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Abstra
t

LOTOS and its enhan
ed version E-LOTOS are standard languages for formal spe
i�
ation of 
on
urrent and

rea
tive systems. For better ba
kward 
ompatibility of E-LOTOS with LOTOS, we introdu
e into E-LOTOS

spe
i�
ation and trapping of non-urgent and potentially de
isive su

essful termination of pro
esses.
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1. Introdu
tion

LOTOS [4,1℄ is a standard language for formal

spe
i�
ation of 
on
urrent and rea
tive systems.

A LOTOS spe
i�
ation represents a pro
ess by its

external behaviour, i.e. by its visible events and

their ordering. Various pro
ess 
omposition oper-

ators are provided for stru
tured spe
i�
ation of

systems.

Re
ently, LOTOS has been enhan
ed into E-

LOTOS [5,9℄, a language for spe
i�
ation of real-

time systems. As E-LOTOS is mu
h ri
her and

more user friendly than LOTOS, many LOTOS

users will want to swit
h to E-LOTOS and asso
i-

ated tools, expe
ting that translation of a LOTOS

spe
i�
ation to E-LOTOS is a trivial matter, so

that they 
an still use their old LOTOS spe
i�
a-

tions and their usual spe
i�
ation styles.

[5℄ in its Annex B indeed provides guidelines for

su
h translation. However, as hinted in the Intro-
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du
tion of [5℄, the basi
 E-LOTOS operational se-

manti
s is in some details not 
ompatible with that

of LOTOS. That is most in
onvenient, be
ause it

is an in
ompatibility in the 
ore of the languages.

To solve the problem, we propose a slight exten-

sion of E-LOTOS to allow, like in LOTOS, de
i-

sive su

essful termination of pro
esses. The idea

is explained in the simplest possible setting where

a
tions 
arry no data and every time step is a ti
k.

2. Su

essful Termination and Sequential

Control Transfer in LOTOS

In LOTOS, a step S of a pro
ess B is always an

a
tion A, that might be an internal a
tion i, a gate

a
tion G or a su

essful termination Æ. An i 
an be

spe
i�ed dire
tly or result from a
tion hiding. A Æ

is spe
i�ed by "exit".

Any a
tion is allowed to have alternative steps,

i.e. to be de
isive for a parti
ular pro
ess. That
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also applies to Æ. In a "B

1

[℄B

2

" (
hoi
e), an initial

Æ of B

1

or B

2

resolves the 
hoi
e between B

1

and

B

2

, as any other initial a
tion would.

B

1

Æ

! B

0

1

B

1

[℄B

2

Æ

! B

0

1

B

2

Æ

! B

0

2

B

1

[℄B

2

Æ

! B

0

2

In a "B

1

[> B

2

" (disabling), an initial Æ of B

2

disables B

1

, as any other start of B

2

would. On

the other hand, a Æ in B

1

dis
ards the disabling

pro
ess B

2

.

B

1

Æ

! B

0

1

B

1

[>B

2

Æ

! B

0

1

B

2

Æ

! B

0

2

B

1

[>B

2

Æ

! B

0

2

In a "B

1

j[G

1

: : :G

n

℄jB

2

" (parallel 
omposition),

the 
on
urrent pro
esses B

1

and B

2

are syn
hro-

nized not only on G

1

: : : G

n

, but by de�nition also

on Æ, i.e. su

essful termination of the 
omposite

pro
ess 
an only be a 
ommon a
tion ofB

1

andB

2

.

B

1

Æ

! B

0

1

; B

2

Æ

! B

0

2

B

1

j[G

1

: : : G

n

℄jB

2

Æ

! B

0

1

j[G

1

: : :G

n

℄jB

0

2

There are two kinds of sequential 
ontrol trans-

fer. In an "i;B

2

" or "G;B

2

" (a
tion pre�x), 
ontrol

is transferred to B

2

upon the initial a
tion. In a

"B

1

�B

2

" (enabling), 
ontrol is transferred from

B

1

to B

2

upon Æ in B

1

, where the a
tion is hidden

from the environment.

i;B

2

i

! B

2

G;B

2

G

! B

2

B

1

Æ

!

B

1

�B

2

i

! B

2

3. Su

essful Termination and Sequential

Control Transfer in E-LOTOS

E-LOTOS is a timed language, i.e. an S might

also be a time step ti
k. A pro
ess with no step


an be spe
i�ed by "blo
k".

