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A Practical Method to Integrate Abstractions

into SDL and MSC based Tools 1

Maria-del-Mar Gallardo and Pedro Merino

Dpto. de Lenguajes y Ciencias de la Computacion, University of Malaga,

29071 Malaga, Spain

Abstract

Many industrial oriented tools that employ SDL as the basis to develop complex

systems support very detailed speci�cations in order to perform tasks such as sim-

ulation, code generation or testing. But the size of the SDL model constructed for

these purposes makes the veri�cation of MSCs more resource consuming, due to

the well-known problem of the state space explosion. This paper presents a pro-

posal in the direction of optimising the veri�cation of MSCs without limiting the

use of SDL in the other tasks. The main contribution of the paper is the de�nition

of a practical automatable method to obtain intermediate SDL speci�cations suit-

able for the eÆcient veri�cation of MSCs. The correctness of the transformation is

supported by the de�nition of a semantics framework that allows us to compare

di�erent SDL models of the same system, each one with a particular abstraction

level.

Key words: automatic veri�cation; abstract interpretation; SDL

1 Introduction

Automatic veri�cation based on formal methods is becoming the most widespread

technique to increase con�dence in the correctness of critical systems [18] [16]

[4]. However, in many projects, formal speci�cations are employed as very

detailed descriptions for simulation, automatic code generation or simple doc-

umentation, and these uses are not compatible with high quality veri�cation.

The reason is that automatic veri�cation is only fruitful when the model is an

abstract representation of the real system, with exactly the details necessary

to ensure that satisfaction of interesting properties in the model implies sat-

isfaction in the real system [19]. Nevertheless, many companies consider that

1 Supported by CICYT TIC99-1083-C02-01, Spain
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the cost of creating veri�cation-oriented models may not be compensated by

potential improvement in the quality of their products and the veri�cation is

usually poorer than desired. This problem is also a challenge in current indus-

trial oriented CASE tools like SDT[26] or Object Geode [27], which employ

the international standard formal methods SDL [20] and MSC [21] for speci�-

cation and analysis of correctness in the earlier phases of system development.

The problem that we address in this paper is how to improve the qual-

ity of the veri�cation of SDL models against properties described with MSC

without interfering with the use of these languages for the other development

phases. We describe an automatable approach for transforming SDL code in

order to obtain more abstract models to be veri�ed using less time and mem-

ory. This transformation method can be integrated into the tools that support

veri�cation and the other phases of development.

Related Work

Our method is based on the Abstract Interpretation technique (AI) [2], which

has been mainly employed to improve the veri�cation of systems against prop-

erties described with temporal logic ([3] [6] [23]). AI is based on the idea of

approximation: every program data is approximated by a higher level descrip-

tion by means of an abstraction function. When combined with veri�cation, a

given abstraction function is employed to transform a model into a new (ab-

stract) one over which properties are analyzed. This approach was employed

in [3] and [6] for the veri�cation of temporal properties expressed with CTL

and �-calculus, respectively. Recently, Graf and Sa�idi used the theorem prover

PVS for the automatic construction of the abstract model [10]. This work has

been extended to obtain a textual speci�cation, which can be again abstracted

[1], [25] [24].

Dwyer and his colleagues use an Abstraction Library with already de-

signed abstraction functions in order to allow the translation of high level

programming languages (such as ADA or JAVA) to the input language to

model checker [7] [8]. This idea is also presented in [13].

Contributions

Compared with these related works, our proposal has the following main char-

acteristics:

(1) The method is applied to verify properties represented as Messages

Sequence Charts (MSCs), instead of temporal logic properties. The use

of this formalism makes easier the integration of abstraction in some

kinds of industrial applications, such as telecommunications, because the

requirements are usually represented in this manner.
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(2) The abstraction produces a new textual (and graphical) SDL model, so it
can be analysed with the same tools than the original one. Furthermore,
new transformations can be applied to the abstract version.

(3) We consider two kinds of users with di�erent knowledge about the ab-
straction techniques. The non-expert user takes the abstraction functions
from the Abstraction Library to automatically transform the model. The
expert designer de�nes these abstraction functions for di�erent applica-
tion domains.

