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UNIT  I

INTRODUCTION
LEARNING OBJECTIVE

After reading this chapter you will be able to

• Appreciate what a supply chain is and its importance.
• Understand the different phases in supply chain.
• Identify the drivers of supply chain performance.
• Overview the supply chain models and its systems.

1.1  OVERVIEW

A supply chain may be considered as network of organizations, connected by a series
of trading relationships. This network covers the logistics and manufacturing activities from
raw materials to the final consumer. Each organization in the chain procures and transforms
materials and information into intermediate / final products, and distributes them to customers
and consumers. As such every organization has a supply chain and represents one step in
the total ‘value adding’ process. There are three aspects to the supply chain. Upstream–
those activities linking organizations to their suppliers. Internal – or primary activities and
Down stream those activities linking organizations to their customer. In this chapter let us
define what is supply chain and its management.

1.2  FUNDAMENTALS OF SUPPLY CHAIN

The term supply chain refers to the “processes from the initial raw materials to the end
user of the finished product linking across supplier-user”, or as the “functions within and
outside an industry that enable the value chain to make products and render services to the
customer”. Let us try to understand the meaning of the word ‘value chain’ and distinguish
it with ‘supply chain’. The supply chain is linking the companies from raw material stage to
the ultimate consumption. In the process more than one entity is involved. Where as the
‘value chain’ refers to the internal operations of a particular company. Operations include
purchasing, marketing and operations management. So, value chain is an internal concept
and the supply chain consists of both internal and external.
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Here are some definitions of a supply chain

• “A supply chain is the alignment of firms that bring products or services to market.”
(Lam bart, et al, 1998).

• “A supply chain consists of all stages involved, directly or indirectly, in fulfilling a
customer request. The supply chain not only includes the manufacturer and suppliers,
but also transporters, were houses, retailers, and customer themselves…” (Chopra
sunil, et.al, 2003).

• “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”. (Ganeshan, et.al,1995).

Hope you have understood the concept of supply chain. Now, let us consider an
example for supply chain to make you understand the concept further.

Consider a customer walking into a departmental store to purchase a toilet soap. The
supply chain begins with the customer and his need for a toilet soap. The next stage of this
supply chain is the departmental store that the customer visits. The departmental store
stocks its shelves using inventory that may have been supplied from a distributor using
trucks supplied by a third party. The distributor in turn is stocked by the manufacturer. The
manufacturer plant receives raw material from a variety of suppliers who may themselves
have been supplied by lower tier suppliers. This supply is illustrated in fig 1.1.

Figure  1.1 An example of supply chain

This example illustrate that the customer is an integral part of the supply chain. We
can conclude that the primary purpose for the existence of any supply chain is to ensure the
satisfaction of the customer need. So, supply chain activities begin with a customer order
and end with a satisfied customer. It may appear that in the process, there is only one
player is involved at each stage. But it is not so. In fact, most supply chains are actually
networks, as shown in fig 1.2.
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Figure 1.2  Supply chain stages.(Adapted from Sunil Chopra, 2003)

From fig 1.2 you can notice the different stages in supply chain. It consists of Customers,
Retailers, Distributors, Manufacturers and raw material suppliers. Each stage in fig 1.2
need not be present in a supply chain. The actual design of the supply chain will depend on
both the customers’ requirements and the roles of the stages involved. In some cases, a
manufacturer may fill customer order directly. Similarly some firms may not use the
distributors or retailers.

1.2.1  Objectives of Supply Chain

The primary objective of any supply chain is to maximize the overall value generated.
For most commercial supply chains, value will be strongly correlated with supply chain
profitability. Profitability is the total profit to be shared across all supply chain stages. The
higher the supply chain profitability, the more successful the supply chain. Next objective is
management of the supply chain. Supply chain management involves the management of
flows between and among stages in a supply chain to maximize total supply chain profitability.
Let us elaborate further what is supply chain management and its evolution in the next
section.

1.2.2  Supply chain management

The term “supply chain management” was coined in the late 1980’s and became very
popular in the 1990’s. Before that, firms used terms such as “logistic” and “operation
management” instead. Some definition of supply chain management are:

• “The systematic, strategic co-ordination of the traditional business function and
the tactics across this business function 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”(mentzer,
et.al,2001)
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• “Supply chain is the co-ordination of the 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. “(michacl higos, 2006).

Managing a supply chain is more complex and difficult than managing an individual
firm. But, the principle of management is used to integrate a firm own internal function
(value management) also apply to managing the entire supply chain. Those firms the
successfully integrated their purchasing, operation and distribution functions did improve
their performance in the past. The power of supply chain management is its potential to
include the customer as a partner in supplying the goods or services provided by a supply
chain. Integrating the customer into the management of supply chain has several advantages.
First, integration improves the flow of information throughout the supply chain; a second
advantage of integrating the customer into the supply chain is that this integrates the products
development function (QFD analysis) with the other function in the firm. By focusing a
customer, all members of supply chain see the need and benefits of obtaining and using
information about the end customer.

Supply chain management, just–in-time, quick response manufacturing, total quality
management, vendor management, agile manufacturing, etc all share the goal of improving
customer satisfaction. All this attempt to improve customer service by eliminating waste
from the system in all of its forms including wasted time. Supply chain management embraces
the other philosophies and extends the scope from one firm to all the firm in a supply chain.

There is difference between the concept of supply chain management and traditional
concept of logistics, logistic typically refers to activities that occur within the organization
and supply chain refers to network of organizations that work together and coordinate
their actions to deliver a product to market. Also, traditional logistics focusing its attention
to activities such as purchasing, distribution, maintenance, and inventory management. In
the wider view of supply chain thinking, these additional activities are now seen as part of
the work needed to fulfill customer request. Supply chain management views the supply
chain and the organization in it as a single entity. Supply chain brings a system approach to
understanding and managing the different activities needed to co-ordinate the flow of
products and services to best serve the ultimate customer. Effective supply chain management
requires simultaneous improvements in both customer service levels and the internals
operating efficiencies of the companies in the supply chain. There is a basic pattern to the
practice of supply chain management. Companies in any supply chain must make decisions
individually and collectively regarding their actions in productions, inventory, Location,
Transportation and Information. So far, we have discussed the concept of both supply
chain and its management. Let us now try to understand the importance of supply chain in
the next section.
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1.3  IMPORTANCE OF SUPPLY CHAIN

Supply chain is about creating value-value for customers and suppliers of the firm,
and value for the firm’s stakeholders. Value in supply chain is primarily in terms of time and
place. Productions and services have no value unless they are supplied to customers when
(time) and where (place) they wish to consume them. Good supply chain management
views each activity in the supply chain as contributing to the process of adding value. To
many firms throughout world, supply chain has become an increasingly important value-
adding process for a number of reasons. They are discussed below.

1. Costs are Significant: Statistics show that average about 12% of worlds GDP
accounts supply chain costs. About 7-9% sales accounts physical distribution costs.
Supply chain cost, substantial for most firms, rank second only to the cost of goods
sold. Value is added by minimizing these costs and by passing the benefits on to
customers and to the firm’s shareholders.

2. Increased expectations of the customers: Awareness of customers has gone up.
Customers expect rapid processing of their requests, quick delivery and also expect a
high degree of product availability. Supply chain assures less error rates, lower order
processing costs, reduced inventory, minimum cycle time and lowest transportation
costs. To meet the increased exceptions of the present day customer, it is essential that
every firm should implement supply chain management.

3. Supply and distributions lines are lengthening with greater complexity. Today’s
trend is towards an integrated world economy. Firms are seeking, or have developed,
global strategies by designing their products for a world market and producing them
wherever the low-cost raw materials, components, and labour can be found, or they
simply produce locally and sell internationally. In either case, supply and distribution
lines are stretched, as compared with the producer who wishes to manufacture and
sell only locally. As this happens, supply chain takes on increased importance with in
the firm and can considerably reduce the other costs.

4. Supply chain is important to strategy:  Firms spend a great deal of time finding
ways to differentiate their product offerings from those of their competitors. When
management recognizes that supply chain affects a significant portion of a firm’s costs
and that the result of decisions made about the supply chain processes yields different
levels of customer service, it is in a position to use this effectively to penetrate new
markets, to increase market share, and to increase profits. That is, good supply chain
management can generate sales, not just reduce costs.

5. Supply Chain adds Significant Customer Value: Customers become unsatisfied,
if the product/service is not delivered to him/her at the time and place he/she wish to
consume it. When a firm incurs the cost of moving the product toward the customer or
making inventory available in a timely manner, customer value has been created. It is
value as surely as that created through the production of a quality product or through
a low price. Supply chain controls two (time and place) out of four values creating
variables.
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6. Customers increasingly want QUICK customized Response: Today’s customers
expect that products and services be delivered at very short time. In addition, improved
internet service, quick information systems, and flexible manufacturing systems have
led the market place toward customization. Rather than consumers having to accept
the ‘One size fits all” philosophy in their purchase, suppliers are increasingly offering
products that meet individual customer needs.

7. Supply Chain in Service Industry: Service sector of industrialized countries is large
and growing. The size of this sector alone forces us to use the supply chain concepts to
untap the potentials so far not tapped

1.4  DECISION PHASE IN A SUPPLY CHAIN

Successful management of supply chain requires many   important decisions, such as
strategy, planning and operations. They are very important because they affect the flow of
information, product and funds in the supply chain. Let us discuss each these decisions.

Strategy or Design: Strategy is a grand plan. Supply chain strategy involving decisions
how to structure the supply chain over next several years. It decides what the chains
configuration will be, how resources will be allocated, and what processes each stage will
perform. Strategic decisions made by companies include the location and capacities of
production and warehouse facilities, the products to be manufactured or stored at various
locations, the modes of transportation to be made available along different shipping legs,
and the type of information system to be utilized. A firm must ensure that the supply chain
configuration supports its strategic objectives during this decision phase. Supply chain
design decisions are made for the long term and are very expensive to alter on short notice.
Consequently when companies make these decisions, they must take into account
uncertainty in anticipated market conditions over the next few years.

1. Planning: The supply chains configuration determined in design phase is fixed for
making planning decisions. Companies start the planning phase with a forecast for the
coming year of demand in different markets. Planning includes decisions regarding
which markets will be supplied from which locations, the sub contracting of
manufacturing, the inventory policies to be followed, and the timing and size of marking
promotions. Planning establishes parameters within which a supply chain will function
over a specified period of time. In the planning phase, companies must include uncertainty
in demand, exchange rates, and competition over this time horizon in their decisions.
Given a shorter time horizon and better forecast than the design phase, companies in
the planning phase try to incorporate any flexibility built into optimize performance. As
a result of the planning phase, companies define a set of operating polices that govern
short-term operations.

2. Operation: During operation phase (weekly or daily) companies make decisions
regarding individual customer orders. At the operational level, supply chain configuration
is considered fixed and planning policies are already defined. The goal of supply chain
operations is to handle incoming customer orders in the best possible manner. During
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this phase, firms allocate inventory or production to individual orders, set a date that
an order is to be filled, generate pick lists at a warehouse, allocate an order to a
particular shipping mode and shipment, set delivery schedules of trunks and place
replenishment orders. Because operational decisions are being made in the short term,
there is less uncertainty about demand information. Given the constraints established
by the operation phase is to exploit the reduction of uncertainty and optimize
performance.

1.5  PROCESS VIEW OF A SUPPLY CHAIN

We have seen in section 1.1 that supply chain consists of different stages. There are
two different ways to view (Sunil Chopra, 2003) the processes performed in a supply
chain. They are : 1. Cycle view, 2. Push / Pull view.

1.5.1 Cycle view

Cycle view consists of four process cycles, namely customer order cycle, replishment
cycle, Manufacturing cycle and Procurement cycle. Each cycle occurs at the interface
between two successive stages of the supply chain. It is pointed out here that, not every
supply chain will have all four cycles clearly separated. A cycle view clearly specifies the
role and responsibilities of each member of the supply chain. The detailed process description
of a supply chain in the cycle view forces a supply chain design to consider the infrastructure
required to support these processes. When we want set up an information systems to
support supply chain operations, the cycle view is very useful, as process ownership and
objectives are clearly defined in cycle view. We now describe the various supply chain
cycles briefly.

Customer order cycle: All processes directly involved in receiving and filling the
customer orders at the customer / retailer interface consist of customer order cycle. Customer
initiates this cycle at a retailer site and the cycle primarily involves filling customer demand.
(For more details please see, Sunil chopra, 2003).

Replenishment Cycle: The replenishment cycle includes all processes involved in
replenishing retailer inventories to meet future demand. It occurs at the retailer / distributor
interface. A replenishment cycle may be triggered at a firm when it is running out of stock.

Manufacturing Cycle: The manufacturing cycle occurs at the distributor /
manufacturer (or retailer, manufacturer) interface and includes all processes involved in
replenishing distributor (or retailer) inventory. Based on the customer orders, or by the
forecast the replenishment order is placed on the manufacturer. Manufacturing cycle starts
immediately after the receipt of the order.

Procurement Cycle: The procurement cycle occurs at the manufacturer / supplier
interface and includes all processes necessary to ensure that materials are available for
manufacturing to occur according to schedule. Suppliers supply the necessary components
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that replenish the component inventories. The relationship is quite similar to that between a
distributor and manufacturer. While retailer / distributor orders are triggered by uncertain
customer demand, component orders can be determined from the manufacturer’s production
schedule. Precisely the component orders depend on the production schedule. Thus, it is
important that suppliers be linked to the manufacturers production schedule.

1.5.2  Push / Pull view of supply chain process

All process in a supply chain fall into one of two categories depending on the timing of
their execution relative to end customer demand. Execution is initiated in response to a
customer order in pull process. With push process, execution is initiated in anticipation of
customer orders. Therefore, at the time of execution of a pull process, customer demand
is known with certainty whereas at the time of execution of a push process, demand is
uncertain and must be forecast. Pull process is referred as reactive processes because
they react to customer demand. Push processes is referred as speculative processes because
they respond to speculated (or forecasted) rather than actual demand. The push / pull
boundary in a supply chain separates push process from pull process. A push / pull view is
useful when considering strategic decisions relating to supply chain design. This view forces
a more global consideration of supply chain process as they relate to a customer order.
Such as view may, for instance, result in responsibility for certain process being passed on
to a different stage of the supply chain of making this transfer allows a push process to
become a pull process.

1.6  SUPPLIER – MANUFACTURER – CUSTOMER CHAIN

Any supply chain consists of three major stages. They are suppliers, manufactures
and customers. In the chain, the supplier is positioned at the front end of the supply chain
because it provided supplies for down stream manufacturers. At times suppliers may perform
a distribution network analysis to determine the least-cost and best service option. Such
studies become more the norm as a firm develops supply chain skills and begins looking at
the total organization. A secondary objective of the supplier could be inventory rationalization
study, determining the correct A-B-C stratification at the stock keeping unit level, and to
set inventory improvement targets. The material flows from the supplier end to manufacture
for conversion process. Here, the delivery performance is of paramount importance. Service
levels portray the delivery performance. To optimize the transportation cost linear
programming techniques may also be used. At the supplier end the supply chain cost of
flowing material from supplier to manufacturer has to be optimized.

Manufacturer form a second stage in this chain. Here conversion of raw material into
finished product is taking place. In the manufacturing place, material flow takes place.
Before it becomes a finished product it undergoes several operations and movements
adding cost. At the completion of the conversion, the products are in the form of finished
or semi-finished goods, to be transported through an appropriate channel of distribution.
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Products as large as automobiles go by truck directly to a dealer or by railroad carriers to
a staging area for delivery to area dealers. Because of large number of smaller items being
supplied in a typical chain of delivery and the range in size of retail customers, distributors
are often involved. In this discussion we consider distributors and retailers as customers.
High-volume consumer products can move directly from manufacturing to a large customer
in truckload quantities, but low-volume items must be gathered in bulk at a staging area by
a distributor, broken down and packaged into smaller units, and transferred to local
customers who are unable to order truckloads or large volumes of the item. A pallet load
of paper towels might make sense for some retailers and could be direct-shipped, but a
pallet load of particular food seasoning would be a multilayer supply for a small specialty
food retailer, the model therefore includes warehouses or distribution centers, where
appropriate, for completing the delivery of goods and services.

Finally the product reaches the customer. The customer in the supply chain is some
type of retailer or institution that sells and delivers the final product and service to the
ultimate consumer, generally through a store or local facility. For food delivery, a grocery
store would be an appropriate customer. For automobiles, it would be a local dealership
or one of the growing number of large multibrand organizations. For clothing, traditional
retail outlets are preferred by the customer. In all cases, the flow of the product or service
moves toward the ultimate consumer, who purchases the goods and services for personal
reasons. Simply put, the satisfaction of the individual consumer should drive a company to
analyze, manage and improve its supply chain continuously. The buying options are currently
so large and the loyalties so weak that shifts in consumption patterns can be swift and
deadly. Whether the chain is for products or services, the flow may appear to be from left
to right, and movement efforts have been conducted in that direction. In reality, however,
an analysis of the chain should focus on the finish line (demand), not the starting point
(supply). Companies that believe that the primary objective of supply chain improvements
is to improve internal efficiency rather than to serve ultimate consumer more effectively are
demand to fail in to-days competitive environment.

1.7  DRIVERS OF SUPPLY CHAIN PERFORMANCE

The goal of supply chain management can be defined using Mr.Goldratt’s words as,
“Increase throughput while simultaneously reducing both inventory and operating expense”.
In this definition throughput refers to the rate at which sales to the end customer occur. To
understand how a company can improve supply chain performance in terms of
responsiveness and efficiency, we must examine the five drivers of supply chain performance:
Production, Location, inventory, transportation and Information. These drivers not only
determine the supply chains performance in terms of responsiveness and efficiency, they
also determine whether strategic fit is achieved across the supply chain.

Effective supply chain management calls first for an understanding of each driver and
how it operates. Each driver has the ability to directly affect the supply chain and enable
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certain capabilities. The next step is to develop an appreciation for the results that can be
obtained by mixing different combinations of these drivers.

1.7.1  Production

Production refers to the capacity of a supply chain to make and store products. The
facilities of production are factories and warehouse the fundamental decision that manager’s
face when making production decision is how to resolve the trade-off between
responsiveness and efficiency. If factories and warehouses are built with a lot of excess
capacity, they can be very flexible and respond quickly to wide variations in product demand.
Facilities where all or almost all capacity is being used are not capable of responding easily
to fluctuations in demand. On the other hand, capacity costs money and excess capacity is
idle capacity not in use and not generating revenue. So the more capacity that exists, the
less efficient the operation becomes.

Industries can be built to accommodate one of two methods to manufacturing.

1. Product focus: An industry that takes a product focus performs the range of
operations required to produce a given product line from manufacturing of different
product part to assembly of these parts.

2. Functional focus: A functional approach concentrates on performing just a few
operations such as only making a select group of parts or only doing assembly.
These functions can be applied to making many different kinds of product.

A product approach tends to result in developing expertise about a given set of products
at the expense of expertise about any particular function. A functional approach results in
expertise about particular functions instead of expertise in a given product companies need
to decide which approach or what mix of these two approaches will give them the capability
and expertise they need to best respond to customer demand. As with factories, warehouse
too can be built to accommodate different approaches. There are three main approaches
to use in ware housing.

1. Store keeping units storage: In the traditional approach, all of a given type of product
is stored together. This is an efficient and easy to understand way to store products.

2. Job lot storage: In this approach, all the different products related to the needs of a
certain type of customer or related to the needs of a particular job are stored together.
This allows for an efficient picking and packing operation but usually requires more
storage space than the traditional SKU storage approach.

3. Cross docking: An approach that was pioneered by wal-mart in its drive to increase
efficiencies in its supply chain. In this approach, product is not actually ware housed in
the facility. Instead the facility is used to house a process where trucks from suppliers
arrive and load large quantities of different products. These large lots are then broken
down into smaller lots. Smaller lots of different products are recombined according to
the needs of the day and quickly loaded on to outbound trucks that deliver the products
to their final destination.
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1.7.2   Inventory

Through out supply chain, inventory is held in various forms. It is ranging from raw
material to finished good via work in progress. Raw material is with the supplier; work-in-
progress is with the manufacturer and finally the finished goods with the distributors and
retailers. The supply chain performance is very much affected by the value of inventory in
the supply chain. As we know, we are interested in improving responsiveness and efficiency;
the persons involved in the inventory should try to find trade off between the efficiency and
responsiveness. Holding very high inventory carrying cost leading to poor efficiency. Inventory
also has a significant impact on the material flow time in a supply chain. The elapsed time
between entry and exist of material is known as material flow time. Another important
aspect where inventory plays a significant role in supply chain is the ‘throughput’. For a
supply chain throughput is the rate of sales. It can be inferred that material flow time and
throughput are synonymous in a supply chain. Inventory also plays a major role in supply
chains ability to improve the firm’s competitive strategy. Trading off between keeping more
stock or less stock depending upon the situation, the responsiveness or the efficiency or
both can be improved for achieving the competitiveness. Sunil chopra, et al (2003) have
identified three basic decisions that supply chain managers must make regarding the creation
and holding of inventory.

1. Cycle Inventory: It is the average amount of inventory that is demanded by the
customers between successive shipments. Manufacturers tend to produce more to
enjoy economies of scale. Purchasers would like to buy in bulk to avail discounts.
Both these actions will lead to holding of excess inventory and the corresponding
higher inventory carrying cost.

2. Safety Inventory: It is primarily to counter the unexpected demand from the customers
if the forecasting has significant error that can also contribute loss of sales due to non
availability of required goods or may lead to excess holding of inventory. Safety stocks
are held in the firms to meet the unexpected demand. It should be noted here that, if
the forecasting is very near to actual demand cycle inventory itself is sufficient. However,
in reality it is not so. We need to make provision for holding safety inventory to be
responsive in the market.

3. Seasonal Inventory: Certain products demand fluctuates from period to period.
There will be high demand during certain period and low demand during other periods.
Manufacturers may find it difficult to manufacture this varying demand due to capacity
related issues. Hence they should determine the constant rate of production that builds
inventory during low demand and meet the higher demand from the inventory during
the peak periods. It requires careful planning. Otherwise the wrong planning may lead
to access stock during low demand period associated with high inventory carrying
cost and less to meet the customer demand. Hence managers must make proper
decisions regarding the production rate to meet the seasonal demands.
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1.7.3  Location

Where to locate the facility is the strategic choice. Managers must make judicious
choice between various factors in locating facilities. Location decision affects both
responsiveness as well as efficiency of the supply chain. To improve responsiveness the
firm may decide to decentralize the activities and if they want to improve efficiency
centralization can be made. Several factors like availability of raw material, skilled labour,
proximity to customers, climate, government regulations, etc., are analyzed and carefully
considered in fixing the location for the facilities. Location decision reflects a company’s
basic strategy for building and delivering its products to market.

1.7.4  Transportation

The cost of transportation constitutes 60-65 percent of the total manufacturing cost
of a product. Even though there is no value addition in the transportation activity, the
movement of material from one place to other is the most cost. So, it has to be very well
planned. Networking of several activities and optimizing the routes shall bring reduction in
transportation cost. Efficiency of supply chain is very much affected by this single factor.
Managers must make contributing proper decision in choosing the correct and economical
mode of transport in moving their materials. Modes like air, ship, rail, road, pipeline and
electronic transport should be judiciously selected in improving the responsiveness as well
as efficiency.

1.7.5  Information

Information has become very vital link in the supply chain. IT tools are available for
improving supply chain efficiency by way of effective communication of required information
at the right place, at the right time by the right person to the right person. In fact, information
is the basis upon which to make decisions regarding the other four supply chain drivers.
For coordinating daily activities and also for making forecast and planning, information
plays a vital role. With in the individual company the trade-off between responsiveness and
efficiency involves weighing the benefits that good information can provide against the cost
of acquiring that information. Mainly the information’s regarding product supply, customer
demand, market forecasts, and production schedules are to be shared effectively by the
supply chain participants in order to improve the responsiveness. Thus it can be noticed
that good information systems can help a firm improve both its responsiveness and efficiency.

1.8  STRUCTURING SUPPLY CHAIN DRIVERS

 We come to know the purpose of supply chain strategy is to make compromise
between responsiveness and efficiency. This could be achieved by properly managing the
supply chain drivers discussed in section 1.6. the combined effect of these five drivers
determines the required level of responsiveness and efficiency of the entire supply chain. A
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frame work as shown in fig 1.3 provides the structure of the supply chain drives with the
supply chain as a whole,

* Adapted from “Essentials of supply chain management” by Micheal Hugos.

Figure  1.3  Frame Work of Supply Chain drivers

the responsiveness versus efficiency trade off that companies make is purely based
on the combination of these five supply chain derivers. Combination determines how well
the supply chain services its market and how possible it is for the participants in that supply
chain.

1.9  OVER VIEW OF SUPPLY CHAIN MODELS AND MODELING
        SYSTEMS

Supply chain models are a pre requisite for successful implementation of supply chain
management. Modeling practitioners might develop skill in integrating Transactional IT
with Analytical IT for the purpose of integrated supply chain planning. Analytical IT, which
involves both descriptive models and optimization models form part of the supply chain
models. The construction of optimization model demands descriptive data and models as
inputs. Input data and reports must be manageable, by the manager. A good model and a
modeling system should expand the consciousness of managers and analyst regarding
decision options and methods for improving supply chain design and operation. Also supply
chain modeling should incorporate concepts from several management discipline like strategy
formulation and theory of the firm, logistics, production and inventory management,
management accounting, demand forecasting, marketing science and operation research.
The various supply chain models available in the literature are grouped into two categories
and are discussed below :

      The five major supply  
chain drivers * 

 
 
 
 
 
 
 
 
 
 
 
 

1.Production 
What, how, and 
when to produce 

 

5. Information 
The basic for 

making decisions 

3. Location 
Where best to do 

what activity 

4. Transportation 
How and when to 

move product 

2. Inventory 
How much to 

make how much 
to store 
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1.9.1  Models With Transactional IT

Enterprise Resource Planning System (ERP): ERP is only a partial SCM solution.
It has its root in MRP (Materials Requirements Planning). The scope of ERP includes
product development, capacity planning, and marketing. Common modules for a typical
ERP system for manufacturers and distributors are capacity requirements, cost management,
financial and Accounting, manufacturing processes, order management, purchasing and
inventory, real time planning and scheduling, material bills and routings, human resource
management and engineering / product definition. The ERP system manages company’s
transactional data, on real time basis.

Material Requirements Planning System: MRP system develops net requirements
for each period. It uses bill of material data (BOM), inventory data and the master production
schedule to calculate requirements for materials. Time-phased MRP is accomplished by
exploding the Bill of material, adjusting for stock on hand and offsetting the net requirements
by the appropriate lead times.

Distribution Requirements Planning System: DRP system schedules inbound,
inter facility and out bound shipments through the company’s logistics network. It takes
into account the transportation factors such as vehicle loading and routing, consolidations,
model choice channel selection, and carrier selection. Stock on hand, inventory management
data and forecasted demand are the input to DRP.

1.9.2  Supply Chain Models With Analytical IT

Production Scheduling Optimization Modeling Systems: The objectives of this
model is to minimize avoidable short term costs while satisfying customer requirements.
This model fit the appropriate type of manufacturing. It addresses mainly the operational
decisions such as sequencing, change overs and management of work-in-progress
inventories.

Distribution scheduling optimization modeling systems: Vehicle routing problem
and other scheduling problems are addressed through this model. On time delivery is one
of the important key elements of competitive advantage. This type of modeling systems
help achieve on time delivery of products / service to the customers.

Production planning optimization modeling systems: This is a manufacturing model
which minimizes manufacturing cost by implementing master production schedule. An
allocation resource along with resource level reduces avoidable manufacturing costs. It
can also determine WIP, major machine changeovers and make-or-buy decisions.

Logistics optimization modeling systems: This model occurs on the assignment
of markets to distribution centers. Its main aim is to minimize transportation costs, material-
handling costs, warehousing costs, and inventory costs across the network. Ultimately it
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helps in preparing master plan for the entire supply chain that meets the full customer
demand over the next quarter.

Tactical optimization modeling system: This model helps in minimizing the total
supply chain cost at the same time maximizes the net revenues. This integrates supply,
manufacturing, distribution and inventory plan for the entire supply chain for the next one-
year.

Strategic optimization modeling system: The goal of this model is to maximize the
net revenues on return on investment. This model applied for acquisition of resources for
new manufacturing and design of supply chain for a new product.

Demand forecasting and order management systems:  Forecasting the demand
accurately is very important. This is done using this model, which combines data about
current orders with historical data to produce requirements for finished products. It deals
with the uncertainty in demand.

Chapter Summary

A supply chain is composed of all the firms involved in the design, production, and
delivery of a product to market. Supply chain management is the coordination of production,
location, transportation, information and inventory among the participants in a supply chain.
The primary objective of good supply chain management is to achieve optimum level of
responsiveness coupled with higher efficiency. Proper SCM increase sales of goods and
services to the customers.

Supply chain is important because it helps in reducing cost, meets the increased
expectation of the customer, solves the complex problems exist in the distribution lines,
and helps in meeting the customer requirements quickly. Successful management of supply
chain requires decisions such as strategy, planning and operation. Supply chain is viewed
as cycle view and push / pull view. Cycle view consists of customer order cycle,
replenishment cycle, manufacturing cycle and procurement cycle. With pull process, execution
is initiated in response to a customer order. With push process, execution is initiated in
anticipation of customer orders.

The goal of supply chain can be achieved by identifying the supply chain drivers.
Production, location, inventory, transportation and information are the key drivers of supply
chain. Combination of these drivers helps in achieving higher responsiveness and efficiency.
Supply chain models and modeling system are two types. Models with transactional IT
consist of materials requirements planning system, distribution requirements planning system
and enterprise resource planning models. Analytical IT models are production scheduling,
distribution scheduling, production planning, logistics, tactical, strategic and demand
forecasting optimization models.
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Review Questions

1. Define supply chain.
2. Explain supply chain with an example.
3. Discuss the importance of supply chain.
4. What are the objectives of supply chain?
5. What is supply chain management? Explain.
6. Distinguish between logistics and supply chain.
7. Explain the decision phases in a supply chain.
8. Discuss the process view of a supply chain.
9. Bring out the importance of drivers of supply chain.
10 Discuss the various supply chain drivers.
11.How will you structure a supply chain?
12.Give an overview of supply chain models.
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UNIT  II

STRATEGIC SOURCING
LEARNING OBJECTIVES

After reading this chapter you will be able to

• Understand what is insourcing and outsourcing.
• Classify various types of purchasing strategies
• Conduct supplier evaluation
• Appreciate the procedure for selection and measurement of suppliers
• Gain knowledge and understand what is supplier quality management
• Create world class data base on suppliers
• Gain some insight into worldwide sourcing.

