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Abstract

Temporal logics like LTL are frequently used for the speatiion and verification of reac-
tive systems. To this end, LTL formulas are typically tratesl tonondeterministidBichi
automata so that the LTL verification problem is reduced tcoaemptiness problem of
w-automata. While nondeterministic automata are sufficfenthis purpose, many other
applications requiredeterministicw-automata. Unfortunately, the known determinization
procedures for Blchi automata like Safra’s procedure ateeexely difficult to implement,
and the currently available implementations are only abl&andle very small examples.

In this paper, we present a new symbolic translation of a miadaly large fragment of
LTL formulas to equivalent deterministicautomata. Our method is based on (1) a syn-
tactically defined fragment of the temporal logic LTL togetiith a linear-time translation
procedure to equivalent nondeterministic symbaliautomata, and (2) a (semi)-symbolic
determinization procedure for this fragment. The fragntbat we consider is complete in
the sense that every LTL formula is equivalent to a formuldis fragment, and in prac-
tice, we found that most formulas occurring in real specii@mss already belong to this
fragment.

1 Introduction

Automata on finite and infinite words have been intensivalgistd in computer science. Au-
tomata on infinite words (called-automata) are used for the specification and verificatiadl of
kinds of reactive systems [20]. In particular, the modelotireg problem of the temporal logic
LTL [16] (that is the core of PSL) can be reduced to checkirggrtbnemptiness of-automata:
To check whether a system satisfies a LTL property, the negation- is first translated
to an equivalent (nondeterministigyautomator(_, so that the emptiness of the product au-
tomatonM x 2, can be checked in a second step. Algorithms that translaterth formulas
to symbolicallyrepresented-automaté [9] have been developed to benefit from symbolic set
representations [7]. Thus, nondeterministic automatalaeady well established and form the
backbones of many verification tools.

1For an LTL formulap, these procedures compute in tif1€ ) a symbolic descriptiofl,, of a nondetermin-

istic w-automaton, which is comparable, but not equivalent to temr@tingw-automaton [22]. The description of
2, has sizeD(|¢|), makes use 0D(|¢|) state variables, and therefore enco2l@g+) states.



In contrast, algorithms that require the determinizatibnoeautomata have not yet made
their way to industrial practice, although there are marpliaptions where deterministic au-
tomata would be more convenient or even necessary, as e.dratislation of branching time
temporal logics like CTL* to (hondeterministic) automataiofinite trees [11], the computation
of winning strategies for possibly infinite games [17] whagening conditions are LTL formu-
las, the quantitative analysis of Markov decision proce$a8] and, of course, the construction
of monitors that run in parallel to a given implementatiorcteeck desired safety properties
at runtime. Hence, algorithms to compute deterministioaata for given LTL formulas have
already found many applications, and are therefore of hitgrést. However, most state-of-the-
art translations ofull LTL to w-automata yield nondeterministic Blchi automata. Aftes,th
the well-known determinization procedure of Safra [19] e employed to compute a de-
terministic (Rabin) automaton. Unfortunately, Safragaalthm is very difficult to implement
[14], and the underlying data structures do not lend thevasekell for the use of symbolic set
representations. As a consequence, the related toolswtedito small LTL formulas which
restricts their application in practice.

In this paper, we therefore propose a new approach to thslataon of LTL formulas to
equivalent deterministic automata. Our approach is basatie@temporal logic hierarchy [8,
20]. Based on this hierarchy, it can be proved [8, 20] thatyel/€L formula ® can be written as
a boolean combination of LTL formulas, . . ., ¢, that can be translated to nondeterministic
co-Biich? automata. If we are given an LTL formufl as such a boolean combination, we
can use the algorithms presented in [20] to first translaestlibformulasy; in linear time to
linear sized symbolic descriptions of equivalent co-Bialtiomata;. After this step, we can
use the well-known breakpoint construction [15] to deteize these automata and finally, we
compute the boolean closure of the obtained deterministiznaata, which is straightforward
due to the previous determinization steps. As a result, vadlyimbtain a deterministic Rabin
or Streett automaton.

Due to results of [8], every LTL formul& can be written as a boolean combination of
‘Buchi/co-Buchi’ LTL formulasy;. However, the currently known transformations from arbi-
trary LTL formulas into such that normal form require a detarization step, and therefore,
they are not useful for our purpose. Thus, we currently hheeréquirement that the given
LTL formulas must already be boolean combinations of ‘BiBlichi’ LTL formulasy;. In
practice, we found that this requirement is almost alwaysrmgiand in some other cases, it was
not too difficult to manually rewrite the formulas (checkiting equivalence of LTL formulas is
simple). Therefore, we believe that our procedure is a \ddut@ol in practice. We substantiate
this conjecture in Section 4 by experimental results.