The paper is devoted to presenting the overall methodology to use abstraction
into SDT and the theoretical background to ensure property preservation 2 .
The correctness is analyzed by de�ning the so-called generalized semantics of
SDL, which puts stress on the operational aspects of the language which are
not a�ected when abstracting data or operations (this idea was used in [22],
[15] and [5]). The rest of SDL characteristics are parameters of the semantics in
such a way that if we change them (by means of an appropriate abstraction)
the high level behaviour of the system remains unchanged. This approach
allows us to relate di�erent SDL models of a given system, each one with
a particular level of detail, and its has been proved useful to reason about
correctness conditions for transformation [13]. Other existing semantics of SDL
are more well sutiable for describing the language and for implementing tools,
but they are too details to be used for reasoning in our context.

The organisation of the paper is as follows. In Section 2 we describe the
veri�cation capabilities of SDT and the subsets of SDL and MSC employed in
the paper are described. Sections 3 to 5 describe the practical aspects of the
paper. Section 3 presents the methodology to extend SDT with abstraction
capabilities. Section 4 contains the kinds of abstractions that we consider, and
Section 5 shows an example of how to employ the Abstraction Library to re-
duce the state space of a system. Sections 6 to 8 describe the formal framework
to ensure the correctness of the transformations. Section 6 describes a gener-
alized semantics of SDL to reason about property preserving transformations
of SDL. Section 7 and Section 8 give the conditions to preserve correction and
the correctness results, respectively. In Section 9, we present conclusions and
future work.

2 Preliminaries

Although some knowledge of SDL and MSC is assumed, we now describe the
subsets of SDL and MSC considered in the paper and give an example that is
employed in the following sections. This section also explains the veri�cation

2 Note that the same method can be integrated in similar tools like Object Geode
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MSC Property1(concrete)

process Player

Player

process Main

Main

process Game

Game

Newgame

Probe

Win

Result

Score

Endgame

Gameover

MSC Property1(abstract)

process Player_abs

Player

    process Main_abs

Main

process Game_abs

Game

Newgame

Request

Reply

Request

Reply

Endgame

Gameover

Fig. 2. a)MSC for DeamonGame b)MSC for abstract DeamonGame

The current score can be asked for using the Result signal. Our version of the

system contains a non-deterministic process Player that makes any number of

guesses before sending the Endgame signal.

MSC is usually employed to represent requirements as the message

interchange between communicating entities and their environment. When

employed with SDL, those messages would coincide with the signals, which

are sent (consumed) from (by) any part of the speci�cation (an SDL system,

a block or a process). An MSC is a particular diagram (or text speci�cation)

which represents a particular scenario related to an SDL system. Fig. 2 a)

shows an MSC with a message interchange in the system described above.

2.2 Veri�cation in SDT

The role of SDL in SDT is to be the kernel language to design the software,

while the MSC language is employed to represent sequences of Observable

events, which are only a small subset of the actions in SDL (for example send

signal and consume signal). Thus the sequence MSC = ev1 ! : : :! evk rep-

resents a user requirement. The veri�cation of MSC against SDL is the most

important kind of analysis in this tool. Fig. 3 represents the role of both lan-

guages in the analysis of the systems. As in other similar tools, the simulation

can produceMSCs that can be employed as requirements for veri�cation. The

user can also construct/modify the MSCs by using the graphical editor. The
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veri�cation can be performed with two di�erent objectives:

(1) Check that no execution path in the SDL system produces a sequence of

events matching the MSC (the SDL model does not verify the MSC).

Otherwise, the validator produces a trace with the erroneous behaviour.

(2) Check that the SDL model can exhibit at least one execution sequence

producing the scenario represented by the MSC (the SDL model veri�es

the MSC). Again, the validator shows the traces that match the MSC.

The matching between a path in SDL and the scenario in the MSC

holds i� all observable events produced by the entities in the MSC occur in

the SDL path in the same order. The events related to other entities (blocks,

processes) are ignored. The starting point of the execution sequence in the SDL

system can be an arbitrary state, but it must be the same than in the MSC

diagram. The meaning of each kind of veri�cation depends on the user pur-

poses. The �rst one is especially powerful for locating and removing undesired

scenarios in the behaviour of the system, while the second one is employed in

order to know if the system can respond in a particular way.

