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Abstract 
In this article we present the concurrent object-oriented specification language 
CO-OPN/2 which extends the CO-OPN (Concurrent Object Oriented Petri 
Nets) formalism, destined to support the specification of large distributed 
systems. The CO-OPN/2 approach proposes a specification language, based 
on the object-oriented paradigm, which includes a fine description of true 
concurrent behavior. 

This hybrid approach (model and property-oriented) allows for a descrip
tion of the concurrent aspects through the use of high-level Petri nets which 
includes data structures expressed as algebraic abstract data types and a 
synchronization mechanism for building abstraction hierarchies. This latter 
notion is the concept which is used in application structuring. 

Some nice properties of CO-OPN /2, such as the progressive refinement of 
specifications, allow for an incremental building of systems. In this article, we 
introduce CO-OPN/2 informally, by means of a typical example of distributed 
system, the transit node, in order to introduce each useful and innovative 
mechanism of the language. 

Keywords 
Formal specification language, object orientation, strong subtyping, concur
rency, Petri nets, algebraic specification, refinement. 

© IFIP 1997. Published by Chapman & Hall 



58 Part Two Concurrent 00 Specification and Programming 

1 INTRODUCTION 

For important applications, distributed processing provides the most general, 
flexible and evolutionary approach for computer processing. 

However, distributed systems introduce several new considerations that 
must necessarily be taken into account. Interactions between concurrent com
ponents give rise to issues such as non-determinism, contention, and synchro
nization. This implies that particular attention must be paid to languages used 
to specify distributed systems requirements. In a formal and rigorous spec
ification development, it is necessary to have a sound mathematically-based 
formalism allowing for the expression of all the particularities of distributed 
systems. Moreover, when we are faced with large problems it is also necessary 
to have complete structuring facilities. The objective of the specification phase 
is to clearly state which is the set of functionalities offered by the software. 
The ever-increasing complexity of software systems thus imposes a progressive 
procedure of adaptation based on abstraction, refinement and enrichment. It 
is preferable to have access to structuring primitives so as to effectively control 
this procedure. 

We demonstrate in the following sections that constructing a formal spec
ification using an incremental approach is a very efficient way of working. 
Indeed, the initial perception of the system to be built may be very vague. 
As the analysis and the simultaneous validation progress, the definition of the 
architecture, of the algorithms and of the associated data structures gradually 
improve and the final implementation may finally take form. 

In our proposition, we have chosen object orientation as the structuring 
paradigm. We have defined a general language which may express both ab
stract and concrete aspects of systems, with emphasis on the description of 
structure, concurrency and data. This approach, called CO-OPN/2, is pre
sented in this paper in an intuitive way and the description is oriented around 
expressiveness aspects and methodological considerations rather than around 
theoretical matters which are tackled in [5] and [3]. 

This article describes the context for the development of distributed sys
tem specifications, using refinement and the CO-OPN/2 language. This is 
illustrated by a comprehensive example: the Transit Node. Beginning with 
a very abstract view of the system we progressively introduce several of its 
concrete dimensions in order to show how to use the CO-OPN /2 specification 
language in the development of real distributed systems. 

2 CO-OPN /2 PRINCIPLES 

The two underlying formalisms of CO-OPN/2 are the algebraic specifications 
and the Petri nets which are combined in a way that is similar to algebraic 
nets [11]. The former is used to describe the data structures and the functional 
aspects of a system, while the latter serves to model its concurrent features. 
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However, both these formalisms are not suitable to specify "in the large". 
To compensate for the lack of structuring capabilities in the Petri nets, the 
object paradigm has been adopted. Thus, a system is considered as being a 
collection of independent entities which interact and collaborate together in 
order to accomplish the various tasks of the system. 

In order to overcome some limitations of the first version of CO-OPN, 
CO-OPN/2 introduces some notions peculiar to object-orientation such as 
the notions of class, inheritance, and subtyping. For the sake of homogeneity 
regarding the notion of subtyping, order-sorted algebraic specifications [7] 
have been adopted for the description of the data structures. 

