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1.1 Introduction
This is your first lecture in Inventory Management. We are going to cover the following; 

It is ex
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	1.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of inventory management

2. Outline the importance of inventory management

3. Explain why organizations keep inventories

4. Explain the meaning  of inventory costs

5. Outline the scope of inventory management




1.3
The Concepts of Inventory and Inventory Management

1.3.1 What is inventory?

Inventory can be defined as below;

1.  
It is the stock of any items or resources held in an organization for sale or use.

2.  
It can also be defined as materials in a supply chain or in a segment of supply chain; expressed in quantities, locations/sites and/or values. 

 There is a distinction between manufacturing firm inventory and service firm inventory.

Manufacturing firm inventory refers to all items held in inventory that contributes to or become part of organizations products e.g. raw materials, finished goods, supplies, work in progress and piece parts.

Service firm’s inventory refers to all tangible goods to be sold (stock in trade) and the supplies necessary to administer the service. e.g. a mobile phone company such as Safaricom keeps stock of scratch cards, SIM cards, packaging material etc in order to offer competitive services  to its clients.

1.3.2 Types of Inventory.

1. Stock in-trade/finished goods

This is the stock carried by a merchandising firm (wholesale, retail or other trading concern) to be sold at a profit.

2.        Raw materials.


 These are basic materials or outputs from the primary sector which undergo production   transformation processes to become finished products e.g. steel, barley, cotton.

Finished products of one firm may be raw materials for another firm;
    
e.g. 
Logs   →   paper →  printing industry.



Mining →   steel  →  steel products.

3.       Work in progress.
Comprises incomplete items e.g. wine-making industry.
4.       Piece parts.
They are all small components manufactured from raw materials e.g bolts, nuts.
5.      Bought parts
These are finished parts or assemblies purchased from outside suppliers to be used as raw materials or to be sold as spares or accessories. The bought parts could be protected by patents or the outside supplier may be producing in large quantities and thus enjoying economies of scale and hence buying is preferred to making. 

6.
Tools

 Tools include hammers, nails, screwdrivers, milling cutters, forming and shaping machines etc.

7. 
Gauges

Refer to measuring instruments, for example vernier calipers, micro-meter screw gauges, thermometers, etc. 

8.  
Jigs and fixtures.
Refers to pieces of equipment specifically designed to hold materials/ parts while undergoing machining, fitting, assembly or other processes particularly in manufacturing entities e.g. a vice, an anvil.

9.   
Packaging materials.
Include wrapping materials e.g. wrapping papers, ropes, bottles, protective coating such as Grease, wax or plastics.  

10.   
Free issue materials.
Materials or components provided by the customer in connection with some equipment or commodity being manufactured for him/her. e.g. leather for making seats.
11.   
Scrap and residues. They include the waste or surplus materials or parts arising from manufacturing processes/activities e.g. sawdust (+ve), pollutants (-ve)
12.  Equipment and spares.Includes machines, installations and vehicles as well as the associated spare parts e.g. Production  line, basic infrastructure.

 13.  
General materials.

Are all goods that do not fall within another category. These are basically the maintenance, repair and operating supplies which are consumed in the production process but do not become part of the final product e.g. lubrication oil.

1.3.3 What inventory management entails:

→  Inventory management entails all the unified management of those internal activities associated with  the acquisition, storage, issue, use and internal distribution of inventory used in production and service.

→  It is the activity of determining the rate and quantities and the procedures of materials to be stocked in an organization and the regulation of receipts and issues of those stocks.

1.4
Importance of Inventory Management

1.4.1 The potential benefits of the application of inventory management concepts are many

and include the following:
1. Provides both internal and external customers the required service levels in terms of quantities and the order rate fill (timing).
2. 
Ascertains present and future requirements for all types of inventory to avoid overstocking or under- stocking.

3. 
Keeps costs at the minimum by variety reduction, economic lot sizes and analysis of costs incurred in obtaining and keeping inventories.

4. 
Provides upstream and downstream inventory visibility or service in the supply chain.

→  In order to reap these benefits, inventory management requires an effective organization and sound communication among supervisors and managers.

This is because various functions conflict making it difficult to have a harmonious way of enjoying the above benefits e.g. 

1) Purchasing, in an attempt to maintain low cost may choose vendors who have poor delivery 
records (time, quality). This may have a potentially –ve effect on the production.

2)  Production on the other hand may require large adequate supply of materials.This may lead to maintaining high inventory levels than necessary.
Therefore, due to these potential conflicts, it is necessary to deliberately set up rationalized inventory management systems.

1.4.2 Internal customer expectations of inventory by functionality.

a) 
Sales and marketing department.

   
-  Quick delivery

  
-  No shortage or stockouts.

   
-  Many varieties.

   
-  Frequent deliveries.

b)  
Finance department.

    
-  Lower inventory.

   
-  Low cost of operations.

   
-  High inventory turnover (Max sale ÷ average stock)

 
-  Lower cost of delivery.

c)  
Manufacturing Department.

    
-  Less varieties

    
-  Economic batch quantity models.

   
-  Quick setups

    
-  No rejections or cancellations

d) 
Top management.


    
 -  High inventory turnover.

   
 -  Lower operation costs.

    
 -  Excellent customer services.


 -  Maximum overall profits of the firm

e)
Operations

 -  Low cost of operations

 -  Right product in the right place at the right time (excellent customer services)

1.5
Need for Inventory

Reasons/Need for inventory.

1.
Meeting production requirements.

  Raw materials, components and parts are required for producing finished goods. A manufacturing organization keeps stocks to meet the continuous requirements of production.

Work in progress (WIP) inventory constitutes a major portion of production related inventory.

2.
Support operational Requirements.

To support production operations, inventory is required for repairs, maintenance 
and operations support e.g. spare parts, consumables such as lubrication oils, welding rods, chemicals etc.

3. 
Customer Service Consideration.

 Products like equipment, machinery and appliances require replacement of spare parts and other consumables for trouble free and smooth operation.

Suppliers maintain an inventory of these parts to extend after sales services to its customers.
Availability of spare parts when required at customer end is crucial for customer satisfaction and may be used as a tool for competitive advantage.

4.  
Hedge against future expectations.

Inventory takes care of shortages in material or product availability or due to an unanticipated increase in the price of products.

5.  
Balancing supply and demand.

   
The production and the consumption cycle never match. The sudden requirement of 
products in large quantities may not be satisfied since production cannot be taken so 
soon. 

In such a case, the products are manufactured in advance in anticipation of a sudden demand and kept in stock for supply during the peak period.

6.  
Periodic variation.

  
For seasonal products, the demand is at peak in certain periods while it is lean/little for 
the rest of the year. Production runs in the factory are taken based on the average 
demand for the year. Excess production in the lean periods is kept in inventory to take 
care of high demand.

 In cases where raw material is available seasonally, the products are manufactured and stocked as inventory to meet the demand of the finished product throughout the year. e.g agricultural produce.

7. 
Economies of scale.

 
 Products are manufactured at focused factories to achieve economies of scale.


This is done because of the availability of the latest technology, raw materials and 
skilled labour. Hence the product is kept in store for distribution to consumption 

centers as and when it is required.

8. 
Other reasons for keeping inventory include:

 
-  To take advantage of quantity discounts.

   
-  As a necessary part of production process e.g. the maturing of whisky/ wine 
products.

   
-  Case of critical and strategic products such as petroleum or cereals (strategic food 
reserve).

-  As a contractual obligation e.g. the oil sector.

Note:

Sometimes the firm finds itself with stocks for non-logical reasons such as:

1.  Obsolete items are retained in stock.

2.  Poor or non-existent inventory control policies resulting in larger than required orders, replenishment orders being out of phase with production etc.

3.  Inadequate or non-existent stock records.

4.  Poor liaison between production control, purchasing and marketing departments.

5.  Sub-optimal decision-making e.g. production department might increase WIP so as to ensure long production runs (conflict between the functional departments).

1.6
Scope of Inventory Management

The range or extent of matters dealt within inventory management is quite wide and varies from organization to organization.

The scope and complexity differs on the basis of a number of factors which include 

the following:

1.    Single location or Multiple locations.

2.    Local operation (localized) or globalised operation.

3.    Type of item (durable or perishable)

4.    Manufacturing, merchandising or service firms.

5.    Single product or multi-product.

Inspite of the many factors to consider, some two authorities: - Lysons and Farrington, noted that 

inventory management comprises such activities as:
a)
Demand management.

  
This is ensuring that required operational supplies and maintenance are available at the 
right

    
quantities and at the right time.

b)
Forecasting future demand requirements.

c)
Managing items with difficulty in supply and demand patterns, related seasonal 
demand,

   
changes in end user applications or meeting demands for the customization of 
products.

d) 
Reviewing safety stocking cost and controlling minimum and maximum amounts of 

   
inventory in terms of quality and value.

e)
Implementing lean inventory policies such as JIT contracts so as to minimize 
investment in 
inventory.

f)  
Liasing with purchasing to ensure that supplies are replenished in accordance with 
corporate and 
procurement policies.

g)
Developing cost effective systems and procedures relating to ordering, procuring and budgeting of supply.

h) 
Controlling receipts, inspection, recording, location and issue of supplies.
i) 
Ensuring the safety and security of supplies and the avoidance of loss as a result of any factor such as deterioration, theft, waste, obsolescence etc.
j)  
Coordination of inventory to ensure that supplies can be rapidly located.
k) 
Variety reduction and standardization of inventory to ensure that supplies can be 
rapidly
located.

l)  
Preparation and interpretation of reports on stock levels, stock usage and surplus 
stock.

m)
Liaison with auditors regarding all aspects of inventory.
n)
Appropriate disposal of scrap, surplus, obsolete and related items.

1.7
Inventory Costs

These can broadly be categorized into 4 groups.

a)  
Holding costs/carrying costs.

    
These are costs incurred because a firm owns or maintains inventories e.g.:

i) Opportunity cost of capital i.e. money tied up in stock is not available to be 
used or invested elsewhere e.g. interest foregone.

  
ii)  
Storage/warehouse costs such as personnel, equipment, running the 


warehouse….etc.

 
iii)
Insurance against fire, theft …etc

   
iv) 
Security costs such as security personnel, alarm systems, electric fencing…etc

     
v)
Perishability costs. These are for perishable items such as edibles (bread, milk, 

fruits, vegetables, newspapers and other periodicals; tax reports, fresh 


flowers… etc)

vi)  
Obsolescence costs: These are usually due to being overtaken by technology. 

This is quite prevalent in the electronics industry e.g. computers, mobile 


phones.

vii) Pilferages.

viii) Spillages for liquids and gases etc.

x) Damages e.g. breakages (fragile items like glass, tiles etc.)
b)
Ordering / Procurement costs.

These are the costs of getting the items into the firm’s inventory. They are typically incurred each time an order is made.
NB:  For merchandising firms they are called ordering costs while for manufacturing firms they are called set-up costs (mobilizing factors of production). In order to understand ordering costs let us look at the ordering cycle model below;
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Fig: Ordering cycle model

Examples:
i) 
 Purchasing dept costs: include personnel, equipments, communication costs 

   
(phone, internet, fax), consumables (stationery, ribbons, ink, etc.)

ii) 
Transportation costs.

iii) 
Insurance on transit.

iv) 
Taxes e.g. customs duty for an imported item.

v)  
Clearing and forwarding charges.

vi)
Handling costs e.g. loading, pilferages, damages (breakages & spillages)

vii) Exchange rate differentials. In the case of imported products, valuation is done 
on the basis of the current exchange rates in the market. Any fluctuations may 
increase or decrease the value of the product. Due to this, there is the risk of 
selling stocks at prices lower than the landed costs.

c) 
Shortage costs.

   
 These are incurred as a result of the item not being in stock.
Examples:

i) 
Loss of goodwill; could lead to loss of customers.

ii)
Contribution lost, due to not making a sale.

iii) 
Back order costs - these are costs of dealing with disappointed customers.

iv)
Costs of idle resources e.g.:- production personnel being paid when there’s a 

raw material missing.

v) 
Cost of having to speed up orders e.g. personnel working overtime, using a 
faster transportation mode (and hence more costly)

d) 
Purchase Costs:

This is what is paid to the supplier /seller by the buyer in exchange of the product.

  Inventory is usually a large investment for many firms. It is normally the second 
largest item in the balance sheet among the assets after fixed assets. Thus, inventory 
should only be held if the benefits (service to customers) exceeds the inventory costs.  
Also in inventory modeling, purchase costs is a relevant factor to inventory policy due 
to availability of quantity discounts.

Thus, for inventories, (Total Cost) TC  =   Purchase  +    Holding  +  Ordering  +   Shortage




 costs              costs          costs             costs
The objective of any inventory management systems or models is to minimize these total costs. 
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	Activity

1. What are the main inventory items in a university or college?

2. what are the major inventory costs for 

a) manufacturing firms?

b) merchandizing firms?

c) service firms?




holding vs. shortage costs; ordering Vs holding costs…etc.
1.8
Summary 

LECTURE TWO

INVENTORY CONTROL SYSTEMS

Lecture Content

2.1
Introduction

2.2
objectives

2.3
Fixed Quantity System


2.31
Advantages


2.32
Disadvantages

2.4
Fixed Time System


2.41
Advantages


2.42
Disadvantages

2.5
Hybrid Systems

2.6
Summary 

2.1 Introduction

This chapter describes the two main inventory control systems, the Re-order level and Periodic Review systems, gives an example of each and explains in what circumstances each system is likely to be more appropriate.
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	2.2 Objectives

At the end of this lecture you should be able to:

1. Explaining the meaning of inventory control

2. Distinguish between fixed quantity control system and fixed time system

3. Explain the meaning of hybrid inventory control systems

4. Apply the inventory control systems in inventory management 




2.3
Fixed Quantity System (Re-order level system)
This system is also known as (Fixed Quantity System). Its characteristics are as follows:

· A predetermine re-order level is set for each item, When the stock level is set for each item.

· The replenishment order quantity is in variably the EOQ.

· The name ‘two-bin system’ comes from the simplest method of operating the system whereby the stock is segregated into two bins. Stock is initially drawn from the first bin and a replenishment order issued when it becomes empty.

· Most organisations operating the re-order level system maintain stock records with calculated re-order levels which trigger off the required replenishment order.

Note:  The re-order level system is widely used in practice and is the subject of frequent examination questions.

3.
Illustration of a simple manual re-order level system


The following data relate to a particular stock item.

	Normal usage… (some average)
	110 per day

	Minimum usage
	50 per day

	Maximum usage
	140 per day

	Lead Time
	25 – 30 days

	EOQ (Previously calculate)
	5,000



Using this data the various control levels can be calculated.

Re-order Level  = Maximum usage x Maximum Lead Time




=  140 x 30




=  4,200 units

Minimum Level  = Re-order Level – Average Usage for Average Lead Time



= 4,200 – (110 x 27.5)



=  1,175 units 

Maximum Level  =  Re-order Level + EOQ – Minimum Anticipated Usage in Lead Time

= 4,200 + 5,000 -  (50 x 25)




=  7,950 units 

Notes:

The three level would be entered on a stock record card and comparisons made between the actual stock level and the control levels each time an entry was made on the card.

The re-order level is a definite action level, the minimum and maximum points are levels at which management would be warned that a potential danger may occur.

The re-order level is calculated so that if the worst anticipated position occurs, stock would be replenished in time.

The minimum level is calculated so that management will be warned when demand is above average and accordingly buffer stock is being used. There may be no danger, but the situation needs watching.

Maximum level is calculated so that management will be warned when demand is the minimum anticipated and consequently the stock levels is likely to rise above the maximum intended.

In a manual system if warning about maximum or minimum level violations were receive, then it is likely that the re-order level and/or EOQ would be recalculated and adjusted. In a computer based system such adjustments would take place automatically to reflect current and forecast future conditions.

A critical factor in establishing re-order levels and calculating EOQ is the forecast of expected demand. Forecasting has been covered earlier in the manual.


2.31
Advantages

Advantages

· Lower stocks on average.

· Items ordered in economic quantities via the EOQ calculation.

· Somewhat more responsive to fluctuations in demand.

· Automatic generation of a replenishment order at the appropriate time by comparison of stock level against re-order level.

· Appropriate for widely differing types of inventory within the same firm.


2.32
Disadvantages

Disadvantages:

· Many items may reach re-order level at the same time, thus overloading the re-ordering system.

· Items come up for re-ordering in a random fashion so that there is no set sequence.

· In certain circumstances (e.g. variable demand, ordering costs etc), the EOQ calculation may not be accurate.
2.4
Fixed Time (Periodic review) system


This system is sometimes called the constant cycle system. The system has the following characteristics:

· Stock levels for all parts are reviewed at fixed intervals e.g. every fortnight.

· Where necessary a replenishment order is issued.

· The quantity of the replenishment order is not a previously calculated EOQ, but is based upon; the likely demand until the next review, the present stock level and the lead time.

· The replenishment order quantity seeks to bring stocks up to a predetermined level.

· The effect of the system is to order variable quantities at fixed intervals as compared with  the re-order level system, described in Paragraph 2, where fixed quantities are ordered at variable intervals.

Illustration of a simple manual periodic review system.

A production control department maintains control of the 500 piece parts used in the assembly of the finished products by the periodic review system. The stock levels of all 500 parts are reviewed every 4 weeks and a replenishment order issued to bring the stock of each part up to a preciously calculated level. This level is calculated at six-monthly intervals and is based on the anticipated demand for each part.

Based on the above system, the following graph shows the situation for one of the piece parts, par N0.1101x over a period of 16 weeks.
Inventory control – types of control system
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Times (weeks)              ROQ = Re-order quantity







Stock Level of part No. 1101. Figure 12/1

Notes:

The re-order quantities, based on the agreed system are 1,500 units, 1,200 units, and 1,000 units.

It will be seen that the rates of usage are assumed to be variable and the lead time has been assumed to be 2 weeks.

The above illustration is merely one way of operating a periodic review system and many variants exists, particularly relating to the method of calculating the re-order quantities.


2.41
Advantages

· All stock items are reviewed periodically so there is more chance of obsolete items being eliminated.

· Economies in placing orders may be gained by spreading the purchasing office load more evenly.

· Larger quantity discounts may be obtained when a range of stock items are ordered at the same time from a supplier.

· Because orders will always be in the same sequence, there may be production economies due to more efficient production planning being possible and lower set up costs. This often a major advantage and results in the frequent use of some form of periodic review system in production control systems in firms where there is a preferred sequence of manufacture, so that full advantage can be gained form the predetermined sequence implied by the periodic review system.


2.42
Disadvantages

· In general larger stocks are required, as re-order quantities must take account of the period between reviews as well as lead times.

· Re-order quantities are not at the optimum level of a correctly calculated EOQ.

· Less responsive to changes in consumption. If the rate of usage change shortly after a review, a stock-out may well occur before the next review.

· Unless demands are reasonably consistent, it is difficult to set appropriate periods for review.

2.5
Hybrid Systems

The two basic inventory control systems have been explained above but many variations exist in practice. Firm may develop a system to suit their organization which contains elements of both systems. In stable conditions of constant demand, lead times, and costs, both basic approaches are likely to be equally effective.

