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Abstract
This paper describes a medium level tool to implement
active objects. This programming environment uses
Communicating Active Components (Cac/s) and hides lowlevel mechanisms of the target machine for the
programmer. An object-based concurrent application may
be defined as a set of Cac/s. We propose several distributed
representations of fragmented active objects. Our goal is
intra-object parallelism and distribution.

1

Introduction

Highly
decentralized
architectures,
especially
multicomputers1, are very promising. But they need high
level tools for users and programmers. Many researches
exhibit the Active Object notion as a very structuring tool
to control the design of parallel programs and the
exploitation of these programs on parallel machines.
Concurrency and distribution may (must?) be objectoriented!
Many Object-Oriented Parallel Languages (for example
Pool [3], Act++ [13], Guide [14] and Parallel-Eiffel [11])
were implemented with the UNIX2 operating system. The
UNIX choice was justified by the development facilities,
the network software and the portability. But the
assessment of the prototypes shows some performances
limitations due to this system (for example the memory
management or the communication technique). A new
approach ([5], [12]) uses a microkernel (Mach [1] or
Chorus [17]). Consequently, the designer and the
implementer of active objects based high level software
need some general features issued from a run-time support
1. A multicomputer is a M.I.M.D. (Multiple Instruction Multiple Data)
computer without shared memory.
2. UNIX is trademark of AT&T Bell Laboratories.

[12] [15]. This run-time must provide an “object
abstraction” between the Operating System Kernel and a
specific implementation of active objects. In this paper, we
propose a medium level structuring run-time. We call it the
Cac model, it introduces Communicating Active
Components. The Cac model unifies objects, processes
and communications in a single entity. This level is easily
constructed onto the standard mechanisms of operating
systems, taking advantage of modern functionalities like
the kernel distribution. It supports various active object
models. It is well suited for medium grained distribution.
From the Cac environment, we implement an Object
layer. Our Active Objects may be fragmented to allow a
high parallelism degree. The fragments may be distributed
over the nodes. Our work is a part of the Vcp project [8].
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figure 1.0 Vcp Architecture

1.1

Active Objects

Active objects integrate processes in the object
structure. Each object represents an autonomous task of an
application, executed by an internal process. Processes are
created at instantiation time, they run until deletion time.
An important advantage is that processes and objects are
manipulated as a whole3 by the application programmer.
So the active object notion is the unique structuring tool for
data and activities of parallel applications.
3. In the family of Object-Oriented Parallel Languages, an other (and
oldest) approach is to separate object and process into two distinct entities.

* This work is supported by «Région Nord/Pas de Calais» (no 91030068) in R&D program on Advanced Communication «Ganymède».

There are many works on Active Objects. We propose a
classification in accordance of the two following criteria: 1)
Is the internal activity mono or multi-threaded ? 2) Is the
object representation compact or distributed ?
Single-threaded active objects: In a first model, a
process, linked to an object, executes the method
invocations. This process manages the parallel
environment of the object: the object receives concurrent
requests from other objects and serializes their treatments
to ensure its integrity.
Actors [2] are also active objects. Actors cooperate by
sending messages to actor mailboxes. The process of an
actor runs the actor script and sequentially processes the
messages of its mailbox.
The parallelism degree can be defined by the number of
created processes. With single-threaded objects, this degree
equals the number of created objects. There is only interobject parallelism.
Multi-threaded active objects: A problem related to
single-threaded objects is the strong serialization of the
methods processing. One object can be a bottleneck in an
application. The intra-object parallelism clears up this
problem and increases the application parallelism. Now, an
Object can concurrently respond to several requests and
several processes will be concurrently active in the object.
The parallelism degree is greater than the object number.
Fragmented
multi-threaded
objects:
The
representation of single-threaded objects is conventionally
compact: the code and the object attributes are gathered in
single chunks of memory. There is no intra-object
distribution, only inter-object distribution. An object is
fully located on one node The code can be duplicated on
several sites [3].
The intra-object parallelism of multi-threaded objects
will be real if an object may be split into fragments
distributed on different nodes at execution time [4],[18].
Each fragment contains a part of the object representation,
so the set of fragments constitutes the object. Processing is
really concurrent inside the different fragments of the
object.
What we have presented leads to the hierarchical
classification of active object models in fig. 1.4. The
distributed multi-threaded active object model seems to be
the most promising for parallel programs on parallel
machines. Nevertheless, we think that a powerful
environment must simultaneously provide the different
kinds of active objects behind a uniform protocol, i.e. the
internal representation must only depend specific needs. In
the second part we introduce the Cac model to support the

