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An important characteristic of management, in our view, is the exten-
sive use of dialogs by the project managers in their problem solving and
decision making endeavor. High degree of dependency on manual
interpretation in dialogs might cause problems or even failures due to
the unpredictable nature of management, inconsistency and egoistic
behavior of humans, and the drop of efficiency of humans under high-
pressure situations. In our work, we have chosen the field of Global
Software Delivery Management (GSDM) as the focus of our application.
This paper discusses a cooperative and dialog based multi-agent frame-
work to automate a class of management tasks in GSDM. We describe
the important characteristics of GSDM, identify certain experience
based, less ill-structured tasks that the project and quality manager
routinely perform and discuss why and how the concepts and techniques
of our multi-agents framework are suited best to automate the execution
of these tasks. This work has the potential to contribute to enhanced
and consistent productivity in GSDM. One may note that even a 5%
enhancement in productivity and consistency will have considerable
revenue benefits. We have implemented a prototype of our work using
Java for Agent Development (JADE) platform and we argue here the
results and benefits from a very relevant case study.

1. INTRODUCTION

There has been of late an increased focus on the applicability of the
concepts and techniques of multi agents systems to the field of business
management. The initial results have been encouraging [8] [10%]. An
important characteristic of business management, in our view, is the use
of dialogs by a community of professionals to solve problems. One of
the serious problems confronting the business managers, in their
problem solving and decision making endeavor, is the high degree of
dependency on human interactions or the high degree of manual
interpretation of dialogs by humans. Such a dependency on human
manual intervention lends itself to problems that can result from either:
(i) the unpredictable, inconsistent egoistic behavior of humans that we
witness time to time, (ii) the drop in efficiency of humans under stressful
situations, or (iii) the use of less experienced/qualified humans for
managing tasks due to lack of sufficient number of adequately skilled
human resources.

On an initial analysis, one would find that the concepts and techniques
of intelligent, cooperative, dialog based multi-agent systems can address
some of the issues of business management mentioned previously. This
technology has the potential to offer: (i) agents’ behavior can be
designed as desired by the dialogs designer and thus behavior can be
predicted, (ii) consistent performance even under stressful situations for
humans, or (iii) agents might perform automated decision making using
their ability to cooperate among themselves.

We are thus encouraged to apply the techniques of multi-agent systems
to enhance the degree of automation in problem solving by business

managers. We have chosen the field of Global Software Delivery
Management (GSDM), which is a part of Global Delivery Model [6] as
the focus of application of our ideas for the following important reasons:

. The field of GSDM is an emerging field of management with a
prediction to grow [5]
. The field is not highly ill-structured, thus lending itself to the

application of multi-agent systems to enhance the degree of
automation in software project, quality and delivery manage-
ment.

GSDM is one of the management techniques used by I T service providers
to exploit time and geography as resources and thereby attempt to reduce
or optimize the time and cost of software production and maintenance.
GSDM consists of geographically distributed project management and
software engineering professionals, who use processes and tools in their
endeavor to achieve the functional objective of manufacturing (all
phases of manufacturing including maintenance) and delivering quality
software. GSDM involves intelligent break-down, allocation and man-
agement of tasks to achieve the twin goals of manufacturing: (i) quality
software components at (ii) reduced / optimized costs. GSDM profes-
sionals, like other business management professionals, use dialogs to
seek cooperation and service from their co-professionals in order to
accomplish their tasks and goals.

We have studied and analyzed the field of GSDM and found that the
concepts and techniques of multi-agent systems are quite useful to
provide ‘intelligent assistance’ to the geographically distributed project
and quality managers in accomplishing some of the routine but experi-
ence based tasks. We have also found that the traditional software
development models, such as procedure or object oriented, are not
directly suitable to automate these experience based project / quality
management tasks because these tasks vary from project to project and
/ or time to time and hard-coded solutions (tools) to these tasks lead to
considerable problems during maintenance. We have discovered, as
presented in this paper, that the concepts and techniques of multi-agent
systems are in fact better suited.

This paper is organized as follows. In section 2, we provide an outline
of the related research work. In section 3, we discuss the results of our
research work on the use of intelligent, cooperative and dialog-based
multi-agent system to automate certain tasks in GSDM. It also illustrates
our work with a case study. In section 4, we describe how we have modeled
the intelligent agents using the JADE (Java Agent Development Envi-
ronment) framework and platform [7]. Section 5 presents the conclu-
sions from this research work and directions for future course of work.