Choice of System

· A fixed order point system is more appropriate if a stock item is used regularly and 
does not conform to the conditions for periodic review systems. 
· A periodic review system is most likely to be appropriate if orders are placed with and delivered from suppliers at regular intervals, such as daily, monthly, or anum-
ber of different items are ordered from and delivered by the same supplier at the
same time.
2.6
Summary 

There are two basic inventory control systems, the re-order level or two-bin system and the periodic review system.

The re-order level system usually has three control levels; re-order level, maximum level and minimum level.

In the re-order level system the usual replenishment order quantity is the EOQ.

The re-order level system results in fixed quantities being ordered at variable intervals dependent upon demand.

The periodic review system means that all stocks are reviewed at fixed intervals and replenishment orders issued to bring stock back to predetermined level.

The replenishment order quantity is based upon estimates of the likely demand until the next review period.

The periodic review system results in variable quantities being ordered at fixed intervals.

2.6.1
Points to note

Many examination questions seem implicitly to assume that all inventory control systems are re-order level systems. This is not so.

The importance of forecasting in inventory control cannot be over emphasized. Adaptive forecasting systems, already described are frequently an integral part of inventory control systems, particularly those which are computer based.

There is a tendency for the stock level to increase in line with n, where n is the number of items in stock. Accordingly, standardization of products, parts and materials can help to reduce stock levels. However, gains from reduced stocks may be offset by loss of marketability so care needs to be taken with standardisation policies.
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	Activity

Self review questions

1. Numbers in brackets refer to paragraph numbers

2. What are the characteristics of the re-order level system of inventory control? (2)

3. What are the three levels commonly calculated for use in re-order level systems? (3)

4. Define the periodic review system and explain how it differs from the re-order level systems? (4)

5. What are the major advantages and disadvantages of the periodic review system? (6)

6. What are the major advantages and disadvantages of the re-order level system? (7
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	3.2 objectives

At the end of this lecture you should be able to:

1. Explain the meaning of qualitative forecasting technique

2. Explain the meaning of Delphi method

3. Explain the meaning of market survey

4. Explain the meaning of historical analogy

5. Apply the qualitative method to demand forecasting




3.1 Introduction

Forecasting is prediction of events which are to occur in the future and there are many variables to be predicted in an organization e.g.

· Demand /sales

· Costs

· Personnel requirements


· Future technology etc.

The need for forecasting arises from the fact that decisions are about the future which in many cases in uncertain. Thus forecasting can be viewed as an effort to reduce uncertainty so as to make more accurate decisions. This gives the firm the competitive advantage in the market.
















Fig: classification of forecasting techniques
LECTURE FOUR
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4.33
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Derivation of the Normal Equations



4.332
Derivation of the Ordinary Least Squares Equation

4.4
Summary

4.1 Introduction

In this chapter we will be discussing the quantitative techniques used in forecasting. The techniques to be discussed in detail include: causal methods such as Hi-Low, Visual Fit and Simple regression analysis.
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	4.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of causal forecasting method

2. Apply high-low method in demand forecasting

3. Apply visual fit method in demand forecasting

4. Apply regression analysis in solving forecasting problems.

 


4.3
Causal Methods

These are methods whereby changes in one or more variable(s) cause changes in another variable. e.g. demand being a function of price of product, prices of substitutes and complements, income etc. The techniques include: Graphical methods (Hi-low and visual fit), Regression analysis and Econometric methods.

Relationship between variables

There is a relationship between variables when a change in one factor appears to be related in some way to movements in one or several other factors. e.g. 

i) A marketing manager may observe that sales change when there has been a change in advertising expenditure.

ii) The transport manager may notice that vans and lorries consume more fuel when they travel longer distances.

Questions which arise to the manager or the analyst;
1. Are the movements in the same or opposite directions?

Same direction 
means
+ve correlation

Opposite direction 
means
-ve correlation

2. Would movements in one variable be causing or being caused by movements in another variable?  i.e. is there a cause and effect relationship?

Note: High correlation does not mean causation but causation certainly implies high correlation. It is possible to have high correlation purely by chance (also called a spurious or a nonsensical correlation).

3. Would apparently related movements come purely by chance?

4. Would movements in one variable be a result of combined movements in several other variables?

5. Would movements in 2 factors be related not directly but through movements in a 3rd variable (an intervening variable)?

Frequently the manager or analyst is interested in prediction of some kind e.g. marketing manager is interested in factors affecting sales.


4.31
High-Low Method

For this method, we obtain a straight line connecting the highest and the lowest values of the observations according to the predictor variable x

Example.
Data on output X & TC (Y)

	No.
	X
	Y

	1

2

3

4

5

6

7

8

9

10
	15

12

20

17

12

25

22

9

18

30
	180

140

230

190

160

300

210

110

240

320



Hi- point     X  = 30         Y = 320


Low-point  X  =  9          Y = 110
          Objective


 Calculate a and b  to fit the linear function y = a + bX

Equations

                           1)    320  =  a + 30b


Substitute 

                           2)   110   =  a +  9b


320  =  a + 3(10

            (1)-(2) = (3)   210   =  21b



320 – 300  =  a









a = 20  ……….. fixed cost



       b  =  210  

 

b = 10…………..unit variable cost

                21        


        


Hence the cost prediction function is 


Y = 20 + 10x



4.311 
Advantages

Hi – low method is simple to use and to explain to non-mathematical users.



4.312
Disadvantages

1) Assumes the relationship is linear.

2) Ignores all points except 2 of them.

Outlier cases can have serious distortion effects if not excluded.

The line does not fall in the general pattern






       x





x  x   x
                   x High point


    




             outlier



   x   x    x



      x     x

                   x   low point

·  For Hi-low method, we cannot measure the size of probable error concerning model   parameter estimates and predictions made using the model (we cannot make probability statements concerning these values).  Probability statements are confidence interval construction and hypothesis tests.

    ŷ =  a + bx …………………..model



    Y  =  A + Bx            

       Or    Y  =   
[image: image8.wmf]a

+ βx       Reality      


4.32
Visual Fit Method

This method utilizes a scatter diagram whereby the analyst uses her/his judgment to obtain the best fit by considering the general pattern for all observations.


Y


                          x              x

                                       x

  x



         x








     x       x

                                    x                             

             

 x





                            x                    


   x   outlier ignored

  0
  




             X



4.321
Advantages

1)
Improves on the Hi-Low method in the sense that it consider all observations   

           simultaneously, thereby ignoring outliers.

2)
Does not assume linearity unlike the high-low method

     Y

                         x
          
 



   x



  x    x


                               x     x

                         x     x                 
                           x     x

                            x     x                                      x     x

                                x      x    x    x     x    x    x      x  

    

                 x    x     x    x     x    x   x

                0                                                                     X



4.322
Disadvantages

1. 
Size of probable error cannot be measured.

2.
It is subjective to some extent – the less clearer the pattern, the greater this subjectivity is.

3.
Assumes a single predictor variable


4.33
Simple Regression Analysis 

Is a technique which uses a statistical model to measure the average amount of change in one variable, y (the dependent variable) that is associated with unit changes in the values of one or more independent variables, x1, x2 ……xn.

Types of regression analysis

1.
Simple regression
-   one predictor variable

2.
Multiple regression
-   2 or more predicator variables.

In this course you will be required to study only the simple regression analysis



4.331
Derivation of the Normal Equations

This will be carried out through the study of simple regression analysis;

Simple regression analysis (linear function)
· For a set of pairs of observations x & y e.g. demand and price of a product, the objective is to determine parameter estimates, a & b in the linear function   
y = a + bx
· The objective is to minimize sum of square error, i.e min.SSE=Σ(y-y1)2 
· This is obtained through differentiation. 
· This results in two equations called normal equations, which are :


Σy= na + bΣx………………………………(1)


Σxy= aΣx + bΣx2 …………………………(2)

· Then the line of best is obtained by solving these equations simultaneously to find the values of a and b.

Study the example in the following page;

Example

The following data are observations of sales for a product (y) and advert expenditures (x)

	N0.
	X

Sh. ‘000’
	Y

Sh. ‘000 000’
	XY
	X2

	1

2

3

4

5

6

7

8

9

10
	15

12

20

17

12

25

22

9

18

30
	180

140

230

190

160

300

270

110

240

320
	2700

1680

4600

3230

1920

7500

5940

990

4320

9600
	225

144

400

289

144

625

484

81

324

900

	
[image: image9.wmf]
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	180
	2140
	42,480
	3616


Required:

a) Obtain the line of best fit.

b) Interpret a and b

c) What is the predicted sales for advert expense of Sh.32,000?

Note: all workings to 2 decimal places.

Solution;
a)

2140=10a + 180b
42480= 180a +3616b

Solving 1 and 2 simultaneously, 

We obtain; a = 24.43 and b = 10.53

Hence the prediction equation is;
Y=24.43 + 10.53X

b) 

interpretations

 a=24.43 is the sales when advertising expenses is equal to zero i.e the sales which is independent of advertising expenses.

b=10.53 is the slope i.e the amount of sales increase when advertising expenses increase by one unit and vice versa.

c)

predicted sales

y=24.43 + 10.53*32

 = 361.39 million

= sh. 361,390,000 
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	Activity 

Seat bookings on Pwani Airlines’ holiday package flight programme are thought to be related to the GNP. Data for seat bookings(y) and GNP (x) for the last seven years are given below;

Year

Y ( sh ‘000)

X (sh billion)

1

100

250

2

115

255

3

120

258

4

130

267

5

145

270

6

152

272

7

155

273

Forecast GNP for years 8 and 9 are sh. 276 billion and sh 280 billion respectively.

Required:

a) Plot a scatter diagram and comment on the general relationship between x and y.

b) Obtain the simple linear regression of y on x using the least squares method.

c) Estimate the level of seat bookings for years 8 and 9.

d) Interpret the intercept and the slope.

e) Discuss the reasonableness of using GNP to predict seat bookings. What are other possible predictor variables for seat bookings for an airline?




4.4
Summary
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5.1 Introduction
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	5.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of time series analysis in forecasting

2. List the components of time series

3. Calculate moving average problems

4. Apply exponential smoothing  method in forecasting




5.3
Time Series Analysis


5.31
Components of a time Series

Time series forecasting techniques to be studied

1.
Moving averages (MA)


-  Naïve method

-  General MA

-  Exponential smoothing

2.
Classical decomposition methods


-  Additive model


-  Multiplicative model



5.32
Naïve method

Naïve forecast is  yt  = yt - 1

Where 
[image: image13.wmf]y

t      current forecast (forecast for time t)



[image: image14.wmf]y

t

1

-

   actual previous observation

e.g. If sales for January was 99 units then forecasted sales for February  = 99 units.



5.321
Advantages

1. Simple
method



5.322
Disadvantages

1) 
Completely ignores all past observations except (the most recent)

2)
Does not recognize trend, cyclical and seasonal variations – no changes are anticipated at all.

3)
It is a single period forecast.
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	Take note 

Naïve method is moving average method with n=1


5.33
General Moving Averages

A moving average forecast takes a number of the latest (n) actual observations and obtain their arithmetic mean and this becomes the current forecast e.g. if we take the average sales of previous 3 months, then this is a 3 month moving average forecast.

Example: Consider the sales in units for a product for the last 6 months. Obtain a 2 month and 3 month MA forecast. Make calculations to the nearest whole number.

	
	
	Forecasts

	Month
	Actual sales (y)
	2 month 

MA
	3 month

MA

	April

May

June

July

August

September

October
	73

75

77

72

81

82

-
	-

-

74

76

75

77

82
	-

-

-

75

75

77

78


The time period selected n will be that which minimizes forecast error i.e. min. SSE. 

2 month MA SSE = 16 + 36 + 25 = 77


3 month MA SSE = 9 + 36 + 25 = 70

Between the two, prefer the 3 month MA since it has the lower SSE.

Characteristics of General MA’s

1.
The greater the number of periods n in the MA the greater the smoothing effect.

2. As n increases trend is captured better at the expense of seasonal variation and vice versa.

3. If the underlying trend of the past data is thought to be fairly constant, then a greater number of periods should be chosen. Alternatively if there is though to be some change in the underlying state of the data, then more responsiveness is needed and therefore fewer periods should be used in the MA. In any case, the best model is that which minimizes forecast error.



5.331
Advantages of General MA
1. Unlike naïve method, it considers more than one observation.

2. To some extent it captures both seasonal variation and trend.



5.332
Disadvantages

1.
Gives equal weight to all observations used in the forecast.


Forecast for October  = f (September, August, July)


It is reasonable to suppose that the most recent data is more relevant to current 
conditions.

Remedy:  Use exponential smoothing

2.
Does not make use of all available data i.e. uses only the most recent n observations and ignores all the others.


Remedy:  Exponential smoothing.

3.
Forecast is for only one time period (very short-term – true for all MA models)


Remedy:  For long term forecasts in time series, use decomposition methods.

4.
Does not explicitly address seasonality and trend.


Remedy:  Decomposition methods and modified exponential smoothing.

5.
General MA method can require large data storage especially for a multi-product firm, which can be costly.


Remedy: Exponential smoothing and decomposition methods.

5.34
Exponential Smoothing

This is a time series forecasting technique which overcomes some limitations of the general MA method.

Actually it is a special case of MA method. The method automatically weighs past data with weights that decrease exponentially with time. i.e. the most recent values receive the greatest weighting and the older observations receive increasingly decreasing weights. Also, theoretically, it uses all past data.

Exponential smoothing formulae

There are two equivalent formulae which are;

1. Current forecast = previous forecast + α(previous actual  observation – previous forecast)
2. Current forecast = α(previous actual  observation) + (1- α) (previous forecast)

Example.
The sales of a product for the last 6 months follow. Obtain forecasts using exponential smoothing for:  i)  
[image: image16.wmf]
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 =  0.2  ii)  
[image: image18.wmf]a

 = 0.7 and hence determine the better model in terms of minimum SSE. Let the forecast for May be the actual for April (starting point) and make calculations to the nearest whole number.
	Month

T
	Actual observation

 yt
	Exponential 

smoothing forecast
	Forecast error



	
	
	 
[image: image19.wmf]a

= 0.2    
	
[image: image20.wmf]a

=0.7
	
[image: image21.wmf]a

=0.2
	
[image: image22.wmf]a

=0.7

	    April

    May

   June

   July

   August

   September


	44

45

41

46

38

40
	-

44

44.2

43.6

44.1

42.9
	-

44

44.7

42.1

44.8

40.0

SSE   =
	-

1

10.24

5.76

37.21

8.41

62.62
	-

1

13.69

15.21

46.24

_ 0_

76.14


Conclusion

Prefer 
[image: image23.wmf]a

 = 0.2 since it results in lower SSE i.e. it gives more accurate forecasts.

NB:  A characteristic of exponential smoothing method is that as 
[image: image24.wmf]a

        0, current forecast  

                  Previous forecast and as 
[image: image25.wmf]a

      1      Current         Actual previous observation

                  (naive forecast)



5.341
Advantages of exponential smoothing

1. Gives greater weight to more recent data

2. All past data are used.

3. Requires very little data (actually only 3 i.e. yt, 
[image: image26.wmf]y

n

t  and 
[image: image27.wmf]a


4. Like the general MA method, it is an adaptive forecasting system i.e. it adapts continually as new data becomes available and so it is frequently incorporated as part of stock and production control systems.

5. Values of 
[image: image28.wmf]a

 can  be altered to reflect changing circumstances but use 
[image: image29.wmf]a

 which minimizes forecast error i.e. min. SSE

6. It is well grounded theoretically and yet simple to use and explain to the non-sophisticated
users.

5.342
Disadvantages

1.
It does not directly cater for seasonality and trend. However, the basic model has been modified to cater for them as follows:


i)    Double exponential smoothing (Holts model), caters for seasonality.


ii)   Triple exponential smoothing   (Holt-Winters model) caters for both seasonality and trend.

2.
 Not suitable for long-term forecasting

Remedy: Use classical (traditional) decomposition methods or Holt-Winters model
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	Activity

The data below shows the monthly share price of Shujaa ltd for the most recent 10 months
Month

Share price(sh)

Feb

76

Mar

78

Apr

76

May

79

Jun

82

Jul

80

Aug

83

Sept

81

Oct

81

Nov

84

Required:

a) determine the forecasts for the above months using 

i) three-month un-weighted moving average

ii)exponential smoothing with α=0.4

b) Determine forecast error for each of the two models in (a) above (use sum of Sum of Square Error) and hence the better model.

c) Provide the December forecast using the recommended model in (b) above.


5.4
Summary 

LECTURE SIX

DETERMINISTIC INVENTORY CONTROL MODELS

Lecture Content

6.1
Introduction

6.2
objectives

6.3
Deterministic Model for Merchandising Firms

6.31
Basic Economic Order Quantity (EOQ) Model

6.32
Basic EOQ Model with Discounts

6.4
Deterministic Model for Manufacturing Firms


6.41
Economic Batch Quantity (EBQ) Model

6.5
Planned Shortages Model

6.6
Summary

6.1 Introduction

There are generally two types of inventory management models:

· Deterministic and

· Stochastic

A brief comparison is given below;

Differences between deterministic and probalistic models

	 Deterministic



         
	Stochastic (probabilistic)

	 i)   Certainly model;
Factors known with certainty and usually constant       
	 i)  Models to cope with uncertainty; Factors are uncertain and are usually variable. 

	ii)   Simple model



         
	more complex model

	iii)    Not very realistic


        
	Reflect reality better than deterministic model
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	6.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of EOQ model

2. Calculate optimal order using the EOQ model

3. Estimate total inventory costs

4. Apply the EOQ model when discounts are given

5. Calculate EBQ

6. Apply EOQ in planned shortages situations



6.3
Deterministic Model for Merchandising Firms

6.31
Basic Economic Order Quantity (EOQ) Model

Characteristics of the model;

1.
Durable (not perishable) product model.

2.
Merchandizing (not manufacturing) firm.

3.
Single product (not multiple product) model.
Assumptions of Basic EOQ Model

1. Demand is constant and known with certainty.

2. Lead-time is constant and known with certainty

3. There are no shortages - hence no shortage cost (no stock-outs). This is implied by assumptions 1 & 2.

4. All items for a given order arrive in one batch or at the same time. i.e. simultaneous or instantaneous arrival.  In particular they do not arrive gradually.

5. Purchase cost is constant i.e no discounts, hence for the basic EOQ model, purchase cost is irrelevant since total purchase cost is the same regardless of the quantity ordered.

6. Holding cost per unit p.a. is constant. This implies that total holding cost is an increasing linear function of quantity of stock in the year.

7. Ordering cost per order is constant irrespective of size of order.

Example:   Suppose, ordering cost per order is Sh.30,000, the following schedule for ordering cost per unit for selected order quantities follow:

	Quantity ordered
	Ordering cost

per unit (Shs.)

	1
	30,000

	10
	3000

	100
	300

	1000
	30


Thus ordering cost per unit is declining non-linear function of quantity ordered.

Ordering cost
                       


          Qty
Model derivation Approaches:

There are two methods:

· Graphical method

· Calculus approach


Graphical method                                                






Total cost
           Min. TC                                                                       Holding Cost

                                                                                                  Ordering cost
                                                                                                   Purchase cost
                                                 EOQ                 
         Q                

Observations about graph
· TC function shape is not influenced by the purchase cost i.e it is irrelevant for EOQ determination where there are no discounts.

