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Abstract

This paper describes work undertaken within the context of the P3 (Project
and Process Prompter) Project which aims to develop the Prompter tool, a
‘decision-support tool to assist in the planning and managing of a software
development project’. Prompter will have the ability to help software project
managers to assimilate best practice and ‘know how’ in the field of software
project management and incorporate expert critiquing to assist with solving
the complex problems associated with software project management. This
paper focuses on Prompters agent-based approach to tackling the problems of
distributed, platform independent support.
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1. Introduction

To support software project managers, organisations have sought to develop a number of
information technology systems to assist with various aspects of the management of their
software processes. Many tools exist in the market today that assist a project manager in
addressing some of these objectives. These tools fall into three broad categories:

• Project planning -  tools which are concerned with the scheduling aspects of
planning a project, and pay less attention to organisation and methodological
aspects of management.

• Process management - which support the framework and rules of management of
the projects process.

• Risk analysis - specific tools which are often used as ancillary tools at specific
stages during a project.

Although many project management systems are currently available, the enormous scope and
complexity of current software systems means moving beyond the current state of practice
(for example Microsoft Project or PERT charts, etc.), as such systems do little to support the
‘average’ project manager. In addition, many of these systems fall short of supporting the
project manager in his/her decision making processes and do not offer assistance in
representing knowledge about plans and designs, or provide mechanisms for reasoning about
plans and designs in flexible ways. In the light of this and having completed a survey of
commercial tools, we have identified several areas which would be of benefit in assisting the
project manager:

• The ability to reason about projects plans, analyse alternatives and select the most
suitable course of action.

• The ability to track the history of a project and capture knowledge gained, and
reuse this knowledge as an aid to future project decision-making.

• Assist the project manager in adherence to standards, industry best practices and
implementation of company policy.

• The ability to intelligently manage and analyse large amounts of project data.

In addition, as we move closer to the next millennium, software project managers face new
and more complex challenges. Recent technological developments such as improved
communications channels and the widespread use of Internet technology has lead to the
development of the ‘virtual project team’, where team members are physically distributed
throughout an organisations locations. This has brought about a requirement for project
management support systems to address the needs of distributed software development
projects. This emphasis on distributed software development coupled with the trend in client-
server based computing has  lead to an additional requirement for project management
support systems to address the issues of multiple platforms, both in terms of hardware and
operating systems.

The aim of the P3 project is to build the Prompter tool which will address the issues outlined
above. Prompter will assist software project managers in their decision-making process, by
helping them to assimilate best practice in the field of software project management and
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incorporate expert critiquing which will assist project managers in solving the complex
problems associated with software project planning.

In this paper we describe the results of implementing a prototype of the Prompter tool. Our
research approach consists of two key elements. Firstly the design of an agent-based approach
to knowledge management and support within the context of a software project management
tool. Secondly, the implementation of  distributed, platform-independent agents using the
OMG/CORBA model.

2. Agent-based architecture

The objectives of the section is to give an overview of the intelligent agent-based architecture
chosen for the Prompter tool and outline the reasons for its choice as a solution technology
for software project management tools.

2.1 Architecture overview

The architecture of the Prompter tool is illustrated in Figure 1. Here the user interacts with the
tool via a GUI, with a number of project management expert agents below which advise and
assist the user. In the following sections we will discuss the concept of agents and there use as
expert assistants in a software project management tool.

GUI & Tool Kernel

CORBA communications bus

Agent Controller 

Agents

User 

Prompter tool 

Figure 1 Prompter architecture

2.2 Agent overview

The area of Intelligent Agents [12] has emerged in recent times as a ‘hot topic’ in several
branches of computing research from artificial intelligence to information systems. Intelligent
agents are entities capable of autonomous goal orientated behaviour in some environment,
often in the service of larger-scale goals external to themselves. An agent contains structures
that enable representing knowledge, representing and achieving goals, interacting with the
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environments and coping with unexpected occurrences. To date most agent implementations
have been in the area of Internet search and filtering agents [6], however agent-based
technology has been applied to the supporting project management and decision making in
the other domains. For example, in the domain of telecommunications management with
projects such as ADEPT [1] and with electricity supply management with the ARCHON [5]
project. Regardless of the application domain, agents may be characterised by the following
attributes [3]:

• Autonomy - agents operate without the direct intervention of humans or others,
and have some kind of control over their actions and internal state.

