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Executive Summary

In this deliverable we present an implementation of an ogtch PSL automata
construction. With our tool a designer can derive altentgatind nondetermin-
istic explicit automata from PSL formulae. Furthermore taol offers the op-
tion of deriving a symbolic representation in the SMV fornfased e.g. by the
NuSMV [10] model checker) using a new approach we preserttdted 1th In-

ternational Conference on Implementation and Applicatibutomata, 2006n

[8]. We performed extensive experiments with our optimaa and symbolic
representations, shown in [8].

We give installation instructions in Section 2. In Sectiow@& give available syn-
tax and options. Then, in Section 4 we give the technicalildeté the syntax
translation and automata synthesis optimizations impieete Finally we draw
conclusions in Section 5.
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Purpose

This document describes the implementation of our toolfotlsesizing optimized
Biichi automata from PSL properties.

Intended Audience

This document is aimed at people who want to build Biichi mata for PSL
properties. This includes people using formal verificattmwell as engineers
from the Electronic Design Automation (EDA) industry oreddific community
working on tools for formal verification.

Background

This work is based on the theory presented in Deliverablé 362 for synthesis of
automata from PSL. This document focuses on the implementat an optimized
synthesis. An unoptimized translation was presented iiverable 3.3/1 [18].
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Glossary

ABA, Alternating B tichi Automaton

Alternating Biichi automata feature both existential aniversal choice for the
transition relation. Seaondeterminisnanduniversalityfor information on exis-
tential and universal choice.

Kleene Closure

The Kleene closure for regular expressions is a unary apasatsingle syntactical
elements or sets of syntactical elements of a languagdescribes the set of words
built by concatenating zero or more element$of

LTL, Linear Temporal Logic, Linear-Time Temporal Logic

Linear temporal logic is a temporal logic for property sfieeition in formal veri-
fication [20].

NBA, Nondeterministic Blichi Automaton

Non-deterministic Buichi automata feature existentialich only for the transition
relation.

Non-determinism

Non-determinism or existential choice for automata déssrithe possibility of
choosing one of several possible successors, definingeaatiffrun for every pos-
sible successor.

Property

A collection of logical and temporal relationships betwaaid among subordinate
Boolean expressions, sequential expressions, and othgenies that in aggregate
represent a set of behaviors.

PSL

Property specification language. This is the specificafogliage used throughout
and building the basis for the PROSYD project. Refer to thedumage Reference
Manual [4] for more details on the language.

Regular Expression

A regular expression is a pattern or expression that descelset of finite words.
SERE

Sugar Extended Regular Expressions, as featured by theah§udge.

UFA, Universal Buchi Automaton

Universal Blichi automata feature universal choice forttagasition relation only.
Universalism, Universality

Universalism or universal choice for automata describegptioperty that all pos-
sible successors have to be chosen simultaneously, raplétirun into several
branches.

Property-based Synthesis of Optimized Table of Figures e vii
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1 Introduction

In this deliverable we provide a tool for the optimized syais of Blichi automata
from PSL [5] properties. With our tool a designer can deriteraating and non-
deterministic explicit automata from PSL formulae. Furthere we offer the op-
tion of generating a symbolic representation in the SMV fatrifused e.g. by the
NuSMV [10] model checker) using a new approach we preserttdted 1th In-
ternational Conference on Implementation and Applicatibrutomata, 2006n
[8]. We performed extensive experiments with our optimas and symbolic
representation, shown in [8].

PSL is a temporal logic standardized by the Accellera stalsdarganization. The
core of PSL is an extension of the linear temporal logic LTQ][@dding new basic
formulae like SEREs and operators.

For the linear temporal logic LTL the standard approach &wmfal verification
methods like model checking is to generate nondeterminiiichi automata for
the properties [23, 22, 11, 16]. LTL formulae can be traeslegb one-weak au-
tomata, a restrictive subclass of alternating automataneéxweak alternating au-
tomaton withn states can then be translated to a nondeterministic automath
n-2" states [16].

