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! !"#$%&$'($)((%$*+&,-,./.0#1
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5("3#+#6+1')/+%#
7'()7'2*/8'9#/*#&"')%:*#

3+**'(4#



()"*&*$+$#,-./0"),

! 20$.3$-$/&4.56$-$/-)47-4($0"-0$3*(-83$-,&70$/.8(/."&&%$&9$
(:()03;

! !($5-)$30-+0$'.0"$-$7).:(+3($&9$-0&<.5$(:()03=$0".)43$0"-0$
5&7/%$"-**()$&+$'-#3$0"-0$0"($'&+/%$5&7/%$,($

! >"()?$-$*+&,-,./.0#$%.30+.,70.&)$.3$-$97)50.&)$0"-0$<-*3$
(:()03$.)0&$-$+-)4($,(0'(()$@(+&$-)%$&)(=$A=$(:()03! BC?$DE



()"*&*$+$#,-./0"),-12$"34

! AF>+7(G$H$D$H$AFIG$

>"($*+&,-,./.0#$&9$>+7($.3$&)(;$20$.3$0"($*+&,-,./.0#$&9$0"($
7).:(+3(?$0"($*+&,-,./.0#$0"-0$3&<(0".)4$.)$0".3$+(-/<$&9$
%.35733.&)$0"-0$'($"-:($-:-./-,/($0&$73($.3$&)(;$

! AFJ-/3(G$H$C$H$AF)7//G

>"($*+&,-,./.0#$&9$J-/3($.3$C;$2)$0(+<3$&9$-0&<.5$(:()03?$J-/3($
.3$0"($(<*0#$3(0;$



()"*&*$+$#,-./0"),-12$"34

P(A ! B ) = P(A) + P(B ) " P(A # B )
<latexit sha1_base64="M3ip7FuHtyCuscpEtLT+OcSRzFU=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsEcuMFR8LodaNywr2AZ2hZNJMG5p5kGSEMvQT3Pgrblwo4talO//GzHQQtR4IOfece0nucUJGhTSMTy03N7+wuJRfLqysrq1v6JtbLRFEHJMmDljAOw4ShFGfNCWVjHRCTpDnMNJ2RleJ374jXNDAv5XjkNgeGvjUpRhJJfX0/Ubp0sJRCOtleAFVUYYH6lLVYVJBC6PU6+lFo2KkgLPEzEgRZGj09A+rH+DII77EDAnRNY1Q2jHikmJGJgUrEiREeIQGpKuojzwi7DhdaAL3lNKHbsDV8SVM1Z8TMfKEGHuO6vSQHIq/XiL+53Uj6Z7ZMfXDSBIfTx9yIwZlAJN0YJ9ygiUbK4Iwp+qvEA8RR1iqDAtpCOcJTr5XniWto4pZrVRvjou1ehZHHuyAXVACJjgFNXANGqAJMLgHj+AZvGgP2pP2qr1NW3NaNrMNfkF7/wK8FZd+</latexit>



()"*&*$+$#,-./0"),-12$"34

P(A ! B ) = P(A) + P(B ) " P(A # B )
<latexit sha1_base64="M3ip7FuHtyCuscpEtLT+OcSRzFU=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsEcuMFR8LodaNywr2AZ2hZNJMG5p5kGSEMvQT3Pgrblwo4talO//GzHQQtR4IOfece0nucUJGhTSMTy03N7+wuJRfLqysrq1v6JtbLRFEHJMmDljAOw4ShFGfNCWVjHRCTpDnMNJ2RleJ374jXNDAv5XjkNgeGvjUpRhJJfX0/Ubp0sJRCOtleAFVUYYH6lLVYVJBC6PU6+lFo2KkgLPEzEgRZGj09A+rH+DII77EDAnRNY1Q2jHikmJGJgUrEiREeIQGpKuojzwi7DhdaAL3lNKHbsDV8SVM1Z8TMfKEGHuO6vSQHIq/XiL+53Uj6Z7ZMfXDSBIfTx9yIwZlAJN0YJ9ygiUbK4Iwp+qvEA8RR1iqDAtpCOcJTr5XniWto4pZrVRvjou1ehZHHuyAXVACJjgFNXANGqAJMLgHj+AZvGgP2pP2qr1NW3NaNrMNfkF7/wK8FZd+</latexit>



5&'6"3-7&)$&*+04

! K$+-)%&<$:-+.-,/(=$.0$5-)$,($5&)3.%(+(%$-3$-$<-**.)4$9+&<$
-$%.35+(0($%&<-.)$0&$-$+-)4($9+&<$C$0&$D;$

! 20$37<3$0&$D$&:(+$0"($%&<-.)$

! LM-<*/($NO=$N-.).)4
! ;"3+/%<#!($'#=#5+.)'
! >+/%/%?#@!($'A#B#CDE



! N-.).)4$F>+7(G$H$C;P

! AFN-.).)4$H$>+7(G$H$C;P

! AFN-.).)4$H$J-/3(G$H$1

5&'6"3-7&)$&*+04



! N-.).)4$F>+7(G$H$C;P

! AFN-.).)4$H$>+7(G$H$C;P

! AFN-.).)4$H$J-/3(G$H$!"#

5&'6"3-7&)$&*+04





!8+#$9+0-5&'6"3-7&)$&*+04
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!8+#$9+0-5&'6"3-7&)$&*+04
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AF>+730.)4G$H$C;Q
AFR&0$>+730.)4G$H$C;Q$



!8+#$9+0-5&'6"3-7&)$&*+04

AFR&0$.)0(+:()(G$H$1$
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*&#'()'&'
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!"#$
#(,-#%&.
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!8+#$9+0-5&'6"3-7&)$&*+04

AFR&0$.)0(+:()(G$H$C;S$

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

*&#'()'&'

+(,-#%&. 0.4 0.1

!"#$
#(,-#%&.
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:"'6$#$"'&+-()"*&*$+$#,

! A$F$K$T$UG1$



:"'6$#$"'&+-()"*&*$+$#,

P(A|B ) =
P(A ! B )

P(B )
<latexit sha1_base64="YPt3r0Kmorj1p5LYVCplxeGbqxQ=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpsxY8bEQat24rGAf0BlKJs20oZkHSUYoYz/Ajb/ixoUibv0Ad/6NmWkRtR5IODn3XG7ucSPOpDLNT2NufmFxaTm3kl9dW9/YLGxtN2UYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV6m9dYtFZKFwY0aRdTxcT9gHiNYaalbKNZLF+gO1Q7QObI9gUmSCjbBkdbG+qFv7TLLZgY0S6wpKcIU9W7hw+6FJPZpoAjHUnYsM1JOgoVihNNx3o4ljTAZ4j7taBpgn0onyZYZo32t9JAXCn0ChTL1Z0eCfSlHvqudPlYD+beWiv/VOrHyTp2EBVGsaEAmg7yYIxWiNBnUY4ISxUeaYCKY/isiA6wjUTq/fBbCWYrj75VnSfOwbFXKleujYrU2jSMHu7AHJbDgBKpwBXVoAIF7eIRneDEejCfj1XibWOeMac8O/ILx/gWkf5hc</latexit>

We only consider the part of the world, where B is True. 



:"'6$#$"'&+-()"*&*$+$#,

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

*&#'()'&'

+(,-#%&. 0.4 0.1

!"#$
#(,-#%&.

0.2 0.3

P(Not-Intervene|Trusting) =
0.4
0.5

= 0 .8
<latexit sha1_base64="7yI2+Kwbmg8OIW/MNMOu2ZNhUgM="></latexit>



:"'6$#$"'&+-()"*&*$+$#,

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

*&#'()'&'

+(,-#%&. 0.4 0.1

!"#$
#(,-#%&.

0.2 0.3

P(Not-Intervene|Trusting) =
0.4
0.5

= 0 .8
<latexit sha1_base64="7yI2+Kwbmg8OIW/MNMOu2ZNhUgM="></latexit>



("4#0)$")-9)"*&*$+$#,-

P(A|B ) =
P(B |A)P(A)

P(B )
<latexit sha1_base64="Tq2nQQxJiBjk/A6kBM0ZO7D2xRQ=">AAACC3icbVDLSgMxFM34rPU16tJNaBHaTZla8bEQ2rpxOYJ9QFtKJs20oZnMkGSEMu3ejb/ixoUibv0Bd/6Nmekgaj1w4eSce8m9xwkYlcqyPo2l5ZXVtfXMRnZza3tn19zbb0o/FJg0sM980XaQJIxy0lBUMdIOBEGew0jLGV/FfuuOCEl9fqsmAel5aMipSzFSWuqbObtQm9aL8BJ2XYFwZBfq01oR2rBQK87iV3HWN/NWyUoAF0k5JXmQwu6bH92Bj0OPcIUZkrJTtgLVi5BQFDMyy3ZDSQKEx2hIOppy5BHZi5JbZvBIKwPo+kIXVzBRf05EyJNy4jm600NqJP96sfif1wmVe96LKA9CRTief+SGDCofxsHAARUEKzbRBGFB9a4Qj5DOROn4skkIFzFOv09eJM3jUrlSqtyc5Kv1NI4MOAQ5UABlcAaq4BrYoAEwuAeP4Bm8GA/Gk/FqvM1bl4x05gD8gvH+Bc4Kl+A=</latexit>

P (State|Observation) =
P(Observation|State)P(State)

P(Observation)
<latexit sha1_base64="oM8KNXtT0V4OnVzaCxa1MwIlTK0="></latexit>



("4#0)$")-9)"*&*$+$#,-

P(A) = P(A|B )P(B ) + P(A| ! B )P(! B )
<latexit sha1_base64="p0MbLB96y7QB3cB+JkVhOphARjk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVoEcuMFR8LodaNyxHsA9qhZNJMG5p5kGSEMnbrxl9x40IRt/6BO//GzHQQtR5I7rnn3ktyjxMyKqRhfGq5ufmFxaX8cmFldW19Q9/caoog4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWM7pM6q1bwgUN/Bs5DontoYFPXYqRVFJPh1bpogzPk3BXL1ulehnup8lBkqmrpxeNipECzhIzI0WQwerpH91+gCOP+BIzJETHNEJpx4hLihmZFLqRICHCIzQgHUV95BFhx+kmE7inlD50A66OL2Gq/pyIkSfE2HNUp4fkUPytJeJ/tU4k3VM7pn4YSeLj6UNuxKAMYGIL7FNOsGRjRRDmVP0V4iHiCEtlXiE14SzB8ffKs6R5WDGrler1UbFWz+zIgx2wC0rABCegBq6ABRoAg3vwCJ7Bi/agPWmv2tu0NadlM9vgF7T3L4oClUw=</latexit>

P (A) = P(A ! B ) + P(A ! " B )
<latexit sha1_base64="wC65kHj6FFn7ka6+StllpDf/3KM=">AAACCnicbVDLSgMxFM34rPU16tJNtAgtYpmx4mMh1LpxWcE+oB1KJk3b0ExmSDJCGbp246+4caGIW7/AnX9jZjr4qgdCTs65l5t73IBRqSzrw5iZnZtfWMwsZZdXVtfWzY3NuvRDgUkN+8wXTRdJwignNUUVI81AEOS5jDTc4WXsN26JkNTnN2oUEMdDfU57FCOlpY65U81fFOA51BdsYxTASgHuf78OKoWOmbOKVgI4TeyU5ECKasd8b3d9HHqEK8yQlC3bCpQTIaEoZmScbYeSBAgPUZ+0NOXII9KJklXGcE8rXdjzhT5cwUT92REhT8qR5+pKD6mB/OvF4n9eK1S9UyeiPAgV4XgyqBcyqHwY5wK7VBCs2EgThAXVf4V4gATCSqeXTUI4i3H8tfI0qR8W7VKxdH2UK1fSODJgG+yCPLDBCSiDK1AFNYDBHXgAT+DZuDcejRfjdVI6Y6Q9W+AXjLdPzQGWCw==</latexit>



("4#0)$")-9)"*&*$+$#,-

P(T rusting |Intervene ) =
P(Intervene |T rusting )P(T rusting )

P(Intervene )
<latexit sha1_base64="pNQizQeDSGkxNI6wEHXI8PONJxM="></latexit>
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("4#0)$")-9)"*&*$+$#,-

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

*&#'()'&'

+(,-#%&. 0.4 0.1

!"#$
#(,-#%&.

