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Abstract

Supply chain management (SCM) manifests an inherently complex system. It
involves a large number of distributed and interconnected entities which are far from
the sequential execution while facing so much of uncertainty within the operational
environment. The complexity in a supply chain management exercise to profit loss,
customer dissatisfaction and sustainability of the business. Due to inherent
complexity, in particular, dynamic nature of supply chain management, the traditional
software technologies such as databases and web technology cannot be effectively
used to model supply chain management. However, a large body of literature on
research in a Multi Agent System technology (MAS) has demonstrated how the
complex systems can be modeled to exploit the complexity as an opportunity to

devise smart solutions which could not be achieved otherwise.

A research has been conducted to desion and develonment of a MAS for the domain

of SCM. A mul antselution-far SEM, primatidy envisages.th plementation of
o g s .

effective coltaborationscarnamg thel stakeholters) within the pre of supply chain

domain. IA=this sollition;Yeach Phtselin'th Jeveloped as an

agent enabiing communication, coordinaiion and negotiation among the agents to
achieve intended business goals. Our solution presents a decentralized, collaborative
planning, architecture and agents are attached to different containers of the system.
The identified stakeholders of a MAS solution for supply chain management include
raw material supplier agents, manufacturer agents, transport agents, warehouse
agents, retail supplier agents and customer agents. These agents activate when
applicable and disappear from the deliberation if the interaction is counterproductive.
This system has been tested using real world data, simulations and customer
behaviors against agent response. Our solution has demonstrated the essential
features of a MAS including, communication, coordination, negotiation, butter-fly
effect, emergent feature and evolvebility. This system has elegantly demonstrated
how initially active agents fail in the deliberation, and the final deal has gone to an
agent who joined the deliberation in the latter part of the process. The final output of
the system has achieved 80% of successes, in effective collaboration and agent

interaction for delivering a smart solution.
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Chapter 1

Introduction
1.1  Prolegomena

Increasing popularity and the penetration of Artificial Intelligence (Al) techniques
turned into a wide spectrum of subject areas. The complex real world problems have
made Al as a distinct technology in the 21% century. Over last six decades Artificial
Intelligence techniques were showing the unique capacity to solve various complex
real world problems which could not be solved otherwise. In particular the real world
systems involved in large number of interconnected entities in a distributed
environment under unpredictable uncertainty. With the increasing popularity in Al,
numerous intelligence techniques including Artificial Neural Network [1] [2], Genetic
Algorithm [3], and Expert Systems [4]. Among other Al techniques Multi Agent
Systems (MAS) has prayided.gffectiversolutions for problem selving where expensive
communicatﬁifircoordination and Nagotiations aresreguirethxciting applications of
MAS technolb'gy have'been Irepartediinthe complex real world problems such as
Logistic Management [5], and Air Crait Maintenance [6]. Having recognized supply
chain management as an inherently complex system, this project has been conducted
to developed MAS solution for supply chain management. In this connection, this
chapter presents aim and objectives, background and motivation, problem in brief,

novel approach to supply chain management and structure of the overall thesis.

1.2 Aim and Objectives

The aim of this project is to develop Multi Agent System solution for supply chain

management. In order to reach this aim the following objectives are identified.

1. To critically study the supply chain management domain with a view
to identify current practices and issues.
2. Critically analyze the existing solution in supply chain management

with the view to define the research problem and possible technology.



3. In depth study about MAS and its applications.
4. Design and implement MAS for supply chain management.

5. Evaluate the MAS using a real world scenario.

1.3 Background and Motivation

Identification of different entities in business process and how they work together
with collaboration and sharing information to achieve intended goals for an
organization success is an essential requirement of SCM [7]. These entities consists of
material venders, suppliers, manufactories, distributors, retailers and customers and
they work together as a network of agents in supply chain management. There are
some developed legacy systems and client server architecture applications that are
able to provide marginal benefits for the effective communication in SCM [1] [7].
Nowadays, centralized information processing systems, has replaced with
decentralized complete software applications that ensure the independence in supply

chain manager | : __ 1e mathematical
model ft fgeat cammunication.among agents in supply c nvironment, but
Jorge E ieﬁ}.ar and. others..[4]., has d collaborative
planning it

However, for last two decades there are numerous conventional software systems has
been incorporated in finding improved solutions for solving complex system
problems. On the other hand, multi-agent technology has emerged as novel approach
for solving complex system problems, even though the entities are located in
distributed nature. In addition to this, due to uncertainty of the decision making
process, and different behaviors of the entities in supply chain management systems
and their activities have been identified as rather complex in nature. Therefore, it is
hard to find proper evidence of complete software application which has implemented
for eliminating complexity in supply chain management. As a result of this MAS
technology has been used throughout this project to eliminate the complexity and to

offer effective communication mechanism for supply chain management process.



It is argued that the importance of effective communication architecture in supply
chain while enabling the entities to communicate, coordinate and negotiate in
operation. With the introduction of Multi Agent System (MAS) has accommodated
these facilities needed to communicate in a distributed environment. Each agent in the
network has different responsibilities according to the ontology they access and work
together while planning and executing their tasks. In addition to this, inter
organizational coordination and collaboration were not sufficiently achieved by
traditional information systems and their successfulness depend on collaboration,
information sharing and effective technology support. It is reviewed that, legacy
systems, and current software applications that developed using client server
architecture are lacking in effective communication and failed to perform accurately

when they are in distributed nature.

However, some of the developed middleware components to communicate with
legacy systems are not benefited as they were expected. In contrast, the systems that
are deve _ performance in

BRASA A A e T A S AR AT v £-A

commun ~~¢'¢@'F¥s” nagement. With

available ﬂteqr‘ef gies and. e-cop 19 the effective
commun ion, time zone
variations and currency problems. Nevertheless, due to complexity in supply chain
and power of multi-agent technologies has emerged prodigious concern in finding

novel solution for SCM throughout this project.

1.4 Problem in Brief
Lack of proper coordination and communication in SCM environment have resulted

in malfunctioning of whole supply chain management process leading to customer

dissatisfaction, profit loss and increased wastage.

15 Novel Approach to SCM

Communication complexity is a predominant problem in supply chain management

due to entities are operate in isolated environments and are lacking from information



sharing and collaborative planning. Therefore, in this approach a multi-agent system
has been introduced as an innovative technology to provide dynamic solutions for
supply chain management. There are various requirements from the entities operate in
supply chain process has taken as inputs to the system while providing customer
satisfaction, increasing profit margin and reduce wastage are delivered as outputs
from the system. Timely responses, information sharing, high performance under
limited resources are identified as high-level features of the system. Yet another detail
explanation about novel approach and comparison with conventional technologies are

included in chapter seven.

1.6 Structure of the Thesis

Rest of the thesis is organized as follows. Chapter 2 critically reviews the domain of
SCM by highlighting current solutions, practices, technologies, limitations defining
the research problem. Chapter 3 describes the essentials of Multi Agent technology
showing it is_relevant to solve the SCM domain. Chapter 4 presents our novel
approach to g@M with, Multi Agent.technolggy.. Chapter 5 is on the design of MAS
for SCM. Cha.pter 6.comprises details-ofi. implementation of the MAS solution for
SCM. Chapter 7 illustrates a real world problem using novel approach. Chapter 8
reports on evaluation of the new solution by explain evaluation strategy, participants,
data collection, representation and analysis. Chapter 9 concludes the outcome of the

research with note on further work.

1.7  Summary

This chapter describes the full picture of the whole research project showing research
problem objectives, hypothesis and novel solution. Next chapter will be on literature
review of SCM practices, technologies and issues with a view to define the research

problem.



Chapter 2

Current Trends and Issues in SCM
2.1 Introduction

There are legacy systems have been developed for supply chain management [7].
Such systems include advanced planning systems (APS), enterprise resources
planning (ERP) and e-commerce systems, and they have failed to achieve benefits of
collaboration among the entities. Supply chain can be viewed as connected ultimate
suppliers and ultimate customers. The suppliers distribute merchandise at the right
quantities to the right locations at the right time to minimize the system wise cost,
while satisfying the service level requirements. In supply chain management
performance depends on willingness and coordination with others. As a result of this

one entity in supply chain is necessarily affecting the performance of the other entity.

However, supg are, joclined. to, make .own. decisions in.sC Chey involve in
many orgarzatic but;{repmetimes:shava: 101 <depandican ions made by
manufacturer§=9]. THevatailérs arelalso. eq red to suppliers

although uiey rave CONmiCung requireinients. nereioie, useiuiness of decentralized

decision-making mechanism is an apparent requirement in all conditions.

Simulation in supply chain using a multi agent approach have been introduced by
Swami Nathan and others to understand supply chain dynamics [10]. According to
this solution it is evident that their theory has focused on simulation rather than
automation of supply chain functions. The methodology is to predict future trends in
supply chain using theory of probabilistic approach. We realized that with the
considerate of the above theory and their limited consideration about the agents and
use of ontology for communication. Nevertheless, using JADE [11] like framework
with message passing standards (Foundation for Intelligent Physical Agents - FIPA)
[12] and with access to different ontologies for effective communication has made

enormous impact for successfulness of SCM decisions.



Effective communication and information sharing improve working capital by 25%
[13]. Regardless of the business type in SCM process, primary objective of the every
business entity is to earn maximum profits by increasing working capital, streamlining
accounts, managing debtors and eliminating unnecessary cost. Therefore, the
importance of accurate communication mechanism is an essential factor for the SCM.
Among others, introduction of agent technology and JADE platform has fulfilled the
needs of effective communication mechanism. SCM is regarded as a strategic
essential factor in obtaining great deal of competitiveness in the business environment
[8]. In SCM if there is one single company exists in one directional way collaboration
is may not be useful and not complicated. However, cumulative business growth and
connection with other companies in the business process an agent technology can be
introduced as promising candidate in supply chain management. SCM, network has
facilitated different functions of distribution options for procumbent materials,
convert it to intermediate and finished goods and finally distribute over the end

customers [14].

Accordir l%w%he arm- intefligence collections .of agents work like ants or honey
bees [15]. Their g.starts_from payall nber carries out
intended ion with others.

Individual functions of these entities are quite simple but their collective results are
highly benefited. They access local knowledge and produced outstanding global
results without any interaction from centralized authority. The introduced
gravitational search algorithm is practical to swarm optimization algorithm, which
inherits the features of Newtonian laws of gravity. M. Ojha [10] also stated that
swarm intelligence techniques in supply chain has provided optimized solutions in
non-leaner environment for a dynamic problem domain. However, he has introduced
mathematical model for to resolve anomalies in supply chain. But the little
consideration has made the distributed architecture and the identification of entities
involve in SCM because all agents has different roles and responsibilities among the

entire process.

As a new technology paradigm for conceptualizing, designing and implementing
computer applications and to eliminate potential issues related to current software

applications was achieved using agent technology [16]. According to this solution



have introduced by X. Li and others described how to apply agent mechanism to wrap
the existing systems. Their solution manifest legacy applications, enterprise resources
planning systems (ERP) and advanced planning systems (APS) are converted into
agents to maintain the centralized coordination and to accomplish organizational
objectives. In addition to this, it is evident that the introduced framework have
effectively benefited for centralized coordination in supply chain, but they have not

considered the specific technology for implement agents in real environment.

Supply chain management is a solution to the some industrial issues [17]. Therefore
the bullwhip effect [18] can be identified as a major problem in the domain of SCM.
In SCM a single modification has done by the end customer and it affects to the entire
process is named as bullwhip effect. From the industry viewpoint, production
planning, inventory management and transport are the main areas of finding
significant problems in SCM. However, handling these entities as an individual and to
manage them to behave using their own decisions is rather complicated and difficult.
For inst n as N-P hard

problem: Aré@'@ very difficult__to handle hetause all of se entities are
interdependeft: 1 )€l system, which
supports modelling and
simulation are new mechanism have developed for supply chain management [19].
Object modelling have facilitated modelling and individual agents. However,
throughout their implementation have not indicated use of ontologies, message

passing techniques and collaboration for effective communication.

Procedural Reasoning System architecture (PRS) is one of the best architecture of
multi agent technology [20]. It has been deployed in many industry applications not
only in supply chain management but also in other complex commutation systems.
This architecture can derives a solution to resolve communication issues arrived in
distributed multi-agent reasoning systems. However, as a simplest architecture for an
agent can be introduced as belief, desire and intention architecture also called as BDI
architecture [21] which consists of simplest characteristics, associated for intelligence
agents. Supply chain is denoted as complex dynamic system and every member
within the system engage the local interactions [22]. MAS have permitted satisfactory

results for a problems with higher complexity by using classical mathematical model



[23]. Development of software agents for distributed data processing can be
accomplished by using a framework [24]. They also discussed that growth of contact
centers, e-commerce and value chain has resides additional problems of entropies data
management and exploitation. However, it has included limited information about the

successfulness of the solution in real time and acceptance of the end customer.

Layered multi agent system architecture is based on agent commitments [25]. It has
illustrated that agent are as components and their interconnections specified as a term
of commitments. Combine architecture is an apparent solution for eliminate
communication issues in SCM [26]. Today’s most of the supply chain functions are
static and relay on long term relationships among trading partners, but more dynamic
and flexible practices between entities in supply chain management provide better
solution for customers and suppliers [27]. With the introduction of theoretical
framework model for collaborative inventory management have effectively benefited
successfulness of the SCM [28]. Within their framework have synchronized the
custome _ k. However, the
intended sé@%{s re limited | t ementation. To
optimize supply € | mance need &f [ ) the entities but
due to dynami wironments are
facing difficulties in all aspects. Therefore, sometimes it leads to delayed shipments,
production failures, employees are informed as sick and customers are change their

requirements [29].

In real world business environments there are no obligations for any organizations to
remain with the supply chain. According to their own judgment, companies can join
or leave at any time from the SCM process [30]. In particular, our solutions have
implemented using JADE environment and included supply chain functions in real
time with more customer involvements for the purpose of wastage reduction, increase
overall profits margins and finally to satisfy the customer requirements. If the
designed system includes high-level management capability and able to control the
complex and dynamic environment then it comprises high commercial importance
[31]. Those systems consist of air traffic control systems, telecommunication
networks, space vehicles, business processors and medical services. The development

of conventional solution for this systems have increased and shown that very



expensive and difficult to maintain over the time. However, agent oriented systems
offered radically different view for computational solution with qualitative change.
MAS technology has inbuilt mechanism to communicate with ontologies. This MAS
framework consist of connectors to communicate XML files and MYSQL databases
[31]. A Multi-agent engine, Virtual world, Ontology and Interfere are four
components provided by the multi-agent systems while enabling advanced
communication standards for sending and receiving messages among active agents
[32].

Every agent has decision making authority and living in some kind of an environment.
They act autonomously based on their observation skills while accessing domain
knowledge have defined in ontologies. In multi-agent applications collaborative
decision have committed successful results rather than an individual decision making
process. Each agent starts actions individually, but the outcome of actions are consists

of combinations [33].

