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Type Validation
Equivalence Test

What we did:
Find a  small, pointer-based tree representation,  and

an  algorithm (BPLEX) generating it from a given tree.

We tested BPLEX on XML tree structures of 
common (big) XML documents.  ( performs well!)

What we did:

What we have NOT done:

Test  access times of our strucures  (wrt, e.g., TD / DOM access)

Design / implement  updates on our structure.

Check impact of our method wrt storing full XML documents.

Find a  small, pointer-based tree representation,  and

an  algorithm (BPLEX) generating it from a given tree.

We tested BPLEX on XML tree structures of 
common (big) XML documents.  ( performs well!)

Check impact of our method wrt storing full XML documents.

Technical Issues, e.g.,

Whitespace
Processing instructions
Namespaces

Etc.

NOTE state-of-the art native XML databases use pointer-less
succinct tree representations!!

Please see:

[Lam,Shui,Fisher,Wong “Querying and Maintaining Succinct XML Data”,
TechRep UNSW-CSE-TR-0424, 2004.]

Compressed Trees
Our Trees node-labeled, ranked, ordered, rooted
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Compressed Trees
Our Trees     node-labeled, ranked, ordered, rooted
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18/19   edges/nodes

10/6  edges/nodes

share identical
subtrees

DAGs
Given a tree t, its  minimal DAG is

unique
can be computed in linear time
at most exponentially smaller than t 
equivalent to the minimal  regular tree grammar for  { t }
(= minimal tree automaton for { t } )

DAGs
Given a tree t, its  minimal DAG is

unique
can be computed in linear time
at most exponentially smaller than t 
equivalent to the minimal  regular tree grammar for  { t }
(= minimal tree automaton for { t } )
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regular tree grammar

Compressed Trees
(2)     Sharing Graphs   [Lamping, POPL1990]

parts

. . . . .

a b

Can NOT be shared in a DAG, different in one leaf.

Compressed Trees

parts

. . . . .

a b

“start sharing”

“stop sharing” need stack
to unfold

(2)     Sharing Graphs   [Lamping, POPL1990]

Compressed Trees

share identical  connected subgraphs in a tree / DAG

e.g., on a path
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Compressed Trees

share identical  connected subgraphs in a tree / DAG

e.g., on a path
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(2)     Sharing Graphs   [Lamping, POPL1990]

Sharing Graphs
Given a tree t,  minimal Sharing Graph

is not unique
to computed one is NP-complete
at most  double-exp. smaller than t
equivalent to a minimal  context-free tree grammar for  { t }

Sharing Graphs
Given a tree t,  minimal Sharing Graph

is not unique
to computed one is NP-complete
at most  double-exp. smaller than t
equivalent to a minimal  context-free tree grammar for  { t }
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Context-free tree grammar

Context-Free Tree Grammars

Generalize cf. grammars to trees

S a  A  B c  C

Context-Free Tree Grammars

Generalize cf. grammars to trees
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Context-Free Tree Grammars

Generalize cf. grammars to trees
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y1

c
C

c
p:

p

A

B

A

B

A

#

Minimal Sharing Graph Why not unique?

(1) Share all c’s and share all d’s

(2) Share  c—d twice

(3) Share  c—d twice, and 
share c three times.
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Minimal Sharing Graph Why not unique?
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(1) Share all c’s and share all d’s

(2) Share  c—d twice

(3) Share  c—d twice, and 
share c three times.

(1)

size 8/9
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Minimal Sharing Graph Why not unique?
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share c three times.
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Minimal Sharing Graph (= cf tree grammar)
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Minimal Sharing Graph (= cf tree grammar)
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• edges to parameters (y’s)
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Minimal Sharing Graph (= cf tree grammar)
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Sharing Graphs
Why double-exp. smaller?
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Sharing Graphs
Why double-exp. smaller?

1.  DAG can be at most exp. smaller  (width)
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share identical
subtrees
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Sharing Graphs
Why double-exp. smaller?

2.  Sgraph can be at most exp. smaller  in height
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Sharing Graphs
Why double-exp. smaller?
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Sharing Graphs
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2.  Sgraph can be at most exp. smaller  in height
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Sharing Graphs
Why double-exp. smaller?
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Cf tree grammar??