· Total cost is minimum where holding cost = ordering cost.
Thus we need formulae for both holding and ordering cost. We shall utilize the following variables;
Definition of the variables

Let 
Q - Order quantity per order (the unknown / a decision variable)


D – Annual Demand




Co  - ordering cost per order placed


Ch  - Holding cost per unit per year

Cp - Unit purchase cost
             i - Holding cost expressed as a percentage of unit cost of item.

Note:   Ch  = Cp x i
e.g. Supposing   Ch  = Sh.20 and Cp = 100



then it follows that      i  =  20%

The cost formulae are as follows;

i)
Ordering Cost  =  Annual no. of orders  x  Co



=
[image: image32.wmf]Co

x

Q

D


ii)
Holding Cost  =   Average stock  in the year x  Ch  or 
[image: image33.wmf]Average stock in the year  x  Cp x i
Thus to obtain average stock in the year we need to examine the receipt and usage profiles of stock through time.



Receipt & usage profile through time

Quantity (Q)
(Max. stock)                                                                  



Usage or sales                     Instantaneous Receipts of items
                                                                                Q/2
Min. Stock=0        






  
                                                                                                  Time

Notes on graph
1. Instantaneous receipt of items is represented by a 900 or vertical line

2. Constant demand (usage rate) is represented by a decreasing linear function.

3. Maximum stock = order quantity Q , since there are no stock-outs i.e minimum stock = 0
Average stock = (Maximum stock +  Minimum stock) / 2


[image: image34.wmf]       = (Q +0)/2 = Q/2


Thus Holding cost  =   
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At min.TC
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To obtain the EOQ we make Q the subject as follows;
EOQ = 
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Or  
EOQ = 
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   2.
Calculus approach

TC  =  Purchase Cost + Holding Cost + Ordering Cost (recall there are no shortage costs)
In symbolic form:

TC  =  DCp + 
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The objective now is to find Q which minimizes TC. We apply fist order and second order conditions as follows:
FOC: 
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Ch/2 = DCo/Q2
Re-arranging: 

Q2 = 2DCo/Ch
Hence  
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To confirm the turning point is a minimum, we apply SOC as follows;
SOC:
 d2TC/dQ2 = 2DCoQ-3 = 2DC0/Q3 > 0  i.e +ve, since D, Q, Co are all positive values. Hence turning point is minimum.

Illustration:  
Star Logistics Ltd has established that annual quantity for a given item is 4000 units. The cost of placing an order is Sh. 5000 and the price per unit is sh. 2000. Inventory holding cost percentage is 20% of purchase cost.

Required:

a) Formulate the best (optimal) entry policy for this item i.e.

· Quantity to order (EOQ)

· Frequency for ordering and when to order

· Re-order level/point; For ROP take lead-time to be 15 days while one year has 300 working days

· Total cost associated with the policy.

b) Suppose it actually turns out that

c) Ordering cost per order = Sh.6000 and

d) Inventory hold cost percentage I = 15% and yet the policy formulated in (a) above is implemented for a year determine the cost of predition error.

Solution:

a)

From the illustration we can see that; annual demand, D=4000 units; cost of ordering, Co = sh.5000; carrying cost percentage, i =20% of unit cost; unit purchase cost, Cp=sh 200. Then;
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=
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  = 1000 units

Frequency of ordering
This is related to the annual number of orders, N which is given as ;

N   =  
[image: image47.wmf]Q

D

    =    
[image: image48.wmf]1000

4000

   = 4 orders

Given that one year is 12 months, therefore make an order after every, 12/4 = 3 months or quarterly.
Alternatively

If one year is 300 working days make an order every 300/4 = 75 days or 2.5 months
Re-order level /re-order point (ROP)
ROP- represents the quantity remaining when an order is being made

=   Usage during lead time period

=  daily usage x lead time  

=annual usage/No of days in the year * Lead time

=
[image: image49.wmf]300

4000

x 15  
 =   200 units

From the foregoing calculations we obtain the following receipt and usage profile through time;



Receipt and usage profile

Q =  1000

ROP= 200

                                                                                                     Time


Lead time        
time between orders





TC = purchase cost + Holding cost + Ordering cost

=
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=  4000 x 200 + 
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=  800,000 + 20,000 + 20,000

= Sh. 840,000

b)
Cost of prediction error 
In  decision making there are two situations:


1. actual outcome given the data  used to make the decision, some of which may not be accurate.


2. optimal outcome, which, on hindsight, would have been the case if all data used to make the  decision was accurate.

The difference then between the actual outcome and the optimal outcome is the  cost of prediction error (CPE).

Also known as;

   i)   Amount of regret or 
  ii)   Opportunity lost or 
  iii)  Expected value of perfect information

CPE  -  can also be regarded as the maximum amount a decision maker would be willing to pay to acquire information which has completely no error (perfect information).
	[image: image53.jpg]



	Take note

 For a cost function (minimization problem) CPE = Actual cost incurred – Cost for optimal policy.

For a profit function (maximization problem), CPE = profit for optimal policy – actual profit made.




For the problem; what changed from predicted values are
i) ordering cost per order, Co = sh. 6000 instead of sh. 5000.

ii) Inventory holding cost percentage, I = 15% instead of 20%

Hence the purchase cost = D*Cp is irrelevant for CPE calculation, since it the same value for actual cost incurred and cost for optimal policy.

Relevant total cost for CPE = Q/2*Cpi + D/Q* Co

Actual  relevant cost incurred = 1000/2 *200 * 0.15 + 4000/1000*6000




= sh. 39000

Optimal policy

Given that some parameter estimates changed from predicted ones, there is need to calculate EOQ afresh using all correct parameters.
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=
1265 units

Relevant total cost for Optimal policy = 1265/2 * 200* 0.15 + 4000/1265 * 6000




= Sh.37947

Cost of prediction error  =  39,000 – 37,947  = sh. 1053

6.32
Basic EOQ Model with Discounts

Presence of discount has certain advantage and disadvantages as follows;
Advantages

Generally discounts result in lowering certain inventory costs such as;
  i)  Purchase cost

  ii)  Shortage cost -  since bulk purchases will  generally mean higher stock levels on average.

iii)  Ordering cost – since bulk purchases results in fewer orders.
Disadvantages of discounts
Generally since taking of discounts mean bulk purchases holding costs will increase due to raised average stock levels.

Types of discounts: there are generally two types;
1)
Single discount offer e.g. unit selling prices is Sh.10 but purchases of 100 units and above will get a discount of 3%.

2)
Multiple discount offers – also called price-breaks, here the supplier provides a list of price /quantity ranges such as the following;
	Quantity Range
	Unit selling price (Shs.)

	1 – 100
	10

	101 – 200
	9.70

	201 – 400
	9.50

	Above 400
	9.00


Principles of inventory policy optimization with discounts

I.
Irrespective of the nature of discount, always work with total cost (including purchase 
cost) since purchase cost will differ among alternative inventory policies when there 
are discounts.

II.
In order to minimize inventory costs, purchase the least quantity to just qualify for 
discounts in order to take maximum advantage of discount. This is because as the size 
of order increases holding cost will increase much faster than the savings made from 
decrease in ordering cost and purchase costs as depicted below;
     Costs 





TC
                                        


   Holding cost




Ordering cost 


Purchase cost







Quantity
Observation 

As Q tends to infinity   i.e becomes increasingly large, ordering cost tends to zero


so that TC tends to  holding cost.
Importance

At higher order quantities holding cost is dominant in the inventory total cost function, whereas ordering cost becomes increasingly insignificant. Hence at higher order quantities management of inventory costs is essentially the management of holding cost. 
Example

A A ltd buys 400 units of an item at a purchase cost Sh.5000 per unit and ordering cost of Sh.2,000 per order placed. The carrying cost is estimated at 24% of cost of an item p.a. The Co. has received a 2% discount offer for purchases of 100 or more units.

Required:

a)
Determine the best inventory policy for this item.

b)
Determine the discount level at which the firm will be indifferent between taking and not taking the discount offer.

Solution
Steps

1.
Calculate the EOQ with no discount and find the resulting TC 

2.
 Find TC when discount is taken. The EOQ will be lowest quantity to just qualify for discount

3.
Compare TC in 1 and 2 and hence make the decision

a)
1)       No discount
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TC =  DCp   +  
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= 400 x 5000 + 
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=  


= Sh. 2,043,822

2)   Taking discount offer
EOQ with discount =  100 units, since this is the least quantity to just qualify for discount.
Cp with discount = 5000 x (1- 0.02) =  49,000

TC =  400 x 4900 + 100/2 x 4900 x 0.24 + 
[image: image60.wmf]2000

100

400

x



= Sh. 2,026,800

3)
Decision:

Take the discount offer since it is less costly than NOT taking it.
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EOQ  = 100 units

Timing of orders

Annual No. of orders, 
N  =  
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Therefore make an order every 12/4 = 3 months or quarterly

b)
Let x represent discount level for cost indifference point. At this point the following conditions will hold:

TC (with discount) = TC  (no discount)
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Decision Rule

If discount is greater than 1.2% take it but less than 1.2% do not take it.

Multiple discount offers (price breaks)

This is an extension of the single discount offer in the sense that a price / quantity schedule is available or provided instead of a single offer.

The solution approach can be broken down into the following steps:

1.
Calculate EOQ for each price/quantity range.

2.
The EOQ calculated in 1 will fall in one of 3 categories which will be differently 
treated as follows:


a)
Below range – Ignore the calculated EOQ but calculate TC for the least 


quantity in the range.


b)
Within range – Evaluate total cost for the EOQ calculated.

c)
Above range – Ignore the range since there would be another range which will yield lower total cost.

Example 

A company buys 30,000 units for an item per year at an ordering cost of Sh.2500 per order and holding cost chards are 20% of the cost of average inventory per annum.

The following price quality schedule is available from the supplier.

Quantity (Unit)
Unit price (Sh.)

1
3000


21:00

300
5000


19:00

5000
7000


17:00

7001
9000


15:50

9001 and above

13:50

Required

Recommend the best inventory policy for this item.

Solution
	Quantity range

(units)

	Unit cost

(shs)
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	Remark 


	    1  -  3000

	21.00

	5976

6283

6642

6956

7454

	Above = Ignore


	3001 -  5000

	19.00

		Above = Ignore


	5001 -  7000

	17.00

		Within = evaluate Q = 6642


	7001 -  9000

	15.50

		Below = evaluate Q=7001


	9001 and above

	13.50

		Below – evaluate Q = 9001



	



Total Cost calculations


Q = 6642  
TC = 
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Q = 7001   
TC =
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Q = 9001   Tc 
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Best inventory policy

EOQ = 9001 units

Timing of orders
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6.4
Deterministic Model for Manufacturing Firms


6.41
Economic Batch Quantity (EBQ) Model

The decision variables unknown include;
· Quantity to produce – in a production run EBQ/ELQ

· The length of a production run

· The length of a break between production runs
· The ROP of the user department

Types of cost

Variable cost of production such as direct material and direct labour – Ignore fixed cost since whatever production inventory policy is adopted; it will not affect fixed cost for a mechanizing firm. This is equivalent to purchase cost.

Holding cost of raw material, finished goods and WIP same for a mechanizing firm.

Set-up cost. They are the cost of mobilizing the production of resources e.g. ordering for raw material and other components.

 Assembling the work force

Setting up on realising the machinery etc.

*   For a mechandizing firm set-up cost is equivalent to ordering cost.
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	Take Note

All the assumption made in determining  EOQ model apply for EBQ model e.g. demand and lead time being constant.

Given that this EBQ under deterministic condition; there are no shortages hence no storage cost.

Additional assumption – Production rate is greater than usage rate (demand)

Total cost = variable cost




Symbols for the variables
Let 
Q – quantity produced in a production run (unknown)


D – annual demand


Ch – inventory holding cost per unit


Cp – unit variable production cost


i= inventory holding cost %


NB  =  Ci =Cp

Co – set up cost per set up (Equivalent to ordering cost for a merchandising firm)


 P – production rate in unit per day


 U – usage rate in/out per day (daily
[image: image79.wmf]¶¶

)


 L – length of a production run

 B – length of a break between production runs

Cost expression (annual cost)

1.
Variable production cost = Dcp

2.
Holding stock =  Average stock x Cn



=  Average stock x Cpi

Production inventory profile through times.



Production & usage      Usage only

Max stock

 Max stock 






    Average stock

   2


     I    Run 1
       Break 1          Run 2        Break 2

Maximum = (P – O) L

Stock

Q = PL

L = 
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Hence: Maximum  stock  
=  (P – O) 
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Maximum stock  =   
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Holding cost = 
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3.
Set up cost = Annual No. x Co of set up
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Approaches to optimization

i)   Graphical method

ii)  Calculus method

i)
Graphical method





Total cost






      Holding cost


                                                                          Set-up






    Ordering cost

 
 EBQ


                     Q

Notes:

1)
Variable production cost does not affect the optimal point of Q (EBQ) since it is the same for all values of Q

2)
Tc is min. where holding = set-up cost.

Exercise:

Obtain EBQ given 2.
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Use of calculus 

Tc  = 
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Problem:

Find Q which minimise Tc and show it is min.
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SOC:  
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Since D, Co and Q are all +ve quantities thus turning point is min.

Comparison of EOQ and EBQ models



Inventory profiles through time   

    

Quantities      Receipts             Usage

                Simulteneous 

                                                 only

                production           Usage

  





                & usage
       only


  

Time

                 EOQ– instantaneous repleshment            EBQ – gradual repleshment 

NB:  EOQ is a special case of EBQ except where receipt is instantaneous instead of gradual. Instantaneous receipt is mathematically equivalent to an infinite or extremely high production rate 

i.e. 
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Illustration
Jericho Company manufacturers part B-2000 on a special lathe for us, in a continuous assembly.  The assemblies that use B-2000 are manufactured at a lower rate.  This allows for doing odd jobs on the special lathe when it is not being used for part B=2000.  When parts are being run, deliveries are made to the assembly area otherwise the assembly department draws part from inventory.

The following data is given for part B=2000

Production rate = 4000 pieces a day.

Assembly requirements = 1200 pieces a day.

Inventory holding cost = Sh.20 per unit per year

Unit variable production cost = Sh.2000.

Set up cost = Sh.110000 per set up

Acquisition lead – time = 10 working days

1 yea = 250 working days

Required:

a) Calculate production departments economic batch quantity

b) Determine the length of

i) A production run

ii) Break between production runs

c) What is the total cost associated with production/inventory policy formulated in (a) and (b) above?

d) Determine assembly departments re-order level.

e) Suppose it turns out that actual set-up costs is Sh. 310,000 and holding cost is sh.16 per unit per year and yet the policy above is implemented for one year, determine the cost of prediction error.

Solution:

P = 4000

Usage = 1,200

Ch = Sh20




Cp = 2000




Co = Sh.110,000


i = 10 days

D = 1200 x 250 

  
 = 300,000

EBQ  = 
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3.
i)
 length of a production run



  L = 
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ii)
Length of break between production  run  =  Maximum stock






     inventory profile
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         L =17 days              B         =(14 days)

Maximum stock

Usage

Ms  = 
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        68661


= 600,000,000 x 480,627 + 480622



Sh. 600,961,249

iii)
ROP = usage during lead time


= daily x lead time

Usage

 
= 1200 x 10


= 12000

iv)
Cost of prediction error
=
Actual cost incurred –  Cost for optimal 

  or ideal policy
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Actual cost incurred =  what changed   Co = 300,000





Ch = 16

NB:  Variable production cost is not relevant in ??? CPE since both D and Cp turned out as predicted.


Actual relevant cost incurred:
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384501.6 + 131,787  =  1,695,289

Policy with perfect information;
EBQ  = 
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Relevant Tc with perfect information   = 
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=  1,419,859



Cost of prediction error = 1,695,289 - 1,419,859





=  Sh.275,430

Practice questions
Q1.The purchasing manager of Elstore Limited, an electrical components retailer holds a regular stock of among other things, quasitrons.  Over the past year he has sold, on average, 25 a week and he anticipates that this rate of sale will continue during the next year (which you may take to be 50 weeks).  He buys quasitrons from his supplier at the rate of $5 for 10, and every time he places an order it costs on average $10 bearing in mind the necessary secretarial expenses and the time involved in checking the order. As a guide to the stockholding costs involved, the company usually value their cost of capital at 20% and as the storage space required is negligible, he decides that his figure is appropriate in this case. Furthermore, the prices charged to customers are determined by taking the purchasing and stockholding costs and applying a standard mark up of 20%.

Required


a) Currently the manager is reviewing his ordering and pricing policies and needs to know how many quasitrons he should order each time and what price he should charge.  What would be your advice?  (State any assumptions that you make).

b) If he’s now finds out that he can get a discount of 5% for ordering in batches of 1,000 would you advise him to amend the ordering and pricing policy that you have suggested and, if so, to what?
c) How large would the percentage hold cost have to be for the manager to be indifferent between taking advantage of the quantity discount and maintaining the original ordering policy that you have suggested?  Comment on the value that you have obtained.

2. Over the course of each year the Krispy Crisps Company Limited purchases a large number of wooden pallets for use in the storage and transportation of its products to replace those lost or damaged in transit. The average yearly requirement for the past two years has been 3,000 pallets, a quantity which can be applied realistically to this year as well.  The need for replacement pallets is relatively constant and the cost associated with the placing and receipt of an order is $15.  The inventory cost policy that Krispy Crisps has traditionally employed is to charge 18% of the purchase cost as the annual inventory holding cost for any item in inventory.  The standard price charged by the major manufacturing company is $8 per pallet.

Required:

a) Determine the optimum order quantity and the consequent time between the orders.

b) Describe the assumptions you have made in part a) and assess their likely validity within the context of this question.

c) The manufacturer offers a discount of 3.125% if Krispy Crisps order 2,000 or more pallets at a time show that the discount is not financially beneficial to Krispy Crisps.  What percentage discount would be required for Krispy Crisps to order 2,000 or more pallets at a time?

d) State the effect on the company’s inventory policy described in 1) if the supply of pallets has a variable lead time. 

6.5
Planned Shortages Model

	[image: image120.jpg]



	6.6
Summary




LECTURE SEVEN

STOCHASTIC INVENTORY CONTROL MODELS

LECTURE CONTENT:  

7.1
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7.2
Objectives

7.3
Known Stockout Costs

7.4
Unknown Stockout Costs

7.5
Perishable Items: Use of Marginal Analysis

7.6
Summary

7.1 Introduction

Inventory management under uncertainty; stochastic model.

Background

An assumption in deterministic of certainty inventory models is that demand and lead time are constant. If either of these factors is uncertain, then there will be chances of stock out and hence stock out cost.

If there is probability of shortage then there could be need to keep extra or additional stocks for such an eventuality.  These are known as buffer or safety stock.

While safety stock could reduce shortage costs. It will however increase holding cost as depicted on the following graph.


Costs




       Tc





      Holding cost

  Tc min 






    

    Shortage (stock out cost)

 
                      S
   safety stock level
                     

Problem:

What is the best level of safety stock SX which will minimize the total of holding and stock out costs?