There are urgent and non-urgent a
tions. An ur-

gent a
tion A of a pro
ess B 
annot have ti
k as

its alternative, i.e. B is not allowed to idle when

A is pending. An i or a Æ is by de�nition urgent,

while a G is by de�nition non-urgent. An urgent

a
tion might also be a signal X . A self-standing Æ


an be spe
i�ed by "null".

null

Æ

! blo
k

Parallel pro
esses are in prin
iple not allowed

to syn
hronize on urgent a
tions, be
ause prompt

exe
ution of an urgent a
tion 
ould otherwise be

prevented by la
k of 
o-operation of the 
on
ur-

rent pro
esses. Still, parallel pro
esses are, like in

LOTOS, by de�nition syn
hronized on Æ, i.e. pro-


esses are allowed to delay an otherwise urgent Æ

as long as absolutely ne
essary.

The LOTOS a
tion pre�x and enabling opera-

tors have been uni�ed into a sequential 
omposi-

tion operator. In a "B

1

;B

2

", B

2

be
omes enabled

when B

1

be
omes ready for Æ. In other words, B

2

is

started as the handler for Æ trapped in B

1

. Remem-

ber that in LOTOS, B

2

be
omes enabled when B

1

exe
utes Æ. To extend the 
on
ept of trapping to

a
tion pre�x, E-LOTOS de�nes that in an "i;B

2

",

"G;B

2

" or "signalX ;B

2

",B

2

is enabled upon ex-

e
ution of the initial a
tion be
ause an i, G or X

by de�nition enables Æ. In other words, an "i", "G"

or "signalX" in E-LOTOS spe
i�es a su

essfully

terminating pro
ess.

i

i

! null G

G

! null signal X

X

! null

B

1

Æ

!; B

2

S

! B

0

2

B

1

;B

2

S

! B

0

2

A
tion trapping for E-LOTOS has originally

been proposed for ex
eption handling [2℄, but im-

mediately re
ognized as widely appli
able. In the


urrent version of E-LOTOS, trapping is allowed

for Æ (sequential 
omposition) and for signals (they

typi
ally indi
ate an ex
eption).

An abstra
t syntax for trapping a
tions in a T

(a set of trappable a
tions T ) in a pro
ess B and

the rule for transfer of 
ontrol to aB

T

0

, the handler

of a T

0

in B, are as follows:

B

T

0

!; B

T

0

S

! B

0

T

0

trap f(T is B

T

)j(T 2 T )g in B endtrap

S

! B

0

T

0

[T

0

2 T ℄

If the trapped T

0

has an alternative in B, the


urrent E-LOTOS rules for trapping might result

in nondeterministi
 ageing of the 
omposite pro-


ess, violating the de
lared time determina
y of E-

LOTOS. E-LOTOS solves the problem by ensur-

ing that trappable a
tions never have alternatives,

that implying their urgen
y.

Be
ause Æ might be de
isive in LOTOS, the

above poli
y introdu
es several in
ompatibilities

2



between LOTOS and E-LOTOS. Within the 
on-

text of a "B

1

[℄B

2

", an initial Æ of B

1

or B

2

is no

longer exe
utable. A
tually, it is a

ording to [5℄

even illegal to spe
ify an initially terminated alter-

native, but we take a more 
exible view that spe
-

ifying a non-exe
utable a
tion 
an do no harm.

Similarly, within the 
ontext of a "B

1

[> B

2

", an

initial Æ of B

2

is no longer exe
utable, while a Æ in

B

1

is pre�xed by an additional i representing the

dis
arding of B

2

.

B

1

Æ

!

B

1

[>B

2

i

! null

One 
an easily imagine that a designer has

written a LOTOS spe
i�
ation of the form

"(exit[℄B

1

) � : : : � (exit[℄B

n

)", representing a

series of omittable pro
esses B

1

to B

n

. A natu-

rally expe
ted translation to E-LOTOS would be

"(null[℄B

1

); : : : ; (null[℄B

n

)", but that, if not ille-

gal, would be equivalent to "B

1

; : : : ;B

n

". A quite

appropriate solution would be to repla
e every

exit by i.

