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A bstract Model checking problem for real-time systems is a hard problem and has high
complexity because time model of system is dense and continuous. Especially, as known,
almost accumulated timed properties which are expressed by duration formulas in Duration
Calculus is undecidable or decidable but with very high complexity. However, fortunately
for some formulas, to avoid high complexity we can only check them in integral model of
time instead of real time model. Such formulas are called discretisable formulas. In this
paper, we show a subclass of formulas in Duration Calculus which is constructed from a
linear constraint of state durations is discretisable and based on this we also give some
ideas for checking them. The our results includes some results of the others.

1. Introduction

Discrete time model of real-time systems was considered widely in recent years.
A reason of the consideration is as many verification problems in dense time model are
undecidable, even for decidable problems, its complexity is also very high. In the other
hand, techniques for verifying real-time systems in discrete time model are simpler and
have lower complexity. Such verification methods are based on the assumption that states
are observed at integer time points only. A wide class of integral-time verification methods
have been shown as model-checking algorithms (eg. [3]) or theorem proving systems [4]...

However, it will be better if answer to verifying in discrete time model also supplies
us the answer to dense time model. That means if a property is true in the discrete time
model then it is also correct in dense time model. Such properties are called discretisable
properties and instead of verifying in dense time we only verify them in integer time by
simpler techniques and lower complexity.

W ith this aim in [7] the authors constructed discretising models of timed automata
in which generated untimed sequences of symbols are the same as in original model. Or in
[5(] Thomas Henzinger et al. proved some properties such as time-bounded invariance and
time-bounded response are discretisable. These properties is only concerned to instant
time of systems and are called instant properties, for example reachability property in [7]
and time-bounded reachability in [5].

How about are duration properties ? What properties of them are discretisable?
Duration properties are properties concerning to accumulated time of states of system. For
these properties, Zhou Chaochen et al. proposed and advanced a logic is called Duration
Calculus [10] in which these properties can be expressed and calculated. As an example,
Linear Duration Invariant (LDI) is a formula in Duration Calculus and is mentioned at
first in [11]. This formula expresses a property of real-time systems as ”in any observation
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for system, if the (time) length of observation interval belongs in a certain interval [B, E]
then the time durations of states of the system have to satisfy a certain linear constraint”.
Many real-time requirements in the practice can be expressed by LDI, for example safety
properties of gaz burner [10]e railroad crossing system [14].

There were many works dealing with LDI and its subclass. Model checking algo-
rithms in these works concentrate on two ways : in first one, system is represented by
timed regular expressions [11-14] and model checking problem is reduced to solving linear
programming problems. In the other one integral region graph of automata is used to
solve problem if checking property is discretisable [15] or combine both methods [16,17].
However, most of them only deals with restricted systems as real-time automata, sub-
class of models of Duration Calculus ... or for subclasses of LDI. For example, "Duration
bounded reachability property” which was observed in [2]. This is a formula that is the
same as LDI but coefficients in the formula are restricted to positive reals only. In [12] the
authors proved discretisability of Linear Duration Constrain - LDC (a subclass of LDI)
with integral coefficients. By a different technique, the authors in [15] proved LDC with
real coefficients is also discretisable.

In this paper we prove & lager class of formulas (including LDI) is discretisable.
For this, we consider LDC with semantics larger than in [15]. In [15] authors considered
LDC with observations for system is started and ended at time points at which transitions
of system is taken. In this paper, starting and ending time points of an observation are
arbitrary. It is important focus for ability extending proof of discretisability of LDC to
LDI and some other formulas.

The remainder of the paper is organized as follows. In the next section we recall
some notations of real-time systems as timed automata, duration formulas as LDC and
notion of discretisability. In section 3 we give proof discretisability of LDC and based on
this in section 4 we prove discretisability of LDI and some others duration formulas. At
final, in conclusion we give a short discussion about ability of checking LDI by zone graph
of timed automata.

