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Abstract— In this paper, we propose a new linear
representation to model the behavior of Timed Automata with
Guards (TAGs) using the formalism of dioids algebra. This
linear modeling is used to define the parallel composition and
properties of determinism for TAGs. The contribution is
illustrated with an example of a jobshop to analyze the
performances of this system.

Keywords — Timed automata with guards; discrete event
systems; linear representation; dioids algebra;

I. INTRODUCTION

We are interested in this work to analyze the behavior of
a class of timed Discrete Event Systems (DES). The timing
aspect of DES can be handled through several modeling tools
and analysis. In this paper, we will consider two
complementary formalisms: approaches based on dioids
algebra (in particular (max,+) and (min,+) algebra), and
models based on timed automata.

On the first hand, (max,+) algebra (introduced in [3]) is
particularly effective for the study of quantitative measures
of DES, such as asymptotic performances, earliest or latest
behaviors. However, this formalism is not adapted to dealing
with conflicts or choices that are very common in DES. It has
been shown in [6] that automata with multiplicities in
(max,+) algebra, also called (max,+) automata, can be used
to handle this issue. This approach combines ideas of
automata with results on (max,+) algebra, to manage both
logical and timing aspects of DES. (max,+) automata are the
subject of numerous publications during the last years on
performance evaluation ([6], [7]) and control ([9], [10], [12]).
More recently, an approach presented in [4] proposes a new
representation of (max,+) automata that takes advantages of
both (max,+) and (min,+) algebras to determine the
completion dates for the worst and the best schedules.
Nevertheless, (max,+) automata only consider single
weighted transitions (transitions associating a single duration
to an event), which are not suited for industrial application.
This comes from the fact that in practice, an event does not
occur at the exact same time, and a task does not have an
exact duration. It is more realistic to use intervals in order to
describe these aspects.

On the other hand, timed automata are particularly
efficient at handling intervals as durations of tasks and
bounds of occurrences. There were first presented in [1] as
timed graphs that use comparison between clocks values and
transitions guards to rule the system evolutions. Based on
works about timed transitions systems ([8]), a first extension

of these automata were proposed in [2]. In order to prevent
that the system evolve into deadlocks caused by time elapsing
(no more transition is validated for the clocks values), timed
automata completed with state invariants, called Timed
Automata with Guards (TAGSs), were introduced in [6].
Finally, timed automata used in UPPAAL software were
presented in [11]. UPPAAL automata are particularly
powerful thanks to the high number of possibilities they offer
(urgencies, synchronizations). However, to the best of our
knowledge, none of these formalisms had been used as a base
for a linear representation. Hence, it is not possible to use
results of (max,+) algebra on these automata.

In order to fill the gap between timed automata and
(max,+) based approaches, [13] proposed an utilization of
techniques based on semirings of interval and linear algebra
to model a class of timed automata (Interval Weighted
Automata) in a linear manner. However, the clocks used in
these automata are reset at every transition. This restriction is
not suitable for modeling systems in which durations are
stated for sequences instead of events.

This paper proposes a linear representation of TAGs by
means of dioids, taking advantage of the modeling capacity
of TAGs and the analysis possibilities of (max,+) automata at
the same time.

The paper is organized as follows. In the following
section, we recall the formalism of TAGs. A linear
representation of TAGs is introduced in section Ill, and an
application of this representation is presented in section IV.
Finally, conclusions and possible future works are drawn up.

Il. TIMED AUTOMATA WITH GUARDS

This section reminds the formalism of Timed Automata
with Guards presented in [5] and provides some illustrative
examples.

A. Definition of a TAG

Definition 1 [5]: A Timed Automaton with Guards,
denoted by G, is a 7-tuple

G =(0Q,%,Q0,Qm, Tra,Inv,C)
where:

e (Q isthe set of states;
e (Q, c Q isthe set of initial states;
e (@, C Q isthe setof final (or marked) states;

e X isa finite set of events;



e (isthesetofclocks, cy, ..., ¢,,, With ¢;(t) € R,
t € RY;

e Tra is the set of timed transitions of the
automaton with

TraS Q XC(C)XEx2¢xQ
where C(C) is the set of admissible constraints
for the clocks in the set C;

e Jnv is the set of state invariants, Inv: Q —
c(C);

The set Tra of timed transitions is to be interpreted as
follows. If

(qin, guard, e, reset, qyy:) € Tra
then there is a transition from g;,, to q,,; with the complete
label

(guar,; e, reset)
where guard € C(C), e € X, and reset < C.

