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ABSTRACT

A Supply chain is a linked series of various business partners that participate in the process of
developing a finished product from raw materials. Supply chain management is the process of
managing all the related activities. Though decisions are made by each business partner on
their own, frequent interaction with other partners is a must. Timely response and high
accuracy in the decisions made require collection of related data, analysis, and conclusion steps
without missing a beat. However, these steps are tedious, complex, and very error prone as
often these decisions are made by people with multiple responsibilities and frequent
interruptions under the pressure to make timely decisions. The communication among the
business partners also is very cumbersome and complex due to various application standards
and hardware platforms used. Recent developments in information technology such as web
services based applications have considerably improved communication among interacting
partners in a supply chain. Web services provide a simple interoperable messaging framework
in which data can be exchanged amongst different trading partners irrespective of their
applications and platform. This work has successfully illustrated the process of automating
some decision making processes in a supply chain by developing a representative supply chain
(retailer, manufacturer, supplier and carrier) scenario using software agent technology and web
services. Software agent (software module) is a decision making system which senses and acts
in some environment. Autonomous software agents are agents which take decisions without
any human intervention. They have properties of autonomy, reactivity, proactiveness and
sociability. Software agent reduces human intervention and errors. The agents are based on a
modified MASCOT agent architecture. These agents are implemented using web services and
are used to automate routine business processes such as price negotiation, request for quote,
earliest delivery date determination, purchase order cancellation etc. Open Applications

Integration Specification (OAGIS) based standard Business Object Documents are used for

communication amongst agents.
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1. INTRODUCTION

“A supply chain is a network of facilities and distribution options that performs the functions
of procurement of materials, transformation of these materials into intermediate and finished
products and the distribution of these finished products to customers. Supply chain
management, (SCM) is the systematic, strategic coordination of the traditional business
functions and the tactics across these business functions within a particular company and
across businesses within the supply chain, for the purpose of improving the long term
performance of the individual companies and the supply chain as a whole. SCM requires the
companies to make decisions regarding production, inventory, location, transportation and
information, which are beneficial to all the concerned companies as a whole and then for the

individual companies (Hugos 2003).

Communication with business partners is an important factor in making the supply chain
efficient. Over time, new and advanced technologies have been introduced to improve
communication and transparency of operations in a Supply Chain. Communication
technologies like RPC, EDI, CORBA were used for B2B communication. These technologies
considerably reduced the overhead that was present in information exchange among business
partners. However, there was no consideration for interoperability among different
technologies. If one business partner was using one particular technology, the other partners
had to use the same technology for any communication to be possible, thus causing heavy IT
infrastructure investment and partner lock-in. The evolution towards achieving
interoperability amongst different platforms is achieved by using Web Services. Web Services
technology is a collection of protocols and standards, developed specifically with
interoperability in mind. Web Services enable the introduction of supply chain network
architecture in which it is possible to add any number of suppliers, customers and logistics
providers, form on-demand links with any other business partners and carry out supply chain

transactions (Chandratre and Paidy, 2006)

Although Web Services eliminate the problem of interoperability, the supply chain network

architecture depends on many manual interactions for decision making. The decision making



process relies heavily on information acquired manually and/or from external sources.
Different decisions like deciding whether to initiate negotiation with customer, determining
the earliest possible delivery date, calculating the penalty for cancelling a purchase order etc.
Consider for example, if a supplier wants to plan his production based on the currently
inventory level of his customers, he will have to constantly keep a check on the customers
inventory level. When the inventory falls below a certain limit, the supplier can anticipate an
order and plan his production accordingly. Doing this enables the supplier to be responsive to
customer demands. This process requires a considerable human intervention in checking for
the pre-determined inventory re-order level, generating and releasing a production order. On
similar lines one can anticipate the amount of work required to perform various supply chain
operations. Manually performing the tasks of placing a request for quote, selecting a supplier,
carrying out price negotiations, placing a purchase order, offering discounts to eligible
customers, selecting a carrier who can transport goods in a cheap, efficient and timely manner
etc are tedious, time consuming and error prone. is a tedious, cumbersome and error prone

activity.

Software Agent technology can be used to reduce or if possible completely eliminate the need
of human intervention for decision making. An intelligent agent is an autonomous decision
making system, which senses and acts in some environment (Ghiyoung, 2005). The
technology of intelligent agents and multi agent systems can be used to conceptualize and
implement complex, distributed supply chain architecture at the tactical and operational
levels. It views the supply chain as composed of a set of intelligent (software) agents, each
responsible for one or more activities in the supply chain and each interacting with other

agents in planning and executing their activities (Wooldridge, 1997).

This thesis develops a architecture that uses agent technology based on MASCOT agent
architecture and web services to create a supply chain scenario, in which some of the above
mentioned tasks are automated (Sadeh, et al. 1999) (Sadeh et al, 1999). It creates an agent
driven supply chain architecture and in the process partially automates some decision making
tasks. MASCOT architecture is a re configurable, multilevel, agent based architecture for
coordinated supply chain planning and scheduling designed to work in today’s high-mix

10



production environment and works to improve coordination across multiple facilities and to

evaluate new product/subcomponent designs and business decisions.

The following chapters of this document will examine and elaborate each of the facts

mentioned above and each of the claims made.

Chapter 2 summarizes what research has already been done in this arena and what this thesis
will contribute. Chapter 3 explains some basic principles of supply chain. It presents the
concepts of horizontal and vertical collaboration. Chapter 4 explains web services and the
technical details associated with web services. Chapter 5 provides an introduction to agent
technology and gives some agent applications in supply chain management. It also provides
some practical agent applications in industry. Chapter 6 explains MASCOT agent
architecture. In chapter 7, the actual proposed architecture is described. The development of
databases for the manufacturer, supplier and carrier using Microsoft SQL server 2005 Express
is presented in chapter 8. Chapter 9 describes the implementation details and finally, chapter

10 presents the conclusions reached in this thesis.
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2. LITERATURE REVIEW

How successfully an organization is able to survive and prosper in its business environment
depends in a large part on how quickly, efficiently and extensively it is able to create
communication networks with its business partners. Trends of success and failure within
businesses indicate that forming networks with a company’s business partners is vital for the
success of the company (Hengst, 2001). Use of technology enables a company to eliminate

the problems associated with its operations.

To eliminate the tight coupling present during the use of technologies like RPC, EDI,
CORBA and Java RMI, Web Service architecture is used. Web Services are self contained,
modular business process applications based on the industry standard technologies of WSDL
(to describe), UDDI (to advertise and syndicate), and SOAP (to communicate). They enable
loose coupling by allowing users to connect different components across organizational
boundaries in a platform- and language —independent manner (Leymann, 2004). Web services
architecture is the dynamic creation of loosely coupled systems based on services. No single
implementation technique is suggested (IBM Services Architecture team, 2000). The
implementation of web services to demonstrate the ease of coupling between two business
entities and the ease of adding new business entity with a specific role to the supply chain

architecture was recently demonstrated (Chandratre, 2005; Chandratre and Paidy, 2006).

The technology of software based intelligent agents and multi agent systems can be used to
conceptualize and implement complex, distributed supply chain architectures. Participating
members of a supply chain make use of information system like enterprise resource planning
(ERP) for planning and scheduling activities independently (Chan and Chan, 2004). Recent
research indicates that there is a need to handle such distributed activities in an integrated
manner, especially under fast and changing conditions. A multi agent system, a branch of
distributed artificial intelligence, is a contemporary modeling technique for distributed
systems (Chan and Chan, 2004). Participating members of a supply chain make use of
information system like enterprise resource planning (ERP) for planning and scheduling

activities independently. Recent research indicates that there is a need to handle such

13



distributed activities in an integrated manner, especially under fast and changing conditions.
A multi-agent system, a branch of distributed artificial intelligence, is a contemporary
modeling technique for distributed systems (Chan and Chan). An intelligent agent is an
autonomous decision-making system, which senses and acts in some environment
(Wooldridge, 1997). An agent is a computer system that is situated in some environment, and
that is capable of autonomous action in this environment in order to meet its design objectives
(Weiss, 1999). Software Agents are characterized by properties like autonomy, reactivity, pro

activeness, sociability.

Agent technology can be used to reduce or completely eliminate human interaction in
decision making. Software agents are capable of performing the tedious and error prone task
of calculation based decision making. This can save organization valuable time and costs by

avoiding errors.

Currently multi agent systems are conceptualized to solve a wide array of questions in supply
chain management. Multi agent and “Case based reasoning” is suggested to solve complex
problems such as Revenue maximization and stochastic dimensioning (Im, et al, 2005).
Coordination scheme in Agile Supply Chain is explained using self interested and co operated
agents (Ping Lou, 2005). The problem of non availability of necessary data throughout the
supply chain prevents use of an integrated approach to planning. A solution to this problem is
the implementation of a multi agent systems architecture using different systems each
performing a specific function (Frey, et al, 2003). Genetic algorithms technique can be

implemented to solve optimization problems (Yung and Yang, 1999).

Different agents have been developed to participate in the trading agent competition (TAC).
The first TAC was held from June 22" to July 8" 2000. The TAC was designed to create a
benchmark problem in the complex domain of e-marketplaces (Stone, et al. 2001). TAC has
different rules for every competition and based on these rules, designers have to model their
agents to meet the competition requirements. Some examples of agents designed for TAC are

ATTac-2000 which uses a principled bidding strategy that includes several elements of

14



adaptivity (Stone, et al, 2001). Mertacor agent was first in the classic TAC of 2005 (Toulis, et

al, 2006). Many such examples are available.

“Multi Agent Supply Chain Coordination Tool” MASCOT, is one more example of multi
agent system. MASCOT architecture is a reconfigurable, multilevel, agent based architecture
for coordinated supply chain planning and scheduling designed to work in today’s high-mix
production environment and works to improve coordination across multiple facilities and to
evaluate new product/subcomponent designs and business decisions. It provides a blackboard
architecture which emphasizes modular encapsulation of problem solving knowledge within

independent knowledge sources (Sadeh, et al, 1999).

A business process is a collection of inter related work tasks, initiated in response to an event
that achieves a specific result for the customer. A large number of composition languages
have been created for wiring together business processes. Business Process Execution
Language for web services (BPEL4WS) is one such composition based workflow language
for web services (Khalaf, et al, 2003). BPEL4WS, WS-Transaction, and WS-Coordination
specifications are mainly used to orchestrate Web Services based application honoring the
goals of service oriented paradigms of loose coupling, on demand interaction, quick
adaptation to frequent change, and lack of control over the platform and implementation of

services being used (Khalaf, et al, 2003).

