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Abstract

This paper presents a method for handling exceptional behaviour expressions in a system
using RLOTOS (Reflective LOTOS), which isan extension of LOTOS (Language Of Temporal
Ordering Specification). We embedded reflection or reflective computation facilities into the
behaviour expressions of LOTOS and produced an RLOTOS interpreter system in the C
language, which includes LOTOS executor support. The Reflective System has the concept of a
meta level and an object level. Themetalevel system dealswith object-level description as data
and executesthe object-level description. Userscan control the meta-level system by describing
aspecial process, called the reflective process. We also show amethod of handling exceptional
behaviour expressionsin RLOTOSto control the Alternating Bit Protocol. We describe normal
behaviour expressions at the object level and exceptional behaviour expressions at the meta
level. This example will help us to clarify the usefulness of separating descriptions into the
meta level and the object level.
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1 Introduction

LOTOS (Language Of Tempora Ordering Specification), as developed for the formal speci-
fication of communication systemg[1]. It has powerful constructs for describing concurrency,
non-determinism, synchronous and asynchronous interaction, and interruption. LOTOS has
been standardized by the International Standard Organization, and many practical application
examples have been reported. Enhancements to the LOTOS language such as object oriented
extensions have also been studied [2].

Reflection or reflective computation [3, 4, 5] in aprogram isamechanism to access and modify
the execution states of its executor has. If a computational system has reflective capabilities,
it becomes possible to catch the current state while executing the program and to take the
appropriate action according to the obtained information. This type of language has several
large scale applications, for example operating systems. Ingeneral, reflectivefacilities prescribe
two-level descriptions of programs — object level descriptions and meta level descriptions.
Meta level descriptions control the execution of the object level description. The object level
descriptions, which are “programs’ in the usual sense, are treated as data by the meta level
descriptions. In the reflective language, the metalevel description is also described in the same
language as the object level language. Thus we should have an execution control mechanism,
such as the description of an interpreter, which can be defined in the same framework as the
object level language.

The specifications written in LOTOS consist of behaviour specifications, which define the
observable interaction sequences of a system, and data specifications. We have introduced
reflection facilities to the behaviour specification part. Our new language derived from LOTOS
iscalled Reflective LOTOSor RLOTOS|[6]. We specify the control mechanism, i.e., the LOTOS
interpreter, by using LOTOS constructs explicitly. For example, we can change the order of
action in abehaviour expression at the object level, or determine and set the variable values and
control the action at the object level.

In out implementation the object-level behaviour consistently connects with the data in meta
level behaviour. The meta-level descriptionsin RLOTOS for the object level are specifications
instandard LOTOS, and handled asdata. We explore amethod to represent LOTOS descriptions
as terms of ACT ONE, which is the data description language of LOTOS. We also discuss a
method to control theinterpreter of ameta process, and define “ reflective gates’ and a*“ reflective
process.” The“reflective gates’ pass the computational information of the object-level process
such as the current state, the events occurring at the next time, and the next possible states.

LOTOS is an executable language, and RLOTOS is also executable. We have implemented
an interpreter system for RLOTOS. This interpreter system is based on LOTOS interpreter
written in LOTOS.

InLOTOSitisdifficult to separate exceptional behaviour and normal behaviour. INnRLOTOS,
we can describe the exceptional system behaviours at the meta level and normal behaviours
at the object level. Using the monitoring capabilities of the RLOTOS hierarchiesed system,
we can describe a debug system at the meta level. We can also implement a rapid prototype
system for our enhanced LOTOS. We can easily create a prototype executor for an enhanced
version of LOTOS, e.g. CELOTOS[7] because the operational semantics of the languages can
be described at the meta level. The descriptions of meta processes also provides a facility for
verification and validation of object-level code.