0.2 0.3

P(T rusting |Intervene ) =
0.2 ! 0.5

0.4
= 0 .25

<latexit sha1_base64="5Fs9zcHEwyeHzCfTjt/BIbR9X3k="></latexit>



:"33"'-50&4"'$';-

! V0-+0$'.0"$-$*+.&+$-,&70$'"(0"(+$"7<-)$.3$0+730.)4$&+$)&0$

! W,3(+:($(:.%()5(?$(;4;?$"7<-)$.)0(+:().)4

! I*%-0($,(/.(9$&)$"7<-)$0+730



:"398#$';-7&+804

! X&'$5-)$'($5&<*70($AF2)0(+:()($T$>+730.)4G1$



:"398#$';-7&+804

! X&'$5-)$'($5&<*70($AF2)0(+:()($T$>+730.)4G1

! K38$*(&*/($-,&70$0"(.+$0+730$.)$0"($+&,&0$0"()$(M-<.)($0"(.+$
,("-:.&+$;

! Y(-+).)4$5&)%.0.&)-/$*+&,-,./.0.(3$'.0"$5-73-/$30+7507+($.3$
(-3.(+;$



<0&)'$';-:&84&+-=#)8>#8)04

! !($/(0$+7)).)4$-$73(+$307%#$'.0"$4+-%7-0($307%()03

! !($0"()$+7)$-$3(5&)%$307%#$'.0"$-$%.99(+()0$-4($4+&7*

! !.//$AF0+730.)4$T$.)0(+:()(G$,($0"($3-<(1$



<0&)'$';-:&84&+-=#)8>#8)04

! !($/(0$+7)).)4$-$73(+$307%#$'.0"$4+-%7-0($307%()03

! !($0"()$+7)$-$3(5&)%$307%#$'.0"$-$%.99(+()0$-4($4+&7*

! !.//$AF0+730.)4$T$.)0(+:()(G$,($0"($3-<(1$

! !.//$AF0+730.)4G$,($0"($3-<(1$



<0&)'$';-:&84&+-=#)8>#8)04

! !($/(0$+7)).)4$-$73(+$307%#$'.0"$4+-%7-0($307%()03

! !($0"()$+7)$-$3(5&)%$307%#$'.0"$-$%.99(+()0$-4($4+&7*

! !.//$AF0+730.)4$T$.)0(+:()(G$,($0"($3-<(1$

! !.//$AF0+730.)4G$,($0"($3-<(1$

! AF.)0(+:()($T$0+730.)4G$%&(3$)&0$%(*()%$&)$0"($*+.&+$0+730$.)$
0"($+&,&0Z$



?'6090'60'#-@%0'#4

! [)&'.)4$0"-0$U$.3$0+7($%&(3)\0$4.:($73$-)#$<&+($
.)9&+<-0.&)$-,&70$K;$

P(A|B ) = P(A)

P(B |A) = P(B )
<latexit sha1_base64="wBMiWle/PrctnUv5MUHfYtWyyzM=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAI7aakVrwshLZuXEawF2hCmUwn7dDJJMxMhJJ26cZXceNCEbc+gjvfxmkbRK0/DHz85xzOnN+LGJXKsj6NhcWl5ZXVzFp2fWNza9vc2W3IMBaY1HHIQtHykCSMclJXVDHSigRBgcdI0xtcTerNOyIkDfmtGkbEDVCPU59ipLTVMQ/sfHVUK8BLqKEAHQdm7XxtVJ05tULHzFlFayo4D6UUciCV3TE/nG6I44BwhRmSsl2yIuUmSCiKGRlnnViSCOEB6pG2Ro4CIt1kesgYHmmnC/1Q6McVnLo/JxIUSDkMPN0ZINWXf2sT879aO1b+uZtQHsWKcDxb5McMqhBOUoFdKghWbKgBYUH1XyHuI4Gw0tllpyFcTHT6ffI8NI6LpXKxfHOSq9TSODJgHxyCPCiBM1AB18AGdYDBPXgEz+DFeDCejFfjbda6YKQze+CXjPcvI82VGQ==</latexit>



?'6090'60'#-@%0'#4

! K+($0(<*(+-07+($-)%$0.<($&9$0"($%-#$.)%(*()%()01$

! K+($0"($(:()03$].)0(+:()(^$-)%$]0+730.)4^$.)%(*()%()01$



?'6090'60'#-@%0'#4

! K+($0(<*(+-07+($-)%$0.<($&9$0"($%-#$.)%(*()%()01$

! K+($0"($(:()03$].)0(+:()(^$-)%$]0+730.)4^$.)%(*()%()01

! !"-0$-,&70$].)0(+:()(^$-)%$]3-%^1$$



!"#$%&'()*+,-&./%)*+$'"0$'/
1/'#)+20/')3$+/4&"5-6

! !($'-)0$0"($3.<*/(30$<&%(/$0"-0$(M*/-.)3$0"($&,3(+:-0.&)3



:"'6$#$"'&+-?'6090'60'>0

! K$-)%$U$-+($5&)%.0.&)-//#$.)%(*()%()0$4.:()$_?$.990"($
*+&,-,./.0#$&9$K$4.:()$U$-)%$_$.3$(`7-/$0&$0"($*+&,-,./.0#$&9$
K$4.:()$_=$

P(A|B, C ) = P(A|C)
<latexit sha1_base64="pLBghGw4FQhXemyH897hZ+rlsTo=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1iEFqQkVrwshNpuXFawF2hDmUwn7dDJJMxMlNL2Udy4UMStT+LOt3GSBlHrDwMf/zmHc+Z3Q0alsqxPY2l5ZXVtPbOR3dza3tk1c3tNGUQCkwYOWCDaLpKEUU4aiipG2qEgyHcZabmjWlxv3RMhacDv1Dgkjo8GnHoUI6WtnpmrF66n1eNaEV7BGGvFnpm3SlYiuAh2CnmQqt4zP7r9AEc+4QozJGXHtkLlTJBQFDMyy3YjSUKER2hAOho58ol0JsnpM3iknT70AqEfVzBxf05MkC/l2Hd1p4/UUP6txeZ/tU6kvAtnQnkYKcLxfJEXMagCGOcA+1QQrNhYA8KC6lshHiKBsNJpZZMQLmOdfX95EZonJbtcKt+e5ivVNI4MOACHoABscA4q4AbUQQNg8AAewTN4MabGk/FqvM1bl4x0Zh/8kvH+BYbVkbk=</latexit>



:"'6$#$"'&+-?'6090'60'>0

! Y(-+).)4$-,&70$&)(\3$3-%)(33$%&(3$)&0$3-#$<75"$-,&70$
'"(0"(+$0"(#$'.//$.)0(+:()(

P(intervene |trusting, sad ) = P(intervene |trusting )
<latexit sha1_base64="CpLF/h8a8gF06dUjvGsZVsLUVNA=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBASkLBrxMdBCHrxGME8IAlhdtJJhszOLjO9gRDzHV78FS8eFPEmXvwbN8kialLQUFR1093lBlIYtO0va2FxaXllNbGWXN/Y3NpO7eyWjR9qDiXuS19XXWZACgUlFCihGmhgniuh4vaux36lD9oIX93hIICGxzpKtAVnGEnNlFPMCIWg+6DgHnVoUKjOkWGtLL2k87xsM5W2c/YEdJY4MUmTGMVm6qPe8nnogUIumTE1xw6wMWQaBZcwStZDAwHjPdaBWkQV88A0hpPXRvQwUlq07euoFNKJ+ntiyDxjBp4bdXoMu+a/NxbnebUQ2+eNoVBBiKD4dFE7lBR9Os6JtoQGjnIQEca1iG6lvMs041EgJjkJ4WKM05+XZ0n5OOfkc/nbk3ThKo4jQfbJAckQh5yRArkhRVIinDyQJ/JCXq1H69l6s96nrQtWPLNH/sD6/Abe5KGH</latexit>



=#&#0

! K$!"#"$5-*07+(3$-//$0"($.)9&+<-0.&)$0"-0$0"($+&,&0$)((%3$&$
<-8($%(5.3.&)3;$20$<-#$5"-)4($&:(+$0.<($375"$-3$.03$
/&5-0.&);$

! LM-<*/(=$'"-0$.3$0"($30-0($&9$-)$&,a(50$%+&**.)41$



=#&#0-$'-A83&'B5"*"#-?'#0)&>#$"'

! LM-<*/(=$V-#$0"-0$,(9&+($4&.)4$9&+$0"($4/-33?$0"($+&,&0$4&(3$
9&+$0"($5-)$0"($"7<-)$.)0(+:()(3;$!&7/%$0".3$*+&:.%($73$
'.0"$.)9&+<-0.&)$-,&70$'"(0"(+$0"($*(+3&)$'.//$.)0(+:()($
'"()$0"($+&,&0$4&(3$9&+$0"($$4/-331$

! !"-0$.9$'($5-)$<(-37+($0"(.+$0+730$+.4"0$,(9&+($0"($+&,&0$
4&(3$9&+$0"($4/-331$



!8+#$9+0-C*40)%&#$"'4-

! >"($+&,&0$-00(<*03$0&$*.58$7*$0"($5-)?$0"()$0"($4/-33?$0"($
*(+3&)$.)0(+:()(3$0'.5(;$

! X&'$5-)$'($5&<*70($

P (trusting|Ic, Ig) =
P (Ic, Ig|trusting)P (trusting)

P (Ic, Ig)
<latexit sha1_base64="HIgp8otjaK7rjQB3Zz/6HfRFD3w="></latexit>

P (I c, I g|trusting )?
<latexit sha1_base64="wIR277EVxK805nXDTFbexqrer4k=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaLUEFKYsXHyqIbu6tgH9CWMJlO0qGTSZi5EUrsxl9x40IRt36GO//GtA2i1gMXDufcy733OKHgGkzz08jMzS8sLmWXcyura+sb+c2thg4iRVmdBiJQLYdoJrhkdeAgWCtUjPiOYE1ncDX2m3dMaR7IWxiGrOsTT3KXUwKJZOd3asWqTQ9x1fbwPQYVaeDSO7iw8wWzZE6AZ4mVkgJKUbPzH51eQCOfSaCCaN22zBC6MVHAqWCjXCfSLCR0QDzWTqgkPtPdePLACO8nSg+7gUpKAp6oPydi4ms99J2k0yfQ13+9sfif147APevGXIYRMEmni9xIYAjwOA3c44pREMOEEKp4ciumfaIIhSSz3CSE8zFOvl+eJY2jklUulW+OC5XLNI4s2kV7qIgsdIoq6BrVUB1RNEKP6Bm9GA/Gk/FqvE1bM0Y6s41+wXj/Ap5ilUo=</latexit>



!8+#$9+0-C*40)%&#$"'4-

! >"($+&,&0$-00(<*03$0&$*.58$7*$0"($5-)?$0"()$0"($4/-33?$0"($
*(+3&)$.)0(+:()(3$0'.5(;$

! X&'$5-)$'($5&<*70($

P (trusting|Ic, Ig) =
P (Ic, Ig|trusting)P (trusting)

P (Ic, Ig)
<latexit sha1_base64="HIgp8otjaK7rjQB3Zz/6HfRFD3w="></latexit>

P (I c, I g|trusting )?
<latexit sha1_base64="wIR277EVxK805nXDTFbexqrer4k=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaLUEFKYsXHyqIbu6tgH9CWMJlO0qGTSZi5EUrsxl9x40IRt36GO//GtA2i1gMXDufcy733OKHgGkzz08jMzS8sLmWXcyura+sb+c2thg4iRVmdBiJQLYdoJrhkdeAgWCtUjPiOYE1ncDX2m3dMaR7IWxiGrOsTT3KXUwKJZOd3asWqTQ9x1fbwPQYVaeDSO7iw8wWzZE6AZ4mVkgJKUbPzH51eQCOfSaCCaN22zBC6MVHAqWCjXCfSLCR0QDzWTqgkPtPdePLACO8nSg+7gUpKAp6oPydi4ms99J2k0yfQ13+9sfif147APevGXIYRMEmni9xIYAjwOA3c44pREMOEEKp4ciumfaIIhSSz3CSE8zFOvl+eJY2jklUulW+OC5XLNI4s2kV7qIgsdIoq6BrVUB1RNEKP6Bm9GA/Gk/FqvE1bM0Y6s41+wXj/Ap5ilUo=</latexit>