O(n) edges

SL Grammars
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SL Grammars

A0

A1

A1

e

A2

y

a

y

A1

A2

A2

e etc.

Def. A grammar is Straight-Line (SL), if there is a linear order A1,…,An of

its nonterminals such that for every production  Ak rhs,

all nonterminals in  rhs have index  j > k.

Compressed Trees

(1) DAG

(2) Linear + fixed#param  SL grammar

(3) fixed#param  SL grammar

(4) Straight-Line cf tree grammar (SL grammar = sharing graph)

A1 A2( A3, a , A3 )

A2( y1, y2 , y3 )  A5( y1, y2 , A6( y3 , y3 ))

st
ro
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er
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Compressing XML skeletons
DAGs common XML tree skeletons compress to  

≈ 10% of original size  [Buneman/Grohe/Koch,VLDB’03] 

linear, fixed#param SL grammar
common XML tree skeletons compress to
< 5% of original size [Busatto/Lohrey/Maneth,DBPL’05]

BPLEX =  lin. time algorithm to find small linear SL grammar
works on binary encodings of XML skeletons

a

b  c  d  e  f  g

x  y  z                   

a
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d
e

f
g
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y
z

BPLEX =  linear time algorithm to find small linear SL grammar
“Bottom-up Binary PLEXing”

Input an SL (regular) tree grammar
Output a (smaller) SL cf tree grammar

Idea         go BU through rhs’s, searching for duplicate patterns 
that do not overlap.

Only consider patterns of size   < MAX_PSIZE

Only consider patterns of rank  <  MAX_RANK

Only search the last  WIN_SIZE nodes/productions

BPLEX

BPLEX
procedure BPLEX(G: grammar, KN: int, KS: int, KR: int): grammar
begin
A := last symbol in the SL ordering of RG
z := leftmost leaf of rhsG(Al)
while true do
repM := RepeatedMatches(G,z,KN)
newM := NewMatches(G,z,KN,KS,KR)
if newM != ∅ or repM != ∅ then 

m := max(newM, repM)
if m in newM then
G := G[m ← A], with rhsG(A) = pm

else
k := rank(pm)
A := fresh(G, k)
G := add(G,A(y1, . . . , yk) → pm)
G := G[m, cm ← A]

fi
elseif \exists w in V: z<w then
z := next(<_G, z)

else break
fi

od
return G

end BPLEX

Replace pattern by
NonTerminal

Replace pattern by new
NT and add production
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BPLEX output

BPLEX output for c
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Unranked vs Binary Trees
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Unranked vs Binary Trees
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Can it be vica versa?    (min bin. DAG is smaller)

Unranked vs Binary Trees
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Can it be vica versa?    (min bin. DAG is smaller)           

YES!!

Has 18 edges

Binary coding has only 12 edges x b c b c   y b c b c  z b c b c
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Unranked vs Binary Trees
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Can it be vica versa?    (min bin. DAG is smaller)           

YES!!

Has 18 edges

Binary coding has only 12 edges x b c b c   y b c b c  z b c b c

p p p
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DAG compression is sensible to  rank/unrankedness!

Compressing XML skeletons

BPLEX on unranked trees gives (almost) same as on bin. trees.

NOT sensible to rank/unrankedness!

Algorithms on Compressed Trees
In general:

stronger compression

ac
ce

ss
 ti

m
e

more compression   more access overhead

Worst case [Busatto/Maneth,FOSSACS’04]   for an SL Grammar G

|G| overhead per edge traversal  
(for any algorithm that needs read access)
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Algorithms on Compressed Trees
For particular problems,  

is there  less overhead than the worst case one?

YES!!

Problem            (A) Type Validation

(B) Equivalence Test

(A) Type Validation

XML Type Languages

(1) DTDs                   (orginated from SGML  - 1974)
(2) XML Schema      (W3C,  recently)
(3) Relax NG            (Oasis, recently)

In terms of (unranked) tree languages 
(1)   local  
(2) deterministic top-down 
(3)   regular 

DTD  ⊆ Schemas  ⊆ Relax

DTD/Schema validation in poly time w.r.t. size of grammar!