PSL includes the Kleene Closure and thus is not star fred_Tike Therefore PSL

cannot be translated to one-weak automata, but to (weadgnating automata
as shown in Deliverables 3.2/4 [6] and 3.3/1 [18]. In genetta conversion of
a (weak) alternating automaton to a nondeterministic garsequires the use of
Miyano and Hayashi’s construction [17] resulting in a blgia O(3") states.

An efficient implementation of the construction and coni@rsalgorithms is a
key to the successful application of PSL in formal verifioati In this deliverable
we present a tool capable of providing optimized alterigaiind nondeterministic
Biichi automata for PSL formulae.

The tool consists of a translator and a synthesizer. Thelatm takes an arbitrary
PSL property and converts it intiore PSL This property is then synthesized into
an automaton by the synthesizer.

The document is organized as follows. In the next section vlaliscuss instal-
lation related topics. Then in Section 3 we discuss avalablmmands and their
usage. Technical details are given in Section 4, includimgdecstructure and un-
derlying theory. In Section 5 we draw conclusions, and shoplicit benefits to
other Deliverables.

In Table 1 we report the status of the features of this tool@eliverable as from
the Description of Work document. The list contamandatoryandnice to have
features, with the intention that the minimal requirementthis deliverable is the
implementation of all mandatory features. We implementeaiandatory and one
of two nice to have features. There were no features that reéeddesirable

Property-based Synthesis of Optimized Introduction e 1
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Present Ref.
Mandatory Features
Pointers to algorithms used YES 4
List of target operating systems YES 21,22
Explanation of coding standards YES 4
Discussion of license issues YES 2.1,2.2
User documentation, including documentatioVES 2,3
of user interface (command line switches) and
imported/exported file formats
Test suite YES 4.3
Standard Input Language - PSL YES 3.1,32
Support for Verilog Flavor YES 3.1,3.2
Output explicit representation of automaton YES 3.1
Nice to have features
Support for other flavors NO
Output symbolic representation of automaton  YES 3.1,4.1

Table 1: Table of features

We use "Yes” and "No” respectively to state whether the femtias been imple-
mented or not. In the third column we show references toaélaections in this
document.

2 e Introduction
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2 Installation

This section gives information on installation relatedu&s such as software re-
quirements, licensing, and installation procedure fohltbe automaton synthe-
sizer and the syntactic sugar translator. These two conmp@m®me with dif-
ferent licenses and can be independently integrated to ptbgrams. Therefore
this section contains two subsections focusing on the peafgtails of the two
components.

We provide our tool via two packages available from the PRDS¥bsite [1].

e Binary PackageThis package contains pre-compiled binaries. See Sections
2.1 and 2.2 for details on the compilation platform.

e Library Package:In this section we provide our sources such that designers
may integrate our code into private sources according téidchkeses shown
in Sections 2.1 and 2.2. Thac/synthesisand src/translator contain the
sources of our two components.

All packages are provided as compressed archives. To deesmthe archives
perform the following steps:

e Create a new directory to contain provided data, and copwittigve to this
directory.

e Issue the following command to decompress the contentedrithive into
the current directory:
tar zxvf BuechiTool.tgar tar zxvf BuechiToalibrary.tgz

2.1 Automata Synthesis

Software Requirements

The provided automata synthesis functionality has beealdped as a library for
VIS [21] version 2.1. VIS-2.1 has been built and tested orfdliewing platforms,
and may work on others:

e IBM RISC System/6000 / AIX Version 4.3.3 / gcc, g++

Property-based Synthesis of Optimized Installation e 3
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e Intel ix86 / Linux / gcc, g++
e Intel ix86 / Windows98SE with Cygwin 1.3.2 / gcc, g++

e Sun Sparc/ Solaris 2.8 / gcc, cc, g++

The provided executable of the binary package was compilighl gec 3.3.5-
20050130 on a Gentoo Linux based 32bit x86 machine running.d42 series
kernel. It should run on any similar machine.

Licensing and Warranty

The following copyright notice (with varying copyright hd#rs and dates) holds
for the VIS source code, the source code of the provided ateaynthesis library,
and the pre-compiled automata synthesis tool.

Copyright (c) 2004-2006 Graz University of Technology. Adhts
reserved.