different active object models.
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figure 1.1 Classification of Parallel Objects

2

Distributed representations of Objects

In this part, we describe a medium level tool to
implement active objects. This programming environment
uses Communicating Active Components (Cac/s) and hides
low-level mechanisms of the target machine for the
programmer. An object-based concurrent application may
be defined as a set of Cac/s. After the introduction of the
Cac structure, we propose several distributed
representations of active objects. Our goal is intra-object
parallelism and distribution. So the different aspects of an
active object (naming, instance variables, activities) are
viewed as potential units of parallelism.

2.1

Communicating Active Components

We introduce a unique structuring entity for
multicomputer programming: we call it Cac
(Communicating Active Component) [8,9,10].
The Communicating Active Component stands for the
concurrency unit of an application. A Cac is designed by its
behavioral function and local data. A Cac is an active and
single-threaded structure. It communicates with other
Cac/s by message sending.
The component structure is close to the serialized actor
structure defined by Agha [2]. A communicating active
component is made up of three parts: a process (processing
part), a mailbox (communicating part) and a local
environment (local memory part) (figure 2.0).
The process: Each component has an autonomous
activity running as an internal process. The process code
represents the behavior of the component. This activity
must be designed by the programmer as a behavioral
function which will handle the local environment and the
communications with the other components. The Cac type
denotes its behavioral function.

The mailbox: All communications between
components use a specialized communication structure.
This structure, linked with each component, is a mailbox
which stores all the messages for the component. A
communication is asynchronous and consists of sending a
message to the mailbox of the recipient component. The
system takes the message, unlocks the sender, and carries
the message to the receiver’s mailbox. The message
passing is reliable. The process of the component may
extract messages from its mailbox. A mailbox is created at
component creation time and its name identifies the
component in the system.
The local environment: The local environment is the
local memory of the component. It gathers all the local data
(variables or local functions). This environment is
dynamically created by the component using two run-time
calls: memory allocation and memory liberation. Only the
owner Cac can access this local memory and a protection
mechanism of local data is not necessary.
Communicating
active
component
process
mailbox
local environment
figure 2.0 Structure of Cac

The Cac model is independent of the target machine. On
a parallel machine, the Cac/s are distributed over the
different nodes. With the following basic requirements:
- 1 - The node must support the structure of Cac. The
node’s operating system must be multi-tasked for to receive
many Cac/s. The mailboxes and the local environments of
Cac/s are allocated on the node memory.
- 2 - A Cac is located on a node of a machine. It cannot
migrate to another node.
The Cac structure is easily realizable on a modern
distributed operating system.
A Cac implementation was realized onto a Transputerbased multicomputer: the Multicluster-2 by Parsytec under
Helios Operating System [16]. The Cac prototype uses the
main functionalities of Helios: task manager, memory
allocation, process creation and communication by pipes.
The distribution step is achieved by a specialization of the
Component4 Distribution Language (CDL) of the system.
This implementation and its performances are described in
[10].
A second prototype is being developed on a network of
4. In this context, this word is synonym of Helios task.