Regardle ogvih plication domain, planning Is.not an Idividual activity, but need
collabor: 'wnEf 0 N, an_agent sta ' it is depend on
the situs 0 route from one

place to another. There are two types of agents in the example including planning
agent and reactive agent. However, successful results have received when agents are
worked together rather than individuals [34]. When measuring supply chain
performance, time based performance have received substantial outcomes. To address
the performance in SCM, there are several frameworks have proposed by different
researchers [35]. Beamon and others have proposed three types of performance
measures in SCM. The resource measure, output measure and flexibility measure
have been identified as considerable techniques to measure the supply chain
performance [36].

A business community and academia are very extensive on literature regarding supply
chain collaboration, but they are not always rely on the targets [37]. There are few
writers especially focused on the cultural aspect of the collaboration which has
identified as a serious mistake. According to the recent survey have conducted by
Supply Chain Management and Computer Science Corporation revealed that the



collaboration is most serious problem in complex communication. However, there is
no specified mechanism to understand the essentially of collaboration. R.P. Kampstra
and others mentioned that the leader have strong command during collaboration.
According to the multi-agent approach, agents have assigned to complete the tasks
with equal powers. Therefore, in our solution collaboration and equal power among

agents have achieved successful results.

In multi-agent applications there is no proper evidence of centralized control [38].
The most prominent feature of complex system is decentralized decision making
rather than centralized environment. Every complex systems consist of global and/or
local ideologies, rules, laws and algorithms for agent to follow. George Rzevski [32]
have implied that an agent operations have committed far from the equilibrium. Since
early 1980s SCM has become most popular concept among management in logistic
operation [39]. The real concept in SCM is based on integration of components.
Therefore, integration can be introduced as strategic and operational. However,
throughc _ , /ey the message

of integr rgm»s ; ur solution also

5
\ '

followed the impt ntegration and

The logistic management is sub instance of SCM. It also consist of physical
distribution of material and material management for different geographical locations
[40]. The field of business logistic have various categories including planning,
implementing, identify the cost effective flows, raw materials, inventory, finish
goods, storage facilities and customer information. Logistic management is created
value for suppliers as well as customers in business perspective. Their operations are
based on time and the place, sometimes product have no value or limited value due to

products are not within the required time and place requirements.

According to the Ronald H. Ballou, the logistic management under supply chain
include various value adding processes for numerous of reasons. The costs are
significant and globalization of industries are some of the features have identified by
Ronald H. Ballou throughout his research paper. However, limited evidence have
found during his research content about solution rather than the problem
identification. An innovative research projects have conducted during last decade to



find the solutions to improve transport logistics [41]. With regard to the level of
adoption is has not achieved the satisfactory level due to limitation in implemented
methodologies. The European Union (EU) have funded to investigate the reason
behind of the slow integration of advanced technologies, to improve the outcome of

logistic management.

However, Thorsten Blecker and others have identified barriers to successful
integration in logistics management including, financial matters, missing/limited hard
facts, misaligned performance metrics, limited contract durations, lack of proper
legal/institutional framework, customer security problems and lack of trust.
Throughout their content have not taken an important position to implement
continuous negotiation mechanism to avoid the identified barriers in logistic
management. The process of SCM can be viewed as emergent field of practice as
well as emerging academic domain [42]. The progress of SCM is ultimately depends

on each other collaboration. However, during this research content John Storey have

illustrate _ n most instance
of the reseag@wgindings during this_chapter have mentioned that M as a complex
problem i fature, solutions, _are rrol  distributed
commun rned on finding

limitation in the process rather than new technology adoption.

In view of the above, we identify the research problem as the lack of proper
coordination and communications in supply chain environment have resulted in
malfunctioning of whole process and leading to customer dissatisfaction, profit loss
increased wastage and sustainability of the business process. A new multi-agent
system technology have introduced, implemented and evaluated in upcoming chapters

in this research project as a novel approach to eliminate supply chain complexity.



2.2 Summary

In this chapter we have identified the research problem especially in Supply Chain
Management. SCM is continuous process, but some activities are operate in parallel.
To address the complexity in parallel communication have taken important position
among researchers to find a smart solution. In general, increased complexity in

distributed environment have resulted unexpected outcomes.

According to views of the researches have stated in this chapter, conventional
software technologies are far away when compared to the multi-agent system
technology. However, their solutions have been included smart technology such as
object oriented architecture and multi-agent techniques, but limited consideration
have taken to construction of ontologies to represent knowledgebase. Therefore,
during this research project important strategies have taken to develop not only MAS
application but also to construct ontologies to represent knowledge base. The next
chapter | cribed different
features Argwag In multi-agent applications

5
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Chapter 3

Essentials of Multi Agent technology
3.1 Introduction

Previous chapter described a large volume of literature review about supply chain
management in multi-agent technology and their successfulness and some
weaknesses. In this chapter illustrates that key technology challenge in automation
process of SCM using multi-agent technology and the importance of it. The concept
of multi-agent systems has become imperative in Artificial Intelligence and computer
science due to power of its features and wide industry acceptability. The theory
behind agent is, question about what is an agent and the use of mathematical

formalisms for representing and reasoning the properties of an agents [18].

However, muiki \tsystemc techpalagy. is, cqmbinatiqny of  grol f agents sharing
informatiofi@n@djecting cotiaboratively teachieve)cammon goals her words MAS
can be defingZas colledtion. ab Hatérogened with their own

problem solving strategy and interaction with others to achieve intended goals [43].
The communication is one of the key components of multi-agent system. In fact,
agent need to communicate with other agents, system resources and some legacy
systems they need to negotiate, corporate and collaborate and so on [44]. The benefit
of the MAS is, it can be used to solve problems which are very difficult in nature and
impossible to solve using object oriented techniques or rather conventional systems.

There are many software projects have been used multi-agent technology to eliminate
communication complexity in various domains including supply chain complexity in
distributed environment. In the past few years multi-agent technology has emerged
and combine with distributed artificial intelligence (DAI) as new research topic to
provide new approach for software engineering [45]. Nevertheless, an agents
technologies have shown new paradigm for solving old and new problems in any

complex environments [44]. Throughout this chapter has illustrated that the features



of agents, behaviors, architecture, industry acceptability and comparison with

conventional software applications.

3.2  Agent Features and Behaviors

Possibly the most general way that the term of agent has been used to denote

hardware or software components, this includes the following properties.

3.2.1 Autonomy

Agents are operate without the direct involvement of humans and others. They retain
some kind of control of their actions and internal state. Also consist of independence
and autonomy while enabling knowledge or representation capability for others.

3.2.2 Social Ability

Agents intet@é}'with other ~agentr(Sometimesy humans); Mia. some kind of agent
communicati,o;h',,Ianguage. Agéntr@ommunication Language (ACL) has proposed by
the Foundation for Intelligent Physical Agents (FIPA) as a proposed standard
language for agent communications. The core fact about the FIPA is to provide
interoperability among agents. Knowledge Query and Manipulation Language
(KQML) is another proposed standard which offers protocol for exchange information
and knowledge [46]. Agents are communicating with other agents via message
passing techniques. It is an expensive procedure and it has achieved using ACL

message system.

3.2.3 Reactivity

Agents can perceive the environment changes and can be response timely manner
what has occurred on it. It may be from physical world, change in the graphical user
interface, collection of other agents, from internet and sometimes combination of all.
[18].



3.2.4 Pro-activeness

They are not simply act in response to the environment, but able to exhibit the goal
directed behavior by taking the initiatives.

3.2.5 Difference Behaviors of Agents

An agents can execute different behaviors concurrently while communicating with
other agents. Java Agent Development Environment have been introduced a
mechanism for computerizing the agent behaviors [44]. There are three primary types
of behaviors available with JADE with diverse features. The one shot behavior is
designed to provide single execution and it is execute only once. The cyclic behavior
is programmed to provide never complete route and it is operations is called until
stop. The final behavior is generic behavior and it is designed to provide continues
tasks until specific condition is met.

3.3 \ Jltéf%g: AFCNLIECTLINE

Agent a gents and they

primarily concern with designing software and hardware to satisfy the properties
provided by the theories [45]. To develop software model for an intelligence agent

highlights the essential of agent architecture.

As a simplest architecture for an agents can be introduce as belief, desire and
intention architecture also called as BDI architecture which consists of simplest
characteristics associated with intelligence agents [44][47]. Belief best describe the
information state of agents, desire illustrate motivational state of agents and intention
represent the deliberate state of agents. The architectures can be divide into four main
categories respectively logic based, reactive, BDI and layered according to the time
they have introduced. A complete description of the features in multi-agent

technology against other systems have depicted in Appendix A.



3.4  JADE as Development Environment

When developing multi-agent systems the environment and architecture is an
immense advantage for the successfulness of the solution. Java Agent Development
Environment (JADE) is a middleware component that facilitates the development of
multi-agent applications. It consists of runtime environment, library of classes and

graphical tools.

3.4.1 A Runtime Environment

A runtime environment describes the place where agent can “live” and must be
activated in a given host or terminal. One host can contain one or more agents and
that running instance is called as container. A set of activated instance of containers is
denoted as platform [48]. In a JADE platform main container should be activated in
runtime which is the first container and has the administration facility over the other

containers. The other containers should be registered with main container and need to

configure i me of. the host.and-port nuraber, 1A a network some other platform is

activated thg ! ;’r"hal containers can.be registefed with main container. The advantage
of this platform architecture is the registered agents under any containers can be
communicate via message passing. Figure 3.1 illustrates the above runtime

environment with simple scenario showing JADE platform with multiple containers.

Figure 3.1: Containers, Platforms and Agents
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The Figure 3.1 describes the arrangement of platforms, containers and agents in a
networks environment. An agent can communicates with the other agents regardless

of the platform and container that they have attached or authenticated.

3.4.2 Library of Classes
The programmers are independent to use library of classes to implement agent
behaviors. As described in the above paragraphs in this chapter, to implement

different behaviors of an agent the programmers have to incorporate the intended java

classes which are included in JADE framework.

3.4.3 Graphical Tools

The crated agents should be authenticated, monitored and administrated when they are

in runtime. The > set of graphical tools ¢ able L environment to
simple agegEZaministration. sych-as agente myigration, . stop, e, suspend and
termination Wieneves necessaiy

35 Industry Acceptability and Usage

A multi-agent systems are extremely popular in wide variety of industry applications,
ranging from complex systems, mission critical systems and small systems for
personal assistance [49]. Industry applications have taken early advancement in multi-
agent system because they are the first multi-agent systems were demonstrated and
tested of their initial potential. No conventional system have shown feasible solution
for solving problems related Distributed Artificial Intelligence (DAI) [43]. Therefore,
MAS is seen as major research space for developing industry application especially in

the areas of distributed computing and distributed artificial intelligence.



3.6  Comparison with Conventional Technologies

Conventional software application have shown limited potential for solving inherently
large and complex problems. One of the major drawback of conventional systems are
fail to establish connection with modern applications. This issue is still remain
unsolved due to communication difficulties with conventional system when sharing
information with modern software applications. However, with the introduction of
multi-agent systems have shown strong capacity for establishing connection with

conventional application especially in information sharing.

Today’s organizations are diversified their business functions and are not operate in
single location. The operations are rather complex and requirements are different
when operate in distributed environment. Therefore, conventional systems are lacking
to provide essential characteristics when the business functions are perform in
distributed nature. However, the problem domain is complex, unpredictable and large,
then the only one way is, it can be addressed by modularizing the components [50].
This decomgesmon or modutarization  can be” developed by replacing agent
technologles because agents.are_permit to use most appropriate paradigm to solve
appropriate ploblem which could not be solve by using conventional technologies. A

detail description is explained using graphical notations in chapter seven.

3.7 Summary

This chapter discusses the important and advantages of multi-agent technology to
solve communication problems arise in distributed nature. It also described the
features of agents and their different behaviors. The next chapter will discuss
approach to SCM using multi-agent technology.
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Chapter 4

Approach to SCM with Multi Agent Technology

4.1 Introduction

In the previous two chapters we define the research problem as the inefficiency in
SCM and the existing solutions by describing why MAS technology could be a
potential technology to develop novel solution for SCM. This chapter presents our
approach by describing the hypothesis, inputs, outputs, process, features and users for
novel solution for MAS based SCM. The new solution has been named as MASSCM
and is the acronym for automated Multi Agent System for Supply Chain

Management.

4.2  Hypothesis

MAS will e 8hle tolaaddel complescsystemn) ofsSCMito1address the issues of

communicafierramon the'parties'invelvediin the process.

4.3 Inputs to the System

MAS for SCM have been design to accept multiple inputs coming from different
entities of the supply chain process. The table 4.1 shows that the inputs from

corresponding agents.



Inputs

Agents

Raw material quantities
Transport locations

Delivery dates
Dates and holidays

Manufacturer details
Minimum order quantities
Reorder levels

Reorder quantities

Demand

Raw material supplier
Transport

Transport/ Manufacturer
Human Agent
Manufacturer
Warehouse/ Retail
Warehouse/ Retail
Warehouse/ Retail

Customer

Table 4.1: Inputs by Various Agents

4.4  Outputs to the System

o |
There are twamodesiofcatitpuit genefatetbythe systemlaThesesoutputs are coming as

organizationaFrelated afd'the ctistohet veldted aspects.

Organization

Customer

Reduced wastage
Increase profits

Final customer satisfaction

Receive products in right time
Receive right quantities

Receive products in right quality

Table 4.2: Outputs of the System

45 Process of SCM

Having entered the inputs to the system uses MAS technology and ontology to

generate the outputs. In SCM process agents are perceive the environment changes

and can be response timely manner what has occurred on it. It may be from physical

world, change in the graphical user interface, collection of other agents, from Internet

and sometimes combination of all. They are not simply act in response to the




environment but, able to exhibit the goal directed behavior by taking the initiatives. In
this process seven major types of agents are defined to the system. In particular, the
agent categories, alias names and no of active agents with their assigned tasks are
explained in chapter six. The knowledge required these agents to operate are stored in

a common domain ontology and personal ontology.

Agents are autonomous and work together with collaboration and information sharing
to complete given tasks. Therefore agents are basically access their personal
ontologies to generate decision about raw material quantities, who are the selected
suppliers, pricing, discounts, quality of the products, after service, and the past
records of entities in SCM. However agents are access common domain ontology
which has broad description of the entire supply chain process and made available to
any agent with define permissions. Inventory management rules are introduced such
as FIFO (First in First Out), LIFO (Last in First Out) according to the product
category and availability of stocks.

As a prc oéﬁg‘ technology Java’Agent Development Framework (JADE) have been
used to aut@ffiié supply chain manageme s used 90 % of
JAVA t 1 nanagement are

automated using Hyper Text Pre Processor (PHP), JQuery, and Java Scripts. In

addition, NetBeans IDE is used as development environments.

4.6 Features of SCM

Overall features of the proposed system are not derive from the inputs and outputs and
are basically non-functional requirement of the system. Agents are created using Java
Agent Development Framework (JADE) therefore each agent in the framework
consumes limited resources and produce high performance. Despite of other multi
agent technologies JADE is available as free software component hence development
cost is marginal. Ability to perform under limited resource environment, installation
and access through the mobile devises are increased the rapid growth of multi-agent
technology. Instead of the standalone environment the agent are accessible through

the web interface with minimum bandwidth.



