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Each operation that involves code mobility can be divided into three steps: determining the
code operation targets, transferring the code, and integrating the code into the target system.
In a static system architecture, the target determination step can be done at compilation time.
If the system architecture is dynamic, such that it is determined at run time, then the operation
targets should be computed immediately prior to transferring the code. Following the target
determination, the code is transferred by applying one of the design paradigms for code
mobility, which extend the traditional client-server paradigm from data to code. Once
transferred, the code can be integrated with the local target system by activating an instance
of it, connecting it to existing data or code, or continuing its transfer over the network.

Code mobility is supported by such environments as Java, Telescript, and D’Agents.
However, current analysis and design techniques do not handle this concept satisfactorily.
The standard object-oriented method, UML enables modeling functionality through class
services and message passing among objects. Concepts involving code mobility, such as Java
applets, are modeled in several views using pre-declared extensions. Hence, modeling these
concepts with UML is technology-dependent (e.g., specific to the Java language and its
applets) and thus can be hardly reused when other technology frames are applied. Moreover,
UML does not treat the code migration process itself, including its pre- and postconditions.

In this paper we propose generic models for the transfer stage of the code migration for
each one of the common design paradigms. This stage includes (1) a decision as to when and
if to transfer the code and (2) its actual transfer. The models proposed in this work use
OPM/Web @ an extension of the Object-Process Methodology (OPM) [2,3] to distributed
systems and Web applications. OPM/Web enables modeling the structure (i.e., objects and
their relations) and behavior (i.e., processes and their links to objects) of the code migration
process in a single view.

Applications that involve code mobility are defined in terms of components, sites, and
interactions Components, which are the building blocks of system architecture, are
divided into resource components, which are objects (architectural elements representing
data, or physical devices), and computational components, which are processes, i.e., programs
that embody flows of control. A resource component is represented by attributes and
operations (services) that contain knowledge about how to execute a particular task, while a

computational component, which contains code, may also be characterized by private data, an
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execution state, and bindings to other (resource or computational) components. Sites are
physical objects that serve as execution environments — they host components and support the
execution of computational components. Interactions, which are the communications between
sites, have structural and dynamic aspects. The structural aspect of an interaction specifies
how two sites communicate with each other irrespectively of a specific point in time, and is
modeled by an OPM/Web structural link. The dynamic aspect of an interaction, which is the
ability to transfer data or code between sites, is modeled by an event-triggered process that
characterizes the structural link between the sites. The elementary operation of transferring a
process (i.e., code) from site A to site B is shown in Note that the identical path
labels and the identical component names indicate that the process is transferred as is (without

computing it) from site A to site B.

Figure 1. A generic OPM/Web model of transferring a process

presents the generic OPM/Web models we propose for four common design
paradigms for code mobility: Remote Evaluation, Code on Demand, PUSH, and Mobile
Agent. In the Remote Evaluation (REV) paradigm a computational component is
transferred from the Client to the Server, which executes the code using its resources and
delivers the results back to the Client. shows that the REV Interacting process
consists of Code Sending, which transfers the Requested Processing from the Client to the
Server, Code Activating, which invokes Requested Processing in the Server, and Result
Retrieving, which transfers the Requested Result when ready. As the event link from the
Client’s Activation Request shows, the Client initiates the REV Interacting process.

In the Code On Demand (COD) paradigm the Client is able to access the resource
components it needs, but has no knowledge about how to process such resource components.

Thus, the Client interacts with the Server, which hosts the Requested Processing. Contrarily to

the REV paradigm, in the COD paradigm the Requested Processing is executed in the Client.|

shows that the COD Interacting process consists of Code Retrieving, which transfers
the Requested Processing form the Server to the Client, and Code Activating, which invokes
Requested Processing in the Client. This invocation might change the Required Data and
produces the Requested Result. Here too, the Client initiates the COD Interacting process.

In the PUSH paradigm as opposed to the REV and COD paradigms, the Server sends a
(computational or resource) component to the Client in advance of any specific request. This

push-based operation is often preceded by a profiling operation, in which the Client specifies a



profile, which reflects its user’s interests. This profile is sent to the Server, saved there, and
used to decide what components the Client should receive and when to send them. The
advantage of this paradigm is that the users do not have to know when to pull new
components and where to pull them from. Rather, the system sends new components
automatically when necessary. PUSH Interacting, shown in , is triggered due to a
change in the Requested Component state, only if the Profile is set to client (as the event and
condition links show, respectively). When activated, PUSH Interacting first transfers the

Requested Processing from the Server to the Client and then activates it (in the Client).
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Figure 2. OPM/Web models for code mobility design paradigms. (a) The REV

model. (b) The COD model. (c) The PUSH model. (d) The MA model.

In the Mobile Agent (MA) paradigm the agent starts executing in the Server. Since
some of the Required Data is located in the Client, the agent migrates to the Client and
completes its execution using the resource components available there. The migration is
usually initiated by the agent itself. Contrary to the previous paradigms, which focus on the
transfer of just code between sites, the mobile agent migrates to the remote site as a whole
computational component, along with its state, the code it needs, and some of the resource

components required to perform the task. In the agent, Requested Processing,




which is characterizes by Private Data and Execution Status, is hosted and executed in the
Server. When the agent’s Execution Status enters its transfer state, the MA Interacting process
is activated (as denoted by the event link), cloning the agent to the Client, activating it, and
changing its state to local. Then the agent can continue its execution in the Client, using
additional Required Data and producing the Requested Result.

The above OPM/Web models benefit from generality and completeness and can easily be
integrated into more complex systems. As opposed to UML, in which a set of stereotypes,
tagged values, and constraints should be defined to support modeling these paradigms,
OPM/Web uses its small set of concepts and symbols to model the paradigms in a
technology-independent manner. These models can thus be implemented in Java, C#, and
other programming languages without requiring changes of the core models. Moreover,
OPM/Web integrates the physical, static, behavioral, and functional aspects of the code
migration within a single framework, which guarantees consistency and integrity that is hard

to achieve with the multiple views that UML advocates.
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