Permission is hereby granted, without written agreemethtntin-
out license or royalty fees, to use, copy, modify, and digte this soft-
ware and its documentation for any purpose, provided traatove
copyright notice and the following two paragraphs appeaitlinopies
of this software.

In no event shall Graz University of Technology be liable ty a
party for direct, indirect, special, incidental, or conseatial damages
arising out of the use of this software and its documentatiwen if
the Graz University of Technology has been advised of theipitisy
of such damage.

Graz University of Technology specifically disclaims anyraaties,
including, but not limited to, the implied warranties of rakantability
and fitness for a particular purpose. the software providgdunder
is on an “as is” basis, and the Graz University of Technologyg ho
obligation to provide maintenance, support, updates, #maents, or
modifications.

Note that the license allows for commercial use, and that sise currently takes
place.

How to obtain the Automata Synthesis Tool

We provide our automata synthesis functionality via twolkages available from
the PROSYD website [1]. There you can find the package namedtBdool in
the software category on the links page. These packagemalade the translator
component, whose specific details are covered in Section 2.2

4 e Installation Property-based Synthesis of Optimized
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e Binary Package: This package contains a pre-compiled binary. See Sec-
tion 2.1 for details on the compilation platform.

e Library Package:We provide the sources of our library for the integration
into a private VIS-2.1 source tree. With this library a usan compile bina-
ries for platforms other than that of the pre-compiled v@rsor modify the
code according to the license shown in Section 2.1.

The executable package contains an executable of the syzgh@ thebin subdi-
rectory. For other platforms, and to support engineers weige a library package
containing the source code for integration into local VI$-&ource trees.

Integration of our Synthesis Library into Private VIS Sourc es

This section describes how to integrate our synthesisriibcantained in the li-
brary package into private VIS sources, which can be dovdalddrom [24]. It

is assumed that the reader is familiar with compiling VIS &ad a working VIS
source tree, whereby related information can be found irdtdementation pro-
vided with VIS. In the following we describe the necessappstto perform. Ad-
ditional information regarding general development artdgration of new VIS
packages can be found in the VIS Engineering Manual [12]. [dbation of the
VIS source tree is assumed to vés. Please adjust given directory names to suit
your installation.

The following steps integrate the library into private Vi&sces.

e Create a new directory itvis/lcommon/sre¢o contain the library:
Ivisilcommon/src/sugarThe chosen subdirectory narsegar refers to the
package name used in VIS.

e Copy the provided source code files (src/synthesis/.*) iodhectory.

e Add the newly introduced packagegarto the list of packages in
Ivislcommon/src/MakefilePKGS= sugar ...

e Make a symbolic link in'vis/lcommon/includéo point to
Ivislcommon/src/sugar/sugar.h

e Add #include "sugar.h”in /vis’common/src/vm/vm.h

e Add calls to the library’s initialization and terminationrfctionsSugaclnit()
and SugarEnd() in/vissfcommon/src/vm/vmVinit.for correct initialization
and termination.

e Edit the Makefile of your architecture, e tyis/i686-g/Makefildor x86 ma-
chines, to add the sugar package to the list of packd®}€&S= sugar ...

An invocation of “make” within the directory containing tineakefile for your ar-
chitecture, e.glvis/i686-g/Makefildor newer x86 machines, creates a new binary
capable of synthesizing Blichi automata from PSL formulae.

Property-based Synthesis of Optimized Installation e 5
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2.2 Syntactic Sugar Translation

Software Requirements

The provided PSL syntactic sugar translation functiopdlés been built and tested
on the following platforms, and may work on others:

e Intel ix86 / Linux / gcc, g++

The provided executable of the binary package was compilddgec 3.2.3-2 on
a Red Hat Linux based 32bit x86 machine. It should run on anylai machine.

Furthermore, the following software requirements shodariet:

e Bison, version 1.875 or later
e Flax, version 2.5.4 or later

e Perl, for the build process

Licensing and Warranty

The following copyright notice (with varying copyright tigrs and dates) holds
for the provided PSL translation library source code, aredpte-compiled PSL
rewriter binary.

The information in this document is provided as is, and na-gua
antee or warranty is given that the information is fit for amytgular
purpose. The user thereof uses the information at its sshtearid lia-
bility.

