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MOTIVATION

STRINGOLOGY

BASIC TOOL: FINITE AUTOMATA
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MOTIVATION

LINEARISED NOTATIONS OF TREES: PREFIX OR POSTFIX NOTATION

Theorem 1. GIVEN A TREE t AND ITS PREFIX NOTATION pref (t), ALL

SUBTREES OF t IN PREFIX NOTATION ARE SUBSTRINGS OF pref (t).
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MOTIVATION

JANOUŠEK, J., MELICHAR, B.: On Regular Tree Languages and
Deterministic Pushdown Automata, TO APPEAR IN ACTA INFORMATICA

(SPRINGER), 2009

REGULAR TREE LANGUAGES ARE ACCEPTED BY FINITE TREE
AUTOMATA .

DETERMINISTIC PUSHDOWN AUTOMATA ACCEPT A PROPER

SUPERCLASS OF THE REGULAR TREE LANGUAGES IN PREFIX OR

POSTFIX NOTATION.

Jan Janoušek (CTU FIT) String Suffix Automata and Subtree Pushdown Automata September 2009 4 / 18



5

MOTIVATION

STRINGOLOGY

BASIC TOOL: FINITE AUTOMATA

ARBOLOGY – TREE ALGORITHMS, FOUNDED 2008
BASIC TOOL: (DETERMINISTIC) PUSHDOWN AUTOMATA

ARBOLOGY AS AN ANALOGY WITH STRINGOLOGY

WEB PAGES http://www.arbology.org
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PREFIX NOTATION

GRAMMAR FOR TREE WITH NODES

HAVING RANK 0, 1, 2:

(1) S → a0

(2) S → a1 S

(3) S → a2 S S

(GREIBACH NORMAL FORM,
SIMPLE LL(1) GRAMMAR,
LR(0) GRAMMAR)

EXAMPLE: a2 a2 a0 a1 a0 a1 a0

a2

a2

a0 a1

a0

a1

a0

1

1 2

1

2

1
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DETERMINISTIC PUSHDOWN AUTOMATON FOR PREFIX

NOTATION

OF TREE WITH NODES HAVING RANK 0, 1, 2:

(1) S → a0

(2) S → a1 S

(3) S → a2 S S

0

a1|S 7→ S

a2|S 7→ SS

a0|S 7→ ε

δ(0, a0, S) = (0, ε)

δ(0, a1, S) = (0, S)

δ(0, a2, S) = (0, SS)

δ(q, a, S) = {(q, α) : S → aα ∈ P}
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NONDETERMINISTIC STRING SUFFIX
AUTOMATON
EXAMPLE

0 1 2 3 4 5 6 7

a2 a2 a0 a1 a0 a1 a0

a2

a0

a1

a0

a1

a0
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DETERMINISTIC STRING SUFFIX AUTOMATON

[0] [1, 2] [2] [3] [4] [5] [6] [7]

[3, 5
7]

[4, 6] [5, 7]

a2 a2 a0 a1

a1

a1

a0 a1 a0

a0a0

a1

a0
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SUBTREE PDA

RANKED ALPHABET

A = {a2, a1, a0}

TREE t1
PREFIX NOTATION IS

pref (t1) =
a2 a2 a0 a1 a0 a1 a0
SUBTREES OF t1 IN
PREFIX NOTATION ARE:

1 a2 a2 a0 a1 a0 a1 a0
2 a2 a0 a1 a0
3 a1 a0
4 a0

a2

a2

a0 a1

a0

a1

a0

1

1 2

1

2

1
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ALL SUBTREES OF TREE t1 AND THEIR PREFIX

NOTATION

a0

a0 a1 a0

a2 a1

a2

a2 a2 a0 a1 a0 a1 a0

a0

a0 a1

a2

a2 a0 a1 a0

a0

a1

a1 a0

a0

a0
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NONDETERMINISTIC SUBTREE PDA Mnps(t1) FOR

TREE t1 IN PREFIX NOTATION

pref (t1) = a2 a2 a0 a1 a0 a1 a0

0 1 2 3 4 5 6 7

a2|S 7→ SS
a2|S 7→ SS

a0|S 7→ ε a1|S 7→ S a0|S 7→ ε a1|S 7→ S a0|S 7→ ε

a2|S 7→ SS

a0|S 7→ ε

a1|S 7→ S

a0|S 7→ ε

a1|S 7→ S

a0|S 7→ ε
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TRANSFORMATION TO DETERMINISTIC PDA

INPUT-DRIVEN PDA – PUSHDOWN STORE OPERATIONS ARE

DETERMINED BY THE INPUT SYMBOL.

ANY NONDETERMINISTIC INPUT–DRIVEN PDA CAN BE DETERMINISED

SIMILARLY AS IN THE CASE OF FINITE AUTOMATA – THE STATES OF THE

DETERMINISTIC PDA CORRESPOND TO SUBSETS OF STATES OF THE

NONDETERMINISTIC PDA (D–SUBSETS).

MOREOVER, NONDETERMINISTIC ACYCLIC INPUT–DRIVEN PDA – THE

CONTENTS OF THE PUSHDOWN STORE CAN BE PRECOMPUTED, AND

ONLY TRANSITIONS AND STATES WITH POSSIBLE PUSHDOWN

OPERATIONS ARE SELECTED.
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DETERMINISTIC SUBTREE PDA Mdps(t1) FOR TREE IN

PREFIX NOTATION pref (t1) = a2 a2 a0 a1 a0 a1 a0

{0} {1, 2} {2} {3} {4} {5} {6} {7}

{3, 5
7}

{4, 6} {5, 7}

a2|S 7→ SS
a2|S 7→ SS

a0|S 7→ ε a1|S 7→ S a0|S 7→ ε a1|S 7→ S a0|S 7→ ε

a0|S 7→ εa0|S 7→ ε

a1|S 7→ S

a0|S 7→ ε
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TRACE OF DETERMINISTIC SUBTREE PDA Mdps(t1)
FOR AN INPUT SUBTREE st IN PREFIX NOTATION

pref (st) = a1a0

{0} {1, 2} {2} {3} {4} {5} {6} {7}

{3, 5
7}

{4, 6} {5, 7}

a2|S 7→ SS
a2|S 7→ SS

a0|S 7→ ε a1|S 7→ S a0|S 7→ ε a1|S 7→ S a0|S 7→ ε

a0|S 7→ εa0|S 7→ ε

a1|S 7→ S

a0|S 7→ ε

STATE PDS INPUT

{0} S a1 a0
{4, 6} S a0
{5, 7} ε ε

ACCEPT

INPUT SUBTREE

a1

a0
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THEOREM 2

GIVEN A TREE t WITH n NODES AND ITS PREFIX NOTATION pref (t), THE

DETERMINISTIC SUBTREE PDA Mdps(t) HAS JUST ONE PUSHDOWN

SYMBOL, FEWER THAN N ≤ 2n + 1 STATES AND AT MOST

N + n − 1 ≤ 3n TRANSITIONS.
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WORK IN PROGRESS

EXTENSION FROM SUBTREES TO TREE PATTERNS:

JANOUŠEK, J., MELICHAR, B.: Subtree Pushdown Automata and Tree
Pattern Pushdown Automata for Trees in Prefix Notation,

UNPUBLISHED.
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MORE INFORMATION ON

WEB PAGES http://www.arbology.org
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