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Abstract

This thesis explores various approaches for measuring and controlling service from a 
Physical Distribution system. The investigation concentrates on the case of internal service 
customers and comparisons are made with the external service customers situation.

The research is carried out by using Checkland's soft system methodology to generate a 
framework of activities considered to be required in order to measure and control Physical 
Distribution's service to internal customers. Three main activities are defined as being 
required:

1) Understanding the participating company's Physical Distribution operations.
2) Determining the service measures for the company- this involved defining what 
constitutes service from a Physical Distribution's system.
3) Defining and achieving the best service policy- this involved investigating how 
service affects the company's profit and from this a way of increasing a company's 
profits is deduced.

Each of these activities are explored in detail with various alternative approaches being 
defined for carrying them out. These approaches are used with a participating company and 
an indication is given- using Checkland’s 3 E test (efficacy, effectiveness and efficiency)- 
of the most productive approach for carrying out a particular activity.

The generated framework for controlling service to internal customers is then compared 
with that of external customers. When combined a framework is produced which controls 
service to both external and internal customers. This generates a means of controlling the 
performance of a whole company.
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CHAPTER 1 1

CHAPTER 1 
INTRODUCTION.

1.1 Introduction.

Physical Distribution (PD) management can be thought of as being concerned with the 
supply of goods and service from a supply point to a demand point (Eilon et al (1971)). 
When the points of demand and supply are near each other the importance of PD 
management is limited. However throughout history there has been a tendency for 
customers and suppliers to become further apart. Several factors are responsible for this, 
including: The trend towards economy of size and centralisation of industrial production; 
the increase in demand from customers for merchandise lines from different parts of the 
world.Thus it can be seen that the importance of PD is continuously increasing.With events 
such as the introduction of a single european market in 1992 happening in the near future 
there is no reason to see why this growth in the importance of PD should not continue.

In the early 1970's Christopher estimated that Physical Distribution (PD) costs as a 
percentage of the total corporate costs in U.K. manufacturing can be between 4 and 42 
percent- Christopher (1971). Consequently Physical Distribution Management should be a 
significant part of management due to the high impact it can have on an organisation's 
performance.

Unfortunately in the past there has often been a failure to recognise the effect PD has on the 
organisation's performance. However, in the last twenty or thirty years there has been a 
growing recognition of the importance of PD. The traditional approach to managing PD has 
been to consider only a part of it, namely the transport element. However studies performed 
by consultants A.T.Keaney and Co (Wendell(1964)) indicate that this often only accounts
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for a third of the total cost of PD.

As can be seen from Fig 1.1, which shows a simplified PD system there are many other 
elements involved in PD management. (For example there is warehousing, the control of 
inventory and packaging). Consequently there has been a move towards involving all these 
activities in PD management. This is often referred to as adopting a total distribution cost 
approach to PD Management Christopher(1971).

Fig 1.1: A diagram showing a very simplified version of a typical Physical Distribution system.

Source: Eilon, S; Watson-Gandy C.D.T.and Christofides, N (1971): 'Distribution Management: Mathematical Modelling and Practical Analysis.'Griffin, London.

Unfortunately until relatively recently, and still the case in many organisations, PD has been 
purely regarded as a cost centre whose costs should be reduced as far as possible. 
However, the more enlightened organisations have seen that there are also benefits
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associated with PD. These benefits are the services that PD provide to their customers. This 
thesis aims to look at how this service can be measured and controlled to increase an 
organisation's performance.

1.2 Outline of thesis.

Initially Chapter 2 examines the previous studies that have been carried out on controlling 
customer service from a PD system. From this analysis an indication is given of the 
shortfalls that exist in these previous studies. The main shortfall is suggested to be the 
general basic assumption that customers are not in the same organisation as the PD 
operation. Consequently the main emphasis of this thesis is to look at how to control 
service to these internal customers and how this differs to when the customers are external. 
The research objectives of the thesis are then oudined. Descriptions of the main problem 
solving methodologies that are used in the research are also included in this chapter.

In Chapter 3 an approach is outlined to meet the research objectives. The first part of this 
methodology is then used to determine 3 principle activities felt to be required in controlling 
service. These are identified as being:

1) Understanding the Company's PD system.
2) Defining what constitutes service (defining the service measures).
3) Defining and ensuring that the optimum service policy is achieved

Each of the systems that carry out these activities has to be both feasible and financially 
viable. An approach to identify whether this is true is highlighted

Chapter 4 looks at understanding the company's PD operations. This is done by carrying 
out a material and information flow audit of a participating company's PD operations.
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How to define the service measures is examined in Chapter 5. What actually constitutes a 
service measure is explored and whether this is dependent on the service customer being 
external or internal. Various approaches are then proposed for defining the service 
measures. The merits of these approaches are tested by using them with a participating 
company to generate a set of service measures.

Chapter 6 investigates how to increase the profits associated with service. Various factors 
affecting this are identified and explored. This enables the activities required to be present to 
be identified. These activities are classified into two sets those that are more cost effective 
when used infrequently and those that are more cost effective when used frequently.

Chanter 7 looks at carrying out the activities that should be used infrequently when 
increasing the profits associated with service. Various approaches are proposed for carrying 
out these activities. The merits of these different approaches are investigated by using them 
with the participating company. The general results produced by carrying out the activities 
are also included.

Chapter 8 deals with carrying out the activities associated with increasing the profits but 
are more cost effective when used infrequently. These activities concentrate on the 
information reporting systems and the running of the day to day decision making systems. 
This chapter concludes by bringing together all the derived research information to generate 
a framework for controlling PD service to both internal and external customers.
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CHAPTER 2
THE LITERATURE SURVEY 

AND THE RESEARCH OBJECTIVES.
2.1 Introduction.

Initially this chapter will look at the previous work that has been carried out in the area 
of Physical Distribution (PD) customer service. Then an attempt will be made to identify 
any shortfalls that may exist in these previous studies.

The research objectives will be identified and following this an indication will be given of 
how it is proposed to carry out the research to meet these objectives.

The chapter will conclude by looking at the requirements of any methodology being used 
to carry out the research and finally an indication will be given of appropriate 
methodologies.

2.2 Literature survey on customer service.

2.2.1 What is customer service ?

Most companies view their PD system as a cost which should be reduced to a minimum. 
However this perspective only considers the input into PD and fails to perceive any benefit 
which may be associated with the output. This output is the service that is being given to 
the customers through the PD system.

There have been numerous investigations into the general area of customer service reported
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in the literature (For Example Ballou(1971), Bender(1976), Christofides and Watson- 
Gandy(1973), Christopher(1983), Cunningham and Roberts (1976), Davis(1974), 
Davis(1979), Ernst and Whinney(1988), Hutchinson and Stolle(1968), Lalonde and 
Levy(1977), Lalonde and Zinzer(1976), Levy(1978), Marr(1982), Perreault(1973), 
Perreault and Russ(1974), Schary(1979), Tucker(1980), Wagner(1978), Wagner and 
Lagrace(1981)). These investigations have concentrated their work on the case of external 
service customers. That is the situation of the customer belonging to a different organisation 
than the PD operation.

Due to its fuzzy nature it is very difficult to generate a precise definition of customer service 
with which everybody would actually agree. Customer service can take many different 
forms and various opinions exist on what actually constitutes a part of service. Various
definitions can be found in the literature, for example:

"Service as a measure in the logistics strategy which involves a transfer- a shifting of functions from one firm to another, the avoidance of cost on one side to be incurred on the other." Schary(1970).
"Customer service is a system organised to provide a continuing link between the time that the order is placed and the goods are received with the objective of satisfying customer needs on a long term basis." Christopher et al (1979).
"To most customers good service comes down to availability, convenience and information. It means that the buyer is confident he will:o Get the right product at the right place, at the right time, in good condition.o Have to expend a minimum amount of administrative effort to get 

the goods and pay for them.o Be advised promptly if the supplier is unable, or expects to be unable, to deliver the complete order on time." Distribution Management Handbook (ed by Wentworth(1976)).
Customer service can be broadly defined as the attributes of PD's performance which have 
an effect on the customer's operations. Thus, any activities, in PD, whose influence cuts 
across the supplier's and customer's system boundaries, can be considered as being part of 
customer service.

The relationship between the supplier's system and the customer service measures and the
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relationship of these to the customer's system is shown in Fig 2.1. Specific areas of the 
supplier's system influence specific customer service measures who in turn affect the 
customer's system. The reverse is also true, that is parts of the customer's system influence 
specific service measures (service to the suppliers) which in turn affect the supplier's 
system. Thus, the customer service measures can be considered as not being either in the 
supplier's system or in the customer's system but rather being in an abstract system which 
links, or couples, these two systems together. Customer service as shown in Fig 2.1 is a 
coupling system (Ashby (1956)) which couples the PD system to the customer's system. 
When the customer's system is also coupled to the PD system there is said to be feedback 
occurring between the two systems.

Customer service often has a high importance attached to it, by the customer, due to its 
strong influence on his own system's performance. Perrault and Russ(1976) found that 
customer service is the second most important part of a product, next to the product quality, 
for a customer. Similar results have been found by Cunningham and Roberts(1974), 
Lalonde and Zinzer(1976).

Due to the importance placed on service by customers, a high service level policy can give a 
supplier a competitive edge over his competitors. A higher level of service results in an 
increase in sales, but there is also an associated increase in costs. There thus exists a trade­
off between the costs of providing a service level and the benefits associated with this 
service level. There is, in theory, an optimum service level where the profits, benefits- 
costs, is maximised. This is demonstrated in Fig 2.2. Due to market changes, such as 
increased competition, the curve will often shift resulting in a new optimum service level. 
Thus, the optimum service level is not a static figure. As a result of its effect on sales, 
customer service is often considered as being part of the marketing of a product. Due to its 
high impact on the level of sales, and hence the profitability of the company, there is a need 
for companies to develop a customer service policy.
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Fig 2.2 : Diagram illustrating the concept of an optimum service level.

Christopher(1983), Heskett(1971) and Hutchinson and Stolle( 1968) have all developed 
frameworks for developing such a customer service policy. When these 3 frameworks are 
amalgamated the following eight stages are present:

1) Identify the key measures of service.
2) Establish the relative importance of each service component to the customers.
3) Identify company position on key service components relative to competition.
4) Segment the market by their service requirements.
5) Design a competitive customer service package.
6) Develop a program to sell the service package.
7) Test market the program.
8) Establish customer service management and control procedures.
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The literature concerned with the carrying out of each of these stages will now be 
examined.

2i2,2 EramewQrk for a customer service policy.

Step 1 Identify the key measures of service: Defining the service measures 
requires identifying the measures that actually make up customer service. There exist 
many views on what actually constitute a service measure. Numerous service measures 
have been identified (Levy (1981(a) and (b)) alone produced 71 measures). The most 
popularly used service measures are: 

o Order cycle time, 
o Lead time consistency, 
o Inventory availability, 
o Order-size constraints, 
o Ordering convenience, 
o Delivery times and flexibility, 
o Invoicing procedures accuracy, 
o Claims procedures, 
o Salesman visits, 
o Order status information, 
o Special orders.

For each service situation there will be different service measures that are appropriate 
to that particular situation which may not be appropriate to other situations. It should be 
noted that the above service measures have concentrated on the ordering and the supply of 
stock. An exception to this is the salesman visits which indicates that there may be other 
components to service.



C H A P T E R 2 11

There are a limited number of approaches, described in the literature, for generating 
service measures. One such approach is Kelly's repertory grid analysis (Kelly (1955)). A 
number of cards are prepared each with a name of a different supplier on it. After 
eliminating the cards that have names of suppliers that are unfamiliar to the respondent, 
the respondent is randomly given three cards. The respondent then identifies the two 
companies that he considers to be most similar in terms of the service they provide and 
explains why. This produces a initial list of measures. This list can be increased by 
repeating the procedure with different triads of cards. This procedure has been used by 
Christopher(1983) to identify service measures.

Another approach, described in the literature, for identifying service measures, used by 
Levy (1981(a)), is the nominal group technique. This process consists of four stages. 
First, the group is asked to generate ideas silently. Second, ideas are recorded in a round- 
robin fashion. Third, each of the ideas are discussed. Finally, the group votes on each 
item's importance.

Step 2 Establish the relative im portance of service components to the 
customers: The effect of customer service, on the level of sales, is determined by 
customer's perception of the level of service. Marr(1980) has shown that this perception 
of service is often different from that held by the supplier. Thus there is a need to find 
out, how the customers perceive each customer service measure and what the relative 
importance of each service measure are to them- Sabath(1978).

Several examples of proposed techniques for doing this are described in the literature, 
probably the most popular being conjoint analysis (see Green and Wind( 1975)). This is a 
technique based on the principle of trade-off between two or more measures. The 
technique works by presenting a respondent with feasible combinations of customer 
service measures. The respondents then ranks these options in order of preference. An
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example of a completed table, for order lead time and order fill rate, is shown in Fig 2.3. 
These rankings are then transformed, by a computer program, into importance weightings. 
Conjoint analysis has been used in several exercises looking at customer service including: 
Christopher et al(1979), Marr(1982) and Perrault and Ross(1977).

Fig 2.3: A diagram showing an example of a completed trade-off matrix for the two service measures lead time and the order fill rate.
ORDER FILL RATE

LEAD TIME (IN DAYS)

90% 95% 98%
3 4 2 1

4 7 6 3

6 9 8 5

As well as using conjoint analysis, straight forward questionnaires with respondents giving 
their relative importance rating for a particular customer measure can be used. 
Christopher! 1983) points out that although this approach has a distinct advantage due its 
ease of use there are disadvantages associated with the customer rating every part of 
service as being important. A partial solution to this problem is to ask the respondents to 
allocate a total of 100 points amongst all the measures listed, according to their perceived 
importance. In practice, however, this is a fairly daunting for the respondent and can 
often result in an arbitrary allocation.

Step 3: Identify company position on key service components relative to 
competition: As the supplier is competing against other suppliers the relative perception 
of the different supplier’s service, in the customer's eyes, is an important factor in the 
level of sales being generated. Christopher and Morcom(1988) have pointed out that unless
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the product or service offered can be distinguished(i.e. differentiated) in some way from its 
competitors, it is more likely that it will be simply be regarded as a commodity and the sale 
will go to the cheapest supplier. Christopher(1983) shows how questionnaires can be 
used to work out the relative competitiveness of any one supplier. These questionnaires 
are completed by each respondent giving each of its suppliers a value rating, such as from 
1 to 10, for how good a service they give for the different service measures.

Step 4 Segment the market by service requirements: Christopher(1983) suggests 
that there are often advantages associated with not treating markets as if they were 
homogeneous with customers sharing common characteristics. These advantages are 
associated with seeing that different customers have different optimal service levels. Thus, 
by giving different service levels to these different customers the overall gross profit level is 
increased.

To reap these advantages the following questions have to be addressed:
a) Do all the customers require the same level of service?
b) Are all the customers equally sensitive to service?
c) What are the different requirements of different market segments, or trade 
sectors for customer service?

A limited number of investigations into service segmentation can be found in the literature. 
Two such studies by Nielson(1968) in the US and by Schary and Christopher (1979) in the 
UK showed that when shoppers were faced with a stock-out of the preferred brand there 
were noticeable differences in subsequent behaviour between when the store's own label 
and when the manufacturer's brand item were the preferred brand.

Work done on the scientific instrument industry, by Gilmour(1977), indicated that there 
were several different market segments present
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Cluster analysis, on questionnaire results, has been used by Christopher(1969) to 
identify distinct market segments.

Step 5 Designing the customer service package: This step entails looking at the 
costs and benefits associated with a service level, so as to define the service level which 
maximises the profits. Christopher(1983) states that as customer service is only one of 
many ways by which the supplier can achieve a competitive edge over his rivals, there is a 
need to look at customer service in the context of other marketing techniques- such as the 
product selling price and the level of advertising.

Various studies into the cost of providing a service level can be found in the literature. 
Some of the more important studies are described below.

Hutchinson and Stolle (1968) looked at the effect that the number of warehouses has on 
the cost of distribution and the percentage of customers which as a result are within 1 or 
2 days delivery time of the warehouse.

In a similar study carried out by Christofides and Watson-Gandy(1983), the cost of 
providing different frequency of deliveries was investigated. This was done by looking 
at the number of and size of delivery vans required to generate a specified service level.

Numerous investigations have looked at the cost of achieving a specific order-fill rate 
(examples of these include: Heskett et al(1973), Christopher et al(1979) and Johnston et al 
(1988))

The investigations contained in the literature have concentrated on the cost of an order fill 
rate or of a lead time. This is probably due to the relative ease of generating a cost 
model for these measures. Christopher(1983) points out that practically determining the
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costs of achieving a service level is not always very easy; because the costs associated with 
service are not easily identified using normal accounting procedures.

In contrast, to the high number of studies in the literature looking at the costs, there are 
comparatively few actual studies concerning the benefits associated with a service level. 
One such study earned out by Shycon and Sprague(1975) looks at the penalties associated 
with providing a poor lead time to a retailer. These penalties are divided into 4 components:

1) The penalty of lost sales.
2) The penalty associated with a present line being delisted.
3) The penalty associated with a new line not being stocked.
4) The penalty associated with promotions not being accepted.

Other studies into service benefits have been carried out by Stephenson and Willet(1968), 
Ballou(1971), Mossmain and Morton (1965). Christopher and Willis(1974) criticise these 
three studies for considering only the effect of only one service measure, when the 
actual effect is determined by many measures.

Schary and Becker (1973) tried to get around this problem by considering the benefits 
associated with the total expenditure on service. (Other investigations into service benefits 
include Schary and Becker(1972). Walter and Grabner(1975), Walters(1974), Walters and 
Lalonde(1975), Vinson(1972)).

The main difficulty with defining the serv ice benefits stems from being unable to generate 
an accurate quantitative model of the relationship between service and the benefits, sales. 
This is often due to the difficulty of discerning the effect of service from the effect other 
factors are having on the level of sales. Also as some effects are long term in nature there is 
a need to run an experiment on a system for some time before the full effects are actually 
felt.
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The requirements for carrying out the first five steps of the above described framework,
for effectively controlling service to external customers, are summarised in Fig 2.4.

Step 6 Develop a program to sell the service package: Hutchinson and Stolle 
(1968) state that as customer service is part of the marketing mix of a product the supplier 
should promote his service package to his customers, pointing out the advantages of his 
service package.

Step 7 Test market the program: Hutchinson and Stolle(1968) argue that before a 
customer service package is implemented through out a company's entire operations it 
is sensible to test market it. This is because of the uncertainty that surrounds both the 
actual costs of providing and the benefits from a service package.

Step 8 Establish customer service management and control procedures:
The last step, in the development of a service policy, is to establish performance controls to 
ensure that the service that is being offered, is actually being achieved. Also it is important 
to monitor the cost of providing the service and the effect it is having on the sales.

Christopher(1983) sees that customer service objectives should mirror the typical planning
cycle of the firm. This is shown in Fig 2.5. From this Christopher(1983) sees that
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customer service goals are based on the strategic objectives and that a policy for customer 
service can only be defined as part of a global review of the whole marketing strategy.

Figure 25riie Distribution Planning C\clc

Source: Moore. J., "Siraieeic Considerations in Measuring and Reporting Pe.to 
Distrioution Mar.acemenl” , A'CPDM Annual Meeting Proceedings, 1977.

ance Icr Ph

One of the problems in trying to manage service is its inter- departmental nature and the 
lack of acceptance of its importance by different departments. According to 
Christopher(1983), this means that to manage customer service successfully there must 
be both an established organisational recognition of the customer service function and a 
reporting and control system necessary to carry out the effective management of this 
function. The only way to do this is by having all the activities involved in a service 
measure being managed as a intergrated function.
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The stages involved in controlling customer service are the same as in the controlling of 
any other activity. The simple basis of any management control system is shown in Fig2.6.

Fig 2.6: A diagram showing the basis of a simple management control system.

Both Heskett et al (1973) and Hutchinson and Stolle (1968) have proposed service 
control system complying with this simple format. Heskett et al( 1973) suggest a procedure 
which, slightly modified, would be:

1) Identify all important logistics cost categories along with other inputs of effort 
which the organisation incurs.
2) Institute systems and procedures for the collection of this data.
3) Identify and collect the output data.
4) Prepare a set of desired measures by which the logistics activities within the 
organisation might be evaluated.
5) Set up a mechanism for the regular presentation of status repons.

Unfortunately, normal accounting systems are often incapable of providing the relevant cost 
data. The designing of systems for the collection of this data is therefore, no easy task.
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Identifying and collecting output data may also be problematic. Output data is considered 
with revenue, thus, the problem becomes one of pinpointing the extent to which the service 
has resulted in the generation of revenue. Instead of doing this the service measure is 
usually used as a surrogate measure.

Hutchinson and Stolle(1968) propose that the following stages are required in a service 
control system:

1) Establish quantitative standards of performance.
2) Measure actual performance for each service measure.
3) Analyse variance- viz- actual service versus the standard.
4) Take corrective action as needed to bring the actual performance into line.

It should be stressed that with this approach there are still the same problems of defining 
the service costs and benefits, as this is required when determining the required standard 
of performance.

2,3. The previous .research shortfalls.

It is felt that previous studies dealing with controlling PD customer service have some 
shortfalls, these include:

1) The previous studies have only considered the case where the service customer 
is external, that is not in the same company as the PD operation. However often a 
PD system supplies service to an internal customer. A very common example of 
this is retail companies who run their own PD operations.

2) They have a tendency to concentrate on providing one off solutions which 
do not adapt themselves to possible situation changes.
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3) Few investigations have been held into the relative merits of possible approaches 
for carrying out a particular activity required in a service control system.

4) They have generally concentrated on service measures that are concerned with the 
ordering and actual supply of stock and usually have not dealt with the possibility 
of other types of service, such as the accuracy of stock information.

5) Previous studies have considered mainly what controlling service in theory 
requires and have isolated this from what is actually felt to be required in reality, by 
the service controllers.

6) Different people hold different views on what is involved in controlling service 
or even why there is a need to control PD service. Previous studies have generally 
failed to take this into consideration because they usually adopt one particular 
viewpoint of what is involved in controlling PD service.

2.4 The research objectives.

The objectives of this research are to address the gaps that have been identified (above) in 
the previous studies. Thus they arc:-

1) To look at the similarities and differences in the two situations of:- controlling 
service to internal customers, and controlling service to external customers.

2) To investigate how customer service can be controlled so that a system is created 
that will continually change and be updated to fit the actual changes in the situation.

3) To determine a way of discerning the relative merits of a particular approach
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and then use this to define the best way of doing an activity. This means that the 
defined system will be a learning system.

4) To take a broad view of the definition of service and to question whether it is 
merely concerned with the ordering and the delivery of stock.

5) To define what is considered to be actually required in controlling service in 
reality and not just in theory.

6) To take into consideration the many different viewpoints that exist when 
determining what is involved in controlling PD service.

2.5 W hat needs to be done ?

The basic outline of what needs to be done to meet the above objective are as follows:

1) Determining the activities which are felt to be required in controlling PD's 
service to internal customers, by considering the various views of people that are 
concerned with controlling service from a PD operation to internal customers.

2) Comparing the activities identified above with those required to control the 
service to an external customer, as defined in the literature.

3) For each of the defined activities determine possible designs of systems which 
will carry out the activities continuously.

4) Defining a framework which can be used to test the relative merits of these 
different system approaches.



C H A P T E R 2 22

5) Testing the relative merits of each possible system by trying them out in an 
actual situation wherever possible.

6) Carrying out all the above without, hopefully, adopting any preconceived 
ideas of what is and is not a part of service.

2.6__The-methodQlogv being used.

2.6.1 The requirements of the methodology.

From the above discussions it is possible to identify some of the characteristics which are 
needed by any methodology used to carry out the research will need. These are:-

1) To be able to take into consideration different views of a particular situation.
2) To generate a continuous solution (i.e. one that is continuously updated) to the 
problem rather than a one off solution to the problem.

2.6.2 The choice of the methodology.

The nature of the problem being looked at in this thesis is ill-defined because of the many 
different views about it. Therefore it is proposed that soft system methodologies may be of 
use in understanding the problem. There are 2 in particular methodologies that are felt to be 
appropriate here: Checkland's soft system methodology (Checkland (1981)) and Eden's 
cognitive (Eden et al(1983)) mappings.

These were chosen because of their ability to be able to deal with many differing views of a 
problem.
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2,6,3 Description of methodologies.

A description of the 2 methodologies that will be used in this thesis are included below.

I) Checkland's methodology: Only a brief description of the methodology is included 
here. A more detailed description can be found in Checkland's book (Checkland(1981)). 
Checkland’s methodology is a process designed to deal with fuzzy situations where there 
are many different perspectives on a problem. The whole approach of this methodology 
is based on being able to use and discuss different views of the problem situation. The 
methodology determines what human activity systems (that is a set of activities) are felt, by 
the various problem owners, to be required in a situation to solve a problem. These human 
activity systems (HASs) arecarried out continuously. Hence allowing the problem solution 
to react to changes in the problem. Consequently it is felt that Checkland's methodology 
has the characteristics necessary for the required methodology.

The general outline of Checkland's methodology is shown in Fig 2.7 (Checkland 1981). 
The first part of the methodology is concerned with finding out as much as possible 
about the problem situation (stages 1 and 2). Checkland(1981) has prescribed several 
approaches for use in this finding out stage. These include:

1) Not having any preconceived ideas about what the problem is.
2) Getting as many perceptions as possible of the problem.
3) Identifying the various opinions of those interested in solving the problem. 
(These various defined opinions forms the basis of defining the various 
Weltanschauung (world views), of the problem situation that are present).



f icj 2 7 Di.Kjf.un showing Chevkl.md's methodology
(Source Checkl.ind P "Systems thinking, systems practice, John Wiley and sons )
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Various other techniques have been proposed in the soft system literature for 
helping to define the problem. Some of these are included here:

1) Koberg and Bagnell (1981) suggested that the following questions are 
useful for a problem solver to ask when defining a problem and its context:

a) What are my resources and what is required?
b) Where can information be found about the problem?
c) What is the total scope of the world in this problem?
d) Which points are controllable and which are fixed?
e) What is allowed and what is ruled out in a solution to the problem.

2) Koberg and Bagnell (1981) also suggest that problem solvers should try to 
get involved in the problem situation and put themselves in the problem owners 
shoes. This can be done by gaining first hand experience of working in the 
problem situation.

3) Eden et al (1983) propose various approaches that can be used by a problem 
solver, these include:

a) Letting the problem owner ramble on about his problem and it's context. 
By identifying the concepts mentioned frequently, by the problem owner it 
is possible to determine what he considers to be the main parts of the 
problem.

b) The use of empathy when holding discussions with the problem owner. 
This involves using feedback with the problem owners. This is done by 
asking them to say more about and clarify about certain areas being 
discussed. This helps the problem owners feel that they are being listened
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to. Consequently they are more likely to express their real feelings about 
the problem.

c) The use of interviews. This involves the use of formatted questions 
prepared before hand.

d) The use of cards to determine the intersubjectivity of ideas. The ideas that 
are felt to be most salient to the problem, identified by using other 
techniques, are written on cards. The client is then invited to organise the 
cards in a way that describes the interaction of the ideas which are most 
appropriate to him.

e) Use of repertory grid techniques. A description of this technique 
has been included earlier in this chapter (section 2.2.2 on how to 
define service measures). Where a client expresses differences and 
similarities between 3 different suppliers of stock. Here a client expresses 
similarities and differences between 3 different measures of the problems.

f) Interactive modelling using cognitive maps. This is discussed later on in 
this section.

It is proposed that the following approaches are also useful for carrying out this stage of 
Checkland's methodology:

1) Consulting work carried out on similar problems in the past. This enables the 
problem solver to learn from other people's experience and using their insight into 
the particular problem. However, there is a need to identify the differences in the 
problems being investigated and still have an open mind about the situation.
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2) Define the constraints operating on possible system designs. There are 
principally two classes of constraints operating on a problem situation:

a) Universal constraints, which operate wherever the problem is, these can 
usually be identified by looking at the literature. An example of a universal 
constraint is Ashby's law of requisite variety (Ashby(1956)).

b) The domain constraints, which are due to the problem situation. These 
are highlighted by consulting the problem owners over what is and is not 
allowed.

The culmination of stages 1 and 2 of Checkland's methodology is the defining of a set of 
root definitions of systems (stage 3 of the methodology) which are felt would reduce the 
problem symptoms. The root definition of a required system is basically a verbal statement 
of a particular objective and a point of view which together with a set of activities, makes 
the statement a meaningful system. Each root definition reflects one particular viewpoint on 
what problem needs to be solved.

Smyth and Checkland (1976) propose a framework that can be used to test whether a root 
definition is well formulated. This involves checking that the following measures are 
contained in the root definition: The Customers; the Actors; the Transformation (this is the 
central essence of the system); the Weltanschauung (the world view being adopted); the 
Owner of the problem and the Environmental constraints of the problem situation. 
Collectively these measures are referred to as being the CATWOE of the root definition. 
This framework can then be used to determine if all the measures are present in a root 
definition. From this a particular root definition can be reformulated if required. It 
should be stressed that it is not necessary for all the CATWOE measures to be present in a 
root definition. However each root definition needs to have a transformation and a 
Weltanschuuang specified in it.



C H A P T E R 2 28

Wilson(1984) suggests that the CATWOE system is also a useful device for helping in 
the construction of root definitions. By using this consideration can be given to the various 
measures of a root definition prior to its definition. However once formulated, the root 
definition should still be tested against the CATWOE to ensure that the definition represents 
what was intended. Wilson(1984) points out some pitfalls, listed below, which should be 
avoided when defining a root definition.

1) The root definition should describe a system and not what physically exists.
2) Customers represented in the CATWOE should be the direct benefactors of the 
systems transformation, not the final indirect benefactors of the system.
3) A root definition should, where grammatically possible, contain only one world 
view and transformation.

In stage 4 of the methodology each of the derived root definitions are then translated into a 
conceptual model of the human activity systems (HASs) which have to be present to be 
the system defined in the root definition. (A human activity system is a notionally 
purposeful system which expresses some particular human activity). The root definition 
describes what the system is, whereas the conceptual model describes what the system 
does. These conceptual models can then be validated against other system thinking, such 
as cybernetics, to ensure that it is complete as an adaptive system. The conceptual model is 
then compared against the root definition to ensure that the HASs contained in the 
conceptual model are actually represented in the root definition and all the root definition is 
encapsulated within the conceptual model. If either of these cases is not true then either the 
root definition or the conceptual model have to be reformulated.

The next stage in Checkland's methodology is to compare the set of conceptual models 
that are produced against the problem situation by discussing them with the problem 
owners. These discussions are used to redefine the problem situation and hence the root 
definitions. From these a further set of conceptual models are produced. This cyclic 
learning process is repeated until an agreement on a particular conceptual model is achieved.
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This final conceptual model is used for stating what activities are felt to be required in 
the situation to alleviate the perceived problem situation. Stage 6 of the methodology 
defines how each of these human activity systems derived in the final conceptual model, 
derived at stage 4, are going to be carried out. Stage 7 is then concerned with how the 
changes required are going to be implemented.

Checkland's methodology is used in this thesis to help determine what activities are felt 
by a set of problem owners to be required in controlling PD service to internal customers.

II) Cognitive mapping: Cognitive mapping is a method, developed by Eden et 
al(1983), for modelling ideas, beliefs and values about a problem. This technique enables 
the problem helper and clients to have an explicit basis for negotiating about a particular 
problem's context and structure. The technique can also be used by individuals to help 
formulate their thinking about a problem situation.

The first stage in carrying out the technique is for the helper to find out as much about 
the problem situation as possible. Similar methods to those used in stages 1 and 2 of 
Checkland's methodology, see above, are used to do this. The next step in the 
methodology is for each of the problem owners to define a label for the problem. Then they 
are asked to define what would be a satisfactory alternative to this circumstance in their 
eyes. This generates the two opposite poles of the problem: problem present and the 
problem not being present. Repository grid technique are often used as an aid in doing this.

The next step is to develop ideas through the problem owners addressing the questions: 
"Why does this problem matter to you?", or "Why are you worried about the problem?" 
Again, where possible, alternatives (opposites) to these situations should be formulated. 
Next the problem owner is asked the question: "What reasons come to mind as explanations 
for the problem?".
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It should be noted that the above analysis identifies and represents a particular person's 
views on what the effects and causes of a particular problem are. An example of such a 
mapping for the problem of lead time consistency is shown in Fig 2.8.
Fig 2.8: A diagram showing a possible cognitive map showing the causes and the effects of the problem of variations in the lead times.

High level of Manpower in warehouse. 
Low level of Manpower in warehouse.

Variation in the workload... 
... Constant workload.

*
Variation in the lead time....
... Constant lead time.

I
+

*High Level of lost sales... 
Low level of lost sales.

By defining the causes and effects of a problem situation with two opposite poles it is 
also possible to indicate the direction of any causal relationship between two variables. 
When the first pole leads to the second pole there is said to be a negative relationship. 
Whereas when the first pole leads to the first there is said to be a positive relationship. 
These directional relationships are shown in Fig 2.8 for the example of lead time 
consistency. This mapping process can be carried on to consider what a particular person 
considers to be the causes of the causes and what the effects of the effects.

The cognitive maps that are produced by carrying out the above procedure are used 
with the problem owners to reformulate thinking about the problem and from these 
discussions a further set of cognitive maps are produced. This process is carried on until 
a cognitive map are produced which is felt encapsulates the problem owners understanding 
of the problem.
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When this technique is used with many different people (who each have differing views 
on the problem) the different problem views are visually represented by using this 
technique. The resultant maps representing the differing views about a problem help in 
allowing a group discussion about the problem to take place.

Due to the methodology being ideally suited in analysing the causes and effects of events it 
will be mainly used in this research to look at the effects of and causes of a service level 
for each of the service measures that are derived.

2.7 Summary.

Initially this chapter looked at the previous studies that had been carried out on controlling 
customer service. This showed that customer service is an important part of physical 
distribution's performance. Also it was shown that customer service is a very fuzzy 
concept and hard to define precisely, resulting in there being many different opinions about 
what it involves. A framework of eight activities which the literature defined as being 
required to control the service were identified. These activities are as below:

1) Identify the key measures of service.
2) Establish the relative importance of each service component to the customers.
3) Identify company position on key service components relative to competition.
4) Segment the market by their service requirements.
5) Design a competitive customer service package.
6) Develop a program to sell the service package.
7) Test market the program.
S) Establish customer service management and control procedures.

The methods the literature described for carrying out each of these activities have also been 
included.

Following the literature survey an indication was given of some shortfalls in these previous
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studies, these include:
1) They have not considered the case of an internal customer.
2) They have a tendency to concentrate on providing one off solutions rather than 
continuous solutions.
3) They have not determined the relative merits of the different possible approaches 
for carrying out a particular activity.
4) They have generally concentrated on service measures that are concerned with the 
actual supply of stock.
5) They have failed to take into consideration different peoples views on what is 
involved in controlling PD service.
6) They have considered mainly what controlling service in theory requires and 
have isolated this from what is actually felt to be required in reality, by the service 
controllers.

From these shortfalls the following research objectives were defined:
1) To look at the similarities and differences in controlling service to internal 
customers and to external customers.
2) To investigate how to control customer service in a way which updates itself to 
reflect actual changes in the situation.
3) To determine a way of discerning what the relative merits of a particular approach 
are. Then use this to define the best ways of doing a activity.
4) To take a broad view of what service is.
5) To take into consideration the many different viewpoints when determining 
what is involved in controlling PD service.
6) To determine what is considered to be required in controlling service in reality.

From the objectives the actual proposed outline of what is required to be done in the 
research was generated. This outline is shown here:
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1) Determine the activities that are felt to be required in controlling PD's service to 
internal customers by considering the various views of people concerned with 
controlling service from a PD operation to internal customers.
2) Compare these activities with those required to control the service to an external 
customer, as defined in the literature.
3) For each of the defined activities determine various possible designs of systems 
to carry out the activities continuously.
4) Define a framework to test the relative merits of these different system 
approaches.
5) Test the relative merits of each possible system, where possible, by trying them 
out in an actual situation.
6) Carry out the above without, hopefully, adopting any preconceived ideas of what 
is and is not part of service.

Two methodologies, Checkland's soft system methodology and Eden's cognitive mapping 
were identified as being useful in carrying out the research. The next chapter deals with 
how the above research can be performed and what the similarities and differences in the 
activities required for controlling service to internal customers from those required in 
controlling service to external customers.
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CHAPTER 3
RESEARCH METHODOLOGY 

AND DEFINING THE 
BASIC ACTIVITIES REQUIRED.

3.1 Introduction:

This chapter looks at how each step in the research outline, contained in chapter 2, can 
actually be carried out. This results in a procedure being generated which enables the 
research objectives to be met.

The initial part of this research procedure will be used to indicate what basic human 
activity systems (HASs) are felt to be required to control service to internal customers. 
These HASs will then be compared against those needed for external customers.