2.1  INTRODUCTION

We have seen in detail, the fundamentals of supply chain in the first chapter. We have
also defined the supply chain in its perspective. As such supply chain management is the
process of designing, planning and implementation change in the structure and performance
of the ‘total’ material flow in order to generate increased value, lower costs, enhance
customer service and yield a competitive advantage. To achieve the objective of supply
chain management, it is important to implement sourcing technology strategically. Strategic
sourcing involves taking decision with regard to insourcing or outsourcing. Various purchasing
strategies are used to optimize the purchasing activities. In insourcing, the supplier evaluation
is of greater importance in identifying the good supplier source. In this chapter we are
going to see the various strategic sources and its implications including supplier evaluations.

2.2 INSOURCING

Insourcing is the opposite of outsourcing.

Definition

Insourcing can be defined as the delegation of operations or jobs from production
within a business to an internal entity that specializes in that operation.
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Insourcing is the utilization of professional from another company employed as a
turnkey global extension of a company’s work place and workforce, without transferring
the project management and decision-making control to an outside provider.

What is insourcing?

When an organization delegates its work to another entity, which is internally yet not
a part of the organization, it is termed as insourcing. The internal entity will usually have a
specialized team who will be proficiency in providing the required services. Insourcing
enables organization to maintain a better control of what they outsource. Insourcing can
also be defined as transferring work from one organization to another organization, which
is located within the same country. Insourcing can also mean an organization building a
new business center or facility which would specialize in a particular activity, usually opt for
insourcing in order to cut down the cost of labour and taxes amongst others. The trend
towards insourcing has increased since the year 2006. Organizations who have been
dissatisfied with outsourcing have moved towards insourcing. Some organization feels that
they can have better customer support and better control over the work outsourcing by
insourcing their work rather than outsourcing it. U.S and U.K are currently the largest
outsourcing in the world. The U.S and U.K outsourcing and insourcing work equally.

What is best for your organization?

If the work involves production, it is ideal for the organization to opt for insourcing, as
reduction in transportation costs and exercise a better control over the project.

If the organization has a number of non-core processes, which are taking plenty of
time, effort and resources to perform in house, it would be wise to outsource these non-
core functions.

Salient features

• Insourcing is also referred to as contracting in.

• Contracting is often defined as the delegation of operations or jobs from production
with in a business to an internal (but ‘stand-alone’) entity (such as a sub contractor)
that specifies in that operation.

• It is a business decision that is often made to maintain control of certain productions
or competencies

• An alternate use of the term implies transferring jobs to within the country where
the term is used, either by hiring local sub contractors or building a facility.

• Insourcing is widely used in an area such as production to reduce costs of taxes,
labour, transportation, etc.,

• Insourcing is a business model that requires multi-dimensional expertise and
adequate know-how of technology, trends and business practices.
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• Insourcing offers benefits over outsourcing

-    Greater control over resources because they are direct employees.

-    Better control over intellectual property

-   Higher acceptance of insourcing. Insourcing can work well for companies
looking to use offshore resources for long periods of time working on strategic
activities such as product engineering and customer facing strategies.

Advantages

1. Higher degree of control over inputs
2. Increases visibility over the process
3. Economies of scale / Scope uses integration

Disadvantages

1. Require high volume
2. High investment
3. Dedicated equipment has limited
4. Problem with supply chain

2.3  OUTSOURCING

Outsourcing is subcontracting a process, such as product design or manufacturing, to
a third-party company. The decision to outsource is often made in the interest of lowering
firm costs, redirecting or conserving energy directed at the competencies of a particular
business, or to make more efficient use of labour, capital, technology and resources.
Outsourcing became part of the business lexicon during the 1980’s.

• The strategic use of outside service provides to perform non-revenue generating
activities so that an organization may focus on its core competencies. Outsourcing
is a business model for leveraging the capability and capacity externally. Outsourcing
is a long-term result oriented business in an external service provider for services
traditionally performed with in a company. Outsourcing means taking out a specific
area of the business and giving it to some one who is an expert and having assumed
end-to-end deliveries.

• Outsourcing involves the transfer of the management and / or day-to-day execution
of an entire business function to an external service provider. The client organization
and the supplier enter into a contractual agreement that defines the transferred
services. Under the agreement the supplier acquires the means of production in
the form of a transfer of people, assets and other resources from the client. The
client agrees to procure the services from the supplier for the term of the contract.
Business segments typically outsourced include information technology, human
resources, facilities and real estate management, and accounting. Many companies
also outsource customer support and call center functions like telemarketing,
customer services, market research, manufacturing and engineering.
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Outsourcing and offshoring are used interchangeably in public discourse despite
important technical differences. Outsourcing involves contracting with a supplier, which
may or may not involve some degree of offshoring. Offshoring is the transfer of an
organizational function to another country, regardless of whether the work is outsourced
or stays within the same corporation.

With increasing globalization of outsourcing companies, the distinction between
outsourcing and offshoring will become less clear over time. This is evident in the increasing
presence of Indian outsourcing companies in the US and UK. The globalization of
outsourcing operating models has resulted in new terms such as nearshoring and rightshoring
that reflect the changing mix of locations. This is seen in the opening of offices and operations
centers by Indian companies in the US and UK.

Multisourcing refers to large (predominantly IT) outsourcing agreements. Multisourcing
is a framework to enable different parts of the client business to be sourced from different
suppliers. This requires a governance model that communicates strategy, clearly defines
responsibility and has end-to-end integration.

2.3.1  Process of outsourcing

Deciding to outsource

The decision to outsource is taken at a strategic level and normally requires board
approval. Outsourcing is the divestiture of a business function involving the transfer of
people and the sale of assets to the supplier. The process begins with the client identifying
what is to be outsourced and building a business case to justify the decision. Only once a
high-level business case has been established for the scope of services will a search begin
to choose an outsourcing partner. A request for proposal (RFP) is issued to the shortlist
suppliers requesting a proposal and a price. A competition is held where the client marks
and scores the supplier proposals. This may involve a number of face-to-face meetings to
clarify the client requirements and the supplier response. The supplier will be qualified out
until only a few remain. This is known as down select in the industry. It is normal to go into
the due diligence stage with two suppliers to maintain the competition. Following due
diligence the supplier submit a “best and final offer” (BAFO) for the client to make the final
down select decision to one suppliers to go into competitive negotiations.

Negotiations and Finalization

The negotiation takes the original RFP, the supplier proposals, BAFO submissions
and convert these into the contractual agreement between the client and the supplier. This
stage finalizes the documentation and the final pricing structure. At the heart of every
outsourcing deal is a contractual agreement that defines how the client and the supplier will
work together. This is a legally binding document and is core to the governance of the
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relationship. There are three terms become active and a service commencement date when
the supplier will take over the services.

Execution

The transition will begin from the effective date and normally run until four months
after service commencement date. This is the process for the staff transfer and take –on of
services. The transformation is the execution of a set of projects to implement the Service
Level Agreement (SLA), to reduce the Total Cost of Ownership (TCO) or to implement
new services. Emphasis is on ‘standardization’ and ‘centralization’. This is the execution of
the agreement and lasts for the term of the contract. Near the end of the contract term a
decision will be made to terminate or renew the contract. Termination may involve taking
back services (insourcing) or the transfer of services to another supplier.

2.3.2  Reasons for outsourcing

Organization that outsource are seeking to realize benefits or address the following
issues:

• Cost savings: The lowering of the overall cost of the service to the business. This
will involve reducing the scope, defining quality levels, re-pricing, re-negotiation,
cost re-structuring. Access to lower cost economies through offshoring called “labor
arbitrage” generated by the wage gap between industrialized and developing nations.

• Cost restructuring: Operating leverage is a measure that compares fixed costs
to variable costs. Outsourcing changes the balance of this ratio by offering a move
from fixed to variable cost and also by making variable costs more predictable.

• Improve quality: Achieve a step change in quality through contracting out the
service with a new service level agreement.

• Knowledge: Access to intellectual property and wider experience and knowledge.

• Contract: Services will be provided to a legally binding contract with financial
penalties and legal redress. This is not the case with internal services.

• Operational expertise: Access to operational best practice that would be too
difficult or time consuming to develop in-house.

• Staffing issues: Access to a larger talent pool and a sustainable source of skills.

• Capacity management: an improved method of capacity management of services
and technology where the risk in providing the excess capacity is borne by the
supplier

• Catalyst for change: An organization can use an outsourcing agreement as a
catalyst for major step change that cannot be achieved alone. The outsourcer
becomes a change agent in the process.

• Reduce time to market: The acceleration of the development or production of
a product through the additional capability brought by the supplier.
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• Commodification: The trend of standardizing business processes, IT services
and application services enabling businesses to intelligently buy at the right price.
Allows a wide range of businesses access to services previously only available to
large corporations.

• Risk Management: An approach to risk management for some types of risks is
to partner with an outsourcer who is better able to provide the mitigation.

• Time zone: A sequential task can be done during normal day shift in different time
zones – to make it seamlessly available 24X7. Same/similar can be done on a
longer term between earth’s hemispheres of summer/winter.

• Customer Pressure: Customer may see benefits in dealing with your company,
but are not happy with the performance of certain elements of the business, which
they may not see a solution to except through outsourcing.

2.3.3  Outsourcing objectives

• Focus core activity
• Reduced costs
• Improved operational quality
• Achieve high productivity
• De-risk the business

2.3.4  Quality of service in outsourcing

Quality of service is measured through a Service Level Agreement (SLA) in the
outsourcing contract. In poorly defined contracts there is no measure of quality or SLA
defined. Even when an SLA exists it may not be to the same level as previously enjoyed.
This may be due to the process of implementing proper objective measurement and reporting
which is being done for the first time. It may also be lower quality through design to match
the lower price.

There are a number of stakeholders who are affected and there is no single view of
quality. The CEO may view the lower quality acceptable to meet the business needs at the
right price. The retained management team may view quality as slipping compared to what
they previously achieved. The end consumer of the service may also receive a change in
service that is within agreed SLAs but is still perceived as inadequate. The supplier may
view quality in purely meeting the defined SLAs regardless of perception or ability to do
better. Quality in terms of end-user-experience is best measured through customer
satisfaction questionnaires, which are professionally designed to capture an unbiased view
of quality. Surveys can be one of research. This allows quality to be tracked over time and
also for corrective action to be identified and taken. A Mek insey study shows that when
processes are outsourced to India, companies not only get the advantage of low cost but
also experience improvement and quality.
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2.3.5  Impact of outsourcing

Offshore outsourcing for the purpose of saving cost can often have a negative influence
on the real productivity of a company. Rather than investing in technology to improve
productivity, companies gain non-real productivity by hiring fewer people locally and
outsourcing work to less productivity facilities offshore that appear to be more productive
simply because the workers are paid less. In contrast, increases in real productivity are the
result of more productive tools or methods of operating that make it possible for a worker
to do more work. Non-real productivity gains are the shifting work to lower paid workers,
often without regards to real productivity. The net result of choosing non-real over real
productivity gain is that the company falls behind and obsoletes itself overtime rather than
making real investments in productivity. From the standpoint of labor within countries on
the negative end of outsourcing this may represent a new threat, contributing to rampant
worker insecurity, and reflective of the general process of globalization. While the
“outsourcing” process may provide benefits to less developed countries or global society
as a whole, in some form and to some degree – include rising wages or increasing standards
of living – these benefits are not secure. Further, the term outsourcing is also used to
describe a process by which an internal department, equipment as well as personal, is sold
to a service provider, who may retain the workforce on worse conditions or discharge
them in the short term. The affected workers thus often feel they are being “sold down the
river”.

2.3.6  Advantages

1) Greater flexibility suppliers
2) Lower investment risk
3) Improved cash flow
4) Lower potential labour costs shortage

2.3.7  Disadvantages

1) Possibility of choosing wrong
2) Loss of control over process
3) Potential for guard banding
4) Long lead – times / capacity
5) “Hollowing out” of the corporation

2.4  TYPES OF PURCHASING STRATEGIES

Corporate strategy addresses the long-term mission of an organization, including long-
term survival. Companies follow poor strategies are unable to withstand the market force
of competition. A corporate strategy involves more than just survival. It requires a definition
of how a company will compete in a changing competitive environment. Therefore, the
strategy of an organization must address the long-term objectives of the organization.
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Purchasing strategy is one of the most important strategies that organization must develop
and maintain. Organization follows different types of purchasing strategies to suit their
requirements. Some of the most common and important purchasing strategies are: (i)
optimizing the supply base, (ii) Supplier quality management, (iii) Sourcing globally, (iv)
Long-term supplier relationship, (v) Supplier involvement right from the initial stage, (vi)
Supplier development and (vii) Cost consciousness. Let us discuss briefly each of these
strategies.

Optimizing the supply base: Right sizing is the term associated with the reduction
of number of suppliers. Deming advocates to have fewer suppliers. To reach this goal the
supply base should be optimized to avoid risk in the purchasing. Suppliers, who are not
capable of achieving world-class performance, either currently or in the near future, may
be eliminated from the supply base. This process has to be continued. Optimization requires
an analysis of number of suppliers required currently and in the near future for each purchased
item.

Supplier quality management: Variation in the process is inevitable. Variation may
be due to man, material or machine. Quality depends mainly on variation in the process.
Companies follow newer techniques like, Statistical Quality Control (SQC), Statistical
Process Control (SPC), Process Capability studies, Design of Experiments (DOE), Quality
audits, etc to reduce variations in their process. TQM requires reduction of variation and
should lead to continuous improvement in the process. TQM emphasizes the need to meet
and exceed the expectations of the customer. In order to ensure high quality and to meet
the customer’s present and future needs, a purchaser must communicate to the supplier
any expectations regarding quality. Supplier quality is to be managed through imitations
from the purchaser. Purchaser should make arrangements for implementing TQM in the
supplier permits.

Sourcing Globally: Present day competition is global due to globalization. World
has been reduced to a very small entity by the Internet. Searching suppliers globally improves
supplier selection process effectiveness. Entire world should be viewed as a potential
source for supply. It can be used to access for a new market to gain access to global
competitiveness. The major objective of global sourcing is to provide immediate and excellent
improvement in cost and quality through commodity research process. It is an opportunity
to gain exposure to product and process technology, increase the number of available
research satisfies counter trade requirements, and establish a presence in foreign markets.
There are several drawbacks in the global sourcing. Different cultures prevailing different
countries should be understood. More complex logistics and current fluctuations require
measuring all relevant costs before entering into global sourcing.

Long-term supplier relationships: Treating suppliers as partners can solve many
suppliers’ related issues and pave way for good relationships. Identifying few vendors and
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developing mutual long lasting relationship is important for better supplier management. It
is preferable to have long-term relationship with exceptionally good suppliers. A long-term
relationship may include a joint product development relationship with shared development
costs and intellectual property.

Supplier involvement: Making suppler understand the importance of involvement
right from the design stage of product to the final stage is very important for getting highly
competitive quality and price for the product. Early involvement should take place through
participation on cross-functional product development teams.

Supplier development: Developing the supplier to the quality supplier is the prime
duty of the customer organization in the TQM environment. There may be a supplier who
is willing to participate in improving quality and cost performance, but they may not have
adequate technical expertise or sufficient fund to upgrade their facilities. Instead of removing
such suppliers from the supply base, organization can extend their help in improving the
supplier’s position as part of long-term relationship. Buyer-seller consulting teams may be
formed to improve the supplier position. The basic motivation and success lead to longer-
term benefits to both buyer and seller. This will certainly support the development of world-
class suppliers in new areas of product and process technology.

Cost consciousness: In supply chain management, the cost of shipment of materials
from the supplier unit to the customer unit includes cost of late delivery, poor quality or
other forms of non-performance. Cost of transportation includes the above mentioned
costs have to be clearly understood by both buyer and seller. Total cost concept has to be
implemented and decisions regarding shipment should be made based on this total cost
concept. Cost variances from planned results can be analyzed to determine the cause of
the variance. Corrective actions can then be taken to prevent future problems. The cost
conscious approach will certainly lead to minimum total cost of transportation of the material
from the supplier to the customer.

2.5  THE SUPPLIER EVALUATION AND SELECTION PROCESS

We are aware that there is no single method available to evaluate and select suppliers.
Every organization uses an evaluation procedure suitable to it. However, the overall objective
of the supplier evaluation process is to reduce purchase risk and maximize overall value to
the purchaser. An organization must select supplier it can do business for a longer period of
time. In any case, supplier evaluation is a must to update the supply base in the organization.
Changing technology, taste of customer and globalization forces companies to institute a
system in the organization to evaluate the supplier on a continuous basis. Formal supplier
evaluation can involve a team of experts from a purchaser spending several days at a
supplier’s work place. This selection address many issues and decisions involved in
effectively and efficiently evaluating selecting, and maintaining a supply base. Supplier
evaluation begins in anticipation of a future purchase requirement. Throughout the supplier
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evaluation and selection process, it is important to understand the requirements that are
important to that purchase. They differ widely from item to item, firm to firm or industry to
industry. The supplier evaluation and selection process involve the following general steps:

Step 1: Understand the need for supplier selection
Step 2: Identify critical sourcing requirement
Step 3: Determine the appropriate type of sourcing
Step 4: Identify the potential suppliers / sources
Step 5: Select the appropriate method of supplier evaluation and selection
Step 6: Select the supplier.

2.5.1  Supplier selection process

Supplier selection is based upon criteria that are vital to a particular process and
indicative of future success. The criteria are weighted and some attribute may be more
important for one process than another. For example, technical support may be more
important for surveillance process than field service and support capabilities and will be
weighted accordingly. Each criterion has detailed descriptions that define the requirements
that are important to the company.

Quiet often, organization use price as the determining factor when considering which
supplier to select. While price is an important determining factor; other dimensions such as
quality, lead-time and payment terms must not be overlooked. Here is a comprehensive
list of criteria that may be used to make the best decisions.

Quality: The cost of poor quality extends much further than the carrying cost of
safety stock to ensure supply can meet demand. If a component of your product has been
outsourced and that part is defective, the customer will associate the poor quality with
advertisement. Not only the organizations have to pay to replace or repair them, but it will
also affect the perceived quality of the brand, further reducing future sales opportunities.

Lead-time: Lead-time is the time between placing an order and delivery of the product.
The longer the lead-time, the higher the cycle inventory and safety stock must be to meet
demand. This inventory translates to higher costs to maintain these inventories and must be
taken into account when evaluating the ‘best price’ from each supplier.

Delivery Reliability: While this may be difficult to evaluate, especially for a new
supplier, it is worth investing from past or current customers. For example, a large supplier
may place your order on a lower priority when they are busy if you are one of their smaller
customers. This means you will receive your order late, which again may mean having to
carry extra stock. It is much better to have a reliable delivery at the expense of a longer
lead-time as other operational activities may be planned in advance to reduce costs.
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Flexibility: Since forecasts are almost always wrong, a flexible supplier should be
able to quickly respond to changing market needs. For example, what mechanisms exist
for a rush delivery? What costs are involved? Will the lead-time be the same as for a
regular delivery, or will it be the shorter?

Transportation Costs: The transportation costs associated with delivering the
product to your location is part of the total purchase cost. In some cases this cost is buried
in the products unit cost, while in others it is shown as a separate line item. For local
suppliers, it may be possible to arrange a pick up using your own trucks, reducing
transportation costs further. Distance and mode of transportation are key drivers that affect
transportation costs.

Pricing terms: Suppliers typically offer quantity discounts for larger batch sizes,
however extra holding costs for inventory should be factored in if the batch size is significantly
larger than what your requirements are. Some supplier offer additional discounts for early
payment. For example, a two percent discount may be applied if payment is made within
10days. This may be beneficial for your organization depending on what other options it
has to utilize its working capital.

Technological capability: Although this is more quantitative, the ability of your supplier
to provide you with accurate, timely information will help with planning and increase customer
service in the event of a stock-out situation. Web-enabled suppliers that track your order
status enable you to make adjustments as well as to inform your customers of changes to
their order. Using the phone to track down the supplier and wait for an answer may not be
good enough for some of your customers who demand instant updates for their order
status. Selecting the supplier for the first time requires different set of criteria’s than applying
criteria’s for retaining the existing suppliers. Let us discuss how to select a initial supplier in
this section and measuring the performance of the existing supplier will be discussed later
in this chapter.

2.5.2  Supplier measurement and Evaluation

Initial supplier selection based on seven key criteria’s has been discussed in the previous
section. In this section let us discuss how to measure the performance of the existing
suppliers in the supply base. An organization must have the tools to measure, manage and
develop the performance of its supply base. Supplier performance measurement includes
the system of collecting and providing information to measure, rate or rank supplier
performance on a continuous basis. Central to all measurement systems is the decision
about what to measure and how to weight the performance criteria’s. There are three
categories of performance measures, which are generally followed in evaluating the
performance of the existing suppliers. They are discussed below:
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Performance of on-time delivery: When purchase order is issued to the supplier,
the buyer mentions the delivery date (due date) within which the material has to be supplied.
In many cases companies fail to supply on or before the delivery date causing inconvenience
to the buyer. So, the buyer can track how well a supplier satisfies the quantity and due date
performance. The supplier delivery performance could be tracked by reporting material
lead-time, quantity supplied, lead-time requirements and due date compliance.

Quality of material supplied: Quality measurement is a critical component in the
evaluation system. A buyer can compare a supplier’s quality against some previously specified
performance objectives, track improvement rates, and compare similar supplier. Supplier
quality requirements have to be specified in order to measure quality compliance.

Price: Price is essentially an important aspect in the performance evaluation of the
suppliers. A supplier quotes a price with a validity period. Buyer has to buy the material
with in the date to avoid price escalation. On request, the supplier may extend the validity
period. This is how a buyer-supplier relationship can be maintained with respect to price
adjustments to accommodate the inflation. Another way is to compare a supplier’s price
against other suppliers with in the same industry.

Buyer can also use a number of qualitative factors to assess supplier performance.
The problem with the qualitative factors is the subjectivity. These factors can be weighted
against a 5-point likert’s scale to get the overall assessment. Some of the qualitative factors
are:
* Problem solving ability    * Technical capability * Progress reporting method
* Responsiveness         * Price responsibleness * Support to RSS initiatives
* Buyer / seller compatibility.

A typical supplier evaluation form with a hypothetical score for each criteria is given in
table2.2.

The score for each sub items can be given on a five-point scale and weightage given
for each major factor may be considered for determining the level of each factor. Based on
the total score, the performance of the supplier is determined.
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Table 2.2 Supplier Performance measurement scorecard:

2.6  SUPPLIER QUALITY MANAGEMENT

In late 80’s TQM become very popular. As a part of TQM initiatives supplier quality
management was evolved, because supplier quality management was considered as one
of the important critical success factors for successful implementation of TQM. Quality
was defined as fitness for use (Juran), conformance to specifications (Crosby), conformance
to requirements (Deming) and meeting the stated and implied needs of customers. Over a
period of time the definition of quality is changed and it is defined now as customer satisfaction
by exceeding the expectation of customer. Competition also creates new quality exceptions
on the part of users. From these various quality perspectives, we can define what we mean
by supplier quality, the ability to consistently meet or exceed current and future customer
expectations.

Sl.No Performance Criteria Weight Sub 
Weight 

Score 
on 5 

Tota

1. On-time delivery 20 20 4 16
2. Lead time performance 5 5 4 4 
3. Quality 25   17

 

A. Discrepancy rate 
B. Reliability 
C. Defects rate 
D. Customer complaints 
E. Warranty claims 

 

5 
5 
5 
5 
5 

3 
3 
3 
4 
4 

3 
3 
3 
4 
4 

4. Services 25   19

 

A. Responsiveness 
B. Compatibility 
C. Flexibility 
D. Knowledge (technical 
 capability) 
E. After sales service 

 

5 
5 
5 
5 
5 

4 
3 
4 
4 
4 

4 
3 
4 
4 
4 

5. Financial soundness 5  4 4.0
6. Cost 20   15.2

 

A. Cost reduction strategies 
B. Cost of quality 
C. Price trends 
D. Price reasonableness 
E. Supplier savings 

 

4 
4 
4 
4 
4 

4 
4 
3 
4 
4 

3.2
3.2
2.4
3.2
3.2

 
* 5 points scale 1 = poor, 2 = 
below average, 3 = avg, 4 = above 
avg, 5 = excellent 

100   71.2

 
** 3 = 3/5*5 = score on 5 point 
scale/5 weight 
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Within supply chains, purchasing means buying supplier capabilities. It is not only the
product but also systems and procedures that produces product should be viewed.
Companies should take active interest in the quality performance of suppliers. Supplier
quality is certainly going to impact the internal process quality. Most firms plan to achieve
continuous quality improvements in all aspects of their business. One way to do this is
through effective management of supplier quality. Some firms are willing to purchase entire
sub-assemblies from suppliers. In that case it is the supplier quality, which is going to
decide the final assembly quality of the product. The larger proportion of the final product
that suppliers provide, the greater the impact they have on overall product cost and quality.

Buyers play a key role in managing supplier quality. Over a period of time, the role of
a purchasing manager is changed dramatically. The first and foremost task of a purchasing
manager’s job is to clearly communicate the specifications and expectations. This will
make the supplier understand what customer wants. If specifications are vague, it will lead
to supply of poor quality product. The clear understanding of buyer expectations has two
dimensions. The first one is the ability of the buying company to specify its requirements
and the other is the buyer’s ability to communicate these expectations to the supplier. The
ability of a supplier to meet its requirements is partly a function of the buyer clearly
communicating the supplier about what the buyer expects.

For a successful supplier quality management, the buyer should be a good customer.
He/she should not interface the supplier during production process by giving too many
changes in the design and specifications. Buyer also should give reasonable lead-time;
treat supplier with respect and dignity and most importantly the buyer should make payments
within the reasonable period of time. Buyer should give periodic feedback about supplier
performance. Effective supplier feedback is timely and the feedback must be specific and
accurate. Many organizations send a corrective action request, a form that demands actions
to be taken by a supplier to ensure that a problem does not occur again. A good supplier
will treat these corrective action requests seriously. Buyers also required involving with
supplier on a daily basis. These actions will surely improve the supplier performance.

Right sizing the supply base is another aspect in supplier quality management. Most
companies reduce the number of suppliers. Reducing the size alone does not guarantee
good supplier base. Supply base should be optimized. This is the first step toward world-
class supplier quality. Measuring supplier performance periodically improves the supplier
quality. Measurement provides opportunities to the supplier to improve performance.
Through measurement system a buyer can communicate his/her requirements throughout
the supply chain. Establishing aggressive performance targets improve supplier rate of
improvement. Bench marking can be used as a tool to improve supplier performance
through aggressive targets. Offering performance related rewards to the supplier links the
supplier improvement. Supplier cost will also substantially reduce, if a proper reward system
is established. Suppliers can be rewarded by many ways. Sharing the benefits resulting



NOTES

31 ANNA UNIVERSITY CHENNAI

SUPPLY  CHAIN  MANAGEMENT

from supplier initiated improvements, awarding greater share of volume, provide access to
new technology, offer opportunity to involve right from the design stage, Awarding longer-
term purchase contracts, listing ‘Top 10’ and awarding best supplier of the year award and
publically recognizing the superior supplier are some of the ways with which suppliers can
be awarded. Buyer can certify the supplier through audits. Audit improves consistency in
quality. Certification indicates that a supplier’s processes and methods are in total control
and that incoming material, components usually do not require inspection upon receipt.
Purchasers usually rely on cross-functional teams and rigorous audits when performing
certification visits. Finally the buyer should take proper care in developing a good supplier.
Development activities represent a conscious effort to identify, integrate, and develop key
supply chain members. Once a firm fully renationalizes its supply base, improvements will
occur primarily through the development of existing supplier capabilities rather than larger
scale-supplier switching. Suppliers can be asked to register for ISO 9000 quality system
and or subject to the national/international quality awards. These actions will certainly
improve supplier quality management in a grand manner.

2.7  CREATING A WORLD –CLASS SUPPLY BASE

The primary objective of supplier management is the continuous development and
performance improvement of suppliers. Supplier management involves purchasing,
engineering, quality assurance, and suppliers working together to achieve better relationship
between buyer and seller. Unless companies are able to improve their supply base upto
world-class levels, they will be at the mercy of competitors who can take market share
with in short period of time. Therefore it is essential that companies must take effort in
improving their supply base to world-class level. Bringing up the level of suppliers to the
world-class level is possible through effective supplier development process. Let us discuss
in this section how organization manage, develop and improve the performance of suppliers
to the level of world-class.

2.7.1  Supply Base Optimization

In section 2.3 under types of strategic sources, we have introduced the concept of
optimizing the supply base. This strategy is utmost important in developing a world-class
supplier. The process of identifying the proper mix and number of suppliers to maintain is
known as the supply base optimization. Effective supplier management and development
begins with a determination of the correct number of suppliers an organization should
maintain. It involves eliminating suppliers who are not meeting the world-class requirements
either currently or in the near future. The trend in the market forced manufacturers to have
few vendors. Most purchasers have taken suitable steps to reduce the total number of
suppliers with whom they do business. Eliminating the un-qualified vendors from the list is
the first step in optimizing the supply base. Subsequent optimization requires the replacement
of qualified suppliers with the better performing suppliers. During the optimization phase,
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the buyer takes effort in developing the supplier to meet the world-class requirements.
Supply-base optimization should result in improvements in costs, quality, delivery and
information sharing between buyer and seller. Suppliers in an optimized supply base often
develop longer-term relationships with purchasers, which can lead to further joint
improvement efforts. Some of the benefits of doing business with world-class suppliers
include reduced defects, fewer delivery problems, visibility to leading edge technology,
opportunities to develop closer relationships with high performing suppliers, and a lower
total production cost.

Maintaining few suppliers may some times pose certain risk. Maintaining large supply
base may promote a healthy competition between suppliers, whereas a single or few supplier
sources is selected carefully and develop close working relationships, supply risk can
actually decrease. Maintaining fewer suppliers will lead to lower supply-Base maintenance
costs. If a single supplier receives large quantity order, lower production costs can be
attained due to economies of scale. Also, if we want to implement complex purchasing
strategies the small supply base is appropriate. Some purchasers fear that a small supply
base can become too dependent on a purchaser for its economic survival. Mutual
commitment between buyer and seller can solve this dependency problem. Supply disruption
is a potential risk when sourcing from a single supplier. This risk can be solved in carefully
selecting the supplier who is having multiple capabilities. Enough care should be taken on
optimizing the supply base. There are several approaches available for optimizing the supply
base. Pareto’s 80/20 rule can be applied in choosing the vital few suppliers. Improve or
Else’ is another approach in which suppliers are given a chance to remain in supply base.
Competency stair case approach provides opportunities to the existing suppliers to meet
buyer’s quality standards.