Object and Class An object is considered as an independent entity com
posed of an internal state and which provides some services to the exterior. 
The only way to interact with an object is to ask for its services; the in
ternal state is then protected against uncontrolled accesses. Our point of 
view is that encapsulation is an essential feature of object-orientation and 
there should be no way of violating it. 
CO-OPN/2 defines an object as being an encapsulated algebraic net in 
which the places compose the internal state and the transitions model the 
concurrent events of the object. A place consists of a multi-set of algebraic 
values. The transitions are divided into two groups: the parameterized tran
sitions, also called the methods, and the internal transitions. The former 
correspond to the services provided to the outside, while the latter compose 
the internal behaviors of an object. Contrary to the methods, the internal 
transitions are invisible to the exterior world and may be considered as 
being spontaneous events. 
An important characteristic of the systems we want to consider is their 
potential dynamic evolution in terms of the number of objects they may 
include. Thus, the dynamic creation of objects is a major objective. A 
class describes all the components of a set of objects and is considered 
as an object template. Thus, all the objects of one class have the same 
structure. . 

Object Interaction In our approach, the interaction with an object is syn
chronous, although asynchronous communications may be simulated. Thus, 
when an object requires a service it asks to be synchronized with the 
method (parameterized transition) of the object provider. The synchro
nization policy is expressed by means of a synchronization expression, 
which may involve many partners joined by three synchronization oper
ators (one for simultaneity, one for sequence, and one for alternative or 
non-determinism). For example, an object may simultaneously request two 
different services of two different partners, followed a service request to a 
third object. 

Concurrency Intuitively, each object possesses its own behavior and concur
rently evolves with the others. The Petri net model naturally introduces 
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both inter-object and intra-object concurrency into CO-OPN /2 because 
the objects are not restricted to sequential processes. 
The step semantics of CO-OPN /2 allows for the expression of true concur
rency which is not the case of interleaving semantics. A set of method calls 
can be concurrently performed on the same object. 

Object Identity Within CO-OPN /2 framework, each class instance has an 
identity, which is also called an object identifier, that may be used as a 
reference. Moreover, a type is explicitly associated with each class. Thus, 
each object identifier belongs to at least one type. An order-sorted algebra 
of object identifiers is constructed in order to reflect the subtyping relation 
which is established between the classes types, i.e. two carrier sets of ob
ject identifiers are related by inclusion if, and only if, the two corresponding 
types are related by subtyping. Since object identifiers are algebraic values, 
it is possible to define data structures which are built upon object identi
fiers, e.g. a stack or a queue of object identifiers. Obviously, the places of 
algebraic nets may contain object identifiers. 

Inheritance and subtyping We believe that inheritance and subtyping are 
two different notions which are used for two different purposes. Inheritance 
is considered as being a syntactic mechanism which frees the specifier from 
the necessity of developing classes from scratch and is mainly employed to 
reuse parts of existing specifications. A class may inherit all the features of 
another and may also add some services or change the description of some 
services already defined. 
Our subtyping relationship is based upon the strong version of the sub
stitutability principle [8]. This principle implies that, in any context, any 
class instance of a type may be substituted for a class instance of its super
type while the behavior of the whole system remains unchanged. In other 
words, the instances of the sub-type have a strong semantic conformance 
relationship with the super-type definition. This conformance relationship 
is based, in CO-OPN /2, upon the bisimulation between the semantics of 
the super-type and the semantics of the sub-type restricted to the behavior 
of the super-type. 
Both inheritance and subtyping relationships must be explicitly given but 
the respective hierarchies generated by these relationships do not necessar
ily coincide. Identifying both inheritance and subtyping hierarchies leads 
to several limitations as stated by Snyder [12] and America [1]. 