Apart from the veri�cation of MSCs, the validator can be also em-

ployed to check other important properties such as absence of deadlock, in-

variants, and errors due to undesirable behaviours of the SDL constructors

(invalid receiver for a signal, range errors, operators errors, etc.) In order to

deal with huge state spaces, the validator can use bit state and random walk

(see [18]).

3 Extending SDT with Abstractions

Our approach to extend SDT with abstractions consists in transforming the

SDL speci�cation into intermediate versions, which are only employed for ver-

i�cation purposes, as it is shown in Fig. 4 with dark ground. Given a detailed

SDL model M , we try to construct and verify abstract models M
�

i
until M is

shown to be correct or until speci�c errors are found. The veri�cation consists

in checking non-satisfaction of MSC, but also absence of deadlock can be

checked in the abstract model.

The construction of an abstract model M
�

i
is automatic, and the user

only has to choose the abstraction function � suitable for the kind of system

and for the speci�c MSC.

Given the initial model M and the MSC representing the undesirable

scenario, the �rst step is to obtain the abstract model M
�

i
by using �. The

abstract version of the MSC (MSC
�

i
) is obtained by a similar mapping pro-
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Fig. 3. The role of SDL and MSC in SDT

cess, but many times can be easily obtained manually. Then, we employ the

standard SDT validator and simulator in the following way:

(1) If M
�

i
does not verify MSC

�

i
then, by using the property preserving re-

sults discussed in Sect. 5, M does not verify MSC. Therefore M can

be employed to follow on with the development cycle in SDT (e.g., code

generation).

(2) If errors are found in an abstract model, we employ the abstract trace

produced by the validator to construct a concrete counterexample forM ,

and use the simulator to check if this counterexample is possible in M .

If M shows the error, then we must modify M and start again with the

veri�cation. Otherwise, we re�ne the abstraction function and produce a

new abstract model (and if necessary, a new abstract MSC) preserving

more information.

The essential point is to choose a function � that preserves enough

relevant information to decide whether the veri�cation results for M
�

i
can be

extended to M . As in other related works, it is necessary that the user posses

a suÆcient knowledge of the system model in order to choose the proper

abstraction function. The provision of an Abstraction Library to automatically

construct correct abstract models can solve most of the diÆculties, thus giving

an important added value to the whole development tool. This library contains

transformation rules to implement di�erent abstractions, and it is constructed
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Fig. 4. Overview of extended SDT

depending on the application domain. The kind of information and it use is

discussed in the following sections.

Example 2 As an example to justify this approach, let us consider the fol-
lowing property over the DeamonGame system: "In all paths, it is impossible

for the Player to leave the system without consuming all the response signals
from the process Game." This property must be encoded with several MSCs in
order to consider all the possible kinds of requests from the Player and the

responses from the Game. Even if we only consider one successful request-reply

followed by one non-completed request-reply, as in Fig. 2 a), the number of
MSCs to be considered is large. The veri�cation of each one of these MSCs

makes the validator run out of memory due to the presence of the counters

Count and R in the model. So we need some kind of abstraction to solve the

problem.

4 Abstracting data and signals

In this section we explain the approach to obtain abstract SDL models. The

process starts by abstracting some data and signals. Then, as an e�ect of this

abstraction, all SDL instructions that work with this signals and variables
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have to be modi�ed. The modi�cation consists in replacing every instruction

with its abstract version. More formally, the method is described as follows.

Let M = P1jj : : : jjPn be an SDL system involving the concurrent exe-

cution of n processes.

� Let us suppose that Pj contains sj local variables v1; : : : ; vsj , each one

ranging over a (non-empty) set of values Dji
. Let us de�ne Dj and D as

Dj = Dj1
� : : :�Djsj

and D = D1 � : : :�Dn.

� Let SG be the set of signals de�ned in M.

� Let Qj be the domain of all possible values that qj may store. Let Q be

Q1 � : : :�Qn. If SG
i = SG� : : :� SG| {z }

i

then Qj �
S

i�0(SG
i).

� Let Inst be Inst1 � : : :� Instn, Instj being the set of instructions of Pj.

Using these de�nitions, the set of system states is SState = D � Q�
Inst. Let � = �d � �q : D � Q ! D� � Q� be an abstraction function

which transforms each concrete state (in which temporally instructions are not

being taken into account) into an abstracted one. We assume that (D�;��
d
)

and (Q�;��
q
) are posets where, as is classic in AI, partial orders represent the

relative precision of the approximation of every abstract data. Sometimes, for

clarity in the exposition, we will use �d and �q over simple variables, signals

and queues instead of tuples.

