MgtOp 340—Operations Management


Professor Munson


Topic 8


Stochastic Demand
Inventory Theory

“An embarrassing shortage of toys pegged to the smash superhero flick [‘Black Panther’] is showing no signs of ending.” 

New York Post, April 2018

“We continue to see ongoing shortages of medically necessary products.” 

Dr. Scott Gottlieb, FDA Commissioner, July 2018
Stochastic Inventory Models

Common Assumptions:

· Demand is probabilistic

· Average demand changes slowly

· Forecast errors are normally distributed

· Leadtimes are deterministic

Key Questions:

· How often should the inventory status be determined?

· When should a replenishment order be placed?

· How large should the replenishment be?

Two (of many) Stochastic Control Systems:

· Continuous review, order point, order quantity

· Periodic review, order-up-to-level

Continuous Review—monitor inventory constantly

Periodic Review—review inventory at regular intervals

Inventory Position (IP):

measures the item’s ability to satisfy future demand
IP = On-Hand Inventory(OH)

         + Scheduled Receipts (SR)

         – Backorders(BO)

Continuous Review
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Periodic Review
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Safety Stock

Safety stock is a cushion or buffer against larger-than average demand during a replenishment leadtime.

Safety stock is typically computed to satisfy a certain “cycle-service level” (i.e. the probability of not running out of inventory during the lead time or “protection interval”).
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For continuous review:






safety stock = zσL,

where
z is the # of std. devs. from the mean




needed to achieve the service level,

and
σL is the standard deviation of demand during lead time (L).

For periodic review:

safety stock = zσP+L,

where
z is the # of std. devs. from the mean




needed to achieve the service level,

and
σP+L is the standard deviation of demand during lead time (L) + review period (P).

Implication: Safety stock is greater under a periodic review system compared to a continuous review system.

Safety Stock Examples

Note:
If we know the standard deviation of demand over some time interval t (say days or weeks), where t is not equal to the lead time (L), then:
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Example 1

continuous review policy, 95% cycle service level, lead time = 2 weeks, standard deviation of weekly demand = 20 units

Example 2

periodic review policy, 85% cycle service level, lead time = 2 weeks, std. dev. of weekly demand = 20 units, review period = 3 weeks

The Ordering Policies

Continuous Review

Order an amount (Q) (typically the EOQ) when the inventory position (IP) falls to the “reorder point” (R), where


R = 
average demand during lead time (DL) + safety stock (SS).

Periodic Review

The review period P is typically either determined by management or computed using the EOQ.  In the latter case, the review period in days equals:


P = (EOQ / D)(# of days per year).

The target inventory level is:


T = 
average demand during the protection interval (DP+L) + safety stock (SS).

Order quantity Q = T – IP. 

Example

A regional warehouse purchases hand tools from various suppliers and then distributes them on demand to retailers in the region.  The warehouse operates 5 days per week, 52 weeks per year.  Only when it is open can orders be received.  The following data are estimated for 3/8 inch hand drills with double insulation and variable speeds.


Average daily demand = 100 drills


Standard deviation of daily demand (σt) = 30 drills


Lead time (L) = 3 days


Annual holding cost per unit (H) = $9.40/unit/year


Setup cost (S) = $35 per order


Cycle-service level = 92%

1. 
Suppose that the warehouse uses a continuous review system.


a.
What order quantity Q and reorder point R should be used?

D =

Q = EOQ =

σL =

Z0.92 = 

Safety Stock =

Average Demand During Lead Time =

R =

b.
If on-hand inventory is 40 units, there is one open order for 440 drills, and there are no backorders, should a new order be placed?


IP = on hand + scheduled receipts – backorders 

2.
Suppose now that the warehouse uses a periodic review system.

a.
Calculate the P (in workdays) that gives approximately the same number of orders per year as the EOQ.  Round your answers to the nearest day.


b.
What is the value of the target inventory level T ?

σP+L =

Safety Stock =

Average Demand During the Protection Interval =

T =

c.
It’s time to review the item.  On-hand inventory is 40 drills, there is a scheduled receipt of 440 drills, and there are no backorders.  How much should be ordered?

Comparative Advantages of Continuous and Periodic Review Systems

Periodic Review System

1.
Fixed replenishment intervals

· convenient administration

· standardized pickup and delivery times

2.
Easier to combine orders from same supplier

· reduces ordering costs

· combine shipments

· quantity discounts

3.
IP not monitored constantly

Continuous Review System

1.
The order quantity Q (hence the implicit average time between orders) is based on EOQ cost tradeoffs

2.
Fixed lot sizes
· may help obtain quantity discounts

· fits packaging/shipping sizes

· may be necessary for capacity limitations

3.
Conducive to a two-bin system

4.
Less safety stock

The Newsvendor Model

“One time” purchases of perishable items.

Examples

· Newspapers

· Supermarket produce

· Fad toys, novelties

· Fashion garments

· Fireworks

Assumptions

· Relatively short selling season

· Well defined beginning and end

· Commit to purchase before season starts

· Forecast subject to large uncertainty

· Significant lost sales costs

· Significant excess inventory costs

Should you order expected demand?

Solution


Let U = cost per unit of unmet demand (underage)


Let O = cost per unit of excess inventory (overage)


Let D = demand for the period (a random variable)


Let F(x) = distribution function of demand


Expected marginal cost of ordering the Qth unit:



= O[Prob(D < Q)]



= OF(Q)


Expected marginal benefit of ordering the Qth unit:



= U[Prob(D ≥ Q)]



= U[1 – F(Q)]

Newsvendor Example

Uniform Distribution
Brunswick Corporation is coming out with a new winter ski sled called the Surfer.  Production must be completed well in advance of the winter selling season, with no additional production possible.  Demand is expected to be uniformly distributed between 50,000 and 150,000 units.  The variable cost of production is $15 per unit.  Brunswick has set the wholesale price of a Surfer at $45.  The estimated salvage (scrap) value of unsold Surfers next Spring is $5 per unit.  How many Surfers should Brunswick produce?

Newsvendor Example

Normal Distribution
Now management thinks that demand for the Brunswick Corporation in the last example may be better represented by a normal distribution with a mean of 100,000 units and a standard deviation of 15,000 units.  Under these conditions, how many units should the company produce?
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Cumulative Areas under the Standard Normal Distribution
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