Syntactic aspects of CO-OPN/2 A CO-OPN/2 specification consists of 
two kinds of modules: the algebraic abstract data type modules and the 
class modules. Both kinds of modules are composed of three parts: a header, 
which includes the information about inheritance and genericity; an inter
face, which describes what is accessible when another module uses it; and a 
body, which primarily conceals the properties of the operation, the behavior 
and the state of the objects. 
When a non-generic class is developed from scratch, its header comes down 
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to the keyword Class* followed by the name of the class. When a class is 
used only for classification, or when it will not be completely implemented 
and the creation of some of its instances makes no sense, we preface the 
keyword Class by the keyword Abstract. In the :Interface section, 
the field Use declares all the modules used by the current class interface 
definition. The Type field declares the name of the instances type which 
is used whenever an object identity has to be defined. This field has been 
introduced in order to avoid any confusion between the name of a module 
or a class and the name of its type, especially in cases where inheritance 
and subtyping are required. Both names are often very similar but address 
two different concepts. Usually classes are used to dynamically create new 
instances but it is also possible to declare static instances by means of 
the Objects field. All the services provided by the class instances are de
clared within the field Methods. Note that the mix-fix and the applicative 
notation has been adopted for the profile of the methods. The final field 
Creation included in the interface section concerns the dynamic creation 
of the class instances. Within this field are listed the particular creation 
methods which create and initialize the objects; these methods may be 
used only once for a given object. A pre-defined creation method create 
is provided when the Creation field is empty or absent. The Body sec
tion includes a Use section and some internal or spontaneous transitions 
declared under the Transitions field as well as the attributes of the in
stances within the Places field. The :Initial field describes the initial 
marking or the static initialization of each instance while the properties 
of the methods and the internal transitions are described by means of be
havioral axioms within the Axioms field. It is necessary to recall that a 
transition (method or internal transition) may ask to be synchronized with 
other partners by means of a synchronization expression. The synchro
nization expressions are declared after the with keyword. The usual dot 
notation has been adopted and three synchronization operators have been 
provided: 'I I' for simultaneity ' .. ' for sequence, '+' for alternative. 
A behavioral axiom is established as follows 

[ Cond => ] Event [with Sync] : Pre -+ Post 

where Cond is an optional condition imposed on the algebraic values in
volved in the axiom, Event is either an internal transition name or a method 
with parameters, and Sync is an optional synchronization expression. Pre 
and Post, respectively, correspond to what is consumed and what is pro
duced in the different places composing the net. Finally, all the variables 
used within the body section are grouped together in the Where field. 

• Specification in Figure 3 may help the reader to understand the meaning of the various 
keywords introduced in this subsection. 
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3 THE TRANSIT NODE CASE STUDY 

This section introduces the CO-OPN /2 language by means of a well-known 
case study, the Transit Node (TNode for short). A transit node is a node 
in a communication system which receives messages on various input ports 
and routes them onwards through various output ports, according to some 
designated route. This case study was defined in the RACE project 2039, 
and one may find assorted specifications of the transit node in [10, 9). Slight 
changes have been made to the TNodes definition in the RACE project and 
an informal description of the transit node is given in section 3.1. 

Our aim is to build a heterogeneous distributed communication system (i.e. 
which presents some interconnected TNodes with wires including different 
kinds of TNodes and wires) and to progressively introduce all the syntactic 
and semantics aspects of the CO-OPN /2 language. We begin by describing a 
basic and abstract version of the TN odes and the wires. Therefore, this allows 
us to present the main ideas of the language and to progressively enrich and 
refine this version. 

3.1 Informal Description of the Transit Node 

The RACE project has defined a Transit Node as being a node in a communi
cation system which receives messages on its input ports and then routes them 
onwards on its output ports according to some designated route. A TNode 
(Figure l(b)) consists of N data input ports, M data output ports, one control 
input port and one control output port. Each port is serialized and represents 
a specific entity which is concurrent to all others. The node is "fair", i.e. all 
messages are likely to be treated equally when a selection must be made. Fur
thermore, all messages will eventually leave the node, or be placed within a 
collection of faulty messages. The control ports can be used to configure the 
transit node or to get statistical informations such as the number of faulty 
messages, the average transit time .... 

A system of many interconnected TNodes is called a distributed commu
nication system. The interconnection is realized by means of wires, each of 
which links the input port of one TN ode to an output port of another TN ode. 
Figure l(a) shows a distributed communication system composed of three 
interconnected TNodes. 

3.2 Presentation Overview 

Since a TNode based distributed communication system is viewed as com
posed of a communication layer (the wires) and a transmission layer (the 
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Figure 1 TNode and Systems of TN odes 
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nodes), we have two parts in the specification corresponding to these two 
layers. 

This informal introduction of CO-OPN/2 is divided into two stages, which 
are then split into different steps: In the first stage we begin to specify, on 
one hand, the data types to be used in the example by means of algebraic 
specifications, and on the other hand a basic version of the TNodes in which 
all TNodes can transmit messages to each other. The second step is concerned 
with the enrichment of the basic system with respect to the data input/output 
ports, while in the third step the routes are added. The fourth step introduces 
the input/output control ports and a communication system involving two 
different kinds of TN odes is finally built; At the second stage, a more realistic 
example of a heterogeneous distributed communication system is added. It 
takes into account the timing informations, the error detection algorithms 
and the heterogeneous distributed systems gateway. Due to the limited space 
available, this part is not described here, interrested readers should consult 
the full paper. 

