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spot::parsed_formula pf =

spot: :parse_infix_ps1("GFa");
if (pf.format_errors(std::cerr))

exit(1);
spot::translator trans;
trans.set_type(spot: :postprocessor: :Buchi) ;
trans.set_pref (spot: :postprocessor: : SBAcc

| spot::postprocessor::Small);

spot: :twa_graph_ptr aut = trans.run(pf.f);
print_never_claim(std::cout, aut) << '\n';




What is Spot?

A platform for manipulation of LTL formulas and w-automata. With three interfaces.

E.g. convert an LTL formula into a neverclaim for Spin:

a  a
a
p— a

GFa B |F| ®©

never { /* GFa */
accept_init:

if
: (a) -> goto accept_init
: (1(a)) -> goto TO_S1

: (a) -> goto accept_init
: (1(a)) -> goto TO_S1

» Command-line tools
% 1tl2tgba --spin GFa

» C++17 library

spot::parsed_formula pf =

spot: :parse_infix_ps1("GFa");
if (pf.format_errors(std::cerr))

exit(1);
spot::translator trans;
trans.set_type(spot: :postprocessor: :Buchi) ;
trans.set_pref (spot: :postprocessor: : SBAcc

| spot::postprocessor::Small);

spot: :twa_graph_ptr aut = trans.run(pf.f);
print_never_claim(std::cout, aut) << '\n';

» Python bindings



What is Spot?

A platform for manipulation of LTL formulas and w-automata. With three interfaces.

E.g. convert an LTL formula into a neverclaim for Spin:
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never { /* GFa */
accept_init:

if
: (a) -> goto accept_init
: (1(a)) -> goto TO_S1

(a) -> goto accept_init
: (1(a)) -> goto TO_S1
fi;
}

» Command-line tools
% 1tl2tgba --spin GFa

» C++17 library

spot::parsed_formula pf =

spot: :parse_infix_psl("GFa");
if (pf.format_errors(std::cerr))

exit(1);
spot::translator trans;
trans.set_type(spot: :postprocessor: :Buchi) ;
trans.set_pref (spot: :postprocessor: : SBAcc

| spot::postprocessor::Small);

spot: :twa_graph_ptr aut = trans.run(pf.f);
print_never_claim(std::cout, aut) << '\n';

» Python bindings

import spot
a = spot.translate('GFa', 'buchi', 'sbacc')
print(a.to_str('spin'))

» With graphical
representations in

Jupyter
Py am
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[d Kant et al. LTSmin: High-performance language-independent model checking. TACAS’15. €y
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The evolution

1 Model checking library

(2003—-2012)
» using TGBA for model checking
> pure C++ library
> no tools (except for the test suite)

Duret-Lutz and Poitrenaud. Spot: an extensible model checking library using transition-based
generalized Biichi automata. MASCOTS 04. @D W 103


http://dx.doi.org/10.1109/MASCOT.2004.1348184
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1 Model checking library

(2003—-2012)
» using TGBA for model checking
» pure C++ \ibrary
> no tools (ex=ept for the test suite)

dcofl;' ab Pj a \ab
bllab a b ab Céjé_lb
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Duret-Lutz and Poitrenaud. Spot: an extensible model checking library using transition-based
generalized Biichi automata. MASCOTS 04. @D W 103
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Fig. 7 illustrates how we have connected Spot to GreatSPN3,

= GreatSPN can produce a symbolic reachability graph (SRG)

Th e evo I utlo n for a Colored Petri net by exploiting its symmetries [19]. We
have implemented this interface as a tgba subclass whose

methods simply delegate their work to the corresponding
1 Model checking library

procedures of GreatSPN. From the point of view of Spot, an
SRG appears as any other TGBA.

