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Abstract. Itis probably very hard to develop a new model checker that is faster
than UppPAAL for verifying (correct)timed automata. In fact, our tool &ra does

not even try to compete with RPAAL in this (i. e., UlPPAAL’S) arena. Instead,
MCTA is geared towards analyzimgcorrectspecifications of timed automata. It
returns (shorter) error traces faster.

1 Our tool: McTA

We present M TA, a model checking tool for real-time specifications modeletimed
automata. Although the tool can be used for verificatiorgT is rather optimized
for falsification, i. e., detecting violations against sg@fproperties fast and returning
short error traces. Several types of traces can be gengiratkdling an option to find a
(guaranteed) shortest error trace. There is also the plitydibexamine McTA’s traces
with UPPAAL'’s graphical user interface.

McTA accepts input models in the form of theebhAL input language (cf. [1]). So
far only a fraction thereof is supported, e.g. there is ngstpfor urgent channels,
arrays, etc. yet. Internally, BITA uses WpPAAL's timed automata parser library. For
the representation of zones,dvia uses WprAAL’s difference bound matrices library.
Both libraries are released under the terms of the LGPL or,G&pectively, and are
freely available athttp://www.uppaal.com/ . All other data structures and all
algorithms (and their implementation) used are genuine ¢adAl

McTA is free software and also released under the terms of the Bfekcompiled
Linux executables and a snapshot of the source code of duar®also freely available
at http://www.informatik.uni-freiburg.de/"kupfersc/mct al .

2 Theingredientsof MCTA

McTA accelerates the detection of error states by using thekmelin directed model
checking approach [4, 5]. In this approach, an abstrachmist value is computed for
each state encountered during the state space traversabsliract distance values de-
termine theorder in which the states are explored. Among possible succets@ss
the ones with a lower value are preferred. There are margrdiit strategies to explore



the state space. &ira allows the user to choose between two strategies based on two
wide-spread search methods calletl @nd greedy searchThe first explores states
with lowest value ofc(s) + h(s) first, wherec(s) is the length of the path from the
initial state through which was reached. Under certain conditions on the abstract dis-
tance values, one is guaranteed a shortest error path. betoad strategy, states are
explored by increasing value &f s). Doing so, the length of the detected error path is
not guaranteed to be as short as possible, but tends to exe#sr states in practice.
McCTA generates the abstract distance vafultg automaticallyfor each input given
by a timed automaton and a safety property. This is done bgiaftly computing a
rather coarse abstraction (the user can choose among Idaveisiof abstraction, see
below) and taking the distance in the abstract state spaceahh addition offers the
possibility to automatically recognize which transitisi®uld be penalized during the
state space traversal; this is a new technique present8 in [

Monotonicity AbstractionCurrently, MCTA comes with several kinds of abstractions
as the basis for computing the abstract distance valueg, Merwill only explain the
distance function which is based on tm®notonicity abstractioffi7]. This abstraction
is mainly an adaption of a technique from Al Planning namghoring delete list$2].
The idea of the corresponding abstraction is to hewery state variable, once it has
obtained a value, keeps that value forevee., the value of a variable is no longer an
element, but aubsetof its domain. This subset grows monotonically over traosit
applications, hence the name of this abstraction.

MCTA assigns to each state encountered during the state spamesalaan abstract
distance value by applying the monotonicity abstractiothtopart of the state space
that is rooted in the current state, and traversing the atisttate space. The length of
the abstract error trace is the state’s abstract distariae.Mathere is no abstract error
path, then there is no concrete one either.

3 Reaults

We compare the performance ofdvla and UpPAAL for detecting error traces in in-
correct specifications of timed automata. For both tools in@se the most powerful
options. We used the current version oPRAAL (4.0.6) with the optiorrandomized
depth first searclirDF). The results for rDF in Table 1 are averaged over 10.r&os
McTA the specific options are: the strategy for the state spaeersa@ being based on
greedy search, the abstraction for the abstract distarlues/aeing the monotonicity
abstraction, and the recognition of “useless transiticar®] the state space traversal
penalizing recognized transitions [8].

The example€’, ..., Cy stem from anindustrial case study called “Single-tracked
Line Segment” [6]. It models a distributed real-time cofi&ofor a segment of tracks
where trams share a piece of track. The examples. .., M, andNy, ..., N, come
from a case study namely “Mutual Exclusion” [3]. It modelsealrtime protocol to
ensure mutual exclusion of states in a distributed systenasynchronous communi-
cation. Both case studies are part of the AVACS project berack suite.

The results in Table 1 (visualized in Fig. 1) clearly demaatstthat the algorithms
employed by our tool are useful for analyzing incorrect tihagitomata. In comparison



Table 1. Experimental results of EPAAL's and McTA's most powerful options. The results are
computed on an Intel Xeon with 2.66 Ghz. Dashes indicate out of mefrmage than 4 GB).

explored stateg| runtimeins ||memoryin MB|| trace length
Exp|| UPPAAL|MCTA||UPPAAL|MCTA||UPPAAL|MCTA||UPPAAL|MCTA

M,y 8343 4254 0.37 0.07 38 56 829 97
Mo 27156 8184 153 0.10 40, 57 3245 146
M3 24368 10650 1.39 0.12 40, 58 2991 91
My 7090622417 493 0.24 45  64]| 11728 136
Ny 11115 5689 0.93 0.10 38 59 607, 108
No 45998 153771 499 0.25 41 62 378§ 152
N3 3172516337 3.31 0.26 41 65 3302 91
Ny 22026244199 25.31 0.71 51 84| 14003 118
C1 15407 1658 0.23 0.12 38 56 945 91
Co 31308 1333 0.32 0.1§ 39 56 820 91
Cs 45443 1153 0.36 0.13 39 56 541 91
Cy 366056 1001 290 0.19 49 57 1690 121
Cs || 2629269 833 23.54 0.22 120 57 2345 114
Cs [|21940802 833| 230.08 0.29 761 57 3237 114
Cr - 829| - 03y - 57| - 114
Cs - 8lg| - 0.2 - 57 - 95
Co - 13423 - 3.24, - 71 - 90

with UPPAAL which does not employ such algorithms (based on automigtigaher-
ated abstract error distances), our tool finds the erroisgfasiter. It explores less states
and uses less memory and thus scales to larger benchmatke. ggme time, it returns
shorter error paths.
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Fig. 1. Comparing WpPAAL and MCTA on incorrect specifications of timed automata ¢Wh's
arena”): runtime (in s) for detecting error tracescMA is orders of magnitude faster.



4 Outlook

In the future, McTA will evolve by supporting more and more language constrigts
defining (extensions of) timed automata, and by providingemend more kinds of
abstractions for computing abstract distance values. tdalip we hope, the results
and the practical experience withdwta for analyzing incorrect specifications will flow
into tools that were originally geared towards analyziogecttimed automata.
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