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Supply Chain Management

Module I:

Understanding the Supply Chain



Traditional View: Logistics in the 

Economy (1990, 1996)

Freight Transportation $352, $455 Billion

Inventory Expense $221, $311 Billion

Administrative Expense $27, $31 Billion

Logistics Related Activity 11%, 10.5% of GNP

Source: Cass Logistics



Traditional View: Logistics in the 

Manufacturing Firm

Profit 4%

Logistics Cost 21%

Marketing Cost 27%

Manufacturing Cost 48%
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Supply Chain Management: The 

Magnitude in the Traditional View

Estimated that the grocery industry could save $30 

billion (10% of operating cost) by using effective 

logistics and supply chain strategies

– A typical box of cereal spends 104 days from factory to sale

– A typical car spends 15 days from factory to dealership

Laura Ashley turns its inventory 10 times a year, five 

times faster than 3 years ago



Supply Chain Management: 

The True Magnitude

Compaq estimates it lost $.5 billion to $1 billion in 

sales in 1995 because laptops were not available when 

and where needed

When the 1 gig processor was introduced by AMD, 

the price of the 800 mb processor dropped by 30%

P&G estimates it saved retail customers $65 million 

by collaboration resulting in a better match of supply 

and demand



Outline

What is a Supply Chain?

Decision Phases in a Supply Chain

Process View of a Supply Chain

The Importance of Supply Chain Flows

Examples of Supply Chains



What is a Supply Chain?

Introduction

The objective of a supply chain



What is a Supply Chain?

All stages involved, directly or indirectly, in fulfilling 

a customer request

Includes manufacturers, suppliers, transporters, 

warehouses, retailers, and customers

Within each company, the supply chain includes all 

functions involved in fulfilling a customer request 

(product development, marketing, operations, 

distribution, finance, customer service)

Examples: Fig. 1.1 Detergent supply chain (Wal-

Mart), Dell



What is a Supply Chain?

Customer is an integral part of the supply chain

Includes movement of products from suppliers to 
manufacturers to distributors, but also includes 
movement of information, funds, and products in both 
directions

Probably more accurate to use the term “supply 
network” or “supply web”

Typical supply chain stages: customers, retailers, 
distributors, manufacturers, suppliers (Fig. 1.2)

All stages may not be present in all supply chains
(e.g., no retailer or distributor for Dell)



What is a Supply Chain?

Customer wants

detergent and goes 

to Jewel

Jewel

Supermarket

Jewel or third

party DC

P&G or other

manufacturer

Plastic

Producer

Chemical

manufacturer

(e.g. Oil Company)

Tenneco

Packaging

Paper 

Manufacturer

Timber

Industry

Chemical

manufacturer

(e.g. Oil Company)



Flows in a Supply Chain
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The Objective of a Supply Chain

Maximize overall value created

Supply chain value: difference between what the final 

product is worth to the customer and the effort the 

supply chain expends in filling the customer’s request

Value is correlated to supply chain profitability 

(difference between revenue generated from the 

customer and the overall cost across the supply chain)



The Objective of a Supply Chain

Example: Dell receives $2000 from a customer for a 
computer (revenue)

Supply chain incurs costs (information, storage, 
transportation, components, assembly, etc.)

Difference between $2000 and the sum of all of these 
costs is the supply chain profit

Supply chain profitability is total profit to be shared 
across all stages of the supply chain

Supply chain success should be measured by total 
supply chain profitability, not profits at an individual 
stage



The Objective of a Supply Chain

Sources of supply chain revenue: the customer

Sources of supply chain cost: flows of information, 

products, or funds between stages of the supply chain

Supply chain management is the management of 

flows between and among supply chain stages to 

maximize total supply chain profitability



Decision Phases of a Supply Chain

Supply chain strategy or design

Supply chain planning

Supply chain operation



Supply Chain Strategy or Design

Decisions about the structure of the supply chain and 
what processes each stage will perform

Strategic supply chain decisions

– Locations and capacities of facilities

– Products to be made or stored at various locations

– Modes of transportation

– Information systems

Supply chain design must support strategic objectives

Supply chain design decisions are long-term and 
expensive to reverse – must take into account market 
uncertainty



Supply Chain Planning

Definition of a set of policies that govern short-term 

operations

Fixed by the supply configuration from previous 

phase

Starts with a forecast of demand in the coming year



Supply Chain Planning

Planning decisions:

– Which markets will be supplied from which locations

– Planned buildup of inventories

– Subcontracting, backup locations

– Inventory policies

– Timing and size of market promotions

Must consider in planning decisions demand 

uncertainty, exchange rates, competition over the time 

horizon



Supply Chain Operation

Time horizon is weekly or daily

Decisions regarding individual customer orders

Supply chain configuration is fixed and operating 
policies are determined

Goal is to implement the operating policies as 
effectively as possible

Allocate orders to inventory or production, set order 
due dates, generate pick lists at a warehouse, allocate 
an order to a particular shipment, set delivery 
schedules, place replenishment orders

Much less uncertainty (short time horizon)



Process View of a Supply Chain

Cycle view: processes in a supply chain are divided 

into a series of cycles, each performed at the 

interfaces between two successive supply chain stages

Push/pull view: processes in a supply chain are 

divided into two categories depending on whether 

they are executed in response to a customer order 

(pull) or in anticipation of a customer order (push)



Cycle View of Supply Chains
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Cycle View of a Supply Chain

Each cycle occurs at the interface between two successive 

stages

Customer order cycle (customer-retailer)

Replenishment cycle (retailer-distributor)

Manufacturing cycle (distributor-manufacturer)

Procurement cycle (manufacturer-supplier)

Figure 1.3

Cycle view clearly defines processes involved and the 

owners of each process.  Specifies the roles and 

responsibilities of each member and the desired outcome 

of each process.



Push/Pull View of Supply Chains
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Push/Pull View of 

Supply Chain Processes

Supply chain processes fall into one of two categories 

depending on the timing of their execution relative to 

customer demand

Pull: execution is initiated in response to a customer 

order (reactive)

Push: execution is initiated in anticipation of customer 

orders (speculative)

Push/pull boundary separates push processes from 

pull processes



Push/Pull View of 

Supply Chain Processes

Useful in considering strategic decisions relating to 

supply chain design – more global view of how 

supply chain processes relate to customer orders

Can combine the push/pull and cycle views

– L.L. Bean (Figure 1-6)

– Ethan Allen (Figure 1-7)

The relative proportion of push and pull processes can 

have an impact on supply chain performance



FIGURE 1-6 Push/Pull Processes 

for the L. L. Bean Supply Chain



FIGURE 1-7 Push/Pull Processes for Ethan 

Allen Supply Chain for Customized Furniture



Supply Chain Macro Processes in 

a Firm 

Supply chain processes discussed in the two views can 

be classified into (Figure 1.8):

– Customer Relationship Management (CRM)

– Internal Supply Chain Management (ISCM)

– Supplier Relationship Management (SRM)

Integration among the above three macro processes is 

critical for effective and successful supply chain 

management



Examples of Supply Chains

Gateway

Zara

McMaster Carr / W.W. Grainger

Toyota

Amazon / Borders / Barnes and Noble

Webvan / Peapod / Jewel

What are some key issues in these supply chains?



Gateway:  A Direct Sales Manufacturer

Why did Gateway have multiple production facilities in the 
US?  What advantages or disadvantages does this strategy offer 
relative to Dell, which has one facility?

What factors did Gateway consider when deciding which plants 
to close?

Why does Gateway not carry any finished goods inventory at 
its retail stores?

Should a firm with an investment in retail stores carry any 
finished goods inventory?

 Is the Dell model of selling directly without any retail stores 
always less expensive than a supply chain with retail stores?

What are the supply chain implications of Gateway’s decision 
to offer fewer configurations?



7-Eleven

What factors influence decisions of opening and closing stores?  

Location of stores?

Why has 7-Eleven chosen off-site preparation of fresh food?

Why does 7-Eleven discourage direct store delivery from vendors?

Where are distribution centers located and how many stores does 

each center serve?  How are stores assigned to distribution centers?

Why does 7-Eleven combine fresh food shipments by temperature?

What point of sale data does 7-Eleven gather and what information 

is made available to store managers?  How should information 

systems be structured?



W.W. Grainger and McMaster Carr

How many DCs should there be and where should they be 
located?

How should product stocking be managed at the DCs?  Should 
all DCs carry all products?

What products should be carried in inventory and what 
products should be left at the supplier?

What products should Grainger carry at a store?

How should markets be allocated to DCs?

How should replenishment of inventory be managed at various 
stocking locations?

How should Web orders be handled?

What transportation modes should be used?



Toyota

Where should plants be located, what degree of 
flexibility should each have, and what capacity should 
each have?

Should plants be able to produce for all markets?

How should markets be allocated to plants?

What kind of flexibility should be built into the 
distribution system?

How should this flexible investment be valued?

What actions may be taken during product design to 
facilitate this flexibility?



Summary of Learning Objectives

What are the cycle and push/pull views of a supply 

chain?

How can supply chain macro processes be classified?

What are the three key supply chain decision phases 

and what is the significance of each?

What is the goal of a supply chain and what is the 

impact of supply chain decisions on the success of the 

firm?



Amazon.com

Why is Amazon building more warehouses as it grows?  How 

many warehouses should it have and where should they be 

located?

What advantages does selling books via the Internet provide?  Are 

there disadvantages?

Why does Amazon stock bestsellers while buying other titles from 

distributors?

Does an Internet channel provide greater value to a bookseller like 

Borders or to an Internet-only company like Amazon?

 Should traditional booksellers like Borders integrate e-commerce 

into their current supply?

 For what products does the e-commerce channel offer the greatest 

benefits?  What characterizes these products?



Supply Chain Performance:  

Achieving Strategic Fit and Scope



Outline

Competitive and supply chain strategies

Achieving strategic fit

Expanding strategic scope



What is Supply Chain Management?

Managing supply chain flows and assets, to maximize

supply chain surplus

What is supply chain surplus?



Competitive and Supply 

Chain Strategies

Competitive strategy: defines the set of customer needs a firm 

seeks to satisfy through its products and services

Product development strategy: specifies the portfolio of new 

products that the company will try to develop

Marketing and sales strategy: specifies how the market will be 

segmented and product positioned, priced, and promoted

Supply chain strategy:  

– determines the nature of material procurement, transportation of 

materials, manufacture of product or creation of service, distribution of 

product

– Consistency and support between supply chain strategy, competitive 

strategy, and other functional strategies is important



New
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The Value Chain: Linking Supply 

Chain and Business Strategy



Achieving Strategic Fit

Introduction

How is strategic fit achieved?

Other issues affecting strategic fit



Achieving Strategic Fit

Strategic fit:

– Consistency between customer priorities of competitive 

strategy and supply chain capabilities specified by the 

supply chain strategy

– Competitive and supply chain strategies have the same 

goals

A company may fail because of a lack of strategic fit 

or because its processes and resources do not provide 

the capabilities to execute the desired strategy

Example of strategic fit -- Dell



How is Strategic Fit Achieved?

Step 1: Understanding the customer and supply chain 

uncertainty

Step 2: Understanding the supply chain

Step 3: Achieving strategic fit



Step 1:  Understanding the Customer 

and Supply Chain Uncertainty

Identify the needs of the customer segment being 

served

Quantity of product needed in each lot

Response time customers will tolerate

Variety of products needed

Service level required

Price of the product

Desired rate of innovation in the product



Step 1:  Understanding the Customer 

and Supply Chain Uncertainty

Overall attribute of customer demand

Demand uncertainty: uncertainty of customer demand 

for a product

Implied demand uncertainty: resulting uncertainty for 

the supply chain given the portion of the demand the 

supply chain must handle and attributes the customer 

desires



Step 1:  Understanding the Customer 

and Supply Chain Uncertainty

Implied demand uncertainty also related to customer 

needs and product attributes

Table 2.1

Figure 2.2

Table 2.2

First step to strategic fit is to understand customers by 

mapping their demand on the implied uncertainty 

spectrum



Achieving Strategic Fit

Understanding the Customer

– Lot size

– Response time

– Service level

– Product variety

– Price

– Innovation

Implied

Demand 

Uncertainty



Impact of Customer Needs on Implied 

Demand Uncertainty (Table 2.1)

Customer Need Causes implied demand 

uncertainty to increase because …

Range of quantity increases Wider range of quantity implies 

greater variance in demand

Lead time decreases Less time to react to orders

Variety of products required increases Demand per product becomes more 

disaggregated

Number of channels increases Total customer demand is now 

disaggregated over more channels

Rate of innovation increases New products tend to have more 

uncertain demand

Required service level increases Firm now has to handle unusual 

surges in demand



Levels of Implied Demand 

Uncertainty
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Correlation Between Implied Demand 

Uncertainty and Other Attributes (Table 2.2)

Attribute Low Implied 

Uncertainty

High Implied 

Uncertainty

Product margin Low High

Avg. forecast error 10% 40%-100%

Avg. stockout rate 1%-2% 10%-40%

Avg. forced season-

end markdown

0% 10%-25%



Step 2: Understanding the 

Supply Chain

How does the firm best meet demand?