2.7.2  Supplier Development

Supplier development is a critical activity in creating world-class supply base. Supplier
development is any activity undertaken by a purchaser to improve a supplier’s performances
to meet the purchasers supply needs. Supplier assessment rewarding supplier for their
performance, creating healthy competition among suppliers, and making them involve in
buyer activities are activities performed to develop the supplier. Effective supplier
development requires the commitment of financial, capital and Human resources, skilled
personnel, information sharing between the purchaser and supplier and measurement of
supplier performance. The steps involved in supplier Development are discussed below:

Step1

Identify critical components for development: In this step the purchaser has to scan
all the components that are purchased form outside. If already a world-class supplier is
supplying certain components, they need not be considered again. Therefore the
components, which require world-class supplier list, has to be prepared before actually
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developing the supplier. A corporate level steering committee may be formed for this exercise.
They can investigate whether the commodity account for more than 50% of the turnover
value and whether the purchaser is willing to develop mutual trust with the supplier. After
answering to these questions, the committee can conduct assessment including personnel
from finance, marketing, technology, accounting, production and design. Using this process,
a company separates low opportunity goods from high opportunity. Finally identifies the
components for which supplier has to be developed.

Step 2

Identify critical suppliers for development: Identifying the supplier for development is
an important aspect. For the items identified in the previous step, the various suppliers who
are presently supplying these components must be listed for selection. The supply base
assessment identifies the suppliers within any product group requiring development. Parato’s
80/20 analysis can be used to select the vital few supplier performance based on their
facilities and suppliers are ranked from worst to best. The suppliers who meet the
requirements are selected for development.

Step 3

Form steering committee: The buying company must demonstrate its commitment by
forming executive steering committee to oversee the supplier development process. Team
members may come from all functions and not just from purchasing. Team members must
visit the supplier premises and assist the supplier company to attain the world-class quality.
Continuous monitoring through audits improves the supplier quality.

Step 4

Collaboration between steering committee and suppliers Top Management team:
Once steering committee is formed at the buyer’s premises, they interact with the top
management team of the supplier’s company. Team identifies the improvement opportunities
for improving quality. They use strategic alignment for improving quality. They use strategic
alignment, measurement and professionalism to institutionalize the practice at the supplier’s
premises. Collaborations between the steering committee and the supplier’s top management
team improves the relationship and trust between them, which will enable continuous
improvement throughout the supply chain.

Step 5

Identify Areas for improvements: Steering committee and top management team of
supplier company meet periodically and during discussions they identify the critical areas
for improvement companies adopting a strategic approach to supply base development
are able to identify a wide variety of areas for improvement.
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Step 6

Identification of critical success factors: Critical success factors that help in improving
the supplier’s quality are identified in the areas identified for improvement. Metrics are
developed to measure the critical success factors. In this stage two parties come together
and analyse for mutual benefits. The critical success factors may include percentage of
cost savings shared, percentage of quality improvements, percentage of delivery or cycle
time improvement, key performance targets, technology availability, or system
implementation targets. The most critical portion is that they contain visible milestones and
time horizons for improvement. Both the parties agree to achieve the milestones and are
responsible for the success of the quality improvement project.

Step 7

Monitoring the progress: Success of quality improvement project at the suppliers’ s
premises depends upon how it is monitored thought out its execution period. Communication
and information sharing should be effective and efficient for proper monitoring of the progress.
Based on the progress, modifications, if any is required are being carried out duly updating
the information.

The result of all these seven steps is a successful development of a supplier.

2.7.3  Barriers to Supplier Development

There are three categories of Barriers in supplier Development. They are: (i) Buyer
specific  (ii) Supplier specific and (iii) Interface Barriers. Let us discuss each one after the
other.

Buyer specific Barriers: The following are the Buyer specific Barriers:

• The order quantity of the buying firm does not justify development projects.
• No immediate benefit foreseen to the buying organization
• Un important product purchased does not justify development efforts
• Lack of Top Management commitment at the buying firm.

(ii) Supplier Specific Barriers: Supplier specific barriers are listed below:

• Lack of Top management commitment at the supplier’s firm.
• Lack of commitment in implementing the improvement efforts by the top management

team at supplier’s premises.
• Lack of resources at the supplier’s premises to support improvement efforts.
• Lack of information to implement improvement projects at suppliers premises
• Lack of consensus on the benefits accrued by the projects to the supplier.
• Lack of skilled personnel at the supplier’s premises to tackle improvement projects

(iii) Interface Barriers: The interface between buyer and supplier creates certain barriers
to implement improvement projects.
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• Some of them are listed below:
• Reluctance of suppliers in sharing vital information’s of the project
• Confidentiality  (Technology related) inhibits sharing information
• Lack of Trust between supplier and buyer
• Prevailing organizational culture at both supplier and buyer organization
• No encouragement and positive reinforcements between supplier and buyer.

2.7.4  Initial Supplier Selection

It is useful when selecting a supplier to have a checklist with which to evaluate the
supplier’s suitability. How much of the checklist is used and how thoroughly will depend of
the buyer’s own needs. However, even a brief review using this checklist may help raise
points that could otherwise be overlooked and become issues later. Data relating to the
following items may be collected in the form of questionnaire to ascertain the suitability of
the supplier. Scores can be obtained using Likert’s five points scale wherever required and
ranking of suppliers can be made after collecting data from the likely suppliers. Let us
discuss each factor one by one as follows.

Status of Supplier

• How many employees are there in the company?
• Where are your employees based?
• Are any of your employees critical?
• How wide spread is your office? (Head office, Local, National, Regional, Global)
• What is the nature of the office? (Sales, Development, Implementation, Support)
• Have you ever published white paper?
• What is your involvement in industries bodies?
• What is your involvement in public seminars?
• Who is your main competitor?
•  What is your position in your industry?
• To whom you have worked with before on similar projects?
• Could you explore work with other parts of your business?
• Give particular of your clients.
• Have you done any work for your competitors?
• Who are your partners and what is the quality and range of your formal partnership?

Delivery capability

• Please provide your technical capability.
• What support services you are having?
• What design creative do you have?
• Could you provide evidence of your good quality work?
• Do you have enough resources to execute the work?
• Would you able to deal with the unexpected?
• Do you have customer interface for account management, business consultant and

Technology consultant?
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Processes
• Do you have robust, repeatable, measurable, process for creating their deliverables?
• Are you formally certified (e.g ISO 9000)?
• Are project tracking & reporting procedures in place?
• Could you provide evidence of executing earlier projects?
• What methodology you follow in executing projects?
• What is the procedure you follow in project tracking and reporting progress?
• How do you take advantage of economies of scale across projects?
• How do you ensure reuse of technology component?
• What problems escalation procedures exist?
• How willing are you to invest in a long-term relationship?

Technical status

• Do you have the necessary technical infrastructure to develop the application?
• Can you test in an environment compatible to ours?
• Are the system management tools used in support industry standard?
• Do you use appropriate standard or proprietary tools?
• Will your output be supportable at reasonable cost?
• How productive are you?
• Is your documentation, clean enough for hand-over to other?
• Is your environment secure to the level required by the application and its content?

Supplier culture

• Could you provide details of your professionals/ domain experts?
• How well will you handle schedule upsets, changes to requirements?
• How honest are you about problems faced & overcome?
• Are you suitably discrete about your other clients?
• Do you feel comfortable with your client?
• Do you communicate openly and freely internally?
• Do you stand by your offerings?
• Are you happy to be technically / financially audited if necessary?
• Do you really understand why you want to do this project, from a business

perspective?
• Do you offer sensible & appropriate advice on potential solutions?
• Are you willing to work with other 3rd party development environments and ours?
• How innovative you are? Provide evidence.

Financial / Commercial

• Financial soundness of the supplier
• When does the establishment started?
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•  Who is the owner of the company?
• What is the position of cash flow?
• Could you accept payment at the end of the project?
• Is there a clear agreement about the ownership of any deliverables?
• Is an appropriate security agreement in place to protect buyer and supplier’s

interests?
• What is the variation in your pricing strategy?
• Is there trade off fixed price against time & materials?
• Do you fix price considering the balance between cost, time & quality?
• Can you supply with in the delivery date?

Support

• What will be ours role in extending help?
• Will the solution be created in a way that permits others to support it?
• What is annual fixed coasts?
• What is the cost per call or per hour?
• What is your working hours?
• What are your holidays?
•  How long will you take to respond our quarry?
• Do you have call management?
• Are the price escalation procedures clear?

Note: Questions may be framed for the above mentioned seven factors and data
collected from the potential suppliers. The data can be analyzed and the summary table as
given in table 2.1 may be prepared. Based on the final score the supplier may be selected.

Table 2.1 Supplier evaluations.

Sl. No Description Comment Score(1-10) Pass Y/N 
1. 
2. 
3. 
4. 
5. 
6. 
7. 

Supplier status 
Delivery capability 
Processes 
Technical status 
Supplier culture 
Financial / Commercial 
Support 

   

Total:   
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2.8  WORLD WIDE SOURCING

As world market becomes highly competitive, purchasers must identify suppliers who
are capable of providing world-class performance at the lowest total cost. Purchasing
strategies followed in domestic market may not be suitable to worldwide sourcing.
Worldwide sourcing requires a new set of competencies and skill with in the logistics
management function. International buying is an extension of domestic buying crossing the
border of the country. Internet sourcing ie., world wide sourcing is different from international
buying. In international buying increased rules and regulations, currency fluctuations, customs
requirements, language and time diffetences are predominant. Whereas in global sourcing,
integration and co-ordination across worldwide business units are the requirements and
that differs from international buying. Shortage of basic materials and technical expertise
inland forces companies to explore world wide to identify the potential suppliers. When
we go globally, we can identify the quality and cost leaders worldwide. While every company
will have its own reasons for global sourcing, the four most important reasons are (1) cost/
price benefits (2) Superior quality (3) Sophisticated technology and (4) To have access on
the only available source. Worldwide sourcing makes domestic competitors to become
world class while exporting goods; there may be compulsion to buy some parts from the
purchaser country (Foreign country). To satisfy such counter trade requirements, we may
resort to worldwide sourcing.

2.8.1  World wide sourcing process

International sourcing approach differs from company to company. These section
discuses critical elements in world wide sourcing strategy. First step in the strategy requires
identifying the global opportunity for sourcing. The step-by-step procedure to be followed
in global sourcing is discussed below:

Step 1

Identify items that qualify for worldwide sourcing: Companies should select items for
foreign purchase considering the cost benefit, quality excellence, superior technology,
customer responsiveness and product features. Items available from multiple sources are
good candidates for selection. The volume should justify to go for global sourcing. Items
with high product life cycle are also considered for global sourcing.

Step 2

Gather information about global sourcing: After identifying items to source world wide,
a company must gather and evaluate information about potential suppliers. Internet plays a
very important role for gathering information about the potential suppliers. Trade centres
conduct exhibitions. These become important source for identifying potential source. Trading
companies can be approached for assistance. Most of these companies have a long history
of trade and have the expertise to provide sufficient support throughout the world.
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International trade experts also can be utilized for getting information about the potential
suppliers. Other potential sources include yellow pages for a country, trade journals and
sale catalogs.

Step 3

Supplier source Evaluation: Evaluation is key in locating correct supplier globally. Enough
care should be taken in evaluating the identified potential suppliers for awarding contract.
The foreign suppliers should be subjected to the same standard of evaluation as applicable
to domestic suppliers. The aspects like stability of price, inventory holdings, technical and
quality capabilities, ability to assist in new designs, quality system established in the company,
lead time requirements, extend of relationship that could be established with the company,
trust worthiness of the supplier and impact of foreign relation with the domestic suppliers
have to be examined and evaluated for selecting the supplier.

Step 4

Awarding the contract: After identifying the qualified supplier globally, the purchaser can
obtain the details from the supplier. In case if the foreign source is not competitive, the
domestic supplier can be selected alternatively. If foreign supplier is proved to be competitive,
then the buyer can establish contact with the foreign supplier and obtain details regarding
terms and conditions. After negotiating with the supplier, a formal purchase order detailing
the contract can be issued to the supplier. Once order is issued, the supplier can be subjected
to performance for continuous improvement.

Chapter Summary

Chapter  - 2 introduces insourcing / outsourcing. Globalization paved the way for outsourcing
globally. There are benefits and some drawbacks in out sourcing. Among the beneficiaries,
India enjoys prime position in getting outsourcing orders. Methodology followed in
outsourcing has been discussed in detail. There after different purchasing strategies were
discussed. Strategies like optimizing the supply base, supplier quality, Global sourcing,
long-term relationships, supplier involvement and cost consciousness were discussed briefly.
Then, the supplier evaluation, selection and measurement were discussed in detail. Evaluating
the initial supplier and performance measurement of existing suppliers were also discussed
in details. Then, the procedure involved in managing supplier quantity was discussed. The
need for creating a    world-class supply base was taken up next and discussed. In the
same section, how organizations mange, develop and improve the performance of the
suppliers were discussed. The key to develop suppliers for world-class quality was discussed
through a seven-step procedure. Barriers in developing suppliers were also categorized
and given in this section. Finally worldwide sourcing and the procedure involved in it were
discussed.
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Review questions

1. What do you mean by core competence?
2. What is insourcing?
3. What is outsourcing?
4. Explain outsourcing procedure.
5. Why should we go for outsourcing?
6. What is supply base optimization?
7. What is global sourcing?
8. Why long-term relationship is required in purchasing strategy development?
9. How will you involve suppliers in purchasing strategy development?
10. Why most organizations develop suppliers? Is suppliers development a long-term

trend or st a fad? Explain
11. Explain the procedure involved in developing strategy for purchasing.
12. Discuss different types of strategies for purchasing.
13. Discuss the possible ways that purchasing becomes aware of the need to evaluate

and select a supplier.
14. Discuss why purchasers should measure supplier performance on a continuous

basis.
15. Explain how will you evaluate and select supplier?
16. Write an essay about supplier quality Management
17. Why is it critical to have a smaller supply base before committing to a supplier

management and development programme?
18. What are the most important reasons for pursuing the world wide sourcing today?
19. .Explain the procedure in selecting supplier worldwide.
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UNIT  III

SUPPLY CHAIN NETWORK
LEARNING OBJECTIVES

After completing this chapter you will be able to:

• Understand the meaning of distribution network design
• Appreciate role and factors influence network design
• Identify the options available for network distribution
• Understand the meaning and importance of value addition
• Discuss the various models for facility location and its capacity
• Understand the impact of uncertainty on network design
• Identify the network decisions using decision trees
• Develop distribution center location and supply chain network optimization models.

3.1  INTRODUCTION

In the last chapter we have seen the various strategic decisions available for sourcing.
Once sources are identified, the optimum distribution design linking various sources minimizes
the production and distribution cost in the supply chain. Various approaches and options
available for designing distributor location center and other issues concerning network
design are taken up in this chapter.

3.2  DISTRIBUTION NETWORK DESIGN

Network design decisions are most important supply chain decisions. When designing
supply chain network, we need to consider the various facilities available, transportation
options available, inventory portion, and information methods are in use. In this chapter we
are going to discuss the design aspect and other important decisions relating to distribution
design network. Distribution means moving raw material from supplier end to manufacturing
end to customer hand. Various distribution options are available in moving materials. Since
the cost of transporting materials accounts major share in the item cost, distribution has to
be planned efficiently and at the same time responsiveness also should be ensured.
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3.3  THE ROLE OF DISTRIBUTION IN THE SUPPLY CHAIN

Without distribution there is no supply chain. It occurs at every stage of the supply
chain. The cost of supply chain and customer satisfaction depends on the efficiency of the
distribution in the supply chain. Distribution accounts more than 20 percent of the cost of
manufacturing. Companies, which followed effective distribution system, succeeded in
achieving world-class competitiveness. Distribution should provide higher level of customer
responsiveness at a reasonable cost. Companies can directly deal with the customer or
can contact through retailers. When they contact directly the customer, the products may
move faster. On the other hand distributors who are intermediaries play a much more
significant role in distributing the consumer goods. In India, distributors play a major role in
distributing consumer goods. So, it is to be justified whether direct selling is profitable
through distribution. A poor distribution network can hamper the level of service that customer
receive while increasing the cost. An inappropriate network in distribution can affect the
profitability negatively. So, it is important to design the distribution network appropriate to
the business. Let us discuss the factors, which are influencing the distribution in the next
section.

3.4  FACTORS AFFECTING THE DISTRIBUTION NETWORK

The performance of the distribution network can be measured by the level of customer
service provided and the associated cost of maintaining distribution network. According to
Sunil Chopra (2003), the factors responsible for customer services are: Response time,
Product variety, product availability, Customer experience, Order visibility and Returnability.

Response time is the time elapsed between order placement and receipt of the same.
Customer expert lower response time to become satisfied. Product availability is the ability
of the firm to meet customer requirements as and when demand arises. Higher inventory
improves the availability but increases the inventory cost. Customer experience leads the
customer satisfaction. Good experience leads better satisfaction, whereas bad experience
in dealing with retailer / distributors in getting products leading to unsatisfaction. So
distributors should ensure good customer experience in getting their products / service.
Order visibility is nothing but transparency in dealing with the transactions. Finally the
returnability is the ease with which a customer can return unsatisfactory products and the
network should be sufficiently geared to handle such cases effectively. Maintaining higher
level in one of the dimensions may lead to reduction in the other dimension level. However
customer always wants higher level in all these parameters. So there must be a trade off in
designing distribution network and provide customer service at the highest level.

Distribution network is also affected by the level of inventories available, method of
transportation, facilities available along with the material handling system and the system of
communication in the distribution network. We can see that when we try to increase the
number of facilities, the inventory also will increase. A distribution network with many
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warehouses allows reduction in transportation cost relative to a network with a single
warehouse. Total supply chain costs are the sum of inventory, transportation, and facility
costs. To reduce the total cost, the cost of maintaining facilities should be minimized. So, in
order to maintain good customer service at minimum cost is the objective to designing
distribution network.

3.5  DESIGN OPTIONS FOR A DISTRIBUTION NETWORK

We have seen that the distribution is the movement of materials from supplier end to
manufacturing end and also from manufacturing end to customer end. Under this context,
let us try to understand the various options available for us to design efficient distribution
network system. We should decide whether we would deliver the product be delivered
through a distributor. Based on the above discussions we can have the following distribution
choices:

(i) Supply directly to the customer
(ii) Distribution through in transit to the customer
(iii) Supply through a distributor with a carrier delivery
(iv) Home delivery through a distributor
(v) Customer pick up points

Let us discuss briefly each of the above options in the succeeding paragraphs.

3.5.1  Supply directly to the customer

In this option, there is a direct contact between the manufacturer and the customer.
Recently on line supplier are also uses this option for delivery. Since there is no intermediate
storage, material is directly delivered to the customer with less inventory cost. Generally
slow moving items are shipped directly to the customers. A simple network using this
option is shown in figure 3.1.

Figure 3.1  Supply directly to customer.

If retailer is available between the manufacturer and the customer, they carry no
inventory but transmit the information between the manufacturer and the customer. In this

 

          Manufacturer 

  

 

 

       
 

                 End Customer 
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option less inventory is required to be maintained at the manufacturer end. Information
regarding customer requirements can be collected from the retailer and aggregated. This
option uses the centralization approach in realizing the customer demand. Supply chain
cost can be minimized since there is no warehouse cost involved. Handling costs are also
minimized. Information in fracture has to be simplified to achieve the full benefits under this
option. Manufacturer storage allows a high level of product variety to be made available to
the customer. Every product at the manufacturer can be made available to the customer
without any limits. This method provides a good customer experience in the form of delivery
to the customer location. Order visibility is also achieved in this type of supply chain. It
may be difficult to handle supply returns. Handling of returns may be expensive since each
order may involve movement form more than one manufacturer. So it is essential to simplify
the procedure in handling customer complaints.

3.5.2  Distribution through in transit to the customer

Distribution through an intermediate system to the customers is another type of network.
In this system an intermediate agency is developed. Customer requirements are collected
by the retailers and communicated to the manufacturers. Deliveries in the transit place
customers get a single delivery from the transit after merging their requirements. Mostly
computer related components or computers themselves are purchased through this system.
A customer’s requirements may be met from different manufactures and merged/ assembled
at the merger hut and then supplied to the customer A typical Net work is shown in figure
3.2

Figure 3.2  Distribution Through In transit System

In most cases, transportation costs will be lower, because of the merger that takes
place at the merger hut prior to delivery to the customer. The agency that involved in
merging has higher facility costs. Receiving costs at the customers end will be lesser because
a single delivery is done. For establishing information system, this system requires a very
sophisticated communication system. Co-ordination among retailers, manufactures and
customers is also required at the higher level. Repose time, product variety and product
availability are at optimum in this system. Customer experience is likely to be better than
other systems. Since merger is taking place between the supply, order visibility is very

Manufacture 

In transit 

Customer  
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important requirements. Initial setup may be difficult because it requires integration of
manufacturer, carrier, and retailer. Tracking itself becomes easier given the merge that
occurs at the carrier point Tracking up to merger may be difficult but it is relatively simpler
after the transit point since delivery is single. And also handling returnable will be relatively
difficult due to supply from different manufactures. One main advantage of the in transit
over the direct supply is the lower transportation cost and improved customer experience.
This is best suited low to medium demand. If there are too many manufactures, in transit
may be difficult to co-ordinate and implement.

3.5.3  Supply through a distributor with a carrier delivery.

Distributors play a key role in the supply chain network. They consolidate the
customer’s requirements and arrange for delivery. They collect finished goods from the
manufactures and stores in their place. The level of inventory at Distributors point is significant
because it is the place where in various manufactures products are stored. These distributors
are different from transit mergers. Package carriers are used for transporting to the customers.
Transportation costs will be somewhat lower for distributor network system because
economic mode of transportation can be employed for shipping materials from raw materials
storage to the warehouse, which is closer to the customer. Facility costs will be somewhat
higher in this system because of a loss of aggregation. Processing and handling costs will
also be somewhat higher in distributor network. From a facility cost angle, distributor
network is not appropriate for very low-moving items. Information processing cost is
competitively less in this system of distribution. Customer service will be better. Product
visibility is moderate in the distributor network. Response time is also better in this system.
It is suited for medium to fast moving items. A typical network is given in fig 3.3

Figure 3.3  Supply through Distributor

3.5.4  Home delivery through a distributor

In this option products are delivered to the customer at his / her home. In our day-to-
day life, we buy groceries either from a super market or send a list to the retailer for home
delivery. Supermarket requires customer’s presence where as in the later case, the retailer
arranges supply at the doorsteps. This kind of delivering products at the doorsteps through

          Manufacturer 

Distributor 

Customer 
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the distributors / retailers have several advantages over the other distribution networks.
The retailers arrange more number of warehouses closer to the customer place for easy
delivery and also to reduce the transport action costs. A typical distribution using home
delivery is shown in fig 3.4.

Fig 3.4  Home delivery network

Home delivery for water and large amount of rice has proved quiet successful in
china. Facility and processing costs are very high in home delivery. Response time will be
faster than the use of carriers. Product variety will generally be lower than distributor
network systems. Since the material is supplied at the doorsteps, customer experience is
good in home delivery network. Order visibility and tracking are comparatively difficult
and complex. Returns also will be expensive in this type of network. More laborers are
required to be used for home delivery and hence the cost of the network will also increase.
Order size and discount systems can be operated to reduce the cost.

3.5.5  Customer picks up points

In this approach, products are stored at the manufacturer or distributor / retailer
warehouse. Customers can place their orders either online or over phone. They will be
intimated about the delivery status and the customers are required to go to the pick up
point and collect the material. Pick up points are designed and located several in numbers
closer to the targeted customers. A typical network using pickup point is given in fig 3.5.

Figure 3.5  Pick up points network
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Customer requirements must reach the manufacturer through effective communication
systems. Inventory costs will be very low in this approach. Transportation costs is also
lesser when comparing to other networks. Trucks utilized for delivering other stores can
be utilized for online orders also. Facility costs will be somewhat higher in this case due to
establishment of new pick up points. Processing costs will be comparable with the other
networks. Increased processing costs are considered as one of the hurdles for successful
operation of this network. High level of co-ordination is also required between the
manufacturers, pick up points and customer. Comparatively good response time can be
achieved in this case. Customer experience can be somewhat lesser in this case and due to
this there may be a loss in customers due to the pick up option in this system. Order must
be highly visible for a customer to pick up. Returns must be handled effectively at the pick
up point to avoid frustration among customers. Since customers can easily bring and return
to pick up points, they may not find it difficulty in returning goods, but there must be a
system for handling them properly. The main advantage of pickup points is that it can lower
the delivery cost. Pick up points must be designed to allow the customer to do the pick up
of his/her specific order.

3.6  THE VALUE ADDITION IN THE SUPPLY CHAIN

Distributors in the supply chain play an important role. The presence of distributors in
the supply chain is inevitable in Indian context even though e-business and web-based
business tries to replace distributors in the supply chain. Country like India deal with small
lots of \essential items need to have distributors for storing the bulk quantity and distribution
to retailers of small lots which the retailers can hold in their premises. Presence of distributors
thus improves the performance of the supply chain. The variety of items from different
manufacturers have to be stored in a central place and from where goods are distributed to
the retailers / customers. Distributors no doubt add value to a supply chain between
manufacturer and customers. Following are some of the value additions due to the presence
of distributors in the supply chain.

• Reduction in cost of transporting material from supplier to manufacturer.
• Reduction in cost of moving finished goods from manufacturer to customer
• Reduction in inventory cost due to aggregation of requirements.
• Better planning of production by manufacturers due to stable order.
• Distribution can ensure better response time due to closer to customer
• Customer can get product from several manufacturers.

3.7   MODEL FOR FACILITY LOCATION AND CAPACITY ALLOCATION

Supply chain network is influenced by inventory strategy, transport strategy and
location strategy. Transportation and location are highly correlated. When there is a reduction
in material weight, it may be better to locate facilities closer to the supply source. Location
decision involves determination of number of facilities, location and size of the facilities
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used. The facilities in a supply chain network must be equal to the number that minimizes
total logistics costs. Economic factor dominant in locating facilities at the same time locating
single facilities is different from locating multifacility. Maximizing profitability and improving
responsiveness are the goals of a manager in locating facilities. Locating facilities and thereafter
allocating capacity to each facility is the job of a manager. Location decision uses the
following information’s:

• Location of supply sources and markets
• Identification of potential sites
• Demand forecast for each product
• Facility, labour, and material costs by site
• Transportation costs and its implication
• Selling price of each commodity at each site
• Taxes and tariffs as product is moved between locations
• Expected response time and other service factors

Given this information, either gravity (single facility) or network optimization models
(multifacility location problems) may be used to design the network. Let us first take up
single facility problems.

3.7.1  Gravity Location Problem

Single facility location model uses center of gravity as approach in locating a single
plant, terminal, warehouse, or retailer service points. The approach is simple, since
transportation cost between the source and the material is only considered as location
factor. Here the material is moved from a source point to a demand point. The model is
based on minimizing the total cost of transportation that is.

Min TC = “ Qi Ci di where;
        Qi  = Quantity of material shipped per unit period

Ci  = Cost of transporting a unit per unit distance
di  =  Distance between source point and demand point

Tc = Total transportation cost.

Further we define a weightage (Wi), which is nothing, but a weight associated with
the source facility i. This is the product of quantum of materials (Qi) moved and the cost
per unit distance between the demand point (new facility) and the supply source i per unit
period. The distance (di) between the source and the demand point is considered as squared
Euclidean and is given by: (x-a

i
)2 + (y-b

i
)2, where:

x = x .co-ordinate of  demand point (new facility)
y = y .co- ordinate of  demand point (new facility)
a

i 
= X . co-ordinate of source point

b
 i 
= Y. co-ordinate of source points
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Therefore the sum of weighted squared Euclidean distance is given as:

                                  m

F(x,y) =     ∑ w
i
 [ ( x – a

i
)2 + ( y - b

i
)2 ]

                                  i =1

To minimize f(x,y), equate partial derivatives to zero as given below:

äf (x,y)  = 0 and  äf (x,y)  = 0

     äx                           äy

On solving the above equations we get

                            n                                                               n

          

∑

 w
i
 a

i                                
    

∑

 w
i
 b

i

                           i =1                                                            i =1
   x* =                        

     n                 ….(3.1)                 y* =                  n                           ….(3.2)

                           ∑w
i
                                                        ∑ w

i

                           i =1                                                               i =1

Next, we discuss a typical scenario where gravity models can be used.

Consider, for example, a manufacturer manufactures high quality home appliances.
The company has one assembly factory located near ‘A’ from which it has supplied the
entire Tamil Nadu. Demand has grown rapidly and the company has decided to set up
another factory to serve its nearby states. The supply chain manager is asked to find a
suitable location for the new factory. Three plants located in P, Q and R will supply parts to
the new factory, which will serve markets in B, C, D and E. The co-ordinate location, the
demand in each market, the required supply from each plant, and the transportation cost
from each source or market are given in table 3.1.

Gravity model assume both the market and the supply source can be located as grid
points on a plane. All distance are assumed to be squared Euclidean. These models also
assume that the transportation cost is linearly related to the quantity shipped. We discuss a
gravity model for locating a single facility that receives raw materials from supply sources
and ship finished products to markets. The basic input to the model are as follows:



DBA 1730

NOTES

50 ANNA UNIVERSITY CHENNAI

a
i,
 b

i 
: Co-ordinate location of either a market or supply source

C
i  
: Cost of shipping one unit for unit distance between the facility and either market or

supply
        source.
Q

i   
: Quantity to be shipped between facility and market or supply source.

   w
i 
=

 
Q

i
 x C

i

If (x,y) is the location selected for the facility, the distance d
i
 between the facility at location

(x,y) and the supply source or market is given by:

d
i 
 = bi)2 -y  (  ai)2 x  ( +

The total transportation cost (TC) is given by:

                     n

TC  =  ∑ w
i
 d

i

                           i =1

Table 3.1  Locations of supply sources and markets for home appliances

The optimal location is one that minimizes the total transportation cost. The optimal
solution is obtained using the equations (3.1) and (3.2). w

i
 is the weightage factor which

should be computed before using these formulas. W
i
 for each source and market is given

below:
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Substituting values in eqn. (3.1) we get X* ie X-co ordinate for the new facility.

x*  = 382.5 X 7 + 225 X 3 + 480 X 2 + 250 X 6 + 187.5 X 10 + 281.25 X 8 + 225 X 9 
 

                           382.5 + 225 + 480 + 250 + 187.5 + 281.25 + 225  

x*  = 3677.5 + 675 + 960 + 1500 + 1875 + 2250 + 2025 
 

                                           2031.25 
  = 5.89

The y Co-ordinate for the new facility is obtained by substituting w
i
 and b

i 
in eqn

(3.2) : Thus, we have

     = 8.06

The optimum solution obtained are (x,y) = (5.89,8.06). The manager thus identifies
the co-ordinate 5.89 and 8.06 as the location of the factory that minimizes total cost TC.
It is noted here that the precise co-ordinates provided by the gravity model may not
correspond to  a feasible location. The manager should look for desirable sites close to the
optimal co-ordinates that have the required infrastructure as well as the appropriated labour
force available.

