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Abstract

The advancement in the information and communication (ICT)
technologies have resulted in the improvement of number of time
consuming tasks and activities. These tasks have been automated
with the help of advance information and communication (ICT)
technologies. The artificial intelligence and multi-agents systems
have made possible to automate number of tasks which required
human decisions and complex calculations. This paper presents a
system design approach for the development of Multi Agent
Meeting Scheduling Simulation model and the VOMAS
framework have being utilized for the verification and validation
(V&YV) of this simulation Model. The verification and validation
(V&YV) of the Meeting simulation model is based on VOMAS
techniques. Our technique will permit the validation of agent
based simulations using (VOMAS) a Virtual Overlay Multi-agent
System. This overlay multi-agent system can comprise various
types of agents, which form an overlay on top of the agent based
simulation model that needs to be validated. To demonstrate the
effectiveness of Multi agent meeting scheduling system and
VOMAS approach, the research  have shown its broad
applicability in a wide variety of simulation models ranging from
social sciences to computer networks in spatial and non-spatial
conceptual models.
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1. Introduction

Today world, the workspace requires number of
interactions as the meeting is considered as one of the
common task. However, proper scheduling of these
meetings helps in the completion of the tasks and activities
on time. The scheduling meeting within different or
similar group of people is a time consuming and a critical
task. In past, different tools, techniques and technologies
have been developed for the auto simulation of the
meeting scheduling system [1].

The growth in the multi agents has helped the scientist or
researcher to solve the real time critical problems. The
multi agents systems have been utilized in number of
application and system to solve real time and critical
problems. These real time problems includes “online
trading [2], disaster response, [3] and modelling social
structures [4], Complex Adaptive Environments [5]” and
many others. The automated e-learning system and multi
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agent application are always considered as the centre piece
of attention. as these applications help in the automation of
the environments and simulation of the required tasks
without the interaction of the human decision. Usually the
multi agent’s environment consists of the intelligent agents
who communicate and interact with each other and the
tasks the decision are made according the environment
conditions. The term “Intelligence” is not limited to the
specific domain, however, the Intelligence in terms of
agent based model or software agents may include some
“methodic, functional, procedural or algorithmic search,
find and processing approach” [6]. There are number of
different type of agents such as “Executive agents,
Collaborative agents, Contributory agents,
Communications agents, Service agents and learning
agents” each of these agents have been utilized for
performing different tasks. However, these agents can be
programmed to perform required activities. If programed
efficiently, these agents can also perform duties and
activities of other agents.

Verification and validation (V&V) of any system is
considered as the essential parts [7]. Without performing
the proper verification and validation (V&V), the
efficiency and performance of the proposed solution,
simulation model or physical system can’t be ensured [8].
There are number of tools and techniques which have been
developed for the Verification and Validation (V&V)
agent based simulation model [9]. The verification is the
step to check that the proposed solutions, and system
architectures meet the specific set of requirements. There
are number of frameworks which have been developed for
the Verification and validation (V&V) of different solution
[10]. These approaches and techniques have been designed
and developed with the help of different software
technologies. The validation have number of aspects
including “Selectivity/specificity, Accuracy and precision,
System suitability, Repeatability, Reproducibility, Limit of
detection especially for trace elements Limit of
quantification, Curve fitting and its range” [11]. The
validation of the simulation based model needs time and a
unified framework to test the requirement and the system
functionality. The Verification and validation (V&V) of
the proposed solution required number of different tests.
These tests perform the different operation to get the
required output of the proposed solution [12].
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Scheduling is considering one of the old problems in the
field of the computer science. This problem has been
identified in number of computing filed in response,
number of unified solutions have been developed. The
multi agent based applications are also facing lot of issues
in terms of the scheduling. If the agent based application
are not scheduled, the issue may raise and results in the
overall failure of the application or proposed solution. A
large number of the research works and implementations
of different algorithms have been designed, developed and
simulated for solving the critical problems linked with the
scheduling. There are number of common algorithms
which have been utilized for solving the scheduling issues
such as “Round Robin (RR), Priority Scheduling, Shortest-
Job-First (SJR) Scheduling, First-Come, First-Served
(FCFS) Scheduling and many others” [13].