(2003-2012)
» using TGBA for model checking

» pure C++ \ibrary
> no tools (ex=ept for the test suite)

ab - ab
_ b a
ac( = Z .
a ilab  a b b gé:u ab
ap. 2 b — b ab
B A TBA TG BA Fig. 7. Interfacing third party state graph generators,

[4 Duret-Lutz and Poitrenaud. Spot: an extensible model checking library using transition-based
generalized Biichi automata. MASCOTS 04. @D Vi3


http://dx.doi.org/10.1109/MASCOT.2004.1348184

The evolution

1 Model checking library 2 Platform for LTL manip. and

(2003-2012) model checking (2012—-2015)

» using TGBA for model checking » tools with LTL/PSL input
> pure C++ library » no tool reading TGBA by lack of
> no tools (except for the test suite) exchange format

Duret-Lutz. Manipulating LTL formulas using Spot 1.0. ATVA’13. @D In Hanoi, Vietnam. 7%


http://dx.doi.org/10.1007/978-3-319-02444-8_31

The evolution

1 Model checking library 2 Platform for LTL manip. and

(2003-2012) model checking (2012—-2015)

» using TGBA for model checking » tools with LTL/PSL input
> pure C++ library » no tool reading TGBA by lack of
> no tools (except for the test suite) exchange format

3 Platform for LTL and

w-automata (2016-)

» HOA format > major rewrite
» more tools > Jupyter support

Duret-Lutz et al. Spot 2.0 — a framework for LTL and w-automata manipulation. ATVA’16. €D
Babiak et al. The Hanoi Omega-Automata format. CAV’15. €D o
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The evolution

1 Model checking library 2 Platform for LTL manip. and

(2003-2012) model checking (2012—-2015)

» using TGBA for model checking » tools with LTL/PSL input
> pure C++ library » no tool reading TGBA by lack of
> no tools (except for the test suite) exchange format

3 Platform for LTL and

4 New application: Synthesis

w-automata (2016-) » build on existing features
» HOA format > major rewrite > improves existing features
» more tools » Jupyter support » adds games, mealy machines

Duret-Lutz et al. From Spot 2.0 to Spot 2.10: What's new? CAV’22. @D o


http://dx.doi.org/10.1007/978-3-031-13188-2_9

What | will present

1 Model checking library 2 Platform for LTL manip. and

(2003—-2012) model checking (2012—2015

» command-line tools ‘
» SAT-based minimization

4 New application: Synthesis
» 1tlsynt, ACD

vy e

» A bug!

3 Platform for LTL and
w-automata (2016—

» Jupyter visualizations

» Emerson-Lei acceptance
conditions

» 1tlfsynt, MTDFA l



A memorable bug

(Reported in 2007; fixed in 2009.)




Kristin Rozier’s paper

[Spin’O?]
LTL Satisfiability Checking

Kristin Y. Roziet * and Moshe Y. Vardi

1 NASA Langley Research Center, Hampton, Virginia 2368’IEtin.Y.Rozier@nasa.gov
2 Rice University, Houston, Texas 77005rdi@cs.rice‘edu

Abstract. We report here on an experimental investigation of LTL $afisl-

ity checking via a reduction t0 model checking. By using @tgL formulas,

we offer challenging model-checking penchmarks t0 potHiex@and symbolic
model checkers. For symbolic model checking, we use botre@EBMV and
NuSMV. For explicit model checking, we use SPIN as the seangjine, and we
test essentially all publicly available LTL translatiorts. Our experiments result
in two major findings. First, most LTL translation tools agsearch prototypes
and cannot be considered industrial quality tools. Secohen it comes to LTL
satisfiability checking, the symbolic approach is cleadpeior to the explicit
approach.

» doi
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Triggering the bug with “counter formulas”

C, is a 2-variable LTL formula describing a loop over all values of an n-bit counter.
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C, is a 2-variable LTL formula describing a loop over all values of an n-bit counter.
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Triggering the bug with “counter formulas”

C, is a 2-variable LTL formula describing a loop over all values of an n-bit counter.

C, SAT
C, SAT
C; SAT
Cy SAT

Kristin’s issue with Spot 0.3:

Cs SAT
Ce SAT
C; SAT
Cg SAT

Cy SAT
Cio UNSAT
C11 SAT
Ci2 SAT

Cyo needs at least 10240 states and (bgck
then) Spot already needs a couple of min-
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Triggering the bug with “counter formulas”

C, is a 2-variable LTL formula describing a loop over all values of an n-bit counter.
The one-character fix!