Note that the license allows for commercial use.

How to obtain the PSL Translation Component

The PSL translation component is contained in the two vessitibrary/binary)

of the automata synthesis tool package. The package camirdadmled from the
PROSYD website [1]. There you can find the package named B@iechin the

software category on the links page.

e Binary Package:This package contains a pre-compiled binary cafisbiw
for the translation. See Section 2.2 for details on the ctatipn platform.

6 e Installation Property-based Synthesis of Optimized
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e Library Package:We provide the sources of our translation library for the
integration into private sources. With this library a usan compile binaries
for platforms other than that of the pre-compiled versiarmodify the code
according to the license shown in Section 2.2.

The executable package contains an executable for théatiansn thebin subdi-
rectory. For other platforms, and to support engineers, noeige a library pack-
age containing the source code. With these sources a usecangyile system
specific executables, or integrate them into private ptsjec

Integration of our Translation Library into Private Source S

This section describes how to integrate our PSL translédiarl contained in the
library package into private sources.

We provide two “main” files, with the following features.

e A main file calledmain.cppwhich demonstrates the basic input-file to output-
file version of the translator.

e A main file calledmain.string.cpp which demonstrates a basic char* to
char* version of the translator.

Note that only one of these files can be used in compilatiomrdfore, according
to your needs, name the main file you wish to ogn.cppand run the compilation
process.

The following steps integrate the library into your privataurces.

e Choose a directory for your sources and copy the providetcearode of
the translation component (src/translator/.*) to thigdiory.

e As mentioned, the default main file main.cpp If you wish to make use
of the other provided main filenain_string.cpp, rename itmain.cppbefore
compiling (you may want to renanmaain.cppbeforehand, to avoid running
over it).

e Edit themakefile.settingfile to the proper settings. Set the TOP variable to
the path of thepslrw directory.

e Issue the following commanadnake

Once the build process is done, you should see the modufesfil&in your direc-
tory. This file is a driver for PSLRW, and is based on the souneén.cppin the
same directory.

Property-based Synthesis of Optimized Installation e 7
Buchi Automata



8 e Installation Property-based Synthesis of Optimized
Bulchi Automata



3 Usage

This section offers detailed information on the usage opttoeided functionality.
For both the automata synthesis library and the syntactjarsanslator we show
available commands, and depict their options as well ad imupd output formats.

3.1 Automata Synthesis

In this section we outline the usage of the automata syrgtibsary to synthesize
Buchi automata from PSL formulae, which shall be given inildg flavor. With
our library a designer can create alternating, nondetastiinand deterministic
automata from PSL formulae.

sugar _to _aut Command and Options

Using thesugarto_aut command the user can create explicit and symbolic au-
tomata from PSL formulae. Information on the resulting audta can be directed

to the standard output or stored in given files. We implenteseyeral automatic
and transparent optimizations.

Please note that then switch only affects the translation from the PSL package
automata format to that used by the LTL package. The PSL flaenshall be
given in an input file using PSL Verilog flavor.

The output files generated with the switch use thedot file format as described
in [2]. The symbolic representations obtained with teeswitch generatSMV
files as supported by the NuSMV [10] model checker. Docuntiemtan this file
format can be found at the NuSMV homepage [3].

sugar _to aut [-h] [-v level] [-r] [-d] [-1] [-m val ue]
[-0 out] [-s sym] <input file>
Property-based Synthesis of Optimized Usage e 9
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-h Prints the help message containing parameter informadidhet
standard output.

-vlevel | This option determines the verbosity level given by a num-
ber from 0 to 3. The default value is 0. Information pro-
vided by a lower number is also provided by higher numbers.

0: Print out the formula.

1: Print out automata statistics.

2: Give a transition list of all edges.
3: Give vertex list.

-r Generate a non-deterministic automaton instead of amatiag
one.

-d Generate a deterministic automaton.

-l Generate a Buechi automaton usable by the LTL package ignor-
ing options -d or -r.