• Reactivity -  agents perceive their environment and respond in a timely fashion to
changes that occur in it.

• Collaborative behaviour - agents interact with other agents and humans in order
to solve problem.

• Proactiveness - agents do not simply act in response to their environment, they are
able to exhibit goal-directed behaviour by taking the initiative.

• Inferential capability - agents can act on an abstract task specification using prior
knowledge of general goals.

• Mobility - being able to migrate from one location to another, to solve problems
there.

The various agent technologies existing today can be classified as being either Single-Agent
or Multi-Agent systems. In Single-Agent systems, an agent performs a task on behalf of the
user or some process. While performing its task, the agent may communicate with the user as
well as with local or remote system resources, but it will never communicate with other
agents. In contrast, the agents in a Multi-Agent system (MAS) not only communicate with the
user and system resources, but they also extensively communicate and work with each other,
solving problems that are beyond their individual capabilities.

Distributed problem solving is applied to a MAS in order to solve the coordination and
cooperation problems central to the society of agents. Moreover, negotiation is required to
resolve any conflicts that may arise. Such conflicts may arise while agents are trying to
compete against each other or trying to collaborate with each other to build a shared plan,
thus giving rise to two different types of agents participating in a MAS:

• Competitive Agents:- Each agent’s goal is to maximise its own interests, while
attempting to reach agreement with other agents. Hence these agents are working
on behalf of an individual user and not as part of a unified community.

• Collaborative Agents:- In contrast to the above, collaborative agents share their
knowledge and beliefs to try to maximise the benefit of the community as a whole.
Here negotiation is at a collaborative level, where agents try to resolve conflicts
via collaborative discourses, instead of competitive biding.

2.3 Agents for project management

Given the characteristics of software project management, we consider the most natural way
to model the decision making process is as a collection of autonomous distributed problem
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solving intelligent agents (or multi-agent system). The choice of agents as a candidate
technology was further motivated by the following observations about the domain of software
project management:

• The domain involves an inherent distribution of project data and problem solving
capabilities.

• Interactions between problem solving entities are sophisticated and include
information sharing and coordination.

• The domain cannot be completely prescribed from start to finish, therefore the
problem-solving entities need to respond to changes in the environment.

When collectively viewed, these observations support the use of intelligent agents as a strong
solution candidate to implement the inter-working decision support framework described
above. In the P3 project these problem-solving capabilities are encapsulated in distributed
intelligent agents that act as expert advisers helping users to define the process life cycle as
well as providing continuous assessment on progress and quality of the project.

Each agent is an expert in a particular area of project management and continually analyses
project parameters, making the user aware of any possible weakness and helping to mitigate
the associated risks. The agents use their knowledge to advise the user on possible
alternatives and advice on potential problems, as well as providing justification for their
advice. Agents will encapsulate knowledge and best practice in the field of software
engineering and in addition will have embedded the guidelines of quality standards such as
ISO 9000 and the Capability Maturity Model.

Project decision 
making process

Advice and critism on project

Domain
expertise

User
goals

Agent with domain knowledge

Figure 2 Prompter decision making paradigm

The decision making paradigm in Prompter can be seen in Figure 2 - two entities, agents and
a user, working together to contribute what they know about the domain to solving some
problem and hence make a quality informed decision. The users primary role is to generate
and modify solutions; the agents is to analyse those solutions and produce a critique and
advise on a possible solution for the human to apply in the next iteration of this process. In
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this scenario agents constantly ‘watch’ the actions of the user by way of monitoring project
parameters as the user developing project plans and inputs actual project data. When an agent
has all the information it needs, it will proceed with its analysis and produce its conclusions.
These conclusions would be given to the user in terms of advice/criticism on the
current/predicted future  project situation, and also may be used as input data to other agents.

For example, there may be a number of agents who specialise in the selection of the most
appropriate process model (lifecycle) for a particular project. The agents could have a set of
criteria based on certain attributes of the project such as: the problem domain, product,
available resources, personnel, and organisational attributes. These attributes would be
examined and for each process model a comparative rating produced, indicating the most
appropriate choice of process model. The agent would then communicate these findings to the
user and other agents.

