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Why another automata library

Other libraries are slow and/or complicated
Fast

bottleneck in applications: automata operations
optimize both high-level and low-level operations

Simple, easy to
start using
implement complicated techniques (simulations, antichains, complex algorithms, ...)
extend with new features (registers, counters, transducers, ...)
quickly prototype new algorithms
maintain by a small teams of researchers
pick up by other researchers with unpredicted ideas to implement
introduce students into
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Vision for Mata

Efficient platform for automata research, in areas of
string solving
(abstract) regular model checking
deciding automata logics, Presburger, WS1S, MSO
analyzing regexes

Simple data structures
Allowing implementations close to textbook
Handling large alphabets

bit-vectors, mintermization (string solving), BDDs-like symbolic representation (WS1S)
Solid infrastructure

regex parsing, textual format, tests, performance tests, visualization options
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Existing automata libraries

Brics (Java)
both NFA and DFA
transitions in a set
character ranges

Automata.net (C#)
symbolic NFA
transitions in a hash map
effective boolean algebras
(implicitly BDDs)

Vata (C++)
tree automata (i.e. NFA)
fast simulation reduction
and antichain-based
inclusion checking

Awali (C/Python)
weighted automata (i.e. NFA)
transition in a vector,
keeps indices to this vector

AutomataLib (Java)
only DFA
transitions in a 2D matrix

Automata.py (Python)
both NFA and DFA
transitions as a mapping

FAdo (Python)
similar to Automata.py
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Mata today

First step towards our vision
Implemented in C++, both C++ and Python interface
Support for NFAs and DFAs

with all basic operations implemented (and some more)

Methods for regex processing, textual format, parsing
Only explicit alphabet

enough for our use cases
”everything else” symbols + mintermization

Specific operations for string solving
used in Z3-Noodler: yesterday’s presentation, see poster
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Representing transitions

Observation:
algorithms iterate usually
over all transitions
first over symbols, then
over the target states

Our approach:
keep only used symbols for each source state
have them ordered: synchronous iteration over transitions of multiple source states
for each symbol, remember the set of (ordered) targets
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Delta: transition relation

States and symbols are integers
Each number from [0-n] is a state
OrdVector

ordered vector
efficient synchronous iteration
slow general insert and erase
fast insert and erase at end

StatePost
contains all symbols with
non-empty target states
ordered by symbols

SymbolPost
pairs: (symbol, target states)
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std::vector<StatePost>

Source states
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Post-image generation

Delta built for computing
a post-image of a set of states
set of states S, compute post(S)
iterate trough all post(s) for s ∈ S
they are ordered, easy to iterate together
new macrostate transition inserted at
the end
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Post-image generation

Post-image in subset construction
set of states S
used in complement (determinization)

Post-image in intersection
similar, but done for a pair of states
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Emptiness and trimming

Both used frequently, must be fast
Simplified Tarjan’s algorithm for
discovering SCCs

single DFS pass
emptiness: find reachable final state
trim: find useful states

Removing useless states in trim
in a Delta-friendly way
single pass
in-place
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Union and concatenation

Copying is slow
we are not sure why
imperfect memory locality?

Union and concatenation use copying
Solution: do them in-place
Drawback: loss of the original
automaton

often not a problem:
inductive regex construction
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Simulation and antichain-based inclusion

Computing simulation relation
implementation from Vata
used for reducing NFAs

Antichain-based inclusion
uses efficient subset construction
optimized by subsumption pruning
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Experiments

Input: automata (in our .mata format) with list of operations from various sources
Some benchmarks have symbolic alphabets

Brics and Automata.net can handle
other tools need explicit
automata mintermized using Mata

Parsers/Conversions
created by us

not counted to the
runtime of tools

Mata

Brics

Automata.net

Vata

Awali

AutomataLib

Automata.py

FAdo

Our parser

Our parserMata
mintermization

list of operations

NFA
(.mata)NFA

(.mata)NFA
(.mata)NFA

(.mata)

Symbolic alphabet

Explicit alphabet

Explicit/symbolic
alphabet

Explicit/symbolic alphabet
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Experiments: parametric regexes and LIA

param:
union/inters. of
parametric
regexes

lia:
complement
from LIA solver
Amaya
symbolic or
explicit
alphabet
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Experiments: string solving

noodler:
automata from
the string solver
Z3-Noodler

b-smt:
simple SMT
string solving
benchmarks
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Experiments: inclusions

armc-incl:
inclusion problems from abstract
regular model checker

email-filter:
inclusion problems inspired by spam
filtering
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Python interface

Efficient
Cython wrapping C++ API

Easy to install:
pip install libmata

Kept up to date with C++ code
Useful for prototyping
Nice visualizations
Easy to use in jupyter notebooks
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Future (and current) work

Transducers (WIP, important for string solving), BDDs
utilizing Delta with levels for states

transition as a sequence of NFA transitions
BDD-like operations

Alternation (empowered by IC3)
Registers, counters
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