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ABSTRACT

Supply Chain exists in both service and manufacturing organizations,
although the complexity of each enterprise may vary greatly from industry to
industry.

In many situations, real-time operation is required in a supply chain, where it
is desirable to optimize the schedules each time a new order is submitted.
Order will be successfully executed and will be shipped to customer after
passing through different phases. Each phase requires human interaction
with system. This human interaction may be error prone and it costs to
company in terms of facilities provided like training, communication cost etc.
for personnel. Supply Chain Management (SCM) is a modular and
decentralized application. If user interaction can be reduced at all stages
where it can be applicable, then whole process can be automated and is less
error prone. In order to achieve such automation we require a software
system which can be modular and can work intelligently and provide
continuous support for whole SCM cycle in efficient and effective way.
Considering this as a base, industrial research work has been carried out and
by considering electronics manufacturing industry’s SCM cycle an effort has
been made to automate whole SCM cycle using agents and making multi
agent system.

Agents are best suited for applications that are modular, decentralized,
changeable, ill-structured and complex. As different agents will be created for
different tasks and thus multi agent system will be created for whole CSM
cycle. Optimization has been done at the stages where it is required and
automated order processing and inventory management is the main concern.
The system is implemented in a decentralized form and by submitting

different orders, different aspects of the system has been tested.
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1. INTRODUCTION

This chapter presents how multiagent systems are used to manage supply chains.
Here the concept of supply chain is introduced as a solution to some industrial

issues. Such industrial issues are first outlined next.

1.1 Industrial Problem in general

First, companies face a huge number of problems, such as how to make decisions
concerning production planning, inventory management and vehicle routing. These
three decisions are managed separately in most organizations because making each
individual decision is very difficult, since many constraints have to be satisfied [1]
(production, shipping and inventory capacities, precedence order of activities, legal

obligations, etc.).

Secondly, the problem is yet harder in reality because the decisions concerning
production planning, inventory management and vehicle routing are
interdependent. Hence, these three decisions should be taken together, which

makes the planning problem harder.

Third, companies are not isolated, but impact on and are impacted by their
partners. As a result, when a company maximizes its profits, it may disturb other
companies, which may result in globally under optimal decisions, because
organizations may have different conflicting objectives. The best solution would be
to make the decisions together concerning production planning, inventory
management and vehicle routing for several companies. As this planning problem is
hard for a single company, synchronizing all companies’ decisions together is very
hard [2].

The concept of supply chains was proposed to address these problems and
minimization of total supply chain cost, while meeting fixed and given demand by

points-of-sale.

1.2 Challenges for Supply Chain Management

There are four major areas in supply chain management.

-1 -
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1) Location
2) Production
3) Inventory

4) Transportation (distribution)

There are both strategic and operational elements in each of these decision areas.
As a solution to such problems, number of Enterprise Resource Planning (ERP)
systems has been introduced in the market. But again this system requires
personnel training for users and synchronization among all modules so it is a
centralized system. Again cost which one has to pay to buy such systems are very
high, even though they are coming in modules, cost of all required modules go
high. Successive activities in the current system require frequent human interaction
which makes it a slow process. The current system is planned to take care of this
problem by providing a solution that is automated at each stage of the Supply

Chain. This makes the whole process quite fast and efficient.

To overcome such problems work presented here aims making such SCM system
automated so that user interaction required will be very less. System will work

intelligently to take decisions.

SCM is a decentralized system. It is very complex and modular. It usually keeps
changing quite frequently, for such systems agent can be very useful to make

system automated and less error prone.
As a solution current work aims at use of agents for making system automated.

Agents are best suited for applications that are modular, decentralized,

changeable, ill-structured and complex.

Some arguments in favor of using agent systems in supply chain management can
be found in the literature. In industry of concurrent engineering, collaborative
engineering, design, manufacturing enterprise integration, supply chain
management, manufacturing, planning, scheduling and control, material handling

has been already applied multi agent system.
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1.3 Agents in Supply chain management

Supply chains are made up of heterogeneous production subsystems gathered in
vast dynamic and virtual coalitions. Intelligent distributed systems, e.g. multiagent
systems, enable increased autonomy of each member in the supply chain. Each
partner (or production subsystem) pursues individual goals while satisfying both
local and external constraints. Therefore, one or several agents can be used to
represent each partner in the supply chain (plant, workshop, etc.). Moreover, the
agent paradigm is a natural metaphor for network organizations, since companies

prefer maximizing their own profit than the profit of the supply chain.

In fact, the distributed manufacturing units have the same characteristics as agents

are having [3] as follow.

a. Autonomy: a company carries out tasks by itself without external

intervention and has some kind of control over its action and internal state.

b. Social ability: a company in the supply chain interacts with other companies,

e.g. by placing orders for products or services.

c. Reactivity: a company perceives its environment, i.e., the market and the
other companies, and responds in a timely fashion to changes that occur in
it. In particular, each firm modifies its behavior to adapt to market and

competition evolutions.

d. Pro-activeness: a company not only simply acts in response to its
environment; it can also initiate new activities, e.g. launching new products

on the market.

Moreover, multiagent systems offer a way to elaborate production systems that are
decentralized rather than centralized, emergent rather than planned, and
concurrent rather than sequential. Therefore, they allow relaxing the constraints of

centralized, planned, sequential control.

Agent: software specialized on one or more tasks which operate in cooperation

with other agents.
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Agent-system: the total of all agents that operate for one organizational unit, e.g.

a company and/or an agency of a firm.

Multi-agent-system: the total of all Agent-systems which operate together in the

whole application domain.

1.3.1 Multi Agent System
Multi-Agent systems correspond to some systems containing interacting agents.
The agent interactions [4, 5, 6] are essentially based on communications between
them. Communications are here seen as interactions processes. The detection and
management of organizations inside multi-agent systems is an actual topic of
numerous scientific publications, the correlated notions of self-organization and
emergence are also a thrilling topics for some Al researchers. The study of multi-
agent systems (MAS) focuses on systems in which many intelligent agents interact
with each other. The agents are considered to be autonomous entities, such as
software programs or robots. Their interactions can be either cooperative or selfish.
That is, the agents can share a common goal (e.g. an ant colony), or they can
pursue their own interests (as in the free market economy).The probability of agent
accomplishing a task collaboratively is fully autonomous by decision making of each

agent.
Following are some areas of Multi Agent System applications

a. Supply Chain Management
b. Computer-Aided Design

c. Electronic Commerce

d. Manufacturing Systems

e. Network Monitoring

f. Office and Home Automation
g. Robotics Control

To implement agents in Supply Chain Management industrial research study has

been carried out as follow.
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1.3.2 Industrial Research Study
Two months of study has been carried out to see what the modules in SCM of

electronics manufacturing company are where agents can be best suited.
Company

Sunrom Technologies, Offices in Finland, Mumbai & Ahmedabad (Head Office).