P (I c, I g|trusting ) = P(I c|trusting )P(I g|trusting )
<latexit sha1_base64="HOTToa7WgetYIZb6DAsEtvUppng=">AAACJnicbVDLSsNAFJ3UV62vqks3g0WoICW14mNRKLqxuwr2AW0Ik+m0HTqZhJkbocR+jRt/xY2Liog7P8UkLWKtBwYO55zLnXscX3ANpvlppJaWV1bX0uuZjc2t7Z3s7l5De4GirE494amWQzQTXLI6cBCs5StGXEewpjO8if3mA1Oae/IeRj6zXNKXvMcpgUiys+VavmrTE1y1+/gRgwo0cNk/xriME2dOjJW5mJ3NmQUzAV4kxRnJoRlqdnbS6Xo0cJkEKojW7aLpgxUSBZwKNs50As18Qoekz9oRlcRl2gqTM8f4KFK6uOep6EnAifp7IiSu1iPXiZIugYH+68Xif147gN6lFXLpB8AknS7qBQKDh+POcJcrRkGMIkKo4tFfMR0QRShEzWaSEq5inP+cvEgap4ViqVC6O8tVrmd1pNEBOkR5VEQXqIJuUQ3VEUVP6AVN0JvxbLwa78bHNJoyZjP7aA7G1zfF6qMY</latexit>
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D&,04$&'-E0#F")G4

! L-5"$%&'$(5&++(3*&)%3$0&$-$+-)%&<$:-+.-,/(?$'".5"$.3$(.0"(+$
%.35+(0($&+$5&)0.)7&73;

! b.+(50(%$/.)83$5&))(50$*-.+3$&9$)&%(36$c$! d$<(-)3$c$.3$-$
*-+()0$&9$d;$

! L-5"$)&%($"-3$-$5&)%.0.&)-/$*+&,-,./.0#$%.30+.,70.&)=$
AFcT*-+()03 FcGG;

! L-5"$)&%($.3$$%&'()(%&*++,-(&'./.&'.&)- &9$.03$)&)e
%(35()%()034.:()$.03$*-+()03



D&,04$&'-E0#F")G4
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D&,04$&'-E0#F")G

Trusting

FGH+% I_Glass

Can 
Dirty

T                P(I_G|T)
t 0.2
f 0.7

T                P(T)
t 0.5

D               P(D)
t 0.3

D                  T P(I_C|D,T)
f                   f
f                   t
t                   f
t                   t

0.7
0.05
0.9
0.2



D&,04$&'-E0#F")G

P(I C , I G , T, D) = P(I C , I G |T, D)P(T, D)

= P(I C |T, D)P(I G |T, D)P(T)P(D)

= P(I C |T, D)P(I G |T)P(T)P(D)
<latexit sha1_base64="laWQRZrsUylSDFso0YJJuRezVNc="></latexit>



D&,04$&'-E0#F")G

P(I C , I G , T, D) = P(I C , I G |T, D)P(T, D)

= P(I C |T, D)P(I G |T, D)P(T)P(D)

= P(I C |T, D)P(I G |T)P(T)P(D)
<latexit sha1_base64="laWQRZrsUylSDFso0YJJuRezVNc="></latexit>



D&,04$&'-E0#F")G

P(I C , I G , T, D) = P(I C , I G |T, D)P(T, D)

= P(I C |T, D)P(I G |T, D)P(T)P(D)

= P(I C |T, D)P(I G |T)P(T)P(D)
<latexit sha1_base64="laWQRZrsUylSDFso0YJJuRezVNc="></latexit>
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! !"-0$.3$0"($*+&,-,./.0#$&9$0"($"7<-)$.)0(+:().)4$.)$0"($
5-)1



@2&39+0

! !"-0$.3$0"($*+&,-,./.0#$&9$0"($"7<-)$.)0(+:().)4$.)$0"($
5-)1

P(I C ) = P(I C |D, T )P(D, T ) + P(I C | ! D, ! T)P(! D, ! T) + P(C|D, ! T)P(D, ! T) + P(C| ! D, T )P(! D, T )

= 0 .2 " 0.3 " 0.5 + 0.7 " 0.7 " 0.5 + 0.9 " 0.3 " 0.5 + 0.05" 0.7 " 0.5

= 0 .428
<latexit sha1_base64="Mh/DXzJH0IqQxFFDYZi3OwozvVA="></latexit>



D&,04$&'-E0#F")G

Trusting

FGH+% I_Glass

Can 
Dirty

T                P(I_G|T)
t 0.2
f 0.7

T                P(T)
t 0.5

D               P(D)
t 0.3
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f                   t
t                   f
t                   t
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=#&#0-@4#$3&#$"'-C%0)-.$30

xt-1 xt xt+1



=#&#0-@4#$3&#$"'-C%0)-.$30

xt-1 xt xt+1

!"#"$%&'#()*"*+(),%

P(X t |X 0:t ! 1) = P(X t |X t ! 1)
<latexit sha1_base64="3rzKyIPkfDUoKiVeWfMY7G0seZ4=">AAACDnicbZDLSsNAFIYnXmu9VV26GSyFurAkVryBUHTjsoJtA20Jk+mkHTqZhJkTocQ+gRtfxY0LRdy6dufbmKZFqvWHgZ/vnMOZ87uh4BpM88uYm19YXFrOrGRX19Y3NnNb23UdRIqyGg1EoGyXaCa4ZDXgIJgdKkZ8V7CG278a1Rt3TGkeyFsYhKztk67kHqcEEuTkCtWi7QC+x7YTm+dwYA338QWegilycnmzZKbCs8aamDyaqOrkPludgEY+k0AF0bppmSG0Y6KAU8GG2VakWUhon3RZM7GS+Ey34/ScIS4kpIO9QCVPAk7p9ERMfK0Hvpt0+gR6+m9tBP+rNSPwTtsxl2EETNLxIi8SGAI8ygZ3uGIUxCAxhCqe/BXTHlGEQpJgNg3hbKTjn5NnTf2wZJVL5ZujfOVyEkcG7aI9VEQWOkEVdI2qqIYoekBP6AW9Go/Gs/FmvI9b54zJzA76JePjG1+5mU0=</latexit>



=#&#0-@4#$3&#$"'-C%0)-.$30

xt-1 xt xt+1

P(X t |X 0:t ! 1) = P(X t |X t ! 1)
<latexit sha1_base64="3rzKyIPkfDUoKiVeWfMY7G0seZ4=">AAACDnicbZDLSsNAFIYnXmu9VV26GSyFurAkVryBUHTjsoJtA20Jk+mkHTqZhJkTocQ+gRtfxY0LRdy6dufbmKZFqvWHgZ/vnMOZ87uh4BpM88uYm19YXFrOrGRX19Y3NnNb23UdRIqyGg1EoGyXaCa4ZDXgIJgdKkZ8V7CG278a1Rt3TGkeyFsYhKztk67kHqcEEuTkCtWi7QC+x7YTm+dwYA338QWegilycnmzZKbCs8aamDyaqOrkPludgEY+k0AF0bppmSG0Y6KAU8GG2VakWUhon3RZM7GS+Ey34/ScIS4kpIO9QCVPAk7p9ERMfK0Hvpt0+gR6+m9tBP+rNSPwTtsxl2EETNLxIi8SGAI8ygZ3uGIUxCAxhCqe/BXTHlGEQpJgNg3hbKTjn5NnTf2wZJVL5ZujfOVyEkcG7aI9VEQWOkEVdI2qqIYoekBP6AW9Go/Gs/FmvI9b54zJzA76JePjG1+5mU0=</latexit>

!"#$%&'())*+,-.%/

!"#"$%&'#()*"*+(),%



=0>"'6-C)60)-!"60+

xt-1 xt xt+1

P(X t |X 0:t ! 1) = P(X t |X t ! 1, X t ! 2)
<latexit sha1_base64="DkCM4T+nc6yYB0/GC6xlrIkW2Dg=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARWtCStOINhKIblxVsG2hLmEyn7dDJhZkTocS+hRtfxY0LRdzqzrcxSYvUyw8DH/85hzPndwLBFRjGp5aZm19YXMou51ZW19Y39M2thvJDSVmd+sKXlkMUE9xjdeAgmBVIRlxHsKYzvEzqzVsmFfe9GxgFrOOSvsd7nBKILVsv1QqWDfgOW3ZknMGBOS7iczxjJtb+BMrjoq3njZKRCv8Fcwp5NFXN1j/aXZ+GLvOACqJUyzQC6EREAqeCjXPtULGA0CHps1aMHnGZ6kTpXWO8Fztd3PNl/DzAqTs7ERFXqZHrxJ0ugYH6XUvM/2qtEHonnYh7QQjMo5NFvVBg8HESEu5yySiIUQyESh7/FdMBkYRCHGUuDeE00dH3yX+hUS6ZlVLl+jBfvZjGkUU7aBcVkImOURVdoRqqI4ru0SN6Ri/ag/akvWpvk9aMNp3ZRj+kvX8BXlOcdQ==</latexit>



=0>"'6-C)60)-!"60+

xt-1 xt xt+1

P(X t |X 0:t ! 1) = P(X t |X t ! 1, X t ! 2)
<latexit sha1_base64="DkCM4T+nc6yYB0/GC6xlrIkW2Dg=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARWtCStOINhKIblxVsG2hLmEyn7dDJhZkTocS+hRtfxY0LRdzqzrcxSYvUyw8DH/85hzPndwLBFRjGp5aZm19YXMou51ZW19Y39M2thvJDSVmd+sKXlkMUE9xjdeAgmBVIRlxHsKYzvEzqzVsmFfe9GxgFrOOSvsd7nBKILVsv1QqWDfgOW3ZknMGBOS7iczxjJtb+BMrjoq3njZKRCv8Fcwp5NFXN1j/aXZ+GLvOACqJUyzQC6EREAqeCjXPtULGA0CHps1aMHnGZ6kTpXWO8Fztd3PNl/DzAqTs7ERFXqZHrxJ0ugYH6XUvM/2qtEHonnYh7QQjMo5NFvVBg8HESEu5yySiIUQyESh7/FdMBkYRCHGUuDeE00dH3yX+hUS6ZlVLl+jBfvZjGkUU7aBcVkImOURVdoRqqI4ru0SN6Ri/ag/akvWpvk9aMNp3ZRj+kvX8BXlOcdQ==</latexit>



144839#$"'-"H-=#&#$"'&),-I,'&3$>4

xt-1 xt xt+1

P(X t |X t ! 1) = P(X t ! 1|X t ! 2)
<latexit sha1_base64="+abK/EgfBtfrNjcMg24HiAYUyUk=">AAACEHicbZDLSsNAFIYn9VbrrerSzWAR24UlacXLQii6cVnBXqANYTKdtkMnF2ZOhBLzCG58FTcuFHHr0p1vY5JWUesPA/985xxmzm/7givQ9Q8tMze/sLiUXc6trK6tb+Q3t5rKCyRlDeoJT7ZtopjgLmsAB8HavmTEsQVr2aOLpN66YVJxz72Gsc9Mhwxc3ueUQIys/H692LYA3+K2FcKBEZXwGU5QevnClahk5Qt6WU+FZ40xNQU0Vd3Kv3d7Hg0c5gIVRKmOoftghkQCp4JFuW6gmE/oiAxYJ7YucZgyw3ShCO/FpIf7noyPCzilPydC4ig1duy40yEwVH9rCfyv1gmgf2KG3PUDYC6dPNQPBAYPJ+ngHpeMghjHhlDJ479iOiSSUIgzzKUhnCY6+l551jQrZaNarl4dFmrn0ziyaAftoiIy0DGqoUtURw1E0R16QE/oWbvXHrUX7XXSmtGmM9vol7S3Ty28mk4=</latexit>



