
Variability 

The Bull Whip Effect 
A Vicious Cycle 
Build-to-Order, Lean, JIT, … 
Managing Variability: A different view of 
inventory 
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Example 
Procter & Gamble: Pampers 

Smooth consumer demand 
Fluctuating sales at retail stores 
Highly variable demand on distributors


Wild swings in demand on 
manufacturing 
Greatest swings in demand on suppliers 
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Illustration

Consumer Sales at Retailer 
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Retailer's Orders to Distributor 
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Illustration

Retailer's Orders to Distributor 
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Distributor's Orders to P&G 
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Illustration

Distributor’s Orders to P&G 
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P&G's Orders with 3M 
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Illustration

Consumer Sales at Retailer 
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P&G's Orders with 3M 
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What Are the Effects? 

What problems, costs, challenges does 
this create for the players in the 
supply chain? 

What problems does this create for the 
product in the market place? 
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Forecasting 

Poorer forecasts 

More variability 

Less reliable supply 
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Causes of Bullwhip Today 

Product Proliferation/Mass 
Customization 

More varieties of products 
Build-to-Order 

Prohibits pooling orders to smooth 
requirements 

Lean 
Prevents pooling releases to smooth 
demand on the supply chain 
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Why Lean (Just-In-Time)? 

Reduces inventory 
Capital requirements 
Etc 

Reduces handling 
Direct-to-Line 

Improves Quality 
See problems quickly 

Increases launch speed
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Why Not Lean? 
Capacity 

Changes in requirements create upstream 
inventory 
Changes in requirements raise transport 
costs 

Reliability 
Distant suppliers subject to disruption 
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Release Variability

Daily Receipt 
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Managing Variability 

Capacity Buffer 
Inventory Buffer 
Time Buffer 
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Freight Cost 

Capacity 

Utilized Capacity 
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Expediting 
Expedited Service 
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Lower Capacity 

Utilized Capacity 
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Ideal Supply Chain 

Same requirements every day


No excess capacity


No inventory 

No service failures


Minimum Cost
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Buffer Inventory with 

Constant Supply 
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Variation in Buffer 



A Financial Model 

From Revenues 

Cash Expenses 

Cash Acct
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A Financial Model 

From Revenues 

Cash Expenses 

Sell Assets 

Invest 

Cash Acct
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Controls 
When Cash 

Invest balance reaches 
enough 
to bring it 
to here 

here 
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Controls 

When Cash 
balance 
falls to here 

Sell assets 
to bring it 
to here 
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Controls 

T 

b 
t 
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Trade-offs


Opportunity cost of Cash Balance 
Transaction costs of investing and
selling assets 
Set the controls, T, t and b to 
balance these costs 
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Inventory Analogy 

Cash Expenses Daily Production reqs.

From Revenue Constant supplies

Sell Assets Expedited order

Invest Excess Curtailed order
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Trade-offs


Opportunity

cost of Cash 

Balance 
Transaction 
costs of 
investing and

selling assets


Cost of 

holding

Inventory 
Supply chain
costs of 
expediting
and curtailing
orders 

Set the controls, T, t and b 
to balance these costs 
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The Traditional Model 

1


0 1 2 k M … … … 
p1 p2 pk 

q2 qk

1-(p1+ q1) 

q1 1


A Markov Model
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Challenges 

Data intensive: pi’s and qi’s 
Computationally intensive 
Alternative 

Brownian motion 
Inventory behaves like 

a random walk 
Model of a particle in space 

Two parameters: mean and variance 
Advanced calculus methods make it “easy” to work with 
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Release Variability

Daily Receipt 

1400 

1200 

1000 

800 

600 

400 

200 

µ = 367 

σ = 412 

68% of time usage is 
between 0 and 800 

0


01-Apr-02 06-Apr-02 11-Apr-02 16-Apr-02 21-Apr-02 26-Apr-02 






