Given �d and �q, we de�ne an approximation of the instructions �inst

as the function which transforms every concrete instruction into an abstract

one. �inst renames the original instruction and changes data and signals for

the corresponding abstract ones using �. �inst is the key to construct the

abstract model. At this point �inst is only a renaming function with new data.

But, we are interested in obtaining M� as an SDL model, so we need an

SDL implementation of every �inst. In the following, �inst will denote this

implementation, and it is aasumend to be executed as an atomic instruction

in order to preserve the necesarry correction conditions.

Let Inst� be Inst�
1
� : : :� Inst�

n
, each Inst�

j
being the set of abstract

instructions of Pj and let SState� be D��Q��Inst�, the set of system states.

Finally, let us de�ne M� as the abstract system obtained by substitut-

ing each instruction i of Pj by �inst(i).

Example 3 We can attack the problem of the state-space explosion in ex-

ample 2 by abstracting some signals between Player and Game and the local

variables in these processes as follows:

�q (Probe) = Request �q(Result) = Request

�q (Win) = Reply �q (Lose) = Reply �q (Score) = Reply
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�d (Player.R) = 0 �d (Game.Count) = 0

This abstraction of data must be followed by the transformation of the

instructions that manipulate these data. The next section shows how to use

the Abstraction Library to obtain M�.

5 Using the Abstraction Library

To be rigorous, abstraction is carried out from an abstraction function � which

transforms values and instructions over actual data and signals into abstract

ones, as de�ned in the previous section. However in practice, the function �

is not directly chosen by the user but it is the result of selecting a set of ab-

straction functions from the Library. Each single abstraction function de�nes

the SDL code to implement speci�c abstractions of variables or signals. For

example, the abstraction of signal (S1) with (S2) is de�ned in the Library with

the function AbstractSignal as follows:

AbstractSignal_Output((S1(*),S2) ) = output S2

AbstractSignal_Input(S1(*),S2) ) = input S2

AbstractSignal_Save(S1,S2) ) = save S2

where the string appended to the name of the function is the original SDL

instruction (employed for automatic processing) and the returned value is the

abstract version of the instruction. The * symbol represents the parameters in

S1, which are ignored by this abstraction. Following the same notation, some

of the operations for the abstraction VariableToConstant that abstracts an

integer variable (V) by a constant (C) can be de�ned as

VariableToConstant_Add(V,C,E)) = TaskV := C

VariableToConstant_Sub((V,C,E)) = TaskV := C

The de�nition of both abstract instructions ignore the expression to be added

or subtracted (E). Note that all possible kinds of sentences/operations over the

variable should be de�ne in the Library in order to be usable for transforming

any SDL model. It is particularly interesting to de�ne abstract versions of the

boolean expressions that preserves all the branches of the initial SDL model

(for example to use decision or provided). See [7] for samples of other abstract

functions with this features.

To use the Library, the user must select the abstractions (the global �)
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to be applied to the SDL model by using

apply(

AbstractSignal(probe,request)

AbstractSignal(result,request)

AbstractSignal(win,reply)

AbstractSignal(lose,reply)

AbstractSignal(score,reply)

VariableToConstant(Player.R,0)

VariableToConstant(Game.Count,0) )

Then the MSC and the SDL code are automatically obtained. The

transformation of a Plain MSC can be easily performed by renaming the Sig-

nals in the Input and Output events, as shown in Fig. 2b. The variable abstrac-

tion in the SDL model producesDeamonGame�, and the abstraction of signals

in DeamonGame
� produces DeamonGame��. The code for DeamonGame��

(see Fig. 5) is obtained replacing the current instructions with the abstract

versions as shown in Table 1.

Both abstract models are already suitable to perform a more eÆ-

cient veri�cation.Absence of deadlock is proved by inspecting 706 states in

DeamonGame
� and 479 states in DeamonGame

��, respectively. The state-

space of the initial model (with Symbol-Sequence as the transition mode) has

more than 900,000 states (see Table 1), and the veri�cation of DeamonGame

leaves the tool out of memory after the 900,000 states.