2.4 Distributed agents

With the increase in globalization, distributed information systems are rapidly becoming the
norm. These systems cross geographical, and often organisational boundaries and are
typically broadly heterogeneous in  both hardware and software terms. In distributed systems,
the idea of an agent is seen as a natural metaphor, and by some as a development of the
concurrent object programming paradigm [2]. Much of the attention that currently surrounds
agent-based technology is related to the phenomenal growth of the Internet. In particular there
is great interest in ‘mobile agents’ that can move around a (local or wide area) network of
machines on a users behalf. Such mobile agents have been successfully implemented in
General Magic’s Telescript language [11] and is closely related to the functionality provided
by languages such as Java. To date much of the well publicised mobile agents fall into the
category of Internet search and filtering agents such as BarginFinder, ShpoBot and
CyberYenta.

The expert advisory agents for project management described in section 2.2 provide a
mechanism to tackle the issues of developing a distributed platform-independent multi-agent
system. Each agent contains the structures that enable representing knowledge, representing
and achieving goals, interacting with the environments and coping with unexpected
occurrences. As these the agent p paradigm encapsulates both problem solving and
communications capabilities it provides an ideal candidate for deployment in a distributed
fashion, provided that an appropriate transport bus is provided for agent communications.
Section 3 describes the choice of OMG’s CORBA Object Request Broker [8] as the
communications bus on which to implement this distributed multi-agent system.

2.5 Agent representation

With the development of agent theories comes the question of agent representation and of
agent languages [13]. Our concern is to effectively represent knowledge about the domain of
software project management and provide a means for this knowledge to be used to advise
and guide the software project manager in the decision making process. The encapsulated
nature of multi-agent systems allows for a mix of agent representations be to implemented -
provided a common interface is available. For the purposes of this paper we will introduce
one agent representation language, Jess (Java Expert System Shell).
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Jess [9] is a clone of the popular expert system shell CLIPS (C Language Integrated
Production System) [4] written entirely in Java. CLIPS origins date back to a NASA project
in the mid 1980s to establish an expert system language. Originally the primary representation
methodology in CLIPS was a forward chaining rule language based on the Rete algorithm,
however more recently both the procedural and object-orientated paradigms have been
incorporated into CLIPS.

CLIPS/Jess production systems consist of both conditional statements known as rules stored
in production memory (PM) and a global database known as working memory (WM). When
every condition in a rule is satisfied by matching data in WM, the rule is placed in the conflict
set (CS). Conflict resolution is performed on the CS to determine which actions in the
production rules are eligible to execute. CLIPS uses a LISP-style syntax where expressions
are enclosed in parentheses and use a prefix functional form.

The following is an excerpt from a deftemplate statement which is used to define a working
memory structure and a (simplified) example of a rule.

(deftemplate Agent1 “Expert in lifecycle election”
(slot version) ; agent version
(slot _1) ; UserProficiency token
(slot _2) ; CustomerAccesibility
(slot _3) ; ApplicationType
(slot _4) ; DevelopmentOrganisation

)

(defrule process_selection "Agent 0 - lifecycle selection"
(agent1 (_1 ?tk1)(_2 ?tk2)(_3 ?tk3)(_4 ?tk4))

=>
(if (and (= ?tk1 1) (= ?tk2 1)(= ?tk3 1)(= ?tk4 1))

then (printout t "Iterative model" crlf))
(if (and (= ?tk1 4) (= ?tk2 5)(= ?tk3 4)(= ?tk4 4))
 then (printout t "Spiral model" crlf))

)

The integration of a number of agents representations into the overall tool was also
investigated. The architecture was constructed in a manner to allow the agents remain distinct
from the tool, with an agent controller coordinating them. Within this controller there are a
number of inference engines (IE), one for each type of agent representation. For the initial
prototype there were two IE’s constructed - the first was for standard forward chaining
production rules and the second using Jess/CLIPS language. This facilitated having a narrow
interface between the agents and the rest of the tool. This provides the advantage of allowing
a number of agent representations to be added into the system without affecting the behaviour
of existing system components. This architecture is illustrated in figure 3.
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Figure 3 Agent architecture

3. Distributed architecture

In this section we will discuss the use of CORBA and Java as mechanisms to implement the
distributed architecture described earlier.

