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Inventory Theory

Inventory Systems

-An inventory is any stock of economic resources that is stored for future use.

-Usually there are two conflecting costs.

-For example: blood in blood banks, items in the shelves of department stores, raw materials and finished goods in a warehouse.

Purposes of inventory

-Protection against fluctuating demand.

-Protection against delayed supply.

-Protection against inflation.

-Benefits of large quantities.

-Primary basis for business.

                                                   excess   

Inventories                                                               Problems

                                          insufficient
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The Structure of the Inventory System

Inventory level

-The inventory level is the size of the inventory.

Demand and Depletion

-Constant demand and fluctuating demand.

-The inventory is depleted as demand occurs.

-The demand rate determines the depletion rate.

Reordering

-A replenishment order is placed when the inventory level is reduced to the reorder point.

-The lead time is the time between reordering and receiving the shipment.

Replenishment, Shortages and Surpluses

-The replenishment is an order quantity.

-For some basic inventory models, it is assumed that the order quantity arrives when the inventory level reaches zero.

-A shortage occurs if the order quantity arrives after the inventory level reaches zero.

-A surplus occurs if the order quantity arrives before the inventory level reaches zero.

Safety Stock

-The safety stock is the inventory that is kept to prevent or reduce the shortage.

Average Inventory

-The average inventory tells how an average level of

inventory during a period considered.

-Use the average inventory for decision making.

-Suppose:     Day:   1          2          3         4          5

   Inventory level:  25        20        16         9          0

  Average Inventory = 
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-For the constant demand, the average inventory is  
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-If the inventory level at the end of the cycle is zero, then the average inventory is one half of the initial (or maximum) inventory.
Inventory Problems and Decisions

-What is the appropriate inventory level?

-How much to order?

-When to order?

-What is the the safety stock?

Inventory Costs

1. Ordering Cost (K)
-Include all the expenses of placing orders.

-Assumed to be a fixed cost per order.

-For example: paperwork expenses, postage, telephone charge.

2. Holding (carrying) Cost (H)
-Any costs that involve keeping inventory.

-For example: rental fee, security, insurance, light, obsolescence and deterioration of the items stored. 

-Expressed either in terms of money per item per year, or in percentage of the value of the inventory.

-For example: A computer cost 12,000 Baht. 

         *It costs 1,200 Baht to keep a computer in  

           a warehouse for one year.

         *The holding cost is 10% of the value of 

           the computer.

3. Shortage (stockout) Cost (G)
-Occur when an item is out of stock and demand is unsatisfied.

-Shortages may be temporary (back orders) or permanent (lost sales).

-Raw materials: costs of idle production.

 Finished goods: the loss of customers.

 Replacement parts: costs of idle machines and labor. 

 Blood and ambulances: cost a life.

4. Item Cost or Unit Cost (C)
-Unit cost is the price paid for one unit of item under consideration.

-Not a direct inventory cost but it may be considered for a case of quantity discounts.

Inventory Systems

1.The A-B-C Classification System (The value-volumn analysis)

-Used to identify the items that deserve tight control.

-Separate all items in stock into 3 groups: A, B and C based on the annual inventory value of the items.
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A group

-Small percent of the items (10%).

-Large percent of the total annual inventory cost.

-Need special attention and application of the EOQ formula.

B group

-Small percent of the items (10%).

-Worth about 20% of the total value.

-Need less attention than A and EOQ may be used.

C group

-Account for 80% of the items.

-About 10% of the inventory value.

-Minimum control.

-For example: nuts, bolts and nails.

2.The Fixed-Quantity System

-The order quantity is fixed.

-The order is placed each time when the inventory level reaches the reorder point.

-The safety stock is usually added.

-This system is mainly used for type A items.

3.The Fixed-Time System (s,S)

-The inventory is reviewed every a fixed period of time.

-When the inventory level is below the level s, an order is placed to return the inventory level to the maximum level S.
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The Economic Order Quantity Model (EOQ)
-Developed before World War I.

-The most elementary of all inventory models.

-The objective of this model is to determine the

optimal order quantity.
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Assumptions

· The demand for the item is constant over time.

· The unit price of the item considered is constant.

· The holding cost rate is constant.

· The ordering cost per order is constant and is independent of the quantity ordered.

· There is no shortage and no surplus.( The replenishment is scheduled in such a way that shipments arrive exactly when the inventory level reaches zero.

· Lead time is fixed or the delivery time is instantaneous.

· There is a single goal of cost minimization.

· Since only one item is considered, orders for different items are independent of each other.

EOQ Formula

Notation
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= the order quantity or the replenishment   

       quantity.
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= the demand rate (unit item per unit time).
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= the holding cost rate ( cost per unit item per   

              unit time).
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= the ordering cost per order (cost per order).
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   =  the item unit cost.
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= the number of orders per unit time (year).
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= the average inventory.
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= the maximum inventory.
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= the total annual inventory cost.
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= the total annual ordering cost. 
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= the total annual holding cost.