In this paper, we mainly discuss methods to separate th exceptional behaviour from normal



behaviour using the meta- and object-level description. We also describe the Alternate Bit
Protocol[8] in RLOTOS. In Section 2, we show a method to describe the Alternate Bit Protocol
in LOTOS. In Section 3, we introduce our new language RLOTOS derived from LOTOS. In
Section 4, we cover language semantics and execution, followed by four application examples
to validate our approach. In Finally, in Section 5, we show a method for handling exceptional
behaviour expressions in the Alternate Bit Protocol using RLOTOS. This example will help us
to clarify the usefulness of separating behaviour into the meta- and object-level descriptions.

2 LOTOS

2.1 Overview of LOTOS

Descriptions written in LOTOS consist of behaviour specifications and data specifications. The
formal semantics of LOTOS are based on Communication and Concurrency Specifications
(CCY9) [9] for behaviour specifications and on the algebra of Abstract Data Types (ADT) [10]
for data specifications.

The behaviour specifications define the observable behaviour, i.e., interaction sequences of
the system to be specified. The system to be specified is captured as a set of processes
communicating with each other at their gates. These processes may be hierarchically broken-
down into severa subprocesses. The atomic unit of interaction is an event. The process
description contains the behaviour expression defining the observable behaviour of the process.

LOTOS has severa constructorsfor behaviour expressionsas shownin Table 1. For example,
the expression “((a; b; exit)[](c; b; exit))|||((a; b; exit)[](c; d; exit))” is abehaviour expression.

A labeled transition system is used to model the behaviour of behaviour expressions [1].
It provides the formal interpretation for LOTOS behaviour expressions. For example, the
behaviour expression “a;B” can execute the action “a” and then turn into expression “B”.
Thus transition rules can be defined by a current behaviour expression, an event which
will occur next, and a next behaviour expression. In the above example, the transi-
tion rule can be expressed as “a; B -2+ B”. For example, the behaviour expression
“((a; b; exit)[1(c; b; exit))|||((a; b; exit)[1(c; d; exit))” can be interpreted as a sequences of the
actions, “a,b,a,b” ,“a,a,b,b” ,“c,b,a,b” ,“c,a,b,b” ,“c,b,c,d” ,"“c,c,b,d” ,0r“c, e, db".

2.2 Alternating Bit Protocol

In this section we present an example of a LOTOS specification, namely a communication
protocol. This protocol is often referred to as the Alternating Bit Protocol (AB Protocol) in
literature. A communication protocol concerns the transmission of data through an unreliable
channel, such that — despite the unreliability — no information will get lost. The operating
environment for such asystem is shown in Figure 1.

In Figure 1, the Sender is the sender passes data elements msg to the Receiver through the
unreliable Channel K. After having received the data element, the Receiver will acknowledge
Sender through Channel L, which is also unreliable. In practice we usualy find that Channel K
and Channel L are physically the same medium, as shown in Figure 1. We show the description
in LOTOS to define this protocol such that no information will get lost. That is to say the
behaviour of the entire process — apart from the communications at the internal ports port 1,
port.2, port.3, and port.4 — satisfies the description in LOTOS.
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Table 1: Operators of behaviour expressions.

| Constructor | Function |
aB Sequential executionato B
B1)) B2 Sequential execution B1 to B2
B1[]B2 Selection of B1 or B2
B1|| B2 Synchronize B1 and B2
B1||| B2 Interleave B1 and B2
B1|[g1,-..,9s]| B2 | Synchronize on gates
B1[) B2 Disable B1 by B2
hide g1,...,9, inB | Hidegates
stop Inaction
exit Terminate
a Action

B, B1,B2: Behaviour expression
g1, ...gn. Gates

specification one_el ement _buffer[in_port, out_port]: noexit

type nmessage is
sorts nsg
opns no : -> msg
m . nmBg -> nsg
(* M0, mnd), mMmnD)) .... are nessages *)
endt ype
behavi our

buffer[in_port, out_port]
wher e
process buffer[in_port, out_port]: noexit :=
in_port ? x:nmsg; out _port !x; buffer[in_port,out port]
endpr oc
endspec

This process behaves externally as a one-element buffer.