4.7  Non Functional Requirements of the System

Non-functional requirement of the system is used basically to identify the system
operation in all conditions. In other words, it described the qualities/constraints of the
system. No of concurrent active agents in a given moment and number of database
connections activated are and some of the non-functional requirements for SCM. The
system have maintained the proper security model to accommodate the non-functional
requirement while encrypting the user credential for accesses and modifications to the
knowledge base. MYSQL server have configured to provide necessary concurrent
database connections without affecting to the performance of the system. However,
the system architecture have designed to accommodate new requirements will arise in

the future to meet system extensibility.

4.8  Users of the System

The develqigEt apphication . basieajly. .aims, tq satisfy. the ements of the

stakeholders™Haw has interested (ko the syst ectrum of users
intereste ystem include raw

P

material venders, manufacturers, transport agents, warehouse agents, insurance

companies, retailers and customers.

49  Summary

This chapter discussed the overall picture about the novel approach to the supply
chain management and presented that hypothesis, inputs, outputs, process, users and
finally what are the non-functional requirements are been achieved by the system.
Next chapter will illustrates the major design architecture of the SCM and who are the

entities involve in the process and their relationships.



Chapter 5

Design of MAS for SCM

5.1 Introduction

Previous chapter described the approach to the supply chain management including
hypothesis, inputs, outputs, process and features of the system. In this chapter the
main objective is to presents a high-level understanding of the design architecture,
modules and relationships among the different entities are involved in supply chain

management.

5.2  Two Components Architecture of SCM

In the context of the SCM, information sharing and collaborative planning are the
most principal; features, have<beenused Jfoi o elindpate complexity in distributed
commumcat% in additionrtoithat it carvbe introducedias paraltel components and are
highly coupled each ‘other' in' eommuntcation. The Figure 5.1 illustrates that simple
architecture of SCivi.

Supply Chain
Management
(SCM)
Informaticn Collaboration
Sharing Management

Figure 5.1: Two Components Architecture

Figure 5.1 the two components architecture of the SCM is presented as fundamental

understanding of information sharing and collaboration to achieve projected business
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goals. Each agent in supply chain process have to complete their assigned tasks while

enabling common features such as coordination, communication and negotiation.

5.3 Essential Entities in SCM

There are six main categories of entities (modules) have been identified namely raw
material suppliers, manufacturers, transport agents, warehouse agents, retailers and
customers. All of these entities are access common domain ontology and their
personal ontologies while information sharing and collaborative planning. They
sometimes found as hierarchical within the supply chain process, but in most cases
they have a parallel behavior. Therefore, Figure 5.2 illustrated the different entities

(modules) are operated in the process and their contribution in number of agents.

) o L o o v . Raw Material
|. | | | | | | | | | | | Suppliers
;%i‘; ; hid V10| “‘ ) IManufacturers

rt.4c.Il Transport Agents

|. | | | | | Warehouse Agents

C OO COrCaOCyr Retailors

(DI (O] [ [ customen

Figure 5.2: Module Based Architecture of SCM

Figure 5.2 illustrates that, who are the responsible entities are involve in supply chain
management process and their dependencies. There are limited number of
manufacturer agents are operate in the process and they hold significant responsibility
by compared to raw material suppliers. In other words, they have more control over
the entire supply chain process. However, retail supplier agents are dealing with the

customers and any bullwhip effect from the customers end will leads to substantial



change in whole supply chain management process. Therefore, handling the behaviors
of each entity (module) group is found as demanding tasks and essential to implement
comprehensive ontology including common domain and personal to smooth

functioning of the SCM process.

5.4  Relationship between Entities in SCM

In this chapter a main purpose is to illustrate relationship among the entities (agents)
are associated in SCM process. The Figure 5.3 describes the overall architecture of
SCM and relationship among each agent.

Information Repository
[Ontology)

Agents Main Container
d
1

B |
| tanteinagnd I antaer [ .ontainer 4
| il : ]
. & 1 : “a ) i &
i L ¥
|Information
Epostony gpository L lepository
(Ontology) I L‘_"'JIDMDI&[V:I L [ontolomy) ~——[Ontology)
hlain Idain Iain Main
satup [} =etup ] Setup ) satup [}
1 1 1 1
0..* o.* o.* 0.*
Reguest
Row material 2“‘ uest Manufacturer Req-..e Distributor Request Retail
Suppliers o esponse .| Agent " esponse | Agent _ Response | supplier
Agent - Azent

, I .

Behaviors
1= 1
ACLMESSAGE()

®

Figure 5.3: High-Level Architecture of SCM

According to the Figure 5.3 illustrates that different entities and their behaviors roles
and responsibility. Each agent are attached to different containers and are authenticate

by main container of the system. Java Agent Development Framework (JADE) has
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been used to implement containers and it is described in detail under implementation
chapter. This diagram also explain that each agents are connected to sub containers to
access their personal ontologies, and agent who are attached to main container also
access domain ontology. Behaviors of the agents are highly coupled with connected
ontologies, but main container has authority for agent administration such as transfer
agent from one location to another (agent migration), suspend agent whenever it’s
necessary and terminate agent. Agent to agent communication happen via message
passing that is included in the above diagram as request and response. However, a
detail description about design diagrams such as class diagrams, sequence diagrams

and state transition diagrams are included in Appendix B.

55  Agent Communication

Initiator Participant
[query-if]
T, ¥ J,-‘ [_.:: uEr'?r-r.;_’-{‘-]
G :
%_s‘?’ i
_ W reflse
Ll
[ agree

[agreed and notification
necessary]

failure

inform timeout A

<
g

[query-if] | [agreed]

inform result

[query-ref]

Figure 5.4: Sequence Diagram for Agent Communication

Agent communication is demanding tasks and sometimes it is complicated regardless

of the application. Any complex system need correct design in relation to agent



communication through message passing. In order to maintain proper negotiation
mechanism the agents have to adhere with accepted protocol with other agents. FIPA
stands for foundation for intelligence physical agent which is the protocol used for
agent message passing. This allows an agent send a request to another agent
(participant) for to perform certain action when specific condition is encountered. The
target agent accept the request and has to wait considerable time to perform intended
action. Finally, transmit a message to the initiator (requester) the requested action
have been performed. This entire process is depicted in Figure 5.4 and detail

implementation have demonstrated in implementation chapter.

56  Two Phase Development Architecture in SCM

The two component architecture have discussed early in this chapter to explain the
importance of information sharing and collaborative planning. In spite of, two
components architecture it essential to demonstrate the hierarchy of developments.
There are two phases identified in SCM, including agent communication and

administra}' ase and ontology management and report generation phase.
4 | :

Agent Agent
Communication Administration

Supply Chain Management System

Ontology Reports
Management Generation

Figure 5.5: Development Architecture
The design of top level architecture in any application will compromise to successful
implementation. As a deliverable of design phase the diagrams are drawn, and it
includes description of the entire application architecture. The Figure 5.5 explains the
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entire system which include four components. The agent communication and
administration have identified as parallel phase while ontology management and
report generation phase have identified as two separate components. Agent
communication and decision are highly coupled with ontology. However, results of
agent communication have automated using report generation component. To improve
the scalability of the solution each phases have been developed as separate

components. This architecture is explained in details under implementation chapter.

5.7 Summary

This chapter described the overall picture of design architecture and the identification
of different agents, modules (entities), roles and their responsibilities. Next chapter
will prove how it has implemented using Java Agent Development Framework
(JADE).



Chapter 6

Implementation of the MAS Solution for SCM

6.1 Introduction

Previous chapter illustrated the design architecture of supply chain complexity using
multi agent technology. In this chapter our aim is to shift the emphasis from design to
practice. Therefore, in this chapter will discuss the implementation of the complete
software component which handle the complex communication in distributed
environment. According to the design chapter the agents are shared and access the
knowledgebase defined in personal ontologies and common domain ontology.
However, there are physically two separate phases have been developed to align with
design diagrams explained in the previous chapter. In general, one component is

responsible for the implementation, administration and initialization of agents using

JADE and java 10loay While othet camponent is;responsibk displaying web
A ’ o .

based dynag#iciFéports|@fihen¢omnunicatian and spanaging < tology. Since a

great deal of=gttentior Was pdid tolthelimpl using XML file

SyStem ana vi Y oL as Kiiowiedge oase.

6.2  Agent Categorizations

To maintain simple implementation mechanism and to enhance modularization of
components we have separated the agents in to six major categories as shown in
Figure 5.2 in the chapter 5. Therefore, implementation have started with identified
primary two components of raw material and manufacture agents. According to the
supply chain domain manufacture have control over the most supply chain functions

rather than raw materials suppliers.

In an open market we can find number of raw material suppliers producing of raw
materials for manufacture venders. However, their raw materials prices have decided
by manufacturers due to competition among the large number of suppliers. In order to

start manufacturing depends on the requirement of customers. Customers have direct



relationship with retail suppliers and they identify what is the customer wants and
market trends. Finally, retailers shift the requirements to manufacturers and they
demand the required quantities and varieties from raw materials suppliers. In any
stage anomalies may arises due to poor communication among the supply chain
therefore, agents have implemented according to the design architecture have

mentioned in Figure 5.3 in chapter 5.

¢ @ Main-Container

& m1@localhost1099/JADE

& m2@localhost1099/JADE
M3@localhost:1099/JADE
M4 @localhost:1099/JADE
ME@localhost:1099/JADE
Onto@localhost:1099/JADE
R10@localhost:1099/JADE
R11@localhost:1099/JADE
E R12@localhost 1009/JADE
E R13@localhost 1009/JADE
& R14@localhost 1099/JADE
@ R15@localhost 1099/JADE
& R1@localhost 1099/JADE
& R2@localhost 1099/JADE

BN @]

HA@ldesthosi I ADE

(r
ATy
@ Ee o n o
o o
(2]
2
[
&

Figure 6.1: Manufacturer and Raw Materials Agents

The Figure 6.1 describes the number of agents are joined with communication
process. A letter “M” is denoted manufacture agents while letter “R” denoted raw
material agents. Further details about agent representation names/alias are described

later in this chapter.

However, as an example manufacturer “M1” fails to manufacture products on time
due to employees called as sick and problems with power failure. In such condition
manufacture agents can communicate with both raw materials, transport agents,
warehouse agents and retailers to overcome unnecessary delays in productions. The
strong point of this multi-agent system is continuous communication and coordination

to resolve anomalies. Therefore, all required parameters have been identified among



the agents by the system such as number of employees have allocated for each batch,
deadlines, daily input and output quantities and are reflected to other agents to
prevent unwanted delays. The system have introduces the proper rules and ontologies
for to shift the manufacturing duties from manufacture agent “M1” to “M2” according
to their availability and capacity. The entire communication process is handle and
monitored by message space agent and has the responsibility of handling the

messages whenever necessary.

6.3  Alias of Agent Representation

When implementing agents using JADE framework is recommend to rename their
original names to a short uniquely identifiable alias. Because, each agent category
consists of substantial number of agents for to represent entire supply chain. No of
agents used in this project is explained under Table 6.2 in this chapter. The process of
agent message multicasting is identified as sender and receiver. It is proposed that to
use agent id (AID) as a key components to uniquely identify and distinguish agents
among othe@@ents. As an example if there are fifteen raw material agent have

implemented‘%‘rthe system thejr AlD willirange from R1 to R15.

Mext availakle dates from manufacturer agent MZ is_ .. Z015-04-02

Mext availebkle dates from manufacturer agent MZ is. .. Z015-04-07

Mext availebkle dates £from manufacturer agent MZ is. .. Z015-04-0&

The manu:'acture:ag:eed on 2015-04-07 to dispatch the products with T1

(INFORM

creceiver (set | agem:—idem:i:'ierhc:st:l".'lSlEl_fJA}E caddresses (sequence http://Manoj:
rcontent  "New date schedule confirmation is received. . I™

reply-with Tl@localhost:10%5%/JADE1432834300138 )
R R R R Hew date schedule negotistion is completed. b+t

Figure 6.2: Sender and Receiver

According to the Figure 6.2 there are two agents join with the communication
process. The letter “M” represents manufacture agent while letter “T” denotes the
transport agent. “M2” represent second manufacturer agent from manufacture agent
category and “T1” is the first agent from transport agent category. In this stage “M2”
sends the message to “T1” about scheduling transport dates. Therefore, “M2” is the
sender while “T1” is the receiver. Additional details about agent alias are explained in
Table 6.1.
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Agent Name Alias
Raw Material R
Manufacturer M
Transport T
Human H
Warehouse W
Retailor RE
Customer C

Table 6.1: Agents Categories in Supply Chain with Alias

The benefits of the multi-agent systems by compared to humans is differ from their
communication, negotiation and coordination rather fast and decisions are accurate. In
order to maintain correctness of the communication their identification is must. The
Table 6.1 defined agent category alone with their alias, These aliases are been used
throughout, ttéis}éproject for uniquely identification of agents.

6.3.1 No of Agents Join with Communication Process

Agent Category Number of Agents
Raw Material 15
Manufacturer 5
Transport 3
Human 1
Warehouse 3
Retailor 15
Customer 30

Table 6.2: Number of Agents in Supply Chain

The Table 6.2 describes seven agent groups and number of agents are associated with

under each category. According to the JADE framework is sufficient enough to create
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large number of agents under different containers of the system. Each container
include one or more agents while main container has the facility of agent
administration. Therefore, agent termination, migration, and suspension are the major

activities associated with main container of the system.

In SCM different stakeholders are communicate in an operation, among others
customer is the large category. Their inputs are strong enough to deploy butter-fly
effect in any moment in the process because they consists of changing requirements
all the time. Once the customer requirement have changed in one end will leads to
larger modification in other end of the process in supply chain. However, this sudden
change is accommodated with an introduction of multi-agent system in this
implementation stage with advance feature provided by the framework.

6.4  Configuration and Initializations of Agents

Agent configuration and initialization have automated using JADE and java
technology._f?fge, java_class have heen created for agent jnitialization. When system
starts to rur.rfvalll agents,.haver.automatically configured and attached to their own

containers according to the initialization parameters.

.getContainerController () .createNewhAgent | .starc():
.start ()’
.startc ()
.startc():
1", mull) .start () ;
", null) .startc ()
ent",null).starc ()

.getContainerController () .creacteNewhgent |

ng
.getContainerController () .createlewhgent ("E2"
ng

.getContainerController () .createNewAgent ("Ea"

.gectContainerController () .creacteMewhgent ("ES
.getContainerController () .createNewRAgent ("Eae", "

.getContainerController () .createlNewAgent ("E7", "

Figure 6.3: Agent Initializations

Figure 6.2 illustrates sample of raw material agent initialization. All initializations are
grouped to a one java class with their alias names to maintain the explanation of agent
administration. Agent initialization and administration are further discussed later in

this chapter.
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6.5  Agent Construction and Communication

One of the key component of multi-agent applications is agent communication. In
fact, agents should be able to communicate with users, system resources and other
agents to make decisions while performing coordination, negotiation and
communication. In prior to agent communication their construction is demanding
tasks. As mentioned in design chapter agents have to use specific mechanism to
communicate. Throughout this research project agent creation and enable those to
communicate while passing messages have taken important position rather than

automating other functions of the system.

