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Abstract: A transformation is described which, given a specification of the expected service of
a distributed system and a partitioning of the specified service actions among the system com-
ponents, derives behaviour of individual components implementing the service. There may be
an arbitrary finite number of the components, pairwise communicating over reliable, un-
bounded first-in-first-out channels. The adopted specification language is an abstraction of
basic E-LOTOS. Compared to the earlier proposal on which it is based, the method is substan-

tially simplified.

Povzetek: Clanek opisuje transformacijo za izpeljavo obnasanja komponent porazdeljenega
sistema, ki implementira podano pri¢akovano storitev sistema, pri Cemer za vsako posamezno
storitveno akcijo ze vemo, katera komponenta naj bi jo izvajala. Dovoljeno je poljubno koncno
Stevilo komponent, ki paroma komunicirajo preko zanesljivih kanalov, ki ohranjajo vrstni red
sporoCil. Uporabljeni specifikacijski jezik je abstrakcija osnovnega dela jezika E-LOTOS.

Predlagana metoda je bistveno enostavnej$a od starejSe, iz katere izhaja.
Keywords: distributed service implementation, automated protocol derivation, E-LOTOS.

Kljuéne besede: porazdeljena implementacija storitev, avtomatska izpeljava protokolov,

E-LOTOS.

1 Introduction

The paper addresses the following problem: Given a specification of the required external be-
haviour (the expected service) of a distributed system and a partitioning of the service actions
among the service access points, derive a protocol implementing the service. It is assumed that
each service access point is supported by a system component, where the components co-

ordinate their activities by communicating via reliable, unbounded first-in-first-out channels.



Transformations for automated protocol derivation (functionality decomposition) are be-
coming more and more important, as they facilitate rapid prototyping of new services for spe-
cific user needs, that is an imperative in modern intelligent telecommunications networks and
global computer networks. If the transformations are implemented in a tool, they can even be
employed by non-specialists. Their applicability is as wide as that of the specification language
on which they are based. We base our transformation on E-LOTOS [2], an enhanced version
of LOTOS [1], a standard formal language intended for specification of reactive and concur-
rent systems. The applicability of the languages ranges over all kinds of discrete systems: tech-
nical and social, material and logical [7].

During the last decade, protocol synthesis has been subject to intensive research. [6], an ex-
haustive survey of the existing methods, also points to several such methods for LOTOS-like
languages, among them [3] being probably the most important one. Unfortunately [3] contains
some errors, so we have proposed an improved method [4], that has subsequently been ex-
tended [5] to support implementation of the basic behaviour types newly introduced by E-
LOTOS.

The solution in [5] is quite complicated because it facilitates, like [4] for LOTOS, protocol
optimization through supporting for distributed implementation of individual service parts a
multitude of termination types. As it is in many cases difficult to select the best one, one might
prefer to rely on a single termination type that usually works quite well. Such is the termination
type employed in [3]. In the present paper, we show how to employ it for E-LOTOS. To fur-
ther simplify the protocol derivation transformation [5], we pose additional restrictions on the
service specification structure, that can easily be satisfied by insertion of dummy service ac-
tions. Anyhow, the proposed solution is just a special case of [5] (except for some additional
optimizations), thus no thorough discussion on its correctness is given. Instead we concentrate
on explaining the transformation to a practitioner. The paper is also intended for promotion of
E-LOTOS.

The paper is organized as follows. Section 2 introduces the adopted specification language,
i.e. makes the reader familiar with the basic constructs of E-LOTOS. In Section 3 we explain

the protocol derivation transformation. Section 4 brings a discussion and conclusions.

2 Specification Language

The language defined in Table 1 has been conceived with an aim to include in an abstract and



concise way all the main constructs of the basic behaviour sublanguage of E-LOTOS [2], in the
exclusive setting of the protocol derivation problem. Time is not considered, there are no vari-
ables and no structuring into explicit processes, and actions are only allowed to have parame-
ters that are constants, i.e. parts of their names.

The following typographical convention has been adopted: If X is some universe of ele-

ments where ‘x’ denotes its name and stands for any letter, then variables x, x”,..., x,,... range
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over elements of X and variables X, X’,..., Xy,... over subsets of X, if not stated otherwise. The

cases where an X (or a {...}) identifies a multi-set rather than a set are marked with an *. In
particular, a b stands for a behaviour (for a process exhibiting it), a ¢ for a system component,
a t for a trappable action, a g for an interaction gate or an action on it, a # or a w for a user-
defined action type, an x for an exception, an m for a protocol message, a / for an action han-
dler, an s for a synchronization, an # for a natural number, and an » for a renaming. /nit(b) de-
notes the initial actions of 5.