3.7.2  Limitations of single facility location models

Any models will exhibit some shortcomings, when applied to real problems. It does
not mean that the model is not useful. Let us try to understand some of the limitations of
single facility location models.

• Transportation cost is calculated for a single point instead of to individual demand
points.

• Single facility location models typically find a location based on variable costs. ie
Fixed costs of establishing centres are not considered.

 

y* = 382.5 X 12 + 225 X 6 + 480 X 8 + 250 X 5 + 187.5 X 12 + 281.25 X 3 + 225 X 10
 

                                                           2031.25 

     = 4590 + 1350 + 3840 + 1250 + 2250 + 843.75 + 2250 
 

                                           2031.25 
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• Total transportation costs usually are assumed to increase proportionately with
distance, however most transport costs per unit are composed of fixed component
that varies with the distance.

• Straight-line routes are commonly assumed between the facility and other Network
prints. This is not true always, since travel is over defined road network, rail system,
or through a rectilinear city Location network.

3.7.3  Multi facility Location Models

When we want to locate more than one facility, the problem become complex. It is
quite common that any logistics will have more than one facility, to be located. Such problems
are called multi-facility location problems. A number of location methods have been developed
that help in solving multi-facility location problems. Mathematical programming models are
employed to get optimum solutions. But they result in long computer running times, huge
memory requirements, and a compromised problem definition when applied to practical
problems. Multiple-centre of gravity approach can also be used to solve multi-location
problems. In this method centre of gravity is found for several clusters. Although this method
is optimal if all the ways of assigning points to clusters are evaluated, it becomes
computationally impractical for realistic-size problems. Mixed integer linear programming
is yet another method to solve the multi-facility location problems. Goal programming, tree
search methods and dynamic programming techniques are also used for solving this difficult
problem optimally. The most promising among these techniques is mixed integer linear
programming approach. In this method, fixed cost is dealt with optimally. Researchers
who have applied the integer programming approach have explained solving warehouse
location problem as detailed below:

There are several plants, which manufacture products with known production
capacities. Customer demand is also known for each product at each of the number of
customer zones. Warehouses are used to store and transmit to the needy customers. The
warehouse costs are given as fixed costs plus linear variable costs. Transportation costs
are considered as linear. Thus, the problem is to determine the location of warehouses and
the pattern of transportation flows at minimum distribution cost, subject to plant capacity
and warehouse size. The problem can be solved using general integer linear programming
computer software packages. These optimization models are often difficult to understand
and require technical skills that many managers do not possess. Therefore, researchers
recommended to use simulation techniques to solve multifacility location problems. It is a
mathematical representation of a logistics system by algebraic and logic statements that
can be manipulated with the aid of a computer. Through simulation technique we can get
either optimal or near optimal solution to the problems.
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3.7.4  Regional Location Model

In the supply chain network, location facilities assume greater importance. To locate
facilities in the selected sites, optimization models can be used. Before we consider potential
sites, at macro level, regions can be first located. Let us discuss how to select a region
using a least cost approach with an example. The production, transportation and inventory
costs, capacities and demands for five regions are given in table 3.2.

Table 3.2  Costs and demand data for regions.

The above problem can be formulated as integer program and solved using a computer
software. However for getting an idea about the initial solution Least cost method is used
to solve the problem manually. Here the rate of fixed cost is computed for each region
using the following formula and the result is given in table 3.3:

Table 3.3  Fixed cost rate

These rates can be included into the production and transportation cost and the cost
matrix is prepared. The resulting matrix is given in table 3.4.
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Table 3.4  Cost and demand data (modified)

By following the least cost method allocation is made in table 3.3. In this method least
cost of production, inventory, transportation and fixed cost rate between supply source
and the demand point is identified and allotment to that least cost cell is made by checking
the demand and supply position. For example, by scanning all the costs in the matrix, it is
seen that the cost value of 45-71 is found to be least, which is a eastern region. The
demand of eastern region is 2000 and the capacity of eastern region is also 2000, therefore
allotment of 2000 is made in that cell Following the same procedure other allotments are
made and the final allotment is given in table 3.5.

Table 3.5  Final Allotments

Based on the above analysis it is seen that except southwestern region, all other
regions qualified to supply to their respective regions demands. However the demand of
southwestern region can be met from southern region. Total cost involved is minimized to
447338. It is to be noted that the solution obtained is only approximate and it can be

Demand Region Supply 
Region North South West East South 

West 

Capacity 

Northern 68.6 
1500 

70.6 88.6 108.6 103.6 3000 

Southern 87.1 62.1 
1000 

82.1 77.1 75.1 
700 

2000 

Western 78.86 83.86 76.86 
1800 

88.86 86.86 3000 

Eastern 85.71 90.71 70.71 45.71 
2000 

69.71 2000 

South 
western 

106.43 96.43 86.43 96.43 74.43 2000 

Demand 1500 1000 1800 2000 700 1000 
 

Supply region Demand region Unit Cost Qty Cost 
Northern Northern 68.60 1500 102900 
Southern Southern 62.1 1000 62100 
Southern South western 75.1 700 52570 
Western Western 76.86 1800 138348 
Eastern Eastern 45.71 2000 91420 

  Total 7000 447338 
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optimized using MODI method. A MODI method is explained in the section 3.6.6 same
procedure can be applied here to get the optimal solution.

3.7.5   Location using integer programming method: The optimization of
            network requires the following inputs:

n = Number of potential plant locations (Regions)

m = Number of demand points (Regions)

D
j
 = Annual demand from demand point j

K
i
 = Potential capacity of plant i

f
i
 = Annual fixed cost of plant i open

C
ij
 = Cost of producing and transporting one unit from plant i to demand point j (Cost

includes

         production, inventory, transportation and Taxes)

The objective is to minimize the total cost of supply chain. Let us define the decision
variables:

y
i
 = 1 if plant i is open, 0 otherwise.

x
ij
 = Quantity moved from plant i to demand point j.

The problem is then formulated as the following integer program:

                        n            n    m

Tc min = Min  ∑ f
i
 y

i
  + ∑   ∑ c

ij  
x

ij

                      i=1         i=1  j=1

Subject to            n

                           ∑ x
ij 
 = D

j
 for j = 1,2,…m (3.3)

                          i=1

                            m

                           ∑  x
ij 
 d” k

i
 y

i
 for i = 1,2,…n (3.4)

                           j=1

                            y
i
  ∈ {0,1} for i  = 1,2,….n (3.5)

The objective function minimizes the total cost (fixed & variable) of operating the
network. The constraint in equation (3.3) shows that the demand at each regional (demand)
be satisfied. The constraint in equation (3.4) shows that no plant can supply more than its
capacity. The product k

i
 y

i
, ensure this aspect. The constraint in equation (3.5) enforce

that each plant is either open (y
1
=1) or closed (y

i
=0). The solution will identify the plants

that are to be kept open, their capacity, and the allocation of regional demand to these
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plants. The problem can be solved either using a computer or using excel solver (for
details, please refer, Sunil Chopra, 2003).

3.7.6  Demand allocation to facilities

In the pervious sections we have seen how to select regions for locating facilities using
manual and integer programming methods. Once a region is selected, we can locate plants
according to the demand in that region. There can be demand from various points and to
meet and allocate those demands we must locate plants economically. For this also we can
use integer programming. In this section let us discuss how demand is allocated to various
sources using Vogel’s approximation method.

Let us consider five plants which are manufacturing a product and they have the
demand in five cities. The plant capacities, market demand, variable production and
transportation cost per unit shipped are given in table 3.6.

Table 3.6  Capacity, Demand, and Cost data for plants and cities

It can be seen from the table 3.6 that there are five plants and five demand points.
Total demand and capacity are same, which is equal to 10400 units. Now let us allocate
the demand to each plant based on their capacities and other cost data. Vogel’s approximation
is used to solve this problem. In VAM method penalty cost method is used. First, every
row is examined and least cost cell is selected. Then the penalty cost for not allotting this
least cost cell is computed from subtracting this value from the next best cells cost. Same
way all the remaining rows are examined and penalty costs are calculated. The same
procedure is repeated for column. Finally select the biggest penalty cost from among the
penalty costs computed. To avoid that penalty cost, select the cell associated with that
biggest penalty cost and allot the cell a quantity comparing the demand and capacity. After
allotment repeat the computation of penalty cost for the remaining rows and columns. The
computations are given in tables 3.7 through 3.13.

Demand City (Production and Transportation 
cost per unit) 

Plants 

City 1 City 2 City 3 City 4 City 5 

Capacity 

Plant 1 18 8 10 11 24 1800 

Plant 2 15 19 12 6 12 2800 

Plant 3 20 20 15 10 8 1200 

Plant 4 10 12 6 8 22 2200 

Plant 5 12 16 7 5 18 2400 

Demand 1800 1200 2400 2000 3000 10400 
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Table 3.7  Iteration –1

    Table 3.8  Iteration  2

Plants City 1 City 2 City 3 City 4 City 5 Supply Row Penalty
Plant 1 18 8 10 11 24 1800 10 – 8 = 2 
Plant 2 15 19 12 6 12 2800 12 – 12 = 0 
Plant 3 20 20 15 10 8 

1200 
1200 10 – 8 = 2 

Plant 4 10 12 6 8 22 2200 8 – 6 = 2 
Plant 5 12 16 7 5 18 2400 7 – 5 = 2 

Demand 1800 1200 2400 2000 3000 10400  
 

Column 12-10 12-8 7-6 6-5 12-8 

Penalty 2 4 1 1 4 

                  Maximum penalty column 

Plants City 1 City 2 City 3 City 4 City 5 Supply Row Penalty
Plant 1 18 8 10 11 24 1800 10 – 8 = 2 
Plant 2 15 19 12 6 12 

1800 
2800 12 – 12 = 0 

Plant 4 10 12 6 8 22 2200 8 – 6 = 2 
Plant 5 12 16 7 5 18 2400 7 – 5 = 2 

Demand 1800 1200 2400 2000 3000 10400  
 

 Max. Penal

 

Table 3.9  Iteration – 3

Column 12-10 12-8 7-6 6-5 18-12 

Penalty 2 4 1 1 6 

                                                                                                                                                          Max. Penalty  
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Table 3.10  Iteration – 4

Table 3.11  Iteration – 5

Plants City 1 City 2 City 3 City 4 Supply Row Pena
Plant 1 18 8 

1200 
10 11 1800 10 – 8 = 2

Plant 4 10 12 6 8 2200 8 – 6 = 2
Plant 5 12 16 7 5 2400 7 – 5 = 2

Demand 1800 1200 2400 1000 6400  
 

Plants City 1 City 3 City 4 Supply Row Penalty 
Plant 1 18 10 11 600 11 – 10 = 1 
Plant 4 10 6 8 2200 8 – 6 = 2 
Plant 5 12 7 5 

1000 
2400 7 – 5 = 2 

Demand 1800 2400 1000 5200  
 

Column 12-10 7-6 8-5 

 Penalty 2 1 3 

                                                                                                 Max. Penalty 

Column 12-10 12-8 7-6 6-5 

 Penalty 2 4 1 1 

 

Column 12-10 12-8 7-6 8-5 

 Penalty 2 4 1 3 

Max. Penalty 
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Table 3.12  Iteration – 6

    Table 3.13 Iteration – 7 Table 3.14 Iteration – 8

The final allotments of five cities demands to the plants are given in table 3.15.

Table 3.15  Allotments

Plants City 
1 

City 
3 

Supply Row 
Penalty 

 Plants City 
1 

City 
3 

Supply 

Plant 4 10 6 2200 10 – 6 
= 4 

 Plant 4 10 
1800 

6 
400 

2200 

Plant 5 12 7 
1400 

1400 12 – 7 
= 5 

Max. 
Penalty 

Demand 1800 400 2200 

Demand 1800 1800 3600       
 

Column 12-10 7-6 

 Penalty 2 1 

 

From To Quantity Rate Cost(Rs) 
Plant 1 City 2 1200 8 9600 
Plant 1 City 3 600 10 6000 
Plant 2 City 5 1800 12 21600 
Plant 2 City 4 1000 6 6000 
Plant 3 City 5 1200 8 9600 
Plant 4 City 1 1800 10 18000 
Plant 4 City 3 400 6 2400 
Plant 5 City 4 1000 5 5000 
Plant 5 City 3 1400 7 9800 

   Total(Rs) 88000 
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The result obtained using VAM method can be examined using MODI method for
optimality. To apply MODI, let us define new variables u

i
 and v

j
. There after using the

condition u
i 
+ v

j
 = c

ij
 the individual values of u

i
 and v

j 
are determined. Let us apply the

MODI to our example problem. The solution table should satisfy the condition of m + n-
1 allotments. We have 5 rows and 5 columns. Therefore there must be 5 + 5 –1 = 9
allotments. We got nine allotments for our example problem. So, there is no problem in
applying modi method. Let us first prepare the final table with individual allotments. The
solution table is available in table 3.16

Table 3.16  Solution Table

v
1 
= 14      v

2
 = 8 

 
   v

3 
=10 

 
  v

4 
= 8

 
   v

5
 = 14

We know u
i 
+ v

j
 = c

ij 
for allotted cells. Let us form equations for all the occupied cells.

u
1 
+ v

2
 = 8 – (1) There are nine equations and 10 unknown variables. To solve

u
1 
+ v

3
 = 10 – (2) simultaneous equations, we need to have number of equations

equal to the
u

2 
+ v

4
 = 6 – (3) number of unknown variables. Since we have more unknown

variables, in
u

2 
+ v

5
 = 12 – (4) this problem, let us assume that u

1 
= 0; substituting this value in

equation (1)
u

3 
+ v

5
 = 8 – (5) we get v

2
 = 8, similarly other values are obtained

u
4 
+ v

1
 = 10 – (6) u

1 
= 0,     v

2
= 8,   v

3
 = 10,    U

4 
= -4,     u

5 
= -3,     v

4 
= 8,    v

1 
= 14

u
4 
+ v

3
 = 6 – (7) u

2 
= -2,    v

5 
= 14,  u

3 
= -6

u
5 
+ v

3
 = 7 – (8)

u
5 
+ v

4
 = 5 – (9)

For unoccupied cells determine net change value.

vj 
ui 

Plants City 1 City 2 City 3 City 4 City 5 Supply 

u1 = 0 Plant 1 18 8 
1200 

10 
600 

11 24 1800 

u2 = -2 Plant 2 15 19 12 6 
1000 

12 
1800 

2800 

u3 = -6 Plant 3 20 20 15 10 8 
1200 

1200 

u4 = -4 Plant 4 10 
1800 

12 6 
400 

8 22 2200 

u5 = -3 Plant 5 12 16 7 
1400 

5 
1000 

18 2400 

 Demand 1800 1200 2400 2000 3000 10400 
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Note: Since all the NC values are positive, the solution obtained is optimal. Thus the
minimum TC for our example problem is Rs. 88,000/-.

The demand allocation problem can also be solved by using a demand allocation
model. The model requires the following inputs:

n = Number of plants producing product
m = Number of warehouses or demand points
D

j
 = Annual demand from j.

K
i
 = Capacity of plant i

C
ij
 = Cost of producing and transporting one unit from plant i to demand point j.

The objective is to allocate the demand from different demand points to the various
plants to minimize the total cost of facilities, and inventory.

Let the decision variable be,
x

ij
 = Quantity transported from plant i to demand point / warehouse j.

Formulation of the problem:

                        n     m

Minimize Z  =  ∑    ∑ c
ij  

x
ij

                       i=1  i=1

                          n

 Subject to         ∑   x
ij 
 = D

j
 for j = 1,2,…m  (3.6)

                          i=1

                          m

                         ∑   x
ij 
 d” k

i
   for i = 1,2,…n (3.7)

                         j=1

Cell cij - ui -vj NC Cell cij - ui -vj NC 
u1v1 18-0-14 4 u3v4 10+6-8 8 
u1v4 11-0-8 3 u4v2 12+4-8 8 
u1v5 24-0-14 10 u4v4 8+4-8 4 
u2v1 15+2-14 3 u4v5 22+4-14 12 
u2v2 19+2-8 13 u5v1 12+3-14 1 
u3v1 20+6-14 12 u5v2 16+3-8 11 
u3v2 20+6-8 18 u5v4 18+3-14 7 
u3v3 15+6-10 11    
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The constraints in equation (3.6) ensure that all market demand is satisfied and the
constraints in equation (3.7) ensure that no plant produces more than its capacity.

3.8  IMPACT OF UNCERTAINTY ON NETWORK DESIGN

Supply chain design involves long-term decisions. Long-term decisions are strategic
in nature. Once decisions are made, alterations/ modifications in the future are very difficult
and prove to be costly.  The important decisions involved in design of supply chain are
number of plants to be established, the size of plants, number of trucks to be purchased or
leased and the number of warehouses to be built or leased. All these decisions are long
term in nature. Since it is difficult to modify, the decisions must be made very accurately.
However, the uncertainty in the demand, fluctuations in market price, un expected swing in
the exchange rates and turbulent competitive environment make decision making difficult.
These uncertainties causes supply chain design complex. The manufacturing plant should
be flexible enough in accommodating the variations in demand and price. The main benefits
of this flexibility is that it allows companies to react to fluctuations in demand, exchange
rates and local prices by altering production to maximize profits. Hence, it is suggested that
when we make network design decisions, we must consider both supply and demand
uncertainty and the financial uncertainty.

If enough care is not taken, the impact of uncertainty will make it operational to be
vary costly and complex. Financial uncertainty can be taken care if discounted cash flow
technique is followed in designing network. Discounted cash flow analyses the present
value of future cash flows. This helps in making decision when comparing two or more
alternatives proposals. Net present value (NPV) is arrived for comparing the alternatives.
NPV is the result of discounted cash flow technique. The present value of future cash flow
is found by using a discount factor 1/1+k where k is the discount rate. Discount factors can
also be taken from the ready-made table. Future cash flow is multiplied by the discount
factor to get the present value. NPV is computed by subtracting the total present value of
future cash flow from the initial investment. Positive NPV indicates a supply chain with the
highest financial return. The negative NPV indicates that the supply chain will loose money.
Decisions regarding leasing of warehouse or building of warehouse can be taken based on
the NPV analysis. Cash flow technique is suitable only when the demand and market price
are predictable. In reality demand and prices are uncertain and are likely to fluctuate during
the life of any supply chain decisions. For a supply chain exchange rates and inflation are
also likely to vary over time. Hence, it is essential to incorporate uncertainties when making
network design decisions.
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3.9  EVALUATING NETWORK DESIGN DECISIONS USING DECISION
       TREES

When designing a supply chain, a manager is making several decisions. Examples are:

• Whether the firm enter into a long-term agreement for warehousing or get space
from the spot market as and when needed?

• What should be the mix of long-term agreement for warehousing or get space
from the spot market as and when needed?

• What should be the mix of long-term and spot market be in the portfolio of
transportation capacity?

• What should be the capacity of each facility? And what fraction of this capacity
should be flexible?

If a manager does not consider uncertainty, he is sure of signing the long-term contract,
and avoids flexible capacity, since flexible capacity is more expensive. It may harm the firm
in the future due to unutilization of part of the capacity, if the forecast demand does not
materialize. At the same time, if the firm has a flexible capacity, they can move it to dedicated
capacity only when they are sure of accuracy in their forecast. Thus, it is suggested that
mangers when they design network, they need to use a methodology that allows them to
estimate the uncertainty in their forecast of demand and price and then incorporate this
uncertainty in the decision-making process. In this section we describe such a methodology
and show that how uncertainty impact on the value of network design decisions.

A decision tree is a graphic tool used to evaluate decisions under uncertainty. The
uncertainty in price, demand, exchange rates and inflation are incorporated using DCF
technique in the decision tree to solve such problems. The first and fore most thing that is
considered in decision tree is the time horizon. The time horizon may be a day, month, a
quarter, or any other time period. Normally planning period is used as time period as ’N’.
The next step is to identify factors that will affect the value of the decision and are likely to
fluctuate over the next ‘N’ periods. Naturally these factors are: demand, price, exchange
rate and inflation. Then we should evaluate the probability of each of these factors fluctuate
from one period to the next. The next is to identify a periodic discount rate ‘K’. This is
considered to account the inherent risk associated with the investment. The decision is
now computed using a decision tree, which contains the present and ‘N’ future periods.
Within each period a node must be defined for every possible combination of factor value.
Arrows are used to connect the nodes between periods. The probability of transitioning
from one node to the other is indicated on the arrow. The decision tree is evaluated starting
from nodes in period N and working back to period ‘O’. For each node, the decision is
optimized taking into account the present and future values of each factor. The analysis is
based on Bellman’s Principle, which states that for any choice of strategy in a given state,
the optimal strategy in the next period is the one that is selected if entire analysis is assumed
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to begin in the next period. This principle allows the optimal strategy to be solved in a
backward direction starting from the last period. Expected future cash are discounted and
brought to the present period value. The value of the node in period ‘o’ given the value of
investment as well as the decisions taken during each time period.

Let us illustrate the above decision tree process using the lease decision facing the
manager at a typical logistics center. The decision to be taken by the manager is whether to
lease warehouse space for the coming three years and the amount to lease. Let us assume
that long-term lease is cheaper than the spot market rate for warehouse space. Also assume
that the demand and spot prices vary over the coming three years. It is to be noted that if
future demand is high the spot market cost will be high. There are three options before the
manager, they are:

Option 1: Use spot market strategy

Option 2: Sign for three years contract and use

   Spot market for additional requirements.

Option 3:Sign a flexible contract with a minimum charge that allows variable usage of
warehouse space of to a certain limit with additional requirement from the spot market.

Let us see how the manager makes decisions taking uncertainty into account.

Five hundred square feet of warehouse space is required for every five hundred units
of demand and the current demand at the logistics is for 50000 units per year. The manager
decides to use a multiplicative binomial representation of uncertainty for both demand and
price. From one year to next, demand may go by 20 present with a probability of the two
out comes are unchanged from one year to the next.

The manager can sign a three-year lease at a price of Rs 8 per square foot per year.
Warehouse space is currently available on the spot market for Rs10 per square foot per
year. From one year to the next, spot prices for warehouse space may go up by 15
percent with probability 0.50 or go down by 15 percent with probability 0.50 according
to a binomial process. The probabilities of the two outcomes are unchanged from one year
to the next. The manager feels that prices of warehouse space and demand for the products
fluctuate independently. Each unit logistics handles results in revenue of Rs 14 and the
logistics is committed to handling all demand that arises. The logistics uses a discount rate
of K=0.10 for each year and thus constructs a decision tree with N=2. The guideline for
constricting tree is given in fig 3.6. The decision tree is shown in fig 3.7 with each node
representing for the problem demand (D) in thousands of units and price (p) in rupees. The
probability of each transition is 0.20 because price and demand fluctuate independently.
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Figure. 3.6  Guidelines for constructing decision tree

Figure. 3.7   Decision tree for Logistics considering demand and price
fluctuations. * Repetitions – can be ignored.
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Let us first analyze the option not signing a lease and obtaining all warehouse space
from the spot market. Let us start with period 2 and evaluate the profit for the logistics
at each node. At node D=72, P= Rs.12.1, the logistics must satisfy a demand of 72000
and faces a spot price of Rs.121 per square foot for warehouse space in period 2. The
cost incurred by the logistics in period 2 at the node D=72, P=Rs.12.1/- is equal to
72000 X 12.1=Rs.871200. The revenue at the node D=72 and P=12.1 is 72000 X 14
= Rs. 1008000. Therefore profit at the mode D=72 and P=12 is equal to 1008000 –
8711200 = Rs.137000/-. The profit for the logistics at each of the other nodes in period
2 is evaluated similarly and given in table 3.17.

Table 3.17  Period 2 calculations for spot market option

Let us now evaluate the expected profit at each node in period 1. Profit at period 1 is
equal to the profit during period 1 plus the present value (at the time of period 1) of the
expected profit in period 2. The expected profit from period 2 for the node D=60, P=11
is equal to 0.25 [137000 + 295200 + 92000 + 197000]  = 180300 and for the node
D=60 and P=9 is equal to 0.25 [295200 + 424800 + 197000 + 283200] = 3,00,000 and
for the node D=40, P=11 is = 0.25 [92000 + 197000 + 60800 + 131200] = 120250 and
for the node D = 40, P = 9 is = 0.25 [197000 + 283200 + 131200 + 188800] = 2,00,050.
Therefore the present value for the expected profit from period 2 for period 1 are 180300/
1.1 = 163909, 300000/1.1 = 272727, 120250/1.1 = 109318 and 200050/1.1 = 181864.
The profit for period 1 is computed and given in table 3.18

Node Revenue Cost Profit 
D=72, P=12.1 72000x14 = 1008000 72000x12.1=871200 137000 
D-72, P=9.9 72000x14 = 1008000 72000x9.9=712800 295200 
D=48, P=12.1 48000x14=672000 48000x12.1=580800 92000 
D=48, P=9.9 48000x14=672000 48000x9.9=475200 197000 
D=72, P=8.1 72000x14=1008000 72000x8.1=583200 424800 
D=48, P=8.1 48000x14=672000 48000x8.1=388800 283200 
D=32, P=12.1 32000x14=448000 32000x12.1=3387200 60800 
D=32, P=9.9 32000x14=448000 32000x9.9=316800 131200 
D=32, P=8.1 32000x14=448000 32000x8.1=259200 188800 
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Table 3.18  Profit for period 1.

Therefore the expected profit at period 1 is equal to 0.25 [180000 + 300000 +
120000 + 200000]  =  200000. The expected present value from period 2 is equal to
0.25 [163909 + 272727 + 109318 + 181864] = 181955. Therefore the total expected
profit for period 1 is equal to expected profit from period 1 plus expected present value of
profits from period 2, which is equal to 200000+181955 = 381955/-

Next, let us compute the profit for the period ‘0’. At period zero the profit is sum of
the profit at period zero and the net present value (NPV) of profit expected from period 1.
The NPV of period 1 profit = 381955/1.1 = 347232. Profit expected at period zero
operation is equal to (D=50, P=10); (50000x14-50000x10) = Rs. 200000/-.

Therefore the total profit for not signing a lease is equal to :200000+347232 = 547232.

Let us now evaluate the alternative where the lease for 50000 sq. ft. of warehouse
space is signed. The evaluation procedure is very similar to the previous case but the
outcome in terms of profit changes. For example, at the node D=72, P=12.1, the manager
has to obtain 22000 sq. ft. of warehouse space from spot market at Rs. 12.10 per square
foot because only 50000 sq. ft has been leased at Rs. 8 per square foot. If demand
happens to be less than 50000 units, the logistics still has to pay for the entire 50000 sq. ft
leased space. For period 2 the profit at each of the nine nodes are worked out and given
in table 3.19

Table 3.19 Period 2 profit calculations at logistics for lease option

Node Revenue Cost Period 1 Profi

D=60, P=11 
D=60, P=9 
D=40, P=11 
D=40, P=11 

60000x14=840000 
60000x14=840000 
40000x14=560000 
40000x14=560000 

60000x11=660000 
60000x9=540000 
40000x11=440000 
40000x9=360000 

180000 
300000 
120000 
200000 

 

Node Leased 
space 

Warehouse space 
at 

Spot price (S) 

Profit D x 14 – 
(50000x8+SxP) 

D = 72, P = 12.1 
D = 72, P = 9.9 
D = 48, P = 12.1 
D = 48, P = 9.9 
D = 72, P = 8.1  
D = 48, P = 8.1 
D = 32, P = 12.1 
D = 32, P = 9.9 
D = 32, P = 8.1 

50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 
50000 

22000 
22000 
0 
0 
22000 
0 
0 
0 
0 

341800 
390200 
608000 
608000 
429800 
608000 
608000 
608000 
608000 
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The expected profit for period 1 from period 2:

D=60, P=11 = 0.25 [341800+390200+608000+608000] =  487000
D=60, P=9 = 0.25 [390200+429800+608000+608000] =  509000
D=40, P=11 = 0.25 [608000+608000+608000+608000] =  608000
D=40, P=9 = 0.25 [608000+608000+608000+608000] =  608000

TOTAL EXPECTED

PROFIT AT PERIOD 2 = 0.25 [487000 + 509000 + 608000 + 608000]
= 53000

NPV of Total expected profit from period 2 = 553000/1.1
= 502727

Profit generated at period 1

Expected Value = 0.25[330000+350000+440000+440000]

= 0.25x1560000

 = 390000

Total expected profit for period 1 = 390000+502727

   = 892727

Profit generated at period ‘0’

Demand = 50000

Price = Rs. 10

Profit = 50000x14-50000x8 = 300000

Total profit = profit at ‘0’ period + NPV of period 2

= 300000 + 892727/1.1

= 300000+811570

NPV (lease) = 1111570

It can be seen that the presence of uncertainty in demand and price reduces the value
of the lease but does not affect the value of the spot market price option. It is recommended

Node Leased 
space 

Space from 
spot 

Profit 
Dx14-[50000x8+SP] 

D = 60, P = 11 
D = 60, P = 9 
D = 40, P = 11 
D = 40, P = 9 

50000 
50000 
50000 
50000 

10000 
10000 
0 
0 

330000 
350000 
440000 
440000 
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that the manager can sign the three years lease for 50000 sq. ft. because this option has a
higher expected profit.

3.10  DISTRIBUTION CENTRE LOCATION MODELS

It is quite common to see manufacturers and retailers joining efforts to efficiently
handle the flow of products and to closely coordinate the production and supply chain
system. An important strategic issue related to the design and operation of a physical
distribution network in a supply chain system is the determination of the best sites for
intermediate stocking points or warehouses. The use of warehouses provides a company
with flexibility to respond to changes in the market place and can result in significant cost
savings due to economies of scale in transportation or shipping costs. Hence it is important
to design a distribution network that involves determining simultaneously the best sites of
both plants and warehouses and the best strategy for distributing the product from the
plants to the warehouses and from the warehouses to the customers.