- & MAS_SCM
— {3 Source Packages
- -[ dboHande
+{:} ontologies
i i8] CustomerpAgent.java

IV Homanddsmtiava

ﬁ : ; [Pl cInifialige ADRm t isa
anufact java

|| RelalerAgentjava

>|§| SimpBehaviour . java

>|§| TransportAgent.java
>|§| WarehouseAgent.java
: |§| myReceiver. java
+{:} pk2.ontology

i1-[ pk3.InitializeAgent

+-| & Libraries

Figure 6.4: Agent Construction

As shown in Figure 6.4 this research project mainly developed using JAVA
technology. NetBeans ID have used for agent construction and to operate their
behaviors. Each agent have constructed using separate java class. A particular java
class consist of diverse methods to manage different behaviors of an agents. In

addition to agent construction, ontology management and agent administration also
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automated using JAVA technology. Agent creation, configuration, behaviors and

communication have described in respectively Figure 6.5, 6.6 and 6.7.

6.5.1 Agent Creation

public class TransportAgent extends Agent {

MessageTemplate . MatchPerformative( ACLMessage. INFORM ),
Mes=zageTemplate . MatchSender | new AID{ "H1™,

MessageTemplate .. MatchPerformative( ACLMessage. INFORM ),
Mezs=zageTemplate.MatchSender | new AID{ "M1™,

Figure.6.5: Create Individual Agents

With constri) -_ﬁ'j.‘)n ofvemnty [jldyaretassantt inherit/extend the properties from JADE
library will turned java class to an agent. By default an agent have no any autonomous
properties until they have incorporated with some kind of a behaviors. As shown in
Figure 6.5 the transport agent have associated two templates namely “mtl” and
“mt2”. The main purpose of the templates is to limit the response from other agents
who are not requested to reply for certain request. Therefore, this template mechanism

have controlled the message sending and receiving behaviors.
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6.5.2 Agent Configuration

BOverride

protected void setupi() {
super.setup () ;
addBehaviour (ne

TickerBehavior (this, 20080)):

addBehaviour (ne\delavBehaviorCnTrans (thd=s, 30000));

SequentialBehaviour seq = new SequentialBehaviour():
addBehaviour (=sedq) ;

new ParallelBehaviour (ParallelBehaviour.RFHEN ALL) ;

Figure 6.6: Configure Individual Agents

The Figure 6.5 described how to create an agents and usage of message templates. As
discussed in previous figure, an agent operation stat with the introduction of
behaviors. The Figure 6.6 described different types of hehaviors. JADE provide
several readysinade classesdodmplerfient behaviars thatiafeexeeute selected points in
different tim:gh'?These behaviors Consist-efabstradtsSmethiodsitd implement properties
of behaviors: iiAfter construction' of partictlar behavior, should be called under setup
method. The setup method is default method provided by JADE framework and has
the property to invoked methods/behaviors are created in java classes.

Every agent should have at least one behavior. So in this sense, one agent can have
many behaviors activated concurrently. Behaviors are taken important position in
prior to agent construction because, their operations are declared under different
behavior code segments. Agent interaction start with execution of their behaviors.
There are several types of behaviors supported by JADE framework including ticker
behavior, one shot behavior, sequential behavior, parallel behavior and delay
behavior. However, throughout this research project all of the behavior types have

been incorporated to implement different interactions of an agents.
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6.5.3 Message Sending Mechanism

public void handleElapsedTimeout() {
try {

Date wl =waids
CLMes=sage toWl = new ACLMessage (ACLMessage. INFORM) ;
SEIlﬂg EELECT DISTINCT (confirg datebrman® aid FROM agents| delivery schedule WH

r=z = da.SelectSgli=sgl):
while(rs.next()){

wldate = r=s.getDate ("confirm date™});
String maid = rs.getString("manu aid"
date '= mull){
toWl.secContent (wldate+"") ;
oWl.addReceiver (new AID("W1", AID.ISLOCALNAME
if (toW A
sethtoWI]

System.cut.println ("The =sender is=s "+mylgent.getLocalName ()+" and the confirmed dates
block(2000)

Figure 6.7: Communicate Individual Agents

A fundamental characteristics of multi-agent system is agent communication and
interaction. This has achieved through message passing and understanding the each
other. In oth?fviévords continuous communication paradigm 1s based on asynchronous
message passmg The crucial,aspect ,of the communication is, agents agree on the
format of the message and the semantics of the content. JADE uses FIPA standards in
communication. In the absences FIPA standards multi-agent system will not be
popular application in industry automation of business functions. The agent message
consist of three parts including sender, receiver and the content. The output of the

message and interaction of the receiver have been discussed in evaluation chapter.

In addition to the parts of the message another mechanism have to apply before
sending it to the receivers. The communicative act is the primary mechanism, and it
have been used to implement what the sender intends to achieve by sending the
message. The communicative act also called as PERFORMATIVE [44] in JADE
framework. To exchange the message agent have to use certain communication
language. The first agent communication language is KQML and it have been
discussed in chapter three. However, currently the most suited and widely used

language is FIPA.
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6.6  Common Domain Ontology and Personal Ontology

Every agent have to access the knowledge base and their actions are highly coupled
on the defined ontology. Throughout this project there are two types of knowledge

bases have declared respectively personal ontology and common domain ontology.

6.6.1 Personal Ontology

Globally collective decisions are based on common domain ontology which has
constructed using XML format while personal ontology have stored in MYSQL
database. In connection with Figure 5.3 in design chapter has clearly indicates that
one ontology is accessed by the agents through main container while other ontologies
are accessed by an agents through sub containers are connected to main container.
The Figure 6.11 in chapter 6.7 described detail description about main container and
its operation.

agents =N Y o 77 b4 o InnoDB
agents L IS 10 InnoDB
agents e 0 InnoDB
agents_initialization [E E #= @ X 1 InnoDB
agents_manufacqty = o # @ X o InnoDB
agents_manufacture (=] B # @ X 1,755 InnoDB
agents_raw_material # @ 1,122 |nnoDB
agents_raw_qty = # [ X 15  |nnoDB
agents_rm_mf _agree qty (=] E ¥ @ X 1,184 InnoDB
agents_transport_dates_ manu = E # [ * 5 InnoDB
agents_transport_schedule_manu ¥ M X 15 InnoDB
cfg_users =] E #= @ X 2 |nnoDB

Figure 6.8: Personal Ontology (MYSQL Database)

Agent communications are fast and accurate than humans. In order to provide rapid
response to any queries from the supply chain the agents have to access their
ontologies without any disturbance. Therefore Figure 6.8 indicates that snap shot of

MYSQL database with advanced features such as indexing and more than 150




multiple concurrent connections in any given moment. Therefore MYSQL database
is sufficient to provide concurrent access to any number of agents throughout the

network with zero failures.

6.6.2 Common Domain Ontology

The common domain ontology is another aspect of the knowledge base. This has
constructed using XML version 1.0 as novel technique to make information readable
of using any technology. Therefore, regardless of the programming language any

agent in the network will able to read and write the contents to XML files.

<£?xml version="1.0" encoding="UIF-8" standalone="yeza"?>
<agentConfiguration>
<itemMame>Books</itenlame>
<itemPrice>10.00</itemPrice>

S trammiamntd turs R0 FamMmiantd b
Lltemimantity oo/ 1 tem MmantilTy:

Figure 6.9: XML Content

There are some information should be accessible to others in supply chain. As an
example description of the product, price and available quantities are should be
visible to other agents in supply chain. The Figure 6.9 described part of the XML
content is available to other agents for communication. For read and write the XML
content need special technique. Therefore, it has used JAXB, it is an open source
library which provide the mechanism of converting XML content to JAVA objects

and it is further explained in Figure 6.10.
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Create JAXBContext object
Create XML

Create Unmarshaller object using JAXBContext object file object to
be read and

l pass to
unmarshal

Call unmarshal method on above created UnMarshaller object

Java object retrieved

Figure 6.10: JAXB Architecture

JAXB stands for JAVA architecture for XML bindings. It include properties for to
create, read and write the XML content. XML and JAVA technology are recognized

as perfect building blogks for. develop yeb services through, infernet. The Figure 6.10
@Y = ¥wiloll) ALUWwd, Ol L Sdl.

arcm of gigating PAVA XML hjest ysing methods of Marshalling
s Warstiallingrocanvert lthe java object into XML representation

while unmarshalling is the process of creating XML content back tc JAVA object.

6.7 The Main Container and its Features

J rma@192.168.10.15:1099/JADE - JADE Remote Agent Management ...
File Actions Tools Remote Platforms Help

o B8 & ePasH Fa@ BE B2 &)
T I‘::IhgentF‘Iathrms - name | addresses sta
¢ E1 "192-4+68 1015 +890.LADE" “[NAME ADDRES... |STATE

¢ B8 Main-Container :
=] 02 45810151000/ )4
B M1@192.168.10.15:1099/JA
B M2@192.168.10.15:1099/JA

Figure 6.11: Main Container Initializations
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The importance and the relevance of main container in JADE framework is
exceptional because all other containers are connected and authenticated by main
container. The Figure 6.11 shows that when agent application is active then the main
container will automatically started. This container is assigned default IP address of
the computer and all other containers are connected via the default IP address have
received by the main container. Therefore, any sub container have implemented in
network will able to connect with main container alone with their local IP addresses.
In this connection, regardless of the application type, if any system uses JADE

framework the main container will be the backbone of the entire system.

6.8  JADE Framework and Agent Communication

JADE is a software framework written in JAVA language. It streamlines the multi-
agent systems through middleware component according to foundation for intelligent
physical agent (FIPA) specification [51]. JADE based applications are platform
independent and can be execute in any operating system. JADE framework is consists
of remote g‘r‘feré'pgjical user Interface (GUI) and it helps to administrate the agent at a
runtime without affecting their, initial. status. Agent administration will be discussed
later in this éﬁapter. JADE provide simple and powerful composition model for peer
to peer agent communication. In addition, to align with Figure 5.4 in design chapter
need specific mechanism to demonstrate the agent communication. Agent
communication happens via message passing techniques and it has depicted in Figure
6.12.
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: 515 from M5

//ETEEE;;d quantity

- M1l Offer Best Pride R13. Will answer Rs3:5 im 2281 ms
- M4 Offer Best Pritoe R13. Will answer Rs:38 inm 582 ms
Propd ity is: 751 from M1
- MZ Offer Best Frice RLI3. Will answer Rs:33 in 22035 ms
tity is: 151 from M4
: B8l from M2

from M1 is no longer walid

roposed guantity

Timeout ! gquote Rs:5

Best Price Hs:Z0 from M1

4 Fot Proposal Bs:74 from E15 & My Price is Rs:Z0

Regquested guantity is: 4€% from Ml is answer by Rl5 with proposed guantity of: 1325
Regquested guantity of: 4€% is agreed by:— M1l

—————————————————————————————————————————— Quantity Negotiation is Completed -—-———-——-———-—-——————————--—n

Timecut ! guote Bs:31 from M2 is no longer walid
Timeout ! gquote Bs:21 from M1 is no longer walid
Timeout ! guote Rs:63 from M1 is no longer walid
Fot guote Bs:1l4 from M1

Fot guote RBs:38 from M4

Figure 6.12: Agent Communication

According to the sequence diagram (Figure 5.4) in design chapter the initiator is
represented in. Figure 6.12 as.manufacturer.agents {M1; M4). These manufacturer
agent send n@lcast request tq, rawmaterial agents. (participant/responder) to perform
an action. Tliéfi,ntended raw imaterial agents (R15) is wait certain moment and start to
respond when the anticipated condition Is achieved. Figure 6.8 Is shows some of the
request message are not committed due to timeouts (timeout from M1). When the
received message met the proposed condition both parties will come to an agreement.
After completion of the agreement the recipient have to feedback to the initiator
(manufacturer M1). This communication will meet an end with the received message
from recipient. Finally, the square is highlighted that the received confirmation
message from the responder by the initiator.

6.9  Agent Administration

Agent administration is a prominent, because sometimes when completion of the
given tasks for an agent need to termination. So in this sense, the amount of memory
is allocated for an agent is will be a waste, if the intended agent is active even after
completion of the tasks. There are some instance agent need to migrate from one

platform to another platform. As an example a retailer agent is operate in one location
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and shifted to some other country due to cheap labor and some financial constraints.
In such a situation agent platform have to change. This have achieved using GUI

component provided by JADE runtime.

o rma®@localhost:1099/JADE - JADE Remote Agent Ma

File Actions Tools Remote Platforms Help

B e dePHH @@ @@ I

7 B8 Main-Container ~|:  name

@ Hi@localhost:1099/JADE  H [M2@local...
B M1@localhost: 1DQQIJADE

@ 3@ Suspend DE |=
8 ma@| Resume \DE
B ms@| K \DE

@ Onto( Migrate Agent  [JADE[—
@ R10@ Clone Agent  |ADE | |-
& R11@ save Agent ADE

BRPA2A Eromrn | p— ATF
o Earticdersaves | ST Lan
Pl o AN NS, A Bt i DA B 1 [

Figure 6.13: Agent Administration Tool

Main container has the agent administration facility while other sub containers are
registered with the main container have limited agent administration facility. Sub
containers can manage only agents are registered with them. The Figure 6.13 depicted

that available features of JADE runtime in relation to agent administration.

6.10 Ontology Management

To align with design diagram (Figure 5.5) shown in design chapter ontology
management is important regardless of the application domain. In this application

ontology management have identified as critical tasks. Agents are concurrently read

and update ontology to generate corporative decisions.
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ACLMes=sage msgR = receive (receiveFormation);

if (null '= msgR){
messageReceived = true;

try {

stime = rs.getTime ("tr_ ")
trQty = rs.getShort ("tr gLyl

chedulle manu SET read status='"+readStatusUpdate

Fu

try {
da.UpdateSql (updateQuery) ;

} catch (SQLException ex) {
ex.printStackTrace();

Figure 6.14: Ontology Read and Update

As discussed early in this chapter there are two types of ontologies have used in this
application. ©ntology js;\warked. ashackbopg Lo, any.system qhile their usage is

on théapplication damein./ T he Fgure A4 hows that the ways of

accessing ar{cfit-jpdating ontelegyléonstructed in MYSQL database. The first circle
explained ain ageiiis are accessing the information availabie in knowledge base. The
second circle highlighted that an agents are updating the ontology with collaborative

decisions.

In addition, there is another mechanism have implemented to manage ontology.
Supply chin functions are distributed in different networks. However, modifications to
ontology happens in distributed environments. Therefore, specific web component
have constructed in parallel to agent communication. This web component have
facility to update agent knowledge base in real time with access constraints. The

Figure 6.15 explained the web component GUI is available for ontology alteration.
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Raw Material Agents Required Quantity Schedule

Agent Hame (AID) Bx: D1,D2

Quantity

Tables & Grids

Show | 1500 v |entries Search:
m © A 4 Quantity 4+ Action

1 R1 3250 Edit

2 RZ 235 Edit

3 R3 450 Edit

Figure 6.15: Ontology Management GUI

As said in design chapter, ontology management is one of the core module in this
application. The Figure 6.15 illustrated that GUI tool have constructed for ontology

management through web application).