-m value | Generate a minimized Buechi automaton usable by the LTL
package. The option value can be any sum of [the
following values to derive any minimization combination:

1: Prune fair sets

2: Direct-simulation

4: Reverse-simulation

8: 1/0 compatible simulation

-0 out Write the automata produced for the input formulas to sdépdra
output files. The file name for each automaton is derived hyeval
“out” followed by the formula number and the extension “’dot

-S sym Derive symbolic representations for the produced autoraath
write them to separate output files. The file name for each| au-
tomaton is the value of “sym” followed by the formula number
and the extension “.smv”.

inputfile | The given file should contain the input formulae for which au-
tomata shall be derived. The formulae should be written &|th
Verilog flavor of PSL.

Example

This section shows a simple example scenario for derivirtgraata from PSL
formulae. We show an example input file containing a PSL fdantw be synthe-
sized, and show the necessary commands to derive corresgaiternating and
nondeterministic Blichi automata, and create an SMYV file.

e Write an input file containing the formula: Use your favorite editor to
write an input file containing one or more properties in \@giPSL flavor.
A small example could be:

{a;b; {c}[*]} |-> {d;e;f};

e Start VIS: Execute the VIS binary. You will receive a VIS command prompt
with a greeting message indicating the VIS version used.

10 e Usage
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vis/i686-g> ./vis
vis release 2.1 (conpiled 28-Jun-06 at 10:35 AM
vi s>

e Derive automata: With the commandugarto_autyou can derive automata
from PSL formulae. In this example we will derive an alteingtand a
nondeterministic explicit automaton for the given examfgiemula. The
switchv “verbose level” controls the amount of information printexl the
screen. For this example we choose level three.

First we derive the alternating Blichi automaton:
vis> sugar _to_aut -v3 input file

Aut omat on:

Stat es:
qo: INO / QUT 2 (138005896)
ql: IN 1/ QUT 2 (138021904)
q2: IN 2/ QUT 2 (138006088)
g5: IN 2/ QUT 1 (138035312)
qe: IN1/ QUT 1 (138035368)
q7: IN5/ QUT 1 (138035456)

Arcs:

-> (0(138005896)
q0 -> gl Label: '&

q7 -> q7 Label: TRUE

g5 -> g6 Label: '¢’

g6 -> q7 Label: 'f’

gl -> g2,0q5 Label: 'b & d
g2 -> g2,q5 Label: 'c’& d
q0 -> q7 Label: !"a

ql -> q7 Label: !'P

g2 -> q7 Label: !'¢

Accept States:
{q0(138005896), q1(138021904), g2(138006088) ,
05(138035312), q6(138035368), q7(138035456) }

Nunber of states: 6
Nurmber of synbol s: 3
Nunber of arcs: 9
Nunmber of initial states: {1
Nunber of accept states: 6

}

Property-based Synthesis of Optimized Usage o 11
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Now we derive a nondeterministic version by adding the dwitc

vis> sugar_to_aut -v3 -r input_file

Aut omat on:

Name: {a;b;{c}[*]} |-> {d;e;f} <EXPANDED>

States
qo: IN O/ QUT 2 (138070944)
ql: IN 1/ QUT 2 (138071200)
g2: IN 4/ QUT 1 (138071376)
q3: IN 1/ QUT 2 (138071696)
q4: IN 2/ QUT 2 (138072048)
g5: IN 2/ QUT 1 (138072272)

Arcs:

-> q0(138070944)
q0 -> gl Label: &
q0 -> g2 Label: !'a
g2 -> g2 Label: TRUE
ql -> g3 Label: ' & d
ql -> g2 Label: !'b’
q3 -> g4 Label: 'c&d &e
g3 -> g5 Label: !'c' &¢€’
g5 -> g2 Label: 'f’
g4 -> g4 Label: 'c’&d &e &f’
q4 -> g5 Label: !'c’'& e &f’

Accept States:
{q0(138070944), q1(138071200), q2(138071376), q3(138071696) ,
q4(138072048), 95(138072272) }

Nunber of states: 6
Nunber of symbols: 3
Nunber of arcs: 10

Nurmber of initial states: {1}
Nunber of accept states: 6

Please note that our example shows no significant blowupeistéite space
for the nondeterministic version, but was chosen for lugidi