The system design approach for the design, development
and implementation of Multi Agent Meeting Scheduling
Simulation model and the VOMAS framework have been
presented in this paper. The verification and validation
(V&YV) of the Multi Agent Meeting Scheduling Simulation
model is performed with the help of VOMAS framework.
The research analysis identify the performance of the
agent based simulation model based on different
parameters such as “Agent communication, Overhead,
Efficiency, , Accuracy and precision, System suitability,
Repeatability” [14]. The overlay multi-agent system can
comprise various types of agents, which form an overlay
on top of the agent based simulation model that needs to
be validated.

The paper structure is as followed: The next section
presents the literature review of the researches conducted
in the domain of Verification and Validation (V&V) of a
Multi Agent Meeting Scheduling Simulation Model. In the
next section, the system architecture and the core
components have been presented, this section is followed
by analysis and the simulation of the Multi Agent Meeting
Scheduling Simulation Model. The last section comprises
of the conclusion and future work.

2. Literature Review

In last ten years, the domain of computer science has been
extended to large number of new and innovative areas. A

continuous research work is being conducted in these areas.

In the modern life style more of these domains of
computer science have been involved in the design and
development of automation environments [15]. The vision
of the fully automating environment cannot be turned in to
reality without the proper utilization of the intelligence
system. The artificial intelligence and multi agent have
been integrated in number of different applications to
provide the intelligence and help then to take the decision
on their behalf. However, still a huge work and researcher

are required in order to fully automate the complex
environment where as continues decision are required or
predicating or forecasting different sorts of applications.
This section of the research paper focuses on different
research and framework which have been simulated in the
past for the design and development of the multi agent
meeting scheduling systems. These tools have been
simulated and developed using different languages and
technologies.

A. Negotiation and Market based approaches

The previous researches conducted in the multi agent
meeting scheduling have been divided in two main
categories including “negotiation based approaches and
market based approaches” [16]. Different researches have
been conducted in these -categories. In negotiation
approach, a large protocol have been integrated together to
form communication and coordination between the agents.
In the negotiation approach the agent can take the decision
on their behalf. However, the approach doesn’t resolve the
issue of malicious agents [17].

The market based approaches are also another approach
which have been utilized in number of researches for
communication and coordination between the agents for
solving different tasks and activates. “In this approach, the
agents are simulated to perform a self-interest and attempt
to implement social welfare maximizing mechanisms”
[18].

The [19] have conducted the analysis on both the
approaches. The simulation environments have been
developed for the analysis, verification and validation of
both the approaches. The goal of the analysis are to find
what conductions that approach should be applied to get
the effective and efficient outputs.

The analysis of the approach was simulated. The results
identified that during communication and coordination
many iterations of the communication protocol are
required. The researches were based on the selection of
the best meeting times. “It is worth noting here, that many
other notions of efficiency are valid in this domain. For
instance, the percentage of meetings successful scheduled,
and how much the agents like the schedules are both
useful metrics” [20].

The research presents the software framework for the
design of the multi agent application. The framework was
known as JADE. The basis of the framework was
established in the acquiescence with the FIPA terms for
interoperable intellectual multi-agent structures. The
objective of the framework was the endurance that the
structure service and the improved agent should be
deployed in the environment. The proposed framework
had the ability of dealing with the factors of the multi
agent environment. There are various factors which have
been integrated for the reliability and validation of the
proposed solution discussed in the research study however,
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proposed framework is verified on the independent
applications such as “encoding, parsing, scheduling and
transport” [21]. The offered framework can be improved
for the analysis of the proposed solution which is
developed with the assistance of this research study.

This research study presents the challenges in the
Cognitive Networking. These challenges have been shown
on the Artificial Intelligence (Al). There are various
specifications on which the Cognitive radio networks can
be constructed. These Cognitive radio networks demand
rich application area for Artificial Intelligence. “The goal
of the research study is to encourage further research in
this area so that we can overcome the most significant
challenges that remain in cognitive networking” (Haigh &
Partridge, 2011).

The next section of the research paper presents the system
architecture and utilization of the VOMAS approach for
the verification and validation (V&V) of the agent based
simulation model.