=0'4")-!"60+

xt-1 xt xt+1

zt-1 zt zt+1

P(Zt |X 0:t ) = P(Zt |X t )
<latexit sha1_base64="cL9aAoMigMF35lfNNI281HhIbWs=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1C3ZSpFW8gFN24rGAv2JYhk6ZtaCYzJGeEMnbtxldx40IRtz6BO9/GTFukWn8I/HznHE7O74WCa3CcL2tmdm5+YTG1lF5eWV1btzc2KzqIFGVlGohA1TyimeCSlYGDYLVQMeJ7glW93mVSr94xpXkgb6AfsqZPOpK3OSVgkGvvlLK3LuB7XHNj5wwG+/gcTyADXDvj5Jyh8LTJj00GjVVy7c9GK6CRzyRQQbSu550QmjFRwKlgg3Qj0iwktEc6rG6sJD7TzXh4ygDvGdLC7UCZJwEP6eRETHyt+75nOn0CXf23lsD/avUI2ifNmMswAibpaFE7EhgCnOSCW1wxCqJvDKGKm79i2iWKUDDppYchnCY6+jl52lQOcvlCrnB9mClejONIoW20i7Ioj45REV2hEiojih7QE3pBr9aj9Wy9We+j1hlrPLOFfsn6+AaPHZht</latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = P(xt |zt , z1:t ! 1)

=
P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

P(zt |z1:t ! 1)

= ! P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt , xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)
<latexit sha1_base64="xprYDXsme8MbRsBHyv6IshoFlXM="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = P(xt |zt , z1:t ! 1)

=
P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

P(zt |z1:t ! 1)

= ! P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt , xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)
<latexit sha1_base64="xprYDXsme8MbRsBHyv6IshoFlXM="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = P(xt |zt , z1:t ! 1)

=
P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

P(zt |z1:t ! 1)

= ! P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt , xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)
<latexit sha1_base64="xprYDXsme8MbRsBHyv6IshoFlXM="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = P(xt |zt , z1:t ! 1)

=
P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

P(zt |z1:t ! 1)

= ! P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt , xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)
<latexit sha1_base64="xprYDXsme8MbRsBHyv6IshoFlXM="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = P(xt |zt , z1:t ! 1)

=
P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

P(zt |z1:t ! 1)

= ! P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt , xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)
<latexit sha1_base64="xprYDXsme8MbRsBHyv6IshoFlXM="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = P(xt |zt , z1:t ! 1)

=
P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

P(zt |z1:t ! 1)

= ! P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt , xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)
<latexit sha1_base64="xprYDXsme8MbRsBHyv6IshoFlXM="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = P(xt |zt , z1:t ! 1)

=
P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

P(zt |z1:t ! 1)

= ! P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt , xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)
<latexit sha1_base64="xprYDXsme8MbRsBHyv6IshoFlXM="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = P(xt |zt , z1:t ! 1)

=
P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

P(zt |z1:t ! 1)

= ! P(zt |xt , z1:t ! 1)P(xt |z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt , xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

= ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)
<latexit sha1_base64="xprYDXsme8MbRsBHyv6IshoFlXM="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t ) = ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

b(xt ) = ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)b(xt ! 1)
<latexit sha1_base64="b4bPm7iJtLeXfj1NdpIMniN/bSg="></latexit>



D&,04$&'-J$+#0)$';

P(xt |z1:t , u1:t ) = ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1, u1:t )P(xt ! 1|z1:t ! 1, u1:t ! 1)

b(xt ) = ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1, z1:t ! 1, u1:t )b(xt ! 1)
<latexit sha1_base64="qX7FSFz0y7IuiL1yFA/cZW+GQ/w="></latexit>

Algorithm 0"12)'3.4-2#(!"# !"#), $! , %!)
For all x! do:

Endfor
Return  

b(xt ) = ! P(zt |xt )øb(xt )
<latexit sha1_base64="nhlUQHefQSPJjqiajfJXHHZLpmA=">AAACEXicbVDLSsNAFJ3UV62vqks3g0VoNyWx4mMhFN24rGAf0IYwmU7aoZMHMzdijfkFN/6KGxeKuHXnzr8xaYOo9cCFwzn3cu89diC4Al3/1HJz8wuLS/nlwsrq2vpGcXOrpfxQUtakvvBlxyaKCe6xJnAQrBNIRlxbsLY9Ok/99jWTivveFYwDZrpk4HGHUwKJZBXLkR2Xbyyo4NMeA4Ib5VsL7lKhZxM5NSOIKwWrWNKr+gR4lhgZKaEMDav40ev7NHSZB1QQpbqGHoAZEQmcChYXeqFiAaEjMmDdhHrEZcqMJh/FeC9R+tjxZVIe4In6cyIirlJj1046XQJD9ddLxf+8bgjOsRlxLwiBeXS6yAkFBh+n8eA+l4yCGCeEUMmTWzEdEkkoJCFOQzhJcfj98ixp7VeNWrV2eVCqn2Vx5NEO2kVlZKAjVEcXqIGaiKJ79Iie0Yv2oD1pr9rbtDWnZTPb6Be09y8jTZy5</latexit>

øb(xt ) =
!

x t ! 1

P(xt |xt ! 1, ut )b(xt ! 1)
<latexit sha1_base64="o1A/yq8ymaP7Lt1oX4Uzv28MDjI="></latexit>

b(xt ) = ! P(zt |xt )øb(xt )
<latexit sha1_base64="nhlUQHefQSPJjqiajfJXHHZLpmA=">AAACEXicbVDLSsNAFJ3UV62vqks3g0VoNyWx4mMhFN24rGAf0IYwmU7aoZMHMzdijfkFN/6KGxeKuHXnzr8xaYOo9cCFwzn3cu89diC4Al3/1HJz8wuLS/nlwsrq2vpGcXOrpfxQUtakvvBlxyaKCe6xJnAQrBNIRlxbsLY9Ok/99jWTivveFYwDZrpk4HGHUwKJZBXLkR2Xbyyo4NMeA4Ib5VsL7lKhZxM5NSOIKwWrWNKr+gR4lhgZKaEMDav40ev7NHSZB1QQpbqGHoAZEQmcChYXeqFiAaEjMmDdhHrEZcqMJh/FeC9R+tjxZVIe4In6cyIirlJj1046XQJD9ddLxf+8bgjOsRlxLwiBeXS6yAkFBh+n8eA+l4yCGCeEUMmTWzEdEkkoJCFOQzhJcfj98ixp7VeNWrV2eVCqn2Vx5NEO2kVlZKAjVEcXqIGaiKJ79Iie0Yv2oD1pr9rbtDWnZTPb6Be09y8jTZy5</latexit>



@2&39+0

States&

Observations:

x = { Desk, W hiteboard, Door}
<latexit sha1_base64="6XFSGEIwyc4KnrKiMIEWkGvTAdM=">AAACB3icbVDLSsNAFJ3UV62vqktBBovgopTEio+FULQLlxXsA9pSJpObdugkE2YmYgndufFX3LhQxK2/4M6/MWmDqPXAhcM593LvPXbAmdKm+Wlk5uYXFpeyy7mV1bX1jfzmVkOJUFKoU8GFbNlEAWc+1DXTHFqBBOLZHJr28DLxm7cgFRP+jR4F0PVI32cuo0THUi+/e4fPcSeqghoWcXPANNiCSKeIq0LIzriXL5glcwI8S6yUFFCKWi//0XEEDT3wNeVEqbZlBrobEakZ5TDOdUIFAaFD0od2TH3igepGkz/GeD9WHOwKGZev8UT9ORERT6mRZ8edHtED9ddLxP+8dqjd027E/CDU4NPpIjfkWAuchIIdJoFqPooJoZLFt2I6IJJQHUeXm4RwluD4++VZ0jgsWeVS+fqoULlI48iiHbSHDpCFTlAFXaEaqiOK7tEjekYvxoPxZLwab9PWjJHObKNfMN6/AD8LmG8=</latexit>

z = { sense! desk, sense! whiteboard, sense! door}
<latexit sha1_base64="i+QDq7Svij267koS89X793gKwb4=">AAACGXicbZDLSgMxFIYzXmu9jbp0EyyCCy1TK14WQtGNywr2Ap1SMpnTNjSTDElGqUNfw42v4saFIi515ds401ZR6w+Bj/+cw8n5vZAzbRznw5qanpmdm88sZBeXlldW7bX1qpaRolChkktV94gGzgRUDDMc6qECEngcal7vPK3XrkFpJsWV6YfQDEhHsDajxCRWy3Zu8Sl2Yw1Cw54PureLR3zTZQY8SZT/5fhSKnfQsnNO3hkKT0JhDDk0Vrllv7m+pFEAwlBOtG4UnNA0Y6IMoxwGWTfSEBLaIx1oJChIALoZDy8b4O3E8XFbquQJg4fuz4mYBFr3Ay/pDIjp6r+11Pyv1ohM+7gZMxFGBgQdLWpHHBuJ05iwzxRQw/sJEKpY8ldMu0QRapIws8MQTlIdfp88CdX9fKGYL14e5Epn4zgyaBNtoR1UQEeohC5QGVUQRXfoAT2hZ+veerRerNdR65Q1ntlAv2S9fwLj66Bm</latexit>



@2&39+0

States&

Observations:

Transitions:  

x = { Desk, W hiteboard, Door}
<latexit sha1_base64="6XFSGEIwyc4KnrKiMIEWkGvTAdM=">AAACB3icbVDLSsNAFJ3UV62vqktBBovgopTEio+FULQLlxXsA9pSJpObdugkE2YmYgndufFX3LhQxK2/4M6/MWmDqPXAhcM593LvPXbAmdKm+Wlk5uYXFpeyy7mV1bX1jfzmVkOJUFKoU8GFbNlEAWc+1DXTHFqBBOLZHJr28DLxm7cgFRP+jR4F0PVI32cuo0THUi+/e4fPcSeqghoWcXPANNiCSKeIq0LIzriXL5glcwI8S6yUFFCKWi//0XEEDT3wNeVEqbZlBrobEakZ5TDOdUIFAaFD0od2TH3igepGkz/GeD9WHOwKGZev8UT9ORERT6mRZ8edHtED9ddLxP+8dqjd027E/CDU4NPpIjfkWAuchIIdJoFqPooJoZLFt2I6IJJQHUeXm4RwluD4++VZ0jgsWeVS+fqoULlI48iiHbSHDpCFTlAFXaEaqiOK7tEjekYvxoPxZLwab9PWjJHObKNfMN6/AD8LmG8=</latexit>

X t =
0.4 0.4 0.2
0.4 0.4 0.2
0.0 0.0 1.0

<latexit sha1_base64="QFiGDlasPIHDCae6nrf7K9BNJtI="></latexit>

X t +1
<latexit sha1_base64="vzhhwhOfCxmx+yC0AuqMOJRX8NY=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiAIQpgx4nILevEYwSyQDKGn00ma9Cx01whhyEd48aCIV7/Hm39jz2QQNT4oeLxXRVU9L5JCo21/WoWl5ZXVteJ6aWNza3unvLvX0mGsGG+yUIaq41HNpQh4EwVK3okUp74nedub3KR++4ErLcLgHqcRd306CsRQMIpGanf6CZ44s365YlftDGSRODmpQI5Gv/zRG4Qs9nmATFKtu44doZtQhYJJPiv1Ys0jyiZ0xLuGBtTn2k2yc2fkyCgDMgyVqQBJpv6cSKiv9dT3TKdPcaz/eqn4n9eNcXjpJiKIYuQBmy8axpJgSNLfyUAozlBODaFMCXMrYWOqKEOTUCkL4SrF+ffLi6R1WnVq1drdWaV+ncdRhAM4hGNw4ALqcAsNaAKDCTzCM7xYkfVkvVpv89aClc/swy9Y71/3CY92</latexit>