Kristin’s issue with Spot 0.3:

C, SAT  Cs SAT Gy SAT
C, SAT  Cs SAT  Cip UNSA
C; SAT  C; SAT  Cn SAT
C, SAT  Cy SAT  Ci2 SAT

bool operator<(const formulax left,
const formula* right)

{
size_t 1 = left->hash();
size_tr = right->hash();
dl- if (1 !=r)
+ 1if (1 '=7r)
return 1 < r;
return left->dump() < right->dump();

Cyo needs at least 10240 states an

then) Spot already needs a couple 0
matq

000 100 010 110
The mininal automaton for C,, has n2" states. &



The aftermath

> I'm now very picky about the font | use in my
terminal and editor. (losevka is great! GIID)

» Realized that the representation of LTL
formulas in Spot 0.4 was really inefficient.

» Divided translation time by = 3 after fixing

the bug, by improving formula representations.

» Today C, can be generated by Spot’s
genltl tool.
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» benchmark from 2012


https://github.com/be5invis/Iosevka
https://www.lre.epita.fr/dload/spot/bench-0.9.1.pdf

Command-line Tools




Command-line Tools

Objectives:

» Easy access to Spot’s algorithms

» Providing convenient tools for day-to-day experiments

» Support streaming (a.k.a., pipelining) and scripting (i.e., useful exit codes)
» Have coherent options among tools
» Have good defaults
» Have good error reporting



SAT-based minimization

of deterministic TGBA




From LTL to Minimal D[T][G]BA

Output: DBA. (Ehlers’ setup.)

minimal DBA SAT
LTL DBA minimization

formula

Ehlers. Minimising deterministic Biichi automata precisely using SAT solving. SAT’'10. @& 179


http://dx.doi.org/10.1007/978-3-642-14186-7_28

From LTL to Minimal D[T][G]BA

Output: DBA. (Ehlers’ setup.)

minimal DBA SAT
PR

LTL not a DBA minimization
formula recurrence
| 1 fail
1tl2dstar attempt simplify
(DRA) cc;gvglrgs'fn success DBA

[4 Klein and Baier. On-the-fly stuttering in the construction of determ. w-automata. CIAA’07. €EED

[4 Krishnan, Puri, and Brayton. Determ. w-automata vis-a-vis determ. Blichi automata. ISAAC’94.
[ doi


http://dx.doi.org/10.1007/978-3-540-76336-9_7
http://dx.doi.org/10.1007/3-540-58325-4_202

From LTL to Minimal D[T][G]BA

Output: DBA.
minimal minimal DBA SAT
LTL not a WDBA DBA minimization
formula recurrence §
| 1 fail 8
attempt @ | attempt o
1tl2dst
(DRSA)ar conversion WDBA — simplify
to DBA success minim. fail DBA

[1 Dax, Eisinger, and Klaedtke. Mechanizing the powerset construction for restricted classes of
w-automata. ATVA’07. €D -


http://dx.doi.org/10.1007/978-3-540-75596-8_17

From LTL to Minimal D[T][G]BA

Output: DTBA.

minimal minimal DTBA SAT
P <

LTL not a WDBA DTBA minimization
formula recurrence §
| 1 fail 8
attempt @ | attempt o
1tl2dst
DRSA o conversion WDBA — simplify
( ) to DBA SUCCESS 1 inim. | fail DBA




From LTL to Minimal D[T][G]BA

Output: DTBA.

I#1>11| degen
to TBA—l
translate simplify
to TGBA TGBA | else
minimal minimal DTBA SAT |
LTL not a WDBA DTBA minimization
formula recurrence §
4 fail g
attempt @ | attempt o
1t1l2dst
(DRSA)ar conversion rer-ress | WDBA I SllgqglAn(y
to DBA minim. fail




From LTL to Minimal D[T][G]BA
Output: DTBA.

I#1>11| degen
to TBA
translate attempt | ¢ simplify —l
—| WDBA
to TGBA . TGBA | else
minim.
success minimal minimal DTBA SAT |
LTL not a WDBA DTBA minimization
formula recurrence §
4 fail g
B ) B P
DRA i
( ) to DBA success minim. fail DBA

[1 Dax, Eisinger, and Klaedtke. Mechanizing the powerset construction for restricted classes of
w-automata. ATVA’07. €D -


http://dx.doi.org/10.1007/978-3-540-75596-8_17

From LTL to Minimal D[T][G]BA
Output: DTBA.