4 ADT, CLASS AND OBJECTS: BASIC TRANSIT NODE 

This section explains the first step of the progressive presentation of the lan
guage. This first step, which introduces the basic TNodes and the basic com
munication layer, requires the definition of many fundamental concepts such 
as the concept of abstract data type, the concept of class and the notion of co
operation between class instances using synchronization expressions. All these 
concept definitions as well as a graphic representation of the classes are given 
in the following subsections. 

A basic TNode consists in a simple, unstructured buffer in which messages 
arrive at an input port and remain there until they are routed onwards through 
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Adt Nat; 
znterface 
Use Bool; 
Sorts nat; 
Generator• 
0 : nat; 
~~ati~D~at -+ nat; 

_+_ : nat nat -+ nat; 
. . . other operations ... 

a:r-
O+n = n; 
succ(n)+m = succ(n+m); 
. . . and their axioms ... 

Where n, m : nat; 
I:Dd Nat; 

(a) Naturals 

Adt Bool; 
Iaterface 
Sorts bool; 
Generators 
true, false: -+ bool; 
OperatiODS 
not _ : bool -+ bool; 

_and_ : bool bool -+ bool; 

~--not(true) = false; 
not(false) = true; 
true and x = x; 
false and x = false; 
Where x : bool; 

I:D4 Bool; 

(b) Booleans 

Figure 2 Abstract data types 

Adt Message; 
ZDterface 
Sort• message 

JCD4 Message; 

(c) 
sages 

Mes-

the output port. At this step, a communication is viewed as the passing of 
a message from one TN ode to another by synchronizing the events "message 
output" and "message input". 

CO-OPN /2 specification: Adt modules are devoted to the data struc
tures of the specification. In Figure 2, one can see the well-known booleans' 
specification with its operations and their arity under the field Operations 
and Generators. The underscore character indicates the position of respec
tive arguments position. 

The abstract data type of the natural numbers is given in Figure 2. Note 
that the usa field is followed by the list of all the modules used in the module 
itself, here the module Bool. 

Throughout this paper our specifications will be as simple as possible so as 
not to hide the main ideas which we wish to express. Hence, the messages of 
the basic version will have no data and, shown in Figure 2, the abstract data 
type module of messages only use the sort message. The first entities of our 
example which have an internal state are the basic TNodes. Figure 3 shows 
the specification of this kind of object. One may notice that the 'l'ypa field is 
followed by the type of the class. The operations supported on the reference 
type t, its supertype sp and its subtype sb are _ == _ : t, t -> boolean 
, new: t -> t, super t -> sp, sub t -> sb. Such type information 
will be used to define reference variables with respect to the objects and to 
the subtyping hierarchy. 

The Methods field lists all the parameterized events which are visible 
from the outside. Methods are used in a rendezvous like manner. The last 
three fields remain in the Body section, ensuring encapsulation. In the field 
Places, the attribute msg is a multi-set containing values of sort message. 
The axioms in the field Axioms are quite simple and do not entail the formu
lation of conditions nor of synchronization expressions. They express the fact 
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C1aaa BasicTnode; 
:Interface 

Uae Message; 
~~sictnode; 

~ut _ , output _ message; 

P1acea msg : message; 
AxiOIU 
input(d) : -+ msg d; 
output(d) : msg d -+ ; 
Where d : message; 

EDd BasicTnode; 

(a) Text (b) Graphics 

Figure 3 The basic TNodes 

65 

that the formal method argument d has been added to the place rnsg (input 
axiom) or has been removed (output axiom). 

A natural but partial graphic representation of the classes is provided. The 
following conventions are used: 

• the inside of the ellipses represents what is encapsulated, 
• the black rectangles represent the methods, 
• the white rectangles correspond to the internal transitions, 
• the grey rectangles correspond to a special method taking care of the dy

namic creation and the initialization of objects, 
• the circles identify the places or the object attributes, 
• the solid arrows indicate the data flow. 

Figure 3(b) gives a graphical representation of the class BasicTnode. The 
communication layer consists of an instance of the class BasicWire given 
in Figure 4. This class must reflect that any TNode may exchange messages 
at any time with any other TNode. This is accomplished by means of the 
internal transition rnsg-passing, which asks for a simultaneous synchro
nization between two TNodes. The behavioral axiom should read "the event 
rnsg-passing behaves the same as both of the simultaneous external events, 
input and output, of both of the partners that can be identified by different 
tnl and tn2". We use the usual dot notation for method call. Figure 4(b) 
gives the graphical illustration of the class BasicWire. Both of the dash 
arrows show the clientship between the communication layer and both the 
TNodes. However, the arrow direction does not express the data flow but the 
dependency relationship between the modules. 