To solve the problem we have tow scenarios:

Scenario I:  Shortage cost is known

Scenario II: shortage cost is unknown
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	7.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of stock-out costs

2. Calculate questions involving stock out costs

3. Apply marginal analysis to control inventory of perishable items




7.3
Known Stockout Costs

Known shortage cost – Tabular approach:

Data requirement:

1)
Shortages cost per unit which reflect lost contribution, loss of goodwill, etc.

2)
Probability distribution of demand during lead time.

NB: Concern with shortages is only during lead time since this is the only time a shortage can occur.

3)
Current re-order point i.e. re-order without safety stock. This is the average or expected lead time demand = daily
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 x  lead time period

4)
Annual number of orders,  N  =  
[image: image123.wmf]Q
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5)
Holding cost per unit per annum,   Ch




Example 
ABC Ltd has determined that its reader point is 50 units when there are no safety stocks.  Its carrying cost per unit per year is 5 and stock out cost is 40 per unit a customer misses.

ABC Ltd has experienced probability distribution for inventory demand during lead-time is shown below;

No. of units
Probability

30

0.20

40

0.20

50

0.30

60

0.25

70

0.05



1.00

Required

The optimal No. of orders is 6.  What is the optimal level of safety stock and the associated re-order point?

Solution

To solve this we use the tabular approach as follows;

	Safety stock level
	Holding costs 
	Expected shortage cost 
	  Total cost

	0
	0
	(10 x 0.25 +20 x 0.05) 40 x 6 = 840
	840

	10
	10 x 5 = 50
	(10 x 0.05) x 40 x 6  = 120
	170

	20
	20 x 5 =100
	0
	100


Note:  Assume that safety stock is on hand all the time i.e. that it’s never used.

Conclusion:

1.
Keep 20 units of safety stock since it result to least total cost.

Reversed the re-order point = current + safety stock 


R.O.P
 = 50 + 20 = 70


Inventory profile under uncertainty

  Quantity      
  Q







                   3



               D





    1                                                                   4   
    Safety 

    stock         


               (Min. stock)

      2


               Time

     Shortage 


   

Explanations

1) Lead time demand is normal or is expected; there is neither excess stock nor use of safety stock.

2) Very high demand during lead time period; all safety stock is use.

3) Lower than normal demand during lead times period – There is excess stock a part from safety stock when the next order arrives.

4) Fairly high demand in the lead time period – some safety stock used.

Example 2

The Brown manufacturing company has compiled data for the last 100 reorder periods for a purchased component as follows;

	Usage during lend time
	No. of times this Quantity was used

	90

95

100

105

110

115
	0.07

0.10

0.25

0.50

0.06

0.02

1.00


The company has found the EOQ to be 250 units with an average daily usage of 5 units.  Lead-time is constant at 21 days.  Cost of being out of stock is Sh.300 per component short and annual carrying cost is Sh.40 per unit.  The company works 300 days in a year.

Required:

Determine the best level of safety stock for the company and hence the revised reorder levels.

Solution 
	Safety stock level
	Holding costs 
	Expected shortage cost 
	  Total cost

	0
	0
	(5 x 0.06 +10 x 0.2) x 30 x 6 = 900
	900

	5
	5 x 40 = 200
	(5 x 0.02) x 300 x 6  = 180
	380

	10
	10 x 40 =400
	                0
	400


Conclusion 

· Keep 5  units of safety stock

· Revised re-order point 105 + 5 = 110 units

Question 

Referring to our earlier example (Brown Manufacturing company), suppose ROP is not one of the values of lead time demand e.g. suppose it is 97 units.  State the value of safety stock which will be evaluated? 

Safety stocks to be held will be the deviations from 97 as follows; 0, 3, 8, 13 and 18.

Example 
Kako Ltd is a large cash and carry warehouse which sells electronics.  Kiko Ltd purchases, the most popular model of calculators (FX 100) directly from the manufacturer at a cost of sh.250 each.  Average sales per a 300 day year are 475 calculators.  Whenever an order with manufacturer is placed.  Kiko Ltd incurs a cost of sh.50.  The stock holding costs are estimated at sh.12.50 plus 10% opportunity cost of capital.  The lead time is three days.  During the last 50 stock cycles the demand during the lead time has generated the following frequency distribution.
	Lead time demand

Number of stock cycles


	0

1
	1

2
	2

6
	3

8
	4

10
	5

8
	6

8
	7

5
	8

2


Each time the warehouse runs out of stock, an emergency order is placed with an extra cost of Sh.20 per calculator.

Required

(a) The economic order quantity (EOQ) and the reorder level.

(b) The total annual relevant costs for the order quantity in (a) above.

Solution 

EOQ = 
[image: image124.wmf]*

250

50

*

475
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	Safe stock


0

1

2

3
	Holding cost

0

1 x 37.5

(2 x 37.5)

(3 x 37.5)
	Expected shortage cost

(1 x 0.16 + 2 x 0.10 + 3 x 0.04) x 20 x 13 = 124

(2 x 0.10 + 2 x 0.04) x 20 x 13  = 83.2

                                               4680

(1 x 0.04) x 20 x 13= 10.40

0
	TC
124.8
84.30

120.7

85.40

106.2

112.50


Conclusion

1) 
Keep 2 units of safety stock

2)
Reviewed re-order level = 5 + 2 = 7 units

Conclusion

Best level of safety stock = 1 unit

Revised ROP  =  ROP without safety + Safety stock


Daily demand x lead time + 1
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x 3 + 1  = 6 calculations

Question:  What is the probability of shortage for the revised re-order point.

Answer:   P (shortage)  =   = P (lead time demand > 6
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=  0.10 + 0.004





= 0.4

Tc = purchase cost + holding cost + ordering cost + cost associated with safety stock (uncertainty costs)


=  Dcp + 
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=  475 x 250 + 
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= 120,169

7.4
Unknown Stock-out Costs

Background

Often, it may be not possible to quantity stock out cost e.g. quantification of such behavioural concepts as goodwill is difficult.

Sometimes stock out cost may not even apply e.g. what is the stock out cost of a life saving drug which can be purchased for Sh.1000. If a life is lost due to its absence.

In this case, the firm will want to meet his customer needs as much as possible in any case not below a certain service level.

Def.  Service level is the % of time that the firm will not be out of stock or the probability of not being out of stock.

Therefore, service rate = 1 – probability risk of a (risk level) 

Service level + Risk level = 1

Hence in order to recommend the optimal re-order point and hence safety stock level we need the firm provides 2 data items i.e


i)  service level (or risk level)


ii)  Probability distribution of lead time demand.


Illustration 

Suppose in the preceding illustration (Brown Company) stock out cost estimated is not reliable and serviced level desire = 95% i.e. risk of a stock out is 5% , what is the best level of safety stock and R.O.P?

Solution 

	Lead time 
[image: image130.wmf]c


	Bc
	 Cost of % 

	90
	0.07
	7

	95
	0.10
	17

	100
	0.25
	42

	105
	0.50
	92

	110
	0.60
	98

	115
	0.02
	



For 95% service level - re-order point will be between 105 and 110 units.

Point estimate: Use of linear interpolation
      Service level/
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Triangle ABC and ADE are similar
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Illustration;

Refer to the preceding illustration (Brown Company). After reviewing previous lead-time demand experience, an analyst feels reasonably confident that lead-time demand can be quite adequately represented using a normal distribution that has a mean of 60 units and a standard deviation of 8 units.

(i) What R.O.P will yield a service level of 95% and

(ii) What is the level of safety stock?

Normally distributed lead time demand

          Service level
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50 – mean leverage/expected lead time value demand
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Rop= 73 units 

Question 

Determine the service level for a safety stock of 18 units

Answer

Z
[image: image163.wmf]s

= 18

Z x 8 = 18
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  0.487.5z
0.487.5+ 0.5 = 0.987.5  =  98.75%

Risk level = 100% - 98  75%

  = 1.22%

Exercise

Assume shortage cost is not known. Fit a normal distribution to lead time demand and hence calculate the ROP and safety stock level of the firm desiring to satisfy customers at least 99% of the time.

	Lead time 
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= 102 + 12 x 558

= 102 + 12

= 114 units

Safety stock level = 12 units


7.5
Perishable Items: Use of Marginal Analysis

Background

as much stock of a perishable product should be stocked each period in order to maximize longhorn profit.

· Example of perishable are edible (bread, milk, vegetable etc) newspaper and other periodical, fresh flowers, anniversary cards etc.

· This problem is also known as newsboy problem due to the newspaper vendor problem. The products are also called single period items since they are most useful within a given period of time i.e. they are a shelf life.

· A characteristic of these items is that periodic demand is uncertain but does follow some patterns which can be translated into a probability distribution.

· In such a case, an approach known as marginal analysis may be used to recommend the optimal stock level.
Illustration 

A newspaper vendor buys each newspaper copy at Sh.27 from the publisher and sells it for Sh.35.  If a paper is not sold on the particular day, it can be disposed of through other channels later at Sh.4 per copy.  From previous experience, the following data has been gathered.

	No. of copies 

Sold per day
	No. of days

	110

120

130

140

150

160

170
	10

20

40

70

40

10

10

200


Required

Recommend the best level of daily newspaper stock in order for the vendor to maximize long term profitability.

Data requirement (Marginal analysis)

1) Unit purchase cost = 27

2) Selling price per unit = 35

3) Salvage/disposal value = 4 – the 
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 also do disposal cost.

Let      Mp – marginal profit (35 – 27) = 8 shillings


ML – marginal lo9ss (25 – 4) = 23 shillings 


P    – Probability that demand > supply (desirable)

(1 – p) – Probability that demand <supply (not desirable)

Logically, the vendor should stock additional copies as long as the following condition holds;
1)
Expected marginal profit > expected marginal loss.


P x mp > (1-p) ML
Objective:  Make p the subject

Pmp = ml – pml

Pmp + pml = ML

P(m.p + m.l  = ML

P > 
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	1.00
	


This optimal quantity to stock is between 130 and 140 copies daily.
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Fit a normal distribution to Q10 and hence recommend the optimal daily supply. Decision role remains  P > 0.74
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Practice questions
Q11.
DB plc operates a conventions stock control system based on re-order levels and Economic Ordering Quantities.  The various control levels were set originally based on estimates which did not allow for any uncertainty and this has caused difficulties because in practice, lead times, demands and other factor vary.

A part of a review of the system, a typical stock item, Part No. X206, has been studied in detail as follows;

Data for Part No. X206

	Lead times
	Probability

	15 working days

20 working days

25 working days

Demand per working day

5,000 units

7,000 units
	0.2

0.5

0.3

Probability

0.5

0.5


It can be assumed that the demand would apply for the whole of the appropriate lead time.

DB plc works for 240 days per year and it costs 0.15 p.a. to carry a unit of x206 in stock.  The re-order level for this part is currently 150,000 units and the re-order cost is 1,000.

You are required:

a) To calculate the level of buffer stock implicit in a re-order level of 150,000 units;

b) To calculate the probability of a stock-out;

c) To calculate the expected annual stock-outs in ;

d) To calculate the expected annual stock-outs in unit;

e) To calculate the stock-out cost per unit at which it would be worthwhile raising the re-order level to 175,000 units

f) To discuss the possible alternatives to re-order level EOQ inventory system and their advantages and disadvantages.

Q12.
a)
Explain the meaning of the terms

i) Deterministic

ii) Stochastic

When applied to the planning and control of inventory

b)
The manager of a large sports shop, open for 50 weeks each year, holds a regular stock of quality golf balls. Although the manager has to purchase boxes of these golf balls at 9.60 per box containing 12 balls, he is prepared to sell these balls as single items.  Over the past year he has sold, on average 12 boxes of golf balls each week and it is likely that his level of sales will continue into the future.

Due to telephone, secretarial and transport costs it is estimated that the cost of receiving each order is 16.  The annual cost of storage a estimated at 20% of the stock item value and is based on the cost of storage space and the company’s cost of capital.  The manager of the shop sets a price for his goods by taking the sum of the purchase cost and the appropriately allocated stockholding cost (storage and delivery) and then applying a mark up of 50%.

Required:

i) Determine the optimum number of boxes of golf balls the sports shop manager should order at a time and the number of orders per year.

Show that the selling price per ball that results from this optimum policy is 24.

ii) The supplier offers a discount of 4% on the price of each box of golf balls if the manager is prepared to purchase 500 boxes at a time.  (It can be assumed that there are no price effects on demand).

iii) What percentage discount is required for the order quantity of 500 boxes to be beneficial to the shop customer?

Q13.  A national boutique chain sells a wide range of high quality customized fashion goods.  One particular outfit is bought in at 80 and sold at 130.  Mean holding costs per season per outfit work out at 5 and it cost 800 to order and receive goods into stock.  The manufacturers require orders in advance and once a batch has been made, it is not possible to place a repeat order.  Further, it is not possible for delivery to be staggered over the fashion season.

When a customer buys an outfit, she has a fitting, any alternations or adjustments are made, and she collects the outfit day or so later.  Generally, if an outfit is out of stock at one boutique it can be readily obtained from another branch, usually in a matter of hours.  However, if the chain as a whole runs out of an item, then not only is the profit not earned, but the 20 or so profit that comes from the extras that customers disclose of the surplus outfits at 50 each.

The pattern of past sales of a comparable outfit shows the following profitability distribution for the chain as a whole.

Outfits sold
1,100
1,200
1,300
1,400

Probability
0.30
0.40
0.20
0.10

The problem facing the management accountants of the chain is to decide how many outfits to order for the season ahead in order to maximize expected profit, bearing in mind the penalties for over and under ordering.

You are required to:

a) Determine the number of outfits to order maximize expected profits

b) Compare and contrast the model that you have developed with the classical economic order model.

SPB Ltd is a small engineering company, which is open for 50 weeks each year and specializes in the assembly of one component used in the motor industry.  This component, for which there is an annual demand of 20,000 components, is assembled from two types of bought-in part A and B.  The number of parts used in each component and their associated costs and lead times are given in the following table.

Part
Number per component
Unit cost 
Lead times (weeks)

A
3



5

1

B
8



1

3

Currently SPB retain fairly high stock levels to ensure continuous production, but liquidity difficulties seem to demand a reduction in stock levels.  SPB’s current stock control policy for these parts is outlined in the table below.

Part
Re-order quantity
Re-order level

A
5,000


5,000

B
20,000


15,000

It is estimated that each time an order is placed for any part there is a cost of 100 per order plus 0.02 per item ordered.  Also it is estimated that the storage costs of parts in stock is 20% per annum of the value of parts in addition to a fixed annual holding cost of 5,000.

Required:

a) Briefly describe the basic principles of stock control and explain why a good stock control policy is of value the management of SPB Ltd.

b) Determine the total annual cost incurred by SPB Ltd for production of these components, using the current stock control policy.

c) Assuming the given lead times are constant.

(i) Show that the optimum re-order quantities for parts A and B are 3,464 and 12,649 respectively.

(ii) Find the optimum re-order levels for each part

Determine the annual savings, both in value and percentage terms, that can be obtained by implementing this optimum stock control policy.

d) Describe the advantage of the current stock control policy compared with the optimum one if the given lead times are stochastic.

Q15.
Political Novelty Co. distributes seasonal and promotional items.  They’re trying to decide how many Republican convention elephant hats to order for one of their stores.

The hats cost $5, and sell for $B.  After-convention left over are sold to Jobbers for $1 a hall.  The historical demand pattern is:

	D
	P(D)
	Cumulative Probability

	10

11

12

13

14
	.10

.15

.25

.30

20
	.10

.25

.50

.80

1.00


Use marginal analysis to find the best order quantity for that particular store and the extend marginal gain and loss.

Q16.
The yearly demand for filters at ABC refinery id 5,000 units.  A supplier offers the following price schedule:

Up to 499 units
-
$3.00 a unit

500 to 1,999 units
-
$2.95 a unit

2,000 to 4,999 units
-
$2.85 a unit

5,000 or more units
-
$2.80 a unit

Ordering costs are $50 per order.

Carrying costs are 20 percent per year.

Find the best order quantity.

Q17.
Northwood industries produces mechanical parts for use in its assembly department.  The company can produce 40 units or part M – 15 a day, 250 days a year.

The demand for part M-15 is 4,000 a year, and each part is valued at $60.  Management would like to produce M-15 in the most economical manner.  It is known that setting up the machine for the M-15 production costs $45.

The company’s estimate of the annual carrying (holding) inventory costs is 25 percent of the value stored.

Determine:

a) The optimal production run (lot size), (L*):

b) The daily production schedule, i.e., when the company will produce M-15 (T1), is:

c) The total cost if the optimal solution is followed:

d) The maximum inventory level:

Given

P = 40 x 250 = 10,000 units/year

D = 4,000 units/year

K = $45

H = 25 x 60 = $15

Hookco make fishing kits, sold throughout Tourista Island.  The yearly demand is known to be 20,000 units.  The kits are prepared on an assembly line with a preparation (set up) cost of $150 per one production order.  The fishing kits cost $50, keeping them in inventory costs Hookco 30 percent a year.

Hookco has a monopoly on fishing kits on Tourists.  If a customer does not find a kit today he will wait until he can get one.  Thus, the company may have a backlog of orders, but some tourists bring their own fishing kits from the mainland.  Hookco estimates that such a loss of goodwill costs them $5 per short unit per year.

The company would like to find out:

a) The optimal production of kits (order size)

b) The maximum inventory level

c) The annual shortage cost.

d) The annual total relevant cost as compared to the regular EOQ.

Q19.
Perform ABC analysis using the following data:

	Item 
	Units
	Unit price (Rs)
	Item 
	Units
	Unit Price (Rs)

	1

2

3

4

5

6
	700

2,400

150

60

3,800

4,000
	5.00

3.00

10.00

22.00

1.50

0.50
	7

8

9

10

11

12
	6,000

300

30

2,900

1,150

410
	0.2

3.50

8.00

0.40

7.10

6.20


Question Twenty

A dealer supplies you the following information pertaining to an item of inventory

Annual demand

:
800 units

Buying cost


:
Rs 150 per order

Inventory carrying cost
:
Rs 3 per unit per year

Back-ordering cost

:
Rs 20 per unit per year

(i) What will be the optimal number of units of the inventory item he should buy in one lot?

(ii) What quantity he should allow to be back-ordered?

(iii) What will be cost-savings, if any, resulting from back-ordering?

(iv) If the dealer wants that more than 25% of the units can be back-ordered, should the policy of back ordering be adopted?

Here, D = 800 units, A = Rs 150/order, h = Rs3/unit/year and b = Rs 20/unit/year.  With these inputs

S* = √2ADh


   Hb + b2
= √2 x 150 x 800 x 3 = 40 units


20 x 3 + 202


(iii) Cost savings from back ordering can be calculated as follows;

(iv) Total relevant cost (with back-order) =

Total relevant cost (without back-orders) =

Thus, cost saving by back-ordering

(v) Maximum inventory level

(vi) Here, the optimal number of units which can be back-ordered by the dealer is 40, which is less than 25% (of the ordering ).  Since the percentage of back-orders is within the limit, specified, the given statement has no effect on the results obtained.  The policy of back-ordering should obviously be adopted.