The non-veri�cation of the MSC described in Fig. 2a is proved by in-

specting 1139 states inDeamonGame�. But, if we have problems with memory

then we can use the abstract version MSC
� (Fig. 2b) to prove M 6j= MSC

by inspecting only 583 states in DeamonGame��. It is important to note that

there are several MSCs that produce the same abstract diagram MSC
�. For

this particular property, the veri�cation over the original model must consider

a set of concrete diagrams, and not only the one in Fig. 2. So, we have also

saved the user from having to construct such diagrams. Table 2 summarises

the veri�cation results obtained with the three SDL models when using a max-

imum depths of 100 and 1000 to truncate the execution paths. The number of

MSCviolations represent SDL paths where observable events occurs in steps

not matching with the MSC. As it was expected this number decreases when

the model is more abstract.

These results con�rm the advantages of the abstraction method, but

we still need to study whether the veri�cation of the abstract SDL model

produces useful information about the initial model.This topic is discussed in
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Table 2

Veri�cation results
Model States to discard deadlock States to discard MSC MSC Violations

DeamonGame (depth 100) 52998 (truncated) 53135 (truncated) 48

DeamonGame* (depth 100) 709 1139 19

DeamonGame** (depth 100) 479 583 14

DeamonGame (depth 1000) > 900.000 (truncated) > 900.000 (truncated) |

DeamonGame* (depth 1000) 479 583 14

DeamonGame** (depth 1000) 709 1139 19

characteristics in
uenced by the abstraction, such as data and instructions. In

this section, we de�ne such a generalized semantics for the subset of the SDL

language considered, which will be used to reason about property preserving

abstractions.

Every system M 2 SDL is a sequence of process instances M =

P1jj : : : jjPn which run in parallel. Let Inst be the set of basic instructions

from which the processes are constructed. Inst includes states labels, the as-

signment instruction, the Boolean and arithmetic operators, the decision and

nextstate instructions, the instructions for sending and for receiving signals

(denoted by Input and Output, respectively), and the constructors save and

provided for declaring saving signals and guards. Let us de�ne State the set of

process states and Decl as the declarative part of the system (types and vari-

ables). State includes the special states start and stop. Then, every process

is described as:

P = Decl; fState : Trang Tran = f(Inputjnull); Instg

null representing the continuous signals.

In short, the behaviour of the process is as follows. Every state rep-

resents an internal process state de�ned by the programmer. In each one of

these states, the process will carry out a transition, which will usually begin

reading a signal from the input queue, and it will follow on with a sequence

of arbitrary instructions. The transition will end with a nextstate instruc-

tion which will provoke the process into jumping to another state or with the

stop state which will end the process
3
. As is usual, we make no assumptions

about the speed of the processes or about the time spent in a transition or

in a state. In addition, the delay due to the transportation of signals through

channels is not considered in our framework, but we assume that signals are

instantaneously transmitted.

We now present the generalized semantics of SDL, introducing the

3 We are not considering the structural concepts in SDL as blocks, procedures or

services since we are interested in the internal behaviour of the processes
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de�nition gradually in order to be clear.

(1) Let Statej and Instj be the sets of the internal states (labels) and in-

structions of the process Pj, respectively. We assume that Statej � Instj.

(2) Let SState be the set of tuples (l1; : : : ; ln; q1; : : : ; qn; i1; : : : ; in) represent-

ing the internal state of the system. For each process Pj, lj, which is also

a tuple, holds the actual value of every local variable at a point during

the execution, qj is the content of the input queue, and ij the instruction

just executed by Pj. qj = ; and qjk will denote that the queue qj is empty

and the kth signal of qj, respectively.

(3) Let Sequence be the set of �nite or in�nite sequences of system states.

(4) Let Initial : SDL ! SState be the function which returns the initial

state of every system, i.e. variables have been initialized, qj = ; and each

ij is an special instruction which precedes the �rst one in every process

(start).

(5) Let just exej : SState ! Instj be the just-executed function which,

given a process and a system state, returns the last instruction of the

process executed, i.e., just exej((l1; : : : ; ln; q1; : : : ; qn; i1; : : : ; ij; : : : ; in)) =

ij.

(6) The function eval : BoolExp � SState ! ffalse; trueg, eval(exp; s)

returns the evaluation of the Boolean expression exp in the state s.