Discussions: We have defined a very simple version of the transit node 
which is reduced to a buffer with several undistinguished communication 
ports. Unbounded concurrency between the communication ports is modeled 
by the self-concurrence of the methods. The communication layer is defined 
at a very abstract level. All the wires are modeled using only one instance of 
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Claaa BasicWire; 
Xnterface 
oae BasicTnode; 
~ basicwire; 

Tr!naitiona msg-passing; 
AxiODIII 
(tnl=tn2)=false => 

msg-passing with 
tnl.input(dlll tn2.output(d); 

Where 
~4: 8~~~~~~~~; tnl, tn2 : basictnode; 

(a) Text 

J.. 
input (d) , 'II ' 'A output (d) 

r---P '\----. '---....1 ..., __ _, 

tnl tn2 

(b) Graphics 

Figure 4 Basic communication layer class 

Adt Link; 
Xnterface 

Uae Port, PortTnode; 
Sort• link; 
~n~f~~~ra < ____ > porttnode port porttnode port -+ link; 

Figure 5 An abstract data type of a link 

the class BasicWire. All the communications are the result of the concur
rent occurrences of the same event. The questions that must be considered 
are: how could we refine the TNode in order to have explicitly different com
munication ports instead of a global and abstract mechanism; how could we 
specify the definition of a distributed system topology. 

5 ENRICHMENT AND OBJECT IDENTIFIERS: TNODES AND 
COMMUNICATION PORTS 

This step covers of the enrichment of the basic TNodes and communication. 
The notion of port is added, i.e. a message arrives at one of the N input ports 
of a TNode and leaves the TNode onwards from one of theM output ports. 
Moreover, attribute of a wire contains the references of the two TNodes it 
connects. 

A communication is viewed as the passing of a message through a wire which 
links one of theN input ports and one of theM output ports of two TN odes. 
A TNode can communicate to itself and several messages can be received or 
transmitted through the same port. However, the input and output ports are 
different even if they use the same port number. 

CO-OPN/2 Specifications: Both classes BasicTnode and PortTnode 
are similar. The introduction of the notion of port induces, of course, a new 
profile for the methods input and output, as well as a new behavior. These 
changes are reflected in Figure 6. The specification of sort port (not detailed 
here) is built from the natural numbers and the constants M and N. 
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Claaa PortTnode; 
:z:nterface 

Uae Message, Port; Type porttnode; 
llethoda input __ , output __ : message port; 

Body 
Place• msg : message; 
AxiOIIUI 
p < N = true =? input(d,p) --+ msg d; 
p < M = true =? output(d,p) msg d --+ ; 
Where d : message; p : port; 

End PortTnode; 
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output(d,p) 

(a) Text (b) Graphics 

Figure 6 The TNodes with communication ports 

Claaa PortWire; 
:z:nterface 

Uae Message, Port, PortTnode, Link; 
~:t~~~t~~;:fe _ : link; 

Body 

;r~:!tion• T~gk~~s~ir~~k; 
AxiOIIUI 
msg-passing with 

tn.input(d,p) II tn' .output(d,p'): 
linked <tn,p,tn' ,p'> --+ 

creat!tr~rd,<~'fi~~~dP{~; 
Where 
d:message; ln:link; p, p' :port; 
tn, tn' :J?orttnode; 

End PortW1re; 

(a) Text 

creata(ln) A 
input (d) , 'II'"- output (d) 

r----P "\----, 
L----' L---....1 

tnl tn2 

(b) Graphics 

Figure 7 Wires between TNodes with ports 

For the class PortWire we need the specification of a link between two 
TNodes. This is realized by the module Link in Figure 5. The sort link 
represents a cartesian product of four components, the two Tnodes references 
and their respective input/output ports. Figure 7 gives the specification of the 
class PortWire. One observes, on the one hand, the event rnsg-passing 
taking account of the attribute linked and, on the other hand, the special 
method create, which takes charge of the dynamic creation and initialization 
of the objects, and its parameter ln of sort 1 ink which is used to initialize 
the attribute. This initialization ensures that only one quadruplet is present 
in the place linked. 

