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ABSTRACT

Middleware platforms are today solutions to the problem of
designing and implementing distributed applications. They
provide facilities for heterogeneous software components to
communicate remotely, according to various interaction
model, for example client server communication or
asynchronous message passing. However, middleware
platforms, like message busses or object request brokers,
hardly provide tools for the design, configuration and
installation of complex software architectures.

This paper presents the Olan environment which primary
objective is the description of complex architecture, their
configuration according to application requirements and the
deployment on heterogeneous distributed environments. The
Olan environment is based on an Architecture Description
Language where the application is considered as a hierarchy
of interconnected software components. A set of software
engineering tools assist the application designer in his task
of wrapping existing software modules into components
which are in turned interconnected through various
communication models and finaly assembled together
according to specific configuration criteria. At run time, a
set of system services in charge of automating the
installation of the components and their communication
channels on a given middleware platform, thus facilitating
the overall deployment process of the global application.

1 INTRODUCTION

Middleware technologies are adopted increasingly in
software development projects whenever some kind of
mechanisms are required to enable remote communication
between heterogeneous software components. Among the
numerous available middleware, Object Request Brokers

existing applications is realized with the separation of the
core implementation and the interface. Interfaces are
described in an homogeneous way with an IDL (Interface
Description Language) independently of the programming
language or the runtime system implementation. At runtime,
each middleware platform provide a specific communication
pattern; client server synchronous interactions in case of
ORBs or anonymous communications based on
asynchronous message passing in case of message queues or
message busses.

In both cases, such middleware approach suffer from the
lack of tools for describing the overall application
architecture and to configure the set of software components
according to the operational environment. In addition,
interoperability between components supported by different
middleware is difficult to achieve as it requires for the
programmer the implementation of specific gateways.

The goal of the Olan environment is to provide a coherent
basis for the construction, configuration and deployment of
distributed applications. This environment relies on an
Architecture Definition Language (ADL)[1][5][6][12] which
describes an application as a set of software components
connected through communication objects called
connectors. A key idea behind connectors is to separate the
description of the components from that of their
communication channels with other components. This
should allow more flexibility as communications between
components can be (re)configured independently from the
components, according to functional dependencies or
underlying middleware constraints. Compare to other
ADL[9][6][12], the Olan environment tries to provide an
architectural view as close as possible to the executable

such as OMG's CORBA[8] or Microsofts DCOM[11], are ~ 'Mage, in particular —concerning the use of the
communication services.

the leading references in the context of industrial The Olan environment addresses four issues:

development, but other mechanisms such as software The int " £ thi licati
busses[10] or message queing systems are also worth to be € integration ot legacy software within an application
by wrapping them into components,

considered. ) . o
Basically, an ORB-like system provides features for the * '€ encapsulation of the middleware communication
mechanisms in specific objects called connectors,

remote access to heterogeneous software. Integration of



* The architecture definition, in terms of a hierarchy of
interconnected components,

*  The deployment of the application (i.e. components and
connectors) on a distributed system. Deployment refers
to the placement of application components, their
installation on nodes and the set up of communication
channels between components according to the
interconnections properties contained in the architecture
description.

Section 2 outlines the main features of the Olan
Configuration Language (OCL), the architecture definition
language of the Olan environment. Section 3 describes the
main functions of the Olan Configuration Machine (OCM),
the system service that enables the deployment and
installation of applications. Finally, section 4 presents the
implementation of the OCM.

2. THE OLAN CONFIGURATION LANGUAGE
The Olan Configuration Language is an Architecture
Definition Language specially designed for distributed
applications. The targeted applications are in particular
those involving multiple users in a distributed environment
that cooperate together while using their favorite software,
not necessarily designed to work remotely[3]. Those
applications require from the configuration language the
ability to:

» integrate in an homogeneous way heterogeneous
software components,

* have them distributed in various way across the
networked computers according to users connections,
and

o adapt the between

communication components

requirements and the provisions of the component. Thus the
functional dependencies of the component with the outside
world are shown at the interface level. The implementation

part specifies what kind of software is encapsulated and
where to get the information to have access to it. Primitive

components are the basic bricks of an application because
they integrate the legacy software modules. The other

abstractions of OCL are mainly purposed for architectural

issues.