Quest Twenty one

Perishable Products

Art Albert has a newsstand at the corner of Manhattan and Missouri streets.  He must determine how many copies to order of the Sunday Scoop, the area’s newspaper.  Papers cost him $1.00 and he can sell them for $1.50.  The scoop does not allow him to return any unsold papers.  This is small town, and Albert estimates the demand for paper to be as follows;

	Demand
	P(Demand)

	50

51

52

53

54

55

56
	0.05

0.13

0.19

0.21

0.24

0.12

0.06

1.00


Required

Determine the optimal number of papers to order.

Question Twenty Two

Perishable Product

The Sparta Plainsman is a daily newspaper with a wide circulation throughout several small towns in Ohio.  The paper has been plagued with returns of unsold copies, for which it gives full credit.  The company charges its dealers $0.09 per copy, the same price it pays the dealers when it buys back unsold copies.  Variable costs of printing are $0.03, and unsold copies can be converted to scrap paper, brining in a net of $0.005 per copy.  To Swetnam, the publisher, has been trying to determine how many copies to print a day.  Sales seem uniformly distributed between 5,000 and 7,000 copies a day.

Required;

How many copies should be produced each day?

Question Twenty-Three

Safety Stock

MaBell Telephone Co. of Metropolies City has a policy letting customers have any model phone they prefer, in 95 percent of the cases.  One of the most popular models, Foxytel (a telephone with a memory for 24 numbers), has an annual rate of demand of 18,000 units.  The local office orders the telephone from a manufacturing center.  It takes ten days from the time that an order is placed to the time that a 

Foxytel is received and available for distribution.  Foxytel demand fluctuates; during a ten-day period it shows a normal distribution with a standard deviation of 75.  The office is open to the public Mondays through Fridays 8 1.m to 7 p.m. for a total of 240 days a year.

A Foxytel costs MaBell $50.  The company figures on a 30 percent annual carrying cost, $150 ordering cost and an $80 “shortage cost” (cost of loss of goodwill).

The company would like to find the inventory policy which will minimize its total cost, allowing it to provide the desired service level.

Given:

D
=
18,000 per year, or 75 per day

K
 = 
$150

H
=
.3 x $50 = $15/unit/year

B 
=
$80/Shortage

Lend time = 10 days

Demand during lead time = 18,000 x 10 = 750 units





240

Desired service level = 95%

Standard deviation during lead time= 75 units

Question Twenty Four

Naivasha Traders Ltd operates a conventional inventory control system based on the economic order quantity (BOQ) technique.

The management accountant has argued that the current inventory system is rigid and does not allow for uncertainties.  He is of the view that the system should be reviewed to allow for uncertainities.

Art analysis of stock item x 100 has revealed the following details:

	Lead time (days)
	Probability
	Demand per day (units)
	Probability

	15

20

25
	0.2

0.5

0.3
	5,000

7,000
	0.5

0.5


Additional information

1. It costs Sh.0.15 annum to carry a unit of stock item X100 in stock

2. The daily demand applies for the whole of the appropriate lead time.

3. The re-order level of item x 100 is currently held at 150,000 units and it costs Sh.1,000 to execute an order

4. Assume a 240 day year.

Required:

(a) Calculate the level of buffer stock implicit in a re-order level of 150,000 unit.  Interpret your result

(b) Calculate the probability of a stock-out

(c) Calculate the expected annual stock-out in units.

(d) Determine the stock-out costs per unit at which it would be worth raising the re-order level to 175,000 units.

(e) Indicating its advantages and disadvantages, briefly explain an alternative system to a fixed order EOQ inventory system.

Kiwanda Manufacturing Company Ltd (KMCL), a small size company, is a client of Town bank.  The Managing Director of KMCL, visited the Town Bank offices to apply for an additional line of credit in ensuring discussion the Town Bank loan officer noticed that KMCL could save a substantial amount of money by improving on its inventory management.

As part of the bank’s loan application analysis policy, the loan officer invited the Management Accountant of KMCL for further consultation.  From the conversion, it emerged that the company holds a substantial quantity of a particular raw material in its warehouse.  The Management Accountant provide the following information on the raw material:

	Invoice cost per unit

Shipping charges

Annual handling and inspection

Inventory insurance

Cost of raw material

Warehouse utilities

Warehouse rental

Unloading costs for units

Receiving supervisor’s salary

Processing invoices and other

Purchase document
	Sh.120.00

Sh.2.50 per unit plus Sh.14,000 per shipment

Sh.1.00 per unit per year

Sh.2.60 per unit plus Sh.15,000 per year

Sh.980.00 per month

Sh.11,500 per month

Sh.0.80 per unit

Sh.17,600 per month

Sh.186 per order




The company’s policy is to order 5,000 unit each time and maintain a safety stock of 3,000 units.  The annual demand for the raw material is 45,000 units.  The lead time for an order is 10 working days.

The Management Accountant has also indicated that if there is a stock-out, it would be necessary to obtain the raw material by a special courier service at an additional cost of Sh.8,100 per stock-out.

The probabilities of a stock-out at various safety stock levels were given as follows

	Safety stock (unit)
	Probability of stock-out

	500

1,000

1,500

2,000
	0.25

0.08

0.02

0.01


Additional information

1. The company’s cost of capital is 10%

2. You are advised that there are 250 working days in a year

3. The raw material is ordered in multiples of 250 units

4. For analysis purposes, a stock-out probability of 0.02would be reasonable for order cost determination in an optimal inventory policy.

Required:

(a) The annual cost of the company’s present inventory policy

(b) Recommend an optimal quantity for the company based on the information provided

(c) Recommend an optimal safety stock level.

(d) Advise the management of KMCL on the savings to be realized from the optimal order quantity in (b) above

(e) The reorder level for the company

Question Twenty Six

(a) Manukato Ltd, produces a designer perfume called “Hint of Elegance”.  Production of the perfume involves the use of two ingredients x1 and x1 represented by the production function given below:

Y = x1 x2

Where Y = Number of bottles of designer perfume produced



X1 = units of ingredient1.



X2= Units of ingredient 2.

Currently, the company is operating at a level where the daily usage of x1 and x2 is set at 250 units and 360 units respectively.

The price of the designer perfume and the cost of ingredients x1 and x2 are random variables.  The data below relate to the three random variables.

	Selling price of Y (per bottle)
	Probabilities

	Sh.

4,000

4,500

5,000

5,500

Sh.

1,000

1,500

2,000

2,500

Cost of ingredient X2

1,500

2,000

2,500

3,000
	0.15

0.35

0.20

0.30

0.10

0.05

0.35

0.50

Probabilities

0.20

0.25

0.15

0.40




Required

(i) Calculate the daily expected profit of the company

(ii) Simulate the company’s profit for 10 days using the following random numbers

58, 71, 96, 24, 18, 46, 23, 34, 27, 85, 13, 99, 24, 44, 49

18, 09, 79, 49, 74, 16, 32, 23, 02, 56, 88, 87, 59, 41, 06

(b) Nairobi manufacturers Ltd produces component X on machine Y at a rate of 4,000 units per month.  Machine Z uses component X at the rate of 1,000 units per month, the remainder being put into stock.  It costs Sh.2,000 to set up machine Y while the stock holding cost is estimated at sh.2.50 per unit per annum plus a 20% opportunity cost of capital per annual.  Each component costs Sh.25 to produce.

Required:

(i) Compute the optimal batch size that should be produced using machine Y

(ii) Assume that the actual set-up cost of machine Y is Sh.1,000 instead of Sh.2,000.  Calculate the cost of prediction error.

Question Twenty Seven

Nyali Ltd is a distributor of an industrial chemical in the South Coast. The chemical is supplied in drums which have to be stored at a controlled temperature.  The company’s objective is to maximize profit, however the management team disagrees on the stock control policy and holds the following different views:

The Managing Director’s view

The company’s managing director (MD) wishes to improve to improve the stock holding policy by applying the economic order quantity (EOQ) model.  Each drum of the chemical cost Sh.5,000 from a supplier and is sold for Sh.6,000.  The annual demand is estimated to be 10,000 drums which the MD assumes to be evenly distributed over the 300 working days in a year.  The cost of delivery is estimated at sh.2.500 per order and the annual variable holding cost per drum at Sh.4,500 plus 10% of the purchase price.

The Purchasing the Manager’s View

Provided in the employment contract of the company’s purchasing manager (PM), is a clause stating that he will receive a bonus (rounded to the nearest Sh.1000) calculated as follows:

b  is the annual bonus

Oc is the annual ordering cost

He is the annual holding cost

Using the same assumption as the MD, the PM points out that in making his calculation, the MD has not only ignored the bonus but also the fact suppliers offer quantity discounts on purchase orders.  Where if the order size is 200 drums or above.  The price per drum for an entire consignment is only Sh.4,990 compared to Sh.5,000 when the order is between 100 and 199 drums and Sh.5,010 when an order is between 50 and 90 drums.

The Finance Director’s view

The company’s finance director (FD) accepts the need to consider quantity discounts and pay a bonus, but he also holds the view that the MDs approach is too simplistic.  He points out that there is a three days lead time for an order and that demand has not been entirely even over the past.  Moreover, if the company has no drums of the chemical in stock, if will lose specific orders as potential customers will source the chemical from competitors.  He gives the frequency of lead time demand over the last year as follows:

	Demand during lead time

(No. of drums)
	Frequency

	106

104

102

100

98

96

94
	4

10

16

40

14

14

2


Under the circumstances, the MD decided that he would seek further advice on the course of action to be taken by the company.

Required

(a) The EOQ as originally determined by the company’s managing director.

(b) Determine the optimum order quality, taking into consideration the MD’s assumption and after allowing for the purchasing manager’s bonus and supplier quantity discount.

(c) The safety stock the company should maintain after applying the finance director’s assumptions and assuming further that the supplier’s contract requires that the order quantity be constant for all the orders in a year.

(d) As a consultant, write a brief report to the managing director on the company’s stock ordering and stock holding policies, referring where necessary to your answer in (a) to (c) above.  The report should refer to other factors that should be considered when making the final decisions on stock ordering and holding policies.

Question Twenty Eight

(a) From past experience, a company operating a standard cost accounting system has accumulated the following information in relation to variances in monthly management accounts.

1. Its variance fall into two categories:

Percentage of total number of variances


Those which are not worth investigating 

64  


Those which are worth investigating


36









100

2. For the first category corrective action has eliminated 70% of the variances, but the remainder have continued unchanged.

3. The cost of an investigation averages Sh.3,500 and that of correcting variances average Sh.5,500.

4. The average cost of any variance not corrected is Sh.5,250 per month and the company’s policy is to assess the present value of such costs at 2% per month for a period of five months.

Required:

(i) Two decision trees to represent the position if an investigation is carried out and the position when an investigation is not carried on.

(ii) Recommend with supporting calculation whether or not the company should follow a policy of investigation variances as a matter of routine.

(iii) Explain briefly two types of circumstances that would give rise to variances in the first category and two types of circumstances that would give rise to variances in the second category.

(b)
Kenya Fashions Ltd sells a wide range of high quality customized outfits.  On particular outfit is bought at Sh.800 and sold at Sh.1,300.  Mean hold costs per season per outfit amounts to Sh.50 and it costs Sh.8,000 to order and receive goods into stock.  The manufacturers require orders in advance and once a batch has been made, it is not possible to place a repeat order.  Further, it is not possible for delivery to be staggered over the fashion season.

When a customer buys an outfit, she has a fitting, any alterations or adjustments are made and then she collects the outfits a day or so later.  Generally if an outfit is out of stock at one branch, it can be readily obtained from another branch, usually in a matter of hours.  However, it the company as a whole runs out of an item, then the cost of the stockout is Sh.200 per item.  If the company over buys for a season, then it is expected that it will be able to dispose of the surplus outfits at Sh.500 each.

The patters of past sale of a comparable outfits shows the following probability distribution for the chain as a whole

	Outfits sold

Probability
	1,100

0.30
	1,200

0.40
	1,300

0.20
	1,400

0.10


The problem facing the management accountant of the company is to decide how many outfits to order for the season ahead in order to maximize expected profit, bearing in mind the penalties for over and under ordering.

Required:

i)
Determine the number of outfits to order to maximize expected profits

ii)
Compare and contrast the model that you have developed with the classical economic order quantity model.

Question Twenty Nine

(a) Explain the advantages and disadvantages of the Just-In-Time (JIT) inventory system

(b) A company has determined that the EOQ for its only raw material is 2000 units every 30 days.  The company knows with certainty that a four-day lead time is required for ordering.  The following is the probability distribution of estimated usage of the raw material for the month of December 2002.
	Usage (units)
	Probability

	1800

1900

2000

2100

2200

2300

2400

2500
	0.06

0.14

0.30

0.16

0.13

0.10

0.07

0.04


Stock-outs will cost the company Sh.100 per unit and the average monthly holding cost will be Sh.10 per unit.

Required:

(i) Determine the optimal safety stock

(ii) Compute the probability or being out of stock

Question Thirty

Kako Ltd is a large cash and carry warehouse which sells electronics.  Kiko Ltd purchases, the most popular model of calculators (FX 100) directly from the manufacturer at a cost of sh.250 each.  Average sales per a 300 day year are 475 calculators.  Whenever an order with manufacturer is placed.  Kiko Ltd incurs a cost of sh.50.  The stock holding costs are estimated at sh.12.50 plus 10% opportunity cost of capital.  The lead time is three days.  During the last 50 stock cycles the demand during the lead time has generated the following frequency distribution.

	Lead time demand

Number of stock cycles


	0

1
	1

2
	2

6
	3

8
	4

10
	5

8
	6

8
	-

5
	8

2


Each time the warehouse runs out of stock, an emergency order is placed with an extra cost of Sh.20 per calculator.

Required

(c) The economic order quantity (EOQ) and the reorder level.

(d) The total annual relevant costs for the order quantity in (a) above.

Question Thirty One

Paul Akili, an aggressive entrepreneur, is working on some make or decisions and a related inventory system.  For one such product he decides to use the classic economic – lot – size model with no stockouts to determine an optimal order quantity.  He initially predicts that annual demand will be 2000 units that each unit will cost Sh.2,565, that the incremental cost of processing each order (and receiving the ordered goods) will be Sh.3,819 in this case and the incremental cost of storage will be Sh.342 per physical unit per year.

Assume that the inventory cycle precisely repeats every year.

Required

(a) What is the optimal order quantity

(b) What are the total relevant costs of inventory from following your policy in (a) above?

(c) Suppose that Paul Akili is incorrect in his Sh.3,819 incremental – cost – per – order prediction but is precisely correct in all other predictions.

State and solve the equation in predict the maximum amount Paul Akili should pay to discover the true incremental cost per order if:

(i) This true cost is sh.1,881 per order and

(ii) In the absence of any knowledge to the contrary, Paul Akili will implement the solutions in (a) above and will not alter it for one full year.

(d) What happens to your answer in (c) above if we admit that Paul Akili has also made errors in predicting demand price and cost of storage?

(e) Suppose Paul Akili implements the solution in (a) above for two years.

Further suppose that all of his initial predictions were, and are, correct expect that the actual incremental cost of storage is Sh.1,140 per average unit.  If it costs Akili a total of Sh.228 to alter his inventory policy, state the equation to determine the cost of prediction error of not changing his inventory policy at the beginning of the second year.

Question Thirty Two

James Ugenya is the Financial Director of Ugenya Ltd.  He wishes to install an inventory control system and in particular calculate and utilize an optimal order quantity using the EOQ model.  He has collected the following data about inventory item NPD.

· Purchase price




Sh.31.25 per unit

· Inventory insurance and other variable

· Cost of storage paid at year end

Sh.0625 per unit

· Annual demand



1,250 units

Ugenya’s opportunity rate of return is 10 per cent.  He anticipates no need for a safety stock.  He is unsure about the cost behavior associated with ordering inventory.  He collected some data about the most recent 20 orders made for inventory item NPD.  He also ran a regression using the number of units in each other to predict the total cost of the order.  The results are as follows.

Total cost in shillings


=
55.0 + 3.4215x

Standard errors of the coefficients

11.0 
0.54

r2 = 0.83

x= number of units ordered

EOQ =  2AP



2

Where 

A
-
Annual inventory requirement

P   -
Ordering cost per order

S
-
Carrying cost per item per annum

Required

(a) Using only the data given above, what optimal order quantity would you recommend?

(b) What is the 95% confidence interval of the variable ordering cost per unit ordered?

(c) List two regression assumptions that must be maintained in order to answer (b) above.

(d) The actual costs of ordering turned out to be sh.50 per order plus Sh.4,375 per unit ordered.

Assuming that the recommendation in (a) above were implemented, what was Ugenya’s cost of prediction error.

QUESTION THIRTY THREE

a) ZED Ltd maintains a perpetual inventory system.  The economic order quantity (EOQ) model has established an economic order quantity of 2,5000 units with an average daily usage of 50 units and a lead time of 20 days for its single input product X.

The following information relates to the usage of product X during the re-order period

	Usage during the re-order period (units)
	Number of times the quantity was used

	900

950

1,000

1,050

1,100

1,150
	17

20

45

10

5

3


Additional information

1. Stock-out cost is Sh.300 per unit

2. The optimum number of orders based on the EOQ model is 6 times per annum

3. The annual carrying cost per unit is sh.60

Required

(i) Advise the management accountant of ZED Ltd on the desired level of safety stock in order to minimize total inventory costs.

(ii) State the assumptions of the economic order quantity (EOQ) model

(e) Upendo Ltd stocks a seasonal product named “Tamu” at the beginning of every Christmas period.  The product costs Sh.5,000 and sells for Sh.10,000.

(f) The following data relate to the probability distribution of demand for the product.
	Number of units stocked
	Probability of demand
	Cumulative probability

	6,000

5,000

4,000

3,000

2,000
	0.05

0.15

0.15

0.25

0.40


	0.05

0.20

0.35

0.60

1.00
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8.1 Introduction

Simulation is a general method which can be used to solve problems in many areas of management such as:

· Inventory management 

· Queuing problems 

· Capital budgeting 

· Project  management 

· Profit planning (c-v-p analysis) and so on.

It is usually used when the number of assumptions in a modeling exercise is large so that a number may be violated.

Simulation is not an analytical technique, neither is it an optimization tool.  An experiment is run  and with the results, statistical inferences are drawn about the general characteristics of the population.

Definition 

Simulation can be defined as a quantitative technique which describes a process by developing a model of that process and then conducts a series of organized trial and error experiments to predict the behaviour of that process through time often with the aid of a computer.

When simulation is used.

1.
Unrealistic or untenable assumptions.

2.
When a system takes too long to observe e.g. demographic (population) issues (time compression advantage)   

3.
Cost and danger of experimenting with real world situations

4.
Difficulty of observation e.g. space research and particle (moleculer) research
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	8.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of simulation

2. Calculate simulation questions involving Monte Carlo simulation

3. Outline the applications of simulation

4. List the role of computer in simulation



8.3
Types of Simulation

1.
Discrete Vs Continuous Simulations 

· Discrete  - The relevant variables take on specific values i.e. there’s existence of gaps e.g. number of units of a product which are demanded.  

