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Résumé

Separation of concerns or aspects is nowadays recognized as an impor-
tant issue in software engineering, both at the programming and at the
design/specification level. The goal of mixed specification languages is to
take into account all - or at least several - aspects of systems. We found
out from our experience that a lot of mixed specification languages do
share most of their features. However, specific theories, such as the sym-
bolic transition systems one, still have to be studied for several families of
mixed specification languages. In this paper we propose a logic for mixed
specifications that aims at providing a first proposal to give an abstract
denotational semantics for mixed specification languages. This logic en-
ables one to reason about a specification at a high level, abstracting away
from implementation detail and without targetting a specific (often ini-
tial) model. We present the instantiation of this logic on the KORRIGAN
formal language, a language devoted for the structured mixed specification
of systems and components and briefly discuss its application to LOTOS.
We also show how our logic can be seen as an institution, which has the
benefits of enabling a refinement theory for mixed specifications.

keywords : Mixed Formal Specifications, Denotational Semantics,
Logic, Korrigan

1 Introduction

In the last few years, the need for a separation of concerns with reference to
different aspects' of systems to be specified appeared at both the programming
[24] and the specification level. Some works have tried to define a general frame-
work for the integration or combination of theses aspects within a global system
or a global development process. However, we think that they very often talk
of different aspects of systems in terms of different (yet defined within a single
formalism) partial specifications to be integrated. We rather call this point of
view integration. It is a very important issue but, nevertheless, we think that
aspects are orthogonal (ie very different) properties of systems such as one may
find in object-oriented methods : functional, dynamic, distributed, ... We call
systems mixed when they have more than one aspect.

Following previous works [18, 4], we focus on the specification of static (ie da-
tatypes), dynamic (ie behaviours, communications, synchronisation, value pas-
sing, ...) and compositional (ie specifying a complex component from simpler
ones) aspects. Two different approaches may be used to specify mixed systems
[29]. The homogeneous approach uses a single formalism (often extending it
in a syntactical way) to specify both aspects [8, 5, 25, 9]. The heterogeneous
approach uses differents formalisms [20, 6, 10, 19, 34, 1]. We think this last
approach is well adapted to the mixed specification as it enables one to use
the more adapted formalism for each aspect - adapted eventually meaning the
formalism one knows well or the formalism of a given component one wishes to
reuse. Therefore this is the approach we follow. However, we also think that the

LAlso called views, facets, paradigms or perspectives in the litterature.



homogeneous approach is better suited (ie simpler) to the verification part of
the specification process : no integration problems arise as the verification may
be done in a unique framework.

In the heterogeneous approach, we found out that the combination of al-
gebraic specification with process algebras (PSF [27] or LOTOS[6]) or very
abstract transition systems (SDL [19], proposals over Statecharts [34]) was a
promising approach. Therefore, we proposed KORRIGAN [29], a formalism for
the structured specification of mixed systems using algebraic datatypes, tem-
poral logic and Symbolic Transition Systems (STS). Our STS originate from
Graphical Abstract data Types (GAT) [3] but we recently saw that they could
also be related to STG [22]. KORRIGAN is equipped with a methodology (that
may be applied to any mixed specification language) that goes from the analy-
sis of the requirement to the generation of concurrent object-oriented code [31].
This language as also been used in a component oriented approach [15].

We proposed an operational semantics for KORRIGAN based on global-states-
and-transitions STSs in [14]. However this semantics was restricted to the in-
tegration of different aspects specifications - static and dynamic - and did not
deal with the composition of specification and the explosion problems that may
arise from the combination of a big or non fixed number of components.

We think that this results from the fact that we focused specifically on a
particular model of the specification : the initial model described by an STS (or
in the case of KORRIGAN, quotiented STS related by abstraction morphisms).
If focusing on particular models (such as the initial model) may be of great
interest when dealing with animation, bisimulation, model-checking or genera-
ting object-oriented code, it is somewhat less efficient, less clear and less concise
than abstracting away from operational details, especially when dealing with
structuring or big (ie real-size) specifications. Hence, one may want to have a
general logic framework for mixed specifications at his disposal to define models
in a loose (ie very abstract) way, and therefore to have the whole benefit of such
an approach (structuring, abstraction, and refinement theories).

Moreover, we found out from our experience [29, 2] that mixed specification
languages do share a lot of features, both in their syntax and their semantics.
As far as semantics are concerned, the important issue is to stay symbolic, ie
avoid the state explosion problem that arises either when one has value-passing
events (the domain of the exchanged values may be infinite) or when components
encapsulate some non finite datatype (e.g. a buffer may contain any number of
elements). This problem has been studied in the value passing process algebras
framework, leading to the definition of Symbolic Transition Graphs, symbolic
bisimulation and symbolic modal logics [22, 33, 26]. More recently, the previous
works had to be extended to deal with LOTOS specificities (mainly multiway
synchronizing) [13, 11, 12].

We think that, rather then building abstract and efficient models in a bottom-
up fashion, we could try to build them in a top-down approach. This means that,
in parallel with the activity that studies formal languages equipped with an
operationnal semantics and developping a theory on symbolic models for such
languages (ie mainly bisimulation and model-checking on STS), we advocate



again for the definition of a general logical framework for mixed systems (based
on a static part and any dynamic part defined as states and evolutions), and
thereafter the exhibition of characteristics under which specific formalisms ba-
sed on this logic do have a specific model (or several quotiented specific models)
and may then be described using STS related within the logic by abstraction
morphisms. The study of specific symbolic properties, symbolic bisimulation or
symbolic model-checking could then be studied within this more general logical
framework. In the meantime, we will have a very general denotational model
which may be used to give denotational semantics to the existing mixed speci-
fication langages and to define new specific languages.