URL: http://www.sunrom.com

About Company

Manufacturer of embedded system products provides latest technological evaluation
kits for system level design & development. Marketing of products is done by
various methods like online shop, distributors, dealers, direct marketing &

government tenders.
Method of Business

Takes new development technologies from semiconductor manufacturer and
provides evaluation technologies for those semiconductor products. Constantly gets
feedback from customer for next possible range of products. Due to feedback from

customers, products are constantly revised and upgraded.
Structure of Company

a. 100+ Suppliers providing raw material
b. 4 Production Facilities
c. 4 Inventory Stores

d. 1 Central Head office / R&D Office


http://www.sunrom.com
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Figure 1.1 Structure of the company
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1.4 Problem Statement

In Sunrom, a considerable number of information & material flow for the import and
export of products is carried out. Every year some thousands of products are
processed in the production factory facilities. In recent years, the businesses were
strongly affected by the globalization trend being observed in the technological
industry. In this regard, technological manufactures like Sunrom focus more on flow

of information and products.

Consequently, the rise of the production as well as the relocation of production all
over the world lead to an increasing demand for smooth information and material
flow for decision making process. Following are the key areas requirement for

business process at Sunrom.
Requirements

a. The first requirement regarding the process concerns activities of gathering
information. They have to be fulfilled proactively and in a timely manner to

provide a data basis for the next process steps.

b. Since Sunrom’s purchases from a single point and supply to factories and
inventory stores. Information communicated from network partners

regarding orders needs to follow supply networks.

c. In the distribution process order relationships determine potentially affected

network partners that have to be informed proactively.

d. The set of data gathered from internal and external sources regarding the

status of an order and its customers has to be interpreted.

e. Necessary rules have to be editable to provide easy integration of new

knowledge (e.g. new rules for interpretation) as it becomes available.
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1.5 Scope of work

a.

Implement Supply chain management system using Multi agent system
which can fulfill above requirements and can remedy for following hidden

cost.

Expecting hidden costs: Consultancy for implementation can be a major part
of costs. Apart from the consultancy and cost of software and hardware, the
implementation will involve some other costs like training employees across
enterprise. Loss of productivity in the first few months after you install ERP is
also to be expected. Annual maintenance costs and annual costs can also be

hefty.



2. PROPOSED SOLUTION

2.1 Existing Order Processing System for Sunrom Technologies

Before the multi agent based proposed solution is presented a brief description of
the current SCM based system adopted by Sunrom technologies is presented
here with a view to highlight the aspects which are improved in the current

system.
Current Scenario for Sunrom Technologies

Sunrom is doing most its business through their website having following

features:

a. Front End: For the customers (viewers) to browse through all items and

placing an order.

b. Back End: This part contains Administrator panel from which allows
various options to edit forms in front end. Main work of Order processing
and Order shipping is done from backend. Sequences of steps are followed

from the place where customer places an order and till order gets shipped.

In the following, series of screenshots are presented to show that their system

requires human interaction at each step hence it is quite cumbersome to use.

1. Customer places an order. To place an order customer creates account on

website www.sunrom.com and creating an account.

2. After placing an order customer will confirm his order and will make
payment.
3. User has to go to admin panel and manually it has to change its status as

shown in below figure 2.1:


http://www.sunrom.com

Chapter 2 Proposed Solution

&S Tinrom T jiyuluzizs - Flods J Ja‘
File Edit ‘iew History Favorites Tools  Help
oh @ @ > :I A hit o hewows, sUNrom, com|myadminforders. php?page=18s v =] » -
s 4 Ik B | P ' ' i ‘Php<pag =17
o L (@ NIRR 3 ﬂ i 4+ , iGetting Starked Ev' Latest Headlines ﬂ Inkroduction 'E: C-CMP - Agent Tech... »

g RoboForm + | Search D ;{:; Logins - ;’:g Sunrom Skats (+4) & Sekup Form Filling ;{ﬁ Save G Generate
040772008 0% 41:50 Fending D

Proces=ing

04/07/2008 053137

04/07/2008 10:06:49 Shipped

04/07/2008 11:06: 28 Proceszing

ANANENANA

04/07/2008 11:07:04 Pending

Comments

Overnite £ DHL

Append Comments:

Confirmed [4]

Done | Shipped [5]
e indata R

Figure 2.1 Form of Sunrom website that allows manual entry for changing order status

4. User will check for inventory and if not enough material to fulfill the order

he will manually order from supplier by listing each item.

Oorder |nhox DC & Mew window
@ Sunrem Technologiesto C 1:12 prri (3 hours aga) | 4 Reply | Print all
please send today, Collapse all
=] Forward all =
Pack of 40 pin berg strip S
Turn off highlighting
6 0 Khz Crystal A Turm off highlightin
25% 4 Mhz Crystal _
10x% BT136 Sponsored Links (feedback)
5 xPIC1BFET7A DIP Maninagar
1x PIC16FE7E DIF Buy-Sel-Rent Homes, Flats, Land,

in Ahmedabad. Search Free MNow!
Ahmedabad MagicBricks com

Jobs in Gujarat
India's largest Jobs and

Reply Forward

Figure 2.2 Manual ordering for material

5. After receiving material again manually will have to see list of pending

order and modify its status as shown in figure 2.1.

Thus by following above procedure user has to interact with the system and
complete the order processing. Here this procedure is time consuming, error

prone and required personnel training. Such parameters are affecting and so

- 10 -
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automation of system through agents can be one of solution to minimize above

parameters.

2.2 Proposed Solution

From above steps it is evident that in each and every step human interaction is
required. So a possible solution for this problem is to avoid or minimize user
interaction as far as possible. As mentioned earlier these problems arise because
the system is modular, decentralized, changeable, ill-structured and complex. So
we can apply multi agent system to make it automated.

Consider following scenario.

Automated : J
Places an order oy Order dispatch -
——

Bupzplo [2ls3el

Figure 2.3 Modules involved in proposed solution

Different agents are created and each agent is assigned a particular task. An
agent focuses on its assigned work and it communicates with other agents. For
sake of simplicity consider that on all agents are residing on one system and
every agent will have access to their local database. To retrieve data of another
location there will be a communication between agents. So it is not an issue if we
allow agents to access to only their local database. By considering whole scenario

following agents are to be created.
2.3 Types of Agents

a. KA (Knowledge Agent)

b. PMO Agent (Proactive Monitoring of Orders)

c. SCN Agent (Interdependencies in Supply Chain Network)
d. ADA Agent (Autonomous Data Analysis)

e. DA (Dispatch Agent)

Brief introduction and responsibility assigned to each agent is as follow.

-11 -
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KA (Knowledge Agent)

This agent will provide view for all other agents. Whenever system initializes
itself this agent will start first and all other agents will first inform to KA for their
existence on the system. So we can also monitor which agents are currently

working and which are not through this agent.
PMO Agent (Proactive Monitoring of Orders)

Traditional methods are user driven, that is only carried out with consent of end
user. There is no reliable method by which real time analysis and decisions are

carried out.