(7) inputi1 ; : : : ; inputik denote the k instructions of Pj in the state i 2 Statej
that can enable a transition. 81 � n � k inputin may be a standard

input instruction as input signal, a continuous signal or a spontaneous

transition.

(8) Let next instj : Instj ! }(Instj)[ fendg be the function which returns

the set of instructions that textually can follow i 2 Instj.

� If i 2 Statej then next instj(i) = finputi1; : : : ; inputikg.

� next instj( nextstate ns ) = f state ns g.

� next instj(stop) = end, and otherwise

� next instj(i) = fnig, ni being the instruction which follows i in Pj.

(9) Let execj : Instj � SState ! ffalse; trueg be the executable function:

� execj(i; s) = false if i 2 Statej and

� qj = ; and no transition inputjs is continuous or spontaneous.

� qj 6= ;; qj1 = signal, and some inputik = input signal provided

exp, and eval(exp; s) = false.

� execj(i; s) = true, otherwise.

In short, execj(i; s) returns true if the instruction i of process Pj does

not suspend in the state s. Note that we are not considering that a signal

can be discarded.

(10) Let nextj : Instj � SState ! }(Instj) [ fdelay; endg be the function

which given a process instruction returns the next instruction to be exe-

cuted, i. e.,

� nextj(i; s) = end, if next instj(i) = end

� nextj(i; s) = delay, if 8 ni 2 next instj(i); execj(ni; s) = false
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� nextj(i; s) = fi1; : : : ; ikg, if next instj(i) = fnig, ni being a non-
deterministic decision such as

decision any ():

i1;. . . ; nextstate ns1;

ik;. . . ; nextstate nsk;

enddecision.

� nextj(i; s) = next instj(i), otherwise.
(11) Let S : (Inst1 [ : : :[ Instn)�SState! SState be a semantics function

which gives meaning to each SDL instruction.
S(i; (l1 : : : ; lj; : : : ; ln; q1; : : : ; qj; : : : ; qn; i1; : : : ; ij; : : : ; in)) = s

0 =
(l1 : : : ; l

0

j; : : : ; ln; q1; : : : ; q
0

j; : : : ; qn; i1; : : : ; i; : : : ; in))
means that executing the instruction i 2 Instj, when the system is in
the state s, produces the evolution of the system towards the state s0. S
is an unspeci�ed generic function ; we only substitute ij by i in the state
to indicate that i is the last instruction executed in Pj. The high level
behavior of the model is not dependent on this function and this is why
we do not de�ne it. In [20], the actual meaning of every SDL instruction
can be found.

(12) Let Trans : SState! }(SState)[fend; deadlockg be the function which
returns the states to which the system can evolve from a given state s:
� Trans(s) = [j=1:::n([i2(nextj(just execj(s);s)\Instj)fS(i; s)g),

if j 2 f1; : : : ; ng exists such that nextj(just execj(s); s) 62 fdelay; endg
� Trans(s) = end, if 8j = 1; : : : ; n, nextj(just execj(s); s) = end, and
� Trans(s) = deadlock, otherwise.

The generalized semantics Gen : SDL! }(Sequence) is de�ned as:

Gen(M) = fs0 ! s1 ! : : :! sk ! : : : 2 Sequence=Initial(M) = s0;

8j > 0:(Trans(sj�1) 62 fdeadlock; endg; sj 2 Trans(sj�1))g
S

fs0 ! s1 ! : : :! sk 6!2 Sequences=Initial(M) = s0;

T rans(sk) 2 fdeadlock; endg; 80 < j � k:(Trans(sj�1) 62 fdeadlock; endg;
sj 2 Trans(sj�1))g

Gen associates each SDL model M with the set of all possible state
sequences that M can generate in di�erent system executions. This semantics
is useful for our purposes since:

a)each path corresponds to a possible system execution which must be ana-
lyzed when verifying the MSCs;

b) as the meaning of the operations S and eval is not de�ned, it is possible
to change it to construct the abstract models;

c) Gen allows us to easily reason about the relation concrete/abstract model.
If we denote Gen(M) with Gen(M; eval; S) to emphasize the functions on
which it depends, then Gen(M�

; eval
�
; S

�) is the generalized semantics of M�



240

It is interesting to note that when verifying with SDT no interleav-

ing between processes is carried out while a process is executing a transition

except when an output or a create instruction is executed (this execution

method is called Symbol-sequence in SDT). The semantics Gen could have

been de�ned considering a coarser size of atomic instructions, but this would

have complicated the exposition unnecessarily, and would have reduced its

applicability to other tools.