In this paper we present such a logic and its formal denotational semantics.

The paper is structured as follows. Section 2 presents KORRIGAN which will
be used as a running example of instantiation of our logic in the sequel. Section
3 presents the single-component part of the logic and its denotational semantics.
Then, in Section 4, we extend the logic to the specification of components and
compositions of components. Section 5 shortly presents how mixed specifications
languages such as LOTOS may be related to our logic. In Section 6 we propose
an institution for our logic and present some fundamental results on refinement
this institution enables. To end, Section 7 concludes and gives some perspectives.

2 Korrigan

KORRIGAN is a language devoted to the formal and structured specification
of mixed systems. Its aim is to fill the gap between formal specification and
software engineering. Hence it is equipped with a methodology and translation
mechanisms [31], object-oriented code generation [17] and has been used in
component [15] and object oriented [32] approaches. KORRIGAN is therefore
inherently focused at a specific operational (intial) model. One may want to be
able to think about a specification at a higher (ie more abstract, loose) level.

Here, we present such a mapping for the KORRIGAN language. This en-
ables us both to give a formal denotational semantics for the whole language
and to equip our model with a corresponding formal language that has nice
features (textual and graphical notations [16], structuring and ability to build
component-oriented specifications [15]).

KORRIGAN is based upon the structured specification of communicating com-
ponents (with identifiers) by means of structures that we call views (Fig. 1).

Views are used to describe in a structured and unifying way the different
aspects of a component using “internal” and “external” structuring. We define
an Internal Structuring View abstraction that expresses the fact that, in order to
design a component, it is useful to be able to express it under its different aspects
(here the static and dynamic aspects, with no exclusion of further aspects that
may be identified later on). Another structuring level is achieved through the
Ezxternal Structuring View abstraction, expressing that a component may be
composed of several subcomponents. Such a composite component may be either
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F1G. 1 — Views class hierarchy (UML notation).

an integration component (integrating different internal structuring views in an
Integration View), or a concurrent component (Composition View). Integration
views follow an encapsulation principle : the static aspect (Static View) may only
be accessed through the dynamic aspect (Dynamic View) and its identifier.

3 Basic Mixed Specifications

3.1 Data part

The data part adresses the functional issues of components (definition of
the operation values). It will be described with a many-sorted first order logic.
As usual, terms and formulas are inductively built over a many-sorted first or-
der signature, noted ¥ = (S, F, R), and a set of many-sorted variables, noted
V = (Vs)ses. The signature ¥ = (S, F, R) is defined as follows : S is a set of
sorts, F is a set of function names, each one equipped with a profile of form
w— s (weS*and s € §), and R is a set of predicate names, each one equipped
with a profile of form w € S*. The set of variables V' = (V)ses is a S-indexed
family of sets V' = (V;)ses such that for every s € S, Vo, N F = . For every
s € 8, Tx(V)s denotes the standard set of terms of sort s over X, free with gene-
rating set V. We will note T (V') the set of all ¥-terms, Ts(V) = (Tx(V)s)ses-
Given a X-term t € Tx(V), let us note Var(t) the set of variables occuring in ¢.
From X-terms, formulas are defined as follows : atomic formulas are sentences
of form r(t1,...,t,), where (t1,...,t,) € Tx(V)s; x -+ x IT5s(V)s, and r € R
is of profile s7 ...s,. From the set of atomic formulas, X -formulas are built, in
accordance with the following conditions : every atomic formula is a 3-formula
and if ¢ and 1 are X-formula, @ € {A,V =,<} and Q € {V, 3}, then so are
pQ, Qrp and —p.

The mathematical interpretation of any signature ¥ = (S, F, R) is given by a
S-set M = (M;)ses provided with a total function MM, X x M, — M,
for each function name f : s1...s, — s € F and a n-ary relation »™ : M, X



-+« X M? for each predicate name r : s1...s, € R. The evaluation of Y-terms
from a ¥-model M is given by any totale function of : Ts(V) — M defined as
the canonical extension of any interpretation of variables ¢ : V' — M. Therefore,
we extend any interpretation o into an unary relation M =, on E-formulas as
usual. The validation of X-formulas from ¥-models is defined by : M [ ¢ if
and only if for any o : V — M, M E, .

3.2 Behaviour part : syntax

This part adresses the behavioural and communication issues of components
(when and under which conditions do some event may take place). As usual with
first order logics, the syntax is given by a signature from which we inductively
define first syntactical elements which are terms, and then extend them into
formulas to specify the expected properties of systems.

Exchange profiles model profiles (ie typing information) of components with
who the component taken into account will communicate.

Definition 1 (Exchange profiles) Let &S be a set of sorts. The set of ex-
change profile over 0S, noted Esg, is the least set (according to the theoretical
set inclusion) inductively defined as follows :

- Vés € 65, 16s € Esg,

- Vis € &S, |ds € Esg,

~ V(n1,m2) € Ess X Ess, mn2 € Ess.

Dynamic profiles then take into account both exchange profiles and the ty-
ping of data exchanges (as usual in value passing process algebras such as LO-
TOS).

Definition 2 (Dynamic profiles) Let S be a set of sorts and let 4S be a non-
empty subset of S. The set of dynamic profile over S and dS, noted Psss, is
the least set (according to the theoretical set inclusion) inductively defined as
follows :

— € € Ps s,

- Vs e S7V’I7 € Fss, ?S’I] S P&gg,

- Vs e S,Vn e Ess, !877 € Psygg,

= V(p1, p2) € Psss X Psss, p1p2 € Ps,ss.

Remark 1 In the above definition, n’ can sometimes denote the empty se-
quence of exchange profiles.