3.2. How the, research can actually be carried out.

In chapter 2 various steps were identified for carrying out the research in this thesis, these 
were:

1) Determining the activities that are felt to be required in controlling PD's 
service to internal customers, by considering the various views of people that are 
concerned with controlling service from a PD operation to internal customers.

2) Comparing these activities defined in step 1 with those required to control the 
service to an external customer- as defined in the literature.
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3) For each of the defined activities for controlling service to internal customers, 
determine various possible approaches which will perform the required activities .

4) Defining a framework which can be used to test the relative merits of the 
different approaches for carrying out the activities.

5) Testing the relative merits of each feasible system by trying them out in a 
actual situation, where possible.

6) Carrying out the above without- hopefully- adopting any preconceived ideas of 
what is and is not part of service.

How each of these steps can be accomplished will now be investigated.

.Carn ing-out ..Step ,1;

It is proposed that Checkland's methodology (Checkland (1981)) as described in chapter 
2 can be used to carry out step 1 above.

Due to the amount of time and effort it would have involved if used with many different 
companies, Checkland's methodology will only be used with one participating company 
in this research. This strictly means that the HASs defined are only valid for the problem 
facing this one company. However, it is considered that the problem that is investigated, 
for this one company, is a universal one which faces any company which has its own PD 
system. Also it is felt that this company's PD system is similar to other companies systems, 
consequently solutions to this problem are likely to be transferable to other situations.

It is suggested that Checkland's methodology can be enhanced by looking at previous
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studies of similar problems. This shows what activities (HASs) were felt to be required to 
solve these problems. When these HASs are compared against those derived by using 
Checkland's methodology there will often be mismatches. These mismatches can then be 
used to discuss, with the participating company, whether they are actually required or not. 
This whole process is shown in the flow chart in Fig 3.1. This process enables knowledge 
gained from other studies to be introduced into Checkland's methodology. Basically the 
worldviews expressed in previous studies are being used to define an additional set of 
conceptual models. This enhances the discussion about the problem in stage 5 of 
Checkland's methodology.

3.2.2 Carrying out step 2;

Previous customer service studies have looked at service to external customers. By 
looking at the activities described in these studies it is possible to determine the HASs 
felt to be required for controlling service to external customers. The activities that are 
felt to be required for controlling service to internal customers have already been 
defined by step 1.

3.2.3 Carrying out step 3:

Checkland's methodology will be used as a front-end procedure in this research. That is the 
methodology will be used to transform the original problem into one of how to carry out a 
set of HASs (It should be noted that the HASs define what activities are needed to be 
carried out). This transformation process is shown in Fig 3.2. Any management technique 
or tool felt to be appropriate, will then be used to define how to perform these HASs.
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Fig 3.2: A diagram showing the transformation 
of the original problem by using Checkland's 
soft system methodology into defining how  

certain Human Activities Systems should be carried out

unstructured. Activity Systems
required to be 
present to 'solve' 
the problem.

However, if it proves difficult to define how a particular HAS can be carried out, then 
Checkland's methodology will be used again, with the participating company, to redefine 
this HAS in terms of a further subset of HASs that are felt to be required. This once 
again gives the opportunity for any technique to be used to carry out these HASs. This 
procedure is repeated until the methodology defines a HAS where it is known how to carry 
it out.

Consequently, Checkland's methodology is used to define a framework of HASs which 
are felt to be required to solve the problem. This process is illustrated in Fig 3.3. It can be 
seen from Fig 3.3 that this framework has various levels of HASs with the initial problem 
being at level 0. This problem is 'solved' by transforming it into the problem of defining 
how the HASs at level 1 can be performed. In turn these level 1 HASs if required can be 
defined in terms of the level 2 HASs and so on.
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3,2.4 C a r r y i n g  o u t  s tep  4:

Often a choice of possible approaches exists to carry out a particular HAS. Consequently 
there is a need to define criteria for the relative merits of the different options in order to 
determine which approach is best. It is proposed to use the criteria suggested by 
Checkland(1987). These criteria look at how well a particular option carries out the 
described transformation in the HAS's root definition. There are three dimensions to this 
criteria:

1) The effectiveness of an approach. How much output is produced?
2) The efficacy of an approach: Is the approach capable of producing the desired 
result.
3) The efficiency of an approach: Does the proposed approach use up valuable 
resources?

These criteria will from now on be referred to as the 3 E test. It should be noted that the 
more effective and efficient a particular efficacious technique is, generally the better the 
technique is.
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3.2,5 Carrying out step 5;

Each of the approaches proposed in stage 3 for carrying out a HAS will be tested in the 
participating company's situation and their performance measured against the 3 E criteria 
proposed for that particular HAS in step 4. This enables a decision to be made concerning 
which approach is considered to be the most beneficial to use. This means that the system 
evolves and increases its performance by selecting the best techniques. This procedure is 
shown in Fig 3.4.

Fig 3.4: A diagram showing how using the 3 E test
creates a learning system by choosing

the best way/ways of performing a H.A.S.

3.2.6 Carrying out step 6;

As Checkland's methodology starts from the premise that no preconceived ideas about a 
problem should be adopted step 6 is automatically carried out when using this 
methodology.
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3.2.7. Summary of research outline:

A summary of the above proposed research outline of how the research will be carried 
out is shown below:

1) The HASs that are required for controlling service to external customers are 
defined by investigating previous studies on similar problems.
2) The HASs that are felt to be required for controlling service to internal customers 
are defined by using Checkland's methodology with the participating company.
3) Results of 1 and 2 are compared, where HASs are present in 1 but not in 2 then 
discussions are held with the participating company to decide if they should be left 
out or not.
4) Determine if the HASs defined in step 3 are primitive (i.e. it is known how to 
carry the HAS). If they are not, carry out stages 1- 3 for each of the defined HASs 
until a set of primitive HASs are produced.
5) Use the 3 E test to determine criteria for testing the various approaches for each 
of the HASs.
6) Use each of the proposed approaches for carrying out a HAS with the 
participating company and test their performance against the 3 E criteria to determine 
the best approach.

This procedure is shown in Fig 3.5. This procedure will be used throughout the rest of 
this thesis.
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Fig 3.5: A diagram showing the outline of 
the research approach being used in the thesis.
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3.3 The actual use of procedure;

3.3.1. Carrying out step 1:

It was shown in chapter 2 that according to Christopher et al (1983), Heskett(1973) 
and Hutchinson and Stolle (1968) there are eight activities required to be performed 
when controlling service to external customers. These are:

1) Identify the key elements of service.
2) Establish the relative importance of service components to the customers.
3) Identify company position on key service components relative to competition.
4) Segment the market by their service requirements.
5) Design a competitive customer service package.
6) Develop a program to sell the service package.
7) Test market the program.
8) Establish customer service management and control procedures.

Each of these activities represents an activity carried out by a particular HAS. The 
conceptual model for these HASs is shown in Fig 3.6.

3.3.2 Carrying out step 2 of the procedure;

Stages 1+2: Getting a rich picture of the problem. Consultations were held with 
company staff, who were felt to have a concern about solving the problem. In these 
consultations the personnel were allowed to express their opinions on what they 
considered the actual problem to be. Generally these consultations were of rambling type, 
(see Eden et al (1983)) giving the personnel the opportunity to talk freely about the 
problem. After these initial discussions several personnel were reconsulted to clarify ideas



Fig 3 6: A diagram showing the Fluman 
Activity Systems required when 
controlling service to external 
customers (as defined in the 
literature).
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about the problem. Also during these consultations the personnel were encouraged to 
express their opinions on what formed part of PD service. They were asked to 
indicate if they thought there were any possible constraints on possible solutions. First 
hand experience was also gained in the company's areas that was affected by PD’s service 
so as to get a feeling of the effects of the problem.

The investigation indicated that the following issues were felt to be part of the problem:
1) There were several different views of what customer service actually is.
2) There was no absolute standard of what the level of service should be or what 
the service policy should have been.
3) Service level was measured by only a limited number of quantifiable factors.
4) The effect on overall efficiency of controlling the service level was imprecisely 
known.

The constraints operating on the system were identified as being: That any solution 
being offered had to be both feasible and cost effective.

Stage 3: Defining the root definition: Once a rich picture of the problem situation 
had been developed, it was possible to attempt a formulation of a set of root definitions. 
To aid in this the CATWOEs of the required systems were defined, this analysis is shown 
below:

The customers (those who benefit from an improvement in the problem situation) 
were identified as being: The controllers of PD service.
The actors (those who carry out the activities of the system) were identified as 
being: The PD system.
The transformation (the transformation process carried out by the system) was 
identified as being: From no way of controlling PD service so as to increase the 
performance of the company to a state where there is a way of controlling PD
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service which would increase the performance of the whole company.
The W eltanschauung was identified as being: Controlling and evaluating 
service is worthwhile due to the effect it has on the company's performance 
(profitability).
The Ownership (those who are concerned about the problem) was identified as 
being: "The PD operation and in a wider sense the whole company."
The environmental constraints were identified as being: "The requirement 
that the systems have to be financially viable and feasible."

It can be seen from above that only one Weltanschauung and transformation were 
identified. This meant that all the views expressed could be represented in one root 
definition. The above CATWOE analysis was used in defining the following root 
definition of the system that was felt to be required to alleviate the perceived problem:

"A system which controls the service of the Company's Physical Distribution system in a way which increases the profitability of the whole company. Any control systems 
used have to be both feasible and financially viable."

This root definition was then checked against the CATWOE analysis to ensure it was well 
formulated.

Stage 4: Defining a conceptual model: The conceptual model of the HAS that was 
generated is shown in Fig 3.7.

The cross examining of this conceptual model against the root definition, to ensure that it 
is concise and complete, is shown in Fig 3.8. This conceptual model indicated that 
the following HASs were felt to be required:

1) Understanding the company's PD operation.
2) Defining service.
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3) Identifying the service being generated.
4) Defining how service affects profitability.
5) Control the service so as to increase the company's profitability.
6) Understand what is possible and financially viable when controlling service.

Fig 3.7: A diagram showing the 
conceptual model generated 
for the participating company.

Consultations were then held with the company to ensure that these HASs were the ones 
felt to be required to solve the apparent problem.
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Fig 3.8: A diagram showing the cross referencing 
between the root definition and the conceptual model generated.
Root definition.
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3.3.3 Checking against the HASs required according to the literature.

The above 6 activities were then checked against the HASs defined, by the literature (as 
in chapter 2) for controlling service to external customers (see section 3.3.1). Five of 
these activities were found to be missing namely:

1) Establish the relative importance of service components to the customers.
2) Identify company position on key service components relative to competition.
3) Segment the market by their service requirements.
4) Develop a program to sell the service package.
5) Test market the program.

After consultations with the participating company it was found that the last three extra 
activities were still considered to be useful and consequently still valid when controlling 
service to internal customers.

It was indicated, in chapter 2, that there are advantages associated with using different 
market segment. Thus, this HAS was felt part of the HAS which looks at the policy of 
increasing the profits associated with service and consequently is not a separate HAS.

The activity of developing a program to sell the service package was still felt to be 
appropriate. This is because the service benefits achieved by the customer are severely 
restricted if the customer does not know what the beneficial consequences of a particular 
service level are. For example, if a customer (such as a store manager) does not know that 
the stock lead times are now more consistent he may still takes cautionary action against 
inconsistent lead times by holding higher than necessary stock levels. Thus, there is a need 
for a system to inform the customers of the service level achieved and the likely effects 
on his own system. Again this is part of the policy to increase the profits associated with 
service and consequently is not a separate HAS.
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If the implementation of the HASs is done in stages then it will give an opportunity to test 
the relative merits of the possible different ways of carrying out each HAS. (That can be 
done by using the 3 E test). This enables the techniques that are most useful to be 
chosen. Consequently this is not felt to be an actual HAS, but rather a constraint on how 
to carry out the other HASs.

Therefore, 6 level 1 HASs were felt to be required for controlling PD service to internal 
customers:

1) Understanding the company's PD operation.
2) Defining service.
3) Identifying the service being generated.
4) Defining how service can affect a company's profitability.
5) Controlling the service so as to increase the company’s profitability.
6) Understanding what is possible and financially viable when controlling 
service.

It was considered that these HAS can be grouped into 3 main sets:
1) The HASs concerned with understanding the company’s PD operations (HAS 1 
above).
2) The HASs concerned with defining the service elements (HASs 2 and 3 above).
3) The HASs concerned with defining and achieving the optimum service strategy 
(HASs 4 5 and 6 above).

These general areas and required HASs are shown in Fig 3.9. These 3 sets of HASs are 
investigated in the remaining chapters of this thesis.
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Fig 3.9: A diagram showing 
the 3 main HASs required.

Although Checkland's methodology was used to investigate these 3 HASs, where it was 
felt appropriate, a full description of the analysis will not be included in the thesis. 
Generally only the results (the determined HASs) will be stated.

3.3.4 Comment on HAS 6;

One of the HASs identified above is: "To understand what is possible and financially 
viable when controlling service." Understanding what is possible can be determined 
by knowing whether an approach for carrying out a particular HAS is efficacious. 
Unfortunately it is often very hard to determine the financial feasibility of each HAS. 
However it is suggested here that an indication of the financial feasibility of a HAS can by 
given by considering the HAS's effectiveness and efficiency. The cost effectiveness of a 
HAS will be dependent on the approach being used. The benefits of a HAS are correlated
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with its effectiveness and the costs are inversely correlated with its efficiency. Thus if a 
HAS is highly effective and efficient, it is more cost effective/financially viable. Similarly 
if a HAS is inefficient and ineffective, it is less cost effective/financially viable.

It is also possible by considering the effectiveness and efficiency characteristics of a 
HAS to estimate how frequently a particular HAS should be carried out to be most cost 
effective. The more ffequendy a HAS is carried out the more effective it becomes (increase 
in the benefits) however a HAS's efficiency is decreased (increase in the costs) by using 
it more frequently. Consequently there is a need to strike a balance between the increase in 
effectiveness and decrease in efficiency associated with using a HAS more frequently. 
If there is not much increase in the HAS's effectiveness by carrying it out more 

frequently and there are high costs associated with carrying it out then the HAS is more 
cost effective when used infrequently. However if there is an increase in a HAS's 
effectiveness by carrying it out more frequently and there are low costs associated with 
carrying it out, then the HAS is more cost effective when used frequently.

3.4 Differences between internal customers and external customers;

The above discussion has shown that it is felt that there are 6 basic HASs required when 
controlling service to internal customers. The literature shows that there are 8 HASs 
required when controlling service to external customers.

The analysis seems to indicate that some HASs are common to both situations. However 
it must be stressed that although HAS's may have common labels attached to them, this 
does not necessarily mean that they are the same HASs. The similarities and differences in 
these HASs for the two types of customers, external and internal, is investigated in the 
greater detail through out the rest of this thesis.
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3.5 Summary.

This chapter has derived a methodology for carrying out the research to meet the research 
objectives and has used this to determine what basic HASs were felt to be required to 
control service to internal customers. The procedural framework for actually carrying out 
the research was as follows:

1) Define the HASs required according to previous studies.
2) Define what HAS are required by using Checkland's methodology with the 
participating company.
3) Compare results of 1 and 2 and discuss mismatches.
4) Carry out stages 1-3 until only primitive HASs are defined.
5) Use 3 E test to determine test criteria.
6) Use criteria in a case study to test approaches.

The first three steps of this above approach were used to determine the HASs required 
to control the service to internal customers. This showed that there are some slight 
differences in the HASs required for controlling service to internal customers from 
controlling service to external customers. It was proposed that there are 3 main sets of 
HASs required in controlling service to internal customers:

1) The HASs concerned with understanding the company's operation.
2) The HASs concerned with defining the service elements.
3) The HASs concerned with defining and achieving the optimum service strategy.

The following chapters will look at these highlighted HASs in greater detail.
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CHAPTER 4

UNDERSTANDING THE COMPANY'S 
PD OPERATIONS.

4.1 Introduction:

This chapter looks at carrying out the 1st level HAS: "Understanding the company's PD 
operation." This needs to be done so as to be able to understand the service problems 
context. The service elements are dependent on the context of the problem studied. How 
this HAS was carried out will be discussed along with the results of carrying out the HAS.

4.2_The methodology used in carrying out the HAS.

This HAS was carried out by performing a material and information flow audit of the 
participating company's PD operation.

The first stage of the audit was concerned with looking at how the stock flowed through 
the system. The investigation then looked at the information flow associated with this stock 
flow. This was performed by determining what information was required, if any, to carry 
out each of the steps in the supply chain. The information generated by each step, such as 
the company's forms, was also looked at and traced around the system. The criteria of how 
choices in the system were made was also examined.

The boundaries of PD's responsibility were defined by looking at each step in the system 
and deciding if that particular step was carried out by PD staff or not. For information 
flows it was assumed responsibility lay with whoever produced the information.
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There are high costs associated with carrying out such an audit and a relatively small 
increase in the effectiveness of the HAS (knowledge gained) by repeating an audit soon 
after one has been completed. Consequently it is proposed that this HAS is more cost 
effective when carried out infrequently.

-4,3_0utput of the HAS:

The output of this HAS was the knowledge concerning the company's PD operation. It 
should be stressed that the results published here are the researcher's viewpoint of the 
system and may not be what actually happens in reality. Also, it has been necessary 
to simplify the system description to include it here.

The description of the company's PD operation is split into two main parts:
1) The context of the PD system.
2) The actual description of the system.

4.3.1 The context of the PD system:

'Boots the Chemists' were principally high street retailers, with around 1000 stores spread 
across the British Isles. These stores were separated up into various regional districts, 
each supplied by its own Redistribution Centre (RDC) and Common Stock Room (CSR); 
which were supplied from the company's central warehouses based mainly at Beeston, 
Nottingham. Each store was given at least a daily service from its RDC (five times a 
week) and also a daily delivery service from its Common Stock Rooms (six times a 
week). However not every merchandise line stocked by a store was delivered everyday.

Boot's inventory was subdivided into various business centres. The stock flow for each 
business centre was the responsibility of the business centre's Supply Managers.
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Consequently, there was a high level of interaction between the Supply Managers and the 
PD system. The interaction of Supply Managers with the PD and supplier's system 
is shown in Fig 4.1. The Supply Managers also produced regular stock flow proposals, 
which were used by PD to estimate the amount of warehousing space required.

Fig 4.1: A diagram showing the basic role of supply managers in the company.

4.3.2 Description of system:

In Boots supply system there were principally three routes, shown in Fig 4.2 and Fig 4.3, 
through which stock went to stores, these were:

1) Stock was sent through the "normal" warehousing system. This involved 
warehousing the stock centrally and then sending it to stores through either a CSR 
or a RDC.
2) Stock was sent directly from suppliers to stores.
3) Stock was sent, from the supplier, semi-directly to stores - via either a RDC or a 
CSR.

The decision of which route stock took, was broadly based on financial criterion. This
decision was made by the logistics department and the Supply Managers. These above
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The different routes taken bv the stock.

Routes 2 and 3, indicated above, taken by stock to get to stores, are easier to explain 
with reference to route 1. (As they were simplified versions of this first route.) For this 
reason the more complicated route is described here first.

1) Route 1: The description here is split into three main sections:
A) How the stock was moved.
B) How the stock was ordered.
C) The different types of stock priorities used.

A) How the stock was moved.

This discussion is based upon the flow diagram shown in Fig 4.4. The description of 
this flow diagram is split into 4 basic parts:

a) The requirement of stock.
b) The central storage of stock.
c) The picking of stock.
d) The transportation of stock.

These divisions are quite arbitrary chosen, to make the system's description easier and in 
reality did not exist. However, these subdivisions do broadly represent the divisions of 
responsibility that were used by the company. The first subsystem was broadly the 
responsibility of the company's Supply Managers and Buyers, however, they also 
needed support, such as accurate computer stock levels, from the company's

routes are described below. This is followed by a description of the ancillary operations of
the PD system.
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warehouses. The second and third subsystems were broadly the responsibility of the 
company's warehousing function. The fourth subsystem was broadly the responsibility of 
the company's distribution function .

a) The Requirement of stock: This part of the system was concerned with 
minimising the chance that the supply chain ran out of stock, whilst at the same 
time trying to minimise the company's total stock holding levels. This was the 
Supply Manager's responsibility, as they controlled the stock flow into the 
system. They did this by telling suppliers, when to supply stock and how much 
to supply. To do this effectively, Supply Manager needed the following 
information:

I) The likely demand for this particular line?
II) The warehouse's current stock levels.
IH) The required service level.

A computer worked out, for Supply Managers, what it considered the best stock 
order level and order date to be. These advisory levels were automatically 
ordered, by post, unless a particular Supply Manager decided to change them. 
An electronic copy of these orders was stored in the 'on line order retrieval 
'(OLOR) computer. For new merchandise lines a similar procedure was used but 
with the orders being worked out by merchandise buyers.

When a supplier received an order; he telephoned the warehouse's receiving dock 
stating his order delivery date and order reference number, which was then typed 
into an OLOR terminal. The delivery date specified by the Supply Manager, then 
appeared on the terminal's screen. If the two dates agreed, the supplier was given a 
booking in time for the warehouse's receiving dock for that date, or the nearest 
date afterwards with a vacant booking in time. Booking in sheets were used to
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even out the receiving docks workload.

b) The central storage of stock. When a supplier's lorry arrived at the 
Beeston site, the driver reported to the movement control building. He waited, 
in the lorry park, until a space in the appropriate warehouse's unloading bay 
became vacant. This warehouse may either have been the parent warehouse (the 
stock's normal warehouse) or the repository warehouse (the overfill warehouse). 
The decision of which warehouse stock was delivered to, was made by the parent 
warehouse's repository function. The basis of this decision was: If there was 
enough stock already in the parent warehouse, to cover a sufficient number of 
days stock demands, then stock was sent to the repository warehouse. 
Otherwise, it went to the parent warehouse. An ancillary function of this 
department, was to manage the stock transfer from repository warehouses to parent 
warehouses and vice-versa. Thus, if this department was not functioning effectively 
there was a resultant decrease in order fill rate achieved in the warehouses.

On arrival at the warehouse's receiving dock the trailer was unloaded. After the 
number of unchecked pallets had been signed for, the order reference number was 
typed into an OLOR terminal. The order details contained in the OLOR computer 
memory, were printed out on a count sheet. Meanwhile the stock had been moved 
to the warehouse's holding bay. The stock quantity was checked by comparing the 
actual amount, by sampling the pallet's contents, against the ordered quantity, 
indicated on the count sheet. If there were contradictions then a misdelivery note, 
stating the nature of the error, was sent to the supplier.

The next step was to find a free storage location for each pallet of stock. This 
task was generally performed by the warehouse's stock location control (SLC) 
computer. A printer produced labels showing the storage location and stock
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reference number, these labels were stuck on the pallets. The stock was then 
moved, by fork-lift trucks, to the location indicated on the label. The fork-lift 
truck drivers confirmed, by using their portable data entry (PDE) machines, that 
the stock had been moved. The PDEs were downloaded into the SLC computer 
and the orders given for the driver's next set of duties. There were 4 areas where 
stock was moved to:

I) The MTS storage area. This area held stock awaiting MTS
(Merchandise Technical Services) inspection. MTS was a department
which checked the quality of certain specified lines entering the warehouses.
II) The main storage area.
El) The bulk storage area, where bulk items were picked.
IV) The stock picking area.

All stock in the main storage area, was eventually moved to the warehouse's 
picking area. The main storage area was used to provide a buffer to stop the 
picking area getting over crowded with stock.

c) Picking the Stock: Due to the different physical properties of different 
warehouses and also the different characteristics of stock warehoused in them, 
the picking techniques varied from warehouse to warehouse and even inside a 
particular warehouse. However, the basic outline of the picking procedure was: 
Stock, in the picking area, was picked against picking invoices and this stock was 
sent either, on a pallet or in a towntray or in a rollcage. These picking invoices, 
which represented the store orders, were produced by a computer system known 
as merchandise accounting. If however a picker tried to pick a certain line and there 
was none of it in the picking area, then an 0/R was marked on the invoice. These 
invoices were photo-copied and sent to the data processing centre to alter the 
computer stock levels.
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The stock was then moved to the warehouse's dispatch dock and usually loaded 
on a lorry going to the RDC. However, sometimes stock was left on the 
warehouse's dispatch dock, for 24 hours waiting for a lorry. This happened when 
either stock was picked too late, or a lorry overfill occurred and the amount left 
over, did not justify using an extra lorry.

d) The transportation of stock. There were basically 3 routes that stock took 
to get to stores from the warehouse's receiving dock:

I) Stock was sent via a CSR to stores.
II) Stock was moved to a RDC and hence to stores.
HI) Stock was sent directly to stores.

I) Stock was sent via a CSR to stores. CSRs were regional 
warehouses, which held the back store safety stock for about 2000 of the 
highest volume selling lines for each store in their region. Consequently, 
these stores did not hold any safety stock, for these lines, other than that 
was on the shelves. This reduced the space needed at stores, and by 
combining safety stocks, reduced the company's stock levels.

A stock delivery occurred daily from each CSR to their respective stores. 
However, not every CSR line was delivered every day, to every store. The 
frequency, of a particular lines delivery, was dependent on its sales 
volume for that particular store (higher the sales volume the more frequent 
the delivery). The store's stock levels were counted, the working day before 
a delivery, with this information being transmitted, electronically, every 
evening to the CSR's computer. When stock arrived at a store it was 
moved, directly to the stores shop-floor. A sample of stock was then 
checked off against the picking invoices.



CHAPTER 4 68

H) Stock was sent via a RDC to stores. The reason why RDCs 
were used was to enable stock going to stores to travel as far as was 
economically viable in larger, cheaper, vehicles. These loads were then 
broken down, at the RDC, into van load quantities and sent to stores using 
smaller vans.

Each working day many lorries, often with stock from more than one 
warehouse on board, came to each RDC from the central warehouses. 
The stock was then sorted into different stores and loaded on the 
appropriate vans. These vans then called at the stores on their route, stock 
was unloaded and various returns and paperwork from the store put on the 
van. The van routes were constant, to ensure consistent store delivery 
times. When stock arrived at a store, various items of paperwork were 
performed, including recording arrival time and number of pallets, 
towntrays and rollcages delivered in the goods in transit (GIT) book. The 
stock was then checked off against the picking invoices and moved to 
the store’s back storage area and hence to the shop floor. On returning to 
the RDC the vans were unloaded and the store returns loaded on lorries 
returning to the Beeston site. Whenever possible, these lorries were 
backloaded with supplier's stock being sent to Boots.

A CSR region was often very similar to a RDC region, consequendy, CSRs 
were often twin located with RDCs, this enabled a higher lorry and van 
utilisation to be achieved.

Ill)  Stock was sent directly to stores. This was an exception to the 
rule of the above RDC system, when the stock quantity going to a store 
merited a complete lorry to itself. Consequently, it was cheaper to deliver
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straight to the store rather than trunking via the RDC system.

B The order generating systems used at Boots.

There were two types of stock demands the warehouses had to met:
a) The demand for new lines or promotions of existing lines.
b) The demand generated by the ordering techniques used by stores.

These stock demands are described below:

a) The demand for new lines or promotions of existing lines. This 
system is too complicated to explain in full here. The stock quantities were set to 
meet expected demand plus a safety stock margin plus display stock. The stock 
quantity were shown on picking invoices produced by the merchandise accounting 
computer.

b) The ordering techniques used by stores. There were several different 
ways that stores ordered stock:

I) ASCOT orders.
H) COMPASS orders.
III) Hotline orders.
IV) Dispensary ordered stock.
V) Catalogue ordering.
VI) Special order forms.

I) ASCOT ordering was the most commonly used technique in the 
company. The calculations that were used to get the sales forecast are 
complicated but briefly: The technique used store's stock level counts, 
carried out every 4 weeks, to discern the store's sales level. These sales
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levels were then used, after eliminating seasonal weightings, in a 
forecasting system. The resultant sales forecast were then adjusted back 
for seasonal factors. The stock level shown on invoices were: The sales 
forecast plus the safety stock required, for a specific service level, minus 
amount of stock already in the store.

The CSRs were considered, by ASCOT, to be massive stores. The CSR's 
stock levels were sent to the data processing centre and the order levels 
worked out as above. A similar technique to ASCOT was used at each 
CSR to work out the store's demand for CSR supplied stock.

II) COMPASS ordering technique was very similar to ASCOT but 
was used for ordering seasonal lines. As a result the store's stock 
counts were performed more frequendy.

III) Hotline ordering technique was an ordering technique that should 
have been used, as the last resort, by store managers when ordering stock. 
The stores phoned up Head Office, where their orders were accepted 
and processed. The picking invoices, if stock was available, were produced 
in the warehouse.

IV) Dispensary ordering technique. Every Boot's store had an 
ordering terminal originally used for ordering dispensary items. This system 
was extended to cover all Boot's lines, enabling extra stock orders to be 
placed. It should be noted that this system was introduced at the end of the 
research period.

V) Catalogue ordering was a system for stores who did not stock
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certain items, to order them, following public demand. This scheme was 
only being tried out in certain areas of the country.

VI) Special request form reordering technique was a system for 
stores to order a special delivery of stock. During the course of the 
investigation, this system was replaced by other special request 
systems, such as Hotline ordering and dispensary ordering technique.

C) Different types of stock priorities.

There were two distinct classes of stock:
1) First class stock, which was high priority stock, the warehouses picked within 
a day of invoices being produced.
2) Second class stock, which was lower priority, the warehouses took up to two 
days to pick these items.

There was also a classification of stock, referred to as FOCUS stock, which the 
company tried to give a higher attention to in terms of service given to the general public. 
This stock was always classified as 1st class.

2) Route 2: In this case, instead of suppliers sending stock to the company’s 
warehouses they delivered it directly to the stores. Thus, the company saved the storage 
and transportation costs. However, there were associated penalties: The supplier generally 
charged more for the stock because of supplying to more locations, and there was the 
need for each store to hold all of its own safety stock.

3) Route 3: This delivery route for both moving stock and ordering it was identical to 
route 1, except that suppliers delivered stock to a RDC or a CSR and which was then
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sent to stores on the delivery vans.

^ A n c il la ry  operations of the Physical Distribution system.

There were several operations carried out by PD which were not directly related to the 
movement of stock to stores.

A) Inter-store transfers. This involved the movement of stock from one store (with 
excess stock) to another store (with stock shortages). The stock was sent to the donor 
store’s RDC and then to the recipient store, if in the same RDC district. If the two stores 
were in different RDC areas, the stock was sent centrally and loaded on a lorry bound for 
the recipient store's RDC, where it was sent to the store. Where possible stock was re­
routed inside the same RDC region. Inter-store transfers were under the responsibility of 
the Supply Managers.

B) The return of town-trays and Roll-containers. It was distribution's duty to 
bring back used Town-trays, Roll-cages and Pallets, from stores and RDCs, for reuse.

C) Customer repairs from stores were often sent centrally and then to repairers and 
once repaired, back to the stores.

D) Invoices being sent to the stores: The invoices for stock sent in rollcages were 
actually sent in the cages. However invoices for stock being sent in towntrays were sent 
separately. Once stock had been picked the invoices from all warehouses were sent to the 
movement control building, where they were sorted into stores. All invoices going to a 
store were placed in an envelope and sent to the RDC and then to the store. Complications, 
however, occurred when there was an 0/R on the invoice which then had to be photo­
copied and had to catch the other invoices up.
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E) Bringing stock counts back to the data processing centre. The ASCOT and 
COMPASS stock counts were brought back to the data processing centre from the stores.

F) 100% returns: 100% returns occurred when stock was no longer required in 
stores, usually due to a supplier's recall or stock being out of season. The stock was sent 
back through the RDCs to the Beeston site, where it was sorted and returned either to the 
appropriate warehouse, or stored ready to be picked up by the supplier.

4>-4- Comment;

It can be seen, from the above audit results, that the participating company used a 
number of different strategies in supplying stock to their stores. These included:

1) The use of central warehouses.
2) The use of regional warehouses (CSRs).
3) The use of redistribution centres.
4) The use of Supply Managers.

A high number of organisations use at least one of these strategies, consequently it is 
considered that the research findings are of wide interest to the Physical Distribution field.

4.5 Summary:

This chapter has looked at carrying out the 1st level HAS " Understanding the company's 
PD operation." The HAS was carried out by performing a material and information 
flow audit of the company's PD operations. Due to the high costs and small increase in 
effectiveness of carrying out the HAS frequently it was decided that this HAS is more 
cost effective when used infrequently. The results of the audit indicated that the company 
were using a variety of supply approaches to deliver their stock. These approaches
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included the use of central and regional warehouses and the use of redistribution centres. 
Due to the broad nature of the Company's PD operations it was felt that the results of this 
research are widely applicable to other organisations.
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CHAPTER 5
DEFINING THE SERVICE MEASURES.

5.1 Introduction,

It was stated, in chapter 3, that an integral part of a service control system, is a human 
activity system (HAS) which defines the service measures.

This chapter deals with how these service measures for internal customers, can actually be 
identified. What actually constitutes a service measure will be defined. From this the HASs 
that are required to do this will be defined. Various approaches are proposed for carrying 
out each of these HASs. The merits, of each approach are then tested using Checkland's 
(1987) 3 E test (efficacy, effectiveness and efficiency of an approach) in the case study.

5.2 What activities are required?

Previous studies (such as Christopher et al (1979), Lalonde and Zinzer(1976) and 
Marr(1982) have not felt it necessary to identify who the service customers are. However, 
when discussing this matter with the participating company, it became clear that this 
assumes that it is known who the service customers are and this is not necessarily obvious. 
Consequently, there are in fact two HASs required to be performed:

1) Identifying who the customers are.
2) Identifying what the service measures are to each customer.

These two HASs are now investigated.
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5,3 Identifying the customers.

As no previous work has been done on defining the service customers it is not possible to 
consult the previous studies. This discussion is divided into two parts: The first looks at 
who the service customers are, and gives some examples of possible customers. The 
second looks at how the service customers can be identified.

5.3.1 Who is a service customer ?

None of the previous studies on customer service have directly specified what/who 
constitutes a service customer. The broad definition, shown below, of who a customer is, 
will be used in this thesis to determine who the service customers are.

"The customers of service are: The people, or systems, that are affected by Physical Distribution's service performance/output."

The effects of different PD systems are distinct, and often the environments which they 
operate in, are also distinct. This means that different PD systems have different customers. 
There are numerous possible service customers. Included below are a few possibilities:

1) The retailing branches of a firm (the actual recipient of the stock).
2) The production side of the company: Often raw materials are stored by 
warehousing and need to be quickly available for actual use. Also, accurate 
information concerning demand is required for production scheduling.
3) The Supply Managers of the company.
4) The suppliers of stock.

By identifying more service customers the problem domain is extended, consequently 
increasing the likelihood that more financially viable/productive service measures will be 
identified. Thus, this means that the advantages associated with controlling service are
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increased.

It should be noted that a service measure's financial viability is dependent on the benefits 
and costs of using it. The benefits are the increases in the gross profits associated with 
controlling (restricting) the service performance level to the more profitable performance 
levels. These benefits are illustrated in Fig 5.1.

Frequency 
of occurrence.

Fig 5.1: A diagram showing how a control system restricts 
the service performance to nearer to the optimum solution

level

Profit
level.

e

Frequency of service performance 
levels before controlling.

Frequency of service performance 
levels after controlling.

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ I Gross profit level per service
performance level.

The costs of using a service measure are associated with monitoring these are broadly 
related to the number of measures being monitored, and the ease of monitoring. 
Consequently a service measure's costs and benefits are difficult to determine until the 
HASs for evaluating and controlling the service measures, have been investigated and the 
service control system actually implemented. This means that the system is a learning one
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which determines which of the monitored measures are actually financially viable.

5.3.2 Various wavs of identifying the customers.

Two approaches are suggested below for defining the service customers.

1) The use of material and information audit results: There are two channels by 
which the effects of PD's service can be transmitted to customers, namely, the 
material flow and the information flow channels. Thus, by looking at the 
information and material flow emanating from PD, and determining the recipients 
of these flows, it is possible to identify the customers. This can be performed by 
carrying out an audit of the organisation's material and information flows, such as 
was described in Chapter 4.

2) The use of brainstorming techniques: Customers can be defined by using 
'brainstorming' techniques, such as Nominal Group Technique (Delbecq et al 
(1975)), with PD personnel.

^4_§eryiee_Jii£flsur.e I rienlificatiQih

There are two parts to this discussion: Part one, looks at what is a service measure and 
the differences between internal and external customer service measures. Part two looks at 
the techniques that can be used, for identifying internal customer service measures.

5.4.1 What is a service measure?

In chapter 2 it was demonstrated that customer service couples the PD system to the 
customer's system. Also it was argued that the service measures belong to an abstract
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system, which is outside both the PD system and the customer's system. Thus, a 
customer service measure can be thought of as being a link through which the two 
system's performances are coupled together. This linking occurs when a service measure 
is affected by one system performance and then affects the performance of the other 
system. Consequently, a PD customer service measure can broadly be seen as being:

"An activity which is affected by PD and has an effect on the customer's operations."

The above definition is clearly applicable whether the customer is internal or external. 
However it is equally clear that different service situations will arise with different 
customer operations and PD systems. Thus it is important to ensure that a paericular 
service measure is relevant to a situation before it is used.