SUN workstations by using UNIX processes, lightweight
processes [19] and sockets. We also plan an
implementation of a Cac run-time on a microkernel (Mach
or Chorus).
The object interface: From the Cac/s, we propose
several distributed representations for the single and the
multi-threaded objects. A Cac is not a complete active
object, it is just a “proto-active-object”. An active object
uses a standard interface allowing it to communicate. This
interface is made up of 1) a name which is used to
communicate with the object without knowledge about its
representation, and 2) a method invocation protocol
which is used to express method requests.
All of our objects have got a uniform interface. So
objects of different representations can exist together in the
same application:
- First, each object is linked to a specific Cac, called Orc
(Object Representation Component) which identifies the
object. So the name of the object is always that of its Orc.
- Second, each method call is materialized by a message
sending to the Orc of the target object. The message
structure is made up of a method name and an argument
list (args). The message also contains the calling method
name or by continuation another proxy method. Two
invocation modes are possible: synchronous call which
blocks the calling method, and asynchronous call which
does not block the calling method (the calling and
requested methods run concurrently).

2.2

Single-threaded active objects

A single-threaded object sequentially processes the
incoming requests. It can be represented by one Cac, which
is a single-threaded structure. Such an object is a
specialization of a Cac with the same behavior.
The representation uses the Orc of the object interface:
the Orc contains the local attributes and it processes the
external (method invocations) and internal (self
invocations) requests.

Cac
Orc Object

figure 2.1 The Object representation component

The Orc component is a Cac specialization. Each part of
the Cac structure materializes a functionality of a singlethreaded object. The Orc structure contains:
- 1 - A mailbox containing all requests to this object.
- 2 - A local environment containing all instance
variables.

- 3 - A process which initializes the object, extracts the
messages, executes the methods, and manages the instance
variables located in the local environment.
The designer of an object defines the list of instance
variables and the set of methods. In our environment the
code of the Orc Cac for single threaded objects is
predefined according to our object interface.

2.3

Multi-threaded active objects

The structure of a multi-threaded object is more
complex than a Cac structure: these active objects contain
several activities when a Cac is single-threaded. So, now
each active object will be materialized by a dynamic
gathering of Cac/s. Cac/s do not share memory, so the
object representation (i.e Cac/s) may be distributed in the
memory.
Remote method execution: The Orc of a multithreaded active object is the root Cac. The Orc does not
execute the method executions itself, but it delegates these
executions to specific Cac/s, called Method Execution
Components (Mec). The Orc processes an incoming
message by creating a Mec which executes the requested
method. The local variables of the method are stored in the
local environment of the Mec. The Mec exists during the
method execution and is destroyed after the method
execution. The separation of the method execution and the
request reception leads to intra-object parallelism.

Object
Orc

Mec
Mec
Mec
Mec
creation

figure 2.2 The Method execution component

The Mec/s of an object are distributed on the nodes of
the target machine. The object is distributed during the
execution, moreover it dynamically changes according to
the method executions on the object. The object is not a
compact entity, it is a dynamic aggregate of Cac/s.
Remote access to instance variables: The instance
variables of an object are stored in the Orc local
environment. When a method wants to access an instance
variable, the Mec must cooperate by messages with its Orc.
This creates a communication overhead, and furthermore,
an Orc may become a bottleneck in the object.
We have two answers for this problem. First the

communication overhead is balanced by the intra-object
real parallelism. Second, because the Orc creates the Mec/s
and also manages the instance variables, we can extract one
of these two tasks from this component and give this task
to a specific Cac.
We introduce a new Cac type that manages instance
variables. We call it an Attribute Manager Component
(Amc). Each request by a Mec to an instance variable is
processed by an Amc (fig 2.3). Note that an Amc may be
located on any machine node.
An Amc serializes requests to instance variables. This
avoids the use of a bottom level synchronization: the
instance variables are not directly accessible by the Mec/s.
More, an Amc may implement any specific strategy to
protect or reserve some data for a particular use.
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figure 2.3 The Attributes manager component

2.4

Fragmented multi-threaded active objects

We can go a step further in intra-object distribution. In
the section 1.3, we have presented several interests of
object fragmentation. The processing in our multi-threaded
active object is already distributed, but the representation
of instance variables remains compact in the Amc. This is
true if a single Amc is used. Several Amc/s coexist in our
fragmented multi-threaded active objects. Each Amc
manages some instance variables. The Amc/s are created at
object instantiation, and the Amc/s are known by the related
Mec/s which can directly communicate with them.