Concentrate on the semantics of the language, informally overviewed below, for its syntax is
intentionally kept simple, to simplify presentation of protocol derivation. Throughout the pa-
per, the usual self-understood forms of “syntactic sugar” are used where convenient, e.g.

switching between the infix and the prefix notation, parentheses, omission of implicitly implied

Name of the construct Type(s)| Syntax

Inaction b stop

Successful termination bt &

Internal action b i’

Service primitive b.g u

Exception (raising) btx |[w

Protocol message transmission | b,g sq(m)

Protocol message reception b.g r.(m)

Action trapping b trap H in b,

Handling a trapped action h 1—b’

Choice b b1[1b, where 8¢ (Init(b,)Uinit(h,))
Suspend/resume b b1[x>b, where ((Init(b,)N{d,x})=L)
Parallel composition b par [S] {[G(b)]bN(b’e B*)}*
Synchronization s gitn

Renaming b ren R in b,

Renaming an action r 1" —=uy" or wi —wy"

Hiding b hide G in b,

Service specification serv.=b

Component specification comp,.:=b

Table 1: The specification language abstract syntax



parts of the specification, etc. Illustrative service and protocol specifications can be found in
Table 5 to Table 7.

stop denotes inaction of the specified process, e.g. of the system as a whole, of an individ-
ual system component, or of some other partial system behaviour.

Actions with reserved names o and i respectively denote successful termination and an in-
ternal action of the specified process. In a service specification, they are furnished with a su-
perscript ¢ indicating the component controlling their execution, but the superscript doesn’t
belong to the action name - the selection of ¢ influences the protocol derivation algorithm, but
is irrelevant for the service itself. There is typically no need to have explicitly specified & ac-
tions in a service specification, for any non-exceptional action is implicitly followed by a 8. By
executing a d, a process becomes inactive.

u° denotes a service primitive, i.e. a type  interaction between a system user and the system
component c.

w* denotes a type w exception originating from the system component c¢. Raising an excep-
tion within a process stops its execution, just like a 8.

A component can send (receive) a protocol message m to (from) another component ¢ by
an s, (m) (r,(m)).

“trap H in b,” denotes a process executing b; up to the point where a trappable action ¢
with an unique handler 5" listed in H is enabled. At that point, control is atomically transferred
to b, unless some other alternative is selected for ;. “by;b,” denotes sequential composition,
i.e. the special case of trapping where only 0 is trapped in b;, and b, is its handler. Tteration
“loop b,” is equivalent to “b;;loop b;”.

“b1[]1b2"denotes a process ready to behave as b, or as b,. We define []({ })=stop.

“bi[x>b,” denotes a process with behaviour b, repeatedly interrupted by behaviour b,. b; is
resumed upon x trapped in b,, while b, is at that point restarted. While b, is still active, the
process might internally decide to terminate by enabling a & in b;. “b1[>b,”denotes the special
case where the resumption exception x is never enabled in b,, i.e. a LOTOS-like disabling.

“par [S] {[G(b)]p(b’eB*)}*” denotes parallel composition of processes in B*. Each
process b’ listed in B* has a list G(b") of gates requiring synchronization with other members
of B*, while execution of the internal actions and exceptions of »” and the actions on gates not
listed in G(b") is entirely at discretion of 5" An action on a gate g in G(b”) can be executed as a

common action of " and some other members of B* when they all ready for it. If g is not ex-



plicitly mentioned in the list of the legal synchronizations S, it requires co-operation of all
members of B* having it in their G lists, while a g#n in .S specifies that it is appropriate if n of
them synchronize. § by definition requires co-operation of all the parallel processes. Composi-
tion operator “|||”

lIICE3)=3.

“ren R in b;” denotes a process behaving as b; with its external actions renamed as speci-

shortly specifies independent parallel execution of processes. We define

fied in R.

“hide G in b,” hides the gates listed in G, i.e. makes the gate actions internal to b;.

The relation used throughout the paper for judging equivalence of behaviours is observa-

tional equivalence = [1], i.e. we are interested only into the external behaviour of processes.