To demonstrate the application of BPEL, consider a process in which a manufacturer places
an order for raw materials with a supplier. The supplier then generates a cost estimate for the
total order, which may also include the transportation cost of goods by a third party logistics
provider. The manufacturer then can either accept this cost estimate or reject it. This process
can be choreographed using BPEL by wiring together 3 web services, manufacturer’s web
service, logistic provider’s web service and supplier’s web service. Suppliers Web Service

includes the logic to generate the cost estimate (Khalaf, et al, 2003).

Web service implementation solves the problem of tight coupling but its implementation in

SCM still does not eliminate the human intervention required to make crucial decisions,

15



which may result in significant losses for the organizations. Also the work conducted in the
area of Multi agent systems is heavily concentrated on the research side and very little work
is done on implementing multi agent systems. The proposed study will attempt to incorporate
agent technology with web services and provide a structure to demonstrate the automation of

the decision making process in supply chain management and illustrate the practicality of

using agents in supply chain to save time and avoid errors.
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3. SUPPLY CHAIN ARCHITECTURE

A Supply Chain is a network of facilities and distribution options that performs the task
function of procurement of materials, transformation of these materials into intermediate and
finished products and the distribution of these finished products to the consumer (Ganeshan,
1995).

Supply chain management is the act of optimizing all activities throughout the supply chain,
so that products and services are supplied to the consumers in the right quantity, to the right
location, at the right time and at optimal cost (Clarkston, 2000). Effective management must
take into account coordinating all the different pieces of this chain as quickly as possible
without losing any of the quality or customer satisfaction, while still keeping costs down. It
requires taking important decisions related to inventory, production, transportation, location
and information, also known as “Five Major Supply Chain Drivers”. This chapter explains the
supply chain concept and its management, highlighting the importance of decision making

process.

3.1. SUPPLY CHAIN

A supply chain encompasses the companies and business activities needed to design, make,
deliver and use a product or service (Hugos, 2003). Business organizations are dependent on
their supply chains to provide them with the raw materials or services required for their

functioning. Some definitions of supply chain are offered below:

e “A supply chain is the alignment of firms that bring products or services to the
market” (Lambert, 1998).

e “A supply chain consists of all stages involved, directly or indirectly. In fulfilling a
customer request. The supply chain not only includes the manufacturers and suppliers,
but also includes the transporters, warehouses, retailers and customers (Chopra, 2001)

e “A supply chain is a network of facilities and distribution options that performs the

functions of procurement of materials, transformation of these materials into intermediate

19



and finished products, and the distribution of these finished products to customers.”

(Ganeshan, 1995)

Figure 3.1 below, shows the basic elements involved in a supply chain.

Supplier
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Figure 3.1: Basic Elements of a Supply Chain (The Progress Group, 2007)

In its simplest form, a supply chain consists of a company, its suppliers and its customers, as
shown in figure 3.2. An extended supply chain will additionally have a supplier’s supplier
(ultimate supplier) and, similarly an ultimate customer. Additionally, there are companies which
function as service providers to the companies in a supply chain. These are companies that

provide services in logistics, finance, marketing and information technology (Hugos, 2003).

Figure 3.3 shows an extended supply chain.

Supplier H Company H Customer

Figure 3.2: A Basic Supply Chain (Hugos, 2003)
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Figure 3.3: Extended supply chain (Hugos, 2003)

Following section provides a brief overview of the various supply chain participants.

Producers

Producers or manufacturers or suppliers are companies responsible for making products. The
products can be raw materials or finished goods. Making a product often requires the producer
to gather raw materials from his ultimate producer. He has to decide what, when and how
much of raw materials he is going to require for producing his product, in time, for his

consumer.

Distributors

Distributors or wholesalers are intermediaries between manufacturer and retailer. Distributors take
inventory in bulk from producers and generally sell to other businesses. They are required to
perform different functions regarding product promotion, sales, tracking of customer

requirements, management of inventory etc.
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Retailers
Retailers stock inventory and sell it directly to the retail customer. They keep a close watch on the
preferences and demands of the customers. It advertises and tries to attract customers by using

seasonal promotions, low prices and/or product selection, services, convenience, etc.

Customer

A customer or consumer is any individual or organization that purchases and uses a product.

Service Providers

These are organizations that provide services to producers, distributors, retailers and
customers. Service providers have the necessary expertise to perform certain functions that
are needed in a supply chain of any kind of product or service. Instead of each producer
investing in managing such functions themselves, solution providers can do it more
effectively and economically. Common service providers are providers of transportation and

warehousing.

Supply chain concept has evolved from a simple structure in the old industrial age to its
current complex form (Hugos, 2003). Traditionally, to exploit benefits of large scale
production, companies internally performed most, if not all, the operations required to deliver
the end product to the consumer: manufacture their own raw materials, product
manufacturing, transportation services etc. This structure, even though, provided the
companies with benefits in large scale production; it afforded very little flexibility in terms of
product design. Over time, the consumers have developed a wider appetite for product design
because of which the manufacturer has very little time to deliver the product to the market.
This requirement makes the vertical structure of companies obsolete. To overcome this
challenge, of quick delivery to the market, companies have shifted from their traditional
integrated structure towards a horizontal structure, comprising of many companies, each

performing a specific activity in the supply chain. Figure 3.4 helps to visualize this

transformation.
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Figure 3.4: Evolution from a vertically integrated supply chain to a “virtually
integrated” supply chain (Clarkston, 2000)
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3.2. SUPPLY CHAIN MANAGEMENT

Different supply chain partners interact with each other, for either material or information
exchange. This interaction has to be coordinated for the success of an organization and also
the supply chain as a whole. More formal definitions of supply chain management are as
given below:

e “Supply chain management is the process of planning, implementing and controlling
the operations of a supply chain with the purpose to satisfy the customer requirements
as efficiently as possible. Supply chain management spans all movement and storage
of raw materials, work in process inventory, and finished goods from point of origin
to point of consumption” (Wikipedia, “Supply Chain Management”, 2007).

e “The systemic, strategic coordination of the traditional business functions and the
tactics across these business functions within a particular company and across
businesses within the supply chain, for the purposes of improving the long-term
performance of the individual companies and the supply chain as a whole.” (Mentzer,
2001).

e “Supply chain management is the coordination of production, inventory, location, and
transportation among the participants in a supply chain to achieve the best mix of
responsiveness and efficiency for the market being served” (Hugos, 2003).

e Supply chain management involves making strategic and operational decisions.
Strategic decisions are made over a longer time horizon and are closely related to
corporate strategy. On the other hand, operational decisions are short term, and focus

on day-to-day basis (Ganeshan, 1995)

Companies which are part of a supply chain need to collaborate with each. Collaboration is a
very broad and encompassing term. Many authors when talking about collaboration cite
mutuality of benefit, rewards and risk sharing together with the exchange of information as
the foundation of collaboration (Stank, 1999). A point of interest here would be to look at
different types of collaborations in a supply chain. Figure 3.5, shows vertical and horizontal
collaboration. In vertical collaboration, an organization collaborates with its customers,

internally across its functions and with its suppliers e.g. improving material forecasts. In
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horizontal collaboration, organizations can collaborate with competitors, internally and with

non-competitors e.g. sharing manufacturing capacity.

Vertical
Collaboration

External
Collaboration
(Suppliers)

External | i
' Collaboration | Internal | =xtemal 1 porizontal

. (Service | Collaboration | Collaboration | cojiaporation
J Providers) (Competitors)

| J
| |

SRR e h I R =

External
| Collaboration
(Customers) |

Figure 3.5: Scope of Collaboration (Baratt, 2004)

There are four major decision areas in supply chain management (Ganeshan, 1995):

» Location Decisions
Location refers to the geographical sitting of the supply chain facilities. It includes the
decisions related to which activities should be performed in each facility. Here the
companies need to decide whether to centralize activities in fewer locations to gain

economies of scale and efficiency or to decentralize activities in many locations close to
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customers and suppliers in order for operations to be more responsive. These decisions are
of great significance to a firm since they represent the basic strategy for accessing

customer markets, and will have a considerable impact on revenue, cost, and level of

service.

» Production decisions
Production is a module in a supply chain which has a capacity to make and store
products. The strategic decisions include what products to produce, which plants to
produce them in, allocation of suppliers to plants, plants to distribution centers and
distribution centers to customer markets. Operational decisions focus on detailed
production scheduling. These decisions include the construction of the master
production schedules, scheduling production on machines, and equipment
maintenance. Other considerations include workload balancing, and quality control

measures at a production facility.

» Inventory Decisions
Inventory is a non value added module, which is spread throughout the supply chain
and includes everything from raw material to work in progress to finished goods that
are held by manufacturers, distributors and retailers for easy accessibility in a supply
chain. Inventory decisions refer to means by which inventories are managed. Their
primary purpose is to buffer against any uncertainty that might exist in the supply
chain. Since holding of inventories can cost anywhere between 20 to 40 percent of
their value, their efficient management is critical in supply chain operations. The
operational strategies include deployment strategies (push versus pulls), control
policies --- the determination of the optimal levels of order quantities and reorder
points, and setting safety stock levels, at each stocking location. These levels are

critical, since they are primary determinants of customer service levels.

> Transportation Decisions

This refers to the movement of everything from raw material to finished goods

between different facilities in a supply chain. The mode choice aspects of these
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decisions are more strategic and are closely linked to the inventory decisions. Air
shipments are fast, reliable, and warrant lesser safety stocks but they are expensive.
While shipping by sea or rail is much cheaper, they necessitate holding relatively large
amounts of inventory to buffer against the inherent uncertainty associated with them.
Therefore customer service levels and geographic location play vital roles in such

decisions.

As an example of collaboration between two organizations in a supply chain, consider the
collaboration between UPS and Harley-Davidson (UPS Supply Chain Solutions, 2007).
Internal forecasts for Harley-Davidson expected an increase of sales. This expected increase
posed a challenge to the company’s logistic network, particularly for inbound transportation
and supply of parts and accessories to dealerships. In order to focus on its competency,
Harley-Davidson sought help from UPS logistics. To solve the companies’ logistic problem
of frequent less than full truck deliveries of shipments from supplier, UPS directed 16 of the
companies’ suppliers supplying directly to Harleys Wisconsin plant, to direct their deliveries
to its Chicago based cross docking facility. Using historic data from the suppliers, the analysts
calculated optimal shipping frequencies for each of the suppliers, enabling the company to
reduce the rate of regular inbound shipments to three times a week, while also giving the

manufacturing plant faster access to larger stocks of parts.
All the decision making requires significant intervention from people with multiple

responsibilities and people who are under time constraints. Use of agent technologies, can

help to reduce or eliminate human interaction and errors can be avoided.
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4. WEB SERVICE ARCHITECTURE
4.1. INTRODUCTION TO WEB SERVICES

The World Wide Web Consortium defines a web service as a software system designed to
support  interoperable = machine to  machine interaction over a  network

(http://www.w3.org/TR/ws-arch/#whatis, 2006).