5,4.2 Techniques for defining the service measures.

Unfortunately, it is not easy to design a system which always guarantees to identify every 
relevant service measures (that is the financially viable ones) to a particular situation. 
However, an attempt can be made to define as many of these service measures as possible. 
The basic approach used in this thesis is, therefore, to generate as many measures as 
possible in an attempt to avoid missing any relevant measures; then try to reduce these 
down to those that are useful and financially viable. Included below are a few approaches 
that can be used, singly or collectively, to generate service measures for internal customers. 
The techniques described are split into two sections: The techniques that have been 
previously described in the literature, and the techniques that are unique to this thesis.

1) Previously described techniques. In chapter 2, several techniques for 
generating service measures taken from the literature, were described these are:-

a) Kelly's repository grid technique (Kelly(1955).
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b) Nominal group technique (Delbecq et al (1975)).
c) Use of literature survey results.

Kelly's repository grid technique requires at least three sources of service. As internal 
customers generally receive service from only one source, it is therefore impossible to 
use this technique.

It is still, however, possible to use Nominal Group Technique which is a brainstorming 
technique. This can either be used with PD and the different customers separately or used 
with them together. Often, it is also possible to ask people outside of the problem to 
define service measures. Doing this often results in unique, unconditioned, measures being 
generated.

Another approach is the use of literature survey results: It has been indicated that whether a 
customer is external or internal, has little effect on what constitutes a service measure. This 
means that service measures identified in the literature may still be relevant. However, a 
check has to be made to ensure a measure is still appropriate to the situation being 
investigated. Further more any general measures must be made relevant by translating them 
into the terminology of the context.

2) Techniques not previously described. Shown, below, are several approaches 
that have not been suggested, in the literature, before.

a) Using material and information audit results: It has already been 
suggested (in section 5.3.2) that the service effects are transmitted through the 
material and information flow channels. These flows can be identified by carrying 
out a material and information flow audit. By considering information in terms of 
its accuracy, age, and the time the customer has to respond, it is possible to identify 
service measures. Similarly, by considering material flow, in terms of the flow
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rate, it is possible to highlight further service measures.

b) Use of cognitive mapping: From the definition of a service measure, 
contained in section 5.4.1, it can be seen that service affects the customer's 
operations, and is affected by PD. Thus, by looking at the effects of PD and what 
affects the customer's operations, it should be possible, by highlighting any 
crossovers, to identify service measures.

Various views, weltanschauungs, of the customer's system function, and the 
activities involved in carrying out these functions, can be adopted. With the aid of 
Eden's (Eden et al (1983)) cognitive mapping, the factors affecting the customer's 
activities can be highlighted. It is also possible to work forward from the PD 
system, using cognitive mapping, to look at the effects of PD's activities. By 
consulting the resultant cognitive maps the common areas linking the two systems 
together, can be identified, resulting in a service measure being identified. This 
process is visually demonstrated in Fig 5.2. Due to this method working forward 
from the PD system and backward from the customer's system it will from now on 
be referred to as the backward-forward link method.

c) Gaining first hand experience: It is also possible to identify service 
measures by gaining first hand experience of how PD's operations affect the 
customer's operations.

3) Summary of techniques. In summary, there are some differences in the techniques 
that can be used for identifying service measures to internal customers from those that can 
be used for external customers. (For example Kelly’s repository grid technique can not be 
used with internal customers) Five techniques have been proposed for generating service 
measures for internal customers. These are shown below:
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Fig 5.2: A diagram showing how the backward-forward link method works.

indentified by using cognitive maps 
with either PD or the customers.

1) The use of nominal group technique.
2) The use of service measures that have been identified in the past.
3) The use of the results of an information and material flow audit which indicates 
the material and information flowing from the supplier to the customer.
4) The backward-forward link, which uses cognitive mappings to match the effect 
from the PD system against the influences in the customer's system.
5) Experiencing the effects of PD's operations first hand.

It is assumed, that all the above techniques can also be used for determining service 
measures for external customers. However, there may be problems, associated with the 
last three techniques, due to their heavy involvement with the customer's system.
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5.5 Reducing the number of service measures.

Initially a large number of service measures can be generated by using the above 
techniques. This will increase the likelihood that useful (financially viable) measures are 
included but will also produce a list of measures which needs pruning. There are three 
main reasons for pruning the number of measures. Firstly, Miller (1956) points out that 
there is a limit to the number of measures that a controller can manage. This limit is 
between 5 and 9 measures depending on the circumstances. Secondly, any measures not 
financially viable should be deleted for reasons of cost. Thirdly, any measures that can be 
regarded as unnecessary should be removed. A reduction in the number of measures here 
will lead to a reduction in the workload at a later stage.

The following four approaches are felt to be useful in reducing the number of measures, 
without involving exhaustive cost and benefit analysis.

1) Making sure that the defined service measures are actual service measures and not 
service responses-a service response is part of PD, which affects the service 
measure.

2) Determining the service measures not actually under the control of PD.

3) Combining together of similar measures, to form more comprehensive measures. 
When two, or more, measures are similar in nature (i.e. in their effects), then often 
the profits associated with any level of service are also similar. In this case by 
combining together there is often a reduction in the monitoring/ controlling costs but 
with limited reduction in the benefits.

4) Using conjoint analysis. It was shown, in chapter 2, that conjoint analysis is a 
technique which has previously been used to determine the relative importance of
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service measures to the customers. (For examples of using this technique see 
Christopher(1983) and Marr(1982)). This enables less important measures to be 
discarded.

5.6 Uodatine the system.

Which service measures and customers are actually relevant and viable will change as the 
system changes. Thus, there is a need to continuously update the list of viable service 
measures. The more often this updating occurs, the more effective the HAS becomes. 
However, the system's efficiency is reduced due to the increase in the costs as a result of 
the number of times the defining techniques are used. Consequently, a balance needs to be 
struck between these two conflicting factors to increase the system's productivity. 
Unfortunately it is difficult to place a figure on how frequently the service measures should 
be reviewed. However, when a major system change has known to have occurred, there is 
usually a need for a review (due to the increased effectiveness that would occur). When 
performing such a review, the technique(s) which have previously shown themselves to be 
the most successful, tested by using the 3 E test procedure, should be used.

&Z.Uie-3. E..test.

For both of the required HASs (as defined in section 5.2) various ways have been 
proposed for carrying them out. Thus, there is a need to assess the relative merit of each 
approach, to know which approaches are best to use when either, updating the system, or 
using in another similar situation.

The relative merit of each approach, can be assessed by determining how well they perform 
against the 3 E test. Defined below, are the 3 Es for the 2 HASs: Identifying the customers, 
and identifying the service measures.
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The efficacy of each technique is defined by whether or not it could actually be 
used.

The relative effectiveness of each technique is determined by the number of service 
measures, or customers, that are identified compared to the other techniques. 
Another useful factor is the increase in effectiveness of the system that using any one 
particular technique generates. This can be measured by considering the number of 
unique measures (not produced by any other approach), or customers, that each 
technique produces.

The efficiency of a technique is dependent on the effort required in using it. 
That is, does it use up valuable resources, such as people's time and money.

The above structure, for testing the relative merits of different approaches in carrying out 
the 2 HASs, is shown in Fig 5.3.

5,8. Trying .miLthg. HAS .iD-tIig-ca£fi..siu.dY»

The various techniques, proposed above, for carrying out both of the HASs, are now 
tested out in the participating company, described in chapter 4. This discussion is 
divided into 3 main parts:

1) The use of HAS for determining the customers.
2) The use of HAS for determining the service measures.
3) The 3 E test results for both HASs.
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5,8,1 Identifying the customers.

Both of the proposed approaches, using audit results and the use of brainstorming 
techniques, were used. The audit results, that were used, were those described in chapter 
4. Brainstorming sessions were held with the PD personnel. Brainstorming technique 
determined 5 customers whereas using the audit results only defined 4 customers. This 
initial analysis generated 5 possible service customers, shown below:

1) The suppliers of stock to the Company.
2) The Company's Industrial Division.
3) The General Public.
4) The Company's Supply Managers.
5) The Company's stores.
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It should be noted that the audit failed to identify the company's Industrial division. There 
was a need to check that the above identified customers were internal and important enough 
to consider.

The first possibility was discarded, as it was not actually part of the Company, and thus an 
external customer. However, it should be remembered that, good service to suppliers 
(such as using easy to understand ordering techniques/forms) can result in better 
service from them, or even price reductions.

The Company's industrial section had a low level of interaction with PD. Thus, any likely 
benefit of using a service control system were felt to be minimal. Also, the service to the 
Industrial section did not substantially affect the service to other customers. Therefore, it 
was felt 'safe' to ignore the Company's Industrial section, thus reducing the amount of 
work required.

The General Public are external customers and are consequently outside the bounds of the 
research.

This left two customer groupings: The Stores and the Supply Managers.

5,8.2 Identifying the service measures,

The previous section identified the internal service customers, which were present in the 
case study. This section looks at how the service measures were identified for these 
groupings, and how the number of measures were reduced.

An attempt was made to use all o f the techniques proposed in section 5.3.2, for both
customer groupings. A comprehensive list o f the service measures, identified by each
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approach for both customer groupings, can be found in Appendix B. This discussion is 
split into two parts: The first, looks at identifying the Store service measures; the second, 
looks at identifying the Supply Manager's service measures.

1) Store manager's service measures.

This discussion initially looks at how the various approaches were used to determine the 
service measures. From this, a grand list of identified service measures is generated. 
Following this, an indication is given of how the various approaches for reducing the 
number of service measures were used. This results in a revised service measure list.

a) How the different approaches for identifying the service measures were 
used and the actual results.

It proved possible to use all of the five techniques. Therefore, indicating that all were 
efficacious.

Approach 1; The use of brainstorming sessions. Brainstorming sessions were 
held with various company personnel, including PD staff and store staff. Often, known 
examples of service were used to stimulate ideas. This approach produced 24 service 
measures, with four service measures being uniquely identified, by this approach.

Approach 2: The use of literature survey results. Extensive work has been 
carried out on identifying customer service measures to stores. However, some of the 
identified service measures were found to be inapplicable in this situation. A list of the 
relevant service measures, and their translation into service measures, that were usable for 
the participating company, is shown below:
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1) The Order Cycle time ( Christofides and Watson-Gandy(1973), Christopher et al 
(1979), Lalonde and Zinzer(1976), Marr(1982) and Shycon and Sprague(1975)). 
This measure translated in the case study into:

a) The number of working days after the expected arrival date that 1st class 
stock arrived at the store.
b) The number of working days after the expected arrival date that 2nd class 
stock arrived at the store.
c) The number of working days after the expected arrival date that FOCUS 
stock arrived at the store.
d) The number of working days after the expected arrival date that CSR stock 
arrived at the store.
e) The number of working days taken for customer repairs to be returned to 
the store.

2) Availability of handling special order procedures (Christopher et al(1979), 
Christofides and Watson-Gandy(1973) and Shycon and Sprague(1975)) this 
became:

a) The number of working days taken to deliver Hot-line orders to stores.
b) The number of working days taken for stock, ordered from special request 
forms, to be delivered to stores.

3) The quality of packaging being used (Christofides and Watson- Gandy(1973), 
Christopher et al(1979), Lalonde and Zinzer(1976) and Marr(1982)) for the case 
study this became:

a) The level of breakages occurring.

4) The order fill-rate achieved. (Christofides and Watson-Gandy(1973), Christopher 
et al(1979), Lalonde and Zinzer(1976), Levy(1981), Marr(1982) and Shycon and 
Sprague(1975)). Which translated in the case study into:
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a) The ASCOT service level.

5) Easy to read information on outers (Christopher et al (1979)) which for the case 
study became:

a) The ease of identifying incoming stock, at stores.

6) Claims procedures, for excess and missing stock. (Christofides and Watson- 
Gandy(1973), Christopher et al(1979) and Lalonde and Zinzer(1976)) which 
translated into:

a) The percentage of RDC stock missing.
b) The percentage of CSR stock missing.
c) The percentage of RDC stock excess.
d) The percentage of CSR stock excess.
e) The time spent filling out missing and excess forms.

7) The delivery time and its flexibility (Lalonde and Zinzer(1976)) which became:
a) Is the expected delivery time the optimum for the store?
b) The number of minutes late the RDC delivery van is.
c) The number of minutes late the CSR delivery van is.

8) Be advised promptly if a supplier is unable to, or expects to be unable to. deliver 
the complete order on time (Wentworth(1976)) which translated into:

a) Notification of change in delivery times.
b) The number of unexpected vans arriving per day.

It is felt that the above service measures, contained in the literature, have a tendency to 
concentrate on the availability and supply of stock. This is identifiable with the output of 
the whole company system that is the selling stock to the general public. However, there is
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a secondary function of customer service, often ignored, which is: The meeting of the 
needs of the direct customer to reduce his operational overhead costs. (This is discussed 
in Chapters 7 and 8 where 2 service types are identified).

Approach 3: The use of m aterial and information flow results, to identify 
service measures. The audit results, contained in chapter 3, were used for identifying 
the material and information flows from PD to their customers. The material flows were 
identified as below:

1) The RDC stock (1st class).
2) The RDC stock (2nd class).
3) The RDC stock (FOCUS stock).
4) The Hotline stock.
5) The Special order form stock.
6) The CSR stock.
7) The customer repairs.
8) The inter-store transfers.

And the information flows were identified as being:
1) The invoices.

This identified for the case study the following 9 service measures:
1) The number of working days after the expected arrival day that 1st class stock 
arrives.
2) The number of working days after the expected arrival day that 2nd class stock 
arrives.
3) The number of working days after the expected arrival day that FOCUS class 
stock arrives.
4) The number of working days it takes for a hotline delivery to occur after it had



C H A P T E R  5 92

been phoned in.
5) The number of working days taken for stock ordered from special request 
form, to be delivered to stores.
6) The number of working days after the expected arrival day that CSR class stock 
arrives.
7) The number of working days it takes for customer repairs to be returned to the 
store.
8) The number of working days it takes for a inter-branch transfer to be completed.
9) The number of working days difference between the stock arriving and the 
corresponding invoice arriving.

IV) Approach 4: The use of backward-forward link method. T w o
Weltanschauungs of the store's function were used.

Weltanschauung 1: To provide the general public with the stock they require, 
as often as possible. This is the well known stock holding problem concerning the 
likelihood of a stock out occurring. The web of interactions between the two 
systems (PD and the stores), that was defined by using this method are shown in 
Fig 5.4. The factors, affecting the likelihood of a stock out, are listed below, along 
with any associated derived service measures.

1) The variation from the predicted demand.
No service measures were derived for the case study.

2) The level of safety stock.
No service measures were derived for the case study.
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Fig 5.4: A diagram showing the cognitive map used in the backward-forward 
link methodology for when the Weltanschauung used of stores purpose is: 

'The service level /  order fill rate to the general public.'

High variability in time taken for warehouses to pick stock 
....Low variability in time taken for warehouses to pick stock

High level of staff in the warehouse. 
Low level of staff in the warehouse.

High variation in picking demand 
....No variation in picking demand.

High variability in CSR stock 
lead time....No variation in 

CSR stock lead time.

High variability in first dass slock 
lead time....No variation in 

first class stock lead times.

High variability in interstores 
lead time....No variation in 

interestores lead times. Bad handling of stock at RDC.. 
..Good handling of stock at RDC.

Low level of breakages 
High level of breakages.

No variation from 
known demand... 
High vanation from 
known demand.

LOW LEVEL O F O R D E R  FILL RATE. 
.....H IGH O RDER FILLRATE..

T
+

High level of lost sales.... 
...Low level of lost sales.
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3) The variability in the amount of stock supplied.
a) The level of missing stock.
b) The level of breakages.

4) The variability in the lead times.
a) The time taken for inter-store transfers to be accomplished.
b) The time taken for Hot-line stock to arrive from the production 
of the invoices.
c) The time taken for 1st class stock to arrive from the time the 
invoices were produced.
d) The time taken for 2nd class stock to arrive from the time the 
invoices were produced.
e) The time taken for FOCUS stock to arrive from the time the 
invoices were produced.
f) The time taken for CSR stock to arrive from the time the invoices 
were produced.

W eltanschauung 2: "To get stock to the general public at the lowest 
possible cost". The store's activities which incurred costs, were identified by 
consulting the store managers. The backward-forward link method was then used 
to identify the PD's operations which affected these areas. The resultant cognitive 
map is shown in Fig 5.5. The identified store's activities incurring a cost are 
listed below, with any associated derived service measures.

1) The unloading of delivery vans.
a) The time waiting for the RDC van to arrive.
b) The time waiting for the CSR van to arrive.
c) The time spent unpacking RDC containers.
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Fig 5.5: A diagram showing the cognitive map used in the backward-lorward link methodology 
for when the Weltanschauung used w as:'The reduction in the stores operating costs.'

Consistent level ol workload at CSR. 
... Variation in workload at CSR.

High level of RDC staff.. 
Low level of RDC staff.. 

I

+

RDC van packed well at the RDC... 
.RDC van packed badly at the RDC

Consistent level of workload at RDC... 
... Variation in workload at RDC.

\
+

High level of CSR staff.. 
.. Low level of.CSR staff.

(

/

+

i
C SR  van packed well at CSR... 
...CSR van packed badly at CSR.

Inconsistent delivery time for RDC van.... 
Consistent delivery time for RDC van.

\

Inconsistent delivery time for C SR van. 
Consistent delivery time for CSR van.

/
4*

Long time waiting for RDC van 
......Short time waiting for RDC van.

+

Long time waiting for C SR  van 
......Short time waiting for C S R  van.

Long time to unload RDC van. 
Short time to unload RDC van. V )

K
Long time to unload CSR van . 
..Short time to unload CSR van.

High productivity of unloading store staff 
...Low productivity of unloading sjore staff.

HIGH OPERATING COSTS IN THE STORES... 
...LOW OPERATING C O STS IN THE STORES.

+

High costs in checking off stock.. 
.. Low costs in checking off stock.

+
High level of storage space at store 
Low level of storage space at store

Long time spent doing paperwork... 
Short time spent doing paperwork.

4"
Long time taken to check off incoming stock 

Short time taken to check off incoming stock.

+
+

4-
4-

\  J
High level of missings and eicsss 
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High number of rollcages and towntrays.. 
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No variation in picking workload...

" T --------
1 >. Low pressure on warehouse staff

...High pressur^on warehouse stall.

+

High performance by warehouse
staff.....Low performance Dy
warehouse staff.

+

High number of warehouse staff... 
.. Low number of warehouse staff.
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d) The time spent unpacking CSR containers.

2) The checking off of incoming stock.
a) The time taken to check off incoming RDC stock.
b) The time taken to check off incoming CSR stock.

3) The amount of storage space used at the store.
No service measures derived for the case study.

4) The filling out of paperwork associated with PD's operations.
a) The time taken to fill out the Missing and Excess forms.

V) Approach 5: The use of first hand experience, to define the service 
measures. Time was spent in several different stores of the participating company's 
unloading and storing stock. A cross section of stores were looked at, including large and 
small ones in different parts of the country. This enabled the different service measures for 
the different types of stores to be identified. This approach helped in identifying 20 
measures, with one service measure, matching delivery outer size to the store's 
requirements, being uniquely identified by this approach.

b) The list of initial service measures. All the measures, identified above, were 
amalgamated to produce a initial list of 32 measures, shown below:

1 The number of minutes late that a RDC van is.
2 The number of minutes late that a CSR van is.
3 The time it takes to unload a RDC van.
4 The time it takes to unload a CSR van.
5 The number of working days warning that a store manager receives of a change
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in the CSR/RDC van arrival time.
6 The number of working days after the expected arrival day that 1st class stock 
arrives.
7 The number of working days after the expected arrival day, that 2nd class stock 
arrives.
8 The number of working days after the expected arrival day that FOCUS class 
stock arrives.
9 The number of working days it takes for a delivery to occur, after a hot-line order 
has been phoned in.
10 The number of working days it takes for a delivery to occur, after a catalogue 
order has been ordered.
11 The number of working days it takes for stock, resulting from a special request 
form being sent in, to arrive at the store.
12 The number of working days after the expected arrival day that CSR class stock 
arrives.
13 The number of working days it takes for customer repairs to be returned to the 
store.
14 The number of working days it takes for an inter-branch transfer to be completed.
15 The number of unexpected vans arriving at the store per day.
16 The number of days warning given of extra vans arriving.
17 The number of times a particular merchandise group is delivered every week.
18 The number of minutes it takes to check off RDC stock per delivery from the 
time it arrives at the store.
19 The time it takes to check off CSR stock per delivery.
20 The number of minutes spent per day doing M&E (missing and excess) forms.
21 The level of excess RDC stock being delivered, measured by volume.
22 The level of excess CSR stock being delivered, measured by volume.
23 The level of breakages that are occurring, measured as a percentage of items
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delivered.
24 The level of missing RDC stock not being delivered.
25 The level of missing CSR stock not being delivered.
26 The level of mis-pricing in CSR stock.
27 The ease of identifying incoming stock.
28 The percentage difference between the actual volume of stock and the expected 
volume of stock.
29 Matching of delivery outer conditions (size etc) to the stores back store 
requirements.
30 The number of working days difference between the stock arriving and the 
corresponding invoice arriving.
31 The ASCOT service level.
32 The compatibility of delivery times to the store procedures.

c) Reducing the number of service measures. The above list of measures was the 
initial comprehensive list, containing both financially viable and non financially viable 
measures. Thus, it was required to reduce this list down to the financially viable measures. 
The initial stage, in this reduction process, was attempted by using the 4 approaches 
identified in section 5.5.

It should be noted that by the time this reducing stage was attempted, the catalogue 
ordering system was no longer being used. Consequently, measure 10 was no longer 
valid.

Approach 1: Identifying the service measures that are really service factors. 
The effects of all the above service measures on the stores were determined. These effects 
were then checked against the other measures to see if they were present as other measures; 
if they were, the first measure was rejected. This approach rejected two measures, shown 
below:
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1) Service measure 27: The ease of identifying incoming stock. This only affects 
the time taken to check stock off, which is already present as service measure 18.

2) Service measure 29: The matching of delivery outer dimensions (size etc), to 
the store's back store requirements. This only affects the time to check the stock 
off, which is already present as service measure 18.

Approach 2 Determining the service measures which are not actually 
affected by PD. The possible factors, influencing the service level, were identified, by 
using various methods such as consultation with the company and common sense. Then it 
was determined whether these factors were actually influenced by PD operations. This 
approach rejected the following measures:

1) Service measure 12: The number of working days, after the expected arrival 
day, that CSR class stock arrives. CSR stock was always given priority by PD. 
Thus, it was virtually guaranteed to arrive on time. Consequently, controlling this 
service measure would not have increased the performance.

2) Service measure 13: The number of working days it takes for customer repairs to 
be returned to stores. There are numerous factors influencing this service measure. 
However, the service factor with the greatest influence is the time taken for 
repairers to repair the broken item. Consequently, it was felt that this was not a fair 
measure of PD’s performance.

3) Service measure 17: The number of times a particular merchandise group is 
delivered every week to a store. This was a corporate decision, thus, was not 
directly under PD's responsibility.
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4) Service measure 18: The number of minutes it takes to check off RDC stock. 
Initially, this was felt to be dependent on the percent fill of the rollcages/towntrays 
achieved, in the warehouse. This determines the number of cages, towntrays and 
number of items in each cage/towntray, both of which affect the time taken to check 
off stock. However, the below analysis shows that any such effect was negligible.

The times taken to unload a rollcage, according to the company's figures, were as 
follows:

Constant time per rollcage: 65 secs 
Time per picking item: 15.48 secs 
Time per line: 18.17 secs

On average there were 94.9 items per cage and 24.2 lines per cage. Thus, before 
any change in percent fill, the average time taken to check off an average roll-cage 
amount of stock, was:

94.9*15.48 +(24.2*18.17)+65 = 1966.2 seconds

However, after a change in percent fill rate of x percent increase, the average 
time would have been (due to decrease in number of roll cages): 

1966.2-((65*x)/100) seconds

which is a percentage decrease of 0.03 x.

By using similar arguments as above, a x percent decrease in fill rate, the 
percentage increase in time would have been 0.03 x percent.

For checking off town-trays the figures were as follows:
Constant time per rollcage: 58 secs
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Time per picking item: 14.23 secs 
Time per line: 17.86 secs
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On average there were 13.3 items per towntray and 5.1 lines per towntray. Thus, 
before any change in percent fill, the average time to check off an average towntray 
load of stock was:

13.3*14.23 +(5.1*17.86)+58 = 338.3 secs

Therefore, after a x % increase in percent fill, the average time would have been: 
338.3-((58*x)/100) secs

which is a percentage decrease in time of 0.17x percent.

Using similar arguments, as used with an increase in percent fill after a x percent 
decrease in fill, the percent increase in time would have been 0.17x percent.

Consequently, the percent fill of roll-cages or towntrays has a weak influence on 
the time taken to check off the stock. Even a 10 % change in the fill of a rollcage or 
a towntray, a very large change, gives less than 0.5 % or 2% change in the time 
taken. Therefore, it is felt that PD does not significantly effect this service measure.

5) Service measure 19: The time it takes to check off CSR stock per delivery: Using 
similar arguments to that used above, for service measure 18, this service measure 
was eliminated.

6) Service measure 28: The percentage difference between the actual volume of 
stock and the expected volume of stock. PD does not determine the level of stock 
going to a store; this was determined by the ordering system. Thus, PD did not
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influence the level of this service measure.

Approach 3 The combining together of similar service measures: The effects 
of the different service measures were investigated by consulting with the company. 
Service measures which have identical effects, were then combined to form one measure.

Store managers were not held financially accountable for breakages. This meant that, the 
affects of breakages on the stores were the same as for missing stock. Consequently, the 
2 service measures 23 and 24 were combined. Using similar arguments, measures 23 and 
25 were combined.

Approach 4 The use of conjoint analysis. Initially, an attempt was made to use a 
series of pair-wise trade-off matrices to enable the use of conjoint analysis. This would 
have enabled a figure for the relative qualitative importance of each service measure to each 
customer to have been calculated. Hence, giving an indication of the measures that are less 
important, and which, consequently, could be left out. Unfortunately this proved to be 
impractical, as the customers were often unable to discern any conflict between the two 
specified measures in the matrix. Therefore, they felt that they could not give, or work out, 
any ranking judgements.

Revised list of service measures.

After using the above approaches to reduce the number of measures, and ignoring 
measures now irrelevant, there were 21 store service measures. The list of these measures 
is shown below:

1 The number of minutes late that a RDC van is.
2 The number of minutes late that a CSR van is.
3 The time taken to unload a RDC van.
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4 The time taken to unload a CSR van.
5 The number of working days warning that a store manage receives of a change 
in the arrival time of a CSR/RDC van.
6 The number of working days after the expected arrival day that 1st class stock 
arrives.
7 The number of working days after the expected arrival day that 2nd class stock 
arrives.
8 The number of working days after the expected arrival day that FOCUS class 
stock arrives.
9 The number of working days it takes for a delivery to occur after a hot-line order 
has been phoned in.
10 The number of working days it takes for a delivery to occur after a special order 
form has been sent in.
11 The number of working days it takes for an inter-branch transfer to be 
completed.
12 The number of working days notice given, to the store manager, of extra vans 
arriving.
13 The number of minutes spent doing M&E forms per day.
14 The percentage volume of excess RDC stock.
15 The percentage volume of excess CSR stock.
16 The percentage difference of missing and breakages in RDC stock.
17 The percentage difference of missing and breakages in CSR stock.
18 The level of mis-pricing in CSR stock.
19 The number of working days difference between stock arriving and invoices 
arriving.
20 The ASCOT service level.
21 The compatibility of delivery times to the store procedures.
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It should be noted that it is not possible to eliminate the non- financially viable measures at 
this stage. This can only be done when they have actually been implemented. This is 
because the financial viability is dependent on how well a performance level is restricted 
and actual monitoring/controlling costs (see section 5.3.1).

2 Defining the Supply Manager’s service measures.

An attempt was made to use all the approaches proposed in section 5.3.2. However, as no 
previous work had been carried out on service to Supply Managers, it was impossible to 
use literature survey results. Also, it was not practical, due to the responsibility and the 
long time it takes for the effects of PD service to be experienced, to actually gain 
worthwhile experience in performing a Supply Manager’s job. Thus, the remaining three 
approaches were used. Which measures were identified by each approach is shown in 
Appendix B. Indicated below is how each of the techniques was used with the Supply 
managers, and the relative effectiveness of the technique.

1) Brainstorming sessions were held with both Supply Managers and PD. This 
approach identified seven measures, one of which was unique to this approach.

2) Information audit results. This technique used the audit results, contained in 
chapter 4, to indicate the information flow to Supply managers. The measures were 
then defined in terms of the accuracy of this information. This technique identified 
two measures, neither of which were unique.

3) Backwards-forwards link approach. The Supply Managers responsibilities were 
identified by looking at their job specifications, and also by consulting them. 
From this the information requirements, from PD, were defined. This technique 
identified eight measures, two of which were unique.
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In all the following 9 service measures were identified:
1) The amount of warehouse space actually available to a Supply Manager 
compared with the amount that is needed for his stock.
2) The accuracy of the warehouse's computer stock levels.
3) The accuracy of costing the storing of stock in warehouses.
4) For new merchandise lines : the number of working days it took for stock to get 
to the stores from the date specified, by the Supply Manager, for the stock being 
delivered to the warehouse.
5) The number of working days it takes for an inter-store transfer to be completed.
6) The number of working days a store was out of stock whilst stock was available 
in the Physical Distribution system.
7) The number of working days it takes for returning stock to be ready for dispatch 
in the warehouse, from the time it left the store.
8) For allocation stock, the number of working days after expected delivery date 
that stock arrives at the store.
9) The usefulness of information being sent to the Supply Manager.

Due to the low number of measures identified, it was felt that there was no need to reduce 
the number of measures, at this stage.

5.8.3. The 3 E test results for the case study.

This section looks at the efficacy, effectiveness and efficiency of each of the proposed 
techniques when carrying out the two required HASs in the case study defining the service 
customers and defining the service measures for each customer.

As this looks at the situation for one particular case study, no general conclusions can be 
formulated until the approaches are tested out in various other situations. Unfortunately,
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this proved impossible, due to time constraints.

In section 5.5.7, the efficacy, effectiveness and efficiency of a technique were defined. 
This is summarised as follows:

A technique’s efficacy is determined by whether, or not, it was possible to use a technique 
at all. A technique's effectiveness was measured in two dimensions: First, the number of 
measures/customers identified; second, the number of unique measures/customers 
identified. The effectiveness results, for the various techniques, are shown in table 5.1 and
5.2. The efficiency of a technique was determined by looking at the level of effort required 
to use it. This is quite hard to express in an objective manner. Consequently, it is the 
researcher’s impression of the effort involved, that will be given here.

HAS 1 Defining the customers. Both of the proposed techniques were efficacious. 
The brainstorming technique was both effective and efficient. All the customers were 
identified and the investigation was completed in a short time. The use of material and 
information flow audit was not so effective, as it did not identify the company's Industrial 
Section. Also, it was not very efficient due to the time and cost involved in performing the 
audit. However this efficiency is increased if the results are used for other reasons. Thus, it 
would seem that using brainstorming sessions is the best way of carrying out this HAS 
unless the audit results are used for other purposes

HAS 2 Defining the service measures. All the techniques were efficacious for 
defining the store's service measures. However, when looking at the Supply Manager's 
service measures two of the techniques were not efficacious.

The brainstorming approach was the most efficient approach due to its ease of use and 
short time needed to use it. It was also an effective technique. The effectiveness of this
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The use of literature survey results was quite effective in producing a high number of 
measures. This technique generated a broad base of measures, which could be used to 
increase other technique’s effectiveness, such as giving examples of service to stimulate 
ideas. However, using literature survey results was rather inefficient, due to the research 
time involved.

The use of material and information flow was neither effective nor efficient.

The backwards-forward link approach, although not extremely effective with stores, 
proved the opposite with the Supply Managers defining all the identified measures, except 
one. This success was attributable to there being clearly defined job descriptions for the 
Supply Managers. Experience has shown that the major handicap, to this technique's 
effectiveness, is the problem of expressing the customer's precise role/ function in the 
company. This method was efficient, due to the short time required to perform it.

The gaining of first hand experience was effective, when it was possible to use it. It 
helped in producing measures often disregarded by people as not worth mentioning. 
Unfortunately to be very effective it involved some considerable investment of time, and 
hence money. Consequently, this technique was inefficient.

In summary, this simple study has shown that the efficacy of a technique to define the 
measures of service is dependent on the situation. Of the five techniques proposed the 
worst seemed to be using the material and information flows. All of the other four 
techniques had certain merits associated with them. However, the best technique overall, 
due to its combined effectiveness and efficiency, was felt to be the use of brainstorming 
techniques.

technique was increased when known examples o f service, generated by other techniques,
were used as a catalyst for generating more ideas.
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5.9 Summary.

This chapter has looked at defining the service measures. It was shown that, there are two 
parts to doing this:

1) Defining the customers.
2) Defining the service measures for each customer.

It was then shown that service customers are not just stock recipients, but also information 
recipients.

Two techniques were proposed for defining the customers:
a) Using brainstorming sessions.
b) Using material and information flow results.

The relative merits of these two techniques were tested in the case study, against the 3 
E test. The use of brainstorming sessions was found to be the best technique.

With the service measures, it was shown that whether a customer is external, or internal, 
has no effect on which service measures are relevant. This was shown to be dependent on 
the customer's and PD's operations. However, it was shown that there are differences 
in which approaches are applicable. Five techniques were proposed for defining the service 
measures to internal customers, these are shown below:

a) The use of literature survey results.
b) The use of material and information flow results.
c) The use of backward-forward link method.
d) The use of brainstorming techniques.
e) Gaining first hand experience.
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When used in the case study, a particular technique’s merits was found to be dependent 
on the situation it was being used in. However, it was felt that the best approach, overall, 
was the use of brainstorming techniques.

It was shown that, due to the constraints, operating on the HASs, the measures being used 
should be restricted to those that are financially viable. Four techniques were proposed for 
reducing the initial number of measures. One of these approaches, the use of conjoint 
analysis, was found to be impossible to actually use. Unfortunately it was not possible to 
eliminate the financially unviable service measures at this stage as this can only be 
determined after they have been implemented.

In summary, this chapter has shown that there are many different service customers, not 
just recipients of stock. Although customer service measures are the same for both 
internal and external customers, the techniques that can be used to identify these 
measures are not the same. It has also been argued that, the best overall technique for 
defining both service customers and measures, is the use of brainstorming techniques.
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CHAPTER 6
DEFINING HOW 

SERVICE AFFECTS 
THE COMPANY’S PROFITS.

6.1 Introduction.

It was shown in chapter 3, that one of the requirements of controlling service is to define 
and achieve a service policy which maximises the total profits. This chapter looks at what 
human activity systems (HASs) are required in defining and achieving such a policy and 
how it is proposed that each of these HASs can be carried out. Initially the chapter explores 
what factors, associated with service, influence the profit level. This investigation will be 
used to identify the activities (hence the HASs) that are required to define and achieve the 
best service policy for internal customers. These HASs will be compared against those that 
are needed for external service customers. For each of the identified HASs suggestions will 
be made on how they can be carried out.

6 .2  Factors influencing the profit level.

Shown below, are several factors which influence the profit level being achieved. The first 
two factors were identified by consulting the customer service literature. However, the 
other factors were determined after holding discussions with the participating company.

Factor 1. The optimum service level: It was shown, in chapter 2, that previous 
customer service studies (such as Christopher et al (1979) and Marr(1982)) have 
argued, that to maximise profits, there is a need to define the optimum service level. 
This is the service level which has the maximum profit (benefits minus costs)
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associated with it. The principle of an optimum service level is demonstrated in 
Fig6.1, where service level A, the optimum service level, has a higher profit level 
than any other service level.

Fig 6.1 : A diagram illustranng the concept of there being an optimum service level.

Factor 2. The use of market/service segmentation: Christopher(1983) suggests 
that it is unusual if all the segments of a customer grouping have the same service 
benefits. It is also possible that different market segments have different service 
costs. Consequently, there are often different optimum service levels for each of 
these segments. This means that by considering these segments individually the 
gross profits achieved can be increased.

It should be noted that, as well as differentiating between the different customers it 
is a possible to differentiate between different parts of a service measure. For 
example, instead of monitoring stock lead times as one measure,different priorities 
can be assigned to different types of stock.
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However there are also penalties. These are the costs associated with differentiating 
between different parts of a PD system, these include:

a) The increase in PD's costs. For example, a warehouse's administrative 
costs are increased by differentiating between 1st and 2nd class stock. These 
costs are generally lower when differentiating between easily differentiated 
market segments such as geographical regions, rather than particular 
individual customers. It should be noted that these lower cost markets 
segments are usually the groupings which can easily have labels attached to 
them by the participating company.

b) The more service categories there are, the greater the control situation's 
complexity and, consequently, greater the costs. (This is explored in more 
detail in Chapter 8).

c) When priority is given to a particular market segment then its service costs 
are reduced. Unfortunately the remaining segments are likely to have higher 
service costs than they did originally.