However, we now give an example for whi
h

there seems to be no su
h easy way out. Take a

LOTOS pro
ess "(B

11

[> B

12

)j[G℄j(B

21

[> B

22

)",

where there is no G in B

11

and B

21

, while B

12

and B

22

always 
o-operate on it, though G is not

their �rst a
tion. The two parallel pro
esses may

terminate without a
tivating B

12

and B

22

, but

only if they 
olle
tively de
ide so, by syn
hroniz-

ing upon su

essful termination of B

11

and B

21

.

Even if substituting null for every exit yields a

legal E-LOTOS spe
i�
ation, the resulting pro-


ess might deadlo
k. For example, the �rst pro
ess

might individually dis
ard B

12

after B

22

has al-

ready started and waits for syn
hronization with

B

12

on G. That is possible be
ause in E-LOTOS,

the dis
arding o

urs upon an i. Obviously, the

prohibition of de
isive Æ is a serious problem for

transition from LOTOS to E-LOTOS.

4. LOTOS Su

essful Termination as

Non-urgent Su

essful Termination in

E-LOTOS

As the �rst step towards more natural in
lusion

of LOTOS into E-LOTOS with respe
t to Æ, we

introdu
e the LOTOS exit as a spe
ial E-LOTOS

behaviour. Let exit in E-LOTOS spe
ify a non-

urgent Æ, in 
ontrast to the urgent Æ spe
i�ed by

null.

exit

ti
k

! exit exit

Æ

! blo
k

Sin
e an E-LOTOS Æ is always without alterna-

tives, we de�ne that a LOTOS Æ is a Æ with alterna-

tives. It is important that within a pure LOTOS-

style spe
i�
ation, a LOTOS Æ 
an never lose its

ti
k alternative without gaining another alterna-

tive. Likewise, an E-LOTOS Æ 
an never gain an

alternative within a pure E-LOTOS-style spe
i�-


ation. When in
luding a LOTOS-style B into an

E-LOTOS spe
i�
ation, or an E-LOTOS-style B

into a LOTOS-style spe
i�
ation, one 
an avoid


onfusion by �rst adapting its Æ, i.e. instead of in-


luding B, one should better in
lude "B;null" or

"B; exit", respe
tively.

A LOTOS Æ is supposed to resolve 
hoi
e:

B

1

Æ

! B

0

1

; 9S 6= Æ : B

1

S

!

B

1

[℄B

2

Æ

! B

0

1

B

2

Æ

! B

0

2

; 9S 6= Æ : B

2

S

!

B

1

[℄B

2

Æ

! B

0

2

Su
h a Æ is also supposed to be de
isive within

a "B

1

[X > B

2

", the E-LOTOS generalization of

"B

1

[> B

2

". A "B

1

[X > B

2

" spe
i�es pro
ess B

1

repeatedly suspended upon the start of B

2

and re-

sumed whenever B

2

upon X returns into its initial

state.

B

1

Æ

! B

0

1

; 9S 6= Æ : B

1

S

!

B

1

[X>B

2

Æ

! B

0

1

B

2

Æ

! B

0

2

; 9S 6= Æ : B

2

S

!

B

1

[X>B

2

Æ

! B

0

2

Wemust also rewrite the original E-LOTOS rule

for E-LOTOS Æ in B

1

:

B

1

Æ

!;8S 6= Æ : B

1

6

S

!

B

1

[X>B

2

i

! null

3



5. Trapping of De
isive A
tions in

E-LOTOS

Any Æ, even if it is de
isive, is primarily intended

for trapping. As the E-LOTOS trapping opera-

tor 
annot properly trap de
isive a
tions, we pro-

pose its generalization. Here let us note that in E-

LOTOS, a trap for Æ in a B is originally spe
i�ed

by an "exit is B

Æ

". That should be understood as

also applying to Æ spe
i�ed in B by null.

The �rst rule de�nes normal exe
ution of the

non-trapped a
tions of B:

B

A

! B

0

trap f(T is B

T

)j(T 2 T )g in B endtrap

A

! trap f(T is B

T

)j(T 2 T )g in B

0

endtrap

[A 62

T ℄

The se
ond rule de�nes transfer of 
ontrol be-


ause a T

0

with no alternative in B has been en-

abled (the E-LOTOS-type transfer).

B

T

0

!; 8S 6= T

0

: B 6

S

!; B

T

0

S

0

! B

0

T

0

trap f(T is B

T

)j(T 2 T )g in B endtrap

S

0

! B

0

T

0

[T

0

2 T ℄

The third rule de�nes transfer of 
ontrol upon

hidden exe
ution of a T

0

with an alternative in B

(the LOTOS-type transfer).