Dimension describing the supply chain is supply chain 

responsiveness

Supply chain responsiveness -- ability to

– respond to wide ranges of quantities demanded

– meet short lead times

– handle a large variety of products

– build highly innovative products

– meet a very high service level



Step 2: Understanding the 

Supply Chain

There is a cost to achieving responsiveness

Supply chain efficiency: cost of making and 

delivering the product to the customer

Increasing responsiveness results in higher costs that 

lower efficiency

Figure 2.3: cost-responsiveness efficient frontier

Figure 2.4: supply chain responsiveness spectrum

Second step to achieving strategic fit is to map the 

supply chain on the responsiveness spectrum



Understanding the Supply Chain: Cost-

Responsiveness Efficient Frontier
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Step 3: Achieving Strategic Fit

Step is to ensure that what the supply chain does well 

is consistent with target customer’s needs

Fig. 2.5: Uncertainty/Responsiveness map

Fig. 2.6: Zone of strategic fit

Examples: Dell, Barilla



Responsiveness Spectrum 

(Figure 2.4)
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Achieving Strategic Fit Shown on the 

Uncertainty/Responsiveness Map (Fig. 2.5)
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Step 3: Achieving Strategic Fit

All functions in the value chain must support the 

competitive strategy to achieve strategic fit – Fig. 2.7

Two extremes:  Efficient supply chains (Barilla) and 

responsive supply chains (Dell) – Table 2.3

Two key points

– there is no right supply chain strategy independent of 

competitive strategy

– there is a right supply chain strategy for a given competitive 

strategy



Comparison of Efficient and 

Responsive Supply Chains (Table 2.4)

Efficient Responsive

Primary goal Lowest cost Quick response

Product design strategy Min product cost Modularity to allow 

postponement

Pricing strategy Lower margins Higher margins

Mfg strategy High utilization Capacity flexibility

Inventory strategy Minimize inventory Buffer inventory

Lead time strategy Reduce but not at expense 

of greater cost

Aggressively reduce even if 

costs are significant

Supplier selection strategy Cost and low quality Speed, flexibility, quality

Transportation strategy Greater reliance on low cost 

modes

Greater reliance on 

responsive (fast) modes



Other Issues Affecting Strategic Fit

Multiple products and customer segments

Product life cycle

Competitive changes over time



Multiple Products and 

Customer Segments

Firms sell different products to different customer 

segments (with different implied demand uncertainty)

The supply chain has to be able to balance efficiency 

and responsiveness given its portfolio of products and 

customer segments

Two approaches:

– Different supply chains

– Tailor supply chain to best meet the needs of each 

product’s demand



Product Life Cycle

The demand characteristics of a product and the needs 

of a customer segment change as a product goes 

through its life cycle

Supply chain strategy must evolve throughout the life 

cycle

Early: uncertain demand, high margins (time is 

important), product availability is most important, cost 

is secondary

Late: predictable demand, lower margins, price is 

important



Product Life Cycle

Examples: pharmaceutical firms, Intel

As the product goes through the life cycle, the supply 

chain changes from one emphasizing responsiveness 

to one emphasizing efficiency



Competitive Changes Over Time

Competitive pressures can change over time

More competitors may result in an increased emphasis 

on variety at a reasonable price

The Internet makes it easier to offer a wide variety of 

products

The supply chain must change to meet these changing 

competitive conditions



Expanding Strategic Scope

Scope of strategic fit

– The functions and stages within a supply chain that devise an 
integrated strategy with a shared objective

– One extreme: each function at each stage develops its own 
strategy

– Other extreme: all functions in all stages devise a strategy jointly

Five categories:

– Intracompany intraoperation scope

– Intracompany intrafunctional scope

– Intracompany interfunctional scope

– Intercompany interfunctional scope

– Flexible interfunctional scope



Different Scopes of Strategic Fit 

Across a Supply Chain
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Summary of Learning Objectives

Why is achieving strategic fit critical to a company’s 

overall success?

How does a company achieve strategic fit between its 

supply chain strategy and its competitive strategy?

What is the importance of expanding the scope of 

strategic fit across the supply chain?



Module II:

Supply Chain Drivers and Obstacles

Supply Chain Management



Outline

Drivers of supply chain performance

A framework for structuring drivers

Facilities

Inventory

Transportation

Information

Sourcing

Pricing

Obstacles to achieving fit



Drivers of Supply Chain Performance

 Facilities

– places where inventory is stored, assembled, or fabricated

– production sites and storage sites

 Inventory

– raw materials, WIP, finished goods within a supply chain

– inventory policies

 Transportation

– moving inventory from point to point in a supply chain

– combinations of transportation modes and routes

 Information

– data and analysis regarding inventory, transportation, facilities throughout the 
supply chain

– potentially the biggest driver of supply chain performance

 Sourcing

– functions a firm performs and functions that are outsourced

 Pricing

– Price associated with goods and services provided by a firm to the supply chain



A Framework for 

Structuring Drivers

Competitive Strategy
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Facilities

Role in the supply chain

– the “where” of the supply chain

– manufacturing or storage (warehouses)

Role in the competitive strategy

– economies of scale (efficiency priority)

– larger number of smaller facilities (responsiveness priority)

Example 3.1:  Toyota and Honda

(Both Toyota and Honda use facilities decisions to be more responsive to 

their customers. These companies have an end goal of opening 

manufacturing facilities in every major mar- ket that they enter.)

Components of facilities decisions



Components of Facilities Decisions

Location

– centralization (efficiency) vs. decentralization (responsiveness)

– other factors to consider (e.g., proximity to customers)

Capacity (flexibility versus efficiency)

Manufacturing methodology (product focused versus 

process focused)

Warehousing methodology (SKU storage, job lot 

storage, cross-docking)

Overall trade-off:  Responsiveness versus efficiency



Inventory

Role in the supply chain

Role in the competitive strategy

Components of inventory decisions



Inventory:  Role in the Supply Chain

Inventory exists because of a mismatch between 

supply and demand

Source of cost and influence on responsiveness

Impact on

– material flow time: time elapsed between when material 

enters the supply chain to when it exits the supply chain

– throughput

» rate at which sales to end consumers occur

» I = RT (Little’s Law)

» I = inventory; R = throughput; T = flow time

» Example

» Inventory and throughput are “synonymous” in a supply chain



Inventory:  Role in Competitive 

Strategy

If responsiveness is a strategic competitive priority, a 

firm can locate larger amounts of inventory closer to 

customers

If cost is more important, inventory can be reduced to 

make the firm more efficient

Trade-off

Example 3.2 – Nordstrom
 Nordstrom's customer strategy is centered on three strategic pillars: 

providing a compelling product offering, delivering outstanding services 

and experiences and leveraging the strength of the Nordstrom brand.



Components of Inventory 

Decisions

Cycle inventory

– Average amount of inventory used to satisfy demand between shipments

– Depends on lot size

Safety inventory

– inventory held in case demand exceeds expectations

– costs of carrying too much inventory versus cost of losing sales

Seasonal inventory

– inventory built up to counter predictable variability in demand

– cost of carrying additional inventory versus cost of flexible production

Overall trade-off:  Responsiveness versus efficiency

– more inventory:  greater responsiveness but greater cost

– less inventory:  lower cost but lower responsiveness



Transportation

Role in the supply chain

Role in the competitive strategy

Components of transportation decisions



Transportation: Role in

the Supply Chain

Moves the product between stages in the supply chain

Impact on responsiveness and efficiency

Faster transportation allows greater responsiveness 

but lower efficiency

Also affects inventory and facilities



Transportation:  

Role in the Competitive Strategy

If responsiveness is a strategic competitive priority, 

then faster transportation modes can provide greater 

responsiveness to customers who are willing to pay 

for it

Can also use slower transportation modes for 

customers whose priority is price (cost)

Can also consider both inventory and transportation to 

find the right balance

Example 3.3: Laura Ashley (internal factors)
 Laura Ashley's competitors and similar companies include HSN, The Cambridge 

Satchel Company, John Lewis and House of Fraser. Laura Ashley is a fashion-and-

home furnishing company. HSN is an online marketplace and community that sells 

clothes and provides a place to discuss fashion and life.



Components of

Transportation Decisions

Mode of transportation:  

– air, truck, rail, ship, pipeline, electronic transportation

– vary in cost, speed, size of shipment, flexibility

Route and network selection

– route: path along which a product is shipped

– network: collection of locations and routes

In-house or outsource

Overall trade-off: Responsiveness versus efficiency



Information

Role in the supply chain

Role in the competitive strategy

Components of information decisions



Information: Role in

the Supply Chain

The connection between the various stages in the 

supply chain – allows coordination between stages

Crucial to daily operation of each stage in a supply 

chain – e.g., production scheduling, inventory levels



Information:  

Role in the Competitive Strategy

Allows supply chain to become more efficient and 

more responsive at the same time (reduces the need 

for a trade-off)

Information technology

What information is most valuable?

Example 3.4: Andersen Windows
 Andersen deploys a comprehensive strategic approach to driving sustainable 

improvements across our value chain—from the forest, to our operations, to the 

home, ...

Example 3.5: Dell
 Dell's initial competitive strategy, when it was founded in 1984 by Michael Dell, 

was to focus mainly on differentiation. Its strategy was to sell customised personal 

computer systems directly to customers



Components of Information 

Decisions

Push (MRP) versus pull (demand information 

transmitted quickly throughout the supply chain)

Coordination and information sharing

Forecasting and aggregate planning

Enabling technologies

– EDI

– Internet

– ERP systems

– Supply Chain Management software

Overall trade-off:  Responsiveness versus efficiency



Sourcing

Role in the supply chain

Role in the competitive strategy

Components of sourcing decisions



Sourcing: Role in

the Supply Chain

Set of business processes required to purchase goods 

and services in a supply chain

Supplier selection, single vs. multiple suppliers, 

contract negotiation



Sourcing:  

Role in the Competitive Strategy

Sourcing decisions are crucial because they affect the 

level of efficiency and responsiveness in a supply 

chain

In-house vs. outsource decisions- improving 

efficiency and responsiveness

Example 3.6: Cisco
 One of Cisco's core competitive advantages is its extensive research and 

development capabilities. The company invests heavily in research and 

development, with a team of over 25,000 engineers and scientists working 

to develop new technologies and solutions for a range of industries.



Components of Sourcing 

Decisions

In-house versus outsource decisions

Supplier evaluation and selection

Procurement process

Overall trade-off: Increase the supply chain profits



Pricing

Role in the supply chain

Role in the competitive strategy

Components of pricing decisions



Pricing: Role in

the Supply Chain

Pricing determines the amount to charge customers in 

a supply chain

Pricing strategies can be used to match demand and 

supply



Sourcing:  

Role in the Competitive Strategy

Firms can utilize optimal pricing strategies to improve 

efficiency and responsiveness

Low price and low product availability; vary prices by 

response times

Example 3.7: Amazon
Amazon's cost leadership generic competitive strategy enables the organization 

to grow in diversification by minimizing operating costs and selling prices. 

The main element of competitive advantage of Amazon is that it provides a 

great customer service experience, such as easy to operate, fast online order, 

smooth checkout, and stress-free returns. 



Components of Pricing Decisions

Pricing and economies of scale

Everyday low pricing versus high-low pricing

Fixed price versus menu pricing

Overall trade-off: Increase the firm profits



Obstacles to Achieving 

Strategic Fit

Increasing variety of products

Decreasing product life cycles

Increasingly demanding customers

Fragmentation of supply chain ownership

Globalization

Difficulty executing new strategies



Summary

What are the major drivers of supply chain 

performance?

What is the role of each driver in creating strategic fit 

between supply chain strategy and competitive strategy 

(or between implied demand uncertainty and supply 

chain responsiveness)?

What are the major obstacles to achieving strategic fit?

In the remainder of the course, we will learn how to 

make decisions with respect to these drivers in order to 

achieve strategic fit and surmount these obstacles



Module III: 

Designing the Distribution Network in 

a Supply Chain

Supply Chain Management



1. Distribution Network Design 

Role

The distribution network determines how products flow from 

manufacturers to customers. Its role includes:

Balancing cost and service → deciding between fast delivery 

(high cost) or slower, cheaper delivery.

Reaching markets effectively → choosing between 

centralized warehouses (fewer, cheaper, but slower) or 

decentralized warehouses (more, expensive, but faster).

Supporting business strategy → e.g., Zara uses quick-

response distribution to match its fast-fashion strategy.

 In short: The role is to connect production with 

consumption while meeting service levels at minimal cost.



1. Distribution Network Design 

Role

Amazon – Uses regional fulfillment centers near 

metro cities to enable 1–2 day delivery 

(responsiveness).

Zara – Keeps its distribution centralized in Spain but 

with very fast logistics, enabling new fashion items to 

reach global stores in 2 weeks.

Coca-Cola – Uses local bottling plants to serve 

regional markets, ensuring freshness and lower 

transport costs.



2. Factors Influencing Distribution 

Network Design

 Several factors shape how the network is designed:

 Customer Needs (service level, delivery speed, return policy): Higher 

service levels need more local facilities.

 Product Characteristics: Perishables (milk, vegetables) need local cold 

storage; durable goods (furniture, cars) can use centralized storage.

 Cost Considerations: More warehouses = higher facility cost but lower 

transport cost. Fewer warehouses = cheaper facilities but higher transport 

cost.

 Geography & Market Size: Dense urban areas may need multiple small 

warehouses; rural areas can work with fewer.

 Technology & Infrastructure: IT systems, transport connectivity, and 

logistics providers can influence whether a firm centralizes or decentralizes.

 In short: Factors are about balancing service, cost, product nature, and 

geography.



2. Factors Influencing Distribution 

Network Design

 Customer Service Needs:

– Domino’s Pizza → 30-minute delivery guarantee → requires outlets close to 

residential areas.

 Product Characteristics:

– Amul / Dairy products → need cold chain logistics for perishable items.

 Cost Considerations:

– IKEA → fewer, large centralized warehouses to reduce inventory and real-estate 

costs.

 Technology & Infrastructure:

– Flipkart → relies on advanced IT + last-mile delivery networks to reach Tier 2 

& Tier 3 cities.

 Geography & Demand Clusters:

– Reliance Retail → expands into rural areas with smaller-format stores where 

population density is lower.



3. Distribution Network Design 

Options

 These are different structures of how goods move from producers to 

customers:

 Manufacturer Storage with Direct Shipping (Drop-shipping):

– Goods shipped directly from manufacturer to customer.

– Low inventory cost, but longer lead time.

– Example: Dell computers.

 Distributor Storage with Last-Mile Delivery:

– Goods stored in local warehouses and delivered to customers.

– Faster service but higher inventory cost.

– Example: Amazon, BigBasket.

 Distributor Storage with Customer Pickup:

– Customers pick up products from local outlets.

– Saves last-mile delivery cost, but less convenience.

– Example: Flipkart’s Kirana pickup points.



Retail Storage with Customer Pickup:

– Products held at retail stores for immediate purchase.

– High convenience but high inventory cost.

– Example: Walmart, DMart, Big Bazaar.

Cross-Docking:

– Products transferred directly from inbound to outbound trucks with 

little/no storage.

– Reduces inventory cost, but requires advanced coordination.

– Example: Walmart’s distribution centers.

 In short: Each option is a trade-off between cost, speed, and 

customer service.



3. Distribution Network Design 

Options (with examples)

 Manufacturer Storage with Direct Shipping (Drop-shipping):

– Dell Computers → ships customized orders directly from factories.

 Distributor Storage with Last-Mile Delivery:

– BigBasket → delivers groceries from local warehouses to homes.

 Distributor Storage with Customer Pickup:

– Flipkart’s Kirana Pickup Points → customers collect packages from nearby 

stores.

 Retail Storage with Customer Pickup:

– Walmart / DMart / Big Bazaar → customers buy directly from retail outlets.

 Cross-Docking:

– Walmart → products move from inbound trucks to outbound trucks with 

minimal storage, cutting costs.



4. Network Design Decisions

Once the design option is chosen, firms must make 

four key decisions:

Number of Facilities:

– Few facilities = lower cost, slower delivery.

– Many facilities = higher cost, faster delivery.

– Example: Amazon increases fulfillment centers for faster 

Prime deliveries.

Location of Facilities:

– Facilities must be close to suppliers, customers, or ports.

– Example: Maruti Suzuki’s plants in Haryana (near supplier 

clusters).



Capacity Allocation:

– How much capacity each facility should have.