It is known [1] that there are LTL formulas such that the smallest equivalent deterministic
w-automaton has doubly-exponential s'@(an“"‘). Hence, the complexity of determinization
algorithms is a critical issue. For this reason, we make @isyabolic set representations in
our translations as far as possible, namely, (1) by tranglauitable subformulas of a given
LTL formula to symbolic descriptions of nondeterministafety or co-Blichi automata, (2) by
employing new symbolic algorithms to determinize the atedisafety and co-Blichi automata,
(3) and, finally by computing the boolean combination of thtamed deterministic automata.

The added values of this paper are therefore (1) the deveopaf new symbolic deter-
minization procedures for safety and co-Buichi automatd,(8hthe use of these procedures to
determinize all formulas of all classes in the temporalddgerarchy. Our implementation is

2While Biichi automata demand that a run of a word must infipitélen visit a set of designated states, co-
Bichi automata impose the dual requirement that, excegirfieely many points of time, only designated states
are visited.



remarkably efficient and can produce deterministic autamath hundreds of state variables.

There are already symbolic versions of variants of the dwyskthe breakpoint construction
[3, 4]. In [4], procedures are described to compute a syméalhji represented nondeterminis-
tic automaton from an alternating automaton, i.e., a ‘noereinization’ procedure. Although
there are some similarities to our procedure, nondetepatiion of alternating automata and
determinization of nondeterministic automata is différfem w-automata [22]. Closer to our
determinization procedure is [3] which generates a detastic automaton for the safety frag-
ment and thus implements the subset construction. Howgnesralso start with an alternating
automaton which is then translated to an explicitly repnésg nondeterministic automaton.
The nondeterministic automaton is generated on the fly, akragling the construction of the
whole explicit automaton. However, this step cruciallygglon a translation from alternating
automata to the corresponding nondeterministic automhtke wwur procedure is independent
of the previous translation from temporal logic to nondeti@ristic automata. In particular, it
is not obvious how the work [3] could be generalized to mongressive classes like co-Blichi
automata.

The outline of the paper is as follows: In the next section ligtebasic definitions om-
automata and our use of symbolic representations of autornvdreover, we briefly consider
the automata hierarchy presented in [8, 20]. The main patti@fpaper describes the semi-
symbolic determinization procedures in Section 3 thawald us to implement highly efficient
tools to translate LTL formulas to deterministicautomata. In Section 4, we present experi-
mental results we obtained with our tool and the implementaif Safra’s procedure of [14].

2 Basic Definitions

2.1 Symbolic Representations ab-Automata

In this section, we briefly describe how we symbolically esgantw-automata. We assume
that the input alphabet is encoded using boolean varidhleJo represent the state transition
relation of the automata, we introduce two state sets ofgmitipnal variables, one for the
current and an associated aridor the next point of time. Using these propositional valéab
we are able to encode the initial states, the transitiotiogland the acceptance condition using
simple propositional formulas:

Definition 1 Given a finite set of variable® with @ N V5, = {}, a propositional formulaZ
over@ U Vy, a propositional formulaR over@Q U Vx U {v' | v € @}, and a LTL- formulaF
overQ U Vg, thenAs (Q,Z, R, F) is an (existential) automaton formula.

It is easily seen [20] that for automaton formulds (Q,Z, R, F), we can demand th&t and

F contain only state variableQ (yielding state-based instead of edge-based automata). In
these cases, itis clear that an automaton formula des@ibesdeterministio-automaton in a
symbolic way:(@ is the set of state variables, so the set of states correspatitthe powerset

of Q. We identify any set) C Q U Vs U {v' | v € Q U V& } with a propositional interpretation
that exactly assigns the variablesiofo true, and the remaining ones to false. Having this view,
the formulaZ describes the set of the initial states, which are the $ets (Q that satisfyZ.
Similarly, R symbolically represents the set of transitions.