X t =
0.8 0.1 0.1
0.1 0.8 0.1
0.1 0.1 0.8

<latexit sha1_base64="3Llp3zUjl2AkA2Lb3P9cAt286mQ="></latexit>

Sensor:  
Zt

<latexit sha1_base64="D7UiKQNd0R94BcGrBT7vIUe0Dmo=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0ms+HErevFYwbTFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPz/FhwDbb9aZWWlldW18rrlY3Nre2d6u5eW0eJosylkYhU1yeaCS6ZCxwE68aKkdAXrONPrjO/88CU5pG8g2nMvJCMJA84JWAk936QwmxQrdl1OwdeJE5BaqhAa1D96A8jmoRMAhVE655jx+ClRAGngs0q/USzmNAJGbGeoZKETHtpfuwMHxlliINImZKAc/XnREpCraehbzpDAmP918vE/7xeAsGFl3IZJ8AknS8KEoEhwtnneMgVoyCmhhCquLkV0zFRhILJp5KHcJnh7PvlRdI+qTuNeuP2tNa8KuIoowN0iI6Rg85RE92gFnIRRRw9omf0YknryXq13uatJauY2Ue/YL1/ASD8jwg=</latexit>

Assume that we observe: ”sense-desk”, “sense-door”, “sense-desk” 

z = { sense! desk, sense! whiteboard, sense! door}
<latexit sha1_base64="i+QDq7Svij267koS89X793gKwb4=">AAACGXicbZDLSgMxFIYzXmu9jbp0EyyCCy1TK14WQtGNywr2Ap1SMpnTNjSTDElGqUNfw42v4saFIi515ds401ZR6w+Bj/+cw8n5vZAzbRznw5qanpmdm88sZBeXlldW7bX1qpaRolChkktV94gGzgRUDDMc6qECEngcal7vPK3XrkFpJsWV6YfQDEhHsDajxCRWy3Zu8Sl2Yw1Cw54PureLR3zTZQY8SZT/5fhSKnfQsnNO3hkKT0JhDDk0Vrllv7m+pFEAwlBOtG4UnNA0Y6IMoxwGWTfSEBLaIx1oJChIALoZDy8b4O3E8XFbquQJg4fuz4mYBFr3Ay/pDIjp6r+11Pyv1ohM+7gZMxFGBgQdLWpHHBuJ05iwzxRQw/sJEKpY8ldMu0QRapIws8MQTlIdfp88CdX9fKGYL14e5Epn4zgyaBNtoR1UQEeohC5QGVUQRXfoAT2hZ+veerRerNdR65Q1ntlAv2S9fwLj66Bm</latexit>



@2&39+0

States&

Observations:

Transitions:  

x = { Desk, W hiteboard, Door}
<latexit sha1_base64="6XFSGEIwyc4KnrKiMIEWkGvTAdM=">AAACB3icbVDLSsNAFJ3UV62vqktBBovgopTEio+FULQLlxXsA9pSJpObdugkE2YmYgndufFX3LhQxK2/4M6/MWmDqPXAhcM593LvPXbAmdKm+Wlk5uYXFpeyy7mV1bX1jfzmVkOJUFKoU8GFbNlEAWc+1DXTHFqBBOLZHJr28DLxm7cgFRP+jR4F0PVI32cuo0THUi+/e4fPcSeqghoWcXPANNiCSKeIq0LIzriXL5glcwI8S6yUFFCKWi//0XEEDT3wNeVEqbZlBrobEakZ5TDOdUIFAaFD0od2TH3igepGkz/GeD9WHOwKGZev8UT9ORERT6mRZ8edHtED9ddLxP+8dqjd027E/CDU4NPpIjfkWAuchIIdJoFqPooJoZLFt2I6IJJQHUeXm4RwluD4++VZ0jgsWeVS+fqoULlI48iiHbSHDpCFTlAFXaEaqiOK7tEjekYvxoPxZLwab9PWjJHObKNfMN6/AD8LmG8=</latexit>

X t =
0.4 0.4 0.2
0.4 0.4 0.2
0.0 0.0 1.0

<latexit sha1_base64="QFiGDlasPIHDCae6nrf7K9BNJtI="></latexit>

X t +1
<latexit sha1_base64="vzhhwhOfCxmx+yC0AuqMOJRX8NY=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiAIQpgx4nILevEYwSyQDKGn00ma9Cx01whhyEd48aCIV7/Hm39jz2QQNT4oeLxXRVU9L5JCo21/WoWl5ZXVteJ6aWNza3unvLvX0mGsGG+yUIaq41HNpQh4EwVK3okUp74nedub3KR++4ErLcLgHqcRd306CsRQMIpGanf6CZ44s365YlftDGSRODmpQI5Gv/zRG4Qs9nmATFKtu44doZtQhYJJPiv1Ys0jyiZ0xLuGBtTn2k2yc2fkyCgDMgyVqQBJpv6cSKiv9dT3TKdPcaz/eqn4n9eNcXjpJiKIYuQBmy8axpJgSNLfyUAozlBODaFMCXMrYWOqKEOTUCkL4SrF+ffLi6R1WnVq1drdWaV+ncdRhAM4hGNw4ALqcAsNaAKDCTzCM7xYkfVkvVpv89aClc/swy9Y71/3CY92</latexit>

X t =
0.8 0.1 0.1
0.1 0.8 0.1
0.1 0.1 0.8

<latexit sha1_base64="3Llp3zUjl2AkA2Lb3P9cAt286mQ="></latexit>

Sensor:  
Zt

<latexit sha1_base64="D7UiKQNd0R94BcGrBT7vIUe0Dmo=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0ms+HErevFYwbTFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3KRB1Ppg4PHeDDPz/FhwDbb9aZWWlldW18rrlY3Nre2d6u5eW0eJosylkYhU1yeaCS6ZCxwE68aKkdAXrONPrjO/88CU5pG8g2nMvJCMJA84JWAk936QwmxQrdl1OwdeJE5BaqhAa1D96A8jmoRMAhVE655jx+ClRAGngs0q/USzmNAJGbGeoZKETHtpfuwMHxlliINImZKAc/XnREpCraehbzpDAmP918vE/7xeAsGFl3IZJ8AknS8KEoEhwtnneMgVoyCmhhCquLkV0zFRhILJp5KHcJnh7PvlRdI+qTuNeuP2tNa8KuIoowN0iI6Rg85RE92gFnIRRRw9omf0YknryXq13uatJauY2Ue/YL1/ASD8jwg=</latexit>

Assume that we observe: ”sense-desk”, “sense-door”, “sense-desk” 

z = { sense! desk, sense! whiteboard, sense! door}
<latexit sha1_base64="i+QDq7Svij267koS89X793gKwb4=">AAACGXicbZDLSgMxFIYzXmu9jbp0EyyCCy1TK14WQtGNywr2Ap1SMpnTNjSTDElGqUNfw42v4saFIi515ds401ZR6w+Bj/+cw8n5vZAzbRznw5qanpmdm88sZBeXlldW7bX1qpaRolChkktV94gGzgRUDDMc6qECEngcal7vPK3XrkFpJsWV6YfQDEhHsDajxCRWy3Zu8Sl2Yw1Cw54PureLR3zTZQY8SZT/5fhSKnfQsnNO3hkKT0JhDDk0Vrllv7m+pFEAwlBOtG4UnNA0Y6IMoxwGWTfSEBLaIx1oJChIALoZDy8b4O3E8XFbquQJg4fuz4mYBFr3Ay/pDIjp6r+11Pyv1ohM+7gZMxFGBgQdLWpHHBuJ05iwzxRQw/sJEKpY8ldMu0QRapIws8MQTlIdfp88CdX9fKGYL14e5Epn4zgyaBNtoR1UQEeohC5QGVUQRXfoAT2hZ+veerRerNdR65Q1ntlAv2S9fwLj66Bm</latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(desk|sense! desk) = ! P(sense! desk|desk)[P(desk|desk)P(desk)

+ P(desk|whiteboard)P(whiteboard) + P(desk|door)P(door)]

= ! 0.8(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.8 " 0.8 " 0.333

= ! 0.213
<latexit sha1_base64="yKIxjeJetfOkA9khdjFjYmrBruI="></latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(desk|sense! desk) = ! P(sense! desk|desk)[P(desk|desk)P(desk)

+ P(desk|whiteboard)P(whiteboard) + P(desk|door)P(door)]

= ! 0.8(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.8 " 0.8 " 0.333

= ! 0.213
<latexit sha1_base64="yKIxjeJetfOkA9khdjFjYmrBruI="></latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(desk|sense! desk) = ! P(sense! desk|desk)[P(desk|desk)P(desk)

+ P(desk|whiteboard)P(whiteboard) + P(desk|door)P(door)]

= ! 0.8(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.8 " 0.8 " 0.333

= ! 0.213
<latexit sha1_base64="yKIxjeJetfOkA9khdjFjYmrBruI="></latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(desk|sense! desk) = ! P(sense! desk|desk)[P(desk|desk)P(desk)

+ P(desk|whiteboard)P(whiteboard) + P(desk|door)P(door)]

= ! 0.8(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.8 " 0.8 " 0.333

= ! 0.213
<latexit sha1_base64="yKIxjeJetfOkA9khdjFjYmrBruI="></latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(desk|sense! desk) = ! P(sense! desk|desk)[P(desk|desk)P(desk)

+ P(desk|whiteboard)P(whiteboard) + P(desk|door)P(door)]

= ! 0.8(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.8 " 0.8 " 0.333

= ! 0.213
<latexit sha1_base64="yKIxjeJetfOkA9khdjFjYmrBruI="></latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(whiteboard|sense! desk) = ! 0.1(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.1 " 0.8 " 0.333

= ! 0.027
<latexit sha1_base64="JfjYR78DNnCyCl1Lvqqi+KJTAAg="></latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(whiteboard|sense! desk) = ! 0.1(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.1 " 0.8 " 0.333

= ! 0.027
<latexit sha1_base64="JfjYR78DNnCyCl1Lvqqi+KJTAAg="></latexit>

P (x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(whiteboard|sense! desk) = ! 0.1(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.1 " 0.8 " 0.333

= ! 0.027
<latexit sha1_base64="JfjYR78DNnCyCl1Lvqqi+KJTAAg="></latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(whiteboard|sense! desk) = ! 0.1(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.1 " 0.8 " 0.333

= ! 0.027
<latexit sha1_base64="JfjYR78DNnCyCl1Lvqqi+KJTAAg="></latexit>

P (x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(whiteboard|sense! desk) = ! 0.1(0.4 " 0.333 + 0.4 " 0.333 + 0 " 0.333)

= ! 0.1 " 0.8 " 0.333

= ! 0.027
<latexit sha1_base64="JfjYR78DNnCyCl1Lvqqi+KJTAAg="></latexit>



@2&39+0

P(x1|z1) = ! P(z1|x1)
!

x 0

P(x1|x0)P(x0)

P(door|sense! desk) = ! 0.1(0.2 " 0.333 + 0.2 " 0.333 + 1.0 " 0.333)

= ! 0.1 " 1.4 " 0.333

= ! 0.047
<latexit sha1_base64="fYw6pq/OuR9nBLxiAfcBGphKbpQ="></latexit>



@2&39+0

! 0.213 + ! 0.027 + ! 0.047 = 1

! = 1 / 0.287

! = 3 .48
<latexit sha1_base64="ReUp4jpNsYWLBi61wfQs4yb8Adc="></latexit>

P (x1) = (0 .744, 0.093, 0.163)
<latexit sha1_base64="Si7ZwUPQYA8FELdUUX+Fwb/Rxt0=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQgpQZp7R2IRTduKxgH9AOJZOmbWgmMyQZsQzdufFX3LhQxK2/4M6/MdMWUeuBkJNz7uXmHi9kVCrL+jRSS8srq2vp9czG5tb2jrm715BBJDCp44AFouUhSRjlpK6oYqQVCoJ8j5GmN7pM/OYtEZIG/EaNQ+L6aMBpn2KktNQ1D2u5u66dh+cwZxXKxeIJtApWxUkuu+Tku2ZWv6eAi8SekyyYo9Y1Pzq9AEc+4QozJGXbtkLlxkgoihmZZDqRJCHCIzQgbU058ol04+keE3islR7sB0IfruBU/dkRI1/Kse/pSh+pofzrJeJ/XjtS/TM3pjyMFOF4NqgfMagCmIQCe1QQrNhYE4QF1X+FeIgEwkpHl5mGUElQ+l55kTROC7ZTcK6L2erFPI40OABHIAdsUAZVcAVqoA4wuAeP4Bm8GA/Gk/FqvM1KU8a8Zx/8gvH+BWb2lAw=</latexit>