2. RELATED RESEARCH WORK
As a promising approach for project management area, intelligent
agent-based system supports framework that defines, manages, and
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executes management processes through their automation and proac-
tive approaches. Several approaches have been made to provide solu-
tions in this area [3] [8] [9][10].

Jennings et al proposed an agents framework for business process
management in [8]. The key feature of their system, known as ADEPT,
is that the responsibility for enacting various components of a business
process is delegated to a number of autonomous problem solving agents.
These agents typically interact and negotiate with other agents in order
to coordinate their actions and to buy in the services they require.
O’'Connor et al [10] investigate the use of agents in the distributed
software project management. Agents in this framework provide guid-
ance to human users. Concurrence from an appropriate human being
(e.g. authorized staff) is sought as to whether or not to undertake the
set of actions. This concept hinders the agents to be highly autonomous
due to a large degree of human intervention.

Nienaber [9] proposed a set of agent teams, wherein each agent is given

an atomic task, to address different tasks of the management activities.
In our research, we use a single agent at each individual staff’s desktop
and at each server to manage the activities. And, our focus is much larger
than that of Nienaber. In addition, our dialog based multi agent
framework for management tasks is more appropriate for an environ-
ment that is characterized by many types and higher complexity of
activities compared to other approaches. By having a generic type of
agent in the activities, one can simply append more rules in the
knowledge database to support new activities.

Foundation of Intelligent Physical Agent (FIPA) provides a number of
interaction protocol guidelines such as contract net, Dutch auction, and
English auction protocols. These protocols often provide simple but
effective and efficient way to distribute the activities to accomplish a
common goal among the agents and have been used in many multi-agents
applications. However, Norman [2] argued that the interaction proto-
cols offered by FIPA are inflexible. Our dialogs model that is developed
based on the dialogs theory rooted from communication study offers
higher flexibility by constructing rules based system for the automated
interaction among agents during execution and proactively adjusting the
mental states of each agent. Parsons [11] proposed a formal framework
of dialogs based on the theory of deliberative reasoning from the
philosophy.

3. OVERVIEW OF OUR WORK

Given the aforementioned goal of this research work, our initial focus
has been, (i) to study, analyze and find out the classes of tasks in Global
Software Delivery Management that can be automated using intelligent,
cooperative and dialog-based multi-agents, and (ii) to model such
intelligent agents using the JADE framework and platform.

In this and the next section, we describe the results of this research work.

3.1. Study and Analysis of GSDM

As stated earlier, GSDM involves intelligent break-down, allocation and
management of tasks to achieve the twin goals of manufacturing: (i)
quality software components at (ii) reduced / optimized costs. From a
study and analysis of GSDM, we have observed that there are certain
tasks that the GSDM managers routinely perform. Examples of such
tasks include:

. Coordination of ‘Quality Review of Artifacts’;

. Dynamic work allocation / re-allocation based on requirements
of job role and skills of personnel;

. Controlled distribution (including timely destruction) of elec-

tronic copies of confidential documents, etc.

These tasks have the following characteristics:

. These tasks do not generally require the experience of the GSDM
managers.
. These tasks are required to be performed periodically during

GSDM (and thus are not one-off tasks).

. The business rules / policies governing these tasks vary from
project to project and / or time to time.

. To complete these tasks, effective communication and coordi-
nation among GSDM personnel are required most of the time.

. These tasks are not so well structured that they can be automated

using the traditional software development models like proce-
dural or object-oriented models.

. Yet, these tasks are not so ill-structured that they cannot be
automated using intelligent (knowledge-based) agents.

3.2. Dialog Model

From a study and analysis on how the above tasks are manually
accomplished in real-world projects, we have come up with the following
classification of activities related to these tasks:

. Type-0 Activities: These activities are related to accomplish-
ing planning tasks locally (e.g. selecting best possible candidates
for review process);

. Type-0 Activities: These activities are related to initiation,
coordination and completion of many general planning tasks;
these may refer to a knowledge base (e.g. rule base) to make
intelligent decisions (e.g. under what conditions to allow distri-
bution or destruction of an electronic copy of a confidential
artifact);

. Type-1 Activities: These activities are related to the interac-
tions between an agent and a human being in the form of speech-
based_(Voice User Interface) and/or, text-based communications
through mobile phones and PDAS;

. Type-2 Activities: These activities are related to initiation,
coordination and completion of many general planning tasks and
involves cooperation works among agents; these may refer to a
knowledge base (e.g. rule base) to make intelligent decisions (e.g.
monitoring the progress of a review process).