3.1 CORBA distributed bus

The CORBA bus allows transparent access to distributed objects over a heterogeneous
network of machines and operating systems. CORBA distributes messages via its Object
Request Broker (ORB) transparently between registered objects. The ORB receives requests
from a ‘client’ to send a message to an object. The broker locates the object referred to by the
client and delivers the message to that object. This style of architecture combined with the
flexibility of CORBA provides a unique solution to the requirements of independence of
implementation language, capacity for evolution and interfacing ability.

CLIENT SERVER

CORBA ORB

Java C C++

IDL IDL IDL

Java C C++

IDL IDL IDL

Figure 4 CORBA

OMG’s CORBA is a standardised specification for the creation of distributed (client/server),
object-oriented systems. Figure 4 shows a high level diagram of the CORBA structure. The
client may be written in Java and the server written in C++ and neither would be aware of the
difference. This is done using the ORB, which is a layer of software that allows developers to
define objects and specify narrow interfaces (using CORBA’s Interface Definition Language
or IDL) through which these objects may be accessed. These interfaces allow the abstraction
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of all the underlying implementation details of the objects, their methods and any other
information about the class. This allows applications to be distributed and heterogeneous -
distributed meaning the various objects can be hosted across many computers and
heterogeneous meaning many languages and many operating systems can be used, yet all
operating together transparently. The ORB smoothes over the system differences between
components of application. It can been described as an Object Bus, a software equivalent to
the computer hardware bus [10] .

Objects can be implemented in various ways depending on the implementation language
used. Thus in order to enable all objects to interact, CORBA must view them at a higher level
of abstraction i.e. through interfaces. The mechanism used to implement these interfaces is
IDL (Interface Definition Language) defined by OMG. This language  allows classes, their
respective attributes and methods and any other information to be defined. The IDL interface
contains information such as where the methods implementation is situated and the
parameters it requires etc. Neither the client or the server are aware of the mechanisms used
to communicate method calls. All routine of communications handled at runtime by the ORB.
An example of an IDL interface can be seen below:

typedef long agentvariables[3];
interface agentInformation {

attribute long versionNo;
attribute string agentName;
attribute agentvariables aVar;
string getAgentName();
void ExecuteAgent(in long agentName);
…

}

In the above interface a simple header for an agents information might be stored. Contained
within this class is the agents version number, its name and an array to store the variables the
agent uses. After this the various method calls are defined. This interface is all that the client
knows about. This file is compiled into what is called a stub for the client. This will contain
information such as where the methods implementation is situated and the parameters it
requires etc. If the client wants to execute a method it makes a call to this stub. The client is
not aware of the mechanisms used to communicate the call. This stub then processes the call
and passes it to the underlying ORB runtime. This runtime will then communicate with the
server ORB, which, after some more processing, passes it on to the server itself. The return
values will take the same route back.

3.2 Java for mobile code

Java is an object-oriented architecture neutral portable multi-threaded dynamic language. Java
was designed to support applications on networks, such as the internet, which made it an ideal
choice for the Prompter tool. In addition it is fully object-orientated and therefore provides a
natural choice for integration with CORBA. These properties make Java an ideal language to
implement the Prompter tool.

Java compilers generate machine independent bytecode for what is called a virtual machine.
This virtual machine is a layer of software on a machine, which takes the Java bytecode and
executes them. This results in code that executes the same no matter what its underlying
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architecture is. Thus Java bytecodes can be shipped over the net and are guaranteed to
function the same on all platforms. Java has achieved wide spread acceptance in the
programming world [14].  Since Java is a mobile code system it can also be considered as an
option for implementation of mobile agents.

Mobile code refers to the ability to transfer executable binaries to wherever they are needed.
Though the basic Java support for bytecode migration implies Java code mobility, this
capability is not really viable other that in applets. With the standard implementation of Java,
all Java objects reside on a single host. Also, Java lacks mechanisms for transmitting
arguments from one host to another. In contrast the fundamental premise of CORBA is that
an object on one host can invoke a method of an object on another host. CORBA passes
references rather than objects thus avoiding plunging into the issues of object migration.
CORBA also provides a persistent object service that is not possible with Java alone.

For the purposes of Prompter, all the tasks of a distributed multi-platform system can be
satisfied by using both Java and CORBA together. Java will allow CORBA objects to run on
any system. Some suggest [7] that Java is the ideal language for writing client server objects.
Its built in multi-threading and garbage collection makes it easy to implement robust objects.
The two structures compliment each other. Java deals with implementation transparency and
CORBA provides the services not covered by Java. It links the Java portable application
environment and the rest of the world.