639(:$;3$133$<+**)=$



@2&39+0

P(x1) = (0 .744, 0.093, 0.163)
<latexit sha1_base64="Si7ZwUPQYA8FELdUUX+Fwb/Rxt0=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQgpQZp7R2IRTduKxgH9AOJZOmbWgmMyQZsQzdufFX3LhQxK2/4M6/MdMWUeuBkJNz7uXmHi9kVCrL+jRSS8srq2vp9czG5tb2jrm715BBJDCp44AFouUhSRjlpK6oYqQVCoJ8j5GmN7pM/OYtEZIG/EaNQ+L6aMBpn2KktNQ1D2u5u66dh+cwZxXKxeIJtApWxUkuu+Tku2ZWv6eAi8SekyyYo9Y1Pzq9AEc+4QozJGXbtkLlxkgoihmZZDqRJCHCIzQgbU058ol04+keE3islR7sB0IfruBU/dkRI1/Kse/pSh+pofzrJeJ/XjtS/TM3pjyMFOF4NqgfMagCmIQCe1QQrNhYE4QF1X+FeIgEwkpHl5mGUElQ+l55kTROC7ZTcK6L2erFPI40OABHIAdsUAZVcAVqoA4wuAeP4Bm8GA/Gk/FqvM1KU8a8Zx/8gvH+BWb2lAw=</latexit>

639(:$;3$133$<+**)=$

P(x2|z1, z2) = ! P(z2|x2)
!

x 1

P(x2|x1)P(x1)
<latexit sha1_base64="QS7IJlsRm0lJDzMgCUtg4D+3ajM="></latexit>



@2&39+0

P(x1) = (0 .744, 0.093, 0.163)
<latexit sha1_base64="Si7ZwUPQYA8FELdUUX+Fwb/Rxt0=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQgpQZp7R2IRTduKxgH9AOJZOmbWgmMyQZsQzdufFX3LhQxK2/4M6/MdMWUeuBkJNz7uXmHi9kVCrL+jRSS8srq2vp9czG5tb2jrm715BBJDCp44AFouUhSRjlpK6oYqQVCoJ8j5GmN7pM/OYtEZIG/EaNQ+L6aMBpn2KktNQ1D2u5u66dh+cwZxXKxeIJtApWxUkuu+Tku2ZWv6eAi8SekyyYo9Y1Pzq9AEc+4QozJGXbtkLlxkgoihmZZDqRJCHCIzQgbU058ol04+keE3islR7sB0IfruBU/dkRI1/Kse/pSh+pofzrJeJ/XjtS/TM3pjyMFOF4NqgfMagCmIQCe1QQrNhYE4QF1X+FeIgEwkpHl5mGUElQ+l55kTROC7ZTcK6L2erFPI40OABHIAdsUAZVcAVqoA4wuAeP4Bm8GA/Gk/FqvM1KU8a8Zx/8gvH+BWb2lAw=</latexit>

639(:$;3$133$<+**)=$

P(x2|z1, z2) = ! P(z2|x2)
!

x 1

P(x2|x1)P(x1)

P(x2 = desk|o1 = desk, o2 = door) = ! 0.1 ! (0.4 ! 0.742 + 0.4 ! 0.094 + 0 ! 0.163)

= ! 0.034
<latexit sha1_base64="Dpnkm59/gMNFv/IhJJUVCModoqY="></latexit>



@2&39+0

P(x1) = (0 .744, 0.093, 0.163)
<latexit sha1_base64="Si7ZwUPQYA8FELdUUX+Fwb/Rxt0=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQgpQZp7R2IRTduKxgH9AOJZOmbWgmMyQZsQzdufFX3LhQxK2/4M6/MdMWUeuBkJNz7uXmHi9kVCrL+jRSS8srq2vp9czG5tb2jrm715BBJDCp44AFouUhSRjlpK6oYqQVCoJ8j5GmN7pM/OYtEZIG/EaNQ+L6aMBpn2KktNQ1D2u5u66dh+cwZxXKxeIJtApWxUkuu+Tku2ZWv6eAi8SekyyYo9Y1Pzq9AEc+4QozJGXbtkLlxkgoihmZZDqRJCHCIzQgbU058ol04+keE3islR7sB0IfruBU/dkRI1/Kse/pSh+pofzrJeJ/XjtS/TM3pjyMFOF4NqgfMagCmIQCe1QQrNhYE4QF1X+FeIgEwkpHl5mGUElQ+l55kTROC7ZTcK6L2erFPI40OABHIAdsUAZVcAVqoA4wuAeP4Bm8GA/Gk/FqvM1KU8a8Zx/8gvH+BWb2lAw=</latexit>

639(:$;3$133$<+**)=$

P(x2|z1, z2) = ! P(z2|x2)
!

x 1

P(x2|x1)P(x1)

P(x2 = whiteboard|o1 = desk, o2 = door) = ! 0.1 ! (0.4 ! 0.742 + 0.4 ! 0.094 + 0 ! 0.164)

= 0 .034

= ! 0.034
<latexit sha1_base64="8NU0mtivyNUzYWyjPWzbzfTqB/g="></latexit>



@2&39+0

P(x1) = (0 .744, 0.093, 0.163)
<latexit sha1_base64="Si7ZwUPQYA8FELdUUX+Fwb/Rxt0=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQgpQZp7R2IRTduKxgH9AOJZOmbWgmMyQZsQzdufFX3LhQxK2/4M6/MdMWUeuBkJNz7uXmHi9kVCrL+jRSS8srq2vp9czG5tb2jrm715BBJDCp44AFouUhSRjlpK6oYqQVCoJ8j5GmN7pM/OYtEZIG/EaNQ+L6aMBpn2KktNQ1D2u5u66dh+cwZxXKxeIJtApWxUkuu+Tku2ZWv6eAi8SekyyYo9Y1Pzq9AEc+4QozJGXbtkLlxkgoihmZZDqRJCHCIzQgbU058ol04+keE3islR7sB0IfruBU/dkRI1/Kse/pSh+pofzrJeJ/XjtS/TM3pjyMFOF4NqgfMagCmIQCe1QQrNhYE4QF1X+FeIgEwkpHl5mGUElQ+l55kTROC7ZTcK6L2erFPI40OABHIAdsUAZVcAVqoA4wuAeP4Bm8GA/Gk/FqvM1KU8a8Zx/8gvH+BWb2lAw=</latexit>

639(:$;3$133$<+**)=$

P(x2|z1, z2) = ! P(z2|x2)
!

x 1

P(x2|x1)P(x1)

P(x2 = whiteboard|o1 = desk, o2 = door) = ! 0.1 ! (0.4 ! 0.742 + 0.4 ! 0.094 + 0 ! 0.164)

= 0 .034

= ! 0.034
<latexit sha1_base64="8NU0mtivyNUzYWyjPWzbzfTqB/g="></latexit>

>?@$AB;?.(30*5)+C$5'+$AB+317C$03-*D3$3E,58F$



@2&39+0

P(x1) = (0 .744, 0.093, 0.163)
<latexit sha1_base64="Si7ZwUPQYA8FELdUUX+Fwb/Rxt0=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQgpQZp7R2IRTduKxgH9AOJZOmbWgmMyQZsQzdufFX3LhQxK2/4M6/MdMWUeuBkJNz7uXmHi9kVCrL+jRSS8srq2vp9czG5tb2jrm715BBJDCp44AFouUhSRjlpK6oYqQVCoJ8j5GmN7pM/OYtEZIG/EaNQ+L6aMBpn2KktNQ1D2u5u66dh+cwZxXKxeIJtApWxUkuu+Tku2ZWv6eAi8SekyyYo9Y1Pzq9AEc+4QozJGXbtkLlxkgoihmZZDqRJCHCIzQgbU058ol04+keE3islR7sB0IfruBU/dkRI1/Kse/pSh+pofzrJeJ/XjtS/TM3pjyMFOF4NqgfMagCmIQCe1QQrNhYE4QF1X+FeIgEwkpHl5mGUElQ+l55kTROC7ZTcK6L2erFPI40OABHIAdsUAZVcAVqoA4wuAeP4Bm8GA/Gk/FqvM1KU8a8Zx/8gvH+BWb2lAw=</latexit>

639(:$;3$133$<+**)=$

P(x2|z1, z2) = ⌘P(z2|x2)
!

x1

P(x2|x1)P(x1)

P(x2 = door|o1 = desk, o2 = door) = ⌘0.8 ! (0.2 ! 0.744 + 0.4 ! 0.093 + 0 ! 0.163)

= ⌘0.2643
<latexit sha1_base64="cxK59ahfouARsEpekZPK7gQCwHA="></latexit>

P(x2) = [0.1, 0.1, 0.80]
<latexit sha1_base64="A+wSpX4B/McvoDRqvLKE4ZQSE7w=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEChKSVrQuhKIblxXsA9IQJtNJO3TyYGYillLc+CtuXCji1q9w5984SYP4OnAvh3PuZeYeL2ZUSNP80Apz8wuLS8Xl0srq2vqGvrnVFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdJH6nRvCBY3CazmOiROgQUh9ipFUkqvvNCu3bvUAnkHbNKxDmLe66bh62TTMDPAvsXJSBjmarv7e60c4CUgoMUNC2JYZS2eCuKSYkWmplwgSIzxCA2IrGqKACGeSnTCF+0rpQz/iqkIJM/X7xgQFQowDT00GSA7Fby8V//PsRPp1Z0LDOJEkxLOH/IRBGcE0D9innGDJxoogzKn6K8RDxBGWKrVSFsJpiuOvk/+SdtWwakbt6qjcOM/jKIJdsAcqwAInoAEuQRO0AAZ34AE8gWftXnvUXrTX2WhBy3e2wQ9ob5+ca5M3</latexit>



@2&39+0

G.'588@:$;3$*013)H3$<+317=P(x2) = [0.1, 0.1, 0.80]
<latexit sha1_base64="A+wSpX4B/McvoDRqvLKE4ZQSE7w=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEChKSVrQuhKIblxXsA9IQJtNJO3TyYGYillLc+CtuXCji1q9w5984SYP4OnAvh3PuZeYeL2ZUSNP80Apz8wuLS8Xl0srq2vqGvrnVFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdJH6nRvCBY3CazmOiROgQUh9ipFUkqvvNCu3bvUAnkHbNKxDmLe66bh62TTMDPAvsXJSBjmarv7e60c4CUgoMUNC2JYZS2eCuKSYkWmplwgSIzxCA2IrGqKACGeSnTCF+0rpQz/iqkIJM/X7xgQFQowDT00GSA7Fby8V//PsRPp1Z0LDOJEkxLOH/IRBGcE0D9innGDJxoogzKn6K8RDxBGWKrVSFsJpiuOvk/+SdtWwakbt6qjcOM/jKIJdsAcqwAInoAEuQRO0AAZ34AE8gWftXnvUXrTX2WhBy3e2wQ9ob5+ca5M3</latexit>

P (x) =

!