Agents carry out real time analysis and act in a timely manner for completions of
the process. Agent carries out real time analysis by identification of orders with a
high probability of encountering disruptive events. With this knowledge a more

focused proactive monitoring has to be realized.

Agents uses past knowledge in carrying out analysis to solve the occurrence of
failure events. Therefore Proactive Monitoring of Orders can only be satisfied via

agents and not by traditional method.
SCN Agent (Interdependencies in Supply Chain Networks)

As soon as order status is received from PMO agent it will start looking for
inventory and if it is not sufficient then it will order the inventory to supplier
through email. This agent is also responsible for analyzing inventory and
according that result it will place an order for he required inventory. So here user
interaction is avoided for material checking in database and manually order
inventory. Automation of system will be done through agents and user

interaction will be reduced.
ADA Agent (Autonomous Data Analysis)

This agent provides view of database, i.e. mainly order status and ordered
material status. User will not have direct access to database; instead agent will
have access to database and will allow the user to see the above status. User can

not modify this view.

-12 -
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DA (Dispatch Agent)

This agent is responsible for dispatching the order. It will monitor for pending
orders as well as pending material which as been ordered. If material is arrived
then it will start processing the order which has been pending. If order is ready it

will email to Courier Company to pick up the courier.

Overview for sequences of task arrived and executed when agents will take place

can be shown in following way.

EMO agent SCM agent DA agent

Top Package:: Customer

|:| Places an order

B "~ =, Detection of order

Send order detail
Order Status
=== === == .
— + Calcualte inventory to order
Order Status | | " =, Display order status_ __
e ———— e - "+ Order inventary via email

R Order material
+ Calculate ESD :
- Supplier
Top Package::Agent Viewer

Estimated Shipping Date TR Display ESD
-

———————————————————— - [
_ » Change order status

Top Package:User D Monitor material

Material
Contact for order shipping

=
¢ Send an email to courier company

a rqisplay status message
-

Figure 2.4 Sequence diagram for SCM including agents
Now we will see the structure for agents.
2.4 Common Structure of all Agents

a. Implemented in VC++, specific task assigned to each agent
TCP/IP Communication capability of behaving as both client and server
c. XML data sending and receiving capability

- 13 -
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d. Each Agent occupy two ports of TCP/IP — One port for listening and
another for sending data

e. Agent opens sockets and communicates XML data
f. Agent can establish communication between following ways

i. Between agent of same company

ii. Between agents of another unit company

iii. Between management agents for reporting and notification
g. Each agent can access database for monitoring and processing

TCP/IP Listen Port

C XML Data
Agent
TCF/IP Send Port

— 0

Database

J@

Figure 2.5 Common structure for all agents

2.5 Development

Microsoft Visual Studio 2005, VC++, Version 8.0.50727.42
XML Communication

In the real world, computer systems and databases contain data in incompatible
formats. XML data is stored in plain text format. This provides a software and
hardware-independent way of storing data. Upgrading to new systems (hardware
or software platforms), is always very time consuming. Large amounts of data

must be converted and incompatible data is often lost.

XML data is stored in a structured text format. This makes it easier to expand or
upgrade to new operating systems, new applications, or new browsers, without

losing data.

- 14 -



Chapter 2 Proposed Solution

This makes it much easier to create data that different applications can
share. XML was created to structure, store, and transport information. XML is
about carrying information. XML is nothing special. It is just plain text. Software

that can handle plain text can also handle XML.

However, XML aware applications can handle the XML tags specially. The
functional meaning of the tags depends on the nature of the application. Its
primary purpose is to facilitate the sharing of structured data across different
information systems, particularly via the internet and it is used both to encode

documents and to serialize data.

Database
Microsoft Access97 is used as backend for data storage. It contains template

database called Northwind.

Northwind Sample Database

The Northwind Traders sample database contains the sales data for a fictitious
company called Northwind Traders, which imports and exports specialty foods
from around the world. The Northwind sample database (Northwind.mdb) is
included with all versions of Access. It provides data you can experiment with
and database objects that demonstrate features you might want to implement in
your own databases. Using Northwind, you can become familiar with how a
relational database is structured and how the database objects work together to

help you enter, store, manipulate, and print your data.
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Chapter 2 Proposed Solution
— 1 1
SupplierID ProductID oo |OrderlD OrderID CustomerID
LeadTime L ProductMarie ProductiD Mewisrder ComparryMame
Emnail oo | SupplierID LnitPrice Disruptive Conkackharme
CompanyMName = |CategoryID Cuuankity CustamerID ContactTitle
ContactMame CuantityPerlnil Discount: EmploveelD Address
CaontackTitle UrnitPrice CrderDate City
Address nitsInStaock, RequiredDate Region
Ciky Unitsonorder ShippedDate PaostalZode
Region Reorderlevel EmploveelD Shiptia Counkry
PostalCode Discontinued LastMarmne Freight Phone
Counkry FirstMarne Shipklame Fax
Phaore Title ShipAddress
Fax TitleOFCaurtesy ShipCity
HomePage BirthDake ShipRegion P EEE—
HireDate ShipPostalCode ShipperID
Address ShipCounkry gﬁg'lnp:nyhlame
Cltv. atatus TimeTaken
Region
PostalCode
CategoryMarne Caunkry
Description HomePhone
Picture Extension
Photo
Motes
ReportsTa

Figure 2.6 Relationship diagram for Database
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3. ORDER MONITORING USING PMO AGENT

Supply Chain Management streamlines processes within organization and helps to
meet business needs more efficiently and quickly. Here is a manufacturing
company, and then SCM system comes into action from the point that sales
representatives in different parts of the country or world, book orders, and feed
them into the system. The system helps to track what inventory have of raw
material and finished goods, how much more need, and how much time it will take
to deliver. Customer service department can then use this to tell the customer
when to expect his order. Manufacturing department uses the same information to
set its production schedules, hire temporary staff, and so on. The packaging will

gear up for shipping. Customers can track the shipping status online.

For proactively monitor the order design for agent which is called PMO (Proactive

Monitoring of Orders) will be implemented with following functionality.

3.1 Proactive Monitoring of Orders (PMO agent)

Problem: The first requirement regarding the process concerns activities of
gathering information. They have to be fulfilled proactively and in a timely manner
to provide a data for the next process steps. Since Sunrom’s purchases from a
single point and supply to factories and inventory stores, information communicated
from network partners regarding orders needs to follow supply networks. In the
aggregation and interpretation process data from different network partners has to
be aggregated and interpreted to evaluate effects of disruptive events that occurred

in the network.

Solution: However, gathering information on monitored orders always incurs costs
(e.g. communication costs, infrastructure costs, activity costs associated with
personnel) that cannot be neglected. Therefore, identification of orders with a high
probability of encountering failure possibilities is needed. With this knowledge a
more focused proactive monitoring has to be realized with the result of an
improvement of a proposed solution’s efficiency regarding operational costs. Here

as soon as order will be placed it will be detected and will send further for
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processing. This agent is also responsible for calculating estimate date for customer
to receive an order. As the problem for aggregate and transfer information across
network incurs cost, by considering no network latency agent will only monitor the

orders of local location only. It will only monitor and detect its local database rather

than global one.