Appendix A gives the detailed solution to this problem [11].

In the general description, both normal behaviour and exceptional behaviour are described
in aflat structure. Therefore it is difficult to understand the total normal behaviour. In this
description, it is easy to debug of the parts (Sender, Channel, and Receiver), but it is difficult
to debug the total behaviour. To easily understand the system behaviour it is better to describe
the normal behaviour and the exceptional behaviour separately. In the next section, we provide
anew language in which the user can describe the exceptional behaviour separately.

3 RLOTOS

We have designed RLOTOS (Reflective LOTOS) with the reflective mechanism to allow the
system to access and modify the state of the executor. In RLOTOS, we can describe areflective
process for the meta level to control the object-level descriptions. Furthermore, we produced
an RLOTOS interpreter system in the C language and LOTOS executor support.
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Figure 1. Alternating Bit Protocol.

3.1 Reflective computation in LOTOS
3.1.1 Object level and meta level relationship

In general, reflective facilities cause the introduction of two-level descriptions of programs —
object level descriptions and meta level descriptions. The object level has both a notational
and execution relationship to the meta level. We defined the notational relationship between
the object-level components and their meta notations in LOTOS, as shown in Table 2. All the
identifiers in the object level are the same as in the meta level. Assume that an object level
process“buffer” hasagate “input”. Atthemetalevel, “buffer” istheterm of type Pr ocessl D
and “input” istheterm of type Nanel d.

For the executional relationship between the object level and the meta level, the object level
descriptions should be consistently related to the execution of the meta level. Consider when
an event occurs at the gate “input” at the object level, and an event occurs at gate “outg” with a
value“input” at themetalevel. InaLOTOS interpreter (see Section 4.1 for details), the events
at the object level correspond to the terms of ACT ONE that are passed through the special
gate “outg” by the interpreter at the metalevel. For example, a sequential occurrence of events
a, b and c at the object level correspond to a sequential occurrence of events outgla , outg'b
and outg!c at the meta level, as shown in Figure 2. That is to say, our system preserves the
temporal order of events between the object level and metalevel. The behaviour expressionin
the object level ishandled asan ADT module of the type Exp. Each operation in the behaviour
expression is represent in Table 3 (see Section 4.2 for details).

3.1.2 Réeflective process and reflective gates

In this section we will detail the control mechanism for the object level of descriptions from the
meta level. The meta level has a special process, called the meta process, which controls the
execution at the object level. There can only be one meta process per level. A meta process
has a reflective process and reflective gates. Figure 3 shows the internal structure of the meta
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Table 2. Relationship between object level and metalevel.

Object level Metalevel (datatype)
Gatea Term (Name) a
Process p Term (PName) p
Variable x Term (Var) x
Occurrence of Event a | outg 'a

Table 3: Operators of behaviour expressions.

| Constructor | ACT ONE representation
aB pre(a, B*)
B1)) B2 ena(B1*, B2*)
B1[]B2 cho(B1*, B2¥)
B1| B2 sync(B1*, B2*)
B1||| B2 para(B1*, B2*)
B1|[g1,...,9,]| B2 | gen(B1*, gate-set, B2*)
B1[) B2 dis(B1*, B2¥)
hidegs, ..., g, in B | hid(gate-set, B*)
stop act stop
exit act exit
a action
B, B1, B2: behaviour expression
g1, ----Gn: gates
gate-set: ACT ONE representation of a set of gates
a ACT ONE representation of the action for a

B*,B1*, B2*: ACT ONE representation of behaviour expression

outg
outgla; ..;outg!b; ..;outg!c D Metalevel
A
A
__________ S S 1 (111« VP §
Y '
e
NN
a b ¢