. Type-2 Activities: These activities are related to accomplishing
specialist jobs (e.g. how to permanently destroy an electronic
copy of an artifact from a UNIX based server or a Windows based
server or a PDA).

We represent a dialog D by the following set of attributes

. I, the dialog identification label;

. P, the set of dialog participants;

. C, the set of conditions that trigger the activation of dialog D;
. M, the set of dialog modules monitored by the dialog D.

We restrict ourselves to dialogs carried out by two agents and can be one
or more of the following types of dialogs: (i) Instructional Dialogs,
used by an agent to proactively delegate responsibilities to other
appropriate agents, (ii) Inquiry Dialogs, used by an agent to seek
information from other agents, (iii) Informational Dialogs, used by
an agent to communicate the response of an allocation request and/or
the status of a sub tasks performed by other agents, and (iv) Negotiation
Dialogs: used by an agent to negotiate in an attempt to find a solution
to a common problem cooperatively.

In our work, these dialogs will be structured into dialog recipes. In brief,
a dialog recipe is a complex set of dialog modules (M) that is executed
in full/partial order and comprises performative and communicative
modules. It contains a set of nodes (M) and their temporal relationship.
There are two major types of the dialog modules: (i) control nodes,
contain nodes that specify the control flow of D, and (ii) action nodes,
contain nodes that specify the action to be executed.

3.3. Case Study: Quality Review Process

One of the important tasks of a Quality manager of GSDM is to
periodically conduct quality reviews of various artifacts like analysis
documents, design documents, code, test-case documents, etc. By an
analysis of this process, we have found out that this task can be
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automated using intelligent, cooperative and dialog-based multi-agents.
In this sub-section, we discuss this case study.

The task of coordinating the quality review process consists of (i)
Finalizing the list of reviewers, finalize the list of three reviewers who
can and have accepted to perform the review (ii) Forwarding electronic
copies, the electronic copies of the artifacts to be reviewed (along with
reference documents) are forwarded to all the reviewers (iii) Coordinat-
ing the reviews, the review process activities need to be coordinated (iv)
Coordinating the feedback resolution, Inform the owners (software
engineers) of the artifacts about the review feedback and (v) Closing the
review process, formally certify that the artifacts are reviewed and issues
if any are resolved. This paper will cover the first stage of review process
in depth, ‘Reviewers Selection’.

3.3.1. Finalizing the list of reviewers

The aim of this activity is to finalize the list of three reviewers who can
and have accepted to perform the review of the given artifacts; the
selection of these reviewers depends upon what type of artifacts are
reviewed (e.g. design documents or test-case documents) and the avail-
ability of the skilled reviewers; the selection also takes into account
factors like which reviewer was least recently used; this activity usually
takes around 3 working days to finalize the list of 3 reviewers and thus
itisinitiated a week in advance of the scheduled period (dates) of review
process.

3.3.2. Reviewers Selection Dialog

This dialog involves 3 types of dialog module types mentioned in 3.2.:
inquiry (e.g. sending availability request to other agents), informational
(e.g. sending response upon receiving review request), and negotiation
(e.g. negotiating upon conflict of interest).

Figure 1 shows the structure of the dialog recipe mentioned previously.
Five different nodes can be observed from the diagram. Each type of
nodes has different property that specifies the execution policy of
actions. The nodes shown by normal lines specify the modules that need
to be executed and then the agent proceeds to the next stage. The parallel
nodes (e.g. double lines boxes) specify the set of actions which need to
be executed in parallel by the agent (e.g. sending questions to find out
similarity measure). Then, the nodes shown by dashed lines specify a set
of actions that may/may not be executed by the agent depending upon
the situations. More than one action can be selected in the optional
nodes. Start and end nodes are special nodes that are designed to indicate
that the recipe start and end consecutively.

Similar dialogs are used in the other review process stages.

4. MULTI AGENTSFRAMEWORK

We present an overview of the design and implementation of our
intelligent agents in quality review process coordination. First, we will
briefly describe some of the important modules in the agent architecture.
We then look at how we model the GSDM environment to facilitate the
simulation. Then, we look at the architectural view of the simulated
review process coordination and the dialog structure during the execu-
tion. We also present some screenshots from our system and we conclude
this section with performance analysis of our framework.

