
�� ��� ��� �	 
 �� � � � � ��� �� �� � � � � � �	 � �� � �

�� ��  � �� � � � � 
� � � � � �  �

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

* +, -. /10 2, 345 6, 7984 : 4; 45 6< ,= = 4 6 - < , 2 7?> @1A 4 2 7, 2 4 2B 34= , 2 4 6 /

C DE 3F : 4 6G 7 < 7 6 0 2, 6 /1HI J J J; 45 6 < ,= = 4 6 /?K 5 < 2 L4

M



� � �N �� � � 

O PA ,= :, 2 Q= <5 QR4 . <5 S T 3 LU < , 2 6, 6 4 < 6 V W L TX Y T 6, 7, T 2 TZ

6A [ > X T : 4= 6, 2 , 2 745 < L 7, T 2 / -E \ / * 4 75 , 2 4 7 6 / - *E / 74 2 6 T5

5 4 Y5 4 64 2 7< 7, T 2 ]F

O PA 7 2A X 45 , L <= < 2 <= V 6, 6 TZ LU < , 2 6, 2 6 74 < : V > 6 7< 74 , 6 6 7,= = :,^ LA = 7F

O _ TX YA 74 Y 45 Z T5 X < 2 L4 , 2 :, L4 6 : 4` 2 4 : < 65 4a <5 : Z A 2 L 7, T 2 6 T 2

7U 4 6 74 < : V > 6 7< 74 :, 6 75 , [A 7, T 2b ced Wgf ]gh W f ]F

O i 7, 6 TZ 74 2 2 T 7 2 4 L4 6 6 <5 V 7 T L TX YA 74 7U 4 4j < L 7 3 <= A 4 TZ 7U 4

:, 6 75 , [A 7, T 2 F

O P TA 2 :, 2 Q 6 TX 4 5 4 a <5 : Z A 2 L 7, T 2 6, 6 6A ^ L, 4 2 7F

O k 45 4 b 6 7 T L U < 6 7, L [ TA 2 : 6 < 2 : <= Q 4 [5 < , L <= Q T5 , 7U X 6 T 2

6 7 T LU < 6 7, L X < 75 , L4 6 / 2A X 45 , L <= < 2 <= V 6, 6F

l



� � � � � � � � �m

O a 4 U < 3 4 7 T X T : 4= < Y5 T [= 4 X a , 7U < 3 45 V= <5 QR4 . <5 S T 3 LU < , 2

< 2 : L TX YA 74 , 7 6 6 74 < : V > 6 7 < 74 :, 6 75 , [A 7, T 2 F

O n 4 6, Q 2 <= Q T5 , 7U X , L <= = V < 2 4a L U < , 2 W 75 < 2 6, 7, T 2 X < 75 , j ] 6A LU

7U < 7 b
o 7U 4 2 4a 5 4a <5 : Z A 2 L 7, T 2 6a ,= = [ 4 < 2 A Y Y 45 [ TA 2 : TZ 7U 4

4j < L 75 4a <5 : Z A 2 L 7, T 2 6 < 2 : X A 6 7 [ 4 L T 2 6, 6 74 2 7a , 7U 7U 4

X < L5 T 6 7< 74 6F

o 7U 4 2 4a 6 74 < : V > 6 7< 74 :, 6 75 , [A 7, T 2 , 6 < 2 A Y Y 45 [ TA 2 : TZ 7U 4

4j < L 7 6 74 < : V > 6 7< 74 F

o 7U 4 2 4a X < 75 , j , 6= A X Y < [= 4 W 6, X Y= 45 7 T 6 T= 3 4 ]F

O P < 64 : T 2 6 75 T 2 Q 6 7 T L U < 6 7, L T5 : 45 , 2 Q 6 Z T5 5 < 2 : TX 3 <5 , < [= 4 6 / < 2 :

. <5 S T 3 L U < , 2 6 W 64 4 - 7 T V < 2 ]F
p



�� ��  � �� � � � � 
� � � � � �  � 


O + 4 6 75 , L 7, T 2 WU 45 4 ] b n , 6 L5 4 74 q, X 4 . <5 S T 3 _ U < , 2 6 W n q . _ ]

