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Abstract

LOTOS and its enhanced version E-LOTOS are standard languages for formal specification of concurrent and
reactive systems. For better backward compatibility of E-LOTOS with LOTOS, we introduce into E-LOTOS
specification and trapping of non-urgent and potentially decisive successful termination of processes.
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1. Introduction

LOTOS [4,1] is a standard language for formal
specification of concurrent and reactive systems.
A LOTOS specification represents a process by its
external behaviour, i.e. by its visible events and
their ordering. Various process composition oper-
ators are provided for structured specification of
systems.

Recently, LOTOS has been enhanced into E-
LOTOS [5,9], a language for specification of real-
time systems. As E-LOTOS is much richer and
more user friendly than LOTOS, many LOTOS
users will want to switch to E-LOTOS and associ-
ated tools, expecting that translation of a LOTOS
specification to E-LOTOS is a trivial matter, so
that they can still use their old LOTOS specifica-
tions and their usual specification styles.

[5] in its Annex B indeed provides guidelines for
such translation. However, as hinted in the Intro-
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duction of [5], the basic E-LOTOS operational se-
mantics is in some details not compatible with that
of LOTOS. That is most inconvenient, because it
is an incompatibility in the core of the languages.
To solve the problem, we propose a slight exten-
sion of E-LOTOS to allow, like in LOTOS, deci-
sive successful termination of processes. The idea
is explained in the simplest possible setting where
actions carry no data and every time step is a tick.

2. Successful Termination and Sequential
Control Transfer in LOTOS

In LOTOS, a step S of a process B is always an
action A, that might be an internal action i, a gate
action G or a successful termination §. An i can be
specified directly or result from action hiding. A §
is specified by ”exit”.

Any action is allowed to have alternative steps,
i.e. to be decisive for a particular process. That
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also applies to d. In a ” B1[|By” (choice), an initial
6 of B; or By resolves the choice between B; and
B-, as any other initial action would.

B B, B> B,

BB, > B, BB, > B,

In a ”"B;[> B»” (disabling), an initial é of Bs
disables Bj, as any other start of By would. On

the other hand, a § in By discards the disabling
process Bs.

B> B B> % B)

Bi[>B: > B Bi[>B; > B}

In a”By]|[G1 ...Gy]|By” (parallel composition),
the concurrent processes B; and B, are synchro-
nized not only on G ... G, but by definition also
on 9, i.e. successful termination of the composite
process can only be a common action of By and Bs.

B, % BB, % B,

By|[Gy...Gy|By 5 BL|[G, ... G| B

There are two kinds of sequential control trans-
fer.In an ”i; Bo” or ”G; By” (action prefix), control
is transferred to By upon the initial action. In a
"By > By” (enabling), control is transferred from
By to By upon § in By, where the action is hidden
from the environment.

g
B, —»

i,BQ—1>B2 G,BQ%BQ

3. Successful Termination and Sequential

Control Transfer in E-LOTOS

E-LOTOS is a timed language, i.e. an S might
also be a time step tick. A process with no step
can be specified by "block”.

There are urgent and non-urgent actions. An ur-
gent action A of a process B cannot have tick as
its alternative, i.e. B is not allowed to idle when
A is pending. An i or a § is by definition urgent,
while a GG is by definition non-urgent. An urgent
action might also be a signal X. A self-standing ¢
can be specified by "null”.

null % block
Parallel processes are in principle not allowed

B.>B, 5 B,

to synchronize on urgent actions, because prompt
execution of an urgent action could otherwise be
prevented by lack of co-operation of the concur-
rent processes. Still, parallel processes are, like in
LOTOS, by definition synchronized on 9, i.e. pro-
cesses are allowed to delay an otherwise urgent ¢
as long as absolutely necessary.

The LOTOS action prefix and enabling opera-
tors have been unified into a sequential composi-
tion operator. In a ” By; By”, By becomes enabled
when B; becomes ready for 6. In other words, Bs is
started as the handler for § trapped in B;. Remem-
ber that in LOTOS, Bs becomes enabled when B,
executes §. To extend the concept of trapping to
action prefix, E-LOTOS defines that in an ”i; Bs”,
"@G; By” or "signal X; By” | Bs is enabled upon ex-
ecution of the initial action because an i, G or X
by definition enables §. In other words, an ”i”,”G”
or ”signal X” in E-LOTOS specifies a successfully
terminating process.

ibnull G Snull  signal X 3 null

) S,
B, —),B2 — B;

By; By > B,

Action trapping for E-LOTOS has originally
been proposed for exception handling [2], but im-
mediately recognized as widely applicable. In the
current, version of E-LOTOS, trapping is allowed
for § (sequential composition) and for signals (they
typically indicate an exception).