– Example: Coca-Cola bottling plants assigned different 

production volumes based on demand.

Market Allocation:

– Which facility serves which market.

– Example: Apple manufactures in China but allocates 

products to regional hubs in Asia, Europe, and the US.

In short: These decisions shape how the network is 

structured for efficiency and responsiveness.



4. Network Design Decisions

Number of Facilities:

– Amazon India → increased number of fulfillment centers to reduce lead 

time.

Location of Facilities:

– Maruti Suzuki → plants in Haryana and Gujarat close to supplier 

clusters and ports.

Capacity Allocation:

– Coca-Cola → allocates production capacity across bottling plants based 

on regional demand.

Market Allocation:

– Apple → allocates production mainly in China but distributes to global 

markets through regional hubs like Singapore and India.



So, Module III is about:

Why distribution networks matter (role)

What shapes their design (factors)

What options firms can choose (design options)

How to finalize the structure (network decisions)





Outline

The Role of Distribution in the Supply Chain

Factors Influencing Distribution Network Design

Design Options for a Distribution Network

E-Business and the Distribution Network

Distribution Networks in Practice

Summary of Learning Objectives



The Role of Distribution

in the Supply Chain

Distribution: the steps taken to move and store a 

product from the supplier stage to the customer stage 

in a supply chain

Distribution directly affects cost and the customer 

experience and therefore drives profitability

Choice of distribution network can achieve supply 

chain objectives from low cost to high responsiveness

Examples: Wal-Mart, Dell, Proctor & Gamble, 

Grainger



Factors Influencing

Distribution Network Design

Distribution network performance evaluated along 

two dimensions at the highest level:

– Customer needs that are met

– Cost of meeting customer needs

Distribution network design options must therefore be 

compared according to their impact on customer 

service and the cost to provide this level of service



Factors Influencing

Distribution Network Design

Elements of customer service influenced by network structure:

– Response time

– Product variety

– Product availability

– Customer experience

– Order visibility

– Returnability

Supply chain costs affected by network structure:

– Inventories

– Transportation

– Facilities and handling

– Information



Service and Number of Facilities 

(Fig. 4.1)

Number of 
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Response Time



The Cost-Response Time Frontier
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Inventory Costs and Number

of Facilities (Fig. 4.2)

Inventory 

Costs

Number of facilities



Transportation Costs and

Number of Facilities (Fig. 4.3)

Transportation

Costs

Number of facilities



Facility Costs and Number

of Facilities (Fig. 4.4)

Facility

Costs

Number of facilities



Transportation

Total Costs Related to 

Number of Facilities
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Response Time

Variation in Logistics Costs and Response 

Time with Number of Facilities (Fig. 4.5)

Number of Facilities

Total Logistics Costs



Design Options for a 

Distribution Network

Manufacturer Storage with Direct Shipping

Manufacturer Storage with Direct Shipping and In-

Transit Merge

Distributor Storage with Carrier Delivery

Distributor Storage with Last Mile Delivery

Manufacturer or Distributor Storage with Consumer 

Pickup

Retail Storage with Consumer Pickup

Selecting a Distribution Network Design



Manufacturer Storage with

Direct Shipping (Fig. 4.6)

Manufacturer

Retailer

Customers

Product Flow

Information Flow



In-Transit Merge Network (Fig. 4.7)

Factories

Retailer

Product Flow

Information Flow

In-Transit Merge by 

Carrier

Customers



Distributor Storage with

Carrier Delivery  (Fig. 4.8)

Factories

Customers

Product Flow

Information Flow

Warehouse Storage by 

Distributor/Retailer



Distributor Storage with

Last Mile Delivery (Fig. 4.9)

Factories

Customers

Product Flow

Information Flow

Distributor/Retailer 

Warehouse



Manufacturer or Distributor Storage 

with Customer Pickup (Fig. 4.10)

Factories

Retailer

Pickup Sites

Product Flow

Information Flow

Cross Dock DC

Customer Flow

Customers



Comparative Performance of Delivery 

Network Designs (Table 4.7)

Information

Facility & Handling

Transportation

Inventory

Returnability

Order Visibility

Customer Experience

Product Availability

Product Variety

Response Time

Manufacturer  

storage with pickup
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storage with last 

mile delivery

Distributor Storage 

with Package 

Carrier Delivery
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Retail Storage 

with Customer 
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Linking Product Characteristics and 

Customer Preferences to Network Design

Low customer effort

High product variety

Quick desired response

High product value

Many product sources

Very low demand product

Low demand product

Medium demand product

High demand product

Manufacturer  

storage with 

pickup

Distributor storage 

with last mile delivery

Distributor Storage 

with Package Carrier 

Delivery

Manufacturer 

Storage with In-

Transit Merge 

Manufacturer 

Storage with 

Direct Shipping

Retail Storage 

with 

Customer 

Pickup
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E-Business and the Distribution 

Network

Impact of E-Business on Customer Service

Impact of E-Business on Cost

Using E-Business: Dell, Amazon, Peapod, Grainger



Distribution Networks in Practice

The ownership structure of the distribution network 

can have as big as an impact as the type of distribution 

network

The choice of a distribution network has very long-

term consequences

Consider whether an exclusive distribution strategy is 

advantageous

Product, price, commoditization, and criticality have 

an impact on the type of distribution system preferred 

by customers



Summary of Learning Objectives

What are the key factors to be considered when 

designing the distribution network?

What are the strengths and weaknesses of various 

distribution options?

What roles do distributors play in the supply chain?



Network Design in the Supply 

Chain



Outline

A strategic framework for facility location

Multi-echelon networks

Gravity methods for location

Plant location models 





Network Design Decisions

Facility role

Facility location

Capacity allocation

Market and supply allocation

5-134



Factors Influencing

Network Design Decisions

Strategic 

Technological

Macroeconomic

Political

Infrastructure

Competitive

Logistics and facility costs

5-135



The Cost-Response Time Frontier

Local FG

Mix

Regional FG

Local WIP

Central FG

Central WIP

Central Raw Material and Custom production

Custom production with raw material at suppliers

Cost

Response Time HiLow

Low
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Service and Number of Facilities

Number of Facilities

Response

Time

5-137



Customer

DC

Where inventory needs to be for a one week order response time - typical results  --> 1 DC



Customer

DC

Where inventory needs to be for a 5 day order response time - typical results --> 2 DCs



Customer

DC

Where inventory needs to be for a 3 day order response time - typical results --> 5 DCs



Customer

DC

Where inventory needs to be for a next day order response time - typical results --> 13 DCs



Customer

DC

Where inventory needs to be for a same day / next day order response time - typical results --> 26 DCs



Costs and Number of Facilities

Costs

Number of facilities

Inventory

Transportation

Facility costs
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A Framework for

Global Site Location

PHASE I

Supply Chain

Strategy

PHASE II

Regional Facility

Configuration

PHASE III

Desirable Sites

PHASE IV

Location Choices

Competitive STRATEGY

INTERNAL CONSTRAINTS

Capital, growth strategy,

existing network

PRODUCTION TECHNOLOGIES

Cost, Scale/Scope impact, support

required, flexibility

COMPETITIVE

ENVIRONMENT

PRODUCTION METHODS

Skill needs, response time

FACTOR COSTS

Labor, materials, site specific

GLOBAL COMPETITION

TARIFFS AND TAX

INCENTIVES

REGIONAL DEMAND

Size, growth, homogeneity,

local specifications

POLITICAL, EXCHANGE

RATE AND DEMAND RISK

AVAILABLE

INFRASTRUCTURE

LOGISTICS COSTS

Transport, inventory, coordination



Conventional Network

Customer
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DC
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Tailored Network: Multi-Echelon 

Finished Goods Network

Regional

Finished

Goods DC

Regional

Finished

Goods DC

Customer 1

DC

Store 1

National

Finished

Goods DC

Local DC

Cross-Dock

Local DC 

Cross-Dock

Local DC

Cross-Dock

Customer 2

DC

Store 1

Store 2

Store 2

Store 3

Store 3



Gravity Methods for Location

Ton Mile-Center Solution

– x,y: Warehouse Coordinates

– xn, yn : Coordinates of delivery 

location n

– dn : Distance to delivery 

location n

– Fn : Annual tonnage to delivery 

location n
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Network Optimization Models

Allocating demand to production facilities

Locating facilities and allocating capacity

Which plants to establish? How to configure the network? 

Key Costs:

• Fixed facility cost

• Transportation cost

• Production cost

• Inventory cost

• Coordination cost



Demand Allocation Model

Which market is served 

by which plant?

Which supply sources 

are used by a plant?

xij = Quantity shipped from 

plant site i to customer j
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Plant Location with Multiple Sourcing

yi = 1 if plant is located 

at site i, 0 otherwise

xij = Quantity shipped 

from plant site i to 

customer j
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Plant Location with Single Sourcing

yi = 1 if plant is located 

at site i, 0 otherwise

xij = 1 if market j is 

supplied by factory i, 0 

otherwise
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Summary of Learning Objectives

What is the role of network design decisions in 
the supply chain?

What are the factors influencing supply chain 
network design decisions?

Describe a strategic framework for facility 
location.

How are the following optimization methods used 
for facility location and capacity allocation 
decisions?

– Gravity methods for location

– Network optimization models



Network Design in an

Uncertain Environment



Outline

The Impact of Uncertainty on Network Design Decisions

Discounted Cash Flow Analysis

Representations of Uncertainty

Evaluating Network Design Decisions Using Decision 

Trees

AM Tires: Evaluation of Supply Chain Design Decisions 

Under Uncertainty

Making Supply Chain Decisions Under Uncertainty in 

Practice

Summary of Learning Objectives



The Impact of Uncertainty

on Network Design

Supply chain design decisions include investments in 
number and size of plants, number of trucks, number 
of warehouses

These decisions cannot be easily changed in the short-
term

There will be a good deal of uncertainty in demand, 
prices, exchange rates, and the competitive market 
over the lifetime of a supply chain network

Therefore, building flexibility into supply chain 
operations allows the supply chain to deal with 
uncertainty in a manner that will maximize profits



Discounted Cash Flow Analysis

Supply chain decisions are in place for a long time, so 

they should be evaluated as a sequence of cash flows 

over that period

Discounted cash flow (DCF) analysis evaluates the 

present value of any stream of future cash flows and 

allows managers to compare different cash flow 

streams in terms of their financial value

Based on the time value of money – a dollar today is 

worth more than a dollar tomorrow



Discounted Cash Flow Analysis
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• Compare NPV of different supply chain design options

• The option with the highest NPV will provide the greatest 

financial return



NPV Example: Trips Logistics

How much space to lease in the next three years

Demand = 100,000 units

Requires 1,000 sq. ft. of space for every 1,000 units of 
demand

Revenue = $1.22 per unit of demand

Decision is whether to sign a three-year lease or 
obtain warehousing space on the spot market

Three-year lease: cost = $1 per sq. ft.

Spot market: cost = $1.20 per sq. ft.

k = 0.1



NPV Example: Trips Logistics

For leasing warehouse space on the spot market:

Expected annual profit = 100,000 x $1.22 – 100,000 x 

$1.20 = $2,000

Cash flow = $2,000 in each of the next three years
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NPV Example: Trips Logistics

For leasing warehouse space with a three-year lease:

Expected annual profit = 100,000 x $1.22 – 100,000 x $1.00 = $22,000

Cash flow = $22,000 in each of the next three years
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The NPV of signing the lease is $54,711 higher; therefore, the manager 

decides to sign the lease

However, uncertainty in demand and costs may cause the manager to 

rethink his decision



Representations of Uncertainty

Binomial Representation of Uncertainty

Other Representations of Uncertainty



Binomial Representations

of Uncertainty

When moving from one period to the next, the value of the 

underlying factor (e.g., demand or price) has only two 

possible outcomes – up or down

The underlying factor moves up by a factor or u > 1 with 

probability p, or down by a factor d < 1 with probability 1-p

Assuming a price P in period 0, for the multiplicative 

binomial, the possible outcomes for the next four periods:

– Period 1: Pu, Pd

– Period 2: Pu2, Pud, Pd2 

– Period 3: Pu3, Pu2d, Pud2, Pd3

– Period 4: Pu4, Pu3d, Pu2d2, Pud3, Pd4



Binomial Representations

of Uncertainty

In general, for multiplicative binomial, period T has 

all possible outcomes Putd(T-t), for t = 0,1,…,T

From state Puad(T-a) in period t, the price may move in 

period t+1 to either

– Pua+1d(T-a) with probability p, or

– Puad(T-a)+1 with probability (1-p) 

Represented as the binomial tree shown in Figure 6.1 

(p. 140)



Binomial Representations

of Uncertainty

For the additive binomial, the states in the following 

periods are:

– Period 1:  P+u, P-d

– Period 2:  P+2u, P+u-d, P-2d

– Period 3:  P+3u, P+2u-d, P+u-2d, P-3d

– Period 4:  P+4u, P+3u-d, P+2u-2d, P+u-3d, P-4d

In general, for the additive binomial, period T has all 

possible outcomes P+tu-(T-t)d, for t=0, 1, …, T



Evaluating Network Design 

Decisions Using Decision Trees

A manager must make many different decisions when 

designing a supply chain network

Many of them involve a choice between a long-term (or less 

flexible) option and a short-term (or more flexible) option

If uncertainty is ignored, the long-term option will almost 

always be selected because it is typically cheaper

Such a decision can eventually hurt the firm, however, 

because actual future prices or demand may be different 

from what was forecasted at the time of the decision

A decision tree is a graphic device that can be used to 

evaluate decisions under uncertainty



Decision Tree Methodology

1. Identify the duration of each period (month, quarter, etc.) and 
the number of periods T over the which the decision is to be 
evaluated.

2. Identify factors such as demand, price, and exchange rate, 
whose fluctuation will be considered over the next T periods.

3. Identify representations of uncertainty for each factor; that is, 
determine what distribution to use to model the uncertainty.

4. Identify the periodic discount rate k for each period.

5. Represent the decision tree with defined states in each period, 
as well as the transition probabilities between states in 
successive periods.

6. Starting at period T, work back to period 0, identifying the 
optimal decision and the expected cash flows at each step.  
Expected cash flows at each state in a given period should be 
discounted back when included in the previous period.