3 Protocol Derivation
3.1 General Considerations

The protocol derivation problem is

precisely defined as follows. Given No.|5
1 |stop
e the above described system of 2 |§ i 4
components and channels for 3 |w
. . . 4 |bib
protocol interactions, with all the 5 |loop b,
channels initially empty, 6 |trap H in b, where

e a specification of the required

system service (non-blocking,

with no non-executable or oth-

1. =3(0—br)e H
2. Y(x—b)e H:(SC(b)=PC(x))
3. (EC(b)=D)v(PC(b))=PC(b)))A
Y (x—b")e H((EC(b)=B)W(PC(b")=PC(b)))

7 | b1[]b, where
erwise irrelevant parts, with all 1. Fe:(SC(b)=SC(b)={c})
exceptions trapped), and 2. (EC(b)=)v(PC(b)=PC(b)A
: . (EC(b)=2)W(PC(by)=PC(b)))
* a suitable (defined below) parti- [g by[x’>b, where
tioning of the specified actions 1. Fe:(PC(b)=SC(b2)={c})
the svst ¢ 2. EC(b)=2
among the system components, 9 [ par [S] {[G(b]b [(be B} * where
derive such behaviour of individual 1. —3[67.671=B*:((G(b Y #D)YAG(bV£D)A
components that, when the protocol o ((PC(b ')mPC(b/”))|>l))
2. =3[ 1SB* (NXLbHN(PC(b)\PC(x))=D))
interactions are hidden, the overall {10 |ren R in 5,
11 |hide GG in b,

system behaviour is observationally

Table 2: The legal service behaviours




equivalent to the specified service and the system never stops with any of its channels non-
empty.

Below we define a mapping T.(b) which takes a service subbehaviour b and translates it
into its counterpart at a component ¢. A service specification “serv:=b" as a whole is mapped
into “comp,.=T.(b)”.

Mapping T is guided by precomputed attributes of individual service parts. First of all, each
part b must be assigned a unique identifier /(). We are also interested into its starting, its
ending and all its participating components (SC(b), £C(b), and PC(b)), respectively executing
a starting action, an ending action in the case of a successful termination, or any action within
b. Let for Xe {S,E,P} XC.(b) denote ce XC(b). Another attribute NX,(b) indicates that x is an
exception raised, but not handled, within 4. For illustration, see the examples in Table 5 to
Table 7.

Rules for computation of the attributes are defined in Table 3, where the first column
points, like in Table 4, to the legal service behaviour from Table 2 to which the row applies.
Note that the £C rule for parallel composition is satisfactory only for independent execution,
while synchronization requires investigation of the considered behaviour step-by-step.

If a ¢ doesn’t participate in a b, formally —=PC.(b), then T.(b) equals J, if b has a successful
termination, formally (EC(b)#0), and stop otherwise. For other cases, T,(b) is defined in Sec-
tion 3.2.

For a terminating b and a c that is not its ending component, [5] allows that execution of

No.|SC.(b) EC.(b) PC.(b) NX.(b)
1 |false false false false
2 |e=c’ c=c’ c=c’ false
3 |e=c¢” false c=c’ x=b
4 |SC(by) FCy(b) PC.(b1)vPC.(by) NX(b1)vNX(b,)
5 |SC(by) false PC.(by) NX.(b1)
6 |SC.(b1) EC.(by)v PC.(by)v (NX(b)A—T(x—b)e H)
Ix—>b)eHEC(b) |Ix—>b)eH:PC(b")|vI(x—=b)e HNX(b)
7 | SC(b1) EC(b)VEC () PC(b1)vPC(by) NXA(b1)VNX(b>)
8 |SC(b2) EC(b) PCy(b) NXAb)V(INX(b)A(x#X")
9 |36 eB*.SCAb")| (—Ib’e B*:.(EC(b)=2)) |Ib’e B*.PC(b") 3b’e B* NX(b")
AJb’e B¥:EC(b")
(valid only for |||)
10 |SCu(b1) EC.(by) PC(by) (NX(b)A—T(x—x)e H)
vI(x—x)e H.NXAb1)
11 [SCu) EC.(by) PC.(by) NX.(5)

Table 3: Attribute evaluation rules



T.(b) concludes either by inaction of ¢ (later disrupted by some other service activity), or by &
initiated by c itself, or by d initiated by another component. Here we allow only the second
termination type, the usual type in LOTOS-based protocol synthesis [3].

Unfortunately [5] indicates that the adopted termination type is allowed only under special
restrictions. In particular, in [5] a ¢ sometimes extends a T.(b) by reporting to some non-
participant ¢’ of b. If ¢”is not a starting component of the behaviour 4 following b, an excep-
tion raised within 5" by a component other than ¢” might prevent reception of the message.
Thus we below pose such restrictions on the service that no such message is ever necessary.