An abstract syntax for trapping actions in a T
(a set of trappable actions T') in a process B and
the rule for transfer of control to a By, the handler
of aT' in B, are as follows:

T S
B —, By = Bé’v

trap {(T is By)|(T € T)} in B endtrap - B,
" €T

If the trapped T' has an alternative in B, the
current, E-LOTOS rules for trapping might result
in nondeterministic ageing of the composite pro-
cess, violating the declared time determinacy of E-
LOTOS. E-LOTOS solves the problem by ensur-
ing that trappable actions never have alternatives,
that implying their urgency.

Because § might be decisive in LOTOS, the
above policy introduces several incompatibilities



between LOTOS and E-LOTOS. Within the con-
text of a ”B;[]B2”, an initial 6 of By or By is no
longer executable. Actually, it is according to [5]
even illegal to specify an initially terminated alter-
native, but we take a more flexible view that spec-
ifying a non-executable action can do no harm.
Similarly, within the context of a ”B;[> By”, an
initial § of Bj is no longer executable, while a ¢ in
B is prefixed by an additional i representing the
discarding of Bs.

0,
Bl—)

B1[> By = null

One can easily imagine that a designer has
written a LOTOS specification of the form
?(exit[]B1) > ... > (exit[|B,)”, representing a
series of omittable processes B; to B,. A natu-
rally expected translation to E-LOTOS would be
"(null[]By);...; (null[]B,,)”, but that, if not ille-
gal, would be equivalent to ” By;...; B,”. A quite
appropriate solution would be to replace every
exit by i.

However, we now give an example for which
there seems to be no such easy way out. Take a
LOTOS process ”(B11[> Bi12)|[G]|(Ba1[> B22)”,
where there is no G in By; and Bs;, while Bis
and Bs» always co-operate on it, though G is not
their first action. The two parallel processes may
terminate without activating Bj, and Bss, but
only if they collectively decide so, by synchroniz-
ing upon successful termination of By; and Ba.
Even if substituting null for every exit yields a
legal E-LOTOS specification, the resulting pro-
cess might deadlock. For example, the first process
might individually discard Bjs after Byo has al-
ready started and waits for synchronization with
Bis on (G. That is possible because in E-LOTOS,
the discarding occurs upon an i. Obviously, the
prohibition of decisive § is a serious problem for
transition from LOTOS to E-LOTOS.

4. LOTOS Successful Termination as
Non-urgent Successful Termination in
E-LOTOS

As the first step towards more natural inclusion
of LOTOS into E-LOTOS with respect to 4, we
introduce the LOTOS exit as a special E-LOTOS
behaviour. Let exit in E-LOTOS specify a non-
urgent d, in contrast to the urgent § specified by
null.

exit " exit exit 2 block

Since an E-LOTOS § is always without alterna-
tives, we define that a LOTOS § is a § with alterna-
tives. It is important that within a pure LOTOS-
style specification, a LOTOS 4 can never lose its
tick alternative without gaining another alterna-
tive. Likewise, an E-LOTOS § can never gain an
alternative within a pure E-LOTOS-style specifi-
cation. When including a LOTOS-style B into an
E-LOTOS specification, or an E-LOTOS-style B
into a LOTOS-style specification, one can avoid
confusion by first adapting its 9, i.e. instead of in-
cluding B, one should better include ” B; null” or
” B; exit” | respectively.

A LOTOS 4 is supposed to resolve choice:

By 5 BL,AS#6: B >

By 5 BLAS#6:By >

Bi[B, > Bj Bi[B, > B,

Such a ¢ is also supposed to be decisive within
a ”B1[X > By”, the E-LOTOS generalization of
"Bi[> Bs”. A ”B;[X > By” specifies process By
repeatedly suspended upon the start of B, and re-
sumed whenever By upon X returns into its initial
state.