3.2 Process of PMO agent

Initially when PMO agent starts it will start monitoring for new orders. As soon as
orders will be detected it will collect all information and will send to the next agent

for processing.

=

¥

Monitor
for new
orders

Order Monitoring using PMO agent

After sending detail it will calculate Estimate Date for Shipping (EDS) of newly
arrived order. Algorithm and procedure used for EDS are described further. After

calculation it will try to receive order status from next agent that, weather order is

[

Procedure
— Data
) Storage
Database
. | Detection of
new order
Send
order
» | detail to
next
agent
Calculate
estimate
* date for
order
shippin
Display
* order
status

Figure 3.1 Activity flow for PMO agent
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pending due to insufficient material or it can be processed? And again it will in

monitoring state.

3.3 Design of PMO agent

From the design of PMO agent shown previously it can be seen that communication

between agents and with database is done by TCP/IP and XML. Paths are shown by

Order Monitoring using PMO agent

dark line for XML communication and dotted line for TCP/IP communication.

PMOagemt | 0% 00 —------- -
Contact K4 TCR/IP
communication
¥
[Monitarimg Cietect
Orders L Order
AML
communication
SEFE_ oroer Calculate
detzil «—» | EsD

e S et T T

Knoviledge
Agent

ST
| EA

Supply
Metwark

Ciepenoency
[SCM) agent

Dizpatch
Agent
(DA

Autonomaous
Data Analysis
(ADA agent)

Figure 3.2 Communication to other agents of PMO agent
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Chapter 3 Order Monitoring usng PMO agent

TCP/I1P: Whenever agent send any information it will become server and when it
will ask for any information it will be in client mode. Here ports are assigned for ach

agent so communication will be done by identifying particular port number.

XML: Efficient electronic marketplaces require flexible languages such as XML to
define the exchange of structured and unstructured information across electronic
commerce applications. Software agents can enhance such marketplaces

significantly. Therefore here agent technology has been integrated with XML.
Document Type Definition (DTD) for PMO agent:

Initially when PMO agent starts it will send message to KA for registration of its

existence on network.

<?xml version="1.0"?>
<INFO>
<AGENT> </AGENT=>
<COMMAND> </COMMAND=>
<HOST> </HOST=>
<PORT=> </PORT=>
</INFO>

DTD for PMO agent when it sends an order detail to SCN agent

<?xml version="1.0"?>
<ORDERS=>
<AGENT> </AGENT=>
<COMMAND> </COMMAND=>
<ID> </ID>
<ITEM>
<PRODUCTID> </PRODUCTID=>
<QTY> </QTY>
</ITEM>
</ORDERS=>
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3.4 Classes for PMO agent

Here classes used by PMO agent are shown figure 3-3. Every class is supporting to
activities done by PMO agent. Main classes are shown here which are most

frequently used as shown in table 3-1.

PMO agent !
: : P : ! : : :
! i i i | ) i I i
! I 1 | 1 J 1 l I
! I 1 i ' | l i i
! | I I - I | ! !
! ! ' : CIni : : ! !
} |
CAdoDatabase | b i | CMarkup ! PMOClient

: " CAdoRecordset : E

| i | !

1 i i

: . PMOServer i

I | CPMOAgentApp ;

: CPMOAgentView

I

CMSsChart

Figure 3.3 Classes used by PMO agent for its activities

Table for classes

Clni Read settings from file
CAdoDatabase Database connection
CAdoRecordset Fetch rows of data from table
PMOServer Provides TCP/IP enabled server
PMOClient Provides TCP/IP enabled client
CMarkup Handles XML communication
CPMOAgentApp Main application class
CPMOAgentView Handles user interaction
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Chapter 3 Order Monitoring usng PMO agent

CMSChart Used to draw stacked bar graph

3.5

Table 3-1 Brief summary of classes used by PMO agent for its activities

Calculation for Estimate order receipt date

PMO agent handles responsibility to give estimate date of order reception to the

customer. This is calculated based on the past experience considering following

parameters.

a. Date of Order (P1)
b. Lead time supplier might take (P2)
c. Time taken by Production house (P3)

d. Time taken to deliver the goods (P4)

So Estimate Date of Shipping (EDS) = P1+P2+P3+P4

Reasons for considering only these parameters are as follow:

1)
2)

3)

4)

Date of Order to be consider will be very easy accessible and accurate.

After placing an order and in case if material is not available readily in store
then we have to order it from supplier. So to process particular order we
have to include time between we place the order for supplier and material
received. This time duration is called lead time. This estimation can be known
from the past knowledge of agent by monitoring how much time particular
supplier has taken to dispatch the material and in how much time it has been
received. This data is also about accurate as we are using past knowledge so
this parameter is considered.

Time taken by production house is also strong candidate for calculation as we
can have number of pending orders and processing orders in queue, so if
particular order can be finished only when previous orders get fulfilled. So
this can also be considered.

Time taken to deliver the goods is also as much dependent on time taken by
shipping company as dependent on above three parameters. We are also
considering time taken by shipping company takes to send material in

particular company. So this can also not be neglected.
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Calculation of four parameters is shown below:

1. Date of order placed (P1)
To give estimation for the receipt of material first thing as to be considered is Date
of order placed. This is no need to calculate as it can be directly accessible from

database.

2. Lead time supplier might take (P2)
1) Find out product and its quantity from order details
2) Loop through all the products of order
3) Get stock of that product and its supplier
4) If quantity required is more then stock then consider the lead time that will
be taken to fulfill the order
5) If there are more then one product from different suppliers with different

lead times consider the lead time of maximum value

3. Estimate time of Production (P3)
Processing Time at production house (T1) = x hours

Current Load at production house (C2) = y orders
Time taken in production house = ((y * xX) + X) /24 = z days

By applying this calculation we can get number of days (z) order will take to reach

to customer.

4. Time taken to deliver the goods (P4)
Each method of shipping has different delivery times. Find out delivery time of the

shipping method of particular order.