The set of admissible clock constraints C(C) is specified
as follows:

e IfI < R*, thenall conditions of the form ¢;(t) €
I are in C(C).

e If g, and g, belong to C(C), then g, A g,
belongs to €(C)

Example 1: Fig. 1 depicts an example of an alarm
modeled with a TAG, called G,, with a clock ¢, and a state
invariant in state 2. This automaton will issue an event alarm
if the duration between 2 consecutive occurrences of msg is
smaller than 1 time unit. State 1 is considered as final. For the
sake of simplicity, when the guard is [0; 4+co], i.e. when an
event can occur at any time, the notation - is used in place of
[0; +ool.

/_\-; msg ;¢ /’:]\0 1[, ; msg ;;’_‘\-; alarm ; - /’_‘\
{ o) {o21) A 3

o
N ﬁ) N N

[L; 4o ; msg; ¢;

Figure 1: A Timed Automaton with Guards G,

Remark 1:

e There is no need for the bounds of admissible
clock constraints to be integer.

e All clocks are set to 0 when the system is
initialized.
e Initial (final) states are indicated with incoming

(outgoing) arrows. In Fig. 1, state O is initial and
state 1 is final.

e The mechanism of reset allow modeling
systems in which durations are stated for
sequences of events. For example, the constraint
“sequence ab must last at least 5 t.u. and at most
10 t.u.” can be modeled as follow. This kind of

constraint cannot be treated with automata used
in [13].

[5;10];a; = [5;10]; b; reset ___

___________ @ @ @ .

Properties of TAGs, such as determinism and model
execution are detailed in [5]

B. Parallel Composition

Definition 2 [5]: Consider two timed automata with
guards
G = (@121, Qo1 Qm1, Tray, Invy, C;) and
GZ = (Qz, Zz, QO,Z ) Qm’Z ) T‘raz, Invz, Cz). The para||9|
composition of G; and G, is the automaton:

Gyjz = Ac(Q1 X Q2,21 U L5, Q01 X Qo2 Qi
X Q.2 TTy)j2, InVy)j2, €y U Cy)
where Ac corresponds to accessible transitions and states,
Invy; 2 Q1 X Qz = C(C1||2) =C(G) AC(Cy)

with Invy (91, q2) = Invi(q) A Inv(qy), and Tray), is
defined as follows:

Trayz € (@1 X Q@2) X C(C)q)z X (21 U Zy) X 261Y6

X (Q1 % Q2)
e For all e€EX; NIy, if
(qiin, guard;, e, reset;, qiout) € Tra; for
i =1,2, then

((‘h,iw QZ,in)' guard; A guard,, e, reset;

Ureset,, (Ch,out' qZ,out)) € Tray;
e For al e €eXZ\X, and gq,€Q,, Iif
(q1,in, guardy, eq, resety, qy o) € Tra,, then

((Ch,im CIZ)' guard,, e, reset,, (ql,out' CIZ)) € Tray;
e For al e€eX\X, and gq,€0Q,, Iif
(q2,in, guard,, e;, reset,, q; o) € Tra,, then

((‘h' qZ,in)r guard,, e;, reset,, ((h' qz,out)) € Tra1||2-

Example 2: Recall the automaton G, of Fig.1. Suppose
that a second TAG, called G, and shown in Fig. 2.1, was built
in order to issue an event alarm5 if two occurrences of
events msg are more than 5 time units apart. The parallel
composition of G; and G, called Gy, is shown in Fig. 2.2.
The set of transitions has been built exhaustively according
to definition 2. Since clocks ¢; and c, reset when entering the
state (1,B) as shown in the transition (—;msg;cy,c,),
conditions ¢; € ]0; 1[ and c, € ]5; +oo[ of the transition
(10; 1[4 A 15; +oo[,; msg ; ¢4, ¢;) cannot be satisfied. Hence,
the state (2,D) and its successors are not reachable.
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Figure 2 — 1. A Timed Automaton with Guards G, (top) - 2. Parallel
composition Gy, of G; and G, (bottom)

C. Case of single-clock systems

In most cases, for small-size systems, only one clock is
sufficient. Concerning larger systems, they can be handled by
using decentralized approaches, in which each sub-system is
modeled with a single clock. In that specific case of single
clock systems, the parallel composition could be simplified
since the conjunction of two guards would become equivalent
to the intersection of the intervals. If the result of that
intersection is the empty set, then the guard can never be
validated, and the associated transition can be deleted.