Other types of restrictions are already known from [5]. There is, however, a slight addi-
tional limitation: To simplify mapping T, “trap A in b,” shall be used exclusively for exception
handling, while handling of a & within a b; shall always be specified as sequential composition
“b1;by” (see Section 2).

Table 4 defines three auxiliary functions for mapping T: S,(C,m) and R(C,m) respectively
implement sending or receiving at a ¢ of a message m between ¢ and any ¢ in C\{c}, inde-
pendently for each ¢”. X, (C,C’,m) implements the actions of ¢ necessary to perform the task of

each member of C”receiving m from each member of C other than itself.
3.2 Distributed Implementation of Individual Behaviour Types

In this section we discuss implementation of individual service behaviour types by their partici-

No.| T.(b) where PC(b)

231|b

4 | (Te(b1):X(LC(51),5C(52).1(51)); Te(b2))
5

6

loop (T.(5)):XAEC(b,),SC(b1),I(1)))
((trap { x> T(DN((x—b)e HYAPC(x))} in To(b1))
> TLH(x—>b)e FINAPCA(x))})))
(T(bD[T(b2))
if NX(b,) then
(To(by)[x>if PCiAb) then
trap (c’'=(So(PC(B),1(52)):X((PC(BNPC(x)),SC(52),1(55)):x ")) in To(b2)
else (T(b2)[>(RAPC(x"),[(52)); X (PC(OIPC(x)),SC(b2),1(b2));x)) endif)
else (To(61)[>T(b2)) endif
9 |par [{ginl((gne SNPC(2)}] {[{£l((ge GONAPCLAE)}ITLD)(beB*)}*
10 [ren {(6/=b")((b'=b")e RIAPC(b))} in T(b))
11 |hide {gl((ge G)APC(2))} in TA(b1)
So(Cm):=|[({scAm)l(c’e (C\{c}))}) | X(C,C%m):=(if ce C then S.(C’,m) else & endif |||
R(Cm) =|l{re(m)l(c’e(C\{ciN}) if ce C”then Ro(C,m) else & endif)

Table 4: Implementation of individual behaviour types

~
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pating components.

An individual action is implemented by the executing system component as it is (Table
4(2,3)).

Implementing a sequential composition “b,;b,” (Table 4(4)), a ¢ first executes T.(b;). If an
ending component of b, ¢ reports local termination of b; to the starting components of b,
other than itself. If a starting component of b,, ¢ receives all the reports on termination of b;.
Finally ¢ executes T.(b,).

An iteration “loop b,” is implemented in the same manner (Table 4(5), examples in Table
7), as it is equivalent to “b1;loop b,”. With the universally adopted behaviour termination type,
re-use of behaviour identifiers within b, is no longer problematic, so it suffices for the starting
components of the current cycle to receive termination reports from the ending components of
the previous cycle, not from all its participants, as it is necessary in the general case [5].

Implementing an exception trapping “trap H in b,”, a c basically executes T,(b;) (Table
4(6), an example in Table 5). Upon detecting a local exception x, ¢ activates the implementa-
tion of its handler T,(5"). The adopted restrictions ensure [5] that any other system component
¢’ is at that moment idle, and that all protocol channels are empty, at least within the imple-
mentation of the service part b, as required. The idling of such a ¢’e PC.(b) is sooner or later
disrupted by T.A(b"), as PC.Ab) implies PCAb"), if b” proceeds towards a successful termination

(Table 2(6.3)). Likewise, if b; successfully terminates without any exception raised, any par-

A service part: b = trap (x*—(e'[[I)) (5—((c[IIb*);x)) in ((a";d)[1(b'x*))

Amended into: b”= trap (y’—>(e'[[If*)) in (((a";d*)[J(b";y*)):((c'llIb%):x%))

Amended into: "= trap (y’—((%(e'[[)IIF)) in (@' 3(dPN0y ) ID%):x*)

Annotated with subbehaviour attributes (,SC,EC,PC,NXx,NX,2):

(trap (y2—>((i21,2,2,2,F,F;(617,1,1,1,F,F|||i37,3,3,3,F,F)7,13,13,13,F,F)7,2,13,123,F,F|||f27,2,2,2,F,F)7,2,123,123,F,F)

in (((alz,l,l,l,F,F;(d36,3,3,3,F,F;i27,2,2,2,F,F)7,3,2,23,F,F)7,1,2,123,F,F[]

