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B ;< J H = 8 =Z 8 = C R ; A H = C ; S C H F5� 1� 13^� Q HB I > Jy
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�:� � �� 2 6�� 7 R ; J ; A? B 8 CD Z ? < B > R< J < GB 8 HB T ; I 8 ; F P(R0) = 〈0.5,0.5〉

< T H? C C R ; J C< C ;y

vy 7 R ; GB ; > 8 A C8 H = FB H9 t = 0

C H t = 1 Z 8 N ;J

P(R1) = ∑r0
P(R1 | r0)P(r0)

= 〈0.7,0.3〉×0.5+ 〈0.3,0.7〉×0.5 = 〈0.5,0.5〉.

ªy � G >< C8 =Z C R 8 J > 8 J CB 8 T? C8 H = Q 8 C R C R ; ;N 8 > ; = A ; u1

F HB t = 1 Z 8 N ;J

P(R1 | u1) = αP(u1 | R1)P(R1) = 〈0.9,0.2〉〈0.5,0.5〉

= α〈0.45,0.1〉 ≈ 〈0.818,0.182〉.

�y U 8 9 8 I< B I D� Q ; H T C< 8 =

P(R2 | u1,u2) = α〈0.565,0.075〉 ≈ 〈0.883,0.117〉.
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7 R ; C< J M 8 J C H A H9 G? C ; P(Xk | e1:t)

F HB 0 ≤ k < t B ; F ;B B 8 =Z C H G< J Cy
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� J 8 =Z < § d b � �d ] n � h ¨ ¨ d i h bk+1:t = P(ek+1:t | Xt)� Q ; H T C< 8 =

P(Xk | e1:t)

� α f1:kbk+1:ty
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7 R ; T< A M Q < B > 9 ;J J < Z ; bk+1:t

A< = T ; A H9 G? C ; > ? J 8 =Z

bk+1:t = ∑
xk+1

P(ek+1 | xk+1)P(ek+2:t | xk+1)P(xk+1 | Xk).
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� R ; = ;N ;B k +1 = t� C R ; J ;� ? ; = A ; ek+2:t

T ; A H9 ;J ;9 G CD < = >
P(ek+2:t | xk+1) = P(> | xk+1) = 1 Q R ;B ; > J C< = > J F HB CB? C Ry

➤

7 R 8 J I ;< > J C H< B ; A? B J 8 N ; > ; ¸ = 8 C8 H =� HB < IZ HB 8 C R9

bk+1:t = α
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�:� � �� 2 6�� � ; C? J > ;9 H =J CB< C ; J 9 H H C R 8 =Z Q 8 C R C R ;? 9 TB ; I I< ; S < 9 G I ;[

vy P(R1 | u1,u2) = α f1:1b2:2 = αP(R1 | u1)P(u2 | R1)

Q R ;B ; Q ;< I B ;< > D

M = H Q C R ; > 8 J CB 8 T? C8 H = f1:1 = P(R1 | u1) = 〈0.818,0.182〉y

ªy 7 R ; > 8 J CB 8 T? C8 H = b2:2 = P(u2 | R1) = ∑r2
P(u2 | r2)P(r2 | R1) =

0.9×〈0.7,0.3〉+0.2×〈0.3,0.7〉 = 〈0.69,0.41〉y

�y P D J ? TJ C8 C? C8 =Z C R ;J ; > 8 J CB 8 T? C8 H = J < = > = HB 9 < I 8�� 8 =Z � Q ; H T C< 8 =

P(R1 | u1,u2) = α〈0.818,0.182〉〈0.69,0.41〉 ≈ 〈0.883,0.117〉y

7 R? J C R ; J 9 H H C R ; > ;J C8 9 < C ; 8 J R 8:Z R ;B C R< = C R ; ¸ I C ;B ; > ;J C8 9 < C ;y
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7 R ;< > > 8 C8 H =< I G8 ; A ; H F ;N 8 > ; = A ; u2

8 = AB ;< J ;J C R ; GB H T< T8 I 8 CD H F
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�:� � �� 2 6�� U? G G HJ ; C R< C C R ; J ; A? B 8 CD Z ? < B > 9 < M ;J C R ; F H I I H Q 8 =Z

H TJ ;B N < C8 H =J >? B 8 =Z C R ; ¸ B J C ¸ N ; >< D J[ u1,u2,¬u3,u4,u5y

� R< C 8 J C R ; Q ;< C R ;B J ;� ? ; = A ; 9 HJ C I 8 M ; I D C H ; S G I< 8 = C R 8 J �

➤

	 HB ;< A R G< 8 B H F J C< C ;J xt+1

< = >

xt� C R ;B ; 8 J < B ; A? B J 8 N ; B ; I< C8 H = J R 8 G

T ; CQ ; ; = C R ; 9 HJ C I 8 M ; I D G< C R0J C H xt+1

< = >

xty
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7 R 8 J 8 J < =< I HZ H? J C H ¸ I C ;B 8 =Z � T? C C R ; F HB Q < B > 9 ;J J < Z ;

f1:t = P(Xt | e1:t)