2.2 Acceptance Conditions

In addition to the states and state transitions, we havefioadne acceptance condition that de-
termines whether a word is accepted by the automaton. Séweds of acceptance conditions
F have been proposed [8, 20]:

e Arun is accepted by a safety conditiGp with a state sep if the run exclusively runs
through the sep.

e Arunis accepted by a liveness conditiep with a state sep if the run visits at least one
state of the sep at least once.

e Arun is accepted by a Bichi conditidt ¢ with a state sep if the run visits at least one
state of the sep infinitely often.

e A run is accepted by a co-Buchi conditié with a state sep if the run visits only
states of the set infinitely often, i.e., states outsideare only finitely often visited.

Arunz(w) = mem ... of an automaton over a word is an (infinite) sequence of truth assign-
ments to the variables iU Vs, that coincides withw on the variables ofs., i.e. ™ = w7y ... IS
a sequence such that = Z, and for each > 0, we haver; = R andm;NVs = w; NVs. Thus,
arunnm(w) is aword in(29°V=)«. A run is accepted by the automatongifw) = F. Using the
notationw|i, oo) to denote the suffix ofy starting at position, we havew, i = A3 (Q,Z, R, F)
iff m(wli,00)) = F.

The considered automaton formulas are usually nondetaticin As usual, we call an
automator®l deterministic, if every wordv € (2'*)~ has exactly one run(w) through2l.

2.3 The Hierarchy of w-Automata and the Temporal Logic Hierarchy

The above acceptance conditions define the correspondiogaton classg$N)Det, (N)Det,
(N)Det ., and(N)Det., respectively. Moreove(N)Det,, ., automata have acceptance condi-
tions of the form/\f:O Gy, V Fy;, and(N)Det., ..., automata have acceptance conditions of the
form /\;;0 GFy; V FGy;. The expressiveness of these classes is illustrated ind-iguwhere

C; < C, means that for any automatondh, there is an equivalent one . Moreover, we
defineC; =~ C, :=C; S CANCy S CrandCy 3 Co :=C Z Co A —(Cy = Cy). As can be seen,
the hierarchy consists of six different classes, and eadsdtias a deterministic representative.

Detr Detgr
% 2o
DetPrefix N DetGF ~ N DetStreett ~ DetStreett
A > A
Detg¢ ® X Detgg
X %
NDetg NDetg =~ NDetpix =~ NDetgg

Figure 1: (Borel) Hierarchy af-Automata

In analogy, a temporal logic hierarchy has been defined [BiH2Q consists of six temporal
logicsTL, for x € {G, F, Prefix, GF, FG, Rabin} that correspond with the six automaton classes
(N)Det,. Translations oft € TL, with k € {G,F,GF,FG} to symbolic representations of
automata iNDet,, require only timeO(|®|). Moreover, for every formul@ < TL,, we can
construct a symbolic descripticlt of a deterministicu-automaton of the cladSet,. in time
O(21*) with |Q| < 2!*! state variables. Note thatmay haveD(22"') states.



3 Symbolic Determinization Procedures

As reported in the previous section, it is already known tatcan compute for every formula
¢ € TL, an equivalent deterministic-automatorl,, € Det,.. Moreover, it is already known
that the subset and the breakpoint constructions are suffifor this purpose [20], so that there
is no need for Safra’s considerably more difficult determation procedure for these classes.

However, a critical issue of the known translations fromdlassesT'L,, to Det,, is still their
complexity: It is well-known [1] that there exists formulds< TL, such that all equivalent
deterministic automata have at least”' states. Symbolic translation procedures fro, to
NDet, as shown in [20] elegantly circumvent a first bottleneck. ldeer, all determinization
procedures including the subset and the breakpoint catgtnuassume explicitly represented
automata, so that this advantage can no longer be expl&tesh worse, the resulting determin-
istic automata are also given in an explicit representasorthat naive implementations really
suffer from the double exponential complexity.

For this reason, a major improvement is obtained by thetestithis section that show how
the subset and the breakpoint construction can be impladenta semi-symbolic way: For
a given symbolically represented nondeterministic automals (Q),Z, R, F) with reachable
states{v, ..., 9,}, we directly construct symbolic descriptions of the detieistic automata
that are constructed by the subset and the breakpoint cetistrs. Although we can not avoid
one exponential step (namely the enumeration of the reéelssdites), we achieved that the
symbolic description of the deterministic automaton carob&ined without enumerating its
states. All steps except for the enumeration of the reaelsthtes of the nondeterministic au-
tomaton are symbolically implemented. As a result, we oletaihighly efficient determiniza-
tion procedures that allow us to translate large LTL formsuia equivalent deterministic au-
tomata. In the following subsections, we describe thesarighgns in detail, but we assume that
the reader is familiar with the subset and the breakpoinstcaation.