< 2 : 7 T 7<= T5 : 45 T 2 7U 4 6 7< 74 6 Y < L4 rts uwv x?y y y x1z { Wz , 6 7U 4 6,| 4

TZ 7U 4 L U < , 2 ]F

O } c ~�� a ,= = 5 4 Z 45 7 T5 Ta f TZ } F

O � � �� )� � � �� ��� ��� � � ��� � ��� � �� � ��� � �� �� � � � �� � � ���

uwv x?� xy y y x1z {�� � �� � � �� d � � �1� � � � �� �� �  � � � ��� �� �� � � �� � �� � � ¡

��� � � ¢ £¤ � � � � �� � � �  � � ¥¦¨§ © � ¦«ª ¥¦ § © d ¦ �� �

¬s v x� x?y y y x1z

®



¯ �  � �	 �  � �� � � � � �� 	 �� � ° � � 	 � � � � 
� 

±²  � � ³ �´ � �� Wgµ ] ��� � Wgµ ] �� �� � ¶· ¸ ¹ � �� } � �� º ��

��� � � � � � �� � �� �� � �� � � � � �� �» � ��� �� � � �

O � W J ] ¢ £¤ � W J ] ¡

O � �?¼» � � � �� �� �� �   � � � � �� � � �� � � � � ��� » � ��� �� � � � �� � ¡ ½ �� � º¾

¿ f ¡ ÀÂÁ f ¡ º c ~�� ¢ £¤ º ¦ ~�� Ã

O � �?¼ � �» � �� � �� �� �   � � ��� » � ��� �� � � � �� � ¡ �� � �� � ¡ } c ~�� ¢ £¤ º c ~�� ¿ f y

· �� � ¡� Wgµ ] ¢ £¤ � Wgµ ] x µ Á J

Ä



Å � � �� � �  


O iZ } , 6 2 T 7 X T 2 T 7 T 2 4 / º X A 6 7 [ 4 F F F

Æ
Ç È

¥ © § ¦ } c ~ © ª ¥ © § ¦ º c ~ © ¿ f x À¥ © § ¦ º c ~ © ª ¥ © § ¦ º c É M ~ © ¿ f x À Wv ]

O i 7, 6 Y T 6 6, [= 4 7 T A 64 < 64 7 TZ 4 ÊA <= , 7, 4 6 /, 2 6 74 < : TZ , 2 4 ÊA <= , 7, 4 6F

O *5 T Y 45 = V T5 : 45 4 : W, 2 , 2 L5 4 < 6, 2 Q T5 : 45 Z T5 f < 2 : , 2 : 4 L5 4 < 6, 2 Q

T5 : 45 Z T5 À , 2 6 V 6 74 X � ] / < L T 2 6 75 A L 7, 34 a < V 7 T T [ 7< , 2 <

6 7 T LU < 6 7, L [ TA 2 : W; , 2 L4 2 7ÌË 6 <= Q T5 , 7U X ]F

Æ
Ç È

º M ~ c s } M ~ c¥ © § ¦ º c É M ~ © s ÍÎ Ï W ¥ © § ¦ º c ~ © x ¥ © § ¦ } c É M ~ © ] ¿ f x À
W� ]

Ð



�  �Ñ �	 �� �

ÒÓÔ ÕÖ
×

ØÙ Ú ØÙ Û ØÙ Ó ØÙ Û ØÙ ØØÙ Ó ØÙ Ü ØÙ Ó ØÙ Ø ØÙ ÓØÙ Û ØÙ Ó ØÙ Ú ØÙ Û ØÙ ØØÙ Ó ØÙ Ø ØÙ Ó ØÙ Ü ØÙ ÓØÙ Ø ØÙ Û ØÙ Û ØÙ Ó ØÙ Ú
Ý Þ

ß
ÕÖ

×
ØÙ Ú ØÙ Û ØÙ Ó ØÙ Û ØÙ ØØÙ ÓØÙ ÓØÙ ÓØÙ Ú

Ý Þ
ß

_ T X YA 74 L T= A X 2 z W 6 7> X T 2 T 7 T 2, L, 7 V , X Y= , 4 6 7U < 7 7U 4 4= 4 X 4 2 7 6 <5 42 T 2 : 4 L5 4 < 6, 2 Q ]