Decision Tree Methodology:

Trips Logistics

Decide whether to lease warehouse space for the coming 

three years and the quantity to lease

Long-term lease is currently cheaper than the spot market 

rate

The manager anticipates uncertainty in demand and spot 

prices over the next three years

Long-term lease is cheaper but could go unused if demand 

is lower than forecast; future spot market rates could also 

decrease

Spot market rates are currently high, and the spot market 

would cost a lot if future demand is higher than expected



Trips Logistics: Three Options

Get all warehousing space from the spot market as 

needed

Sign a three-year lease for a fixed amount of 

warehouse space and get additional requirements from 

the spot market

Sign a flexible lease with a minimum change that 

allows variable usage of warehouse space up to a limit 

with additional requirement from the spot market



Trips Logistics

1000 sq. ft. of warehouse space needed for 1000 units of 

demand

Current demand = 100,000 units per year

Binomial uncertainty: Demand can go up by 20% with 

p = 0.5 or down by 20% with 1-p = 0.5

Lease price = $1.00 per sq. ft. per year

Spot market price = $1.20 per sq. ft. per year

Spot prices can go up by 10% with p = 0.5 or down by 

10% with 1-p = 0.5

Revenue = $1.22 per unit of demand

k = 0.1



Trips Logistics Decision Tree 

(Fig. 6.2)
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Trips Logistics Example

Analyze the option of not signing a lease and 

obtaining all warehouse space from the spot market

Start with Period 2 and calculate the profit at each 

node

For D=144, p=$1.45, in Period 2: 

C(D=144, p=1.45,2) = 144,000x1.45 = $208,800

P(D=144, p =1.45,2) = 144,000x1.22 –

C(D=144,p=1.45,2) = 175,680-208,800 = -$33,120

Profit at other nodes is shown in Table 6.1



Trips Logistics Example

Expected profit at each node in Period 1 is the profit 

during Period 1 plus the present value of the expected 

profit in Period 2

Expected profit EP(D=, p=,1) at a node is the 

expected profit over all four nodes in Period 2 that 

may result from this node

PVEP(D=,p=,1) is the present value of this expected 

profit and P(D=,p=,1), and the total expected profit, is 

the sum of the profit in Period 1 and the present value 

of the expected profit in Period 2



Trips Logistics Example

From node D=120, p=$1.32 in Period 1, there are four 

possible states in Period 2

Evaluate the expected profit in Period 2 over all four states 

possible from node D=120, p=$1.32 in Period 1 to be 

EP(D=120,p=1.32,1) = 0.25xP(D=144,p=1.45,2) +

0.25xP(D=144,p=1.19,2) +

0.25xP(D=96,p=1.45,2) +

0.25xP(D=96,p=1.19,2)

= 0.25x(-33,120)+0.25x4,320+0.25x(-22,080)+0.25x2,880

= -$12,000



Trips Logistics Example

The present value of this expected value in Period 1 is

PVEP(D=12, p=1.32,1) = EP(D=120,p=1.32,1) / (1+k)

= -$12,000 / (1+0.1)

= -$10,909

The total expected profit P(D=120,p=1.32,1) at node 
D=120,p=1.32 in Period 1 is the sum of the profit in Period 1 at 
this node, plus the present value of future expected profits 
possible from this node

P(D=120,p=1.32,1) = [(120,000x1.22)-(120,000x1.32)] +

PVEP(D=120,p=1.32,1)

= -$12,000 + (-$10,909) = -$22,909

The total expected profit for the other nodes in Period 1 is shown 
in Table 6.2



Trips Logistics Example

For Period 0, the total profit P(D=100,p=120,0) is the sum of 

the profit in Period 0 and the present value of the expected 

profit over the four nodes in Period 1

EP(D=100,p=1.20,0) = 0.25xP(D=120,p=1.32,1) +

= 0.25xP(D=120,p=1.08,1) +

= 0.25xP(D=96,p=1.32,1) +

= 0.25xP(D=96,p=1.08,1)

= 0.25x(-22,909)+0.25x32,073+0.25x(-15,273)+0.25x21,382 

= $3,818

PVEP(D=100,p=1.20,0) = EP(D=100,p=1.20,0) / (1+k)

= $3,818 / (1 + 0.1) = $3,471



Trips Logistics Example

P(D=100,p=1.20,0) = 100,000x1.22-100,000x1.20 +

PVEP(D=100,p=1.20,0)

= $2,000 + $3,471 = $5,471

Therefore, the expected NPV of not signing the lease 

and obtaining all warehouse space from the spot market 

is given by NPV(Spot Market) = $5,471



Trips Logistics Example

Using the same approach for the lease option, 

NPV(Lease) = $38,364

Recall that when uncertainty was ignored, the NPV 

for the lease option was $60,182

However, the manager would probably still prefer to 

sign the three-year lease for 100,000 sq. ft. because 

this option has the higher expected profit



Evaluating Flexibility

Using Decision Trees
 Decision tree methodology can be used to evaluate flexibility within the 

supply chain

 Suppose the manager at Trips Logistics has been offered a contract 
where, for an upfront payment of $10,000, the company will have the 
flexibility of using between 60,000 sq. ft. and 100,000 sq. ft. of 
warehouse space at $1 per sq. ft. per year.  Trips must pay $60,000 for 
the first 60,000 sq. ft. and can then use up to 40,000 sq. ft. on demand at 
$1 per sq. ft. as needed.

 Using the same approach as before, the expected profit of this option is 
$56,725

 The value of flexibility is the difference between the expected present 
value of the flexible option and the expected present value of the 
inflexible options

 The three options are listed in Table 6.7, where the flexible option has 
an expected present value $8,361 greater than the inflexible lease option 
(including the upfront $10,000 payment)



AM Tires: Evaluation of Supply Chain 

Design Decisions Under Uncertainty

Dedicated Capacity of 100,000 in the United States 

and 50,000 in Mexico

– Period 2 Evaluation

– Period 1 Evaluation

– Period 0 Evaluation

Flexible Capacity of 100,000 in the United States and 

50,000 in Mexico

– Period 2 Evaluation

– Period 1 Evaluation

– Period 0 Evaluation



Evaluating Facility Investments: 

AM Tires

Dedicated Plant Flexible PlantPlant

Fixed Cost Variable Cost Fixed Cost Variable Cost

US 100,000 $1 million/yr. $15 / tire $1.1 million

/ year

$15 / tire

Mexico

50,000

4 million

pesos / year

110 pesos /

tire

4.4 million

pesos / year

110 pesos /

tire

U.S. Expected Demand = 100,000; 

Mexico Expected Demand = 50,000

1US$ = 9 pesos

Demand goes up or down by 20 percent with probability 0.5 and

exchange rate goes up or down by 25 per cent with probability 0.5.
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AM Tires

Four possible capacity scenarios:

• Both dedicated

• Both flexible

• U.S. flexible, Mexico dedicated

• U.S. dedicated, Mexico flexible

For each node, solve the demand allocation model:

Plants Markets

U.S.

Mexico

U.S.

Mexico



AM Tires: Demand Allocation for 

RU = 144; RM = 72, E = 14.06

Source Destination Variable

cost

Shipping

cost

E Sale price Margin

($)

U.S. U.S. $15 0 14.06 $30 $15

U.S. Mexico $15 $1 14.06 240 pesos $1.1

Mexico U.S. 110 pesos $1 14.06 $30 $21.2

Mexico Mexico 110 pesos 0 14.06 240 pesos $9.2

Plants Markets

U.S.

Mexico

U.S.

Mexico

100,000

6,000

Profit (flexible) =

$1,075,055

Profit (dedicated) =

$649,360

100,000

50,000



Facility Decision at AM Tires

Plant Configuration

United States Mexico

NPV

Dedicated Dedicated $1,629,319

Flexible Dedicated $1,514,322

Dedicated Flexible $1,722,447

Flexible Flexible $1,529,758



Making Supply Chain Design Decisions 

Under Uncertainty in Practice

Combine strategic planning and financial planning 

during network design

Use multiple metrics to evaluate supply chain 

networks

Use financial analysis as an input to decision making, 

not as the decision-making process

Use estimates along with sensitivity analysis



Summary of Learning Objectives

What are the uncertainties that influence supply chain 

performance and network design?

What are the methodologies that are used to evaluate 

supply chain decisions under uncertainty?

How can supply chain network design decisions in an 

uncertain environment be analyzed?



Module IV: 

Planning Supply and Demand

in a Supply Chain: Managing 

Predictable Variability

Supply Chain Management



Outline

Responding to predictable variability in a supply chain

Managing supply

Managing demand

Implementing solutions to predictable variability in 

practice



Responding to Predictable 

Variability in a Supply Chain

Predictable variability is change in demand that can be 

forecasted

Can cause increased costs and decreased responsiveness 

in the supply chain

A firm can handle predictable variability using two 

broad approaches:

– Manage supply using capacity, inventory, subcontracting, and 

backlogs

– Manage demand using short-term price discounts and trade 

promotions



Managing Supply

Managing capacity

– Time flexibility from workforce

– Use of seasonal workforce

– Use of subcontracting

– Use of dual facilities – dedicated and flexible

– Designing product flexibility into production processes

Managing inventory

– Using common components across multiple products

– Building inventory of high demand or predictable demand 

products



Inventory/Capacity Trade-off

Leveling capacity forces inventory to build up in 

anticipation of seasonal variation in demand

Carrying low levels of inventory requires capacity 

to vary with seasonal variation in demand or 

enough capacity to cover peak demand during 

season



Managing Demand

Promotion

Pricing

Timing of promotion and pricing changes is 

important

Demand increases can result from a combination 

of three factors:

– Market growth (increased sales, increased market size)

– Stealing share (increased sales, same market size)

– Forward buying (same sales, same market size)



Demand Management

Pricing and aggregate planning must be done 

jointly

Factors affecting discount timing

– Product margin: Impact of higher margin ($40 instead 

of $31)

– Consumption: Changing fraction of increase coming 

from forward buy (100% increase in consumption 

instead of 10% increase)

– Forward buy



Off-Peak (January) Discount 

from $40 to $39

Month Demand Forecast

January 3,000

February 2,400

March 2,560

April 3,800

May 2,200

June 2,200

Cost = $421,915, Revenue = $643,400, Profit = $221,485



Peak (April) Discount

from $40 to $39

Month Demand Forecast

January 1,600

February 3,000

March 3,200

April 5,060

May 1,760

June 1,760

Cost = $438,857, Revenue = $650,140, Profit = $211,283



January Discount: 100% Increase in 

Consumption, Sale Price =  $40 ($39)

Month Demand Forecast

January 4,440

February 2,400

March 2,560

April 3,800

May 2,200

June 2,200

Off-peak discount: Cost = $456,750, Revenue = $699,560



Peak (April) Discount: 100% Increase 

in Consumption, Sale Price = $40 ($39)

Month Demand Forecast

January 1,600

February 3,000

March 3,200

April 8,480

May 1,760

June 1,760

Peak discount: Cost = $536,200, Revenue = $783,520



Performance Under

Different Scenarios
Regular 

Price 

Promotion 

Price 

Promotion 

Period 

Percent 

increase in 

demand 

Percent 

forward 

buy 

Profit Average 

Inventory 

$40 $40 NA NA NA $217,725 895 

$40 $39 January 10% 20% $221,485 523 

$40 $39 April 10% 20% $211,283 938 

$40 $39 January 100% 20% $242,810 208 

$40 $39 April 100% 20% $247,320 1,492 

$31 $31 NA NA NA $73,725 895 

$31 $30 January 100% 20% $84,410 208 

$31 $30 April 100% 20% $69,120 1,492 

 



Factors Affecting

Promotion Timing

Factor Favored timing

High forward buying Low demand period

High stealing share High demand period

High growth of market High demand period

High margin High demand period

Low margin Low demand period

High holding cost Low demand period

Low flexibility Low demand period



Factors Influencing Discount Timing

Impact of discount on consumption

Impact of discount on forward buy

Product margin



Implementing Solutions to 

Predictable Variability in Practice

Coordinate planning across enterprises in the supply 

chain

Take predictable variability into account when 

making strategic decisions

Preempt, do not just react to, predictable variability



Summary of Learning Objectives

How can supply be managed to improve 

synchronization in the supply chain in the face of 

predictable variability?

How can demand be managed to improve 

synchronization in the supply chain in the face of 

predictable variability?

How can aggregate planning be used to maximize 

profitability when faced with predictable variability 

in the supply chain?



Managing Economies of Scale in the 

Supply Chain: Cycle Inventory



Outline

Role of Cycle Inventory in a Supply Chain

Economies of Scale to Exploit Fixed Costs

Economies of Scale to Exploit Quantity Discounts

Short-Term Discounting: Trade Promotions

Managing Multi-Echelon Cycle Inventory

Estimating Cycle Inventory-Related Costs in 

Practice



Role of Inventory in the Supply Chain

Improve Matching of Supply

and Demand

Improved Forecasting

Reduce Material Flow Time

Reduce Waiting Time

Reduce Buffer Inventory

Economies of Scale
Supply / Demand

Variability

Seasonal

Variability

Cycle Inventory Safety Inventory

Figure Error! No text of

Seasonal Inventory



Role of Cycle Inventory

in a Supply Chain

Lot, or batch size: quantity that a supply chain stage either 
produces or orders at a given time

Cycle inventory: average inventory that builds up in the 
supply chain because a supply chain stage either produces 
or purchases in lots that are larger than those demanded by 
the customer
– Q = lot or batch size of an order

– D = demand per unit time

Inventory profile: plot of the inventory level over time 
(Fig. 10.1)

Cycle inventory = Q/2 (depends directly on lot size)

Average flow time = Avg inventory / Avg flow rate

Average flow time from cycle inventory = Q/(2D)



Role of Cycle Inventory

in a Supply Chain

Q = 1000 units

D = 100 units/day

Cycle inventory = Q/2 = 1000/2 = 500 = Avg inventory level from 
cycle inventory

Avg flow time = Q/2D = 1000/(2)(100) = 5 days

Cycle inventory adds 5 days to the time a unit spends in the 
supply chain

Lower cycle inventory is better because:

– Average flow time is lower

– Working capital requirements are lower

– Lower inventory holding costs



Role of Cycle Inventory

in a Supply Chain

Cycle inventory is held primarily to take advantage of 
economies of scale in the supply chain

Supply chain costs influenced by lot size:

– Material cost = C

– Fixed ordering cost = S

– Holding cost = H = hC (h = cost of holding $1 in inventory for one year)

Primary role of cycle inventory is to allow different stages to 
purchase product in lot sizes that minimize the sum of material, 
ordering, and holding costs

 Ideally, cycle inventory decisions should consider costs across 
the entire supply chain, but in practice, each stage generally 
makes its own supply chain decisions – increases total cycle 
inventory and total costs in the supply chain



Economies of Scale

to Exploit Fixed Costs

How do you decide whether to go shopping at a 

convenience store or at Sam’s Club?