2. Model of Real-Time Systems and Properties
2.1 Timed Automata

In this paper we get timed automata as model of real-time systems. As timed
automata have become typical and have been deliberated very well, so in this section we
only present summarily about them, the details readers is referred to [6].

A timed automaton has a finite set of states s and a finite set of clock X which are
real value variables. Each state transition of automaton is assigned by a time constraint
as enabled condition and a subset of clocks which is called reset set. The time constraint
represents requirement that a transition may be taken only if the current values of the
clocks satisfy this constraint. And, the reset set shows that all clocks in it are reset to
zero when transition is taken. Transitions are taken instantaneous, while time can elapse
at states of timed automata. The value of a clock equals the time elapsed since the last
time it was reset.
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Let $(X) be set of time constraints 0, which are conjunctions of the simple con-
straints of form x <c\c<x\x —y<c\c<x —y where Xy GX and c is a natural
constant.

As often, we denote sets of natural and nonnegative real number by N and R+,
respectively. Formally, timed automata can be defined as follows.

Definition 1.[Timed Automata] A timed automaton A is a tuple (5, So, X, E), where

- s is a finite set of states,

- S0 is an initial state,

- E is a finite set of symbols,

- X is a finite set of clocks,
EC Sx$(X) XEx2x xS isa finite set of transitions. A transition (s,0,a, As') EE
represents that if system is staying at state 5 and current values of clocks satisfy
time constraint O then system can transit to state 5' and then the clocks in A must
be reset to zero. The transition causes an event which be denoted by symbol a.

Definition 2.[Behaviors] A behavior of timed automaton A is a infinite sequence of timed
states

eo(\TTL) ) ooe

that satisfies following conditions
So is initial state of timed automaton A, to = Q.
time does not decrease, i. e. tL<ti+1foralli> 0.
time progresses, i. e. for any T eR +, there is some i >0 such that ti> T.
ti is time point that system changes its state to Si,forall i >0. That means, the
system stays at Si-1 in di —ti -.ti-1 time units and then transits to Si by some
transition (Si-1,0, a, A Si).
In this paper behavior of timed automata is considered as a sequence of time states
instead of sequence of time transition as in other papers, however semantics of timed
automata is not changed. In the other hand, we only consider discretising of time points
so we do not discuss about events (i.e symbols in S) here.

A behavior is called integral behavior iff for all i > 0, ti is integral.
Example 1. Sequences of timed states Pi = (so, 0)(si, 2.3)(s2>3.0)($3,4.2)... and p2 =
(s0,0)(si,2)(s2,3)(s3,5) ... are behaviors of some timed automaton, where p2 is integral
behavior.

AW N

Definition 3.[Observations] Let Qe G are two timed points with 0 < b< e < GO An
observation on interval [6,€] (oibe]) of a behavior p is any part of p that it starts at time
point b and ends at time point e. An observation is called integral if for all time point ti
and two endpoints 6,e of it are integral values, € = e —b be called the length (of time) of
observation oibe]-

For simplicity of notations sometimes we also call observation O on interval [6,€] by
observation O for short.

Given an observation oib €] of a behavior p, item 3. in definition 2 guarantees that
our system is nonZeno system [6]p>i.e. in any observation interval of system it has only
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finite number of states. Hence, oib €] can be formally expressed as a finite sequence of
time-states with two timed bounds Qe as follows

O « (Pu—12tu—I) b \SU,Au)("nd-128u+1) see ("I ty) € (Af+ ITiv+1)

where 1 < u <V, b (tu-1 < b < tu) is beginning time point of observation before the
system transits to state su and e (tv < e < ty+i) is ending time point of observation after
the system transits to and stays at state Sy. That means state su- 1 occurs in tu —b time
units before the system transits to state SU and similarly state Sy appears in e —ty time
units after the system transits to state Sy on O. Figure 1 illustrates an observation O in
time interval [Qe) of timed automata A.