|F|>1 degen nondet. attempt

to TBA powerset TCONG
translate | aweDr;Kt fail | simplify —l to DTBA | | success
to TGBA minim. TGBA | else det.
success minimal minimal DTBA SAT |

LTL not a WDBA DTBA minimization

formula recurrence g
4 fail g

] [t ] ] o

DRA i

( ) to DBA success minim. fail DBA

[1 Dax, Eisinger, and Klaedtke. Mechanizing the powerset construction for restricted classes of
w-automata. ATVA'07 €& - <


http://dx.doi.org/10.1007/978-3-540-75596-8_17

From LTL to Minimal D[T][G]BA
Output: DTGBA (m > 1) or DTBA (m =1).

nondet. or m " i
|F|>m=1 nondet. | &tteMp fail _MotIn
t%e_?gg powerset TCONG
translate | %t\;eDr;Kt fail | simplify —l to DTBA | | success
to TGBA minim. TGBA | else det.
success minimal minimal DTBASAT | m=1
LTL not a WDBA DTBA minimization
formula recurrence § minimal DTGBA SAT| m>1
1 fail 8 DTGBA minimization |
>
attempt @ | attempt o
1tl2dstar :
(DRA) conversion SUccess WDBA il S|B1§IAn‘y
to DBA minim. | '@




From LTL to Minimal D[T][G]BA
Output: DTGBA (m > 1) or DTBA (m =1). Our setup.

1t12tgba nondet. or .
|Z1>m=1|degen | nondet. attempt | ¢ notin
to TBA powerset TCONG
translate | aweDr;it fail | simplify —l to DTBA || success
to TGBA minim. TGBA | else det.
success minimal minimal DTBASAT | m=1
LTL not a WDBA DTBA minimization
formula recurrence g minimal DTGBA SAT| m>1
<« <
Tfail 8 DTGBA minimization
=}
attempt @ | attempt o
1tl2dstar .
(DRA) conversion SICCaEE WDBA il S|g§IAn‘y
to DBA minim. | '&
dstar2tgba

[d Baarir and Duret-Lutz. Mechanizing the minimization of deterministic generalized Biichi automata.
FORTE’14 €&


http://dx.doi.org/10.1007/978-3-662-43613-4_17

Spot 2

HOA + Jupyter — maijor rewrite




The Hanoi Omega-Automata Format

Babiak et al. The Hanoi Omega-Automata format. CAV’15. €D Phiaios


http://dx.doi.org/10.1007/978-3-319-21690-4_31

The Hanoi Omega-Automata Format

Tool support at publication

1tl2dstar 0.5.3 PRISM 4.3 T ———
1t13ba 1.1.2 Rabinizer 3.1 ‘l hozf .
1t13dra 0.2.2 Spot 1.99.2 FP F

Babiak et al. The Hanoi Omega-Automata format. CAV’15. €D Piaios


http://dx.doi.org/10.1007/978-3-319-21690-4_31

The Hanoi Omega-Automata Format

Original motivations
» Unify output formats for different tools/acceptance conditions
» Allow new acceptance conditions

Tool support at publication

1tl2dstar 0.5.3 PRISM 4.3 R e
1t13ba 1.1.2 Rabinizer 3.1 i hozf .
1t13dra 0.2.2 Spot 1.99.2 FP F

Babiak et al. The Hanoi Omega-Automata format. CAV’15. €D Priaios


http://dx.doi.org/10.1007/978-3-319-21690-4_31

The Hanoi Omega-Automata Format

Original motivations
» Unify output formats for different tools/acceptance conditions
» Allow new acceptance conditions

Tool support at publication

1t12dstar 0.5.3 PRISM 4.3 R e
1t13ba 1.1.2 Rabinizer 3.1 ‘l_ hozf .
1t13dra 0.2.2 Spot 1.99.2 FP F

Resulting challenge
Can we build tools that process automata with arbitrary acceptance conditions?