Web Services are software programs which have the capacity to interact with any other
software programs, regardless of the language in which the two programs are written, as long
as the two software programs adopt the same standards of communication. The idea of Web
Services is to allow communication between two computer programs without any human
intervention. Web Services are self contained, self-describing, modular applications that can

be published, located and invoked across the web (IBM Glossary).

Web services have an interface described in a machine processable format i.e. Web Service
Description Language (WSDL). Other systems interact with a web service in a manner
prescribed by its definition using Standard Object Access Protocol (SOAP) messages,
typically conveyed using HTTP with an XML serialization in conjunction with other web

related standards (http://www.w3.org/TR/ws-arch/#whatis, 2006).

The web services can be used to develop complex software systems. With the evolution of
the web technologies, companies developed software customized to their specific needs.
However, with mergers, acquisitions and business growths, companies needed to share
information. This required a huge investment on part of the company to modify the software
systems to enable information sharing. Different technologies like RMI, COM, CORBA, EDI,
ebXML have the ability to link different software systems, however it requires a steep
learning curve to implement them (Lakshmi Ananthamurthy, 2007). As web services hide the
internal software infrastructure for the outside world and use XML as a base language over
SOAP for communication, they lend themselves as a very user friendly technology. Web
services do not impose any compulsion to use any specific software. They modularize the

business processes. Each web service represents a particular function. A service focuses on
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what is being done, not how. By thinking in terms of services, the focus is on the business
function, not the underlying technology (Connell, par. 17). Web services enable loose
coupling between a service provider and a service requestor. So in an ideal web services
world, a service requestor can change his/her service provider without much of investment if

he/she does not like the service provider’s quality of service (Chandratre, 2005).

Within a single enterprise itself, instead of having one big enterprise wide software, different
components built by different vendors could be mixed and matched to create an enterprise

application unique to the enterprise without any of the development work.

Web services approach to building complex software systems bears many similarities to the
engineering process of a collection of software agents. In particular, large systems are
assembled from distributed heterogeneous software components providing specialized
services and communicating using agreed upon protocols. The area of Web Services offers
much of real interest to the Multi Agent community, with reference to system architectures,

powerful tools and the focus on issues such as security and reliability (AAMAS, 2003.)

4.2. WEB SERVICES TECHNOLOGY

Web services are simple, self contained applications which perform functions, from simple
requests to complex business processes (Australian Government Technical Interoperability
Framework, Glossary, 2006). The web service software can be written in any language that is
suitable. This software has to be able to communicate with other software applications
(Chandratre, 2005). The web services model uses WSDL, UDDI and SOAP. A WSDL is
retrieved from the UDDI directory. WSDL descriptions allow the software systems of one
business to extend to use those of other directly. The services are invoked over the World
Wide Web by using the SOAP protocol. Each of the components is XML based. When two
agencies know about each other’s web service’s they can link their SOAP interfaces provided
all security concerns are managed. However, when services have unknown user, they need to
be formally described by the WSDL language and entered into the UDDI directory
(Australian Government Technical Interoperability Framework, Glossary, 2006). Figure 4.1

shows a web service provider, service requester and its binding and publication in a UDDI
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Figure 4.1: Web Service actors, objects and operations (Brittenham)

The IBM’s idea of the Web Services conceptual stack is shown in figure 4.2
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Figure 4.2: Web Services Stack (Kreger, 2001)




4.3. SOAP

Simple Object Access Protocol is a web protocol to exchange information from one computer
to another. SOAP is a way for a program running in one kind of operating system to
communicate with a program in the same or another kind of operating system by using the
World Wide Web’s Hypertext Transfer Protocol (HTTP) and its Extensible Markup Language
(XML) as the mechanism for information exchange. SOAP specifies exactly how to encode
an HTTP header and an XML file so that a program in one computer can call a program in

another computer (Australian Government Technical Interoperability Framework, Glossary,
2006).

SOAP is basically an HTTP post with an XML envelop as a payload but with additional
header information. SOAP is preferred over simple HTTP post of XML, because it defines a
standard mechanism to incorporate orthogonal extensions to the message using SOAP headers

and a standard encoding of operation or function (Kreger, 2001).

The W3C specification defines SOAP as follows: SOAP is a lightweight protocol for
exchange of information in a decentralized, distributed environment. It is an XML — based
protocol that consists of three parts: an envelope that defines a framework for describing what
is in a message and how to process it, a set of encoding rules for expressing instances of

application-defined data types, and a convention for representing remote procedure calls and

responses.

4.3.1. SOAP MESSAGES

SOAP messaging framework uses XML syntax for message. It defines a suite of XML
elements for “packaging” arbitrary XML messages for transport between systems
(Chandratre, 2005). The structure of a SOAP message is as shown in figure 4.3. Figure 4.4

presents the skeleton of a SOAP message.
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Figure 4.3: SOAP Message Syntax (Cauldwell, et al)

The building blocks of a SOAP message are constituted by the following (W3C, 2007):
e A required “Envelope” element that identifies the XML document as a SOAP
message.
e An optional “Header” element that contains header information.
e A required “Body” element that contains call and response information.
e An optional “Fault” element that provides information about the errors that occurred

while processing the message.

The required SOAP Envelope element is the root element of a SOAP message. It defines the
XML document as a SOAP message. The optional SOAP Header element contains
application specific information about the SOAP message. If the Header element is present it
must be the first element after the envelope element. The required SOAP Body element
contains the actual SOAP message intended for the ultimate endpoint of the message. The
optional SOAP Fault element is used to hold error and status information for a SOAP

message (W3C, 2007).
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SOAP makes extensive use of namespacing and attribute specification tags in almost every

element of a message (Rhodes, 2007).

<?xml version="1.0"?>

<soap:Envelope

xmlns:soap="http:/ /www.w3.org/2001/12/soap-envelope"
soap:encodingStyle="http: / /www.w3.0org/2001/12/soap-encoding">

<soap:Header>

</soap:Header>

<soap:Body>

<soap:Fault>

</soap:Fault>
</soap:Body>

</soap:Envelope>

Figure 4.4: Skeleton SOAP message



4.4 WEB SERVICE DESCRIPTION, PUBLICATION AND DISCOVERY:

4.4.1 WSDL (WEB SERVICES DESCRIPTION LANGUAGE):

The technical details of a web service are provided in an XML document known as a WSDL
document. WSDL stands for Web Services Description Language. WSDL is a machine
processable document. WSDL describes a web service. It specifies the location of the service,
the operations the service exposes, the input and output parameters, return values, and the data

types used. The main structure of a WSDL document is as shown in figure 5 (W3C, 2007).

<definitions>

<types>

definition of types........
</types>
<message>

definition of a message....
</message>
<portType>

definition of a port.......
</portType>
<binding>

definition of a binding....

</binding>

</definitions>

Figure 4.5: WSDL Document structure
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A WSDL document has the following major elements (W3C, 2007):

<types>

The data types used in a web service are described here.

</types>

<message>
The messages used by the web service are described here.

</message>

<portType>
The portType element defines a web service, the operations that can be performed, and the
messages that are involved. It defines the connection point to the web service.

</portType>

<binding>
WSDL bindings defines the message format and protocol details for a web service.

</binding>

A WSDL document can also contain other elements, like the extension elements and a service
element that makes it possible to group together the definition of several web services into

one single document.

4.5 UDDI (UNIVERSAL DESCRIPTION, DISCOVERY AND
INTEGRATION)

Universal Description, Discovery and Integration (UDDI) is a directory service where
businesses can register and search for Web Services. It is a platform independent framework
for describing services, discovering businesses, and integrating business services by using the

internet. UDDI is a directory for storing information about web service interfaces described

using WSDL (W3schools).
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5. AGENTS IN SUPPLY CHAIN MANAGEMENT
5.1. INTRODUCTION

The supply chain is a worldwide network of supplier, factories, warehouses, distribution
centers, and retailers through which raw materials are acquired, transformed, and delivered to
customers. Businesses depend on their supply chains to provide them with what they need to
survive and thrive. Supply chain management is the systematic, strategic, tactical, and
operational decision making that optimizes supply chain performance (Wooldridge, 1997,
Stuart et al, 1995). The strategic level is where top level management decisions are taken.
Decisions related to supplier selection, transportation routes, manufacturing facilities etc.,
which relate to the long term planning of the organization. The tactical level, plans and
schedules the supply chain to meet the actual demand (Wooldridge, 1997). The operational
level executes the plans. Supply chain management requires companies to make decisions
regarding production, inventory, transportation and information, which are beneficial to all

the concerned companies as a whole and then for the individual companies.

Over time, the choices of the customers have changed and there is a lot of variation and
uncertainty in their product demand. To maximize its profit the supply chain should be able to
meet the demands of the customers and without any time lag. The use of latest technologies in
information systems allows the organizations to, effectively respond to customer demands, to
make production plans at the strategic and organizational level, manage the inventory at
optimum level to avoid incurring loss due to excessive storage charge or lost orders, decide
the transportation schedule etc. thus enabling them to respond efficiently to customer demand.
Latest and advanced information technologies also help to solve all the strategic decision
making problems in a supply chain. They can be used to select the appropriate location for a

new plant, choose a suitable partner for the supply chain, form collaboration with new

partners with minimum hassle etc.

The technology of intelligent agents and multi agent systems can be used to conceptualize and

implement complex, distributed supply chain architecture at the tactical and operational
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levels. It views the supply chain as composed of a set of intelligent (software) agents, each
responsible for one or more activities in the supply chain and each interacting with other
agents in planning and executing their activities (Wooldridge, 1997). An intelligent agent is
an autonomous decision making system, which senses and acts in some environment
(Ghiyoung Im et al, 2005) . It is an autonomous, goal oriented software process that operates
asynchronously, communicating and coordinating with other agents as needed (Wooldridge,
1997). A multi agent system is one in which a number of heterogeneous intelligent agents,
each having its own diverse goals and capabilities are employed to solve the various problems
of a firm. For example, the DISPOWEB multi agents system can be individually employed by
all the different organizations in a supply chain for the purpose of strategic level planning.
Multi agents along with Case Based Reasoning can be used to solve different Optimization
problems (Ping et al, 2005). Agent technology can be used to carry out co operative work by

inter operation across networked humans, organizations and machines.

