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Recap



Cycle View of Supply Chain Processes

• The processes in a supply chain are 
divided into a series of cycles

• Each cycle occurs at the interface 
between two successive stages of a 
supply chain

•Not every supply chain will have all 
four cycles clearly separated

• For Example:
• A Grocery supply chain is likely to have 

all four cycles separated. 
• Dell, in contrast, bypasses the retailer 

and distributor when it sells directly to 
customers.

Chopra and Meindl (2013, p. 8)



Supply Chain and its Cycles

Rodrigue (2020)



The lead-time Gap Problem

•The time it takes to procure, make and deliver the finished 
product to a customer is longer than the time the customer is 
prepared to wait for it.

Source: Christopher (2016)



A model for choosing the right Product Delivery
Strategy

•P/D ratio is the production lead 
time to delivery lead time ratio

•Generally:

• IF P:D > 1- Push/MTS

• IF P:D < 1- Pull/MTO/ATO

Olhager (2003)



Push vs Pull



Implementing a Hybrid- Push Pull Strategy

•In a push-pull strategy , some stages of the supply chain, 
typically the initial stages, are operated in a push-based 
manner while the remaining stages employ a pull-based 
strategy

•The interface between the push-based stages and the pull-
based stages is known as the push-pull boundary

Simchi-Levi (2010)



Manufacturing Strategy and OPP/CODP

Olhager (2003)



Matching SC Strategies with Products- 
Effect of demand uncertainty and economies of scale

•Box 1- Pull-based SC Strategy

•Box 3- Push-based SC Strategy

•Box 2 and 4- Push-Pull SC 
Strategy

Simchi-Levi (2010)
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Matching SC Strategies with Products- 
Effect of Lead Time and Demand Uncertainty

• Intuitively, the longer the lead 
time, the more important it is to 
implement a push-based 
strategy.

Simchi-Levi (2010)



Flexibility and the manufacturing strategy

• Build-to-stock strategy- 
• inventory is built based on forecast- 
• Push strategy. 
• Focus on cost reduction and effective 

forecast

•Assemble-to-order strategy- 
• individual products are assembled 

based on customer configuration
• Pull strategy

• Build-to-order strategy-
• Pull-Push strategy
•  lot sizes are produced after receiving a 

customer order
• focuses on efficiency or cost reduction 

through economies of scale

Simchi-Levi (2010)



Inventory Management



Inventories are often the result of uneven flows

•If there is a difference between the timing or the rate of 
supply and demand at any point in a process or network then 
accumulations will occur

Slack et al 2013



•IF supply exceeds the rate of demand, 
•THEN inventory increases; 

•IF demand exceeds the rate of supply, 
•THEN inventory decreases

•AIM: Match supply and demand rates, it will also succeed in 
reducing its inventory levels 

•Challenge: Most organizations must cope with unequal 
supply and demand, at least at some points in their supply 
chain



Why have inventory?



Some reasons to avoid inventories



Reducing physical inventory

•The objective is to reduce the overall level (and/or cost) of 
inventory whilst maintaining an acceptable level of customer 
service.

•Since Inventory management impact on ‘return on assets:



Inventory profiles chart the variation in inventory 
level

• Every time an order is placed, 
Q items are ordered

•Demand for the item is then 
steady and perfectly 
predictable at a rate of D 
units per period

•When demand has depleted 
the stock of the items 
entirely, another order of Q 
items instantaneously arrives, 
and so on



How Much to Order- Volume Decision?

• In making this decision we are 
balancing two sets of costs: 

1. the costs associated with 
ordering 

2. the costs associated with 
holding the stocks



The economic order quantity (EOQ)

•The most common approach to deciding how much of any 
particular item to order when stock needs replenishing is 
called the economic order quantity (EOQ) approach. 