· Continuous  - The relevant variables take every value within a given range.  These are measurements of time, mass, weight or length.  E.g. time a candidate takes to complete a 3 hour exam 

2.
Deterministic Vs Stochastic Simulations 

· Deterministic: -  The factors or variables under consideration are known with certainty so that a specific outcome is certain given a set of inputs e.g. in c-v-p under certainty, profit can be simulated with certainty if we know price, costs and output.
· Stochastic  -  Factors under consideration are not known, i.e. theys are uncertain and hence they are better treated as random variables.

Most simulations have at least one factor as uncertain e.g. in c-v-p analysis,  
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                   At least one of these is uncertain 

3.
Fixed Interval Vs Next event Simulations
· Fixed interval  -  Within a given interval, we want to count the occurrences of a given variable e.g. sales per day.  In this case, day (time) is the fixed interval.  Number of errors per page, in this case, page (space) is the fixed interval.

· Next-event simulation  -  The time or space when something happens next is the subject of analysis.  E.g. how long does the next machine take to break down? “How long” is the next event.

Steps in Simulation

1.
Define the problem

2.
Identify the relevant decision variables

3.
Formulate the model you intend to use

4.
Specify values of the decision variables to be tested and collect the relevant data.

5.
Test the model by comparing its behaviour with that of the actual problem environment i.e. run the simulation trials.

6.
Change the values of the decision variables in step 4 and run the trials again.  This process is repeated until the results approximate reality as closely as possible or until some other objective is achieved, e.g. 


* Weekly profit is maximized


* Daily cost is minimized and so on.

7.
Make recommendations to management

Examples 

i)
A set of prices and costs and supply-demand relationships could be used to simulate profits

ii)
The components of a queuing system such as arrival rates and service rates could be used to simulate a queuing system to generate such data as waiting times, length of a queue, probability of the facility being busy and so on.

iii)
In inventory management, such variables as demand and leadtime can be used in simulation to generate such cost data as holding cost, shortage cost and ordering cost

8.4
Monte Carlo Random Number Allocation

This is a way of allocating random numbers.  When a system contains 

elements that exhibit chance in their behaviour, the method of  Monte Carlo

sampling may be applied.

The basis of this method is experimentation on the chance  or probabilistic 

elements through sampling.

Steps 

1.
Set up probability distributions for the relevant random variables

2.
Build a cumulative probability distribution for each variable in step 1.

3.
Establish intervals of random numbers (RNs) for each variable and allocate the random number ranges.

4.
Obtain the random numbers.  These can be obtained from 


(i)
RN table


(ii)
Calculators 

(iii) Computers

5.
Run the simulation trials

RNs and their Allocation 

1.
For the uniform RN table, each digit has an equal chance of occurring at any point in the table (hence “uniform”  distribution)

2.
Each number or group of numbers is allocated once and once only.

3.
The numbers allocated to a value of the random variable is directly proportional to the probability of that value

4.
(i)
Single decimal probability distributions are allocated 10 digits i.e. 

from 0 to 9 or from 1 to 0

(ii) Two decimal probability distributions are allocated 100 digits i.e. from 00 – 99    or  01  -  00

(iii) Three decimal probability distributions are allocated 1000 digits i.e.

from 000  -  999    or  001  -  000, and so on.

8.5
Simulation Applications

8.6
Role of Computer in simulation

1.
It generates random numbers 

2.
It simulates thousands of trials extremely fast, accurately and reliably. 

A computer can also store large mass of data 

3.
A computer simulates several combinations of decision variables (e.g. order quantity and re-order level in inventory management or one service channel and two service channels for queuing system) in a matter of seconds

4.
It provides management with printed reports which are very useful in decision making. 

8.7
Advantages of Simulation

1.
Simulation is well suited to problems which are difficult or impossible to solve analytically e.g. where many assumptions are unrealistic e.g. in queuing problems, inventory management, capital budgeting and so on.

2.
It allows an analyst or decision maker to experiment with system behaviour in a controlled environment instead of real life setting which can be very costly and has inherent risk. 

3.
It enables a decision maker to compress time in order to evaluate long term effects of various alternatives

4.
Simulation can serve as a mode for training decision-makers by enabling them to observe the behaviour of a system under different conditions without experimenting with the actual system, e.g. military and medical training. 

5.
Simulation has the advantage of being relatively free from complicated mathematics and thus it can easily be understood by the operating personnel and non-technical managers.  This helps in getting the proposed plans accepted and implemented.

6.
Simulation models are comparatively flexible and can be easily modified to accommodate the changing environment.

With a computer, a manager can try out several policy options in a matter of minutes

7.
Simulation allows us to study the interactive effect of individual components or variables to determine which ones are important

8.
Recent advances in software makes some simulation models very easy to develop.

8.8
Disadvantages of Simulation

1.
Simulation is not precise.  It is not an optimization process and does not necessarily yield an optimal answer but merely provides a set of the systems responses to different operating conditions.  In many cases  this lack of precision is difficult to measure.  However as number of simulation trials increases, precision increases provided the probability distribution of the relevant variables does not change.

2.
A good simulation model may be expensive in terms of 


(i)
design personnel (consultants). 


(ii)
computing facilities, especially software

3.
A Simulation model is unique.  Its solutions and inferences are not usually transferable to other problems.  This further increases the cost of simulation.

4.
Simulation can take time in terms of:


(i)
data collection


(ii)
design of the model


This could delay decision making which is costly in the long run.

5.
In a number of situations, it is not possible to quantify all the variables that affect the behaviour of a system.

8.9
Overview of a simulation Study in Practice
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	8.10
Summary
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	9.2 Objectives

At the end of this lecture you should be able to:

1. Apply ABC analysis in inventory control

2. Explain the meaning of JIT in inventory control

3. Explain the meaning of VED

4. Explain the meaning of SAP

5. Explain the meaning of Two-bin system

6. Explain the meaning of FSN analysis




ABC ANALYSIS

An activity based system that generates costs of relating consumption of resources to activities, with greater discrimination than does a system of traditional methods.

In large firms, there are many items that are stored and it is therefore, important that effort should be concentrated on the most cost-effective areas.

Thus inventory items are classified into three groups.

A. High value items.  The 15-20% of the items that account for 75-80% of the total inventory value.

B. Medium value items.  The 30 – 40% of the items that account for approximately 15% of the total value.

C. Low value items: The 40-50% of the items that account for 10-15% of the annual inventory value.

Interpretation

a) Group A should be monitored more closely, perhaps daily

b) Group b should have less attention

c) Group C should receive least attention

1. Facilitates inventory control and control over-usage

2. Eliminates unnecessary paperwork involved in control procedures.

3. Facilitates selective control thereby freeing up management time

4. Reduces stock-holding costs.

5. The company is able to concentrate on high value items.

Disadvantages

1. Items of low value, but important may be ignored.

2. Does not permit precise consideration of all relevant inventory management problems e.g. adequate handing.

3. The use of volume is a wring performance measure; instead, some measure of profitability is more desirable.

4. It may need the accumulation of a lot information.

ABC (Always Better Control) Analysis

It classifies all the inventory items into three categories based on their usage values.  Items of high usage but small in number are classified as `A’ items and would be under strict control.  `C’ items are large in number but require little capital and would be under simple control.  Items of moderate value and size are classified as `B’ items and would attract reasonable attention of the management.  The following steps are generally performed for the ABC analysis:

1. Find the annual usage value of every item in the sample by multiplying the annual requirement by its unit cost.

2. Arrange these items in descending order or usage value computed above.

3. Accumulate the total number of items and the usage value.

4. Convert the accumulated totals of number of items and usage values into percentages of the grand totals.

5. Plot the two percentages on the graph paper.

6. Mark the cut off points X and Y where the curve changes its shape dividing it into three segments A,B and C.  These segments A, B and C for the sample are then generalized over the entire population of stock items.
Example 

The following information is known about a group of items.  Classify the items as A,B and C.

	Item No.
	Annual consumption in pieces
	Unit price in paise

	501

502

503

504

505

506

507

508

509

510


	30,000

2,80,000

3,000

1,10,000

4,000

2,20,000

15,000

80,000

60,000

8,000
	10

15

10

5

5

10

5

5

15

10


Solution

The first step is to compute the annual usage value for each item by multiplying the per unit price by the annual use and to rank them in the descending order of the annual usage values.

	Item No.
	Annual consumption in pieces
	Unit prices in paise
	Annual usage value in Rs.
	Ranking

	501

502

503

504

505

506

507

508

509

510


	30,000

2,80,000

3,000

1,10,000

4,000

2,20,000

15,000

80,000

60,000

8,000
	10

15

10

5

5

10

5

5

15

10
	3,000

42,000

300

5,500

200

22,000

750

4,000

9,000

800
	6

1

9

4

10

2

8

5

3

7


The next step is to accumulate the total number of items and their usage value and then to convert the accumulated values into the percentages of the brand totals.  This is done in the below table.

	Item No.
	Category
	Unit prices in paise
	Annual usage value in Rs.
	Ranking

	502

506

509

504

508

501

510

507

503

505
	A

B

C
	Rs. 42,000

22,000

9,000

5,500

4,000

3,000

800

750

300

200
	Rs. 42,000

64,000

73,000

78,500

82,500

85,500

86,300

87,050

87,350

87,550
	10

20

30

40

50

60

70

80

90

100


The cumulative percentage of usage values and number of items are plotted.
Mark the cut-off points X and Y where the curve changes its shape.  This divides the curve in three segment A,B and C.  It may also be noted from table that the first two items have a large annual value, the next four, a moderate annual value and the remaining four, a small annual value.  These may be categorized as `A’, `B’ and `C’ items respectively.

From plot as well as table, it is clear that it is necessary to lightly control only 20% of the inventory items (the `A’ class) to achieve tight control over 73% of the total annual value of inventories.  On the other hand, 40% of the items (the `C’ class) can be virtually ignored and yet there will be loss of control over only less than 2% of the total annual value.

JUST-IN-TIME (JIT) ANALYSIS

This method was developed by Toyota Motor Corporation in Japan in the mid-70s.  JIT takes its name from the idea of replenishing material buffers when they are needed and not before or after.

JIT can be defined as the production of the necessary items of high quality in the necessary quantities at the necessary time i.e. production is managed such that necessary supplies are delivered immediately before they are used.  Thus with JIT approach, queues waiting processing at an operation are minimal.  Work in progress, therefore, is low throughout times are reduced, space requirements are reduced and flow through the system is virtually continuous.

Just in time means the raw materials are received just in time to go into production manufactured parts are completed just in time to be assembled into products and products are completed just in time to be supplied to consumers. 

In JIT, inventories are minimized and work is not done until required.  Items are not processed until required at the next process, and processes are interdependent.

JIT is based on three primary tenets:

1. Minimizing waste in all forms.

2. Continually improving processes.

3. Maintaining respect of all workers.

How it assists in inventory/production control

The principle feature of JIT approach concerns management of inventories.  JIT aims to create a zero or low level inventory operating system.  As one worker explained, `under a JIT system you don’t produce anything, anywhere, for anybody unless they ask for it somewhere downstream, inventories are an evil that we are taught to avoid.”

The result has been a substantial reduction on ordering and warehousing costs, and a streamlining of operations that has permitted these companies to meet competition that has become global in nature.

Elements of a JIT system

1. Reduced set up times and small batch sizes.

2. Efficient flow i.e. elimination of non-value added activities.

3. The entire system is led or pulled by demand.

4. Employee involvement who must be multi-skilled in a JIT environment.

5. Kariban system.

6. Visibility.

7. A company must develop a Total Quality Control (TQC) over its parts and materials.

8. A company must learn to rely on a few suppliers who are bound under long-term contracts and must be willing to make frequent deliveries in small lots online deliveries.

9. Emphasis zero defects.

Techniques to achieve the objective of JIT

· Blanket orders: There’s no need for detailed orders and specifications.

· Paperless payments.  When we know the components of a product, we therefore, pay without invoices.

· Electronic ordering: Information should be share with suppliers.

· Flexible design: The standardization and customization due to compatibility of components across many products.

· Flexibility capital.

· Demand management: By controlling access to make demand and use of constrained capacity.

Advantages

1. Reduced inventories and work in progress

2. Reduced space requirement

3. Shorter throughput times

4. Greater employee involvement, participation and motivation

5. Smoother workflow

6. Greater productivity

7. Improved product service quality

8. Improved customer service

9. More uniform loading of facilities

Disadvantages

1. JIT is applicable in primary to more repetitive production situations involving relatively standard products rather than either custom, continuous flow, or projects situations.

2. JIT demands discipline, if products don’t arrive on time or if defects occur production will stop.

3. If current environment is one of suspicion, distrust and competition, JIT will not operate.

4. Idle time in workstation.

5. It require in workstation.

6. A lot of accurate information is required.

In conclusion, JIT inventory system is a better approach to control of inventory related costs and inefficiencies, but it’s development and adoption in Kenya is quite slow.  This is due to uncertainties surrounding most operating systems e.g. of demand, the processing time of particular operations due to issues the power rationing, scrap and loss rate e.t.c.  This has led to building up of inventories onto the system to provide some degree of safety and to `decouple’ processes.

References

1. MEREDITH J.R. The management of Operation : A conceptual emphasis.

2. WILD, R., Production and Operations Management.

3. GARRISON, R.H. Managerial Accounting.

4. PARDOE, K, & WYDORN G. Management Science Applications

VED Analysis

In VED analysis, the items are classified on the basis of their criticality to the production process or other services.  In the VED classification of materials, V stands for vital items without which the production process would come to a standstill.  E in the system denotes Essential items whose stock-out would adversely affect the efficiency of the production system.  Although the system would not altogether stop for want of these items, yet their non-availability might cause temporary losses in, or dislocation of production.  The D items are the Desirable items which are required but do not immediately cause a loss of production.  The VED analysis is done mainly in respect of spare parts.

HML Analysis

This is similar to the ABC analysis expect that, in this analysis, the items are classified on the basis of unit cost rather than their usage value.  The items are classified accordingly as their cost per unit is H-high M-medium or L-low.  This type of analysis is useful for keeping control over materials consumption at the departmental level.

SDE Analysis

This uses the criterion of the availability of items.  In this analysis, S stands for Scarce items which are in short supply, D refers to the Difficult items – meaning the items that might be available in the indigenous market but cannot be procured easily; while E represents easily available items, from the local markets may be.

S-OS Analysis

S-OS analysis is based on the nature of supplies, wherein S represents the seasonal items and OS represents the Off-Seasonal items.  This classification of items is done with the aim of determining proper procurement strategies.

FSN Analysis

Based on the consumption pattern of the items, the FSN classification calls for classification of items, as Fast moving and Non-moving.  Some analysts classify the items as FNSD: Fast-moving, Normal-moving, Slow-moving and Dead (or non-moving).  This `speed’ classification helps in the arrangement of stocks in the stores and in determining the distribution and handling patterns.

XYZ Analysis

XYZ analysis is based on the closing inventory value of different items.  Items whose inventory values are high, are classed as X items while those with low investment of them are termed as Z items.  Other items are the Y items whose inventory value is neither too high nor too low.

It can be easily visualized that the various types of analysis discussed are not mutually exclusive.  They can be, and often are, used jointly to ensure better control over materials.  For example ABC and XYZ analyses may be combined to classify and control depending on whether the items are AX, BY, CY, AY …. and so on.  Similary, XYZ-FSN combine classification exercise will help in timely prevention of obsolescence.
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10.1 Introduction

In the preceeding lectures we have been discussing about inventory techniques for independent demand items i.e end items. We will now discuss inventory models for dependent demand items. These models include; MRP, MRPII, DRP and ERP systems.
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	10.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of dependent demand

2. Distinguish between dependent and independent demand

3. Distinguish between MRP and MRPII

4. Explain the meaning of DRP

5. Explain the meaning of ERP

6. List advantages of ERP 




 Materials and requirements planning (MRP) 

MRP, developed in the 1960s, is a technique that assists in the detailed planning of 
production and has the following characteristics: 

· it is geared specifically to assembly operations 

· it is a dependent demand technique 

· it is a computer-based information system. 

The aim is to make available either purchased or company manufacturing assemblies 
just before they are required by the next stage of production or for delivery. MRP enables 
orders to be tracked throughout the entire manufacturing process and assists purchasing 
and control departments to move the right supplies at the right time to manufacturing 
or distribution points. 

MRP has many similarities to JIT. Some comparisons are shown in Table 10.8. 

JIT and MRP should not, however, be thought of as opposing systems. In many 
organisations, the two systems are successfully combined. For example, it is import- 
ant that a strong MRP II (see section 10.17) planning environment will facilitate JIT 
execution. Ideally the two systems are not alternative but complementary. 

MRP has its own terminology, as follows: 

· a bill of materials, or BOM, contains information on all the materials, components 
and subassemblies required to produce each end item 

· an end item, or master scheduled item, is the final product sold to the customer and 
the inventory for end items, from the accounting standpoint, will either be work- 
in-progress or finished goods

· a parent is an item manufactured from one or more component items 

· a component is one item that goes through one or more operations to be transformed 
into a parent 

· an intermediate item is one that has at least one parent and one component - classified 
as work-in-progress 

· a subassembly, as it is 'put together', rather than other means of transformation, is 
a special case of intermediate item 

· a purchased item is one that has no components because it comes from a supplier 
but has one or more parents, so, for accounting purposes, inventory or purchased 
items, is regarded as raw materials 

· part commodity is the extent to which a component (part) has one or more parents 
- a concept related to standardisation - so a standard ball bearing may have numer- 
ous parents 

· usage quantity, which is the number of units of a component required to make one 
unit of its parent 

· a bucket is a time period to which MRP relates - for example, one week. 

· The master production schedule(s) (MPS) uses the inputs from marketing and sales 
to forecast demand for quantities of the final product over a planned time horizon 
subdivided into periods known as time buckets (see Figure 10.11). These buckets 
are not necessarily of equal duration. Without the MPS(s), MRP cannot generate 
requirements for any item. 

· The bill of materials file (BOM) also known as the product structure, this lists all the 
items that comprise each assembly and subassembly that make up the final product 
or end item. Each BOM is given a level code according to the following logic: 

· - Level 0: the final product or end item not used as a component of any other 

· product 

· - Levell: direct component of a level 0 item 

· - Level 2: direct component of a level 1 item 

· - Level n: direct component of a level (n - 1) item. 

xxxxx

Assume the demand for product X is 30 units. Each unit of X requires three units 
of A and two of B. Each A requires one C, one D and three Es. Each B requires 
one E and one F. Each F requires three Gs and two Cs. Thus, the demand for A, 
B, C, D, E, F and G is completely dependent on the demand for X. From the 
above information, we can construct a BOM or product structure for the related 
inventory requirements.

The inventory file is the record of individual items of inventory and their status. The 
file is kept current by the online posting of inventory events, such as the receipt and 
issue of items of inventory or their return to store. 