Amc
Amc
Amc
Object
Orc

Mec
Mec
Mec

figure 2.4 A fragmented object

The creation of several sub-sets of the instance variables
in different Amc/s presents other interests. First, this allows

concurrent access to different instance variables, so
addressing the previous bottleneck problem.
Second, that also allows to regulate in some way the
distribution of the components: Amc/s and Mec/s may be
coupled at the distribution step to preserve privileged
relationships between some of them. So we optimize the
access time to instance variables and the global time of the
application.
Finally, that also introduces the concept of active
fragment: a fragment is often an active entity in an object.
This entity may be defined by the programmer as an is-partof component of the final object (Fragment-Oriented
Parallel Languages). In our environment, these fragments
can be represented by the union of an Amc and a Mec. A
fragment is made up of instance variables (local data of the
Amc), a name which identifies the fragment (the Amc
name) and an activity (the Mec).

[2]
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[10]

Conclusion

Operating Systems Object Layers must cope with
different kinds of active object models. We introduce the
Communicating Active Component to abstract the medium
level between Object-Oriented Parallel Languages and
Operating Systems. This tool is easily built on any
distributed operating system providing lightweight
processes, memory management and a communication
protocol. Because it hides low levels, the Cac run-time
increases the portability of parallel software, only the Cac
run-time needs to be rewritten to execute Cac applications
on another operating system.
A large scope of applications are described by the Cac
model: parallel applications and especially run-times of
concurrent languages for which the Cac environment is an
efficient support for active object design. We mix several
distributed representations of active objects. These
representations preserve the design parallelism and create a
real intra-object parallelism. Our current prototype
integrates an execution model with method invocations on
distributed objects. The first measures confirm the good
properties of these representations.
Our current work concerns a high level Object-Oriented
Parallel Language (called Vcp) for multicomputers. This
future language uses fragmented multi-threaded active
objects. We are also focusing on the synchronization
constraints in this language [6].
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This paper describes a medium level tool to implement
active objects. This programming environment uses
Communicating Active Components (Cac/s) and hides lowlevel mechanisms of the target machine for the
programmer. An object-based concurrent application may
be defined as a set of Cac/s. We propose several distributed
representations of fragmented active objects. Our goal is
intra-object parallelism and distribution.

1

Introduction

Highly
decentralized
architectures,
especially
multicomputers1, are very promising. But they need high
level tools for users and programmers. Many researches
exhibit the Active Object notion as a very structuring tool
to control the design of parallel programs and the
exploitation of these programs on parallel machines.
Concurrency and distribution may (must?) be objectoriented!
Many Object-Oriented Parallel Languages (for example
Pool [3], Act++ [13], Guide [14] and Parallel-Eiffel [11])
were implemented with the UNIX2 operating system. The
UNIX choice was justified by the development facilities,
the network software and the portability. But the
assessment of the prototypes shows some performances
limitations due to this system (for example the memory
management or the communication technique). A new
approach ([5], [12]) uses a microkernel (Mach [1] or
Chorus [17]). Consequently, the designer and the
implementer of active objects based high level software
need some general features issued from a run-time support
1. A multicomputer is a M.I.M.D. (Multiple Instruction Multiple Data)
computer without shared memory.
2. UNIX is trademark of AT&T Bell Laboratories.

[12] [15]. This run-time must provide an “object
abstraction” between the Operating System Kernel and a
specific implementation of active objects. In this paper, we
propose a medium level structuring run-time. We call it the
Cac model, it introduces Communicating Active
Components. The Cac model unifies objects, processes
and communications in a single entity. This level is easily
constructed onto the standard mechanisms of operating
systems, taking advantage of modern functionalities like
the kernel distribution. It supports various active object
models. It is well suited for medium grained distribution.
From the Cac environment, we implement an Object
layer. Our Active Objects may be fragmented to allow a
high parallelism degree. The fragments may be distributed
over the nodes. Our work is a part of the Vcp project [8].