Figure 2: Event sequence in object level and metalevel.
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process. The meta process contains an interpreter process which simulates a labeled transition
system of LOTOS. The interpreter process has three specia gates called reflective gates which
are used for referring to information about execution and for changing its behaviour. A
behaviour expression to be currently executed is passed through the reflective gate “ currentg”
to the reflective process. The reflective gates “nextg” and “restg” are used for the next event
and the behaviour expression after the next event. If you change the execution of the object
level description, you send to the reflective gates a new event or a new behaviour expression,
which may be different from the one specified by the labeled transition rules of LOTOS. The
interpreter process at the meta level executes the object-level process based on information
passed though reflective gates. We can control the object-level processwith areflective process.
An example of the code of a meta processwritten in LOTOS is asfollows.

process neta-process[outg](exp) :=

hi de currentg, nextg,restg in

i nterpreter[currentg, nextg,restg, outg](exp)
| [currentg, nextg, restqg]|

refl ective_process[currentg, nextg,restqg]

wher e
process interpreter[currentg, nextg,restg,outg] (exp):=
choi ce x: ActSet []
[IsIn(x, head(exp))] -> currentg !exp; nextg !x; restg !rest(x, exp);
nextg ?x:ActSet; outg !x; restg ?z:Exp;
interpreter[currentg, nextg,restg, outg](z)

[]
[ NotI n(x, head(exp))] -> interpreter[currentg, nextg,restg, outg](exp)

endpr oc
endpr oc

A reflective process in a meta process computes the next event and the next behaviour
expression from the current behaviour expression which is received through the “currentg”
gate. This computation may be performed independently of the labeled transition rules of
LOTOS. The reflective process sends the computation results to the interpreter process through
the “nextg” and “restg” gates. Asfor state transitions, the computation of the reflective process
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takes precedence over that of the interpreter. That is to say, the reflective process controls
the execution of the corresponding object-level descriptions. If you do not need to change the
execution of an object-level description, you define a reflective process to send the received
next event and next behaviour expression back to the interpreter without modification. If you
do not define a meta process explicitly, it isemployed as a default reflective process.

/* Reflective process for a trivial default */
process reflective_process[currentg, nextg,restg] :=

currentg ?x : Exp ; nextg ?y : Act ; restg ?z : Exp ;
nextg 'y ; restg !z ; reflective_process[currentg, nextg,restqg]
end proc

Asmentioned earlier, reflective computationsin LOTOS control its interpreter with reflective
gates and a reflective process. In our reflective mechanism, we can consider the meta level
of the reflective processes. Thislevel controls the behaviour of the reflective processes in the
same way. It allows us to establish a metalevel for the metalevel, and to construct the infinite
reflective tower according to the object-meta hierarchy.

3.2 Organization of RLOTOS

In our reflective mechanism, we can consider that in RLOTOS we describe the object level
behaviour expressions, the refl ective process of the metalevel, and the refl ective processes of the
meta-meta level (or meta-meta-meta, ... etc. level) as shown in Figure 4. Reflective processes
will use “currentg”, “nextg”, and “restg” to communicate with the interpreter process of each
level, and get or put internal information of the interpreter process. The syntax of RLOTOS is
based on LOTOS. Figure 5 showsthe structure of RLOTOS descriptions. InFig. 5, the* process
meta-level” standsfor the reflective process of metalevel and “ process meta-meta-level” stands
for the reflective process of meta meta level. The object level behaviour expression must be
described but the reflective processes may not be specified because the default reflective process
is given. In the “reflective process for meta level” in Fig. 5, we specify the RLOTOS code
to control object level behaviour. For example, the operation to change the order of action in
the object-level behaviour expression and to get or set the value of variables and actions can be
specified.

4 Implementation of RLOTOS interpreter

We have implemented the RLOTOS interpreter with the SEDOS LOTOS interpreter[12]. An
interpreter process is defined by standard LOTOS, as shown in Section 4.1, and the converter
from object-level descriptions to term representations is implemented in the C language. The
RLOTOS interpreter transforms RLOTOS descriptions into LOTOS ones, embedding the
interpreter process. The transformed descriptions can be executed by the SEDOS LOTOS
interpreter when the converter translates object-level descriptions to the term representations
and inputs them.