&l emm sV St-J
] 0

t-u-i b tu ... tv e tr+l

Fig 1. The observation a on time interval [6,e]

Let O'! \1tu—1) b (5U, £u) 15Ni41) eee T A (Mvili observation
on interval [fee]. Then accumulated time that the system stays at state 5 in time interval

[Q €] can be calculated by

\Y

d*= i2 (tj+i-tj)’

j=u—1,5sj=5s

where tu_I = b, t] =1tj (V] = u..v), tv+l = e.
2.2 Formulas in Duration Calculus

Properties (or timed requirements) of real-time systems is often .specified by for-
mulas in some real-time logics as temporal logic [1], duration calculus - DC [10]. In this
paper we consider duration properties that are properties saying about accumulated time
of states and are expressed by formulas of DC. Duration Calculus is a real-time logics
and well-known as a logic expressing such duration properties, however it is not presented
here. We will directly represent subclasses of formulas in Duration Calculus which are
compositions of simpler formulas called Linear Duration Constraint and it is not hard to
understand semantics of these formulas.

Definition 4. [Linear Duration Constraint - LDC] Given a timed automaton A with the
set of states 5. A linear duration constraint over s is a formula (f of the form :

m n
ViYACi [ Si< M,
2=1 J

where coefficients Ci,M are real numbers, Si Gs. f s (is said be duration of 5 one of
operators in DC) denotes the accumulated time of state 5 that it occurs in some time
interval.
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As semantics, LDC represents a property of system which can be informally un-
derstood as follows : In any observation time interval of system, presence time durations
ds of states si must satisfy a linear constraint as expression X*7=1 cidsi < M. In this
semantics system is observed on time interval [b €] with the endpoints Qe is arbitrary.

2.3. Discretisability

Given a timed automaton A and a property p, a question is : whether system A
satisfies property p or not ? A system is called satisfying property p if p is evaluated
to true on all behaviors of system. There were many methods to solve this problem e.g.
model checking algorithms that most of them is used to check properties expressed in timed
computational tree logic (TCTL)[8]. Results in field of checking DC formulas are rarely
now. Reason of this situation is because potential complexity of checking problem DC
formulas is very high. As we known almost of DC formulas is undecidable. Undecidability
and high complexity come from real model of time and accumulation of time (on states) of
timed requirements. Even under discrete time model, class of decidable duration formulas
which was known up to now has still been very small [18].

So for avoiding high complexity whether we can check satisfiability of property for
system only on integral behaviors instead of real behaviors. For some properties, this is
available, they are called discretisable properties.

Definition 5.[Discretisability] A real-time property p of timed automaton A is said dis-

cretisable iff the property p is satisfied by the A exactly when p is satisfied by all the
integral behaviors of A.

The our purpose in this paper is finding class of such formulas in DC. At first,
we consider Linear Duration Constraint which is presented in above paragraph. Proof of
discretisability of this formula was given in [15]. However, in the next section, we give
another proof for advanced semantics of the formula in our paper.

3. Discretisability of LDC
3.1. Notion of e-discretising and Some Properties

Definition 6.[e-discretising] Given positive reals X and e(0 < € < 1). xe is an integer
which defined from X as follows

[xj if fraction of Xis less than or equal e
[x] otherwise.

That is, Xwill be rounded to floor or ceiling of X depending on values of fraction of X and
e. For example, if X = 4.38, then X0.3 = 5 and £0.42 —4-
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Lemma 1. Given a < b are two integer numbers and ti,tj are nonnegative real numbers,
where ti > tj. Then we have

a<ti-t<b a<te—te<6 VeG[01)

Proving the lemma is easily, so we do not present it here.

As a consequence of the lemma, if ti > tj then tie > e [0,1) (applying
lemma with a —0), that means under e-discretising temporal order of states occurring in
a behaviors is not changed.