2.1.1 Component Interface

The interface part describes the services that a component
provides to other components, along with the services it
requires for its execution. Services are described in terms of
their signatures in the Olan Interface Language (OIL) which
is a syntactic extension of IDL. As interfaces are expected to
reflect as much as possible the behavior of the encapsulated
software, OIL provides a specific type system which allows
to express both the data flow and control flow constraints
associated to services.

A specific OIL data type mapping is defined for several
programming languages (actually C, C++, Java and Python).
This mapping allows translating the data into a pivot format
used to perform dynamic conversions between connected
services which types can potentially mismatch.

From the point of view of the control flows, the types of
provided services defined by OIL are divided in two parts:
the classical services, intended to be called synchronously,
and the event-based services which can be executed
asynchronously in reply to a notification. Respectively, OIL
defines two kinds of request that can be made by a
component: synchronous service requests, and event

according to the designers’ preferences, the component$Ubmissions. This is summarized in the Table 1.

distribution and the middleware characteristics.
In addition, the involvement of multiple users results in

unpredictable behavior due to user actions during executior
This requires from the language some facility to express
such dynamic behavior.

The design of OCL was initially inspired from Darwin[6]
and its notion of hierarchically interconnected components
However, the dynamic behavior specification included in
Darwin, as well as the limitation to specify communication

properties, have lead us to incorporate new abstractions th
will be detailed in this section. OCL defines the abstractions
of connectors, representing the objects that rule the
communication between components, and that of
collections, representing a set of components which can b
dynamically controlled in the configuration language. The
following sections will present the various features of OCL
through an outlook of the required properties inherent to the
targeted applications: the facilities to integrate legacy
software, to define evolving architectures, and to distribute
software components in a flexible way.

21 Integration of software
Primitive components are the unit of software integration.

They are defined with an interface that describes the

Services Data flow Control flow
Provide infout No specific constraints (usually
° parameters executed synchronously, like
procedure calls)
React in parameters The encapsulated
implementation contains an
n execution flow that handles the
service processing in an
asynchronous way.
Require in/out The encapsul ated
parameters implementation is designed for
) synchronous external calls (e.g.
procedure call )
Notify in parameters The encapsul ated
0 implementation is designed for

asynchronous external calls
(e.g. event notification)

Table 1. Interface Service Types

Exhibiting this information at the interface level is very

useful since it characterizes the behavior of components
outputs and entry points. In addition, such distinction has led
us to define an operational semantics of the language as well



as tools to check the wvalidity of component Calls to the component
compositiong[13]. / From Connectors

typedef sequence <*, char> seq; Component Object
Runtime Structure

Interface listBoxltf {
provide init();

/] services to add, renmpve or reverse the inCall V outCall
video of an entry ﬂ -
provi de addEntry(in seq entryContent); 2
provide renEntry(in seq entryContent); fn To Connectors

provi de revVideoEntry(in seq entryContent);
/1 notifications raised when the user

mani pul ates an entry
notify userAddEntry(in seq entryContent);
notify userRenEntry(in seq entryContent);
notify userSelectEntry(in seq entryContent);

Internal Calls
from modules

: Stub '
} s ModLLllIel
A simplified example of a component interface, inspired

from one of our experiment, is presented above. The
interface reflects the notifications and the services provided
by a Python module which managesal i st box widget. This
module has been integrated in a distributed application from
which are taken the different examples given in this paper.

Wrapper
Module 1

Wrapper
Module n

Module 1

2.1.2  Component Implementation

The component’s implementation directly maps the interface
specification to the integrated pieces of code. Primitive
implementations are made of modules or classes, each ofigure 1 shows how things are working at runtime. In
them referencing an integrated pieces of software, either detween the component object and the various modules, is
program source, a library, or an executable. Each module othe stub, that homogenize parameters format, and the
class is typed according to the kind of software. Modules Wrapper that knows how to have access to the modules (if
directly make references to a list of functions whereas the call comes from the component) or the component object
classes enable the instantiation of an object when the(if the call comes from the module). Stub and wrappers are
primitive component is part of the application. For example, automatically generated by the compiler. According to the
modules can be of type « C » or « Python » : a « C » modulekind of modules (or classes), the work to be done by the
integrates either C source files or a library, a « Python »Programmer to have his code integrated, ranges from almost
module integrates Python source code. If the a\/ai|ab|en0thing to the explicit redirection of the outgoing calls to the
classes are written in « C++» or «Java», the primitive Wrapper. The runtime architecture of components and
components are built from their respective source files. A modules will be detailed later in section 3.1.