Lot sizing for a single product (EOQ)

Aggregating multiple products in a single order

Lot sizing with multiple products or customers

– Lots are ordered and delivered independently for each 

product

– Lots are ordered and delivered jointly for all products

– Lots are ordered and delivered jointly for a subset of 

products



Economies of Scale

to Exploit Fixed Costs

Annual demand = D

Number of orders per year = D/Q

Annual material cost = CR

Annual order cost = (D/Q)S

Annual holding cost = (Q/2)H = (Q/2)hC

Total annual cost = TC = CD + (D/Q)S + (Q/2)hC

Figure 10.2 shows variation in different costs for 

different lot sizes



Fixed Costs: Optimal Lot Size

and Reorder Interval (EOQ)

D: Annual demand 

S: Setup or Order Cost

C: Cost per unit

h: Holding cost per year as a 
fraction of product cost

H: Holding cost per unit per year

Q: Lot Size

T: Reorder interval

Material cost is constant and 
therefore is not considered in 
this model

DH

S
n

H

DS
Q

hCH

2
*

2
*









Example 10.1

Demand, D = 12,000 computers per year

d = 1000 computers/month

Unit cost, C = $500

Holding cost fraction, h = 0.2

Fixed cost, S = $4,000/order

Q* = Sqrt[(2)(12000)(4000)/(0.2)(500)] = 980 computers 

Cycle inventory =  Q/2 = 490

Flow time = Q/2d = 980/(2)(1000) = 0.49 month

Reorder interval, T = 0.98 month



Example 10.1 (continued)

Annual ordering and holding cost = 

= (12000/980)(4000) + (980/2)(0.2)(500) = $97,980

Suppose lot size is reduced to Q=200, which would 
reduce flow time:

Annual ordering and holding cost = 

= (12000/200)(4000) + (200/2)(0.2)(500) = $250,000

To make it economically feasible to reduce lot size, the 
fixed cost associated with each lot would have to be 
reduced



Example 10.2

If desired lot size = Q* = 200 units, what would S have

to be?

D = 12000 units

C = $500

h = 0.2

Use EOQ equation and solve for S:

S = [hC(Q*)2]/2D = [(0.2)(500)(200)2]/(2)(12000) = 

$166.67

To reduce optimal lot size by a factor of k, the fixed order 

cost must be reduced by a factor of k2



Key Points from EOQ Model

In deciding the optimal lot size, the tradeoff is between 
setup (order) cost and holding cost.

If demand increases by a factor of 4, it is optimal to 
increase batch size by a factor of 2 and produce (order) 
twice as often. Cycle inventory (in days of demand) 
should decrease as demand increases.

If lot size is to be reduced, one has to reduce fixed order 
cost. To reduce lot size by a factor of 2, order cost has 
to be reduced by a factor of 4.



Aggregating Multiple Products

in a Single Order
Transportation is a significant contributor to the fixed cost per order

Can possibly combine shipments of different products from the 

same supplier

– same overall fixed cost

– shared over more than one product

– effective fixed cost is reduced for each product

– lot size for each product can be reduced

Can also have a single delivery coming from multiple suppliers or a 

single truck delivering to multiple retailers

Aggregating across products, retailers, or suppliers in a single order 

allows for a reduction in lot size for individual products because 

fixed ordering and transportation costs are now spread across 

multiple products, retailers, or suppliers



Example: Aggregating Multiple 

Products in a Single Order

Suppose there are 4 computer products in the previous 

example: Deskpro, Litepro, Medpro, and Heavpro

Assume demand for each is 1000 units per month

If each product is ordered separately:

– Q* = 980 units for each product

– Total cycle inventory = 4(Q/2) = (4)(980)/2 = 1960 units

Aggregate orders of all four products:

– Combined Q* = 1960 units

– For each product: Q* = 1960/4 = 490

– Cycle inventory for each product is reduced to 490/2 = 245

– Total cycle inventory = 1960/2 = 980 units

– Average flow time, inventory holding costs will be reduced



Lot Sizing with Multiple

Products or Customers

 In practice, the fixed ordering cost is dependent at least in part 

on the variety associated with an order of multiple models

– A portion of the cost is related to transportation 

(independent of variety)

– A portion of the cost is related to loading and receiving   

(not independent of variety)

Three scenarios:

– Lots are ordered and delivered independently for each 

product

– Lots are ordered and delivered jointly for all three models

– Lots are ordered and delivered jointly for a selected subset of 

models



Lot Sizing with Multiple Products

Demand per year

– DL = 12,000; DM = 1,200; DH = 120

Common transportation cost, S = $4,000

Product specific order cost

– sL = $1,000; sM = $1,000; sH = $1,000

Holding cost, h = 0.2

Unit cost

– CL = $500; CM = $500; CH = $500



Delivery Options

No Aggregation: Each product ordered separately

Complete Aggregation: All products delivered on 

each truck

Tailored Aggregation: Selected subsets of products 

on each truck



No Aggregation: Order Each 

Product Independently 

 Litepro Medpro Heavypro 

Demand per 

year 

12,000 1,200 120 

Fixed cost / 

order 

$5,000 $5,000 $5,000 

Optimal 

order size 

1,095 346 110 

Order 

frequency 

11.0 / year 3.5 / year 1.1 / year 

Annual cost $109,544 $34,642 $10,954 

 

 

Total cost = $155,140



Aggregation: Order All

Products Jointly

S* = S + sL + sM + sH = 4000+1000+1000+1000 = $7000

n* = Sqrt[(DLhCL+ DMhCM+ DHhCH)/2S*]

= 9.75

QL = DL/n* = 12000/9.75 = 1230

QM = DM/n* = 1200/9.75 = 123

QH = DH/n* = 120/9.75 = 12.3

Cycle inventory = Q/2 

Average flow time = (Q/2)/(weekly demand)



Complete Aggregation:

Order All Products Jointly
Litepro Medpro Heavypro

Demand per

year

12,000 1,200 120

Order

frequency

9.75/year 9.75/year 9.75/year

Optimal

order size

1,230 123 12.3

Annual

holding cost

$61,512 $6,151 $615

Annual order cost = 9.75 × $7,000 = $68,250

Annual total cost = $136,528



Lessons from Aggregation

Aggregation allows firm to lower lot size without 

increasing cost

Complete aggregation is effective if product 

specific fixed cost is a small fraction of joint fixed 

cost

Tailored aggregation is effective if product 

specific fixed cost is a large fraction of joint fixed 

cost



Economies of Scale to

Exploit Quantity Discounts

All-unit quantity discounts

Marginal unit quantity discounts

Why quantity discounts?

– Coordination in the supply chain

– Price discrimination to maximize supplier profits



Quantity Discounts

Lot size based

– All units

– Marginal unit

Volume based

How should buyer react?

What are appropriate discounting schemes?



All-Unit Quantity Discounts

Pricing schedule has specified quantity break points 

q0, q1, …, qr, where q0 = 0

If an order is placed that is at least as large as qi but 

smaller than qi+1, then each unit has an average unit 

cost of Ci

The unit cost generally decreases as the quantity 

increases, i.e., C0>C1>…>Cr

The objective for the company (a retailer in our 

example) is to decide on a lot size that will minimize 

the sum of material, order, and holding costs



All-Unit Quantity Discount Procedure 

(different from what is in the textbook)

Step 1:  Calculate the EOQ for the lowest price.  If it is feasible 
(i.e., this order quantity is in the range for that price), then stop.  
This is the optimal lot size.  Calculate TC for this lot size.

Step 2:  If the EOQ is not feasible, calculate the TC for this price 
and the smallest quantity for that price.

Step 3:  Calculate the EOQ for the next lowest price.  If it is 
feasible, stop and calculate the TC for that quantity and price.

Step 4:  Compare the TC for Steps 2 and 3.  Choose the quantity 
corresponding to the lowest TC.  

Step 5:  If the EOQ in Step 3 is not feasible, repeat Steps 2, 3, and 
4 until a feasible EOQ is found.  



All-Unit Quantity Discounts: 

Example

Cost/Unit

$3
$2.96

$2.92

Order Quantity

5,000 10,000

Order Quantity

5,000 10,000

Total Material Cost



All-Unit Quantity Discount: 

Example

Order quantity Unit Price

0-5000 $3.00

5001-10000 $2.96

Over 10000 $2.92

q0 = 0, q1 = 5000, q2 = 10000

C0 = $3.00, C1 = $2.96, C2 = $2.92

D = 120000 units/year, S = $100/lot, h = 0.2



All-Unit Quantity Discount: 

Example

Step 1:  Calculate Q2* = Sqrt[(2DS)/hC2] 

= Sqrt[(2)(120000)(100)/(0.2)(2.92)] = 6410

Not feasible (6410 < 10001)

Calculate TC2 using C2 = $2.92 and q2 = 10001

TC2 = (120000/10001)(100)+(10001/2)(0.2)(2.92)+(120000)(2.92)

= $354,520

Step 2:  Calculate Q1* = Sqrt[(2DS)/hC1]

=Sqrt[(2)(120000)(100)/(0.2)(2.96)] = 6367

Feasible (5000<6367<10000)  Stop

TC1 = (120000/6367)(100)+(6367/2)(0.2)(2.96)+(120000)(2.96)

= $358,969

TC2 < TC1  The optimal order quantity Q* is q2 = 10001



All-Unit Quantity Discounts

Suppose fixed order cost were reduced to $4

– Without discount, Q* would be reduced to 1265 units

– With discount, optimal lot size would still be 10001 units

What is the effect of such a discount schedule?

– Retailers are encouraged to increase the size of their orders

– Average inventory (cycle inventory) in the supply chain is 
increased

– Average flow time is increased

– Is an all-unit quantity discount an advantage in the supply 
chain?



Why Quantity Discounts?

Coordination in the supply chain

– Commodity products

– Products with demand curve

» 2-part tariffs

» Volume discounts



Coordination for

Commodity Products

D = 120,000 bottles/year

SR = $100, hR = 0.2, CR = $3

SS = $250, hS = 0.2, CS = $2

Retailer’s optimal lot size = 6,324 bottles

Retailer cost = $3,795; Supplier cost = $6,009

Supply chain cost = $9,804



Coordination for

Commodity Products

What can the supplier do to decrease supply chain 

costs?

– Coordinated lot size: 9,165; Retailer cost = $4,059; 

Supplier cost = $5,106; Supply chain cost = $9,165

Effective pricing schemes

– All-unit quantity discount

» $3 for lots below 9,165

» $2.9978 for lots of 9,165 or more

– Pass some fixed cost to retailer (enough that he raises 

order size from 6,324 to 9,165)



Quantity Discounts When

Firm Has Market Power

No inventory related costs

Demand curve

360,000 - 60,000p

What are the optimal prices and profits in the 

following situations?

– The two stages coordinate the pricing decision

» Price = $4, Profit = $240,000, Demand = 120,000

– The two stages make the pricing decision 

independently

» Price = $5, Profit = $180,000, Demand = 60,000



Two-Part Tariffs and

Volume Discounts

Design a two-part tariff that achieves the 

coordinated solution

Design a volume discount scheme that achieves 

the coordinated solution

Impact of inventory costs

– Pass on some fixed costs with above pricing



Lessons from Discounting Schemes

Lot size based discounts increase lot size and 

cycle inventory in the supply chain

Lot size based discounts are justified to achieve 

coordination for commodity products

Volume based discounts with some fixed cost 

passed on to retailer are more effective in general

– Volume based discounts are better over rolling horizon



Short-Term Discounting: 

Trade Promotions
Trade promotions are price discounts for a limited period of time 

(also may require specific actions from retailers, such as displays, 
advertising, etc.)

Key goals for promotions from a manufacturer’s perspective:

– Induce retailers to use price discounts, displays, advertising to increase sales

– Shift inventory from the manufacturer to the retailer and customer

– Defend a brand against competition

– Goals are not always achieved by a trade promotion

What is the impact on the behavior of the retailer and on the 
performance of the supply chain?

Retailer has two primary options in response to a promotion:

– Pass through some or all of the promotion to customers to spur sales

– Purchase in greater quantity during promotion period to take advantage of 
temporary price reduction, but pass through very little of savings to 
customers



Short Term Discounting

Q*: Normal order quantity

C: Normal unit cost

d: Short term discount

D: Annual demand

h: Cost of holding $1 per year

Qd: Short term order quantity dC

C

hdC

dD Q
Q

d

-
+

)-(
=

*

Forward buy = Qd - Q*



Short Term Discounts:

Forward Buying

Normal order size, Q* = 6,324 bottles 

Normal cost, C = $3 per bottle

Discount per tube, d = $0.15

Annual demand, D = 120,000

Holding cost, h = 0.2

Qd =

Forward buy =



Promotion Pass Through

to Consumers

Demand curve at retailer: 300,000 - 60,000p

Normal supplier price, CR = $3.00

– Optimal retail price = $4.00

– Customer demand = 60,000

Promotion discount = $0.15

– Optimal retail price = $3.925

– Customer demand = 64,500

Retailer only passes through half the promotion 

discount and demand increases by only 7.5%



Trade Promotions

When a manufacturer offers a promotion, the goal 

for the manufacturer is to take actions 

(countermeasures) to  discourage forward buying 

in the supply chain

Counter measures

– EDLP

– Scan based promotions

– Customer coupons



Managing Multi-Echelon

Cycle Inventory
Multi-echelon supply chains have multiple stages, with 

possibly many players at each stage and one stage supplying 
another stage

The goal is to synchronize lot sizes at different stages in a 
way that no unnecessary cycle inventory is carried at any 
stage

Figure 10.6: Inventory profile at retailer and manufacturer 
with no synchronization

Figure 10.7: Illustration of integer replenishment policy

Figure 10.8: An example of a multi-echelon distribution 
supply chain

In general, each stage should attempt to coordinate orders 
from customers who order less frequently and cross-dock all 
such orders.  Some of the orders from customers that order 
more frequently should also be cross-docked.



Estimating Cycle Inventory-

Related Costs in Practice

Inventory holding cost

– Cost of capital

– Obsolescence cost

– Handling cost

– Occupancy cost

– Miscellaneous costs

Order cost

– Buyer time

– Transportation costs

– Receiving costs

– Other costs



Levers to Reduce Lot Sizes 

Without Hurting Costs

Cycle Inventory Reduction

– Reduce transfer and production lot sizes

» Aggregate fixed costs across multiple products, supply points, 

or delivery points

– Are quantity discounts consistent with manufacturing 

and logistics operations?

» Volume discounts on rolling horizon

» Two-part tariff

– Are trade promotions essential?

» EDLP

» Based on sell-thru rather than sell-in



Summary of Learning Objectives

How are the appropriate costs balanced to choose the 
optimal amount of cycle inventory in the supply 
chain?

What are the effects of quantity discounts on lot size 
and cycle inventory?

What are appropriate discounting schemes for the 
supply chain, taking into account cycle inventory?

What are the effects of trade promotions on lot size 
and cycle inventory?

What are managerial levers that can reduce lot size 
and cycle inventory without increasing costs?