3. System Architecture

The system architecture is presented in this section. The
multi agent meeting scheduling system architecture have
been designed and developed using the layer architecture.
The layers of VOMAS have been added for the
verification and validation of the proposed Multi Agent
Meeting Scheduling Simulation Model. The system
architecture and the working of the main components of
the meeting scheduler agent are presented. The three main
components of the software agent are calendar, scheduler
and the communication components.

Software Agent
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_l/ Communication
User Scheduler o
|
4
Other Software Agent

Fig. 1 System Architecture of Multi Agent Meeting Scheduling.

The calendar is used to store all the available free time slot
of the user when the user wants to set a meeting to tell the
software agent with the help of scheduler, the software
agent select some possible time after scheduling the
possible time.

The meeting agent communicates and coordinates with
each other through a Negotiation protocol. The meeting

agent sends a message with the help of the Negotiation
protocol to the meeting attendee. The message contains a
data and time slot, availability and other parameters. The
other parameters contain the string information which will
not be utilized during the Negotiation. When the other
meeting agents receive the message, these agents check
their personal calendar and mark some time and send the
message back to the initiator meeting agents. If the
available time is rejected by the agents, the best or nearest
time and date are provided by that agent.

As the attendant agent receives the message of containing
the date and time, the agent check that is the meeting date
and time accepted by other agent or not. The attendant
agent also checks the based available time marked by the
other agents. In some cases, the agent main attach the
priorities with the message. If the meeting data and time
are rejected by the large number of agents, the attendant
agent generates new date and time for meeting. This
process is continuous till the specific time is negated
between the agents. The time is confirmed through the
email or SMS alerts send to the user.
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Fig. 2 State Transition of agent during scheduling

We use the state transition diagram to describe state
evolution of agent during the negotiation protocol. For
each transition, there is a input and output message. When
a software agent is in the initial state, it receives a meeting
scheduling request from its user. It sends a proposal
message to the invitee agent and the agent enter in waiting
state on a newly received message the agent passes it into
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an evaluated and the presence of certain condition are
checked it all the reply are not received the agent goes
back in waiting state. If message from the entire attendant
are received and the proposed time is accepted it sends the
confirmation message to the entire attendant and goes to
the end state. If the proposed is rejected, then it will go to
search a new proposal system.
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Fig. 3 Internal Architecture of Scheduler Agent

The architecture of the scheduler agent
consists of the following components:

a) Calendar Module
This module receives request from the negotiation module
and update the calendar information.

b) Calendar Database
It contains personal calendar information.

c) Preferences Module
This module receives request from the negotiation module
and from the user interface to query users’ preferences
about calendars and meeting.

d) Preference Database
It holds user’s meeting preference as it provides
information on calendar days or time interval when the
user wants no meeting

e) Negotiation Module
It receives request and data as input from the user and
coordinates the scheduling process by communication

proposals to other agent in the system it also negotiates
with other agent on their further meeting request as on
invite it keeps the information that it receives from other
agent for a certain meeting scheduling session at the
negotiation database and use them to produce a new
meeting time proposal and counter meeting time proposal.
If acting as an invitee it produces acceptance and rejection
respond to other agent.

f) Negotiation Database

This database holds the information gathered from the
message of other agent for meeting scheduling session.
This negotiation module uses these data to reason about
other calendar information

2) Verification and Validation

The verification and validation (V&V) is the core part of
the research paper. The proposed system architecture in
this research has been tested with the VOMAS approach.
The layer of the VOMAS approach is added on the top of
the system architecture. The simulation of Multi Agent
Meeting Scheduling system contains new agent of the
VOMAS approach which have been added for the
verification and validation (V&V) of the simulation [22].
Each agent in the simulation has to perform different tasks
and activities. There are five main agents which have be
implemented in the multi agent meeting scheduling for the
verification and validation purpose these agents includes
“VO Manager, Invariant, Logger, Watch, Log Entry”.
These agents have been developed on the research
conducted by [23].