12 e Usage Property-based Synthesis of Optimized
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e Create an SMV file: Using the switchs you can generate a symbolic rep-
resentation in SMV format and write the result to a given filehis time
we omit thev switch and thus we are not presented with the details of the
automaton.

vi s> sugar _to_aut -s output file inku input file

Aut omat on:
Name: {a;b;{c}[*]} |-> {d;e;f} <EXPANDED>

The SMV file generated for the example looks like the follagvimvhereby
we added some line-breaks for the output to fit into this daaum

- Synbolic representation generated by VIS for PSL formula
- {a;b;{c}[*]} |-> {d;e;f} <EXPANDED>

MODULE nmi n

--variables for synbols:
VAR d : bool ean;
VAR e : bool ean;
VAR f : bool ean;

--variables for L and R
VAR gqL_1 0 : bool ean;
VAR gqL_1_1 : bool ean;
VAR gL_1_3 : bool ean;
VAR gqL_1 4 : bool ean;
VAR gqL_1 5 : bool ean;
VAR gqL_1_2 : bool ean;

DEFINE __Renpty__1 := TRUE

--T_LC for QW

--T LC for QWA
TRANS(gL_1 0 -> ((a & next(qgL_1_1)) | ('a & next(qL_1_2))))
TRANS(gL_1 1 -> ((b & d & next(qL_1_3)) |
('b & next(gL_1 2))))
TRANS(gL_1 3 -> ((c &d & e & next(qL_1_4)) |
('c & e &next(gL_1.5))))
TRANS(gqL_ 1 4 -> ((c &d &e &f &next(qL_1 4)) |
('c &e &f & next(gL_1.5))))
TRANS(gL_ 1 5 -> ((f & next(qL_1 2))))
TRANS(gL_1 2 -> ((TRUE & next(qL_1_2))))
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--T LC for QSA
--T_LC for QSN

T

--T.N

--Encode preinmage function as we are strict

--QW
--Q W

TRANS(next(qL_1 1) -> (gL_1.0))

TRANS(next(qL_1 3) -> (qgL_1 1))

TRANS(next (qL_1 4) -> (gL 1.3 | qL_1 4))

TRANS(next (gqL_1 5) -> (gL _ 1.3 | qL_1 4))

TRANS(next(qL_1 2) -> (qL_ 1 0| gqL.1 2| gL 1. 1| gL_15))
--QSA

--QSN

--Initial values:

INNT ((qL_1.0 & (!'qL_1.1) & (!qL_1.2) & (!qL_1.3) &

(1qL_1_4) &( 1.9)));
--Fairness constraints:

FAIRNESS __ Renpty _1;

As will be described in Section 4.1 the construction of the\&ies follows
the approach we presented in [8]. Please note the commdhmitd) vefer to
our approach and explain from which parts of the constrodiie different
parts of the representation originate.
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3.2 Syntactic Sugar Translation

In this section we outline the usage of the sugar translationponent to translate
PSL formulae into core PSL. The translation component sffiee option to com-
pile an executable as well as provides an interface for ttegyiation into private
sources. In this section we depict both the command lingfate of the exe-
cutable, and the parameters of the interface for the iniegranto private sources.

PSLRW Program and Options

Running thepslrw program the user can create core PSL formulae translated fro
an input file containing PSL formulae in Verilog flavor. Thetjut is a file con-
taining the translated formulae.

All translations are according to the rewriting rules menéd in [5].

The formulae to be translated are divided into several grolipe user may choose
not to translate one of the groups by switching on its flag.

pslrw [-bfr] [-nxt] [-wtn] [-vnt] [-fa] [-sere]
[-none] <input file>

-bfr Switches off the translation of the 'before’ operators:doef be-
fore!, before, beforel .

-nxt Switches off the translation of the 'neate’ operators: nexa,
nextal, nexte, nexte! .

-wtn Switches off the translation of the 'within’ operators: iit,
within!, within_, within!_ .

-vnt Switches off the translation of the 'nertent’ operators

nextevent, nextevent!, nextevent (ternary), nex¢vent!
(ternary), nexteventa, nextevental, nextevente, nextevente!