Managing Uncertainty in the

Supply Chain: Safety Inventory



Role of Inventory in the Supply Chain

Improve Matching of Supply

and Demand

Improved Forecasting

Reduce Material Flow Time

Reduce Waiting Time

Reduce Buffer Inventory

Economies of Scale
Supply / Demand

Variability

Seasonal

Variability

Cycle Inventory Safety Inventory

Figure Error! No text of

Seasonal Inventory



Outline

The role of safety inventory in a supply chain

Determining the appropriate level of safety inventory

Impact of supply uncertainty on safety inventory

Impact of aggregation on safety inventory

Impact of replenishment policies on safety inventory

Managing safety inventory in a multi-echelon supply 

chain

Estimating and managing safety inventory in practice



The Role of Safety Inventory 

in a Supply  Chain

Forecasts are rarely completely accurate

If average demand is 1000 units per week, then half 

the time actual demand will be greater than 1000, and 

half the time actual demand will be less than 1000; 

what happens when actual demand is greater than 

1000?

If you kept only enough inventory in stock to satisfy 

average demand, half the time you would run out

Safety inventory: Inventory carried for the purpose of 

satisfying demand that exceeds the amount forecasted 

in a given period



Role of Safety Inventory

Average inventory is therefore cycle inventory plus 

safety inventory

There is a fundamental tradeoff:

– Raising the level of safety inventory provides higher levels 

of product availability and customer service

– Raising the level of safety inventory also raises the level of 

average inventory and therefore increases holding costs

» Very important in high-tech or other industries where obsolescence 

is a significant risk (where the value of inventory, such as PCs, can 

drop in value)

» Compaq and Dell in PCs



Two Questions to Answer in 

Planning Safety Inventory

What is the appropriate level of safety inventory 

to carry?

What actions can be taken to improve product 

availability while reducing safety inventory?



Determining the Appropriate

Level of Safety Inventory

Measuring demand uncertainty

Measuring product availability

Replenishment policies

Evaluating cycle service level and fill rate

Evaluating safety level given desired cycle service 

level or fill rate

Impact of required product availability and uncertainty 

on safety inventory



Determining the Appropriate

Level of Demand Uncertainty

Appropriate level of safety inventory determined by:

– supply or demand uncertainty

– desired level of product availability

Higher levels of uncertainty require higher levels of 

safety inventory given a particular desired level of 

product availability

Higher levels of desired product availability require 

higher levels of safety inventory given a particular 

level of uncertainty



Measuring Demand Uncertainty

Demand has a systematic component and a random component

The estimate of the random component is the measure of 

demand uncertainty

Random component is usually estimated by the standard 

deviation of demand

Notation:

D = Average demand per period

sD = standard deviation of demand per period

L = lead time = time between when an order is placed and 

when it is received

Uncertainty of demand during lead time is what is important



Measuring Demand Uncertainty

P = demand during k periods = kD

W = std dev of demand during k periods = sRSqrt(k)

Coefficient of variation = cv = m/s = mean/(std dev) 

= size of uncertainty relative to demand



Measuring Product Availability

Product availability: a firm’s ability to fill a 

customer’s order out of available inventory

Stockout: a customer order arrives when product is not 

available

Product fill rate (fr): fraction of demand that is 

satisfied from product in inventory

Order fill rate: fraction of orders that are filled from 

available inventory

Cycle service level: fraction of replenishment cycles 

that end with all customer demand met



Replenishment Policies

Replenishment policy: decisions regarding when to 

reorder and how much to reorder

Continuous review: inventory is continuously 

monitored and an order of size Q is placed when the 

inventory level reaches the reorder point ROP

Periodic review: inventory is checked at regular 

(periodic) intervals and an order is placed to raise the 

inventory to a specified threshold (the “order-up-to” 

level)



Continuous Review Policy: Safety 

Inventory and Cycle Service Level

L: Lead time for replenishment

D: Average demand per unit 

time

sD:Standard deviation of 

demand per period

DL: Mean demand during lead 

time

sL: Standard deviation of 

demand during lead time

CSL: Cycle service level

ss: Safety inventory

ROP: Reorder point
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Example 11.1: Estimating Safety 

Inventory (Continuous Review Policy)

D = 2,500/week; sD = 500

L = 2 weeks; Q = 10,000; ROP = 6,000

DL = DL = (2500)(2) = 5000

ss = ROP - RL = 6000 - 5000 = 1000

Cycle inventory = Q/2 = 10000/2 = 5000

Average Inventory  = cycle inventory + ss = 5000 + 1000 = 6000

Average Flow Time = Avg inventory / throughput = 6000/2500 = 

2.4 weeks



Example 11.2: Estimating Cycle Service 

Level (Continuous Review Policy)

D = 2,500/week; sD = 500

L = 2 weeks; Q = 10,000; ROP = 6,000

Cycle service level, CSL = F(DL + ss, DL, sL) = 

= NORMDIST (DL + ss, DL, sL) = NORMDIST(6000,5000,707,1)

= 0.92 (This value can also be determined from a Normal 

probability distribution table)

7072)500(  L
RL ss



Fill Rate

Proportion of customer demand 

satisfied from stock

Stockout occurs when the 

demand during lead time exceeds 

the reorder point

ESC is the expected shortage per 

cycle (average demand in excess 

of reorder point in each 

replenishment cycle)

 ss is the safety inventory

Q is the order quantity
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ESC = -ss{1-NORMDIST(ss/sL, 0, 1, 1)} + sL NORMDIST(ss/sL, 0, 1, 0)



Example 11.3: Evaluating Fill Rate

ss = 1,000, Q = 10,000, sL = 707, Fill Rate (fr) = ?

ESC = -ss{1-NORMDIST(ss/sL, 0, 1, 1)} + 

sL NORMDIST(ss/sL, 0, 1, 0)

= -1,000{1-NORMDIST(1,000/707, 0, 1, 1)} + 

707 NORMDIST(1,000/707, 0, 1, 0)

= 25.13

fr = (Q - ESC)/Q = (10,000 - 25.13)/10,000 = 

0.9975



Factors Affecting Fill Rate

Safety inventory: Fill rate increases if safety 

inventory is increased. This also increases the 

cycle service level. 

Lot size: Fill rate increases on increasing the lot 

size even though cycle service level does not 

change.



Example 11.4: Evaluating

Safety Inventory Given CSL

D = 2,500/week; sD = 500

L = 2 weeks; Q = 10,000; CSL = 0.90

DL = 5000, sL = 707 (from earlier example) 

ss = FS
-1(CSL)sL = [NORMSINV(0.90)](707) = 906

(this value can also be determined from a Normal 

probability distribution table)

ROP = DL + ss = 5000 + 906 = 5906



Evaluating Safety Inventory

Given Desired Fill Rate

D = 2500, sD = 500, Q = 10000

If desired fill rate is fr = 0.975, how much safety 

inventory should be held?

ESC = (1 - fr)Q = 250

Solve
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Evaluating Safety Inventory Given 

Fill Rate (try different values of ss)

Fill Rate Safety Inventory

97.5% 67

98.0% 183

98.5% 321

99.0% 499

99.5% 767



Impact of Required Product Availability 

and Uncertainty on Safety Inventory

Desired product availability (cycle service level or fill 

rate) increases, required safety inventory increases

Demand uncertainty (sL) increases, required safety 

inventory increases

Managerial levers to reduce safety inventory without 

reducing product availability

– reduce supplier lead time, L (better relationships with 

suppliers)

– reduce uncertainty in demand, sL (better forecasts, better 

information collection and use)



Impact of Supply Uncertainty

D: Average demand per period

sD: Standard deviation of demand per period

L: Average lead time

 sL: Standard deviation of lead time

sD

D

LDL

L

L

DL

222




ss



Impact of Supply Uncertainty

D = 2,500/day; sD = 500

L = 7 days; Q = 10,000; CSL = 0.90; sL = 7 days

DL = DL = (2500)(7) = 17500

ss = F-1
s(CSL)sL = NORMSINV(0.90) x 17550

= 22,491

17500)7()2500(500)7(
222
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Impact of Supply Uncertainty

Safety inventory when sL = 0 is 1,695

Safety inventory when sL = 1 is 3,625

Safety inventory when sL = 2 is 6,628

Safety inventory when sL = 3 is 9,760

Safety inventory when sL = 4 is 12,927

Safety inventory when sL = 5 is 16,109

Safety inventory when sL = 6 is 19,298



Impact of Aggregation

on Safety Inventory

Models of aggregation

Information centralization

Specialization

Product substitution

Component commonality

Postponement



Impact of Aggregation
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Impact of Aggregation

(Example 11.7)

Car Dealer : 4 dealership locations (disaggregated)

D = 25 cars; sD = 5 cars; L = 2 weeks; desired CSL=0.90

What would the effect be on safety stock if the 4 outlets 

are consolidated into 1 large outlet (aggregated)?

At each disaggregated outlet:

For L = 2 weeks, sL = 7.07 cars

ss = Fs
-1(CSL) x sL = Fs

-1(0.9) x 7.07 = 9.06

Each outlet must carry 9 cars as safety stock inventory, so 

safety inventory for the 4 outlets in total is (4)(9) = 36 

cars



Impact of Aggregation

(Example 11.7)

One outlet (aggregated option):

RC = D1 + D2 + D3 + D4 = 25+25+25+25 = 100 cars/wk

sR
C = Sqrt(52 + 52 + 52 + 52) = 10

sL
C = sD

C Sqrt(L) = (10)Sqrt(2) = (10)(1.414) = 14.14

ss = Fs
-1(CSL) x sL

C = Fs
-1(0.9) x 14.14 =18.12

or about 18 cars

If r does not equal 0 (demand is not completely 

independent), the impact of aggregation is not as great 

(Table 11.3)



Impact of Aggregation

If number of independent stocking locations 

decreases by n, the expected level of safety inventory 

will be reduced by square root of n (square root law)

Many e-commerce retailers attempt to take advantage 

of aggregation (Amazon) compared to bricks and 

mortar retailers (Borders)

Aggregation has two major disadvantages:

– Increase in response time to customer order

– Increase in transportation cost to customer

– Some e-commerce firms (such as Amazon) have reduced 

aggregation to mitigate these disadvantages



Information Centralization
Virtual aggregation

Information system that allows access to current 

inventory records in all warehouses from each 

warehouse

Most orders are filled from closest warehouse

In case of a stockout, another warehouse can fill the 

order

Better responsiveness, lower transportation cost, 

higher product availability, but reduced safety 

inventory

Examples: McMaster-Carr, Gap, Wal-Mart



Specialization

Stock all items in each location or stock different 

items at different locations?

– Different products may have different demands in different 

locations (e.g., snow shovels)

– There can be benefits from aggregation

Benefits of aggregation can be affected by:

– coefficient of variation of demand (higher cv yields greater 

reduction in safety inventory from centralization)

– value of item (high value items provide more benefits from 

centralization)

– Table 11.4



Value of Aggregation at Grainger 

(Table 11.4)

Motors Cleaner

Mean demand 20 1,000

SD of demand 40 100

Disaggregate cv 2 0.1

Value/Unit $500 $30

Disaggregate ss $105,600,000 $15,792,000

Aggregate cv 0.05 0.0025

Aggregate ss $2,632,000 $394,770

Holding Cost

Saving

$25,742,000 $3,849,308

Saving / Unit $7.74 $0.046



Product Substitution

Substitution: use of one product to satisfy the demand 

for another product

Manufacturer-driven one-way substitution

Customer-driven two-way substitution



Component Commonality

Using common components in a variety of 

different products

Can be an effective approach to exploit 

aggregation and reduce component inventories



Example 11.9: Value of Component 

Commonality
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Postponement

The ability of a supply chain to delay product 

differentiation or customization until closer to the 

time the product is sold

Goal is to have common components in the 

supply chain for most of the push phase and move 

product differentiation as close to the pull phase 

as possible

Examples: Dell, Benetton



Impact of Replenishment

Policies on Safety Inventory

Continuous review policies

Periodic review policies



Estimating and Managing

Safety Inventory in Practice

Account for the fact that supply chain demand is 

lumpy

Adjust inventory policies if demand is seasonal

Use simulation to test inventory policies

Start with a pilot

Monitor service levels

Focus on reducing safety inventories



Summary of Learning Objectives

What is the role of safety inventory in a supply chain?

What are the factors that influence the required level 

of safety inventory?

What are the different measures of product 

availability?

What managerial levers are available to lower safety 

inventory and improve product availability?



Determining Optimal Level of 

Product Availability 



Outline

The importance of the level of product availability

Factors affecting the optimal level of product 
availability

Managerial levers to improve supply chain 
profitability

Supply chain contracts and their impact on 
profitability

Setting optimal levels of product availability in 
practice



Key Questions

How much should Toys ‘R Us order given 

demand uncertainty?

How much should Mattel order?

Will Mattel’s action help or hurt profitability?

What actions can improve supply chain 

profitability?



Importance of the Level

of Product Availability

Product availability measured by cycle service level or fill rate

Also referred to as the customer service level

Product availability affects supply chain responsiveness

Trade-off:

– High levels of product availability  increased responsiveness and 
higher revenues

– High levels of product availability  increased inventory levels and 
higher costs

Product availability is related to profit objectives, and strategic 
and competitive issues (e.g., Nordstrom, power plants, 
supermarkets, e-commerce retailers)

What is the level of fill rate or cycle service level that will 
result in maximum supply chain profits?