This section explains subjectively the structure of an agent entailing its different properties
(Ghiyoung Im et al, 2005). It also explains how multi agents and CBR are used to perform
optimization in a supply chain (Ping, 2007). Two different co ordination techniques are
explained for two different types of agents (Frey et al, 2003). Then it also shows how
different multi agents systems can be integrated to do production planning and control (Yang,
1999). How Genetic Algorithms are used to do optimization for warehouse management is
also explained (Hugos, 2003). In the end, it gives some examples of different agents present

in the industry.

5.2. AGENT TECHNOLOGY

An autonomous agent is a system situated within and a part of an environment it senses and
acts on it, over time, in pursuit of its own agenda, so as to affect what it senses in the future.
An environment may be the physical world, a user via a graphical user interface, a collection

of other agents, the internet or a combination of these.
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An agent based system is one in which the key abstraction used is that of an agent. Agent
based systems may contain a single agent, e.g. user interface agents or software secretaries or
they may be multi agent systems, e.g. DISPOWEB multi agent system (Wooldridge, 1997).

From the above definitions, one observes that an agent is a system with the following

properties (Wooldridge, 1997).

» Autonomy

Agents encapsulate some state (that is not accessible to other agents), and make decisions

about what to do based on this state, without the direct intervention of humans or others.

» Reactivity
Agents are situated in an environment and are able to perceive this environment, through
the use of potentially imperfect sensors, and respond in a timely fashion to changes that

occur in it.

» Proactiveness
Agents do not simply act in an environment; they are able to exhibit goal directed behavior

by taking the initiative.

» Sociability
Agents interact with other agents (and possibly with humans) via some kind of agent
communication language, and typically have the ability to engage in social activities to

achieve their goals.

These properties can be understood more clearly with the help of the following example:

Consider an autonomous automatic pilot controlling an aircraft. The goal of autonomous pilot
is to safely land at some airport. It is supposed to plan how to achieve this goal perhaps by
making use of precompiled plans, rather than reasoning from first principles, and if necessary,
to generate subsidiary goals e.g. ascend to an altitude of 30 000 feet, then proceed due north at
a certain speed. This is what is meant by proactiveness. It is also expected from the system to

try to execute its plans, but not blindly. That is in the event of an unforeseen circumstance e.g.
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a change in weather conditions, a fault in the aircraft, a request from air-traffic control, the
system should respond to the new situation accordingly, in time for the response to be useful.
A system that spends hours deliberating about what to do next would be no use as an
autopilot. This is what is meant by reactiveness. The autopilot is also expected to be able to

cooperate with air-traffic controllers and perhaps other aircraft to achieve its goals. This is

what it means by social ability

5. 3. APPLICATIONS OF AGENTS

Applications  of  agent technology can be classified into four areas

(http://www_eil.utoronto.ca/profiles/rune/node6.html, 2006):

» Interface Agent
Where an agent is an interface between the user and for example a source of information.
The agent can co operate with the user in filtering out the information that is of interest to

the user.

» Information Agent
Could retrieve information from one or more sources of information upon request from

the user.

» Believable Agent

Is one who ““provide the illusion of life, thus permitting the audience's suspension of

disbelief"

> Cooperative Problem Solving and Distributed Al
This area has the largest potential for agent application. Current applications like power
systems management, air-traffic, particle accelerator control, intelligent document
retrieval, patient care, telecommunications network management, spacecraft control,
computer integrated manufacturing, concurrent engineering, transportation management,
job shop scheduling, and steel coil processing control involve cooperative problem

solving agent. It is within this area that one finds large industrial applications.
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3.4. AGENTS IN SUPPLY CHAIN MANAGEMENT

Using Multi agent systems in a supply chain allows us to easily conceptualize a system. This
1s most evident where the application domain is readily conceived in terms of naturally
occurring entities, which is the case for a supply chain. A supply chain (as previously defined)
can be visualized as a set of entities and processes. Entities may be suppliers, plants,
distributions centers etc. or it may be internal departments such as sales, planning, purchasing,
materials or research and development. A process is simply a series of actions. An entity is
responsible for a set of processes, e.g. sales might be responsible for processes related to order
acquisition, purchasing for processes related to supplier selection and material ordering, and
R&D's responsibility is processes related to introduction of new products in the supply chain.

A supply chain is a domain which is frequently subjected to structural changes. Agents are
autonomous, and often distributed, with very clearly defined interfaces, i.e. message passing.
This gives a robust system that can undergo continuous adaption to the changes in the
environment, both locally and globally, without the degradation of performance. Automated
procedures can be developed to deal with adding and removing agents to the system, and

changes within an agent will not affect other agents.

5.4.1. SUPPLY CHAIN DECISION MAKING BASED ON AGENTS (Im, et al, 2005)

The following section describes the research done in developing Multi Agent Collaboration

Engine for supply chain model.

Case Based Reasoning (CBR) is a problem solving approach that relies on past cases to solve
a particular problem. A CBR system finds its solution by searching its case base and
comparing the attributes of each case to the problem to be solved. It then reads similar cases
and derives the final answer by adjusting the differences between the current situation and the
ones described in the previous cases. Multi-agent and case based reasoning are applied to
facilitate collaboration and information sharing for solving production planning optimization
problems. Multi-agent collaboration engine for supply chain management (MACE-SCM) is
used to manage two decision support levels that reflect different types of relationships among

the firms in a supply chain.Using a CBR based approach has the following advantages — It
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allows us to solve problems without having to create solutions from scratch each time. CBR is

flexible in handling the uncertainty of demand and supply and CBR also take advantage of a
firm’s knowledge

Consider the case of revenue maximization with regard to production and marketing
decisions. Here instead of directly considering marketing model, marketing information is
used to make planning decisions. In the MACE-SCM, two different levels of collaboration
among the firms in a supply chain are developed: Autonomy Level and Collaboration Level,
to model supply side uncertainties due to relationship changes among firms in a supply chain.
At the Autonomy Level, firms in the supply chain maintain an arms-length relationship and
do not collaborate to generate the solutions for the entire supply chain. At the Collaboration
Level, firms maintain strategic relationships and collaborate extensively to generate the
solutions for the entire supply chain. At this level, the firms may or may not rely on a case

base.

This research considers a supply chain consisting of retailers, manufacturers and suppliers. A
customer visits retailer and purchases the product if it is in stock. If the customer demand
cannot be met by the retailer, it is ordered from a manufacturer and backlogged. The
manufacturer produces products by assembling components from a supplier. The
manufacturer receives product orders from the retailer and places component orders to the
supplier. The supplier produces components and supplies them to the manufacturer. The
supply chain incurs linear holding costs and linear backorder costs at each stage. The goal of
the retailer is to maximize profits by minimizing stock outs and inventory costs. The
manufacturer pursues profit maximization through the minimization of inventory costs and
efficient management of manufacturing and procurement processes. The supplier is interested
in maximizing profits by maintaining low turnaround times and low inventory.

The overall framework of the MACE-SCM is as shown below:
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Figure 5.1: MACE SCM system framework (Im, et al, 2005)

There are three distinct components in the framework: agent-based web services, coordination
and service ontology’s, and the web service directory (UDDI). The retailer agent (R-Agent),
the manufacturer agent (M-Agent), and the supplier agent (S-Agent) model the retailer, the
manufacturer and the supplier, respectively. A coordinator agent for the supply chain is also
introduced. It manages more strategic collaboration amongst agents. Here, a buyer initiates a
transaction by visiting an R-Agent. To find out an appropriate R-Agent, the buyer’s program
may visit the service repository (UDDI). This repository is used to search the Uniform
Resource Identifier (URI) address that points to an agent’s location and to acquire the address
of the service ontology as URI. The buyer’s program then imports the R-Agent’s detailed data
such as products, contact information, advertisements, and price structures. Such data is used
to make a decision to select the best retailer. The buyer’s program is the client module that
can invoke any retailer’s web services in the supply chain. The selected R-Agent then seeks a

coordinator web service by visiting the collaboration ontology. The collaboration ontology
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holds collaboration information required during the collaboration processes between the web
services. The coordination and service ontology’s consist of a common language agreed upon
by a supply chain. The software agents in the supply chain use the ontology to exchange

semantic information such as collaboration, product characteristics, relationship type, and

corporation profile.

The detailed roles of agent based web services are as follows

R-Agent: Receives a customer’s order and sells the product if it is in the inventory. If the order
cannot be fulfilled by the retailer, the product is ordered from the manufacturer (M-Agent)
and backlogged. The R-Agent pursues the goal of the retailer. One of the major decisions is
how much to order from the M-Agent.

M-Agent: Manufactures products by assembling components. It receives product orders from
the retailer (R-Agent) and places component orders to the supplier (S-Agent). The M-Agent
pursues the goal of the manufacturer. The major decisions are how much to produce and how
much to order from the supplier (S-Agent). The M-Agent must also decide whether to expand

its supplier base if it faces supply uncertainties.

S-Agent: Produces components. It receives raw materials from the outside and supplies the
components to the manufacturer (M-Agent). The S-Agent pursues the goal of the supplier.

One of the major decisions is how much to produce.

MACE-SCM: Facilitates an additional level of collaboration and information sharing. The
main priority of MACE-SCM is to maximize overall supply chain profits by assisting the
other three agents and feeding them superior information gleaned from its knowledge base.
MACE-SCM may or may not rely on the case base. The case base contains a decision set of
competitors, environmental data such as total demand, economic rate, output data (market

share), total revenue, and total cost. The coordinator MACE-SCM allows the R-agent, the M

agent and the S-agent to access the case base.
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3.4.2. COORDINATION SCHEME IN AGILE SUPPLY CHAIN BASED ON MULTI
AGENT SYSTEMS (Ping Lou, 2005)

This section presents two different types of coordination mechanisms for two different types

of agents based on Ping Lou’s work.

The agile supply chain, composed of geographically dispersed manufacturers, supplier,
distributors, is a distributed system, which can reconfigure and decompose with the dynamic
alliance forming and decomposing. It is an operational strategy focused on inducing velocity
and flexibility in the supply chain, thus enabling it to be customer centric. Agents can enter or
leave the multi-agent system for the object, that is, they can be dynamically organized based
on control and structure. The different functional agents in the multi-agent-based ASCM
collaborate with each other for reconfiguring quickly and optimizing the supply chain
management. With coordination among agents, the MAS achieve the goal of “the right
products in the right quantities (at the right place) at the right moment at minimal cost”. So
coordination mechanism for ASCM should be able to represent and respond to real-time
changes. The mechanism should be able to take uncertainty into account proactively and
focus on producing robust coordination, that is, coordination that are resilient enough to

absorb sources of uncertainty without being invalidated.