4. Architectural Prototype

To assist with understanding the issues surrounding the distributed architecture, the decision
was taken to develop an early ‘throw away’ prototype. The motivation for this was primarily
as a proof of concept exercise, but in addition the prototype would assist in highlighting any
flaws in the proposed architecture and investigate the feasibility of the distributed architecture
based on CORBA and Java. It also assisted in identifying possible communication, data
storage and knowledge representation problems that may occur in the development of the tool

The implementation strategy for this prototype was to develop the tool from the top level
down i.e. to implement the prototype in Java initially to reduce complexity of code. It was
then planned to introduce CORBA communications code at a later stage. This gave an easy
transition from design into actual code. On completion of the initial coding of the prototype in
Java, the IDL interfaces were introduced. At this stage it became clear that many of the class
structures would have to be altered as IDL did not support many of the rich structures
specified during the design phase. An example of this can be illustrated using a simple 2D
array structure. IDL does not allow undefined sized 2D arrays, so these arrays must be
flattened into what are called  “sequences” in IDL. This problem gets more difficult on more
complex structures needing major restructure of the classes.

The version of CORBA used was Iona’s OrbixWeb v2.0 in association with Sun’s JDK 1.1.4.
The Implementation code had to be separated from the calling mechanisms and wrapped in a
server class, with each server been given a name, so the client will know how to identify it.
The next stage was to package up all method calls into a client class. This involved the
creation of a client class to bind to the server. This class creates a reference for the server by
specifying its name. The ORB is responsible for finding where the server resides and passes
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the reference back to the client. All calls to this server are then intercepted by the ORB and
routed to the server’s machine.

The prototype consisted of a number of servers in the agent architecture - Agent Controller,
Blackboard, Agents themselves. The advantage here is that each of these servers are
asynchronous from, each other and from the clients that call them, making them almost
completely independent. Thus on the majority of occasions when the client call is made it can
continue with its own process, the call is one-way and so does not have to wait for the calls
completion.

Some issues that arose with the introduction of CORBA was the increased complexity of the
code and the increase length of execution time. Since CORBA uses references to objects and
servers, the code becomes more complex to debug. Another problem was the overhead in
running the software - when the software was run on one machine the server calls were
almost instantaneous. However, as more distribution was introduced the overhead became
more dependent on the state of the network. This was expected however, but it did lead to a
lot of waiting by some clients on results from the servers and generally slowing the tool
down. This was most evident when the tool started up and led to the creation of all the
servers. The ORB initially has to search for the location of the servers. This means requesting
information form the network DNS. This lead to unwanted delay. This problem was
overcome by specifying exactly what server is where i.e. by giving it exact IP addresses.

The prototype was considered successful as it had validated the system architecture and
provided useful information about possible problem areas caused by the introduction of
CORBA. This prototype - with a reduced version of a text based interface - was demonstrated
to a number of project managers in three separate software organisations, who represented
project management tool users and potential future customers. A positive response to the
demonstration was received, with a number of issues being raised - particularly in relation to
the construction of the underlying knowledge base and to the nature of potential advice which
the final version of the tool would give.

In order to fully validate the proposed tool, a more functional prototype system is required.
Work is currently under way to develop a fully functional pre-commercial prototype system
which can be the subject of a more comprehensive validation process. The areas of
knowledge elicitation and knowledge management are central to the next phase of this
research. Work is currently underway on developing mechanisms for capturing knowledge
from experienced project managers and translating this into appropriate Jess agents.

5. Summary

Software development projects are becoming more complex in both their structure and the
problems which they address. As a consequence, the tools used for the management of
software development projects need to cope with the increased demands on project managers
by supporting their role as decision makers. In addition, the emerging requirement for tools to
tackle the issues of distributed multi-platform software development projects need to be
addressed.
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In this paper we have described the Prompter tool which addresses the issues outlined above
by supporting the integration of knowledge support and expert critiquing in a distributed
platform independent intelligent agent based system. The implementation of a prototype leads
us to believe that the use of knowledge based guidance will be a valuable addition to the
traditional support tools available to software project managers.
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