primitive implementation may contain several modules or 5 5 Architecture Definition

classes of the same type. The definition of modules Orthe gefinition of an application architecture is basically

classes is also described from an interface and it containg,aqe of the specification of the instantiation of components
information about the location of the files representing the 54 the specification of their interconnection, ie. the

program, the library or the executable, as well as options fordependencies between required and provided services of

Figure 1. Software Integration at Runtime

their inclusion in the application. their interfaces. The specification of components

nodul e "Python" |istBoxMd : |istBoxltf { : . . s . .
path: "${ CLAN- SRG} " +"/ exanpl es/ URL" interconnection can be realized within the implementation of

sourceFile : "listboxMd. py"; a particular kind of components, the composite.

}s

221 Application Structure

Composite components are intended to describe the
application's structure. They own an interface and an
implementation like the primitive ones. The differences

between both kind of components lies in the implementation
part. A composite implementation contains the specification
of a group of components of both kind, that realize the

interface of the composite. In addition, the communication

requirements between those sub-components is also
specified at this level. The interesting facts about composite
components is that the application designer can group

The integration of software is greatly helped by the OCL
compiler as we will see later. The idea is to capture all
incoming and outgoing function calls and use the previously
mentioned pivot format. Then, calls from the modules gets
out to a component object included in the runtime structures
of the application. On the opposite, calls to the software
modules gets first to the component object, that knows how
to adapt the desired function call to the encapsulated
module.



components that may have some common properties, like
the machine which isintended to host them.

I npl enent ati on URLNoti fier
uses ListBoxltf, URLMyritf, URLEditorltf

URLMgr = instance URLMyrltf;// ngt of the URLs
of interest

Li stBox = instance ListBoxltf;// ngt of the
user itf

URLEdi t or instance URLEditorltf;// edition of
URLs

/'l expression of interactions between conponents
(see 2.2.2)
start URLNotifier() => URLMgritf.init()
URLMgr.initGQU () => ListBoxltf.init()
Li st Box. user AddEnt ry(URL) => URLMyr . addURL( URL)
URLMyr. edi t URL(URL) => URLEditor.edit(URL)

3

As an example, the composite component described here
(named URLNot i fi er) was used in adistributed application
that we developed on top of Olan. This application warns
users when some of the URL they have previousy
registered, points to a document that has changed since its
last consultation. The URLNotifier component is
composed of three sub-components, managing respectively
the graphical user interface, the list of URLs of current
interest, and the edition of a document associated with an
URL (this last component encapsul ates a Netscape browser).
Let us notice that both the declaration of components
instances as well as their interconnections or the
interconnections between the composite interface and the
components' instance are part of the implementation of the
composite component.

The application itself is also a composite component which
main feature is to be the root of the component hierarchy.

2.2.2  Interconnections
Interconnections specify how components communicate
with each other. By the term «how », we refer to the

OCL Caller Callee Protocol I mplementation
Name
syncCall | 1require 1 provide Synchronous Local: method call
communication IPC: 1LU method call
Gonpiibie reine Remote: ILU method call
or data flow
transformation
asyncCall  1notify = 1react Asynchronous Local: method call from
Communication separate threads
. . IPC : ILU asynch.
Compatible signature irzias el
€7 e Remote : ILU asynch
transformation B
RandSync | 1require =~ 1ton  LikesyncCal, single like syncCall
Call provide randomly chosen

callee

Table 2. Some predefined Connectors

One important property of connectors, in addition to the
above roles, is to manage component heterogeneity and to
adapt the control and data flows traversing a set of
components. For example, control flow adaptation may be
required when one component, requiring a service
asynchronously, is bound to another component, providing
this service through a synchronous call. The OCL compiler
handles such properties and specializes the connector for
execution. Data flow adaptation is also an integration
problem that often arises when the designer interconnects
services with different signatures, notably containing
different parameter types. In some cases, the adaptation can
be derived by the compiler automatically (e.g. from type
string to sequence of char) but it is good practice to specify
it within the OCL description.