According to this paper, there are two types of agents, co operative and self-interested
agents in a agile supply chain. The co operative agents attempt to maximize the profit of the
supply chain as whole and are willing to incur any personal losses, while the self interested
agents want to maximize their own profit, while not caring about the other members of the
supply chain. For example, different production cells within an enterprise can act as
cooperative agents. They attempt to minimize production costs and maximize the revenues of

the enterprise as a whole, sometimes accepting local losses in order to facilitate production at

other cells.
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5.4.2.1. A Coordination Mechanism for Co operative Agents

Each node (enterprise) in a multi-agent-based ASC is represented by a multi-agent
subsystem. The different functional agents in an enterprise cooperate with each other to
achieve some specified producing tasks. The goal of cooperation among agents is to schedule
optimally for material resources, manufacturing resources and human resources, so that this
multi-agent subsystem becomes a collaborative system. In such a subsystem, every agent can
lose its profit for global profit. Therefore, a coordination mechanism of decentralized
scheduling and centralized decision-making (DSCDM) is used for it. The main ideal of this
coordination mechanism is “as decentralized as possible, as centralized as necessary”, the
decentralized can achieve for responding quickly according to any change and the centralized
can achieve for optimizing globally. In order to achieve the coordination mechanism, the

contract net protocol combining with case-based reasoning is applied to it.
5.4.2.2. A coordination Mechanism for Self Interested Agents

Self Interested agents do not care for the global profit/cost in the supply chain and are
only concerned about their own profit. Their principle goal is to maximize profit or minimize
cost. There is no authority in a supply chain, so the DSCDM is improper for it. Therefore, the
hierarchical distributed coordination mechanism (HDCM) with two phases, namely strategic-

level coordination and operational coordination is proposed in this paper.

Strategic Level Coordination

Strategic level coordination is the re allocation of cooperative profits by contract. In a
supply chain, all the members will keep two kinds of attitudes to fulfill their own activities,
namely the cooperative and the individual. The cooperative means that the members
collaborate with each other to form an alliance for satisfying the change of customers’
requirements, while the individual means that each member fulfills his own activities all by
himself. In the strategic-level coordination, there are two problems which need to be solved,

one is the conditions of going to negotiation process for forming collaborated coalition; the
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other is how to re-allot the profit so that all enterprises in the supply chain can build stable

collaborated relationship.

Operational Level Coordination

In Operational Level Coordination the main goal is how to coordinate among the agents
belonging to different members for completing a task which cannot be performed by a single
agent. In order to achieve this goal, the following steps need to be taken

e Find an agent’s coalition to finish the task optimally and

® How to solve the conflict between the personal interest of agents and the collective

interest of agent’s coalition.

The conflict can be solved by using the strategic level co ordination. So at the Optimal level

one should find the coalition for an agent.

5.4.3. INTEGRATED MULTI AGENT BASED SUPPLY CHAIN MANAGEMENT (Frey,
etal, 2003)

In a Supply Chain since necessary data are not available across the whole chain, an integrated
approach for production planning and control taking into account all the partners involved is
not feasible. This section explains how Multi Agent Systems can be used to solve this
problem, based on the work done by Daniel Frey and others and presented in the paper
“Integrated Multi-agent-Based Supply Chain Management” Successful integration of

numerous MAS that perform both inter- and intra organizational planning and execution tasks

is important for supply chain planning and execution.
5.4.3.1 Integrated Supply Chain Management Architecture

The different MAS and their functions, that are considered in this paper are, DISPOWEB
(SCM scheduling), KRASH, IntaPS and FABMAS (shop floor Production planning and
control), ATT/SCC (proactive tracking and tracing services). These MAS are integrated into a

reference model comprising of a manufacturer of agricultural equipment.

48



34100
A

gl : o !

7 1% echanical Logistice Service
/ Componegnts Provides
/0 Nanufacturer

.
/i
]

Seal Logistice Service

Ianufactuce Frovider

Traclor " -_"‘;“ )

Ianufacture:

)

RN Logislice Zervice
A \ Frovide
¥ \
\Q

— |scued Order ====p Fhyacal Delivery

Figure 5.2: Supply Chain Scenario (Frey, et al, 2003)

The manufacturer produces products by assembling parts that it procures from different
suppliers. In this example a manufacturer of mechanical components and a supplier of seats is
incorporated. The logistics service providers is not considered in the integrated SCM

architecture.

Managing a supply chain requires many different tasks such as planning, execution and
controlling of production, transportation and warehousing processes. These tasks require

multiple MAS specializing on certain tasks to interact.

The following table gives the functionality of various MAS involved.
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Table 5.1: Functionality of various MAS
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Figure 5.3: MAS Interaction in Integrated Supply Chain Management (Frey, et al, 2003)

Distributed global planning is the first step in the planning process. DISPOWEB system is
used to generate a initial plan of orders and suborders concerning prices and time-points of

delivery. Once this is done software agents located at the different supply chain partners carry

50



on negotiations to optimize the costs and due dates of deliveries (1, Fig 3). These optimized
delivery plans are used on intra-organizational level in each enterprise to plan the production
of goods on each stage of the supply chain in detail. Three different multi-agent systems are
concerned with varying aspects of production planning (2). They require the input from the
DISPOWERB agents and generate detailed plans for their production facilities. These plans are
the initial input for a controlling system, which is developed in the ATT/SCC project. This
multi-agent system monitors orders on every stage of the supply chain using a distributed
architecture to proactively detect events that endanger the planned fulfillment.. In case of an
event (e.g. a disruption in a production line) the ATT system is engaged in a communication
with the related partner enterprises and informs them of the event (3). This output can be used
as a trigger for rescheduling plans on an enterprise level (4) or, in case of major events, even
in the re-negotiation of the contracts on the inter-enterprise level of the DISPOWEB system
(5). In addition to the operational monitoring of orders, the ATT system communicates results
of negotiations to a trusted third party service called the SCC MAS. This agent system
analyses the history of orders and their related sub-orders. SCC is able to identify patterns in
the supply chain and order types that typically lead to problems during fulfillment. This
information is both used as an input to enhance the tracking functionality of the ATT systems,
as well as an input to the DISPOWEB agents that they can use for enhancing their negotiation
strategies.

Therefore, DISPOWEB, KRASH and INTAPS are responsible for scheduling and SCC/ATT

do tracking and supervision.

5.4.3.2. Interfaces and Gateways

The architecture explained above requires the interactions of the single components of the
SCM reference model, where each MAS provides certain functionality. The exchange of data
between the individual systems is done using standardized interfaces and gateways that arise
from the corresponding functional specifications. The goal of the integrated SCM architecture
is the coordination of the PPC (Production Planning and Control) activities throughout the
whole logistics chain to achieve global monetary optimization. Consequently, the definition of

the interfaces is based on a PPC database structure as shown

51



o Operation List H O]:neratcr_‘mj
F’rudu:ht:r: O I‘QGH Machire List l I Machine |

| Disturbarce Profile |

Figure 5.4: Database structure (Frey, et al, 2003)

The table Product contains product-specific data. The bill of materials (BoM) lists all parts
that are necessary to assemble the product, whereas the operation list represents the single
work steps of the product assembly. Operation is a table that is used to assign operations to
machines that are able to perform a particular work step (including potential setup processes).
The Order table lists all customer orders. Besides the product and the quantity, the due dates
or starting dates of the orders are defined here. Based on the orders and the other parameters,
the Production Order table records the results of the planning process (production dates,
facilities, quantities). The Disturbance Profile table is machine-specific and is based upon
disturbance histories gathered from an MDA (Machine Data Acquisition) or a PDA

(Production Data Acquisition) system and rules of thumb.

5.4.4. INTELLIGENT MULTI AGENTS FOR SUPPLY CHAIN MANAGEMENT (Yung
and Yang, 1999)

This section explains the use of genetic algorithms to find the optimum solution to the
problem of delivery distribution. It is based on the work done by Stanley K. Yung and
Christopher C. Tang in their paper “Intelligent Multi-Agents for Supply Chain Management.

In this paper the authors describe a supply chain model based on constraint network and

propose a solution to optimizing the delivery schedule.
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A constraint network is composed of a set of variables, a domain of potential values for each

variable and a set of constraints. Values are assigned to the variables such that all the

constraints are satisfied.

In a supply chain there are different operational models to handle different types of processes.
The authors focus on the warehouse inventory system. In general, there are

three types of Independent-Demand Inventory Systems, (1) Economic Order Quantity, (2)
Continuous Review System (Q System) and (3) Periodic Review System (P System).
Economic Order Quantity is the lot size that minimizes total annual inventory holding and
order cost. The lot size is the order quantity from warehouse to upper stream of the supply
chain. Continuous Review System (Q System) reviews the remaining quantity of an item each
time a withdrawal is made from inventory, to determine whether it is time to reorder. Periodic
Review System (P System) reviews the inventory position of an item periodically and a new
order is placed at the end of each review. The number of periods between orders is fixed. For

this discussion Q system of inventory management is selected.
The following is the constraint model for Q system:

IP=0H + SR - BO --- (1)

IP = inventory position of the item (in units)
OH =number of units in on-hand inventory
SR = scheduled receipts (open orders)

BO = number of units either back ordered or allocated

R=D+B--(2)
R = reorder point
D = average demand during lead time L

B = safety stock

In the above model, when Ip is smaller than R, then reorder will be taken place. Thus, there is

a constraint, I[P > R. The constraint network is as shown.
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Figure 5.5: Constraint network for Q system (Yung and Yang, 1999)

In a supply chain there is at least one warehouse at each location. Every warehouse has its
own inventory management system to cope with its environment. Even if the same inventory
system is applied there are differences in the parameters or constrain toughness. Constraints
can also be applied to different areas in a supply chain, like resource allocation problem,
material purchasing problem etc. When all supply chain components are modeled by

constraints they can be linked together to form a global network and global optimization can

be performed.

Consider the problem of how warehouses allocate products to customers. Products can be
delivered to customers from one warehouse or from different warehouses at the same time.
The task is to obtain a distribution pattern with minimum cost. Here the role of the agents is to
gather information for optimization. The authors suggest two methods for agent
communication and optimization, based on past research, which are negotiation method and

mediated agent method. The mediated agent is selected to perform the genetic algorithm, for
optimization.
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5.4.5. GENETIC ALGORITHM ( Yung and Yang, 1999)

This is a brief overview of how genetic algorithms can be used to do optimization without

going into details.