3.6 Screenshots of PMO agent

Here series of screen shots are provided with description of activities done by PMO
agent at each step. As mentioned earlier PMO agent is used for monitoring of
orders but proactively monitoring, so continuously it will monitor, detect and pass

information to next agent.
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Order Monitoring using PMO agent

1) Agent as started and monitoring for orders as shown in figure 3.4:

1 PMO Agent

mEx]

0= E

File Edit Wiew Help

TCRYIP Status

Wagent: PMO

Host: localhost
Park: 7000

Message Log

<

21/04)2008 15:07:19 Monitoring for new arders
21/04)2008 15:07:39 Monitoring for new arders
21)04)2008 15:07:59 Monitoring for new arders
21/04/2008 15:08:19 Monitoring for new arders
21/04/2008 15:08:39 Monitoring for new arders

| o

Ready

Figure 3.4 Initial state for PMO agent

2) Customer has placed order and it has been detected as shown in figure 3.5:

i1 PMO Agent

BEx]

File Edit Yiew Help

0= &

TCRIP Status

agent: PMO

Host: localhost
Park: FO0O0

Message Log

21/04/2008 15:07:19
21/04/2008 15:07:39
21j04/2008 15:07:53
21/04/2008 15:05:19
21/04/2008 15:05:39
21j04/2008 15:05:59
21/04/2008 15:09:19
21/04/2008 15:09:39
21042008 15:09:59
21/04/2008 15:09:59
|21,I'I:I4,I'2IIII:IS 15:0%:59
L

Manikaring For new arders

Maonikaring For new arders

Monitoring For new orders

Maonikaring For new arders

Maonikaring For new arders

Monitoring For new orders

Maonikaring For new arders

Maonitaring For new arders

1 Mew Order Detected

SCM Agent conkacted wikh new order IDs

Ml:u||'|il:|:|ring for new orders f
3

Ready

Figure 3.5 Order detection of PMO agent
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3) It calculated Estimate Date for Shipping (EDS) and display as shown in

figure3.6:

i1 PMO Agent

BE) X

File Edit Wew Help

O=E

TCR(IP Stabus

Hgent; PMO

Host: localhost
Paort: 7000

Message Log

21)04{2008 15:07:19
21)04/2005 15:07:39
21)04{2005 15:07:59
21)04/2005 15:08:19
21)04/2005 15:08:39
21)04{2005 15:05:59
21)04/2005 15:09:19
21)04/2005 15:09:39
21)04/2005 15:09:59
21/04/2008 15:09:59
21/04/2005 15:09:59

Dake Eskirnation

4

Monitoring For new orders
Monitoring For new orders
Monitoring For new orders
Monitoring For new orders
Monitoring For new orders
Monitoring For new orders
Monitoring For new orders
Monitoring For new orders

1 Mew Order Detected

SCH Agent contacted with new order IDs

Monitoring For new orders

Order Date:  30-May-2006
Estimated Lead TimegDaysy: 0
Estimated Production Time(Dayws): 1
Estimated Delivery Time(Days): 5
Estimated Receipt Date: 06-Jun-2006

11114
11113
11112
11111
11110
11109
11108
11107
11106

w

—

- Wigww Crder Estimates

el -
3

Ready

Figure 3.6 EDS result for new arrived order

4) Order analysis: calculate time taken by each phase and for each order and

also calculate average of phase for particular range of orders as shown in

figure 3.7:
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#h PMO Agent =JoJ&d

File Edit Wiew Help
DM & =85 %
Order Analysis ;I

Start Order: [11120 || Endorder: 11020 v [

Average Lead Time per orderiDays): 4.64
Average Production Time per order{Days): 3,14
Average Delivery Time per order{Days): 5.58

Agent Orders Analysis

25 25

[ Lead Time
I Production Tim
B Dzlivery Time

Ma.of Orders
-
« | _>lJ

Figure 3.7 Analysis for different phases of order completion

3.7 Result

The specific actions undertaken by PMO agent are as follows:

a. Orders are detected as soon as they are placed so there is no any

pending orders

b. Contact next agent using order detail and get information about state

of the order
c. Give estimate date of order shipping to customer

d. Down time maintenance
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4. SCN AGENT FOR INTERDEPENDENCY IN SUPPLY CHAIN
NETWORK

For interdependency in supply chain network, Supply chain Network (SCN) agent

has been developed.

Problem: In the distribution process order relationships determine potentially
affected network partners that have to be informed proactively. Intensity of
monitoring efforts has to be adapted to the likelihood of failure events. In dynamic
supply networks error-prone order types may evolve over time into reliable ones
that need not be monitored as closely as newly evolving critical types. A proactive
solution autonomously adapts to such new conditions in its environment and
gathers data accordingly. Material management must be includes having material

monitoring and material ordering.

Solution: This agent will receive order detail information from PMO agent and will
look forward for weather it can be fulfill or not. It will check for inventory. If
inventory is sufficient it will make order processing and inform the status of order
to PMO agent. And after order has been processed it will contact to dispatch agent

for shipping.

For the problem of error prone orders we have to analyze them properly. Here case
for error prone order is insufficient material. When order arrives and if inventory is
insufficient then we have to order the material but we need analysis for how much
material to order based on past usage and data. So this agent will do the analysis

for order material.

4.1 Process of SCN agent

Figure 4-1 shows activities performed by SCN agent at each stage. Boxes present

here activities done by agent and arrows shows data flow for activities.

Sequentially all activities are done by SCN agent and will continue monitoring PMO

agent for getting order detail. SCN agent contacts to database for inventory
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checking. SCN agent also contact supplier for material ordering and contact other

agent for dispatching order.

=)

Get detail
.| |of orders 1.._,,.-
7| |from PMO
agent Database
&
.| Check for
7| inventory
Report [ED Procedure
order
» | status to - Data
PMO _ Storage
agent
Calculate
inventory
to order Order
insufficie
N i
inventory
via email
Contact
DA agent
for
shipping
Contact
DA agent
for
shipping

Figure 4.1 Activity flow for SCN agent

4.2 Design of SCN agent

Form the design of PMO agent it can be seen that it is doing assigned tasks by
communicating with other agents. It also communicates with database for
inventory monitoring and ordering. SCN agent will communicate to its environment
using TCP/IP communication and XML communication. Messages passed across

environment are shown in design.
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SCH Agent

Contact KA

e N
Get oroer TCR/IP
detail frem communication
FMO agent
1‘ AML
communication
Caleulat Crder
Check for alculats imventars
- e e ml = ol |
imventory . imventory e . .
to order by email
Report order
status to FMO
Contact
N DA for
"1 | shipping

Dizpatch Autonomous
Agent Data Analysis
(ADA agent)

Knowledge Proactive
Agent Monitoring
Agent (PMO)

S
LkA)

e
DA

Figure 4.2 Communication of SCN agent to other agents

From the figure 4-2 it can be seen that communication between agents and

communication is done by TCP/IP and XML.

TCP/I1P: Whenever agent send any information it will become server and when it
will ask for any information it will be in client mode. Here ports are assigned for ach

agent so communication will be done by identifying particular port number.
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XML: Efficient electronic marketplaces require flexible languages such as XML to
define the exchange of structured and unstructured information across electronic
commerce applications. Therefore here agent technology has been integrated with
XML.

It has same XML DTD format as PMO agent.

4.3 Classes for SCN agent

Here classes used by SCN agent are shown in figure 4-3. Every class is supporting
to activities done by SCN agent. Main classes are shown here which are most

frequently used as in table 3-2.