Example 3: Consider that the automata G; and G, from
examples 1 and 2 share the same clock c. The automaton Gy,
shown in Fig. 3 is the result of the parallel composition.

1 E}\]-: alarm5 q/d_h‘\.

i LF
&Y

]5 +eo[ ;msg ;e

[1;5]; msg ;¢
2B:| s alarm ; -(38

;msg; L<
\”/

Figure 3 - TAG Gy, for a single-clock case

][},‘J[, m.\y.c

I11. LINEAR REPRESENTATION OF TIMED AUTOMATA WITH
GUARDS USING DIOIDS ALGEBRA

This section presents our proposition for a linear
representation of TAGs using dioids. In this section, we will
assume that for all ¢ € Q, Inv(q) = true, that is, the linear
notation proposed below does not consider the set of state
invariants Inv. To maintain the coherence of the examples,
state invariants from Fig. 1, 2 and 3 will be held by outgoing
transitions of these states e.g. the state invariant ¢ < 1 of the
state (1,D) in Fig. 3 will become a guard in the transition from
state (1,D) to state (1,F): ([0; 1[; alarm5; —). Moreover,
we will only consider single-clock system in this section.

A. Definition

Consider a dioid (D,B,R, €, e), such that € (resp. e) is
the neutral element for @ (resp. ®).

The set R U {—oo} with the maximum playing the role of
addition and conventional addition playing the role of
multiplication is a dioid, denoted R,,,, and usually called
(max,+) algebra, with e =0 and € = —oo. Dioid Ry
completed with T = +co is denoted R4, -

Similarly, the (min,+) algebra is the set R U {+o} with
the minimum as addition, the conventional addition as
multiplication, e = 0 and € = +co.

Definition 3: A TAG can be defined as a 7-tuple
(Q.%,Tra, a, B, sup, ins ), Called linear representation,
where:

e (Q isthe set of states;
e X isa finite set of events;

e Tra is the set of timed transitions of the
automaton;

o aeR,NifqeqQthena, =eelsea, = ¢

o BEeRWifqgeq,thenp, =eelsep, =¢;

Max *
° UgpZo plelxiel

[“Sup (ev)] dindout
N {sup(guard) if (qin, guard,e,,reset,qyy:) € Tra
~ leelse

°  UppiZo plelxiel

Mlnf(ev)%n‘hzut
N {inf(guard) if (qin, guard,e,, reset,qy,:) € Tra
~ leelse

In other words, coefficients [y, (e,,)]l,], and [“Inf(e”)]ij

correspond respectively to the upper and lower bounds of the
intervals in guard for every (q;,, guard, e,, reset, q,,.) €
Tra.

Namely, for D = R,,4,., @ TAG can be represented with
two (max,+) automata as presented in [5]. These automata
correspond to the extremal behavior of the system modeled:
Usup (resp. pny) describes the upper bound (resp. lower
bound) of the system. For the sake of simplicity, we will use
the notation T = +co in the examples presented below.

Remark 2: it is possible to take into account initial and
final delays through vectors @ and §. a,, = n (resp. B,, = n)
means than the state i is initial (final) with an initial (final)
delay of n time unit. By convention, if a state i is not initial

(final), ag, = € (By, = €).

Example 4: Recall the automaton G, from Fig. 1. We had
Q =1{0,1,2,3},% = {msg, alarm}, Q, = {0}, Q,,, = {1}.
For this example, we obtain the following initial/final vectors
and matrices (these four matrices represent the behavior at
the latest and at the earliest of the TAG G,):



€
e
a=(ecee); f=||;
€
[e T € €] € € € €
e T 1e € € € €
ﬂSup(mSg)z € € € € ;ﬂSup(alarm): cee 1l
e € € €l € € € €
[e 0 € €] € € € €
€e1l1O0ce€ € € € €
.ulnf(msg)z c e e e ;,u,nf(alarm)z cee ol
e € € €l € € € €

Similarly to generalized daters introduced in [6] in order
to describe the evolution and the dynamic of (max,+)
automata, we propose a definition for generalized bounds for
aTAG.