Supply chain management is complex and distributed through the network. SCM
decision always need to be fast and accurate. As mentioned early in this chapter,
agents are designated to derive accurate and fast decision according to their defined
knowledge base/ontology. In order to continuous growth of the business the
management have to derive correct decision of enterprise resources. This dynamic
report mechanism provide real time reports about current situation and fast records
through online. This has automated using web technology including PHP, JQuery, and
Java script. As mentioned in Figure 5.5 in design chapter this is the last component
have constructed to complete this research project.

The data is derived from knowledge base (XML, MYSQL database) which
continuously updated by an agents through the network. The report mechanism have
been introduced a graphical tool to represent information in different viewpoints. This

has mentioned and described alone with screen shots in evaluation chapter.
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6.12 Hardware and Software Requirements

In any software project it is a good practice to mention the required software and
hardware is needed to run the application. In this research projects the completed
software is constructed using different software technologies. Under this topic is
basically intended to discuss the required hardware and software needed to run the
application. In some extent the required software for development environment have
discussed at the beginning of this chapter. The Table 6.3 discussed in detail about

software, hardware and operating system requirements.

Software Requirement for Development Environment

JAVA IDE, JADE, NetBeans IDE, PHP, JQuery, Java Script, CSS and other
HTML 5 components

Software Requirement for System Deployment

@;JAVA rlintired £1.8)

;‘i

L»;?Apache Server2.2'or higher

= ‘Hyper Tekt Pre Processor (PHP) 5.3 or higher

MY SQL Server 5.1 or higher

Hardware Requirement for System Deployment

Core 1, 5 or higher processor

500 GB Hard drive

8GB RAM

Operating System

The system have developed using free and open sources software therefore,

system can execute both Windows and Linux platforms.

Table 6.3: Hardware and Software Requirement
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6.13 Summary

The heart of this research project is to provide working software components with
intended outputs. In this chapter we have explained different implementation
strategies aligned with design diagrams shown in design chapter. One phase of this
application is agent communication and administration while other component

includes ontology management and dynamic reports.

Detail discussion was taken place about-multi agent communication and ontology
management. The next chapter will discussed supply chain management as a real
world problem and importance of novel approach. In addition, it also included a
comparison of features about traditional systems against multi-agent systems.
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Chapter 7

A Real World Problem Using Novel Approach
7.1 Introduction

According to the previous chapter in implementation stage clearly shows that the
steps are used to automate the supply chain functions using multi agent technology.
However, throughout this chapter is intended to describe the real world problem and
new technology alignment to provide smart solution in supply chain management.
The ultimate goal of every organization is to earn maximum profit in business
regardless of the type of the operation. In supply chain control the flow of

management resources for to maintain the business operation and to earn high

profitability.

Overall @emancey is, depen-.on, thescomplex.and dynamic action with the
compong t:s.{[fﬂer jdérn qencept Ohsupplychair ananagemss wide definition
that incorpotdtes busiviessivlogistics and: phy ition to that the

reqml’ed (ESOUICES al€ 0t iISO1atel tney ale QISUIOULEG aimong countries. However, to

make final product all of such a resources need combination in right time and right

quantities.

It is a question of larger spectators why supply chain is a real world problem among
other business operation. The basic idea of the supply chain is to sell goods to
consumers while making maximum profitability in competition with other business
organizations. One of the most interesting aspect in supply chain is dynamic
interaction among stakeholders. This is due to the circumstance that supply chains are
multi echelon systems which deliver goods to customers from the point of origin,
throughout deferent departments and organizations. However, there is a tendency any
stakeholder can make mistakes while operating their business strategies. Therefore,
one mistake in one end of the supply chain will propagate a huge results (butter-fly

effect) in entire business operation.



7.2 Use of Novel Approach

Since a supply chain is dynamic and chaotic and its structure must be flexible to cope
with changing demand in market. A supply chain must change the pattern without any
effect to gain competitive advantage in business operation. Without automation of the
functions of a supply chain if we introduced humans instead of intelligent agents the
results must not be make high profits and sometimes it could be unpredictable. The
humans are not perfect in communication to some extent and have limitation when
adopting sudden changes in the environment. However, if we used traditional object
oriented architecture has the limitation in the area of information distortion, delay and

not compete with bullwhip [18] effect.

Therefore, the needfulness of advanced framework with accepted communication

standards is highly beneficial for a successful supply chain management.

7.3 A Difference between Traditional Systems and Novel Approach

Our novel approach consists) of, ulti-agent technology which is one of the discipline
in artificiali _ihtelligence. The Table 7.1 have described the comparison of
characteristics in traditional systems and multi-agent systems. The basic idea is
graphically depicted in Figure 7.1 which consists of multiple components and their

interactions.
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Traditional Systems

Multi Agent Systems

Hierarchy of Components
Sequential Processing
Top-Down Instructions
Centralized

Data Driven

Predictable

Reduced Complexity
Result Driven Decisions
Consume Resources

Local Results

Network of Agents

Parallel Processing
Negotiations and Trade-Offs
Distributed

Knowledge Driven
Self-Organized

Increase Complexity
Collective Decisions
Limited Resources
Outstanding Global Results

Table 7.1: Traditional Systems and MAS

According to the given properties in Table 7.1 have indicated that the limitations
associated wgbtradltlonal systems, In this nqyvel approach Is increased the complexity
in communlcatlon Hawever; that. leads to find new pathways, smart solutions, reduce
delays and mCleased emergent properties while providing maximum satisfaction to its

stakeholders.

7.4  Roles of the Agents in Novel Approach

Novel approach is started with creating an intelligent agents to represents stages in
supply chain management while enabling communication, coordination and
negotiation among them. Each agent have assign to complete small tasks and enable
to access ontologies defined in personal ontology and common domain ontology.
When agents have started to communicate with other agents their decisions are
updated in ontology files. Any given time there are more than ten agents active in the
communication process and, with the completion of the tasks they can leave the
message space at any time. More definition about simultaneous active agents are

defined in Figure 7.1 with compared to traditional systems. Agent communications,
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roles, decisions, tasks and responsibilities are explained in details under evaluation of

the new solution chapter.

Traditional Systems Multi Agent Systems

| Simultaneously Active
Components

Figure VA1 58imultanesushy Active Components

The Figure 7I indicates that simultaneously active components in traditional systems
and multi agent systems. The traditional systems maintain the hierarchy of
communication while multi-agent system is used network of components. If any
single point failure is occurs in traditional systems will face to entire communication
system to a not responding state. However, with more redundant communication links
indicate that continuous communication in multi-agent systems by compared to
traditional systems. Therefore, this novel approach is committed to the continuous

communication mechanism for the successfulness in supply chain.

7.5 Summary

In general, this chapter has illustrated that the definition of real world problem and
why SCM is denoted as real world problem. Instead, it also explained the different
between traditional system and the importance of novel approach. The next chapter is
intended to explain step by step approach of the new system evaluation. In addition, it

also planned to provide detail evaluation in each steps of the entire software
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component. In the evaluation chapter will discuss multi-agent features and resulted
outputs to satisfy different stakeholders of the system.
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Chapter 8

Evaluation of the New Solution
8.1 Introduction

In previous chapter explained that detail description about real world problem, and
also discussed the importance of novel approach in communication. However, in this
chapter is planned to provide real world emphasis on supply chain as new and smart
solution in order to satisfy stakeholders of the system. Up to this moment entire
research project have focused the subjectivity of the application. Throughout this
chapter it changed to prove the objectivity of the application.

In any research project the evaluation stage is critical because it will mapped the
resulted outcome with stakeholder satisfaction. Therefore, this chapter have taken
important straiegies {0 yerify. outcomesy with, customer; requirements. In addition to
that, this Chéb"?ér is Buigentohow Mukii-ageft featuresianécatfected to supply chain
functions to'abtain divarse solotions. an particular, early negotiation of agents, agent
interaction, interference of human agent, change in business process, and real world

data have discussed as main evaluation points.

8.2  Beginning of the Negotiation in Supply Chain Management

As discussed in previous chapters, this research project is mainly consist of multi-
agent technology, features, and how it benefit for the smooth functioning of
continuous business process. Therefore, negotiation, communication and coordination
are some of the key features in any multi-agent application is intended to demonstrate.

The Figure 8.1 evident that, how agents are start to negotiate with iteration of others.
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Baw Material Supplier RZgent B2 Got Demand from Manufacturer ARgent.

Baw Material Supplier Zgent B4 Zot Demand from Manufacturer AZgent.

Haw Material Supplier Zgent Bl ot Demand from Manufacturer Agent.

Baw Material Supplier Zgent BS Got Demand from Manufacturer AZgent.

Baw Material Supplier Zgent B3 Got Demand from Manufacturer Rgent.

= Figowel 8. L Startofithevidegotiation
ﬁ,

Agent iteraffofis one of the Key feature ih multi-agent application. In this research
project agent communication start with receiving raw material demands form
manufacturer agents. There are fifteen raw material agent (R1-R15) have declared,
but in this Figure 8.1 shows only thirteen raw material agents. When communication
start there are some active agents. However, there is no guaranteed that always every
agent will join with the communication because their behaviors are dynamic. In

contrast, agents are active and they start communication with certain delay.

The main purpose of this dynamic behavior of early negotiation is to complete the
tasks within limited resources. The figure 8.2 have depicted that only five raw
material agents (R1-R5) in active state. However, the Figure 8.3 described fifteen raw
material agents (R1-R15) are communicated with manufacture agents. There are only
five manufacturer agents have been initialized on both instances. This comparison is
intended to provide when competition is increased the benefit will receive by

manufacturers. Therefore, initial cost of the product have reduced considerably.



- M3 0Offer Best Price R5. Will answer Rs:33 in
Proposed quantity is: 130 from M3
- M3 0Offer Best Price RZ. Will answer Rs:37 in
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Wi
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- H Best Price RI1. ETIEWE

Eropose
Proposed gquantity is: @& from MZ
- M3 Offer Best Priece RBl1. Will answer Hs3:54 in

Proposed gquantity is: 77% from M3

- M2 0Offer Best Price R3. Will answer Rs:Z5 in

Fropo ¥ 185: 970 Lfrom W2
- M4 Offer Best Price R3. Will answer Bs:g7
Eropose ity is- 34 from M

- M3 0Offer Best Price R3. Will answer Rs:35 in

Proposed gquantity is: Z2& from M3
- M1l Offer Best Price R4. Will answer Rs:47 in

Proposed gquantity is: 13% from M1

Ero
- M4

Eropose

1ty is: Tei Lrom HZ

Offer Best Price B4. Will answer

- M3 0Offer Best Price R4. Will answer Rs:5¢ in

- MZ 0Offer Best Price R4. Will answer Bs:E7 in 5

13E4 ms

1063 ms

2187 ms

gnd the sender is RS

gnd the sender is RZ

"

"

r

gnd the sender is RI1

gnd the sender is RI1

and the sender is R1

gnd the sender is R3

gnd the sender is R3

gnd the sender is R3

gnd the sender is R4

gnd the sender is R4

and the sender is R4

gnd the sender is R4

Figure 8.2: Raw Material Agent Communication in Limited Competitive Environment

As discusge

impletentation-chapter-the:latier < Mi’ 1s-denoted as manufacturer

agent. There gfé fivevmanufactureriagents active in this stage. In each instance of

communication, manufacture agents have authority o provide offers for raw material

agents to provide competitive prices. In this instance “M4” have received three

different prices from respectively “R1”, “R3” and “R4”. Among received prices “R4”

is the lowest and it is Rs: 43. The key idea in this communication is depicted and

described in Figure 8.3.
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- M4 Offer Best Price RZ. Will answer Bs3:17 1431 ms, and the sender is RZ
Pro tity is: 978 from M5

Proposed gquantity is: 45 from M1

Proposed guantity is: 254 from M4

- MZ Offer Best Price R14. Will answer Bs:76 in 258¢ ms, and the sender is Rl14

"

Ero ¥ 15: 405 Lrom HMe
- M4 Offer Best Price R14. Will answer B3:33 Jn 207 ma, and the sender iz Rl4
Propos i is: 7€8 from

and the sender is Rl4

- M1 Offer Best Price R14. Will answer Rs:20 in 525 ma,
Proposed guantity is: 230 from M1

- M5 Offer Best Price R14. Will answer B3:73 in 1%3%0 ms, and the sender is R14
Proposed gquantity is: 15€ from M5

- MZ Offer Best Price R15. Will answer Rs:41 in 820 ms, and the sender is RI15
Proposed gquantity is: 748 from M2

- M1l Offer Best Price R15. Will answer RBs:16 in €11 ms, and the sender is RI15
Proposed gquantity is: 858 from M1

- M5 Offer Best Price R15. Will answer Bs:g in 74

A=) h=

m=, and the sender is R15
- M4 Offer Best Price R15. Will answer Rs: 2

82 ms, and the sender is RI1E

Proposed guantity is: 945 from M4
Proposed gquantity is: 808 from M5

- MZ Offer Best Price R4. Will aznswer RBs:1 in 1644 ms, and the sender iz R4

Figure 8.3: Raw Material Agent Communication in Competitive Environment

As mentioned in Figure 8.2 the received lowest price is Rs: 43. However, the Figure
8.3 iIIustrateg.;Iahat the manufactdrer agent flave 'récetved-Rs:17 as the lowest price
from “Rl4’;:-‘ . gecond mstance of communication. Therefore, when environment is
competitive aﬁd dynamic the result of the communication is competitive. The key
idea of an interaction is to obtain lowest price from raw material agent by taking
advantage of their competition.

When number of raw material agents are high in the communication process the
initial price for their products will automatically reduce. In such situation
manufacturer agent will receive competitive price and control the business function
with higher authority. In supply chain the manufacturers have control the production
stage while transport agents have control from production stage to distribution stage.
Finally, retailers have the authority of controlling selling stage. However, different
evaluation strategies are included throughout this chapter to provide evidence of
outcomes. The results of continuous communication have clearly summarized in
Table 8.1.
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First Instance in Communication with Five | Second Instance of Communication with
Raw Material Agent in Active Fifteen Raw Material Agents in Active
Manufacture Raw material | Price Rs: | Manufacture Raw material | Price Rs:
Agent AID Agent AID Agent AID Agent AID

M4 R1 50 M4 R2 17

M4 R3 67 M4 R3 67

M4 R4 43 M4 R15 68

Table 8.1: Competitive Price Schedule of Manufacturer Agent “M4”

As discussed under Figure 8.2 and 8.3, the received results have depicted in Table 8.1
for clear understanding. It is obvious that “M4” have received the lowest price among
other raw material suppliers in more competitive environment. The same scenario

have described using graphical notations at the end of this chapter.

8.3  Contjalous Népatiatiorfon IComamitmans
€3
An agen 4;;4 AT T I AR A YO THEIR EATATE the negotiation

process with completion of tasks. In multi-agent applications every agent will not
commit for the completion of tasks, because the particular tasks will complete by
some other agent (dynamic/emergent). Therefore, completion of the tasks have taken
important step in negotiation. As said early in this chapter, manufacturer agents are

received prices for the products.