The MRP package uses the information provided by the MPS, BOM and inventory 
files to: 

- explode or cascade the end product into its various assemblies, subassemblies 
or components at various levels, so the number of units of each item needed to 
produce 30 units of product X would be: 


 Part A = 3 x no. of Xs 
(3)(30) 
= 90 


Part B = 2 x no. of Xs 
(2)(30) 
= 60 


 Part C = 1 x no. of As + 2 x no. of Fs (1)(90) + (2)(60) = 210 

 
Part D = 1 x no. of As (1)(90) = 90 

 
Part E = 3 x no. of As + 1 x no. of Bs (3)(90) + (1)(60) = 330 


Part F = 1 x no. of Bs 
(1)(60) 
= 60 


Part G = 3 x no. of Fs 
(3)(60) 
= 180 

So, to produce 30 units of X, we shall need 90 units of A, 60 units of B, 210 units 
of C, 90 units of D, 330 units of E, 60 units of F and 180 units of G 

- offset for lead time - lead times for each item must be fed into the system, then, 
subtracting them from the date of the net requirement so as to position the planned 
order release date in advance of the timing of the net requirement it covers is called 
offsetting the lead time
- net out on-hand and on-order balances using the equation: 

Net requirements   = Gross requirements - Inventory on hand + Units on order 

In an MRP system, net requirement quantities are always related to some date or period 
- that is, they are time phased (as shown by Figure 10.11). The primary outputs of the 
MRP system are: 

order release instructions for the placement of planned - that is, future - production 
or purchasing orders 

rescheduling instructions notifying the need to advance or postpone open orders to 
adjust inventory coverage to net requirements 

expediting instructions that relate to overdue orders 

cancellation or suspension instructions relating to open orders. 

MRP systems also have the capacity to produce much secondary data, such as reports 
relating to exceptions or deviations from normal planning and performance.

MRP systems also have the capacity to produce much secondary data, such as reports 
relating to exceptions or deviations from normal planning and performance. 

Applications of MRP 

While having elements in common to all inventory situations, MRP is most applicable 
where: 

the demand for items is dependent 

the demand is discontinuous - 'lumpy' and non-uniform 

in job, batch and assembly or flow production, or where all three manufacturing 
methods are used. 

Manufacturing resource planning (MRP II) 

It is the extension of computerised MRP to link together such functions as production planning 
and control, engineering, purchasing, marketing, financial/cost accounting and human 
resource management into an integrated decision support system. 

In MRP II, the production process is still driven by a master production schedule, but 
additional inputs are received from production control, purchasing and engineering. 
The computerised system also collects data to support financial or cost accounting, 
marketing and human resource management.
The advantages of MRP II
It coordinates the efforts of production, engineering, purchasing, marketing and human 
resources to achieving a common strategy or business plan. 

Managers are able to analyse the 'What if ... ?' implications of their decisions, 
such as what if the sales forecasts of marketing cannot be met by the available 
production capacity? What would be the financial implications of outsourcing? 

Better utilisation of marketing, finance and human resources in addition to physical 
plant and equipment. 

Changes can be easily factored into the system as they arise, such as rush orders. 

Cost of resources used or considered for use can be converted into money values, 
thus facilitating budgeting and budgetary control. 

Coordination of production with purchasing, marketing and human resources in 
such ways as timing of supplies deliveries, using sales forecasts to determine master 
budgets and planning recruitment or run-down of personnel. 

Distribution requirements planning (DRP)

Distribution requirements planning (DRP) is an inventory control and scheduling 
technique that applies MRP principles to distribution inventories. It may also be 
regarded as a method of handling stock replenishment in a multi-echelon environment. 
An 'echelon' is defined by Chamber's Dictionary as 'A stepwise arrangement of troops, 

ships, planes, etc.'. Applied to distribution, the term 'multi-echelon' means that, instead of independent control of the same item at different distribution points using EOQ formulae, the dependent demand at a higher echelon (such as a central warehouse) is derived from the requirements of lower echelons (such as regional warehouses). DRP is useful for both manufacturing organizations, such as car manufacturers that sell their cars via several distribution points, such as regional and local distributors, and purely merchandising organisations, such as supermarkets. 

All levels in a DRP multiechelon structure are dependent, except for the level that 
serves the customer, which is the retailer. 

DRP and M RP

DRP has been described as the mirror image of MRP. Some of the contrasts between 
the two approaches are set out in Table below. 

MRP and DRP approaches have, however, many common aspects: 

MRP and DRP approaches have, however, many common aspects: 

· as planning systems, neither uses a fixed or periodic review approach 

· both are computerised systems 

· just as MRP has been expanded into MRP II, so DRP has been expanded into 
DRP II 

· DRP utilises record formats and processing logic consistent with MRP. 

	MRP
	DRP

	· The bill of materials applies time-phased 
logic to components and subassemblies 
to products in the MOM (management 
of materials) network 

· An 'explosion' process from a master 
production schedule to the detailed 
scheduling of component replenishments 

· Goods in course of manufacture 


	· The bill of distribution (the network) uses 
time-phased order point logic to determine 
network replenishment requirements 

· An 'implosion' process from the lowest 
levels of the network to the central 
distribution centre 

· Finished goods 




Thus as Vollman et al." observe: 

Distribution requirements planning serves a central role in coordinating the flow of goods 
inside the factory with the system modules that place the goods in the hands of the customers. It provides the basis for integrating the manufacturing planning and control (MRP) system from the firm to the field. 

Enterprise Resource Planning
ERP is a business management system that, supported by multimodal application software integrates all the departments or functions of an enterprise. 

Most ERP systems are designed around a number of modules, each of which can be standalone or combined with others. 

· Finance this module tracks financial information, such as accounts receivable and 
payable, payroll and other financial and management accounting information 
throughout the enterprise. 

· Logistics this module is often broken down further into sub-modules covering invent- 
ory and warehouse management and transportation. 

· Manufacturing this module tracks the flow of orders or products, including MRP 
and the progress and coordination of manufacturing. 

· Supplier management this module tracks the purchasing process, from requisi- 
tioning to the payment of suppliers, and monitors delivery of supplies and supplier 
performance. 

· Human resources this module covers many human resource management activities, 
including planning, training and job allocation. 

Initially, ERP systems were enterprise-centric. The development of the Internet and 
e-business has, however, made the sharing of accurate real-time information across 

Advantages

· faster inventory turnover manufacturers and distributors may increase inventory turns 
tenfold and reduce inventory costs by 10 to 40 per cent 

· improved customer service in many cases, an ERP system can increase fill rates to 
80 or 90 per cent by providing the right product in the right place at the right time, 
thus increasing customer satisfaction 

· better inventory accuracy, fewer audits an ERP system can increase inventory 
accuracy to more than 90 per cent while reducing the need for physical inventory 
audits 

· reduced set-up times ERP can reduce set-up time by 25 to 80 per cent by group- 
ing similar production jobs together, ensuring coordination of people, tools and 
machinery, together with the efficient use of equipment and minimising downtime 
by virtue of efficient maintenance 

· higher-quality work ERP software, with a strong manufacturing component, pro- 
actively pinpoints quality issues, providing the information required to increase 
production efficiency and reduce or eliminate rework 

· timely revenue collection and improved cash flow ERP gives manufacturers the 
power to pro actively examine accounts receivable before problems occur instead of 
just reacting, which improves cash flow. 

Disadvantages

· ERP implementation is difficult this is because implementation involves a fundamental 
change from a functional to a process approach to business 

· ERP systems are expensive this is especially so when the customisation of standard 
modules to accommodate different business processes is involved - it has been estim- 
ated that some 50 per cent of ERP implementations fail to deliver the anticipated 
benefits and the cost is often prohibitive for small enterprises 

· cost of training employees to use ERP systems can be high 

· there may be a number of unintended consequences such as employee stress and 
a resistance to change and sharing information that was closely guarded by depart- 
ments or functions 

· ERP systems tend to focus on operational decisions and have relatively weak 
analytical capabilities (this topic is briefly dealt with below). 
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	11.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of warehousing

2. Explain how to optimize warehousing operations

3. Outline the importance of health and safety in a warehouse

Explain factors in warehouse location 


10.1 Introduction

In this chapter we shall look at warehousing in terms of its definition, types and functions.

Warehousing is a strategic element in logistics system. The effectiveness of marketing operations of a company can be considerably enhanced by proper decision on warehousing. A warehouse is an important linkage in the supply chain of the manufacturing company. The objective of warehousing should be in line with the strategy framework of the supply chain.

We warehousing can be defined as:

· The places where inventory can be stored for a particular period of time.

· A supporting function for logistics and that plays a key role in attaining the overall objectives of the firm’s logistical supply chain system.

· A primary link between producers and customers.

· An integral part of every logistics system.

10.4. Warehouse operations 
The effectiveness of customer service to a great extent depends on the way the warehouse operations are carried out. Broadly speaking, a warehouse is a service function that plays a pivotal role in the supply chain of a company.

Warehousing has three basic functions: movement, storage, and information transfer. The movement function has been receiving the most attention in recent times, as organizations focus on improving inventory turns and speeding orders from manufacturing to final delivery.

a.
MOVEMENT FUNCTION OF WAREHOUSING

We can further divide the movement function into several activities including:

i.
Receiving

ii.
Transfer or put-away

iii.
Customer order picking/selection

iv.
Cross-docking

v.
Shipping

b.
STORAGE FUNCTION OF WAREHOUSING

The second function of warehousing – storage – can be performed on a temporary or a semi permanent basis.

Temporary storage emphasizes the movement function of the warehouse and includes only the storage of product necessary for basic inventory replenishment. The extent of temporary inventory storage depends on the design of the logistics system and the variability experienced in lead time and demand. A goal of cross-docking is to use the temporary storage function of the warehouse.

Semi permanent storage is the storage of inventory in excess of that required for normal replenishment. It can also be referred to as buffer or safety stock. The most common conditions leading to semi permanent storage are: 

i.
Seasonal demand

ii.
Erratic demand

iii.
Conditioning of products such as fruits and meats

iv.
Speculation or forward buying

v.
Special deals, such as quantity discounts.

c.
INFORMATION TRANSFER FUNCTION OF WAREHOUSING

We are now on the third function of warehousing which is information transfer.

This function unlike the other two occurs simultaneously with the movement and storage functions. Managers will always need timely and accurate information as they attempt to administer the warehousing activity. Information on every aspect of the warehouse like inventory levels, inbound and outbound shipments, customer data, among others, is vital to the successful operation of a warehouse.

Organizations are relying increasingly on the computerized information transfer using electronic data interchange, EDI, the internet, and bar coding to improve both the speed and accuracy of information transfer.
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	Take Note

Within the warehouse it is important to eliminate any inefficiencies in movement, storage, and information transfer. These can occur in a variety of forms, such as:

i.  Redundant or excessive handling

ii. Poor utilization of space and cube

iii. Excessive maintance costs and downtime due to obsolete equipment.

iv. Dated receiving – and shipping-dock conditions

v. Obsolete computerized information handling of routine transactions.




Best practices in warehousing

Practices as just-in-time (JIT), quick response, efficient consumer response, direct-store delivery and continuous flow distribution will reduce the dependence on warehouse in distribution.  But in the real world, warehousing will still link suppliers with consumers.  The following are some warehouse trends for the next century:

i. Focusing on the customer:  Retailers for holding the customer through service differentiations need to create efficient and responsive warehouses.

ii. Compression of operations and time:  For bigger Distribution Center (DC) with more orders to process daily, i.e. frequent shipments of smaller sizes resulting in more activity in receiving, putting away, picking and shipping will place greater demands on material-handling systems.

iii. Continous flow:  The focus will be on pulling a product through a logistics system to avoid huge inventories resulting in daily order processing.  With an accelerated information flow material flow is enhanced to meet on-line or real-time information systems to replace batch systems.

iv. Cross-docking:  Fewer warehouses handling more orders will transform most warehouse operations to predominantly cross-docking practices in the 21st century.  Collaboration and the ability to exchange information real-time will facilitate handling a product in this manner.

v. Electronic transactions:  Warehouse professionals consider tracking goods the most critical function in their operations.  Using electronic tracking systems for all product movement wil eliminate traditional errors associated with product recognition, confirmation of locations, data entry and picking accuracy.  This paperless warehouse will simplify and streamline transactions, while reducing overall labour requirements and training.

vi. Customized warehousing:  Companies failing to prepare their warehouses for customized packaging requests stand to lose millions of dollars.  Customized services include generic products in the warehouse (on-demand packaging), compliance labeling, ticketing and bagging, damage and palletization.   Floor-ready merchandise will allow retailers to implement rapid stock-replenishments strategies that reduce inventory while increasing stock turns.

vii. Third-party warehousing:  Companies returning to their core competencies or refusing to build more space to store peak inventory have driven the rise of third-party warehousing to leverage capital and increase service levels.  Despite the advantages of third-party warehousing, however, some products and organizations simply will not be compatible with this practice.

viii. The incredible shrinking order:  Many factor are shrinking order sizes and accelerating order frequency:  better information availability improved technology, vendor managed inventory programs and the elimination of on-site retail warehouses.  The days of mixed pallet shipments will soon seem like utopia.  These changes are only the first step in the information explosion coming in the next century.  The ability to ship orders of any size is more than a problem – it is the future.
ix. Automation:  Warehouses will need to increase automation, not add labour, to handle burgeoning work volumes.  More conveyors, for example, will be needed to move small totes and cases across long distances and sort to the appropriate re-packaging station or loading dock.  More automated picking equipment, such  as A-frames and dispensers, will improve throughout capacity without building additional space.  Automation will also continue to replace human beings in heavy lifting, but a human workforce must still complement automation.

x. The human factor:  The rising prominence of automation means that workers must continue to enhance their technical skills, especially computer skills.  To improve the quality and education of the workforce, companies must retain the best workers, train them in new technologies and cross-train them in all warehouse job functions.  Those unwilling to learn probably are not worth retaining.

10.6. Types of warehousing 

WAREHOUSE OPTIONS – A STRATEGIC DECISION

For acquiring warehouse space the following three options are available:

a.
Private warehouse

b.
Public warehouse

c.
Contract warehouse.

The considerations for exercising these options depend on various factors such as product characteristics, demand fluctuations, investments, cost of operation, degree of control, scale economics, etc.

Private Warehouse

Private ownership of a storage facility refers to the entire facility under financial and administrative control of the firm. The firm owning the product operates these warehouses.  The facilities may either be owned by the firm or taken on lease for a period of three or five years. These facilities may include a production oriented captive warehouse or a distribution warehouse located in the field for customer service.  Private warehouses are attractive propositions under certain circumstances such as Product specific material handling and storing facilities are required which are not available with other options.

Volumes handled are high ensuring full capacity utilization and benefits of scale economics.
High degree of control over the operations is required.

The benefits of a private warehouse are flexibility, full management control and lower operating cost.  The operating cost of a private warehouse is less as private warehouses do not have a profit mark up.  The material handling and the storage facility can be changed as per the product mix, which is not possible in the case of public or contract facilities.  Hence, complete flexibility.  A private warehouse facility can be planned close to the markets to provide efficient and effective service to the customer.  This enhances the confidence of customer in the supplier.

Public Warehouse

A public warehouse is similar to a private carrier in transportation service. The firms having warehousing space, storage facility and material handling equipment, for the most general usage, provide these services.  These types of warehouses are extensively used in logistical systems.  Public warehouses are designed for handling the most general packaged products or commodities, which do not require specialized storage or handling arrangement.  The products normally stored are food grains, paper rolls, bulk material (cements, fertilizers), furniture, chemicals etc.

Bonded warehouses under the customs control are mostly public warehouses licensed to store goods, meant for exports or imports, till the time they are cleared by the customs authority for further movement.

A public warehouse provides financial flexibility.  A newly formed firm desirous of expanding its distribution network need not invest in developing a private warehouse.  The option is to hire some space in a public warehouse and use the money for other productive activities.  This will substantially increase the performance related to return on investment of the depositor firm.  A public warehouse allows flexibility of location.  Due to geographical changes in consumption centres, a firm can close a facility in one market and open at other place without any financial losses.

The greatest disadvantage of a public warehouse is the absence of control on operations.  As a product specific facility is not available, product damages during storage and handling may be on a higher side.  The speed of order fulfillment is slow resulting in a lower level of customer service.

The economies of scales can be achieved with a public warehouse because of volumes generated through a large number of facility users.  The transportation cost can be considerably brought down leveraging the volume shipments of assorted products from various depositors.

Contract Warehouse

These are the product specific warehouse facilities acquired for use for a specific period against fixed charges.   A contract warehouse can provide the benefits of both private and public warehouses.  This facility provides the economies of scales, flexibility and customizes a facility.  The resources such as labour, material handling equipment, storage arrangement, communication equipment, can be used on sharing basis with depositors from the same industry to economize on operating cost.  As the facilities are product specific product damages are less.  The large volume will apportion the fixed costs with the co-users.

Obviously, the choice between the above options depends on the demand pattern of the product, volumes handled, geographical location, seasonality of the product and standardization of product packaging, financial strength of the firm, service level expectations of the customer, competition, etc.

10.6. Summary

10.7. Further readings
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	Activity Revision questions with answers

1. Distinguish between warehouses and distribution centers. 

2. Explain the four ways that warehousing facilitates the re grouping function

3. Discuss some of the value-added activities that can be performed by warehouses and distribution centers. 

4. What is cross-docking? How might it affect warehousing design? 

5. Distinguish between bonded storage and field warehousing. 

6. What are the advantages and disadvantages of private warehousing? 

7. Discuss why contract warehousing is becoming a preferred alternative for many organizations. 

8. Explain how common sense can be helpful in terms of warehousing design and operations. 

9. In terms of warehousing design, give examples of trade-offs involving space, labor, and mechanization. 

10. Distinguish between fixed and variable slot locations. How might they affect warehousing design? 

11. Discuss the trade-offs associated with order-picking versus stock-replenishing functions. 

12. Distinguish between a two-dock and a single-dock warehousing layout. Which one requires more space? Why? 

13. What are some potential advantages to paperless warehousing operations? 

14. Discuss how storage and handling equipment can influence warehousing operations. 

15. What is a warehouse management system (WMS)? How can it benefit warehousing operations? 

17. What are the most common causes of warehousing fires? Which do you think is the easiest for managers to control? Justify your answer. 

18. How might the storage of hazardous materials affect the design ofa warehousing facility? 

19. Discuss how warehousing security can be enhanced by focusing on people, facilities, and processes. 

20. Why are cleanliness and sanitation issues relevant to warehousing operations? 
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	12.2 Objectives

At the end of this lecture you should be able to:

1. Explain the meaning of material handling

2. Outline the storage equipment used in warehousing

3. Explain how to measure the efficiency of warehousing function




MATERIAL HANDLING SYSTEMS

Material handling cannot be avoided in logistics, but can certainly be reduced to a minimum level. The productivity potential in logistics can be exploited by selecting right type of handling equipment. The selection of material handling equipment cannot be done in isolation with stor ge system. In fact, the investment in material handling system will be a total waste if it is not compatible with the warehouse layout plan. The layout could create obstacles for the free movement of equipment and the goods resulting in poor equipment productivity. Therefore, the recent trends show designers' preference for automated system having higher. Logistical productivity in order to enhance the effectiveness of human energy in material movement.

ROLE OF MATERIAL HANDLING IN LOGISTICS

In warehouse, the material handling operation is performed at the following stages: 

· Unloading the incoming material from transport vehicles; 

· Moving the unloaded material to the assigned storage place in the warehouse; 

· Lifting the material from its storage place during order picking; 

· Moving the material for inspection and packing; 

· Loading the packages, boxes or cartons on to the transport vehicles. 