Definition 4: Consider two vectors xg,,,(w) € ]I_R}fa'f 'and

Xmr(W) € ]I_Rmf', w € X%, called generalized bounds, and

defined as follows:

mR { Xsup (&)=a
Mazx: Xsup (Wev) = Xsup (W) &® Usup (ey)
= Xmnf & =a
InRy,,,
Max {xlnf(wev) = Xnf W) ® .ulnf(ev)

where ¢ is the empty word and e,, € X.

[xSup(W)]q can be interpreted as the maximal date at

which the state q can be reached following a sequence w from
an initial state. By convention, [xg,, (W)]q = € if the state g

cannot be reached following the sequence w from an initial
state. An application of generalized bounds is exposed in
section IV.

B. Determinism

The determinism of a TAG can be expressed with its
linear representation. However, we can find two definitions
of the determinism:

e Time-determinism [5]: an automaton is
deterministic if for all events at all states, the
guards of the associated transitions are mutually
exclusive.

e Event-determinism  [10]: an automaton is
deterministic if there is a single i such that a; #
€ and for all e, € X, there exists at most one j
such that u(a);; # €.

It is clear that the second definition is stronger than the
first one. For the example in Fig 3. From the state (1B), there
is more than one outgoing transition labelled with the event
msg, which means that the automaton is not event-
deterministic. However, the guards of these transitions do not
overlap, hence the automaton is time-deterministic.

Property 1: if an automaton is event-deterministic, then
for a sequence w, there exists at most one k such that

[xSup(w)]k # e and [x,nf(w)]k * €.

Proof: Consider a TAG with its linear representation G =
(Q.%,Tra, a, B, tisup, tuns)- We suppose that G is event-
deterministic.

*  Xgup(€) = aand x;,,(e) = a. Since G is event-
deterministic, there is a single i such that a; #
€. Hence the property is true forw = ¢

e Suppose that the property is true for a sequence
w (the calculation will only be shown for xg,,
since it works in a similar way for x,,,¢). For
e, €L,

xSup (Wev) = xSup (W) ® :uSup (ev)
[xSup (Wev)]k = @ [xSup (W)]i ® [#Sup (ev)] ik

13
Since the property is true for w, there is at most one j such
that [xSup(w)]]_ # €. Hence

[xSup (Wev)]k = [xSup (W)]] ® [#Sup (eV)]jk
Moreover, G is event-deterministic. Then there is at most one
I such that [ugy, (e")]jl #¢€, hence, such that

[%5up (We”)]z # €. The property is true for a sequence we,.

The property is true for €, and the heredity has been
proved for any w. Hence, the property is proved by
induction. &

C. Parallel composition

Definition 5: Consider two TAGS
Gy = (Ql' Xy, Tray, alugl'#l,Sup'ﬂl,Inf) and
G, = (Qz' X,, Tray, aZ'ﬁZ'#Z,Sup':UZ,Inf)'
The parallel composition of G, and G, is the automaton
G1||2 =
A'Ch(Ql X Q2% U ZZrTraIHZra1||2'ﬁ1||2r:u1||2,5upuu1||2,1nf)
with:

m1%|Q1XQ2|
a2 € Ritax ’

[“1||2]qixqj =
{[al]qi () [az]qj if [al]qi #eand [a,]; # €

€ else

Max

ﬁlIIZ € TR|01><QZ|><1'
[51||2]qixqj =
{[ﬁl]qi @ [:Bz]q]- lf [.Bl]qi # eand [:Bz]j F €

€ else
°  zsup = 3 — DIQ1Xx0Q2Ix|Q1xQ:|

o 2mf = 3 — DIQ1xQzIx|Q1xQ]

Coefficients matrices of wuq)25up aNd Uy 2mp Can be
calculated as follows:

e Foralle, X, nX,,



In RMIZTU
[#1||2,Sup (eV)] (ql,in>< qz,in)r(‘h,outx QZ,out)
_ {@izl,z [:ui,Sup (eV)]QiinrQiout if [.ui,Sup (ev)] *€

qiin9iout
€ else

In Rygsr

[#1||2,1nf (eV)](‘h,inX qz,in)r(Q1,outx‘72,out)
_ {EBi:Lz [/«li,znf(eu)]q”wqiout if [tims(en)] *€

qiin4iout
€ else

e Foralle; € £,\X, and g, € Q,,

[:u1||2,Sup (61)] (‘h,inx QZ)r(‘h,outx QZ) = [#l,Sup (31)] qd1,in91,0ut

[lllnz,lnf(el)](qLW< O qrouexazs) [Ill,mf(eﬂ]