To employ genetic algorithms, first represent the candidate solutions as chromosomes in a
string of building blocks, genes. To ensure that the constraints are fulfilled, initialization will
generate a population of chromosomes that can satisfy all the constraints. Then crossover and
mutation generates a set of offspring. The offspring is checked with all the constraints after
reproduction. A new population will be selected from the old population and the new
offspring that depends on a predefined optimization function. Crossover, mutation and
selection will be performed on the new population recursively until the population 1is

converged, the resources are exhausted or the degree of optimization is satisfied.

Quantizing the delivery problem to two warehouses, warehouse 1 and 2 and four products A,
B, C and D in a single order with quantities 2,5,8,10 respectively. The format of the
chromosomes depends upon the number of warehouses, the number of products in a single
order and the quantities of the product. Since a gene can only store 1 or 0; the number 2, 5, 8

and 10 are converted to binary numbers. Thus, the format of a chromosome will be as follow:

Format:
Warehouse 1 Warehouse 2
A B C D A B C D
00 011 0001 01010 10 010 0111 00000
Figure 5.6: Chromosome Format
Crossover:

Portions of the building blocks (genes) of the selected parents (chromosomes) are exchanged

to form new offspring. For the chromosome format above, the genes are exchanged or are not
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changed at each product quantity randomly but exchanginggene positions are the same for
each warehouse. The cutting point for exchange is also randomly selected for each product.

The following figure will demonstrate a simple crossover with the above chromosome

formats.

Parent | 00 011 0001 01010 10 010 0111 00000
Parent 2 10 010 0111 00000 00 011 0001 01010
Offspring 1 00 010 0111 01010 10 011 0001 00000
Offspring 2 10 011 0101 00000 00 010 0111 01010

Figure 5.7: Example of Crossover

Mutation:

A random building block (gene) of a randomly selected parent (chromosome) is picked, and
its value changed. For the chromosome format above, the gene is changed or is not

changed at each product quantity randomly but exchanging gene positions are the same for
each warehouse. The changing gene is also selected randomly for each product. The following

demonstrate a simple mutation with the above chromosome format.

Parent 1 00 011 0001 01010 10 010 0111 00000
Offspring 00 010 0001 01000 10 011 0111 00010

Figure 5.8: Example of Mutation

Selection:

A weighted random selection method is used. The more optimized a member is in the group,
more are its chances of being selected. When the population converge, the best solution is

selected according to the optimization function.
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5.5. EXAMPLES OF AGENTS IN INDUSTRY

This section presents some examples of agents used in different industries. It shows the type
of agent, its percepts i.e. events which are used to trigger the agent, it goals and the actions it

takes to achieve the goal. It also shows the environment in which the agent is used.
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6. MASCOT AGENT ARCHITECTURE

The agent architecture proposed in this thesis is based on MASCOT (“Multi — Agent Supply
Chain Co ordination Tool”) agent architecture. The information presented in this chapter is
based on (Sadeh, et al, 1999). The chapter explains MASCOT architecture, how it is adapted

using web service for this thesis and some of the advantages of using this architecture.

6.1. INTRODUCTION

MASCOT architecture is a reconfigurable, multilevel, agent based architecture for
coordinated supply chain planning and scheduling designed to work in today’s high-mix
production environment and works to improve coordination across multiple facilities and to
evaluate new product/subcomponent designs and business decisions. It is built around a
customizable mixed- initiative agent wrapper. The wrapper provides a mechanism for
communication amongst MASCOT agents operating at different levels of planning and

scheduling and it also supports customizable mixed initiative planning.

6.2. OVERALL MASCOT ARCHITECTURE

The overall MASCOT architecture provides a framework for coordinated development and
manipulation of planning and scheduling solutions at multiple levels of abstraction across the
supply chain. Within this architecture, MASCOT agents serve as wrappers for planning and
scheduling modules, each responsible for supporting the development and revision of
planning, scheduling solutions for a particular group of facilities ata particular level of
abstraction. Figure 6.1 presents an overview of the architecture illustrating the interaction

between various types of multilevel MASCOT agents.
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Figure 6.1: Overall MASCOT Architecture (Sadeh, et al, 1999) (Sadeh et al, 1999)

Lower level agents are wrappers for planning and scheduling modules that support single

facilities over short to medium term horizons. Higher level agents are coordination wrappers

for tactical or strategic planning and scheduling modules that generally require looking over

longer horizons and across multiple facilities.

6.3. MASCOT AGENT ARCHITECTURE

MASCOT agent architecture is a blackboard architecture. Backboard architectures emphasize

the modular encapsulation of problem solving knowledge within independent knowledge

sources (KSs) that work collectively to develop solution to problems by communicating

through the blackboard which is a shared data structure. Figure 6.2 presents the MASCOT

wrapper agent architecture
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Figure 6.2: MASCOT wrapper agent architecture (Sadeh, et al, 1999) (Sadeh et al, 1999)

Each MASCOT agent includes:

A set of planning, scheduling, analysis, coordination, and communication modules
(knowledge sources). These modules are used appropriately to generate solutions to
different problems.

A blackboard, which serves as the repository of partial and complete integrated planning
and scheduling solutions organized in different contexts. Any issues which need to be
worked on are stored as a context on the blackboard.

A module-activation controller that orchestrates the construction and revision of solutions
through the activation of services supported by knowledge source modules, either based

on direct input from the end-user or the agent’s control heuristics or a combination of

both.

A graphical user interface.
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6.4. PROPOSED AGENT ARCHITECTURE

In this thesis, we propose to use the MASCOT architecture as a reference frame. Figure 6.3

presents the proposed agent architecture.
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Figure 6.3: Proposed Agent Architecture
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The main components of the proposed agent are:
® Graphical User Interface

® Module Activation Controller Module

¢ Database Controller Module

e Knowledge Source Module

¢ Organization Database

The graphical user interface (GUI) provides user interaction. It is the agent’s mechanism to
interact and simulate with its environment. For example, for a supplier agent, its graphical
user interface provides a mean to demonstrate simulation of its interaction with its partners,

namely manufacturers and carriers.

The Module activation controller is responsible for controlling the flow of information into
and internal to the agent. Communication from interacting partners is received by the module
activation controller of the agent and then the appropriate course of action to be taken, to
generate a response, is also decided by the module activation controller by activating the

correct solution modules from the knowledge source module.

Database controller controls the agent’s interaction with the organizations database. Any
information from the databased which is required to generate a response; is secured using the

database controller. No other module of the agent has direct access to the database.

The knowledge source module is used to perform all the necessary calculations to generate an
appropriate response to the interacting partners. Different calculations, like what price to
offer, the earliest possible delivery date etc are performed in the knowledge source module.

The organization database is used to store all the information of the organization.

Web service technology is used to implement the module activation controller, database

controller and the knowledge source modules of the agent.
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7. PROPOSED ARCHITECTURE

The architecture proposed in this thesis demonstrates the use of agent technology in supply
chain management. The main systems implemented are a manufacturer, a supplier and a
carrier. A retailer also interacts with the manufacturer. The implementation adopts MASCOT
agent architecture and demonstrates decision making in a supply chain. It shows how complex
and tedious decisions in a supply chain can be automated using information technology.
Open Applications Group Integration Specification (OAGIS) based standard business object
documents (BODs) are used to implement communication amongst agents. OAGIS version
9.0 is an XML based standard proposed by Open Applications Group Inc, (OAGI)
consortium. XML is an open standard, which can be used by anyone to suit their own
requirements. Since OAGIS based BODs are XML based they are very convenient in terms of
ease of use and availability. The different BODs can be used to construct different business
scenarios which are present in industry. This chapter briefly explains the overall interaction
amongst business partners, the internal structure of the agents and the decisions made by

them.

7.1. BIG PICTURE

In a supply chain, inventory flows in the form of raw materials from the supplier to
manufacturer and in the form of finished goods from manufacturer to retailer. A carrier is
responsible for delivering the inventory between the two partners. A retailer places his order
with the manufacturer for a product. Based on various factors, the manufacturer can either
fulfill the order or generate a production schedule or place an order for the raw materials
required from his suppliers. Thus, one can see that the order fulfillment process involves

making many complex and tedious decisions and communicating it to the various partners.

In this thesis, each individual partner namely a supplier, manufacturer and carrier is
represented as a complete independent agent, interacting with each other. This interaction is
depicted in Figure 7.1. An example of such an interaction is the retailer enquiring about a

specific product with the manufacturer by sending a “GetRFQ” message, the manufacturer
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responding to this request by sending a “ShowRF(Q” message. For the manufacturer to be
able to generate the “ShowRFQ” message, he needs to take various decisions like what price
to quote for requested product, checking if the desired delivery date can be meet etc.
Complex decisions need to be taken by each agent for execution of any process like
generation of “ShowRFQ” message. These complex decisions can be tedious, error prone and
time consuming. Automation of these decisions can save an organization valuable time and

prevent errors, factors which are very important for success in today’s competitive

environment.

RETAILER

SUPPLIER - MANUFACTURER

CARRIER

Figure 7.1: Thesis

All the possible interaction scenarios amongst each agent, implemented in this thesis, are
shown in Figure 7.2.
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7.2. DEVELOPED INTERACTION SCENARIO

Before proceeding to explain the details of the proposed architecture, the scenario
implemented is briefly explained in this section. The detailed explanation of each business

object document transferred, information exchanged and the decisions made during each stage

is explained in detail in the preceding sections.

Interactions are initiated by a request for quote submitted by the retailer with the manufacturer
agent. The manufacturer agent then checks his inventory for the requested product and
depending on available quantity further negotiations with the retailer are initiated. Based on
different inventory levels, a price is offered to the retailer. If the retailer is not satisfied with
the offer, he can request a change in the price or the delivery date option by sending a
“ChangeRFQ” BOD. The manufacturer responds to this request by checking the retailer’s
ratings. If the retailer does not have a poor rating then a reduction in the price is offered.
When the retailer is satisfied with the RFQ, he can place his order by sending a
“ProcessPurchaseOrder” BOD. The manufacturer acknowledges this by sending back an
“AcknowledgePurchaseOrder” BOD. For the delivery of the consignment, the manufacturer
sends a “GetShipment” BOD to the carrier. Depending on different factors the carrier
responds by sending a “ShowShipment” BOD. The manufacturer can now place his order
with the retailer by sending a “ProcessShipment” BOD. Similar interactions happen at the
supplier agent also. At the carrier agent, the manufacturer and supplier can place their order.