Algorithms on Compressed Trees
(A) Type Validation

XML Type described by a  Tree Automaton  (TA)

Theorem         Given   linear SL cf tree grammar G with k parameters    
TA   A  with n states

can check in   time  O( nk+1 |G|  |A| ) whether  eval(G) ∈ T(A),
And   time  O( nk |G|  |A| ) if A deterministic and G nonlinear(!).

Idea:  Run the TA on the rhs’s of the SL cf tree grammar.

Algorithms on Compressed Trees
Theorem         Given   linear SL cf tree grammar G with k parameters    

TA   A  with n states

can check in   time  O( nk+1 |G|  |A| ) whether  eval(G) ∈ T(A),
And   time  O( nk |G|  |A| ) if A deterministic and G nonlinear(!).

G S1        S2( S2( a ))            A δ( a ) = q
S2( y )  S3( S3( y ))                   δ( g( q , q )) =  q’
S3( y )  S4( S4( y ))                   δ( g( q’, q’ )) =  q
S4( y )  g( y , y )

Algorithms on Compressed Trees
Theorem         Given   linear SL cf tree grammar G with k parameters    

TA   A  with n states

can check in   time  O( nk+1 |G|  |A| ) whether  eval(G) ∈ T(A),
And   time  O( nk |G|  |A| ) if A deterministic and G nonlinear(!).

G S1        S2( S2( a ))            A δ( a ) = q
S2( y )  S3( S3( y ))                   δ( g( q , q )) =  q’
S3( y )  S4( S4( y ))                   δ( g( q’, q’ )) =  q
S4( y )  g( y , y )

Run A on rhs(S4) = g( y , y ).
function  σS4 from  { q , q’ }  to  { q , q’ }

σS4( q ) = q’
σS4( q’ ) = q

Algorithms on Compressed Trees
Theorem         Given   linear SL cf tree grammar G with k parameters    

TA   A  with n states

can check in   time  O( nk+1 |G|  |A| ) whether  eval(G) ∈ T(A),
And   time  O( nk |G|  |A| ) if A deterministic and G nonlinear(!).

G S1        S2( S2( a ))            A δ( a ) = q
S2( y )  S3( S3( y ))                   δ( g( q , q )) =  q’
S3( y )  S4( S4( y ))                   δ( g( q’, q’ )) =  q
S4( y )  g( y , y )

Run A on rhs(S4) = g( y , y ).
function  σS4 from  { q , q’ }  to  { q , q’ }

σS4( q ) = q’ σS3( q ) = σS4( σS4( q ) ) = q
σS4( q’ ) = q
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Algorithms on Compressed Trees
Theorem         Given   linear SL cf tree grammar G with k parameters    

TA   A  with n states

can check in   time  O( nk+1 |G|  |A| ) whether  eval(G) ∈ T(A),
And   time  O( nk |G|  |A| ) if A deterministic and G nonlinear(!).
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Run A on rhs(S4) = g( y , y ).
function  σS4 from  { q , q’ }  to  { q , q’ }

σS4( q ) = q’ σS3( q ) = σS4( σS4( q ) ) = q
σS4( q’ ) = q     σS3( q’ ) = σS4( σS4( q’ ) ) = q’

Algorithms on Compressed Trees
Theorem         Given   linear SL cf tree grammar G with k parameters    

TA   A  with n states

can check in   time  O( nk+1 |G|  |A| ) whether  eval(G) ∈ T(A),
And   time  O( nk |G|  |A| ) if A deterministic and G nonlinear(!).
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S2( y )  S3( S3( y ))                   δ( g( q , q )) =  q’
S3( y )  S4( S4( y ))                   δ( g( q’, q’ )) =  q
S4( y )  g( y , y )

Run A on rhs(S4) = g( y , y ).
function  σS4 from  { q , q’ }  to  { q , q’ }

σS4( q ) = q’ σS3( q ) = σS4( σS4( q ) ) = q     σS2( q ) = q
σS4( q’ ) = q     σS3( q’ ) = σS4( σS4( q’ ) ) = q’ σS2( q’ ) = q’

Algorithms on Compressed Trees
Theorem         Given   linear SL cf tree grammar G with k parameters    

TA   A  with n states

can check in   time  O( nk+1 |G|  |A| ) whether  eval(G) ∈ T(A),
And   time  O( nk |G|  |A| ) if A deterministic and G nonlinear(!).