4.1 Basicideaof LOTOSIinterpreter in LOTOS
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Object-level
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-------------- > Term of ACT-ONE
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Interpreter

Reflective process
(meta-meta-level)
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Figure 4: RLOTOS description and hierarchy of levels.

objectlevel

where

specification example[gates....](params...) :=

process objectlevel[gstes...] (params) =

Object level description

process meta-level[currentg,nextg,restg] :=

Reflective process for meta level

process meta-meta-level[current,nextg,restg] :=

Reflective process for meta meta level

Figure 5: RLOTOS description.
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Figure 6: Organization of a LOTOS Interpreter

We can define a LOTOS interpreter for the term-represented LOTOS descriptions. Figure
6 shows the organization of the LOTOS interpreter written in LOTOS. The converter in the
figure produces the term representation of the LOTOS description and ADT modules for the
various kinds of the identifiers appearing in the description. The term representation produced
is passed to the interpreter described with LOTOS, and then executed. The interpreter can be
defined as a LOTOS process using action prefix, choice, and general choice operators. In this
interpreter, the non-determinism of LOTOS is defined by the non-determinism characteristics
of the general choice operator. The interpreter is defined as

process Interpreter[outg](exp) :=
[eq(head(exp),{})] -> stop

[]
[ ne(head(exp),{})] -> (choice x: ActSet []

([I'sln(x,forall (head(exp))] -> (outg! x;lnterpreter[outg](rest(x,exp)))

[]
[NotIn(x,forall (head(exp)))] -> Interpreter[outg](exp)))

end proc

The “interpreter” process sequentially puts out values for the names of the action denotations
which occur on executing the behaviour “exp” expression through the “outg” gate.

4.2 Term representation of behaviour expressions

In reflectivelanguages, the description for the metalevel isalso described by the language itself.
The object level source code or descriptions are handled as data in the meta level. Since terms
in ACT ONE express datain LOTOS, we established a method to define LOTOS descriptions
with the terms.

The behaviour expressions can be defined as terms of an abstract data type Exp as shown in
Table 3[13].

For example, the behaviour expression “((a; b; exit)[1(c; b; exit))|||((a; b; exit)[1(c; d; exit))”
can be represented by the term, where a,b,c,d are the representations of the actions :
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/ head()
a, B @>®\

rest()

head(pre(a’, B)) = {a’};
rest(a’, pre(@’, B")) = B’;

a':  ACT ONE representaion of the action a
B:  ACT ONE representaion of the behaviour expression B

Figure 7: Labelled transition system for head() and rest() functions

para(cho(pre(a, pre(b, act_exit)), pre(c, pre(b, act_exit))),
cho(pre(a, pre(b, act_exit)), pre(c, pre(d, act_exit))))

We define the term representation of an action as

A lvalue Variabletype. . .
4

atr(A, oup(value)+inp(variable, type)+...)
atr:  Name, SymbolList, Symbol — Nameld
oup: Symbol — Symbol
inp:  Valueld, Sortld — Symbol

Nameld: typeof eventin LOTOS

Sortld : type of sortname of variables

Theoperator “atr” isused for constructing aterm representing an action denotation from agate
identifier, identifier for input, and value expression for output. Oup and inp are functions for
representing value expression and identifier in term form respectively. For example, the action
alx is represented by the term “atr(a, oup(x))”. We use a as the abbreviation of “atr(a,...)”
whenever possible.

4.3 Representation of operational semantics

A labeled transition system is used to model the behaviour of behaviour expressiong1].
It provides the formal interpretation for LOTOS behaviour expressions. For example, the
behaviour expression “a;B” can execute the action “a’ and then turn into expression “B.” Thus
transition rules can be defined by a current behaviour expression, an event which will occur
next, and anext behaviour expression. Intheabove example, thetransition rule can be expressed
as“a; B - B”. A LOTOS interpreter should compute a set of events which can occur next,
and a next behaviour expression which is a result of a transition. We define two functions
“head” and “rest” on the ADT “Exp.” Figure 7 shows how the function “head” computes
from a behaviour expression, the events which can occur next, and how “rest” outputs the
next behaviour expression from the current behaviour expression and event. That isto say, the
labeled transition rule “ By % B,” iff {a'} € head(B}) and rest({d'}, B}) = B} where B} and
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By, are term representations of B; and B, respectively, and «’ is a pair of the action denotation
a and its occurrence position in B;.