A common objective in designing such a distribution network is to determine the least
cost system design such that the demands of all customers are satisfied without exceeding
the capacity of the warehouses and plants. This involves making trade off’s inherent among
the cost components of the system that include:

1. Costs of opening and operating the plants and warehouse and
2. The inbound and outbound transportation costs.

Let us consider a general model of a distribution center as given in fig 3.8

Figure 3.8  Distribution center location model

The model presented in fig 3.8 portrays the operation of a simple distribution centre
model. This model deals with the allocation of products from the potential distribution
centre to the various customers, who serve as the market for those products. The dotted
lines shown in the diagram shows that the customer requirements are met from more than
one distribution centre i.e. they are all not sole sourced. This is much higher percentage
than in the reality. In fact the real life distribution centers would involve more than 20
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distribution centers and would serve nearly 300 markets. Out of 300 markets we would
expect hardly 5 to 10 markets that are not sole sourced. The main objective of the distribution
centre location problem is to minimize the cost associated with both transportation and
warehousing (already stated) while maintaining the service level which the customer expects.
Mixed integer programming models are used to formulate and solve distribution centre
location problems. In the model it is assumed that the demand is fixed and known over the
entire planning horizon. The manager’s of the sales and marketing division plan right from
estimating the sales and provide the requirements to the logistics manager. The logistics
manager of the organization ensures that the product reach the customer on time with low
cost of distribution. Let us assume that fixed costs as well as variable cost for outbound
flows are associated with each distribution behavior. The variables in the model are:

Decision Variable = Yij fraction of demand (regarding ai) of customer zone i delivered
from warehouse at site j

ai = demand per unit of time of customer zone i

aij = cost of supplying one unit of demand to customer zone i from warehouse at site j

V
j
c  = if a warehouse j in capacity level R is located at site j

And fi = fixed cost per unit time for opening warehouse with capacity level C at site j

M = Index set of potential warehouse sites

N = Index set of customer zones

R = Index set of capacity levels available to the potential warehouse

Objective Function

Min : Ζ = ∑ ∑ Cij ai Yij + ∑ ∑ fjc x Vjc

Subject to

This model minimizes total costs made of the costs to serve the demand of customers
from the warehouse and the cost associated with opening and operating the warehouses
and the plants.

∑ Yij = 1 ∀ i∈ N  ----------------  (3.8) 

∑ ai Yij ≤ ∑ Vjc x bjc   ----------------  (3.9) 

∑ Vjc ≤ 1 ∀ j ∈ M   ----------------  (3.10) 

Yij ≥ 0 ∀ i ∈ N and j ∈ M  ----------------  (3.11) 

Vjc ∈ (0,1) ∀ ∈ M and C ∈ R----------------  (3.12) 
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The constraint equation (3.8) ensures that the demands of all customers are satisfied
by the open warehouse. Constraint equation (3.9) guarantees that the total customer
demands satisfied by an open warehouse do not exceed the capacity of the warehouses.
The constraint equation (3.10) ensures the non-negativity restrictions on the corresponding
decision variables and finally the constraint equation (3.12) enforces the integrity restriction
on the binary variable.

Even though the model explicitly consider just one product or one family of products,
it can be easily extended to handle multiple products or family of products by adding an
index to the decision variable Yij for the different products and modifying the corresponding
constraints accordingly.

3.11  SUPPLY CHAIN NETWORK OPTIMIZATION MODEL

In the past, researchers concentrated on designing single component of the overall –
production – distribution system, such as purchasing, production and scheduling, inventory,
warehousing or transportation. To date there exists little work that addresses the integration
of such single components in to overall supply chain. Later, researchers concentrated on
integrating two sub-systems of a whole supply chain. Some developed models integrating
buyer – vendor coordination, production – distribution coordination and inventory
distribution co-ordination. The need of the hour is integration of all the constituents of the
supply chain. Optimization of the complete supply chain needs to address the following:

• The number, location, capacity and type of manufacturing plants and warehouses to
use:

• The set of suppliers to select;

• The transportation channels to use:

• The amount of raw materials and products to produce and ship among suppliers,
plants, warehouses and customers: and

• The amount of raw materials, intermediate products and finished goods to hold at
various locations in inventory.

Many models have been formulated for the strategic design of supply chains. Among
all these models, the mixed integer programming models are popular. The model by
Geoffrion and Graves (1974) represents a production – distribution system with several
plants with known capacities, distribution centers and a number of customer zones; discrete
candidate locations are considered for opening Distribution Centre. Fixed and Variable
(Linear) costs for Distribution Centre, Production costs and linear transportation costs are
included in the objective function. The constraints considered in the model are capacity at
plants, customer demand satisfaction, single sourcing by customer zone, bounds on the
throughput at Distribution Centre and linear configuration constraints on binary variables
(Logical Constraints), While solving this model, some binary variables are temporarily
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fixed by solving a ‘ master Problem ‘ ; then the remaining problem may be addressed as a
set of classical transportation problems, one for each commodity. This process is iterate
and develops lower and upper bounds on the complete problem; it stops when the difference
between the upper bound and the lower bound is less than or equal to a specified value.

Cohen and Moon (1991) present a mixed integer multi commodity model to find
inbound raw material flows, assignment of product lines and specification of production
volumes, and bound finished product flows in a production – distribution network. Here
the location of facilities (Vendors, plants and distribution centers) is given and fixed. They
have given an algorithm to solve some production – distribution models piece wise linear
concave costs of production. However, the model is very restricted because the plant-
loading problem under consideration assumes a fixed facility network configuration, with
the Distribution Centre as the final demand points. The model contains binary variables for
assigning products to plants and for determining the part of the concave curve of production
costs to be applied. By this model, the solution of small problems with 60 binary variables
in 49 seconds of CPU time is possible.

Arntzen etal (1995) present a multi – period, multi commodity mixed integer model to
optimize a global supply chain. Its objective function includes variable production, inventory
and shipping costs; fixed production and production ‘ style ‘ costs and savings from credit
earned for re – exporting products. All the costs considered in the objective function are
weighted by a factor á. The objective function also contains production time and
transportation time terms weighted by a factor (1- á). The constraints include customer
demand satisfaction, balance of materials, global Bill of materials, throughput capacity at
each facility per production style, System configuration constraints and bounds on decision
variables. Offset trade and local content, duty drawback and duty relief are the international
constraints included in the model.

Cole (1995) developed a Strategic Inventory Location Allocation System (SILAS),
In which he presented a multi commodity, multi echelon, single period mixed integer model
for optimizing a strategic production – distribution system. The specialty about this model
is the consideration of normal demands and stochastic customer service by carrying safety
stock, together with warehouse location, customer allocation and channel selection. This
model is applicable when safety stock costs are significant. In the model, customer service
is considered as the fraction of customer demand satisfied routinely from warehouse stock
and by limiting delivery time and distance for serving each customer.

The objective function includes plant fixed and closing costs, plant production and
inventory costs, trucking transportation and inventory costs, fixed operating costs and
closing costs of depots, variable warehouse costs and total average warehousing inventory
costs. The constraints include plant production capacity, logical constraints on channels
and warehouses, channels capacity, customer demand satisfaction, single sourcing of
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customers by distribution channel and product, limits on the distance and time from a
warehouse to serve a customer, maximum on – hand inventory at warehouses, warehouse
storage and handling capacities per warehouse type, balance constraints at warehouses,
warehouse single sourcing by distribution channel and product, a set of constraints describing
demand variances at warehouses, a set of linearized safety stock constraints, and bounds
on decision variables.

Let us consider a production and distribution problem to maximize the total net profit
in a multi – plant, multi – retailer, multi – item and multi – period logistic environment and
propose an optimization model. Model considers plants that produce multi items with a
limited capacity over time. For each product type, it is necessary to incur a fixed set-up
cost for a lot – for – lot basis, not dependent on the realized volume, which captures the
setup cost for the whole plant. It is possible to store excess production at the plant
warehouse. There is no storage capacity limit at the plant. The manufactured products are
directly delivered to retail outlets. The movement of vehicle incurs a fixed cost related to
vehicle depreciation and insurance, cost of capital, order cost and driver wages and a
variable transportation cost dependent on transported item, its quantity and traveled path.
It is assumed that the firm can change the effect size freely without extra cost. The demand
for an item in a period at a retail outlet is expressed as ‘ core demand ‘ and ‘ forecasted
demand ’. It is assumed that the demands are given and fixed without variation. The
unsatisfied forecasted demand at the retail outlet is considered as stock out. Back ordering
is not allowed. The problem is to plan production and distribution so as to maximize the
total net profit of a supply chain over a planning horizon.

The Model

A mixed integer model is developed to solve the above-described problem in an
integrated way. In presenting the model, the following notations are used. It is assumed
that the size of packing box is the same for all items.

Indices

i = Plants, i ∈ { 1,….I }
j = retail outlets, j ∈ { 1,…. J}
p = product items, p ∈ {1,….P}
t = time periods, t ∈ {1,…..T}

Parameters

C
i
p = unit processing cost of item P at  plant i

S
i
p = Set up cost for item P at plant i (Cp = Ó

i
 C

i
p /I)

O
i
p = unit processing time of item P at plant i.

u
i
p = set up time for item P at plant i

h
i
p = unit holding cost of item P per period at plant i (hp = Ói h

iP
 / I)
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L
i
 = available production capacity at plant i in time in any given period

d
i
jp = unit transportation cost of item P from plant i to retail outlet j

F = fixed cost per vehicle
B = vehicle available capacity
Djpt= Core Business demand for item P at retail outlet j in period t.
Qjpt= forecasted demand for item P at retail outlet j in period t.
Rjp= unit selling price of item P at retail outlet j (R

P
 = Ó

j
 R

iP
 /J)

hjp = unit holding cost per period at retail outlet j for item P
wj = storage capacity at retail outlet j
vjp = unit stock out cost of item P at retail outlet j(V

p
 = Ó

j
 V

j
p /J)

Variables

X
i
P

t 
= amount of item P produced at plant i in period t.

Q
ij
P

t
= amount of item P delivered from plant i to retail outlet j in period t.

Y
i
p

t
=     1 if plant i must be set up for item P in period T

0 otherwise

a
i
P

t
= inventory level for item P at plant i in period t (A

pt 
= Ó

i
 a

i
p

t
)

a
j
P

t
= inventory level for item P at retail outlet j in period t

Z
ijt
= Number of vehicles required for delivering from plant i to retail outletjn period t.

The integrated production and distribution-planning problem may therefore be
formulated as:

Max Σ  Σ RjK Σ (ajPt-1 + Σ qiPt – ajpt) – {Σ  Σ Cip Σ Xipt + Σ   Σ  Sip Σ Yipt + 

         j   P          t                  i                           i   P          t              i    P  

        Σ  Σ  htp Σ ai pt + Σ  Σ hjp Σ aj pt + Σ  Σ  Vjp Σ (Qjpt - ajpt-1 – Σ Qij pt + ajpt) 

        i    P        t              j   P         t              j   P           t                            t 

     + g Σ  Σ  Σ  Zijt + Σ  Σ  Σ dijp Σ qi Pt } 

             i    j    t              i     j    P        j              (3.13)

Subject to

( Ó O
ip  

X
ipt

 + Ó u
i
 p Y

i
p

t
)  d”L

i ∀ i,t……. (3.14)
   P                 P

X
j
p

t 
d” MY

i
 pt 

∀

i.p.t (3.15)
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a
i
p

t 
= a

ij
 p

t-1
 + X

i
pt – Ó q

i
 pt  

∀

, 
P
,t…….. (3.16)

                                        j

a
j
p

t-1 
= Ó q

ij
 p

t
 – d

j
pt e” E 

j
pt

∀

j, 
P
,t…….. …….. (3.17)

                    i

 a
j
p

t-1 
+ Ó q

ij
 p

t
 – a

j
pt d” F

j
pt 

∀

j, 
P
,t……... (3.18)

                    i

Ó a
j
p

t
 d” w

j   

∀

j,t…… (3.19)

p

Z
i
jt e” Ó q

i
jpt   

∀

i,j,t….. (3.20)

 

         p    B

a
i
po = 0, ajpo = 0 

∀

i,j,p…. (3.21)

x
j
pt e” 0, q

i
jpt e” 0, a

i
pt e” 0, a

j
pt e” 0, Y

i
pt  ∈ {0,1},

Z ijt e” 0  and all are integers 

∀

i,j,p,t…. (3.22)

The objective function (3.13) expresses the total net profit over the time periods
computed by subtracting total cost from total revenue. The total revenue is simply the
selling income at retail outlets. The total cost includes the cost of production, inventory,
stock-out, and distribution. Constraint (3.14) represents the capacity restriction on
production at a plant. Constraint (3.15) used to force the binary-set up variables. The
parameter M is a sufficiently large positive member. Constraint (3.16) assures the inventory
balance in periods at a plant. Constraint (3.17) requires that the core business demand for
an item at a retail outlet in any period must be satisfied from its inventory carried forward
and (3.18) assures that the actual demand for any item at a retail outlet in any period
cannot exceed the forecasted demand in that period. Constraints (3.17) and (3.18) determine
the inventory levels of items at retail outlets. Constraint (3.19) represents the restriction on
storage capacity at a retail outlet. Constraint (3.20) determines the number of vehicles
required for a delivery. Constraint (3.21) expresses the initial inventory levels at both plants
and retail outlets. Constraint (3.22) enforces the restrictions of non-negativity, integer, and
binary nature on the decision variables.

Optimal production quantities X ipt, and optimal delivery quantities q
j
pt are obtained

by solving the model. The model essentially utilizes the production capacities at plants up
to the limits to increase revenue, but it reduces production quantity and allows stock-outs
at retail outlets when the marginal unit cost of an item exceeds its marginal revenue.
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Chapter Summary

Through Chapter-3, we have understood the meaning of distribution network design.
Distribution network design decisions are most important supply chain decisions. Also
discussed the role and factors that influence network design. We know, distribution accounts
more than 20% of the cost of manufacturing a product. To minimize the production and
distribution cost, optimum network design is the need of the hour. There are several factors
that are influencing the network design decisions response time, product variety, product
availability, customer experience, order visibility and returnability are some of the important
factors.

Various design options available for network design are also discussed in detail while
designing a network, value addition must be kept in mind. Models for facility location and
allocation have been brought out with a suitable example. Designing network under uncertain
demand and supply needs special treatment. Decision tree approach in designing the network
has been brought out using an example. Finally distribution network model has been designed
using mixed integer programming method. Students are advised to read journals to
understand the various mathematical models available for distribution.

Review Questions

1. Bring out the importance of distribution network design.

2. What is the role of distribution in the supply chain.

3. What are the factors affecting the distribution network?

4. List the design options that are available for a distribution network.

5. Discuss the various distribution choices giving suitable examples.

6. Discuss value addition in the supply chain.

7. What information’s are used in location decisions?

8. Explain gravity location problem with an example.

9. What are the techniques used for solving multi facility location problems?

10. Discuss location models that are solved using integer-programming method.

11. Explain demand allocation to facilities in location decisions.

12. Explain the impact of uncertainty on network design.

13. How will you evaluate network design using decision trees?

14. Describe the distribution center location models.

15. Design a distribution center location model assuming that fixed costs as well as
variable cost for outbound flows are associated with each distribution behaviour.

16. Discuss the supply chain network optimization models.

17. What types of distribution networks are typically best suited for commodity items?
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18. A speciality chemical company is considering expanding its operations into Bombay
where five companies dominate the consumption of speciality chemicals. What
sort of distribution network should this company utilize?

19. What differences in the retail environment may justify the fact that the fast moving
consumer goods supply chain in India has for more distributors than in the western
countries?

20. What are the major financial uncertainties faced by an electronic components
manufacturer deciding whether to build plant in Bangalore or Bombay?

21. A large corporation has employed a campus plan layout for its Head quarters. A
centralized heating system is to be installed, which will heat each of the four
buildings. Considering the cost of installation and the heat losses, it is agreed that
the cost for the system is proportional to the square of the Euclidean distance
between the heating facility and each building. The buildings to be served by the
heating system are located as follows:

P
1-
 = (20,8), P

2
 = (15,10), P

3
 = (25,12) and P

4 
= (8,12). The BTU requirements

per hour are 15000, 6000, 5000 and 18000 respectively. Find the least-cost
location using gravity model for the central heating facility.

22. Let four existing facilities be located at P
1-
 = (4,2), P

2
 = (5,0), P

3
 = (5,8) and P

4 
=

(6,10) with w
1
=2, w

2
=1, w

3
=2 and w

4
=2. Determine the optimum location for a

single new facility when cost is proportional to squared Euclidean distance.

23. Consider four plants which are manufacturing a product and they have the demand
in four cities. The plant capacities, market demand, variable production and
ransportation cost per unit shipped are given below.

Allocate the demand using:

(i) Least cost method

(ii) Vogel’s approximation method

(iii) Check for optimality using MODI method.

Demand City 
Plants 

City 1 City 2 City 3 City 4 Capacity 
Plant 1 20 10 14 12 2020 
Plant 2 18 16 13 8 2600 
Plant 3 12 18 16 12 1950 
Plant 4 14 10 11 10 1075 

Demand 1975 1855 1900 1915 7645 
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UNIT IV

PLANNING DEMAND, INVENTORY

AND SUPPLY

LEARNING OBJECTIVES

After reading this chapter you will be able to:

1. Understand the role of demand forecasting in the supply chain.

2. Assess the aggregate plan for the company to meet the expected demand.

3. Manage the predictable change in demand that can be forecasted.

4. Appreciate the role of cycle inventory in the supply chain.

5. Manage the uncertainty in demand through safety inventory in the supply chain.

6. Determine the optimum level of product availability.

7. Better understand the coordination required in the operation of the supply chain.

4.1  INTRODUCTION

In Chapter-3 we have studied the various design options available for designing
network. We have understood the network design using illustrations. Operational part of
network design demands, planning the demand using appropriate forecasting techniques,
managing inventory to reduce the carrying cost and ensure supply in the supply chain. In
this chapter we are going to study the forecasting method using simple examples. After
forecasting demand, aggregating the demand for planning is required. This is discussed
using various options. The roles of predictability and cycle inventory were also brought out
using examples, and illustrations. Finally the coordination required in the effective
management of supply chain is discussed in this chapter.

4.2  OVERVIEW OF DEMAND FORECASTING IN THE SUPPLY CHAIN

Decision making in supply chain is based on the forecasts of future demand. Forecasting
customer demand is the first step a manager must take in designing the supply chain. Some
of the important decisions, which are taken in supply chain, that are based on forecast are:
production decisions, marketing decisions, finance decisions and personal decisions.
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Scheduling, inventory control, aggregate planning and purchasing are the decisions with
regard to production decisions. Sales – force allocation, promotion and new product
introductions are marketing decisions. Investment decisions including budgetary planning
are concerned with financial decisions. Workforce planning, hiring and firing and layoff are
personnel decisions. These decisions utilize forecasts for their enhancement through
collaborative forecasting among supply chain partners.

In a collaborative forecasting environment, the error in forecasting demand can be
controlled. Demand for the immediate future is more accurate than the long-term period
forecast. And also the aggregation across many companies ensures greater accuracy in
forecast. All forecasts deal with four major variables. They are supply, demand, product
characteristics and competitive environment. The uncertainty in supply makes forecasting
more difficult. Markets where there is little historical data and lots of variability are the
most difficult when it comes to demand forecasting. Product features forms the characteristics
of product. These characteristics influence customer demand. Competitive environment
decides the market share. Forecast should take into account the promotions and price
wars that will be initiated by competitors.

Companies must be knowledgeable about the factors that are related to the demand
forecast. Past demand, lead-time, promotion efforts, economy and price discounts are
some of the factors. Before adopting a particular methodology of forecast, companies
must understand these factors. There are four basic methods to use when doing forecasting.
Most forecasts are done using various combinations of these four methods. According to
Chopra and Meindl the four types of forecasting are: qualitative, causal, time series and
simulation.

Qualitative methods rely upon a person’s subjective opinion or perception about a
market. When there is a little historical data, these qualitative methods are working very
well. When new products are introduced, virtually there must be no historical data available.
In such situations, expert’s opinion through brainstorming or Delphi could be obtained.
Experts foresee what will happen in the future and give their opinions based on their intuition.
They help to some extent to forecast the demand for the future.

Time series methods use historical data. Here the basic expectation is what happened
in the past will happen in the future also. These methods will be effective if the demand
pattern is stable over a period of time. Mathematical techniques such as moving average
and exponential smoothing techniques are generally used to forecast the future demand.
Trend and seasonal adjustments are appropriately made during forecasting to get the more
accurate results. Software packages are available for all these techniques.

Causal forecasting methods assume that the demand forecast is highly correlated with
certain factors in the environment. For instance, demand for commercial loan is often
closely correlated to interest rates. When interest rates are expected to be reduced, loan
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amount is expected to go up. Similarly price and demand are correlated highly. If prices
are lowered, demand can be expected to fall. Companies can thus use causal methods to
determine the impact of price promotions on demand.

Simulation methods use combination of causal and time series methods to imitate the
behavior of consumers under different circumstances. Using simulation, a firm can combine
time series and causal methods to answer such questions as: what will the impact be of a
competitor opening a store nearby?

Some companies use only one of these methods to do forecasts. Most companies
use combination of these techniques to get their forecasted demand. Studies have shown
that combining the results of various methods provide less error in forecasting the demand.
Regardless of the forecasting methods used, when doing forecasts and evaluating their
results, it is important to keep several things in mind. The short-term forecasts are inherently
more accurate than long-term forecasts. This must be kept in mind during forecasting.
Most long range, multi-year forecasts are highly speculative. It is to be kept in mind that
forecasts are always wrong to a greater extent. There are no perfect forecasts and business
need to assign some expected degree of error to every forecast. Therefore while planning
for a supply chain, demand has to be forecasted with care and the error in forecasting
should be contained for effective supply chain performance.

Let us illustrate the various methods of forecasting using examples:

Illustration 1: Simple exponential smoothing

Suppose that a demand level of 1200 units was forecasted for the current moth. Actual
demand for the current month is 1000 units. The value of the smoothing constant is 0.25.
the expected value for demand next month is forecasted as below:

New forecast (F
t+1

) = áD
t
 + (1-á) F

t

 
  where t = time period

á = exponential smoothing constant

D
t 
= Demand at period t

F
t 
= Forecast for period t

(F
t+1

) = Forecast for the next period.

Therefore F
t 
= 0.25(1000) + 0.75(1200)

 = 250 + 900 = 1150 units.

Let us extend the number of period and forecast using smoothing technique for further
understanding.
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Illustration 2

The following quarterly data represent a demand time series for a product:

We are interested in forecasting the third quarter of this year. Let us assume that á =
0.2 and the previous forecast is determined from the average for the four quarters of last
year. Hence F

0
 = (1200 + 800 +1000 + 1200)/4 = 1050. We begin forecasting the first

quarter of this year and continue the computations forward until we reach the third quarter.

     F
1
 = 0.2(1200) +0.8(1050)

(Assume D
0
 = 1200 i.e fourth quarter demand of previous year)

Therefore F
1
= 1080

     F
2
=0.2(1400)+0.8(1080) = 1144

     F
3
=0.2(900)+0.8(1144)   = 1095

Summarizing,

The value of á should be chosen very carefully. The higher the value of á, the greater
is the weight placed on the more recent demand levels. This permits the model to respond
more quickly to change in the time series. The lower the á values, the greater is the weight
given to demand history in forecasting future demand and the longer is the time lag in
responding to fundamental changes in the demand level. Low values provide very ‘stable’
forecasts that are not likely to be heavily influenced by randomness in the time series. á
values typically range from 0.01 to 0.30. A good rule to follow when searching for an á
value is to choose one that will allow the forecast to track major changes occurring in the
time series and average the random fluctuations. á should minimize the forecast error.

Quarter 
 1 2 3 4 
Last year 1200 800 1000 1200 
This year 1400 900  F3 = ? 

Quarter 
 1 2 3 4 
Last year 1200 800 1000 1200 
This year 1400 900   
Forecast 1080 1144 1095  
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Illustration 3

(Trend Correction)

Let us consider the previous example and forecast the demand for third period
correcting the trend. The trend corrected version of the model has a set of equations that
can be stated as:

S
t+1

 = á D
t
 + (1- á)(S

t
 + T

t
)

T
t+1

= â(S
 t+1

-S
t
) + (1- â)T

t

F
t+1

 = S
t+1

+T
t+1

 where F
t+1

 = trend – corrected forecast for period t+1

S
t    

 = initial forecast for period t

T
t
    = trend for period t

â     = trend smoothing constant.

Let us use the arbitrary starting value of S
t
 = 1050(average demand values of previous

year) and T
t
 = 0(no trend). The smoothing constant â is assumed 0.25 and á remains the

previous value of 0.2. Now forecast using the set equations given above.

S
1
   =0.2(1200)+0.8(1050+0) = 1080

T
1
   =0.25(1080-1050) +0.75(0) =7.5

F
1
   = 1080+7.5 = 1087.5 1088

S
2   

 = 0.2(1400) + 0.8(1088) = 1150

T
2
   = 0.25(1150-1080) + 0.75(7.5) = 17.5 + 5.63=23.13

F
2
   = 1150 +23.13 = 1173.13 1173

S
3
   = 0.2(900)+0.8(1150+23.13)=1118.51119

T
3
   = 0.25(1119-1150) +0.75(23.13) =-7.88+17.35=9.47

F
3
   =1119+9.47=1128.5 1129

From illustration 2, we got F
3
 as 1095. When we corrected the trend we got F

3
 as 1129.

Let us now discuss how to forecast considering level, trend and seasonality using HOLT-
WINTER’s trend and seasonality method.

Illustration 4: (HOLT – WINTER’S MODE)

If the data pattern is stationary, then the moving average and single exponential
smoothing methods are appropriate to find out forecast from the past data. When the data
is exhibiting trend and level, the trend correction as illustrated above can be used. However,
in many cases, Holt-winter’s trend and seasonality is found to be more appropriate. In this
model level, trend, seasonality and the forecast are expressed as follows:
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Level, L
t
  = (áD

t
/S

t-s
)+(1-á)(L

t-1
+T

t-1
)

Trend, T
t
  = â(L

t
-L

t-1
)+(1-â)T

t-1

Seasonality, S
t
 = (ãD

t
/L

t
)+(1-ã)S

t-s

Forecast F
t+m

=(L
t
+T

t
*m)S(

t-s)+m

Where s  = the length of seasonality(no of months or quarter)

L
t
  = the level of the series

T
t
  = the trend component

S
t
  = the seasonality component

F
t+m

  = forecast for m periods ahead.

Initialization is done as follows:

L
s
 = 1/s(D

1
+D

2
+————D

s
)

T
s
 = 1/s(D

s+1
-D

1
)/s+(D

s+2
-D

2
)/s+————+(D

s+s
-D

s
)/s

S
1
 = D

1
/L

s
, S

2
= D

2
/L

s
, —————Ss=Ds/Ls

Table4.1 contains the calculations for an example situation using Holt-Winter’s trend
and seasonality method. The data set of Table4.1 indicates that there is a seasonality in
every 4 periods and this seasonal variation is associated with trend.

á  = 0.25, â = 0.05, ã = 0

Table 4.1 Using Holt-winter’s model to forecast for the 13th period.

Period t Actual demand Dt Level Lt Trend Tt Seasonal St Forecast F
1 350   0.927  
2 380   1.007  
3 430   1.1391  
4 350 377.5 9.375 0.927  
5 380 392.64 9.663 0.927 358.63 
6 400 401.03 9.599 1.007 372.93 
7 500 417.71 9.953 1.391 413.50 
8 380 423.23 9.711 0.927 594.88 
9 475 452.81 10.705 0.927 401.34 

10 510 474.25 10.733 1.007 429.68 
11 585 468.88 9.928 1.1391 488.38 
12 475 487.21 10.349 0.927 541.53 
13     461.24 
14     511.46 
15     590.35 
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Computations

Initial values: (s=4)

L
4
 = ¼[(D

1
+D

2
+

3
+D

4
)] = (350+380+430+350)/4=377.5

T
4
 = ¼[(D

4+1
-D

1
)/4+(D

4+2
-D

2
)/4+(D

4+3
-D

3/4
)+(D

4+4
-D

4/4
)]

     = 1/4 [(380-350)/4+(400-380)/4+(500-430)/4+(380-350)/4]

     = ¼ [7.5+5+17.5+7.5]

     =9.375

S
1
 =D

1
/L

4
=350/377.5=0.927 ; S

2
=D

2
/L

4
=380/377.5=1.007

S
3
 = D

3
/L

4
=430/377.5 = 1.1391 ; S

4
=D

4
/L

4
=350/377.5 = 0.927

L
5
 = (á*D

5
/S

5-4
)+(1-0.25)(L

5-1
+T

5-1
)

    = (0.25*380/0.927)+0.75(377.5+9.375)

    = (102.48)+290.16  = 392.64

T
5
 = â(L

5
-L

4
)+(1-â)T

4

    = 0.05(392.64 – 377.5) + (1-0.05)9.375

    = 0.757+8.91 = 9.663

S
5
 = ã(D

5
/L

5
) + (1-ã)S

5-4

    = 0(380/392.64) + 1(0.927)

      = 0.927

F
4+1

 = (L
4
+T

4
*1)S

(4-4)+1
 = F

5

       = (377.5+9.375*1)0.927

       =358.63

L
6
 =(0.25*400/1.007) +0.75(392.64+9.663)

     = 99.305 + 301.723 = 401.03

T
6
 = 0.05(401.03-392.64)+0.95(9.663)

     = 0.4196 + 9.1799 = 9.599

S
6
  = 0+1(1.007) = 1.007

L
7
  = (0.25*500/1/1391) + 0.75 (401.03 + 9.599)

     = 109.74 + 307.97 = 417.71

T
7
  = 0.05(417.71 – 401.03) +0.95(9.599)

     = 0.8341 + 9.119 = 9.953

L
8
  = 0.25*380/0.927 + 0.75(417.71 +9.953)

     = 102.481 + 320.747 = 423.228
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T
8
  = 0.05(423.23 – 417.71) + 0.95 (9.953)

     = 0.256 + 9.455 = 9.7114

L
9
  = 0.25*475/0.927 + 0.75(423.23 + 9.711)

     = 128.10 + 324.71 = 452.81

T
9
  = 0.05(452.81 – 423.23) +0.95(9.711)

     = 1.4791 +9.225 = 10.7046

L
10

  = (0.25*510/1007) +0.75 (452.81+10.705)

     = 126.6+347.64 = 474.25

T
10

 = 0.05(474.25 – 452.81) +0.95(10.705)

     = 1.0722 + 9.6613 = 10.733

L
11

 = 0.25*585/1.1391 + 0.75(474.25 + 10.733)

     = 105.14 + 363.74 = 468.88

T
11

 = 0.05(468.88- 474.25) +0.95 (10.733)

     =-0.268 + 10.1964 = 9.928

L
12

 = 0.25*475/0.927 +0.75(468.88 + 9.928)

     = 128.10 + 359.11 = 487.21

T
12

 =0.05(487.21 – 468.88) +0.95(9.928)

     = 0.917 + 9.432 = 10.349

F
12+2

 = L
12

+T
12

 (2)S
10(m=2)

F
12+2

 = (487.21 + 10.349 * 2) 1.007 = 511.46

F
12+3

 = (L
12

+T
12

(3) S
11(m=3)

   = [487.21 + 10.349*3] 1.1391

   = 590.35

Illustration5: Forecast error

We know that forecast contains error. Hence we are interested in finding out the
forecast value range within which the actual demand may occur. This requires a statistical
forecast. The forecast error is the difference between the actual demand and the forecast
value. It is properly expressed statistically as a standard deviation, variance or mean absolute
deviation. We are going to see the application of standard deviation in estimating the statistical
demand. Let us recall an example illustrated earlier:
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Now, let us estimate the standard error of the forecast for the two periods (N=2) for
which the forecast has been made and actual demand values are available. Assuming that
demand is normally distributed about the forecast, we can develop a 95 percent confidence
band around the third quarter forecast.