"
"
#

1
3

1
3

1
3

0.744 0.093 0.163
0.1 0.1 0.8
0.41 0.05 0.54

$

%
%
&

<latexit sha1_base64="mlKWL9M3ox1X0cNQ7zE6hDxRn2M="></latexit>



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$

! A+(%.50.&)=

P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$

! A+(%.50.&)=

P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>

P (xt + k |z1:t )
<latexit sha1_base64="tJBIzWcXh/kkH1uRnbcxH9pELqo=">AAACAHicbVDJSgNBEO2JW4xb1IMHL41BiAhhxojbKejFYwSzQDIMPZ1O0qRnobtGjONc/BUvHhTx6md482/sJIOo8UHB470qquq5oeAKTPPTyMzMzs0vZBdzS8srq2v59Y26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gYuQ3bphUPPCvYRgy2yM9n3c5JaAlJ79VLd46MewPEnyP75zYOoNkD7fbTr5glswx8DSxUlJAKapO/qPdCWjkMR+oIEq1LDMEOyYSOBUsybUjxUJCB6THWpr6xGPKjscPJHhXKx3cDaQuH/BY/TkRE0+poefqTo9AX/31RuJ/XiuC7okdcz+MgPl0sqgbCQwBHqWBO1wyCmKoCaGS61sx7RNJKOjMcuMQTkc4+n55mtQPSla5VL46LFTO0ziyaBvtoCKy0DGqoEtURTVEUYIe0TN6MR6MJ+PVeJu0Zox0ZhP9gvH+BQOblYY=</latexit>



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$

! A+(%.50.&)=

P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>

P (xt + k |z1:t )
<latexit sha1_base64="tJBIzWcXh/kkH1uRnbcxH9pELqo=">AAACAHicbVDJSgNBEO2JW4xb1IMHL41BiAhhxojbKejFYwSzQDIMPZ1O0qRnobtGjONc/BUvHhTx6md482/sJIOo8UHB470qquq5oeAKTPPTyMzMzs0vZBdzS8srq2v59Y26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gYuQ3bphUPPCvYRgy2yM9n3c5JaAlJ79VLd46MewPEnyP75zYOoNkD7fbTr5glswx8DSxUlJAKapO/qPdCWjkMR+oIEq1LDMEOyYSOBUsybUjxUJCB6THWpr6xGPKjscPJHhXKx3cDaQuH/BY/TkRE0+poefqTo9AX/31RuJ/XiuC7okdcz+MgPl0sqgbCQwBHqWBO1wyCmKoCaGS61sx7RNJKOjMcuMQTkc4+n55mtQPSla5VL46LFTO0ziyaBvtoCKy0DGqoEtURTVEUYIe0TN6MR6MJ+PVeJu0Zox0ZhP9gvH+BQOblYY=</latexit>

P (xt + k |z1:t ) =
!

x t + k ! 1

P(xt + k , xt + k ! 1|z1:t )

=
!

x t + k ! 1

P(xt + k |z1:t , xt + k ! 1)P(xt + k ! 1|z1:t )

=
!

x t + k ! 1

P(xt + k |xt + k ! 1)P(xt + k ! 1|zt :t )
<latexit sha1_base64="6EeMyFxrK9FbudvgSIhhPjp868o="></latexit>



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$

! A+(%.50.&)=

P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>

P (xt + k |z1:t )
<latexit sha1_base64="tJBIzWcXh/kkH1uRnbcxH9pELqo=">AAACAHicbVDJSgNBEO2JW4xb1IMHL41BiAhhxojbKejFYwSzQDIMPZ1O0qRnobtGjONc/BUvHhTx6md482/sJIOo8UHB470qquq5oeAKTPPTyMzMzs0vZBdzS8srq2v59Y26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gYuQ3bphUPPCvYRgy2yM9n3c5JaAlJ79VLd46MewPEnyP75zYOoNkD7fbTr5glswx8DSxUlJAKapO/qPdCWjkMR+oIEq1LDMEOyYSOBUsybUjxUJCB6THWpr6xGPKjscPJHhXKx3cDaQuH/BY/TkRE0+poefqTo9AX/31RuJ/XiuC7okdcz+MgPl0sqgbCQwBHqWBO1wyCmKoCaGS61sx7RNJKOjMcuMQTkc4+n55mtQPSla5VL46LFTO0ziyaBvtoCKy0DGqoEtURTVEUYIe0TN6MR6MJ+PVeJu0Zox0ZhP9gvH+BQOblYY=</latexit>

P (xt + k |z1:t ) =
!

x t + k ! 1

P(xt + k , xt + k ! 1|z1:t )

=
!

x t + k ! 1

P(xt + k |z1:t , xt + k ! 1)P(xt + k ! 1|z1:t )

=
!

x t + k ! 1

P(xt + k |xt + k ! 1)P(xt + k ! 1|zt :t )
<latexit sha1_base64="6EeMyFxrK9FbudvgSIhhPjp868o="></latexit>



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$

! A+(%.50.&)=

P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>

P (xt + k |z1:t )
<latexit sha1_base64="tJBIzWcXh/kkH1uRnbcxH9pELqo=">AAACAHicbVDJSgNBEO2JW4xb1IMHL41BiAhhxojbKejFYwSzQDIMPZ1O0qRnobtGjONc/BUvHhTx6md482/sJIOo8UHB470qquq5oeAKTPPTyMzMzs0vZBdzS8srq2v59Y26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gYuQ3bphUPPCvYRgy2yM9n3c5JaAlJ79VLd46MewPEnyP75zYOoNkD7fbTr5glswx8DSxUlJAKapO/qPdCWjkMR+oIEq1LDMEOyYSOBUsybUjxUJCB6THWpr6xGPKjscPJHhXKx3cDaQuH/BY/TkRE0+poefqTo9AX/31RuJ/XiuC7okdcz+MgPl0sqgbCQwBHqWBO1wyCmKoCaGS61sx7RNJKOjMcuMQTkc4+n55mtQPSla5VL46LFTO0ziyaBvtoCKy0DGqoEtURTVEUYIe0TN6MR6MJ+PVeJu0Zox0ZhP9gvH+BQOblYY=</latexit>

P (xt + k |z1:t ) =
!

x t + k ! 1

P(xt + k , xt + k ! 1|z1:t )

=
!

x t + k ! 1

P(xt + k |z1:t , xt + k ! 1)P(xt + k ! 1|z1:t )

=
!

x t + k ! 1

P(xt + k |xt + k ! 1)P(xt + k ! 1|zt :t )
<latexit sha1_base64="6EeMyFxrK9FbudvgSIhhPjp868o="></latexit>



()06$>#$';-#/0-J8#8)0

FIltering
1/3, 1/3, 1/3
0.744, 0.093, 0.163
0.101, 0.101,0.798 
0.413,0.052, 0.536

I*;$;.88$(?3$J)*050.8.(.31$-?5'K3$.'$1,013E,3'($(.D31(3J1F



()06$>#$';-#/0-J8#8)0

FIltering
1/3, 1/3, 1/3
0.744, 0.093, 0.163
0.101, 0.101,0.798 
0.413,0.052, 0.536
0.1860, 0.1860, 0.6280
0.1490, 0.1490, 0.7020
0.1190 , 0.1190,  0.7620
0.0950, 0.0950, 0.8100
0.0760, 0.0760, 0.8480

! L5@31.5'$G.8(3).'K

A)*050.8.(.31$D*H3$(*$5$1(5(.*'5)@$+.1().0,(.*'



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$

! A+(%.50.&)=

! V<&&0".)4=$

P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>

P (xt + k |z1:t )
<latexit sha1_base64="tJBIzWcXh/kkH1uRnbcxH9pELqo=">AAACAHicbVDJSgNBEO2JW4xb1IMHL41BiAhhxojbKejFYwSzQDIMPZ1O0qRnobtGjONc/BUvHhTx6md482/sJIOo8UHB470qquq5oeAKTPPTyMzMzs0vZBdzS8srq2v59Y26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gYuQ3bphUPPCvYRgy2yM9n3c5JaAlJ79VLd46MewPEnyP75zYOoNkD7fbTr5glswx8DSxUlJAKapO/qPdCWjkMR+oIEq1LDMEOyYSOBUsybUjxUJCB6THWpr6xGPKjscPJHhXKx3cDaQuH/BY/TkRE0+poefqTo9AX/31RuJ/XiuC7okdcz+MgPl0sqgbCQwBHqWBO1wyCmKoCaGS61sx7RNJKOjMcuMQTkc4+n55mtQPSla5VL46LFTO0ziyaBvtoCKy0DGqoEtURTVEUYIe0TN6MR6MJ+PVeJu0Zox0ZhP9gvH+BQOblYY=</latexit>

P(xk |z1:t ), k < t
<latexit sha1_base64="v3wbJDcVt1rl/yh7YLsJhXF5nxU=">AAACAHicbVDJSgNBEO1xjXEb9eDBS2MQIkiYMeKGh6AXjxHMAkkYejqdpJmehe4aMY5z8Ve8eFDEq5/hzb+xsyBqfFDweK+KqnpuJLgCy/o0pqZnZufmMwvZxaXllVVzbb2qwlhSVqGhCGXdJYoJHrAKcBCsHklGfFewmutdDPzaDZOKh8E19CPW8kk34B1OCWjJMTfL+VvHw/f4zknsU0h397CHzzA4Zs4qWEPgSWKPSQ6NUXbMj2Y7pLHPAqCCKNWwrQhaCZHAqWBpthkrFhHqkS5raBoQn6lWMnwgxTtaaeNOKHUFgIfqz4mE+Er1fVd3+gR66q83EP/zGjF0jlsJD6IYWEBHizqxwBDiQRq4zSWjIPqaECq5vhXTHpGEgs4sOwzhZIDD75cnSXW/YBcLxauDXOl8HEcGbaFtlEc2OkIldInKqIIoStEjekYvxoPxZLwab6PWKWM8s4F+wXj/As3ClL4=</latexit>



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$

! A+(%.50.&)=

! V<&&0".)4=$

P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>

P (xt + k |z1:t )
<latexit sha1_base64="tJBIzWcXh/kkH1uRnbcxH9pELqo=">AAACAHicbVDJSgNBEO2JW4xb1IMHL41BiAhhxojbKejFYwSzQDIMPZ1O0qRnobtGjONc/BUvHhTx6md482/sJIOo8UHB470qquq5oeAKTPPTyMzMzs0vZBdzS8srq2v59Y26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gYuQ3bphUPPCvYRgy2yM9n3c5JaAlJ79VLd46MewPEnyP75zYOoNkD7fbTr5glswx8DSxUlJAKapO/qPdCWjkMR+oIEq1LDMEOyYSOBUsybUjxUJCB6THWpr6xGPKjscPJHhXKx3cDaQuH/BY/TkRE0+poefqTo9AX/31RuJ/XiuC7okdcz+MgPl0sqgbCQwBHqWBO1wyCmKoCaGS61sx7RNJKOjMcuMQTkc4+n55mtQPSla5VL46LFTO0ziyaBvtoCKy0DGqoEtURTVEUYIe0TN6MR6MJ+PVeJu0Zox0ZhP9gvH+BQOblYY=</latexit>

P(xk |z1:t ), k < t
<latexit sha1_base64="v3wbJDcVt1rl/yh7YLsJhXF5nxU=">AAACAHicbVDJSgNBEO1xjXEb9eDBS2MQIkiYMeKGh6AXjxHMAkkYejqdpJmehe4aMY5z8Ve8eFDEq5/hzb+xsyBqfFDweK+KqnpuJLgCy/o0pqZnZufmMwvZxaXllVVzbb2qwlhSVqGhCGXdJYoJHrAKcBCsHklGfFewmutdDPzaDZOKh8E19CPW8kk34B1OCWjJMTfL+VvHw/f4zknsU0h397CHzzA4Zs4qWEPgSWKPSQ6NUXbMj2Y7pLHPAqCCKNWwrQhaCZHAqWBpthkrFhHqkS5raBoQn6lWMnwgxTtaaeNOKHUFgIfqz4mE+Er1fVd3+gR66q83EP/zGjF0jlsJD6IYWEBHizqxwBDiQRq4zSWjIPqaECq5vhXTHpGEgs4sOwzhZIDD75cnSXW/YBcLxauDXOl8HEcGbaFtlEc2OkIldInKqIIoStEjekYvxoPxZLwab6PWKWM8s4F+wXj/As3ClL4=</latexit>



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>

P (xt |z1:t ) = ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

b(xt ) = ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)b(xt ! 1)
<latexit sha1_base64="b4bPm7iJtLeXfj1NdpIMniN/bSg="></latexit>