Dynamic signatures correspond in the behaviour part to the (more usual)
signatures in the data part. They relate event names with their profiles.

Definition 3 (Dynamic signatures) Let ¥ = (S,F,R) be a many-sorted
first-order signature. A dynamic signature & over ¥ is a couple ((35,ds), €o)
where :



— (05, 8s) is a pointed set such that 6S C S. s is called the sort of interest
of &,
— &b is a set of event names, each one equipped with a profile p € Pg ss.
Moreover, €o N (FUR) = 0.
Let us note €o* = €v U {5} where » is a special event, called empty event,
equipped with the empty dynamic profile € and which does not belong to F U R.

We now address the issue of defining some kind of dynamic terms in the
same way static terms may be defined from static signatures.

Exchange offers (resp. offers) will correspond to exchange profiles (resp. dy-
namic profiles). Such features take their inspiration from KORRIGAN, LOTOS
and SDL amongst others.

Definition 4 (Exchange offers) Let &% = (45, €v) be a dynamic signature
over a signature X, and let V' be a set of variables over ¥. For any n € Ess,
let us note EOss(V')y, the least set (according to the theoretical set inclusion)
inductively defined on the structure of n as follows :

- 5052(V)l55 = {la:/x S V(;s},

- €0 (Vs = {11/t € Tu(V)s},

= EO(V)pype = {mw2/w1 € EOsx(V)y, N2 € EOs(V)y, }-
Let us note EOs (V) = (EOs5(V)n)nerss - The elements in EOs (V) are called
exchange offers.

Definition 5 (Offers) With all the notations of Definition 4, for any p €
Pssg, let us note O@(V)p, the least set (according to the theoretical set in-
clusion) inductively defined on the structure of p as follows :

- Os(V)osy ={tzw/z e Vi ANw € EOx(V )y},

- Os(V)igg={tw/t e Tx(V)ANw € EOx=(V),},

= O52(V)p1.pe = {wr.wz/w1 € Oss(V)p, Awz € Oss(V)p, }-
Let us note Oss(V) = (Oss(V)p)pepsss- The elements in Oss(V) are called
offers.

From the set O (V) of offers, we can build the set of transition terms that
will denote the transitions.

Definition 6 (Transition terms) Given a dynamic signature 0 over a si-
gnature X, let us note T (V) the least set (according to the theoretical set in-
clusion) inductively defined as follows :

~ife:pe € andw € Ox(V), then ew € T (V),

- true € T (V),

—if 11,72 € T (V) then 11Qra, with @ € {=,A,V},

—if 71 € Tx(V) then =1 € T (V),

—ifx eV and 7 € Tn(V) then Qat € Ton(V), with Q € {V, 3}.

After dynamic signatures and dynamic terms, to complete the syntactical
part of our logic for the behavioural aspects, we now have to define how dynamic
properties may be expressed, that is dynamic formulas.
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generic on G limit conditions C!
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hides A initially ®q
ops X OPERATIONS
axioms Ax 0;

pre: P

post: Q

F1a. 2 — Korrigan syntax (Views).

Definition 7 (Dynamic formulas) With all the notations of Definition 6, a
dynamic formula on & is any well-formed formula built on :

- Y-formulas,

- true,

— [7]p, where T € T (V) and ¢ is a dynamic formula,

— (1), where T € Tx(V') and ¢ is a dynamic formula,

— propositional connectives in {—,\,V,=, <} and first-order quantifiers in

{v,3}.

Let us note 8Sen(0X) the whole set of dynamic formulas.

Signatures of components and their properties may then be integrated within
a dynamic specification : a view.

Definition 8 (View) Given a many-sorted first order signature 3 = (S, F, R),
a Y-view V is a 4-tuple (03, Ax, State, Init), where :

— & is a dynamic signature over X,

- Ax C Sen(Y),

- State UZnit C §Sen(dX).

3.3 Example : Korrigan Internal Views

These KORRIGAN views model the different sequential aspects of components
in a unifying way (Figure 2).

A set of conditions (C, C1) defines an abstract point of view for components.
Pre and postconditions of operations are then defined using these conditions.
An STS, i.e. Symbolic Transition System may be built in a unique way from
this description [30].

The denotation of a view in KORRIGAN (with the notations of Fig. 2) is a
Y-view (8, Ax, State, Init), where :
— Ax corresponds to Az,



— State corresponds to P,

— Init corresponds to P,

— &% is such that :

— & = {T} (type of interest),

-A'cS

— the set of variables contains self (of sort T') and one variable for each
member of C' and CI,

— the static signature X corresponds to the SPECIFICATION part,

— there is a correspondance between profiles of operations in ¥ and o
14]

— genericity is treated as usual in algebraic specifications [28],

— the relation on €v satisfies the relations on values of conditions (C,
C1) defined by the pre and postconditions of the event and the possible
values of self in o’ corresponds to the application of the operation
corresponding to the event to the value of self in ¢ and any possible
receptions,

— the preorder is restricted to a transition relation.

Whenever the view specification is given in its STS form (directly or by
transformation), the denotation corresponds trivially to the denotation given
above with exception that the set of variables contains sel f and one variable V
per states. Znit and State are then defined respectively as A, V;° /\j ﬁle and
by the exclusive disjunction (xor) on every V, (with V? being the subset of V'
related with initial states, and V! the subset of V related to the other states).
The relation on &v is directly obtained from the transition relation.

KORRIGAN builds in fact an abstraction over our denotational model using
the conditions (C, CI) and the pre and postconditions. This abstraction corres-
ponds to an STS where states are quotiented over sel f and transitions over the
received variables.