Babiak et al. The Hanoi Omega-Automata format. CAV’15. @D Priaios



http://dx.doi.org/10.1007/978-3-319-21690-4_31

Generic Intersection and Union

Fin@)vInf@®)

Fin@) vInf@) o



i nion
Generic Intersection and U

Fin@)vInf®)

avb
The intersection of
— two Streett automatg
bl|ab is a Streett automaton
b

' P
Inf (@) (Fin@) vInf@)) A (Fin@) vInf©))
Fin@)vin



Generic Intersection and Union

Fin@)vInf@®)

avb
. The union of two
) ; Streett automata is._
a nothing special
b

Fin@) vInf@) (Fin@)vInf@) v (Fin@)vInf@®)) o



Generic Intersection and Union

avb : Union using o
: : non-deterministic
L @ : initial states

bl ab :



Generic Intersection and Union

avb : Int_ersect?on
] : using universal
] @ ' initial states

bl ab :



Other Operations

automata simplifications
Most of Spot’s simplifications have been generalized already.



Other Operations

automata simplifications

Most of Spot’s simplifications have been generalized already.
complementation

Trivial on any deterministic w-automata.

What about non-deterministic w-automata?

Havlena et al. Complementation of Emerson-Lei automata. FoSSaCS’25. @D Pic/os


http://dx.doi.org/10.1007/978-3-031-90897-2

Other Operations

automata simplifications

Most of Spot’s simplifications have been generalized already.
complementation

Trivial on any deterministic w-automata.

What about non-deterministic w-automata?
emptiness check

Easy for “Fin-less acceptance”.

Generic Emptiness Check implemented since Spot 2.7.

Baier et al. Generic emptiness check for fun and profit. ATVA’19. @D a5


http://dx.doi.org/10.1007/978-3-030-31784-3_26

Other Operations

automata simplifications
Most of Spot’s simplifications have been generalized already.

complementation
Trivial on any deterministic w-automata.
What about non-deterministic w-automata?
emptiness check
Easy for “Fin-less acceptance”.
Generic Emptiness Check implemented since Spot 2.7.

acceptance conversions
Many are implemented.



(Jupyter demo)






Reactive Synthesis in a Nutshell

A reactive controller produces output as a reaction to its input

input signals 1

. 19/23


https://www.syntcomp.org/

Reactive Synthesis in a Nutshell

A reactive controller produces output as a reaction to its input

} output signals

Given a specification relating input signals and output signals over time:
Realizability: decide if a controller exist; Synthesis: construct it.

N e 1" 19/23


https://www.syntcomp.org/

Reactive Synthesis in a Nutshell

A reactive controller produces output as a reaction to its input

input signals 1 = } output signals

The reactive synthesis problems

Given a specification relating input signals and output signals over time:
Realizability: decide if a controller exist; Synthesis: construct it.

LTL Synthesis Competition - ww

> the specification is an LTL formula, over w-words such as
“‘abxy,abxy;abxy;...”

» the controller should be an And-Inverter Graph

sl 19/23


https://www.syntcomp.org/

Reactive Synthesis Example
1. LTL Spec.

0\ BLIOUBULAIC

20/23



Reactive Synthesis Example

1. LTL Spec.
2. DPA =N
Fin(@) v Inf(©) AN
260 T ‘ \ 6. Output AlG

o

20/23
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Reactive Synthesis Example
1. LTL Spec.

2. DPA
Fin(®) v Inf (@)

xﬁ@ N (9T

ax X
ax
—_ x

3. Parity Game

Yy 0



Reactive Synthesis Example
1. LTL Spec.

3. Parity Game
Fln((D) v Inf(€))

2. DPA
Fin(®) v Inf (@)

6. Output AIG
{latch

o

j 4. Winning Strategy = I\/'Iealy/

- \  4f20/23



Reactive Synthesis Example
1. LTL Spec. 3. Parity Game 5. Simplify Mealy

_ Fin(@) v Inf(©)

2. DPA

5l Bl
Fin(@) v Inf (@) T<25C a7 fngT



http://dx.doi.org/10.1007/978-3-031-08679-3_8

How to turn an LTL formula into a DPA?

NGBA

many tools/v

LTL




How to turn an LTL formula into a DPA?

degen.
NGBA —> NBA

many tools/v

LTL

) Gastin and Oddoux. Fast LT aut tion. CAV'01. €D ’

ﬁ Bablak etal. Compos:t/onal appraacgy tqﬁsu en: ther improvements to Lwransl



http://dx.doi.org/10.1007/3-540-44585-4_6
http://dx.doi.org/10.1007/978-3-642-39176-7_6

How to turn an LTL formula into a DPA?

degen.
NGBA —> NBA

many tools
/ \Qet.