B

T

0

!; 9S 6= T

0

: B

S

!

trap f(T is B

T

)j(T 2 T )g in B endtrap

i

! B

T

0

[T

0

2 T ℄

The last rule de�nes a time step in B. It 
an o
-


ur only if there is no T

0

available for trapping. For

suppose that B individually 
an exe
ute both ti
k

or su
h a T

0

. Then the T

0

has an alternative, and

as su
h transfers 
ontrol to B

T

0

a

ording to the

third rule, upon being exe
uted as an i, whi
h is by

de�nition not allowed to have a ti
k alternative in

the 
omposite pro
ess. In other words, trapping is

urgent even for a non-urgent T

0

, like it is for Æ in

ET-LOTOS [7℄, whi
h is known to be a 
onserva-

tive extension of LOTOS.

B

ti
k

! B

0

;8T

0

2 T : B 6

T

0

!

trap f(T is B

T

)j(T 2 T )g in B endtrap

ti
k

! trap f(T is B

T

)j(T 2 T )g in B

0

endtrap

In a LOTOS-style spe
i�
ation, the only form

of trapping will be sequential 
omposition. In any

"A;B

2

", 
ontrol will be transferred to B

2

a

ord-

ing to the original E-LOTOS rule, whi
h is also

the original LOTOS rule for a
tion pre�x, be
ause

the only semanti
s for A remains the original E-

LOTOS semanti
s, i.e. the result of A will be null.

In any "B

1

;B

2

" representing a "B

1

�B

2

", the Æ

of B

1

will be re
ognized as a LOTOS Æ and 
onse-

quently, 
ontrol transferred to B

2

a

ording to the

original LOTOS rule.

For an E-LOTOS-style spe
i�
ation, the third

rule for trapping never applies, while the �rst and

the last rule a
t as the original E-LOTOS rules for

the progress of B.

6. Dis
ussion and Con
lusions

We have enhan
ed basi
 E-LOTOS with non-

urgent and potentially de
isive Æ and with trap-

ping of su
h Æ. That suÆ
es for pre
ise semanti


in
lusion of basi
 LOTOS into basi
 E-LOTOS,

the only ne
essary synta
ti
 enhan
ement being


o-existen
e of semanti
ally distin
t exit and null.

One 
ould, however, de
ide to take full advantage

of the generalized trapping operator, whi
h is now

potentially 
apable to properly trap any visible a
-

tion, even an intera
tion G of multiple pro
esses.

With proper in
lusion of basi
 LOTOS as our

ex
lusive goal, one of our aims has been to let a

"B

1

;B

2

" representing a "B

1

�B

2

" transfer 
on-

trol from B

1

to B

2

only upon an expli
it i. How-

ever, in a timed setting, su
h an i seems a bad idea

after all. For take for example a "(B

1

[℄exit);B

2

".

One would expe
t that the exit stands for skip-

ping, i.e. that the intended behaviour is that

of "(B

1

;B

2

)[℄B

2

". If both alternatives in su
h

a 
hoi
e 
an idle, the de
ision may be delayed.

But "(B

1

[℄exit);B

2

" is a
tually equivalent to

"(B

1

;B

2

)[℄(i;B

2

)", where the i makes the 
hoi
e

unexpe
tedly urgent.

[3℄ indi
ates that it would be possible to de�ne

sequential transfer of 
ontrol, even transfer into

multiple alternative dire
tions (as in the 
ase of

an operator trapping more than one a
tion), with-

out representing transfer by i and without sa
ri�
-

ing time determina
y. So instead of seeking pre
ise


ompatibility with LOTOS, we should perhaps de-
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ide to redesign E-LOTOS more thoroughly, with

LOTOS NT [3,8℄ as a model. In parti
ular, with

a
tion urgen
y no longer being a prerequisite for

their trappability, we 
ould re
onsider the possibil-

ity of entirely dropping urgen
y of visible a
tions,

parti
ularly the 
on
ept of signals (as suggested in

[3℄), thereby automati
ally restoring in E-LOTOS

the key LOTOS 
on
ept of a
tion observability [6℄.

For 
on
lusion, let us on
e more emphasize that

the proposed enhan
ement of E-LOTOS is simple,

but 
ru
ial for semanti
 ba
kward 
ompatibility

with LOTOS. Better 
ompatibility would speed up

migration of LOTOS users to E-LOTOS.
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