The standard error = 
1N

)FD( 2
ttt

−
−∑

= 402

The best estimate for the actual demand level (D) for the third quarter with Z 
0.95%

 =
1.96 from a normal distribution table is:

D= F
3
 ± Z (S

e
)

= 1095±1.96 (402)

= 1095±788

Hence, the 95 percent confidence range for the forecast of actual demand is
307<D<1883.

Illustration6: Decomposition method

Decomposition forecasting is built on the philosophy that a historical sales pattern can
be decomposed into four categories: trend, seasonal, cyclical and random. Trend represents
long term movement in sales caused by various factors: seasonal variation represents the
peaks and valleys in the time series. Cyclical variation is the long term variations in the
demand pattern. Random variation is that portion of total sales that is unaccounted for by
trend, seasonal or cyclical components. Decomposition method combines all these effects
as given below:

F=T*S*C*R Where

F= Demand forecast

Quarter 
 1 2 3 4 

Last year 1200 800 1000 1200 
This year 1400 900   
Forecast 1080 1144 1095  
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S= Seasonal component

C= Cyclical component

T= Trend component

R= Random component or residual.

In practice, the model is often reduced to only trend and seasonal components. This
is due to a well specified model has a random component of 1.0(R). Same way the cyclical
component is also considered as 1.0(C), because the model is usually updated when new
data become available. Trend component may be obtained by least square method. The
mathematical expression for a linear trend is T = a+bt, where t is time, T is the average
demand level and ‘a’ and ‘b’ are co-efficients to be determined.

These co-efficients are obtained by:

         a = D
t 
- bt

N = the number of observations

D
t = 

the actual demand in time period t

D = average demand for Ntime periods

t   = average of t over N time periods.

The seasonal component can be found by the following equation:

S
t
=D

t 
/ T

t
 where

S
t
 = seasonal component in time period t

T
t 
 = trend component from T=a+bt

Finally, the forecast is made for time period t in the future as follows:

F
t
 =(T

t
) (S

t-s
) where

F
t 
= the forecasted demand in time period t

s  = number of periods in the seasonal cycle.

Let us illustrate this method using the following example: A manufacturer has the demand in
the past twelve periods is given in table4.2
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Table4.2 Sales data for twelve periods

By observing the data it is found that 4 period seasonal cycle(s) is available in the
data. The trend component, seasonal component and forecast values are given in table4.3.

Table 4.3 Forecast values for Decomposition Method

SUM 78    15930    108330                  650

 = 15930/12 1327.5                t = 78/12 =6.5

Computations

∑
∑

−
−

+
22

t

NEt

)t(DN)t(tD
b

2)5.6(12650

)5.6)(5.1327()12(108330

−
−=

Period 1 2 3 4 5 6 7 

Demand 950 1200 1400 1500 1000 1250 1500 

Period 8 9 10 11 12 

Demand 1600 1100 1300 1480 1650 

Time(t) Sales(Dt) Dt * t t2 Trend(Tt) Seasonal St 

1 950 950 1 1143.46 0.8308 
2 1200 2400 4 1176.92 1.0196 
3 1400 4200 9 1210.38 1.1567 
4 1500 6000 16 1243.84 1.2059 
5 1000 5000 25 1277.30 0.7829 
6 1250 7500 36 1310.76 0.9536 
7 1500 10500 49 1344.22 1.1159 
8 1600 12800 64 1377.68 1.1614 
9 1100 9900 81 1411.14 0.7795 
10 1300 13000 100 1444.60 0.8999 
11 1480 16280 121 1478.06 1.0013 
12 1650 19800 144 1511.52 1.0916 
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= 4785 / (650-507)

 = 4785 / 143

= 33.46

  

= 1327.5 – 33.46 *6.5

= 1327.5 – 217.49 =1110

T
1
  = 1110 + 33.46*1 = 1143.46

T
2
  = 1110 + 33.46*2 = 1176.92

T
3  

= 1110 + 33.46*3 = 1210.38

T
4  

= 1110 + 33.46*4 = 1243.84

T
5  

= 1110 + 33.46*5 = 1277.30

T
6  

= 1110 + 33.46*6 = 1310.76

T
7  

= 1110 + 33.46*7 = 1344.22

T
8
  = 1110 + 33.46*8 = 1377.68

T
9  

= 1110 + 33.46*9 = 1411.14

T
10 

=1110 + 33.46*10= 1444.60

T
11

 = 1110 + 33.46*11=  1478.06

T
12

 = 1110 + 33.46*12= 1511.52

T
13

 = 1110 + 33.46*13= 1544.98

S
1
 = D

4
/T

1
 = 950 /1143.46 = 0.8308        S

2
 = 1200 / 1176.92 = 1.0196

Similarly S
3
 to S

12
 are computed and entered into the table4.3.

Forecast value of 13th period = F
13   

 = T
13

 * S
13-4

     Therefore F
13

 = 1544.98 * 1.0013

   = 1546.988 H” 1547.

This is how the decomposition method is used to forecast the future demand.

4.3  AGGREGATE PLANNING IN THE SUPPLY CHAIN

Once forecasting of demand is done, the next step is to plan for production of the
demand. Initially production planning is made at the aggregate level. Aggregation is total
demand of the company. A company may produce more than one component. Planning is
made to produce all the varieties for a specified time period. Production capacity of a firm
may be expressed in plant hours and the total demand is converted into plant hours and it
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can be compared with the existing capacity of the plant for making arrangement. Aggregate
planning is basically examining the capacity of the plant with the forecasted demand. This
planning is at macro level and do not deal with the stock keeping unit (SKU’s) levels.
Therefore aggregate planning can be defined as the process by which a company determines
levels of capacity, production, subcontracting, inventory, stock outs and even pricing over
a specified time horizon. The ultimate goal is to maximize the profit.

Traditionally aggregate planning was considered as an internal affair and not considered
as a part of supply chain. Aggregate planning, however is an important constituent of
supply chain network. Aggregate planning requires input throughout the supply chain and
its results have significant impact on supply chain. Good forecasts require collaborative
approach. Collaboration with down stream supply chain partners help achieve good forecast.
Forecast become input to aggregate planning. So, aggregate planning has an important
role in the supply chain. Additionally, many constraints that are considered in aggregate
planning come from supply chain partners, particularly upstream supply chain. Without
these inputs from both downstream and upstream partners, aggregate planning can not be
made successfully. Production plans for a firm decide the demand for suppliers and made
the supply constraints for customers. Hence the aggregate planning is considered as
foundation for creating plan within as well as outside the enterprise across the supply
chain.

The aggregate planning consists of planning the production through various strategies.
The strategies include, regular time production, over time production, inventory carrying,
sub-contracting, back-ordering and hiring and firing of human resources. A company can
have a single strategy or combination of any of the above mentioned policies in arriving
their aggregate plan. The operational parameters to be identified in aggregate planning are:

1. Production rate: Quantity completed per unit of time (such as hour, day, week or
per month)

2. Work force: Determination of number of workers per unit of capacity needed for
production.

3. Over time: Over and above the regular time, the extra hours required per unit of
time. Remember over time costs more to the company.

4. Machine capacity: Number of items that can be produced per unit of time.

5. Subcontracting: It is the kind of outsourcing. This may also increase / decrease the
manufacturing cost. If technology is not available in the company, there is no other
go other than sub-contracting.

6. Backlog: Back ordering is another policy with which the delivery is postponed by
supplying later. Company may loose its good will.

7. Inventory: Producing at the constant rate, accumulating inventory during slack period
and utilizing during peak period is a common phenomena noticed in the supply
chain.
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4.3.1  Aggregation Methods

The following are the pure strategies that are generally used in planning of production.

1. Varying the inventory levels
2. Varying the workforce size
3. Overtime working
4. Subcontracting
5. Back ordering

By combining two or more of the above strategies we can form a mixed strategy to
meet the demand. The various methods used to solve the aggregate planning can be classified
as: graphical method, chase method, transportation method, linear programming and
simulation methods. Linear programming and transportation methods are discussed in
production management course in detail. Students are advised to refer the same. The
graphical method and chase method are discussed in this section.

Graphical method

Graphical method is a very simple and straight forward method in determining the
production rate to meet the demand based on the forecast. In this method cumulative
demand values and cumulative production capacities are plotted on the same graph. The
gap between the demand and production capacity in different periods could be easily read
from the graph. This is a very old method and the major limitation in this method is non
inclusion of cost.

Example4.1: ABC limited has forecasted its demand for eight periods as given below:

I. Plot the demand as a histogram. Determine the production rate required to meet
average demand and plot the average demand on the graph.

II. Plot the a ctual cumulative forecast requirements overtime and compare them with
the available average forecast requirements. Indicate the excess inventories and
backorders on the graph.

Solution

(i)  The graphical representation of the demand is shown in fig4.1. The average is also
shown as dotted line.

(ii)  The cumulative and average forecast are shown in fig4.2. At any period, if the
cumulative forecast exceeds the cumulative production, there will be shortage and
will be filled through back order. Otherwise, there will be an excess stock will be
absorbed by future demands

Period 1 2 3 4 5 6 7 8 

Demand 300 260 450 650 480 320 300 420 
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Figure 4.1 Histogram of fore cast and averag requirements

Figure 4.2 Cumulative and average forecast
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Example4.2: For the example 4.1, (i)Suppose that the firm estimates that it costs Rs.200
per unit to increase the production rate, Rs.250 per unit to decrease the production rate,
Rs.50 per unit per period to carry the items on inventory and Rs.125 per unit if
subcontracted. Compare the cost incurred, if pure strategies are followed. (ii)Given these
costs, evaluate the following mixed strategy.

The firm decides to maintain a constant production rate of 300 units per period and
permits 20% over rate when the demand exceeds the production rate. The incremental
cost of overtime is Rs.30 per unit. It plans to meet the excess demand by hiring and firing
of employees.

Solution
(i) Pure strategies

Plan1: Varying the work force size: In this pure strategy, the work force size will be varied
to meet the actual demand. This is done by hiring or firing the employees as the case may
be. The computations are shown in table4.4. The cost of this plan is Rs.1,99,500/-.

Table 4.4  Cost of varying the work force size

Plan2: Varying the inventory levels: Average demand is planned to produce at constant
rate. This may result in excess of units during some periods and shortage during some
other periods. The excess unit will be carried for other periods. Shortage is met with future
inventory. The cost of the plan is given in table4.5. The plan incurs a maximum shortage of
150 units during the period 5. Since a certain amount of uncertainty is involved in any
forecast, the firm might decide to carry 150 units from the beginning of period1 to avoid
shortages. Adjusted inventories and cost of carrying inventories are shown. The total cost
of the plan is Rs.69200/-

Period Demand forecast Hiring cost Firing cost Total cost 
1 300 - - - 
2 260 - 10000 10000 
3 450 38000 - 38000 
4 650 40000 - 40000 
5 480 - 42500 42500 
6 320 - 40000 40000 
7 300 - 5000 5000 
8 420 24000 - 24000 

Total 199500 
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Table 4.5  Varying Inventory Strategy

Plan3: Subcontracting: If the company decides to produce some minimum at its
premises and the rest be met with subcontracting, the option has to be examined for cost
implications. In our example, we have a plan to subcontract at Rs.125 per unit, with the
constant production rate of 260. The cost of such a plan is Rs.1,17,500/- as computed in
table4.6.

Table 4.6 Subcontracting Strategy

The total costs of pure strategies are summarized below. Among the three plans, the
plan2 (varying inventory levels) has the least cost.

Period 
Forecast 
demand 

Cumulative 
demand 

Production 
rate 

Cumulative 
production 

Inventory 

Adjusted 
inventory 
with 150 

at the 
beginning 

Cost of 
carrying 

inventory 

1 300 300 398 398 98 248 12400 
2 260 560 398 796 236 386 19300 
3 450 1010 398 1194 184 234 11700 
4 650 1660 398 1562 -68 82 4100 
5 480 2140 398 1990 -150 0 0 
6 320 2460 398 2388 -72 78 3900 
7 300 2760 398 2786 26 176 8800 
8 420 3180 398 3184 4 180 9000 

Total   
69,200 

 

 

Period Demand 
forecast 

Production 
rate 

Subcontract 
units 

Cost of 
subcontracting 

1 300 260 40 5000 
2 260 260 0 0 
3 450 260 190 23750 
4 650 260 390 48750 
5 480 260 220 27500 
6 320 260 60 7500 
7 300 260 40 5000 
8 420 260 160 20000 

Total 1,17,500 
 

Plan Total cost 

1 199500 

2 69200 

3 117500 
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(ii) Mixed strategy

For the given problem, the mixed strategy has got the following components.

1. Maintain a constant production rate of 300 per period.

2. Permit 20% overtime when the demand exceeds the production rate. The
incremental cost of overtime is Rs.30 per unit.

3. To meet any further demand, choose hiring / firing.

The computation of mixed strategy is given in table4.7.

Table 4.7 Mixed Strategy Solution

It can be seen from the table4.7 that the total cost of the plan is Rs.1,49,500/-.
During period1 the demand is 300 units and the constant work force available in the
company is capable of producing at the rate of 300 units per period. So, for the first period
demand and production are the same. For second period the demand is 260 and the
balance 40 units is carried as inventory. For the third period demand is 450. To meet this
demand constant production of 300 units, inventory 40 units, overtime 60 units and by
hiring 50 units, total demand of 450 is met. For the fourth period, 240 more units through
hiring is arranged in addition to the existing 50 units through hiring. For the fifth period, we
need only 480 units. Therefore out of 290 units, 170 is fired to meet this period demand.
Similarly 6th, 7th and 8th period demand are also met.

Summary of the strategies is given below:

Period Demand 
Production 

rate(regular) 

OT 

@ 

20% 

Hiring Firing 
End 

inventory 

Cost of 

OT 

Cost 

hiring 

Cost 

firing 

Cost 

inventory 

Tota

cost

1 300 300 0 0 - 0 - - - - - 
2 260 300 0 0 - 40 - - - 2000 200
3 450 300 60 50 - 0 1800 10000 - - 1180
4 650 300 60 240 - 0 1800 48000 - - 4980
5 480 300 60 - 170 0 1800 - 42500 - 4430
6 320 300 60 - 120 40 1800 - 30000 2000 3380
7 300 300 0 - - 40 0 - - 2000 200
8 420 300 60 20 - 0 1800 4000 - - 580

 

Strategy Total cost(Rs) 

Plan-1 1,99,500 

Plan-2 69,200 

Plan-3 1,17,500 

Mixed strategy 1,49,500 
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From the above it is seen that the total cost for the plan-2 is minimum, which is pure
strategy of changing inventory levels. It is recommended to use the varying inventory strategy
for the company.

4.4  MANAGING PREDICTABLE VARIABILITY

Customer demand and firms supply, both are vary due to various reasons. The demand
of air conditioners will be very high during summer and woolen cloths will be in high demand
during winter seasons. Likewise the demand may fluctuate from period to period. The
reason for variation in demand and supply may be predictable or unpredictable. Predictable
variability is change in demand that can be predicted. If the demand is stable, forecasting
future requirement is relatively easy. With predictable variability company can maximize its
profitability by responding properly to the variations in demand and supply.

A firm must decide how to handle predictable variability through capacity management,
inventory management, subcontracting and using backlogs. Whereas while managing, the
variations in demand can be managed using short time price discounts and trade promotions.

Supply of product can be controlled combining production capacity and inventory.
Capacity can be managed using any one or more of the following:

1. Flexible work force
2. Seasonal work force
3. Subcontracting
4. Combination of flexible and dedicated capacity
5. Flexible manufacturing
6. Standardization and variety reduction
7. Inventory buildup during off-season.

Out of the seven items listed above, the first five are related to capacity management
and the last two items are related to inventory management. Modifying capacity or managing
inventory the output of the firm can be controlled. Change in capacity should result in
optimizing the profit.

Next, let us discuss the predictable variability in demand. Pricing the product is one of
the most important strategies in meeting the demand. Very often pricing decisions are
based on revenue earning capacity of the firm. Sometimes it may result in lower profitability.
Promotional techniques may also be used to boost sales. It may increase the demand.
Changing the demand pattern may change the cost to be incurred in making the product. If
pricing and promotion are combined the objective of maximizing profit may be achieved.
The precise use of either pricing or promotion or both varies with the situation. This makes
it crucial that companies in a supply chain co-ordinate both their forecasting and planning
efforts. Only then are profits maximized.



DBA 1730

NOTES

98 ANNA UNIVERSITY CHENNAI

For a supply chain to successfully manage predictable variability, the entire supply
chain must work towards one goal of maximizing the profit. Incentives play an important
role in this. Working closer with co-coordinated effort to achieve the overall goal. Predictable
variability has a great impact on the operations of a company. The management of supply
as well as demand provides the best response to predictable variability. It is important for
marketing and operations to co-ordinate their efforts and plan for predictable variability
together well before the peak demand is required. This coordination allows companies to
preempt predictable variability and come up with a response that maximizes profit.

4.5  MANAGING SUPPLY CHAIN CYCLE INVENTORY

Inventory is an idle resource but has a useful value. When we purchase / produce a
lot which is more than the requirement, inventory accumulates. Let us assume that we need
10 items per day and if our lot size is 50, then at the end of the first day, we will have 40
items on hand. At the end of second day 30 items will be on our hand. This balance stock
on hand is referred as inventory. For all computation purposes, we use average inventory.
In our example at the end of 5th day, we will be left with no stock. It means zero inventory.
At beginning of the first day we had 50 numbers. This is the lot size and also maximum
inventory that we can have at any point of time. This 50 numbers deplete and finally become
zero at the end of the 5th day. There should be arrangement for replenishing the stock and
it should arrive at the end of the 5th day. It means instantaneous recoupment of stock. At
the beginning of the 6th day we will again have 50 units. Recoupment is done taking few
days. Let us assume that we need atleast two days to recoupe the quantity. These two
days is known as lead-time. Lead-time is the time elapsed between initiation of purchase
activity and realization of material. This phenomena of inventory is shown as the saw tooth
diagram in figure 4.3.

Figure 4.3  Saw-tooth diagram.
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Maximum inventory under this deterministic situation is Q and the minimum inventory
level is zero. Therefore the average cycle inventory is equal to (Q+0)/2 = Q/2. This average
inventory is used for all computation purposes.

Let us define the following variables:

D = Annual demand

A = Ordering / setup cost in rupees per order

C = cost of item or unit cost in rupees.

i  = Inventory carrying cost on average inventory

H = i * C = Holding cost per unit per annum

Q = lot size.

No of orders per annum              = Annual demand / lot size = D/Q

Therefore ordering cost / annum = (D / Q) * A

Average inventory value             = (Q/2) * H

Annual item value                       = C * D

Therefore total annual cost          = CD + (AD/Q) + (QH/2)

Our objective is to minimize the total cost. i.e. we are interested in a lot size that
minimizes the total cost due to inventory . We know, if we purchase / produce a small lot
size, we may have to do this more number of times incurring high ordering cost. If our lot
size is high enough, then we need to store the inventory and the cost associated with
holding the inventory increases. We must strike balance between these two costs .i.e ordering
cost and holding cost. The best way to do this is to differentiate the total cost function with
respect to the decision variable (Q) and equating it to zero.

;
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Q* is the optimal order size
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This quantity minimizes the total cost of inventory operation. In our example problem,
the daily demand is 10 units and lot size is 50. the variability in demand is already discussed
in the previous section and we are not going to include  in this section. And also the impact
of variability of demand is very small and can be ignored. Whereas the quantity i.e lot size
plays an important role in the supply chain. For the lot size 50, let us define other variables.

i  = 1 percent = 0.01

A = Rs.2 per order

C = Rs.5 per unit. Therefore H = 5 * 0.01 = 0.05

Total cost for our present practice is :

05.0*
2

50
2*

50

10*365
365*10*5TC ++=

= 18250 + 146 +1.25

Total cost = Rs.18397.25.

As can be seen from the above that the procurement / ordering cost per annum is
Rs.146 and the carrying cost is just Rs.1.25. it is because our lot size is very small which
has resulted in very less inventory to be handled . we need to purchase 73 times in a year
incurring at Rs.2/- per purchase, leading to Rs.146 as total purchasing cost per annum. Let
us find out what is the economic order quantity. We know,

37.540
05.0

10*365*2*2

H

AD2
*QEOQ ====

Instead of buying 50 units at a time, the EOQ recommends to buy 540.37 numbers at a
time. Let us first compute the cost implications.

02.1827751.1318250

05.0*
2

37.540
2*

37.540

10*365
365*10*5TC

=+=

++=

Instead of purchasing 50 units at a time, if we purchase 540.37 units as a lot size, we
incur less cost towards inventory management. Rs.18250 is a constant factor. It is known
as fixed cost. The variable costs are those which are varied with the decision variables.
Purchase cost and inventory carrying costs are affected by the lot size. For a lot size
540(rounded off to integer), the cycle inventory is the average resulting inventory and is
given by: Q*/2 = 540/2 = 270 Number of orders per year = D/Q* = 3650 / 270 = 13.52
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Average flow time = Q* / 2D = 540/2*3650 = 0.07 year which is equal to 27 days.
Each unit thus spends 27 days, on average, before it is consumed. A few key issues can be
discussed from this simple example. The economic lot size is 540.37, if we round it off to
540, the optimality cannot be ensured. Next, by increasing lot size, the increase in total
cost is marginal. Number of orders per year (optimal) is 13.52, hereagain either we can
have 13 orders or 14 orders in a year. This will also alter the total cost but marginally. It
can be seen that if demand increases by a factor ‘d’, the optimal lot size increases by a
factor of “d. The number of orders placed per year should also increase by a factor of “d.
Flow time attributed to cycle inventory should decrease by a factor of “d. Any attempt to
reduce the lot size will increase the total cost. Instead if an attempt is made and the ordering
cost is reduced, this will certainly reduce the lot size as well as the total cost. Let us assume
that our ordering cost is reduced from Rs.2 per order to Rs.1 per order. The EOQ for the
new ordering cost is

382
05.0

1*3650*2 =

which is very less from 540. Studies have shown that to reduce the optimal lot size by a
factor of d, the order cost, ‘A’ must be reduced by a factor of d2. To effectively reduce the
lot size, we need to understand the source of fixed cost (order cost). Transportation cost
is one of sources in the ordering cost. Each item is separately ordered, we need to spend
the same transportation cost individually. Efforts may be made to combine the items and
transport in a bulk so that transportation cost may be reduced. Aggregating across products,
retailers or suppliers in a single order allows for a reduction in lot size for individual products
because ordering and transportation costs are now spread across multiple products, retailers
or suppliers.

Next let us see how pricing affects the economies of scale. Economic order quantity
ensures the minimum total cost in the inventory operations. In the foregoing discussions we
have seen reducing lot size is the key to reducing cycle inventory. A key to reducing lot size
without increasing costs is to reduce the fixed costs (ordering / setup costs) associated
with each lot. This may be achieved by reducing the ordering cost itself or by aggregating
lots across multiple products, customers, or suppliers. In this approach, we assumed that
the material cost (unit cost) remains constant regardless of the quantity purchased. In
reality it is not so. When customer buys more numbers (bulk), the suppliers offer discounts
in the unit cost. Many occasions it is found that price discounts prove to be economical
than the economic order quantity. When lot sizes increases, the price is reduced to improve
the sales volume. Let us analyze the impact of price discounts in the supply chain. Particularly
how this price discounts affect the lot sizes, cycle inventories and flow times are discussed
in the following paragraph.
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By offering discount, the material cost varies with lot size. We need to consider annual
material cost, ordering cost and holding costs when making the lot sizing decision. Our
objective is to select lot sizes to minimize the total annual cost. Next we should evaluate the
optimal lot size in the case of all unit quantity discounts. Let us consider our example, in
which the unit cost is varied as follows.

Quantity range Price
0 – 499 5.00
500 – 999 4.50
e”1000 4.00

We know the economic order size is 540 (Q
1
*) for the price Rs.5 / unit. If we check

up with the quantity range, the company is offering price of Rs.5 only if the quantity is less
than 500. our Q* does not fall in this range. Next let us find out the Q

2
* for the price Rs.

4.50 and H= 0.045

045.0

3650*2*2
*2Q =

 = 569.6

This quantity is feasible, because the quantity (596.6) falls within the range of quantity
offered by the supplier. Since it is feasible, let us find out the total cost:

045.0*
2

570
2*

570

3650
3650*50.4TC ++=

= 16425 + 12.81 + 12.81
= 16450.6

The total cost is reduced from 18277 to 16450 by accepting the quantity discount.
Before we conclude, let us examine the total cost implication for the price Rs.4/-. If we
want to avail this discount, the minimum lot size should be 1000. if we buy 1000 at a time
the total cost is:

4*3650 + (3650 /1000)*2 + (1000/2) * 0.04 = 14627.30

By availing the discount and increasing the lot size, the total cost is further reduced to
Rs.14627.30 from 16450.60. Hence, it is recommended to order 1000 at a time and the
number of orders per annum is 3.65. The mean flow time is 50 days. When we ordered
547, the mean flow time was found to be 27 days. If we avail prize discount and order
1000, we need to keep inventory for more number of days. Thus quantity discounts lead
to a significant build up of cycle inventory in the supply chain. Though it increases the cycle
inventory and flow time, studies have shown that it improved the co-ordination in the
supply chain, and also helps in exploiting positively the prize discounts.
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4.6  MANAGING UNCERTAINITY IN THE SUPPLY CHAIN: SAFETY
INVENTORY

In the classical economic order quantity model, we assumed that the demand is constant
and the lead time does not vary. In actual practice, it is not so. We know that the demand
is forecasted with limited accuracy. It means, the demand forecasting has errors. Therefore,
the demand of customer may be increased or decreased. Apart from this, due to various
factors, the demand may fluctuate and rarely it is held constant. Therefore, the assumption
of constant demand may lead to either shortage or excess inventory. If excess inventory is
there, it is not going to affect the availability. It will only increase the cost. However, if
shortage occurs, it will lead to lost customer. Another aspect is the uncertainty in lead time.
We assume that within the specified time, the quantity is purchased. In reality, this lead time
is not constant, leading to shortage of supply. This is explained in the fig4.4.

Figure 4.4 Uncertainity in demand and lead time

To tide over the crisis created by the uncertainty in demand and lead time we can
have sufficient safety stock. This will ensure uniform supply. Managing safety stock ensures
availability of product in the supply chain. The fig4.5 portrays the safety stock in the supply.

Figure 4.5 Inventroy profile with safety inventory
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The problem here is to determine the optimum size of the safety inventory. This can
be done by considering the uncertainty in demand and supply. And also the desired level of
product availability should be considered in designing the optimum level of safety stock. If
uncertainty in supply or demand increases, the required level of safety stock also increases.
It is also affected by the required level of product availability. Demand has two components
of uncertainty that is systematic as well as random component. The estimate of random
component is a measure of demand uncertainty and is usually estimated as the standard
deviation of demand (ó). Let us assume that the demand is normally distributed with a
mean demand ‘D’. Lead time (L

T
) is the time gap between when an order is placed and

when it is received. The safety inventory is the average number of items available on hand
when a replenishment order arrives. Given the lead time of L

T
 weeks and a mean weekly

demand of D, the expected demand during lead time = DL
T
. Therefore the safety inventory

= ROP – DL
T
.

Example 4.1: Assume that weekly demand for a company is normally distributed with a
mean of 2750 and a standard deviation of 550. The supplier takes two weeks to fill an
order placed by the company. The company currently orders 12000 items when the
inventory on hand drops to 6000. Evaluate the safety inventory carried by the company
and the average inventory carried by the company. Also evaluate the average time spent
by an item at the company.

Solution: Data given:

Average demand per week = D = 2750

Standard deviation of weekly demand ó = 550

Average lead-time for replenishment, L
T
 = 2 weeks.

Therefore DL
T
=2750 * 2= 5500

Reorder point (ROP) = 6000

Average lot size (Q) = 12,000

Safety inventory = ROP - DL
T

             = 6000 – 5500 = 500

Cycle inventory = Q/2 = 12000/2 = 6000

Therefore average inventory = cycle inventory + safety stock

                   = 6000 + 500 = 6500

Average flow time = Average inventory / throughput

                 = 6500/2750 = 2.36 weeks
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Next let us discuss the measures of product availability. Product availability reflects
firm’s ability to fill a customer order out of available inventory. A shortage results if a
customer order is not fulfilled. There are several ways to measure product availability.
Product fill rate is the probability that product demand is met from the available inventory.
For example, a customer wants 100 items, whereas the firm’s inventory is only 80 items.
This is 80% service level. Order fill rate is the fraction of orders that are filled from available
inventory. For example, a firm wanted 3 varieties of products and the company is in a
position to supply only two varieties. Two third request is fulfilled in this case. Finally, the
cycle service level is the fraction of replenishment cycles that end with all the customer
demand being met. The cycle service level is the probability of not having a stock out in a
replenishment cycle. Replenishment policies like continuous review and periodic review
are important issues in deciding the safety stock.

Given a replenishment policy, we can evaluate the cycle service level, the probability
of not stocking out in a replenishment cycle.

