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Blichi automata

State-based acceptance
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Blichi automata
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Transition-based Emerson-Lei Automata (TELA)

Emerson and Lei, 1980s

Reinvented in Hanoi Omega-Automata Format (2015)

Same expressive power as nondeterministic Biichi with fewer
states

Tools: delag, rabinizer4, spot and 1tl3tela

Usage: emptiness check, translation of LTL to parity automata
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Transition-based Emerson-Lei Automata

A=(Q,M,¥X,6q,p)
m Q is a finite set of states
m M is a finite set of acceptance marks
m Y is a finite alphabet
BdC QxY x2Mx Qis a transition relation O— i—»O
m g; € Q is an initial state
m

( is a acceptance condition, where

pu=tt [ff|[InfC |Fint | pAp|pVe
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Acceptance condition shape
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Acceptance condition & Motivation
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Acceptance condition & Motivation

l b l b
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[(Fin Alnf@) V (Inf@ A Fin Alnfe)]

m Color appearance record.

m TELA ~> parity
m Parity automaton with up to m! - s states

m Emptiness-check algorithm:
m Exponential in the number of Fin marks
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Automaton run
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Automaton run
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v

t]_ .A V. t2 T € {tl,tz}*. {tl}w
m2 € {t1, t2}". {t2}*
Run 7 € §¥ ms € {t1, 12}

s.t. m3 = GFt1 A GFt,

7 is evaluated over acceptance condition Inf@ A Fin@

8/18



Automaton run

v

t] .A V. t2 T € {tl,tz}*. {tl}w
m2 € {t1, t2}". {t2}*
Run 7 € §¥ ms € {t1, 12}

s.t. m3 = GFt1 A GFt,

7 is evaluated over acceptance condition Inf@ A Fin@

Accepting Rejecting

8/18



Automaton run

v

t] .A V. t2 T € {tl,tz}*. {tl}w
m2 € {t1, t2}". {t2}*
Run 7 € §¥ ms € {t1, 12}

s.t. m3 = GFt1 A GFt,

7 is evaluated over acceptance condition Inf@ A Fin@

ty o/:é ot
|

Accepting Rejecting he ‘O »t
~—'

|
Teenl

8/18



Problem specification

Problem

Find acceptance condition with fewer marks and relabel-
ing of automaton that preserves acceptance of all runs.
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Problem specification

Problem

Find acceptance condition with fewer marks and relabel-
ing of automaton that preserves acceptance of all runs.

Solution:
Encode problem into QBF
Let QBF solver solve the query and obtain model
Decode model

m Create new acceptance condition
m Relabel automaton
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Query structure

VT C & . cycle(T) = (satisfiesoy(T) <= satisfiespen(T))
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Query structure

For all possible combinations of edges
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Variables

tq ()

fteT —>O 8

1
0 otherwise

if relabeled t contains k : é_)o

{ 1
Nek = :
0 otherwise After relabeling

if the cth cube of ¢ contains Inf@®

1
0 otherwise ctheube
—_—

¢ =[..v(nf@AFin@)V...)

New acc condition

if the c¢tM cube of ¢ contains Fin®

1
0 otherwise
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Zoom in

VT C 6. cycle(T) = (satisfiesoq(T) <= satisfiespew(T))

|
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e=(er,..., &)
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Zoom in

VT C 6. cycle(T) = (satisfiesoa(T) <= satisfiesnen(T))
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Zoom in

VT C 6. cycle(T) = (satisfiesoq(T) <= satisfiespew(T))

|

VE | . cycle(€) = (satisfiesoiq(€) <= satisfiespew (€, 7,1, 1))
N
VeN_eJTVet free variables
€=(e1,---,e)
f:: (1,5 nek)
i= (Gusigoceolip)
f=(hi,.. fk)
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Original acceptance formula

V& . cycle(8) = (satisfiesoiq(8) <= satisfiespew(€, 7,1, 1))
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Original acceptance formula

Ve . cycle(€) == (satisfiesoq(€) <= satisfies ey (€. A, 7?))
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Original automaton
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New acceptance condition

VE . cycle(€) == (satisfies,y(€) <= satisfiespew (€, 7, ,7?))
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New acceptance condition
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Cycle definition

Vé . cycle(€) = (satisfies,iy(€) <= satisfiespew (€, A, i 7?))

Three versions of cycles

ccljf\o cc%/\‘o:) é()o:)

Lightweighted ‘cycle’ Continuous ‘cycle’ Precise cycle

speed precision
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Reduction algorithm

while K > 1 A SAT(éck_1) do K + K—1 ]
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Reduction algorithm

C.K Lightweighted G K Continuous ¢ K" Precise ¢ K"
e L [ [ A
cycles cycles cycles

et ~ K

while K > 1 A SAT(éck_1) do K + K—1 ]

L_. J

create formula Oc,k—1:=Pck N
from the scratch @ does not appear in A
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TELAtko tool

m Python script
m usage of Spot library
m Z3 solver (prenex non-CNF, incremental)

m https://gitlab.fi.muni.cz/xschwar3/telatko
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https://gitlab.fi.muni.cz/xschwar3/telatko

Experimental results

Contribution of each cycle-version during the reduction

Cycles: | Lighveited Continuous || Precise [l Resut

Iti2tgba -

Iti3tela -

ti3tela_det -

delag -

rabinizerd -
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