SCN agent

CIni

CAdoDatabase CAdoRecordset

CMarkup

|
i
i
[}
I
I
]
I !
1
SCNServer ! sCNClient
1
1
1
1
1
[}
|
i

CSCMNAgentView

CSCMNAgentApp

CGraphObject

CZ2DLineGraph

Figure 4.3 Classes used by SCN agent for performing assigned tasks

Table for classes

Clni Read settings from file
CAdoDatabase Database connection
CAdoRecordset Fetch rows of data from table
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SCNServer Provides TCP/IP enabled server
SCNClient Provides TCP/IP enabled client
CMarkup Handles XML communication
CSCNAgentApp Main application class
CSCNAgentView Handles user interaction
CGraphObject Used for creation of graph
C2DLineGraph Draws line on graph

Table 4-1Brief summary for classes used by SCN agent for its activities

4.4 Calculation for order inventory

The agents are proactive in the sense they don’t simply place the order as per the
request. On the contrary SCN agent takes into consideration the past history
(trend) of the usage of various items and there by places order well in advance. In
other words fast moving items are preferred to placing order as compare to slow
moving items. Following two algorithms are useful for identifying fast moving items

and slow moving items.

1) Moving Average Algorithm
2) Weighted Moving Algorithm

First we look at the algorithms.

1) Average Moving Algorithm

A simple moving average (SMA) is the unweighted mean of the previous n data
points. For example, a 10-day simple moving average of closing price is the mean
of the previous 10 days' closing prices. If those prices are py, Pm - 1--- Pm - o then the

formula is

Pv + Pwm-1+ .. + Pm-9 .. (4.1)
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One characteristic of the SMA is that if the data have a periodic fluctuation, then
applying an SMA of that period will eliminate that variation (the average always
containing one complete cycle). But a perfectly regular cycle is rarely encountered

in economics or finance.

Here this method will be applied on past data and for sake of comparison with other

method; this will be implemented as follow:

// SMA
if(i > 10) // we need 10 value to plot
{
int total = 0O;

for(int x=(i-10); x<<i; x++) {
total = total + _wtoi(sa.GetAt(x)); }
total = total/10;
m_pGraphObjectl->Set2DLineGraphValue( i, 3, total );
¥

2) Weighted Moving Average (WMA) Algorithm

A weighted average is any average that has multiplying factors to give different
weights to different data points. But in technical analysis a Weighted Moving
Average (WMA) has the specific meaning of weights which decrease arithmetically.

In an n-day WMA the latest day has weight n, the second latest n-1, etc, down to

zero.
NPm + (n -1) PM-1+ .. + 2pM—n +2 + PM-n+1
WMAy - (-
n+M-1)+ .. +2+1 .. (4.2)
n({n+ 1)
The denominator is a triangle number, and can be easily computed as 2 '

When calculating the WMA across successive values, it can be noted the difference
between the numerators of WMAy, . 1 and WMAy, is ""PM+1 — PM — """ — PM—n+1,

If we denote the sum Pm + -+ Prr—n+1 by Totaly, then
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Totaly+1 = Totaly + Pv+1 — Pm-n+1

Numeratory + 1 = Numeratory + npy +1 — Totaly

Numerator p+1

WMAM+1 =
n+m-1)+.+2+1 ..(4.3)

Figure 4.4 WMA weights n=15

The graph at the right shows how the weights decrease, from highest weight for the
most recent data points, down to zero. It can be compared to the weights in the

exponential moving average which follows.
Implementation for this is as follow.
// WMA

if(i > 10) // we need 10 value to plot
{

int total = 0, w=1, wt = 0O;
for(int x=(i-10); x<i; X++)
{
total = total + (_wtoi(sa.GetAt(x)) * w);

wt = wt + w; // total weight

}

total = total/wt;
m_pGraphObjectl->Set2DLineGraphValue( i, 4, total );

returnval = total;

}
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After such calculation SCN agent orders the required material via email. After order

is processed it will contact Dispatch Agent (DA) for order shipping.

4.5 Screen Shots of SCN agent

Here series of screenshots of SCN agent are provided for showing different

activities assigned to it.

1) SCN agent has started as shown in figure4.5

#h SCN Agent =Jo&d

File Edit View Help

0= E ?

TCR/IP Status —

Agent: SCH
Host: localhost
Port: 7010

Message Log
21/04f2008 15:18:01 Started

-
4| | »

Ready

Figure 4.5 Initial status of SCN agent

2) When new order detected PMO sends order detail through XML. And will
make it processing. And contact Dispatch Agent for order shipping as shown

in figure 4.6

i SCH Agent

BEX

File Edit Wiew Help

=y = 7

TCRIP Skatus

dAgent; SCH
Host: localhost
Part: 7010

Message Log

Z1/04/2005 15:18:01 Starked

21/04/2008 15:20:55 PMO Agenk sent XML

Z21)04/2005 15:20:55 Checking order: 11116

2110442005 15:20:55 DA Agent contacked For completion of order

< |

ol

Ready

Figure 4.6 SCN checking for order feasibility
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3) Shipping company notified for pickup by email as shown in figure 4.7

|® Gmail - Inbox (4) - bhumi.mtech@gmail.com - Flock

File Edit ‘iew History Favorites  Tools  Help

& @ @ @) Y .M http: ffmail.google com/maili#inbos:

& 4 %5\ &= T ﬁ ; 4 © ’GettingStarted L:.' Latest Headlines i':l Introduction 'E: C-CWF - Agent Tech.., | | conp_revised clean.... |

E RoboForm - |Search v ;’r; Logins - ;:rg bhumi.mtech@gmail.com {+43 & Setup Form Filling :‘-ﬁ Save {3 Generate

J’ [*] Gmail - Inbox {4) - bhumi.mtec... * | o |

Orkut  Gmail  Calendar Photos  BEeader Web  more

G r 1 i I [ Search kail ] [ Search the Web ]—Li'::;“tji‘*gft"; tons

Compose Mail [ Archive | [ Report Spam | [ Delete | |More sctions % | Refresh

Inbox (4} Select: All, Mone, Read, Unread, Starred, Unstarred

Starred ¥¢ ] Sunrom Pickup order 11111 - Pleaze pickup arder today

MO 1 Sunrom Pickup order 11112 - Please pickup order today

Sent hail 1 Sunrom Order of material AATA1 - Please send following itern 300xA5741
Drafts {17) 0 Sunrom Pickup order 11110 - Please pickup order today

All hdail =1 =T Eiusel: ULfn Ufaitine Eav Huchand ALY Eavnn dac rmannann Errrn: Muina |

Figure 4.7 Automated email sending by SCN agent

4.6 Result

The specific actions undertaken by PMO agent are as follows:

Receive order detail

Check inventory

Report status of order to PMO agent

Analyze for amount of inventory to order

Contact DA for shipping

Order insufficient inventory via email

If Sufficient inventory contact Dispatch Agent(DA) for shipping

@mooooTy
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5. ORDER DISPATCHING USING DA AGENT

Problem: Every time when order will be ready one person has to look up and give
call to shipping agent and Courier Company will pick the order. After that system
has to be updated with shipped orders. Here main problem to be solved is to reduce
Personnel intervention which is required. And it should be reduced as much as

possible.