In the following example, the compiler authorizes the
binding if the programmer specializes the connector by
specifying the data transformations using a set of operators
(boolean operations, concatenations, slicing,...) over formal
parameters. In order to maximize the flexibility of the

functional dependencies between interface services, but alsgnterconnection, the OCL compiler performs static type

to the specification of the data flows, the execution flows,

verifications and generates code for dynamic verification

the communication protocol and the runtime mechanismwhen this is required.

intended to perform the communication. One particular

object is dedicated to interactions : the connector.
Connectors are the abstractions in the architecture thd
specify the interconnections between a set of components.
set of predefined connectors are offered to the applicatiof

architect (c.f. Table 2). Connectors are named in a uniqug. - -

way, each of which corresponding to a communication
pattern and an implementation on top of a middleware
platform.

From Table 2, one can notice that synchronous ang; -

typedef sequence<100, char> seq;
interface ListBoxltf {
notify userAddEntry( in seq URLDesc);
// bounded sequence of characters

interface URLMyritf{
provide addURL( in string URL,in int
pol I'i ngPeri od) ;

asynchronous connectors both use ILU; an ORB, for remot

communication between objects. However, creating another
connector, with the same communication pattern but a
different implementation (e.g. sunRpc or TCP/IP sockets), is
possible. From the application architecture point of view,
there is no difference, as long as the new connector provides
a remote synchronous call.



i npl ementation URLNotifierlnpl ... {

Li st Box. addEnt ry( URLDesc) =>
URLMr . addURL( URL, pol | i ngPeri od)
using syncCall () // connector type
do {
URLDesc = URLDesc.split(* *);
URL = URLDesc[0];
pollingPeriod = URLDesc[1];

2.2.3  Dynamicity

Components and connectors, as described previoudly, do not

allow to express the dynamic behavior which is typica for

distributed applications involving multiple users. More
preusely, it should be possible to:
instantiate a given component when the application is
running, for example, when a specific function is
required by a user,

* express interactions between a set of components whose
composition (in terms of components which have been
instantiated inside this set) evolves during the execution
of the application. For example, within a distributed
software development environment, one may want to
express that a given message should be received by all
development tools that are currently under execution. A
similar situation occurs when a distributed application
includes a component being in charge of managing user
rights to access a given resource; this component should
be able to send anotification to all current users.

OCL complies with these requirements through two features:
the dynamic instantiation and the collections. The dynamic
instantiation allows a sub-component to be instantiated at
different times. (1) in the same time as the enclosing
component, (2) when the first communication request
reaches the component, or (3) when an explicit instantiation
order arrives.

The notion of collection isintended to comply with the third

requirement listed above. It provides a way to express that a

component may include a set of component instances which

cardinality may evolve during the execution of the
application. A collection is identified by a name and by the
type of the components it contains. The evolution of the set
of component instances is controlled by a specific
connector, bound to the collection. Access to the members
of a collection can be performed with an associative naming
mechanism which allows to perform a given communication

only with the members that satisfy some properties (e.g.

their location, attribute values, etc.). Such naming schemes

is based on a very dynamic selection of the participants in

the communication, likein [7].

| npl enent at i on URLMgr ... {
URLPollerColl = col | ecti on URLPaoller;

// create a new URLPol | er instance for each new
URL of interest
addURL(URL, pollingPeriod) =>
URLPollerColl.addURL(URL, pollingPeriod)
usi ng createlnCollection();

//change polling period of a particul ar
URLPol I er within the collection.
Associ ative nanming is used
changePollingPeriod(URL, period) =>
URLPollerColl.changePollingPeriod(period)
wher e URLPollerColl.URL == URL
usi ng aSynccCall();

// notify all URLPoller instances when the
appl i cation term nates
. close() => URLPollerColl.close()
usi ng broadcastSyncCall()
}

With the example of the URLNoti fier application, the
concept of collection was used to alow the instantiation of

an URLPol | er component per URL of interest (let’s recall
that the list of URL of interest evolves dynamically through
the user orders). The collection allows the expression of the
previously detailed interactions. The first one triggers the
creation of a new component within the collection. The
second one enables the access to one particular instance of a
URLPol | er in the collection, whereas the last one sends a
message to every component of the collection. The
associative naming and various types of connectors are thus
used.