Thus there is a need to strike a balance between the costs and benefits of using 
market segmentation.

Factor 3. Minimizing the service costs: If service costs can be decreased there will 
be a resultant increase in the service profits. It should be noted that, as this activity 
influences the profits for each service level, it should be carried out before 
determining the optimum service level.

Factor 4. Maximising the service benefits: If the service benefits can be increased
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there will be a resultant increase in the service profits. For the same reasons as for 
factor 3, this activity should be carried out before determining the optimum service 
level.

Factor 5. The criteria that is being used to test/monitor the service level: Both the 
service costs and benefits are dependent on the criteria that is being used to test the 
service level required. The differences in the service costs, for different criteria, are 
demonstrated here by referring to the situation shown in Fig 6.2; where there is 
assumed to be only three different system states, A to C. When guaranteeing a X% 

service level, the costs are determined by the costs of providing a X%  service level 
for state C. However, for the mean service level criteria, the costs are at a lower 
level, as the service levels below X% for state C are offset by the service level being 
greater when state A and B occur.

Fig 6.2: A diagram demonstrating why there are differences in the servie costs

Cost.
There are numerous different service criteria that can be used for each of the service 
measures that have been generated in chapter 5. For example, for any lead time 
service measure, the service criteria could include:

1) The percentage of stock arriving, within a specified number of days.
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2) The mean number of days taken for stock to arrive.
3) The variance in the number of days taken for stock to arrive.
4) The longest time taken for the stock to arrive.

The number of such measures, that can be generated, is only limited by the human 
imagination. Intuitively some measures stand out as being plain ridiculous, whereas 
others may seem to be more useful. Consequently, a dilemma exists of which 
performance criteria should be used, how this can be dealt with is outlined in 
section 6.4. Below is proposed a system which can be used for classifying criteria.

Although not proven, it is proposed that in general that:
"The service benefits of a service level, for a particular criteria, are correlated to the cost of providing that service level for that criteria."

This means that criteria which have high costs for providing a service level, 
generally have high benefits, whereas criteria which have low costs generally have 
low benefits. Thus it is proposed that criteria can be categorised by this relationship 
between the cost and the benefits. Criteria with high costs and high benefits, can be 
classified as being tight criteria. Whereas criteria with low costs and low benefits, 
can be classified as being loose criteria. (An example of a loose criteria is the mean 
service level and an example of a tight criteria is the mean and variance combined of 
the service level). It should be noted that this classification system is found useful 
in later discussions, for deciding what type of criteria should be used in a particular 
situation.

fi,2__Tjie_H A. § s. r eg ui rex! t

From the above discussion, it can be seen that there are five basic HASs that are required in
maximising the profits, these are shown below:
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1) Defining what the segments should be.
2) Defining what the criteria should be.
3) Minimising and defining the service costs.
4) Maximising and defining the service benefits.
5) Determining what the optimum service level is.

The interaction of these HASs is shown in Fig 6.3. It should be noted that the defining of 
the segments and criteria are more fundamental than defining the service costs and benefits, 
and consequently, should be carried out before these are. How each of these 5 HASs can 
be performed will be looked at in sections 6.5-6.9.

6.4. Differences between external and internal customers.

There would appear to be no logical reason why the HASs identified above for internal 
customers are not equally applicable to external customers. However, no actual extensive 
work has been carried out in this area. This could be an area where further research could
be carried out.
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6.5 Defining possible service segments.

The activities required for defining the service segments are shown in Fig 6.4. 
Unfortunately, for any service measure there are a huge number of possible service 
segments that can be used. Thus, it would be inefficient to test out the financial feasibility 
of all the different combinations of the possible segments. Therefore, it is desirable to 
reduce the number of possible segments down to those that are likely to be useful; then 
perform a fuller cost and benefit analysis on these remaining segments. Below, are 
suggested a few approaches that can be used for reducing the number of possible segments.

Approach 1: The use of cluster analysis on questionnaire results, indicating the 
qualitative value of service to the customers: Christopher (1968) uses cluster 
analysis, on service utility values, derived by using conjoint analysis on 
questionnaire results, to identify the groupings of customers who attach a similar 
importance to various service levels. Consequendy, the cluster analysis results give 
an indication of the segments with similar service benefits. However, there are
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often problems with using this approach due to the high costs of differentiating 
between the different customer segment groupings generated by this clustering.

Approach 2: Using the company's classifications of possible segments: Due to the 
problem of differentiating costs, mentioned above, it is often better to identify by 
consulting with the participating company, the possible classifications of customer 
groupings that can easily be used. Then determine, using clustering analysis on 
questionnaire results, the best possible groupings, using only these classifications.

Approach 3: Comparing the results of the above two approaches: It is possible, 
by comparing the above two analysis results, to give an estimation of the increased 
benefits of using the first set of groupings over using the second set of groupings. 
This gives an indication of whether it is likely to be worthwhile to investigate the 
extra costs of differentiating, between the more complicated customer groupings. It 
should be noted that it is better to use K mean clustering techniques, rather than 
straight forward cluster analysis, as this maximises the differences, (i.e. the 
advantages) between the different groups.

In order to use cluster analysis there is a need for a criterion for deciding which 
segments should be clustered together. Intuitively it would seem sensible, to use the 
profit levels of the different service levels for each service segment. However it is 
suggested here that the criterion that should be used is the optimum service level of 
the different service segments. This is because it is felt that having similar optimum 
service levels is more important than having similar profit curves. The advantages 
of this are demonstrated with reference to the situation shown in Fig 6.5; where 
customers A and C should be grouped together rather than A and B as 
P2A+P2B+P2C is greater than P1A+P1B+P1C, where P1A is the profit from 
customer A when segmentation 1 is used. It should be noted that, these segments 
(A and C) would be clustered together if the optimum service levels were used.
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Fig 6.5: A diagram illustrating the point that the optimum service level 
should be used as the criterion for clustering segments together rather 
than the individual segment's service profit levels.

T h s  individual segment profit levels.

* id  C.

Situation 1: The effect of grouping A with B.

Situation 2: The effect of grouping A with C
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However, if a cluster analysis was performed, on the profits associated with a 
service level, then the groupings would be A with B.

Unfortunately questionnaire results give only an indication of the likely service 
benefits. Thus, when using questionnaire results it is impossible to use the 
optimum service level to determine the segmentation. However, it is proposed that 
the shape of the benefit curves can be used to give an approximation to this. It is 
assumed that 2 segments which have similar shaped, parallel, benefit curves (that is 
a fixed amount between the 2 curves for all the service levels) have similar 
optimum service levels. It is proposed that similar shape benefit curves can be 
identified by standardising the questionnaire results and then carrying out a cluster 
analysis on these revised results. The questionnaire results are standardised by 
having a standard highest value judgement for all of the different segments. This is 
done, by adding fixed amounts to particular respondent's value judgements to 
ensure that all respondents having a common highest value judgement. For 
example, if the top value judgement that can be given is 6 and one particular 
respondents highest value is 5, then 1 would be added to all his judgement values. 
It should be stressed that, this does not necessarily mean that each customer gives 
the same service level as being the best in his eyes. This approach assumes that 
either each of the segments have the same costs, or that the service costs are 
uncorrelated to the benefits.

6 ,6  Determining the service criteria.

This section looks at determining what service criteria should be used to evaluate the service 
level. The activities that are required in doing this are shown in Fig 6.6. Unfortunately, 
due to the high number of possible criteria, it is unproductive, or even impossible, to test 
out the financial feasibility of all these possible criteria. Thus, as with determining the
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segments, there is a need to reduce the number of possible criteria before attempting this. 
Consequently the discussion below is divided into 2 sections. The first looks at how the 
best service criteria amongst a selection of possible criteria can be determined. The second 
looks at reducing the number of possible criteria down to those that are likely to be more 
beneficial.

6.6.1 Determining the best criteria.

For each combination of service measure and criteria, there is an optimum service level, 
with an associated maximum profit level. The differences in these maximum gross profit 
levels, for different criteria, indicate the relative benefits of using the different service 
measure criteria.

The cost of using a particular criteria is the expense of controlling the service measure for 
that particular criteria. Some criteria are more expensive to monitor than others. Thus, the 
service criteria that should be chosen is the one which has the largest nett profit: that is 
gross profits (the profit level of the optimum service level) minus the controlling costs.
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However, this only considers using one criteria to monitor the service. It is also possible to 
use two, or more, criteria simultaneously. For example, monitoring the mean and variance 
of a service measure. Again, the relative nett profit of doing this has to be determined.

6,6.2 Reducing the number of possible criteria.

Various approaches for reducing the number of possible criteria are explored below:

Approach 1: Consulting with the company to determine what criteria are likely to 
be useful: This can be done by holding discussions and brainstorming sessions with 
the company.

Approach 2: Using the tight/loose criteria classification system: If the service 
benefits associated with a tight criteria are not much different to the service benefits 
associated with a loose criteria, then the greater costs of a tight criteria, are likely to 
outweigh the benefits. Thus, it is more likely that the loose criteria is the best type 
of criteria to use.

Generally a tighter criteria allows less variation in performance than does a loose 
criteria. Consequently if variation in the service level has little effect on the total 
benefits, then the difference between the benefits of using the different criteria 
types, is small. An example of this is when the benefits increase linearly with 
service. This is demonstrated in Fig 6.7. However, if variations in the service level 
do affect the total benefits then the differences between the types of criteria are 
greater, indicating a tighter service criteria (restricting the service levels) is more 
likely to be beneficial. This point is demonstrated in Fig 6.8.
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Fig6.7. A diaqram illustrating the principle ol trial when variation in the semes 
has little effect on the total benelit level then there is only a small Oitlerence in 
the benefits between using a tight and loose criteria.

r;h6.8. A ciaaram illustrating the pnnaDle ol that when vanation in the service level 
joes ettect the total beneiit. then there is a Dig oitterence in the beneuts between 
.sing a tight and loose catena.

Loose erttena 
high vanation.

The above example suggest that an indication of the differences in the benefits 
between using different criteria, can be determined by looking at the shape of the 
standard service benefit curve. An indication of the shape of this benefit curve can 
be given by using questionnaires results indicating the customer's value judgements 
on various possible service levels.

Also, by using the reverse argument small cost differences between using the 2 
different type of criteria would indicate that it is more likely to be beneficial to use a
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tight criteria.

Approach 3: Determine if the criterion has the desired effect on the customer's 
system. It should be noted that some criteria can be fixed by PD to make 
themselves look 'good' without giving the actual desired effect on the customer's 
operations. An example of this is the lateness of the arrival of delivery vans were 
measuring the mean time is not good enough. As a van's late arrival on one day 
could be cancelled out by its early arrival the next day.

6.7 Minimising and defining the service costs.

This section starts by looking at whether any differences exist between the service costs for 
external customers and internal customers. Following this the influences on the service 
costs are examined. This enables various ways of reducing the service costs to be 
determined. These cost reductions are demonstrated on a standard example. Finally, the 
HASs required for minimising and defining the costs are identified and possible ways of 
carrying out these HASs are explored.

■ 6JJ-Piff€reRCfiS-.beto£ iL ini££Dal and..external .customers*

The service costs are affected by the PD system and not by the customer's system. Thus 
who the customers are should not influence the service costs. Therefore, it is proposed that 
there are no differences in the costs for internal and external customers. Consequently any 
results from previous studies, on defining service costs, are still valid.

6 .7 ,2  What influences the service costs ?

In chapter 2 it was indicated that extensive work on service costs has been reported in the
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literature. Unfortunately these investigations have mainly concentrated on two service 
measures: The order fill rate and the lead time. However in chapter 5 it was shown that 
there are often many other areas of service. Thus it is felt that there is a need to determine a 
universal framework for defining the service costs for all of these different service 
measures. This will be defined below by looking generally at what influences the service 
level and from this determine how the service costs can be both minimised and determined.

The service level, is a function of all of its service factors (defined as the parts of the PD 
system, or its environment, which affect the service level).

i.e. SL(i)= F(SF(il),SF(i2)_)
Where SL(i)= Service level of measure i

and SF(ij)= The level of the jth service factor affecting service measure i.

Essentially, there are two types of service factors:
1) Those not under PD's control. These constitute the disturbances hitting the PD 
system.
2) Those under PD's control. These constitute PD's response to the disturbances.

The effect that the disturbances have, when hitting the PD system, is determined by the 
service response levels. For every set of disturbances, there are numerous different 
responses that can be adopted, each with its own specific effect (service level achieved and 
cost). Thus, for every disturbance, there are numerous service to cost profiles. An example 
of this, for a particular set of disturbances, is shown in the scatter plot represented in 
Fig6.9. For every set of disturbances, there exists a set of responses, which produce the 
specified service level at the minimum cost. However, the costs are usually greater than this 
minimum value. Various ways of reducing the costs down towards this minimum level are 
investigated below. For simplicity and consistency, one general example will be mainly 
used to demonstrate the possible effect that these approaches can have on the service costs.
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This example does not prove that there will always be cost reductions but demonstrates the
possible cost savings can be achieved.

Fig 6.9: A diagram showing the scatterplot lor the service costs 
(or a particular set o( disturbances. The curve ol the minimum 

cost lor a particular service level is also shown.

Service level.

The general example is as follows: The service level, in this example, is dependent 
on just two service factors, a disturbance (such as level of workload) and a response (such 
as the level of manpower). If the response is greater or equal, in value, to the disturbance 
then a 100% service is achieved. Otherwise, the service level is defined as being: The 
response level/disturbance level x 100. Generally, the disturbances are assumed to be 
normally distributed with mean value of 100 and SD value of 5. Two criteria are looked at: 
The mean service level (a loose criteria) and the service level which is guaranteed to occur, 
at least 99 % of the time (a tight criteria). The formula for calculating the service level for a 
response level of X units for the 2 specified criteria is shown below:
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For the mean criteria:

Service level= 0(U)+
V2n

J.

Xe 2 
U dx

Where u= (X-ji)/a
X= response level, o = Standard deviation of the disturbances, 
p. = Mean of the disturbances.
O(U) is the cumulative distribution function of a standardised normal variable

It should be noted this service level is best calculated by using numerical approximation 
methods.

For the service level guaranteed 99 % of the time:

Service level= X/(p.+2.325o)

It should be noted that, 11 +2.325G is the 99% confidence interval for a normal distribution.

An example, of this sort of situation, would be an order picking system where the 
disturbances are the amount of work required to be done (measured in standard man hours) 
and the response would be the level of manpower available (measured in man hours).

6.7.3 Wavs of reducing the costs,

Three approaches are looked at below for reducing service costs:
1) Having an accurate model of the system’s dynamics.
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2) Reducing the uncertainty, in the disturbances by linking measures together.
3) Reducing the effect of uncertainty in the disturbances by responding to the 
individual disturbances differently.

These approaches were determined by looking at how PD reduced their costs for specific 
service situations in the participating company. From these situations, general cost 
reducing principles were formulated.

Approach 1: Having an accurate system model. Two of the consequences, on 
service costs, of having an accurate model are now studied. This is followed by a 
discussion on what information is required for formulating an accurate model.

Consequence I: Making trade offs between service responses: If a 
controller does not have an accurate model, he is incapable of making 
rational decisions concerning the trade off between different service 
responses. The simple example, indicated, below, demonstrates this point: 
There are two service responses, A and B, and it is assumed that the 
disturbances are constant. The service level is defined by the addition of the 
two service responses. The cost of each response level is as below:

A :___B j
[level 1 2

1 3!cost_____2 - 1 ,

By having this knowledge, a controller can determine the optimum 
combination of A and B to produce any service level between 2 and 4. For 
example, if a service level of 3 is required then the optimum combination is 
A=1 and B=2, with cost=5. However, a controller who does not have 
this accurate model, may mistakenly choose A=2 and B=l, with cost=6. It 
should be noted that for this approach to be effective the controller also
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needs to know the costs of the different service response levels. An example 
of this situation is the lead time of sending stock to stores where there is a 
need for coordination between the cost and time for Warehousing to pick 
stock and the cost and time for Distribution to send stock to the stores.

Consequence II: The need for a corporate approach to providing a 
service level. Sometimes service factors are under the company's control but 
not under PD's control. If no coordination exists between these departments 
then there is likely to be an increase in the service costs. This point is 
demonstrated by the example of the order lead time where there needs to be 
coordination between PD and the data processing centre. This is shown 
below, where it is assumed that there are only two parts to this service 
measure: The order processing time and the time taken for PD to send the 
stock. Possible times taken and costs, for these two tasks, are shown 
below:

Data processing time Time taken by PD.
Days 1 2 3 Days 1 2  3
Cost 6 3 1 Cost 9 4 2

For a 4 day order cycle time the cheapest way costs 7 units, with each 
department taking 2 days. However, if data processing centre take 3 days, 
reducing their costs, then PD have to decrease their time to 1 day. This leads 
to the total cost being 10 units instead of 7 units.

This demonstrates Christopher's(1983) point that for customer service to be 
effective it has to be a corporate concept in the company. It is interesting to 
note that there is a service trade-off occurring in this example between the 
data processing centre and the PD system.
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Thus it has been shown that having an accurate system's model can have an 
advantageous effect on service costs. How an accurate model can be 
generated will be discussed in chapter 8. However, whatever modelling 
technique is used there will be a need to have knowledge of the service level 
was achieved and the service factor level.

Approach 2: Linking measures together. This section, consists of two parts. The 
first looks at how disturbance variations affect the service costs. The second 
demonstrates how these effects can be reduced by linking several service measures 
together.

I) The effect of uncertainty, in the disturbances, on the service costs: The 
hypothesis to be tested here is that less uncertainty in the disturbances 
generally leads to lower service costs.

The effect of disturbance variations is investigated here, by looking at the 
effect that various disturbance standard deviation has on the general service 
situation described in section 6.7.2. This was done by keeping a constant 
mean disturbance workload level of 100 units and varying the standard 
deviation of the disturbance spread. Three different standard deviations were 
investigated:- 2 units, 5 units and 10 units. These investigation results are 
shown in Table 6.1.

An example of the calculations to produce these results are shown below

The example of the disturbance level being normally distributed with mean 
100 and SD of 5 will be used. Let response level, X, be 102 units.
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Table 6.1: Table showine the effect, on the service costs. 
or different disturbance SDs for the 2 criteria: The mean 
service level and the service level guaranteed 99% of the ume.

Mean service level. Service ievei 
euarenteed 99%.

Cost SD=2 SD=5 SD=10 SD=2 SD=5 LSD=1()
sO 80.03 80.20 80.76 70.45 / 1.66 o4.9i
82 82.04 82.21 82.70 78.36 73.46 66.53
84 84.04 84.21 84.61 80.27 75.25 68.15
86 86.04 86.22 86.47 82.18 77.04 69.78
88 88.04 88.21 88.25 84.09 78.83 71.40
90 90.04 90.18 89.95 86.00 80.62 73.02
92 92.04 92.11 91.54 87.91 82.42 74.65
94 94.04 93.93 93.00 89.82 84.21 76.27
96 96.03 95.59 94.33 91.73 86.00 77.89
98 97.89 97.01 95.50 93.65 87.79 79.51

100 99.26 98.14 96.51 95.56 89.59 81.14
102 99.86 98.94 97.36 97.47 91.38 82.76
104 99.99 99.46 98.05 99.38 93.17 84.38
106 100.00 99.75 98.61 100.00 94.96 86.00
108 100.00 99.90 99.04 100.00 96.75 87.63
110 K)O.(X) 99.96 99.36 100.00 98.54 89.25
112 100.00 99.99 99.60 100.00 100.00 90.87
1 14 100.00 100.00 99.76 100.00 100.00 92.49
i 16 100.00 100.00 99.88 100.00 100.00 94.12
1 18 100.00 100.00 99.95 100.00 100.00 95.74
::oL 100.00 100.00 100.00 100.00 100.00 97.36

For the Mean criteria:

Service level= <P(U)h—-~ =  
V2I7

2
- XXe 2 
U -dx

X=102 U=2/5=0.4
O(u)=0.6554

r 2
- X

1
V m

Xe 2 
U -dx can be approximated by numerical methods.

If a trapezium rule approach is used with intervals of 1 unit then

r
1

7 m

-_X
Xe 2
U H

O(i 0 2 ^ )_o ( i02-tm )
a

102

101.5+1
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The summation of this is shown in the table below:
I *  [(2+I-l)/5] 

- * [ (2 + 0 /5 ]
102/(101.5+1) PRODUCT

1 0.0703 0.99512 0.069952 0.0624 0.98551 0.061463 0.0532 0.97608 0.051954 0.0436 0.96682 0.042155 0.0343 0.95775 0.032856 0.0260 0.94883 0.024677 0.0189 0.94009 0.017778 0.01315 0.93151 0.012499 0.00885 0.92308 0.0008210 0.00570 0.91480 0.0052111 0.00354 0.90667 0.0032112 0.00210 0.89678 0.0018913 0.00121 0.89083 0.0010814 0.00066 0.88311 0.0005815 0.00035 0.87554 0.0003016 0.00018 0.86809 0.0001617 0.00009 0.86076 0.0000818 0.00007 0.85356 0.00006
I 0.33404

*(U )= 0.65540
SERVICE 0.98944
LEVEL

Service level guaranteed 99% of time criteria.

Service level= 102/( 100+(2.325x5)=91.38%

The analysis results are shown graphically in Figs 6.10 and 6.11. These 
results indicate that for the example explored, for low service levels the 
mean criteria costs are not tremendously affected by the different disturbance 
SDs. However, as the service level required increases, so does the effect of 
the disturbance variations. This is due to the costs of a high mean service 
level being largely dependent on the costs for the higher disturbance levels. 
(This is because the service level for the other disturbances remain constant 
as they have already reached 100 %). The greater the disturbance variation 
the slower this increase in the service level. However, when low mean 
service levels are required, it is slightly advantageous to have high 
disturbance variations. This is because the lower service levels are more
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affected by the rate of service increase for the smaller disturbance levels 
(which is greater with higher disturbance variation) than the increases for the 
higher disturbance levels.

Also the analysis results demonstrate for the example investigated that the 
costs for guaranteeing a service level, 99% of the time, are more affected by
disturbance variation than the mean service level criteria.

Fig 6.10: A graph showing the effect of variation in the disturbances on the service costs for the mean service level- for the standard example.

COST
Fig 6.11: A graph showing the effect, of variation in the disturbances, on the service costs for the service level guaranteed 99% of the time- for the standard example.

SERVICE

In summary, the analysis results demonstrate that disturbance
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uncertainty/variation can influence the service costs and this can have a 
greater effect when guaranteeing a service level, 99% of the time (a tighter 
criteria), than on the mean service level (a loose criteria). Generally an 
increase in disturbance variation levels leads to an increase in the service 
costs.

II) Reducing the service costs by linking service measures together: By 
linking two, or more service measures together enables the common service 
responses to be shared between the different service measures. This reduces 
the effect of the disturbance variations. This is because there is a reduction 
in the overall disturbance variation in relation to the mean disturbance level 
(this is a result of the disturbances variances being added together rather 
than the standard deviations being added together). Another advantage is 
that disturbance variations for one service measure highly influenced by 
these variations such as tight service criteria, can be shifted on to other 
service measures less affected by these variations. These two effects, on the 
costs are now investigated. It should be stressed that this approach gives a 
controller further options and does not exclude the option of keeping things 
as they are. This means that this approach, if managed sensibly, cannot 
make a situation any worse.

Effect 1: The reduction in the overall disturbance uncertainty. It 
has been shown, that the disturbance SD can influence the service 
cost. However, when service measures are linked together their 
individual disturbances variances are combined. This reduces the 
overall effect of the disturbance uncertainty which usually leads to a 
beneficial effect on the service costs.
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The following results, shown in Table 6.2, indicate the costs 
reductions that are achievable by using this approach for the 
standard example. It is assumed that there are two measures each 
with disturbances normally distributed with a mean value of 100 
units and SD of 5 units, which are combined together. Thus, when 
combined together they have a mean level of 200 units and a SD of
7.07. The results, are shown in Fig 6.12 and Fig 6.13. As 
expected, these results indicate a reduction in the service costs. This 
reduction, is greater when guaranteeing a service level, 99 % of the 
time. This is not surprising,as it was shown earlier, that this 
criteria's service costs were more vulnerable to disturbance 
variations. An example of this saving would be combining together 
of safety stocks by joining two warehouses together.

Effect 2: Shifting disturbances onto other measures: How the 
disturbance variations for one service measure can be passed on to 
another service measure is demonstrated here by looking at the
Table 6.2: Table showing the cost saving that are achieved 
when reducing the overall disturbance uncertainty, by linking 
two similar service measures together.

Mean service level. 99% Guarantee.
Cost. Seperate. Linked. Sepcnate. Linked.
180 90.18 90.11 80.62 83.16
184 92.10 92.10 82.42 85.01
188 93.93 94.05 84.21 86.86
192 95.59 95.88 86.00 88.71
196 97.01 97.46 87.79 90.56
200 98.13 98.66 89.59 92.40
204 98.94 99.41 91.38 94.25
208 99.45 99.79 93.17 96.10
212 99.75 99.94 94.96 97.95
216 99.90 99.98 96.75 99.80
220 99.96 100.00 98.54 100.00
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Fig 6.12: A graph showing the cost reductions, in the mean service level, due to 
reduction in the overall disturbance levels, achieved by linking measures together, 
for the standard example.

Fig 6.13: A graph showing the cost reductions, in the service level guaranteed 99% 
of the time, due to reduction in the overall disturbance levels, achieved by linking 
measures together, for the standard example.

picking of warehouse stock, let it be assumed that there are two 
classes of stock with different types of criteria, 1st class having a 
tight criteria and 2nd class having a loose criteria. Here there are 
three disturbances 1-3, for 1st class stock. There is one disturbance, 
4, independent of disturbances 1-3, hitting the system for 2nd class 
stock. The possible graphs of the service costs for the 2 situations, 
are shown in Fig 6.14.
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Fig 6 14 A diagram snowing me ditterent service cos! curves tor 1st 
class stocx and 2nd dass stocx tor tne various disturbances.

Normally, if a controller wants to guarantee a service level for 1st 
class stock he needs enough response staff to meet disturbance 1 
requirements. Consequently there are excess staff when 
disturbances 2 and 3 happen. However, when linked to picking 
second class stock, these excess staff can be transferred to picking 
this stock. (If these two service measures were not linked, then these 
excess staff would be wasted). This approach enables a guaranteed 
service level to be achieved at the mean service cost for all 
disturbances, rather than at the cost of the disturbance with the 
highest service cost. The above principles are demonstrated with 
reference to Fig 6.15. where staff levels assigned to picking first 
class stock are set to A -enough to pick the stock if disturbance 1
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- .g 6 15 
ocwng !i

Service
Level

occurs. However, if disturbance 2 or 3 occur then the staff levels 
used are B or C.Thus, levels A-B, or A-C, are transferred to 
picking second class stock. It should be noted that for picking first 
class stock the disturbance level is determining the staff level being 
used.

A aiaaram illustrating now axcess resoonss trom 2naclass.

In this situation second class stock is used to cushion picking first 
class stock from the effects of the disturbance variations. This is 
useful, as service costs of first class' criteria, tight, are highly 
vulnerable to disturbance variations. However, there is an increase 
in the costs for picking second class stock resulting from the 
variation in the response level being used. Fortunately this usually 
has only a small effect due to the mean service cost curve usually 
being almost linear, see Fig 6.11. Consequently this generally 
means that, the decreases in the second class stock gross profit 
margin are outweighed by the gross profit increases, for the first 
class stock. It should be noted that the costs of picking second class 
is the cost of staff assigned to picking second class stock only plus
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the mean cost of the staff transferred from picking 1 st class stock 
(this varies according to the disturbance level and service level 
required for first class stock).

The cost savings that are possible by using this approach are now 
demonstrated for the standard example. Guaranteeing a service level 
99 % of the time criteria was linked to the mean service level criteria. 
A response level of 120 units was fixed for the 99% guarantee 
service measure with the excess response, and cost, being 
transferred to the mean service criteria measure. It is expected that 
there should be a decrease in the 99% guarantee measure costs and a 
slight increase in the mean criteria's service costs. The results of 
this analysis are shown in Table 6.3. As was expected the results, 
shown in Fig 6.16 and Fig 6.17, indicate that cost savings are 
achieved for the service level guaranteed 99% of the time service 
measure. Also, as expected, there is a slight increase in the costs for 
the mean service criteria measure.

It has been suggested that the increase in costs of the measure 
receiving transferred response was dependent on whether its service 
cost curve was linear or not. The principles underlying this fact are 
shown in Fig 6.18. If the part of the curve which the transferred 
response is effecting, that is between A and B in Fig 6.18 is linear 
then there is no effect on the costs. However, if the portion of the 
service cost curve affected by the response is not linear then there 
will be an effect on the costs. Two important consequences follow 
from this:
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Table 6.3: Table showing the cost savings that are achieved by linking 
two measures together tor the standard example. (Where the service 
level guaranteed 999c of the time is linked to the mean service level criteria).

Mean service level. 99% Guarantee.
Cost. Seperate. Linked. Sepertate. Linked.

80 80.20 80.20 71.66 80.9782 82.21 82.20 73.46 83.0084 84.21 84.18 75.25 85.0286 86.22 86.15 77.04 87.04
88 88.21 88.08 78.83 89.0790 90.18 89.96 80.62 91.0992 92.11 91.76 82.42 93.1194 93.93 93.42 84.21 95.14
96 95.59 94.93 86.00 97.17
98 97.01 96.23 87.79 99.20100 98.14 97.32 89.59 100.00

102 98.94 98.18 91.38 100.00104 99.46 98.82 93.17 100.00
106 99.75 99.28 94.96 100.00
108 99.90 99.59 96.75 100.00
110 99.96 99.77 98.54 100.00
112 99.99 99.89 100.00 100.00114 100.00 99.94 100.00 100.00
116 100.00 99.97 100.00 100.00
118 100.00 99.99 100.00 100.00
120 100.00 100.00 100.00 100.00

Fig 6.16: A graph showing the effects, on the service costs, of linking the :^o criteria together, for the mean service criteria (the recipient of the transterred response) - for the standard example.

80 85 90 95 100 105 110 115 120
COST
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Fig 6.17: A graph showing the effects, on the service costs, of linking the two criteria together, for the service level guaranteed 99% of the time criteria (the donor 
of the transferred response) - for the standard example.

Fig 6 18 A diagram showing the pnnaples underlying the need (or the cost curve 
'o be linear inorder lor no cost increases to occur, in the recipient service situation, 
when transferring excess service responses to it

Consequence 1: That the service costs increase if the part 
of the recipient service measure's service cost curve that is 
linear is decreased. This happens when the proportion of the 
total workload, disturbances, covered by the recipient service 
situation decreases. For example, if the level of second class 
stock, as a proportion of the total stock being picked in a 
warehouse, is decreased then there will be an increase in the
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relative costs of picking second class stock. This principle is 
illustrated in Fig 6.19, where the proportion of the response 
that is not increasing the total service level is increased. That 
is a high percentage of the service response level is wasted.

Fig 6.19: A diagram showing why the service costs in the recipient service 
situation increase when this situation handles a low proportion of 
the total workload.

Cost curve (or picking 
stock when 2nd class

Cost curve for picking 
stock when 2nd class

probability

2nd class stock makes 
up a low percentage of 
total stock.

2nd class stock makes 
up a high percentage of 
total stock

Consequence 2: That if the variation in the response being 
transferred is increased then the service costs of the recipient 
service measures will be increased. This situation happens as 
the service level of the donor service measure is increased.

Both of these consequences are now explored for the example 
considered earlier in this section. Where a service measure
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guaranteeing a service level 99% of the time is linked to a service 
measure which has only to achieve a mean service level.

Consequence 1, decreasing the proportion of the 
workload handled by the recipient of the transferred 
response: The distribution of the disturbance, level of 
workload, needed to be handled by the donor service 
situation was kept constant as being normally distributed 
with mean of 100 and SD of 5. However, the distributions 
of the workload facing the recipient service situation was 
varied. Three scenarios were investigated. These are shown 
below:

S cenario  1: The level of workload facing the 
recipient service situation is normally distributed with 
mean of 100 and SD of 5.
Scenario 2: The level of workload facing the 
recipient service situation is normally distributed with 
mean of 50 and SD of 2.5.
Scenario 3: The level of workload facing the 
recipient service situation is normally distributed 
with mean of 25 and SD of 1.25.

The results of this analysis are shown in Table 6.4. It should 
be noted that the service costs have been standardised so as 
to allow comparison of the results of the different scenarios. 
This means that the costs of scenario 2 have been doubled 
and that the costs of scenario 3 have been quadrupled. A
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Table 6.4 Table showing the effect on the service costs, 
for the 3 different scenarios of the recipient service situation s handling various proportion of the total workload.

Scenario.
Cost. Unlinked. 1. 2. 3.

80 80.20 80.20 80.04 78.4082 82.21 82.20 81.96 80.0484 84.21 84.18 83.83 81.6386 86.22 86.15 85.65 83.1788 88.21 88.09 87.40 84.6590 90.18 89.97 89.07 86.0592 92.11 91.76 90.65 87.3994 93.93 93.43 92.11 88.6596 95.59 94.93 93.45 89.8398 97.01 96.23 94.65 90.94100 98.14 97.32 95.70 91.97102 98.94 98.18 96.62 92.92104 99.46 98.83 97.39 93.81106 99.75 99.28 98.02 94.59108 99.90 99.59 98.54 95.32110 99.96 99.77 98\94 95.97112 99.99 99.89 99.25 96.56114 100.00 99.95 99.48 97.07116 100.00 99.98 99.65 97.53118 100.00 99.99 99.77 97.93120 100.00 100.00 99.85 98.27

uniform service level of 98% was kept for the donor service
situation. The results are shown in Fig 6.20. and seem to 
support the hypothesis that decreasing the proportion 
workload of the whole workload handled by the recipient 
service situation can increase the relative service costs.
Consequently indicating that there is a need to be cautious
when choosing what service measures can be linked
together.

Consequence 2: That the service level required by the 
donor service situation affects the costs of the recipient 
service situation. This hypothesis was tested for the 3 
scenarios indicated above. Various levels of service required 
in the donor service situation were set. These service levels 
were set as follows: 80%, 90%, 95% and 98%. The results 
of this investigation are shown in Table 6.5. Again the 
service costs for the different scenarios have been 
standardised to allow a comparison to take place.
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t".g 6.20: Graph showing the etiect that handling different proportions of the total 
wortdoad has on tne service costs in tnc recipient service situation tor tne different ->cenanos.

Table 6.5: A table showing the effect (for the 3 different scenenos) that different required service 
levels in the donor service situation has on the service costs in the recipient service situation 
when two service measures are linked together.

S c e n e r i o  1 S c e n e r i o  2 S c e n e r i o  3
serv ice  

^ ' v j e y e l .  
C ose  ^ ' s'nv 80% 90% 95% 98% 80% 90% 95% 98% 80% 90% 95% 98%

8 0 80.20 80.20 80.20 80.20 80.14 80.09 80.06 80.04 7 9 . 1 9 7 8 . 7 8 7 8 . 5 4 7 8 . 4 0
82 82.20 82.20 82.20 82.20 82.10 82.02 81.98 81.96 8 0 . 9 3 8 0 . 4 6 8 0 . 2 1 8 0 . 0 484 84.20 84.19 84.19 84.18 84.02 83.92 83.86 83.83 8 2 . 6 1 8 2 . 0 9 8 1 . 8 1 8 1 . 6 3
8 6 86.18 86.17 86.16 86.15 85.90 85.77 85.70 85.65 8 4  . 2 3 8 3 .  6 6 8 3 . 3 6 8 3 . 1 7
88 88.14 88.11 88.10 88.09 87.73 87.56 87.46 87.40 8 5 . 9 7 8 5 .  1 7 8 4  . 8 5 8 4  . 6 5
9 0 90.04 90.00 89.97 89.97 89.47 89.26 89.15 89.07 8 7 . 2 6 8 6 . 6 0 8 6 . 2 6 8 6 . 0 5
9 2 91.87 91.81 91.77 91.76 91.12 90.86 90.73 90.65 8 8 . 6 7 8 7  . 97 8 7  . 6 1 8 7 . 3 994 93.58 93.49 93.45 93.43 92.65 92.35 92.20 92.11 8 9 . 9 8 8 9 . 2 5 8 8 . 8 8 8 8 . 6 5
9 6 95.12 95.01 94.96 94.93 94.03 93.71 93.54 93.45 9 1 . 2 1 9 0 . 4 5 9 0 . 0 7 8 9 . 8 398 96.45 96.33 96.27 96.23 95.26 94.92 94.75 94.65 9 2 . 3 4 9 1 . 5 7 9 1 . 1 9 9 0 . 9 4

1 0 0 97.54 97.42 97.36 97.32 96.33 95.98 95.81 95.70 9 3 . 3 8 9 2  . 61 92  . 2 2 9 1 . 9 7
1 0 2 98.40 98.27 98.22 98.18 97.23 96.89 96.72 96.62 9 4  . 3 2 9 3 . 5 6 9 3 . 1 7 9 2  . 9 2104 99.01 98.91 98.86 98.83 97.96 97.64 97.48 97.39 9 5 . 1 7 9 4  . 4 2 94  . 0 4 9 3 . 8 1
1 0 6 99.43 99.34 99.31 99.28 98.54 98.26 98.11 98.02 9 5  . 9 3 9 5 . 2 0 94  . 8 3 9 4 . 5 9
108 99.85 99.63 99.60 99.59 98.99 98.74 98.61 98.54 9 6 . 6 0 9 5 .  9 0 9 5  . 5 5 9 5 . 3 2
1 10 99.93 99.81 99.79 99.77 99.32 99.11 99.01 98.94 9 7 . 1 8 9 6 . 5 3 9 6 . 1 9 9 5 . 9 7
1 12 99.97 99.90 99.89 99.89 99.56 99.39 99.30 99.25 9 7 . 6 9 9 7 . 0 8 9 6 . 7 6 9 6 . 5 61 14 99.99 99.96 99.95 99.95 99.72 99.60 99.53 99.48 9 8 . 1 2 9 7 . 5 6 9 7 . 2 6 9 7 . 0 71 16 100.00 99.99 99.98 99.98 99.83 99.74 99.68 99.65 9 8 . 4 9 9 7 . 9 8 9 7  . 7 0 9 7 . 5 3118 100.00 100.00 99.99 99.99 99.90 99.84 99.80 99.77 9 8 . 7 9 9 8 . 3 4 9 8 . 0 9 9 7 . 9 3
1 2 0 100.00 100.00 100.00

____
100.00 99.94 99.90 99.87 99.85 9 9 . 0 5 9 8 .  6 5 9 8 . 4 2 9 8 . 2 7

Scenario 1 recipient service situation has mean disturbance level of 100 units.
Scenario 2 recipient service situanon has mean disturbance level of 50 units.
Scenario 3 recipient service situation has mean disturbance level of 25 units.