-fa Switches off the translation of the 'forall’ operator.

-sere Switches off the translation of the operators mentioneceatisn
3.1 of [5]
-none Switches off all translations.

input file | The given file should contain the input formulae for tranelat
The formulae should be written in the Verilog flavor of PSL.

Example of the file to file usage

This section shows a simple example scenario for trangl®BL formulae. We
show an example input file containing a PSL formula to be teaed, and show
the necessary commands to create a translated output file.
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e Write an input file containing the formula: Use your favorite editor to
write an input file containing one or more properties in \@giPSL flavor.
A small example could be:

Il coment
(a before b) before! (a until b);

e Run PSLRW: Execute the/pslrw program. It produces an output file con-
taining the translated results.

pstrw nyfile. txt

PSLRW will produce a file calledutmyfile.txt containing the translated
formula:

/1l comment
[('[a Wb]) U[(!'h) W(a && (!b))]];

Example of the char* to char* usage

This section shows a simple example scenario for using tbeiged Translat-
eStringfunction, which receives a char buffer containing a singgt. Formula,
flags to optionally suppress translation of special forrmuknd returns a trans-
lated formula.

e Add the following to your source file

#include "rwstring. hpp"

An example of the usage dranslateStrings provided in the filelranslat-
eString.cpp. See 2.2 for further details. An example of usage is:

bool bfrFlag=true, nxtFlag=true, wtnFlag = true,
vnt Fl ag=true, faFlag=true, sereFl ag=true;
char* fornula = "always (a before c¢);";
const char* result = TranslateString(formula, bfrFlag, nxtFlag,
wtnFlag, vntFlag, faFlag, sereFlag);

Once executedgesultwill hold the translated formula. The flags of the pro-
vided interface offer the option to deactivate the traistedf several groups
of PSL formulae. The flags used for the function interfacetheesame as
those available on the command line for the executable theplefore.
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4 Technical Detalls

This section covers the technical details of our tools. Werausource code struc-
ture, show results of our test phases, and depict implemexi¢gorithms and un-
derlying theory.

4.1 Automata Synthesis

The provided library integrates into the VIS model check@ur code has been
developed in compliance to the VIS Engineering Manual [f2ifing special file-

names and a specific code structure. As the library evolwed that of Deliverable

3.3/1 [18] and uses the code structure declared there, eethef reader in this re-
spect to that deliverable. A research report on the thealdbackground can be
found in Deliverable 3.2/4 [6]. The underlying theory of approach to derive
a symbolic representation can be found in [8]. In the follogvive depict imple-

mented optimizations not covered by earlier deliverabld®reas information on
tests performed can be found in Section 4.3.

Automata Construction Optimizations

In this section we cover the optimizations implemented for ldorary. We im-
plemented optimizations for both the alternating Biichoenaton (ABW) and the
translation into an nondeterministic Biichi automaton YMB

Implemented optimizations on the alternating automatolude heuristics and the
optimizations presented in [15].

The resulting algorithm basically consists of six stagesiamperformed iteratively
throughout the construction:
e Optimize edge labels and remove edges labékdde

e Remove universal edges containing a loopback if the staterisaccepting,
as outgoing paths cannot be accepting.

e Remove states which cannot reach an accepting state.

e Remove states unreachable from the initial states.

e Simplify the edge set of a state by removing redundant edgesambine
edges where possible.
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e Use direct simulation relation to minimize state space ages.

For the explicit construction of the nondeterministic amé&on as of Miyano and
Hayashi’'s approach [17], we implemented on-the-fly optatians presented in
[14]. We compute the direct simulation relation on the aléing automaton and
use it to prune both the state space and edges of the nomrdlgitic automaton
on-the-fly. Thus we avoid the computation of parts of the @matimn which could
be pruned aftwerwards by optimizations in the first place.

Last but not least we developed an approach to derive a sjeniepresentation
directly from the alternating automaton [8]. Thus we carniviea symbolic rep-
resentation avoiding the explicit construction of the netedministic automaton.
This explicit construction has shown to be a bottlenecksahown by our exper-
iments in [8].