Solution: Agent called Dispatch Agent will be implemented having functionality that
it will monitor ADA agent for orders in processing and as soon as they finished ADA
will send them in queue were order has to be shipped. It will take that order and
will send email to Courier Company to pick the order with order id. And order will be

marked as shipped.

5.1 Process of Dispatch Agent

Responsibility of dispatching order is assigned to this agent. Dispatch agent will
monitor ADA agent for order shipping as well as monitor database for pending
inventory. As inventory received it will make order processing and after completion
of order it will email to the courier company for shipping. Process is shown in figure
5.1:
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( Start
Monitor

ADA agent

for order Batabisa

r Y
£ Data
Monitor for % Storage

inventory
receipt of
pending
orders
[y
Receipt of
inventory |
Arrange
pending
order for
shipping
Receive
data from
SCN
agent for
shipping
Send email
= to courier
7| |company to
pick order

Figure 5.1 Activity Flow for DA agent

5.2 Classes for Dispatch Agent (DA)

Along with MFC classes some more classes which are specific to DA agent which are

used by agent for its assigned tasks are shown in figure 5.2:

DA agent

CIni

DAClient

CAdoDatabase DAServer

CMarkup

CAdoRecordset

CDaAgentView

CDaAgentApp

Figure 5.2 Classes used by DA agent for its assigned tasks
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Table for classes

Clni Read settings from file
CAdoDatabase Database connection
CAdoRecordset Fetch rows of data from table
DAServer Provides TCP/IP enabled server
DAClient Provides TCP/IP enabled client
CMarkup Handles XML communication
CDaAgentApp Main application class
CDaAgentView Handles user interaction

Table 5-1 Brief introduction of classes used by DA agent for its assigned task

5.3 Screen Shots of DA agent

Here in figure 5-3 it can be seen that DA has received order detail from SCN agent
and for dispatchin that order it will email to shipping company and order will be

marked as shipped. All steps can be viewed by user.

i1 DispatchAgent E]@

File Edit Wiew Help
== %

TiCP{IP Skatus 1

WAgent: DA
Host: localhost
Port: 7030

Message Log

21/04§2008 15:17:52 Started
Z1/04)2008 15:20:55 3CN Agent sent %ML For order

21/04§2008 15:21:10 Order: 11116 notified for pickup ko DHL
21/04f2008 15:21:10 Order: 11116 marked as shipped
-
< LIJ
Ready

Figure 5.3 Activities done by Dispatch Agent

5.4 Result

The specific actions undertaken by PMO agent are as follows:

a. Monitoring inventory receipt for pending orders
b. If sufficient inventory arrange the order for shipping
c. Receive data from SCN agent for shipping for order
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6.

SYSTEM AGENTS (KA & ADA)

For the view of all agents and for the database view implementation of two agents

called Knowledge Agent (KA) and Autonomous Data Analysis Agent (ADA).

6.1 Knowledge Agent (KA)

Knowledge Agent will keep log of all agents which are currently working and

available on the system. Whenever any agent will start, it will first inform to

Knowledge Agent for its existence and register with it. So KA all the time will show

the view of all agents currently working.

6.1.1 Process of Knowledge Agent

(

Start

)

h 4

Figure 6.1 Activity flow for KA

Maonitor for

|y Procedure

agents
currently
working in
the system

F 3

Display
status of
all gents

L 4

Figure 6-1 shows main activities concerning with Knowledge Agent. As it only

provides view of all active and running agent across SCN network for particular

company.
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6.1.2 Design of Knowledge Agent

/ N .
—

TCR/IP

Monitoring for other N
communication

agents on system < —
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[
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A
—

XKML
cormmunication

]
g |

N

Autonormous
Data Analysis

{ADA agent)

Supply
Metwaork
Dependency

Dispatch
Agent

(DA)

Proactive
manitoring of
orders (PMQ)

agent {SCN) agent

Figure 6.2 Communication done by KA agent to other agents

6.1.3 Classes for Knowledge Agent

KA agent '

KAServer CIni KAClient

CKAAgentApp

CKAAgentView

CMarkup

Figure 6.3 Classes used by KA for its assigned tasks

Figure 6-3 shows necessary developed classes used by KA along with MFC classes.

Brief introduction of all classes used are given in table 6-1.
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Table for classes

Clni Read settings from file
KAServer Provides TCP/IP enabled server
KAClient Provides TCP/IP enabled client
CMarkup Handles XML communication
CKAAgentApp Main application class
CKAAgentView Handles user interaction

Table 6-1 Brief introduction of classes used by KA for its assigned task

6.1.4 Screenshot of Knowledge Agent
As Ka provides only view for all running agents whenever all agents starts they first

contact to KA for registration and view of KA is as shown in figure 6-4.

rﬂ. KAgent g @ -\

File Edit Yew Help
0= 7

TCPJIP Skatus o

oent: kA
Haost: localhost
Part: 7020

Message Log

21042008 15:17:37 Started

21/04/2005 15:17:53 DA Agent start on Host localhosk: 7030
21/04f2008 15:17:55 PMO Agent stark on Haosk lacalhosk: 7000
21/04/2005 15:18:01 3CN Agenk start on Host localhost: 7010

-
4 | »

Ready

Figure 6.4 KA at its running state

6.2 Autonomous Data Analysis agent (ADA agent)

ADA agent will keep log of database view. It will show order details in three statuses

called:
a. Order pending
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b. Order processing
c. Order shipped

Along with this, it is also displaying

a. Material in Stock
b. Material in Order

As system is being automated so user will see what materials are in stock and what
material has been ordered by system to supplier? This agent is only for view of

orders’ status and material as shown in figure 6-7.

6.2.1 Process of ADA Agent

Start

Monitor for

- arder
status
Database Procedurs
1
F R Data
. _ Storage
Display
" order
status
Monitor
inventory
Display
material in
- order and
material in
stock

Figure 6.5 Activity flow for ADA agent

Different activities associated with ADA agent are shown in figure 6-5. As ADA agent
is concern with database view at each step it is contacting to database and display

information.
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6.2.2 Classes for ADA agent
Different classes are used along with MFC classes for carrying out tasks assigned to
ADA agent. Figure 6-6 shows such classes and table 6-2 provides brief introduction

of these classes.