The results shown in Fig 6.21, Fig 6.22 and Fig 6.23 
indicate that the service level required in the donor service 
situation can affect the service costs in the recipient service 
situation. However, this effect is greatly reduced when the 
recipient service situation deals with a high proportion of 
the total workload.
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Fie 6.21. Graph snowing tne ellect mat tne different service levels in tne aonor service situation nas on me costs in me recipient service situation tor scenario I 
i mean oisturoance level is 100 units i.

Fie 6.22. Graph snowing the effect mat the different service levels in me donor 
service snuauon nas on tne costs in me recipient service situation tor scenario 2 
i mean oisturtwnce level is 50 units i.

Fig 6 23. Graph showing the effect mat the different service levels in the donor service situation nas on me costs in me recipient service situation tor scenario 3 
i mean tusttirtance level is 25 units i.

However it must be stressed that for this approach, of linking service measures 
together, to be viable, there is a need to be able to transfer the excess response from
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one service measure to the other service measure. For example it is often impossible 
to transfer excess staff from a London warehouse to a Glasgow warehouse.

Approach 3: Responding to the individual disturbances differently. This section, 
looks at how the service costs can be reduced, by responding to each disturbance 
differently. A general discussion on the underlying principles of this approach is 
followed by the illustration of the savings achieved in the standard example. An 
indication is then given of the activities required in a system which responds to the 
individual disturbances differently. A comparison is then made of this approach 
against the approach of linking service measures together.

I) General introduction: The disturbances, hitting the PD system, can 
not be affected by PD. However, the effect these disturbances have, on the 
service level, can be influenced by PD's responses. These responses 
determine the transformation of the disturbances into service levels. Ideally 
this transformation should change to reflect the disturbance changes. That is 
PD should tailor their responses, to the particular disturbance occurring, in 
order to achieve a particular service level. This generally results in a 
reduction in the service costs. For example, if a warehouse manager knows 
the picking workload, he can then determine the manpower required to 
achieve a particular service level, thus, reducing his costs. As with linking 
of service measures together this approach if managed successfully should 
not increase the service costs as it is possible to leave the situation as it was 
before.

II) Example of the saving achieved for the standard example:
The service costs when meeting each disturbance differently, for the 
standard example, are shown below in Table 6.6, along with service costs 
when not meeting each disturbance differently. The results, shown in
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Fig6.24 and Fig 6.25, demonstrate that service cost reductions are
achievable by responding to disturbances differently.

Table 6.6 : A table showing the cost savings produced by 
responding to each disturbance differently, for both of the 
critena. in the standard example.

Mean service level. 99% Guarantee.
Cost Normal R.T.D. Mormal R.TJ3.

80 80.20 81.34 71.66 80.9782 82.21 83.26 73.46 83.0084 84.21 85.16 75.25 85.0286 86.22 87.05 77.04 87.0488 88.21 88.94 78.83 89.0790 90.18 90.83 80.62 91.0992 92.11 92.70 82.42 93.1194 93.93 94.55 84.21 95.1496 95.59 96.40 86.00 97.1798 97.01 98.22 87.79 99.20100 98.14 100.00 89.59 100.00102 98.94 100.00 91.38 100.00104 99.46 100.00 93.17 100.00106 99.75 100.00 94.96 100.00108 99.90 100.00 96.75 100.00110 99.96 100.00 98.54 100.00112 99.99 100.00 100.00 100.00114 100.00 100.00 100.00 100.00116 100.00 100.00 100.00 100.00118 100.00 100.00 100.00 100.00120 100.00 100.00 100.00 100.00

Fig 6.24: A graph showing the cost reductions achievable, for the mean service level criteria, by reponding to each disturbance differendy, for the standard example.

Ill) The activities that are required to be performed: There are 
several activities required when responding to the disturbance differendy.
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Fig 6.25: A graph showing the cost reductions achievable, for the service level guaranteed 99% of the time criteria, by reponding to each disturbance differently for the standard example.

These are indicated below:

i) Actually defining what the disturbances are.

ii) Defining what the disturbance levels are.

iii) Being able to respond to the changes in disturbance levels 
quickly enough: If the disturbances change quicker than it is 
possible to change the responses then there is no point in changing 
the response level to meet these disturbance changes. If an attempt is 
made it will only result in oscillatory behaviour occurring 
Consequendy there is a need to define the rate at which each 
response service factor can be changed and the rate at which the 
disturbance level are changing. Table 6.7 shows a possible 
spectrum for whether various PD responses can be changed in the 
short term, medium term, or only in the long term.

iv) Knowing what the disturbance level will be in the future: By 
knowing what the disturbance levels will be in the future gives PD
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more time to react to the disturbances. This means that it is more 
likely to be able to respond to the disturbance changes.
Table 6.7: Table showing a possible spectrum of response times and 
also variable operating costs for a variety of posssible service responses.

OPER­
ATING
COST

THE NUMBER OF
VANS HIRED BY COMPANY

THE NUMBER OF 
U0RR1ESHIRED BY COMPANY

E THE LEVEL OF OVERTIME
USED IN THE WAREHOUSES

LEVEL OF SAFETY STOCK 
IN THE WARERHOUSES

LEVEL OF TEMPORARY 
STAFF BEING USED.

HIRING OF EXTRA 
WAREHOUSE SPACE.

LEVEL OF FULL 
STAFF BEING USED.

THE NUMBER OF LORRIES 
OWNED BY THE COMPANY

THE NUMBER OF VANS 
OWNED BY THE COMPANY

C HANGING THE DELIVERY 
ROUTE OF STOCK.

OPER­
ATING
COST
e

THE NUMBER OF 
LOCATION OF 

WAREHOUSES.

THE NUMBER OF 
LOCATION OF 

REGIONAL 
WAREHOUSES

SHORTTERM MEDIUM TERM LONGTERM
IN NATURE. IN NATURE. IN NATURE.

RESPONSE TIMES.

v) Defining the transitional fixed costs, associated with changing the 
response level. Counteracting the savings associated with reacting to 
different disturbances differently, there are often transitional costs 
associated with changing from one response level to another. These 
transitional costs have to be defined to make sure that they do not 
outweigh the savings achieved. An example of this is the question 
of the number and location of warehouses. The operating costs 
would imply regular changes to reflect market changes where as the 
transitional costs of relocating and building warehouses would not

IV) Comparison with linking service measures together: By
comparing Fig 6.25 with Fig 6.17 it can be seen that the graphs are in fact 
identical. This is because, by being able to transfer excess response, to 
another service situation, makes it possible to respond to each of the 
disturbances differently. Thus these two approaches have similar effects on 
the service costs. However, there are advantages associated with both of
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these approaches. The advantages of linking service measures together is 
that there is no need to know the disturbance level. The advantages of 
reacting differently to the different disturbances are that there is no need to 
have another service measure to link to. Also there are no problems 
associated with the increased costs in the service situation that is receiving 
the transferred excess response.

Consequently, probably the best approach is to attempt to use a 
combination of the two approaches, by reacting to the long term disturbance 
changes, such as the more predictable seasonal variations, by changing the 
response level and dealing with the more short term 'unpredictable' 
changes, by linking service measures together.

6.7.4 Conflict between different cost reducing techniques.

Unfortunately, there is often a conflict between responding to each disturbance differently 
and making trade-offs between the different service responses. This is generally because 
the service responses whose response levels can be changed quickly are usually more 
expensive in nature. An example of this conflict is the use of overtime in warehouses. The 
trade-off between service responses would say that overtime should not be used, however 
responding to each of the disturbances, argues that overtime should be used. Thus a 
compromise between these extremes has to be decided upon. This can only be done by, 
considering the long term costs.

6.7.5 Differences in long term and short term costs.

It has been argued that there is a need to have an accurate situation model and also that the 
costs have to be considered in the long term. So far the discussion has assumed that the 
service level is independent of time. Unfortunately this is not always true. Often the long
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term costs are different to the short term costs. This happens when the following two cases 
occur:

Case 1: The disturbance levels are affected by previous service levels (cumulative 
disturbances). This is the situation when work not completed in one time period, is 
carried over to the next.
Case 2: The resources, responses, are not perishable (cumulative responses). 
This is the situation when unused responses, in one time period, can be used in the 
next.

Thus there are 4 separate possible situations. Each is shown and discussed below for the 
standard example, quoted in section 6.3.1 for the mean criteria only. The results for this 
analysis are shown in Table 6.8. The service situations are shown initially and after 10 time 
intervals. It is assumed that a constant response level is retained throughout the 10 time 
periods.

Situation 1. Neither the disturbances nor the responses are cumulative: Fig6.26 
shows the overall mean service level, after 10 10 time periods, and Fig 6.27 shows 
the initial mean service level. These graphs are identical. This is due to the situation 
being the same every time. Thus, this situation is time independent.

Situation 2. The disturbances are not cumulative but the responses are: The 
overall mean service level, after 10 time periods, is shown in Fig 6.28. Initially the 
service curve is the same as situation 1. The service level then gradually increases. 
Although not stated here it can be proved, by induction, that the service level 
increases monotonically with time. When the response is greater than 100 units 
(the mean disturbance level) then the service level's least upper bound is 100 %. 
As in theory none of the response is ever 'wasted'. This makes it possible to 
react to each disturbance level, no matter what the disturbance level is, by having
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an endless level of response. However, in practice this is not correct as there is a 
cost associated with storing the excess response.

Table 6.8 : A table showing the Initial service costs and the service costs after 10 time peroids for the 4 different service situations 
Situation 1: Neither the disturbances nor the responses are cumulative.
Situation 2: The disturbances are not cumulative but the responses are.Situation 3: The disturbances are cumulative but the responses are not.
Situation 4: Both the disturbances and the responses are cumulative.

C o st N orm al Situation 1 S itu au on 2 S icu a iio n l Situation4

80 80 20 80.20 80.20 00 00 00.00
82 82.21 82.21 82.21 00 00 00.00
84 84 21 84.21 84 21 00.00 00.00
88 86 22 86.22 86.22 00.00 00.00
88 88.21 88.21 88.22 00 00 00.00
90 90.18 90.18 90.22 00.00 00.00
92 92.11 92.11 92.22 00.00 00.00
94 93 93 93.93 94.10 00.00 00.00
96 95.59 95.59 96.17 00.00 00.00
98 9701 97.01 98.03 00 00 00.00

100 98.14 98.14 100.00 00.00 96.93
102 98 94 98.94 100.00 97 00 100.00
104 99 46 99.46 100.00 99.03 100.00
106 99.75 99.75 100.00 99 67 100.00
108 99.90 99.90 100.00 99.88 100.00
110 99.96 99.96 100.00 99.96 100.00
1 12 99 99 99.99 100.00 99.99 100.00
114 100.00 100.00 100.00 100.00 100.00
1 16 100 00 100.00 100.00 100.00 100.00
1 18 100 00 100.00 100.00 100 00 100 00
120 100 00 100.00 100.00 100.00 100.00

Fig 6.26: A graph showing the original cost curve for situation 1: When neither the 
disturbances nor the responses arc cumulative.

Fig 6.27: A graph showing the cost curve after 10 time periods for situation l: When 
neither the disturbances nor the responses are cumulative.
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Fig 6.28: A graph showing the cost curve after 10 time periods, against the original 
cost curve, for situation 2: When the disturbances are not cumulative but the 
responses are cumulative.

CHAPTER 6

Situation 3. The disturbances are cumulative, however, the responses are not: 
The overall mean service costs, after 10 time periods, is shown in Fig 6.29. This 
shows that, if a controller does not respond with a response level at least equal to 
the mean disturbance rate, the the system will soon go completely out of control.

Fig 6.29: A graph showing the cost curve alter 10 time periods, against the original 
cost curve, tor situation 3: When the disturbances are cumulative but the responses arc not cumulative.

Situation 4, both the disturbances and the responses are cumulative: Fig 6.30 
shows the overall service costs, after 10 time periods. The service level is 
dependent, in the long term on which effect- the disturbances or the responses- is 
more dominant. Due to the competition between these two effects, the rate at which 
the service level tends to its limits is slower than either situation 2 or situation 3.
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Fig 6.30: A graph showing the cost curve after 10 time periods, against the original 
cost curve, for situation 4: When both the disturbances and the responses are cumulative.

The above analysis has shown that the service costs are dependent on the particular 
situation and that often the long term service costs are different to the short term. 
Consequently, to have an accurate picture of the service situation, the system's behaviour 
through time has to be analysed

(LI,6 Defining the service costs.

Below are described two basic approaches that can be used to determine the service cost:

Approach 1 The use of analytical models to 'predict* the service 
costs: The above discussion has shown that the service costs are partly dependent 
on the disturbance levels occurring. Thus, if the disturbance levels are known and 
an accurate model of the system's dynamics is held by PD, then the service costs 
can be calculated beforehand. For a particular set of disturbances, PD should know 
the response that will be used and the effect this has on the service level. 
Consequently the costs and service level are known. This sort of system is referred 
to as being a feedforward system.

Approach 2. M onitoring the costs and the service level. To use this 
approach, there is a need to define the service responses for each service measure.
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Then there is a need to monitor the service level being achieved and the level/cost of 
each service response. Thus, there are 3 basic activities in this approach:

l) Defining the service factors for a service measure.
II) Defining the service factor costs/monitoring the service factor level.
m) Monitoring the service level.

This sort of system is referred to as being a feedback system.

6.7.7 Summary of the HASs required.

The above discussion, has highlighted several ways of minimising and defining the service 
costs. In order to be successful each of these approaches require certain activities to be 
performed. Fig 6.31 shows these activities/ HASs.

6.7.8 How _can_ the required HASs can be carried out?

This section looks at defining possible ways of carrying out the HASs, described in the 
last section. Each of the required HASs shown in Fig 6.31 are identified along with 
possible approaches for carrying each of them out.

HAS 1: A HAS which determines a quantitative model of the relationship between 
the service factors (both the responses and disturbances) and the service elements: 
For some service measures there are well defined quantitative models for the 
relationship between service factors and the service measure published in the 
literature. An example of this is the order fill rate service element. Where 
appropriate these models can be used. However there are often no such nice 
quantitative models existing for a service measure, in the literature. Thus there is a 
need to define/generate a model.
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The first step in defining such a model is to determine the service factors- both the 
responses and disturbances- for a particular service measure. One way of doing this 
is to consult with the company’s experts and asking them to define what they 
consider to be each service element's service factors. Sometimes this requires 
defining a service factor in terms of further service factors, in order to make it 
meaningful. (For example, a feasible service factor for the stock lead time service 
measure is, the time it takes for a warehouse to pick the stock. However, this in 
turn -if it is to be useful to PD- requires to be defined in terms of the service factors: 
the amount of stock to be picked and the number of pickers). These relationships 
are easily represented by Eden's (1983) cognitive maps, as described in chapter 2.

These maps can then be used to help redefine the experts thinking on the subject, or 
to pool several experts thoughts into one map. After identifying the service factors, 
for a service measure the next step is to define a relationship between them. 
Unfortunately, this is usually very hard to actually do because of the lack of 
opportunity to carry out model building tests in the organisations. Many different 
types of modelling techniques such as regression analysis may prove to be useful 
here. In chapter 8, a possible modelling technique, is proposed which may help in 
doing this.

It should be noted that often universal models can be used as a framework for 
generating models for a particular situation. For example, certain disturbances can 
be translated into the level of workload required to be done, with the different 
service responses being translated into the level of workload that can be managed.

HAS 2: A HAS which defines the service response costs: Usually the cost of 
service responses are already known by the company. Other times service 
responses can be defined in terms of other responses whose costs are known, in the
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system. However, to do this the relationship between these responses has to be 
defined. This can be done by using techniques proposed in HAS 1 described above.

HAS 3: A HAS which determines which service measures can be linked together: 
Before two measures can be linked together there is a need to identify that there 
are common service responses. The cognitive maps that were produced for HAS 
1 can be used to deduce these common service responses.

HAS 4: A HAS which determines which of the linked service measures, if 
any, should be given priority: This can be done by consulting with the company.

HAS 5: A HAS which determines what the disturbances are: These disturbances 
can be determined by consulting the cognitive maps produced for HAS 1.

HAS 6: A HAS which determines what the disturbance level is going to be: It is 
proposed that there are basically three ways this can be done:-

a) The use of statistical models: It may be possible to predict the likely level 
of disturbances, from previous disturbance levels, by using various 
forecasting techniques.

b) Determining the disturbance level by knowing other departments 
performance level: Often a disturbance is the performance from another part 
of the company and, consequently, is known. It should be noted that if this 
situation happens it also shows that there is a need for coordination between 
PD and this other department.

c) Determining the disturbances level from known facts. For example the 
level of warehouse workload can be calculated from the level of stock orders
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and the number of different items being picked. This approach can also be 
used for predicting what the likely disturbances are going to be in the future.

HAS 7: A HAS which determines how quickly the service response level can be 
changed: After the responses have been defined it is possible to identify how 
quickly these can be changed. This can be done by consulting with the participating 
company. It is also possible to actually monitor the speed with which changes can 
occur. Another possible approach for certain service responses is to consult the 
literature on the subject.

HAS 8: A HAS which determines how quickly the disturbance changes: This can 
be done by monitoring the frequency of disturbance changes.

HAS 9: A HAS which defines the transitional costs of changing from one response 
level to another: An indication of this figure can be discerned by consulting with the 
company. Also, an indication can be found by consulting the literature.

HAS 10: A HAS which reports information from one HAS to another HAS. All 
the reporting systems are looked at, collectively in chapter 8.

6.8 Defining and maximising the service benefits.

Initially, this section compares the service benefits for external customers with the service 
benefits for internal customers. The service benefits for internal customers are then looked 
at in greater detail. The activities required for defining and maximising these benefits are 
then highlighted. An indication is then given of how these activities can be carried out.
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6.8.1 Differences between internal and external customers.

It was shown in Chapter 2, that previous customer service studies have considered the 
benefits of service to external customers to be the increase in the sales levels resulting 
from an increase in the service level. However it would seem logical to say that the service 
benefits to internal customers, are concerned with the decrease in the customer's costs, 
resulting from an increase in the service level. Thus there is a difference in the service 
benefits supplying to an internal customer, than to supplying to an external customer. The 
service benefits to external customers is connected with the image of the supply company 
that service portrays to the customers, whereas the benefits to internal customers is 
concerned with the actual effect service has on the customers.

Following from the above argument it can be seen that service to internal customers is 
concerned with the trade-off of costs between the PD system and the customer's system. 
Whereas, service to external customers is the trade-off between PD's costs and the sales 
levels achieved, which is determined by the company's image.

Unfortunately this causes a problem with trying to use either cluster analysis or the tight 
loose criteria classification on questionnaire results in order to reduce the number of 
possible service segment and criteria. (As prescribed in sections 6.3 and 6.4). This is due 
to the internal customer service benefits not being determined by the image of the company, 
in the eyes of the customer, as in the case of external customer. However, if the service 
effects, the financial benefits, are assumed to be correlated to the qualitative impression a 
service level gives to a customer then, it is still possible to use questionnaires. It will be 
assumed here that this is valid and that, consequently, questionnaires can be used to 
reduce the number of possible segments and criteria.
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6.8.2 What are the service benefits?

It has just been argued that the service benefits to internal customers are associated with the 
reductions in the customer's costs. Thus, to look at the service benefits it is necessary to 
look at the effect service has on the customer's operational costs. This effect is investigated 
below:

The performance level in the customer's system can be described as below:

PL(I)= F(SM(J),CR(k),CD(L))

Where PL(I)= Performance level of activity I 
SM(J)= Level of service measure J
CR(K)= The level of the customer responses to his disturbances.
CD(L)= The disturbances hitting the customers system.

It is useful to consider the customer service measures as being part of the customer's 
response to the disturbances hitting his system. The benefits of a service level are thus 
defined as being the reduction in the costs of the customer's other responses to the 
disturbances hitting his system..

For each particular set of disturbances hitting the customer's system there will be different 
total costs of these other customer responses. A simple example of how the service benefits 
are determined from the costs of the customer responses is shown in Table 6.9.

It follows from the above discussion that the following points, about service benefits are
true:
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1) That by defining the service benefits and the reductions in the customer's costs, 
the service objectives are being set to meet the customer's performance objectives at 
the lowest cost. This is discussed in more detail in chapter 8.

Table 6.9: A table showing an example of: How the service benefits 
are calculated from the total costs of the customer's responses.

Service level. Cost of the customer responses to 
complete his required operations.

Service
benefits.

1 9 9 -9=0
2 6 9-6=3
3 4 9-4= 5
4 3 9-3= 6
5 2 9-2=7
6 1 9-1= 8

2) That as the disturbances hitting the customer's system are constantly changing, 
so will the service benefits be also changing.

3) That when a service level affects two or more of the customer's operations then 
the benefits for each of these operations can be merged together to produce a 
combined service benefit

6,8^3, Defining the service benefits.

As with the service costs the service benefits can be 'predicted' by using a feedforward 
system. To do this there is a need to have an accurate model of the customer's system and 
to know what the disturbances hitting the customer's system are. It is also possible to 
determine the service benefits by using a feedback system where there is a need to know 
the customer response levels and service level being achieved by PD.
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6.8,4. Increasing the service benefits.

If a service customer is informed of the expected service level he can then use this 
knowledge to determine what the best combination of his responses, given this service 
level, are. This results in an increase in the service benefits. It should be noted that this is 
similar to the situation where PD respond differently to each different disturbances to 
reduce their costs, where the service level is a known disturbance level, hitting the 
customer's system.

6.8.5 The HAS required.

From the above discussion it follows that the HASs shown in Fig 6.32 are required for 
defining and maximising the service benefits.

6.8.6 How can the HASs be carried out.

Below are listed the HASs, shown in Fig 6.32, that are required to determine and 
increase the service benefits. For each of these identified HASs, various approaches for 
carrying them out are also proposed.

HAS 1: A HAS which indicates which customer operations the service affects and 
what customer's responses also affect these operations: These areas can be 
identified by consulting with the customers and using cognitive maps to represent 
the ideas generated.

HAS 2: A HAS which monitors the service performance level. All monitoring 
systems are discussed collectively in chapter 8.
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Fig 6.32: A diagram showing the

HAS 3: A HAS which monitors the customer's response levels. All monitoring 
systems will be discussed collectively in chapter 8.

HAS 4: A HAS which monitors the performance level of the customer operations. 
All monitoring systems will be discussed collectively in chapter 8.

HAS 5: A HAS which determines a model of the customer's system. How this
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HAS can be carried out has already been discussed, for carrying out HAS 1 in 
section 6.7.8.

HAS 6: A HAS which determines the disturbance levels. How this HAS can be 
carried out has already been discussed, for carrying out HAS 5 in section 6.7.8.

HAS 7: A HAS which informs the customers what the service level is. All 
monitoring systems are discussed collectively in chapter 8.

6,9 Evaluating what service level is required.

This section looks at the HAS that evaluates what the optimum service level is. A general 
discussion on this system is followed by a discussion on how the profit levels can be 
increased by using this system productively. An indication is then given of the activities 
required to be present and how these activities can be carried out.

6,9.1 General discussion on the system.

This system uses the service benefits and costs to determine the service profits. From these 
service profit levels the company's service objectives are set- the service level which 
maximises profit level. These service objectives are then reported to PD and the customers.

The optimum service level is determined by the differences in the profits, (consequently, 
the differences in the costs and benefits) of the different service levels. Therefore it is 
more efficient if the service costs and benefits are standardised before reporting to the 
evaluator- that is the differences in the costs for the different service levels are used rather 
than the actual value. This reduces the level of information that needs to be reported. For 
example, it is pointless reporting that the costs of all the service levels has increased by
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X pounds, as this will not effect what the optimum service level is.

__Increasing the profits achieved.

Below are proposed two approaches which can be used to increase the total profits being 
generated by this system.

Approach 1, changing the service level required more frequently: As the service 
costs and benefits change so often does the optimum service level. Thus there are 
advantages, associated with constantly altering the service level required to reflect 
these changes in the optimum service level. However, there are problems 
connected with constantly altering the service level required. These changes result 
in both PD and the customers having to change their operations. If the changes are 
frequent then, this often leads to oscillatory behaviour occurring in the system- due 
to PD and the customers not being able to respond in time. However this problem is 
reduced when feedforward systems are used to monitor the service benefits and 
costs and to report changes because this gives more time for them to react.

Thus it is really advisable to restrict the number of changes. This means that it is 
more beneficial to deal with the larger and more long term changes in the service 
costs and benefits. Consequently there is a need to filter out the smaller or short 
time changes in the service costs and benefits. Similarly it would be unproductive 
for the system to report any small or short term changes in the required service level 
as it is unproductive for PD and the customers to attempt to react to these changes. 
This idea is discussed in more detail in chapter 8 when dealing with monitoring 
systems. It should be noted that this approach tries to increase the system's 
effectiveness for a particular level of efficiency and cost and hence increase its 
productivity.
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Approach 2, looking at two, or more, service measures collectively: As is 
demonstrated in Fig 6.33, often one service response affects more than one service 
measure. It should be noted that, in Fig 6.33 service response B affects both service 
measures Q and R. An example of this is the level of warehouse staff which affects 
both the order lead time and level of missing stock. This causes problems, when 
deciding which service measure should be ’charged' for the cost. It is also 
indicated in Fig 6.33 that two service measures can often affect the same customer 
operation. In Fig 6.33 both service measures P and Q affect the customer operation 
X. An example of this is the stock order lead time and the warehouse's order fill 
rate, both affecting the store's order fill rate to the general public. This can cause 
problems when determining the service benefits of the individual measures.

Fig 6.33: A diagram showing a possible service situation to 
illustrate when it may be advantagous to evaluate two, or 
more, service measures together.

These problems can be dealt with by considering the interconnected, interdependent 
service measures together as one service measure vector. From this the optimum
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combination of the various service measures can be chosen in the normal way. 
However this means that the service to profit graph becomes multi-dimensional. 
This can cause problems due to the level of information- variety- needed to be 
handled by the evaluating system. It should be noted that service measures that are 
linked together due to their interdependency, should be considered in this manner.

6.2,3 The HASs required.

From the above discussion, it can be seen that the activities shown in Fig 6.34 are required 
to be performed when evaluating the service level required.
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6.9.4 How can the HASs be carried out?

How the reporting systems should be carried out will be dealt with in chapter 8. The service 
measures which are beneficial to consider together can be determined by looking at the 
cognitive maps produced for each service measure and identifying from these maps the 
service measures that have common responses or effects.

6.10. The activities required for maximising the profits.

Sections 63-6.1  have looked at the activities that are required for the 5 main approaches 
identified for maximising the profit associated with service. This section looks at the 
combination of all these activities. This combination is shown in Fig 6.35. It can seen 
that, there are principally four different types of HASs contained in Fig 6.35.

Type 1 Decision making HASs (DMSs), which make infrequent decisions of a 
long term nature. An example of this is deciding which segments should be used. 
Type 2 Decision making HASs (DMSs), which make frequent decisions of a short 
term nature. An example of this is deciding how to respond to changes in the 
disturbances.
Type 3 The HASs which define what specific information needs to be reported to 
the DMS.
Type 4 The HASs which report information to the decision making HASs. It 
should be noted that these HASs are being used continuously.

The output of the Type 1 and 3 HASs shown above does not change frequently, therefore 
the effectiveness of these HASs is not decreased very much by reducing the frequency of 
their use. Consequently it is probably more cost effective/productive to use these HASs 
occasionally as the advantages of the increased efficiency outweigh the penalties associated
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with the decrease in the effectiveness. Thus, it is proposed that these HASs should be used 
initially at the start of a service project and then regularly used again to update the 
information. Chapter 7 will look at the carrying out of these 2 types of HASs.

In contrast for type 2 and 4 HASs the output of these HASs are constantly changing. 
Thus, it is probably more cost effective to use these systems continuously. Chapter 8 will 
deal with these 2 types of HAS.

6.11 Summary.

This chapter has looked at determining the service policy which maximises profits. Five 
main components to this process were identified. These are shown below:

1) Determining the service criteria.
2) Determining the market segmentation being used.
3) Minimising the service costs and defining the service costs.
4) Maximising the service benefits and defining the service benefits.
5) Determining the optimum service level, the service level achieving the highest 
profit level.

The activities required for carrying each of these processes were identified and also, any 
differences in these activities which are required when the customer is external as to when 
the customer is internal. The main differences in these two situations were found to be in 
the service benefits. The service benefits for internal customers were found to be 
concerned with the decrease in the customer's costs whereas with external customers the 
benefits are concerned with the increase in sales.

An indication was also given where appropriate how each of the identified HASs could 
actually be carried out. These activities required to be carried out were classified as being
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more cost effective when either used infrequently or when used frequently.

Chapter 7 will look at carrying out the activities that are more cost effective when performed 
infrequently. Chapter 8 will look at HASs that are more cost effective when carried out 
continuously.
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CHAPTER 7
THE HUMAN ACTIVITY SYSTEMS 
THAT ARE USED INFREQUENTLY 
FOR DEFINING AND ACHIEVING 

THE BEST SERVICE POLICY.
7,1 Introduction.

This chapter looks at performing some of the Human activity systems (HASs) defined in 
chapter 6 as being needed to define and ensure the best service policy is achieved. The 
HASs looked at in this chapter are those that were defined in chapter 6 as likely to be more 
cost effective/ productive when used infrequently. These HASs concentrate on defining the 
criteria, market segments and the disturbances, service responses and effects of each 
service measure. The measures which can be linked together or may be beneficial to 
evaluate together are also determined. (The remaining HASs which were defined as likely 
to be more productive when used frequently will be looked at in chapter 8).

The various approaches that were proposed in chapter 6, for carrying out each of the 
required HAS are outlined.

Criteria will be examined by using the 3 E test to determine the relative merits of each of 
these approaches. An indication will be given of the actual approaches that were used with 
the participating company and where appropriate why these differed from the proposed 
techniques.

A summary of the information derived, relating to the service measures defined in chapter 
5, when using these approaches with the participating company will also be included.
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Where appropriate general points concerning controlling service will be drawn out of the 
results.

7,2- What Human Activity Systems are required?

It was shown in the last chapter that several HASs are required in defining the service 
policy which maximises the company's profits. These are shown in Fig 6.35. This chapter 
deals with the HASs which are felt to be more cost effective when used infrequently. These 
are:

1) Determining the service criteria for each service measure.
2) Defining the market segments.
3) Identifying the need for coordination between different service responses in the 
same department.
4) Defining the need for coordination between different departments.
5) Defining what the disturbances are.
6) Defining what the transitional costs are.
7) Defining how quickly each response can be changed.
8) Defining which measures can be linked together.
9) Defining which of the service measures, if any, should be given priority when 
linked together.
10) Defining the customer's operations affected by the service measure.
11) Defining the customer responses which affect the customer operations which 
are affected by a service measure.
12) Determining which customer measures are beneficial to evaluate together.
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7,3 C arrying out and testing the HASs.

This sections is split into two subsections. The first looks at how it was proposed in 
chapter 6 that the HAS should be carried out and the 3 E test criteria for testing the relative 
merits of these different approaches. The second looks at what approaches were actually 
used with the participating company.

7,3.1 Proposed approaches and the 3 E criteria.

In chapter 6, often several different approaches were suggested for carrying out each of the 
above HASs. These are shown in Table 7.1. Table 7.2 shows the 3 E criteria that were 
defined for each of the HASs. Unfortunately there was often a problem associated with 
determining the effectiveness of a particular approach. This was because there is often no 
absolute yardstick to measure an approach's effectiveness against; making it often 
impossible to determine its absolute effectiveness. (This meant it was hard to determine 
whether it is likely that an unidentified approach is more effective). However, it is still 
possible to determine the relative effectiveness of the different identified approaches by 
comparing their effectiveness values.

Carrying out the HASs.

This section indicates how the HAS were actually carried out with the company, 
consequently indicating which of the approaches, shown in Table 7.1, were actually 
feasible with the participating company. (This thus indicates whether a particular approach 
proved to be efficacious when used with the participating company). It should be noted that 
when using cognitive mapping the maps produced represent only the researcher's 
impression of the relationship as described by the company personnel and thus may not be 
the actual relationship that exists in reality.
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Table 7.1: A table showing the different approaches that can be 
used to carry out each of the HASs.

HUMAN ACTIVITY
S YS TEM
N U M B E R .

TH E  HUMAN A CTIVITY  
S Y S TE M  R E Q U IR ED .

TH E  D IFFE R E N T PO SSIBLE W AYS O F  C A R R YIN G  O U T TH E  HUMAN  
A C TIV ITY  S Y S TE M .

1 D E FIN IN G  TH E POSSIBLE  
C RITERIA  FOR EACH  
S E R V IC E  M E A S U R E .

1 )TH E  USE O F  B R A IN STO R M IN G  S E S S IO N S  W ITH  PD A ND TH E  
C U S T O M E R S .
2) TH E  USE O F  TH E  LO O S E /T IG H T C R ITERIA . C A TE G O R IS IN G  
S Y S TE M , O N  T H E  Q U E S T IO N N A IR E  R ESU LTS.
3) D E TE R M IN E  C R ITE R IA  W HICH ARE SUBJECTIVE.
4) ACTUALLY D E T E R M IN E  TH E  FINANCIAL FEASIBILIfTY O F  TH E  
D IFFE R E N T CRITER IA .

2 DEFINING TH E  M ARKET  
S E G M E N T S .

1) TH E  U S E  O F  B R A IN S TO R M IN G  S E S S IO N S  W ITH  PD P ER SO N N EL.
2) TH E  USE O F  Q U E S T IO N N A IR E S  T O  G A U G E TH E  D IFFE RE N C E S  IN 
TH E  B E N E FITS  FR O M  TH E  D IFFE R E N T SE G M E N TS  IDEN TIF IED  IN 1.
3) TH E  C O M P A R IS O N  O F  K M EAN C LU S TE R  A NALYSIS R ESULTS  
AG AINST T H E  S E G M E N T S  S U G G E STED  IN 2.
4) ACTUALLY D E T E R M IN E  FINANCIALLY W H A T S E G M E N TS  SHO ULD  
BE U SED  .

3 IDENTIFYING TH E  N EED  
FOR CO O R D IN A TIO N  
B ETW EEN  T H E  D IFFE R E N T  
S E R V IC E  R E S P O N S E S  
INSIDE TH E  PD S YS TEM .

1) TH E  USE O F  C O G N IT IV E  M APPING TE C H N IQ U E S  , W ITH PD  
P ER S O N N E L, T O  ID E N T IF Y  TH E  S E R V IC E  R E S P O N S E S  FO R A 
PARTICULAR S E R V IC E  M E A S U R E . T H U S , ID E N T IF Y  ALL THE  
S ER V IC E  R E S P O N S E S  FO R  A S E R V IC E  M E A S U R E  W H IC H  ARE 
INSIDE O F  PD.

