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Abstract--- Forecasting is one of the most important

One of the key features of these agents is to reduce the
‘safety stock’ in the supply chain, it is being achieved by
efficient communication of demand forecasting from one
end of the supply chain to the other. At present the ‘safety
stock’ gets multiplied due to its dependence on the next
level of the supplier, our proposed agents make it possible
to base the forecasting on the actual client thus eliminating
the excessive safety stock being carried by each supplier. As
mentioned earlier these agents use XML a communication
language which overcomes the integration and
communication problems between the agents, but the
problem still persists when they access the supply chain
solution of a particular organization. This hurdle is
overcome by using a service layer, which is an integral part
of these agents but needs to be configured once during
deployment of these agents, which also takes cares of the
product characteristics translation from one supplier to the
other or even within an organization for different
departments.

elements of Supply Chain Management (SCM). Propagation
and magnification of errors in forecasting is a common
problem in SCM arena. The main cause of this bullwhip
effect is the distortion of information from one end of the
supply chain to the other. We propose a model for
collaborative forecasting, and logistic management through
the use of web services, which in turn integrate legacy
systems across the whole supply chain. intelligent agents
are utilized for communication between supply chain
partners. They make their decisions according to the set
rules of an organization along with some algorithms for
making the supply chain more efficient. Our architecture is
adaptive and extensible as it can be extended to add
functionalities when and where required.

1. Introduction
We propose a model to overcome the bullwhip effect in
supply chains by the use of adaptive and autonomous multi
agents. These agents are part of the supply chain
management software or can act as a separate entity
communicating with the implemented supply chain solution
of a particular organization. As these agents use XML for
communication purposes they can be integrated with the
legacy systems of any organization. The main purpose of
these agents is to transfer real time information about
demand partners and make autonomous decisions basing it
on the inventory levels, capability and other parameters that
will be discussed in detail in the body of the paper. The ever
changing nature of the supply chain, be it the product
configuration or the introduction of a new supplier or
partner requires these web agents to be adaptive.
Adaptiveness of these agents is an important characteristic
of our proposed web service agents enabling them to be
cloned and specialized to accommodate the different
business practices followed by members of the supply
chain. These agents learn from experience and allot a
‘reliability index’ to all the organization’s suppliers
depending on past experiences, business volumes and other
variables, which keep changing on real time bases. This
allows the agent to make informed decision of choosing a
single or multiple suppliers for a specific job.
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2. Problem Definition
There will always be some degree of error in forecasting but
the game in forecasting is to improve and to be more
accurate than the competition. There are various sources that
result in forecasting errors. One of the sources is the choice
of using various algorithms for a specific type of industry,
but we believe that forecasting model is not the main cause
of error; it is the process of forecasting and distortion of
data utilized by these models that causes these errors. We
present a collaborative forecasting process utilizing the web
service technologies. This process not only helps in accurate
forecasting but also paves the way for legacy system
integration across the supply chain, in other words it is the
one of the first steps an organization must take to migrate
towards web services.
Although there are many sources of inaccurate forecasting
but we will focus on the ripple effect in supply chains which
is sometimes called the bullwhip effect. Bullwhip Effect [5]
is caused because retailers try to forecast consumer demand
patterns, wholesalers try to forecast retailer demand patterns
and so on. An error caused at one end of the supply chain is
propagated and magnified exponentially throughout the
supply chain. Our model captures demand patterns at the
point of consumption and shares the information needed for
forecasting with all the players of the supply chain. This
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• Deterioration, obsolescence, and theft.
The aim behind the calculations of is to weigh up these, and
other advantages and disadvantages and to find a suitable
compromise level. In our model it is the agent’s job to
compare the advantages and disadvantages across the
supply net and find a suitable EOQ. We believe that the
calculation of EOQ through collaboration creates better
flow of goods and reduce lead time.