3.4 Denotational Semantics
Definition 9 (Read Variables (RV) and Sent Terms (S7)) Let & be a

dynamic signature over a signature . Let 'V be a set of variables on ¥. Let
w € Ox(V). Let us note RV(w) (resp. ST (w)) the whole set of variables x
(resp. terms t) such that ?x or |z (resp. !t or 1t) occurs in w.

Notation 1 Let S be a set of sorts. Let A and B be two S-sets. Let us note B4
the set of partial functions from A to B compatible with S (i.e. Vv € B4 Vs €
S.Va € Ag, v(a) is defined = v(a) € Bg). In the following, we will note
v(a) \, (resp. v(a) /') to mean that v(a) is defined (resp. undefined).

Definition 10 (Dynamic model) Let 6 = (45, €v) be a dynamic signature
over a many-sorted first order signature X. Let V' be a set of many-sorted va-
riables. A dynamic model D for &, also called a &-model, is a X-model M
equipped for every e € €v with a binary relation eP on MV

10



Definition 11 (Evaluation of transition terms) Let &% be a dynamic si-
gnature over a signature . Let V' be a set of variables on 3. Let D be a &%-
model. Let 7 € TxV. The evaluation of T on D, noted [7]p, is the binary
relation on MY inductively defined on the structure of T as follows :

(0,0') € €P

AVt € ST (w), ot (t) \)

AV € RV(w), o'(x) \\)

AVz € V\RV(w), o(z) \\= o'(z) \, Ad’(z) = o(x))

(0,0") € [ew]p <

[true]p = U eP

ecto

[ A7e]p =[m]o N[
[V 7)o =[nloUlr]o
[71 = =)o =[-m]p U[r]o

[-7]p = [true]p \ [r]p

otherwise

[Vzr]p = { %T]]D if Vo € M,30" € MV, (0,0") € [r]p Ao'(z) = v

[Bz7]p = { %T]]D if v e M,30" € MV, (0,0") € [r]p Ao'(z) =v
otherwise

Definition 12 (Satisfaction of dynamic formulas) Let &% be a dynamic si-
gnature over a signature 3. Let V' be a set of variables over 3. Let ¢ € &Sen(8%).
Let D be a 0-model. D satisfies ¢ on a state 0 € MV, noted D =, ¢, is in-
ductively defined on the strucure of ¢ as follows :
— if ¢ is a B-formula, then D =, ¢ if and only if, if o is defined on all free
variables of ¢ then M =, ¢,
- Vo e MV, Dk, true,
— if ¢ is of the form [t]y then D |=, [t]v if and only if for all o' € MV
such that (0,0") € [7]p, D Eor ¢,
~ if p is of the form (7)) then D =, (7)1 if and only if there exists o' € MV
such that (o,0") € [T]p, D =0 ¥,

— propositional connectives and first-order quantifiers are handled as usual.

As usual, D = ¢ is defined as Vo € MV, D |=, ¢.

11



Definition 13 (View model) Let V = (%, Ax, State,Init) be a view. A
view model for V is a pair (D, <P) where D is a 8-model and <P is a pre-order
on MV such that the following conditions hold :

- Y(o,0')€eP, o0 <P o,

- M E Ax,

- D = State,

- VYo e MV, Dk, Init = Vo' €¢ MV, 0 <P ¢o'.

The interest of using a pre-order is to be able to define later on a refinement
relation on dynamic behaviours. Moreover, (D, <?) can be seen as a Kripke str-
tucture where states are valuation of variables (M) and where the reachability
relation is naturally denoted by the <P pre-order which contains the execution
of events.

4 Composed Mixed Specifications

This part adresses the composition, architectural, synchronizing and inter-
component communication aspects of systems.

4.1 Composition : syntax

As for the basic mixed specifications, we here define first composed signa-
tures, then composed formulas and finally composed specifications. Here we have
no need for any composed equivalent of terms.

Notation 2 Given a view V = ((&%, &), Ax, State, Init) with & = (45, €v)
and ¥ = (S, F, R), we will use the following notations :

- &SiglV] =& - Rel[Sig|V]] = R
- &Sort[V] = &9 - Fun[Sig[V]| = F
- SiglV] =% - dint[V] = ds

Definition 14 (Composed mixed signature) A composed mixed signature
Y s a finite set {V1,...,Vn/n € IN} such that for each 1 < i < mn, V; is a
Y;-view with ¥; = (S;, Fi, R;). Moreover, ¥ satisfies for any couple of views
Vi, Vj) 0f§~3 the following conditions :
- aint[V;] = dint[V;] = Vi =V, (unicity of view types definitions),
— if we note S; j = S; N S; and 8S; 5 = 65; NS}, then :
- Vae S Vse S j,Vfa—s, feFi o feF;,
- Va €S/, Vria,r€R; < rER;.
(same sorts share the same function names and predicate names)
Let us note bs = {ds;} (8, is the sort of interest of V;), and S = U S

1<i<n

Definition 15 (Projected state formula) Let & = {Vy,...,V,} be a com-

posed mized signature. Let V be a S-indexed family of sets. A projected state
formula on X is any well-formed formula built on :

12



EXTERNAL STRUCTURING VIEW T
SPECIFICATION COMPOSITION §
imports A’ is
generic on G id; » Obj; <I;>
variables V axioms Azg
hides A with &, U
initially ®¢

F1a. 3 — Korrigan syntax (Compositions).

— z. where x € ‘735 and ¢ € &Sen(8Sig[V]),

— propositional connectives in {=, <, A\, V,} and first-order quantifiers in
{v,3},

- Qx.p where x € IN/gS, ¢ is a projected state formula and Q € {V,3}.

