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Inventory Management 
Inventory 

-Anything that is kept for use in the future. 

-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.

Excessive Inventory
-Money invested in stocks that produce no income.

- Interest

-No space for usage.

-Deterioration and damage.

-Obsolescent.

-Insurance

Insufficient Inventory
-Unsatisfied customers.

-Idle production and manpower.

-Lost sales.
Inventory Costs.

1. Inventory carrying cost


(1) Commercial costs



-interest on capital



-insurance



-Investment


(2) Storage costs



-building



-material handling



-staff


(3) Risk costs



-obsolescence



-deterioration


(4) Opportunity costs



-losses due to tied-up capital



-reduced dividends

2. Ordering costs (depend upon the number of orders)


-administration


-handling
3. Stock-out costs (due to inability to satisfy orders)


-loss of profit on sales


-emergency expenses

4. Inventory management costs


-staff recruitment


-staff training


-personnel


-updating information

Inventory Problems and Decisions

-What is the appropriate inventory level?

-How much to order?

-When to order?

-What is the the safety stock?

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    =   
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-Therefore,     
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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 
[image: image31.wmf]Q

 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 ABC store sells 4,050 vacuum cleaners a year. One cleaner occupies 6 ft2 of storage space. Each cleaner costs $50 and the annual per unit holding cost is 16% of each cleaner. Placing an order costs $32. There is presently an area of 900 ft2 for storage. Using the EOQ, would it be profitable for the store to increase the storage area if it costs 50 cents a square foot per year?

Multi-item Inventory Systems
-There are multiple items considered in the system.

-Individually replenished or jointly replenished.

Multiple Items and Constraint (Separate orders)
-Consider constraints: limited floor space, budget.
-Each item is replenished individually (not joint replenishment).
-Do not treat the case where orders may be phased so that the maximum inventory level of all items are never simultaneously attained.

-The average annual cost of the multiple-item inventory system is the sum of the average annual costs of the individual items. 
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where
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  = average annual cost of the system
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 = average annual cost of item j 



[image: image53.wmf]j

C

  = unit cost of item j
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  = demand rate of item j (unit per year)
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  = fixed cost per order of item j (ordering cost, etc)
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  = annual inventory holding cost rate of item j
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 = order quantity (per order) of item j
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  = number of items in the system

-The average annual cost of all items in the system may always be expressed as some function of 2n decision variables ( the order quantity, 
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 and the reorder point, 
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-Therefore, the problem is to select the order quantity, 
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 and the reorder point, 
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 of all items j in order to 


minimize 
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where 
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 is a function of the constraint and 
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 is appropriate quantity.
Method of Lagrange multipliers
1. Solve the problem ignoring the constraint to find 
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 of all items j. If all minimum cost 
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 satisfy the constraint, then the optimal solution is obtained. Otherwise, go to 2.
2. Form the function
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where 
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 is a Lagrange multipliers.
3. Find  
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and determine the optimal set of {
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Ex. A small electronics company purchases three types of subcomponents. The management desires never to have an investment in these items in excess of $15,000. No backorders are allowed and the inventory carrying cost rate for each item is 20 percent. The pertinent data for each item is shown in the table. Determine the optimal lot size for each item.

	
	Item 1
	Item 2
	Item 3

	Demand rate

Item cost

Setup cost
	1000

50

50
	1000
20
50
	2000
80

50


Deterministic Single-Item Models with Static Demand
Inventory Level


        0                                                                                                                          Time 

        Model 1: Finite input rate, backlogging allowed                                 

Inventory Level




                                                                                                                                     Time 

    0                                                                            

        Model 2: Finite input rate, no backlogging      

Inventory Level

      

       0

                                                                               Time 

      Model 3: Infinite input rate, backlogging allowed                                                                                         

Inventory level


      

       0

                                                                               Time 

         

      Model 4: Infinite input rate, no backlogging                                                                                         
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