Furthermore we combined the approach of Miyano and Haydshifpr general
alternating automata with that of Gastin and Oddoux for week automata [16].
As mentioned in the Introduction there is a gap between tiheptexity of these
algorithms. For an alternating automaton witktates Miyano and Hayashi’s con-
struction results in an automaton with si@¢3"). For the subset of one-weak
alternating automata (of sizg§ we can produce nondeterministic versions of size
O(n-2).

In our approach we combine the generality of Miyano and Hasaapproach with

the efficiency of Gastin and Oddoux’ technique: We use theggrapproach for
those parts of the automaton where it is necessary and useadteeefficient one

whenever possible. Thus besides avoiding the bottleneek @xplicit construc-

tion of an intermediate nondeterministic automaton we ilsease performance.
Our work was presented at the "11th International Confezemtimplementation

and Application of Automata”. Please refer to our paper 8]detailed informa-

tion.

4.2 Syntactic Sugar Translation

The syntactic Sugar Translator is based on the IBM ParsePR@LFront-End for
PSL/Sugar.

The parser builds a parse tree from an input file containing f88nulae. The
PSLRW tool then traverses the parse tree, rearranging histretion according
to the desired translations. All translations are accgrdinthe rewriting rules
mentioned in [5]. An additional traversal is then performiedrder to output the
resulting parse tree.

For further details regarding the PSLP Parser, please 8¢e [1
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4.3 Testing

Testing has been carried out repeatedly throughout theendi@elopment and
implementation process. For our tests we generated sal@rahs of formulae.
To detect problems in the synthesizer with interferencepiintzation methods
we performed regression tests whenever a new optimizatiethod was added
or improved. Furthermore we utilized several combinatioheptimizations for
the tests. Due to the iterative use of optimizations in thetssis algorithm, this
approach enlarged the number of (intermediate) automatdaded to each opti-
mization stage.

With our tests we found a few bugs resulting in the design dfitamhal related
tests. For example, we found and fixed two critical bugs eel&b the interference
of optimization methods which caused the construction gfasdt for complex
properties.

The testing activity reported here relates to the libraryettgopment for VIS. As
we are working together with our colleagues at ITC-irst degnating the library
to NuSMV [10] as well, additional tests have been perfornmetthis setting. As of
the date of this report there are no known bugs.

For the syntactic sugar translation, extensive tests hega barried out by gener-
ating several dozens of formulae consisting of all trafmtagroups, and running
the synthesizer on the derived translations.
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5 Summary

In this deliverable we present the implementation of a tbat translates PSL for-
mulae into automata. For the automata synthesis librarynpdeimented state-of-
the-art technology and developed new technologies addgepsrformance bot-

tlenecks for a further enhancement in efficiency. We preskttiese new algo-
rithms to the scientific community at thElLth International Conference on Im-
plementation and Application of Automata, 20648]. For the construction of a
nondeterministic automaton, we combined the generalitighno and Hayashi's

construction with the efficiency of that of Gastin and Oddcanxd provide a sym-

bolic implementation. Thus we are able to derive a symbelmesentation of an
alternating automaton avoiding an explicit constructibamintermediate explicit

nondeterministic automaton, but can perform that dire@Ilyring our tests shown
in [8], we found this construction of an intermediate auttonato be one of the

bottlenecks of formal verification. In combination with oeificiency enhanced
translation this shows a significant speedup [8].

The RAT tool provided with Deliverable 1.2/4-5 [7], and peated to the scientific
community at the43rd Design Automatation Conference, 2006[19] and the
17th European Conference on Artificial Intelligence, 20049], benefits from
our new library with a significant speedup in Property Sirtiala Although our
library was developed for VIS [21], we are currently workiog its integration to
the NuSMV [10] model checker, such that we provide an effidi@plementation
for both the free VIS and NuSMV model checkers.

Our implementation of the translator from syntactic sugdhe core syntax of PSL
offers benefits for a wide range of tools. Using the translatba preprocessor,
tool designers can focus on supporting the core syntax whel@reprocessor adds
support for syntactic sugar. As a side-effect, a designerusa shorter syntactic
sugar and ensure confidence in the written properties bglatimg them to the

core syntax and compare the representations against daoh ot
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