7 Property Preserving Abstractions

In this section, we �rst explain the conditions conditions to guarantee correct-

ness. Then we discuss the preservation results.

7.1 Correctness Conditions

As we explained before, Gen(M; eval; S) and Gen(M�; eval�; S�) denote the

generalised semantics of the models M and M�, respectively. The following

conditions on the meaning of the abstract instructions (which is de�ned with

eval� and S�) will assure the correctness of the transformation M !M�:

(1) Let us assume that eval� : BoolExp� � SState� ! ffalse; trueg veri�es

the following correctness relation: 8s� 2 SState�:(8s 2 SState:�s(s) �
�

s

s� ) eval(exp; s) ��

b
eval�(�inst(exp); s

�))). The partial order used in

the set ffalse; trueg is false ��

b
true which, in our context, means that

eval� returns false only if the evaluation of �inst(exp) in each concretiza-

tion of the abstract state s� is false. Thus, eval(exp; s) = false 6)

eval�(�inst(exp); �s(s)) = false, however eval�(exp�; s�) = false )

eval(exp; s) = false, for all exp 2 BoolExp and s 2 SState such that

�inst(exp) = exp� and �s(s) �
�

s
s�.

(2) Let S� : (Inst�
1
[ : : : [ Inst�

n
) � SState� ! SState� be an abstract

function verifying the relation: 8s� 2 SState�:(8s 2 SState:(�s(s) �
�

s

s� ) �s(S(i; s)) �
�

s
S�(�inst(i); s

�))). S� gives abstract meaning to the

instructions of the abstract system M�. As before, S� is not speci�ed, we

have only declared its correctness relation with S.

The �rst condition says that the abstract instructions cannot produce

new suspensions with respect to the initial model M . The second one imposes

that the e�ect of an abstract instruction must be an approximation of the

e�ect of the respective concrete one (as is classic in abstract interpretation).
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7.2 Preservation results

We can now give the preservation results of the abstraction that justify the

practical use of the abstraction method. The main results are related to dead-

lock detection (Proposition 8), non-veri�cation of MSCs (Proposition 11) and

abstraction of abstract models (Corollary 12), but other properties can be ana-

lyzed in the semantics framework. The proofs of the results have been omitted,

but they can be found in [12].

In the following, we assume that the abstraction � preserves the number

of signals in the queues.

Given seq = s0 ! s1 ! : : : ! sk ! : : : 2 Sequence and MSC =

ev1 ! : : : ! evk, we de�ne �seq(seq) as �s(s0) ! �s(s1) ! : : : ! �s(sk) !

: : : 2 Sequence� and �m(MSC) = �inst(ev1)! : : :! �inst(evk).

De�nition 4 Given seq�, seq�
0

2 Sequence�, then seq� ��

seq
seq�

0

i� for all

i � 0, s�
i
��

s
s�

0

i
.

Theorem 5 Let Gen(M; eval; S) and Gen(M�; eval�; S�) be the semantics of

the models M and M� verifying the conditions presented in Sect. 7.1, then for

each deadlock-free sequence seq 2 Gen(M; eval; S), an abstract deadlock-free

sequence seq� 2 Gen�(M�; eval�; S�) exists, such that �seq(seq) �
�

seq
seq�.

We impose the condition that every state in each concrete execution

path corresponds to an abstract state in an abstract execution path. This is a

strong result as we need the whole concrete computation to be simulated step-

by-step by the abstraction. However this constraint is necessary for analyzing

MSCs since, otherwise, abstract model could lose observable events of the

MSC.

We say that M� � -approximates M , and we denote it with M v� M�,

when M and M� verify Theorem 5.