Distributed Applications
Distributed Active Objects
CAC
Distributed Operating System
Hardware
figure 1.0 Vcp Architecture

1.1

Active Objects

Active objects integrate processes in the object
structure. Each object represents an autonomous task of an
application, executed by an internal process. Processes are
created at instantiation time, they run until deletion time.
An important advantage is that processes and objects are
manipulated as a whole3 by the application programmer.
So the active object notion is the unique structuring tool for
data and activities of parallel applications.
3. In the family of Object-Oriented Parallel Languages, an other (and
oldest) approach is to separate object and process into two distinct entities.

* This work is supported by «Région Nord/Pas de Calais» (no 91030068) in R&D program on Advanced Communication «Ganymède».

There are many works on Active Objects. We propose a
classification in accordance of the two following criteria: 1)
Is the internal activity mono or multi-threaded ? 2) Is the
object representation compact or distributed ?
Single-threaded active objects: In a first model, a
process, linked to an object, executes the method
invocations. This process manages the parallel
environment of the object: the object receives concurrent
requests from other objects and serializes their treatments
to ensure its integrity.
Actors [2] are also active objects. Actors cooperate by
sending messages to actor mailboxes. The process of an
actor runs the actor script and sequentially processes the
messages of its mailbox.
The parallelism degree can be defined by the number of
created processes. With single-threaded objects, this degree
equals the number of created objects. There is only interobject parallelism.
Multi-threaded active objects: A problem related to
single-threaded objects is the strong serialization of the
methods processing. One object can be a bottleneck in an
application. The intra-object parallelism clears up this
problem and increases the application parallelism. Now, an
Object can concurrently respond to several requests and
several processes will be concurrently active in the object.
The parallelism degree is greater than the object number.
Fragmented
multi-threaded
objects:
The
representation of single-threaded objects is conventionally
compact: the code and the object attributes are gathered in
single chunks of memory. There is no intra-object
distribution, only inter-object distribution. An object is
fully located on one node The code can be duplicated on
several sites [3].
The intra-object parallelism of multi-threaded objects
will be real if an object may be split into fragments
distributed on different nodes at execution time [4],[18].
Each fragment contains a part of the object representation,
so the set of fragments constitutes the object. Processing is
really concurrent inside the different fragments of the
object.
What we have presented leads to the hierarchical
classification of active object models in fig. 1.4. The
distributed multi-threaded active object model seems to be
the most promising for parallel programs on parallel
machines. Nevertheless, we think that a powerful
environment must simultaneously provide the different
kinds of active objects behind a uniform protocol, i.e. the
internal representation must only depend specific needs. In
the second part we introduce the Cac model to support the

different active object models.
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figure 1.1 Classification of Parallel Objects
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Distributed representations of Objects

In this part, we describe a medium level tool to
implement active objects. This programming environment
uses Communicating Active Components (Cac/s) and hides
low-level mechanisms of the target machine for the
programmer. An object-based concurrent application may
be defined as a set of Cac/s. After the introduction of the
Cac structure, we propose several distributed
representations of active objects. Our goal is intra-object
parallelism and distribution. So the different aspects of an
active object (naming, instance variables, activities) are
viewed as potential units of parallelism.

2.1

Communicating Active Components

We introduce a unique structuring entity for
multicomputer programming: we call it Cac
(Communicating Active Component) [8,9,10].
The Communicating Active Component stands for the
concurrency unit of an application. A Cac is designed by its
behavioral function and local data. A Cac is an active and
single-threaded structure. It communicates with other
Cac/s by message sending.
The component structure is close to the serialized actor
structure defined by Agha [2]. A communicating active
component is made up of three parts: a process (processing
part), a mailbox (communicating part) and a local
environment (local memory part) (figure 2.0).
The process: Each component has an autonomous
activity running as an internal process. The process code
represents the behavior of the component. This activity
must be designed by the programmer as a behavioral
function which will handle the local environment and the
communications with the other components. The Cac type
denotes its behavioral function.