3.1 Symbolic Implementation of the Subset Construction

As already explained, our algorithms expectyanbolicrepresentation of a nondeterministic
automaton, i.e. a formulals (Q,Z, R, F'), whereZ is a propositional formula over the state
variables), and where the acceptance conditibhis based on a propositional formufaover
the state variable® that is used to construct a safety, liveness, fairness sigtence property
F'. In the following, we assume thét = {q, . .., ¢, } and thatVs, = {z4, ..., z;} holds.

The first step of our algorithms consistsafmputing the reachable statethe automa-
ton. To this end, we first eliminate all variables that are state variables, i.e., we define
R5 := dx;...z,. R, and compute then the reachable states. The reachabls stetdbe
computed as the fixpoitiz. 7 V Xm but since we additionally eliminate deadend states, we
computeS;c.ch = (vy.Qy) A (uz. IV 39:) instead, i.e. the reachable states having at least one
infinite path. Using symbolic methods, the restilt.;, is a propositional formula over the state
variables().

Having computed the reachable stafes.,, we now perform a one-hot encoding of the
states of the original nondeterministic automaton. To¢inid, we have to explicitly enumerate
the reachable states which are the models of the forula. Recall that we identify a variable
assignment with a set C @ such that exactly the variables containedjimre true. Thus,
assume the reachable states ffe ..., 4,}. We now introduce new state variabl@g.. =

3For a set of states, Xx denotes the existential successor states of



{p1,...,pn,} to identify a reachable statg with a state variablg,. Moreover, ford C @, we
define the corresponding minterm as:

mtq (V) := (/\x) N AR

z€vy zeQ\Y

Based on these definitions, the symbolic subset construistidescribed as follows:

Definition 2 (Symbolic Subset Construction) Given2l = A5 (Q,Z, R, F) with the reachable
states{?)y,...,9,} and new state variableQ4e: = {p1,...,p.}, we define the following au-
tOmaton‘z?ldet = -AEI (Qdeta Ideta 7—\)'deta Fdet):

o H = \/pj A thdet<79j>

J=1
n

0 Tyet 1= /\ (pi < 31 ... @ mtg,, (V;) NT)
i=1

[ fdet EHQIQmH/\f

® Ret := /\ (Pi < mi), Withn, :=3q1 ... guqy - - - G- HAR A (Mg, (95))
i=1
As can be seen, the initial condition and the transitiontieaof 24, are given as equation
systems, which is beneficial for many applications.

To see that our construction is correct, consider first tegtance conditioft,..: Note that
Faer CAN be rewritten a§7_, p; AJq1 - . . gm- Mtq,, (9;) AF. The subformulantq,,, (9;) A F is
false in case that; is a variable assignment that does not satisfyOtherwisemtg,, (J;) A F
is equivalent tomtg, (). Thus, the existential quantification used in the definitdiF e,
yieldstrue if ¥; belongs taF (since every minternmt,,  (1J;) is satisfiable), and yield&lse
if ¥; does not belong t&. ConsequentlyF.. is equivalent to the disjunction of thoge that
correspond to statet of 7, i.e. Fye < Vﬁiefpi.

The initial superstate of the subset construction is th@sgtitial statesZ, i.e., the initial
condition isA}_, p; < «;, wherea; € {1,0}, so thate; = 1iff ¥, € Z. Now note that
g1 ... gm- mtg,, (V) AT evaluates to true iff; € 7.

Finally, consider the transition relatid®y..: The successor states of a superstaté Qe
under the input condition; ; are given as the set of staggghat have a transition under the input
conditionr; ; to a statey; € ©. Our definition ofR .. directly implements this: in the next step,
all p; are true (thus belong to the superstajevheneven; holds. Nown; is equivalent to

\ i A 30 gy - e Mg, () AR A (tqy,, (V1))

J/

. ~
! Tji

wherer;; is the condition on the input variablé§, = {z,,...,z;} that must hold to enable
the transition from statg; to statep;. Thus,n; is equivalent td\/?zlpj A 7;4, and thusy, lists
all possibilities to reach staje from any other reachable state.

Therefore, the above definition implements the subset naeigin in a symbolic way. We
therefore can now state the following theorem:

Theorem 1 (Symbolic Subset Construction)For every automatofl, the automatorfy.; as
constructed in Definition 2 is deterministic and is a symbalescription of the automaton
obtained by the well-known subset construction [18, 20].



