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ÑỒ× �` Ø× [ �� H � R ] � I � ¼ ³ �

� � À � � � � � � � � � � ¼ ³ � � � � ¼ ½ � � � ~ � � � � � � � � � � � ~ � ¯ � � � � ¯ � � ~ À � � � � � � � � ~ � � ~ � � � � � � ~ � ³ � �Ó% � & H � ¼Î � ¼
ÑÔW X H ÙÚ �� H � R W � � ÑÔ] X H �� � R ] � ÛÜ % � � � S R � R W U � � � Z !H I

� � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � ¯ � � � � ~ � � � � � � � � � � ~ �% � � � S R � \ U � � � b ! � � ¼ " \ Ý ^  �
� � ~ � ~ Ý � � � º ~ � � � � � � ~ � � � � � � � ~ � � � � � � ~ � ~ � ~ � � � À � � ~ � ~ � ~ � � � � º � � � � � � � � � ¼ � � ¼ � ¼ � I I I � ¼ � ! �

° ¯ ~ � � � � � ~ � � � � À � � � � � ~ À � � � � � � � � ~ � � � � ~ � � � � � ~ � � � � ~ À � � � � � � � � ~ � � % � & H � � �
� ~ � � � � ~ � ¯ � � ~ � � Þ � ~ � � ~ � ¯ ~ � � � � � � � � � ~ � � � � � � � ~ � ~ � � H � I I I � � J � � � � ~ � ~ � � � H � � � � ¯ � � ~
~ � � � � � � � � �� H � � � ~ � � � � � � � À ~ � � � � ~ � � � � À � � � ~ � � � ~ � � � � � � � � ~ � H � � � � � À ~ � � � ~ � � � � � º ~ � � � � ~
º � � � � � � � � � � � � � ~ � � � ~ � � � � � � ~ � ~ � � � � � I I I � � J � ° � � ~ � � � � � º ~ � � � � � � � ~ & H � � � � � H � � � � � H � � � � �
� ~ � � � � À � ~ � � � � � � ~ � � � � � � ~ � � � �� � ß & H � � � À ~ � ¯ � � � � � � � � � � � � � ~ � � � ~ À � � � � � � � � ~ � � � � ~ � ~ ¯ � � ~
� � � º � � ~ � � � � � � � � � � � � ¯ � � � � � � � � � À � � � � � ~ � � � � � ~ � ~ � � � � � � � � � � � � � ~ ~ � � � � � � � � � ~ � � � � � ~
À � � � � � � � � ~ � � � � � � � ~ � ~ � � � � � � � � � � � � ~ � � � � � ~ � � � ~ � � � � � ~ ~ � � � � � � � � À � � � � � � � � � � ~ ~ � � ~ � � � � �
� � � � % � & H � ¾ � � � � � ~ � & H � � � � � � � � � � � � � ° � ~ � � � � � � � � � � � � � � � � � � � � � � � � À � � � � � � ~ � ~ � � ~ � �
� ¯ � � � ~ � � � � � � � � � � � � � ~ � ~ � � � � ~ � � º � À � ~ � � � � � � ~ � ~ ¯ � � ~ % � & H � ¾ � � � � � ~ � � � � � � � ~ ~ � � � � � � � � �
� � � À ~ � ~ � ¯ � � � ~ � � � � � � � � À � � � � ¸ � � º ~ � � ~ � � � � � � � � � ~ � � À � � � � � � � � ~ � � � � � � � ~ � � � � � � ~ � � º � À � ~
~ � � � � � � � � À � � � � � � � � � � ~ � ~ � � ~ � � � � � � ~ ~ � � � � � � � � � � � � � ~ � ~ � � � ± � � � ~ � � � ~ � � � � � � � � ~ � � �
� � º ~ � � � � � ~ À � � � � � � � � ~ � � ~ º ~ � � � � � � � � � ~ À � � � � � º ~ � � � � � � � � � � ~ � ~ ¯ � � ~ � � ~ À � � � � � � � � ~
À � � � � � � � � ~ � � � � � ~ � � ~ � � � º ~ � � � � ~ � � � � � ~ � ~ � � � � � � ~ � ¯ ~ � � � � � � � � À ~ � � º � � � �

� ) à � 8 � 1 á â � 7 8 � ; 6 3 / 7 � � 3 á ã ä + � � ; 3
� � ~ � � � � � � � � ~ ~ � � � � � � ~ � �& H �

Ó% � & H � � � �' � � ¯ � � ~ ~ � � � � � � � � À � � � � À � � � � � � � � ~ � � � � � � º � � � � � � ~
� � ~ � º � � � � À � ~ ¯ � � � � � º ~ � ~ � � � � � � � � �� H � ¯ � H � � � ~ � � � ¯ � � � ¸ � À � � � � � � � � � � � � � ~ $ � ' � � � � ~
� � � À ~ ~ � � � � � � � � � ~ � � � � � � � ~ & � ' � � � � ~ � ¯ º � � � � � � ~ � � � À � � � ~ � � � � � � � � � � � � � � � � � � ~ � À �
� � � � � � � ~ � � � ~ � ~ � � � � � � ~ � � �& H � Ó% � & H � �' � � � � � � � � � � � � À ~ � � ~ ~ � � � ~ $ � ' � � � � � ~ & � ' � � � � ~ � �
� � ~ � � � ¯ � � � ¸ � À � � � � � � � � ~ º � � � � � � ~ � � � ¯ � � � � � � � � ¯ À � � � � � � � � � � � � � ~ � � � ~ � ~ � � � � � �å �& H � æ Z H " Ó% !� & H ç ! � Å� æ Z H " Ó% !� & H ç è � � ~ � � � ~ � ¸ � � U & � � � � � ~ � ~ � � ~ � �

µ



é ê ë ë @ � � > û � ý ú ? û ý = û > ú þ > ü þ = C m ù ì F
� � ~ � À � ~ � � � � ~ � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¯ � � � � � � � � � � � � � ~ � � � � � � � � � � � �
� ¯ � � � ¯ � � � � � � ~ � � � � � � ¯ � � � � � � ¼ Ã � � � ~ � � � � � � � � ~ ³ � � � � ~ � � � � � � � ~ � � � � � � � � � ~ � � � ~ � � � � º ~ �
� � � � � � � � ~ � � � � ~ � � � � � º � � � ~ � ¯ ´ � � � � � ~ � � ~ � � � � � � ~ � � � � � À � � � � � � � ~ � � � � ~ � ~ � � � ¼ � � � � � � ~
� � � ¯ � � � ¸ � À � � � � � � � � � � � � � � � � � ~ � � � ~ � � ¯ � � � ~ � ~ � � � � � � � ~ � � � � � � � ~ � � � � � � � � ~ � � � � � ~ � � �
� ¯ � � ~ � � � � ~ � � � � ~ � # ¼ � � � � � � ~ � � ~ � � � � � � � ~ � � � � � ~ � � ~ � � ~ � � � � � ~ � ~ � � � � � ~ � �

� � � � � À ~ � � � � � � � � � ¯ � � � � · ¸ � � � � ~ � � � � ~ � � � ¯ � � � � � � � � � � � � � � � � � � � ~ ¯ � � � � Ä � �

� � � b ! � � � � � � ^ � � � H b �
� � ~ � ~ b � � � º � � � � � º � � ~ � � � � � � � � � � � ^ � b � " c � � � � � � � � � � � � � � � � ~ � � � � � � � � � � º ~
� ~ � � � � ~ � � � � � � � � ~ � � � � � � � � � ~ � � � � b � � ¯ � � � � � � � � � � � � � � � í ¾ � � � ~ � � � � ~ � � � ~ � � �
� � � � � � � � � � � � � ~ � � � � � � � � � � � � ~ � � � � � � � � � � � ~ º ~ � � ~ � º � ~ � � � � � ~ � � � � À ~ � � � � ~ � � � � � ¼ � ¼ �

Á ) ( * 9 � 2 8 � � * � 4 9 � 8 ; � * 2 � � 0
� � ~ ~ � ~ � � � ¯ � � � ~ � � � � � � � � � � � ~ � � ~ � � ~ � � � � � � � ~ � � ~ � � � ~ � � � � � � � � � � ~ Ä � � ~ À � � � � º � � � � � � ~
� � � º ~ � � � ~ � � � � � � � ~ � ¯ � � º � � � � � � � � � � � � � � ¯ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � º � � � ~ �
À � � � � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ~ � ~ � � � � � À ~ � � � ¯ ~ � � � � � � � � ~ � � � � ~ � ~ � � �
� º ~ � � ¾ � î � � � � � � � � � � � ~ � � � ~ ¯ � � ~ � � � � � ~ � � � � � ~ � � � � � � � � � � � � � � ~ � � ~ � � � � � � � � � � � � � � ~ � ¯
� � ~ � � � º ~ � � � � ¯ � � � � � � � � ¯ � � ~ � � � À ~ � � ¯ � � � � � � � � � � � � ~ � ~ � � � � � � ~ � � � º ~ � � � � � � � � � ~ � � ~ � �
~ � � � � � � ~ � � � ~ � � � � ~ ¯ � � � � � � � � � ~ � � � � ~ � � � � � � ¯ � � � � � ~ � � � ~ � � � � � � ~ � � � � � ~ � � ~ � � � À � ~ � � ¯
� � � � ~ � ¯ � � ~ � � � � ~ � � � � � � ~ � � � � � ~ � ° � � � � � � � � À ~ � ~ ~ � � � � � À ~ � � � � Á � � � � � � � � � � � � ~ � ~ � � �
� � � � ~ � � � � � � � � � � � � � � � � ~ � � ~ � � � � � ~ � � � ~ � � ~ À � � � � � � � � � � � � � � � � � ° � � � � � � � � � ~ � � � � � � �
� � ~ � � � � � � � � � � ~ � � � � � � � � � � � ~ � � � ¯ � � � ¸ � À � � � � � ~ � � � ~ � � � � � ~ � � � � ~ � � � � � � � �

° � � � � ~ � ~ � � � � � � � � � � � � � � � ~ � � � � � � � � ~ � � À � � � ~ � ¸ � À � � � � � % � & H � ¾ � ¯ � � ¼ ¾ � � � � � � � � �
� � � � ~ � � ~ � � � � � � � ~ À � � � � � � � À � � � � � � � � ~ � � � ~ � � � � � ¯ ¾ I Ä ¯ � � � � � � Ä � � � � � � � � � � � � � � � ~ � � �
� � � � � ¯ � � ~ À � � � � � � � � ~ � � � ~ � � � � $ � ¾ I Ä � � � � � ~ � � � À � ~ � � � ~ � � À � � � ~ � � � � � � � � � � � � � � � � � ~ �
� � � � � � � � � � � � ~ � ¯ � � � À ~ � � ~ � � � � � � � � � À � � � ~ � � � � � � � � � � � � � � � � � � ~ � � � � � � � � � �

¼ ¾



� � � � � � � ~ � � � � � � � � ~ � � � � ~ � � � ~ � � � ~ � � � � � � � � � � � � ~ ¯ � � ~ � � � � � � º ~ � � � ~ � � � � � � � � � � �
� � ~ � � � º ~ � � � � � � � � � ~ � � ~ � � ~ � � � � � � ~ � � � � � � � ~ Ã � � � � ~ � � � � � ~ º ~ � � � � � � � � � � � ~ � � � ~ � � ~ � � � �
� À � º ~ � � � � � ~ � � � � � � � � � ~ � � ~ � � � � � � ~ � � � � � º � � � � ¯ � � ~ � � � � ~ � � � � � � � � � � � � � � � � ~ � � � � � � � � �
� � ~ À � � � � � � � � � � � ~ Ã � � � � ~ � � � � � � � ~ � � ~ � � � � � � � � �

� � � ~ � � � � � � ~ � � ~ � � � ~ � � � � � ~ � � � � � � ¯ � � � Ã ³ � Ã ³ � � � � ~ � Ä ³ � � � ¯ � � � � � ~ � � � � � � � � � � � � � � ~
� � � � � � � � � � � � � � � � � � À ~ � � º � � � � � � � � � ~ � � � � � ~ � � ~ � � � ~ � � � � � � � � � � � � À � ~ � º ~ � À � � � � � � � � � �
� � � ¯ � � � � � � � � � � � � � � � � � � � ¯ � � � � ~ � � � � � � � � � � � � � � �

Á ) � ã 9 2 8 4 � � * 0 1 2 3 4 5 3 1 8 � ;
� � � � � � ~ � � ~ � � � ~ � � � ~ � � � � � � � ~ � � � ¯ � � � ¸ � À � � � � � Á � � � � � � � � � � � � � � � � � � � � � � ~ � � �
� ~ � ~ � � � � ~ � � � � ~ � � � � ~ � � ~ � � � � � � � � � � � � � � � ~ � � � ~ � � � � ~ � � � À ~ � � ~ ~ � � ~ � � � � � � � � � � � � ~ � � � �
� � º � � � � � � ~ ~ � ~ � � � ¯ � � � ~ � � � � � � � � � � � � � � � � � � � ~ � � � � � ~ � � » � � � � � � � � ~ � ~ � � � � � � � � � � � � � ~
� � ~ � � � � ~ � � ~ � � � � � � � º � � � ~ � ¯ � � � � � � � � � � � � � � � � � � � ¾ � ´ Ä � � � ~ � � � � � � � � ~ � � � � � � � � � �
½ ¾ � � � ~ � � � � � � ~ � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � À ~ � � ¯ � ~ � ~ � � ~ � � � � � � � � � ~
� � ~ � � � ~ ¯ � � � � � � � � ~ � U � ~ � � ~ � � � � � ~ � ~ � � � � � � ~ � � � ~ ¯ � � � � � ~ � � � ~ � � � � � � � � ~ À � � � � º � � � � � � ~
� � � � ~ � � � � � � ~ � � � � � � � ~ � � � � � � � � ~ Â � � ~ � � � � � À � � � � ~ º � � � � � � ~ � � � � � � � � � � � � � � � � � � � º ~ �
� � � $ � � ~ � � � ~ � � � � � � ¯ � � ~ � � � � � � � � � � � � � � � ~ � � � � ~ � � � ~ � � � � � ~ � � � ~ � � ¯ � � � ~ � ~ � � � � � ~ � ~ ¯ � � ~
¯ � � � � ~ � À � ~ � � � � � � � ~ � ± � � � � � � ~ � � � � � � � � ~ � � � ~ � � � ~ � � � � ~ � � � � � � � # � � � º ~ � � � � � � � � � � � � � �
¯ � � ~ � � � � � � � � � � � � � ~ � � ~ � � � º ~ � ¯ � � ~ À � � � � � � � � ~ � � � ~ � � � � � ¯ � � ~ ~ � � � � � � � � �

� � � � � � � ~ � � � � � � � � ~ � � � � ~ � � � ~ � ~ � � ~ � � � � � � � � � � � � � � � ~ � � � ~ � � � � � � � � � � � � ~ ~ � � ~ � �
� � ~ � � � � � � � � � À ~ � � � � � � � ~ � � � � � � � � � ~ � � � � � ~ � � � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � ~ � �
� � � � � � � � � � � � � � ¯ � � ~ � � � ¯ � � � ¸ � À � � � � � � � � � � � � ~ � � � � � � � ¯ � � � � � ~ � � � � � � � � � � � � � ~ � � � � � �
� � � � � � � � � � ~ � ~ � � � ¯ � ~ � � � � � � � � ~ � � � ¯ � � � ¸ � À � � � � � � � � ~ � � � � � � ~ º � � � � � � ~ � � � � � � � � � � ~ �
À � � � ~ � ~ � � � � � � � � � ¯ � � ~ � � � À ~ � � ¯ � ~ � ~ � � ~ � � � � � � � � �

Á ) � + 3 7 � : 7 4 � ; 6 3 � : 4 9 � 7 8 1 : ; � 3 2 ï 3 3 ; - 4 � � 3 , 3 6 : ; 1 2 7 � 6 2 8 : ; ð � � : 7 8 2 Â 4 1
� ~ � � � � � � � � � � � ~ � � � ¯ � � � ¸ � À � � � � � � � � � � � � � ~ À � � � � º � � � � � � ~ � � � � ~ � � � � ¯ � � � � � � � � � �
� � � � � � � � � � ¯ � � � � � � ~ � � � ~ � � � � � ~ � � � � � ~ � � � ~ � � � � � � � � ~ � ~ � � � � � ~ � ~ � � ~ � � � � � � � � � � � � � � � � � � � �

¼ ¼



� � » � � � ° o · � � � � � � � � � � � � � � ~ � � � � � ~ � � ~ � � � � ~ � � ~ � � � � � � � � � ~ � � � � � · � � � � � ~ � ~ � � � � � � � � �
� � � � � � � � � � � � � � � � � � � ~ � � ~ � ~ � � � � � � � � � � � � � ~ � À � � � � � � � ~ ~ � � � � � � � � � � ~ � � � � � � ~ � � � � � � � � � �
� � ~ � � � � � � � � � � À � � � ~ � ¸ � À � � � � � � � � � � � � � � � À � ~ � � � � � � � � � � � �

� � � � � ~ � � � � � � � � � � � � � � � � � � ~ � � � � � � ~ � � ~ � � � ~ � � � � � � � � � � � � � � � � � � � � � ~ � � ~ � � �
� � � � � � � � � ~ º ~ � � ~ � º � ~ � � � � ~ ~ � ~ � � � ¯ � � � ~ � � � � � � � � � � � ~ � � ~ � � ~ � � � � ~ � � � � � � � � À ~ � � ¯
� ~ � ~ � � ~ � � � � � � � � � � � � � ~ � ~ ¼ ¾ ñ � � � � � ~ � � ~ � � � � � � � ~ � � ~ � ~ Ä ò � ¯ � � ~ � � � � � � � � � � � � � � � � � � � ~
¯ � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � � � � � � � � � � � � � ~ � À � � � � � ¯ � � � � � � � � ¯ � � � ~ � � � � � ¼ � � � � � � � � �
¼ Ã � � � ~ � � � � � � � ~ À � � � � � ~ � � � � � � � � � � � � � � � � ~ � ~ � � � � � � � � ~ � � � � � � � ~ � � � � � � � ~ � � � � � � � � � � � � �
~ � � � ~ � � � � � ¯ � � � � ~ À � � � � � � � � ~ � � � � � � � � � � � � À � ~ � � � � � � ~ � ~ ¯ � � ~ � � ~ À � � � � � � � � ~ � � � � � ~ � � � � � � ~ �
� � � � � � ¼ ½ � � � ~ � � ~ � Î � ³ ¾ ¾ � ~ � � � � � � � � � � � ¯ � � ~ � � � � ~ � � � � � � � � � R � � ~ � � � � ~ � � ~ � � � � � � � � � � �
� � � � � � � � � ¯ � � � ~ � � � � � � � � À � � � � À � � � � � � � � ~ � � � � � º � � � � � � ~ �

� � ~ � À � ~ � � � � � � � � � � ¯ � � � ¯ � � � � � � ~ � � � � � ¼ � � � � � � � � � � � � ~ � � � � � � ~ � � � � � ¯ ³ � � � ~ � � � � � � ~
� ~ � � ~ � � ¯ � � � ¯ � � � � � � ~ � � � � � ´ � � � � � ~ � � � ~ � � � � � � � � � � ~ � � � ~ � � ¯ � � � ~ � ~ � � � � � � � ~ � � � ~ � � � � � ~
� � � ~ � ~ � � ~ � ¯ � � ~ � � � � � � � � � � � � ~ � # ¼ � � � � ~ � � � � ~ � ~ � � ¯ � � ~ � � � � � � ½ ´ � � � ~ � � �

É È Ç È � ó £ ¦ ª 
 ¨ ô £ § � ª õ ¨ � « � ö ¨ ÷ £ 
 ¨  ¡ ¡ §

� � ~ � � ~ � � � � º ~ � � � � ~ � � � ~ � � � � � � � � ~ � ~ � � � � � ~ � ~ � � ~ � � � � � � � � � � � � � � � � � � � � � � » � � � ° o · � � � � � �
� � � � � � � � � � � � ~ � � � ~ � � � � � ~ � � � � ~ � � � � � � � À � ~ � � � º ~ ¯ � � � � � � � � ¯ � � ~ ¯ � � � �

�� � \ � � � � � � � �� K M ø � � S R � \ U � � � ù ú � � � û �
� � ~ � ~ ú � � � � � � � ~ � ~ � � � � � ¯ � � � � � � � � � � ù � � � � ~ � � � � � � � � � � � � � � ~ � ~ � � � ~ � � � � � ù � ¾
� � � � ~ � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � � ~ º � � � ~ � ¯ ù � � � � ~ � � � � � � � � � � � � � � � � � � �
� � � � � � � ¯ � � � � � � � � � � � » � � � ° o · � � ~ � � � � � � ~ � � � � ~ � � � � � � � ~ � ¯ # � � � � ~ � � � � � � � � � ~ � � � � � �
� � � � � � ~ · � � � » � � ~ � � � � ~ � � � � � � � � � � � � � � � � � � À � ~ � ° � ~ � � � � ~ � � ~ � � � � � � � � � � ¯ � � ~ � » � � � ° o ·
� � � � � � � � � � � � � º ~ � � � � ¼ ´ � �

� � � � � ~ � � � � � ~ � � ¯ � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � ~ � ~ � ù � � � º � � � ~ � � � � � � � ~ µ � � � � �
� � � � � � � � � � ~ � � � º ~ � � � � � � � � ~ � µ � � � � � � � À � � � ~ � � À ~ � ~ � À � � � ~ ~ � � � � ~ � � � ¯ ù � � � ~ À � � � �

¼ ´



À � � � � � � � � ~ � � � � � º � � � � � � ~ � ~ � ~ ~ � � � � � � ~ � � � � � � ~ � � � ¯ � � � À � � � � � � � � � � � � ~ � � º ~ � � � ~ À � � �
� � � � � ~ � � � ~ � � � � � º � � � � � � ~ � � � � ~ � � � � � � � ~ � � ~ � � � ~ � $ � ' � � � � � � ~ À � � � � º � � � � � � ~ � � � � ~ � � � � � � � ~ �
� ~ � � � ~ � & � ' � � � ~ � » � � � ° o · � � � � � � � � � � � ~ � ~ � ~ � � � � � � ~ � � ¯ � ~ � ¼ ¾ ¾ � � ~ � � � � � � � ¯ � � ~ � � � � ¯
� � ~ Î � ³ ¾ ¾ � � � � � � � � � ~ µ Ä ò ~ � � � � � � � � � � � � � � � ~ � � ~ � ~ � � � � � � � ~ � � � � � � � � � � � � ~ � � � � ~ � � � � ~
� � ~ � � � ~ � � � � � ~ � � � � � � � ~ � � � ~ � ¯ � � ~ � � � � � � � � � � � À � � # ü � � � � � ~ � � � � � � ~ À � � � � � � ~ � � � ~ � À �¸ � � U $ � � � � � � � � ~ µ � � � � � � � � � � ~ º ~ � ¯ � � � � � � ~ À � � � ~ � � � � ~ � � � � � ~ ù � � � � ù � � � � � � � � ~ � � � º ~ # ¸ �
� ~ � � � � � � ~ º � � � ~ � � � ~ ¯ � � � � � ~ � � � ~ � À � � � � � � � � � � � � � � ~ � � � ~ � � � � ~ � ù � � ~ � � � � � ~ � � ~ � � ~
� � ~ À � � � � � � � � ~ � � � ± � � � ~ � � � ~ � � � � � � � ~ À � � � � ~ � � ~ � � ~ � � � � � � � � � � � � � ~ � ~ � � � ~ � � �

° � � � � � � � � � � � ~ � � � � ~ � � À � � � ~ � � � � � � � � � ~ � � � ~ � ~ ¯ � � � � � � � � � ~ � � ¯ � � ~ � � � � � � � � � � � � � � �
� � � � � º ~ # ° � � � � � � � � � � ~ � � � � � � � � � À � � � � � � � � � ~ º ~ � � � � � ~ � � � � ~ � ¯ � � � � � � � � � � � � � � ~ � � ~ � �
� � ~ º � � � � � � ~ � ° � � � � ~ � ~ � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � ~ À ~ � � � � � � � ~ � ¯ ù � � � � � � � � � ~ ý
¹ � ¯ � � � � � � � ~ � � � � ~ � ~ � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � ~ � � ~ � � �
² � � ~ º ~ � � � � � � � � � ~ � � � � � � � � � � � � � � � ~ µ � � � � � � ~ À � � � � � � � � ~ º � � � � � � ~ � � � ¯ � � � � � � � � ¯
À � � � � � � À ~ ~ � � � � � � � � � � � � � ~ � � � � � � À � � � � � � � � ~ ~ � � � � � � � � » � · � � ~ � � � ~ � ¸ � � � ù � " & �H � � �
� ¯ � � � � � � � � ¯ � � ~ � � � � � � � � � � � � � � ~ � ~ � ù � � � ~ À � � � � � � � � � � � � � � � � ~ ~ � � � � � � � � » � · � �
� � � � � � � � � � � � ~ µ � � � � � � ~ � � � � � � ¯ � ~ � � � » � · � � � � ~ � � � � � � ¯ � � � � � � � º � � � � � � ~ À � � � ~ � � �
� � � � � � � � � � � � � � � � � � � � � � � � ~ � � � ~ � � � ~ � � � � � � � � � � � � � � � ~ � � � � ~ � � � � � � � � � � � � � � ~ � � � ~ �
� � � ~ � � � � � » � · � � � � � � � � � � À � ~ � � � � � � � � ~ � � � � � � � � ~ � � � � � ² � � ~ º ~ � � � � � � � � À � ~ � � � � ~ � � �
À ~ � � ~ ~ � � � ~ � � � � � � � � � � � � � � � � � � ~ � � � � � � � � ~ � � � � � � � � � � ~ � � � � ~ À � � � � � � � � � ~ º � � � � � � ~ � �
� � � � � � � ~ � � � � � � � � � � ~ � � � � ~ � � ~ ~ � ¯ � � ~ » � · � � � º ~ # ° � � � � � � � � ~ µ � � � � � � � � ~ � � � � � � � �
� � ù � ´ þ � � � ù � ´ ÿ � � � � � � � � � � ~ � ¯ ù ~ � � � � ~ � � � � � � � ~ � ~ � � � � � � � � � ~ � � � � � ~ � � � � � � º ~ � � �
� � � � � � ~ � � � � � � ~ � � � ~ � � � ~ � � � � � º � � � � � � � � � � ~ � � � À � � � � � � ~ º � � � � � � ~ �

� � � � � ~ � ¼ ¾ � � � ¼ ¼ � � � � � ~ º ~ � � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � ù � ´ ÿ � � � �ù � ´ H � � � ~ � � ~ � � � º ~ � � � � � � � � � � � � � � � � � ~ � � � � ~ � � � ~ � � � � � � � � � � ~ � � � � � � ~ � � � � ~ � À � �
¯ � � � � � � ¯ ´ � � � � ~ � � � � � � � ~ � � � � � � � ~ � ¼ ¾ � � � ¼ ¼ � � ~ � � � ~ � ~ � � � � � � � À � � � � � � � � � � � � ~ �
� � ~ � � � � � � � � � � � � � � � � � º � � � ~ � ¯ � � � � � � � � � � ~ � � � � � � � � ~ ¼ ¾ � � � ~ � ~ � � � ~ � � � � � � � � � ~ �
� � � � ~ � � º ~ � � � � � � ~ � � � � ~ � � � ~ � � � � ~ ~ � � ~ � � � � � � � � � � ~ ~ � � ~ � � � � ~ � � � � ~ � � � � � � � � � � ~ � � � ~ �
� � ~ � � � � � � � ¯ � � H� � � � � ~ � � � � � � � � � � � � ~ � � � ~ � � ¯ � � � ~ � ~ � � � � y z { � � � � � � � � � � � � � � � � � ~ � � � � � �
� � � � � � ~ � ~ � � � À � � � � � � � � ~ � � � � � � � � � � � � ~ � � � � � � � ~ � � � � � � ~ � y z { � ~ � � � � � � � � ~ � � � � � � ~ � � ~
� � � � � � � � � � � � ~ � � � ~ � � ~ � � � À � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � ~ � � ~ � � Þ � ~ � � ~ � ¯ � � ~ ¯ � � � � � ~ � � � � �
À ~ � � � � � ~ � � � � ~ � � � � � � � ~ � � � � � � � � ~ � � ~ � � � � ~ � � � � � � À ~ � � ~ ~ � � � ~ � � � ~ � � � � À ~ � ~ � � � � � � � � � � ~

¼ ½



~ � � � � � � ~ � ¯ � � ~ � � � � � � � � ~ � � � y z { � � � � � � ~ � ~ � � ~ � � � ¯ � � ~ ~ � � � � � � ~ � � ¯ � � � � � � ~ � � � � ~ � � � � � ~
� � � � ¯ � � � � ~ � � ~ � � ~ � � � � � � � � � � � � � � À � � � � � � � � ~ � � º » W J � � � � � � � � � � � � � � � � � � � � � Þ � ~ � � ~ ¯ � � �
� � ~ � ~ � � � À � � � � � � � � ~ � � �

� � ~ � º ~ � � � ~ À � � � � � � � � ~ � � % � & H ¯ � � � � ~ � ~ � � � � � � � � � ~ � � � � � ~ � � � � � ~ � ~ � � ¯ � � � � � ~ � � ~ � �
� ~ � � � � � � � � � � � � � � À � � � � � � � � ~ � � º » W J � � � � � � � ~ � » � � � ° o · � � � � ~ � ~ � � � � � � � � � � � � � � � � � � � � �
� � ~ � � � � � � � ~ À ~ � � � � º � � � � � ~ � ¯ � � � À � � � � � � � � � � � � � � � � � ~ � � � � � � � � À � � � � � � � � ~ � � � � � � � À � � �
� � � � � ~ � � º » W J � � º ~ � À � � ¼ ¾ � � � � � � � ~ � � � � � � � À � � � � ~ � � � � � � � � � � ~ º ~ � �

� � � � � ~ ¼ ¼ � � � � � � � ~ � � � ~ � ~ � � ¯ � � � � ~ � � � � � � � � � � ~ ¼ ¾ À � � ¯ � � ù � ´ H � � ¶ � ~ � � º ~ � �
� � � � � ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � � � � � � � ~ � � � � ~ � � � � � � � � ~ � � � � � ° � � � � � ~ � � � ~ � º » W J � � � � � ~
� º ~ � � � ~ À � � � � � � � � ~ � � % � & H ¯ � � � � ~ � ~ � � � � � � � � � ~ � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � À ~ � � ~ ~ �
� � ~ � � � ~ � � ¯ � � � ~ � ~ � � � � � � � ~ � ~ � � � À � � � � � � � � ~ � � � � � � � � � � � À ~ ~ � � ~ � � ~ � � � � � ~ � � � � ~ � º ~ � � �
� � � � � � ~ � � � � ~ � � ~ À � � � � � � � � � � � � � � � � � ~ � ~ � � � � ~ � À � � � ~ � � � � � � � ~ � � � ~ � � � � � � � � � � � � ~ � � �
� � ~ � � � � ~ � � � � � � � � � �

É È Ç È � � £ ¨ ©  ¬ £ § ö £ ª ¤ ¬ � 	 � « ª ¢ £ ¤ � ¤ ¬ ¨ � ª ¬ ¡ ¢

� � � � � � � � � � � ~ � » � � � ° o · � � � ~ � � � · � � � ~ � � � � � ~ � ¯ � � � � � � � � ~ � � � À � � � � � � � � � ~ � � º ~ � �
� � � � � � � � � � À � ~ � � � º ~ ¯ � � � � � � � � � � ~ � � � · � � � � º ~ � À � � Ã � �

�� � \ � � � � � � � �� K M � � � ¾
� ¼

´ � � �\ � b � � ! � � H � �\ � b � �  " ù ú � � � � �
� � ~ � ~ � � � � � ~ � � � � � � � � � � � ú � � � � � � � ~ � � � � � � � � � � � � � ~ � � � � � � � � � b � � � � ~ � � � � ~ � � � � � � � �
� ~ � � ~ � � ~ � � � � � ¯ � � � � � � � � ~ � � � � À ~ � � � � Ã � � � � � � � � � � � � � ~ � � � � � ~ Á � ~ � � � À � � � � � � � � ~ � �
¯ � � ~ � � � � � � ~ � � ¯ � � � ~ � ~ � � � � � ~ � ~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¯ � � ~ � � º � � � � � � ~
~ � � � � � � ~ � ¯ � � ~ � À � ~ � º � � � � � � � � � � � � � � � � � � � ³ � ¼ Ä � � � � � � � � � · � � � � � � � � ~ � � � � � � ~ � � � � �
¯ � � � � � � � � � � � � ~ � � � ~ � � � � � � � � � � � � � � � � W � ^ W � ~ � � � � � � � � � � ~ º ~ � � � ~ � � � ¯ � � � ¸ � À � � � � ¯ � �
� � � À � � � ~ � �

� � � � � ~ µ � À � � � � � � � � ~ $ � ' � � � & � ' � � � � � ¯ � � � � ~ � � � · � � � ~ � � � · ¯ � � � � � � � � ~ � � � ¯ � � �
¸ � À � � � � � � � � ~ � � ¯ � � � � � � À � � � � � � � � � º � � � � � � ~ � À � � � ~ � � � � � � ~ º � � � ~ � � � � ¯ � � � � � ~
À � � � � ¯ � � � � � À � � � ~ � � ° � � � � ~ � ~ � � � � � � � � � � � � � � � ~ � � � � � � � � ~ � » � � � ° o · � � � � � ~ � � � ·

¼ ³



� � º ~ � � � � � � � À � � � � º � � � � � � ~ � � � � ~ � � � � � � º ~ � � ² � � ~ º ~ � � � � ~ � � � ¯ � � � À � � � � � � À � � � ¸ � � � & �
� � � � � ~ � ~ � � ¯ � � � » � � � ° o · � � � � � � � � ¯ � � � � � · � � � � ~ � � ~ À � � � � � � À � � � � � � � � ~ � ~ � À �
� � � � � � � � � À � � � � � � � � ~ � � � � � � � � � � À º � � � � � � � � � � � � � � � � ~ � ~ � � ~ � � �

� � � � � ~ � ¼ ´ � � � ¼ ½ � � � � � ~ º ~ � � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � � � � � � � � ~ � � � · ¯ � �ù � ´ ÿ � � � ù � ´ H � � � � ~ � � � � ~ � � � ¯ � � � � � � � ~ � ¼ ¾ � � � ¼ ¼ � � ~ º � � � � � ~ � ~ � � � ~ � � � � ~ � � ~ � � � � �
À ~ � � � � � � � � � ~ � � � · ¯ � � � � � � � � � � � � � ~ � � ~ � � � � � � ~ � � ~ ~ � � ~ � ¯ � � � � � � � ù � � � � � � � � � ~ � � � � ~
¯ � � � � � � � � � ~ ~ � � � � � � ~ � � ¯ � � º � � � � � � ~ � � º � � º � � � � � ~ � � � � ~ � � � � � � � � � � � � � � ~ � � ~ � � � � ~ ~ � � ~ �
� � ~ � ~ � � � � � � � � � ~ �

� � ~ � » � � � ° o · � � � � � ~ � � � · � � º ~ º ~ � � � � � � � � � À � � � � � � � � ~ � � � º � � � � � � ~ � � � À � � � �
º � � � � � � ~ � � � � ~ � � � � � � � � À � � ~ � � � � � ~ � ~ � � � � � � � � � � � � � ~ � � � � � � � � ~ ¯ ~ � � � ~ � � � � � � � � � � º ~ �
� � ~ � � � ~ � � ² � � ~ º ~ � � � � ~ � » � � � ° o · � � � ~ � � � � � ~ � � � � � � º ~ � � ~ � � ~ � � � � � � � ~ � � � � � ~ � � � · �

ê = � ? û B k = ë B � � � � > û � ý ú ?
� ¨ ¦ © 	 £ ¬ £  ¬ ¡ ¢

� � ~ � � � � � � � � � � � ~ � ~ � � � � ~ � � º ~ � � � � � À � ~ ¼ � � � ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ¯ ¼ ½
� � � � � � ~ � ~ � � ~ � � ¯ � � ~ � � � � �

n ù ú 
 B ü ? � ý ú ê @ � ý ü � û � k
� ~ � � � � � � � � � º ~ � � ~ � � � ~ � � � � � � ~ � � ¯ ~ � � � � � � � � �

� ½ " ¼ � � � Æ � Z H I � ¼ Ä �

� � ~ � � � � � � � � ~ � � � � � ~ � � � � � � � � � � � � � � � º ~ � � � ¯ � � � � � � � ¼ ³ � �

  �  
 © ¡ ¢ ¨ ¬  �
¼ Ä



� � � � �  ö � � � ® Æ � � � � ¾ U � � � � � Z H
� �   � � 	 � � � ®

ù � W � � � ¾ Ö � ¾� � � [ � � � � [ � �� � � [ � � � � � � [ � � � � Ö í ¾Ò � W � � � � W � " ù � W � Ò � W � H �
¼ � W � � � � � W � � � � W � í� Ò � W � � � ½ " ¼ � � � Ò � W � íÆ � W Å H � � Æ � W � " ¼ � W � Ò � W �� � W Å H � � � � W � � ¼ � W � � ½ " ¼ � � � Ò � W �

� � � � 	  ó ó � � � � �  � � � � ® � � W � � Z !H Æ � W � I � ¼ Ã �

� � ~ � � ~ � � � � � � � � � ~ � ~ � � � � � � ~ � � � ~ � � � ~ � ~ � � � � � � ~ � � � � � � � W � � � � Z H � � ½ " ¼ � � � Æ � W � � � � � ~ � �
� � � � � � � ~ � � � ~ � � � ~ � � � � ~ � � � � ~ �

m B j B ü B ú � B ?
� ¼ � � � ¶ � � � ~ � ~ � ² � ² � ¿ � � � ~ � � � � � ~ � ~ � ¶ � � � · � � � � � � � � � } �  � » � ~ � �! t w q § § s u r w p ¢ ª q ª p s w q p s t u ¢ u ¨ s w x ª t p p q § ¢ w s t u ¤ s w ¥ ¥ ± £ ¢ u ¦ t ¡ x q p © q p " q p v t p £ ¢ u ª q ¯  � � � � � �

� ¯ ± � � � � � � � � � � ~ � � � ¯ ° � ~ � � � � � ³ � Ä � � � µ ³ Ä � µ Ä ½ � » � � ¼ µ Á Â �� ´ � � � � � � � � ~ � � � � � ² � ¸ � � � � � � � � ~ � � � � � � � � � � ¸ � � � � �  � � � � � � � � � � � } � � � } � � � �# $ % ³ & µ ³ ³ ¾ ° # q ª t u ¨ ' q u p ¢ w s t u # s u r § q $ ¥ t w t u % s u r µ t £ t r p ¢ " ¥ ¾ � · · · � � � � � � � � � � � �
� � » ~ � � � � � � � � � � � � � Â � ³ � � � � ´ µ ¼ � ´ µ Â � ¼ µ Á Á �� ½ � � � � � � � � ° � ± � ² ~ � � � � � � � � � � ~ � � � � � � � ² � ¸ � � � � � � � � ~µ ¥ q ´ ± w ± ¢ § ³ u v t p £ ¢ w s t u ( p s w q p s t u v t p # $ ) ( µ ° " q p w ± p q ) © ¢ § ± ¢ w s t u * q x s r u � � · · ·
� � � � � � � � � � � � � � » ~ � � � � � � � � � � � � � Á � ³ � � � ½ ´ ´ � ½ ½ Ã � ¶ ~ � � ¼ µ Á µ �� ³ � » � ¹ � � � � � ° � ± � ² ~ � � � � � �  � ° � � ~ � � � ~ �+ s ¢ x ¦ , ¢ p s ¢ u ª q µ p ¢ ¨ q ¦ t - x ² t p $ ¢ p ¢ £ q w p s ª ) x w s £ ¢ w s t u $ p t ¡ § q £ x . x s u r . u s v t p £ ( %+ t ± u ¨ � � � À � � � � ~ � � � � · · · � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � �

¼ Ã



� Ä � ° � ± � ² ~ � � � � �  � ° � � ~ � � � ~ �° % q ª ± p x s © q ° § r t p s w ¥ £ v t p ( t £ " ± w s u r ( % ¦ µ ¶ " q + t ± u ¨ x t u ) x w s £ ¢ w t p ( t © ¢ p s ¢ u ª q � � �
� � � ~ � � � � � · · · � � � � � � � � � � � � � � � � ¯ � � � � � � � � � � ~ � � � � ¼ µ µ ³ �� Ã �  � ° � � ~ � � � ~ �$ q u ¢ § s / q ¨ 0 q s r ¥ w q ¨   q ¢ x w ¦ # ¹ ± ¢ p q x ³ £ ¢ r q % q ª t u x w p ± ª w s t u v t p $ t x s w p t u ) £ s x x s t u µ t £ t r ¦p ¢ " ¥ ¶ � � · · · � � � � � � � � � � � � � � » ~ � � � � � � � � � � � � � ¼ ½ � ´ � � � ´ µ ¾ � ½ ¾ ¾ �  � � ~ ¼ µ µ ³ �� Â � ° � ± � ² ~ � �° ( p ¢ £ q p ¦ % ¢ t µ ¶ " q   t ¤ q p + t ± u ¨ v t p ) x x q u w s ¢ § § ¶ . u ¡ s ¢ x q ¨ " ¢ p ¢ £ q w q p ) x w s £ ¢ w s t u �
� ~ � � � � � � � � ~ � � � � Á µ ¾ � � � � � � � � � � À � � � � � � � � » � � ¼ µ µ ´ �� Á � o � ² � o � � � À � � � ¸ � � � º � � � � � �´ ¢ w p s ¿ ( t £ " ± w ¢ w s t u x ¬ # q ª t u ¨ ) ¨ s w s t u ® � � � ~  � � � � ² � � � � � � ¹ � � º ~ � � � � � � � ~ � � � ¼ µ Á µ �

� µ � � � ² � � � ~ � � � � � ° � � ~ � � � � � � � � � � � � 1 ~ � � ~ � � � � � � � � ¿ � � � � � � � � ~ � �& ± £ q p s ª ¢ § % q ª s " q x s u ² 2 % µ % ° & ¾ µ ¥ q ° p w t v # ª s q u w s« ª ( t £ " ± w s u r ¾ ¬ # q ª t u ¨ ) ¨ s w s t u ® �
¸ � � À � � � � ~ ¹ � � º ~ � � � � � � � ~ � � � ¼ µ µ ´ �� ¼ ¾ � ² � � � º � � � � ~ ~ �* q w q ª w s t u ¾ ) x w s £ ¢ w s t u ¢ u ¨ ´ t ¨ ± § ¢ w s t u µ ¥ q t p ¶ ¾ ¬ $ ¢ p w ³ ® �  � � � � � � ~ � � � � � � � � � ¼ µ Ã Á �

� ¼ ¼ �  � ° � � ~ � � � ~ � � � � ° � ± � ² ~ � �( p ¢ £ q p ¦ % ¢ t + t ± u ¨ x v t p + s ¢ x q ¨ ) x w s £ ¢ w t p x s u ³ £ ¢ r q % q ª t u x w p ± ª w s t u � » � � � ~ � � � � � � � �
� � � � � � ¸ � � � � � � � � � � � � � � ~ � � � � � ´ Ä ½ � ´ Ä Ã � ° � � � � � ¼ µ µ ½ � ¶ ~ � � � � � � » � �� ¼ ´ �  � ° � � ~ � � � ~ � � � � ° � ± � ² ~ � �# " ¢ ª q ¦ ° § w q p u ¢ w s u r ' q u q p ¢ § s / q ¨ ) ¿ " q ª w ¢ w s t u ¦ ´ ¢ ¿ s £ s / ¢ w s t u ° § r t p s w ¥ £ � � � � � � ~ � � � �
� · · · � � � � � � � � � � � � � � � � � � � � � � � � ~ � � � � � � ± � � � � ¼ µ µ ³ �� ¼ ½ � » � ¹ � � � � � ° � ± � ² ~ � � � � � � � � � � � � ~ � �$ q p v t p £ ¢ u ª q ' ¢ s u ° u ¢ § ¶ x s x v t p ° ¨ ¨ s u r , q p w q ¿ , s q ¤ w t ¢ # w ¢ u ¨ ¢ p ¨ # $ ) ( µ � » � � � ~ � �
� � � � � � � � � � � ¸ � � � � � � � � � � � � � � ~ � � � � � ³ ¼ Á � ³ ´ ¼ � ° � � � � � ¼ µ µ ½ � ¶ ~ � � � � � � » � �� ¼ ³ � » � ¹ � � � � � � � ° � ± � ² ~ � �% q ª ± p x s © q ° § r t p s w ¥ £ x v t p ( t £ " ± w s u r ( % + t ± u ¨ x � � � À � � � � ~ � � � � · · · � � � � � � � � � � � � � �
� � � � � � � � � � ~ � � � � � �

¼ Â



� ¼ Ä � » � ¹ � � � � � ° � ± � ² ~ � � � � �  � ° � � ~ � � � ~ �+ s ¢ x ¦ , ¢ p s ¢ u ª q µ p ¢ ¨ q ¦ t - x ° u ¢ § ¶ x s x . x s u r . u sv t p £ ( % + t ± u ¨ � � · · · » ~ � � � � � � � � � � � �
� � � ¯ ~ � ~ � � ~ � � � � � � � � � � � � � � � � º � ¼ µ µ ½ �� ¼ Ã � · � � � � ~ � � � � �µ q x w s u r # w ¢ w s x w s ª ¢ § ! ¶ " t w ¥ q x s x ¾ 3 u ¨ ) ¨ s w s t u � � � Ä ³ ´ � Ä Ä ½ �  � � � � � � ~ � � � � � � � � � � ~ �4 � � � � ¼ µ Á Ã �

¼ Á



Ring Detector

Source

Collimator Ring Collimator Opening� � � � � ~ ¼ � � � ~ � � � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ �

1 2 3 4 5 6 7 8 9 10
0

0.5

1

1.5

2

2.5

3

S
ta

n
d

a
rd

 d
e

v
ia

ti
o

n

Unbiased CR Bound

Weighted Least Squares Algorithm

Number of collimator rotations� � � � � ~ ´ � � � ~ � ~ � � � � � � � ~ � � ~ � � � � ~ � � ~ � � � � � � � � � ~ � ~ � � � � � � � � � � � � � � � � ~ � º � � � � � � ~ � � � � � � ~
� � À � � � ~ � ¸ � À � � � � �

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Length of the bias gradient: δ

Achievable region

Unachievable regionN
o

rm
a
li
ze

d
 u

n
if

o
rm

 C
R

 b
o

u
n

d
  

σ

� � � � � ~ ½ � � � ~ � � � � � � � � ~ � ¹ � � ¯ � � � ¸ � À � � � � �

¼ µ



1

� � � � � ~ ³ � � � ~ � À � ~ � � � � ~ � � � � � ~ � � � � � � � � � � � � � � ~ � � � ~ � � ¯ � � � ~ � ~ � � � � � � ~ � � � ~ � � � � � ~ � � �
� ¯ � � ~ � À � ~ � � � � � ~ � � � � ~ � � � ~ � � � � � � � � ~ ½ ´ � ½ ´ � � � ~ � � �

0 0.2 0.4 0.6 0.8 1
0

1

2

3

4

5

6

7

8

9

10

Length of the bias gradient: δ

N
o

rm
a

li
ze

d
 u

n
if

o
rm

 C
R

 b
o

u
n

d
: 

s
t.

 d
e

v
ia

ti
o

n

2

3

5

8

10

� � � � � ~ Ä � � � ~ ~ � ~ � � � ¯ � � � � � � � � � � � � � � � � � � � ~ � � À � � � ~ � ¸ � À � � � � � ¸ � � º ~ � � ~ � � � ~ � � � ~ �
À � � � � ¯ � � ´ � ½ � Ä � Á � � � ¼ ¾ � � � � � � � � � � � � ~ � ~ � � � � ¯ � � ~ � � � � � � � � � � �

0 0.2 0.4 0.6 0.8 1
0

1

2

3

4

5

6

7

8

9

10

Length of the bias gradient: δ

N
o

rm
a

li
ze

d
 u

n
if

o
rm

 C
R

 b
o

u
n

d
: 

S
t.

 D
e

v
ia

ti
o

n

2

3

5

8

10

� � � � � ~ Ã � � � ~ ~ � ~ � � � ¯ � � � � � � � � � � � � � � � � � � � ~ � � À � � � ~ � ¸ � À � � � � � � � � ~ � � � � � � � � ~ � � � � ~ �

´ ¾



0.2

0.4

0.6

0.8
0 2 4 6 8 10

0

0.2

0.4

0.6

0.8

1

δ

Width of the ray: pixels

N
o

rm
a

liz
e

d
 U

n
ifo

rm
 C

R
 b

o
u

n
d

: 
va

ri
a

n
ce

� � � � � ~ Â � ± � � � � � � � � ~ � � � � ~ � ~ � � � � � � � � � � � ~ � � � ¯ � � � ¸ � À � � � � � ± � ~ � � � ~ � � � � � � � � � � �
� � � � � � � � � � ¯ � � � À � � � � �

1

� � � � � ~ Á � � � ~ � À � ~ � � � � ~ � � � � � ~ � � � � � � � � � � � � � � ~ � À � ~ � � � � � ~ � � � � � � � � ~ ½ ´ � ½ ´ � � � ~
À � � � � � � � ~ � � � � ~ � ¯ � � � ~ � � � � � ¼ � � � � ~ � � ~ � � � � ~ � � � ~ � � � � ~ � ¯ � � � ~ � � � � � ´ �

´ ¼



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.02

0.04

0.06

0.08

0.1

Length of the bias gradient: δ

S
t
a

n
d

a
r
d

 D
e

v
ia

t
io

n

10

5
4

3
2

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.02

0.04

0.06

0.08

Bias

S
t
a

n
d

a
r
d

 d
e

v
ia

t
io

n

10

5

4

3

2

0

ΑΒ(θ,b)

Β

Β(θ,δ)

5 Ï 6 ì 7 8 à Ú ï è ô

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.02

0.04

0.06

0.08

Bias

S
t
a

n
d

a
r
d

 d
e

v
ia

t
io

n

201510

5

4

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.02

0.04

0.06

0.08

0.1

Length of the bias gradient: δ

S
t
a

n
d

a
r
d

 D
e

v
ia

t
io

n

2015

10

5

4

0

Α

Β(θ,b)

Β

Β(θ,δ)

5 Ö 6 9 8 Ú ô

0 1 2 3 4 5 6
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

Α
Β(θ,α) + b

Regularization parameter: log2(α)

M
e

a
n

 s
q

u
a

re
 e

rr
o

r

1

2

5 Û 6 7 Ú ô : ì 7 8 à Ú ï è ô

0 1 2 3 4 5 6
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

M
e

a
n

 s
q

u
a

re
 e

rr
o

r

Regularization parameter: log2(α)

Α
Β(θ,α) + b

1

2

5 Ô 6 7 Ú ô : 9 8 Ú ô

� � � � � ~ µ � ¸ � � � � � � � � � � ¯ � � ~ � » � � � ° o · � � � � � � ·

´ ´



0
10

20
0 10 20

0

0.5

1

1.5

2

Average reconstructed image

        (0,1.84)