4 IDENTIFYING TH E  N EED  
FO R CO O R D IN A TIO N  
BETW EEN  PD AND O TH E R  
D E P A R TM E N T S .

1) TH E USE O F  C O G N IT IV E  MAPPING TE C H N IQ U E S  , W ITH PD 
P E R S O N N E L, T O  ID E N T IF Y  TH E  S E R V IC E  R E S P O N S E S  FOR A 
PARTICULAR S E R V IC E  M EA SUR E. T H U S , ID E N TIFY  TH E  
D E PA R TM E N TS  W ITH  S E R V IC E  R E S P O N S E S  W H IC H . ARE OU TSID E  
O F PD.

5 IDENTIFYING TH E  
DISTU R B A N CES FOR  
EACH S ER V IC E
M E A S U R E .

1) TH E  USE O F  COGNT1VE MAPS W ITH  PD T O  IDENTIFY  W HAT  
AFFECTS T H E  S E R V IC E  LEVEL AND FRO M  TH IS  ID E N TIFY  THOSE  
FACTO RS W H IC H  A R E  O U TS ID E  O F  T H E  C O M P A N Y S  CO NTRO L

6 DEFINING W H AT TH E  
TR A N S IT IO N A L C O S TS  
ARE FO R A PARTICULAR  
S E R V IC E  R E S P O N S E .

1) C O N S U LT W ITH  T H E  EXPER TS IN TH E  C O M PA N Y.
2) T H E  U S E  O F  O U T S ID E  SO U R C E S .
3) ACTUALLY M O N IT O R  T H E  CH A N G ES AND T H E  CO STS

7 DEFINING HOW  QUICKLY  
EACH R E S P O N S E  CAN  
BE C H A N G ED .

1) C O N S ULT W ITH  T H E  EXPER TS IN TH E  C O M PA N Y.
2) TH E  USE O F  O U T S ID E  SO U R C E S .
3) ACTUALLY M O N IT O R  T H E  CHANGES.

8 DEFINING TH E  
M E A S U R E S  TH A T  CAN BE 
LINK ED  T O G E T H E R .

1) ID E N TIFY IN G  TH E  M EA SUR ES W H IC H  HAVE C O M M O N  SERVICE  
R E SP O N S ES . T H IS  C A N  BE DONE BY C O N S U LTIN G  TH E C O G N m v E  
MAPS W H IC H  W E R E  PR O D UC ED  BY C O N SULTIN G  W ITH THE PO 
P E R S O N N E L .

9 D EFIN ING  THE CUSTOM ER'S  
O P E RA TIO N S  W H IC H  ARE  
A FFEC TED  BY A  
PARTICULAR S E R V IC E  
M E A S U R E .

1) C O N S U LT T H E  S E R V IC E  C U STO M E R S  O V E R  W HAT THEY  
C O N S ID E R T H E  E FFE C TS , O F  TH E  S ER V IC E  ELEM ENT. ON t h e ir  
SYSTEM  T O  BE. T H IS  CAN BE R E PR E S EN TED  BY USING C O GNITIVE  
M A P S .

10 DEFINING TH E  
C U S T O M E R 'S  R E P O N S E S  
W HIC H  A FFEC T TH E  SAME  
O P E R A TIO N S  AS T H E  
S E R V IC E  M E A S U R E  
A FFE C T S .

1) C O NSULT W ITH  T H E  CUSTO M ER'S  , T O  ID E N TIFY  TH E IR  
R E S P O N S E S  W H IC H  A FF E C T  TH E  S A M E AREA S AS TH E  SERVICE  
ELE M E N T D O E S . T H E S E  R E LA TIO N S H IP S  CAN BE R E P R E S E N TE D  
BY USING  C O G N IT IVE  M A PS

11 D ETERM INE W HICH  
S E R V IC E  M E A S U R E S  ARE  
B E NE FIC IA L TO  EVALUATE  
TO G E T H E R .

1) D E TE R M IN E  W H IC H  S E R V IC E  M E A S U R E S  A FFE C T TH E  SAME  
C U STO M E R  O P E R A TIO N S  AS EACH O T H E R  BY C O N S U LTIN G  THE 
C O M B IN ED  C O G N IT IV E  M A PS O F TH E  S E R V IC E  M E A SUR ES
2) D E TE R M IN E  T H E  S E R V IC E  FACTORS W H IC H  A FFEC T 2 OR MORE  
S ER VIIC E M E A S U R E S  B Y  CO N SULTIN G  T H E  C O M B IN E D  COGNITIVE  
M A P S  O F  T H E  S E R V IC E  M E A S U R E S .
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Table 7.2: A table showing the effectiveness, 
efficiency and efficacy ot a particular approaches 
for carrying out the HASs In chapter 7.

HUMAN ACTIVITY 
SYSTEM NUMBER

THE HUMAN ACTIVITY SYSTEM 
REQUIRED.

THE EFFECTIVENESS OF A PARTICULAR 
APPROACH.

EFFICIENCY OF A 
PARTICULAR APPROACH.

THE EFFICACY OF A 
PARTICULAR APPROACH.

1 DEFINING THE POSSIBLE CRITERIA. FOR HOW MANY SERVICE MEASURES DIO THIS 
APPROACH ACTUALLY SUGGEST WORTHWHILf 
CRITERIA . DIOTHS APPROACH ACTUALLY 
SUGGEST TH E CRITERIA THAT W ERE USED 7

HOW MUCH TIME AND 
EFFORT DID IT TAKE TO 
ACTUALLY DO THE 
ANALYSS ?

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH ?

2 DEFINING THE MARKET SEGMENTS. DIO THE APPROACH SUGGEST SEGMENTS 
THAT WERE FOUND TO BE USEFUL DIO THIS 
APPROACH ACTUALLY SUGGEST THE 
SEGMENTS THAT WERE USED?

HOW MUCH TIME AND 
EFFORT DID IT TAKE TO 
ACTUALLY DO THE 
ANALYSIS ?

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH ?

3 IDENTIFYING THE NEED FOR 
COORDINATION BETWEEN THE 
DIFFERENT SERVICE RESPONSES 
INSIOE THE PD SYSTEM .

HOW MANY NEEDS FOR COORDINATION DIO 
THB APPROACH ACTUALLY IDENTIFY?

HOW MUCH TIME ANO 
EFFORT DIO IT TAKE TO 
ACTUALLY DO THE 
A N A LYSS?

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH ?

4 IDENTIFYING THE NEED FOR 
COORDINATION BETWEEN PO AND 
OTHER DEPARTMENTS.

HOW MANY NEEDS FOR COO ROTATION DIO 
THIS APPROACH ACTUALLY IDENTIFY?

HOW MUCH TIME ANO 
EFFORT DO IT TAKE TO 
ACTUALLY DO THE 
ANALYSS ?

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH ?

5 IOENRFYMQ WHAT THE 
DISTURBANCES ARE FOR EACH 
SERVICE MEASURE.

DIO THE APPROACH ACTUALLY IOENTIFY THE 
DISTURBANCES FOR EACH SERVICE 
MEASURE?

HOW MUCH TIME ANO 
EFFORT DID TT TAKE TO 
ACTUALLY DO THE 
ANALYSS ?

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH?

6 DEFINING WHAT THE TRANSITIONAL 
COSTS ARE FOR A PARTICULAR 
SERVICE RESPONSE.

FOR HOW MANY OF THE SERVICE 
RESPONSES INVESTIGATED WAS IT 
POSSIBLE TO IDENTIFY THE TRANSITIONAL 
CO STS?

HOW MUCH TIME ANO 
EFFORT DID IT TAKE TO 
ACTUALLY DO THE 
ANALYSS T

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH?

7 DEFINING HOW OUCKLY EACH 
RESPONSE CAN BE CHANGED.

FOR HOW MANY, OF THE SERVICE 
RESPONSES INVESTIGATED, WAS IT 
POSSIBLE TO IDENRFY THE SERVICE 
REPONSE TRANSITIONAL TIMES ?

HOW MUCH TIME ANO 
EFFORT 010 IT TAKE TO 
ACTUALLY DO THE 
ANALYSS ?

WAS IT ACTUALLY 
POBIBLE TO USE THE 
APPROACH ?

S DEFWING THE MEASURES THAT 
CAN BE LINKED TOGETHER

HOW MANY GROUPINGS OF MEASURES 
WERE IDENTIFIED AS BEING ABLE TO BE 
LINKED TOGETHER?

HOW MUCH TIME ANO 
EFFORT DID fT TAKE TO 
ACTUALLY DO THE 
AN A LY SS?

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH ?

9 DEFINING THE CUSTOMERS 
OPERATIONS WHICH ARE 
EFFECTED BY THE SERVICE 
MEASURE.

HOW MANY CUSTOMER OPERATIONS WERE 
IDENTIFIED. WERE ATLEAST ONE 
OPERATION C EN TR ED  FOR EACH SERVICE 
» € * 8 W E ? _______________________________

HOW MUCH TIME ANO 
EFFORT DID IT TAKE TO 
ACTUALLY DO THE 
ANALYSS ?

WAS IT ACTUALLY 
POStBLE TO USE THE 
APPROACH ?

to DEFINING THE CUSTOMER 
REPONSES WHICH EFFECT THE 
OPERATIONS WHICH THE SERVICE 
MEASURE EFFECT.

HOW MANY CUSTOMER RESPONSES HAVE 
ACTUALLY BEEN DENTIF1ED ?

HOW MUCH TIME ANO 
EFFORT OIOITTAKETO 
ACTUALLY OO THE 
ANALYSIS ?

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH?

11 DETERMINING WHICH SERVICE 
MEASURES IT S  BENEFICIAL TO 
EVALUATE TOGETHER.

HOW MANY MEASURES DIO THE APPROACH 
SUGGEST MAY BE WORTHWHLE TO 
CONSIOER TOGETHER ?

HOW MUCH TIME AND 
EFFORT OIOITTAKETO 
ACTUALLY DO THE 
ANALYSS ?

WAS IT ACTUALLY 
POSIBLETO USE THE 
APPROACH ?

With HAS 1, determining what criteria should be used, the first three approaches shown 
in Table 7.1 were found to be feasible. It should be noted that, generally the mean value 
was suggested when a loose criteria was proposed and the mean plus variance was 
suggested when a tight criteria was proposed. Unfortunately it proved impractical, due to 
the problems it would have caused to the participating company to determine the financial
feasibility of the different criteria.

For HAS 2, defining what market segments should be used, brainstorming sessions were 
held with the company to determine possible market segments for each set of customers. 
Questionnaires were then used to determine which of the suggested possible segmentations 
was best. The format of the questionnaires were such that service customers gave a value 
judgement to hypothetical service situation. These questionnaires and results are included in 
Appendix C.
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1) The size of the store.
2) The geographical location of the store.

Two geographical regions of the country were selected: - the North and the East. Also, 
two store sizes were used, using the company's classification:-Large and Small. 40 
questionnaires were used in a crossed experimentally designed framework, ten being sent 
to the small and large stores in each of these specified regions. The following number of 
questionnaires were received back:

1) Small Stores in the North: 6
2) Small Stores in the East: 10
3) Large stores in the North: 9
4) Large stores in the East: 9

Regarding the Supply Managers it was proposed that which Business Centre a Supply 
Manager worked for, may influence the market segmentation required. Therefore, 40 
questionnaires were sent to Supply Managers, five to each Business Centre. Unfortunately, 
only 11 valid answers were received back. (This small return rate is attributable to the role 
of Supply Managers being a relatively new one). Unfortunately as a result of this low 
return rate it was impossible to determine any market segments for Supply Managers by 
analysing the questionnaire results.

The questionnaire results were analysed by using K means clustering analysis to form 2 
distinct groups. (The results of this analysis are shown in Appendix F). These results were 
then compared against the possible classifications suggested by the company. This 
indicated whether further investigation into the costs and benefit analysis of these possible 
segmentations was likely to be beneficial.

For the stores it was considered by the company that there were two possible
segmentations, these were
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Unfortunately it proved impossible to determine the financial feasibility of the different 
segments due to the lack of data and the problems that would have been associated with 
'experimenting' with the participating company to get this data.

Identifying the need for coordination between the different service responses (HAS 3) was 
carried out as shown in Table 7.1.

HAS 3, defining when there is a need for coordination between different departments, 
was carried out as described in Table 7.1.

HAS 4, defining the disturbances for a service measure, was also carried out as described 
in Table 7.1.

For defining what each of the service response transitional costs are (HAS 5) the experts 
in the company were consulted. Unfortunately this information cannot be included here 
because of its confidential nature. However, it should be stressed that for the service 
responses that were actually investigated it was generally feasible to determine an estimate 
of these transitional costs. Unfortunately, consulting the literature did not prove very 
successful.

HAS 6, defining how quickly each response can be changed, was carried out by 
consulting with the company, and the responses were classified as being either slow, 
medium or fast changing.

Defining which measures can be linked together (HAS 7) was carried out as proposed in 
Table 7.1.

HAS 8 defining the priorities of the linked measures was carried out as was proposed in
Table 7.1.
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Defining which of the customer's operations are affected by the service measure (HAS 9) 
was carried out by identifying the areas of the customer's system affected by each service 
measure. This was done by consulting with the customers and also by gaining first hand 
experience of the customer's system. These effects were represented by cognitive maps. 
Some indication of the relative benefits of different service levels were generated by using 
the questionnaire results.

HAS 10, defining the customer responses affecting the same customer operations as a 
service measure affects, was carried out as was proposed in Table 7.1.

Determining which customer measures can be evaluated together (HAS 11) was also 
carried out as was proposed in Table 7.1.

1A__The case study results.

Included below is a summary of the information that was generated when the above HASs 
were used with the participating company. Although this information is strictly only 
applicable to the participating company it is felt that, due to the general nature of this PD 
system, the information generated is also applicable to other companies. Consequently, the 
information is felt to be of general interest and use. The description of the information has 
been divided into two sections: The first deals with the information relating to the store's 
service measures. The second is concerned with the information dealing with the Supply 
Manager's service measures. Each of these 2 sections are in turn subdivided into 2 
sections, indicated as below:

1) The summary of the information relating to each of the service measures 
individually (a full description can be found in Appendixes D and E respectively for 
the stores and the Supply Managers).
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2) The information that looks at the interaction of the different service measures 
(such as whether it is beneficial to link service measures together).

7.4,1, The store’s service.m easures.

1) A summary of the results of the complete analysis for the store's service measures, 
included as Appendix D, is shown in Table 7.3.

Several interesting points are highlighted in this summary:

I) The variation in the workload (as well as the actual workload level) affects a large 
number of service measures' service levels. This indicates a need to match this 
variation by either changing the response level or by having a higher constant 
response level.

II) There are quite a few service measures that have common disturbances such as 
the workload. Thus there a large number of measures with common responses. 
(This indicates the possibility of linking several service measures together).

HI) Very few of the measures have been identified as being possible to combine 
together. The exception to this is the combining together of service measures 6 and

IV) For only a few measures has a need for coordination with other departments 
inside the company been highlighted. Where there was present it usually indicated a 
need to coordinate with the data processing centre for the lead time service 
measures. This indicates the whole process ordering, processing and delivery has 
to be taken into consideration when dealing with lead time service measures.



TABLE 7.3: SUMMARY OF THE RESULTS FOR THE STORE MANAGER'S SERVICE MEASURES.

MEASURE SERVICE MEASURE.
SEGMENTS.

RESPONSES. EFFECTS. CRITERIA.
COORDINATION 
WITH OTHER 
DEP'TS.NUMBER. REGION ? SIZE?

DISTURBANCES.

1 THE NUMBER OF MINUTES LATE 
THAT A RDC VAN ARRIVES.

NO. NO. THE ROCS WORKLOAD 
AND VARIATION.

THE LEVEL OF 
RDC STAFF.

PRODUCTIVITY OF THE 
STORE STAFF.
THE LEVEL OF LOST SALES.

VARIANCE.
-

2 THE NUMBER OF MINUTES LATE 
THAT A CSR VAN ARRIVES. NO. NO. THE CSR'S WORKLOAD 

AND VARIATION.

THE LEVEL OF 
CSR STAFF.

PRODUCTIVITY OF THE 
STORE STAFF.
THE LEVEL OF LOST SALES.

VARIANCE.
-

1+2 ?
COMBINED CAN NOT BE COK1BINED CAN NOT BE CCombined CAN NOT BE COMBIhJED
3 THE NUMBER OF MINUTES 

TAKEN TO UNLOAD A RDC 
DELIVERY VAN.

NO. YES. THE ROCS WORKLOAD 
AND VARIATION N 
WORKLOAD.

THE LEVEL'OTRKT 
STAFF.
THE LEVEL OF 
WAREHOUSE 
STAFF.

THE LEVEL OF BREAKAGES. 
THE LEVEL OF MANPOWER 
AT THE STORE.
THE LEVEL OF LOST SALES.

MEAN.
-

4 THE NUMBER OF MINUTES TAKEN 
TO UNLOAD A CSR DELIVERY 
VAN.

NO. YES. THE CSR'S WORKLOAD. THE LEVEL OF 
CSR STAFF. 
THE LEVEL OF 
WAREHOUSE 
STAFF.

THE LEVEL OF BREAKAGES. 
THE LEVEL OF MANPOWER 
AT THE STORE.
THE LEVEL OF LOST SALES.

MEAN.

'

3+4?
COMBINED CAN NOT BE C O h 1BINED DAN NOT BE CCOMBINED CAN NOT BE COMBir̂ JED
5 THE NUMBER OF WORKING DAYS 

WARNING GIVEN OF CHANGE N 
THE DELIVERY TIMES.

NO. NO. THE VARIATION N THE 
AMOUNT OF STOCK 
BE MG SENT TO EACH 
STORE.

REDUCE THE VAN 
FILL.
INCREASETHE 
LEAD TIME.

THE STORE'S STAFF 
LEVELS .

MINIMUM 
NUMBER OF 
DAYS +
MEAN VALUE

-

6+7+8 THE NUMBER OF WORKING DAYS 
LATE THAT 1ST CLASS/ 2ND 
CLASS/ FOCUS STOCK IS LATE.

NO. NO. THE LEVEL AND 
WORKLOAD VARIATION 
ON THE WAREHOUSES. 
THE LEVEL AND 
WORKLOAD VARIATION 1 
ON THE RDC.
VOLUME OF CONTAINERS 
GOING TO RDC.
THE VOLUME OF 
CONTAINERS GOING TO 
THE STORES.

THE LEVEL OF
WAREHOUSE
STAFF.
THE LEVEL OF RDC 
STAFF.
THE NUMBER OF 
LORRIES.
THE NUMBER OF 
VANS.

THE SERVICE LEVEL TO 
THE GENERAL PUBLIC. 
THE STORE'S SAFETY 
STOCK LEVELS.

MEAN (FOR 
2ND CLASS) 
% ON TIME 
(FOR OTHER 
CLASSES.)

DATA
PROCESSING
CENTRE.

oo
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TABLE 7.3 (CONTINUED) SUMMARY OF THE RESULTS FOR THE STORE MANAGER’S SERVICE MEASURES.

M E A S U R E
N U M B E R S E R V I C E  M E A S U R E

S E G M E N T S
niSTURRANOF S F t E S P O N S E S E F F E C T S C R I T E R I A

C O O R D I N A T I O N  
W I T H  O T H E R  
D E P T SR E G I O N  ? SIZE ?

6 * 7 ?
C O M B I N E D CANNOT BE CON/IBINE D

i

<o

W O T  BE COW BINED CAN NOT BE C(JMBINE D

6 * 8  ?
C O M B I N E D . CAN BE COMBINED

1

CAN BE COMBINED C)AN BE COMBINED

7 + 8 ?
C O M B I N E D . CANNOT BE CONy1BINEIJ C M 2 o H CD m o o BINED CAN NOT BE C(!!>m b in e D

9 T H E  N U M B E R  O F  D A Y S  IT T A K E S  
F O R  H O T L I N E  O R D E R S  T O  
A R R I V E .  F R O M  T H E  T I M E  T H E  
O R D E R  W A S  P L A C E D .

N O . N O . V A R I A T I O N  IN T H E  
R D C ’S  W O R K L O A D .  
V A R I A T I O N  IN T H E  
W A R E H O U S E S  
W O R K L O A D .
T H E  V O L U M E  O F  S T O C K  
G O I N G  T O  T H E  R D C .
T H E  V O L U M E  O F  S T O C K  
G O I N G  T O  T H E  S T O R E .

T H E  L E V E L  O F  
W A R E H O U S E  
S T A F F
T H E  L E V E L  O F  R D C  
S T A F F .
T H E  N U M B E R  O F  
L O R R E S  B E I N G  
U S E D .
T H E  N U M B E R  O F  
V A N S  B E I N G  U S E D

T H E  S E R V I C E  L E V E L  T O  
T H E  G E N E R A L  PUBLIC. 
T H E  S T O R E ’S  S A F E T Y  
S T O C K  L E V E L S .

M E A N  + 
V A R I A N C E .

10 T H E  N U M B E R  O F  W O R K I N G  
D A Y S  IT T A K E S  F O R  T H E  S T O C K  
O R D E R E D .  O N  A  S P E C I A L  
R E Q U E S T  F O R M  . T O  A R R I V E  A T  
T H E  S T O R E  F R O M  T H E  TIME. 
T H E  F O R M  L E F T  T H E  S T O R E .

N O . Y E S . V A R I A T I O N  IN T H E  
FIDO'S W O R K L O A D .  
V A R I A T I O N  IN T H E  
W A R E H O U S E S  
W O R K L O A D .
T H E  V O L U M E  O F  S T O C K  
G O I N G  T O T H E  R D C .
T H E  V O L U M E  O F  S T O C K  
G O I N G  T O T H E  S T O R E .

T H E  L E V E L  O F  
W A R E H O U S E  
S T A F F .
T H E  L E V E L  O F  R D C  
S T A F F .
T H E  N U M B E R  O F  
L O R R E S  B E I N G  
U S E D .
T H E  N U M B E R  O F  
V A N S  B E I N G  U S E D

T H E  S E R V I C E  L E V E L  T O  
T H E  G E N E R A L  PUBLIC. 
T H E  S T O R E  S  S A F E T Y  
S T O C K  L E V E L S .

M E A N  + 
V A R I A N C E .

D A T A
P R O C E S S I N G
C E N T R E .

11 T H E  N U M B E R  O F  D A Y S  IT T A K E S  
F O R  A  I N T E R  S T O R E  T R A N S F E R  
T O  B E  C O M P I  E T E D . F O R :
A) T H E  S A M E  R E G I O N

B) D I F F E R E N T  R E G I O N S .

N O

N O .

N O

N O

T H E  D O N O R  S T O R E ’S  
R D C  W O R K L O A D .
T H E  A M O U N T  O F  S T O C K  
G O I N G  T O T H E  S T O R E .
A S  A B O V E  B U S . _________
D 4 2  W O R K L O A D .
S T O C K  V O L U M E  G O I N G  
T O  R E C I P I E N T  R D C .  
A M O U N T  O F  W O R K L O A D  
O N  T H E  R E C I P I E N T  R D C .

T H E  L E V E L  O F  R D C  
S T A F F .
T H E  N U M B E R  O F  
V A N S .
A S - / . S O V S - P L ' J £ -  
D 4 2  S T A F F  L E V E L S  
T H E  N U M B E R  O F  
L O R R I E S .
T H E  L E V E L  O F  R D C  
S T A F F .

T H E  S E R V I C E  L E V E L  T O  
T H E  G E N E R A L  PUBL I C .  
T H E  S T O R E ’S  S A F E T Y  
S T O C K  l E V E l  S  
A S  A B O V E ---------

M E A N  + 
V A R I A N C E .

M E A N  + 
V A R I A N C E

-

oo■u
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TABLE 7.3 (CONTINUED): SUMMARY OF THE RESULTS FOR THE STORE MANAGER'S SERVICE MEASURES.
M E A S U R E
N U M B E R S E R V I C E  M E A S U R E

S E G M E N T S
D I S T U R B A N C E S . R E S P O N S E S E F F E C T S CRITERIA.

C O O R D I N A T I O N  
W I T H  O T H E R  
D E P T SR E G I O N ? SIZE ?

12 T H E  N U M B E R  O F  W O R K I N G  
D A Y S  N O T I C E  G I V E N  O F  A  E X T R A  
V A N  A R R I V I N G .

N O Y E S V A R I A T I O N  IN T H E  
S T O C K  L E V E L S  G O I N G  
T O  T H E  S T O R E S

INCITE A S E  IN T H E  
L E A D T I M E

T H E  S T A F F I N G  P O L I C I E S  
A T  T H E  S T O R E

M I N I M U M  
N U M B E R  O F  
D A Y S -

13 T H E  N U M B E R  O F  M I N U T E S  S P E N T  
F I L LING O U T  M  A N D  E  F O R M S .

NO. YES. T H E  L E V E L  O F  
W O R K L O A D  O N  T H E  
W A R E H O U S E S .

I N C R E A S E  T H E  
W A R E H O U S E S  
S T A F F  L E V E L S

T H E  T I M E  S P E N T  FILLING 
O U T  M  A N D  E  F O R M S  T H E  
S T O R E  S  S T A F F I N G  L E V E L S

M E A N .
-

14 T H E  P E R C E N T A G E  V O L U M E  O F  
E X C E S S  R D C  S T O C K .

YES. N O . T H E  D I S T A N C E  A P A R T  
O F  S I M L A R  LINES.

T H E  W A R E H O U S E  S  
W O R K L O A D .

M O V E  S T O C K  
F U R T H E R  A P A R T  
( I N C R E A S E  IN SIZE 
O F  W A R E H O U S E S )

I N C R E A S E  T H E  
S T A F F I N G  L E V E L S

S P A C E  IN T H E  S T O R E ' S  
B A C K  S T O R E .

T H E  A C C U R A C Y  O F  T H E  
C O M P U T E R  S T O C K  L E V E L S

M E A N .

15 T H E  P E R C E N T A G E  V O L U M E  O F  
E X C E S S  C S R  S T O C K .

Y E S . Y E S D I S T A N C E  A P A R T  O F  
S I M L A R  LINES.

T H E  C S F T S  W O R K  L O A D .

M O V E  S T O C K  
F U R T H E R  A P A R T  
( I N C R E A S E  SIZE 
O F  CSR).
I N C R E A S E  IN T H E  
C S R S  S T A F F I N G  
L E V E L S .

A N  I N C R E A S E D  T H E  S P A C E  
N E E D E D  IN T H E  S T O R E  S  
B A C K  S T O R E .

T H E  A C C U R A C Y  O F  T H E  
C O M P U T E R  S T O C K  L E V E L S

M E A N .

16 T H E  P E R C E N T A G E  O F  R D C  
S T O C K  T H A T  D O  N O T  A R R I V E  
O R  W A S  N O T  FIT F O R  U S E

N O . N O . D I S T A N C E  A P A R T  O F  
S I M L A R  LINES.
T H E  W A R E H O U S E  S  
W O K L O A D .
T H E  F I D O S  W O R K L O A D .

M O V E  S T O C K  
F U R T H E R  A P A R T .  
T H E  L E V E L  O F  
W A R E H O U S E  
S T A F F
T H E  L E V E L  O F  R D C  
S T A F F .

T H E  L E V E L  O F  L O S T  S A L E S  
T H E  L E V E L  O F  
B R E A K A G E S .
T H E  A C C U R A C Y  O F  T H E  
C O M P U T E R  S T O C K  
L E V E L S .

M E A N .

17 T H E  P E R C E N T A G E  O F  C S R  
S T O C K  T H A T  D O  N O T  A R R I V E  
O R  W A S  N O T  FIT F O R  U S E .

N O . N O . D I S T A N C E  A P A R T  O F  
S I M L A R  LINES.
T H E  C S R S  W O R K L O A D .

M O V E  S T O C K  
F U R T H E R  A P A R T .  
T H E  L E V E L  O F  
C S R  S T A F F .

T H E  L E V E L  O F  L O S T  S A L E S  
T H E  L E V E L  O F  
B R E A K A G E S .
T H E  A C C U R A C Y  O F  T H E  
C O M P U T E R  S T O C K  
L E V E L S .

M E A N .

18 T H E  P E R C E  N A T  A G E  O F  C S R  
S T O C K  M I S P R I C E D .

N O . N O T H E  C S R S  W O R K L O A D .  
T H E  D I S T A N C E  A P A R T  
O F  D I F F E R E N T  P R I C E D  
S T O C K .

T H E  C S R S  S T A F F  
L E V E L S .
P L A N O U T  C S R  
B E T T E R / I N C R E A S l  
SIZE O F  C S R

T I M E  S P E N T  R E P R I C I N G  
S T O C K  IN H I E  S T O R E .

M E A N

ooin
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TABLE 7.3 (CONTINUED ): SUMMARY OF THE RESULTS FOR THE STORE MANAGER'S SERVICE MEASURES.

M E A S U R E
N U M B E R S E R V I C E  M E A S U R E

S E G M E N T S D I S T U R B A N C E S R E S P O N S E S . E F F E C T S C R I T E R I A C O O R D I N A T I O N  
W I T H  O T H E R  
D E P T SR E G I O N SIZE

19 T H E  N U M B E R  O F  W O R K I N G  
D A Y S .  A F T E R  T H E  S T O C K .  T H A T  
T H E  I N V O I C E S  A R R I V E .

N O N O T H E  W A R E H O U S E  S  
W O R K L O A D .
T H E  R O C ' S
W O R K L O A D
T H E  L E V E L  O F  S T O C K
G O I N G  T O  T H E  R D C .
T H E  L E V E L  O F  S T O C K
G O I N G  T O  T H E
S T O R E
T H E  N U M B E R  O F  
I N V O I C E S  G O I N G  T O  
T H E  S T O R E S .

T H E  L E V E L  O F  
W A R E H O U S E  
S T A F F
T H E  L E V E L  O F  
R D C  ST A F F .
T H E  N U M B E R  O F  
L O R R I E S  G O I N G  
T O  T H E  R D C .
T H E  N U M B E R  O F  
V A N S  G O I N G  T O  
T H E  S T O R E S .  
T H E  L E V E L  O F  
M O V E M E N T  
C O N T R O L  S T A F F

A M O U N T  O F  S T O R A G E  
S P A C E  R E Q U I R E D  IN T H E  
S T O R E .

A M O U N T  O F  T I M E  W A S T E D  
C H E C K I N G  O F F  S T O C K  
T W I C E .

% r c n
E A C H
N U M B E R  O F
D A Y S  ( E G %
O F  S T O C K
A R R I V I N G
W I T H
I N V O ICES.
•/.OF
S T O C K
A R R I V I N G  A
D A Y  A F T E R
T H E
I N V O I C E S )

20 T H E  A S C O T  S E R V I C E  L E V E L N O N O . th£  a m ount  o f  STexik
R E Q U I R E D  B Y  T H E  
G E N E R A L  P U B L I C .  ( A L S O  
A S  6-8)

A S  F O R  S T O C K  
L E A D  T I M E S  ( S E E  
M E A S U R E S  6-8).

L E V E L  O F  S A F E T Y  
S T O C K  IN S T O R E .

T H E  L E V E L  O F  L O S T  S A L E S . M E A N . S U P P L Y
M A N A G E R S  A N D  
T H E  S T O R E S .

21 T H E  C O M P A T I B I L f T Y  O F  T H E  
D E L I V E R Y  T I M E S  T O  T H E  
S T O R E S  P R E F E R E D  D E L I V E R Y  
TIMES.

N O . N O . THf: L A C K  O F  S P R E A D  IN 
T H E  S T O R E ' S  P R E F E R E D  
D E L I V E R Y  T I M E S .

T H E  N U M B E R  O F  
D E L I V E R Y  V A N S .

T H E  P R O O U C T I V T T Y  O F  T H E  
S T O R E ' S  S T A F F .

?
-

o©o\
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V) With only a small number of measures has it been indicated that it may be 
beneficial to use market segmentation. Of these the segmentation generally occurs 
along the lines of the store’s size rather than its geographical location. This is 
probably due to a number of service measures being affected by the amount of 
stock being delivered (and hence affected more by the store's size rather than its 
geographical location).

VI) Several different types of effect on the stores have been highlighted. However 
there are broadly two types of effect. The first is concerned with the store's output 
(such as the level of lost sales). The second is concerned with the store's operating 
costs (such as the level of manpower). It should be noted that many of the service 
measures produce both of these types of effects on the stores. For example service 
measures 1 and 2 affect both the level of lost sales (the store's output) and the 
productivity of the store's staff (the store's operating costs).

2) Considering all the store's service measures collectively. All the cognitive maps for the 
service measures (included in Appendix D) were combined together to form a complete 
cognitive map of the system. A simplified version of this map is shown in Fig 7.1.

This diagram was then used to indicate the service measures which can be linked together 
and the service measures which may be beneficial to evaluate together. A indication of how 
this was done and the results of the analysis are included below:

A) Identifying the service measures that can be linked together. By looking at 
Fig7.1 it was possible to identify the service responses, which affected more than 
one service measure. These common service responses and the identified service 
measures are shown in Table 7.4 along with where appropriate the relative priority 
of the linked service measures.
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Fig 7.1: A diagram showing the service factors which effect each of the service measures and 
the parts of the customer system affected by these service measures. This represents how 
the service measures couple the PD and store’s system together.
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Table 7.4. The store service measures that can be linked together.

Service measures 
linked together.

Common service response(s). Priority rating.

6+7+8+9+10 The number of warehouse staff + The number of 
lorries.

9 »  10>8=6>7.

6+7+8+9+10+11. The level of RDC Staff + The number of RDC vans. * 9»10>11>8=6>7.

1+3. The level Of RDC staff. 1=3.

2+4. The level of CSR staff. 2=4.

1+2+3+4. The level of RDC/CSR staff (If RDC and CSR are 
twinlocated.)

1 =2=3=4.

•There are problems with notifying the stores of extra vans or changes in deliver times.

Several interesting points are illuminated in this analysis:

I) It is possible to link together a high number of measures. Thus seeming 
to indicate that linking together of measures can have a high effect on the 
organisation's performance.

II) The majority of measures that are identified as being possible to link 
together are lead time service measures.

III) By twin-locating CSR and RDCs it became possible for several 
otherwise unlinked measures to become linked together. Thus indicating 
that there are advantages with twin locating CSRs and RDCs. However 
there will be disadvantages, costs, in having to differentiate between CSR 
and RDC stock.

IV) Several of the service measures can be linked together by the level of 
warehouse staff and the number of lorries. Generally the possibilities and 
advantages of this are increased when the warehouses are on the same site
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as each other (thus allowing responses to be transferred between operations 
easier- For example moving pickers from one warehouse to another).

V) Linking together of service measures can affect other service measures. 
This is demonstrated by the situation of linking measures 6,7,8,9,10 and 11 
together which affects the amount of warning given to a store manager of a 
change in the delivery times.

B) Identifying the service measures that were beneficial to evaluate together. By 
looking at Fig 7.1 it was possible to identify the service measures which either had 
a common effect on the customer's system or were affected by the same service 
response. From this it was possible to identify the service measures which may be 
beneficial to evaluate together. The results of this analysis are shown in Table 7.5 
which shows that there are a large number of the measures which may have benefits 
associated with evaluating them together.

Table 7.5: The store service measures which 
may be beneficial to evaluate together.

Service measures tnat couia be 
evaluated together.

The common service response or effect.

6+7+8+9+10+11+16+17+19+20. The level of lost sales.

1 +2+3+4+5+12+13+19. Productivity of the worKers at the store.

14+15. Stores storage space required.

6+7+8+9+10+13+14+15+16+19. Number of warehouse staff.

1 +3+6+7+8+9+10+11+16+19. Number of RDC staff.

♦ 00 Number of CSR staff.

14+16. Size of warenouse.

15+17+18. Size of CSR.
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7.4.2 The Supply M anagers’ results.

1) A summary of the results (which are included in more detail in Appendix E) for the 
Supply Manager's service measures can be found in Table 7.6. This also analysis identifies 
several interesting points:

I) Not many segments have been identified. However this may be partly due to the 
lack of questionnaire results.

II) No measures can be combined together. This may indicate that all the measures 
are pretty well distinct and there is no overlapping.

III) Both types of service effect are represented (the output of the whole 
organisation and reducing the system's operating costs). However generally they 
are more concerned with reducing the system's operating costs. This is probably 
a reflection of the Supply Manager's role in the company.

2) Considering the Supply Managers service measures collectively. All the cognitive maps 
that were generated for the above Supply Manager's service measures were combined 
together to form one large cognitive map. A simplified version of this map is shown in 
Fig7.2. From this map service measures that could be linked together were identified. 
These linked service measures and the common service responses are shown in Table 7.7. 
This analysis brings out the following points:

I) There are not many measures that can be linked together. This is a reflection of 
the diversity in the types of measures for the Supply Manager.
II) The advantages of twin locating a RDC and a CSR enabling service measures to 
be linked are again highlighted.



TABLE 7.6: SUMMARY OF THE RESULTS FOR THE
SUPPLY MANAGER'S SERVICE MEASURES.

M E A S U R E
N U M B E R

S E R V I C E  M E A S U R E . S E G M E N T S . D I S T U R B A N C E S . R E S P O N S E S . E F F E C T S CRITERIA. C O O R D I N A T I O N  
W I T H  O T H E R  
D E P T S

1 T H E  A M O U N T  O F  W A R E H O U S E  
S P A C E  T H A T  IS A V A L A B L E  F O R  
A  S U P P L Y  M A N A G E R  T O  U S E .  
C O M P A R E D  T O  T H E  A M O U N T  O F  
S P A C E  T H A T  IS N E E D E D  F O R  HIS 
S T O C K .