Lemma 2. Given {a?7},{/3i} (i = l..n) are sequences of positive real numbersJ where
sequence is not decrease and sequence Pi is not increase (0 < a\ < ¢2 < ... <

01 >02> ... > 0n > 0). Let {Aj}(i = Il..n) be a sequence of realnumbers
which has the property : sum of each really prefixes of sequenceispositive.That is
Jer=i Ai >0, (1 <V<n—1). Then we have

Ly Aj<0=y"otjAj <0,
i=1 i=I

n n
2. >0="~/M i >0
1=1 1=1
Proof.
it n
1. Assume that # Ai < 0. Let A= =a\Ai+a2A2+{-—--- hanAn. Asai < 02
1=1 2=1

and A\ > 0s0 A < O2A1+ Q2-A2 + eee+ GnANn = A A\ + A2) £ A3A3+ eee+ ctnAn.
Similarly, as a2 < a3and A\+ Al > 0so A < as(A\-fA2+ A3)+ 0474 H-—-f-anAni

. and so on ... finally, we have A < an(Ai -f A2 + see-f An) < 0.
n 11

2. Assume that » "A{ > 0. Let A —" "@iAl —/5iyl1 @A2+ eeed*(FiAri. As/3i > /2
1=1 i=i
and Ai > 050 A > [2%i + P2A2 + eetmfinAn = /2("1 + *2) + P3A3 + eme+ OnAn.
Similarly, as p2 ~ /8 and *1+72 > 0, s0 A > /B3(Ai 4-A24-"4a) -I-/34A4 4« m-h/3iMn
. and so on ... Finally we have A > On(Ai + A2 + e+ An) > 0.

Lemma 3. Given {at}, {tj, (i = l..m) are two sequences of any real numbers, where
ti > 0,Vi= 1.772 Then we always find a reai number e G [0,1) such that

771 m

2=1 i=1
Proof. Let {/0,/1,/2,++,/(/} be aset of fractions of real numbers~ (iG/={l,2,...,m}),
such that 0 = /0 < /1 < /2 < eee< fq < 1 Let /fc, (fe = 0..g) be a set of indexes of ti s
such that fraction of ti equals to /fc, that is Ik = {i G 116i = /*:}, where Si stands for the
fraction of ti. Let Ak —~ di (k = 0..9).
ieik
Now let 1is partite the sequence {Ak}g==1 to d-fl successive segments

VAi, A2 seeed ceel Jyoexe 1+ 12 142) ees

1 +25eee1-70}
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such that for each segment the hypothesis about AiS of Lemma 2 is satisfied. That is
indexes k\, &, ..., ka is defined such that sum of Ai s in each really prefix of each segment
is greater than 0 and sum of all Ai's in each segment is less than or equal to 0. In general,
sum of all Ai’s in last segment ((d + |)th segment) is greater than 0. It is easily to see
that the indexes fci, Al2..., fed can be found by the following procedure
i= 1;sum = 0;
for (k = 1; k < q; k++)
{
sum += Ak\
if (sum < 0) {ki = k; sum = 0;i++; }

For simplicity, let p = k(i. So, in general, p (0 < p < ) divides sequence {M/c}c=1 to two

parts.  The first one consists of d segments, sum of Ai s of each segment isless thanor
equal to 0. The second one consists of rest Ai s (from Ap+1 to Ag) and theirsumisa
positive number. Concretely
fei-fl q
Ak < 0 [i = 0..d —1)- (with convention foo = 0) and Ak > 0.

le=[cj-f1 k=p-\-1

Hence, by applying the Lemma 2 we have-

A+ 1 p d—1 fei+ | Q
fkAk < 0, and 1 fk)Ak > 0.
le=fc; + | k—1 i=0/e=/c.i+ | fc=p+I
From above result it implies that
v Q
—~ fkAk + ~2 (m~ fk)Ak >0
k=l k=p+1

Now, to prove the lemma, let € = fp. Then we have
tie = [ti\ = ti —6i if Si< €= /p,ie. ifi £ENu/2u...u7p, and
tit = [til = ti - 6i+ 1iTSi > e= fp,i.e. ifi G/p+lu Jp+t2u ... u lq.
Therefore,

m m
A AQitie N MQht — AN dioi NN oi)
?=1 i=i ie/iu...u/p i€Jp+iU...u/9
e 2 A /p ~ A ittiH-
iEil i£ip
+ (I=/p+1) ~ ai H--—-—-- + (1 ~ fq) ai
i€zlpH i£lq
P Q
= -~ TkAk + ~ (1 - fk)Ak > 0.
k=l k=p+1
In the rest cases, if p = 0, we can easily see that
m m q