Total annual inventory cost (
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Total annual inventory cost = Total annual ordering cost + Toatl annual holding cost
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Total annual ordering cost (
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-The total annual ordering cost can be computed by multiplying the number of orders per year 
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 with the ordering cost per order 
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. That is
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-In order to satisfy all demands, the total quantity ordered in a year must equal to the total demand per year. That is
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 (unit item per year) =   
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  cycle time    =   
[image: image31.wmf]D

Q


-Therefore,     
[image: image32.wmf]O

T

  =  
[image: image33.wmf]Q

DK


Total annual holding cost (
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-To determine the total annual holding cost, we consider the average inventory.

-The total annual holding cost equals the holding cost rate times the average inventory.

-In one cycle, the maximum inventory 
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or the inventory at the beginning of the cycle is 
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 and the inventory at the end of the cycle is zero. Therefore, 

the average inventory 
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The total annual inventory cost will be   
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-From the graph, the Economic Order Quantity (EOQ) , 
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, occurs where the total annual ordering cost is equal to the total annual holding cost.

-The EOQ can be obtained from the EOQ formula as 

follows.
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Ex Ubon Ratchathani University uses 1,200 boxes of typing paper each year. The university is trying to determine how many boxes to order at one time. The ordering cost per order is 50 Baht and the holding cost per box per year is 12 Baht. How many boxes should the university order at one time to minimize the total annual inventory cost?

Remark 
1.The holding cost can be given as percentage of value of the item. 

   Ex The inventory holding costs are 30% per year. If the item is worth 100 Baht, then the holding cost rate 
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 = 0.3×100 = 30 Baht per item per year.

2. The demand may be given in the value of money.

-If the unit cost 
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 is given, then 
[image: image55.wmf]D

(in units) = 
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(in value) .

-If the unit cost is not given, the holding cost must be expressed as a percentage.

Ex A maintenance department’s annual budget for suppliers is 200,000 Baht. The ordering cost per order is 50 Baht and the holding cost is 20% of the value of the item. Find the EOQ, the optimal number of orders and the total inventory costs.

Quantity Discounts

-Sometimes a price discount is offered by a supplier if the order quantity is large enough.

-Some advantages: lower unit price, lower transportation cost per unit and less paper work, etc.

-Some disadvantages: higher holding cost and risk of deterioration and obsolescence, etc.

-There are 2 types of discounts: one price discount level and several price discount levels.

1. One price discount level

-A discount is offered at one price level.

-To decide whether a discount offer should be accepted, we compare the total annual system costs (total annual inventory cost + total annual units cost) of both policies: EOQ policy and policy with price discount.

-The total annual system costs equals the total annual inventory cost plus the total annual units cost. That is 
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Ex The city of Ubonratchathani uses 100 replacement lamps every month for streetlights. Each lamp costs the city 8 Baht. The order cost is estimated at 27 Baht per order and the holding cost is 25%. Currently the city uses the EOQ inventory policy to order lamps. Now the supplier has offered the city a 2 percent discount if the city will buy 600 lamps at a time. Should the city accept the offer? 

2. Several price discount levels

-There are several levels of the price discount.

-To determine which price level we should select, we compare the minimum total annual system cost (total annual inventory cost + total annual units cost) of each price level and choose the price level with the smallest minimum total annual system cost.

-To find the minimum total annual system cost of each price level, we determine the EOQ. If the EOQ is feasible (in the range of quantities of that price level), the minimum total annual system cost is at this point. If the EOQ is infeasible, the minimum total annual system cost of that price level is at the closest quantity to the EOQ.

-For the price level i, the total annual system cost can be computed from
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Ex The ABC store buys bottles of milk from a supplier. The milk can be bought at the following prices.

         1 up to 4,999 bottles --- 2.75 Baht a bottle.

         5,000 to 9,999 bottles --- 2.60 Baht a bottle.

         over 10,000 bottles --- 2.50 Baht a bottle.

The demand for the milk at the store is 50,000 bottles a year. There is an ordering cost of 50 Baht per order and a holding cost of 20% of the cost of milk, per bottle, per year. Find the optimal purchasing policy for the store.
Production Runs: Economic Lot Size (ELS)

-The ELS model is used in the production area where items are produced in large lots.

-In this model, it is assumed that the production rate is larger than the demand rate.

-The inventory is built up continuously during the production period (no instantaneous inventory buildup).

-When the inventory is accumulated and large enough, the production of the item stops.

-During this period of no production, the demand is satisfied from the on-hand inventory.

-When the inventory is depleted, a new production run starts to build up the inventory again.

Setup cost

-Similar to the ordering cost in the EOQ model.

-Fixed and independent of the quantity produced.

-Include the cost of paper work, the cost to tear down the machines from a previous production run and the cost to prepare the machines for the upcoming production run.

Holding cost

-There is the cost of holding the inventory and the holding cost rate is constant as in the EOQ model.

Objective

-To find the production quantity for a lot that minimizes the sum of the inventory holding cost and the setup cost.

-The optimal production quantity is called the economic lot size (ELS).