Discussions: We have reached a more realistic TNode definition in which 
each TN ode has now several distinguished communication ports. The commu
nications are made through wires which are instances of the class PortWire 
and which link explicitly input ports to output ports. Thus it is possible to 
define the network topology since wire parameters are given at the instance 
creation. A wire does not support simultaneous message passing and no rout
ing technique is used inside a TNode. A port can be self-concurrently accessed 
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inside a TNode. The questions that must be considered are how we could eas
ily serialize the access to the TN ode ports and add routing features, and what 
a specification of unreliable distributed systems which could lose or corrupt 
messages could be. 

6 INHERITANCE: TRANSIT NODES AND ROUTING 

This enrichment step has the objective of introducing the routing part of the 
TNode. Inheritance is used in order to derive the new classes corresponding 
to the TNode and to the wire template. Both preceding classes are reused, 
and some services as well as new attributes are added or redefined. 

Each TNode includes information for the routing of its messages to the 
output ports. This information associates each input port with a set of per
missible output ports. It is essential that the routing information of a TNode 
be modifiable if necessary. 

Communication remains almost identical except that a wire now links two 
TN odes equipped with the new type of routing. The following sort port set, 
which is necessary to develop the specifications associated to the TNodes and 
the wires, are not detailed; it is obtained by instantiation of a generic algebraic 
sets specification with the module Port as actual parameter. 

CO-OPN/2 specifications: New attribute and two new external events 
are inserted. These are the route definition method routedef and the inter
nal events. Their respective behavioral axioms are added in the class 
RouteTnode. The class RouteTnode in Figure 8 is not developed from 
scratch, it uses the inheritance mechanism which allows to reuse or rede
fine some components. It must be noted that this example is rather poor in 
term of reuse, because only state definition is reused. In practice this form of 
reuse will be prohibited. The keyword Redefine expresses that the inherited 
method and its behavioral axioms are ignored and redefined by means of the 
new ones given in the derived class. This is the case of methods input and 
output. Moreover, the principle may also be applied to inherited attributes. 
Now routes are used to determine the message port destination. The new in
ternal event loss-msg indicates that some messages can be lost in the TNode 
according to a given criterion. At this step the criterion is very abstract and 
represented by means of a function called loss-crit. We assume that this 
function is defined in the module LossCriteria which is not detailed here. 
The route wire is not changed, we only define a new class which inherits all 
the preceding properties. 

Discussions: The routing and communication interferences have been eas
ily obtained from a previous development step using CO-OPN /2 refinement 
techniques based on inheritance. The serialization of the input ports is per
formed through the routing mechanism, which is decided at message arrival, 
while no output order is imposed. The route initialization is implemented us-
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Claaa RouteTnode; 
Xnherit PortTnode; 
Rename porttnode -+ routetnode; 
Xnterface 
uae Message, PortSet; 
llathoda 
Redefine input __ , output _ _ message port; 
routedef __ : port portset; 
Redefine create _ : nat; 

~ LossCriteria; 
Place• routes : port portset; 
Redefine msg : message port; 
Tranaitiona lossmsg; 
Axioma 
p < N = true=> input(d,p) : routes p,ps-+ msg d,select(ps), routes p,ps; 
p < M = true => output(d,p) : msg d,p -+ ; 
routedef(p,ps) : routes p,ps' -+ routes p,ps; 
losscrit(d) = true=> lossmsg : msg d,p -+ ; 
create(Ol : -+ route p,ps; 
p_< N=true => create(succ(p))with aelf.create(p): -+route p,ps; 
Where n : nat; d : message; p : port; ps, ps' : portset; 

End RouteTnode; 

Figure 8 Transit nodes with routes 

ing a recursive method call. The questions that must be considered now are 
how to refine the TNodes in order to implement the communication inter
ferences using an error detection code, and how we can collect messages to 
be recovered by the system manager. Moreover, we would like to achieve this 
specification without modifying the definition of the communication layer. 

7 INHERITANCE VERSUS SUBTYPING: DESIGN OF THE 
LOSS OF MESSAGES 

The previous versions of the running example led to a simple distributed 
system composed of transit nodes of class RouteTnode linked using basic 
wires. The RouteTnode class inherits from PortTnode without any sub
type relation. Thus, it is not possible to define a distributed system made 
of RouteTnode and PortTnode objects linked by means of the wire class 
because they are not substitutable. In this version, we define a new class of 
transit node CtrlTnode in order to illustrate the notion of subtype, which 
is used to specialize the previous TNode into a particular error detection 
mechanism. 