Efficiency of the material handling equipment adds to the performance level of the warehouse.The internal movement of goods has a direct bearing on the order picking and fulfillment cycle. 
The warehouse is considered more labour intensive, if the material handling equipments are more 
sensitive to labour productivity than the manufacturing. There is much scope to reduce the labour 
and enhance the productivity by using the emerging technologies in material handling. A good 
material handling system will definitely enhance the speed and throughput of the material move- 
ment through the supply chain.

MATERIAL HANDLING GUIDELINES

Material handling function has an effect on the efficiency and the speed of the warehousing opera- 
tions, which ultimately result in either elongated or compressed order completion cycle. Hence, 
investment in material handling system is strategic in nature and is always based on the long-term 
requirements, considering the product volumes and varieties. Normally, the following guidelines 
are being followed for designing an effective and efficient material handling system: 

· Design the system for continuous flow of material, that is idle time should be zero 

· Go in for standard equipments that ensure low investment and flexibility in case of changes 
in material handling requirements in future, if any 

· Incorporate gravity flow in the material flow system, if possible 

Ensure that ratio of deadweight to pay load of the material handling equipment is minimum.

Material handling guidelines

There are various material handling systems in use, right from fully manual to the fully auto- 
matic ones. However, the selection of a particular system depends on the factors such as: 

· Volumes to be handled 

· Speed in handling 

· Productivity 

· Product characteristics (weight, size, shape) 

· Nature of the product (hazardous, perishable, crushable) 

Recent trends show the preference for designers' system with higher logistical productivity. 

However, the investment cost goes up for such material handling system using sophisticated equip- 
ments. Hence, in majority of the cases the usage of both manual and mechanized systems in com- 
bination is quite common.

MATERIAL HANDLING EQUIPMENT AND SYSTEMS

Material handling system is classified on the basis of its degree of sophistication. The most pre- 
ferred way of material handling is doing manually where the volumes handled are less and the 
investment in handling equipment do not ensure more benefits. In such cases, the idle time of theequipment will be more and equipments are underutilized. The classification of handling system 
can be done as follows: 

· Manual 

· Mechanized 

· Semiautomatic 

· Automatic 

· Guided information 
The major criteria for selection of the right system are units moved per hour and the distance 
of the movement covered. Higher volumes moved' over large distance call for more sophisticated 
systems, which attract higher investment. These sophisticated systems enhance speed of material 
handling ensuring reliability and productivity. 

Manual System 

Manual system is the cheapest and most common method of material movement used in warehous- 
ing. The limitations are low volume, slow speed, physical characteristics of the product and the dis- 
tance. In warehouses where cartons are weighing not more than 20 kilogram and volumes handled 
are not too large, material loading, unloading and movement are done manually. Investment in 
equipment is not justified in such cases. In developed countries where manual labour is scarce and 
cost of employment is very high, use of manual handling is discouraged. But in developing coun- 
tries because of availability of cheap labour, the manual systems with very limited mechanization 
such as usage of manual push-pull trolley with wheels are common. 

Mechanized System 

The prime consideration before going in for mechanized material handling systems is the layout of 
the warehouse. The investment in material handling system will be a total waste if it is not compat- 
ible to the warehouse layout plan. The layout may create the obstacles for the free movement of 
equipment and the goods. The mechanized equipment requires the space for the free movement 
across the warehouse. The equipment should have the accessibility to the storage area for material 
loading and unloading during storage and retrieval. 

One of the important benefits of mechanization is to transfer the fatigue from human to ma- 
chine. The human element in material movement is removed bringing the speed and reliability in 
material movement. Moreover, mechanization enhances the system productivity. 

The mechanized system need not be a powered equipment. A wheeled trolley with handle can 
be driven manually. However, in this case the load is transferred to the trolley and human being 
uses little force to facilitate its movement over the longer distance. The purpose of machinery is to 
increase the abilities of human being beyond their own physical and mental capacities. Mechaniza- 
tion helps enhancing the effectiveness of human energy in material movement. 

The criteria for choosing a machine for material movement in the warehouse should be: 

· Improving space utilization 

· Reducing the time for material movement 

· Speeding up the overall material flow 

· Reducing the material damages during material handling 

· Should be safe for human beings to operate. 

The mechanized system includes a large variety of handling equipments. The equipments that 
are most commonly used are wheeled trolley, forklift, pallet truck, tractor-trailer device, conveyors, 
cranes and carousels. 

Wheeled Trolley. The simplest mechanized handling equipment is a trolley on the wheels. The 
hand-held trolleys are efficient for handling small volumes over a short distance. 

The two-wheeled hand trolley is simplest and versatile. 

The four-wheeled hand-held trolley is called a platform truck capable of moving light loads 
horizontally. The hand-held lift trolley or truck is a modified version of the platform truck for use 
in the limited space.' It moves the load both in vertical and horizontal direction. For example, if 
30 cartons weighing 25 kilogram each are to be shipped to a distance of 20 meters every half one 
hour, some being picked up and dropped off at different places, then manual wheeled trolley is the 
best option. For higher volumes and longer distances, use of powered (electric battery operated or 
diesel engine) trolleys is preferred. Trolleys are available in wider range to carry the operator while 
some require the operator to walk along with the trolley. 

Forklift Truck. This equipment perhaps represents the greatest single innovation in material han- 
dling after World War II, which is responsible for supporting the concept of unitization of loads. 
The introduction of pallets as unit load for material handling and storage was mainly possible 
because of the forklift truck. The main advantages of forklift are: 

· Moving larger loads over a longer distance 

· hcking and dropping off the load as it travels 

· Moving the load vertically in the vertical storage system 

· Moving the load both vertically and horizontally for exactly positioning it for loading and 
unloading operation 

· The manoeuvrability of load in all direction is excellent 

Forklift trucks are the work horse of the warehouse, most commonly used for movement of unit 
loads such as pallets, containers and slide plates. They are the most versatile material handling equip- 
ment used in the warehouse, also they are most reliable and relatively easy to operate (Figure 5.3). 
The forklift arms can go through the entry channels at the bottom of the pallet.

Depending on the pallet design, there can be two- or four-way entry. The two-way entry pallet can be lifted by forklift truck from two opposite sides while the four-way entry pallet can be lifted from all sides. The use of forklift is not limited to handling unit load such as pallets only, it is also used for handling boxes, cartons and skids. 

The forklifts are available in a variety of models and capacities depending on the applications. 

There are two basic types of forklift trucks, the first is manual one with power lift and the second 
one is rider-controlled forklift truck. The manual type (with without power lift) is commonly used 
for loads up to 1000 kilograms and is designed for short haul operations. However, space require- 
ment is more in case of powered machine used for manoeuvring. No exceptional skills are required 
for operating these machines. 

As regards the rider-controlled forklift trucks, these are tailor made for applications, and varia- 

tions in them are quite considerable. The various rider-controlled forklift trucks in use are: 

· Counter balance 

· Stacker reach straddled-arm 

· Narrow isle 

· Four directional 

· Side loader 

· Double deep pallet reach 

These forklifts are available to lift loads up to 40 feet of vertical height and operate in narrow 
aisle of 56 feet for use in automated warehouses. The standard forklift trucks are available for lift- 
ing loads up to 5 tonnes. However, the lift trucks up to 20 tonnes lifting capacity are also available, 
but these are custom built for specific material handling applications such as in docks or airports. 
At present the warehouse system designers give preference to narrow isle forklifts for use in high- 
density storage warehouses designed for high volumes throughput. 

Towlines. Towlines are used for the continuous movement of the material. The four-wheel trailers 
are in continuous motion and are either floor or overhead mounted. During order selection process, 
the material picked by the order selector is placed in the trailer, which is then moved to packing 
and further to dispatch sections. A towline consists of a number of trailers, which move across the 
warehouse for placing to or picking from the material for storage or shipping. The towlines do not 
have the flexibility of load movement. They are custom designed for a particular product-volume 
application.
Conveyors. Conveyors are used for applications where continuous flow of material is required 
over longer distances. They excel at straight transportation because they eliminate re-handling 
before and after each function. Conveyors are also used in sorting and merging operations. For 
example, in large throughput warehouses, the cartons for dispatch to a particular region have to 
be sorted out for loading on to the assigned vehicle. The conveyors fitted with bar code reading 
device sort the boxes moving on the conveyor and direct them to the assigned dispatch station in 
the warehouse. These conveyors are most commonly used in the automated warehouses of retail 
chain in the USA where cartons as high as 1,00,000 in numbers are handled every day. A conveyor 
is either power driven or gravity flow type and is available in chain, belt or rollers as conveying 
media. 

One characteristic of conveyors that makes them popular is that they can be easily equipped 
with automatic control devices for sorting, weighing and squaring off operations which are built 
in the conveying system. The most common usages are baggage handling at airports, coal han- 
dling at thermal power stations and iron ore handling at integrated steel plants where the con- 
veyors are used extensively. In large automated warehouses where large number of packages are 
handled for sorting and freight consolidation, conveyors are used along with bar-coding system. 
This improves the material movement effectiveness. There are different types of conveyor sys- 
tems in use, depending on the application and the products to be handled. The most common 
types are as follows. 

Wheel Conveyor These are referred to as skate wheel conveyors. Skate wheel conveyors are small 
wheels made of steel or plastic and mounted on the sleeve or bearing and are spaced on bars placed 
at equidistance on the conveyor frame. The load is taken by three or four wheels. These are hori- 
zontally laid and the movement of goods takes place mostly with gravity. The load is pushed on the 
wheels for forward movement with the help of gravity pull. These are used in the warehouses where 
small-sized packages having large volume, which are not unitized, are handled. 

Roller Conveyor These are similar to the wheel conveyors but use the powered rollers instead of 
wheels. The use of roller conveyors is for rapid mass loading and unloading of the goods. At the 

airports or shipping docks, the roller conveyors are invariably used for loading and unloading of 
cargo from the aircraft or ship. 

Belt Conveyor These are the most common types of conveyors used for moving the material. The 
endless belt moves on two rotating shafts placed apart. These shafts are powered to activate the belt 
movement to carry the articles placed on it. These are available in portable and adjustable version 
for versatile applications in the warehouse. 

Chain Conveyor These are used for movement of heavy material such as steel plates or heavy 
wooden creates. These are used where rigid and they require a strong carrying surface. 

Carousels. Carousels are commonly used in order picking systems. The number of bins hous- 
ing the various items is housed on an oval track. The bins move on the track and a bin containing 
particular item can be brought to the order selector. A typical application of carousel is selection 
of service part for packing operation. The carousel system reduces the storage space and the man- 
power involved in order picking process. To increase the productivity, the carousel are integrated 
to a computerized system. In this, the bin movement is synchronized with order pickup for the par- 
ticular order in multiple order selection process. The items selected are put into the carton, which 
moves to packing and further to dispatch sections. 
Overhead Cranes. Overhead cranes are used for moving very heavy items over a short distance. 
Items such as steel plates, bars, coils, tubes or machinery components can be efficiently handled 
with overhead cranes. These cranes have the moving and lifting mechanism installed on the fixed 
girders at the roof of the building. Lifting mechanism is called as saddle or hoist, which moves on 
rails across the bay and saddle can be moved throughout the length of the bay (Figure 5.5). 

These are used where large heavy items or containers have to be moved in and out of the ware- 
house. The overhead cranes are built for lifting capacity over 5 tonnes. 

Stacker Cranes. Stacker cranes are electric power drives and operate on fixed rails at base and 
top of each aisle. They are used for lifting the loads of about 2 tonnes up to the height of 60 feet 

and are not economical for lifting to the height below 30 feet. The stacker cranes are normally used 
in large warehouses where large number of pallets are to be picked and sacked. A typical installa- 
tion may house more than 1000 pallets per aisle. 

Pneumatic Tube System. Pneumatic tube systems are used for movement of granular or pow- 
dered material over a short distance. These systems are quite common in the cement and fertilizer 
plants where the material in powdered form is moved to the storage silos using the pneumatic 
flow. The air at pressure of 7 kg per em" is normally used for transporting the material, which car- 
ries the powder in the direction of the flow. In modern food grain warehouses the food grains in 
bulk quantity are stored in the silos. The pneumatic tube systems are used for storage and retrieval 
of the material. In some cases the vacuum pumps are also used for material retrieval. These sys- 
tems ensure faster material movement with reliability. For bulk transfer of powered material these 
systems are cost effective and reliable. 

Semiautomatic System 

In semiautomatic system all mechanized handling equipments may be used but the specific 
handling requirement for a particular warehouse operation may be performed automatically. 
The automation is done in parts, that is the individual equipment may be fully automatic with 
computerized system, but the other equipments in the warehouse are mechanized with manual 
operation. Hence the semiautomatic warehouse is a mixture of mechanized and automatic han- 
dling equipment. The following are the various types of automated equipments in semiautomatic 
warehouse system. 

Sorting Device.- Sorting devices are normally used along with powered conveyors. The sorting 
device sorts materials based on the sorting code. The optical sensing reads the bar code on the 
items, which can be diverted to packing section for unitization of load, or the boxes may be sorted 
out on regional basis guided to specific shipment dock for transportation through assigned ve- 
hicle. The automatic sorting device increases the system productivity through speed, accuracy and 

elimination of manual labour.

Robotics. 
Robots are human-like machines with microprocessor used for performing the pro- 
grammed activity or series of activities. A wide scale usage of robotics is in manufacturing units 
where repetitive activities are performed continuously or activities are performed in hazardous 
working conditions, which could be harmful for human life. In warehouses, robotics can be used for 
break bulk or consolidation operation. Robotics can also be used in extreme temperature environ- 
ment such as cold storage or deep freezer. The capability of robotics to perform activities without 
fatigue and with accuracy makes a suitable alternative to manual methods. 

Automatic Guided Vehicle System.
Automatic guided vehicle system (AGVS) is a mechanized 
material handling equipment without an operator. The system consists of four components, e.g. 
vehicle for movement, pickup and drop off locations, guidance system and a computer-controlled 
system. The vehicle moves on a fixed magnetic or optical path. The vehicle reaches to the des- 
tination tracing the assigned path covering the pickup and drop stations without the help of an 
operator. These systems operate at the speed of 150-250 feet per minute, which is slower than the 
typical forklift truck that operates at 300-500 feet per minute. In the case of a magnetic system, 
the path is an energized magnetic wire installed on warehouse floor and for optical system a light 
beam guides the vehicle. 

AGVS are used in warehouses for material movement through a fixed assigned path during 
pickup and drop operations. The advanced AGVS used in developed countries are based on the 
latest IT and video technology, where the fixed path movement of the vehicle can be eliminated. 
The economic justification of the system is a trade-off between the lower operating cost and higher 
investment. 

Automatic System 

The automated material systems are custom built and attract heavy investments. Human factor is 
minimized substantially and restricted to programming and controls. The advantages are speed 
and accuracy, which enhance the productivity of the system. The main disadvantages of the au- 
tomated system are high investment, complexity in development and absence of flexibility. The 
automated material handling system is always developed along with the storage system specific to 
its requirements for synchronous operations. The storage system accounts for 40-50 per cent cost 
of the total system. The system is connected to the computer for programming the equipment op- 
tions, material pickup route, packing and loading instructions. 
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	Summary


LECTURE 13: EMERGING CONCEPTS IN INVENTORY MANAGEMENT
Vendor-managed inventory (VMI) 

According to Lysons and Farrington, ‘Vendor-managed inventory (VMI) is a JIT technique in which inventory replacement decisions are centralized with upstream manufacturers or distributors’. VMI can also be referred to as; 

· continuous replenishment programs (CRP) 

· supplier-assisted inventory management (SAIM) 

· supplier-assisted inventory replenishment (SAIR) 

· Efficient consumer response (ECR). ‘

 The Objectives of VMI 

· Reduce ordering cost

· Reduce/eliminate stock outs

· Reduce inventory costs from the customer’s perspective

Implementing VMI

Lysons and Farrington suggest four steps for implementing VMI. There is an assumption that the customer has entered into a collaborative or partnership agreement with a distributor. There also need to be a high level of trust between the customer and the distributor. Normally, VMI implementation involves four stages. 

1 Preparation In addition to initial negotiations between a customer and the supplier 

and setting up project teams with clearly defined roles and responsibilities, this 

stage involves collaborative planning, forecasting and replenishment (CPFR), the aim of which is to minimise inventories and focus on value-added process activities. By 
focusing on the flow of supply to consumers without the complication of inventory, 
the project's participants can often discover previously undetected hidden bottlenecks 
in the flow that can be eliminated. 

2 Pre-implementation This is an extension of CPFR involving the determination of fore- 
cast quantities, safety stocks, lead time, service levels and key performance indicators 
and ownership issues. 

3 Implementation. 

4 Refinement Improvements that may be made in the light of experience, including 
the resolution of technical difficulties encountered subsequent to implementation. 

Advantages of VMI 
VMI is advantageous to both suppliers and customers. 
advantages to suppliers:

· demand smoothing VMI information improves forecasts of customers' requirements, 
thereby enabling manufacturers to plan production to meet customer demand 
· long-term customer relationships due to the high cost to the customer of switching 
to an alternative supplier 
· enhanced operational flexibility enabling production times and quantities to be 
adjusted to suit the supplier. 
Disadvantages for suppliers include: 
· transfers of customer costs to the supplier these include those relating to admin- 
istration and the cost of carrying increased inventory to meet customer demand 
· reduced working capital due to the enhanced inventory and administration costs. 
Advantages to customers: 
· reduced administrative costs due to the elimination of the need to monitor inventory 
levels, paper to computer entries and reduced reordering costs 
· enhanced working capital due to reduced inventory levels and obsolescence and 
enhanced stock turn with improved cash flow 
· reduced lead times with enhanced sales and a reduction of list sales due to stockouts.

Disadvantages for customers include: 

· increased risk, resulting from dependence on the manufacturer or distributor 

· disclosure of potentially sensitive information to the supplier the possession of 
such information will put the supplier in a strong position when a contract is 
renegotiated 

· customers may be better positioned than suppliers to make replenishment decisions 
Purchasing and inventory 

Inventories matter. The development of systems such as MRP, MRP II, ERP and VMI 
has meant that purchasing as a supply chain activity has possibly less involvement, 
especially with dependent demand items. In many organisations, an inventory manage- 
ment function will be responsible for many of the activities outlined in this chapter. 
It is important, however, that purchasing professionals should have a sound grasp of 
inventory management, for at least the following four reasons. 
· Inventory in many undertakings - for example, the construction industry - is an import- 
ant asset. In some small companies, inventory may be the most important asset. 
· Inefficient inventory management will increase costs and reduce profitability. Too 
much working capital tied up in inventory can cause problems of cash flow, result 
in expensive borrowing and prevent desirable expenditure in other directions. There 
are also the ever-present risks of theft, deterioration and obsolescence. Conversely, 
holding inventory can, in a time of rising prices, be a source of windfall profits. 
· Holding inventory can enhance flexibility and provide competitive advantage, due 
to the ability to respond rapidly to customers' requirements, as with agile produc- 
tion. What inventory policy to pursue is therefore an important strategic decision. 

· Efficient and effective inventory management can only be achieved with the co- 
operation of efficient and effective suppliers. The selection of such suppliers and 
negotiation of all aspects of contracts relating to inventory are activities in which 
purchasing professionals should expect to play a leading role

Research Areas in Inventory Management
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