The “head” and “rest” functions handle the terms of type “Act,” that consists of terms
of type “Nameld’ that show the event name, and the term that shows the id-number. The
“head” function returns a set of terms of type “ActSet” that shows a set of events that occur in
synchronously. The inputs of “rest” are aterm of type “ActSet” which is aterm element that
the “head” function returns, and aterm of type “Exp,” which is the behaviour expression. The
functions“head” and “rest” can be defined inthe ADT module “Exp” according to the labeled
transition rules of LOTOS.

type Exp is ...
sorts Exp
opns
pre : Naneld, Exp -> Exp
para . Exp, EXp -> Exp
cho . Exp, Exp -> Exp
(* constructors for behavi our expression *)
head . Exp, Nunmber -> Act Set Set
rest . Act Set, Exp -> Exp
eqgns
forall EIL, E2: Exp, A Act, |:Naneld, SI1, S2: Act Set

of sorts Act Set Set
head(pre(l,E1l)) = InsertSet(lnsert(l,{}).{})
(* rule for action prefix *)
head(cho(El, E2)) = Uni on(head(El), head(E2)) ;
(* rule for choice operator *)
head(para(E1l, E2)) = Union(head(El), head(E2))
(* rule for interleaving operator *)
of sorts Exp
rest(lnsertSet (A {}),pre(l,El)) = E1
(* rule for action prefix *)
I sIn(S1, head(El)) => rest(Sl, cho(Bl, E2))
I sIn(S1, head(E2)) => rest(Sl1, cho(EL, E2))
(* rule for choice operator *)
I sIn(S1, head(El)) => rest(S1, para(El, E2))=para(rest(S1, El), E2);
I sIn(S1, head(E2)) => rest(S1, para(El, E2))=para(El, rest(S1, E2));
(* rule for interleaving operator *)

rest(S1, E1);
rest(S1, E2);

endt ype
For example,

head(para(cho(pre(a,pre(b,act exit)),pre(c,pre(b,act_exit))),
cho(pre(a,pre(b,act exit)),pre(c,pre(d,act exit))))) =
{aacc};
rest(a, para(cho(pre(a,pre(b,act exit)),pre(c,pre(b,act exit))),
cho(pre(a,pre(b,act exit)),pre(c,pre(d,act exit))))) =
para(pre(b,act exit),cho(pre(a,pre(b,act exit)), pre(c,pre(d,act exit))));

12



5 RLOTOS application of Alternating Bit Protocol
We considered and described the following four applications:

¢ Separating normal behaviour and exceptional behaviour
e Describing a debug system at the meta level
¢ Implementing of arapid prototype system for enhanced LOTOS s (e.g. CELOTOS [7])

¢ Programming a meta process to verify and validate object-level code

In this paper we will present the alternating bit protocol in RLOTOS. Figure 8 showsthe state
diagram for the Alternating Bit Protocol.

In Fig. 8, the“+” mark standsfor incorrect data (undef or e msg).

In the description of the Alternating Bit Protocol in Section 2.2, it is difficult to understand
which parts are normal behaviour and which parts are exceptional behaviour. It is difficult to
understand the behaviour of the system when the system works normally.

In RLOTOS, we describe only the normal behaviour in the object level, and in the meta level
we describe the exceptional behaviour. The normal operation of the systemisinFig. 9 whereas
exceptional operation is shown in Figure 10.