Let us note PéSen(X) the set of projected state formulas, and PSen(X) (set
of projected formulas), the subset of PdSen(X) where ¢ in x.p is taken in the
Sen(Sig[V]) subset of 8Sen(8Sig[V]), and ¢ in Qx.¢ is a projected formula.

Definition 16 (Composed mixed specifiation) A composed mixed specifi-
Cation~C~ is a 4-tuple (i;&,%,fﬁft), where :

- X is a composed mized signature,

- Ax C PSen(X),

- State U Znit C PaSen(Y).

4.2 Example : Korrigan External Views

These views model the different compositions (ie aspect integration and pa-
rallel composition) of components.

Components are “glued” altogether in external structuring views (Figure
3) using both axioms and temporal logic formulas. This glue expresses a ge-
neralized form of synchronous product (for STS) and may be used to denote
different concurrency modes and communication semantics. The § component
may be either LOOSE, ALONE or KEEP and is used in the operational semantics to
express different concurrency modes (synchronous or asynchronous modes) and
communication schemes. The axioms clause is used to link abstract guards that
may exist in some components with operations defined in other components.
The ® and ®( elements are state formulas expressing correct combinations of
the components conditions (®) and initial ones (®g). The ¥ element is a set
of couples of transition formulas expressing which transitions have to be trigge-
red at the same time (this expresses synchronization and communication). The
COMPOSITION clauses may use a syntactic sugar : the range operator (i : [1..N]
ori :[e1,...,e,]), a bounded universal quantifier.

The denotation of a composition in KORRIGAN (with the notations of Fig.

3) is a composed mixed specification (ENJ, Z;(,gt_;_t/e,fﬁi/t) where :

13



~ ¥ is the composed mixed signature build on the views declared in the is
clause;

— Ax corresponds to the Axy axioms;

— each one of the free variables in the KORRIGAN glue formulas is implicitely
quantified within the denotational semantics by V;

— State corresponds, with (z.1;,,y.1;,) being couples in W, 27(¢)) =gy
x.§1/)>true, oY) =aep ) A —2?(—1p), Di=gep Thy, y';, and
> =def TTs, & YTy, -

— for the LOOSE semantics to Stateroose =def /\; b} (nothing excepted
synchronizings),

— for the ALONE semantics to Statearonr =dey Stateroose V \,;Vj €
[z, y](—j s, = Vk # j klx) (synchronizings or glue with ),

— for the KEEP semantics to Statexprpp =qcf Stateroose V \;Vj €
[z, y](=j 7, = VEk # j Y & W k7)) (synchronizings or glue with
anything that has not to be synchronized).

~ Tnit corresponds to @ ;
— the SPECIFICATION part is incorporated within any of the signatures of
the views (ie the components).

The complexity of the State formulas come from the fact that our logic
expresses possibilities and KORRIGAN obligations.

KORRIGAN deals with a tree-structured specification. To obtain a denota-
tional semantics for this, the structure is first flattened and then the above de-
finitions yield (this is usual in algebraic specification structuring for example).
Hence, the syntax is hierarchical, the semantics is flat.

In a previous work [14] we gave an operationnal semantics for the KORRI-
GAN formal specification language. However, this semantics we restricted to the
integration of static and dynamic aspects and did not deal with the composition
of several integrations. Using the mapping we presented here, one can obtain a
denotationnal semantics for the full KORRIGAN language. One may then derive
a full operationnal semantics from this denotational semantics in a similar way
to what has been presented for Verilog in [23].

4.3 Denotational Semantics

We first define the models for composed mixed specifications, and then global
states and environments for these models (to deal with the gluing between the
individual models). To end, we define the validation of projected formulas (ie
the constraints of the composition level) over composed models.

Definition 17 (Composed mixed model) Let & = {V,...,V,} be a com-
posed mized signature. A composed mixed model over ¥, or for short a X-model,
D consists on one view model (D;, <P?) for each V; (1 <1i < n), such that :
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-V1<i,j<nVseSnNS; (M) = (Mj)s (same sorts share the same
interpretation ...),
-Vl<ij<m:
- VfeFnF;, fM=fMi
-Vre RiNRy, rMi = pM;
- Ve € €o; N Co;, ePi = ¢l
(... and same interpretations for their functions, predicates and events®)
Let us note M the S set obtained by glumg all S;-sets M; (1 <4 < n) together.
Finally, let us note M the restriction ofM to sorts in 4S.

Composed mixed states denote fonctions that, taking the identification of a
component, yield the substitutions for this component’s states (ie within this
component’s model).

Definition 18 (Composed mixed state) Let S = {V,..., V) be a com-
posed mized signature. Let V be a S-indexed family of sets of variables. Let
D be a S-model. For every 1 < i < n, let us note Vg, the restriction of 1%
to S;. A composed mixed state over D is any 8S-indezed family of functions

M(;S — M % such thatV1 < i,j < n,Vn € M(;S ﬂM(ss],%s (n) = 7631( n).
Let us note St[D ] the set of composed mized states over D.

Environments are used to take the gluing of different components into ac-
count within our global models. The components concerned are dealt with by
the & part of the environments. Valuations are dealt with by the state (3) part
of the environments.