ÕÖ
×

ØÙ Ú ØÙ Û ØÙ Ó ØÙ Û ØÙ ØØÙ Ó ØÙ ÓØÙ Ó ØÙ ÓØÙ Ü ØÙ ÓØÙ à ØÙ Ú
Ý Þ

ß
áÔ ÕÖ

×
ØÙ Ú ØÙ Û ØÙ Ó ØÙ Û ØÙ ØØÙ Ó ØÙ â ØÙ Ó ØÙ Ó ØÙ ÓØÙ Ó ØÙ Û ØÙ Ú ØÙ Ó ØÙ ÓØÙ Ó ØÙ Ø ØÙ Ó ØÙ Ü ØÙ ÓØÙ Ø ØÙ Ó ØÙ Ó ØÙ à ØÙ Ú

Ý Þ
ß

K , 2 <= = V h ã Ms W J y vI J x J y � D � x J y vI C x J y � HI x J y v Jä ]

h ås W J y v C æ x J y v ç J x J y v ä H x J y æ DH x J y v C æ ]

h ã M ¢ £¤ h å

è



� � �� � �� �� �� �� m � � é

O i 7 X < V U < Y Y 4 2 7U < 7 7U 4 X < 75 , j L T X YA 74 : [ V; , 2 L4 2 7ÌË 6

<= Q T5 , 7U X , 65 4 :A L, [= 4 / 4 34 2 , Z } , 6, 5 5 4 :A L, [= 4

O n A 4 7 T 7U 4 ê T Y 45 < 7, T 2 / 6 TX 4 4= 4 X 4 2 7 6 X < V [ 4 | 45 T 4 34 2 , Z 7U 4

L T5 5 4 6 Y T 2 :, 2 Q 4= 4 X 4 2 7 6, 2 } <5 4 Y T 6, 7, 3 4 F

O E 2 4 a <= Q T5 , 7U X W i. -0 P ] Z T5 7U 4 , 5 5 4 :A L, [, = , 7 V

O i : 4 < 6 b : T 2 T 7 : 4= 4 74 75 < 2 6, 7, T 2 6 < 2 : < : : 7U 4 6A [ :, < Q T 2 <= F

O < 2 4 L4 6 6 <5 V < 2 : 6A ^ L, 4 2 7 L T 2 :, 7, T 2 T 2 } 7 T T [ 7< , 2 < 2

, 5 5 4 :A L, [= 4 A Y Y 45 [ TA 2 : F

O E 2 T 7U 45 <= Q T5 , 7U X W�ë i. -0 P ] Z T5 < = A X Y < [= 4 < 2 : , 5 5 4 :A L, [= 4

[ TA 2 :, 2 Q X < 75 , j F

ì



�� ��� � �� �	 � �í �

î, 6 < 2 <5 [, 75 <5 V Y T 6, 7, 34 3 <= A 4 6 75 , L 7= V 6X <= = 45 7U < 2 v y JF

ïðñ ò�ó ô
ïðñ ò�õ ô

ïðñ ò÷ö ô

ï ðñ ò öø ù ôïðñ ò÷ö ø ú ô
ûüý þÿ � � � � � � ��� � ü� � 	
 ÿ � � 	
� � ûüýûüý � ÿ � ��� � � � � ��� � ü� � 	� ÿ � �� � � ��� � 	� � � � 	� �� � ûüýûüý þÿ � � � ��� � � � � � � � � � üûüý � ÿ � � � � � � � � � � ü� � 	
 ÿ � �� ��� � � �� � � � �! 
 � ��� � 	 � � � � �  
 � � 	
 � � � � �  
 " � � � 	 � �#$ � � � 	
 ÿ � � �% & � � � �  
 " � � � 	 �(' � � �% & � � � � 	
) � �+* � � � ÿ þ � � � �-, ./ � � 	
 ÿ 01 � � � � � �! 
 " � � � 	 � �� � #$� � ûüý� � ûüý

2



O ±²  � � ³ 3 ´ � � } �� � � � � � � � � �� ��� � �� �� � �� � � � � �� � » � ��� 4

¸ � ��� 4 º � �» �� �� � �� �» } �  � ¸ 56 7 � � 8� �� ��» � �� � � � � � �� ���

� � ��� � � �  � � } Wv xv ]Á J ��� � �� �   � � � � � ��� �� � � � ��� � � 8 �� � �

» � ��� 4 } � � � � � �� � � �� � � �� �� �� �� � �� » � � �

M 9



� �	 � �� � � � � �  � 


O ë A X Y < [,= , 7 V , X Y= , 4 6 < 6 7< 74 6 Y < L4 5 4 :A L 7, T 2 F W : 4 L TX Y T 6, 7, T 2 T Z

7U 4 L U < , 2 , 2 7 T X < L5 T > 6 7< 74 6 ]

O � � �� )� � � 3 ´ � �� �� � � �� �� ¶· ¸ ¹ ¡: � � �» � ��� 4 ¡<; © �� �

� �� �� �� � � � � ��� � � � �� � � � � � �� � � ��   ��» � � ��� � � � � �� � � 8 �� ; © ¡

� = �� � �� � � � � �� �> ��� ?� � ; c ¡� � � � �� ¾

¦@A BC
D ~ ¦s ¦@A BC E ~ ¦ ¿ Í Î FdG ê H µÎ µ> ; ©

O I5 :, 2 <5 V= A X Y < [,= , 7 V , 6 L T 2 6, 6 74 2 7a , 7U X T 2 T 7 T 2, L, 7 VF

O E 6 6A X 4 7U < 7 6 7< 74 6 <5 4 T5 : 45 4 : < L L T5 :, 2 Q 7 T 7U 4 X < L5 T > 6 7 < 74

Y <5 7, 7, T 2 < 2 : 7U < 7 7U 4 5 4a <5 : 6 <5 4 L T 2 6, 6 74 2 7F

O q U 4 <= Q T5 , 7U X L TX YA 74 6 7U 4 X < 75 , j L T= A X 2 [ V L T= A X 2a , 7U

6 TX 4 Y <5 7, LA = <5 a T5 S Z T5 [= T L S [ TA 2 : <5 , 4 6F

M M



�� � � 
 �� � �� ��� � �� �	 � � �í �

O G < LU [= T L S 2 4 4 : 6 7a T 6 74 Y 6F

O q U 4 ` 5 6 7 6 74 Y , 6 [ < 64 : T 2 <= Q T5 , 7U X i. -0 P [A 7 7U 4 ` 5 6 75 Ta T Z

} < 2 : º X < V 2 Ta [ 4 :, J 45 4 2 7 :A 4 7 T 7U 4 64 L T 2 : 6 74 Y F

O q U 4 64 L T 2 : 6 74 Y X T :, ` 4 6 7U 4 ` 5 6 7 L T= A X 2 TZ 7U 4 [= T L S 6 7 T

6 < 7, 6Z V 7U 4 T5 :, 2 <5 V= A X Y < [,= , 7 V L T 2 6 75 < , 2 7F

O I5 :, 2 <5 V= A X Y < [,= , 7 Vs L T 2 6 7< 2 75 Ta 6A X Z T5 7U 4 [= T L S

O n A 4 7 T 6 7> X T 2 T 7 T 2, L, 7 V / 7U 4 X <j , X <= 5 Ta 6A X , 65 4 < LU 4 : Z T5

7U 4 = < 6 75 Ta TZ 7U 4 [= T L S < 7 7U 4 4 2 : T Z 7U 4 ` 5 6 7 6 74 Y F

O n A 5 , 2 Q 6 74 Y � /a 4 X T :, Z V 7U 4 ` 5 6 7 L T= A X 2 TZ 7U 4 [= T L S 7 T

T [ 7 < , 2 L T 2 6 7 < 2 75 Ta 6A X F

O I 2 L4 < [= T L S U < 6 [ 4 4 2 L TX YA 74 : /, 7, 6 2 Ta Y T 6 6, [= 4 7 T L TX YA 74

7U 4 [= T L S T 2 7U 4 = 4 Z 7 / T5 [ 4= Ta F
M l



KÑ LM NPOQ RST UV Q WT X UY O SZ [

\ I] ^ _`ab cd ef ga ^ hai j<k hl ] hk mon b `p _ q _a `b `b g] b ] ` g ` n g

^ _r a g<s t` _` h tu v e w<x y _] k vPz w<{ wo| y~}

\ �b a t` t` h q

��
�

��� ��� �� ���� ��� ����� � ��� ��� � �
�

\ � hr g] k t` h q

��
�

�� � ��� �� ��� � ��� ����� � ��� ��� � �
�

� �



� S M NPOQ �� U �

\ � q _ r h f ga ��� ��� u g] i j ` n g� hr ` ga t gf tb � h� b ] ^ h ^ ga j

\ � q _ r h f ga � � � �� u ` n gi b ] � hk i b t` tb ] ^ h ^ ga j v t ^ _i i ha `p _] � y

\ � � ^ � ha gf � q ha _`b g] t u

� k b   r �i ` � hr _ � t h n h _k k _] k k hi h` h `a _] tb `b g] t

� _] � q q ha � g �] k r _] � h r g ^ q � ` hk � hf ga h r g ^ q � `b ] ¡ `p h

^ _` ab c v � _ t hk g] ` p hb ] k b r h t gf `p h l a t` _] k i _ t` hi h ^ h] ` tb ]

_a gn y

� t ^ _i i ha `p _] � ¢

� � £ f ga _ � _] k ^ _`a b c n b ` p £ k b _ ¡ g] _i t

�¤



¥¦ Q � L M NPOQ § � UV O LT ¨Q X U L UQ X N LZ Q

\ ©] _i j tb t gf _ � �ª ha q gi b r j n p b r p r g ^ �b ] h t« � tp � � ` ^ hr p _] b t ^

f ga `p h t q _r h ^ _] _ ¡ h ^ h] ` _] k ¬ g �] k ¬ g �b ] t ha � b r hk b trb qi b ] h }

\  n g ` j q h t gf q _r � h` t n b `p k b t`b ] r `i g t ta _` ha h ® �b a h ^ h] ` t }

\ ¯b ¡p qa b ga b ` j u q _ r � h` t n p b r p p _� h `p h t ^ _i i h t`i g t ta _`b g

a h ® �b a h ^ h] ` t

\ « � tp g � ` u _i gn qab gab ` j q _r � h` n p b r p _a a b � h tb ] _ f �i i � �ª ha b t

i g t` } � f `p h � �ª ha b t] g ` f �i i m � g `p ` j q h t gf q _r � h` t _a h

_r r h q ` hk } ° p h] `p h � �ª ha b tf �i i m _] _a a b � b ] ¡p b ¡p qab gab ` j

q _r � h` q � tp h t g � ` gf `p h � �ª ha _i gn qa b ga b ` j g] hb f `p ha hb t _] j

b ] `p h � �ª ha } � ` p ha n b t h ` p hp b ¡p qab gab ` j q _r � h`b ti g t` }

\ « gb t t g] _a a b � _i t m<± c q g] h] `b _i t ha � b r h

\ p h � �ª ha tb � h u² m � � ^ � ha gf t` _` h tb tb ] ³ v² ¢ y

� ´



\ ¬ h qa h t h] ` _`b g] gf t` _` h tu v~µ w<¶ wo· · y n p ha h µ b t ` p h ` g ` _i

] � ^ � ha gf q _r � h` t m ¶ b t `p h ] � ^ � ha gf p b ¡p qa b ga b ` j q _r � h` t m

_] k · · b t `p h t` _` h gf `p h

\ p h t` _` h t _a h ga k ha hk _r r ga k b ] ¡ ` g _i h cb r g ¡a _ qp b r ] g]

k hr a h _ tb ] ¡ ga k ha b ] ¡ }

\ ¸ g ^ q � `b ] ¡ `p h h c q hr ` hk ] � ^ � ha gf i g t` q _r � h` t q ha ti g ` }

v~¹ v² w² w<º y¼» ¹ v² w² w<¶ y }

\ � f ² ½ e ¾ ¾ ¾ u _] _i j tb t _i _a ¡ h r p _b ] v e ¾À¿ t` _` h t y~}

\ p ha hn _a k b t _ ] g] k hr a h _ tb ] ¡ f �] r `b g] n p b r p b t � ha g

h� ha jn p ha h h c r h q ` f ga `p hi _ t` ` n g t` _` h t n p ha hb ` t� _i � hb t g] h }