9 ? J C T ; B ; G I< A ; > T D

m1:t = max
x1,...,xt−1

P(x1, . . . ,xt−1,Xt | e1:t)

< = > J ? 9 9 < C8 H = HN ;B xt

8 J B ; G I< A ; > T D 9 < S 8 9 8� < C8 H = HN ;B xty

➤

7 R 8 J Z 8 N ;J C R ; ;J J ; = C8< I A H = C ; = C H F C R ; 
3 1 6´ �3 � 2 	³ ´ 3 1 
 � Q R 8 A R

R< J T H C R I 8 = ;< B C8:9 ;< = > J G< A ; B ;� ? 8 B ;9 ; = CJy
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E = < 
 3 � � 64 � �´ � ³ � �³ � 6 2� HB � � �� C R ; Q HB I > 8 J > ;J AB 8 T ; > T D

< ¨ `g i eh n `¨ b ] h _h B < = > H9 N < B 8< T I ; Xt

C< M8 =Z N < I? ;J 1, . . . ,S Q R 8 A R

A HB B ;J G H = > C H C R ; J C< C ;J H F C R ; Q HB I >y

➤

7 R ; CB < =J 8 C8 H = 9 H > ; I P(Xt | Xt−1)

T ; A H9 ;J < = S×S 9 < CB 8 S T J ? A R

C R< C Ti j = P(Xt = j | Xt−1 = i)y

➤

	 HB Q < B > < = > T< A M Q < B > B ;< J H = 8 =Z < B ; J 8 9 G I 8 ¸ ; > < J F H I I H Q J[

f1:t+1 = αOt+1TT f1:t

bk+1:t = αTOk+1bk+2:t

Q R ;B ; Ot

8 J < > 8< Z H =< I 9 < CB 8 S R< N 8 =Z P(et | Xt = i)< J C R ; ith N < I? ;y

➤

	 HB K L L J � C R ; C8:9 ;< = > J G< A ; A H9 G I ;S 8 C8 ;J H F F HB Q < B >� T< A M Q < B >

CD G ; B ;< J H = 8 =Z < B ; H F HB > ;B J S2 × t < = >

S× t� B ;J G ; A C8 N ; I Dy
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➤

� �0� 4 � �3^� � � � 6� 3 � 4 4 6 1� ³ ´ � � O P Y � B ; GB ;J ; = CJ R HQ C R ; J C< C ; H F

C R ; ; = N 8 B H =9 ; = C ;N H I N ;J HN ;B C8 9 ;y

➤

�< A R C8 9 ; J I 8 A ; H F< O P Y 9 < D R< N ;< = D =? 9 T ;B H F J C< C ; N < B 8< T I ;J

Xt

< = > ;N 8 > ; = A ; N < B 8< T I ;J Ety

➤

�5N ;B D K L L A< = T ; CB < = J F HB 9 ; > 8 = C H< O P Y < = > N 8 A ; N ;B J < y

➤

P D > ; A H9 G HJ 8 =Z C R ; J C< C ; H F< A H9 G I ;S J D J C ;9 8 = C H 8 CJ A H =J C8 C? ; = C

N < B 8< T I ;J � C R ; O P Y 8 J < T I ; C H C< M ;< > N < = C< Z ; H F C R ; J G< B J ; = ;J J 8 =

C R ; C ;9 G HB< I GB H T< T 8 I 8 CD 9 H > ; Iy

�:� � �� 2 6�� 7 R ; CB < = J 8 C8 H = 9 H > ; I H F< O P Y Q 8 C R ª� P H H I ;< = J C< C ;

N < B 8< T I ;J � ;< A R H F Q R 8 A R R< J C R B ; ; G< B ; = CJ 8 = C R ; GB ; A ; > 8 =Z J I 8 > ;� R< J

20×23 = 160 GB H T< T8 I 8 C8 ;J Q R 8 I ; 8 CJ K L L A H? = C ;B G< B C R< J 240y
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➤

7 H A H =J CB? A C< O P Y� H = ; 9 ? J C J G ; A8 FD C R B ; ; > 8 J CB 8 T? C8 H = J[ P(X0)�C R ; CB < = J 8 C8 H = 9 H > ; I P(Xt+1 | Xt)� < = > C R ; J ; =J HB 9 H > ; I P(Et | Xt)y