Factors Affecting the Optimal 

Level of Product Availability

Cost of overstocking

Cost of understocking

Possible scenarios

– Seasonal items with a single order in a season

– Continuously stocked items

– Demand during stockout is backlogged

– Demand during stockout is lost



Managerial Levers to Improve 

Supply Chain Profitability

“Obvious” actions

– Increase salvage value of each unit

– Decrease the margin lost from a stockout

Improved forecasting

Quick response

Postponement

Tailored sourcing



Improved Forecasts

Improved forecasts result in reduced uncertainty

Less uncertainty (lower sR) results in either:

– Lower levels of safety inventory (and costs) for the same 

level of product availability, or

– Higher product availability for the same level of safety 

inventory, or

– Both lower levels of safety inventory and higher levels of 

product availability



Quick Response

Set of actions taken by managers to reduce lead time

Reduced lead time results in improved forecasts

– Typical example of quick response is multiple orders in one 
season for retail items (such as fashion clothing)

– For example, a buyer can usually make very accurate forecasts 
after the first week or two in a season

– Multiple orders are only possible if the lead time is reduced –
otherwise there wouldn’t be enough time to get the later orders 
before the season ends

Benefits:

– Lower order quantities  less inventory, same product 
availability

– Less overstock

– Higher profits



Postponement

Delay of product differentiation until closer to the time of the 
sale of the product

All activities prior to product differentiation require aggregate 
forecasts more accurate than individual product forecasts

Individual product forecasts are needed close to the time of sale 
– demand is known with better accuracy (lower uncertainty)

Results in a better match of supply and demand

Valuable in e-commerce – time lag between when an order is 
placed and when customer receives the order (this delay is 
expected by the customer and can be used for postponement)

Higher profits, better match of supply and demand



Tailored Sourcing

A firm uses a combination of two supply sources

One is lower cost but is unable to deal with 
uncertainty well

The other is more flexible, and can therefore deal 
with uncertainty, but is higher cost

The two sources must focus on different capabilities

Depends on being able to have one source that faces 
very low uncertainty and can therefore reduce costs

Increase profits, better match supply and demand



Tailored Sourcing: Multiple 

Sourcing Sites

Characteristic Primary Site Secondary Site

Manufacturing

Cost

High Low

Flexibility

(Volume/Mix)

High Low

Responsiveness High Low

Engineering

Support

High Low



Dual Sourcing Strategies

Strategy Primary Site Secondary Site

Volume based

dual sourcing

Fluctuation Stable demand

Product based

dual sourcing

Unpredictable

products,

Small batch

Predictable,

large batch

products

Model based

dual sourcing

Newer

products

Older stable

products



Supply Chain Contracts and

Their Impact on Profitability

Contract

Returns policy: Buyback contracts

Quantity flexibility contracts

Vendor-managed inventories



Contracts

Specifies the parameters within which a buyer places 
orders and a supplier fulfills them

Example parameters: quantity, price, time, quality

Double marginalization: buyer and seller make 
decisions acting independently instead of acting 
together – gap between potential total supply chain 
profits and actual supply chain profits results

Buyback contracts can be offered that will increase 
total supply chain profit



Returns Policy: 

Buyback Contracts

A manufacturer specifies a wholesale price and a 

buyback price at which the retailer can return any unsold 

items at the end of the season

Results in an increase in the salvage value for the 

retailer, which induces the retailer to order a larger 

quantity

The manufacturer is willing to take on some of the cost 

of overstocking because the supply chain will end up 

selling more on average

Manufacturer profits and supply chain profits can 

increase



Revenue Sharing Contracts

The manufacturer charges the retailer a low wholesale 

price and shares a fraction of the revenue generated 

by the retailer

The lower wholesale price decreases the cost to the 

retailer in case of an overstock

The retailer therefore increases the level of product 

availability, which results in higher profits for both 

the manufacturer and the retailer



Quantity Flexibility Contracts

Manufacturer allows retailer to change order 

quantity after observing demand

No returns are required

The manufacturer bears some of the risk of excess 

inventory

Retailer increases order quantity

Can result in higher manufacturer and supply 

chain profits 



Vendor-Managed Inventories (VMI)

Manufacturer or supplier is responsible for all decisions 
regarding inventory at the retailer

Control of replenishment decisions moves to the manufacturer

Requires that the retailer share demand information with the 
manufacturer

Manufacturer can increase its profits and total supply chain 
profits by reducing effects of double marginalization

Having final customer demand data also helps manufacturer 
plan production more effectively

Proctor & Gamble

Potential drawback – when retailers sell products that are 
substitutes in customers’ minds



Setting Optimal Levels of

Product Availability in Practice

Use an analytical framework to increase profits

Beware of preset levels of availability

Use approximate costs because profit-maximizing 

solutions are very robust

Estimate a range for the cost of stocking out

Ensure that levels of product availability fit with 

the strategy



Summary of Learning Objectives

What are the factors affecting the optimal level of 
product availability?

How is the optimal cycle service level estimated?

What are the managerial levers that can be used to 
improve supply chain profitability through 
optimal service levels?

How can contracts be structured to increase 
supply chain profitability?



Module V: 

Coordination in the Supply Chain

Supply Chain Management



Objectives

Describe supply chain coordination, the bullwhip 
effect, and their impact on performance

Identify causes of the bullwhip effect and obstacles to 
coordination in the supply chain

Discuss managerial levers that help achieve 
coordination in the supply chain

Describe actions that facilitate the building of strategic 
partnerships and trust within the supply chain



Outline

Lack of Supply Chain Coordination and the
Bullwhip Effect

Effect of Lack of Coordination on Performance

Obstacles to Coordination in the Supply Chain

Managerial Levers to Achieve Coordination

Building Strategic Partnerships and Trust Within
a Supply Chain

Achieving Coordination in Practice



Lack of SC Coordination 

and the Bullwhip Effect

Supply chain coordination – all stages in the supply 
chain take actions together (usually results in greater 
total supply chain profits)

SC coordination requires that each stage take into 
account the effects of its actions on the other stages

Lack of coordination results when:

– Objectives of different stages conflict or

– Information moving between stages is distorted



Bullwhip Effect

Fluctuations in orders increase as they move up 
the supply chain from retailers to wholesalers to 
manufacturers to suppliers (shown in Figure 16.1)

Distorts demand information within the supply 
chain, where different stages have very different 
estimates of what demand looks like

Results in a loss of supply chain coordination

Examples: Proctor & Gamble (Pampers); HP 
(printers); Barilla (pasta)



The Effect of Lack of

Coordination on Performance

Manufacturing cost (increases)

Inventory cost (increases)

Replenishment lead time (increases)

Transportation cost (increases)

Labor cost for shipping and receiving (increases)

Level of product availability (decreases)

Relationships across the supply chain (worsens)

Profitability (decreases)

The bullwhip effect reduces supply chain profitability 
by making it more expensive to provide a given level 
of product availability



Obstacles to Coordination 

in a Supply Chain

Incentive Obstacles

Information Processing Obstacles

Operational Obstacles

Pricing Obstacles

Behavioral Obstacles



Incentive Obstacles

When incentives offered to different stages or 

participants in a supply chain lead to actions that 

increase variability and reduce total supply chain 

profits – misalignment of total supply chain 

objectives and individual objectives

Local optimization within functions or stages of a 

supply chain

Sales force incentives



Information Processing Obstacles

When demand information is distorted as it moves 
between different stages of the supply chain, 
leading to increased variability in orders within 
the supply chain

Forecasting based on orders, not customer 
demand

– Forecasting demand based on orders magnifies demand 
fluctuations moving up the supply chain from retailer 
to manufacturer

Lack of information sharing



Operational Obstacles

Actions taken in the course of placing and filling 

orders that lead to an increase in variability

Ordering in large lots (much larger than dictated 

by demand) – Figure 17.2

Large replenishment lead times

Rationing and shortage gaming (common in the 

computer industry because of periodic cycles of 

component shortages and surpluses)



Pricing Obstacles

When pricing policies for a product lead to an 

increase in variability of orders placed

Lot-size based quantity decisions

Price fluctuations (resulting in forward buying) –

Figure 17.3



Behavioral Obstacles
Problems in learning, often related to communication in the 

supply chain and how the supply chain is structured

Each stage of the supply chain views its actions locally and is 
unable to see the impact of its actions on other stages

Different stages react to the current local situation rather than 
trying to identify the root causes

Based on local analysis, different stages blame each other for 
the fluctuations, with successive stages becoming enemies 
rather than partners

No stage learns from its actions over time because the most 
significant consequences of the actions of any one stage occur 
elsewhere, resulting in a vicious cycle of actions and blame

Lack of trust results in opportunism, duplication of effort, and 
lack of information sharing



Managerial Levers to 

Achieve Coordination

Aligning Goals and Incentives

Improving Information Accuracy

Improving Operational Performance

Designing Pricing Strategies to Stabilize Orders

Building Strategic Partnerships and Trust



Aligning Goals and Incentives

Align incentives so that each participant has an 

incentive to do the things that will maximize total 

supply chain profits

Align incentives across functions

Pricing for coordination

Alter sales force incentives from sell-in (to the 

retailer) to sell-through (by the retailer)



Improving Information Accuracy

Sharing point of sale data

Collaborative forecasting and planning

Single stage control of replenishment

– Continuous replenishment programs (CRP)

– Vendor managed inventory (VMI)



Improving Operational Performance

Reducing replenishment lead time

– Reduces uncertainty in demand

– EDI is useful

Reducing lot sizes

– Computer-assisted ordering, B2B exchanges

– Shipping in LTL sizes by combining shipments

– Technology and other methods to simplify receiving

– Changing customer ordering behavior

Rationing based on past sales and sharing information to 
limit gaming

– “Turn-and-earn”

– Information sharing



Designing Pricing Strategies

to Stabilize Orders

Encouraging retailers to order in smaller lots and reduce 
forward buying

Moving from lot size-based to volume-based quantity 
discounts (consider total purchases over a specified time 
period)

Stabilizing pricing

– Eliminate promotions (everyday low pricing, EDLP)

– Limit quantity purchased during a promotion

– Tie promotion payments to sell-through rather than amount 
purchased

Building strategic partnerships and trust – easier to 
implement these approaches if there is trust



Building Strategic Partnerships 

and Trust in a Supply Chain

Background

Designing a Relationship with Cooperation and 

Trust

Managing Supply Chain Relationships for 

Cooperation and Trust



Building Strategic Partnerships 

and Trust in a Supply Chain

Trust-based relationship

– Dependability

– Leap of faith

Cooperation and trust work because:

– Alignment of incentives and goals

– Actions to achieve coordination are easier to implement

– Supply chain productivity improves by reducing 
duplication or allocation of effort to appropriate stage

– Greater information sharing results



Trust in the Supply Chain

Table 17.2 shows benefits

Historically, supply chain relationships are based 

on power or trust

Disadvantages of power-based relationship:

– Results in one stage maximizing profits, often at the 

expense of other stages

– Can hurt a company when balance of power changes

– Less powerful stages have sought ways to resist



Building Trust into a

Supply Chain Relationship

Deterrence-based view

– Use formal contracts

– Parties behave in trusting manner out of self-interest

Process-based view

– Trust and cooperation are built up over time as a result 

of a series of interactions

– Positive interactions strengthen the belief in 

cooperation of other party

Neither view holds exclusively in all situations



Building Trust into a

Supply Chain Relationship

Initially more reliance on deterrence-based view, 

then evolves to a process-based view

Co-identification: ideal goal

Two phases to a supply chain relationship

– Design phase

– Management phase



Designing a Relationship

with Cooperation and Trust

Assessing the value of the relationship and its 

contributions

Identifying operational roles and decision rights 

for each party

Creating effective contracts

Designing effective conflict resolution 

mechanisms



Assessing the Value of the 

Relationship and its Contributions

Identify the mutual benefit provided

Identify the criteria used to evaluate the 

relationship (equity is important)

Important to share benefits equitably

Clarify contribution of each party and the benefits 

each party will receive



Identifying Operational Roles and 

Decision Rights for Each Party

Recognize interdependence between parties

– Sequential interdependence: activities of one partner 
precede the other

– Reciprocal interdependence: the parties come together, 
exchange information and inputs in both directions

Sequential interdependence is the traditional 
supply chain form

Reciprocal interdependence is more difficult but 
can result in more benefits

Figure 17.4



Effects of Interdependence on Supply 

Chain Relationships (Figure 17.4)
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Creating Effective Contracts

Create contracts that encourage negotiation when 

unplanned contingencies arise

It is impossible to define and plan for every 

possible occurrence

Informal relationships and agreements can fill in 

the “gaps” in contracts

Informal arrangements may eventually be 

formalized in later contracts



Designing Effective Conflict 

Resolution Mechanisms

Initial formal specification of rules and guidelines 

for procedures and transactions

Regular, frequent meetings to promote 

communication

Courts or other intermediaries



Managing Supply Chain Relationships 

for Cooperation and Trust

Effective management of a relationship is 

important for its success

Top management is often involved in the design 

but not management of a relationship

Figure 17.5 -- process of alliance evolution

Perceptions of reduced benefits or opportunistic 

actions can significantly impair a supply chain 

partnership



Achieving Coordination in Practice

Quantify the bullwhip effect

Get top management commitment for coordination

Devote resources to coordination

Focus on communication with other stages

Try to achieve coordination in the entire supply chain 
network

Use technology to improve connectivity in the supply 
chain

Share the benefits of coordination equitably



Summary of Learning Objectives

What are supply chain coordination and the bullwhip 
effect, and what are their effects on supply chain 
performance?

What are the causes of the bullwhip effect, and what 
are obstacles to coordination in the supply chain?

What are the managerial levers that help achieve 
coordination in the supply chain?

What are actions that facilitate the building of 
strategic partnerships and trust in the supply chain?



VMI, MILK RUN, HUB & SPOKE 

MODEL



Vendor Managed Inventory (VMI) is a business model

where the buyer of a product provides information to

a vendor of that product and the vendor takes full

responsibility for maintaining an agreed inventory of

the material, usually at the buyer's consumption

location.

Vendor Managed Inventory (VMI)



Vendor Managed Inventory (VMI)



Vendor Managed Inventory (VMI)



Benefits of Using VMI

One of the benefits of VMI is that the vendor is

responsible for supplying the customer when the items

are needed. That can lead to:

– Removal of safety stock

– Lower inventory levels

– Reduction in purchasing-related admin costs



Disadvantages of VMI

The disadvantages of VMI include needing to allow a

non-employee access to your inventory data and

sometimes your actual physical inventory.



MILK RUN
A Milk Run is a delivery method used to transport

mixed loads from various suppliers to one customer.

Instead of each supplier sending a truck every week

to meet the needs of one customer, one truck (or

vehicle) visits the suppliers to pick up the loads for

that customer.

This method of transport got its name from the dairy

industry practice, where one tanker used to collect

milk from several dairy farms for delivery to a milk

processing company.







Hub and Spoke Distribution Model 

A hub and spoke distribution model is a centralized

warehousing and shipment system that resembles the

structure of a bicycle wheel.

The center of the wheel is the hub or a distribution center

and each spoke represents a direction of delivery.

The hub and spoke model allows greater flexibility and

offers a more efficient connection system, consolidating the

efforts of hundreds of drivers, and delivery executives to

one dedicated center, making it the most popular delivery

network system among modern supply chain enterprises.