(b13,1,1,l,F,F;y27,2,®,2,F,T)7,1,@,12,F,T)4,1,2,123,F,T;

((017,1,1,1,F,F|||b27,2,2,2,F,F)5,12,12,12,F,F;X27,2,®,2,T,F)7,12,@,12,T,F)7,1,®,123,T,T)7,1,123,123,T,F

Distributed implementation:
T1(67):= ((((2"(s3)IIIB);8)[1(b";52(3);5t0p)); (BllIr2(4));((c1I18);(s2(5)IIIB);stop))
[>((8;(8lIra(1));(e IB))IIIS))
= ((((@";53(2)[1(b";52(3);5t0p)):r2(4);c:52(5);stop) [>(r2(1);e))
To(b”):= trap (y'—>((((si(DllIss(D)IIS): S)IIIE))
in (((8;(31118);(8;(BllIrs(6));NLIS;(SllIr1(3));y)): (51 (IS (SISl (5)):x))
=~ trap (= (si(DllIss(DIIF)) in (e3(6)[1(r1(3);y"))s81(4);b%r1(5):x%)
T3(b”):= ((((8;(3llIr1(2));(d*(52(6)1118);8))[Istop); (3115):stop)[>((&;(SllIr=( 1));(BllIENIS))
=~ ((ri(2);d;sx(6);stop)[>ra(1))

Table 5: An example implementation of trapping




ticipant ¢ of b is aware of that, as in that case PC,(b) implies PC.(b,). Transfer of control upon
an x in b; to its handler b”is sequential, but no synchronization is required upon it, as the only
starting component of 5” is the executor of x, the only ending component of b, in the excep-
tional case (Table 2(6.2)). If H also contains a handler for § in b, (against Table 2(6.1)), that
can be amended, but might require renaming of some exceptions (see the first step in the ex-
ample).

Implementing a choice “b1[]b,”, it suffices to individually implement the two alternatives b,
and b, (Table 4(7)), because there is a system component locally guarding the start of both
(Table 2(7.1)). If, for example, b; is the selected alternative, any participant ¢ of b will detect
that before b, terminates, for PC.(b) implies PC,(b,) for the case (Table 2(7.2)).

Implementing a suspend/resume “bi[x>b,”, a c basically executes T.(b;), potentially sus-

pended by T.(b;) (Table 4(8), an example in Table 6). Actually, T.(b,) differs from stop only
for a ¢’, the only participant of b; and the only starting component of b, (Table 2(8.1)). ¢” lo-
cally guards suspension and resumption of b;. If the resumption never occurs, i.e. = NX{by),
the only remaining problem is how to implement termination of b upon termination of b; [4],

but we avoid it by forbidding termination of b, (Table 2(8.2)). If such a termination exists, it

can be transformed into an exception and handled as such [5] (see the example). Resumption

A service part: b = ((a";b)[x*>((c";d)[1(e";x%)))

Amended into: 5”= trap (y'=38") in (((a";b");y)[x*>((c";d)[](e"x)))

Amended into: 5= trap (y'—(8"(i"[li"))) in (((';b"):yHx*>((c (AN x*))

Annotated with subbehaviour attributes (,.SC,EC,PC,NXx,NX,1):

(trap (y1_>(611,1,1,l,F,F;(i27,2,2,2,F,F|||i37,3,3,3,F,F)7,23,23,23,F,F)7,1,23,123,F,F)

in (((ali,l,l,l,F,F;bli,l,l,l,F,F)i,l,l,l,F,F;yli,1,@,1,F,T)7,1,®,1,F,T[X2>
((013,1,1,1,F,F;(d37,3,3,3,F,F|||i27,2,2,2,F,F)7,23,23,23,F,F)7,1,23,123,F,F[]
(314,1,1,1,F,F;X27,2,®,2,T,F)7,1,@,12,T,F)2,1,23,123,T,F)7,1,23,123,F,T)7,1,23,123,F,F