However, received prices will not commit for the completion of the tasks, there are
some other parameters have to complete. In such instance manufacture agent have to
receive intended quantities to for the completion of the negotiation process. If they not
received the required quantities, the communication process will start to continue until
bath parties come to a conclusion about product quantities. In some occurrence, the
lowest price offered raw material agent will not be able to supply required quantities.

This scenario have sown in Figure 8.4.




/E;af’ﬁzzgg—;szé from M2
ORDER at R=:75 Got Proposal Rs:75

ot guote R3:50 from M1
Cot

from B3 & My Price is Rs:g

Best Price

Current offer is : 75

zot AGREE from Manufacture Zgent:— MZ

Timeout ! guote Bs:94 from M4 is no longer walid

Timeout ! guote Rs:46 from M1 is no longer walid

Best Price H3:38 from Ml
ORDER at Rs:2 Got Proposal Bs:8 from BB & My Price is BEs:-38

Bequested guantity is: 1465 from M2 is answer by B3 with proposed quantity of: 450

Cuantity is not sufficient...R3

Figure 8.4: Agreement and Refuse from Manufacture Agents

In supply chain business activities are self-motivated. In one occasion venders are
agreed with purchases while other occasion they completely refuse the business
activity due ge some reason.. Therefores satistying all:stakeholders in the business
process is Cﬁl Howeverr g solutions: have provided-pydhe conventional systems
are found dlfficultles tovaddressichanging requirements of the business venders.
Therefore, continuous communication as a smart feature in multi-agent technology
have addressed this limitation in any circumstances. The Figure 8.4 discussed the
sudden change in the communication. At the early stage in discussion the manufacture

agent “M2” have received Rs: 75 from raw material vender “R3”.

As a result of price negotiation they came to an agreement and it is circled (second
circle) in the Figure 8.4. To complete the task bath agents have to confirm available
and required product quantities. In this situation the raw material vender “R3” does
not have required quantity is proposed by “M2”. Therefore, communication is
committed between “M2 and R3” with no results. The benefit of the continuous

communication and results obtained have depicted in Figure 8.5.
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Got Proposal Es:53 from Rl & My Price is Hs:15
Got gquote B3:9% from M3

== REFUSE

Current offer is : 8

Fot REFUSE from Manufacture Agent:— M1

Best Price Es:58 from M3

Baw Material Supplier Agent B8 Got Demand from Manufacturer Agent.

— M2 Offer Best Price RE. Will answer H=:45 in 1158 ms, and the sender is RE
Proposed quantity is: 837 from M3

- M4 Offer Best Price RB. Will answer Bs:54 in 543 ms, and the sender is RE
Proposed quantity is: &80 from M4

- M5 Offer Best Price RB. Will answer R=:17 in 2160 ms, and the sender is RE
Proposed quantity is: 415 from M5

Bequested gquantity is: 455 from Ml is answer by RE8 with proposed quantity of: 200

Cuant ot sufficient.._RS

: 53

zot AEREE from Manufacture Zgent:— M2

Current offer is

————————————————————————————————— rice Negotiation is Completed ——————-—-—————————1

Bequested guantity is: 1048 from MZ is answer by Bl with proposed guantity of: 3250
Requested guantity of: 104& is agreed by:- MZ

—————————————————————————————————————————— Cuantity MNegeotiation is Completed —————————————1

Figure 8.5: Agreement and Confirmation

The Figure Sﬁnd 8.5 have twa different results as‘output.. IT two agents are started to
communicatgzand came. to;.an agreement for certain step will not finished as
committed hre_g(ﬁ)tiation. In other words, every instance of negotiations will not end
with confirmation of results. However, regardless of the agent and at least one agent
from the pool of agent have committed for a completion of the tasks. According to the
Figure 8.5 raw material agent “R1” is committed for a completion of tasks with
manufacturer agent “M2”. The real comparison depicted that in early stage “M2”
have communicated with “R3” but end up with no results. However, sudden “R1” is
employed and completed the tasks with “M2”. In contrast, the Figure 8.5 elegantly
demonstrated that how initially active agent fails in discussion, and final deal has
confirmed with the agent who has joined with latter part of the communication.

8.4  Negotiation for Scheduling
Continuous communication resulted seamless schedules in supply chain management.
However, agent commitment for better schedules is another smart feature of multi-

agent application. Until this stage have been discussed continuous communication for
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price and quantity, form this stage communication strategy is used for discuss
successful scheduling. In this step manufacture agents are communicated with
transport agent for the arrangement of transport schedules. There are limited number
of transport agents available in this solution and they hold the responsibility for
delivering products from manufacture agents to warehouse agent and retailer agents.
Sometimes a schedule has tendency to change especially in complex communication
structure. Under this chapter have clearly depicted some evaluation points for
handling complexity in distributed supply chain environment. Scheduling has three

steps in relation to product transport and it is shown in Table 8.2.

Step No Description

1 The material or product owner is informed to the transport agent about the dates
they are willing to dispatch.

2 Transport agent then informed the free slots in their schedule for confirmation.

3 Finally, both parties are agreed on certain date according to the communication.

;%Table BI121°\8tépslin DilansportiSéhedule Comaiunitation
=)

There are thi'réie”figures including Figure 8.6, 8.7 and 8.8 have shown and described

later in this chapter to align with the steps given in Table 8.2.

No schedule have received from Manufacturer Zgent M5 to Transport Zgent T2

Willing to Dispatch Products by M1 on or Before ———————————————————— Z015-04-01
Willing to Dispatch Products by MZ2 omn or Before --—-—-—1—"——-—-———-—————— 2015-04-01
Willing to Dispatch Products by M3 on or Before —————————————————-— 2015-04-01

Figure 8.6: Manufacture Agent Product Dispatch Records

Scheduling is sometimes found as difficult, because there are two or three parties have
to agree on particular date with some other parameters (quantity, time, method of
transport, environmental factors). If one part is not willing to accommodate the
services for other parties then the situation became complex. In this research project
agents have represented the stakeholders of supply chain with interaction of other

agents.




Therefore, negotiation is became imperative in scheduling. The Figure 8.6 illustrated
that the manufacturer agents respectively “M1, M2 and M3” are proposed the
available dates for to deliver their products to warehouse agents. In prior to an
interference of warehouse agent the transport agent had to confirm their availability
for delivery schedules. The Figure 8.7 have clearly shown that transport agent
delivery schedule for each manufacturer agent. However, manufacturer agent “M5” is
willing to dispatch products on 1% April 2015 and it have been confirmed by transport
agent “T1”, this scenario have shown in Figure 8.7.

No schedule have received from Manufacturer Bgent M5 to Transport Agent T2

My (Tl) Schedule is: Delivery Start Date:Z015-04-01 Delivery End Date: 2015-04-01 Delivery Start Time:
0%9:00:00 Maximum Quantity: 2000 To M1

Mo schedule have receiwved from Manufacturer Agent Ml to Transport Agent Tl

The agent M3 reply about transport schedule..! to T1

My (T3) Schedule is: Deliwvery Start Date:Z015-04-0Z2 Deliwvery End Date: 2015-04-0Z Delivery Start Time:
08:30:00 Maximum Cuantity: 4000 To M2

No schedule have receiwved from Manufacturer BRgent M3 to Transport Agent T3

The zagent M4 reply Need Schedule to T3

My (Tl) Schedule is: Delivery Start Date:2015-04-01 Deliwvery End Date: Z015-04-01 Delivery Start Time:
09:00:00 Maximum Quantity: 2000 To M3

No schedule have received from Manufac ent to Tra t ent T
i M
5-04-0Z Deliwvery End Date: 2015-04-0Z Delivery Start Time:
BTt M to Tra gr ent T
The agent !
My (Tl) Schedule is: Delivery Start Date:Z015-04-01 Deliwvery End Date: Z015-04-01 Delivery Start Time:

05:00:00 Maximum Quantity: 2000 To M4
Mo schedule have receiwved from Manufacturer Agent M4 to Transport Agent T1

The agent M5 reply about transport schedule. . ! to T1

My (T3) Schedule is: Delivery Start Date:Z015-04-0Z2 Delivery End Date: 2015-04-0Z Delivery Start Time:
08:30:00 Maximum Quantity: 4000 To M5

Mo schedule have receiwved from Manufacturer Agent M5 to Transport Agent TS

My (Tl) Schedule is: Delivery Start Date:2015-04-01 Deliwvery End Date: Z015-04-01 Delivery Start Time:
05:00:00 Maximaum Cuantity: 2000 To M5

Figure 8.7: Transport Agent Delivery Schedule

There are various transport agent who has different schedules for manufacture agents.
Every manufacture agent have not received same schedule and it has a dynamic
structure. In other words, same instance of communication one manufacture agent
may receive different schedules form different transport agents. This mechanism
provides high availability of schedules for smooth delivery without wasting time and
money. According to the Figure 8.7 the active transport agents have different

schedules for various manufacturer agents, among others the transport agents “T1” is
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confirmed the date required by manufacture agent “M5”. Therefore the agents “M5
and T1” have confirmed the transport schedule on 1% April 2015. However, the result
of the confirmation has been described in Figure 8.8. The circled area represented that

confirmation of result and final confirmation message.

Willing to Dispatch Products by Ml on or Before ——————-——————————————-2015-04-01

Willing to Dispatch Products by M2 on or Before ————————————————————-2015-04-01
——————————— Manufacturer Rgent M5 have agreed with Transport Rgent Tl on 2015-04-01 —-———-——-——-{- Delivery Confirmed

Figure 8.8: Confirmation Message

There are some instance all manufacture agent will not receive schedules from
available transport agent. So in this sense, some manufacture agent have to wait
considerable time until they will receive their slots from transport agent according to
availability of resources. The Figure 8.8 shows that confirmation of transport schedule
from both parties. In relation to the Table 8.2 there are two steps have to complete
before reaching to the. final confirmatiop stage. The Figyre 8.7 and 8.8 have clearly
evaluated tt‘@:‘.':’putcomes of .the. sehedule pegqtiation . in .prior to the final step.
Therefore, Qb,‘_r;t,inuous Gommunication,~coordination and negotiation in multi-agent

application have committed successful results in scheduling.

8.5 Interference of Human Agent

Emergent property in multi-agent systems have changed the direction of the
objectives. In this research project interference of human agent made significant
change for the transport schedule according to the change in environment. Agents are

proactive and they can exhibit the changes in environment.

Throughout this research project one human agent is initialized to infer and changed
the certain schedules have confirmed between transport agent and manufacturer agent.
According to the human agent interference the manufacturer and transport agent have
changed the objective date to some other date which not appeared before in the
schedules of transport agent knowledge base.
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Received message Tl the content is Hi I am humsn agent

, pPlease reachedule the delivery confirmed on Z015-04-01, due to holiday..! and its sent by Hﬂ

Beceived message T2 the content is Hi I am humsn agent

, please reachedule the delivery confirmed on Z015-04-01, due to holiday..! and its sent by H1

Received message T3 the content is Hi T am human agent

. Plezse reschedule the delivery confirmed on Z015-04-01, due to holiday..! and its sent by HL

Send regquest to M4 for rescheduling transport on Z2015-04-0Z due to holiday from T1

({INFORM
receiver T agent-1de ifier :name M4@13Z_1&8.10.15:1033/JRDE ) )

"Request new dates. . 1"

Icontent
i
Received massage content is. .. Beguest new dates...! and it is send by ( agent-identifier :name T1@
Send request to M5 for rescheduling transport on 2015-04-01 due to holiday from T2

{INFORM

Ireceiver {get | agent-identifier -name MBE1S5Z_168.10.15:105%9/JRADE | )

content  "Regquest new dates. . 1"
]

Received massage content is_. .. REequest new dates...! and it is send by ( azgent-identifier :name TZ{

Figure 8.9: Human Agent Interference

As discussed in implementation chapter the human agent is represented as “HI1”.
Human agent is responsible for multicast message to all available transport agent for
requesting to change delivery dates according to change in an environment. The
Figure 8.9 described, the avajlable and active transport agents have received the
message and@_’gsend mfarm_message .to manufasturer. agents, Up to this stage there

are confirmedifénsport schedies,iporden to start delivery.

With the sudden changed in environment both manufacture agent and transport agent
have to reschedule the delivery dates. With the interaction of human agent, the
transport agent has delivered the message to manufactures and it is depicted in Figure
8.9 as “request new dates”. This is the situation where initiate an emergent property
and it has changed the direction of objective dates. In contract, the details and

confirmation of new dates have shown in Figure 8.10.
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Beceived massage content is. .. Beguest new dates...! and it is send by (| agent-identif

No agreed transport schedule found for T3

Hext awvailable dates from manufacturer agent M4 is. .. Z015-04-02Z
Hext awvailable dates from manufacturer agent M4 is. .. 2015-04-07
Hext available dates from manufacturer agent M4 is_ .. Z015-04-0¢
Hext awvailable dates from manufacturer agent M5 is... 2015-04-02
Hext awvailable dates from manufacturer agent M5 is_ .. Z015-04-07
Next available dates from manufacturer agent M5 is. .. Z015-04-0&

The manufacturer agent M4 hawve agreed 7 to dispatch the products with T1

The manufacturer agent M5 hawve
{INFORM
receliver {get | agent-identifier -mname T1@15%Z_168_.10_.15:-105%%/J2DE reddresses (sequ

zgreed on 2015-04-02 to Wispatch the products with T2

:content  "Mew date schedule confirmation is receiwved. .. I

reply-with TI1@19%Z2.168.10.15:10%9/JADE143418153175%e )
++++++++++++++H A A Hew date schedule negotiation is co
({INFORM

receiver (get (| agent-identifier :name T2@1%Z2.168.10.15:10%5%/JADE :addresses (segu

zcontent  "Mew date schedule confirmation is received. . I™

reply-with TZ@1592.168.10.15:1099/JRDE1434181531827 )

Figure 8.10: Sudden Change in Transport Schedule

According to the “request new dates” message have shown in Figure 8.9 has
propagated new direction in transport schedule. The manufactures have received the
above mentiagi messdge are-stanted 10 resendthe next avdilable dates. This incidence
has occurredegae to centainproblem witkCthe'early confirmet date of the schedule. |

other words; the intended date have'chrdnged as a holiday due to some decisions of the
government. Therefore, rescheduling is important to avoid any inconsistencies in

supply chain functions.

The circled area have mentioned in Figure 8.10 as new reschedule date. With the
completion of rescheduled procedure, both agent have informed the new date as
confirmation message. In summary, “M35 and T1” have confirmed the delivery date as
1%t April 2015 at the beginning of the negotiation. Unexpectedly it has changed and
confirmed on 2" April 2015 due to emergent property in multi-agent application. It is
evident that, a multi-agent technology is capable to handle any dynamic changes

without affecting the function of the supply chain management.
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8.6  Further Negotiation in Supply Chain

There are some remaining stages have to describe during this chapter including
communication with retailers and customers. In this stage warehouse agent have
joined with the communication process for transport scheduling. This stage evident
that all three stakeholders (manufacturers, transport agents and warehouse agents) are
confirmed dispatch and receive products according to their schedules. At the
beginning of this stage some warehouse agents have received empty schedules. In
other words, the confirmation is pending among manufactures and transport agent.
With completion of the confirmation among manufacture and transport agent are
joined with warehouse agent to complete entire scheduling process. The Figure 8.11
illustrated that completed transport schedule.