2.3 Distribution

In most architecture definition languages, the distribution of
components is restricted to the placement on a named
computer node[6][9][12]. However, when dealing with the
application architecture, an important issue is the
distribution of components in terms of processes. Darwin
overpasses this issue by considering that every primitive
component is associated to one activity (a thread). UniCon
goes one step forward, allowing to explicit the association
between a component and a process. However, only
components affected to processes may be distributed,
resulting in a per process basis for the distribution

The ideas developed in OCL are slightly different. The
targeted applications mainly imply the cooperation of
several users. Placing components in a distributed
environment not only deals with the node of execution but
also with the user for which the component can execute. In
addition, since industrial distributed environments evolve,
we have tried to allow the application designers or
administrators specifying the placement policies themselves,
avoiding the explicit naming of nodes.

The underlying abstraction for placing components is the
context. A context corresponds to one (or several) execution
space that belongs to a single user, on a single machine for a
single application. It is uniquely identified by those three
items. Then, the distribution specification indicates in which
context the component should be executed. At runtime, the



notion of context may correspond to several processes or
threads, depending on the kind of software that has been
integrated in components. For example, a Python component
should be executed in a Python interpreter. The same aso
applies to a Java component even though both components
are specified to be on the same context.

231 Management attributes

At the OCL level, the distribution and placement policies are
described in a specia section attached to a component. A
policy is a predicate involving the management attributes of
the component. A management attribute, associated to some
component, corresponds to a physical resource that may be
used at runtime. The predicate expression is evaluated when
the installation of components takes place in order to find a
hosting node.

Management attributes are made of several fields, each of
which enables to characterize the resource. So far, the
existing attributes are Node and Oaner , which respectively
enable to choose the execution host and the owner of the
component execution.

managenent attribute Node {

string nanme ; // DNS nane

string | PAdr ; // | P address

string platform; // architecture

string os; // CS type (posix, nt,

short osVersion; // GS version nunber

| ong CPULoad ; // average |l oad for the
// past 10 m nutes

| ong UserLoad ; // nb of connected users

}

managenent attribute Omner {

// characterization of the conponent owner
string name; // user nane
| ong ui d; // user id
sequence<l ong> grpld ; // list of groups

}

2.3.2 Didtribution policies

Policies to express the placement of components are
combination of predicates on the management attributes.
Such predicates can use various operators (boolean
operations, operations on strings, integers, etc.) in order to
denote a matching expression for the management attribute
which has to be evauated to true when instaling the
application.

Managenent URLNoti fierMyt: URLNotifierl npl

/1 Al conponents on the domain .inrialpes.fr
Host.nane == "*.inrial pes.fr";

/'l Co-locate the URLMgr and Li st Box conponents
URLMyr . Host . name == Li st Box. Host . name

H

Managenent URLMgr Mgt: URLMgr |l npl {
/'l Locate the conponent which accesses the WW
servers on the | ocal WMWVserver host
URLPol | er. Host . name == "pukapuka.inrial pes.fr";

The above example illustrates the use of distribution policies
in the URLNGotifier application. The component in charge of

managing the list of the desired URL (URLMgr) should be
colocated with the component of the user interface
(ListBox), because these two components heavily
communicate with each other. However, the URLMgr
component uses a specialized sub-component (named
URLPoller) for polling URL changes through
communications with the WWW servers. We have decided
to place the URLPoller sub-component on the node which
hosts the WWW server of the local environment, in order to
reduce significantly the network traffic.