•This approach attempts to find the best balance between the 
advantages and disadvantages of holding stock



The Total Cost of stocking the item

• Information Needed:
•The total cost of holding one 

unit in stock for a period of 
time ( C h ) 
•The total costs of placing an 

order ( C o )



Costs of adoption of plans with different order 
quantities



•As we would expect with low values of Q, holding costs are low 
but the costs of placing orders are high because orders have to be 
placed very frequently. 
•As Q increases, the holding costs increase but the costs of placing 

orders decrease. 
• Initially the decrease in ordering costs is greater than the increase 

in holding costs and the total cost falls. 
•After a point, however, the decrease in ordering costs slows, 

whereas the increase in holding costs remains constant and the 
total cost starts to increase.



EOQ



When to Place an Order- Timing Decision?

•If replenishment orders do not arrive instantaneously, but 
have a lag between the order being placed and it arriving in 
the inventory, 

•Then we need to calculate the Reorder Point level

•So the Re-order point (ROP) is the point at which stock will 
fall to zero minus the order lead time

•Re-order level (ROL) the level of inventory when a 
replenishment order needs to be placed



Re-order level (ROL) and re-order point (ROP) are 
derived from the order lead time and demand rate



The reorder point method of stock control with 
Safety Stock
•A reorder point or reorder level 

is predetermined 

•Based upon the expected length 
of the replenishment lead-time 

•The amount to be ordered may 
be based upon the economic 
order quantity (EOQ) 

•To balance the cost of holding 
inventory against the costs of 
placing replenishment orders. Source: Christopher (2016)



The Bullwhip Effect



https://www.youtube.com/watch?v=JgLkDbiwTX0 

https://www.youtube.com/watch?v=JgLkDbiwTX0


Definition (Lee et al., 1997)

•Caused by:
•Demand distortion- the phenomenon where orders to the supplier 

tend to have larger variance than sales to the buyer

•Results in:
•Variance amplification- the distortion propagates upstream in an 

amplified form 



A simplified example of the bullwhip effect
•A retailer  typically keeps 100 six-packs of one soda brand in 

stock. 
• If it normally sells 20 six-packs a day, it would order that 

replacement amount from the distributor. 
•But one day, the retailer sells 70 six-packs and assumes 

customers will start buying more product, and responds by 
ordering 100 six-packs to meet this higher forecasted demand
•The distributor may then respond by ordering double, or 200 six-

packs, from the manufacturer to ensure they do not run out. 
•The manufacturer then produces 250 six-packs to be on the safe 

side. 
• In the end, the increased demand has been amplified up the 

supply chain from to 100 six-packs at the customer level to 250 
at the manufacturer.



The Bullwhip Effect
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Increasing Variability of Orders up the Supply Chain

Lee et al. (1997)



The Bullwhip Effect

https://www.youtube.com/watch?v=2nlmkTYZG5s 

https://www.youtube.com/watch?v=2nlmkTYZG5s


Causes of Bullwhip Effect

1. Demand forecast updating

2. Order batching

3. Price fluctuation

4. Rationing and shortage gaming



Demand Forecast Updating/Signal Processing



Order Batching



Price Fluctuations



Rationing and Short Gaming



Summary- What Caused the Bullwhip Effect?



Impact of the Bullwhip Effect
•Leads to inefficient resource utilization
•Because planning and managing are difficult
• It is not clear how a manufacturer should determine production 
capacity
•Should it be based on peak demand, which implies that most of 

the time the manufacturer has expensive resources sitting idle, 
•Or should it be based on average demand, which requires extra 
— and expensive — capacity during periods of peak demand? 
•Similarly, it is not clear how to plan transportation capacity — 

based on peak demand or average demand. 
•Thus, in a push-based supply chain, we often find increased 
transportation costs, high inventory levels, and high 
manufacturing costs, due to the need for emergency production 
changeovers



Activity: Quiz

•Go to: https://forms.gle/HpfPyvZgV9C46Ccz8 

•Post your score on the chat

https://forms.gle/HpfPyvZgV9C46Ccz8
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