➤

	 HB ;< A R C8 9 ; J C ; G t� C R ;B ; 8 J H = ; = H > ; F HB ;< A R J C< C ; N < B 8< T I ; Xt< = > ;< A R ;N 8 > ; = A ; N < B 8< T I ; Et

G I? J B ; I ;N < = C I 8 = MJ T ; CQ ; ; = = H > ;Jy

�:� � �� 2 6�� 	 HB C R ; J ; A? B 8 CD Z ? < B > ;S < 9 G I ;� 8 C 8 J J ? 
 A8 ; = C C H J G ; A8 FD

0.3f
0.7t

0.9t
0.2f

Rain0 Rain1

Umbrella1

P(U  )1R1

P(R  )1R0

0.7

P(R  )0

�

©

� 	 	� }~ � 
� � � � 
� � � 
� � � 
 � � � � 
� � �� � � � � � �� �� 
 �� � � � � �

AB
��� � ��� �� 	 
 �� 
 �� � � 	 	� � 
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 � � � � � �'

&

$

%

�:� � �� 2 6�� � B H T H C 8 J > ;J AB 8 T ; > Q 8 C R J C< C ; N < B 8< T I ;J Xt = 〈Xt ,Yt〉

F HB

G HJ 8 C8 H = < = >

Ẋt = 〈Ẋt , Ẏt〉

F HB N ; I H A8 CD < = >

Batteryt

F HB C R ;< A C? < I

T< C C ;B D A R< B Z ; I ;N ; Iy

Z1

X1

X1tXX 0

X 0

1BatteryBattery 0

1BMeter

P H C R G HJ 8 C8 H = � ;N 8 > ; = A ; N < B 8< T I ;J Zt

� < = > C R ; T< C C ;B D A R< B Z ; I ;N ; I� ;N 8 > ; = A ; N < B 8< T I ; BMetert

� < B ; 9 ;< J ? B ; >y
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➤

7 R ; GB ;N 8 H? J < IZ HB 8 C R9 J F HB 8 = F ;B ; = A ; 8 = P< D ;J 8< = = ; CQ HB MJ A< = T ;

< G G I 8 ; > C H > D =< 9 8 A P< D ;J 8< = = ; CQ HB MJy

➤

� 8 N ; = < J ;� ? ; = A ; H F H TJ ;B N < C8 H =J � H = ; A< = / 4 ´ ³ 2 2 < O P Y ? = C8 I C R ;

= ; CQ HB M 8 J I< B Z ; ; = H? Z R C H< A A H9 9 H >< C ; C R ; H TJ ;B N < C8 H =Jy

➤

� = B H I I 8 =Z A< = < I J H T ; > H = ; H = < J I 8 A ;� T D� J I 8 A ; T< J 8 Jy

➤

E = C R ; Z ; = ;B< I A< J ;� C R ; A H9 G I ;S 8 CD H F B ;< J H = 8 =Z 8 J ;S G H = ; = C8< Iy
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0.9t
0.2f

Rain1
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P(U  )1R1

P(R  )1R0

Rain0
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Rain0
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P(R  )0

0.3f
0.7t
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Rain1
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0.3f
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0.7t
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Rain1
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P(U  )1R1

P(R  )1R0

0.3f
0.7t

0.9t
0.2f

Rain1

Umbrella1

P(U  )1R1

P(R  )1R0

0.3f
0.7t
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Rain1
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➤

� > D =< 9 8 A Q HB I > A< = T ; R< = > I ; > ? J 8 =Z < J ; C H F B< = > H9 N < B 8< T I ;J

C H B ; GB ;J ; = C C R ; J C< C ; H F C R ; Q HB I > < C ;< A R G H8 = C 8 = C8:9 ;y

➤

V ; GB ;J ; = C< C8 H = J A< = T ; > ;J 8:Z = ; > C H J < C8 J FD C R ; � �´ � ³ � � ´ ³ � 6´ 1� �

J H C R< C C R ; F? C? B ; 8 J 8 = > ; G ; = > ; = C H F C R ; G< J C Z 8 N ; = C R ; GB ;J ; = Cy

➤

u H9 T8 = ; > Q 8 C R C R ; � 1� 13^³ 4 �´ 3 1� < J J ? 9 G C8 H = 9 ? A R J 8:9 G I ;B

GB H T< T8 I 8 J C8 A 9 H > ; I J < B ; H T C< 8 = ; >y

➤

� C ;9 G HB < I GB H T< T 8 I 8 C D 9 H > ; I A H =J 8 J CJ H F< 1´ � 4 � 3 13^³ 4 �³ � 6 2 < = >

< � 64 � ³ ´ �³ � 6 2y
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