Definition 19 (Environment) With all the notations of Definition 18, an
environment over D is a pair £ = (0,7) where 7 : ‘763 — ]Tjgg is a function
compatible with sorts (i.e. 5(Vz) C ]Tjgs) and 5 € St[D] such that :
= V1 <i <n,Ym € Msipgpy,), Yy € Vi N Vs, ¥(m)(y) = a(y)
(zdentzﬁers denote one component only : the identification value of a com-
ponent - ie the value of the variable denoting it - and the one known in
other components - ie the value of the same variable in other components
- are equal)
= V1 <id,j < n,Ym € Mgy}, Vm' € Minypy,), Vo € Vi NV, Jss,(m)(2) =
Yas; (m")(2)
(the same variable used in two states of two components have the same
value - value exchange)

Definition 20 (Satisfaction of projected state formulas) Let Y= V...

be a composed mized signature. Let § € P&Sen(X) be a projected state formu-
las. Let D be a S-model. Let £ = (G,7%) be an environment. Let us note &V the
restriction ofV toS. D satisfies @ for &, noted D Ee @, if and only if :

20verloading can easily be achieved through renaming.
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— if ¢ is of the form x.a) with x € VT;S: then D e @ if and only if Di F5((a))

- Z/;”,ga is of the form V. 1/) then D Ee @ zf and only szor any environment
&' such that for ally # z € V,5(y) = o'(y), D e

—if ¢ is of the form EI:EJZ then D Ee ¢ if and only if there exists an
environment £ such that for ally # x € V,5(y) = o'(y), D e

— propositional connectives and first-order quantifiers are handled as usual.

Satisfaction of projected formulas is handled in the same way. As usual,
D |= ¢ is defined as V&, D ¢ &.

Notation 3 Let D be a S-model. Let us define the pre-order on St[ﬁ] as fol-
lows : o
¥<F' & (V1 < i <n,Vm € Mss,,5(m) <P 5'(m))

Definition 21 (Models of specification) Let C= (E Ax, State Inlt) be a
composed mized speczﬁcatwn A C-model is a S-model D such that :

- D AxU State,

- V3 € St[D), (V5,D k(5 Init) = (V7' € St[D], 7<7').

5 Relating the Logic with Specification Languages

In this paper, we proposed a general denotational model which may be used
to give denotational semantics to the existing mixed specification langages and
to define new specific languages. We also presented such a mapping for the KOR-
RIGAN language. In this Section, we explain briefly how it may be done also for
the LOTOS language simply by relating LOTOS and KORRIGAN and stating
differences between these two languages.

As presented in [31] where we translate a subpart of KORRIGAN into LOTOS
to be able to reuse LOTOS specific tools, KORRIGAN is more expressive than
LOTOS, hence any process® in LOTOS can be expressed in a restricted form
of KORRIGAN. One can easilly see that the symbolic semantics of a sequential
LOTOS behaviour (as presented in [13]) corresponds to an STS. Such an STS
is the basic way of specifying a process using KORRIGAN. As far as the glue
(ie LOTOS parallel composition) is concerned, the translation means restric-
ting KORRIGAN to the ALONE (anything not to be glued happens alone) kind of
parallel composition and using only gluing formulas of the form (x;.po;, z;.po;)
with x; and z; being subprocesses identifiers, p being any gate present in the
[l LOTOS operator (§ has to be expressed explicitely), and o; and o; being
the LOTOS offers associated with the p gate in the behaviours. Actually, only
the sequence (;), choice ([]), recusive call, and parallel composition (|||, || and
[[]|) operators of LOTOS are directly taken into account, but one can easilly

3Indeed, its semantics.
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achieve some extensions of KORRIGAN to deal with them. However, a mapping
of LOTOS into our logical framework can be done in a similar way than we did
for KORRIGAN. We plan to do this to prove translations of LOTOS into KOR-
RIGAN are semantically correct (both mappings into our framework correspond
to behaviourically equivalent processes).

6 Fundamental Results : an institution for our
logic

In the field of axiomatic specifications (i.e. based on logical frameworks),
a lot of different formalisms have been defined, each one devoted to some as-
pects of software engineering (typing, dynamical aspects, temporality, real-time,
theorem-proving issues, modularity issues, refinement, etc.). Most of the time,
beside the original idea underlying a new formalism, the authors must develop
a lot of inevitable formal results which generalise some well-known classical re-
sults. Since J. Goguen and R. Burstall’s works with their institutions [21], it has
been established that such results can be generalised at a meta-level. Therefore,
showing that a formalism is an institution allows the authors to take advantage
from this knowledge in order to directly use general results of institutions such
as existence of quotients, free models, amalgamation properties underlying to
modularity issues, and refinement issues.

Institutions formally axiomatise the notion of logical system from a model
theoretical point of view. An institution is a quadruple (Sig, Sen, Mod, =) where
Sig is a category of signatures, Sen : Sig — Set is a functor which maps
every signature to its set of sentences, Mod : Sig — Cat is a contravariant
functor which maps every signature to its category of models, and = (Ex
)se|sig| is a Sig-indexed family of relations ExC |[Mod(¥)| x Sen(X). Given
a signature morphism o : ¥ — ¥/, Mod(o) : Mod(X') — Mod(X) is called
the reduct functor. Moreover, this quadruple satisfies the following property,
so-called, satisfaction condition : V(o : ¥ — ¥') € Homg;g, YM € [Mod(¥')],
Vo € Sen(X), M s Sen(o)(p) & Mod(o)(M) E4 .

6.1 The category of composed mixed models

In first, we must define an appropriate morphism notion between view model.

Definition 22 (View model morphisms) Given a view V, a V-morphism
between two view models for V (D, <P) and (D', <P') is a S-morphism p :
M — M’ such that : let us note for any o : V.— M, u(o) : V.— M’ the
application defined by x +— p(o(x)). Finally, let R be a binary relation on MV,
then let us note u(R) = {(u(o), u(c")) | (o,0’) € R}.

~ Event compatibility : p(e?) C e?’

— preorder compatibility : u(<P) c<?