P E R  B U S I N E S  
C E N T R E .

U N E X P E C T E D  
D E M A N D  N O T  
R E P R E S E N T E D  N  
T H E  S T O C K  F L O W  
P R O P O S A L S

N C R E A S E  T H E  
W A R E H O U S E  
S P A C E  
A V A I L A B L E .
M O R E  A C C U R A T E  
S T O C K  F L O W  
P R O P O S A L S .

T H E  L E V E L  O F  S T O C K  T H A T  
C A N  N O T  B E  A C C E P T E D  
R E S U L T I N G  IN W A S T E D  
O P P O R T U N I T I E S

M E A N
♦ V A R I A N C E -

2 T H E  A C C U R A C Y  O F  T H E  
W A R E H O U S E ' S  C O M P U T E R  
S T O C K  L E V E L S

B Y  T H E  T Y P E  O F  
S T O C K .

T H E  L E V E L  O F  S T O C K  
F L O W .

T H E  L E V E L  O F  
C H E C K I N G  O F F  
S T A F F .
T H E  L E V E L  O F  
P I C K I N G  S T A F F .  
T H E  L E V E L  O F  
C O U N T I N G  S T A F F .

T H E  L E V E L  O F  S T O C K O U T S  
O C C U R R I N G  IN T H E  
W A R E H O U S E .

T H E  L E V E L  O F  S T O C K  IN 
T H E  W A R E H O U S E .

M E A N  ♦ 
V A R I A N C E .

3 T H E  A C C U R A C Y  O F  T H E  
C O S T I N G .  O F  S T O R I N G  S T O C K  IN 
T H E  W A R E H O U S E .

N O N E ? M O R E  A C C U R A T E
A C C O U N T I N G
P R O C E D U R E S .

T H E  P E N A L T I E S  O F  M A K I N G  (• 
W R O N G  D E C I S I O N .  LE. N O N  
P R O F f T A B L E  S T O C K  B E I N G  
A C C E P T E D  O R  S T O C K  B E I N C  
S E N T  T H E  W R O N G  W A Y .  T H U  
I N C R E A S E S  T H E  C O S T  O F  
T H E  S T O C K  IN T H E  S T O R E .

M E A N  + 
V A R I A N C E .

4 F O R  N E W  M E R C H A N D I S E  LINES: 
T H E  N U M B E R  O F  W O R K I N G  
D A Y S  fT T A K E S  F O R  S T O C K  T O  
G E T  T O  T H E  S T O R E .  F R O M  T H E  
D A T E  T H A T .  T H E  S U P P L Y  
M A N A G E R  R E Q U E S T E D  T H A T  
T H E  S T O C K  S H O U L D  B E  
D E L I V E R E D  T O  T H E  
W A R E H O U S E .

N O N E . T H E  A M O U N T  O F  S T O C K  
T H A T  IS T R Y N G  T O  G E T  
I N T O  T H E  W A R E H O U S E .  
T H E  W A R E H O U S E ' S  
P I C K I N G  W O R K L O A D .  
T H E  A M O U N T  O F  S T O C K  
G O I N G  T O  T H E  R D C .
T H E  R D C ' S  W O R K L O A D .  
T H E  A M O U N T  O F  S T O C K  
G O I N G  T O  T H E  S T O R E S

T H E  L E V E L  O F
U N L O A D I N G
S T A F F .
T H E  L E V E L  O F  
C H E C K I N G  O F F  
S T A F F .
T H E  L E V E L  O F  
P I C K I N G  S T A F F .  
T H E  N U M B E R  O F  
L O R R I E S .
T H E  N U M B E R  O F  
R D C  S T A F F .
T H E  N U M B E R  O F  
V A N S  B E I N G  U S E D .

________________________I

T H E  L E V E L  O F  L O S T  
S A L E S

M E A N *
V A R I A N C E .

D A T A
P R O C E S S I N G
C E N T R E .
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TABLE 7.6 (CONTINUED): SUMMARY OF THE RESULTS FOR THE
SUPPLY MANAGER'S SERVICE MEASURES.

M E A S U R E
N U M B E R S E R V I C E  M E A S U R E S E G M E N T S . D I S T U R B A N C E S . R E S P O N S E S E F F E C T S . C R I T E R I A C O O R D I N A T I O N  

W I T H  O T H E R  
D E P T S

5 T H E  N U M B E R  O F  D A Y S  fT T A K E S  
F O R  A  I N T E R - S T O R E  T R A N S F E R  
T O  B E  C O M P L E T E D .  F O R :
A ) T H E  S A M E  R E G I O N .

N O N E .

T H E  W O R K L O A D  O N  T H E  
D O N O R  S T O R E ’S  R D C .  
T H E  A M O U N T  O F  S T O C K  
G O I N G  T O  T H E  S T O R E .

T H E  LE'VEL U F  HLKJ 
S T A F F .
T H E  N U M B E R  O F  
V A N S .

I H E  L E V E L  U F  L U S I  
S A L E S .
T H E  S A F E T Y  S T O C K  
L E V E L S

MEAN-t-
V A R I A N C E . -

B) D I F F E R E N T  R E G I O N S .
N O N E .

A S  A B O V E  B U S ; _________
D 4 2  W O R K L O A D .
T H E  V O L U M E  O F  S T O C K  
G O I N G  T O T H E  R E C I P I E N T  
S T O R E  S  R D C .
A M O U N T  O F  W O R K L O A D  
O N  T H E  R E C P I E N T  R D C .

A S ' A S O V  E~PE U S  :_  
D 4 2  S T A F F  L E V E L S  
T H E  N U M B E R  O F  
L O R R I E S .
T H E  L E V E L  O F  R D C  
S T A F F .

A S  A B O V E . M E A N  + 
V A R I A N C E .

-

6 T H E  N U M B E R  O F  D A Y S  A  S T O R E  
W A S  O U T  O F  S T O C K  W H I L S T  
S T O C K  W A S  A V A I L A B L E  IN T H E  
P H Y S I C A L  D I S T R I B U T I O N  
S Y S T E M .

N O N E . T H E  L E V E L  O F  S T O C K  
B E I N G  P I C K E D .
T H E  L E V E L  O F  S T O C K  
G O I N G  T O  T H E  R D C .  
T H E  R D C ' S  W O R K L O A D .  
T H E  L E V E L  O F  S T O C K  
G O I N G  T O  T H E  S T O R E .  
T H E  A M O U N T  O F  
S T O C K  T O  B E  
T R A N S F E R R E D  F R O M  
T H E  R E P O S I T O R Y  
W A R E H O U S E  T O T H E  
P A R E N T  W A R E H O U S E .

T H E
W A R E H O U S E S  
S T A F F  L E V E L S .  
T H E  R D C ' S  S T A F F  
L E V E L S .
T H E  N U M B E R  O F  
L O R R I E S  G O I N G  
T O  T H E  R D C .
T H E  N U M E R O F  
V A N S  G O I N G  T O  
T H E  S T O R E S  
T H E  N U M B E R  O F  
L O R R I E S  
T R A N S F E R R I N G  
S T O C K  B E  W E E N  
T H E
W A R E H O U S E S .

T H E  L E V E L  O F  L O S T  
S A L E S .

M E A N  + 
V A R I A N C E  
♦ N U M B E R  
O F  T I M E S  IT 
H A P P E N S .

D A T A
P R O C E S S I N G
C E N T R E .

7 T H E  N U M B E R  O F  W O R K I N G  
D A Y S  rr T A K E S  F O R  R E T U R N I N G  
S T O C K  T O  B E  R E A D Y  F O R  
D I S P A T C H  IN T H E  W A R E H O U S E .  
F R O M  T H E  T I M E  IT L E F T  T H E  
S T O R E .

N O N E . T H E  R O C ’S  W O R K L O A D .  
D 6-S W O R K L O A D .
T H E  W A R E H O U S E ' S  
W O R K L O A D .

T H E  R D C ' S  S T A F F  
L E V E L S .
DffS S T A F F  
L E V E L S .
T H E
W A R E H O U S E ' S  
S T A F F  L E V E L S .

T H E  C O S T  O F  S T O R I N G  
S T O C K .
T H E  S T O C K  T U R N O V E R  
R A T E .

M E A N .

V ©
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TABLE 7.6 (CONTINUED): SUMMARY OF THE RESULTS FOR THE
SUPPLY MANAGER'S SERVICE MEASURES.

M E A S U R E
N U M B E R

S E R V I C E  M E A S U R E . S E G M E N T S . D I S T U R B A N C E S R E S P O N S E S E F F E C T S . C R I T E R I A C O O R D I N A T I O N  
W I T H  O T H E R  
D E P T S

8 F O R  A L L O C A T I O N  S T O C K .  T H E  
N U M B E R  O F  W O R K I N G  D A Y S  
A F T E R  T H E  E X P E C T E D  D E L I V E R Y  
D A Y  T H A T  fT T A K E S  F O R  S T O C K  
T O  A R R I V E  A T  T H E  S T O R E .

N O N E . T H E  W A R E H O U S E ' S  
W O R K L O A D .
T H E  R D C S  
W O R K L O A D .
T H E  L E V E L  O F  S T O C K  
G O I N G  T O  T H E  R D C .  
T H E  L E V E L  O F  S T O C K  
G O I N G  T O  T H E  
S T O R E S .

T H E
W A R E H O U S E S  
S T A F F  L E V E L S .  
T H E  R O C ' S  S T A F F  
L E V E L S .
T H E  N U M B E R  O F  
L O R R I E S  
T H E  N U M B E R  O F  
V A N S .

T H E  S E R V I C E  T O  T H E  
G E N E R A L  P U B L I C / T H E  
L E V E L  O F  S A F E T Y  S T O C K

M E A N
D A T A
P R O C E S S I N G
C E N T R E
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Fig 7.2: Diagram showing how the service measures couple the 
Physical Distribution System to the Supply Manager's system.

Table 7.7: The Supply Manager's service measures that can 
be linked together.

Service measures linked 
together.

Common service response(s). Priority rating

4+6+8. The number of RDC/CSR vans. 6>4>8.

4+6+7-+ 8. The number of RDC Workers. 6>4>8>7.
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Fig 7.2 was also used to identify the service measures which had common effects on the 
customer’s system and those that were affected by the same service response. This enabled 
the service measures to be identified which it may be beneficial to evaluate together. These 
service measures are shown in Table 7.8, along with the common service responses and 
effects.

Table 7.8: The Supply Manager's service measures that may be 
beneficial to evaluate together.

Service measures that could be evaluated 
together.

The common service response or effect.

3+7. Stock turn over rate.

6+8. Sales levels achieved.

4+6+8. Number of RDC/CSR vans.

4+6+7+8. Number of RDC workers.

7 Testing ^Fhich approach is the best for carrying out the HASs.

The above discussion, in section 7.4, has indicated a summary of the results that were 
obtained by using the various approaches (proposed in Table 7.1) for carrying out the 
HASs which are more likely to be cost effective when performed infrequently. This section 
looks at which of these identified approaches were most successful in carrying out each of 
the HASs (listed in section 7.2).This will be done by looking at how well each approach 
performed against the 3 E criterion (see Table 7.1).

For HAS l.the use of the loose and tight criteria approach proved to be a highly effective 
approach for defining the criteria. Also, this approach had the advantage of being relatively 
efficient, due to the ease of using the questionnaires. Unfortunately, one of the drawbacks 
with this approach was that the results produced were rather subjective in nature.
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The use of brainstorming sessions proved relatively effective in producing criteria. This 
approach mainly identified whether or not the mean or variance was the most important 
criteria. This approach was very simple and efficient to use.

As determining whether a criterion has the desired effect on the customer's system only 
helped in determining the criteria for two measures, it can be concluded that this approach 
was not very effective.

Unfortunately, it was found impossible to determine the financial feasibility of the different 
criteria by looking at the differences in the optimum profit levels. This was due to the 
problems associated with experimenting with the participating company's PD system. In 
the general case it may be possible to gain an estimation of this by consulting with 
experienced staff. However when this was attempted with the participating company it 
failed to produce accurate enough data to make a reliable decision.

Overall, it is suggested that probably the best tactic to adopt is to use both the loose and 
tight criteria approach and the use of brainstorming sessions, and then compare the criteria 
produced by these two approaches. If there is agreement in the suggested criteria, the use 
this criteria; otherwise a more in depth analysis should be carried out. This approach was 
found to be very successful when used in the analysis to define the service criteria.

For HAS 2 the use of brainstorming sessions was quite effective and efficient in 
producing possible segments. The use of a questionnaire was also highly effective in 
determining whether the segments suggested by the company should be used.

However, the comparison of the K mean cluster analysis results against the segments did 
not often indicate any possible need to change the segments. Thus, this approach did not 
really add much to the HAS's effectiveness.
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Unfortunately, it was not possible to test the financial feasibility of the segments. This was 
due to the problem of experimenting with the Company's PD system to determine the 
results.

From the above discussion, it is suggested that the use of questionnaire results to test 
the segments suggested by the company is probably the best approach to use.

For HAS 3 the use of cognitive maps to represent PD's thoughts on what affects the 
service level and from these identify the service responses which are inside of PD, proved 
to be both highly effective and efficient. Thus, it is proposed that this technique should be 
used to identify the need for coordination between different service responses in the same 
department.

For HAS 4 the use of cognitive maps to represent PD's thoughts on what affects the 
service level and from these maps identifying the service factors which are outside of PD 
but still inside the company, proved to be both highly effective and efficient. Thus, it is 
suggested that this technique should be used to define the need for coordination between 
different departments.

For HAS 5 the use of cognitive maps to represent PD’s thoughts on what affects the 
service level and from these maps identify the service factors which are outside of the 
company proved to be both highly effective and efficient. Thus, it is felt that this technique 
should be used to define what the disturbances are.

For HAS 6 it was generally found possible to determine an estimation of the service 
responses transitional costs by consulting the experts in the company. Thus, this approach 
is considered to be a good way of defining what the transitional costs are.

For HAS 7 it was generally possible by consulting with the company's experts to
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For HAS 8 holding discussions with PD concerning what affected the service measures 
and then combining the resultant cognitive maps to identify the service measures which 
had the same service responses proved to be both very effective and efficient. 
Consequently it is proposed that this approach should be used when defining which 
measures can be linked together.

For HAS 9 consulting with the company to determine the priorities of the different 
measures was both effective and efficient. Thus it is felt that this approach should be used 
to define which of the service measures, if any, should be given priority when linked 
together.

For HAS 10 a highly effective and efficient approach was the use of cognitive maps to 
represent the service customer's thoughts on what effect the service level had on his 
operations and from this identifying the areas affected. Thus, it is proposed that this 
technique should be used in defining the customer's operations affected by the service 
measure.

For HAS 11 the use of cognitive maps to represent the service customer's thoughts on 
which of his operations (customer responses) affect the areas that the service measures also 
affect was found to be both effective and efficient. Thus, it is suggested that this technique 
should be used to define the customer responses which affect the customer operations 
which are in turn affected by a service measure.

For HAS 12 combining the cognitive maps generated when holding discussing with PD 
and the service customers to determine what affects the service level and what effect the

determine a figure for each of the service responses investigated. Thus it is considered that
this approach can be used to define how quickly each response can be changed.
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service level has on the customer's system was found to be both effective and efficient. 
Thus, it is felt that this approach is a good one to determine which service measures are 
beneficial to evaluate together.

7,6 Summary.

This chapter has looked at the carrying out the HASs that are involved in defining and 
ensuring the best policy is achieved and also are defined as being more cost 
effective/productive when used infrequently. This broadly involved defining the 
disturbances, service responses, service effects and segments for each service measure. 
Also it involved determining which measures can be linked and/or evaluated together.

Various approaches were proposed for carrying out these HASs. The relative merits of 
these approaches were then tested out by using them with the participating company. It 
proved possible to carry out all the HASs, with varying degrees of success. Overall the 
use of cognitive maps to represent what was considered, by the company's personnel, to 
be the factors influencing and the influences of each service measure proved to be highly 
successful approach for helping in carrying out the HAS. The output of each HAS were 
summarised and with the following general conclusions being derived:

1) Workload variation in the workload (as well as the actual workload level) 
affects the service level in a large number of service measures. This indicated the 
need to match this variation by either changing the response level or by having a 
higher constant response level.

2) Very few measures were identified as being possible to combine together.

3) For only a small proportion of measures was it indicated that it may be beneficial
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to use market segmentations.

4) There was very little indication of the need for coordination between PD and the 
other departments. There is a need for coordination between the PD system and the 
data processing centre..

5) Several different types of effect on the customers were highlighted. However 
there were broadly classified into two types of effect. The first was concerned with 
the organisation's output. The second was concerned with reducing the 
organisation's operating costs. Many of the service measures produced both of 
these types of effects on the customers. Generally the stores service measures effect 
the organisation's output more than the Supply Managers service measures do.

6) It was possible to link together a high number of the measures. This would seem 
to indicate that this may be a valuable way of reducing service costs.

7) The majority of measures that were identified as being possible to link together 
were lead time service measures.

8) By twin-locating CSR and RDCs it became possible for many measures to be 
linked together. Thus indicating that there are advantages associated with twin 
locating CSRs and RDCs.

9) Several of the service measures, such as the delivery of the different categories 
of stock, were linked together by the service responses: The level of warehouse 
staff and the number of lorries. Generally the possibilities and advantages of this 
are increased when the warehouses are on the same site as each other.

10) Linking together of service measures can affect other service measures.
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CHAPTER 8
HUMAN ACTIVITY SYSTEMS 

USED FREQUENTLY IN DEFINING 
AND ACHIEVING THE BEST 

SERVICE STRATEGY.
8.1 Introduction.

This chapter looks at the human activity systems (HASs) involved in defining and 
achieving the service strategy and were shown in chapter 6, as being probably more 
productive/cost effective when used frequently The HASs that fall into this category are 
highlighted. The constraints operating on the design of such HASs are then indicated. The 
merits of different feasible designs for carrying out these HASs are discussed in terms of 
how they influence the HAS's productivity- efficiency and effectiveness. The chapter 
finishes by looking at the differences between the HASs required when service customers 
are external and when they are internal.

8.2 What HASs are required to be performed?

In chapter 6 two general classes of HASs were identified as being more cost effective when 
used frequently. These were:

1) The information reporting systems.
2) The decision making systems (DMS) which make the day to day decisions.

Shown in Fig 8.1 is the full interaction of all the HASs, identified in chapter 6 as belonging
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F g  1.1: A A m fttn  (bowing tw  Information low s requvad to 
m anatee tiw p ro ta  a n a — d vtitii PO* tarvioa.

IMwre
1 It N  partormanoa obfectivee being relayed B  N  Warafwueing dfvition.
2 It tw  partormanoa obfectivea bang  reiayad B  b e  O ittlbution dlviaron.
3 It tw  faedloiward of N  tarvioa tacBr coaa tom  Ottrbueon lo t ia  ayewm 
ooontinaBq tw  rado-off bewrean  t in  vrarehouttiq and Olttibution.
* It r>a feedforward o l tw  tantioa factor c o t s  tom tw  warabouaaa to b o  
tytiam  ooordbwtirq b a  rada-off batwaan tiw warabouaaa and O itribution .
!  t  f a  feedback of Olefibutien* partormanct lo PO.
• *  b *  feactoacfc of tiw  Warabouaaa parfotm anca to PO.
7 It tw  envitonmanaf daajrbancat bairq  relayed lo t>a Waraboutlno dlvitlon. 
t  It tw  anvironmantal d t ta b a n ca t being reiayad B  b a  O ittibution dlviaiona.
» It tw  arwaortnanuti dbtabanca t beaq  raiayad B  tw  PO dMaion.
10 It tw  feadforw d  of P O t  tantica tacBr ccna B  tw  tytilam dawrrrWq  
tw  tanAoa co t* .
11 la tw  feedback of P O t  tarvioa ootla B  tw  ty tam  daw rm tq  tw  
tam e* ooatt.
12 It tw  rapontq  of PD*  tervtoa factor oo tB  B  tw  ooordtwBr barwean PO and 
o tw r dapartnanB.
13 It tw  tarvioa obiactivaa being raportad B  tw  PO dlwtion.
I a *  tw  raporting tw  o tw r dapartnanrt tarvica factor c o t*  B  tw  ooontinatng ty tam . 
13 It tw  performance objective* betrq reported B  o tw r dapanmana.
18 It tw  reporting tw  d t u rbancat affectng tw  otiwr department.
17 It tw  reporting tw  partormanoa objective# B r o tw r dapartnana.
I I  It tw  Btormation ooncanw q t ie  tam e* co t*  being tent to tw  tarvioa avafuaor. 
i t  It tw  tarvic* objectives being reponad to tytiam  coordnating
beeoeen PO and o tw r dapartiiwma.
20 It tiw tarvrea obiactivaa bang reported to tit* eutBmer-* tytiam .
21 It tw  tarvica b ana l*  baing raiayad B  b a  tarvic* tvafuator.
22 It tw  teedtorwaid of information about tw  tarvic* bene#* baing reiayad B  
tw  ty ta m  detarmtiting tw  tarvica bana l* .
23 It tw  feedback of information about tw  tarvioa bana l*  being raiayad w  tw  
sytBffl determirwq tw  service banelits.
24 *  tw  d tu rb an ce t being reported B  tw  o u tsm a rt tytiam  to  twti b a y  can 
feedforward tw  tarvica bana l* .
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to the above classifications. Fig 8.2 shows a summary of all these systems. It is assumed 
that all the HASs belonging to a particular classification have the same basic properties. 
Therefore, it is proposed to formulate a general design for each HAS belonging to a 
particular classification, which when slightly modified can be used for all the HASs 
belonging to that classification.

Fig 8.2: A diagram summarising the information 
systems required to control service to internal customers.

Service response 
costs.

Service benefits.

Service level 
objectives.

—  Disturbances.
DMS Coordinating between 
PD and other departments to 
meet its service objectives at 
lowest cost.

Service
response
costs.

^  Objectives ^ Objectives

Service
response
costs

Other
departments.

PD DMS To coordinate 
between PD divisions to 
meet its service factor 
levels at lowest cost.

f  Objectives. ^ objectives

-Disturbances.

When designing these 2 general HASs, the 3 E criteria will be used as a yardstick to gauge 
the best design. The efficiency and effectiveness of a particular approach is discussed later 
in the sections directly dealing with the HASs designs. As both of the identified HASs are 
information handling systems what determines a particular HAS's efficacy is common to 
both HASs. It has been pointed out by both Beer(1979,1982,1985) and 
Espejo(1980,1983a, 1983b) that there is a need for such systems to have requisite variety. 
This means that the HAS must have at least the variety handling capacity to cope with the
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"Only variety can absorb variety". (Ashby 1965).

It should be noted that variety is defined as: The possible number of system states. Thus 
there is a need to increase the productivity, efficiency and effectiveness, of the HAS whilst 
having requisite variety (efficacious). This corresponds to Beer's 1st principle of an 
organisation which states that:

"Managerial, operational and environmental varieties, diffusing through an institutional system, tend to equate (the system has requisite variety). They should be designed to do so with minimal damage to people and to cost (increase in productivity)." Beer (1985).

The design of the 2 HASs will now be discussed.

8,3 Design of the monitoring systems.

8.3.1 Introduction.

Information is only monitored to aid the DMS's decision making processes. Thus a 
monitoring system's effectiveness can been seen as the amount of influence the monitored 
information has on the decisions being made. A monitoring system's efficiency is 
determined by the costs of using the monitoring system.

From the literature on monitoring systems (for example Beer(1985)) it can be seen that 
there are principally three parts to any monitoring system. The first part is concerned with 
monitoring the required information. The second part with transmitting the data to the 
recipient. The third part with translating the information into a form, that the recipient

variety of the information it has to handle in a given time. This condition is derived from
Ashby's law of requisite variety, which states that:
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understands. The design of these three parts is discussed below.

8.3.2 Monitoring the information required.

Usually there exists more than one possible information source that can be used to monitor 
the required information. Churchman(1962) points out that, whatever monitor information 
source is used there exists a trade-off between its cost (efficiency) and its potential return 
(effectiveness). In most cases it is possible to use cheaper surrogate information instead of 
the actual information required.

Consequently, there is a need to develop criteria, which can be used to determine the 
relative merits, the efficiency and effectiveness, of different possible information sources. 
The efficiency of using a particular information source is determined by its monitoring 
costs. A particular information source's effectiveness is determined by its influence on the 
decisions made by the DMSs. This is reflected by its motivating force on the DMSs to make 
a decision. Shown below are various factors identified in the literature, which affect this 
motivation level:

I) The completeness of the monitored information: This is concerned with the 
degree to which the measured information captures the essence of the required 
information. Does it give all the information that the recipient needs? (For example, 
does the information only relate to part of the organisation). Lawler and Rhode 
(1976) argue that this is important as people often ignore unmeasured attributes, 
resulting in bureaucratic behaviour.

II) The objectivity of the monitored information. This involves looking at whether 
the information is impartial and cannot be manipulated by someone to make 
themselves look good. This point especially relates to reporting the service level 
achieved. This point is identified by Lawler and Rhode (1976).
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III) Lawler and Rhode (1976) suggest that the speed of monitoring affects the 
motivation level. Generally, the older the information, the less motivating force it 
has.

IV) The meaningfulness of the information. Euske(1984) argues that data being 
monitored can only have a certain level of information contained in it. (For example, 
how much information does the recording of a mean value actually give us. If the 
critical thing about the information is its spread then it is more worthwhile to give 
the variance). The idea here is to ensure that the right statistical form for the data is 
monitored.

Due to the cost reductions (efficiency increase) it is felt better, wherever possible, to use 
existing information sources to monitor the information. The above effectiveness criteria 
were used with the participating company, to identify which of the existing possible 
information sources were felt to be the best for monitoring the required information as 
identified in chapter 7. The existing information sources were identified by using the 
information and material flow audit results (see chapter 4). However, no indication is 
included here of the proposed information sources for the participating company. This is 
because they are very specific to the participating company. This will generally be the case 
due to the information differences in different companies.

It should be noted that the ease with which information can be monitored is a further 
difference between the cases of external and internal customers. Generally with internal 
customers it is easier to get information than with external customers.
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8.3.3. Transmitting the information.

Probably the most important factor influencing transmitting system design is their need to 
have requisite variety. This point is derived from Beer's (1985) 2nd principle of an 
organisation which, when slightly modified, states that:

"The channels carrying data between the management unit, the operation, and the environment must each have a higher variety transmitting capacity in a given time than the originate subsystem has to generate in that time." (Beer(1985)).

If a transmitting channel does not have requisite variety, then according to Galbraith 
(1973), there are two tactics which can be adopted to give it requisite variety:

1) Attenuate, decrease the data's variety level.
2) Amplify, increase the channel's variety capacity.

Both of these approaches are now discussed in more detail.

1) Attenuating the variety level: There are broadly two possible approaches that can 
be used to decrease the variety of the data being reported, these are:

I) Decrease the information level being reported.

II) Improve the way in which the information is transmitted. This means 
transmitting the information in a more concise, productive, format (i.e. 
transmit less data).

The first approach is not very desirable as it results in a decrease in the monitoring 
system's effectiveness. This is because the information level reported affects the 
quality of the decisions made by the DMSs.
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There are various approaches that can be adopted to improve the way information is 
transmitted. A popular approach is to report information in a summary form, 
usually in a statistical format. When using this approach, a decision has to be made 
of which statistical format is going to be used. It is felt that this should be dependent 
on what statistical format influences the DMS's decisions most. An idea of this can 
be discerned, wherever possible, by consulting with existing information recipients. 
(If the required information is the service level then it would be sensible to report it 
by using the criteria identified in chapter 7, as being the most profitable to use). 
Another popular approach, especially in Physical Distribution, is to report the 
information by using performance ratios. This means that data is only reported 
when there has been an actual change in the performance levels. (Examples of using 
such ratios can be found in numerous studies including the National Council of 
Physical Distribution Management (1984)).

Another approach, for improving data reporting, is to only report data which 
changes the DMS's decisions. Thus, when there has been little, or no, change in the 
data it is pointless reporting it. It should be stressed that this approach reduces the 
data's variety whilst minimising the information loss. This is due to the DMS 
assuming that the information has not changed. It should be noted that this forms 
the basis of an exception reporting system (i.e. data is only transmitted when it 
contains new information to its recipient). Also, it is not worthwhile (cost effective) 
to report short term changes in the data as it is unlikely to be beneficial for the DMS 
to react to theses changes. Beer (1981) uses Kalman filters, alongside of Bayesian 
forecasting (see Stephens and Harrison(1971)), to perform both of these tasks.

However, there is a limit to how well information can be formulated. Consequently, 
there is an upper limit to the information level (effectiveness) that a channel, of a 
specified data variety handling capacity, can actually transmit. To reduce the data 
level any further will result in information loss and hence effectiveness reduction.
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2) Amplifying the channel's capacity. There are two ways the channel capacity can 
be amplified:

I) Increase the amount of data that can be transmitted, per transmission.
II) Increase the transmission frequency.

To prevent the data becoming out of date, it is usually better to increase the 
transmission frequency.

The efficiency of a transmitting channel can also be increased by using different 
approaches (actors) for transmitting the information. For example, there are differences in 
the variety capacity of a written report and sending information via a computer terminal 
screen.

The issues identified above influencing transmitting system designs are summarised in 
Fig8.3.

8,3.4 The format of the information.

If information recipients receive data formatted in a style which they do not comprehend it 
is of no practical use to them. Consequently there is a need to translate data entering a 
recipient system into the format which the system’s actor wants. The required format can be 
identified by consulting these actors. It is felt best to carry out this translation process 
before transmitting the information to the recipient. This is because this translation process 
determines the statistical format that the data should have and consequently the format it 
should be transmitted in.
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8.4 The design of the PMS.

8.4,1 Introduction.

From Fig 8.2 it can been seen that each divisional DMS set objectives for the divisions 
under its control to meet its own divisional objectives at the lowest cost subject to the 
environmental disturbances. To make this decision there is a need for the DMS to have:

1) Some model which defines the divisional performance as a function of the 
subdivision performance levels and disturbance levels.
2) Knowledge of the disturbance levels.
3) Knowledge of what the subdivisional performance costs are.

As the disturbances hitting a system change,so will the objectives being set for its 
subdivisions along with its own divisional performance costs. This creates a dilemma to the
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DMS of where to draw the balance between setting objectives meeting the present situation 
and setting objectives to meet the future situation. It should be noted that this is partly the 
dilemma of whether to react to the disturbances changes or not (see chapter 6). Information 
relevant to the decision of where to draw the balance are:

1) How quickly the responses change.
2) What the transitional costs are.
3) How often changes take place.

Fig 8.4 summarises the above arguments concerning whether to react to the present or 
future situation.

Fig 8.4: A diagram showing the factors influencing the objective setting

It should be stressed that to generate the model required by the DMS both the service 
factors and service level have to be reported to the DMS. (The model generation is 
discussed later in section 8.4.2.)

It can be seen from Fig 8.4 that the DMS consists of three main parts:
1) The part of the DMS which determines objectives (service response levels) for
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the present moment.
2) The part of the DMS which determines objectives (service response levels) for 
the future.
3) The part of the DMS which determines what balance there should be between 
responding to the present and future situations.

It should be noted that these correspond to systems 3 to 5 respectively of Beer's model of a 
viable system (Beer(1981)).

For a DMS to be viable (efficacious) the actor needs to have requisite variety. This means 
that the actor's data processing (variety handling) capacity has to be greater or equal to the 
variety entering the DMS's domain. Unfortunately, the situation's variety under the DMS's 
control is usually greater than the DMS's variety handling capacity- Espejo and Watt(1988). 
This point is demonstrated here by looking at the DMS determining the best combination of 
service responses to achieve a specified service level given the disturbance levels. The 
factors relevant to this decision are all the service factors, the service responses and 
disturbances. For the DMS to be totally effective it has to cope with all the possible 
permutations of the service factors. Consequently, the variety required to be handled is the 
product of the varieties of all the service factors affecting the service level. This is usually 
far greater than the variety handling capacity of any human actor.

It should be noted that whenever any of the profit increasing approaches, suggested in 
chapter 6, are used then the variety entering the DMS's domain is increased. This is 
because more of the environment (disturbances) and the organisation (service responses) 
are relevant to the decision making process. For example, when reacting to disturbance 
level changes the disturbance level becomes a relevant factor whereas before it was not. 
Another example is the use of market segmentation. This is because information has to be 
reported from each segment and can not be combined into one piece of information. Thus



CHAPTER 8 214

The above argument ties in with what Espejo (1983a) says: "That in general, a more 
ambitious performance level implies a larger relevant environment." Espejo (1983b) also 
argues that: "Organisational redundancies and slack resources make it possible to maintain 
viability in enterprises despite their ineffective use of information." Thus if some of the 
slack resources are eliminated, by using the approaches proposed in chapter 6, then there is 
a need to design a more effective information handling system. This implies that a trade-off 
exists between the increase in the organisation's gross profits, by having a better service 
policy, and the control (information handling) costs.

This indicates that it is advantageous to have a highly productive service policy (service 
measures and service segments). That is one that is highly effective, increases the gross 
profits, but which is also highly efficient in minimising the environmental variety relevant 
to ensuring that the service policy is achieved. Thus any service measures or segmentations 
that does not increase the systems profits greatly and substantially increases the relevant 
environmental variety should not be used. Whereas any service measures or segmentations 
which increase the systems profits considerably and does not greatly increase the relevant 
environmental variety should be used. (This means trying to ensure each part of the service 
policy is highly productive, economically viable).

When a system does not have requisite variety there are broadly two ways as proposed by 
Galbraith(1973), that can be used to eliminate this so called variety gap:

1) Decrease, attenuate, the variety that has to be handled. This can either be done by 
decreasing the system’s effectiveness or by increasing the system's/model's 
productivity (increase the effectiveness for a particular variety level handled).

there is an increase in the variety o f the information.
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2) Increase, amplify, the actor's variety handling capacity. This can either be done 
by increasing the costs (consequently decreasing the efficiency) or by increasing 
the actor's productivity.

The interaction of these above principles to ensure a DMS has requisite variety are shown 
in Fig 8.5. The above two ways for eliminating the variety gap are discussed below.

Fig 8.5: A diagram showing tha factors influencing 
the design of a Decision Making System to 
ensure it has requisite variety.

+
Decrease in costs (efficient)... 
Increase in costs (inefficient).

8.4.2 Wav 1: Decrease the variety needed to be handled.

Several approaches are suggested in the literature (for example see Espejo and Watt(1988)), 
for doing this. These approaches are investigated below:

Approach 1, the actor ignores part of the information. Usually, this is done rather 
haphazardly by the actor ignoring the influence of particular variables. 
Consequently, a decrease in the DMS's effectiveness occurs rather than an increase 
in its productivity. It should be noted that this is often the situation that happens 
due to the lack of planning of how to handle the information's variety. Espejo and 
Watt(1988) says that the actor's filtering process can be improved in several ways.
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This includes using cognitive mapping techniques (Eden et al(1983)) to discuss the 
issues or factors most relevant to a decision as was done in chapter 7. When this 
technique is used, the DMS's productivity is increased.

Approach 2, defining the inputs of the DMS's models appropriately. The 
size/variety of the models required to be handled is determined by the number of 
inputs, disturbances and service responses entering the DMS's domain. Thus, by 
defining the inputs which most influence the output or the service level, it is 
possible to reduce the models size by disregarding other possible inputs, at the same 
time minimising the loss ineffectiveness. Thus, this approach increases the model's 
productivity. Another way of limiting the number of inputs is to limit the number of 
outputs in the models, that is the number of service measures and segments. This 
argument is supported by Espejo(1983b) who says that: "The criteria of 
performance should be defined where ever possible." When the system is hard, 
well defined, this matter is relatively easy. However when the system is soft/ill- 
defined, like in this situation, then this is harder to do. Espejo and Watt(1988) 
suggests that Checkland's soft system methodology (Checkland(1981)) can be used 
to determine the performance criteria in these situations

This process of defining the inputs can be done by using cognitive mapping 
techniques with PD to determine what are considered to be the inputs. This was 
carried out in chapter 7 for defining the service factors for the service measures. 
Also by defining what the service measures are, the number of model outputs has 
been limited consequently restricting the number of inputs required.

Approach 3, filtering the data by the use of management information systems. 
The level of data entering a DMS's domain is dependent on the level of data being 
reported by the information systems (both formal and informal). It has already been
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argued, in section 8.3.2, that it is more productive to only report information to 
DMSs when it affects the decisions being made. This reduces the number of times a 
DMS makes a decision, resulting in a variety reduction. However, this does not 
adversely affect the DMS's effectiveness as the same decision would still hold true. 
Thus there is a need for a way of determining whether a system change has 
occurred. Beer(1981) uses Kalman filters alongside the use of Bayesian forecasting 
to perform this task. It should be noted that the above principles also hold for 
reporting information (objectives) to the lower company divisions.