Let:

Q =   Lot size

ROP =  Re-order point

L
T  

=  Lead time in weeks

D  =  Demand

ó =   Standard deviation

Cycle service level = probability (demand during lead time of L
T
 weeks d” ROP)

Assumption: Demand during lead time is normally distributed with a mean of D
LT

 and a
standard deviation of ó

LT 
 where:

D
LT 

= D*L
T 
and ó

LT 
 = “LT * ó

Safety stock during lead time = K * ó
LT

Where k = service level.

Example4.2: Weekly demand for a product is normally distributed with a mean of 2400
and a standard deviation of 450. The replenishment time is two weeks. Assume that the
demand is independent from one week to the next. Evaluate the cycle service level resulting
from a policy of ordering 12000 items when there are 6000 items in inventory.

Solution:

Data given: Q = 12000, ROP = 6000, L
T
 = 2 weeks D= 2000 / week, ó = 450

Demand during lead time = 2400*2 = 4800
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Standard deviation during lead time = “LT * ó

          = “2 * 450

          = 636.4

Safety stock = ROP - D
LT 

= 6000 – 4800 = 1200

Safety stock during lead time = K* ó
LT

Therefore 2000 = K * 636.4

Therefore K = 1200 / 636.4 = 1.8868

For k = 1.89 from the normal distribution table, probability value = 0.9706

Therefore the service level = 97.06%

Example4.3: Weekly demand for a company is normally distributed with a mean of 2400
items and a standard deviation of 450. The replenishment lead-time is two weeks. Assuming
a continuous review replenishment policy, evaluate the safety inventory that the company
should carry to achieve a cycle service level of 95 percent.

Solution:

Data given : Q = 12000,SL = 0.95, L = 2, D=2400 / week, ó=450.

We know D
LT

=2400*2 = 4800

         ó
LT

= “LT * ó

                     = “2 * 450 = 636.4

Safety stock = K * ó
LT

 (for K=0.95, P=1.65)

               = 1.65 * 636.4

               = 1050

Therefore, the required level of safety inventory at the 95% cycle service level is 1050.

In the periodic review policies, the inventory levels are reviewed after a fixed period
of time t and an order is placed taking the current level of inventory and the replenishment
lot size. Here, the order size may vary between successive orders and the resulting inventory
at the time of ordering.

To understand the safety inventory requirement under periodic review process, let us
define the following terms:

D = Average demand per period
ó = Standard deviation of demand per period
L

T 
= Average lead time for replenishment

t = Review interval
SL = Desired service level.



NOTES

107 ANNA UNIVERSITY CHENNAI

SUPPLY  CHAIN  MANAGEMENT

The probability (demand during lead time + demand during review interval) = SL

Mean demand during t + L
T 
= periods, D

t+LT
= (t + L

T
)D

Standard deviation of demand during (t + L
T
) periods, ó

t+LT
 = “ t + L

T 
 * ó

The safety inventory is the excess of D
t+LT 

carried over the time interval t + L
T
. the order

upto level (OL) and the safety inventory SS are related as follows;

OL =  D
t+LT

 + SS

Example4.4: Weekly demand for a company is normally distributed with a mean of 2400
items and a standard deviation of 450. The replenishment lead time is two weeks and the
company has decided to review inventory every 3 weeks. Assuming a periodic review
replenishment policy, determine the safety inventory that the company should carry to
provide a service level of 95 percent. Evaluate the order upto level (OL) for such a policy.

Solution

Data given: D = 2400, ó = 450, LT = 2 weeks, t = 3 weeks.

Demand during the time interval t + L
T
 is:

Mean demand during t + L
T
 (D

t+LT
) = (t + L

T
) D

      = (3+2)2400 = 12000

Standard deviation of demand during t + L
T
 (ó

t+Lt
) = “t+L

T
 * ó

    = “3+2 * 450

                 =1006

Safety stock = K * ó
T + LT

For 95%, K = 1.65

Therefore SS = 1.65 * 1006 = 1660

Order upto level (OL) = D
t+LT 

 + SS = 12000 + 1660 =13660

4.7   DETERMINATION OF OPTIMUM LEVEL OF PRODUCT AVAILABILITY

The level of product availability is measured using service level (SL) or the order fill
rate. This reflects the level of customer satisfaction. In any supply chain, the product
availability is an important component. A supply chain can use high level of product availability
to attract more customers. This will improve the profitability. However, a large amount of
product availability increases the level of inventories. In turn the large inventory increases
the cost of inventory. Thus, there should be a balance between the availability and cost to
achieve the profitability. Therefore, for maximizing the profit, the product availability has to
be optimized.
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The factors affecting the optimal level of product availability are cost of overstocking
and cost of under stocking. Overstocking leads to excess inventory and thus increases the
cost. Under stocking leads to out of stock and leading to lost customer. Therefore, the
optimum level of availability is achieved by balancing the cost of over and under stocking.
As the cost of overstocking increases, it is optimal to lower the targeted level of product
availability.

Let us define the following terms;

Cost of item = Rs C

Price of item = Rs P

Salvage value of unsold item = Rs S

Inventory carrying cost = Rs I
C

Cost of overstocking = C
O 

= C-S

Cost of under stocking = C
u 
 = P-C

Service level = Probability (Demand d” 0)
           C

u

=   ————
         C

u 
+ C

O

Example 4.5: Demand of a certain product is normally distributed with a mean of 400
and a standard deviation of 80. The cost of each item is Rs.90 and retails for Rs.240. Any
unsold items at the end of the season are disposed off Rs.80. Assume that it costs Rs.5 to
hold the item in inventory for the season. Determine the number of items that the company
should order to maximize expected profit.

Solution

Salvage value (S) = 80 – 5 = 75

Cost of overstocking (C
o
) = 90 -75 = 15

Cost of under stocking(C
u
) = 240 – 90 = 150

    C
u           

150
Service level = ———— =    ————— = 150/165 = 0.91

 C
u
 + C

o
             150 +15

Safety stock = kó =1.34 * 80 = 107

For {P=0.91, from normal data k=1.34}

Order size = mean demand + safety stock

     = 400 + 107

= 507
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Thus it is optimal for the company to order 507 items even though the expected
number of sales is 400. In this case, because the cost of under stocking, management is
better off ordering more than the expected value to meet the uncertainty in demand.

Example4.6: Demand of a certain product is distributed with certain probability distribution
as given below:

The cost of each item is Rs.90 and retails for Rs.240. Any unsold items at the end of
the season are disposed off Rs.80. Assume that it costs Rs.5 to hold the item in inventory
for the season. Determine the optimal order size to maximize the expected profit.

Solution

Salvage value = S = 80 – 5 = 75

Cost of overstocking = C
O 

= 90 – 75 = 15

Cost of under stocking = C
u 
 = 240 – 90 =150

  C
u 
                   150

Service level = ———   =   ————— = 0.91
C

u 
+ C

O        
      150 + 15

From the range of cumulative probability it is seen that the optimal order size for the
service level 0.91 is 500.

It is demonstrated that cost of overstocking and under stocking have a direct impact
on both the optimal service level and the profitability. A manager may increase supply chain
profitability by:

1. Increasing the salvage value of each unit overstocked

2. Decreasing the margin lost from a stock out

3. Using improved forecasting to reduce demand uncertainty

4. Using quick response to reduce lead times and allow multiple orders in a season

Demand 100 150 200 250 300 400 500 

Probability 0.21 0.13 0.14 0.12 0.10 0.19 0.11 

Demand 100 150 200 250 300 400 500 

Probability 0.21 0.13 0.14 0.12 0.10 0.19 0.11 

Cum. Prob., 0.21 0.34 0.48 0.60 0.70 0.89 1.00 

Range 0-0.21 0.22-0.34 0.35-0.48 0.49-0.60 0.61-0.70 0.71-.89 0.90-1.00 
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5. Using postponement to delay product differentiation

6. Using tailored sourcing with a flexible, short lead time supply source serving as a
backup for a low cost, long supply source with long lead times.

4.8  CO-ORDINATION IN THE SUPPLY CHAIN

Coordination help ensure that each part of the supply chain takes actions that increase
total supply chain profits and avoids that improve its local profits but hurt total profits.
Lack of co-ordination leads to a degradation of responsiveness and an increase in cost
within a supply chain. Supply chain co-ordination improves if all stages of the chain take
action that together increase total supply chain profits. For effective co-ordination, the
effect of each stage has on other stages must be taken into account. If conflicting objectives
are found in different stages they lead to lack of co-ordination. In each stage, the stage
owner tries to maximize their own profit which may lead to lack of co-ordination. Lack of
co-ordination may lead to lowering of total supply chain profit. The basic challenge today
is to improve the co-ordination inspite of multiple ownership.

When products move from retailer stage to wholesalers it experiences bullwhip effect.
Bullwhip effect is the fluctuations in orders increase as they move up the supply chain from
retailers to wholesalers. Same thing happens when it moves up to manufacturers and further
up as suppliers. The bullwhip effect distorts demand information within the supply chain,
with different stages having a very different estimate of what demand looks like. It may be
found that the consumption of end product may be stable, whereas lot of variation may be
found at raw material stage, making it difficult for supply to match demand. Industry
experienced lot of fluctuations in the past. Large fluctuations in price were driven by either
shortage or surpluses in capacity. This has lead to panic buying or over ordering depending
upon the situation.

Lack of co-ordination results if each stage of the supply chain attempts to optimize
locally. Total supply chain profit could have been achieved, if there exist co-ordination.
Each stage of supply chain, in trying to optimize its local objective, takes actions that end
up hurting the performance of the entire supply chain. Information distortion occurs when
there is a lack of co-ordination among the various stages in the supply chain. The bullwhip
effect impacts the performance negatively. This affects the relationships between different
stages of the supply chain. The bullwhip effect leads to a loss of trust between different
stages of the supply chain. The bullwhip effect increase the manufacturing cost in the supply
chain. The bullwhip effect increases the inventory cost in the supply chain. The bullwhip
effect increases the replenishment lead times in the supply chain. The bullwhip effect increases
transportation cost within the supply chain. The bullwhip effect increases labour costs
associated with shipping and receiving in the supply chain. The bullwhip effect hurts the
level of product availability and results in more stockouts within the supply chain. The
bullwhip effect moves a supply chain away from the efficient frontier by increasing cost and
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decreasing responsiveness. Thus, the bullwhip effect reduces the profitability of a supply
chain by making it more expensive to provide a given level of product availability.

Local optimization by different stages of the supply chain, information delay, distortion
in information and variability within the supply chain are the sources for the lack of co-
ordination in the supply chain. We should identify the key obstacles and take suitable
actions in order to achieve co-ordination. There are five categories of obstacles (chopra,
2004). They are:

1. Incentive obstacles
2. Information processing obstacles
3. Operational obstacles
4. Behavioural obstacles

Incentive obstacles refer to situations where incentives offered to different stages or
participants in a supply chain lead to actions that increase variability and reduce total
supply chain profits. Information processing obstacles refer to situations where demand
information is distorted as it moves between different stages of the supply chain, leading to
increased variability in orders with in the supply chain. Lack of information sharing between
stages of the supply chain increases the bullwhip effect. If the manufacturer is not aware of
the planned promotions, they may mistake it as a permanent increase in demand and place
orders with suppliers accordingly. Thus, the lack of information sharing between the retailer
and manufacturer may lead to a large fluctuation in manufacturer orders. Operational
obstacles are the actions taken in the course of placing and filling orders that lead to an
increase in variability. Pricing obstacles are the pricing policies for a product leading to an
increase in variability of orders placed. Discounting policy increase the lot size. The resulting
large lots magnify the bullwhip effect with in the supply chain. Finally the behavioral obstacles
are problems in learning within organizations that contribute to the bullwhip effect. It may
be due to communication between different stages. Different stages of the supply chain
react to the current local situation rather than trying to identify the root causes. A lack of
trust between supply chain partners causes them to be opportunistic at the expense of over
all supply chain performance.

4.8.1  Managerial Levers to Achieve Co-Ordination

We have seen the obstacles to co-ordination in the previous section. To overcome these
obstacles and also to achieve co-ordination in the supply chain, the following managerial
actions can be used to moderate the bullwhip effect

1. Align goals and incentives
2. Improve information accuracy
3. Improve operational performance
4. Design pricing strategies to stabilize orders
5. Build partnership and trust
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By aligning the goals and incentives, managers can improve the co-ordination within
the supply chain. Aligning individual goals with the company’s overall objective of improving
profitability improves the co-ordination. Incentives given to sales persons can be made
more attractive to reduce the bullwhip effect. Managers can achieve co-ordination by
improving the accuracy of information available to different stages in the supply chain. Use
of appropriate information sharing system help reduce the bullwhip effect. Implementing
collaborative forecasting and planning, the information sharing can be achieved. Also by
designing the single stage control of replenishment reduces the bullwhip effect. The bullwhip
effect can also be reduced by carefully designing the appropriate product rationing schemes
in case of shortages and by improving operational performance. By reducing replenishment
lead times managers can decrease the uncertainty of demand during lead time that helps in
dampening the bullwhip effect by reducing the uncertainty of demand. The operation
improvements like reducing lot size also reduces the bullwhip effect by devising pricing
strategies that encourage retailers to order in small lots and reduce forward buying. By
doing so, retailers can take full advantage of the discount. Volume based quantity discounts
result in smaller lot sizes, thus reducing order variability in the supply chain. Offering the
discounts over a rolling time horizon helps reduce the bullwhip effect. The bullwhip effect
can also be reduced by eliminating promotions. The elimination of promotions removes
forward buying by retailers and results in orders that match customer demand, which
ultimately improves co-ordination. To achieve the reduction in bullwhip effect for improving
co-ordination, managers must use the levers discussed above with trust and by building
strategic partnership within the supply chain. To achieve co-ordination in practice the
following steps may be followed

1. Quantify the bullwhip effect

2. Improve co-ordination by getting top management commitment for aligning goals

3. Provide sufficient resources to co-ordination

4. Share information and improve communication

5. Get co-ordination in the entire supply chain

6. Use technology to improve connectivity in the supply chain

7. Share the benefit of co-ordination among all the partners in the supply chain equally.

Chapter Summary

In this chapter we started with the role of demand forecasting in supply chain. We
have understood the role of forecasting for an enterprise and a supply chain. It is established
that the forecasting is a key driver of virtually every design and planning decision made in
a supply chain. Then we have discussed the role of time series methods and the importance
of forecast error in estimating the forecast. Then we have identified the types of decisions
that are best solved by aggregate planning. Thereafter we tried to understand the importance
of aggregate planning as a supply chain activity. We have used the pure and mixed strategies
and solved the aggregate planning problem.
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Predictable variability was taken up next and discussed how to manage supply to
improve synchronization in the supply chain in the face of predictable variability. To maximize
profit how pricing and promotion are mixed in a supply chain also been discussed. Next
we have seen how to balance the costs to choose the optimal amount of cycle inventory in
the supply chain. We have also seen the impact of quantity discounts on lot size and cycle
inventory. Thereafter we tried to understand the role of safety inventory in a supply chain.
We have also identified the factors that have also identified the factors that influence the
required level of safety inventory. Then we described the different measures of product
availability. We have seen how management levers are utilized to lower safety inventory
and improve product availability. The impact of overstocking and under stocking have
been discussed with an example. Optimal order size including the uncertainties has been
determined using an example.

Finally we described the essentials of supply chain co-ordination. In that we discussed
the impact of bullwhip effect and actions for reducing the bullwhip effect. We have also
identified the causes of the bullwhip effect and various obstacles to achieve co-ordination.
Lastly we have given the managerial levers that help achieve coordination in the supply
chain.

Review Questions

1. What is the role of forecasting in the supply chain?

2. How companies can use collaborative forecasting with its suppliers to improve its
supply chain?

3. What is importance of aggregate planning?

4. Distinguish between pure and mixed strategies.

5. How does the subcontracting affect the aggregate planning?

6. What are the benefits of flexible work force?

7. How would a firm combine pricing and promotion to change demand patterns?

8. As demand at the enterprise grows, how would you expect the cycle inventory
measured in days of inventory to change? Explain.

9. When are quantity discounts justified in a supply chain?

10. What is the role of safety inventory in the supply chain?

11. What is the impact of supply uncertainty on safety inventory?

12. What are the factors that affect the optimal level of product availability?

13. What are the managerial levers to improve supply chain profitability?

14. Describe the supply chain co-ordination and the bullwhip effect on the coordination.

15. What are the causes of the bullwhip effect and also discuss the obstacles to co-
ordination in the supply chain.

16. Describe the managerial levers that help achieve co-ordination in the supply chain.
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PROBLEMS

A. Demand Forecasting

1. A trucking company would like to determine the number of drivers and trucks to be
available on a weekly basis. The standard schedule is to send drivers over the pick up
and delivery route on Monday and return them to the originating point on Friday. The
trucking requirements can be determined from the total volume to be moved for the
week; however, they must be known a week in advance for planning purposes. The
volume for the last ten weeks is given here:

(i)   Using exponential smoothing model, predict the expected volume for the next
week for á = 0.20.

(ii)  Estimate the forecast error.

(iii) Find the range over which the actual volume is likely to vary.(Hint: Compute
statistical confidence band. Assume 95% confidence level)

1. For the problem (1) if â = 0.2, what is the trend corrected forecast for the next week?

2. An electric company has a difficult in predicting the quarterly sales for its room air
conditioner due to the substantial seasonality in product sales. Quarterly sales data for
the last three years are shown as follows:

i) Determine the best straight line trend using simple regression analysis.

ii) Determine the seasonal indices for each quarter using the trend line values in your
seasonal index computations.

iii) By means of decomposition, forecast the sales for the next four quarters.

Last year Two years ago Three years ago 
Quarter Units Quarter Units Quarter Units 

1 35000 1 30000 1 28000 
2 80000 2 72000 2 68000 
3 50000 3 45000 3 42000 
4 18000 4 16000 4 12000 

Week Volume Week Volume 
10 weeks ago 20,60,000 5 weeks ago 23,65,000 
9 weeks ago 22,50,000 4 weeks ago 27,50,000 
8 weeks ago 18,95,000 3 weeks ago 21,20,000 
7 weeks ago 15,15,000 2 weeks ago 24,00,000 
6 weeks ago 12,92,000 This week 25,10,000 
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B. Inventory Management

1. An equipment manufacturer purchases lubricants at the rate of Rs 50 per unit from a
vendor. The requirement of these lubricants is 2000 per year. What should be the
order quantity per order, if the cost per placement of an order is Rs 20 and inventory
carrying charge is 20% of the average inventory value?

2. An item is produced at the rate of 100 per day. The demand occurs at the rate of 75
per day. If the setup cost is Rs 125 and holding cost is Rs 0.05 per unit of item per day,
find the economic lot size for one run, assuming that shortages are not permitted. Also,
find the time of cycle and minimum total cost for one run.

3. .Find the optimum order quantity for the following

Annual Demand             = 4000 units

Ordering cost = Rs 100

Cost of carrying inventory = 20% of the unit cost.

Quantity range Price/Unit (Rs)

Upto 99 20.00

100 – 199 18.00

>=200 16.00

4. A shop keeper has uniform demand of an item at the rate of 100 per month. He buys
from supplier at a cost of Rs 10 per unit and cost of ordering is Rs 18 each time. If the
sock holding costs are 20% per year of stock value, how frequently should be replenish
his stock? Now suppose the supplier offers a 5% discount on orders between 300
and 999 items, and a 10% discount on orders exceeding or equal to 1000. Can shop
keeper reduce his costs by taking advantage of either of these discounts?

5. A firm uses Rs 40,000 worth of a raw material per year. The ordering cost per orders
is Rs 120 and the carrying cost is 20% per year of the average inventory. If the company
follows the EOQ purchasing policy, calculate the re-order point, the maximum inventory
and the average inventory, given that the firm works for 300 days a year, the
replenishment time is 12 days and the safety stock is worth Rs 500.

6. A newspaper boy buys paper for Rs 1.50 each and sells them for Rs 2.00 each. He
cannot return unsold newspapers. Daily demand has following distribution:

If each day’s demand is independent of the previous day’s demand, how many papers
should be ordered each day?

Number sold 22 23 24 25 26 27 28 29 30 31 

Probability 0.01 0.03 0.06 0.1 0.2 0.25 0.15 0.1 0.05 0.05 
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C. Aggregate production planning

1. A company’s marketing manager has estimated the following demand requirement for
the forth coming periods:

Period Forecast Period Forecast

1 1600 5   2400

2 1800 6   2500

3 2000 7   2000

4 2100 8   1600

The operations manager is considering the following plans

Plan 1: maintain a stable workforce that is capable of producing 2000 units per period,
and meet the demand by overtime at a premium of Rs 25 per unit. Idle time costs are
equivalent to Rs 30 per unit. Do not build to inventory.

Plan 2: produce at a steady state of 1800 units per period, and a limited number of
backorders during periods when demand exceeds 1800 units. The stock out cost of lost
sales is Rs.100 per unit. Inventory costs per period are Rs.20 per unit.

Plan 3: produce at a steady rate equal to minimum requirements of 1600 units and
subcontract the additional units at a Rs.75 per unit premium.

Plan 4: vary the workforce level, which is currently capable of producing 1600 units per
period. The cost of additional workforce per 100 units is Rs.5000 and the cost of layoffs
per 100 units is Rs.7500.

Plan 5: vary inventory levels, but maintain a stable workforce level by maintaining a constant
production rate equal to the average requirements. The company can accumulate required
inventory before period 1 at no additional cost. The inventory cost per period is Rs.20 per
unit. Plot a histogram for the demand and show the average requirements on your graph.
Discuss the merits and demerits of these plans. Which plan would you recommend?

2. Refer Seetharaman
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UNIT V

CURRRENT TRENDS

LEARNING OBJECTIVES

After reading this chapter, you will be able to:

• Understand the scope of e-business and its framework
• Identify the role of supply chain in e-business and in b2b practices.
• Understand the importance of IT in a supply chain
• Appreciate the use of information in the supply chain
• Understand the various applications of supply chain, IT and the process that they

enable.
• Know about esrm, ecrm, escm and supply base management.

5.1  INTRODUCTION

Planning the demand and inventory management for minimizing the total production
cost has been discussed in chapter-4. Production planning and inventory management
assumes greater importance in the supply chain activities. After understanding the core
activities in the supply chain, we need to concentrate on recent trends available in the
supply chain management. This is mainly concentrating on the marketing activities. The
Internet plays a very crucial role in marketing products. The efficiency and responsiveness
in the supply chain can be drastically improved by e-business. All those e-business activities
are discussed in this chapter.

5.2  E-BUSINESSES AND ITS ROLE

Today we are living in the age of Internet. Internet is used for several applications. E-
business is one such important application. Executing business transactions via Internet is
known as E-business. The flow of information, product and funds are the supply chain
transitions in the e-business. In e-business we can provide product information to the
people in the supply chain and also we can place orders with the suppliers. The placed
orders can also be traced easily in e-business. Moreover customer orders can be filled
and delivered promptly. Finally the payment from customer can be easily realized. All
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these transactions are possible through the Internet. One can wonder whether these
transactions are specific to Internet. It is not so. All these transactions were practiced in
traditional supply chain process. The only difference in the concept of e-business is the
mode of transaction. Here we use Internet for communication purpose. It is very quick,
and highly efficient. Product information can reach the target customer instantly, which
saves a lot of time and improves the responsiveness. Today companies display their product
information over the Internet, so customers are able to identify all options available for a
product they want to purchase along with the price of the product. Companies use the
Internet for negotiations and auctions to set prices of products and services. Electronic
money transfer and credit card usages have made the e-business process very simple.
Customers can pay for their purchase over the Internet using their credit cards and the
business houses will pay their invoices electronically. However, in the mid 2000, the e-
business received severe criticism. The way e-business was executed resulted in failure.
But there are cases in which e-business proved to be very successful. Let us discuss the
success of e-business in this chapter.

5.3  FRAMEWORK OF E-BUSINESS

First we need to develop a framework for determining the impact of E-business on a
firm transacting with customers through Internet. The framework should consist of several
items (elements). Scores can be attached to each element. The firm can evaluate each item
and can assign a score. We have seen in the previous chapters that the two most important
aspects in the supply chain are the responsiveness and efficiency. The framework should
bring out the level of responsiveness and the efficiency when we use Internet for doing
business. Let us first discuss the impact of E-business on responsiveness, and in the
subsequent section let us see the impact of E-business on the efficiency of the firm.

5.3.1  Impact Of E-Business On Responsiveness

To preserve the existing revenue and also to enhance the revenue, it is essential to
improve the responsiveness. Revenue enhancing opportunities are available to the firm, if it
follows the following responsiveness while transacting through Internet.

• Direct sales to customers.
• Anytime access from anywhere.
• Information aggregation and wider product portfolio.
• Customization of products.
• Quicker time to market.
• Flexible pricing, product portfolio and promotions.
• Price discrimination.
• Service discrimination.
• Transfer of fund with efficiency.
• Lower stock outs.
• Automated and convenient process.
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Through direct selling, the manufactures can avoid parting off their revenues with the
intermediaries like distributors and retailers. E-business allows the manufactures to interact
with the customers and sell their products directly. E-business allows the customers and
manufactures to interact at any time online. The geographical location does not matter in
E-business. Even if order is filled, still order can be placed by the customer from anywhere
at any time on the globe. This improves flexibility and ensures high responsiveness. E-
business allows the customer to browse wide variety of products through Internet. This
increases the sales and revenue. Effective search tools can be provided to select the
appropriate product with less browsing time. E-business allows customers to specify their
own requirements. Companies can make products that suit exactly the requirement of
individual customers. This process of customization increases customer satisfaction and in
turn increases the revenue for the company. Apart from customization, a personalization
task, like reminding customers their birthdays and anniversaries enhances the revenue by
increased sales. For example reminding the customer on his\her spouse birthday and
encouraging him\her to buy a gift enhances customer satisfaction and revenue to the company.

Companies can use E-business to introduce new products much faster than the
traditional ways. Information about the new features or even the new product can reach
the customer very quickly through E-business. An E-business can easily alter prices by
changing one entry in the database linked to its website. This ability permits an E-business
to maximize profits by setting prices based on the inventory-on-hand and demand. Airlines
for example use different fare structure for different time periods and are able to sell unsold
tickets through E-business. This helps the company to fill the seats as well as ensures
higher revenues. Companies can change prices at an E-business much more easily than
traditional methods. Simultaneously an E-business can easily alter the product portfolio
that they are running. Price changes can be made based on the characteristics of individual
customers to enhance their own revenues. This discrimination is possible in E-business.
Further, in an attempt to keep one’s best customers satisfied, highly profitable customers
can be offered certain services that are not ordinarily available to other customers. This
service discrimination can be effectively handled in E-business.

Payment collection is an important activity in supply chain. E-business allows flexible
payment collection at faster rate. By understanding the customer’s need accurately at the
appropriate time, E-business allows the firm to meet the customer’s requirements at lower
risk of stock outs. Enough stock can be made available to meet all the requirements of the
customers. Hence the customer will never have a no-stock situation. Thus for both the
customers and the business people, E-business can increase the ease with which one does
business. E-business automates the buying process and helps customer to get the product
on their convenience.
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5.3.2  Impact Of E-Business On Efficiency

In any business transactions, the efficiency depends on the cost of transaction. Once
cost is minimized, the efficiency in terms of performance improves. Therefore, cost
performance indicates the efficiency of the business. Cost performance depends on the
efficiency with which the cost drivers or simply the supply chain drivers are operated in the
process. The impact of E-business on efficiency is nothing but the impact on the supply
chain drivers. Let us discuss one by one how E-business impacts on each of the supply
chain drivers.

Inventory: Inventory levels can be lowered by E-business. The supply chain coordination
ensures better match between supply and demand. E-business enables companies to reduce
inventories by exploiting the time that elapses from the point at which the order arrives to
the point at which it must be shipped. Due to geographical aggregation also, E-business
requires less inventory. By postponing the introduction of variety until after the customer
order is received, an E-business can significantly reduce its inventories.

Facilities: E-business allows the companies to lower the facilities costs because the
companies need not have distribution or retail outlets in the supply chain. E-business also
allows companies to take advantage of customer participation in order placement and
decrease processing costs at its facility. Companies can also save call center costs because
in E-business customers do all the work when placing an order online.

Production: The costs associated with the operation are known as production cost. By
centralizing operations, E-business can reduce network facility costs. Operating costs can
be lowered by customer participation in selection and order placement. At an E-business,
if a reasonable buffer of unfilled order is maintained, the rate of order fulfillment can be
made significantly better than the rate at which order arrive, which lowers the peak level
for order fulfillment and thus reduces the resource requirements and cost. Furthermore,
production and operation costs of a manufacturer can be lowered by using E-business to
sell direct to customers because fewer supply chain stages involved as it makes its way to
a customer, thereby reducing handling costs.

Transportation: In the traditional supply chain, companies have the advantage of having
to bear only inbound transportation cost for products, with customers providing
transportation from the selling point (like super market) to their homes. In E-business, the
companies have to bear inbound transportation cost to its fulfillment centers and then
outbound transportation costs from the fulfillment centers to customer places. Outbound
delivery costs are high because individual orders must be delivered to each customer’s
place. Thus, transportation costs are likely to increase in the E-business. However the
downloadable products reduce the transportation costs considerably in the E-business.
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Information: Information sharing is maximized in E-business resulting in lower cost of
information. Sharing of demand information throughout supply chain reduces the bullwhip
effect and improves co-ordination. Improving co-ordination in turn reduces bullwhip effect.
Co-ordination can be improved significantly by E-business. The cost of software can be
outweighed by the gain achieved through lowering information cost in E-business.

Having discussed the impact of E-business on both the responsiveness and cost, it is
our duty to design a scorecard for assessing whether E-business has created positive
impact or negative impact on the firm. Companies can asses using the framework discussed
here by assigning score between -2 to +2. -2 being very negative, -1 being negative, 0
being neutral, 1 being positive and 2 being very positive. The summated score can be used
to assess whether E-business has created a positive impact or negative impact on the firm.
A typical E-business score card is given in table 5.1

Table 5.1 The E-business score card

(* => ranges from -2 to +2)

Note: -2 = very negative, -1 = negative, 0 = neutral, +1 = positive and +2 = very
positive

ITEM SCORE 

Direct sales to customers * 
Anytime access from anywhere * 
Information aggregation and wider product portfolio * 
Customization of products * 
Quicker time to market * 
Flexible pricing, product portfolio and promotions * 
Price discrimination * 
Service discrimination * 
Transfer of fund * 
Lower stock outs * 
Automated and convenient process * 
Inventory * 
Facilities * 
Production * 
Information * 
Transportation * 
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5.4  ROLE OF SUPPLY CHAIN IN B2B PRACTICES

E-business framework discussed in section 5.2 is useful for analyzing all types of E-
business opportunities. This framework can be applied to b2b relationship also. B2B is the
abbreviation of business to business. In B2B customers can pick up their orders at one of
the companies retail outlets. Inventory is stored at the manufacturer or distributor warehouse.
Customers place their order online and then come to designated pick up points as needed.
In b2b customers pick up their order at the collecting point. The E-business frame work
covers a wide variety of factors each listed in the score card ( pl see table 5.1 ), that may
or may not be particularly important to customers or sellers in the E-business transaction.
With b2b transactions, however, this wide variety of factors can be greatly simplified in to
a much smaller list of motivations for pursuing e-business. Adding b2b framework helps
business target their e-business efforts. Reduced transactions costs, improved market
efficiencies and benefits to supply chain are the three sources from which values are derived
in E-business.