Therefore, we extend it to composed mixed models.
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Definition 23 (Composed mixed model morphisms) Let S = {Vl, ceey Vn}
be a composed mized signature. A - morphism between two S-models D and D’
is defined for each 1 < i < n by a V;-morphism u; : D; — D’;. Moreover, for
every 1 <i,5 <n and every s € S; N S;, we have : (u;)s = (1j)s.

Clearly, Y-models and f]—morphisms form a category. Let us note it M od(i).

6.2 Reduct functor and satisfaction condition

An essential ingredient which is missing is an appropriate morphism notion
for composed mixed signatures.

Definition 24 (Dynamic signature morphism) Let 0% = ((45,ds), €v) and
8% = ((657,65"), €0’ be two dynamic signatures. A dynamic signature mor-
phism v : X — 0%’ is a signature morphism v : ¥ — X/ such that :
- v(88) C 68’ and v(ds) = d¢,
— for every event e : p in 0%, v(e) : v(p) belongs to 0%’ where v(p) is the
natural extension of p to dynamic profiles of Ps ss.

Definition 25 (View morphism) Let V = (6%, Az, State, Init) and V' =
(0%, Az’ State’, Init’) be two views. A view morphism v : V — V' is a dynamic
signature morphism v : 65 — 0% such that v(Ax) C Az’, v(State) C State’
and v(Init) C Init.

Given a a view morphism v, let us note U its canonical extension to dynamic
formulas.

Definition 26 (Composed mixed signature morphisms) Let ¥ = {Vy,...,V,}
and ¥ = {V'1,...,V'im} be two composed mixed signatures. A Composed mixed
signature morphism v is a set {v1,...,vn} such that :
— for every 1 <i<n,v;:V; — V', is a view morphism ;
— for every 1 <i,5<mn :
- Vse S;nS;, vi(s) =v;(s);
- Ve FinFy vi(f) =v;(f);
-Vre RiNRy, l/l( )—l/]( ),
- Ve € €v; N €v;, v(e) =vj(e);
Given a composed mized signature morphism U, let us note U its canonical ex-
tension to both projected formulas and projected state formulas.

Proposition 1 Letv: V — V' be a view morphism. Let (D', <P') be a V-model.
Let us note D'y, the dynamic-model D for 6% defined as follows :

— the X-model M = M',,,, and

~ for every e € €v, e = {(o},,01,) | (0,0") € eP'}
where oy, is the restriction of o to sorts of S.

Then, for any ¢ € 6Sen(0X), we have : D' =7(p) <= D', = ¢.
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Proof 1 For every s € S, we do not prune any element of Ml’l(s). Moreover,

semantics of functions, relations and events of V are preserved between D’ and
D'y,. Therefore, for every atom «, and every interpretation o € VM | we have :

D' o v(a) <= D'y =0y, @

Corollary 1 With all the notations of Proposition 1, Let us note <P'iv the
preorder on MV defined by : <P v= {(o,,01,) | (0,0") €<P'}. Then, the
couple (D1, <P'1) is a V'-model.

Proposition 1 is the satisfaction condition for the view specification logic.

Definition 27 (Reduct functor) Let 7 : ¥ — X/ be a composed mized si-
gnature morphism. Let D' be a ¥'-model. The reduct functor o Mod(i]v’) —
Mod(ENJ) is defined as follows :
— for each > -model 57, ﬁ/’[; is the S-model D where for every 1 < i < mn,
D; = (D), and <Pi= (<P'),, (by Corollary 1, the couple (D;, <P?)
is a Vi-model).
— for each g—morphism e D — 57, o 25[; — ﬁr; is the i-morphism
defined for all 1 < i < n by the V;-morphism (u;),, where p; is the
corresponding V' ;-morphism of [i.

Theorem 1 (Satisfaction condition) Let v 1S — 5 be a composed mized

signature morphism. Let D be a S -model. Let L @ be_projected_formula or a
projected state formula over S. Then, we have : D' = 5(3) <= D'y = .

Proof 2 This directly results from the fact that every syntactical part of ¥ pre-
serves its semantics from D' to D'

Corollary 2 Let C = (i,;&,&'mw,fﬁ&) and C' = (g,ﬂ,State’,I/ﬁ/iﬂ) be
two composed mized specifications such that there is a signature morphism v :
S — Y, 0(Az) C Az, 5(%) C gt-;t/e’, and v(Init) C Tnit'. Then, the
reduct functor _y can be co-restricted to _jy : Mod(C") — Mod(C).

In order to fit composed mixed specifications within the institution frame-
work, we must mention for every formula the signature on which it is defined.

Definition 28 Let ¥ = {V1,...,Vn} be composed mized signature. A well-
formed E-formula is :
— for every 1 <1i <n, any pair (V;, ) where ¢ € 6Sen(0%;) ;
- and any pair (i, ©) where ¢ is any projected formula or a projected state
formula over 3.

Theorem 2 (Institution of composed mixed specifications)
The quadruple INScas = (Sigoms, Modoys, Sencus, Eoums) is an institu-
tion whereby :
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- Sigoms is the category of composed mized signatures and composed mized
signature morphisms.
— The functor Sencus : Sigoms — Set maps : B
— each composed mixed signature X to the set of well-formed X-formulas
(cf. Definition 28) and
— each composed mized signature morphism U to v.
— The contravariant functor Modcys @ Sigoms — Cat maps :
— each composed mized signature ¥ to the category Mod(X) and
— each composed mized signature morphism o to the reduct functor _jz.

- FEoms= (':i)iel&'gcjus\ where for each composed system signature ¥ =

{Vi,...,Vu}, 5 is the satisfaction relation of a well-formed g]-formula
' by a S-model D defined as follows : B

— if I is of the form (X, 9) then D =5 ' iff D |= ¢ (cf. Definition 20) ;
— if I is of the form (V;, ) then D s I iff D; = ¢ (cf. Definition 12).