No confirmed dates received from manufactures and transport agents to warehouse agent W2 gets null

No confirmed dates received from manufactures and transport agents to warehouse agent W3 gets null

No confirmed dates received from manufactures and transport agents to warehouse agent W3 gets null

No confirmation among manufacturer, transport and warehouse agents for agreed date. .

Transport agent TZ has agreed with manufacturer agent M5 on the 2015-04-02 is acknowledged by warehouse agent W1

No confirmstion gmgng manufsc

Transport = d by warehouse agent W1

No confirms
No confirms Z gets null
No confirms gets null
gets null

a to cuse ent 3 gets null

No confirme

No confirmed from T

No confirmed dates received from manufactures and transport agents to warehouse agent W3 gets null
No confirmed dates received from manufactures and transport agents to warehouse agent W3 gets null
Transport agent Tl has agreed with mesnufacturer agent M4 on the 2015-04-07 is acknowledged by warehouse agent W1

Manufacture, transport and warehouse agents hawve agreed on 2015-04-07 for delivery confirmatiom. ... ... ... __._.._._.

Figure 8.11: Complete Transport Schedule

Supply chain is a continuous process and it activities has certain dependency.
Sometimes one activity/function is highly depend on the completion of next activity.
Therefore, the retailors have to receive products in order to sell for final
stakeholder/customer. However, throughout this chapter have evaluated that including
production of raw materials, manufacturing, transport and storing products at

warehouse premises.

From this stage onwards the research project have reached the final stage in

continuous communication. During this chapter have illustrated not only evaluation
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strategies in supply chain management but also explained multi-agent features and
their dynamics have supported for the successful functioning of the entire business
process. Before evaluation of the retailor and customer experience there is another
multi-agent feature is have to demonstrate. Butter-fly effect is another multi-agent
feature in multi-agent applications. Small change in one end of the application/activity

has propagated huge change in other end.

Transport is one of the strategic stage in supply chain management, if any failures in
transport stage have been propagated major effect to other activities in SCM. Butter-
fly effect has occurred due to unavailability of transport service. The Figure 8.12 has

shown distinct features related to butter-fly effect.

Ho confirmed dates received from menufactures and transport agents to warehouse agent WZ gets nothing
No confirmed dates received from manufactures and transport agents to warehouse agent W2 gets nothing
Ho confirmed dates received from menufactures and transport agents to warehouse agent WZ2 gets nothing
No confirmed dates received from manufactures and transport agents to warehouse agent W3 gets nothing
No confirmed dates received from manufactures and transport agents to warehouse agent W2 gets nothing
No confirmed dates received from manufaktures and transport agents to warehouse agent W3 gets nothing

res and transport agents to warehouse age Wl gets nothing
W1l gets nothing
W1l gets nothing
W2 gets nothing
WZ gets nothing
W2 gets nothing
W3 gets nothing
W3 gets nothing
No confirmed dates received from manufactures and transport agents to warehouse agent W3 gets nothing
No confirmed dates received from manufactures and transport agents to warehouse agent Wl gets nothing
Ho confirmed dates received from menufactures and transport agents to warehouse agent Wl gets nothing
No confirmed dates received from manufactures and transport agents to warehouse agent Wl gets nothing
No confirmed dates received from manufactures and transport agents to warehouse agent W2 gets nothing
No confirmed dates received from menufactures and transport agents to warehouse agent W2 gets nothing

No confirmed dates received from manufactures and transport agents to warehouse agent W2 gets nothing

Ho confirmed dates received from menufactures and transport agents to warehouse agent W3 gets nothing

Figure 8.12: Butter-fly Effect in Transport Scheduling

In some instance active transport agents are not willing to provide the service. This
has happened due to certain employee strike or employees are informed as health
problems. At the beginning of the deliberation they are active for some instance, but
at the end of the communication suddenly decided to prevent the service. Therefore, it
leads to collapse the entire scheduling process and as result warehouse agent received
nothing during the communication. In general, small modification in end of the

transport agent have generated large effect for manufactures and warehouse agents.
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8.7 Increased Complexity among Retailer Agents

From this stage on words the complexity in communication have increased drastically
due to involvement of larger number of retailers. Retailers are responsible for
delivering products to final customers while they received the products from
warehouse agents. They propagate multicast message to all available warehouse
agents including products types and quantity requirements as a request. This scenario
have depicted in Figure 8.13.

{INFORM
:gender |( agent-identifier -name RES@E19Z.168.10.15:1093/JADE :addresses (seguence http://Manoj:
:receiver (set | agent-identifier :name W1@192_.168.10.15:1099/JRDE | )
ccontent  "Need product X with gquantity 1000™

| wwwww QE10

{INFORM
:gender |( agent-identifier -name RE1@19Z.168.10.15:1093/JADE :addresses (seguence http://Manoj:
:receiver (set | agent-identifier :name W2@192.168.10.15:1099/JRDE | |
:content "Need product ¥ with quantity Z000™

) wwwwsw QEL

{INFORM
:gender { agent-identifier -name REZ@192Z_.168.10.15:103%/JRDE addresses (segquence http://Manoj:
receiver (set | agent-identifier :-name W2@192_168.10_.15:1099/J2DE | )

:content "Need product ¥ with quantity Z000™

j wwsws QEZ

(INFOERM
:sender

-
-1
-

8facc )

-
-1
-

8facc )

-
-1
-

8/facc )

01 A - 095 TIDE S b FEgUEnFe S Manoj: 7778 /ace )
creceiver 1

:content

j wwwws OF
(INFORM -
:zender gemE=tde idyY Ffams EE4MAZ-MEEVIALPS-3H8S S Manoj: 7778 /ace )
creceiver
Icontent Need product ¥ with gquantity 2000

j wwwww DE4

Figure 8.13: Retailers are Join with the Negotiation Process

The ACL (Agent Communication Language) message consist of various predefine
contents including sender, receiver, content and performative etc. In this stage number
of warehouse agent are started to receive requests from retailers of the products and
quantity requirements. According to the message space given in Figure 8.13 have
depicted the content of requested message with intended receiver. Therefore, each
warehouse agent is responsible during this stage to fulfill the retailer requirement with
regard to the product availability. If the requested product is not available during this
communication cycle, the retailor had to wait considerable time until he/she found the
sufficient warehouse agent who has requested products and required quantities. There
are some instance all requested retailers are not receive the intended products, in such

a situation their requirement will processed to queue.



8.8 Customer Involvement in Communication

SCM is continuous process and its stages are not cascade. In every instance customers
are send their requirement to retailers. Retailers have the responsibility to cater
customer requirement whenever necessary. There are unlimited customers in nature,

but we have stimulated only potion of them.

{INFOERM

:gender | agent-identifier :name C4@13Z_.1658.10.15:105%3/JADE :addresses (segquence
receiver (3et | agent—identifier :name |BEL1EL152.1€8.10.15:10%%/JRDE ) )

:content "Meed products.

| agent-identifier :name C4@15%Z)168.10.15:105%3/JADE :addresses (segquence
REZ@ELSZ.168.10.15:1038/JA0E ) )

{zet (| agent—-identifier

IMa
"Need products

:gender | agent-identifier :-name C5@192.168.10.15:103%3/JRDE :addresses (seguence
receiver (set | agent—identifier :name BE1E@152.168.10.15:10%3%/JRDE ) )
:content "Meed products. .. ... rm

1 — C5

{INFOEM
sender ége::-;:&:t;fler cirigms MIS [ |zeguence
receivex gﬁ%t agent—identifieri - name BESEESZ
ICONTENT Yaleedy products. . ]

) ——= CE

Figure 8.14: Customers Demands

According to the Figure 8.14 have illustrated that numerous customer demands for
different products. During this communication customer have authority to receive best
product among available retailers according to their expectations. In this scenario the
customer “C4” is sending same request for retailor “RE1” and “RE2” to receive best

product and services from available competition among retailers.

8.9 Simulation and Real Data

This research project not consist of only simulation but also included some real data
from the logistics companies available in the market. As discussed early in this
chapter, the transport schedule data are received from real scenario. However, the



other information during this research project are simulated to describe the

functionality in SCM.

8.10 Adoption to Sudden Change in Environment

Throughout this research project agents in multi-agent system application have the
capability of adoption to sudden change in the environment. With the competition in

the environment there are some agents have received the advantages.

Faw Material Agent Price Schedule
a0 Requested Price
75
70
&5
B0
o I [ Received price
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Figure 8.15: Raw Material Agent Requested and Received Price Schedule

At the beginning of the communication, the raw material agents have received
relatively high prices, but sudden change in the environment have reduced the
received prices drastically. In other words, available numbers of raw material agents
are increased in environment have made the different impact for the received prices.

The same scenario have depicted in Figure 8.16.



Raw Material Agent Price Schedule B Received Price EMQuoted Price

g

0
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Figure 8.16: Raw Material Agent Requested and Received Price Schedule in Different

This has the same meaning given if Figure 8.15, but in different angle to describe

AVALY,

sudden change in environment. The arrow have drawn on the Figure 8.16 describes
sudden recline of the prices due to competition among retailer agents. In SCM the raw
material suppliers have the competition among prices, however in some instance they
are not willing to supply required quantities. From the pool of suppliers only few of
them are able to complete the requirement of manufacturers. This scenario have
depicted in Figure 8.17.
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According t tﬁe Figure .8.1v;ithere-ate-few raw material agents have completed the
required quan_tity requirement of manufacturers. As mentioned early in this chapter
deliberation among agent have resulted successful outcome in SCM. The ultimate
goal of the SCM process is to satisfy the intended stakeholder of the system. During
this quantity negotiation there are only three raw material agents have completed
required quantity requirements among fifteen suppliers. In general, in one stage a
particular agent is performing well, but in subsequent stages some other agent is
committed to the completion of the tasks. This is the complexity is associated with
SCM applications. However, our MAS solution have concluded the evidence
throughout this chapter regardless of the complexity in application to accelerate the

tasks completion while satisfying customer demands.

8.11 Summary

In this chapter, we have taken different strategies to conclude the result have obtain

from each stage to represent the successfulness of the SCM process. Therefore, the
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entire evaluation is targeted not only to implement supply chain functions, but also to
demonstrate a multi-agent features. This chapter have followed the step by step
evaluation process while satisfying the intended stakeholders. The next chapter is
about the conclusion and further work of this research project.



Chapter 9

Conclusion & Further Work

9.1 Introduction

The previous chapter illustrated that various evaluation strategies in SCM, and this
chapter is mainly focused on the final conclusion and further work. The study consists
of systematic review of the limitations in supply chain management and development
of complete software component using multi-agent system technology. This research
contributes to classification of areas in supply chain management with understanding
of restrictions in conventional software systems. Immense uncertainty in complex
systems have resulted unpredictable behaviors in nature, however, the importance of
decentralized architecture have taken vital position regardless of the application
domain. During this application the entire solution have taken the basement as the

decentralized:a;

=)
In the ‘addct chiapterl vel have . ex , aim and the
ObjeCtiV(:o Of Uie Sysieim. SOwlon in orier witn tie 0aCkgirounad and motivation

included basic understanding of the system and main drivers to the system.

Large volume of literature review chapter (Current Trends and Issues) described a real
world problem and limitation in available technologies. In this stage also included
outlining of some industry problems and in what way the concept of multi-agent
system technology is address the complexity for solving problems. According to the
essentials in multi-agent technology chapter illustrated that various distinct features in
multi-agent applications. It also presented that multi agent architecture and motivation
to use MAS technology.

With the completion of essentials of multi-agent technology chapter this research
project have focused to novel approach for supply chain management. This chapter
have described multi agent system technology as novel approach for the supply chain

management. In this solution, included that the features, inputs, outputs and behaviors



of agent technology, and the power of multi agent concept for solving problems which
cannot solve by using conventional supply chain management applications. In
addition to that non-functional requirement and users of multi-agent application have
identified and described at the end of this chapter.

In design chapter in this research project have focused on two components
architecture including information sharing and collaborative planning. It also
described essential entities in supply chain environment and their dependency. High-
level architecture is included in this chapter and illustrated relationship among entities
in SCM. This chapter have taken vital position to describe using design diagrams of

agent communication and message passing strategy.

Then the system is focused to shift the design emphasis to implementation. At the
beginning of this chapter have introduced agent categorization and their alias of

representation. With the description of number of agents join with the communication

consistec _ ve implemented
common .Jg‘@ itofogy “and -personal” ontology to maintain wledge base of
individu: ﬂgEF}te ainer and JAR ] > described with
the completion unication. Also

discussed that agent administration is important because agents are entering and
leaving the system in distributed environment. Finally, in this chapter described that

dynamic report mechanism, hardware and software requirements.

Before starting evaluation chapter this research project have taken important step to
describe real world problem using novel approach chapter. In this chapter have
illustrated that why SCM is denoted as real world problem and different between

conventional system and multi-agent applications.

Finally, this research project have reached to the evaluation chapter where it has
evaluated each stage in supply chain against agent features and behaviors. This
consisted evidence of early negotiation of agents in supply chain while evaluating
their features such as communication, coordination and negotiation. There are
significant features have evaluated including emergent property with uncertainty. In
other words, interaction of human agent have committed to emergent property with



sudden interference in supply chain functions. In addition to that butter-fly effects
have experienced during evaluation because of sudden change in transport agent
behaviors. In summary, during this chapter have evaluated supply chin outputs and

multi-gent features to validate customer requirements.

However, the developed system can be applied to forecast trends in supply chain
functions and to maximize business objectives of an organization, and finally satisfy
the end customer requirements. In fact, the results of the evaluation chapter have
clearly indicates that further negotiation have benefited for the significant change in
the SCM which cannot achieve by other conventional technologies. However, we
believe that the presented model and multi-agent system technology shows potential
for the future researchers to eliminate communication complexity in distributed

environment with immense uncertainty.

9.2 Further Work

Multi-agentg@ggatem technology .is suited for.any complex. problem regardless of the
applicati dgm' Lhroughaut, this resear s in SCM have
impleme n. As a further

work the entire functions of the supply chain it to be evaluated using real world data.
In addition to that the system is to be deployed in real distributed network to obtain

live evidence of communication complexity.

The same methodology of multi-agent system technology is planned to implement in
a network system for diagnosing fault and issues arise in organizational network
systems. In other words, there is no proper mechanism to detect Distributed Denial of
Service Attacks (DDOS Attacks), malfunctioning of nodes and hardware components
(Routers, Switchers, Firewalls etc.) in network system. Therefore, as a distinct
solution multi-agent system technology is planned to automate the necessary agents to

protect organizational network systems.



9.3 Summary

Mainly this chapter have summarized the entire implementation of SCM using multi-
agent technology. However, additional steps have taken to test the system using real

world data.