ASA A AO__ItJ _ N /\(1 fk*-A-h 0
2=1 i=1 fe=1
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and if p = g, we have

NN A AQEtE— N NMKR-Mk N 0
i=1 2=1 lc=I
m
So. finally we have CLitit > ctiti for all cases. The lemma is completely proved.
Lemma 4. Given p : (so,to)(5i,ti)... (sm,Em)... is a behavior of timed automaton A
and O: (su-iA-i) b (su,tu)(su+i,tu+i)... e (sv+i,M+1) is an observation ofp in

the time interval [6,e]. Then for all e £ [0,1)
1. pe:(so,ioc)(si,iie) eee(5m,w ) e is integral behavior of A.
2. OF (5~—1, he) be (SU tue(su-
gral observation of pe, i.e Jist and order of states appearing on time interval [te,ee]
of integral behavior pe are the same as on interval [6," of behavior p.

Proof.

1. To prove pe be also a behavior we need proving following items

- Monotonicity: Consider for all j > i. As p is a behavior, so tj > ti. Applying the
lemma 1 we also have tje —tie > 0) i-e- tje > tie,Vj > i-

- Time progress: Let any integer number T. As p is a behavior so 3ti :ti > T, this
implies tie > T, due to T is integer. Hence, pe also satisfies time progress property.

- Transition preserve: For all i > 0, we need proving that tie is also time point
at which the automaton transits state to Si. In fact, due to p is behavior so at
time point u the automaton transits to Si by some transition < Si-1,%a, A Si >.
Assume that 0 consists of time constraints of form a < X < b and tj is last time
point clock X is reset before the automaton transits to state Si. Then, value of X
at time point ti isti - tj. Thatisa < ti - tj < b) by the lemma 1 we also have
a < tie —tje < b. Hence, by induction it can see that tje is also last time point
clock X is reset before time point tie along pe and value of X at tie is tie —tje that
satisfies time constraint O. By similar proving, if O is of form a < x —y < bthen this
inequality is also satisfied at integral time point tie. Thus, tie are also time point at
which the automaton transits from Si-1 to Si by the transition < Si_i,0,a, A,St >.
In short, pt is also a (integral) behavior of the automaton.

2. We are considered that by Lemma 1 ediscretising does not change list of states
occurring on behavior p in general (on interval [6, €] in particular ) and the order of
time points of these states (included 6, e). Hence, this item of the lemma is proved.
Figure 2 expresses a case of discretising O on [6,€] to ot on [be,ee]

o
o: . su—=2 M
[b\  fu-2 tu-1 Db tu .. e
b, = [GJ tw .. tv, et= H

Fig. 2. A case of an observation with be = [b\ and ec = [e]



On discretisable formulas in duration calculus 61

3.2.Discretising LDC

Given a timed automaton A and a LDC formula (p. Let O be an observation on

time interval [6,€] of A. Let 6 denote Y”~nLi °i | si °f V) where f Si is the duration of state
si. Then 9(o) is value of 9 being valuated on the observation O. Concretely, with the

observation 0 (su—=,tu—i') b (sUi I 1) eeef{ M)tv) ™ (Mv-hii 2v-{-1) W6 hcivG (s6G fié*
1):
m I V-1
9{0) = CSu_I(tu — b) « Cj 1 1+ 1 — tj) t CS,(e - tv)
i=I \j=u,Sj=Si

where cSu_1and cSv is coefficients of states su- 1 and Sy in 4 corresponding. By expanding
sum and let t;’s be common factors, we have.

Vv
6(0) = + cSve - c8u_1b
i=u

where a,;’s are real numbers that depending on Ci’s.