This example includes two kind of policies : one on the
component’s ettributes and one on the sub-components
attributes. The second kind of policies is particularly
interesting when common or opposite placement criteria
(e.g. colocation) are required for a set of components.
However, the combination of both kind of policies draws
some problems for their evaluation. Actualy, if a sub-
component has its own policies while the composite defines
new ones, they might contradict each other. For that reason,
priority is given to the policies defined for components of
the lower levels of the hierarchy. Thus, they are considered
before those of the upper levels. In case of inconsistency, the
compiler raises awarning and the policy of the upper level is
ignored. Let us note that inconsistencies may arise when
predicates on a single attribute field are always evaluated to
false during resource matching.

3. ARCHITECTURE OF THE
CONFIGURATION MACHINE

Once an OCL application is correctly described, the
compiler generates the appropriate classes of components,
collections and connectors needed by the application. These
are placed in a distributed repository. The compiler also
generates a script (called the Configuration Machine script)
that contains orders and guidelines for the initial deployment
of the application on a given distributed environment.

Olan
OCL Compiler Configuration Application
Machine
\ A Instantiates /Uses
Produces™ |Components
classes
ocL Components
Descrintion Connectors objects
ptio classes
Connector
Scripts objects
Repository

Figure 2. The Olan Development Cycle

The Olan Configuration Machine is in charge of
instantiating  the  appropriate  execution  structures
(components and collections, connectors) in compliance
with a given Configuration Machine Script. It relies on two
main abstract machines (libraries) : the Component library
providing features for managing component and collection
structures and the Connector library, in charge of the
connectors. The Configuration Machine itself is



implemented on top of a CORBA-compliant ORB (Xerox
ILU[14]) for itsinternal management of the distribution.

Interface

Configuration Machine

Components
Structures

[

Connectors
Structures

Repository

Figure 3. Olan Runtime Architecture

This section presents the basic execution model of
components interconnected with connectors. Then we will
briefly introduce the role and functions of the configuration
Machine, which is in charge of deploying and installing the
components and connectors structures on a distributed
environment.

31 Instantiation of Component Structures

We have dready introduced the fact that components
correspond to execution structures at runtime. They are
composed of integrated software modules and a specific
object that enables the communication of the encapsulated
code with other components (cf. Figure 1). Since the Olan
runtime is implemented in Python, these objects derive from
Python classes. The main characteristic of such an object is
to be configurable and its purpose is to alow dynamic
positioning of the interconnections with other components as
well as dynamic loading of integrated software. Figure 4
illustrates the structure of such objects as well as the
interconnection principles with the connector objects.
Component object includes two tables, inCall and
out Cal |, indexed respectively by the name of the
provide/react and require/notify services of the interface.
Those tables act as binding tables between the wrappers
encapsulating the integrated software and the connector
objects respectively. Component objects trap every call and
redirect it according to the contents of the binding table.

External Gor
Connector
Calls

Component Object

Component
Connector,| Connector| Object
Reception [\ Implementation| Delivery
outCall Part Use of legacy Part
> Comm. mechanismj

External
Calls

inCall
Y
2
'

inCall

/ Internal
Calls

Stub
Module 1
Wrapper Wrapper
Module 1 Module n

(=5

Context|

To Component

Figure 4. Runtime Interconnection Implementation

Let us notice that a primitive component, as illustrated, is
contained in a single context. A context may be a single

Reception| Delivery Context
Part Part L
Stub
Module n
T

process if the encapsulated software can be mapped in one
component object context (i.e. can be directly accessed by
the Python component object), otherwise it may be needed
to have another process that contains the mechanisms to
have the component object in Python dialog with its
software modules. For example, when trying to have Java
classes integrated in a components, we have to launch a Java
interpreter from the Python object and have both processes
communicate (in our case, UNIX domain sockets are used).
A context, in this case, may comprise several processes.
When trying to integrate executable software ( like a UNIX
command), the same principle applies.

32 Instantiation of Connector Structures

The main role of connectors is to bind a set of potential
senders to a set of potential receivers for communication
schemes based on service request or event notification
broadcast. A connector is represented by two main kinds of
Python objects: the service adapters (resp. notification) and
the sender/receivers abjects (c.f. Figure 5).