,.
UNITU/
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Appendix A

Essentials of Multi Agent technology

Al

Introduction

This appendix consists of the features in multi-agent systems and also describes the

difference between complex system and others.

CLASSES/ RANDOM COMPLEX STABLE ALGORITHMIC
Features SYSTEMS SYSTEMS SYSTEMS SYSTEMS
Predictability Total Considerable No uncertainty | No uncertainty

uncertainty

uncertainty

Behavior Random Emergent Planned Deterministic
Norms of | Total freedom | Some external | Governed by | Follows
behavior aws instructions
Degree o d) e Rigidly
organizat o structured
Degree of | None Self-control by | Centralized No need for
control self- control control
organization
Irreversible Random Co-evolves with | Small temporary | None
changes changes environment deviations
possible
Operating point | None Operates far | Operates at an | Operates
from equilibrium according to the
equilibrium specification

Table A.1: A Multi Agent System Features

Source: George Rzevski, a New Direction of Research into Artificial Intelligence




Design of MAS for SCM

B.1 Introduction

Appendix B

As said in design chapter, this appendix consist of various design diagrams to align

with implementation stage.

ProcessOrder

+ProcessOrderlD

Customer Order
+MName =] +OrderlD
+3endOrder() 1 n | +CalculateOrders() 1
+ReceiveOrder()

,,,,,

Transport

+TranslD
+SchedulelD
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( ‘;] 1 -Rasiin’ ; !

+Warels
I Tl 1%

WL IVishehousa

+ReguestSchedule()

L

+SendSchedule()

+ReceiveScheduls() Schedule
+UpdateSchedule() +SchedulelD
M | +TransID
+WarelD n
+HumanlD
1
Manufact +ProcessSchedule()
antae /+Updat98chedule(}
+ManulD
+5chedulelD 1
+OrderlD

Order

+UpdateSchedule()
+ReceiveOrders()

+RawCrderlD 1
+RawhatlD

_———=1 +UpdateDateStatus()

+AssignOrders()

1

n

K
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' +RetailorlD
~FrocessOrderlD

I +ZendOrder()
| ~HeceiveOrder()

Human

+HumanlD

Raw Material

+RawMatlD
+RawOrderlD

4

+ManulD

+ReceiveOrder()
+ProcessOrder()

Figure B.1: Class Diagram for SCM
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Human Transport

Agent [INFORM] Agent
1 . |
[holidays]

[CFP] [holidays]
T
i agree
T
|
request change
[agreed and notification

necessary]

failure

inform timeout

: <
[INFORM] [agreed]

acknowledgentent

EAEATYA 1 1k

[INFORM]

Figure B.2: Sequence Diagram for Human Agent Interaction
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Receive Demand (Raw Material)

Manufacture Products

Finish goods

Holiday

Schedule Transport

Arrange Delivery

Receive Customer Demands

Sell Products

Mo stock in

Stock in hand

qnwersﬂ;y of Moratuwa, Sr1 Ltfl nka.
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@
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Figure B.3: State Transition Diagram
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Appendix C

Implementation of the MAS Solution for SCM

C.1  Introduction

During this appendix have included important code segments, figures and data have

used in implementation stage.

! b oo SRS BRSPS o g PO PRSI ¢ R o, VSRRt DR oL DL

@ University of Moratuwa, Sri Lanka.

Figure C.1: Login Screen of MASSCM

(R reloadnin |Logout

Supply Chain Management Using Multi Agent fhology

W1l pashboard  [# Agents [# pata [ Configurations [# operations [# Reports

Welcome to the Supply Chain Management System (SCM) Dashboard

el

CONFIGURATIONS IIPIIIETII]HS REPORTS

15 Batch 6) . Al Rights Reserved.

Figure C.2: Dashboard of MASSCM
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Raw Material Agents Required Quantity Schedule - Update

Agent Name (AID) R1 EBx: D1,D2

Quantity 3250

Figure C.3: Ontology Update form

schedule id manu_aid tr aid confirm_date confirm_status

] 1 M5 T2 2015-04-01 1
] 2 M5 T2 2015-04-01 1
] 3 M5 T2 2015-04-01 1
L] U %’*.ﬂ'?f%f;l“ifyff"‘r?? Mor ii*sz%m"fa , %55*19 'ﬂiiig'v A !
O] gy ME g2 2015-04-01 1
= S AT L |
] 7 M5 T2 2015-04-01 1
[] M5 T2 2015-04-01 1
] 9 M5 T2 2015-04-01 1
[] 10 M5 T2 2015-04-01 1

Figure C.4: Transport Schedule Data
Source: Link Natural Products (PVT) LTD
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tr_autu_id tr_aid tr_sdate tr_edate  tr_time tr_qty read_status manu_aid tr_date_holiday

O # X 1 T 2015-04-01 2015-04-01 09:00:00 2000 1 M3 1
O & ¥ 2 T2 2015-04-01  2015-04-02 12:00:00 300 1 M5 0
O # X 3 13 2015-04-02  2015-04-02 08:30:00 4000 1 M2 0
O # X 4 M 2015-04-02 2015-04-02 06:30:00 200 1 M3 0
O & X < | = 2015-04-01  2015-04-01  14:30:00 250 1 M2 0
O & X 6 T2 2015-04-02  2015-04-02 23:00:00 500 1 M5 0
O # X | E 2015-04-01 2015-04-01  12:00:00 700 1 M2 0
O & X 8 T1 2015-04-07 2015-04-08 06:30:00 500 1 M3 0
O # X g 13 2015-04-06 2015-04-07 12:00:00 300 1 M2 0
O & = 0 T2 2015-04-02 2015-04-02 06:30:00 2000 1 Ms 0

Figure C.5: Transport Schedule Data (Confirmed by Manufacturers)

tr manu_autoid tr manu_aid tr manu date tr manu_confirm
O # X 1 M 2015-04-01 0
O # X 2 M2 2015-04-06 0
O # X 3 M3 2015-04-02 0
O & X 4 M4 2015-04-02 0
O & X 5 M5 2015-04-01 0

' 'i"'gure Ueclinansport Schedule ofamufacturers Agents

Statement stmt = null;

public ResultSet SelectSql (String gquery) {

ResultSet rs = null;
Statement stmt = null;

try {

DbCon useDbCon = new DbCon():
Connection newCon = useDbCon.conn;

stmt = newCon.createStatement ()
rs = stmt.executeluery(gquery):

catch (SQLException ex){
ex.printStackTrace();

Figure C.7: Code for MYSQL Data Base Connection
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private ACLMessage msg;

public ACLMe==zage getMessage () {
return msg;

X

super(a) ;
timeCnt = millis;
template = mt;

public void onStart() {
wakeupTime = (timeCut < 0 ? Long.MAX VALUE

public boolean done() {
return finished;

public woid action() f{

-+ ri-.g.n-u.-\.'lgi-.g. — --\.--|'I'I'! r

f
=
L4
[
=
i
pors
N
UL
9]
(M
e
=)

I

e l/adol )

public myReoceiver (Agent a, int millis=s, Mes=zageTemplate mt) {

! System.currentTimeMillis() + timeCut):

Figure C.8: Message Space Agent Code

myhgent.getContainerController () .createNewhgent ("T1", "pkl.
myhgent.getContainerController () .createNewhgent ("T2", "pkl
mykgent.getContainerController () .createNewAgent ("T3", "pkl

m
[a]
[~
I

m

;I'l
b

myhgent..getContainerController () .createNewhgent ("W1", "pkl.W
mykgent.getContainerController () .createNewAgent ("W
myhgent..getContainerController () .createNewRhgent ("Wa"

£
v
'
|

mykgent.getContainerController () .createNewAgent ("HL", "pkl . HumanfAgent

.start{):
.startc ()
.starc():

nt",mall) .startc ()
t",onull) .startc ()
nt",null) .stcarc():

",nuall).startc ()

Figure C.9: Agent Initialization Code
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try {

las=s);

File ontoXmlFile = new File("C://U a
JiXBContext jaxblontext = JAXBContext.newIn

Unmarshaller jaxbUnmarshaller = jaxbContext.createUnmarshaller();
jaxbUnmarshaller.unmarshal (ontoXmlFile)) ;

mySelf = (AgentConfiguration)

Figure C.10: Common Domain Ontology Access (XML Access)

for {(int i = 0; i < agents.length; i++) {

msg.addReceiver ( agents[i] .getName () ) ;
par.addSubBehaviour (new myReceiver (this,
prublic wvoid handle (ACLMessage msg) {

2000, template) {

if (msg '= null) {
int offer = Integer.parselnt(msg.getContentc()):
Syvstem.out.println ("Got guote Rs:" + nffeﬂ

+ " from

" 4+ meg.getSender () .getlocallams()) ;

Figure C.11: Sending Multicast Messages to Manufacturer Agents

seq.addSubBehaviour (new myReceiver (this, 2000,

Mesz=zageTemplate.and|
MesszageTemplate.MatchConversationId(msg.getConversationId()),
HessageTenplate. or|

MessageTemplate . MatchPerformative (ACLHessage. 4
MessageTemplate . MatchPerformative (ACLMessage. REFUSE

private static final long serialVersionUID = 1L;

Figure C.12: Agent Performatives Code
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seq.addSubBehaviour (new DelayBehaviour (thi=s, rnd.nextInt (3000)) {
pukblic void handleElapsedTimeout () {

if (bestlffer == null) {
System.cutb.println ("Got no guotes™);
} else {

+ "{mf best price, mf 1,

aid
)

+ "('" 4+ bestPrice + "','" 4+ bestOffer.getS5ender().getlocallName ()} +

cry {
da.InsertS5ql (quexry)

} catch (SQLException ex) {
ex.printStackTrace():

System. out.println ("\nBest Price E=z:" + bestPrice
+ " from " 4+ bestCffer.getSender () .getLocallName()):
LCLMe=s=age reply = kbestlffer.createReplyl():

w
]
IS
I

]
Ie]
m
w
m
m

if (bestPrice <= 50) {
reply.setPerformative (ACLMe=ssage .. RECUEST) ;
reply.setContent ("" + rnd.nextInt (80))
System.out.print ("ORDER at R=:" + replv.getContent() + " "):
zend (reply) ;

MessageTemplate . and|

MezssageTemplate. MatchPerformative | LCLMessage. INFORM ),
HessageTemplate.MatchSender | new AID( "T1"7,
ATID.ISLOCALNAMEY )Y )

Mes=zageTenplate mt2 =
MessageTemplate.and|
MessageTemplate. MatchPerformative | LACLMessage. INFORM ),
MessageTemplate.MatchSendsr( new AID( "IZ",
AID.ISLOCALNAME)} )}
MessageTenplate mt3 =
MessageTemnplate . and|
MeszageTemplate . MatchPerformative | LACLMessage. INFORM ),
MessageTemplate.MatchSender | new AID| "TIZ",
ATID.ISLOCALNAMEY )Y )

Figure C.14: Message Template for to Receive Messages from Transport Agent
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protected woid onTick() {

ACLMes=sage receiveFromTl = receiwve (mtT1l):

if(receiveFromTl !'= null){
try {
String maidl = "";
String traidl= "";
Date agDatel = null;

try {

String sgll = "3
rz = da.SelectSgl (sqgll);
while(rs.next()){
maidl = rs.getString("manu aid");
traidl = rs.getString("tr_aid");
aghatel = r=.getDate ("confirm date™);
T } catch (SQLException ex) {
ex.printStackTrace ()

String conSgll = "SELECT ware aid FROM agentsz delivery ware WHERE ware aid='"+myl

r=z = da.SelectSgl (conS5gll);
boolean vall = rs.next():
if(vall == false){

System.out.println ("No confirmation among manufacturer, transport and w

igure” C.157 Warehouse Agent Ontology Management

String genCID()

if (cidBase == null) {
cidBase = getLocalWame ()} + hashCode ()
+ System.currentTimseMillis() % 10000 + " ";
}

return cidBase + (cidCnt++):

LCIMez=zage newM=sg(int perf, String content, AID dest) {
ACIMe=z=age masg = newMsag(perf):
if [(dest '= mull) {
mag.addReceiver (dest) ;
H
m=2g.setContent (content) ;

return msdg;

Figure C.16: Warehouse Agent Utility Methods
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EQverride
protected void =etop () {

super.setup() To ck

addBehavicur (new TickerBehavior(this, 20000)):

addBehaviour (new delayBehaviorOnIrans (this, 30000)):

SequentialBehaviour seq = new SequentialBehaviour():
addBehaviour (sed) :

ParallelBehaviour par = new ParallelBehaviour (ParallelBehaviour.FHEN ALL):
seq.addSubBehaviour (par) ;

seq.addSubBehaviour (new DelayBehaviour (this, 90000) {
Figure C.17: Transport Agent Different Behaviors
query = te_holiday='1"'";
e = tes) VALUES "
da.InsertSql (datelUpdate) ;
sdata = sdatatholiday+", ";
H ¥ catch (SQLException ex) {
ex.printStackTrace ()’
H
msg.setContent ("Hi I am human agent\n, please reschedule the delivery confirmed on "+sdata+" due
for(int i = 1; i<=3; i++){
m=g.addReceiver (new AID("T"+i, AID.ISLOCALNAME));
zend (m2g) ;
removeBehaviour (this) ;
H

Figure C.18: Human Agent Interference
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LCLMe=s=sage toWl = new ACLMessage (ACLMessage. INFORM) ;

toWl.setContent ("Need product X with gquantity 10007} ;
toWl.addReceiver (new AID("W1", AID.ISLOCALNAME)) ;

zend (toWl) ;

System.ocut.println(toWl+” --- "+toWl.getSender () .getLocallame ()]}’

LCLMe=s=sage toW2 = new ACLMessage (ACLMessage. INFORM) ;
toW2.setContent ("Heed i Y with guantity 20007} ;

toW2 . addReceiver (new AID("W2", AID.ISLOCALNAME))

zend (toW2) ;

System.cut.println(toW2+" --- "+toWZ.getSender () .getLocallame())

LCLMe=s=sage toW3 = new ACLMessage (ACLMessage. INFORM) ;

zend (toW3) ;
Bvstem.cut.println(toW3+" ——— "+toW3.getSender|() .getlLocallame () )’

_Figure C.19: Retailor and Warehouse Agents Negotiation

riour IN_ALL) :
geq.addSubBehaviour (new DelayBehavicur (thi=s, 100050){
pukblic void handleElapsedTimeout () {
ACIMe=s=zage toRel = new ACIMessage (ACLMessage. INFORM) ;
toRel.secContent {("Heed products......!"};
toRel.addReceiver (new AID("EEL", AID.ISLOCALINAME)):
send (toRel) ;
System.out.println (toRel+"” --- "+toRel.getSender().getLocalName()):
ACLMes=sage toRe2 = new ACLMessage (ACLMessage. INFORM) ;
toRe?.setContent ("leed products......!"):
toRe?.addReceiver (new ATD("EEZ", AID.ISLOCALNAME)):
zend (toRe2) ;
System.ocvut.println (toRe2+" —-- "+toRel.getSender () .getlLocallName () ) ;
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Figure C.20: Customer and Retailer Negotiation
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