dfRlmnb|o�}T}TsHh8o�g�RF�

/|��dfRlh�jT�8R&dfRTV�dHVLg�RTkTm(�qjTV#¡'o�b|VLbHbfV�k8dHmno����n`�~cVEbfg�sfmnz=VL~���h�sxo�}@opmns|h���g
h8Ui}=h8kTV�kqdHbL�lm�dxklopdfjTs�op�n��`
V�©adfV�k@~Tb�dHh�dHsfVLV
± beRlo�}=VL~�bf`abedHV�U�b��>Q)RTV�kTV
©ad+V �5h�sfdHb'h8k�dfRTmyb'dfRlV�UWV�¡+m��n�5��hcg
j@b'h8k¨dHRTV�g
h8klbfmn~cVLsHop±
dHmnh�k�hp�lh�dfRTVLs�o8~cV �qjlopdfV�h�s�~cV�s�bL�0opkl~�dfhxdfRTV+~cV�sHmn¬0o0dHm�h8k�hp�=o¥UWh�sHV'op}l}Tsfh8}TsHmno0dHVtkThpdHm�h8k#hp�=o�~cV��qjlo0dHV
h8sH~TV�sE��Q)RTV���V�klV�sHo��nm#!Eo0dfmnh�k¨dHhW��VLkTV�s�op�5kTV�dHb|o�b)mnk8dHV�sf��o�g�VLb)¡+mn����op�ybfhiz=V�V�©TopUWm�klVL~��

� ��������/�
�+��1��|" �+���J�

Z³opkq`¨dfRlo�kT¢cb'dHh��¥myg�dHh�s	��RTh8UWV�kT¢�hWo�kl~KM§op��dfVLs
�>h��8��VLs'��h�s+mnk8dHV�sHVLbedfmnkT��~cmybfg�jlbfbfmnh�klbL�

���+�0�)���+��'�+�

1%)�6�r>oph��nhKS)op�y~To�kF��^qdHV
��o�k �¥o8opsE�5opkl~�S)opsHzlo�sHo���8kTmn�l�[wxmybvdHsfmnzTjcdHVL~��|kc��h8�n~cmnkT��hp�trJV
dHsHmP-¥V
d�b��
� k � ����� 	 � �=�T}lo���VLbU)E��H��3)54>)��c����� Hl�

1 �J6��8VLo�kc± Z²myg�RTV��FX�h8jT¬asfVLjTsL�c^ �Lzlo�bedfmnV�k $ sfmn¬�V
dE�copkl~�wxV�kTmyb'r�h�m�dfsHV�klo�jl~����|kc��h8�n~cmnkT�ih���}TsHhc~cjlg
dHb
h���be`aUWUWV
dfsHmyg�op��r�V
dfsHmFkTV�dHbL�
��� � 
��������2��
 �! U��� � �����3�
 �����/���F�5� �`�
�=�p��I�<�%)E��)��3)54?"T�c����� )8�

V�VXW�Y>Z�[]\!^`_�a!b�c`d�e



�p� ��	 �?	�� � �  � ����� 	��5���

1 "�6���hch8bedN9�kT�8V����¹sHmnV
dE� S'sHo�klgHRlm�kT��r�sfhTg
VLbHbfVLb�hp�[rJV
dHsfm -|V�dHbL� ��� 
 	 �!�A�������*	�
�� �`	0�|�p��� <�I�< ��<�O�)��
)AO?O )��P-|VL¡|be�nV
dfdfV�sH� kc��h �0"��l��48�T�

1 4 6��8o�¬am�VLs 9tbf}lo�s !Eo�o�kl~¨^adfV
��o�k�{+h8UiVLsL�C/|k¨jlkc��h��y~cmnkT��op�n��h8sfm�dfRTU���h8s�bf`aklgHRlsfh8kTh�jlb�}TsfhT~cjlg�d�b�h��
dfs�opklbfm�dfmnh�k²bf`abedfVLU�b��'� k ���2
 �����3	�
 �F��� 	�� � ���A���5���5� � � ��� � ��� �5���!���5� � � * �>� �����0�5¬�h��njTUWV�)�H H 4
hp� � � � �@�T}lop�8VLb|� �c���T� )AO O?OT�

1 <�6��8o�¬am�VLs�9�be}lo�s !EoT�|^qdfV���opk¸{	�UWV�sE�+opk@~ M§op��dfVLs �>h��8��VLsL� /¥k � UW}TsHh0¬�V�UWV�kqd¨h���ZOg�Z²mn���yo�k*� b
�|kc��h8�n~Tm�kT� /|�n��h8sfm�dHRTU&��� k;� �����*	�� �*� 
?� �A�� ���  ��J �
 � �2 � �� !� ���@�l}lop�8VLb+���?< ��" )��T�T�p���q�c�

1 H�6 9|��¯lopzlsfV8�x¯lo8g�dfh8sfm"!Lopdfmnh�k²hp� �¥kc��h��y~cmnkT�8b¥��h�s[wxmybvdHsfmnzTjcdHVL~³Q)mn��VW^a`cbedfV�U�bL�=r>opsfd2)��|{+VE~cjlg�VL~
� k8dHV�s�o�g�dHm�h8k²X'o�bfV��>Q�VLg�RTkTmyg�o��F{+V�}=h8sed )J<�� OT�q�v{|�e^�/��@/|}TsHm�������� "l�

1=IJ6 9|��¯lo�zTsfV8�i¯lo�g
dfh8sfm"!Lopdfmnh�k³hp� �¥kc��h��y~cmnkT�8b[��h8s�wxmnbedfsHm�zljcdfVE~�Q)mn��V¨^a`cbedfV�U�bL�Fr�o�sed#�$� $ V�klV�s�op�
X'o�bfV��>Q�VLg�RTkTmyg�op�F{|V�}=h�sfd )AH8� Hl�q�v{+�e^�/#�lZOo�`�������4@�

1 ��6 9|�=¯@opzTsHV��¥Yxk&dfRlViX�h8klbedfsHjlg�dHm�h8k&hp�>r�jl���nzlo�g�¢cb+��h8s[^co0��V#rJV
dHsHm -|V
d�b��+� k � � �:�3� � �`	�
��F���> *	�� �
* � � �����Q� �N�T��
 �!� �2��
� 	�� � ��
?� �5�����A�?���  B�]� � ��� �5���!���5� � � � � * � ��� � � � * ��� � � � �.���>�%	��3� � �
��jlkTV��p�8� Hl�

1 O�6 9|�=¯@opzlsfV8�@/�� S�VLkq¬�VLkTmnbedfV8�5^5� �¥o8opsE�@opkl~³Xx�=�qops�~��)wxmybvdHsfmnzTjcdHVL~OZ²h8kTmªdHh�sHm�kl��hp��X�h8klg
jTsHsHV�k8d
opkl~ /¥bf`qk@gHRTsHh�kTh8jlb�^a`cbedfVLUWbL���������!�3	��:� ��� �  ����� 
 �
	�E��5�2
�� �J �
 � �2 �  � ���5�F	��:�  ` !�>���>}lo���VLb
" "��a��4l�cZOoE`��p�8�?<c�

1%)L��6 � ��RTh�UWV�kl¢�hl� ���A� �5� � � ��� � �������;	J 5�`� ��� � � 
 �!�
� � 
���A�����
�������D�:���F� ���� ��¦r�Rlw dHRTVLbfmnbL�
�|kTmn¬�V�s�bfmªdv`¨h��P-|V�¡)g�o�bedf�nV�jT}=h8k&Qt`akTV��@�p�8�8�T�

1%) )�6 �¥myg�dHh�s	��RTh�UWV�kT¢�h@�TZOo�g�m�Veu �¥h�jTdfkq`8�lopkl~BM�o��ªdHV�s	�>h��8��VLsL�tX'o�kTh�klmngLop��r�sHV
�T©cVLb+hp��rJV
dHsfm�-|V�d
�|kc��h8�n~Tm�kT�qb������ 
 	 ���A�������*	�
�� �`	 �� ��� ���� ' � � � ����`��� ! �T}lo���VLb O?< � ) )L�T�TY[g
dfh8z=V�s|����� "l�

1%)E�J6 �W�  ��qZOgLZ²mn���yopkF� � ����� ��� � � ���A�?��� � � ��� � �����:�U	�� 	����3����	����-
 �4
?� �  �
 	�
 � �����3�%�J !�F�����3�����5�
� ���
r�Rlw´dHRTVLbfmnbL�C)AO Oq�c�

1%)A"�6 �W�* t��ZOgLZ²m��n�yopkF� �xbemnkT�²jTkc��h��y~cmnkT�8b�dHh²o�¬�h�my~³dfRTV�bvd�o0dfV�V
©c}T�nhqbemnh�k¤}lsfh8zT��VLU m�k�dHRTV�¬�VLsfm��T±
g�opdfmnh�kOh���o�bf`aklgHRTsHh�klh�jlb¥g�m�s�g
jTm�dHbL��� kQ�:�]� � � ���2
 ���!� 	�
 �F���3	����N��� �  *�>� � ��� � �����3�
 ��� �;�F� �`�
 ���!� � � 	�
��F���@�l}lop��VEb )�H�4�� )JI�Ia�c��jT�n`�)AO Oq�c�

1%)54�6�Z.� -|mnV��ybfV�kF� $ �Fr��nhpdH¢qmnkF�Jopkl~ $ �CM m�k@be¢�VL�C��r�V
dHsfm.-¥V
d�b���9�¬�VLk8d�^adfsHjlg�dHjTsfVEb�opk@~�w¥h8U�opmnklb��
r�o�sed+��� * �>� ��� � � �����3�
 �5��� �5�F��� � ���C)�"l®])E° � ��< �3)����T�c�8o�kqjlopsH`�)AO8���l�

1%)�<J6 $ ��`akTkGM mnklbf¢�V��B�B/ -|VL¡£wxV
�lkTm�dHm�h8k.hp�+ZOh�sH}TRTmybeU h8k§rJV�dfsHm8-|V�dHbL��� k � *:� � ��� � ' � �:��� �� �`� �������� �]� 
?� ��� ����� �� `���� �]� * � �`����� 
�� �`	��I�  � ��� 
F U�]� � ����� �
 �5��� �5�F�5� �`�
�c}lop�8VLb )A48��� )�<0�T�
 Fh8kl~ch�kF� ���W�C)AO�� 4l�T^a}TsHm�kT�8V�sf± �>VLsf�yop�l�

1%)AH�6 $ ��`akTk M m�klbf¢�V��B�§X'o0dfVL��h8sfmnVLb�hp�|UWhc~cVL�nb���h�sig
h8klg
jTsHsHV�klg�`��²� k � � �2��� 	��B��� � ��� �5���!����� ��� �
� 	��!�3� � �F� � ���5���
���  �>��E����` !��
 ���l}lo���VLb|��4?H��c��H�Ia�  Fh8kl~ch8kF� ���W�C)AO8�?<c�T^a}TsHm�kl��V�sf± �>V�sH�nop�l�

=?> V@=�A



Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)

Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)���������	�
�������� ������� ��� ���

ISSN 0249-6399


	Introduction
	Nets and unfoldings
	Petri Nets 
	Branching processes
	Finite and complete prefixes

	Distributed systems
	Compound system
	Factorisation of unfoldings

	Modular canonical prefixes
	Extended canonical prefixes
	Summary nets
	Modular canonical prefix construction
	Tree shaped systems

	Conclusions