VOMAS Layer
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Software Agent
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Ci ication
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=
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Fig. 4 Virtual Overlay Multi-agent System

4. EVALUATION

The evaluation is conducted in this section to calculate the
performance of the meeting scheduling system using multi
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agent technologies through simulation in NETLOGO [24].
The multi agent and VOMAS agents are simulated in the
environment. There are two categories of agents which
have been implemented in the simulation “Meeting agents
and VOMAS agents”. The meeting agents schedule the
meeting and the VOMAS agents are used for the
verification and validation (V&V) of the Multi Agent
Meeting Scheduling Simulation Model. The negotiation
protocol is implemented in the meeting scheduling
simulator. In the multi agent meeting scheduling system,
different meeting scheduling agents were located on
different network peer. The software agent communicates
with each other over the network in order to schedule
meeting in a distributed environments.

The verification and validation of the proposed solution
have been based on number of experiments. Different
parameters have been utilized for the verification and
validation (V&V) of simulator

Testing of the simulator includes parameters such as
“duration, number of meeting agent scheduled, number or
location where the meeting can be held”. The scheduling
process is simulated between 60-80 software agents that
act on the behalf of their users. Each agent owns a free
available time slot depending on the meeting is to be
scheduled in the next 1, 2 or 5 days.

4. Experiments

These results have been extracted from the both agents
deployed in the simulation model. These experiments are
utilized to find the relationship between the different
components.

Fig. 5 Number of Meeting agents Vs. Agents accepted meeting time

The experiment was conducted to calculate the acceptance
rate of the meeting agents. There are one hundred
experiments which have been conducted to calculate the
probability of the acceptance rate of agents which have
accepted the time. It is analyzed from the results that the
experiment have been successful.

Fig. 6 Number of meeting agents Vs. Free time slots

The experiment was conducted to analyze the meeting
agents and the available free slots. It can be analyzed from
the experiment that the meeting agents have direct
proportion with each other. As the free slots increases, the
meeting agents also increases.

e il |
F

Fig. 7 Number of Agents accepted and time intensity

The time intensity is considered as the core parameter. The
time intensity measures the time, the agents take the
decision to accept and reject the time slots. It can be
analyzed from the graph that each group of agent takes
different times. It can be assumed that the time intensity
parameter doesn’t depends upon any other parameter but it
still have a linkage.

Table 1 Simulation Results

Number of | Meeting Number of Time
Meeting Agent Free Agent Accepted | Intensity
Agents Time Slots Meeting Time
87 4 83 23
83 12 79 9
92 2 87 25
80 6 75 7
90 11 85 42
81 5 75 8
81 6 79 29
87 7 82 12
97 4 92 15
86 4 83 38
90 4 88 38
96 7 93 31
96 9 92 6
97 3 93 4
95 3 92 11
80 6 76 17
93 11 88 9
99 8 93 3
100 7 97 2
100 6 98 28
82 6 80 18
89 5 84 29
95 2 89 21
82 6 79 40
83 7 77 39
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95 3 93 26 100 12 97 13

85 7 82 37 83 10 79 29

90 3 88 22 81 7 79 41

97 8 91 20 100 8 95 41

98 2 95 11 89 10 83 19

87 7 81 10 94 9 90 30

87 2 82 8 83 7 77 41

89 9 86 43 86 5 80 7

85 5 80 26 88 4 83 17

80 7 77 5

87 3 84 33

80 5 77 42 i

% 2 o 5 5. Conclusion

90 8 86 14 . .
97 12 95 37 The system design approach for the development of Multi
88 9 84 42 Agent Meeting Scheduling Simulation model and the
84 11 81 43 VOMAS framework have being utilized for the
93 2 87 22 verification and validation (V&V) of the presented
99’2 g g‘l‘ fg research study. The proposed solution has been testet_j _by
86 5 82 30 number of parameters. A complete and a unified
95 12 92 18 simulation have been developed for the verification of the
92 12 88 37 proposed solution. The VOMAS approach can be utilized
90 6 86 31 in number of applications. Number of experiments has
gg 1‘7) gg 22 been conducted to show that the presented approach is
a4 5 30 23 effective and efficient. The proposed research can also be
94 7 92 9 utilized in number software areas.

93 2 91 20

90 3 33 33 In the future, we hope to present results of E-VOMAS
84 8 79 26 conceptual framework. The E-VOMAS conceptual
88 5 83 33 framework will be the enhance version of the VOMAS.
gg 3 gi 21 The E-VOMAS will have number of new agents as
o8 9 o5 18 compared to the VOMAS.
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