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Abstract. Author defines timed RT-grammars with infinite size, and represents
a practical application of RT-grammars to the well-known generalized railroad
crossing problem.

1 Introduction

Applying timed automaton for designing, specification, controlling and analyzing
real-time systems is well-known practice [1]. Timed and hybrid automatons is used for
analyzing and managing cyber-physical systems (CPS) [2].

When solving the tasks of CPS’s design, specification, control and analysis, there
are problems with access to resources, blocking, liveliness limitation (liveness,
reversibility, boundedness, reachability, dead transitions, deadlocks, home states). The
examples of CPS’s tasks are the control of the nuclear reactor’s temperature and the
control of the railway level-crossing gate [3]. These tasks successfully apply timed
context-free grammars. A large number of interacting CPS sets the task of CPS’s
monitoring and analyzing. It can be accomplished by various methods. At present, 7 -
calculus is a promising but very young and evolving theory. It has many open questions
and unresolved problems. Petri nets which are widely used do not have a universal
framework for CPS’s modeling and analyzing. In order to analyze various properties
(liveliness, attainability, safety), CPSs are modeled in different types of Petri nets. In
order to analyze CPS in the error-free systems’ development in the conceptual design
phase, the model checking method is widely used. However, it is mainly developed for
experienced scientists and engineers, since it is complex to understand and use [4].
CPSs are also specified by managers who do not have training in formal models and
informatics. Formal analysis requires a detailed representation of the process model in
a formal language.

Although, relevant and having big practice famous is a problem researching
mechanisms to analyze and control CPS. Authors offer that mechanism based on
automaton RT-grammars.
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2 Related works

Author researchs some works which consider CPSs, @-grammars, timed grammars,
timed automaton, the model checking technique. Several works have focused on
specifying formal semantics and verification methods for workflows using Petri nets,
process algebra, abstract state machine, see, e.g., [5-9].

Neda Saeedloei and Gopal Gupta [8] define timed grammars based on @-grammars
to analyse CPSs. In [9], they offer a logic programming framework for verifying
complex continuous real-time systems, based on pushdown timed automata and timed
automata, but this approche is very difficult to use in applications.

In [4], Yuan Wang, Yushun Fan offer a method for modeling and analyzing workflows
based on Temporal Logic of Actions, and present the semantic of workflow process
using TLA and illustrate how to modeling and analysis workflow using TLA. However,
they consider only a few patterns, and this work is not theoretically grounded.

John L. Pfaltz and Azriel Rosenfeld have proposed two-dimensional pattern
generating web-grammars [10]. The proposals generated by web-grammars are directed
graphs with symbols at their vertices (“webs”). Zhang has offered the positional
graphical grammar, later it has been developed by Costagliola [11, 12]. It is related to
the context-free grammars. Wittenberg and Weitzman [13] have developed a relational
graphical grammar. Zhang and Orgun [14] have described the preserving graphical
grammars in their studies.

The mentioned methods have the following shortcomings.

1. Positional grammars developing on the base of plex-structure don’t use
touchpoints and can’t be used for languages the objects of which have dynamically
changeable number of inputs\outputs.

2. The relational grammars have poorly implemented the neutralization tools for
generating a complete list of errors.

3. There is no semantic checking of text diagrams.

The common shortcomings of the above-mentioned grammars are: when designing
the grammar for unstructured visual languages the number of rules is increased (if there
is no change in the number of the language primitives for describing the all variants
without structure, the significant quantity of rules will increase), the complexity of
developing the grammar. Furthermore, it takes much time to analyze diagrams
(analyzers based on the considered grammars have polynomial or exponential time of
analysis).

3 Definition timed RT-grammars

The automaton timed RT-grammar is a R-grammar extension [15-19]. It is
represented by six following components:

G = W,%CERTM), €))

where V = {v,, e = 1,H}is an auxiliary alphabet (the alphabet of operations over
internal memory); Y. = {a;, | = 1,L} is a terminal alphabet of a language; C —is a
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finite set of clock identifiers; E — is a set of time expressions C (clock limitation and
clock reset), is limited by the following expressions: from the beginning {c := 0} and
onwards {c~x}, and c is a variable, and x is a constant, ~ € {=,<,<,>,=2}; R = {r3,
i = 0,1} is grammar scheme G (a set of names of production rules’ complexes, each
complex 7; consists of subset P;; of production rules r; = {P;;, j = r]}); 1 €
R is a RT-grammar axiom (the name of the initial complex of production rules), r;, €
R is a conclusive complex of production rules. Production rule P;; € r; is given as

P a WT}”’ where W, (yy, ..., ¥n) is a n-th relation, which determines the
type of operation over the internal memory depending on v € {0,1,2} (respectively,

0 — operation is not performed, 1 —record, 2 —read); y;, ..., ¥n € V;1; € R is the name
of the complex of a production rule’s source; 1;,, € R is the name of the complex of a
production rule’s successor.

Example 1. The authors dealt with a language in which each sequence a is
accompanied by the same number of sequence b, and there are at least two a and two
b. For each pair of sequences a and b, the first symbol b should appear within 5 units
of time from the first symbol a, and the final symbol b should appear within 20 units
of time from the first character a. The context-free timed grammar of this language [8]
is defined as:

S ->RS,
R - af{c:= 0}Tbh{c < 20},
T - aThb,
T »>abf{c <5}
The authors gave a definition of this language:
L={a"(h,c <5)(B™c<20)|m>0,n=m+ 1} 2)

Graphical RT-grammar representation (as a stack-like internal memory automata)
analyzing the language (3) is shown in Figure 1.

Figure 1. The timed stack memory RT-automata

Example 2. A classic example of a generalized railroad crossing problem [1] can be
described by a timed automaton (Figure 2).
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Figure 2. The timed automaton that formalizes a generalized railroad crossing problem

The train’s states (locations) rp and r¢ are axioms. In location r; the train is
approaching to the railroad track crossing; the clock is set to zero. The location r; is
before the railroad track crossing, so the railroad track is open only for the train located
in this location; moreover, other railroad tracks are closed after time k;. Then the train
is in location 73 up to time k», after that it leaves the location r3, and this track is open
for the next train.

The context-free grammar [8] is given as:

S—>RS,

R - x{c:=0}Tz{c>k,}
T - y(c > k)T,

T - yT,

T > y.

A timed context-free language describing the cyber-physical system of railroad
track crossing (see Fig.2) is defined as:

L={Cxc:=0)yc>k)y"(z,c > ky)In ky,k, >0} 3)

7 Conclusion

The advantage of timed RT-grammars compared with LR(k)- and LL(k)-methods
is a linear time-consumption for input language strings analysis with complete control
preservation.

In the future works, the authors are going to deal with timed grammars for the
analysis, control and translation of dynamic project flows’ problems, in which the time
factor occupies a significant place. Use of such grammars will eliminate a number of
semantic errors at the stage of conceptual design of complex computer systems.
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