eliminates error propagation as well as the error itself, for
instance if manufacturer of DVD player’s LCD screen
knows the consumer demand as well as the fluctuations in
demand patterns when they happen for that specific DVD
player he is in a better position to schedule its
manufacturing process.
We can explain this with example of orchestra where
several musicians are playing different themes for a specific
song which is the output. They are all getting directions
from one person, if they depend on their neighbor there will
be no harmony in the music and a single mistake will ruin
the entire song as it will propagate. Similar situation exists
in supply chain, various supply chain partners base their
demand on single source of information on which the
demand in based. Web services through the use of agents
place order to their next tier and this happens both
synchronously and asynchronously. Web service technology
is chosen as it is the best way to integrate legacy systems
used by organizations within and with their partners.
Another reason is to lay the foundation to migrate towards
an extended enterprise and give agility to the organization.
Adopting and extending this architecture will enable the
organization to reconfigure whenever the business model
changes without changing the whole IT infrastructure.

3.2 Collaborative forecasting agent
Without going into much detail it is our recommendation
that pattern recognition or outlier identification algorithms
should be used by the agents. After real-time analysis of
these patterns, the agents place orders and follow a complex
bidding process (if required, and if that supply chain tier has
many members). This process helps in reducing
inefficiencies as well as reducing lead time. In most multiagent architectures, coordination among agents is carried
out by exchange of information and using constrains by
rule-based methods [1]. Similar architecture is followed for
our implementation, but it utilizes web service technology
to achieve the goal of asynchronous coordination and
communication across multiple platforms and organizations.
This system makes data and knowledge available for all
supply chain partners and performs simple to complex
calculations (depending on the scope of collaboration).
These activities may include comparisons of demand and
demand patterns, inventories and capacities etc. This may
result is automated agent activities like creating and sending
alerts in case there is a mismatch along with complex
bidding process initiated in response to and order.

3. Model Structure
The agents discussed in the paper are involved from one end
of the supply chain (customer) to the other (raw material).
The demand from the end customer is calculated by the
marketing team and is shared throughout the supply chain.
This high level of collaboration enables other partners to
overcome bottlenecks that may appear at a certain time.
Agents alter the scheduling plans to minimize the effects of
bottlenecks. The framework is implemented using Web
Service technology because of its ease to integrate with
legacy applications as well as configuring supply chain
activities. Web Services use XML to communicate with
each other, which is the standard currently followed by the
business community.

3.3 Logistics activities
There are five main activities of logistics management.
They are Customer response, Inventory planning and
management, supply, transportation and warehousing.
CR includes activities like Order entry and processing,
invoice management, demand parameter identification etc.
Inventory planning and management is responsible to
maintain a smooth flow of inventory and achieving this by
incurring lowest possible cost which is mainly by achieving
low levels of inventory in the whole supply chain. Inventory
planning uses the demand parameters for forecasting and
inventory deployment.
Supply includes building inventories to targeted partners
which can be end customer as well. This activity has several
sub activities like sourcing, supplier integration, buying and
payment management.
Transportation is activity that links all the supply chain
partners, thus managing the flow of goods across the supply
chain e.g. shipment and freight.
Warehousing is an activity that we would like to eliminate.
Traditionally warehousing includes activities like receiving,
storage and shipping. If the above activities are planned in
such a way that all the supply chain partners coordinate with

3.1 Advantages and Disadvantages of Holding
Stock
One of the byproduct of forecasting through our model is
the EOQ (Economic Order Quantity). The basis of the
theoretical calculations of an EOQ is that there are
advantages and disadvantages of holding stock (of buying
stock in large or small quantities).
The advantages include:
• Meeting customer demand
• Bulk Discounts
• Reducing total annual re-ordering cost.
The disadvantages include:
• Storage costs
• Cost of capital tied up in inventory stock
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each other for a specific business opportunity then there is
no or minimum requirement of warehousing(but it depends
on the type of industry).
Our target is to minimize the difference between
• Inventory availability and customer demand
• Delivery time and requested customer order date
Dynamic configuration of logistic plan is one of the
requirements for future logistics management. The above
requirement is due to short product cycles, changing
supplier capabilities, changing market dynamics and most
importantly rapid innovation cycle.