ADA agent

CAdoDatabase CAdoRecordset CAdaAgentApp CAdaAgentView

Figure 6.6 Classes used by ADA agent for assigned task

Table for classes

CAdoDatabase Database connection
CAdoRecordset Provides TCP/IP enabled client
CAdaAgentApp Main application class
CAdaAgentView Handles user interaction

Table 6-2 Brief introduction of classes used by ADA agent

6.2.3 Screenshots of ADA agent

iy ADA Agent M=%
File Edit Wiew Help
(= = | %
Orders in Processing: Orders Pending: Orders Shipped:
11114 s
11113
11112
11111
11110
11109
11108 hd
Material on Crder Material in Stock,
Aniseed Syrup: 70 - aa741:279 P
Chang:110 Aniseed Syrup; 12
Chocolade: 70 Boskon Crab Meat: 123
Gnocchi di nonna Alice: 10 Camembert Pierrak: 19
Gorgonzola Telino: 70 Carnarvon Tigers:42
Gravad lax:50 Chang:25
Inoh Coffes:10 d Chartreuse verte:69 il
Ready

Figure 6.7 View provided by ADA agent
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7. CONCLUSION AND FUTURE WORK

This chapter presents ongoing study on developing an agent-oriented and
automated system for a Supply chain management (SCM) that provides less user
interaction at each step starting form customer places an order till the order
shipped. The objective is to develop an automated system for different modules of
Supply chain management. Agents are best suited for applications that are
modular, decentralized, changeable, ill-structured and complex. Supply chain
management is modular system which has different modules involved for different
activities. It can be decentralized. It is changeable and dynamic. It has lot of

complexity so we can say agents are best suited for SCM.

The contribution of this thesis is twofold: Firstly, the key challenges in today’s SCM
business were outlined. Secondly, it was investigated how agent technology can
help tackling some of these challenges. Demonstration of possible approaches in
using agent technology for SCM business solutions as well as main advantages in

building agent based business systems is presented.

The conclusion shows that agent technology is well suited to develop highly
dynamic, generic and intelligent integration frameworks for business based on

standard services on top of existing standard platforms.

Agent-based solution: It is shown, that a group of agents is able to cooperate
autonomously and provide benefits, not yet realized by common ERP system
architectures. Interoperability is solved by using an ontology which is XML based
and might e.g. be directly integrated into industry’s applications in any language as

along it can communicate in XML.

Decentralized Business Flow Management: This study is an example how
decentralized lookup and routing functionality provided by peer-to-peer protocols in
XML on TCP/IP enables a new class of robust, scalable, an self-organizing business
applications with no need for central information or control instances. From an
agent’s perspective, observation is that, in contrast to the traditional custom

programming related work resulting from multiagent systems research along to
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create an impact in a very short time, due to fairly simple protocols with a clear,
value creating functionality: the virtualization of resources. Yet, expectations of
agent technology to contribute in making peer-to peer systems more flexible (e.g.,

by adding negotiation functionality) and situation-aware.

In this thesis work two SCM modules called order processing and inventory to order
have been automated and analysis for Estimate Date of Shipping (EDS) and how
much inventory to order considering investment and current stock using past data

has been done.

Inventory ordering has been achieved via sending an email to supplier so agent will
direct monitor inventory database as well as order, so that agent can calculate
amount of inventory to order and will send email notification to supplier specifying

item and its amount.

After order has been completed and ready to ship, agent will take care of informing
Courier Company to pick up the order. This will be done by sending email to

particular company providing information of order number.

7.1 Accomplishments

a. Activities for gathering information have been achieved through PMO agent.
Information has been fulfilled proactively and in a timely manner to provide a
data basis for the next process steps.

b. As every agent is only concerned with its local database and each has assigned
specific responsibility amount of information communicated regarding orders is
very low.

c. As soon as order arrives Estimate Date will be calculated considering following

parameters and adding them all together

i. Date of Order
ii. Lead time supplier might take
iii.  Time taken by Production house
iv. Time taken to deliver the goods to particular location
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These parameters are most crucial and one has to consider as they are included in
all types of SCM considering simple to very complex. These parameters are quite
variable from order to order and by considering past data.

a. Dispatch agent will monitor the order which has been completed and when they
are ready to ship this agent will send an email to Courier Company for picking
up the order.

b. Even if agents are down and under maintenance task assigned to them will be

queued up and it will be executed when agent is alive again.
7.2 Conclusion

Consider one item has to be ordered as shown in the figure 7.1:

£ SCN Agent M=%

File Edit View Help

DS H &R S 7]

- Wiew Graph

F3:Geitost -~
34 Sasquatch Ale u
35 5teeleve Stout

36:Inlagd Sill

37iGravad lax

38:C0te de Blave

39:Chartreuse verke

40:Boston Crab Meat

41 Jack's New England Clam Chowder
1antik 42:5ingaporean Hokkien Fried Mes
43:Ipoh Coffes

44:5ula Malacca

45:Fggede sild

Il Fast Use
0 ShIA
T

ime

||Ready

Figure 7.1 Forecasting for material to order

If we consider only past usage which is shown by RED LINE says around 25 items
to order. Considering only simple moving average around 28 items are required to
be order based on past usage. Using the method for Weighted Moving Average
(WMA) around 19 items are required to be ordered based on past usage where the

recent usage has given more importance then the past usage.
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BEFORE use of AGENTS for ordering inventory

#h PMO Agent =JoJ&d

File Edit Wiew Help
S IEECIERED

Order Analysis ;I

Start Order: (11120 [w| Endorder: 11020 [w] [

Average Lead Time per orderiDays): 4.64
Average Production Time per arder{Days): 3.14
Average Delivery Time per order{Days): 5.58

Agent Orders Analvsis

25 25

[ Lead Time
I Prodaction T
[l Delivery Time

Mo.of Orders
-
« I _>lJ

Figure 7.2 Inventory ordering before agent system applied

From the above figure can be seen that average lead time per order is around 4
days. If agents are not applied and manually considering fixed amount of days for

particualr supplier then result is as shown in figure 7.2:
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AFTER Ordering Inventory Using Agents

Conclusion & futurework

# PMO Agent =1
Fle Edit Wew Help
O H ?
2
COrder Analysis
Start Order: |11120 [v| Endorder: 11020 [+| [Run Analysis
Average Lead Time per orderiDays): 1.68
Average Production Time per order{Days): 3.14
Average Delivery Time per order{Days): 5.58
Agent Orders Analysis
Mo.of days
25
20
15
Il Lead Time
10 HH H HH SR | (WEmEE | EEE W Froduction Tim
Mo.of Orders -
| | »
Ready

Figure 7.3 Inventory ordering estimation after agent system applied

From the figure 7.3 can been seen that lead time has been reduced to around one

and half day.

Applying this testing procedure by placing different types of order achieved result is

as follow.

At each point of ordering material to fulfill order agent also considers past
trend of usage and orders accordingly so that future orders using that

material will have reduction in lead time is 63.79%%.
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Calculation

Conclusion & futurework

Ordering of inventory
without agents as per
current order
requirement

After applying agents
for predicting
inventory ordering as
per past usage trend

Average Lead Time per

4.64 days

1.68 days

Order

Reduction for delivery

(In %) ((4.64 — 1.68)*100)/4.64 = 63.79%

Table 7-1 Result for reduction in delivery time after applying agents for analysis

7.3 Future Work

Currently, the objective is to demonstrate the feasibility and the effectiveness of
the proposed architecture as a design and integration model for using multi agent
system for supply chain management. In continuing this work, the operational
effectiveness of the architecture will be the main concern. Since the present work
can be modularized that is application can be expanded and the implementations of
different modules for each phase like order processing, inventory, quality check and
finance etc. so in future whole system can me modularized and automated as per

the new requirements.
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