LTL DRA

[ Safra. On the complexity of w-automata. FOCS'88. @& e 7


http://dx.doi.org/10.1109/SFCS.1988.21948

How to turn an LTL formula into a DPA?

degen.
NGBA —> NBA

many tools
/ \Qet.
IAR

LTL DRA — DPA

\\

N0
e

[ Kretinsky et al. Index appearance record with prex . Acta Informatica, 2021. @ |
earan e natic .


http://dx.doi.org/10.1007/s00236-021-00412-y

How to turn an LTL formula into a DPA?

implemented

. Procedures
many tools
in Spot.

LTL




How to turn an LTL formula into a DPA?

Procedures
implemented
in Spot.

many tools

LTL

[ Piterman. From nondeterm{nlz:‘étic”Bﬁc )
LICS 06. @D )

(4 Redziejowski. An improved construction
Fundamenta Informaticae, 2012. €D

Y
of



http://dx.doi.org/10.1109/LICS.2006.28
http://dx.doi.org/10.3233/FI-2012-744

How to turn an LTL formula into a DPA? |

Procedures
implemented
in Spot.

many tools

LTL

[ Komarkova and Kretinsky. Rabinizer 3: afraless translation of LTL to small deterministic
aytomata. ATVA’14 €& 5 e


http://dx.doi.org/10.1007/978-3-319-11936-6_17

How to turn an LTL formula into a DPA? |

Procedures
implemented
in Spot.

many tools

Rabinizer 3

LTL

\%‘abinizer /
LDBA

ﬁ Esparza et al. From LTL and limit- determ/n/s cB ‘5# ‘utomata to deterministic pa?ﬂy auto :


http://dx.doi.org/10.1007/978-3-662-54577-5_25

How to turn an LTL formula into a DPA?

N 4

Procedures
implemented

- in Spot.
LTL Rabinizer 3 . DRA DPA

\%‘abinizer /
delag LDBA

1t13tela -D1
1tl2tgba -GD DELA

many tools

(3 Miller and Sickert. LTL to deterministic Emersd ll»automata GandALF’17. @2

@ Maijor et al. ltl3tela: LTL to small determm/st/c or nondeterm/n/st/c Emerson-Lei automata.
ATVA’19 €D


http://dx.doi.org/10.4204/EPTCS.256.13
http://dx.doi.org/10.1007/978-3-030-31784-3_21

How to turn an LTL formula into a DPA?_

Procedures
implemented
in Spot.

many tools

LTL Rabinizer 3 - DRA oPA

\q‘abinizer /
LDBA

delag
1t13tela -D1
1tl2tgba -GD DELA

LAR
to_parity

N

[4 Renkin, Duret-Lutz, and Pommellet. PraCtlcal parftlfing of Emerson Lei automata. ATVA’ ‘t .
(4 Léding. Optimal bounds for transformations of o autamata FSTTCS’99. @& b ' s

» doi


http://dx.doi.org/10.1007/978-3-030-59152-6_7
http://dx.doi.org/10.1007/3-540-46691-6_8

How to turn an LTL formula into a_}DPA?

T 4

degen.
NGBA —> NBA det. Procedures

det implemented
Rabinizer 3 IAR in Spot.

many tools

LTL > DRA — DPA

These paritization
ablnlzer 4 procedures are all

delag LDBA improved by ACD!
1t13tela -D1 !

1tl2tgba -GD DELA

to parlty

(4 Casares, Colcombet, and Fijalkow. Optimal transformat/ons of games and automata using Muller
conditions. ICALP’21. &2
B Casares et al. Practical applications of the Alternating Cycle Decomposition. TACAS’22. @XED 1


http://dx.doi.org/10.4230/LIPIcs.ICALP.2021.123
http://dx.doi.org/10.1007/978-3-030-99527-0_6

(Jupyter demo)



What | did present

1 Model checking library 2 Platform for LTL manip. and

(2003—-2012) model checking (2012—2015

» command-line tools ‘
» SAT-based minimization

4 New application: Synthesis
» 1tlsynt, ACD

vy e

» A bug!

3 Platform for LTL and
w-automata (2016—

» Jupyter visualizations

» Emerson-Lei acceptance
conditions

» 1tlfsynt, MTDFA l