Advantages

Simplifies shipment processes

Improves workforce productivity

Optimized route planning and faster deliveries

Brings down logistical costs



Pricing and Revenue Management 

in the Supply Chain



Outline

The Role of Revenue Management in the 

Supply Chain

Revenue Management for Multiple Customer 

Segments

Revenue Management for Perishable Assets

Revenue Management for Seasonable Demand

Revenue Management for Bulk and Spot 

Customers

Using Revenue Management in Practice

Summary of Learning Objectives



The Role of Revenue Management 

in the Supply Chain

Revenue management is the use of pricing to increase 

the profit generated from a limited supply of supply 

chain assets

Supply assets exist in two forms: capacity and 

inventory

Revenue management may also be defined as the use 

of differential pricing based on customer segment, 

time of use, and product or capacity availability to 

increase supply chain profits

Most common example is probably in airline pricing



Conditions Under Which Revenue 

Management Has the Greatest Effect

The value of the product varies in different market 
segments (Example: airline seats)

The product is highly perishable or product waste 
occurs (Example: fashion and seasonal apparel)

Demand has seasonal and other peaks (Example:  
products ordered at Amazon.com)

The product is sold both in bulk and on the spot 
market (Example: owner of warehouse who can 
decide whether to lease the entire warehouse through 
long-term contracts or save a portion of the 
warehouse for use in the spot market)



Revenue Management for

Multiple Customer Segments

If a supplier serves multiple customer segments with 

a fixed asset, the supplier can improve revenues by 

setting different prices for each segment

Prices must be set with barriers such that the segment 

willing to pay more is not able to pay the lower price

The amount of the asset reserved for the higher price 

segment is such that the expected marginal revenue 

from the higher priced segment equals the price of the 

lower price segment



Revenue Management for

Multiple Customer Segments

pL = the price charged to the lower price segment

pH = the price charged to the higher price segment

DH = mean demand for the higher price segment

sH = standard deviation of demand for the higher price segment

CH = capacity reserved for the higher price segment

RH(CH) = expected marginal revenue from reserving more 

capacity

= Probability(demand from higher price segment > CH) x pH

RH(CH) = pL

Probability(demand from higher price segment > CH) = pL / pH

CH = F-1(1- pL/pH, DH,sH) = NORMINV(1- pL/pH, DH,sH)



Example 15.2: ToFrom Trucking

Revenue from segment A = pA = $3.50 per cubic ft

Revenue from segment B = pB = $3.50 per cubic ft

Mean demand for segment A = DA = 3,000 cubic ft

Std dev of segment A demand = sA = 1,000 cubic ft

CA = NORMINV(1- pB/pA, DA,sA)

= NORMINV(1- (2.00/3.50), 3000, 1000)

= 2,820 cubic ft

If pA increases to $5.00 per cubic foot, then 

CA = NORMINV(1- pB/pA, DA,sA)

= NORMINV(1- (2.00/5.00), 3000, 1000)

= 3,253 cubic ft



Revenue Management

for Perishable Assets

Any asset that loses value over time is perishable

Examples: high-tech products such as computers and 

cell phones, high fashion apparel, underutilized 

capacity, fruits and vegetables

Two basic approaches:

– Vary price over time to maximize expected revenue

– Overbook sales of the asset to account for cancellations



Revenue Management

for Perishable Assets

Overbooking or overselling of a supply chain asset is 

valuable if order cancellations occur and the asset is 

perishable

The level of overbooking is based on the trade-off 

between the cost of wasting the asset if too many 

cancellations lead to unused assets and the cost of 

arranging a backup if too few cancellations lead to 

committed orders being larger than the available 

capacity



Revenue Management

for Perishable Assets

p = price at which each unit of the asset is sold

c = cost of using or producing each unit of the asset

b = cost per unit at which a backup can be used in the 

case of asset shortage

Cw = p – c = marginal cost of wasted capacity

Cs = b – c = marginal cost of a capacity shortage

O* = optimal overbooking level

s* = Probability(cancellations < O*) = Cw / (Cw +  Cs)



Revenue Management

for Perishable Assets

If the distribution of cancellations is known to be normal 
with mean mc and standard deviation sc then

O* = F-1(s*, mc, sc) = NORMINV(s*, mc, sc)

If the distribution of cancellations is known only as a 
function of the booking level (capacity L + 
overbooking O) to have a mean of m(L+O) and std 
deviation of s(L+O), the optimal overbooking level is 
the solution to the following equation:

O = F-1(s*,mL+O),s(L+O)) 

= NORMINV(s*,mL+O),s(L+O))



Example 15.5

Cost of wasted capacity = Cw = $10 per dress

Cost of capacity shortage = Cs = $5 per dress

s* = Cw / (Cw +  Cs) = 10/(10+5) = 0.667

mc = 800; sc = 400

O* = NORMINV(s*, mc,sc)

= NORMINV(0.667,800,400) = 973

If the mean is 15% of the booking level and the coefficient of 

variation is 0.5, then the optimal overbooking level is the 

solution of the following equation:

O = NORMINV(0.667,0.15(5000+O),0.075(5000+O))

Using Excel Solver, O* = 1,115



Revenue Management

for Seasonal Demand

Seasonal peaks of demand are common in many supply 

chains

Examples: Most retailers achieve a large portion of 

total annual demand in December (Amazon.com)

Off-peak discounting can shift demand from peak to 

non-peak periods

Charge higher price during peak periods and a lower 

price during off-peak periods



Revenue Management for

Bulk and Spot Customers

Most consumers of production, warehousing, and 

transportation assets in a supply chain face the problem of 

constructing a portfolio of long-term bulk contracts and 

short-term spot market contracts

The basic decision is the size of the bulk contract

The fundamental trade-off is between wasting a portion of 

the low-cost bulk contract and paying more for the asset on 

the spot market

Given that both the spot market price and the purchaser’s 

need for the asset are uncertain, a decision tree approach as 

discussed in previous slides should be used to evaluate the 

amount of long-term bulk contract to sign



Revenue Management for

Bulk and Spot Customers

For the simple case where the spot market price is known 
but demand is uncertain, a formula can be used

cB = bulk rate

cS = spot market price

Q* = optimal amount of the asset to be purchased in bulk

p* = probability that the demand for the asset does not 
exceed Q*

Marginal cost of purchasing another unit in bulk is cB.  
The expected marginal cost of not purchasing another 
unit in bulk and then purchasing it in the spot market is 
(1-p*)cS.  



Revenue Management for

Bulk and Spot Customers

If the optimal amount of the asset is purchased in bulk, 

the marginal cost of the bulk purchase should equal the 

expected marginal cost of the spot market purchase, or 

cB = (1-p*)cS

Solving for p* yields p* = (cS – cB) / cS

If demand is normal with mean m and std deviation s, the 

optimal amount Q* to be purchased in bulk is

Q* = F-1(p*,m,s) = NORMINV(p*,m,s)



Example 15.6

Bulk contract cost = cB = $10,000 per million units

Spot market cost = cS = $12,500 per million units

m = 10 million units

s = 4 million units

p* = (cS – cB) / cS = (12,500 – 10,000) / 12,500 = 0.2

Q* = NORMINV(p*,m,s) = NORMINV(0.2,10,4) = 6.63

The manufacturer should sign a long-term bulk contract 

for 6.63 million units per month and purchase any 

transportation capacity beyond that on the spot market



Using Revenue Management

in Practice

Evaluate your market carefully

Quantify the benefits of revenue management

Implement a forecasting process

Apply optimization to obtain the revenue 

management decision

Involve both sales and operations

Understand and inform the customer

Integrate supply planning with revenue 

management



Summary of Learning Objectives

What is the role of revenue management in a 

supply chain?

Under what conditions are revenue management 

tactics effective?

What are the trade-offs that must be considered 

when making revenue management decisions?



Information Technology 

and the Supply Chain



Outline

The Role of Information Technology in the Supply 
Chain

The Supply Chain IT Framework

Customer Relationship Management

Internal Supply Chain Management

Supplier Relationship Management

The Transaction Management Foundation

The Future of IT in the Supply Chain

Supply Chain Information Technology in Practice



Role of Information Technology

in a Supply Chain

 Information is the driver that serves as the “glue” to create a 

coordinated supply chain

 Information must have the following characteristics to be 

useful:

– Accurate

– Accessible in a timely manner

– Information must be of the right kind

 Information provides the basis for supply chain management 

decisions

– Inventory

– Transportation

– Facility



Characteristics of Useful

Supply Chain Information

Accurate

Accessible in a timely manner

The right kind

Provides supply chain visibility



Green Supply Chain Management



Green SCM

Green SCM can be defined as the process of

integrating environmental thinking into supply chain

management including product design, material

sourcing and selection, manufacturing processes,

delivery of the final product to the customers and end

of life management of the product after its useful life.



Introduction to Green Supply chain 

Management

Green supply chain is the process of using environment
friendly inputs and transforming these inputs through
change agents whose by products can improve or be
recycled within existing environment.

Supply chain management is the coordination and
management of complex network of activities involved in
delivering a finished product to the user/customer.

 The supply chain itself is a process that at the end may
produce waste causing serious pollution to the
environment threatening human health and ecological
balance

Therefore the need to go green becomes a point of concern
to many organizations.



The concept of green supply chain GSCM was first
proposed by the Manufacturing Research Consortium
(MRC) of Michigan State University in the U.S. in 1996,
for comprehensively considering environmental impacts
and resources optimization of manufacturing supply
chains.

It aimed at minimizing the environmental impacts of the
products end-of-use by tracking and controlling the raw
material procurement, in order to ensure compliance with
environmental rules and regulations starting from the
stage of product research and development.



Scholars who have contributed to the understanding of
GSCM

Among the scholars who have contributed to the
understanding of GSCM are :

Hervani and Helms (2005), According to them, GSCM
comprises of Green Purchasing, Reverse materials
management, Green distribution and Reverse logistics

Srivastara (2007) He defined the concept as an integrative
environmental thinking into supply chain management
including product design, material sourcing and selection,
manufacturing processes, delivery of final products to the
consumer and the end-life management of the product and
its useful life



Reasons for increased significance on GSCM among

Kenyan firms.

In recent times, Green Supply Chain Management

(Green SCM) is gaining significance among

manufacturers due to the following reasons:

 Diminishing raw materials

 Deterioration of environment

Overflowing waste lands

 Increasing levels of pollution



Green Supply Chain Management Practices

These are practices which a firm should embrace in
order to be associated with greenness. This practices
includes and not limited to the following;

Green packaging

Green purchasing

Green production

Reverse logistics

Recycling and reusing products

Eco design and green marketing

Environmental monitoring and collaboration



Green purchasing

It is considering environmental impact such as prices,

performance and other factors when making

purchasing decisions.

It is environmental purchasing activities that include

the reduction, reuse and recycling of materials in the

process of purchasing.

It is a solution for environmentally concerned and

economically conservative business, and a concept of

acquiring a selection of products and services that

minimizes environmental impact (Salam, 2008).



Green marketing

It is the marketing of products that are presumed to be

environmentally friendly

Thus green marketing incorporates a broad range of

activities, including product modification, changes to

the production process, packaging changes, as well as

modifying advertising



Eco/Green design

Green design is an important sub-attribute to Green

supply chain management.

It is design for the environment / for disassembly and

product life cycle assessment, specifically to consider

environmental aspects in the products design.

It is also about designing a product or a service with

environmental awareness.



Recycling and reusing products

It is a practice of producing outputs or products that

have the ability to be recycled and use to package

products instead of producing another packaging

containers.

Reusing of packaging materials is also considered a

driver in attaining green procurement where

packaging containers are used by customers for other

purposes after consuming the packed products.



Green production/ Manufacturing

It is defined as production processes using inputs with

relatively low environmental impacts, which are

highly efficient, and that generate little or no waste or

pollution (Atlas and Florida (1998).



Green packaging

It is the practice of packaging products using

environmentally friendly packages which have less

impact on environmental habitats because they can

easily decompose.



Reverse logistics

Its is defined as end use customer to the secondary

market from a series of activities.

 These activities include; recycling, maintenance,

transportation, reuse, re-manufacturing, inspection,

classification and disposal.

The value of remaining reverse logistics terminals

affect the different treatment of flow treatment, and is

designed to create value or improve waste treatment





CHALLENGES OF GSCM

 Green supply chain management just like any other business is faced
with challenges; this is probably because it is new to many
organizations. Businesses need to overcome these challenges in order
to ensure their green efforts become a reality. These challenges
includes and not limited to the following;

 Lack of IT implementation

 Resistance to change

 Fear of uncertainty

 High cost of implementation

 Issues of stakeholder positions

 Poor quality of human resources

 Lack of awareness from customers and firms

 Standards and rules of greenness





Use of Information 

in a Supply Chain

Information used at all phases of decision making:  

strategic, planning, operational

Examples:

– Strategic: location decisions

– Operational: what products will be produced during 

today’s production run



Use of Information 

in a Supply Chain

Inventory: demand patterns, carrying costs, 

stockout costs, ordering costs

Transportation: costs, customer locations, 

shipment sizes

Facility: location, capacity, schedules of a facility; 

need information about trade-offs between 

flexibility and efficiency, demand, exchange rates, 

taxes, etc.



Role of Information Technology

in a Supply Chain

Information technology (IT)

– Hardware and software used throughout the supply 

chain to gather and analyze information

– Captures and delivers information needed to make 

good decisions

Effective use of IT in the supply chain can have a 

significant impact on supply chain performance



The Importance of Information

in a Supply Chain

Relevant information available throughout the 

supply chain allows managers to make decisions 

that take into account all stages of the supply 

chain

Allows performance to be optimized for the entire 

supply chain, not just for one stage – leads to 

higher performance for each individual firm in the 

supply chain



The Supply Chain IT Framework

The Supply Chain Macro Processes

– Customer Relationship Management (CRM)

– Internal Supply Chain Management (ISCM)

– Supplier Relationship Management (SRM)

– Plus: Transaction Management Foundation

– Figure 16.1

Why Focus on the Macro Processes?

Macro Processes Applied to the Evolution of Software



Macro Processes in a Supply Chain

(Figure 16.1)
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Customer Relationship Management

The processes that take place between an enterprise 

and its customers downstream in the supply chain

Key processes:

– Marketing

– Selling

– Order management

– Call/Service center



Internal Supply Chain Management

Includes all processes involved in planning for and 

fulfilling a customer order

ISCM processes:

– Strategic Planning

– Demand Planning

– Supply Planning

– Fulfillment

– Field Service

There must be strong integration between the ISCM 

and CRM macro processes



Supplier Relationship Management

Those processes focused on the interaction between 
the enterprise and suppliers that are upstream in the 
supply chain

Key processes:

– Design Collaboration

– Source

– Negotiate

– Buy

– Supply Collaboration

There is a natural fit between ISCM and SRM 
processes



The Transaction Management 

Foundation

Enterprise software systems (ERP)

Earlier systems focused on automation of simple 

transactions and the creation of an integrated method 

of storing and viewing data across the enterprise

Real value of the TMF exists only if decision making 

is improved

The extent to which the TMF enables integration 

across the three macro processes determines its value



The Future of IT in the Supply Chain

At the highest level, the three SCM macro processes 
will continue to drive the evolution of enterprise 
software

Software focused on the macro processes will become 
a larger share of the total enterprise software market 
and the firms producing this software will become 
more successful

Functionality, the ability to integrate across macro 
processes, and the strength of their ecosystems, will 
be keys to success



Supply Chain Information 

Technology in Practice

Select an IT system that addresses the company’s key 

success factors

Take incremental steps and measure value

Align the level of sophistication with the need for 

sophistication

Use IT systems to support decision making, not to 

make decisions

Think about the future



Summary of Learning Objectives

What is the importance of information and IT in the 

supply chain?

How does each supply chain driver use information?

What are the major applications of supply chain IT 

and what processes do they enable?