By Proposition 1, we can easily define, by following the same arguments than
in Theorem 2, the institution for view specifications. Let us note it InSqyiew -

6.3 Refinement of views

Here, we are going to take advantage from showing that the view specification
logic is an institution to define a refinement theory for views. Moreover, we will
show that usual both horizontal and vertical refinements throughout composed
mixed specification structuration hold. To achieve this purpose, we will use
notations and results established both in [7] and [36].

6.3.1 Syntax of refinement.

Specification refinement consists on removing axioms of specifications and
replacing them by more concrete ones. In our framework, this will be simply
defined as follows :

Definition 29 (View refinement) A view Vip,p is a refinement of a view V if
and only if Sig[Vimpi] = Sig[V]. Let us note Vimpr ~sigpv) V such a refinement.

6.3.2 Semantics of refinement.

A refinement will be correct provided that the behaviour of the implemen-
tation is indistinguishable from the behaviour of the higher level specification
under consideration. Semantically, this is expressed as follows :

Definition 30 (Semantic refinement) Let V ~»x V' be a refinement. V is a
semantic refinement of V', written V I-s V', if and only if Mod(V) C Mod(V').

Usually, specification refinements allow us to extend signatures. This can
be abstractly obtained from the following basic set of specification building
operations :
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union : for any two views Vi and V» with Sig[V] = Sig[V'],
V1 UVs is a view with semantics

Mod(V1 U Va) = Mod(V1) N Mod(Vs)

translate :  for any view V and any signature morphism v : Sig[V] — ¥/,
translate V by v is a view with semantics

Mod(translate V by v) = {(D', <?") | (D'1., (<P )1,) € Mod(V)}

derive : for any view V' and any signature morphism v : & — Sig[V'],
derive from V' by v is a view with semantics

Mod(derive from V' by v) = Mod(V)}.

Definition 31 (Conservative extension along v) With all the notations of
Definition 30, V is a conservative extension of V' along v if and only if Mod(Vimpi) 1 =
Mod(V).

From there, we can instantiate the institution independent proof system
of [7] and obtain the following rules :

Definition 32 (Rules) Let V = (6Sig[V], Az, State, Init). Let iso be a signa-
ture isomorphism. Let v be a signature morphism. The family of refinement
relations (~x)se|sig| 15 defined by the following set of rules :

. VIEAz'UState’ o . .
~ (Basic) ST A State Tt} =gy V V = (0Sig[V], Az, State, Init)

(s Vi signV Vevssigiv]V T Vs sigoitranslate V' by iso™
um) _ (Transy) - 7
ViUVarssigiv) V translate V by iso~g; 1V

1

Vwsignderive from V' by v
translate V by v, .V’
VWSig[V”]V”

s !/
derive from V' by v, vV
of V' along v

— (Transs)

- (Derive) V" is a conservative extension

translate (translate V by iso) by vg, V"
translate V by v 0950~ g, V"

- (Trans — equiv)

Theorem 3 (Soundness and completeness) For any views V and V' such
that Sig[V] = Sig[V'], we have : V ~>g;qn V' <=V lkgigny V'

(see the proof of Theorem 4.5 in [7])

6.3.3 Composition.

Of course, it is not reasonable to implement a specification as a whole in a
single step. Large softwares usually require many refinement steps before obtai-
ning efficient programs. This leads to the notion of sequential composition of
implementations steps. Usually, composition of enrichment is divided into two
concepts mainly : horizontal composition and vertical composition. Horizontal
composition deals with refinement of subparts of composed mixed specifications
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when they are structured into specification “blocks”. In our framework, blocks
are views. On the contrary, vertical composition deals with many refinement
steps.

Notation 4 Let C bea composed mized specification. Let V be a view belonging
to C and let Vimpr ~sigy) V- Let us note C[V/Vimp] the composed mived

specification obtained from C by substituting V by Vimpi-

Theorem 4 (Horizontal refinement) With all the previous notations, if Vimpr ~ sig)
V, then : Y3 € Sen(X), C = ¢ = CV/Vimp] E @.

Theorem 5 (Vertical composition) The following rule is sound :

Vsign VoV wsign V7

V vsign) V!

Proof 3 Uniquely from the hypothesis that Vimpr ~~sigpy) V, both reduct func-
tors from Mod(Vimp) to Mod(V) and from Mod(C[V/Vimp]) to Mod(V) are
[36]’s constructors where the specification-building operation is the usual trans-
late operation taken from [35]. Consequently, this can be directly obtained from
the [36]’s vertical composition theorem.

7 Conclusion

In this paper we presented a logic and denotational model for mixed speci-
fications. We first presented a logic for simple mixed systems (views) and then
extented it to take into account the specification of components and composition
of components. This logic has been applied to give a denotational semantics to
KORRIGAN. We also have explained how LOTOS could be related to our logic
(studying relations between LOTOS and KORRIGAN) and shown that our logic
can be seen as an institution, which has the benefits of enabling a refinement
theory for mixed specifications mapped into our logic.

Our works with KORRIGAN lead to the definition of abstractions over such
models of mixed specifications. A track of research is actually devoted to the
study of symbolic models (not in the sense of BDD but rather of symbolic
transitions systems). Our next work will be to study symbolic bisimulation and
symbolic temporal logics (with actions) in the context of our logic, and to see if
current works done specifically for CSP with value passing or for LOTOS may be
related to this work. Further on, we are beginning a work on the categorization
of notions of aspects and aspect combination operators. We already noticed
common points between the definition of static and dynamic aspects within our
logic and we think this can be investigated.
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