These new transit nodes filter erroneous messages as before, from the point 
of view of the output port. But these messages are redirected to a special 
port which can be used to collect faulty messages. This new class of TNode 
allows the customers to recover corrupt messages thanks to an error detection 
algorithm such as the Hamming method. 

We define a new class Ctrl Tnode which is a subtype of RouteTnode. 
As previously explained, the subtyping relation is a semantic constraint. In 
our case, it means that each CtrlTnode behaves at least as a RouteTnode, 
in order to satisfy the substitutability principle. This notion of subtyping is 
strongly related to the notion of observational equivalence of objects and de-
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Claaa CtrlTnode; input(d,p) 
Znh8rit RouteTnode; 
Rename routetnode -+ ctrltnode; 
:tntarfaca 
uaa Message; 
~~~ ctrltnode < routetnode; 

collect-faultymsg _ : message ; 
Body 
uaa HMessage, PortSet; 
~~:;:~ti~~lt~~aeie~~s~age port; 
AxiOIIIII 

hamming(d) = true => errdetect 
msg d,p -+ faultymsg d,p; 

collect-faultymsg(d) : 
faultymsg d,p -+ routadaf(p,pa) 

Whara d : message; p : port; 
End CtrlTnode; 

(a) Text 

craate(n) 

(b) Graphics 

Figure 9 TNode with error message and recovering 

recovar(d) 

pends on the observers, which are generally the methods defined in the object 
interface. In our case, it is easy to show that the general class RouteTnode 
has a greater number of behaviors, due to the weak constraint imposed to the 
loss function, than the particular hamming function. 

In our case the objective is also to allow the use of polymorphic wires which 
can link RouteTnode as well as CtrlTnode because the message passing 
does not depend on the filtering semantics. Thus the communication layer is 
exactly the same as in the previous part. 

The state and event part is enriched from the previous version in order to 
collect all the faulty messages. The figure 9 shows the CO-OPN /2 specifica
tion of this class. 

A class CtrlTnode inherits from the class RouteTnode and is extended 
with the following components: The specification of the sort message is en
riched by an operation hamming which tells for a data message whether an 
error has been detected or not; A place faultyrnsg contains values of the 
sort messageport which are the faulty messages; An internal transition 
errdetect selecting the erroneous messages; A method 
collect-faulty-msg with a parameter of sort message which can be 
called in order to collect the faulty messages. 

Discussions: Refinement using subtyping is exploited in order to easily 
create new kinds of TN odes which are compatible with respect to their super
types. This allows to modify the TN ode without changing the communication 
layer. 

8 CONCLUSION 

In this paper we have presented a formal approach called CO-OPN /2 which 
can be used for the development of large distributed systems. This approach is 
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flexible enough to be adapted to modeling of many different kinds of applica
tions including the development of distributed algorithms , the development 
of parallel algorithms [4], etc. The transit node has been used to describe 
completely and informally particular aspects of the CO-OPN/2 language. 

CO-OPN/2 supports modularity and the expression of various kinds of 
concurrency. In this paper we have shown how CO-OPN /2 can handle con
currency issues and clas~ification requirements. The following major points of 
our approach have been presented: We express intra-object and inter-object 
true concurrency; We differentiate inheritance as a syntactic mechanism from 
subtyping which is a semantic principle; We give a way to express hierarchies 
of abstraction; We allow modular construction of specifications; We give a 
formal model of specification refinement. 

Nevertheless, important research topics around CO-OPN/2 have not been 
presented here such as verification issues that can be found in [2] and val
idation issues that are presented in [6]. Complete CO-OPN/2 semantics is 
presented in [3]. 

With the progressive development of the Transit node, we have shown the 
possible ways of refining specifications, starting from an abstract description 
and progressively introducing concrete aspects. The validation of each step of 
the refinement process was possible through the use of prototyping or proving 
tools available in the SANDS environment [4]. Future studies will be con
ducted along three lines: Tools to support the new features of the CO-OPN /2 
language for the already developed environment SANDS will be developed; 
A distribution model of CO-OPN /2 objects will be defined for heterogeneous 
systems with its operational semantics; Experiment will be performed with 
CO-OPN/2 on different practical case studiesespecially in CSCW. 
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