G S1        S2( S2( a ))            A δ( a ) = q
S2( y )  S3( S3( y ))                   δ( g( q , q )) =  q’
S3( y )  S4( S4( y ))                   δ( g( q’, q’ )) =  q
S4( y )  g( y , y )

Run A on rhs(S4) = g( y , y ).
function  σS4 from  { q , q’ }  to  { q , q’ }

σS4( q ) = q’ σS3( q ) = σS4( σS4( q ) ) = q     σS2( q ) = q
σS4( q’ ) = q     σS3( q’ ) = σS4( σS4( q’ ) ) = q’ σS2( q’ ) = q’

σS1 = σS2( σS2( δ( a ) ) ) = q

Algorithms on Compressed Trees
Theorem         Given   linear SL cf tree grammar G with k parameters    

TA   A  with n states

can check in   time  O( nk+1 |G|  |A| ) whether  eval(G) ∈ T(A),
And   time  O( nk |G|  |A| ) if A deterministic and G nonlinear(!).

For each nonterminal  N,  
nk many values of σN are computed

At most   n^k |G|  computation steps (runs of A).

Run A on rhs(S4) = g( y , y ).
function  σS4 from  { q , q’ }  to  { q , q’ }

σS4( q ) = q’ σS3( q ) = σS4( σS4( q ) ) = q     σS2( q ) = q
σS4( q’ ) = q     σS3( q’ ) = σS4( σS4( q’ ) ) = q’ σS2( q’ ) = q’

σS1 = σS2( σS2( δ( a ) ) ) = q

Complexity Results [Lohrey/Maneth,CIAA’05] Complexity Results
[Lohrey/Maneth,CIAA’05]  = [2]

PSPACE-
Complete[2]

PSPACE-
Complete[1]

[Frick/Grohe/Koch,LICS’03]   = [1]

Core
XPath
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Theorem  [Busatto/Lohrey/Maneth,DBPL’05] Testing equivalence of
two SL cf tree grammars G1, G2 can be done in PSPACE,  
and in polynomial time if G1 and  G2 are linear.

Change G1,G2 such that 

(1)  each parameter yj appears exactly once in every rhs
(2)  order of params in every rhs is  y1, y2, …, yk 

Construct cf (string) grammars H1, H2 generating
depth-first left-to-right traversals of  tree(G1), tree(G2)

For A of G1 with rank k>0,  
H1 has nonterminals  A0,1, A1,2, …, Ak-1,k  , Ak,0

Construct cf (string) grammars H1, H2 generating
depth-first left-to-right traversals of  tree(G1), tree(G2)

For A of G1 with rank k>0,  
H1 has nonterminals  A0,1, A1,2, …, Ak-1,k  , Ak,0

B

g h

y1

A

y1 y2 y3 a b B

y2 y3

H1:

A1,2 g1,2 a  g2,3 b  g3,0 B1,2 h0,1 B0,1

G1:

Theorem  [Busatto/Lohrey/Maneth,DBPL’05] Testing equivalence of
two SL cf tree grammars G1, G2 can be done in PSPACE,  
and in polynomial time if G1 and  G2 are linear.

Construct cf (string) grammars H1, H2 generating
depth-first left-to-right traversals of  tree(G1), tree(G2)

For A of G1 with rank k>0,  
H1 has nonterminals  A0,1, A1,2, …, Ak-1,k  , Ak,0

G1  equiv.  G2     iff     H1 equiv  H2

(and, size of  H1,H2 is poly in size of  G1,G2)

By  [Plandowski,ESA’94] equivalence of H1,H2 can be 
Decided in poly time wrt sizes of H1,H2.

Theorem  [Busatto/Lohrey/Maneth,DBPL’05] Testing equivalence of
two SL cf tree grammars G1, G2 can be done in PSPACE,  
and in polynomial time if G1 and  G2 are linear.

Conclusions
SL cf. tree grammars can represent XML documents more 
space efficiently than DAGs!

(1) XML type validation and
(2) (core) Xpath evaluation

have same complexity bounds on lin. SL grammars as on DAGs!

How big are efficienty gains in practice?
(full queries on full XML docus)

Succinct Representation of SL grammars?!

XPath on non-linear SL grammars.      In PSPACE?

Equivalence of non-linear SL grammars.    In PTIME?

Open

The END   