B> B),3S#6: B >

By 5 B}, 3S#6:B, >

Bi[X>B, > B! Bi[X>B, > B}
We must also rewrite the original E-LOTOS rule
for E-LOTOS § in Bjy:

B, 5 VS#6:B, 5
By[X > B, 2 null




5. Trapping of Decisive Actions in
E-LOTOS

Any 6, even if it is decisive, is primarily intended
for trapping. As the E-LOTOS trapping opera-
tor cannot properly trap decisive actions, we pro-
pose its generalization. Here let us note that in E-
LOTOS, a trap for § in a B is originally specified
by an ”exit is Bs”. That should be understood as
also applying to § specified in B by null.

The first rule defines normal execution of the
non-trapped actions of B:

B4 B
trap {(T is Br)|(T € T)} in B endtrap
A trap {(T"is Br)|(T € T)} in B endtrap

[A ¢

The second rule defines transfer of control be-
cause a 1" with no alternative in B has been en-
abled (the E-LOTOS-type transfer).

BL, vS£1' B2, Br 3B,

trap {(T is Br)|(T € T)} in B endtrap ER Bl
T € 7]

The third rule defines transfer of control upon

hidden execution of a 7" with an alternative in B
(the LOTOS-type transfer).

BL, as#1:BS

trap {(T is By)|(T € T)} in B endtrap — By
1" e 7]

The last rule defines a time step in B. It can oc-
cur only if there is no 7" available for trapping. For
suppose that B individually can execute both tick
or such a T'. Then the T' has an alternative, and
as such transfers control to By according to the
third rule, upon being executed as an i, which is by
definition not allowed to have a tick alternative in
the composite process. In other words, trapping is
urgent even for a non-urgent 7", like it is for ¢ in
ET-LOTOS [7], which is known to be a conserva-
tive extension of LOTOS. ,

BYEB' VI'eT:B%

7 A; Bo”, control will be transferred to B, accord-
ing to the original E-LOTOS rule, which is also
the original LOTOS rule for action prefix, because
the only semantics for A remains the original E-
LOTOS semantics, i.e. the result of A will be null.
In any ” By; Bo” representing a ” By > By”, the §
of By will be recognized as a LOTOS 4 and conse-
quently, control transferred to Bs according to the
original LOTOS rule.

For an E-LOTOS-style specification, the third
rule for trapping never applies, while the first and
the last rule act as the original E-LOTOS rules for
the progress of B.

6. Discussion and Conclusions

We have enhanced basic E-LOTOS with non-
urgent and potentially decisive § and with trap-
ping of such §. That suffices for precise semantic
inclusion of basic LOTOS into basic E-LOTOS,
the only necessary syntactic enhancement being
co-existence of semantically distinct exit and null.
One could, however, decide to take full advantage
of the generalized trapping operator, which is now
potentially capable to properly trap any visible ac-
tion, even an interaction G of multiple processes.

With proper inclusion of basic LOTOS as our
exclusive goal, one of our aims has been to let a
7 B1; Bs” representing a " By > By” transfer con-
trol from By to Bs only upon an explicit i. How-
ever, in a timed setting, such an i seems a bad idea
after all. For take for example a ” (B [Jexit); By”.
One would expect that the exit stands for skip-
ping, i.e. that the intended behaviour is that
of 7(By; B2)[]B2”. If both alternatives in such
a choice can idle, the decision may be delayed.
But ”(Bj[Jexit); By” is actually equivalent to
”(B1; B2)[](i; B2)”, where the i makes the choice
unexpectedly urgent.

[3] indicates that it would be possible to define
sequential transfer of control, even transfer into
multiple alternative directions (as in the case of

trap {(T is Br)|(T € T)} in B endtrap tick trap @%Olgeg%s%xgir%p

In a LOTOS-style specification, the only form
of trapping will be sequential composition. In any

gi noge than, one action), with-
ut representing t nsﬁer by in an(g vxgthout sacrific-
ing time determinacy. So instead of seeking precise

compatibility with LOTOS, we should perhaps de-



cide to redesign E-LOTOS more thoroughly, with
LOTOS NT [3,8] as a model. In particular, with
action urgency no longer being a prerequisite for
their trappability, we could reconsider the possibil-
ity of entirely dropping urgency of visible actions,
particularly the concept of signals (as suggested in
[3]), thereby automatically restoring in E-LOTOS
the key LOTOS concept of action observability [6].
For conclusion, let us once more emphasize that
the proposed enhancement of E-LOTOS is simple,
but crucial for semantic backward compatibility
with LOTOS. Better compatibility would speed up
migration of LOTOS users to E-LOTOS.
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