Definition 7.[Satisfiable] Given an timed automaton A and a formula LDC if
- an observation o : (su-i,<u-i) b (s«,iu)(su+x,iu+i)... (sv,ty) e (S,,+i,i,,+i) on
time interval [b, €] is called satisfy (fi (be denoted by o I=If) iff 9(a) < M.
- an behavior p = (so,to)(sl,ti)(s2,t2) m m(sm,tm) ... is called satisfy < (be denoted
by p & tp) iffa £ \Bf°r a\ observations O on p.
-an timed automaton A is called satisfy (p iff all behaviors of A satisfy If,iep (=<
for all behaviors p.
In the case <pis not satisfied by o, p or timed automaton A, we denote O " ftp,
p~ QorA ™ ip
Now we prove that LDC is a discretisable property. That means a timed automaton
A satisfies a formula LDC tp iff all integral behaviors p of A satisfy ip

Theorem 1. Anv linear duration constraint ip is discretisable with respect to timed
automaton A.

Proof : Declaration of A 1= =>p I= for all integral behaviors p is obvious. For inverse
we will prove that if there exists a behavior p of A such that p » <p then we also can find
e such that integral behavior pf ip.
In fact, assume that behavior p does not satisfy ip. That means there exists
o m{Su—jru-1) (Suziu)(®u+l?*u+l) mm ® fi 1® A By
definition of LDC, we have
Vv
O{o) = " iti +cSve- cSu_,b > M

I=u

From Lemma 3, 3e G [0,1) such that ditit + cSvee —cSu_1be > 9(0) > M.

In the other hand, from the Lemma 4 with this 6 we receive integral behavior p£ and
sequence of time states on interval [bf ef] is also an observation (integral). Hence, it is
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easily to see that 9{of) = "2i=uCtie + cs e€—cs _lbe. So 9(oe) > M and we receive pc
on which there is observation oe unsatisfying ip. That is, we find an integral behavior pe
and p€ ip.

In summary, LDC is discretisable w.r.t the timed automata.

4. Some Discretisable Classes of Duration Properties

On based of discretisability of LDC, in this section we discuss about discretisabifity
of some classes of formulas in DC.

4-1 History Properties

History properties are properties which checking them concerns list and temporal
order of states in observations. Often, that are properties requiring behavior of system
must go or not through a certain Sequence of states. In general, formulas considered in
this section are of form if —Sequel = LDC with Sequel is sequence of states of system.
Given an observation O on the time interval [6,¢e], O f=ip iff sequence of states on [b,e] is
either matches to Sequel and 9(a) < M or does not match.

Theorem 2. Any history property (p is discretisable with respect to timed automata.

Proof. Discretisability of these formulas can be proved easily from lemma 4 that it is re-
minded e-discretising does not change list and occurring order of states in any observation.

For interpretation, we give two such classes of formulas was shown be discretisable
in [15,16].

Inter-State Duration Properties [15]

ses J

where s is the set of states of A U,SG 5, and all cs and M are reals.

In formula (71, [[VI]0 is a DC formula which is true at an interval [i1,12] iff —2
and at point time 11system stays at state u. is true at an interval [ii, [2] iff system
does not stay at any time point between 11 and i2- Thus, a timed automaton satisfies ipl
iff for all observation a on [6,€] such that if timed automaton at time points b and e stays
at state u and from b to e, system does not stay at u then o(a) < M.

Temporal Duration Properties - TDP [16]

- O(rKirrKir..-'"Tr*tii = [ SN M)
ses J
where s is the set of states of A, Si, ’s are states and all cs(s G5), M are reals.
Semantics of formula ifi2 is if observation O goes through sequence of states in order

sIx,5”2,..., Sik (such that at time point b and e, system stays at states Ui, Uk, respectively)
then 6(a) < M.
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The case studies are used to illustrate for above kinds of formulas reader is refer to
[15. 16].