The description for the normal behaviour of the systemis given as

(* Alternating Bit Protocol *)
specification alternating_bit_protocol [in_port,out_port]:noexit
(* data type nodele is same as the LOTCS description. *)
behavi our
hide port_1, port_2, port_3, port_4 in
sender[in_port, port_1, port_3](0) |[port_1, port_3]
channel s[port _1, port_2, port_3, port_4] |[port_2, port_4]]|
receiver[out_port, port_2, port_4](1)
wher e
process sender[in_port, port_1, port_3](bit:parity): noexit :=
in_port ? x:nsg; port_1 ! dat(x,bit); port_3 ? y:parity;
sender[in_port, port_1, port_3](rev(bit))
endpr oc
process receiver[out_port, port_2, port_4](bit:parity): noexit :=
port_2 ? x:msg_bit ; out_port ! getmsg(x); port_4 ! rev(bit);
receiver[out _port, port_2, port_4](rev(bit))

endpr oc
process channel s[port_1, port_2, port_3, port_4]: noexit :=
channel _K[port_1, port_2] ||| channel _L[port_3, port_4]
wher e
process channel _K[port_1, port_2]: noexit :=
port_1 ? x:msg_bit ; i;port_2! x;channel Kl port_1, port_2]
endpr oc
process channel _L[port_3, port_4]: noexit :=
port_4 ? x:parity ; i;port_3 ! x; channel _L[port_3, port_4]
endpr oc
endpr oc
endspec

This description is very simple and so we can easily understand the behaviour of the system.
Now we describe the exceptional behaviour at the meta level. In Fig. 10 an error occurs at
port 2.

process neta-level[currentg, nextg, restg] : noexit :=
exception[currentg, nextg, restg](nD)

13
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Figure 11: Object level and metalevel

wher e
process exception[currentg, nextg, restg] : noexit :=
currentg ?x: Exp; nextg ?y:Act restg ?z: Exp;
([ getnane(y) = port_2] ->
(nextg!y; restg !x; exceptional[currentg, nextg, restg](m
[T nextg ! atr(port_2,outp(undef)) ;
restg ! pre(atr(port_4,outp(rev(getnunmy)))),
pre(atr(port_3,outp(rev(getnunm(y))))),
pre(atr(port_1,outp(getdata(y)))),x);
exceptional [ currentg, nextg,restdg]
(* the datumis incorrect in port_2 *)

(* When the datumis incorrect in port_1, port_3 , port_4

the system works al nost sanme as when incorrect at
endpr oc

endpr oc

port 2 *)

In the code above, getname(x) is an ADT operation to get the name of the event passed

through “next” on “EXP.”

In port.2, adatum isincorrect. The metalevel then hooks the behaviour of the object level as
shown in Figure 11. The metalevel resends the datum and return to the normal behaviour. The
system requests the re-send of the datum to the sender when the datum isincorrect in any of the

ports.

In this example, we have not discussed a time out, however we can easily extend the

Alternating Bit Protocol to use time out.
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6 Futurework

In RLOTQOS, the user can easily describe the object level smply, however it is difficult to
describe the meta level process. We will provide the method of the description of the meta
level process. Our reflective facilities are embedded not in the ADT part but in the behaviour
expression part. Embedding the reflection of ADTs and the “Unit” of reflection, i.e. process,
are for further study.

7 Conclusion

In this paper we have introduced and discussed the reflective LOTOS language. We have
defined a reflective mechanism in LOTOS with “reflective gates’ and “reflective processes.”
The reflective process for the meta-level process can control object-level processes by com-
municating with the interpreter process through reflective gates. We have aso shown the
usefulness of RLOTOS by describing the alternating bit protocol and several other examples.
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Appendix A. ABProtocol in LOTOS

Sender will read adatum d at in.port and passes on a sequence d0, dO, dO, ... of copies of this
datum, appended with a bit 0, to Channel K until an acknowledgement O is received at port 3.
Then, the next datum isread, and sent on together with abit 1, likewise the acknowledgement is
the reception of al. The following dataelement hasaO in turn, and so formsthe 0,1 alternating
bit pattern.