Also, they can inquire about their shipment status by sending a “GetShipment” BOD.
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7.2.1.

MANUFACTURER SYSTEM

The manufacturer system, represented by the manufacturer agent, interacts with retailers,

suppliers and carriers. A retailer places his orders with the manufacturer. The manufacturer

receives raw material from suppliers and carriers are used to deliver an order to retailers and

also to receive raw materials from the supplier’s. In this thesis, the internal architecture of the

manufacturer agent consists of five different modules as seen in Figure 3.

Manufacturer Graphical User Interface (MGUI).
Manufacturer Module Activation Controller (MMAC).
Manufacturer Database Controller (MDC).
Manufacturer Knowledge Source (MKS) and

Manufacturer Database

7.2.1.1. Manufacturer Agent Modules

» Manufacturer Graphical User Interface (MGUI):

MGUI provides users with a mechanism to interact with the manufacturer agent. It is
used to simulate the flow of information with the agent.

Using MGUI, user’s can simulate different scenario of retailer and supplier interaction
with the manufacturer. This can be seen in the first two tabs (“Retailer” and “Supplier”)
in figure 7.4. For example, the user can simulate a retailer placing a “GetRFQ” business
object document (BOD) with the manufacturer. He can input different values on the
GUI. To this the manufacturer responds by sending a “ShowRFQ” BOD. The results of
“ShowRFQ” BOD are displayed on the GUI, just as if they are viewed by the retailer

system.
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Figure 7.4: Manufacturer Graphical User Interface

A complete list of all the interactions between a retailer and manufacturer which can be
simulated using this implementation are as follows

GetPurchaseOrder <> ShowPurchaseOrder,

ProcessPurchaseOrder < AcknowledgePurchaseOrder,

ChangePurchaseOrder <> AcknowledgePurchaseOrder and

CancelPurchaseOrder < AcknowledgePurchaseOrder interaction.
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Supplier interacts with the manufacturer by sending “GetInventoryBalance” BOD for his
product. Manufacturer responds by sending a “ShowlInventoryBalance” BOD. In this
implementation, it is not possible to stimulate carrier interaction with the manufacturer
using MGUI, as the carrier does not initiate any interaction with the manufacturer.
PURCHASEORDER, RFQ DATA and SHOP FLOOR DATA tabs are used to display
relevant information from the manufacturer database. The logic used to prepare the values

of the BOD which the manufacturer sends in response to a request from retailers and

suppliers is explained later.
Manufacturer Module Activation Controller (MMAC)

Manufacturer Module Activation Controller or MMAC is the main controller of the agent.
It acts like a traffic controller and is responsible for taking appropriate actions on the
requests from MGUI. It is responsible for receiving requests from retailers and suppliers
and deciding what action to take for a response. For example, if a retailer places a
GetRFQ BOD request through MGUI, the MMAC receives the request and retrieves all
the information that is needed by the Knowledge Source Module (which is used for
decision making) using the Database Controller Module (used for interaction with the
database). After the Knowledge Source Module completes the decision making process,
MMAC prepares ShowRFQ BOD and sends it back as a response to the retailer.

Manufacturer Database Controller (MDC)

Manufacturer database controller is used for interaction with the database of the
manufacturer. It is through the MDC that all the requests for information required for
decision making are retrieved from the manufacturer database. Also, any updates required
to be made to the data in the database are done using the MDC. The process of updating
and retrieval of information is performed by MDC using SQL queries. For example, to
decide the price to be offered for any product request through “GetRFQ”, MMAC needs
to know the unit price of that product. It places a request with the MDC which then

retrieves the unit price from the database table “ManufacturerPriceData” and sends it back
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to MMAC. This information along with other relevant information is then sent to the
Knowledge Source module to decide the price to be offered. The MDC is the only module
in the manufacturer agent which is allowed to interact with the manufacturer database. No

other module in the agent can interact with the database.

Manufacturer Knowledge Source (MKS)

Manufacturer Knowledge Source module is responsible for the process of decision
making. Decisions like “What price to offer?”, “Can the requested delivery date be meet?”
etc. are taken in this module. MAC places a request with MKS to perform a decision. It
also provides all the necessary information which is required by the MKS to take the

decision. A detailed description of all the decisions performed by MKS is presented later.

Manufacturer Database

The database is a place where all the data is stored. Manufacturer stores all his data in his

database. In this thesis, SQL server 2005 express is used to implement the database.

7.2.2 INTERACTION DETAILS FOR MANUFACTURER AGENT

Retailers and suppliers interact with the manufacturer agent. During these interactions which

messages are transferred, what information is exchanged, different decisions taken are

presented in the tables 7.1 —7.7.

7.2.2.1. Request for Quote

A retailer would like to know what price the manufacturer is offering a particular product for.

For this purpose a retailer uses a “GetRFQ™ BOD to request to the manufacturer, the quote for

a particular item.
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Table 7.1: GetRFQ interaction between manufacturer and retailer

No. | Retailer Manufacturer Decisions taken
1.1 | GetRFQ

The retailer sends this

message to place a request for

quote for a particular product.

Retailer also sends the

quantity required and the

delivery date on which it

would like to receive the

delivery if it places an order

for it.
1.2 ShowRFQ

MAC receives GetRFQ from
retailer. MKS then decides if it
should continue interaction with
the retailer. If interaction is to
be continued then MKS decides
the price to quote for the
requested product and quantity.
MKS also checks if desired
delivery date can be meet using
the current inventory, if not
then can the product be
manufactured by the requested
delivery date. If it cannot be
manufactured by the requested
delivery date then what is the

earliest possible delivery date

by which the requested order

Should we
continue
negotiation with
the retailer?

Is there is
enough
inventory to
complete the
requested order?
What is the
earliest possible
delivery date by
which we can
meet the order?
What price to

offer?

2




can be meet. If negotiation is
not to be continued then the
retailer is informed accordingly.
MAC sends this information to
the retailer using a ShowRFQ
BOD. This information is

recorded in its database.

The retailer would like to request a change in the price offered by the manufacturer. For this

the retailer uses the “ChangeRFQ” message.

Table 7.2: ChangeRFQ interaction between manufacturer and retailer

No. | Retailer

Manufacturer

Decisions taken

2.1 | ChangeRF

The retailer uses the RFQ
number it received during
GetRFQ transaction from the
manufacturer to place a
request to change the price
offered by the manufacturer
for a product by sending the
ChangeRFQ BOD

2.2

AcknowledgeRFQ

The manufacturer receives the

ChangeRFQ  request  from
retailer. He then checks the
status of the retailer and based
on the status information it
offers a new price to the retailer

using the AcknowledgeRFQ

» What new price

to offer?
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BOD. The manufacturer also
checks if a price reduction has
been offered before. If yes, then
no further reduction in price is
offered. It

records this

information in his database.

7.2.2.2. Purchase Order

When a retailer wants to place an order for goods from the manufacturer, he uses a

“GetPurchaseOrder” BOD. In this application, the retailer needs to have an RFQ number as a

reference to proceed with purchase order transactions.

Table 7.3: GetPurchaseOrder interaction between manufacturer and retailer

No

Retailer

Manufacturer

Decisions taken

3.1

GetPurchaseOrder
The

retailer initiates the
process of placing an order by
sending this message to the
manufacturer. Retailer sends
the RFQ number it received
for the product during RFQ

transaction

3.2

ShowPurchaseOrder

The manufacturer retrieves the
RFQ number from the GetRFQ
message and retrieves all the
relevant information from its
database related to the RFQ
this

transaction and sends

information back to the retailer
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using ShowPurchaseOrder

message.

Now, the retailer can go ahead and place the order using a “ProcessPurchaseOrder” message.

However, if the retailer wants to change the purchase order he can use the

“ChangePurchaseOrder” message. The retailer cannot change a purchase order once it has

been processed and agreed upon using the “ProcessPurchaseOrder” message.

Table 7.4: ChangePurchaseOrder interaction between manufacturer and retailer

No | Retailer Manufacturer Decisions taken
4.1 | ChangePurchaseOrder

If the retailer wants to change

the quantity desired or the

delivery date required, then he

can use this message.
42 AcknowledgePurchaseOrder Allow the

The manufacturer then decides change?

if it can allow the change
requested by the retailer and
conveys the result to the retailer.
It records the changes in its

database.

» Isthereis
enough
inventory to
complete the
requested order?

» What is the
earliest possible
delivery date by
which we can

meet the order?
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Table 7.5: ProcessPurchaseOrder interaction between manufacturer and retailer

No | Retailer Manufacturer Decisions taken
5.1 | ProcessPurchaseOrder

The retailer uses this message

to place an order. Purchase

order number is also sent as a

reference.
5.2 AcknowledgePurchaseOrder

The manufacturer accepts the
request to process the order and
records this information in its

database.

Once the order is placed, if the retailer decides to cancel the order then it can try to do so

using the “CancelPurchaseOrder” message.

Table 7.6: CancelPurchaseOrder interaction between manufacturer and retailer

No | Retailer Manufacturer Decisions taken
6.1 | CancelPurchaseOrder

Retailer uses this message to

try and cancel the purchase

order Purchase order number

is sent as reference
6.2 AcknowledgePurchaseOrder » What should be

The MAC receives this request
and using the MKS decides
what penalty to charge the

retailer for canceling the order.

the penalty?
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7.2.2.3. Inventory Balance

Using the MGUI users can also simulate the interaction of suppliers with the manufacturer. In

this implementation, the supplier initiates a “GetInventoryBalance™ message with the

manufacturer so that it can keep a check on the current stock levels of the manufacturer and

plan his production accordingly, by anticipating the next order from the manufacturer.

Table 7.7: GetInventoryBalance interaction between manufacturer and supplier

No

Supplier

Manufacturer

Decisions taken

7l

GetlnventoryBalance:

A supplier uses this message
to know the current inventory
levels of the manufacturer. It
sends the product number to

the manufacturer.

72

ShowlnventoryBalance:

The MAC retrieves the product
number from the message and
using MDC retrieves the current
inventory level of the product.
This information is then sent
back
ShowInventoryBalance BOD.

to the supplier using
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7.2.3. DECISIONS TAKEN IN MANUFACTURER AGENT:

The decision making ability in manufacturer agent is present in the manufacturer knowledge
source element. In this thesis implementation, the manufacturer knowledge source element
can perform the following decisions

o Should we continue negotiation with the retailer?

o Decide the unit price to be offered?

o Decide the earliest possible delivery date?

o New updated price to be offered?

o Calculate the penalty for cancellation of a purchase order?