Distributed implementation:
Ti(b”):= trap (y'—>(8"((s2(Dlllss(1))I115);3))
in (((a"5(318);6");(3I15)y")
[xX>(((c"5((5203)MlIss3))NIBY D) 1(e" (52 4)l118);5t0p)) [>(r2(2);(BllIrs(2)):x7)))
=~ trap (y'—(s2(1)lls3(1)))
in ((a";b;y ) [X*>(((c";(s23)lllss3INI1(e;52(4);5t0p))[>(r2(2);13(2);x°)))
To(b”):= ((stop[x">trap (x’—((s1(2)lls3(2));x")) in ((&;(SlIr1(3));(BIIFN[I(S;(Slllri(4));x%)))
[>(8;(3llIry(1));(115)))
=~ ((stop[x">trap (x’—>((s1(2)lIs3(2));x")) in (r(3)[1(ri(4)x*)))[>r1(1))
Ta(b6"):= ((stop[x*>(((8;(3]lIr1(3));(d*[[18))[Istop)[>(r2(2);(s:1(2)llI8);x°)))
[>(8;(3llIri(1));(3IlIE*)))
=~ ((stop[x">((ri(3);d)[>(r2(2)::(2):x ) [>ri( 1))

Table 6: An example implementation of suspend/resume




of by upon an x”in b, is implemented in the following way: A ¢’ traps the x” to inform the
other participants of 5. Subsequently, all participants of b except ¢” (an optimization over [5])
report to the starting component of b, that they are ready to restart b,. ¢” needn’t report be-
cause implicitly known to be ready. Finally, any participant ¢ of b locally re-raises x”to return
control to T.(by).

Implementing a parallel composition “par [S] {[G(b)]b"|(b’e B*)}*” at a participant ¢, we
implement each individual 5" as T.(b") and locally synchronize it with other T.(6”) as pre-
scribed by § and G(b") (Table 4(9), an example in Table 7). However, for this solution to
work, we must pose two restrictions. As first we require that the distributed implementation of
a b” doesn’t share any protocol channels with implementations of the other service parts if »”
synchronizes with them. In a brute-force way that is ensured in Table 2(9.1), while Table
2(9.2) ensures that no component ever raises an exception concurrently to a service action at
another component or when a protocol message is in transit, at least within the implementation
of the service part b, as required.

As we allow only local action renaming, its implementation is simple. It commutes with
mapping T (Table 4(10)). The same holds for implementation of hiding (Table 4(11)), as hid-

ing of an action doesn’t change its location.

4 Discussion and Conclusions

We have presented a method for deriving protocol specifications from service specifications
written in a language that is semantically close to basic E-LOTOS. The method is basically a
special case of [5], restricting the termination type for implementation of individual service

parts to the one usually adopted for LOTOS [3]. The restriction has substantially simplified the

A service: serv:= par [a'#2] < [a'] loop (a';b") , [a'] loop (a';b%) , [a'] loop (a';b?) ,
loop ((a'|[Ib);(a'llIb)) >
Annotated with subbehaviour attributes (/,5C,EC,PC):
(par [al#Z] < [al] (loop (alf,1,1,1;b17,1,1,1)7,1,1,1)7,1,@,1 , [al] (loop (al1,1,1,1;b27,2,2,2)2,1,2,12)7,1,@,12 ,
[al] (loop (a13,1,1,1;b37,3,3,3)4,1,3,13)7,1,@,13 ,
(loop ((alf,1,1,1|||b27,2,2,2)5,12,12,12;(317,1,1,1|||b37,3,3,3)7,13,13,13)6,12,13,123)7,12,@,123 >) 120,123

Distributed implementation:

comp; = par [a'#2] < [a'] loop (al;bl) , [a'] loop (al;sz(l);r2(2)) , [a'] loop (al;s3(3);r3(4)) ,
loop (a';(s:(5)llIr2(5));a’(s2(6)lllrs(6))) >

comp;:= ((loop (ri(1);b%s:12))lldoop (*;(s1(5)llls3(5)):(x1(6)lIrs(6)))))

comp; = ((loop (ri(3);b%si(A)lidoop ((r1(5)lrx(5)):by(s:1(6)lls2(6)))

Table 7: An example implementation of iteration and parallel composition
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protocol derivation mapping, enabling us to identify some additional optimizations for the spe-
cial case.

With its simplicity, the method seems a good candidate for further extensions, e.g. to sup-
port distributed handling of service parameters and quantitative timing requirements, that are
also expressible in E-LOTOS. Currently, implementation of the following extensions to basic
LOTOS is supported: iteration, exception handling, suspension/resumption and generalized
parallel composition.

As a conclusion, we express our hope that the glimpse into E-LOTOS has motivated the
reader for its further study, for it shall probably develop into a powerful, user-friendly, well-

supported and widely employed standard formal specification language.
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