Proposition 6 Let M = P1jj : : : jjPn be an SDL system and � = �d��q : D�

Q! D��Q� an abstraction function verifying the conditions of Sect. 7.1 and

preserving the number of signals in the queues. Let Inst� be the set of abstract

instructions derived from �. Let M� be the system obtained by abstracting all

the constants and instructions of M . Let us assume that for each instruction

i� 2 Inst� an SDL implementation exists verifying the correctness conditions

imposed in Sect. 7.1. Under these conditions, the model MI�, obtained by

atomically substituting each model instruction of M� by its implementation,

veri�es Th. 5.

In the previous discussion, we have assumed that the concrete system
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M is deadlock-free. The next Proposition studies how to analyze deadlock

in M . For this purpose, we impose the conditions presented in the following

de�nition.

De�nition 7 Given an abstraction function �, we say that � veri�es the ex-

ecutability conditions i� for each pair of states s� 2 State�, s 2 State, such

that �s(s) �
�

s
s�, and for each i 2 Instj, execj(i; s) = exec�

j
(�inst(i); s

�).

In short, executability conditions assure that the abstraction does not

introduce additional suspension behaviors in the abstract model. Proving that

an abstraction function � veri�es such conditions consists in proving that the

suspension behaviour of the original model instructions which can deadlock is

not modi�ed by �.

In the following we will assume that M v� M�, � being an abstraction

function verifying the executability conditions presented above.

Proposition 8 If Gen(M�; eval�; S�) has no execution sequence which dead-

locks then Gen(M; eval; S) has no deadlock either.

Next proposition explains the relationship between the concrete and

abstract systems when proving properties expressed using MSCs.

De�nition 9 Given an SDL system M , an MSC = ev1 ! : : : ! evk and

seq = s0 ! : : : ! : : : 2 Gen(M; eval; S), the subsequence subseq = sj !

: : : 2 Sequence (j � 0) veri�es MSC (subseq j= MSC) i� a) k = 0, or

b) if si (i � j) is the �rst observable event in subseq then si = ev1 and the

subsequence subseq = si+1 ! : : : veri�es MSC0 = ev2 ! : : :! evk.

De�nition 10 Given an SDL system M and an MSC = ev1 ! : : : ! evk,

M veri�es MSC ( M j= MSC ) i� a sequence seq 2 Gen(M;S; eval) exists

such as seq j= MSC. Otherwise, M does not verify MSC ( M 6j= MSC ).

Proposition 11 Given an SDL system M , an MSC and its abstract version

MSC� = �(ev1)! : : :! �(evk), if M
� 6j= MSC� then M 6j= MSC.

Corollary 12 Let us assume that M v�1
M�, M� v�2

M��, MSC� =

�1m(MSC) and MSC�� = �2m(MSC�), then if M�� 6j= MSC�� then M 6j=

MSC.

Example 13 Note that the abstractions employed in Section 5 verify the hy-

pothesis of Proposition 6, because they satisfy the correctness conditions of

Sect. 7.1, the original system has no provided instruction and they also pre-

serve the number of signals in queues. So we can employ the abstract systems

to prove absence of deadlock and no veri�cation of MSC in the original one.
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8 Conclusions and further work

We have presented an approach for optimising the veri�cation of SDL systems,

which is compatible with other tasks in current commercial tools such as SDT.

Our method consists in the automatic transformation of the SDL model in

order to obtain a simpler description, which can be analyzed for requirements

such as absence of deadlock and non-satisfaction of MSCs. The method is

based on the de�nition of a generalized semantics of SDL which is suitable to

justify the correct transformation of SDL models into more abstract versions.

In this work, like in other previous ones ([11] [13] [14]), we employ abstract

interpretation as a technique to improve the automatic veri�cation of systems.

Our method can be improved in di�erent ways. The �rst important

task is to complete the de�nition of a set of abstraction functions which can

be easily selected by the user in order to perform the desired transformation,

thus freeing the standard user from the need to think about correct simpli�-

cations of the SDL model. The second task is to obtain even more abstract

transformed models by using information about the structure of the SDL spec-

i�cation, for example, the potential consumers or senders for given signals to

be abstracted. We are currently working on the implementation of tools to

employ the abstract interpretation technique within the SDT environment.

Our aim is to obtain a user-friendly environment to improve the veri�cation

possibilities of this tool in order to stimulate users into performing more veri�-

cation in the development cycle for software or other kinds of complex systems.

As far as we know our approach to applying abstractions in the framework of

SDL and MSC is an original contribution.
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