Since the subset construction can not only be used to deteerautomata on finite words, but
alsow-automata that stem from the clas3és;, TLg, andTLp,x, We can already handle these
classe$with the construction given in Definition 2.

3.2 Symbolic Implementation of the Breakpoint Constructian

In order to handle the remaining classes of the temporat Ibigirarchy, we show in the next
definition how the breakpoint construction for the deteligation of the clas$iDetr; can be
implemented in a symbolic manner. Again, by using dualibesveen the classes, we are then
able to determinize also the clas3ds;r, TLrg andTLsgreett.

Definition 3 (Symbolic Breakpoint Construction) Givenl = A5 (Q,Z, R, F) with the reach-
able states{,,...,9,} so thatF is the set{¥, .1 4,...,9,}. Using new state variables
Qopt = {p1, ..., D0, b1,..., b} and the definitions a4, and Rqe: Of Definition 2, we define
Q’[bpt = ./43 (prt,z-det N Ibpt, Rget N Rbpt; fbpt) as follows:

o H = \/pj A thdet<79j>

j=1

¢
o Tppt i= /\bz-<—>0

1=1

l
[ ] fbpt = \/bl

i=1

l
o Ript = [\ B < ~Fope A i V Fope A [1mi] ,» With
1=1
ni =3¢ . qmdy - @,- HARA (mtg,, () andp is the substitution that maps each
P1,...,pn_etoO0andp,_, ...,p,t00by,..., b, respectively

The idea behind the breakpoint construction is to maintairsf sets of states, where the first
component is computed by the subset construction. The desmmponent is the set of states
that have never left the set of designated states sinceghbriakpoint, where a breakpoint is
a state whose second component is empty.

States ofl,,: correspond with subsets @f,,: which may be considered as pairs of subsets
of {p1,...,p,} and{by, ..., b,}. A breakpointis a paifS;, S2) whereS, represents an empty
state set, i.e., all of the variablésare false and,,: evaluates to false. Whenever a breakpoint
is reached, the second set is filled with the designated ssoceof the first set. In this case,
we evaluate the status of theaccording to the variablgs, thus all we have to do is to copy
the formula representing the transition relation of thesstilconstruction. Otherwise, the usual
subset construction is performed on the second step in heibreakpoint construction. To
calculate the transition relation in our symbolic settiitgs sufficient to eliminate transitions
from non-accepting states (which is done by setting 0) and then replacing each occurrence
of p; for ¥; € F by the corresponding.

Hence, also the breakpoint construction can be impleméantadsymbolic manner. It is
well-known that(,,, may have at mosD(3"), reachable states, while the automa®gg. ob-
tained from the subset construction may have at g3t ) reachable states.

“Note, however, thaliDetr is not the dual class dDet¢ (see Figure 1).
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Figure 2: Nondeterministiw-automaton obtained from := X|a U b] (left hand side), and
the corresponding deterministicautomaton obtained from the subset construction with the
acceptance conditio@(po V p1 V p2 V p3) andQuet := {po, p1, P2, P3}-

Theorem 2 (Symbolic Breakpoint Construction) For every automatofd, the automatogl,,;
as constructed in Definition 3 is deterministic and is a sylalaescription of the automaton
obtained by the well-known breakpoint construction [15, 20

3.3 lllustrating Example

As an example, consider the LTL formufa:= X [a U b]. Using the translation given in [20],
we obtain the following equivalent nondeterministic saf@itomaton

Ql(p == AEl ({QO#Jl}aQb (qO —b VaA q(,)) A (Q1 — qé)’ 1) .

Its state transition diagram is given on the left hand sideigf 2, and its acceptance condition
simply demands that there must be an infinite run. Using tloeekllgorithm, we obtain the
following equation systems fd,.: (Where we encoded the reachable states as follpys:

Yo={}, o1~ ={q1}, p2 ~ Vs = {q}, andps ~ V5 = {qo, @1 }):

po < 0 Py = Ppo A-bVpa Ab

T p1e1 R Py < poA=bVp2 AD
det = p2 <=0 det = ph = p1 A=(aVb)VpsA(aVb)
p3 e 1 Py < p1 A=(aVb)VpsA(aVb)

The state transition diagram of this deterministic aut@amas shown in Figure 2.