41,in91,0ut

e Foralle, € X,\Z; and q; € Q4,

[ﬂ1||2,5up (62)] (‘hx ‘Zz,in):(thx qZ,out) - [:ui,Sup (62)]‘12,inr‘h,out

[#1||2,1nf(92)](qlx @2, (@1} a2, 0u¢) = [:ui,lnf(ez)]

q2,in92,0ut

Remark 3: Following that definition, built matrices of
Hajj2mp @D Uq)2sup CONtain values for transitions that

cannot be reached from the initial states. In particular, if 3k €
[1;1Q1 X Qz|] such that for all e, €Xyp ax

[M1||2,Sup(ev)]:‘k =€ and [#1||2,1nf(ev)]:,k =¢€ then the
corresponding states cannot be reached from the initial states.
In other words, if the k™ column of Haj2,5up (€y) and
2, (ey) are empty for all e, € Xy, then there will be no
transition entering the corresponding state.

Hence, the notations fiy)zsup and fig)zms Can be
introduced, corresponding to iy)j2 ;s and py)jz,sup iN Which
every column of € is deleted.

Example 5: According to the definition 5, the dimension
of matrices of py2ms and py)z5up for the automaton
resulting of the parallel composition of G; and G, is too
important to be detailed in this paper (]Q; X Q,| = 16).
However, it is possible to determine matrices fi;, sy, and
) 2,ms, that are detailed in the following order: A =
Li1)j2,ing (MSG), B = fy)j2,5up(MSG), C = fig)j2,ms (alarm),
D= ﬂlllZ,Sup(alarm),

E = fy)2,mr(alarm5), F = fij)2 sup(alarm5).

€e 0 € € € € € T € € € €

[e 1 0 € 5 6] €e 5 1 € T €
A:|6 € € € € 6|;B= € € € € € €.

€ € € € € € € € € € € €

le € € € € EJ € € € € € €

€ € € € € € € € € € € €

MM mmMmMM-MDM™MM @ ™|
N N I I L I L IR L )
N T T I T I T TR L T
MM MmO ™M OMmMm M
O I I O L I L )
mMOmMma MmN M ™M m
MMM MMM MDADDS DD D
O I I I N I I T R
M MmO DD DD mm W m
T T N N O N N T
LTS I B ) TS IS NS N NU's NS N N N
rpﬁmmmfprpmmmmrp

It can be noted that defined as such, fg,, and gy, may
contain cycles of states that cannot be reached from the initial
states. However, the corresponding coefficients will not
impact the representation aside from the size of matrices.

IV. APPLICATION TO A JOBSHOP

We consider here a jobshop processing with two jobs J,
and J, to illustrate our contribution (this example come from
[7] and [10]). This jobshop will be studied using TAGs and
their linear representations. However, for the sake of
simplicity, the system is presented with a Petri net model in
Fig. 4.

Job J; (resp. J,) consists of three tasks a, b and ¢ (d, e
and f). Processing times are exposed in Fig. 4. We will
consider that a task does not have an exact duration, hence,
we will associate an interval to every transition of the system,
that corresponds to the processing times +10% (e.g. a
processing time of 2 time unites will be represented as the
interval [1.8; 2.2]). Two resources R, and R, are shared by
tasks, such as R, can be used by a,b,d and e, and R, by
b,c,eand f.

Ji |

e ) o
oip(lo
R
o2 Ry iz'f/a

Figure 4 - Jobshop represented as a Petri net

The transformation of timed Petri nets into TAG is not
addressed in this paper. For our application, the TAG model
of Fig. 5 is inferred from the (max,+) automaton presented in



[10]. Also, it is simple to see that the system is event-
deterministic in Fig 5.
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Figure 5 - Jobshop represented as a TAG

The linear representation of this TAG is:

a = (ececeeceeee), f = (ececceceeee)T,

#Sup(a) € Dllllxllllv .ulnf(a) € DIMIXIMI! ”Sup(b) €
]D)|11|><|11|, ﬂlnf(b) € ]D)|11|><|11|, ﬂSup(C) € ]D)|11|><|11|,
:ulnf(c) € ]D|11|><|11|’ #Sup(d) € ]D)|11|><|11|, #Inf(d) €