The adapters represent both the entry and exit points for
the connector structure. On a sender side, they provide a
function that allows a given component to initiate a
communication as described in OCL. On a receiver side,
they have the ability to call a given function (representing
either a provided service or a notification handler),
provided by the component. The adapters are also in charge
of executing the user-level code which may have been
added to the connector description (e.g. code for data flow
adaptation).

The sender/receiver objects are in charge of :

» encapsulating the use of the communication system,

e handling the possible control flow trandations (e.g.
when a sender asks for an asynchronous service request
while the receivers provide the service in a synchronous
way), and

e handling remote communication according to the
placement of the interconnected components.

Let us detail the synchronous procedure call connector,
which specification is described in Table 2.

Service adapters are first created on each connected
components side. Then, if those adapters are on the same
context no sender/receiver object is created ; both adapters
communicate through a method call. In any other case, two
objects, the SCConnSender and the SCConnRecei ver are
created. In this example, both are ILU objects and they
exchange an ILU reference in order to communicate
remotely. Then they are linked with their respective service
adapter.

Information flowing through those objects is already
marshaled data (done by the stub at the primitive
component level). However, if data transformation code is
specified at the OCL level, this code generated by the OCL
compiler isinserted in between the sender’s service adapter
and the sender object. This code unmarshals parameters,
applies data transformation and marshal s the new resullt.



This example is rather simple because the syncCal |

connector handles a 1 to 1 connection. In case of a 1-N
connection schema, the sender/receiver object structure is
somehow more complicated because there must be some
treatment for the delivery of the various results to the
component that initiated the communication.

Qonporent
Qnponat Savice et
et Actpter
atci o single Gontext sync@l | comector
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E+ " [\ = .
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Qonponant Savice Sanice et
Qe At SOnnsader SR Adgpter
o ILUCHject ILUCect e
Qs
@ >0 ¥ 0 >0\ i
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— o vt
trasiomzion —
oo
mutiple Gortext syncGl | corector

Figure 5. syncCall Connector execution Structures

3.3 Deployment of an Application
The deployment and installation of an application is
performed by the configuration machine. The initia
deployment is performed through the execution of the
Configuration Machine Script produced by the compiler.
This script contains calls to primitives of the configuration
machine which main functions are :
 the creation of components and collections,
* the creation of connector instances, and
» the binding between connector and component instances
as described in the previous section.
Any application that should be installed is a hierarchy of
components whose leaves are primitive components. This
hierarchy is derived from the OCL description, and is
encoded as a tree. The deployment algorithm is based on a
depth first traversal of the tree. For each component, the
configuration machine seeks for a node where the
component can be installed according to the distribution
congtraints expressed in OCL. If no assignment is possible,
the configuration machine reports the unfeasibility of the
deployment to the administrator. Once primitive components
are installed, their enclosing components are created; We
havent really detailed the composite component structure
but it also corresponds to a runtime structure and basically it
looks like a primitive one, except that its bindings are not to
stubs or a wrapper, but to the enclosed sub-components. In
addition, a composite is replicated on each context of its
sub-components. Once the upper level composite component
is instantiated, attributes of the sub-components are set and
interconnections of the sub-component can be realized.
Interconnections require the instantiation of connector

objects that are replicated or not according to the placement
of sub-components as described in the previous section.

The execution of the application may then be started through
an execution script generated by the compiler. This script
allows launching of new applications or the connection to a
running application, thus enabling the cooperation of
multiple users using the same application.

4 IMPLEMENTATION AND EXPERIMENTS
The implementation of the OCL compiler and the
Configuration Machine has been made in Python. Such a
language is of a particular interest for rapid prototyping due
to the lack of compilation phase, the dynamic typing,
reflexivity features, easy manipulation of complex structures
such as lists, dictionaries, etc. However, the price to be paid
is related to the poor performance of such mechanism. The
configuration machine is also implemented in Python and
uses ILU, a CORBA compliant Object Request Broker.
ILU's purpose is for the internal communication of the
configuration between remote nodes. For example, when the
machine tries to find a node where a component can be
installed, communication between potential hosts are
triggered through the use of the ORB. However, ILU is not
used for the execution of the application, except if the
architecture contains explicit use of a connector that
communicate remotely with ILU. The component and
connector structures are also implemented in Python, only
stubs or wrappers may be partialy in Python and in the
language of the integrated software modules. Finaly, the
implementation of the communication inside connectors
depends on the kind of connector which is used. For
instance, there can be multiple implementations of a remote
synchronous call: one using sockets, another one sun RPC, a
third one using ILU.