The mailbox: All communications between
components use a specialized communication structure.
This structure, linked with each component, is a mailbox
which stores all the messages for the component. A
communication is asynchronous and consists of sending a
message to the mailbox of the recipient component. The
system takes the message, unlocks the sender, and carries
the message to the receiver’s mailbox. The message
passing is reliable. The process of the component may
extract messages from its mailbox. A mailbox is created at
component creation time and its name identifies the
component in the system.
The local environment: The local environment is the
local memory of the component. It gathers all the local data
(variables or local functions). This environment is
dynamically created by the component using two run-time
calls: memory allocation and memory liberation. Only the
owner Cac can access this local memory and a protection
mechanism of local data is not necessary.
Communicating
active
component
process
mailbox
local environment
figure 2.0 Structure of Cac

The Cac model is independent of the target machine. On
a parallel machine, the Cac/s are distributed over the
different nodes. With the following basic requirements:
- 1 - The node must support the structure of Cac. The
node’s operating system must be multi-tasked for to receive
many Cac/s. The mailboxes and the local environments of
Cac/s are allocated on the node memory.
- 2 - A Cac is located on a node of a machine. It cannot
migrate to another node.
The Cac structure is easily realizable on a modern
distributed operating system.
A Cac implementation was realized onto a Transputerbased multicomputer: the Multicluster-2 by Parsytec under
Helios Operating System [16]. The Cac prototype uses the
main functionalities of Helios: task manager, memory
allocation, process creation and communication by pipes.
The distribution step is achieved by a specialization of the
Component4 Distribution Language (CDL) of the system.
This implementation and its performances are described in
[10].
A second prototype is being developed on a network of
4. In this context, this word is synonym of Helios task.

SUN workstations by using UNIX processes, lightweight
processes [19] and sockets. We also plan an
implementation of a Cac run-time on a microkernel (Mach
or Chorus).
The object interface: From the Cac/s, we propose
several distributed representations for the single and the
multi-threaded objects. A Cac is not a complete active
object, it is just a “proto-active-object”. An active object
uses a standard interface allowing it to communicate. This
interface is made up of 1) a name which is used to
communicate with the object without knowledge about its
representation, and 2) a method invocation protocol
which is used to express method requests.
All of our objects have got a uniform interface. So
objects of different representations can exist together in the
same application:
- First, each object is linked to a specific Cac, called Orc
(Object Representation Component) which identifies the
object. So the name of the object is always that of its Orc.
- Second, each method call is materialized by a message
sending to the Orc of the target object. The message
structure is made up of a method name and an argument
list (args). The message also contains the calling method
name or by continuation another proxy method. Two
invocation modes are possible: synchronous call which
blocks the calling method, and asynchronous call which
does not block the calling method (the calling and
requested methods run concurrently).

2.2

Single-threaded active objects

A single-threaded object sequentially processes the
incoming requests. It can be represented by one Cac, which
is a single-threaded structure. Such an object is a
specialization of a Cac with the same behavior.
The representation uses the Orc of the object interface:
the Orc contains the local attributes and it processes the
external (method invocations) and internal (self
invocations) requests.

Cac
Orc Object

figure 2.1 The Object representation component

The Orc component is a Cac specialization. Each part of
the Cac structure materializes a functionality of a singlethreaded object. The Orc structure contains:
- 1 - A mailbox containing all requests to this object.
- 2 - A local environment containing all instance
variables.

- 3 - A process which initializes the object, extracts the
messages, executes the methods, and manages the instance
variables located in the local environment.
The designer of an object defines the list of instance
variables and the set of methods. In our environment the
code of the Orc Cac for single threaded objects is
predefined according to our object interface.

2.3

Multi-threaded active objects

The structure of a multi-threaded object is more
complex than a Cac structure: these active objects contain
several activities when a Cac is single-threaded. So, now
each active object will be materialized by a dynamic
gathering of Cac/s. Cac/s do not share memory, so the
object representation (i.e Cac/s) may be distributed in the
memory.
Remote method execution: The Orc of a multithreaded active object is the root Cac. The Orc does not
execute the method executions itself, but it delegates these
executions to specific Cac/s, called Method Execution
Components (Mec). The Orc processes an incoming
message by creating a Mec which executes the requested
method. The local variables of the method are stored in the
local environment of the Mec. The Mec exists during the
method execution and is destroyed after the method
execution. The separation of the method execution and the
request reception leads to intra-object parallelism.