3.4 Demand calculation
In order to forecast future demands an organization must
record and use the demand characteristics of all the items.
Our forecasting mechanism uses the data of legacy
applications being deployed at each node of the supply
chain and shares it with other partners so that there is little
or no distortion of information. The characteristics we take
into account for demand calculation are annual demand,
lead time, forecast annual demand, lead time demand,
forecast lead time demand and standard deviation of lead
time demand. We have also used EAQ (Economic Order
Quantity) which is one of the most important variable used
by logistics management software.
While EOQ may not apply to every inventory situation, it is
suitable for most organizations for at least some aspects of
ordering. It is most suited when there is repetitive ordering
for example in retail and manufacturing industry. Some
applications for EOQ are purchase-to-stock distributors and
make-to-stock manufacturers; it is very helpful in situations
when there are various sub assemblies involved. Although
EOQ is generally recommended in operations where
demand is relatively steady, it is suitable for our architecture
because it calculates EOQ on real time bases.
The basic EOQ formula is

Figure 1

3.5

EOQ

The agent in our system takes into account various
parameters which result in different EOQ values at any
time‘t’. Although the variable does not exist in the EOQ
formula it is used here for illustrating the working of agents.
There exists only one EOQ value for a specific item, which
is calculated by taking into account various variable. The
values of these variables are not static and keep on changing
as more orders are received or another event in the supply
chain. More details in section 4.5.
When determining how much to order at a time, an
organization will recognize that:
• Order quantity rises, average stock rises and the
total annual cost of holding stock rises
• Order quantity rises, the number of orders
decreases and the total annual re-order costs
decrease.
The above diagram indicates that as total of annual holding
and re-orders costs first decreases, then increases. The point
at which cost is minimized is the EOQ. The EOQ formula
requires that demand (and lead-time) for a stock item be
constant.
The problem with EOQ is that it depends on constant
demand and lead time for stock item. But in reality demand
varies and so does the lead time. Our technique relies on
asynchronous and synchronous communication between
suppliers for collaborative planning and scheduling. By
sharing information we can calculate EOQ on real time
basis and keep track of the changes in the environment.
Optimizing Safety Stock levels by calculating the magical
balance of minimal inventory while meeting variable
customer demand is sometimes described as the Holy Grail
of inventory management (ok, forecasting is probably the
true holy grail but I thought this sounded good). Many
companies look at their own demand fluctuations and

EOQ=¥[2(Annual usage in units)(Order cost)/(Annual
carrying cost per unit)
For our implementation we will assume that annual usage is
equal to annual demand thus the formula
EOQ= sqrt (2DS/IC)
Where
D= Annual demand in units
S= Cost per order
I= Holding cost
C= Cost per unit
We will use this formula for safety stock calculation and to
determine the economical lot size to be used among various
nodes of the supply chain.

569

Authorized licensed use limited to: LA TROBE UNIVERSITY. Downloaded on December 6, 2009 at 20:50 from IEEE Xplore. Restrictions apply.

KIMAS 2005 WALTHAM, MA, USA
assume that there is not enough consistency to predict future
variability.
Safety stock is required to support promised levels of
inventory availability when demand is variable. If
replenishment is delayed or if demand is much greater than
anticipated, the safety stock is utilized to fulfill the excess
demand. So in other terms more predictable the demand
lesser the safety stock required. There would be no need for
safety stock if forecasting errors are negligible that is the
demand from customers are conveyed to the all the nodes of
the supply chain and they plan the production and
distribution process collaboratively.