As one can notice, good performances of the runtime system
were not aimed a al. The choice of the various
implementation languages and tools were motivated by the
will to prototype rapidly a complex system, where a
compiler and a runtime system are needed. The experience
drawn from our experiments mainly concerns the ease of
application configuration, the flexibility of the deployment
and the transparent utilization of a distributed environment
with no particular competence from the programmer.
Besides the examples used throughout the paper and some
other applicationg 2], we have also experimented the Olan
environment on an electronic mail application which goal is
to help inexperienced users to easily configure some
automatic treatments on their incoming messages. For
example, filtering functions, forwarding functions,
automated move in folders, automatic responders,... are
provided in the application as ready-to-use components.
Through the OCL language, the configuration of those
functions corresponds to the declaration of new components,
the positioning of their attributes (such as a filtering
expressions) and the binding between components.
Distribution is managed transparently, for example, when
the user executes its favorite mail browser application on a



different node than its mail server. Software integration has
also been experienced, e.g. for the integration of a Netscape
browser in a component, for the mail server, ...

The main feedback of the experiments confirms the
difficulty to reengineer existing application. First, an
application implementation is not always clearly separated
in modules, and second, the components are not often
designed to work in a distributed environment. The Olan
environment is not supposed to answer directly to this
problem, however the work of redesigning the application
into a set of interconnected components is greatly assisted
by the compiler. The communication and the distribution
become completely separated from the core implementation,
thus alowing non-speciaists to build rather complex
distributed applications from their own set of components
and to produce various distributed configurations of the
same application. As a promising consequence, reengineered
applications have gained in reliability by using the efficiency
of the automatically generated communication and
distribution mechanisms.

The second feedback is the necessity of having graphical
tools to assist non specidists in using a configuration
language. We have aways been designing the OCL
language with graphical conventions in mind[3], however
such atool is not available today. This is a future direction
of work.

The current prototype is built on top of ILU using a Python
runtime. The currently available facilities include: an OCL
compiler, and a Configuration Machine running on AlX,
Solarisand NT platforms.

5. CONCLUSION

This paper has described the Olan Configuration Language
(OCL), an architecture definition language for distributed
applications design and construction. The idea behind the
design of this language relies on the notion of “programming
in the large”, where the architecture definition of an
application is separated from the core implementation of
individual software components. By providing a clear
separation between communication
components implementation,
flexibility in the configuration process of inter-components
communication.

Compared to the related works, the main contributions of
our proposal are the following.

The integration of heterogeneous pieces of software
through a uniform component-based model.

The coordination of components through a generic
connector model, which allows the application’s

software objects and the dynamic naming of components
in a communication.

In addition, an application described with OCL can be
derived into an executable image with the help of the OCL
compiler. This executable image relies on the Configuration
Machine which primary goal is to deploy components on a
distributed  execution environment, configure the
interconnection between components and transparently
handle remote communications with the connector objects.
Compared to « traditional » ADLs, the emphasis is placed
on three aspects: the integration of existing code, the
provision of configurable connectors and the expression of
the software components distribution. Code integration is
greatly eased by : (1) the use of a type system that brings
flexibility when adapting components which are not
necessarily designed to work together, (2) the use of
complementary information that exports at the interface
definition level the encapsulated execution model of
components, and (3) by the automated generations of stubs
and wrappers that enable the access to the core
implementations of components written in different
programming languages.

The distribution of components is achieved at the language
level with the specification of placement constraints of the
application components, which is more flexible than simple
static node assignment. At runtime, a deployment algorithm
ensures a correct installation of the application according to
these constraints.

Future aspects are related with the dynamic reconfiguration
of an application, i.e. the way a given configuration may be
changed at runtime with the fewest disturbance of the
execution as possible. Further work on engineering tools
(notably a graphical front-end) are also in progress.
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