0

10

20
0

10
20

-0.2

0

0.2

Average bias of the image

        (-0.1594,0.114)

0

10

20

0
10

20

0

Correlation Image

        (-0.0034,0.0082)

0

10

20

0
10

20

-0.5

0

0.5

Optimal bias gradient

        (-0.102,0.42)

0

10

20

0
10

20

-0.5

0

0.5

Ave. bias grad. for recon. image

        (-0.122,0.38)

Ave. st. deviation for ROI

        (0,0.03912)� � � � � ~ ¼ ¾ � � » � � � ° o · � � � � ~ � ~ � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � � � � � � ù � � ³ � ° �
� � � ~ � ~ � � � � � � � � � ~ � � � � � � º ~ � � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � º � � � ~ � � � � � � � � ~ � � � � � � � � �
� � � � ~ �

0
10

20
0 10 20

0

0.5

1

1.5

Average reconstructed image

        (0,1.33)

0

10

20
0

10
20

-1

-0.5

0

0.5

Average bias of the image

        (-0.6656,0.241)

0

10

20

0
10

20

0

Correlation Image

        (-0.0034,0.0082)

0

10

20

0
10

20

-1

0

1

Optimal bias gradient

        (-0.043,0.9)

0

10

20

0
10

20

-1

0

1

Ave. bias grad. for recon. image

        (-0.064,0.86)

Ave. st. deviation for ROI

        (0,0.005143)� � � � � ~ ¼ ¼ � � » � � � ° o · � � � � ~ � ~ � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � � � � � � ù � � ¼ ¾ �

´ ½



0
10

20
0 10 20

0

0.5

1

1.5

2

Average reconstructed image

        (0,1.86)

0

10

20
0

10
20

-0.2

0

0.2

0.4

Average bias of the image

        (-0.1415,0.224)

0

10

20

0
10

20

0

Correlation Image

        (-0.0034,0.0082)

0

10

20

0
10

20

-0.5

0

0.5

Optimal bias gradient

        (-0.102,0.42)

0

10

20

0
10

20

-0.5

0

0.5

Ave. bias grad. for recon. image

        (-0.144,0.37)

Ave. st. deviation for ROI

        (0,0.04091)� � � � � ~ ¼ ´ � � � � · � � � � ~ � ~ � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � � � � � � ù � � ³ �

0
10

20
0 10 20

0

0.5

1

1.5

Average reconstructed image

        (0,1.36)

0

10

20
0

10
20

-1

-0.5

0

0.5

Average bias of the image

        (-0.6309,0.28)

0

10

20

0
10

20

0

Correlation Image

        (-0.0034,0.0082)

0

10

20

0
10

20

-1

0

1

Optimal bias gradient

        (-0.043,0.9)

0

10

20

0
10

20

-1

0

1

Ave. bias grad. for recon. image

        (-0.076,0.85)

Ave. st. deviation for ROI

        (0,0.005012)� � � � � ~ ¼ ½ � � � � · � � � � ~ � ~ � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � � � � � � ù � � ¼ ¾ �

´ ³



� � � � � � � ¯ � � ~ � ~ � ~ � � � � � � � � ´ Ä � � �
� � � À ~ � � ¯ � ~ � ~ � � � � � Ä ¼ ´
� � � � � � � ¯ � � ~ � � � � � � � � � � � � � � ¼ Â � � �
� � � À ~ � � ¯ � � � � � � � � � � � � � � � ¼ ¾ � � � � ¯ � � � � � � � � � ~ � �
� � � � � � � � � ´ � ³ � �

� � À � ~ ¼ � � � � � � � � � � � � � ~ � � � � � � � � � �

´ Ä



; � ? û ý j < � � ÿ ü B ?
¼ � � ~ � � � � � � � � � � ~ � � � � � � � � � � � � � � � � ~ � I I I I I I I I I I I I I I I I I I I ¼ µ

´ � � ~ � ~ � � � � � � � ~ � � ~ � � � � ~ � � ~ � � � � � � � � � ~ � ~ � � � � � � � � � � � � � � � � ~ � º � � � � � � ~ � � � �
� � ~ � � À � � � ~ � ¸ � À � � � � � I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ¼ µ

½ � � ~ � � � � � � � � ~ � ¹ � � ¯ � � � ¸ � À � � � � � I I I I I I I I I I I I I I I I I I I I I I ¼ µ

³ � � ~ � À � ~ � � � � ~ � � � � � ~ � � � � � � � � � � � � � � ~ � � � ~ � � ¯ � � � ~ � ~ � � � � � � ~ � � � ~ � � � � � ~
� � � � ¯ � � ~ � À � ~ � � � � � ~ � � � � ~ � � � ~ � � � � � � � � ~ ½ ´ � ½ ´ � � � ~ � � � I I I I I I I I I I ´ ¾

Ä � � ~ ~ � ~ � � � ¯ � � � � � � � � � � � � � � � � � � � ~ � � À � � � ~ � ¸ � À � � � � � ¸ � � º ~ � � ~ � � � ~
� � � ~ � À � � � � ¯ � � ´ � ½ � Ä � Á � � � ¼ ¾ � � � � � � � � � � � � ~ � ~ � � � � ¯ � � ~ � � � � � � � � � � � I I I I ´ ¾

Ã � � ~ ~ � ~ � � � ¯ � � � � � � � � � � � � � � � � � � � ~ � � À � � � ~ � ¸ � À � � � � � � � � ~ � � � � � � � � ~ �
� � � ~ � I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ´ ¾

Â ± � � � � � � � � ~ � � � � ~ � ~ � � � � � � � � � � � ~ � � � ¯ � � � ¸ � À � � � � � ± � ~ � � � ~ � � � � � � � � � � �
� � � � � � � � � � ¯ � � � À � � � � � I I I I I I I I I I I I I I I I I I I I I I I I I I I I ´ ¼

Á � � ~ � À � ~ � � � � ~ � � � � � ~ � � � � � � � � � � � � � � ~ � À � ~ � � � � � ~ � � � � � � � � ~ ½ ´ � ½ ´ � � � ~
À � � � � � � � ~ � � � � ~ � ¯ � � � ~ � � � � � ¼ � � � � ~ � � ~ � � � � ~ � � � ~ � � � � ~ � ¯ � � � ~ � � � � � ´ � I I I ´ ¼

µ ¸ � � � � � � � � � � ¯ � � ~ � » � � � ° o · � � � � � � · I I I I I I I I I I I I I I I I I I ´ ´

¼ ¾ � » � � � ° o · � � � � ~ � ~ � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � � � � � � ù � � ³ �
° � � � � ~ � ~ � � � � � � � � � ~ � � � � � � º ~ � � � � � � � ~ � � ~ � � � � � � � � � � � � � � � � � º � � � ~
� � � � � � � � ~ � � � � � � � � � � � � � ~ � I I I I I I I I I I I I I I I I I I I I I I I I I I I ´ ½

¼ ¼ � » � � � ° o · � � � � ~ � ~ � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � � � � � � ù � � ¼ ¾ � I ´ ½

¼ ´ � � � · � � � � ~ � ~ � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � � � � � � ù � � ³ � I I I I ´ ³



¼ ½ � � � · � � � � ~ � ~ � � � � � � � � � ¯ � ~ � � � � � � � � � � � � � � � � � � � � ~ � ¯ � � � � � � � ù � � ¼ ¾ � I I I I ´ ³



; � ? û ý j F > = @ B ?
¼ � � � � � � � � � � � � ~ � � � � � � � � � � I I I I I I I I I I I I I I I I I I I I I I I I I I I ´ Ä