3.6 Measuring accuracy of forecast and
sharing it with partners
We will limit our scope of forecast accuracy measurement
to three types, mean absolute deviation (MAD), percent
forecast error (PFE), and standard deviation of forecast
demand (SDFD). These in term depend on algebraic
deviation (ALD).
For any period ‘t’, for a supplier ‘a’ and product ‘x’, at
actual demand (D) and forecasted demand (F)
ALD(t)(a)(x)=D(t)(a)(x)-F(t)(a)(x)

Figure 2
There are various functions that these agents can perform
and our model indicates that it is extensible. That is
functionalities can be added when required. Some of the
services are shown in the figure 2 for example agents
utilizing MAD, PFE and SDFD algorithms for forecasting,
bidding agents and logistics management agents.
All the communication is kept in the database for future use
and is also used to calculate the credibility of other supply
chain partners.
The above model shows that goods flow in one direction
and the information flow is two way. The novelty here is the
use of synchronous and asynchronous communication over
the web using web service agents which have to ability to
take decisions in order to streamline supply chain activities.

MAD=(|ALD(t)|)/n
PFE(t)=|ALD(t)|/D(t)
SDFD=1.25× MAD
The above formulas (which are industry standards) are
utilized by the web service agents their use is illustrated in
the model diagram.

4. Web Service Architecture
4.1 Model Diagram
Figure 2 illustrate the communication process as well as the
web service architecture utilization for collaborating
planning. All the services that agents of an organization
provide are listed in the UDDI registry, which keeps
pointers to the WSDL. The services are described in WSDL
which in turn points to the relevant web service that
performs the functions collaborating with other agents
within the organization and other players in participating
organizations. It is important to note that each tier of the
supply chain is connected to the whole supply chain through
web services and it is up to the organization to decide to
which level they would like to participate and it is all
advertised in the UDDI registry.

4.2 UDDI
UDDI is itself a web service which categorizes web services
and provides a mechanism for registering. It basically
contains information about businesses and the services they
offer. In our architecture UDDI contains information about
agents and what they are capable of. The first thing that an
outside (supplier) agent looks at is the UDDI provided by
the organization. After querying UDDI the agent finds the
agent service it is looking for. It can obtain a model entry
for the service that agent is providing, and from the model
the agent gets the WSDL description which basically
describes the interface. The supplier’s agent has the
capability to construct a SOAP client interface that can
communicate with the organization’s agent. The supplier
agent saves this information in its database for future
communication. This communication information is
automatically updated by UDDI v3 specification which
sends notifications about a change in service.
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4.3 WSDL

will take place every time an order is received or dispatched
but there are other variable which can have effect on
forecasting. So it is a good idea to set an automatic update
time interval depending on the nature of product or even the
supply chain.

The next step is to describe the Agent Service using WSDL;
this will also include registration with UDDI. The UDDI
registry will maintain pointers to WSDL description as well
as to the servicing agent. The supplier agent will query the
UDDI Agent Registry to find the appropriate agent service
to talk to, followed by the retrieval of WSDL description of
the service. Once this information is obtained the supplier’s
agent gets the access point of the service. In the final step of
this connection management the supplier’s agent constructs
a SOAP message using the WSDL description and start
communicating with the service. It is important to note that
this process takes place in real time without any human
interaction and the information is stored for further
communication.

5. Conclusion
In this we presented a model that can be used by most
organizations taking part in a supply chain to work
collaboratively for demand calculation and forecasting. It
utilizes agents that use discussed formulas and algorithms to
come up with a single forecast for a particular product, thus
countering error propagation and magnification.
All the activities in the supply chain are represented in the
form of tiers in our architecture. To achieve optimal
flexibility every tier should be able to communicate with
every other tier. The input data comes from legacy
applications and the tier communicates with each other via
web services. The use of XML by web services provides
easy integration of legacy applications thus the sharing of
knowledge across the supply chain results in accurate
forecasting as well as reducing error propagation and
amplification (bullwhip effect).

4.4 SOAP Headers
The agents used in our model extensively use SOAP
headers giving http stateless communication an illusion of a
state. The main reason for using these headers is to make the
communication more efficient as it works on the principal
of set once use many times. Although an agent will apply a
SOAP header only once the proxy class that maintains the
header resends it with every method invocation.
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