Dllllxllll, #Sup(e) € ]D)IMIXIMI, ﬂlnf(e) € D|11|x|11|,
tsup (f) € DXy o (F) € DXL Three of these
matrices are detailed as an example. The other are not shown
for the sake of clarity.
A. Analysis for one job

It is possible to determine generalized bounds (def. 4) for
processing times of jobs J, and J,:

e Processing time of one job J,:

Xsup (abc) =a ® Hsup (@ ® Hsup ) ® Hsup (©)
Xsyp(abc) = (eeeeceb.b6ecccc€e)

xlnf(abC) =a® Ilznf(a) ® Ilznf(b) ® .ulnf(c)
Xms(abc) = (eeecebhececce)

Hence, it is possible to reach the state 6 between
[x,nf(abc)]2 =54 and [xSuP(abc)]2 = 6.6 time units.
Since the state 2 correspond to the end job J,, the processing
time of one job J; is from 5.4 to 6.6 time units.

e  Processing time of one job J,:

xSup (def) =a ® :uSup (d) ® ﬂSup (e) ® ,uSup (f)
Xsup(def) = (€ceeececee55¢¢€)

Xins(def) = a @ pins(d) @ pump(e) & pns(f)
Xmp(def) =(ecececeeceed5ee)

The end of the job J, corresponds to the state 9. For this
reason, the processing time of one job 7, is from 4.5 to 5.5
time units.

It can be noted that proposition 1 is respected for both
sequences: since the TAG is event-deterministic, generalized

bounds of sequences abc and edf only have one coefficient
different from e.

Representation of TAG in Fig. 5:

re 22 € € € € € € € € €]
€E € € € € € € € € € €
€E € € € € € € € € € €
€ € € € € € € € € 22 €
€E € € € € € € 22 € € €
Usup(@) =]le 0 € € € € ¢ € € € €
€ € € € € € € € € € €
€ € € € € € € € € € €
e 0 € € € € € € € € €
€ € € € € € € € € € €
le € € € € € € € € € ¢

€ € € € € € € € € € €9

€ € € 22 € € € € € € €

€E € € € € € € € € € €

€ € € € € € € € € € €

€ € € € € € € € € € €

Usup(b) =]€ € € € € € € € € € €

€E € € € € € € € € € €

€E € € € € € € € € € €

€E € € € € € € € € € €

€ € € € € € € € € € €

le €6 € € € € € € € € ¢

"€ € € € € € € € € € €

€ € € € € € € € € € €

€ € € € € € € € € € €

€E € € € € 22 € € € € €

€E € € € € € € € € € €

Usup(c)=|€ € € € € € € € € € ¢

€ € 11 € e € € € € € €

€ € € € € € € € € € €

€ € € € € € € € € € €

e 0 € € € € € € € € €

le € € € € € € € € € €

B. Analysis for a set of jobs

Another analysis can be done on the completion date for
a given number of jobs, whatever the kind of job. Jobs 7, and
J, both consist of three tasks, which may be executed in
parallel (e.g. tasks a and ¢ do not use the same resource,
hence, the (n+1)™ job J, can start before the end of the n'" job
Ju). For this reason, jobs may overlap and the duration of a
succession of n job could be different from n times the
duration of a single job.

Since a TAG of the system can be interpreted as two
(max,+) automata, it is possible to adapt the method
presented in [4] in order to determine bounds of completion
dates for the worst and the best cases.

For the completion date of 10 jobs:

e In the worst case, we found that the interval of
the completion date is [37.8;46.2] time units
that corresponds to a succession of 10 jobs J;.



e Inthe best case, we found that the interval of the
completion date is [36.9;45.1] time units that
corresponds to an alternation of J,J,.

We managed here to get bounds that estimate the possible
durations of sequences in the best and the worst cases, where
[4] only provides a single value for the same durations. This
is a clear improvement in the way that in a real application,
the completion date of a succession of tasks cannot be exactly
evaluated since the duration of a single task may vary
depending to the environment of the system.

V. CONCLUSIONS

The paper has presented a new formal modeling of Timed
Automata with Guards (TAGSs) by dioids algebra. A linear
representation of the behavior of TAGs is given. The
definitions of a parallel composition and properties
concerning the determinism of TAGs are proposed. This
linear representation of TAGs is applied on a jobshop system
to evaluate the temporal performances. In future works, an
extension of the formalism to multiple-clocks systems could
be considered. It would be also interesting to use this linear
modeling of TAGs for diagnosis and fault-tolerant control of
discrete event systems.
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