�¿



p h � h jb k h _ ` g tp ga ` h] ` p h t` _` h t q _r hb t ` g _� gb k `p h t` _` h t n b `p

i _a ¡ h� _i � h gf i gn qa b ga b ` j q _ r � h` t }

high priority
cells can be lost

macro-states
unchanged
states

states where

M

(B-M+2, B-M+1)

H=T-F

F

B H

 B

T

(B-M+2, B-M+2)

�b ¡ �a h e u p h _ ¡ ¡a h ¡ _` hk r p _b ]

� Á



Â ÃÄÅÆ ÇÈÉ ÊÆË ÆÌ ÍÎÆ ÂÏÐ Ë Ñ ÃÄÅÆ ÂÏ Ð Ë Ñ ÇÈÉ ÒÆ ÏÌ ÑÆÌ ÓÔÕ ÃÖ Â� � � � �� � �� � � � � � �× ×Ø ×Ù � � ÚÛ � ÛÜ � � � �Ø Ü Ù × ÚØ �Ù� � � � � � �× � �� Ý � �Ü Ü Ü � � ×Ø �Ù � × Ú � � � Ý Ú× Û � � ÝÙ � Þ �Ù

\ p ha h t �i ` ti g g � _r r �a _` h vr p hr � hk f ga t ^ _i i � _i � h tf ga ² y~}

° p jàß
\ p hk b t`a b � � `b g] b t t � hn hk } ©i ^ g t` _i i `p h qa g � _ �b i b ` j ^ _ t tb t

r g] r h] ` a _` hk g] `p h t` _` h t n b `p _ t ^ _i i ] � ^ � ha gf q _r � h` t }

\ p h l a t` q _a ` gf `p hb ] b `b _i ^ _`a b cb t _i a h _k j t` s ^ g] g ` g] h

v t ^ _i i ] � ^ � ha gf q ha ` �a � _`b g] t y~}

\ p b tb tk � h ` g ` p h ga k hab ] ¡ gf `p h t` _` h t n hp _� h r g] tb k ha hk }

\ � ^ _i i � _i � h t _] k � ^ _i i ] � ^ � ha gf q ha ` �a � _`b g] t

� á



â � ¦ LO ãQ M LT [ X

\ äb tr a h` h b ^ h� ¸

\ � ga r g] `b ] � g � t `b ^ h� ¸ m �] b f ga ^b � _`b g]

\  g ` _i ga k ha b ] ¡ gf `p h t` _` h t q _ r h

\ p ha hn _a k tp _� h ` g � h _ ] g] k hr a h _ tb ] ¡ f �] r `b g] _] k

r g] tb t` h] ` n b `p ` p h t`a � r ` �a h � t hk vi � ^ q _ �b i b ` j y

\ p h _r r �a _r j gf `p ha h t �i ` t ^ _ j r p _] ¡ h n b `p ` p h ga k hab ] ¡

� å



â � ¦ LO ãQ M LT [ X

\ � ` g r p _ t`b r r g ^ q _ab t g] gf ä � ¸ � j _i ¡ h �a _b r _a ¡ � ^ h] ` t v] g `

t _ ^ qi hs q _`p qa g gf t yi h _k t ` g ©i ¡ ga b `p ^ t } } }

\ ©i ¡ gab ` p ^ t ` ga hk � r h t` _` hs t q _r h _] k g � ` _b ] � q q ha � g �] k tf ga

_i ^ g t` _a �b ` a _a j ^ _`a b c

\� g �] k tf ga t` h _k j s t` _` hk b t`ab � � `b g] _] k a hn _a k t

\ � �a ` p ha a h t h _a r p ` g h c ` h] k ` p h _ q qa g _r p ` g `a _] tb h] ` a hn _a k t

\ ± _ t j ` g qa g ¡a _ ^ n b `p t q _a t h ^ _` ab c _] k _ f hn � hr ` ga tb ]

^ h ^ ga j v  g gi _� _b i _ �i h t g g] m qa h t h] ` _`b g] _` � © � ¸ �  � ¾ z y~}

¢ æ