In this section, we first outline how we can use this system in the real
world situation by mimicing the actual GSDM environment. Then, we
discuss the organizations of agents in the quality review process by
discussshowing the top level architecture of our multi agent system. We
then briefly look at the components of the system and the implemen-
tation details of dialog recipes structure in quality review process. Some
screenshots will be displayed and we conclude this section with perfor-
mance analysis of our framework.

4.1 Organizations of Agents in Quality Review Process
Currently, the system comprises the following type entities: (i) one
static agent on each desktop of the team members at each location and
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Figure 1. Reviewers selection dialog diagram

Availability
Enquiry

Confirm
Review

Extract Invite Negotiate |

Technical ] |
Candidates Candidates Enquiry | Request :

Frequency
Enquiry

v

(ii) one mobile device agent for the team members at each location. In
our example, we assume that there are 10 staffs in the organization.
These staffs are assumed to be distributed geographically, own desktop
and mobile device with MIDP enabled and interconnected through the
Internet. These assumptions do not cause any deficiency as our agents
are generic and can be deployed for different staffs with different roles
easily and thus the simulation captures their interaction adequately.

4.2. Implementation Model

To carry out performance evaluation of our multi agents framework in
GSDM, we have developed a prototype application of dialog-based
intelligent assistants in quality review process coordination within
GSDM field. We chose JADE as the agent platform since the goal of
JADE is to simplify the development of multi agent system development
while ensuring standard compliance through a comprehensive set of
system services in compliance with FIPA standard [7]. In addition,
LEAP and JADEX libraries are used to add mobile device agents feature
and BDI framework consecutively to the agent framework.

Mobile device agents are used to facilitate interaction between agents
and the GSDM personnel considering their flexibility nature and virtu-
aly low cost. In this paper, the mobile devices are used for monitoring
purposes only.

4.3. Components of Our Multi Agents Framework

Our system adopts Jadex agent model by incorporating beliefs, goals and
plans that can be modified during runtime execution. The architecture
of our system is depicted in Figure 2.

The agent reacts to messages from the environment and internal events.
Then, based upon these information, the agent selects and executes
plans, which in our system can be dialog plans and/or performative plans.

4.4, Experimental Result

We look at the comparative analysis between the dialog recipe system
and simple ACL Messages exchange approach on examining the per-
centage of reviews being escalated to the project leader in case the
requirement of review (e.g. 3 reviewers should be confirmed) is not met.
The best case scenario is all of the reviews can be finalized without
project leaders' intervention. From the graph in Figure 3, the perfor-
mance of both approaches is similar when the number of available
candidates is lower than the required number of reviewers. After that,
the performance of dialog recipe framework overruns the other ap-
proach. This enhancement occurs due to agents' ability to negotiate on
the required factors as mentioned in the previous subsection; availabil-
ity, ability and frequency. In the case where one or more requirements
are not met, project leader agent will try their best to force the reviewers’
agent to accept the request by way of negotiation.

4.5. Merits of our Framework

Let uslook at the impacts of applying multi agent paradigm in the quality
review process coordination. Benefits of introducing dialog-based agents
in ‘Quality Review Process include:
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Figure 2: System Architecture
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. Eliminating considerable amount of time spent on mundane,
manual activities of selecting and finalizing a set of reviewers;
. Reducing the amount of time to manage the review process delays
using easy to change rules;
. By ensuring that the reviewers are able to access the electronic

copies of artifacts through controlled circulation of the copies,
considerable time is saved

5. CONCLUSIONS

In this paper, we presented the results of applying the concepts and
techniques of intelligent, cooperative and dialog-based multi-agent
systems to automate certain tasks in Global Software Delivery Manage-
ment (GSDM). We described the important characteristics of GSDM,
identified certain experience based, less ill-structured tasks that the
project and quality managers routinely perform and discussed why and
how the concepts and techniques of multi-agent systems are better suited
to automate the execution of these tasks and thus have the potential to
contribute to enhanced and consistent productivity in GSDM.

One may note here that even a 5% enhancement in productivity and
consistency will have considerable revenue benefits. We have modeled
our ideas using the JADE framework / platform and presented here the
results and benefits from a case study from the field of GSDM.

While our future work are aimed at extending the features of intelligent
assistant to be able to carry out more project management task in GSDM
and evaluating the benefits of applying dialog-based multi agent system
in GSDM, on the theoretical side, we plan to extend the dialog recipes
and formalize it.

Figure 3. Probability of review being escalated to PL
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