
PEBBLES

Automata with Nested Pebbles

capture        

FO Logic with Transitive Closure

� �

Joost Engelfriet
Hendrik Jan Hoogeboom

Leiden NL



DSPACE(log n)

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

� � � 	 � � � � � � � � � � 
 � 

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

� � � � � � � � � � � � � � � � � � �

Immerman

j � � � �  �

� � � �  ! ! � � � � � 	



abstract

� � � 	 � � � � 
 	 � � � � � � 	 � � 
 � � � 	 � � � � � � 	 � 	 � � � � " � 	 � � #

� � � 	 � � � � � � � � � � 
 � 

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

� � � �  ! ! � � � � � 	

� � $� � 	 � � � � � � %%� � 	 &
� � � � � � � � � � � � � � � � � � �

� � � � 	
! ' (

	 � � 
 � � � � � � �� � � �  

� � � 	 � � � � !



background

) � � � � 	 � � � � � � 
 � � 	 � � �� � � � 	 � � � � � � 
 � � 	 � � �� � � � 	 � � � � � � 
 � � 	 � � �� � � � 	 � � � � � � 
 � � 	 � � �
! � � �  � 
 � 	 * � � � �  � � � � � 	
	 � � � � 
 	 � � � � � � 	 � � � � � � � � 
 � � � 	 � � #

) +� � � � � 
 � � � � � � � � � � 	 , � � � � � � � �+� � � � � 
 � � � � � � � � � � 	 , � � � � � � � �+� � � � � 
 � � � � � � � � � � 	 , � � � � � � � �+� � � � � 
 � � � � � � � � � � 	 , � � � � � � � �
	 � � 
 � � � � � � � � � � � � � � � � � ! � � � � � � � � 	

) 
 � � � � � � � � � � � � � � � �
 � � � � � � � � � � � � � � � �
 � � � � � � � � � � � � � � � �
 � � � � � � � � � � � � � � � �
� � �  � � � � � 	 � � � � 
 � � � � 	

 � � � 	 � � � � � � 	 � 	 � � � � " � 	 � � #



(automata on) trees



formal model

� � � ! � � � � � � � 	 �
- � � � � � 	

� ÚÚÚÚ� � ÙÙÙÙ. �
ÚÚÚÚ� ÙÙÙÙ� .

.�

ÚÚÚÚ

ÙÙÙÙ�

/(

/(

,,,,

�( /
� � � �  ,
, � ( � / #� �

#



bottom-up evaluation
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bottom-up tree automaton
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postorder evaluation
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walking along the edges
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boolean tree-walk
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single head on trees

� � �

� �

. 3� � � � . ; ' � <. 3

� . 3

� � � � � 	 . ; ' <. 3

� 6� ' 789

� � � . ;
4

4

4

$� � %
 � &



first-order logic for trees
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(unary) transitive closure
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transitive closure
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nested pebbles
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logic to nested pebbles
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atomic formulas, connectives, …
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j -tree
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walking the j -tree backwards
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walking the j -tree backwards
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nested pebbles to logic
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single head on trees
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single head on strings
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