()06$>#$';-#/0-J8#8)0

! U-#(3.-)$J./0(+.)4=$P(xt |z1:t )
<latexit sha1_base64="DcnHR9C0LwEkbJixgAzXOM9wKO4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWx4mtVdOOygn1AU8JkOmmHTh7M3Ig1BvwVNy4Ucet3uPNvTNIiaj1w4XDOvdx7jxMKrsAwPrWZ2bn5hcXCUnF5ZXVtXd/YbKogkpQ1aCAC2XaIYoL7rAEcBGuHkhHPEazlDC8yv3XDpOKBfw2jkHU90ve5yymBVLL17Xr51o4hwff4zo7NM0j2sWXZesmoGDnwNDEnpIQmqNv6h9ULaOQxH6ggSnVMI4RuTCRwKlhStCLFQkKHpM86KfWJx1Q3zs9P8F6q9LAbyLR8wLn6cyImnlIjz0k7PQID9dfLxP+8TgTuSTfmfhgB8+l4kRsJDAHOssA9LhkFMUoJoZKnt2I6IJJQSBMr5iGcZjj6fnmaNA8qZrVSvTos1c4ncRTQDtpFZWSiY1RDl6iOGoiiGD2iZ/SiPWhP2qv2Nm6d0SYzW+gXtPcvyFyU3A==</latexit>

P (xt |z1:t ) = ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)P(xt ! 1|z1:t ! 1)

b(xt ) = ! P(zt |xt )
!

x t ! 1

P(xt |xt ! 1)b(xt ! 1)
<latexit sha1_base64="b4bPm7iJtLeXfj1NdpIMniN/bSg="></latexit>

f 1:t = ! F ORW ARD (f 1:t ! 1, zt )
<latexit sha1_base64="9as7HiXCYCUKCMWouqp6hXce46s=">AAACEHicbVDJSgNBEO1xjXGLevTSGMQIGmaMuIEQF8SbMZgFkjD0dHqSJj0L3TVCHOYTvPgrXjwo4tWjN//GyYKo8UHB470qqupZvuAKdP1TGxufmJyaTswkZ+fmFxZTS8tl5QWSshL1hCerFlFMcJeVgINgVV8y4liCVazOWc+v3DKpuOfeQNdnDYe0XG5zSiCWzNSGbYbGEUT4GNcZEHxxVaycFM8zA3nbiLbuzBCiTTOV1rN6H3iUGEOSRkMUzNRHvenRwGEuUEGUqhm6D42QSOBUsChZDxTzCe2QFqvF1CUOU42w/1CE12OliW1PxuUC7qs/J0LiKNV1rLjTIdBWf72e+J9XC8A+aITc9QNgLh0ssgOBwcO9dHCTS0ZBdGNCqOTxrZi2iSQU4gyT/RAOe9j7fnmUlHeyRi6bu95N50+HcSTQKlpDGWSgfZRHl6iASoiie/SIntGL9qA9aa/a26B1TBvOrKBf0N6/AFMUmwg=</latexit>



=3""#/$';

P(xk |z1:t ), k < t
<latexit sha1_base64="v3wbJDcVt1rl/yh7YLsJhXF5nxU=">AAACAHicbVDJSgNBEO1xjXEb9eDBS2MQIkiYMeKGh6AXjxHMAkkYejqdpJmehe4aMY5z8Ve8eFDEq5/hzb+xsyBqfFDweK+KqnpuJLgCy/o0pqZnZufmMwvZxaXllVVzbb2qwlhSVqGhCGXdJYoJHrAKcBCsHklGfFewmutdDPzaDZOKh8E19CPW8kk34B1OCWjJMTfL+VvHw/f4zknsU0h397CHzzA4Zs4qWEPgSWKPSQ6NUXbMj2Y7pLHPAqCCKNWwrQhaCZHAqWBpthkrFhHqkS5raBoQn6lWMnwgxTtaaeNOKHUFgIfqz4mE+Er1fVd3+gR66q83EP/zGjF0jlsJD6IYWEBHizqxwBDiQRq4zSWjIPqaECq5vhXTHpGEgs4sOwzhZIDD75cnSXW/YBcLxauDXOl8HEcGbaFtlEc2OkIldInKqIIoStEjekYvxoPxZLwab6PWKWM8s4F+wXj/As3ClL4=</latexit>

P (xk |z1:t ) = P(xk |z1:k , zk+1: t )

= ! P(zk+1: t |xk , z1:k )P(xk |z1:k )

= ! P(zk+1: t |xk )P(xk |z1:k )

= ! bk+1: t ! f 1:k
<latexit sha1_base64="zRg96DntVVG+19vB/WE3Ru6BllQ="></latexit>



=3""#/$';

P(xk |z1:t ), k < t
<latexit sha1_base64="v3wbJDcVt1rl/yh7YLsJhXF5nxU=">AAACAHicbVDJSgNBEO1xjXEb9eDBS2MQIkiYMeKGh6AXjxHMAkkYejqdpJmehe4aMY5z8Ve8eFDEq5/hzb+xsyBqfFDweK+KqnpuJLgCy/o0pqZnZufmMwvZxaXllVVzbb2qwlhSVqGhCGXdJYoJHrAKcBCsHklGfFewmutdDPzaDZOKh8E19CPW8kk34B1OCWjJMTfL+VvHw/f4zknsU0h397CHzzA4Zs4qWEPgSWKPSQ6NUXbMj2Y7pLHPAqCCKNWwrQhaCZHAqWBpthkrFhHqkS5raBoQn6lWMnwgxTtaaeNOKHUFgIfqz4mE+Er1fVd3+gR66q83EP/zGjF0jlsJD6IYWEBHizqxwBDiQRq4zSWjIPqaECq5vhXTHpGEgs4sOwzhZIDD75cnSXW/YBcLxauDXOl8HEcGbaFtlEc2OkIldInKqIIoStEjekYvxoPxZLwab6PWKWM8s4F+wXj/As3ClL4=</latexit>

P (xk |z1:t ) = P(xk |z1:k , zk+1: t )

= ! P(zk+1: t |xk , z1:k )P(xk |z1:k )

= ! P(zk+1: t |xk )P(xk |z1:k )

= ! bk+1: t ! f 1:k
<latexit sha1_base64="zRg96DntVVG+19vB/WE3Ru6BllQ="></latexit>



=3""#/$';

P(xk |z1:t ), k < t
<latexit sha1_base64="v3wbJDcVt1rl/yh7YLsJhXF5nxU=">AAACAHicbVDJSgNBEO1xjXEb9eDBS2MQIkiYMeKGh6AXjxHMAkkYejqdpJmehe4aMY5z8Ve8eFDEq5/hzb+xsyBqfFDweK+KqnpuJLgCy/o0pqZnZufmMwvZxaXllVVzbb2qwlhSVqGhCGXdJYoJHrAKcBCsHklGfFewmutdDPzaDZOKh8E19CPW8kk34B1OCWjJMTfL+VvHw/f4zknsU0h397CHzzA4Zs4qWEPgSWKPSQ6NUXbMj2Y7pLHPAqCCKNWwrQhaCZHAqWBpthkrFhHqkS5raBoQn6lWMnwgxTtaaeNOKHUFgIfqz4mE+Er1fVd3+gR66q83EP/zGjF0jlsJD6IYWEBHizqxwBDiQRq4zSWjIPqaECq5vhXTHpGEgs4sOwzhZIDD75cnSXW/YBcLxauDXOl8HEcGbaFtlEc2OkIldInKqIIoStEjekYvxoPxZLwab6PWKWM8s4F+wXj/As3ClL4=</latexit>

P (xk |z1:t ) = P(xk |z1:k , zk+1: t )

= ! P(zk+1: t |xk , z1:k )P(xk |z1:k )

= ! P(zk+1: t |xk )P(xk |z1:k )

= ! bk+1: t ! f 1:k
<latexit sha1_base64="zRg96DntVVG+19vB/WE3Ru6BllQ="></latexit>



=3""#/$';

P(xk |z1:t ), k < t
<latexit sha1_base64="v3wbJDcVt1rl/yh7YLsJhXF5nxU=">AAACAHicbVDJSgNBEO1xjXEb9eDBS2MQIkiYMeKGh6AXjxHMAkkYejqdpJmehe4aMY5z8Ve8eFDEq5/hzb+xsyBqfFDweK+KqnpuJLgCy/o0pqZnZufmMwvZxaXllVVzbb2qwlhSVqGhCGXdJYoJHrAKcBCsHklGfFewmutdDPzaDZOKh8E19CPW8kk34B1OCWjJMTfL+VvHw/f4zknsU0h397CHzzA4Zs4qWEPgSWKPSQ6NUXbMj2Y7pLHPAqCCKNWwrQhaCZHAqWBpthkrFhHqkS5raBoQn6lWMnwgxTtaaeNOKHUFgIfqz4mE+Er1fVd3+gR66q83EP/zGjF0jlsJD6IYWEBHizqxwBDiQRq4zSWjIPqaECq5vhXTHpGEgs4sOwzhZIDD75cnSXW/YBcLxauDXOl8HEcGbaFtlEc2OkIldInKqIIoStEjekYvxoPxZLwab6PWKWM8s4F+wXj/As3ClL4=</latexit>

P (xk |z1:t ) = P(xk |z1:k , zk+1: t )

= ! P(zk+1: t |xk , z1:k )P(xk |z1:k )

= ! P(zk+1: t |xk )P(xk |z1:k )

= ! bk+1: t ! f 1:k
<latexit sha1_base64="zRg96DntVVG+19vB/WE3Ru6BllQ="></latexit>



D&>GF&)6-(&44

bk+1: t = P(zk+1: t |xk ) =
!

x k +1

P(zk+1: t , xk+1 |xk )

=
!

x k +1

P(zk+1: t |xk+1 , xk )P(xk+1 |xk )

=
!

x k +1

P(zk+1: t |xk+1 )P(xk+1 |xk )

=
!

x k +1

P(zk+1 , zk+2: t |xk+1 )P(xk+1 |xk )

=
!

x k +1

P(zk+1 |xk+1 )P(zk+2: t |xk+1 )P(xk+1 |xk )
<latexit sha1_base64="+hd0R8NbRoObPCPOO8j3QzV5M8U="></latexit>



D&>GF&)6-(&44

bk+1: t = P(zk+1: t |xk ) =
!

x k +1

P(zk+1: t , xk+1 |xk )

=
!

x k +1

P(zk+1: t |xk+1 , xk )P(xk+1 |xk )

=
!

x k +1

P(zk+1: t |xk+1 )P(xk+1 |xk )

=
!

x k +1

P(zk+1 , zk+2: t |xk+1 )P(xk+1 |xk )

=
!

x k +1

P(zk+1 |xk+1 )P(zk+2: t |xk+1 )P(xk+1 |xk )
<latexit sha1_base64="+hd0R8NbRoObPCPOO8j3QzV5M8U="></latexit>



D&>GF&)6-(&44

bk+1: t = P(zk+1: t |xk ) =
!

x k +1

P(zk+1: t , xk+1 |xk )

=
!

x k +1

P(zk+1: t |xk+1 , xk )P(xk+1 |xk )

=
!

x k +1

P(zk+1: t |xk+1 )P(xk+1 |xk )

=
!

x k +1

P(zk+1 , zk+2: t |xk+1 )P(xk+1 |xk )

=
!

x k +1

P(zk+1 |xk+1 )P(zk+2: t |xk+1 )P(xk+1 |xk )
<latexit sha1_base64="+hd0R8NbRoObPCPOO8j3QzV5M8U="></latexit>



D&>GF&)6-(&44

bk+1: t = P(zk+1: t |xk ) =
!

x k +1

P(zk+1: t , xk+1 |xk )

=
!

x k +1

P(zk+1: t |xk+1 , xk )P(xk+1 |xk )

=
!

x k +1

P(zk+1: t |xk+1 )P(xk+1 |xk )

=
!

x k +1

P(zk+1 , zk+2: t |xk+1 )P(xk+1 |xk )
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P(xk |z1:t ), k < t
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