Channel K is the data transmission channel, passing on frames of the form d0,d1. Channel K
may corrupt data, however, passing on emsg (an error message) we assume that the incorrect
transmission of d can be recognized, for instance, by using a checksum.

Receiver receives frames d0,d1 from Channel K, sending on d to out_port (if this was not
done earlier), and the acknowledgement O (resp. 1) is sent to Channel L. Channel L is the
acknowledgement transmission channel, and passes bits O (resp. 1), received from Receiver,
on to Sender. Channel L is also unreliable, and may send on undef instead of O (resp. 1).
Now we present the processes Sender, Channel K,Channel L,Receiver by means of recursive
specifications.

(* Alternating Bit Protocol *)
specification alternating_bit_protocol [in_port,out_port]:noexit
type message i s
(* a modul e for messages *)
endt ype
type parity 1is
sorts parity

opns 0, 1, undef : -> parity
rev ; parity -> parity
eqns ofsort parity
rev(0) =1
rev(l) =0
endt ype
type mes_bit is nessage, parity
sorts nmeg_bit
opns e_nsg : -> neg_bit
dat . meg, parity -> nmeg_bit
get msg : meg_bit -> msg
get_p : meg_bit -> parity
eqns forall d:nsg, a:parity
of sort msg
getnmsg(dat(d, a)) =d
ofsort parity
get _p(dat(d, a)) = a;

endt ype
behavi our (* sender, channel and receiver are synchronized *)
hi de port_1, port_2, port_3, port_4 in
sender[in_port, port_1, port_3](0) |[port_1, port_3]
channel s[port_1, port_2, port_3, port_4] |[port_2, port_4]]|
recei ver[out_port, port_2, port_4](1)
wher e
process sender[in_port, port_1, port_3](bit:parity): noexit :=
in_port ? x:msg; sendl[in_port, port_1, port_3](x,bit)
wher e
process sendl[in_port, port_1, port_3](d:msg,bit:parity): noexit :=
port_1 ! dat(d,bit) ; port_3 ? ans : parity
([ans = bit] -> sender[in_port, port_1, port_3](rev(bit))
(* normal behaviour *)
[1[ans= undef] -> sendl[in_port, port_1, port_3](d, bit)

(* illegal behaviour *)
[I[ans= rev(bit)] -> sendl[in_port, port_1, port_3](d,bit))
(* illegal behaviour *)
endpr oc
endpr oc

process receiver[out_port, port_2, port_4](bit:parity): noexit :=
port_2 ? x:nmsg_bit

19



([get_p(x)=rev(bit)] -> out_port ! getnmsg(x);
port_4 ! rev(bit);
receiver[out_port, port_2, port_4](rev(bit))
(* nornal behaviour *)
[1[x= e_nsg] -> port_4 ! bit ; receiver[out_port, port_2, port_4](bit)
(* exceptional behaviour *)
[I[get_p(x) = bit] -> port_4 ! bit
recei ver[out_port, port_2, port_4](bit))
(* exceptional behaviour *)
endpr oc
(* channel s process consists on two channels *)
process channel s[port_1, port_2, port_3, port_4]: noexit :=
channel _K[port_1, port_2] ||| channel _L[port_3, port_4]
wher e
process channel _K[port_1, port_2]: noexit :=
port_1 ? x:msg_bit ; i;
((port_2 ! e_nsg; exit) (* exceptional behaviour *)
[T (port_2! x; exit)) (* nornmal behaviour *)
>> channel _K[port_1, port_2]
endpr oc
process channel _L[port_3, port_4]: noexit :=
port_4 ? x:parity ; i;
((port_3 ! undef; exit) (* exceptional behaviour *)
[T (port_3 ! x; exit)) (* nornal behaviour *)
>> channel _L[port_3, port_4]
endpr oc
endpr oc
endspec

In this description, dat() is the operation which produces the data with msg and parity and
getmsg() gets the msg in a datum.
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