4 Experimental Results

We have implemented the presented algorithms in our Avénasiework and made some ex-
periments that we compared with the tool Itl2dstar [14] tisasan implementation of Safra’s
construction. The output of our tool is a symbolic repreaganh of the computed determinis-
tic automaton. The output of Itl2dstar is a textual représtgon of the explicit deterministic
automaton. All experiments have been performed on a duar@ptworkstation with 2Ghz
running SUSE Linux 9.3.

As a starting point, we examined the examples from [12, 2], EGom the 94 formulas
contained in the sample set, only 4 do not belonglte...;. However, after a manual rewriting



AMBA Protocol | GenBuf |
n | Time[sec]| Mem[MB] #state variables n | Time[sec]| Mem[MB] #state variables
det. auto ndet. auto det. auto| ndet. auto
2 10.18 14.4 401 54 2 10.14 13.6 233 58
4 10.27 14.9 758 88 4 10.16 13.6 341 89
8 10.53 15.7 1486 156 8 10.22 13.6 581 163
16|14 17.9 2942 292 16 | 0.41 15.3 1157 359
32| 1.44 18.3 2693 943
64 | 10.00 104.0 7301 2879

Figure 3: Experimental results of our case studies

step, all of the formulas can be translated to determinaiiomata with our procediireAll
example formulas of [12, 21, 10] where translated by bothréstand Itl2dstar in a couple of
seconds using at mo3i MB memory. None of the algorithms typically outperformed tither
on these rather small examples, but we can already sealthast all LTL formulas used in
specifications already belong s eet:-

To evaluate the performance on real world examples, we finssidered the AMBA bus
protocol [2] specification given in [5]. The specificatiomnsists ofl11 safety specificationsy
fairness constraints, and one constraint on the initiéé stEhe entire specification, i.e., the con-
junction of these formulas, belongsTas;..::. In the original formulation of the specification,
Averest required more than 4 hours and used more than 129 MBonyefor 6 masters. We
quickly identified a problematic subformula and after mdlyuawriting this formul&, Averest
was able to generate deterministic automata for all passitsitances of the AMBA protocol
with the runtime requirements shown in Figure 3. Averestid@ven be able to handle larger
instances, which are however not specified in the AMBA prot@only up to 16 masters and
slaves are considered).

The tool ltl2dstar was not able to finish even the rewritteacscation with2 masters:
After 1 minute, we terminated the process that already claimed ameus amount 08.5
GB of main memory. Until that point of time, Itl2dstar waslidtusy with the translation to a
nondeterministic automaton using the translator ItI2t3].[1

As a second example, we considered the generalized butiehts been developed by
IBM as a tutorial for the Rulebase verification tdoiGenBuf comes with a relatively complete
specification in PSL for a family of buffers parameterizedsbgumbem. Data is offered by
the senders in an arbitrary order, and is received by thévexsan round-robin order. We used
the modified specifications given in [6]. One problem that wecgintered was that the rose
and fell operator of PSL is not an LTL operator. However, bingsa deterministic monitor,
we were able to translate the specification to a LTL specifinadnd finally to a deterministic
automaton using Averest. Unfortunately, Itl2dstar doessupport past operators, so that we
can not give a comparison with Itl2dstar on this example.

5As an example for this rewriting process, consider the fdan@(p — [¢ U (Gr v Gs)]) from [12] and the
equivalentT Lsyeers formulaG—p v G (p — [qg U (Gr vV Gs)]) A F(Gr v Gr)

5The problematic formula wass(decide — )\, hgrant[i] <« Xhgrant[i]) which we rewrote to
N; G(decide — hgrant[i] < Xhgrant[i]).

http://lwww.haifa.ibm.com/projects/verification/RB_kepage/tutorial3/GenBuf_english_spec.htm



S5 Summary

We exploited the temporal logic hierarchy [8, 20] so thatdhleset and the breakpoint construc-
tions suffice to translate a large fragment of LTL to equikalieterministicu-automata. While
this already follows from results given in [20], it has not j@und the way into efficient tools so
far. The main added value of this paper is therefore to pigdlilbeoretical results into practice
by the development of new algorithms that directly compusgrabolic representation of the
deterministic automata. Although our translation to deiarstic w-automata can not handle
all LTL formulas, it seems to be sufficient in practice: Almhal specifications we found in our
experiments can be translated with our algorithm. The exymettal results we have presented
show clearly that our tool outperforms existing tools inttaigea.
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