4-2. Combination of LDCs

A class of general duration formulas that is considered by many authors (e.g. }12])
are Disjunctions or Conjunctions of LDCs. In [12] authors only considered these formulas
with integral coefficients. Here, we discuss about discretisability of them in general case
that means coefficients of formulas are reals.

Conjunction of LDCs

From proof of discretisability of LDC we can easily see that a conjunction of LDC’s
is also discretisable. Assume that there exits an observation O that does not satisfy 01,
I.e there exits k such that o {J2T=icki | ski < M/c), hence O(cr) > Mfc. By Theorem
1. there exits e E [0, 1) such that 0(ce) > Mk, too. So oe y="1, in the other word Tpi is
discretisable formula.

Disjunction of LDCs

Up to now we have still not known whether this formula is discretisable (even for
case of integral coefficients). However, a subclass of Tz which is called Linear Duration
Invariant is discretisable. That is formula that is researched in many works [11, 13, 14].
Discretisability of this formula is proved below.

A.3. Linear Duration Invariant - LDI

Definition 8. Given a timed automaton A with the set of states s. A linear duration
invariant over S is a formula in Duration Calculus of the form :

i=l
where B,E are integer numbers, and coefficients Ci,M are real numbers. B < E (E may
be 00),si GS.
Semantics of LDI can be informally understood as follows : In any observation
interval of system, if the length | of interval satisfies the premise of ip (i.e B <[ < E) then
durations ds. of states si of system must satisfy the conclusion of ip, (i.e cids < M).

Theorem 3. Any linear duration invariant ip is discretisable with respect to timed au-
tomaton A.

Proof. Similar to proof in Theorem 1. we assume that there exists an observation O on
time interval [6,€] such that o D, that means B < e —b < E and 9(0) > M. By
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Theorem 1 we can find an integer observation ot such that 0{c€) > M. Therefore, we
only need prove an extra thing, that is the length of integral observation erf on interval
[be,et] also must be belong in [B,E\, this is easily implied from Lemma 1 and hypothesis
B <e- b<E. Thus, from assumption of o ~ D we also find an integer observation ot
such that ot ~ D, too. And we can see that formula LDI Ip is discretisability.

5.Conclusion

In this paper we made some comments to discretisability of some classes of formulas
in duration calculus. Due to as we known verifying such formulas is very hard, so discreti-
sability of them is meaningful. According to [12] formulas of form combination of LDC
(with integral coefficients) is checking by mixed integer linear programming. Time com-
plexity of this algorithm is very high by couviplexity of mixed integer linear programming
problem. However, idea of discretising in [5] that was applied in [12] was emotion for later
algorithms of checking LDI, LDC, TDP [13, 14, 16]. Especially, in [15,16] authors was
given algorithms for checking LDC and TDP with complexity is the same as complexity
of reachability problem on based of searching region graphs of timed automata. These
algorithms can be improved by using zone graph instead of region graph because size of
zone graph [9] is smaller than size of region graph.

Main result of this paper is proof about discretisability of Linear Duration Invariant
which is considered in recent years. Especially, discretisability of LDI is an important
feature for constructing a checking algorithm which based on traverse zone graph. A
zone graph is an abstraction of state space of timed automata [8]. Paths, of graph is
corresponding to behaviors of timed automata, so we can check true of LDI o1 every
paths of graph. To do this, each vertex of graph is assigned to cs, where cs is coefficient of
state s in formula LDI and s is state which belongs to vertex is considered. Similarly, we
assign a value of length to each edge of graph. This value expressed maximum time length
which automata can be taken transition from this vertex to another vertex of edge. Hence,
with each fragment on a path of graph which represents an observation O we can easily
calculate i and &(0) and hence check conditions in LDI. However, as starting and ending
points of observations are arbitrary (in real time model) so number of observations on each
path is infinitive. By discretisability of LDl we can choose starting and ending points of
observation on paths are integral points, so the number of an observations becomes finite.
That is some ideas about checking algorithm based on zone graph. Within the scope of
this paper we do not discuss about details of algorithm. We hope that an detail algorithm
will be advance and implement in the future.
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