Companies should analyze the current strengths and weakness in their supply chain to
identify the magnitude in their supply chain to identify the magnitude of the value from b2b
business. Significant value can be extracted from each of the three categories only if the
current supply chain structure has inefficiencies that can be corrected using the Internet. E-
business is likely to reduce transaction costs, if transactions are frequent and small in size,
phone and fax are the current mode of transmitting orders and a lot of effort is spent
reconciling product and financial flows. B2B E-business can provide significant value by
reducing prices. If limited buyer\seller qualification is required, a fragmented market exists
with many competing players either on the buy or the sell side and a large number of
buyers can be attracted to the online side. The b2b business can provide significant value
by improving the matching of supply surplus and unmet demand. In industries where capacity
is expensive and mismatches of surplus supply and unmet demand are common. The value
of supply chain benefits is likely to be the highest in industries with the following
characteristics:

• The bullwhip effect is quite high due to information distortion in the supply chain.
• Low inventory turns and poor product availability are achieved through the supply

chain.
• Each stage has lower visibility into either the customer or supplier stage.
• Lower collaboration in the supply chain in terms of promotions and new product

information.
• Short product life cycles.

5.5  SUPPLY CHAIN IT FRAME WORK

One of the important jobs of a manager is decision making. Decision-making requires
information. Information is crucial to performance of a supply chain. Information technology
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(IT) consists of the tools used to gain awareness of information, analyze this information,
and act on it to improve the performance of the supply chain. We know that, information is
one of the most important supply chain drivers. It helps other drivers to perform well. A
manager will not know what customers want, how much stock is currently available, and
how many products should be produced and shipped. Information makes the supply chain
visible. IT comes into play by making managers to gather information and analyze it for
taking proper decision. IT serves as the eyes and ears of management in a supply chain.
Using IT to capture and analyze information can have a significant impact on a firm’s
performance. The supply chain scope is made up of information. Information must be
accurate, must be accessible in a timely manner, and it must be of the right kind. So,
information is crucial to making good supply chain decisions at all levels of the organizations.
To understand how this information is utilized by the various segments of IT within the
supply chain, it is essential to develop a frame work.

Enterprise software acts as a driver of IT in the supply chain. This software enables
process both within and across companies. Enterprise software analyses the data for making
decisions. Apart from software, the other parts of IT such as hardware, implementation
services, and support are all crucial to making IT effective. The enterprise software shapes
the entire industry of IT as other components follow the software. The software provides
insights into what the key supply chain process are made of. During late 1990’s the enterprise
software landscape became increasingly popular. This has led to proliferation of software.
The growth of software companies started increasing in multifold. During mid 2000, there
was a sudden surge in the software technology. This downturn in technology has led
companies to cease operations or merge with existing software companies. The reason for
the downfall is attributed to three major groups of supply chain process.

They are as follows

• Customer relationship management.
• Internal supply chain management.
• Supplier relationships management.

Apart from these three processes, the fourth important software building block that
provides foundation is the transaction management foundation. Transaction management
foundation is necessary for the three-macro process to function and to communicate with
each other. The performance of the company depends on the outcome of these three-
macro processes. Good supply chain management is a positive sum game where supply
chain partners can increase their overall level of profitability by working together. To achieve
this, firms must think beyond their enterprise and think in terms of all three-macro process.

The success of supply chain in terms of macro process depends on functional
performance of the company, integration with other macro process and strength of the
software firm’s ecosystem. Functional performance provides capabilities that create a
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complete advantage. Advanced functionality may be difficult to use. Hence such functionality
is rarely used. Software firms with lower levels of functionality but with high ease of use
can, in essence, provide more “usable” functionality to their customers and therefore gain
an edge. Integration is no doubt important to a customer for a variety of reasons. Integration
produces value. Application that integrates across macro process will be able to provide
the benefits of making decisions for the external supply chain. For a customer, a strong
ecosystem means a strong network to support both during implementation and down the
road.

5.6  INTERNAL SUPPLY CHAIN MANAGEMENT

Internal supply chain management includes the operation performed inside the
company. It consist of all process involved in planning for and fulfilling a customer order.
Strategic planning is the foremost activity in internal supply chain management. In strategic
planning resources planning is made. The decisions regarding location choice for facilities
including warehouse are taken. Successful software provides capability of analyzing strategic
plans under uncertainty. Next under consideration is demand planning. Successful software
provides a demand plan accounting for marketing and promotional efforts. Supply planning
software provides factory planning and inventory planning capabilities. Once a plan is in
place to supply the demand, it must be executed. The order fulfillment should link supply
source and means of transportation. Software provides transportation and warehouse
applications. Finally, after the product has been delivered to the customer, it eventually
must be serviced. Service process focus on setting inventory levels for spare parts as well
as scheduling service calls.

Internal supply chain management macro processes discussed above aims to fulfill
demand that is generated by customer relation’s management process. The internal supply
chain management processes should have strong integration with the supplier relation’s
management macro process. Unless adequate numbers of spare parts are not supplied on
time, products cannot be manufactured on time. Hence relationship between supplier and
internal operations are of utmost importance. Order management must integrate closely
with fulfillment and be an input for effective demand planning. Successful internal supply
chain management software provides good integration with customer relations and supplier
relations. There are many successful software providers like 12 technologies and manugistris,
who are able to provide solutions to internal supply chain management problems. This
software can be used for successful supply chain management.

5.7  SUPPLIER RELATIONSHIP MANAGEMENT

Supplier relationship management includes those process focused on the interaction
between the enterprise and suppliers that are upstream in the supply chain. Design
collaboration, source, negotiate, buy and supply collaboration are the process involved in
supplier relationship management. The goal of design collaboration is to improve the design
of products through joint selection of products that have positive supply chain characteristics
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such as ease of manufacturability. Engineering change orders are shared between the
manufacturer and supplier for eliminating the costly delays. Successful software ensures
correct design collaboration. The source identifies the right suppliers. Suppliers are evaluated
along several key criteria including lead time, reliability, quality, and price. Contract
management is also an important part of sourcing, as many suppliers’ contracts have complex
details that must be tracked. This software available in the market is helping the companies
in analyzing supplier performance and management of contracts.

Negotiations with suppliers assume greater importance. The negotiation process
includes design and execution of auctions. The process of negotiations is to get appropriate
price and to settle other delivery issues. The buying process executes the actual procurement
of material from suppliers. Issuing purchase orders for supply of materials is the main
activity in buying process. Software is available to automate the buying process. Once an
agreement for supply is established by the way of issuing purchase orders, the supply chain
performance can be improved by collaborating on forecasts and inventory levels. The
purpose of collaboration is to ensure a common plan across the supply chain. Good software
in this area should be able to facilitate collaborative forecasting and planning in a supply
chain.

Excellent improvement can be achieved in supply chain performance if supplier
relationships management and customer relationship management are well integrated with
internal supply chain management. Sourcing, negotiating, buying, and collaborating are
primarily plug in to internal supply chain management as the supplier inputs are needed to
produce and execute an optional plan. There are different players available in the market in
the form of software to meet the demand of firm on supplier relationship management.

5.8  FUNDAMENTALS OF TRANSACTION MANAGEMENT

The transaction management foundation is the base for the largest enterprise software
players. In early 1990.s there was little attention towards the macro processes we discussed
in the previous sections. The focus at that time was on building transaction management
and process automation systems that proved to be foundations for future decision support
applications. These systems were found useful for simple transaction ad processes as well
as the creation of an integrated way to store and view data across the division.

During 1990’s, the demand for the transaction management systems have become
exceedingly high and it drove the enterprise resource planning players to become the largest
enterprise software companies. SAP continued to dominate the market during that time.
However, ERP sales slowed. The real value of the transaction management foundation can
only be extracted if decision-making within the supply chain is improved. Thus, presently
companies focus on improving making the three-macro process. The shift from ERP to
CRM, SRM and ISCM is expected to continue for the future also. Such being the case,
the transaction management which is the foundation will occupy prominent place in the
supply chain.
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5.9  SUPPLY CHAIN IT IN PRACTICE

A five-step practice of supply chain IT is as follows

Step 1: Identify and select appropriate IT system

Every industry and even companies with in an industry can have different key success
factors. These factors determine the success of the company. It is the responsibility of the
company, to determine the key success factors. A factor, which is critical to a company,
need not be critical to other companies. Hence companies should be very careful in identifying
the critical success factors and select an IT system that addresses these critical factors.

Step 2: Measurement of value

The success of any system is to be measured incrementally. Sudden improvements or
drastic improvements are rare in most of the companies. Hence, it should be measured
step by step. Even for implementation of supply chain it can be done in phases in the
company. Once its success is ensured in one part of the company, the efforts can be
extended to the other parts of the company. This incremental step does not mean that one
should not take a big picture perspective but rather that the big picture perspective should
be implemented in digestible pieces.

Step 3: Alignment

Management must consider the extent with which an IT system can deal with the
firm’s critical success factors. Alignment is nothing but matching the need of the sophistication
level in the company. The level of sophistication required to achieve its goal must be
considered. This is important because any lapse on the less sophisticated side leaves the
firm with a competitive weakness, whereas trying to be too sophisticated leads to a higher
possibility of the entire system failing.

Step 4: Use of IT system

IT applications are to be carefully judged. It is not the motive to make only decisions
using IT tools rather they are developed to support the decision making process. By installing
IT, one should not reduce the managerial efforts that will certainly lead to poor decision
making in the company. Therefore management must keep its focus on the supply chain
because as the competitive and customer landscape changes, there needs to be a
corresponding change in the supply chain.

Step 5: Future needs

Companies should think about the future needs when they install IT tools in their
organizations. It may be difficult to decide about the IT system with the future in mind than
the present. However, it is important that managers must include the future state of business
in the decision process. The trends expected in the business should be incorporated in the
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IT system to match the future needs of the IT system. The IT system should be flexible
enough to make changes in the future, accommodating the changes expected in the business
trends. Therefore the key here is to ensure that the software not only fits a company’s
important, that it will meet the company’s future needs.

5.10  INFORMATION SYSTEMS DEVELOPMENT

Information system for a company is based on its functionality and internal operations.
The purpose of information is to make decisions. The decisions may be operational, tactical
and strategic to facilitate the transactions of the business. IT tools have created the
opportunity for firms to share information conveniently and inexpensively throughout the
supply chain. A typical information system for a company is given in figure 5.1.

Figure 5.1  A typical information system.

The information system should be comprehensive and enable to communicate between
functional areas and also between members of the supply chain. To reduce uncertainties,
the information about sales, shipments, production schedules, stock availability, order status,
and the like with vendors and buyers have to be shared among the partners in the supply
chain. Even though the benefits of information sharing across the partners in the supply
chain are being recognized, there is likely to be a limit to how much information firms are
willing to share with others outside of their control.

Within the information system the major subsystems are:

I. Order management system,
II. A warehouse management system and,
III. A transportation management system.

Let us discuss each of these three sub systems in the subsequent paragraphs.
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5.10.1  The order management system

The order management subsystem enables the organization to make initial contact
with the customer. It is the front end system of the information system. Before making
order, this system ensures the availability of product, by communicating with warehouse
management. Once product availability is ensured, credit checking may occur whereby
the order management system communicates with the company’s financial information system
to check customer status and verify credit standing. Next invoicing takes place by allocating
the product to the customer order and assigning it to a production location duly decrementing
the inventory status. If the order management system is to provide order tracking, the
transportation management system will be integrated. Similarly company places orders
with its suppliers through purchase based order management system concentrating on the
company’s vendors showing their delivery performance ratings, costs and terms of sale,
capabilities, availabilities and financial strength. Vendors are constantly monitored and reports
prepared that assist in optimizing vendor selection.

5.10.2  The warehouse management system

The warehouse management system is an information subsystem assisting management
in product flow through network by storing in the facilities. It is basically a stock level
management. It can have order management system or can separately function within the
information system itself. The key elements of warehouse management system are: receiving,
put away, inventory management, order processing, retrieving of order, and shipment
preparation. Receiving is the entry point for information into the warehouse management
system. Data about the product are entered into the system using bar code, radio frequency
or manual keyboards. Put away is earmarking location for temporary storage of product.
Inventory management monitors the stock level at each stocking location in the warehouse.
Replenishment of quantities and timing are suggested to purchasing department or directly
to vendors through EDI or the statement. Order processing and retrieving is the planning
for stock retrieval in the warehouse. Stock retrieval is the most labor intensive and expensive
part of warehouse operations. Items will be grouped according to the location where
inventory is stored. Depending upon the requirements lots will be formed for order pricing
and schedules the order flow through the various areas of the warehouse. Further, warehouse
management system subdivides the items within an order-picking area among the order
pickers to balance picker workload. Orders for customers located within the same proximity
are picked simultaneously to arrive at the shipping dock and truck stall at the same time.
Efficient shipment requires proper sequencing it on to the delivery vehicle.

Overall, the warehouse management system aids the management in the effort
warehousing operations in the form of labor planning, inventory level planning, space
utilization, and picker routing. The warehouse management system shares information with
the order management system and transportation management to achieve integrated
performance.
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5.10.3  The transportation management system

We know there are two types of transportation. One is inbound i.e. materials received
up to storage point and the other is outbound. The transportation management system
consists of shipment consolidation, vehicle routing, mode selection, claims, tracking, bill
payment and freight bill auditing. Like warehouse management system, the transportation
management system shares information with other information system components. In
shipment consolidating small shipments into larger ones, there by unit shipment cost is
minimized. In vehicle routing, the efficient routing is designed taking information from order
management and warehouse management systems. Efficient vehicle routing minimizes
transportation costs. In mode selection

TMS can match shipment size with transport service cost and performance
requirements. It is inevitable in transportation that some shipments will be damaged. By
retaining such information as shipment content, product value, carrier used, origin and
destination, and liability limits, many claims can be processed automatically or with minimal
human intervention. The progress of shipment can be tracked by bar coding, radio
transmission route, global positioning, etc. tracing information from the TMS can be made
available to the shipment’s receivers through the internet or other electronic means. The
small-shipment carriers such as DHL, Air Bourne Express, Fed Ex and UPS are at the
forefront in such information system development, since it is customer satisfaction that they
sell. Guaranteed delivery service is often promised, and a sophisticated shipment tracking
system helps fulfill the goal.

5.10.4  Internal information systems

From sections 5.9.1 to 5.9.3, we have seen the various information systems for a
supply chain. In the supply chain, the internal operation of a company is the main activity
involving value addition. Therefore, every company must have internal information system
for their internal operations. From the view point of internal operation, an information
system can be represented schematically, as shown in fig 5.2.

Figure 5.2 Internal information system
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From the figure it can be noted that the system has three distinctive elements.

They are:

I. The input,
II. The database, and
III. The output.

The input consists of customer data, company records, published information and
management data. The first activity is acquiring the data that will assist the decision-making.
The computer has brought about new sources of data not previously available and has led
to significant improvements in operations. Database activities are nothing but database
management. Converting data into information which is useful for making decisions and
interfacing the information with decision assisting methods are often considered to be at
the heart of an information system.

Management of the database involves selection of database to be stored and retrieved,
choice of the methods of analysis to include, and choice of the basic data processing
procedures to implement. Data maintenance can be expensive and data retention is based
on:

• How critical the information is,
• The rapidity of information retrieval,
• The frequency of data,
• And the effort required for manipulating the data in to the form needed.

Data processing is one of the oldest and most popular features of an information
system. Data processing or transactional activities represent relatively simple and straight
forward conversion of the data into files, and then to some more useful form.

Data analysis is the most modern and latest use made of information system. The ERP
software systems are now adding decision-support modules to improve their capabilities.

 The output is generally of several types and transmitted in several forms. The output
consists of:

• Performance statistics,
• Inventory status report,
• Exception reports, etc.

The output may in the form of prepared documents such as transportation bills and
freight bills. The output may also be the result of data analysis from mathematical and
statistical models.
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5.11  E-SUPPLIER RELATIONSHIP MANAGEMENT (e-SRM)

e-SRM streamlines and make more effective processes between an enterprise and
its suppliers just as CRM does. e-SRM leverages EDI technology to streamline the
purchasing process, implement comprehensive buying strategies, and evaluate vendor and
inventory performance. It not only facilitates the implementation of buying strategies at the
company, vendor, and item level, but also provides the ability to carefully assess past
performance, and predict future performance with what if analysis tools.

e-SRM Sub-Module Capabilities Include

• Definition and automation of buying strategy

• Vendor pricing, discounts, and promotions

• Demand analysis

• Velocity (ABC) routings

• What If calculations

• Optimum buy quantity suggestions

• On-line buyers guide with suggested order quantity

• Suggested order quantity derivation inquiry

• Manual purchase order entry

• Purchase order maintenance

• Electronic Data Interchange

Unique Features Include

There are a number of features that help reduce purchasing costs, optimize sourcing
decisions, and more effectively manage vendor performance. These include: defining the
buying strategy at the company level, vendor level, and item level, and incorporating them
into the monthly demand analysis and buying guides. The buyer’s guide is the result of a
rightly comparison between current stock status and each item’s reorder point. It is presented
to the buyer in the form of purchase orders ready to be submitted to the vendor.

e-SRM Helps Wholesale Distributors To
Reduce Purchasing Costs

• Take advantage of volume and promotion discounts
• Reduce Premium Freight Charges
• Reduce administrative overhead

Optimize Sourcing Decisions

• Define and implement tailored buying strategies
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Improve Supplier Relations

• Provide ability to view inventory

5.12  E-CUSTOMER RELATIONSHIP MANAGEMENT (e-CRM)

About e-CRM

Customer Relationship Management (CRM) is a way to identify, acquire, and retain
customers - a business’ greatest asset. By providing the means to manage and coordinate
customer interactions, CRM helps companies maximize the value of every customer
interaction and in turn improve corporate performance.

eCRM, or electronic Customer Relationship Management, is an integrated online
sales, marketing and service strategy that is used to identify, attract and retain an
organization’s customers. It describes improved and increased communication between
an organization and its clients by creating and enhancing customer interaction through
innovative technology.

eCRM software provides profiles and histories of each interaction the organization
has with its customers, making it an important tool for all small and medium businesses.
eCRM software systems may contain a selection of the following features:

• Customer management – Provides access to all customer information including
enquiry status and correspondence

• Knowledge management – A centralized knowledge base that handles and shares
customer information

• Account management – Access to customer information and history, allowing
sales teams and customer service teams to function efficiently

• Case management – Captures enquiries, escalates priority cases and notifies
management of unresolved issues

• Back-end integration – Blends with other systems such as billing, inventory and
logistics through relevant customer contact points such as websites and call centers.

• Reporting and analysis – Report generation on customer behavior and business
criteria.

Benefits of eCRM

Implementation of an eCRM system enables an organization to streamline processes
and provide sales, marketing and service personnel with better, more complete customer
information. The result is that eCRM allows organizations to build more profitable customer
relationships and decrease operating costs.
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Direct benefits of an eCRM system include:

• Service level improvements – Using an integrated database to deliver consistent
and improved customer responses

• Revenue growth – Decreasing costs by focusing on retaining customers and
using interactive service tools to sell additional products

• Productivity – Consistent sales and service procedures to create efficient work
processes

•    Customer satisfaction – Automatic customer tracking and detection will ensure
enquiries are met and issues are managed. This will improve the customer’s overall
experience in dealing with the organization.

• Automation - eCRM software helps automate campaigns including:

• Telemarketing

• Telesales

• Direct mail

• Lead tracking and response

• Opportunity management

• Quotes and order configuration

Across every sector and industry, effective CRM is a strategic imperative for corporate
growth and survival:

• Sales organizations can shorten the sales cycle and increase key sales-performance
metrics such as revenue per sales representative, average order size and revenue
per customer.

• Marketing organizations can increase campaign response rates and marketing driven
revenue while simultaneously decreasing lead generation and customer acquisition
costs.

• Customer service organizations can increase service agent productivity and customer
retention while decreasing service costs, response times and request-resolution
times.

Working of eCRM

In today’s world, customers interact with an organization via multiple communication
channels—the World Wide Web, call centers, field salespeople, dealers and partner
networks. Many organizations also have multiple lines of business that interact with the
same customers. (Pl. see Fig 5.3)

eCRM systems enable customers to do business with the organization the way the
customer wants - any time, via any channel, in any language or currency—and to make
customers feel that they are dealing with a single, unified organization that recognizes them
every step of the way.



DBA 1730

NOTES

134 ANNA UNIVERSITY CHENNAI

The eCRM system does this by creating a central repository for customer records
and providing a portal on each employee’s computer system allowing access to customer
information by any member of the organization at any time.

Through this system, eCRM gives you the ability to know more about customers,
products and performance results using real time information across your business.

Figure 5.3 Working of a e-CRM.

Application of eCRM system:

When approaching the development and implementation of eCRM there are important
considerations to keep in mind:

• Define customer relationships – Generate a list of key aspects of your customer
relationships and the importance of these relationships to your business.

• Develop a plan – Create a broad Relationship Management program that can
be customized to smaller customer segments. A suitable software solution will
help deliver this goal.

• Focus on customers - The focus should be on the customer, not the technology.
Any technology should have specific benefits in making customers’ lives easier by
improving support, lowering their administrative costs, or giving them reasons to
shift more business to your company.

• Save money – Focus on aspects of your business that can contribute to the
bottom line. Whether it is through cutting costs or increasing revenue, every
capability you implement should have a direct, measurable impact on the bottom
line.

• Service and support - By tracking and measuring the dimensions of the
relationship, organizations can identify their strengths and weaknesses in the
relationship management program and continually fine tune it based on ongoing
feedback from customers.
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Suppliers of eCRM software

Once a CRM plan has been developed, with key objectives and goals identified,
eCRM deployment can begin. There are two main options available for small and medium
size businesses to deploy e-CRM.

Contact management software

Easy to install CRM software for small organizations which comprise a directory of
customer details and allows sales and activity reports to be generated. The following
organizations provide this type of eCRM Software

• ACT – www.act.com
• Act Today – www.acttoday.com.au
• Contact Business Communications – www.contactsoftware.com
• Maximizer – www.maximizer.com.au
• Legrand CRM – www.legrandsoftware.com.au
• Vital Software – www.vitalsoftware.net

5.13  e- SCM

The eSCM-SP provides IT-enabled sourcing service providers a framework to improve
their capability to deliver consistently high quality services and aids them in establishing,
managing and continually improving relationships with clients.The intent of the eSCM is to
present service providers with a set of best practices that help them effectively manage
sourcing relationships, and it presents clients with a way to evaluate and compare service
provider’s capabilities. This intent is achieved by focusing on the critical organizational
attributes for organizational management, people, business operations, technology and
knowledge management, and their applicability to the sourcing process.

The eSCM Practices cover the entire sourcing life-cycle, including activities leading
to the formation of sourcing relationships, service design and deployment (transition)
activities, the delivery and enhancements of sourced services and the transitioning of sourced
services back to the client or another provider at contract completion.

Supply chain has been viewed as an inflexible series of events that somehow managed
to get products out the door. It often involved questionable inventory forecasts, rigid
manufacturing plans and hypothetical shipping schedules. The Internet has changed all
that. It has transformed this old-fashioned process into something closer to an exact science.
An Internet-enabled supply chain helps companies to

• avoid costly disasters

• reduce administrative overhead

• reduce unnecessary inventory (thereby increasing working capital)

• decrease the number of hands that touch goods on their way to the end customer
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• eliminate obsolete business processes

• reap cost-cutting and revenue-producing benefits

• speed up production and responsiveness to consumers

• garner higher profit margins on finished goods

Effective integration of an Organizations supply chain can save millions, improve
customer service and reduce inventories.The key to getting optimum value out of automating
your supply chain is to make sure you have your internal systems working well before you
start extending them out over the Internet.

Few tips to bear in mind while evaluating a e-SCM initiative

• Get Perspective -One should envision the business as a whole including its current
strategy and where it wants to go. Supply chain strategy is increasingly being
integrated with overall corporate strategy.

• Don’t Underestimate Learning Costs - The cost of training people to use new
software should not be underestimated. Sending information around the world
takes lesser time than it takes to get into someone’s mind!

• Link to existing architecture - Supply chain applications must link to existing
enterprise resource planning applications. ERP serves as the nerve center of the
organization. Ideally, it should be a single point of visibility for inventory and order
taking.

• And last but not the least, Think Global, Start Local !

5.14  SUPPLY BASE MANAGEMENT

Supply-base management techniques relate to selection and maintenance of
relationships with suppliers, for a purchasing company. The purchasing company desires
to manage its relationships with those other companies that supply the purchasing company
with goods. It would be advantageous for the purchasing company to obtain both the best
price and the best value from its suppliers. Evaluation of best value can be a complex issue,
involving parameters such as product reliability, order scalability, product line flexibility or
variety, time from order to delivery and other factors responsive to decisions made by the
purchasing company.

The supply-base management techniques use substantial resources at the purchasing
company, particularly individuals skilled at locating, evaluating and negotiating with suppliers
on a global level. These substantial resources can include, without limitation, substantial
effort, allocation of personnel, money, and time, all used to determine which of those
suppliers provide best value to the purchasing company and to develop long term, mutually
beneficial relationships with them. The supply-base management techniques are best applied
when the purchasing company has substantial purchasing requirements, such as if the
purchasing company is relatively large or has a relatively large number of suppliers.
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The supply-base management techniques often involve a continuing relationship
between the purchasing company and its suppliers. Thus, the purchasing company would
find it advantageous to apply supply- base management techniques on an ongoing basis,
rather than for individual, or sporadic, purchasing needs. Purchasing companies often desire
continuous development of their products or product lines, and thus often desire continuous
development of the goods supplied to them, including preferred product attributes
contributed by suppliers desiring to participate with the purchasing company in its product
development.

The supply-base management techniques are advantageous when applied to a relatively
larger pool of possible suppliers. Thus, the purchasing company would find it advantageous
to apply supply-base management techniques to a set of possible suppliers, where that set
is relatively disparate and possibly large in number. This problem is particularly exacerbated
when the set of possible suppliers includes companies in other countries or other cultures,
or involves the use of unfamiliar languages, standards of measurement, or different supply
channels for distribution of goods.

The supply-base management techniques are not readily applicable to suppliers in
search of purchasing companies that provide best value to the suppliers. Evaluation of best
value to suppliers can be a complex issue, quite different from that evaluation for purchasing
companies, and can involve parameters such as payment reliability, order regularity, product
line fit with the supplier, requirements for reliability, time allowed for delivery, cost of account
management and opportunity for new business.

Accordingly, it would be advantageous to provide a technique for using supply- base
management techniques for purchasing companies and other entities such as suppliers and
trading partners that (1) lack resources for applying those techniques; (2) desire continuing
relationships with their trading partner, but lack resources for evaluating or managing those
continuing relationships; (3) lack expertise in the markets in which their best value suppliers
or buyers might be found ; (4) seek markets outside their ordinary realm of expertise; and
(5) wish to avoid the fragmentation that results when numerous different entities are used
to facilitate a transaction.

The supply- base management techniques provide a method and system for an
internetworking environment. A set of purchasing companies can leverage their purchasing
volumes so as to obtain the benefit of a collaborative process of qualification and negotiation
with suppliers to obtain the benefit of continuous best value scoring of suppliers. Each
individual purchaser retains the ability to determine which aspects of “best value” are
important to it and to base each transaction on those specific aspects. A set of suppliers
can obtain access to a new set of buyers, expand business with existing buyers and achieve
a level of account management efficiency not otherwise available.
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In a preferred embodiment, scoring of both suppliers and purchasers is continuously
updated, and is responsive to feedback from third parties who facilitate transactions. This
continuous feedback is made available to both suppliers and purchasers when making new
sales or purchase commitments. Similarly, in a preferred embodiment, both suppliers and
purchasers can make use of an organized set of expertise in evaluating, negotiating, and
complying with regulations for transactions that cross borders, cultures, language or other
barriers.

The supply- base management provides solutions for a wide variety of problems to
obtain substantial advantages and capabilities that are novel and non-obvious. These
advantages include offering suppliers and buyers access to a globally integrated platform
that presents the parties with pre-qualified best value options. These pre-qualified best
value options remove the uncertainty.

Chapter summary

This chapter introduces the role of e-business in a supply chain. E-business is the
execution of business transaction over the internet. Firms use E-business to provide
information across the supply chain, negotiate prices and contracts, allow customers to
place and track orders, allow customers to download orders, and receive payments from
customers. The main aim of E-business is to make these payments both more responsive
and more efficient. Then we have seen the impact of E-business on supply chain
performance. The E-business frame work developed in this chapter can be utilized by the
firms to evaluate whether a company is a good candidate for E-business and where they
should target their E-business efforts.

Thereafter we emphasized the importance of IT in a supply chain. We have seen that
information is essential to make good supply chain decisions because it provides the global
scope needed to make optimal decisions. We have also seen that IT tools are important to
gather information and analyze it to make the best supply chain decisions. The role of
supply chain drivers in using IT is also portrayed in this chapter. Major applications of
supply chain IT and the processes that they enable were also understood in this chapter.
Also the steps involved in practicing IT, in a supply chain has been discussed. Thereafter
we have seen how to develop information system. Then, the various packages available
like esrm, escm and ecrm were brought out. Finally, supply base management has been
defined and the need for it was also discussed.

4) Discuss the impact of E-business on responsiveness?
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Review questions

1) What is E-business?

2) Bring out the role of E-business in a supply chain.

3) What is the E-business framework?

4) Discuss the impact of E-business on responsiveness?

5) Discuss how efficiency can be improved using E-business?

6) What is the role of supply chain in b2b practices?

7) Explain supplier relations management.

8) What is internal supply chain management?

9) Explain supplier relations management?

10) What are fundamentals of transaction management?

11) Explain the steps involved in practicing supply chain IT

12) Explain the information system development focusing on function of the organization.

13) Explain the internal information system.

14) Consider a company of your choice and apply E-business frame work and evaluate
whether it is a good candidate for E-business.

15) Give examples for information systems from Indian industry.
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