Should we continue negotiation with the retailer?
When a retailer places a “GetRFQ” message, the MMAC receives it and asks the MKS to
decide if the manufacturer should continue negotiation with the retailer. If the status is “Poor”

then further negotiation is refused else further negotiation is initiated.

Decide the unit price to be offered?

This decision is taken when a retailer places a request for quote for a particular item. The
input factors that are considered while making this decision are the current inventory level of
the product, the required quantity, the quantity ranges and the corresponding unit price which
the manufacturer has set beforehand and a boolean value which indicates if the required
quantity can be manufactured. First the required quantity is compared against the quantity
ranges and the corresponding price is set as the unit price. Then a check of the required
quantity is done against the current inventory level of the product and if the required quantity
is less than the current inventory level then the set unit price is returned as result. However, if
the required quantity is greater than the current inventory level and requires production of the

product, then the unit price is increased by a amount equal to 15% of the previous unit price.

Decide the earliest possible delivery date:

Whenever the requested delivery date cannot be meet, this decision is required to be made to

calculate the earliest possible delivery date when the order can be meet. The inputs to this
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method are the current production, the capacity of the shop floor to manufacture the product
in a production day, the requested quantity and the number of days the carrier would take to
make the delivery. The number of days the carrier would take to make the delivery is an
arbitrary number and can be changed. It is assumed, for simplicity, that only a single machine
is available to make a particular product. The formula used is as follows

Possible Return Date = ( (1inedupprod/sum) + (quantity/sum) + carrierdays);

Where linedupproduction - current inline production,
sum = capacity of the shop floor to manufacture the product in a production day,
quantity = requested quantity and

carrierdays = number of days the carrier would take to make the delivery.

New updated price to be offered:
This decision is taken in response to a request from a retailer to reduce the offered price. The
offered price is shown to the retailer through the “ShowRFQ” BOD. If the retailer is not
satisfied with the price offered to him, he/she can request a reduction in the price. There are
two input factors to this method, the status of the retailer and the offered old price. The status
of the retailer is based on his past record with the manufacture. There are four levels to the
status namely:

New — if the retailer has no past history with the manufacturer and is interacting with

the manufacturer for the first time.

Good — Retailer has a good record and has not cancelled more than 3 purchase
orders

Very Good — If the retailer has not cancelled any purchase orders he has placed with

the manufacturer.

Poor — If the retailer has cancelled more than 3 purchase orders
Based on these status levels, a decision to update the price is taken. If the retailer status is
very good, then a 10% reduction in the old price is offered. If the retailer status is “Good” or

“New” then a 5% reduction is offered. If the status is poor then no reduction is offered.
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Calculate the penalty for cancellation of a purchase order:

If a retailer wishes to cancel a purchase order he/she has placed then this decision is made.
The inputs to this decision are the promised delivery date and the offered unit price. The
penalty calculation is based on the difference between the promised delivery date and the
current date. If the difference is less than seven days then the retailer is not allowed to cancel
his/her purchase order. If the difference is between seven to fourteen days then the retailer is
charged a penalty of 30% of the unit price. And if the difference between the promised
delivery date and the current date is more than fourteen days then the retailer can cancel his/

her purchase order without incurring any penalty.
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7.2.4. SUPPLIER SYSTEM

The supplier supplies raw material to manufacturers. The manufacturers initiate interaction

with the supplier to place a request for a product. In this implementation, the supplier system

is also based on MASCOT agent architecture. It comprises of the following modules:

Block Diagram of supplier Module is as shown below in figure 7.5.

Supplier Graphical User Interface (SGUI)
Supplier Module Activation Controller (SMAC)
Supplier Database Controller (SDC)

Supplier Knowledge Source (SKS) and
Supplier Database
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7.2.4.1. SUPPLIER AGENT MODULES

» Supplier Graphical User Interface:

Figure shows the GUI for the supplie

—

B SUPPLIER

T.

¢ purchase_Order
i RFQ_Data
Shop_Floor_Data
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INPUT OUTPUT
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Change RFQ

Figure 7.6: Graphical User Interface for Supplier
The interaction of a manufacturer with the supplier can be simulated using this GUI. The
manufacturer can send a “GetRFQ” BOD to the supplier to request quote information for a

product. Supplier responds to this request by sending a “ShowRFQ” BOD. A manufacturer
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can also negotiate the price offered in a “ShowRFQ” response using a “ChangeRFQ” BOD.

Once the manufacturer is satisfied with the RFQ it can do purchase order interactions.

A complete list of all the interactions between a manufacturer and a supplier which can be
simulated using this implementation are as follows

GetPurchaseOrder <+ ShowPurchaseOrder,

ProcessPurchaseOrder < AcknowledgePurchaseOrder,

ChangePurchaseOrder < AcknowledgePurchaseOrder and

CancelPurchaseOrder < AcknowledgePurchaseOrder interaction.

PURCHASEORDER, RFQ DATA and SHOP FLOOR DATA tabs are used to display
relevant information from the supplier database.

The carrier does not initiate any interaction with the supplier and hence the user cannot

simulate carrier interaction with the supplier using SGUI.
> Supplier Module Activation Controller (SMAC)

Supplier Module Activation Controller receives all the BODs which are sent from the GUI
screen. This is equivalent to receiving the BODs from manufacturers. It directs the control to
the correct decision making method in the knowledge source module of the supplier. It also
supplies the knowledge source module with all the information it will need to make the
necessary decision. The SMAC retrieves all this information using the supplier database

controller module. SMAC then convey the decisions made by SKS back to the manufacturer.

» Supplier Database Controller (SDC)

The supplier database controller module is responsible for all the interactions with the
supplier database. It retrieves all the information required by SMAC from the database and
also updates records. The SDC is the only module which is allowed to interact with the

database. No other module in the agent is allowed any interaction with the database.
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» Supplier Knowledge Source (SKS)

The knowledge source module of the supplier is where all the decisions for the supplier are
taken. SMAC sends a request to SKS and asks it to take a decision. It also provides SKS with
all the relevant information it will need to perform the operation of decision making. SKS

then returns the result back to SMAC which is then used to populate a response to a

manufacturer.
» Supplier Database

Microsoft SQL Server 2005 Express is used to create the database architecture for the
supplier. Supplier stores the data in this database.

7.2.5. INTERACTION DETAILS FOR SUPPLIER AGENT
Manufacturer interacts with the supplier. The following section explains all the interactions
between them.

7.2.5.1. Request for quote

A manufacturer would like to know at what price the supplier is offering a particular product.

For this purpose a manufacturer uses a “GetRFQ” BOD to request a quote from the supplier.
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Table 7.8: GetRFQ interaction between Supplier and Manufacturer

No. | Manufacturer Supplier Decisions taken
8.1 | GetRFQ

The manufacturer sends this
message to place a request for
quote for a particular item.
Manufacturer also sends the
quantity required and the
delivery date on which it
would like to receive the

shipment if he places an order

for it.
82 ShowRFQ
SMAC receives GetRFQ from | »  Should we
manufacturer. SMKS  then continue
decides if it should continue negotiation
interaction with the with the
manufacturer. If interaction is retailer?

to be continued then SMKS | » Isthereis

decides the price to quote for enough

the requested item and quantity. inventory to
It also checks if desired complete the
delivery date can be meet using requested
the current inventory in stock order?

or if it can be manufactured | » What is the

before the requested delivery earliest
date. If it cannot be possible
manufactured by the requested delivery date
delivery date then what is the by which we
earliest possible delivery date can meet the
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by which the requested order
can be meet. If negotiation is
not to be continued then the
manufacturer is  informed
accordingly. This transaction

information is recorded in its

database.

order?

The manufacturer would like to request a change in the price offered by the supplier. For this

the manufacturer uses the “ChangeRFQ” message.

Table 7.9: ChangeRFQ interaction between Supplier and Manufacturer

No. | Manufacturer Supplier Decisions taken
9.1 | ChangeRFQ
The manufacturer uses the
RFQ number it received
during GetRFQ transaction
from the supplier to place a
request to change the price
offered by the supplier for a
product.
9.2 AcknowledgeRFQ
The supplier receives the | » What new
ChangeRFQ  request from price to offer?
manufacturer. The supplier then
checks the status of the

manufacturer and based on the
status information it offers a
new price to the manufacturer.
It records this information in his

database.
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7.2.5.2 Purchase Order

When a manufacturer wants to place an order for goods from the supplier, it uses a

“GetPurchaseOrder” BOD. In this application the manufacturer needs to have an RFQ

number as a reference to proceed with purchase order transactions.

Table 7.10: GetPurchaseOrder interaction between Supplier and Manufacturer

No | Manufacturer Supplier Decisions taken

10.1 | GetPurchaseOrder

The manufacturer initiates
the process of placing an
order by sending this
message to the
manufacturer. Manufacturer
sends the RFQ number it
received for the product

during RFQ transaction

10.2 ShowPurchaseOrder

The supplier retrieves the
RFQ number from the
GetRFQ message and
retrieves all the relevant
information from its database
related to the RFQ transaction
and sends this information
back to the manufacturer
using ShowPurchaseOrder

message.

Now, the manufacturer can go ahead and place the order using a “ProcessPurchaseOrder”

message. If however the manufacturer wants to change the purchase order he can use the
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“ChangePurchaseOrder” message. The manufacturer cannot change a purchase order once it

has been processed and agreed upon using the “ProcessPurchaseOrder” message.

Table 7.11: ChangePurchaseOrder interaction between Supplier and Manufacturer

No | Manufacturer

Supplier

Decisions taken

11.1 | ChangePurchaseOrder

If the manufacturer wants to
change the quantity desired or
the delivery date required,

then he can use this message.

L2

AcknowledgePurchaseOrder

The supplier then decides if it
can allow the change requested
by the manufacturer and
conveys the result to the retailer.
It records the changes in its

database.

»  Allow the
change?

» Isthereis
enough
inventory to
complete the
requested
order?

» What is the
earliest
possible
delivery date
by which we
can meet the

order?
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Table 7.12: ProcessPurchaseOrder interaction between Supplier and Manufacturer

No | Manufacturer Supplier Decisions taken
12.1 | ProcessPurchaseOrder

The manufacturer uses this

message to place the order
122

AcknowledgePurchaseOrder

this information in its database.

The supplier accepts the request

to process the order and records

Once the order is placed, if the manufacturer decides to cancel the order then it can try to do

so using the CancelPurchaseOrder message.

Table 7.13: CancelPurchaseOrder inter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>