ELS Formula

Notation
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   = the lot size (units)
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  = the demand rate (unit item per unit time).
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  = the production rate (unit item per unit time).
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  = the production period.
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  = the depletion period or the period of no       

        production. 
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 = the holding cost rate (per item per unit time).
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  = the setup cost per cycle. 
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= the average inventory.
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= the maximum inventory.
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  = the number of cycles per unit time (year).
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  = the total annual holding cost.


[image: image76.wmf]S

T

  = the total annual setup cost. 
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-The period of time that one lot of items (
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) are produced in a cycle with a production rate 
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Inventory buildup

-During the production period, the demand also occurs.

-Therefore, the inventory increases with the rate of 
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-The unit of 
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 and 
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 must be the same in calculation of the buildup rate of inventory.

-For example, the 
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 is expressed in units per week. To compute the buildup rate of the inventory, the unit of 
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 must be units per week too.

Maximum inventory (
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-The inventory level will be maximum when the production stops.
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Depletion period (
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-In this period, there is no production run.

-After the production stops, demand still occurs.

-The demand will be satisfied by the inventory.

-Therefore, 
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 is the period of time when the maximum inventory level starts to decrease until the inventory level reaches zero.
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Cycle

-A cycle time is the time between 2 consecutive production runs.

                           Cycle time = 
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Average inventory (
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-The average inventory equals half the maximum inventory.
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Number of cycles (
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-The number of cycles in unit time (year) equals the number of production lots produced in the same unit time (year).

-To satisfy all demands, the production quantity produced in a year must be equal to the the total yearly demand. That is
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Cost Analysis 
-Assume the total annual cost is considered.

Total annual holding cost (
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-The total annual holding cost is equal to the holding cost rate times the average inventory.
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Total annual setup cost (
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-The total annual setup costs equals to the setup cost per cycle times the total number of cycles in a year.
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Total annual cost

-The total annual cost is the sum of total annual holding cost and total annual setup cost.
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Economic lot size (ELS)
-The economic lot size is the optimal lot size 
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 that minimizes the total cost.

-The ELS can be obtained by taking the first derivative of the total cost function and set it to zero.
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Ex ABC company produces an energy-saving device. The demand for the device is 1,800 units per year. There are 300 working days in a year. The company can produce at an annual rate of 7,200 units. Setup cost is 300 Baht. There is an inventory holding cost of 36 Baht per unit per year. Find the economic lot size.

Planned Shortages
-To prevent shortages, the safety stock may be used. However, the safety stock increases the inventory level so it results the increasing holding cost.

-In some cases, shortages may be allowed to occur because it is better than having the excessive inventory. 

-The shortage cost may be a continuing temporary charge (back order) or a permanent one-time charge (lost sales).

-For this model, the shortage is allowed and the safety stock is not considered.

-Assume the shortage is a continuing temporary charge (back order).

Additional notation
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  =  the maximum inventory level.
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  = the shortage cost rate (cost per item per year)  

        that continues for the duration of the stockout.
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Cost analysis
-There is an additional shortage cost to analyze. 

Total annual ordering cost (
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-This cost is the same as the ordering cost in the EOQ model.
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Total annual holding cost (
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- The total annual holding cost is computed from the holding cost rate times the average inventory.

-To compute the average inventory, the inventory during the period when it is positive is averaged over the total length of a cycle. That is 
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-Therefore,
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Total annual shortage cost (
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-The calculation of the total annual shortage cost is similar to the one of the total annual inventory cost.

-The total annual shortage cost is computed from the shortage cost rate times the average stockout.

Average stockout =
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Total annual cost (
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-The total annual cost is the sum of all three costs.
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Optimal order quantity (
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-To find the optimal order quantity, take partial derivatives of 
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-Therefore,  the optimal order quantity 
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and the maximum inventory level can be found from


[image: image152.wmf]S


=  
[image: image153.wmf]÷

ø

ö

ç

è

æ

+

H

G

G

H

KD

2


Ex Ubonratchathani University uses 1,200 boxes of typing paper each year. The ordering cost is 5 Baht per order. The holding cost is 1.20 Baht per box per year. The shortage cost is 2.40 Baht per box per year. Find the optimal order quantity and the maximum inventory level.

Reorder point (
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-The reorder point is the inventory level that indicates the time to place an order.

-If the demand rate is constant, the reorder point equals the demand during lead time. 

-Assume the lead time is constant. 

Notation
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Ex Suppose 
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= 2,000 units per order and 
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= 1,000 units per week. Find the reorder point.
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= 1,000 units per week. Find the reorder point.
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Problem
1. The Elco Company needs 10,000 lamps annually. It costs $45 to place one order and 10 cents to store each lamp for a year. Find:
a. The economic order quantity

b. The total inventory cost per year

c. How many orders will be placed each year?

2. Eastwood State Park uses 1,000 bags of food each month. It costs $30 to place a purchase order, and the carrying cost is $1.25 per bag per year.

a. Find the economic order quantity

b. How many months’ supply of food are contained in one order?
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