Object
Orc

Mec
Mec
Mec
Mec
creation

figure 2.2 The Method execution component

The Mec/s of an object are distributed on the nodes of
the target machine. The object is distributed during the
execution, moreover it dynamically changes according to
the method executions on the object. The object is not a
compact entity, it is a dynamic aggregate of Cac/s.
Remote access to instance variables: The instance
variables of an object are stored in the Orc local
environment. When a method wants to access an instance
variable, the Mec must cooperate by messages with its Orc.
This creates a communication overhead, and furthermore,
an Orc may become a bottleneck in the object.
We have two answers for this problem. First the

communication overhead is balanced by the intra-object
real parallelism. Second, because the Orc creates the Mec/s
and also manages the instance variables, we can extract one
of these two tasks from this component and give this task
to a specific Cac.
We introduce a new Cac type that manages instance
variables. We call it an Attribute Manager Component
(Amc). Each request by a Mec to an instance variable is
processed by an Amc (fig 2.3). Note that an Amc may be
located on any machine node.
An Amc serializes requests to instance variables. This
avoids the use of a bottom level synchronization: the
instance variables are not directly accessible by the Mec/s.
More, an Amc may implement any specific strategy to
protect or reserve some data for a particular use.

Amc
Object
Orc

Mec
Mec
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figure 2.3 The Attributes manager component

2.4

Fragmented multi-threaded active objects

We can go a step further in intra-object distribution. In
the section 1.3, we have presented several interests of
object fragmentation. The processing in our multi-threaded
active object is already distributed, but the representation
of instance variables remains compact in the Amc. This is
true if a single Amc is used. Several Amc/s coexist in our
fragmented multi-threaded active objects. Each Amc
manages some instance variables. The Amc/s are created at
object instantiation, and the Amc/s are known by the related
Mec/s which can directly communicate with them.

Amc
Amc
Amc
Object
Orc

Mec
Mec
Mec

figure 2.4 A fragmented object

The creation of several sub-sets of the instance variables
in different Amc/s presents other interests. First, this allows

concurrent access to different instance variables, so
addressing the previous bottleneck problem.
Second, that also allows to regulate in some way the
distribution of the components: Amc/s and Mec/s may be
coupled at the distribution step to preserve privileged
relationships between some of them. So we optimize the
access time to instance variables and the global time of the
application.
Finally, that also introduces the concept of active
fragment: a fragment is often an active entity in an object.
This entity may be defined by the programmer as an is-partof component of the final object (Fragment-Oriented
Parallel Languages). In our environment, these fragments
can be represented by the union of an Amc and a Mec. A
fragment is made up of instance variables (local data of the
Amc), a name which identifies the fragment (the Amc
name) and an activity (the Mec).

[2]

3

[10]

Conclusion

Operating Systems Object Layers must cope with
different kinds of active object models. We introduce the
Communicating Active Component to abstract the medium
level between Object-Oriented Parallel Languages and
Operating Systems. This tool is easily built on any
distributed operating system providing lightweight
processes, memory management and a communication
protocol. Because it hides low levels, the Cac run-time
increases the portability of parallel software, only the Cac
run-time needs to be rewritten to execute Cac applications
on another operating system.
A large scope of applications are described by the Cac
model: parallel applications and especially run-times of
concurrent languages for which the Cac environment is an
efficient support for active object design. We mix several
distributed representations of active objects. These
representations preserve the design parallelism and create a
real intra-object parallelism. Our current prototype
integrates an execution model with method invocations on
distributed objects. The first measures confirm the good
properties of these representations.
Our current work concerns a high level Object-Oriented
Parallel Language (called Vcp) for multicomputers. This
future language uses fragmented multi-threaded active
objects. We are also focusing on the synchronization
constraints in this language [6].
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