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BACKGROUND

N-ary Query over Trees

Åé is a function that

ïTakes a tree t as an input, and

ïReturns some set of n-tuples of nodes of t

ÅExamples:

ï1-ary: ñselect the leftmost leaf nodeò

ï2-ary: ñselect all pairs (x,y) s.t. x is taken
from the left subtree of the root,
and y is from the rightò

ï0-ary: ñis the number of leaves odd?ò



BACKGROUND

N-ary Regular Queries over Trees

ÅQuery definable by a tree automaton

ÅRegular

ïiff definable by Monadic 2nd-Order Logic

ïiff definable by Modal ȉ-Calculus

ïiff definable by Monadic Datalog

ïiff definable by Boolean Attribute Grammar

ïé



BACKGROUND

Efficiency of Regular Queries

ÅGiven a query q (represnted by an 
automaton A), and an input tree t,

we can compute q(t) iné

ÅO(| A| ( |t|+|q(t)| ) ) time

[Flum & Frick & Grohe 2002]

ï(In some sense) optimal



ñOptimalò, buté

ÅO( |A | ( |t| + |q(t)| ) ) 

ï |t| n for n-ary queries in the worst case

ÅIn some applications, we do not need 
the concrete list of all the answers

ïAt least, donôt need to list up them all at 
the same time

Still Big 



Input
Tree

size: IN
height: H

Run Query

O( IN + OUT)

Set of
Output Tuples

size: OUT O(INn)

ñSREDò
Data structure

size: O(min(IN,OUT))
ñProjectionò: O(HŬ)

isMember : O(H)

ñSelectionò: O(H)

Get -Size: O(min(I,O))

Todayôs Topic



Outline
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ïWhen Do We Need Compact Representation?
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APPLICATION
(IN XML TRANSLATION)



ñRelativeò Queries in XML

ÅSelect y relative to x

ïIn many cases, # of y for each x is constant. E.g.,

Åñselect the child labeled <name>ò, ñselect next <h2>ò

<list>
{ foreach x s.t . ǲ(x):

<item>{x}</item>
<sublist >

{ foreach y s.t . Ǵ(x,y ) :
<item>{y}</item>}

</ sublist >}
</list>



Two Evaluation Stategies

A := the answer set of
1-ary query {x | ū(x)}

for each x in A:
B := the answer set of

1-ary query {y | Ǹ(x,y )}
for each y in B:

print <item>y</item>

A := the answer set of
1-ary query {x | ū(x)}

C := the answer set of
2-ary query {( x,y ) | 

ū(x)&Ǹ(x,y )}
for each x in A:

B := {y | ( x,y ) C}   = C [1:x]

for each y in B:
print <item>y</item>;

<list>
{ foreach x s.t . ǲ(x):

<item>{x}</item>
<sublist >

{ foreach y s.t . Ǵ(x,y ) :
<item>{y}</item>}

</ sublist >}
</list>



Two Evaluation Stategies

A := the answer set of
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for each x in A:
B := the answer set of

1-ary query {y | Ǹ(x,y )}
for each y in B:

print <item>y</item>

A := the answer set of
1-ary query {x | ū(x)}

C := the answer set of
2-ary query {( x,y ) | 

ū(x)&Ǹ(x,y )}
for each x in A:

B := {y | ( x,y ) C}   = C [1:x]

for each y in B:
print <item>y</item>;

O(|t| 2) time
in ñcommonò cases

(= many x, constant y)

O(|t|) time
in ñcommonò cases
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(= many x, many y)

O(|t| 2) time
O(|t| 2) space
in ñworstò cases



Two Evaluation Stategies
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If We Use ñSREDò
to Represent the Set C é!!

O(|t|) time
in ñcommonò cases

O(|t| 2) time  O(|t|) space
in ñworstò cases



IMPLEMENTATION
OF REGULAR QUERIES
USING ñSREDò



(Bottom-up Deterministic)

Tree Automaton

(For simplicity, we limit our attention to binary trees)

ÅA= (Ǵ0, Ǵ2, Q, F, ŭ)

ïǴ0 : finite set of leaf labels

ïǴ2 : finite set of internal -node labels

ïQ : finite set of states

ïŭ :  transition function
(Ǵ0 Ǵ2 Q Q) Ą Q

ïF Q : accepting states



Example (0-ary):  ODDLEAVES

ÅQ = {q 0, q1},  F={q 1}

Åŭ(L) = q1

Åŭ(B, q0, q0) = q 0

Åŭ(B, q0, q1) = q 1

Åŭ(B, q1, q0) = q 1

Åŭ(B, q1, q1) = q 0

B
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q1 q0

q1
q1



Tree Automaton for Querying

ÅFor any n-ary regular query ū on trees 
over Ǵ0 Ǵ2,

ÅThere exists a BDTA Aū on trees over 

Ǵ0 Bn, Ǵ2 Bn (where B={0,1}) s.t.

ï(v1,é,vn)   ū(t)

ï iff

ðAū  accepts the tree mark(t,v 1,é,vn)

Åmark(t,é)  =  t with the i-th B component is
1 at vi and 0 at other nodes



Example (1-ary):  LEFTMOST

ÅQ = {q 0, q1},  F={q 1}

Åŭ(L0) = q0

Åŭ(L1) = q1

Åŭ(B0, q1, q0) = q 1

Åŭ(otherwise) = q 0
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NA: Naïve n-ary Query Algorithm

ÅFor each tuple (v1,..,vn) Node(t)n

ïGenerate  mark(t, v1, é, vn)

ïRun Aū on it

ÅIf accepted, then (v 1,é,vn) is one of the answer

ÅRun Aū on t O(| t| n) times = O(|t| n+1)



OA: One-Pass Algorithm

ÅFor each combination of
node v,  state q,  and b 1, é, bn B

ïCompute the set
rv (q, b1, é., bn)  (Node(t) { }) n s.t.

ï(v1, é, vn)  rv (q, b1, é., bn)

iff
( i : ñdescendant vi of v is marked and 
bi=1ò or ñvi= and bi=0ò) ñautomaton 
assigns  q  at node vò 



Example (2-ary):  LEFT&RIGHT

ÅQ = {q 0, q1, q2, q3, q4},  F={q 3}

Åŭ(L00) = ŭ(B10, q0, q0) = q 0 

Åŭ(L10) = ŭ(B10, q0, q0) = q 1 

Åŭ(L01) = ŭ(B01, q0, q0) = q 2

Åŭ(B00, q1, q2) = q 3

Åŭ(B00, q0, qi) = ŭ(B00, qi, q0) = qi (for i=1,2)

Åŭ(otherwise) = q 4
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L L