Approach 4, filtering done by the organisational structure: It has already been 
argued that the product of the variety of the inputs, (such as the disturbances and the 
service responses) determines the variety level that has to be handled by the DMS. 
This approach combines two or more service responses together to form a more 
general service response (having a lower variety than the combined variety of the 
original service responses). This more general service response is a function of 
these other service responses. This means that, there is a need for a further DMS to 
coordinate between the service responses to generate this more general service 
response level at the lowest cost. This principle is illustrated in Fig 8.6. The 
advantage of doing this is that the variety level which any one particular DMS has to 
handle is reduced. From the example shown in Fig 8.6 the DMSs when the service 
responses are not combined, have to handle variety equal to 
V(a).V(b).V(c).V(d).V(e).V(g).V(i). Whereas the variety that the other DMSs have 
to handle is always less than this when the service responses are combined.

As well, as reducing the service responses variety this approach reduces the 
disturbance variety. It can be seen from Fig 8.6 that DMSB1 only coordinates 
between service responses Y and Z. Thus, only the disturbances which affect the 
coordination between these two service responses should be reported to DMSB1.
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Whereas, any disturbances which affect the coordination between a,b,c,d should 
be reported to DMSA. The disturbances reported to DMSB1 generally form a subset 
of the disturbances reported to DMSA. This point has been expressed by 
Beer(1985).

Fig 8.6: Diagrams showing how combining two or more service responses 
together to form a more general service response reduces the variety required to 
be handled by any one DMS.

a: When service responses are b: When service responses are combined,
not combined.

V(k)= Variety of input k 
Note that: V(Y)< V(a ). V(b).V(e) 

V(Z)< V (c ). V(d).V(g)

Unfortunately even DMS's DMSB1, DMSB2 and DMSB3 in Fig 8.6 generally do 
not have requisite variety. Thus their service responses have to be combined 
together to form more general ones. From this it should be apparent that by using 
this approach a recursive structure, such as shown in Fig 8.7, is generated.

If level N, in Fig 8.7, is seen as the PD's DMS controlling the PD's service then 
level N-l can be seen as the divisions inside PD. What these divisions are will be 
dependent on the individual company. However, usually these divisions are the 
company's warehousing and distribution functions. Thus, PD's DMS generally has 
to coordinate the distribution and the warehouse divisions output to generate PD's
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performance at the lowest cost. In turn the warehouse division DMS has to
coordinate between the warehousing subdivisions and so on. This principle is
shown in Fig 8.8.

Fig 8.7: A diagram showing the recursive structures of DMSs
that is produced as a result of the need for each DMS to have
requisite variety. 0

§OO

LEVEL N

LEVEL N-1

LEVEL N-2

Fig 8.8: A diagram showing a typical recursive DMS structure when 
PD has to coordinate between the warehousing and distribution divisions.

LEVEL N

LEVEL N-1

LEVEL N-2

When the next 2 higher recursion levels of the company are included, then the 
situation is as shown in Fig 8.9. Several interesting and important points 
concerning the control of PD service come out this diagram.

Point 1: Defining the optimum service level has the same effect as
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coordinating between PD's output and the service customer's output. When 
defining the optimum service level (where the service affects the output of 
the customer's system) the system identifies the service level which 
generates the customer's system output at the lowest total cost. However 
this output is the output of the whole system- the PD and customer’s 
systems combined, that is the same output as in situation 2. Consequently,

Fig 8.9: Diagrams showing the 2 alternative situations for when levels N+1 and N+2 
are included in the system.

Situation 1: When level N+2 DMS evaluates

Warehousing Distribution
DMS. DMS.

Situation 2: When DMS at level N+2 coordinates

I
Objectives 
of whole system.

LEVEL N-1

LEVEL N+2

LEVEL N+1

LEVEL N 

LEVEL N-1



CHAPTER 8 221

when the DMS at level N+2, as shown in Fig 8.9 (situation 1), determines 
PD's required service level it decides on the same service level as that which 
is decided by using the approach, shown in situation 2, that coordinates 
between the systems to produce the total system's output at the lowest cost. 
From now on, for parts of service which affect the output level of the 
combined systems, the idea of coordinating between the 2 divisions will be 
used instead of evaluating the optimum service level. It should be stressed 
that, it is not being argued that the concept of service measures should be 
abandoned but this part of service should be seen and be dealt with as being:

" The output of the PD system which contributes with the 
customer's system to meeting the whole system's objectives."

Point 2: In situation 1 the company objectives are 'feed' through the 
customer's system and then onto the service control system. Consequently 
there are time lags and resultant performance loss. However in situation 2 
there are no such delays. Hence it is proposed that using situation 2 
approach would probably be more productive.

Point 3: It is interesting to note that it is possible to argue that the 
customers also provide service to PD. For example, stores holding back 
store stock provide a service to PD, by allowing them to decrease their lead 
time.

Point 4: That the coordination between other departments and PD to 
provide a service level at the lowest cost does not necessarily have to be 
done independently of determining the best service level. There is no reason
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why a DMS should not coordinate between the output of all three 
departments (PD, others and customers). It should be noted that the 
coordination between PD and the other departments, at level N+l in Fig8.9, 
is only done to decrease the level of variety needing to be handled by the 
DMS at level N+2 in Fig 8.9.

Unfortunately, using this approach of attenuating the variety level does not 
guarantee that the whole system's output is actually achieved at the lowest cost. 
This is due to the performance of the different divisions, which the system has been 
split into, not being independent of each other. Although this may not affect the 
whole system's output level it may affect the 'fixed' operating costs of achieving 
this output. That is the costs of providing an output level are increased by a fixed 
amount. This can be counteracted by using a mechanism which stops this 
unbeneficial behaviour happening. This means controlling the output of one 
subsystem which affects another subsystem performance but does not directly affect 
the output of the two systems combined.An example of this would be the arrival of 
delivery vans. This output also constitutes part of the service to the other system. 
The optimum output level has to be evaluated in this case in terms of the costs and 
benefits of the service level. This control mechanism corresponds to system 2, the 
anti-oscillatory system, in Beer's model of a viable system (Beer(1981)). Thus, it 
can be seen that there are two types of service:

Type 1: PD's performance which combined with the service customer's 
performance produces the output of the whole system.
Type 2: PD's performance which affects the service customer's operating 
'fixed' costs.

Thus from the above arguments it can be seen that type 1 measures should be 
controlled by using a coordinating approach (Fig 8.9 situation 1) and type 2 
measures should be controlled by defining the optimum service level (Fig 8.9
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situation 2).

The effect that controlling these two types of service has on the total system's 
performance are illustrated with reference to Fig 8.10. When service responses are 
chosen in response to a known disturbance level the performance levels are greater

Fig 8.10: Diagrams showing the different effect on the system's output for 
the 4 different service control situations.

Situation 1: The DMS has requisite variety.

O ^FIfa.b.c.dle.g.i)

t
D M Sg *

Disturbances. A

rma b e d
i i i IResponses.|

Situation 2: The DMS does not have requisite 
variety and there is no control of service.

02=F(Y,Z,i)=F(a,b,c>d,e,g1i)
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than when disturbance levels are not taken into consideration. Thus, situation 1 in 
Fig 8.10 generates the best performance level as all the service response levels are 
chosen together and the disturbances are taken into consideration . When no type of 
service is controlled, situation 2, the performance level is at its lowest. Controlling 
type 1 service, situation 3, improves the performance by taking some of the

Fig 8.10(cont): Diagrams showing the different effect on the system's output for 
the 4 different service control situations.

Situation 3: The DMS does not have requisite variety 
and type 1 service is controlled.

03=F(Y,Z|i)=F1((a,b|e).(c,d|g)|i)

Situation 4: The DMS does not have requisite variety 
and both types of service are controlled.

04=F(Y,Z|i)=F(F2(a,b|e,cfd,g),F3(cld|a,b,e,g)|i)
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disturbances into consideration when choosing service response levels. 
Unfortunately the service responses are often chosen independently (for example 
the level of service responses a and c are chosen independently in Fig 8.10). 
However when both types of service are controlled situation 4 the service 
responses are chosen together and consideration is taken of all the disturbance 
levels. It can be seen from this that when both types of the service are controlled- 
situation 4- the whole system's performance is very similar to the performance in 
situation 1, when the system is not split up into different parts. Consequently, the 
control of PD service can be seen as:

"The retrieval of the system's performance (synergy) which is lost, due to the system being split into smaller parts. This is as a result of the decision making system of the whole organisation not having requisite variety to handle the relevant information."

This means that controlling service enables a total system cost approach to be 
adopted. When a PD system is being considered it enables a total distribution cost 
approach to be adopted (see Christopher(1971)).

It is suggested that this work on the effect of controlling service to internal 
customers is similar in nature to the work that has been carried out on hierarchical 
control of large scale systems. (For example see Jamshidi(1983) and 
Mahmoud(1977)) Where the coordinating variables used in the model coordination 
method and goal coordination method are equivalent to the service measures. With 
these methods the coordinating variables are manipulated until the interaction error, 
of splitting the system into smaller parts, is reduced to zero. Thus these methods 
have similar effect to controlling service to internal customers.One advantage of 
using the approach of controlling service measures over using the hierarchical 
control approach is its ability to deal with fuzzy situations An investigation into the 
comparison of controlling service to internal customers and the hierarchical control
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of large scale systems could be an area for further research.

Thus, the whole of the company can be seen in Fig 8.11. This diagram is similar 
to Beer's model of a viable system (Beer 1981). This is not surprising as the above 
arguments have been based on having a viable, efficacious, system.

Fig 8.11: A diagram showing all the DMSs for controlling PO service 
to internal customers.

Objectives for 
whole system.
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It was argued above that controlling service between the divisions at a particular 
recursion level can retrieve the lost performance of considering the system in a 
piece-meal fashion. Unfortunately, some of the performance is still lost as a result 
of time lags involved in reporting from the different subsystems to each other in the 
organisation. This makes it harder to react to disturbance and other system changes. 
Therefore, there exists a trade-off between the performance decrease ,by reducing 
the effectiveness of a particular DMS, and the reduction in performance due to the 
time lags, as a result of there being many more subsystems. Unfortunately it is 
impossible to actually determine where the optimum position between these two 
poles is. The need for fast response from one DMS to another DMS broadly 
represents Beer's 4th principle of an organisation, which states that:

"The operation of the first three principles must be cyclical maintained through time without hiatus or lags." (Beer(1985))

8,4.2 Wav 2; Increase the actor's variety handling capacity.

It has just been shown that there are advantages associated with reducing the number of 
recursive levels in a system and hence reduce the time lag problems. One way of doing this 
is by increasing the variety that each level’s DMS can handle.

So far it has not been specified who the actors for a DMS should be. Indeed it is not 
necessary for all the activities, HASs, contained within a DMS, as shown in Fig 8.4, to be 
carried out by the same actor. Unaided, any one actor is limited in the effect that he can 
have. However when one actor is coupled to another actor then there is a resultant 
amplification of the system's variety handling capacity.

The different activities contained in a particular DMS are often best carried out by different 
types of actors. For example determining the best service response combinations to produce 
a particular service level is a reasonably straight forward decision but requires an actor with
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a high variety handling capacity. Therefore this activity lends itself to be carried out by a 
computing system. Where as the other parts of DMS (such as deciding what time horizon 
needs to be considered) due to their fuzzy and rather subjective nature are often best carried 
out by humans. It should be noted that if this approach was used it would form the basis of 
a Decision Support System (DSS). This is the situation where the human decision maker 
has access to a computer model of the systems dynamics, which due to its size has greater 
knowledge than his own brain can generate.

The computer models used in a DSS can be any mathematical or other model felt to be 
appropriate to the particular situation. (For example the Economic Order Quantity model 
may be appropriate in certain situations). However when no such nice known model exists 
there is a need to generate one. When attempting to generate these computer models of the 
system the model's basic shell (the inputs and outputs) can be formulated by using 
cognitive mapping techniques with the present decision makers. A series of such cognitive 
mappings were produced, in chapter 7, to represent the relationship between the service 
factors and the service measures in the organisation studied. Once these conceptualised 
models have been generated then the technique described below can be used to transform 
these cognitive maps into a highly productive model.

This technique tries to maximise the DMS's model’s effectiveness for a particular model 
size (i.e. increase its productivity). It is suggested that the DMS's model effectiveness is 
measured by the certainty of knowing what effect (output level) a particular set of actions 
(inputs) will have. This certainty, or lack of it, can be measured by the output's entropy. 
This measurement will be used as the criterion for determining which of a selection of 
possible models is the most productive/ knowledgeable (Lewis (1936)).

Let the case of generating a model of the relationship between the service factors and a 
service measure be considered. The service measure level can be considered as the outputs
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of a black box. This black box is the whole system under investigation (both the PD system 
and its environment). Each of these outputs, the service measures has several values.

The initial state of the knowledge of this black box is shown below, in Fig 8.12:

Fig 8.12: A diagram showing the initial state of the black box.

------------?
INPUTS.-? OUTPUT.

SERVICE MEASURE X.

This model has an entropy value associated with it. The entropy of this model is measured 
by:

N
H ( X ) = £ p , LnP,

i=l

Where Pi is the probability that the result will be i. for output X. 
and N is the number of different output values.

What is interesting to know is: The effect knowing the level of any another event (service 
factor) has on the knowledge of the output (the service measure). Lets assume that this 
event is Yl.

If Y i= l then the entropy of the output X will be:

N
H(XIY,)= ^ > ^ 1= 1) Ln (P;IY, = 1)
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If Y i=2 then the entropy of the output X will be: 

N
H(XIY)= X(P,IY,=1) Ln (P,IY,=2)

i=l

An average uncertainty in the result is given by multiplying the resultant entropy value for 
the output associated for a particular input value, by the probability that is that input 
value. This, thus, gives the entropy as being:

M N
H(XIYi=  X  XOMY.H) Ln (P,IY,=j).P(Yf=j)

H  H

Where M is the number of different possible values for Y

If there has been an entropy decrease then there has been a resultant increase in the model's 
knowledge- effectiveness. It should be noted that, it is impossible to have an increase in the 
entropy level when putting an extra input into the model (this can be proved by induction). 
When a further input is monitored the entropy is reduced even more. Gradually as more 
inputs (service factors) are used the system's behaviour becomes more predictable. 
However it is more productive to include the factors in the model which reduce the entropy 
value most. An outline of a possible approach for performing this is indicated in Fig 8.13.

If the system is monitored continuously then as the system changes so do the various 
outcome probabilities. When the model's entropy increases it indicates that there may be 
some other service factors (previously not included in the model) that need to be 
considered. Also a check can be made of the entropy decreasing effect of the inputs already 
contained in the model. From this the factors which no longer have a significant effect on
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the output can be discerned and discarded. Thus, this entropy decreasing model technique 
is evolutionary in manner in that the models that survive are those which describe the 
system most productively.

Fig 8.13: A diagram showing the steps involved in 
using the entropy decreasing modelling technique.

It should also be noted that, this technique can also give an indication of the absolute 
effectiveness of the HASs, described in chapter 7, for determining the different service 
measure's service responses and disturbances. If the model has a high entropy value then 
these HASs have not been very effective.
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8.5. The situation for external customers.

With external customers there is still a need for both DMSs and information reporting 
systems. However the decisions made by the DMSs are slightly different to those with 
internal customer. Instead of defining service objectives which minimise the total internal 
system costs, to meet the total system's objectives, the objectives are set to maximise the 
company's profits.

The basis of such systems has been outlined in chapter 2 when looking at previous 
customer service studies. Broadly it entails determining the service segments and 
evaluating the optimum service level (service level with highest profit level) for the 
identified service measures. The service costs reflect the company’s internal performance. 
It should be noted that this is partly dependent on controlling service to internal customers. 
The service benefits are the sales levels resulting from a particular service level. 
Controlling service to external customer can be seen as:

"Increasing in the organisation's performance, profit levels, by considering its interaction with its environment (customers)."

To make a decision the DMS most know the service benefits levels, sales levels. The sales 
level is determined by the customer's image of this particular supplier (company) compared 
to other suppliers. It was indicated in chapter 2 that there are several factors influencing the 
sales level, including:

1) The customer's service expectations and the relative importance of the different 
service measures. This is dependent on the effect that service has on the customer's 
operations.

2) The service levels being offered compared to the rival suppliers' service levels.
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There is a need, as with internal customers, to have a productive service policy that 
increases the gross profit levels (effectiveness) but does not result in a high resultant 
relevant information variety level, costs, associated with the decision making (high 
efficiency). It was implied in chapter 2 that this can be done by determining the service 
measures which must influence the customer's image of the supplier and hence the sales. It 
should be noted that this point has been discussed in greater detail in chapter 5.

As with the internal customers the service costs change as the disturbances affecting the 
internal system's performance. The service benefit changes occur when:

1) The rival supplier’s service levels change. If the rival supplier's service level 
increase then the customer's service expectations increase resulting in a decrease in 
the service benefits.

2) Environmental factors affecting the customer's system change. For example, if 
interest rates increase, leading to a customer's desire to reduce his stock levels, then 
customers place a higher emphasis on shorter lead times. This means the relative 
emphasis placed on different service measures changes.

As neither the service costs nor the service benefits are static there is still a need for the 
DMS to strike a balance between responding to present and future circumstances.

From the above arguments it can be seen that there are 3 basic needs for a DMS with an 
external customer:

1) A model relating the service benefits and service costs to the profit level.
2) Knowledge of the service costs.
3) Knowledge of the service benefits. This can be done in several ways.
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Questionnaires etc can be used to determine the influence of service on the 
company's image. The effect of service on sales can also be monitored. It might 
also be beneficial to monitor key factors, such as environmental factors, influencing 
the customer's system and rivals service levels.

The differences in the DMS required for controlling service to external customers and to 
internal customers are shown in Fig 8.14. The main differences in the two DMS result from 
their different roles in the company. The role for DMS for internal customers can be seen 
as: "Coordinating the divisional performances under its control so as to meet its own 
divisional performance at the lowest cost."

Whereas the role of the DMS for external customers can be seen as: "Managing the interface 
between company and its customers so as to maximise the profits."

The same basic principles hold for internal and external customers when it is what 
information reporting systems are required is being considered. However the information 
required will be different. Also the information that is available for use may differ. 
Unfortunately there may be greater problems with collecting information with external 
customers as the information required is often from an outside source.

8.6 Controlling service in the whole company.

It can be seen from Fig 8.14 that controlling service to external customers sets the 
performance objectives for the whole internal system which are then met by controlling the 
service to internal customers. This means that by controlling service (both internally and 
externally) a control system for a whole system, the company and its interaction with its 
environment, has been developed. This system is shown in Fig 8.15.
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Fig 8.14: the differences in the DMS for the two types of customers external and internal,:

a) External customers.

b) Internal customers. _  . . I .' Objective* fa
whole system.

QMS controlling type 1 service between PO 
and customers.

Coordinate between 
present and future.

“ Disturbances.* Future.

Disturbances.’
Present.

Present
costs.

Disturbances..

Disturbances..

Service
objectives.

Future
costs.

PD systems DMS 
controlling type 1 service.

Future.
_  Service costs 

and benefits.

Future costs.

Present costs.

Service
-objectives.-

DMS fa  controlling type 2 
service.

Customers systems DMS 
controlling type 1 service.

Future.
.Servicecosts. 
and benefits.

present Service costs Present. Service costs Present.
and benefits.
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Fig 8.15 : A diagram showing the service control 
systems required for the whole company.

CHAPTER 8

Controlling service to external customers.
Understand the company's operations and its interactions with the customers.

Define the service measures (Determine the key measures (i.e.most productive)).

Profit levels 
for each segment

Define the service policy.
Define the segments. “
Define the criteria.

■ Decrease and define the costs (determine which measures can be linked together 
respond to the disturbance changes).

Increase and define the benefits (sell service package to customers identify the company's 
position relative to competition).

Evaluate the service level required (determine which measures should be evaluated together) J 
and define the service level for each segment).

Costs.i
Kalman filter.

Service level defined for each segment

Controlling service to internal customers for division 0.
Understand the company's operations and identify / define the different divisions.

Define the service measure. Determine the key measures (increase the productivity
of the service measure portfolio). 1
Classify the service measures as type 1 and/or type 2 measures.
Define criteria and segments.

For 1 service measures For tvoe 2 service measures
_____^Decrease and define the service costs Decrease and define the service costs

(link measures together etc). X (link measures together etc). X▼Define a model of the type 1 service . ▼Define and increase the service benefits
levels to the output of division 0. 1 (by reporting expected service level).

Define the be* levels of service to Define the best service level.
achieve the required ouput for each segment 1

i i
Costs Service level defined for each segment.
and (Use of Kalman filters).
Benefits. V

Kalman filter. Controlling service to internal
customers in division 1 (see

i above).
i
ii
M --------------

Service level defined for each segment.
(Use of Kalman filters).

Controlling service to internal 
customers in division 2 (see 
above).

Several interesting points come out of this:

1) There is a continuous feedback of the achieved performance so the objectives are 
continuously updated. This ties in with Christopher's point of controlling service 
as part of the planning cycle (Christopher(1983)).
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2) The system does not have to be a PD system. The principles contained in 
Fig8.15 can be transferred to other situations. For example the techniques defined 
for identifying the service measures are not dependent on the service being from a 
PD system. The service could by from any company division/department which 
affects another part of the same company

3) There is a need to define how the company is going to be split up into the 
different divisions. It would seem more sensible to split the company into divisions 
whose output are independent (i.e avoid the need to control type 2 service 
measures). It is felt that this could be done by looking at the entropy of the system's 
output for the different possible division splits and choose the split with the least 
entropy value. This idea ties in with Jamshidi(1983) work on hierarchical control of 
large scale systems where the interaction error of the coordinating variables, 
corresponding to the type 2 service measures, should be reduced. This could be an 
area for further research.

8.7 Summary.

This chapter has looked at the HASs involved in defining and achieving the best service 
policy and which are probably more cost effective when used frequently. Two basic types 
of HASs were identified: Information reporting systems and decision making systems.

The information reporting systems were divided into 3 parts:
1) The monitoring system.
2) The reporting system.
3) The translating system.

When looking at monitoring system it was argued that there are various possible
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1) Completeness of information.
2) Objectiveness of information.
3) Age of information.
4) Meaningfulness of information.

It was argued that the reporting systems need to have requisite variety. It was proposed this 
can either done by reducing the level of data being transmitted or by increasing the reporting 
system's data handling capacity. The level of data being transmitted can be reduced whilst 
maintaining the information level, by transmitting it in a more concise, statistical, format 
and also by the use of exception reporting. The reporting system's data handling capacity 
can be increased by choosing a good actor to carry it out.

The translating system involves translating the data into a format which the information 
recipient wants.

The main factor influencing the design of the DMSs was the need for them to have requisite 
variety. It was argued that the variety of the information relevant to a decision is greater 
than the DMS can handle. Five basic ways were proposed for eliminating this variety gap.

1) Ignore part of the information.
2) Define the inputs into the DMS.
3) Use management information systems.
4) Filtering done by the structure of the organisation by giving autonomy to the 
organisational lower divisions.
5) Increase the DMS's variety handling capacity. It was shown that various actors 
can be used in a DMS including the use of computer systems in a decision support 
system. A new modelling technique, entropy decreasing modelling technique, was 
suggested for generating the computer models to be used in such systems.

information sources which can be used. Effectiveness criteria, shown below, were
established for identifying the best information source.
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A serendipity of this investigation was seeing controlling of service to internal customers 
as:

"The retrieval of the system's performance (synergy) which is lost, due to the system being split into smaller parts. This is as a result of the decision making system of the whole organisation not having requisite variety to handle the relevant information."

Two different types of customer service were also identified. These were:
Type 1: PD's performance which combined with the service customers performance 
produces the output of the whole system.
Type 2: PD's performance which affects the service customer's operating fixed 
costs.

It was proposed that type 1 service measures should be controlled by using a coordinating 
system whereas type 2 service measures should be controlled by defining the optimum 
service level by looking at its service costs and benefits.

The differences in the HAS for when the customer is external and when the customer is 
internal were also examined. The main differences were shown to be the DMS’s role in the 
two situations. With internal customers it was seen as coordinating the divisional 
performances under its control to meet its own divisional performance level objectives at the 
lowest cost. Where as the role of the DMS for external customers can be seen as managing 
the interface between the company and its customers to maximise the profits. This meant 
that different information and different models were relevant to the decision making in the 
two situations.

Finally the chapter looked at controlling service for an entire organisation both externally 
and internally. It was suggested that when decided how a company should be split into 
divisions that this should be done so as to avoid type 2 service measures.
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CHAPTER 9 
CONCLUSIONS.

9.1 Summary

This thesis investigated the measurement and control of service from a Physical 
Distribution (PD) system. Emphasis was placed on the case of internal service customers 
and the results were compared with previous studies which have concentrated on external 
service customers.

The activities involved in controlling the service to internal customers were identified by 
considering the various views of the problem as held by different problem owners. This 
process was aided by the use of Checkland's soft system methodology to define the 
required Human activity systems (HASs) required. Three main activities were identified:

1) Understanding the company's Physical Distribution operation.
2) Defining the service elements.
3) Defining and achieving the optimum service strategy.

All of which had to be both feasible and cost effective. Various ways of carrying out each 
of the above HASs were considered. Their relative merits were analysed by trying them 
out where possible with a participating company and testing their performance against a 
yardstick defined by using Checkland’s 3 E (efficacy, effectiveness and efficiency) test.

Understanding the company's PD system was successfully carried out by performing a 
material and information flow audit.

When defining the service elements a very broad view of service was adopted, resulting in 
several new service elements and defining techniques being suggested. Also the previously



CHAPTER 9 241

The factors (associated with service) which were felt to influence a company's profits were 
investigated. This defined the activities that were felt to be required in defining and 
achieving the optimum service strategy. Five basic activities which influence the profit level 
being achieved were highlighted:

1) Determining the best market segments.
2) Defining the best measuring criteria.
3) Reducing and determining the service costs.
4) Increasing and defining the service benefits to a customer.
5) Determining the optimum service level.

How each of these activities could be cost effectively carried out were explored in detail 
(several new techniques were introduced such as linking several service measures 
together). The information requirements and the decision making process required to carry 
out these activities were also identified and investigated.

The research findings suggest that there are both similarities and differences between the 
cases of external and internal customers. These are summarised in Table 9.1. The main 
differences were found to be concerned with the benefits associated with service.

The control of service to internal customers was seen as:
"The retrieval of the system's performance (synergy) which is lost, due to the system being split into smaller parts. This is as a result of the decision making system of the whole organisation not having requisite variety to handle the relevant information."

unidentified need to define the service customers was highlighted. It was also argued that
customers are not just recipients o f stock but can also be information recipients.
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Table 9.1: A table showing the differences in the HASs  
required for external and internal customers.

Human Activity System. Required 
for external 
customers?

Required 
for internal 
customers?

Comments.

1 Understanding the 
company’s PD operation.

YES YES No differences between the two situations as 
who the customers are does not aflect the PD 
system.

2 Defining the service 
measures.

YES YES The service measures are the same. 
However the techniques that can be used 
are different. Need to define the customers.

3 Defining the best service 
policy and achieving it.

YES YES The elements that make up this HAS differ 
between the 2 service situations (see below).

3.1 Defining the market 
segments.

YES YES No real differences. However there is a need 
to look at the optimal profit levels rather than 
the profit curve when using duster analysis.

3.2 Defining the critena. YES YES No real differences. This HAS has not been 
identified before. Can use loose and tight 
criteria to identify possible criteria.

3.3 increasing and defining 
the service benefits.

YES YES There are differences in the benefits. For 
internal customers the benefits are the 
reduction in the customers costs where as 
with external customers the benefits are 
assoaated with the increase in sales level. 
Increasing the benefits tor internal customers 
by informing them of the expected service 
level is similar in nature to developing a 
program to sell the service package with 
external customers.

3 .4  Decreasing and defining 
the service costs.

YES YES This is the same for both internal and 
external customers. Several new  
approaches were defined for doing this. 
Including linking measures together and 
responding to disturbance changes.

3 .5  Evaluating the optimum 
service level.

YES YES N o real differences. The service benefits 
being reported to the system wiU be different 
buf this makes little difference to the actual 
evaluation process. The effidency and 
productivity can be increased by the use of 
exception reporting.

3 .6  Control and information 
systems.

YES YES There are not much differences in the two 
situations. There is a need for them to have 
requisite variety to handle the information's 
variety. There are greater problems with 
external customers in obtaining relevant 
information.

4 Test market the service 
program.

YES YES With internal customers the 3 E test should 
be used to determine how produdively each 
approach is adually  carrying out the required 
HASs and then select the best approach. For 
external customers the service program 
should be tested in certain parts of the 
company's operations.

5 Identify the key service 
measures.

YES YES This is done to increase the produdivity of 
the portfolio of service measures suggested. 
Unfortunately it proved impossible to use 
previously suggested approach, conjoint 
analysis. Several new approaches were 
suggested.

6 Identify the company's 
position on key service 
measures relative to 
competition.

YES NO This adivity is not required for internal 
customers as there is only one supplier and 
hence no dired competition between  
different suppliers.

7 Develop a program to sell 
the service package

YES NO This adivity is part of increasing the service 
benefits. See HAS 3.3.
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Whereas the control of service to external customers was seen as:
"Increase in the organisation's performance, profit levels,by considering its interaction with its environment (customers)."

Thus it was suggested that by being able to control the company's internal performance 
(controlling service to internal customers) and by being able to control its relationship with 
its environment (controlling service to external customers) it is possible to control the 
whole of the organisation's performance. A possible outline of how this could be done was 
included.

Two types of service measures for internal customers were identified:
Type 1: PD's performance which combined with the service customers 
performance produces the output of the whole system.
Type 2: PD's performance which affects the service customer^ operating fixed 
costs.

It was suggested that these classifications may give an indication of how organisations can 
be cost effectively split into divisions. It was proposed that: when companies are split into 
divisions it should be carried out in a way which avoids type2 service measures.

It was also argued that the principles in controlling PD service could be extended to other 
company's operations providing service to customers and not just PD operations.

In conclusion, this research has investigated areas of Physical Distribution customer service 
which have not been dealt with before. Principally this has involved looking at the case of 
internal service customers and comparing this with the situation of external service 
customers. Also several new approaches for increasing the profit levels associated with 
service have been developed. In addition this research has given insights into other areas of 
study- such as cybernetics by suggesting a possible approach for determining how an
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organisation can be effectively subdivided. Further more it is felt that the research results 
may be applicable to systems other than Physical Distribution systems.

9,2_ Suggestions for further research.

During the course of carrying out this research several possible areas of further research 
have been highlighted. These are:

1) Extending the research to cover other companies to see if the same activities are 
felt to be required in controlling service.
2) Determine the actual effect that linking certain service measures has on the 
service costs in a case study.
3) To look at the similarities between the work on controlling service and the work 
that has been carried out on controlling large scale systems.
4) Investigate whether avoiding type 2 service measures can give an indication of 
how a company should be split into its smaller divisions.



APPENDIX A 245

APPENDIX A 
GLOSSARY OF TERMS.

This appendix, gives a glossary of terms used in the thesis. For each term a brief definition 
of its meaning is given. This glossary is split into two parts. The first part looks at the 
theoretical terms used in the thesis. The second part looks at the case study terminology.

Part 1 : The Theoretical terms.

Cognitive mapping

Cognitive mapping is a system which visually represents a particular person's perceived 
mental relationship between two or more variables.

Conceptual models.

A conceptual model is a systematic account of a human activity system, derived from that 
system's root definition, usually in the form of a structured set of verbs, or actions required 
to be done. Conceptual models should only contain activities that are explicitly defined in 
the root definition of the system.

The conceptual models can only be justified in terms of logic and not by comparing them 
against the actual world. However, they do have to abide by formal systems thinking or 
any universal properties required to be present in any system. Generally, conceptual 
models produce a set of activities which have to be present, to be the total system defined 
by the root definition. These activities are themselves carried out by HASs.
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Human Activity Systems (HAS).

A Human Activity System is a system, which describes some purposeful human activity 
which in theory could be present in the real world. These systems are intellectual 
constructions of what ideally would be present in the situation. Thus they can be used to 
produce debate about possible changes that can occur in the organisation to make sure that 
the systems are present.

Linking service measures together.

Two or more service measures are linked together when it is possible to transfer service 
responses from one service measure to another. This reduces the service costs.

Loose criteria.

Loose criteria are criteria for monitoring service measures which have both low costs and 
benefits. Loose criteria are generally not greatly affected by variations in the disturbance 
level.

Root definition.

A root definition is a concise description of a human activity system which states what the 
system is. The root definition is used to derive a conceptual model of what the human 
activity does. A well-formulated root definition will make explicit each of the CATWOE 
elements present in the Human activity system. It should be noted that CATWOE stands 
for.

Customer: Those who profits from the system existing.
Actor: Those who carry out the activity of the transformation.
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Transformation: The transformation that is carried out by the system. That is the 
transformation of the inputs into the outputs.
Weltanschauung: (world view): what world view is being taken.
Owner: Who owns the system.
Environmental Constraints: What is allowed or not allowed.

For each different Weltanschauung and Transformation there will be a different root 
definition.

Tight criteria.

Tight criteria are criteria for monitoring a service measure which have both high costs and 
benefits. Tight criteria are generally highly affected by variations in the disturbance level.

Part 2 terminology used in the Case study.

ASCOT ordering technique.

ASCOT was an automatic stock control ordering technique using the stock counts produced 
from the Company's stores. By knowing these stock counts plus the previous stock counts 
and the stock levels delivered in the intervening time, this system worked out the level of 
stock sold. Any known seasonal factors were taken out of this sales figure before this 
figure was placed into a forecasting technique. This gave, after seasonal weighting had 
been included, a predicted sales figure for the next period. A further amount of safety stock 
was then added to this figure. This safety stock level, was a function of the standard 
deviation of the errors in the previous forecasts and the level of 'service' required by the 
Supply Manager.

The store stock counts, were performed every 4 weeks. However, the stock was picked
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weekly in the warehouses. Consequently, the amount of stock required, in the 4 week 
period, was separated into 4 parts. If there was not enough stock in the warehouses to meet 
the demand of the various stores on a particular day, then various forms of rationing 
schemes were introduced.

ASCOT service level.

The ASCOT service level was an estimate of the percentage of the general public demand 
for stock that had been met. It was calculated from the store's stock counts.

Business Centres.

The Boot's company was divided into various Business Centres, each dealing with their 
own specific range of merchandise lines. Each Business Centre had a senior Supply 
Manager with several Supply Managers under his command. Each Business Centre, also 
had several buyers who dealt with buying new merchandise lines.

Common Stock Rooms.

A Common Stock Room (CSR), was a regional warehouse which served approximately 50 
stores. The CSR held the store's back store stock for their 2000 fastest volume selling 
lines.There were daily deliveries, 6 days a week, from the CSRs to their stores. The 
frequency with which any particular line was delivered-up to 6 times a week- was 
dependent on its sales volume. Stock counts were performed at the store the day before the 
stock was due to be delivered. This information was then transmitted electronically to the 
store's CSR computer. This then worked out the stock quantity required.
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COMPASS ordering technique.

COMPASS ordering technique was used for seasonal merchandise. The store's stock 
counts were performed weekly instead of the every four weeks for the ASCOT system. 
This increase in stock counts frequency was needed to give a greater sensitivity to changes 
in demand.

Count Sheet.

A count sheet was a document indicating the amount of stock ordered by the company. It 
was used to check that the right amount of stock had been delivered.

D6 Building.

The D6 building was used for sorting out the returns from the stores. When returning stock 
arrived it was sorted out and sent to the parent warehouses.

D42 Building.

The D42 building was used for several functions, of which, the following two had a 
bearing on service: Sorting out inter-stores transfers (where more than one RDC region 
was involved) and sorting out customer repairs and then sending them to the repairers.

First Class (1st Class) Stock.

First class stock was given a high priority. To do this, it had to be picked in the warehouse 
within a day of the invoices arriving in the warehouse.
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FOCUS Line Stock.

FOCUS lines were high priority stock. The company guaranteed a high level of service for 
this stock to their customers. All FOCUS lines were classified as first class stock.

Hotline Orders.

The Hotline ordering technique was meant to be used only when the orders were really 
urgent. These orders were requested by the stores phoning their orders centrally to the 
company's headquarters. These stores were informed, on the phone, of the availability of 
the stock for picking. The picking invoices for these orders were produced in the actual 
warehouses, where the stock was picked as quickly as possible..

Merchandise Accounting.

Merchandise accounting was a computer program which accounted for the company's 
merchandise. This data storage system kept a track of the levels and the availability of stock 
in the warehouse. Consequently, showing what stock was actually available for satisfying 
the store ordering requirements.

Merchandise Technical Services (MTS),

MTS were an in-company quality control department, who checked stock coming into the 
warehouses.

Missing And Excess (M/ELFormSi

These forms were used by the stores to report the level of Missing and Excess stock. When 
these forms arrived back at the company's headquarters the computer stock levels were
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readjusted accordingly.

On-Line-Order-Retrieval fOLOR) Terminals.

The OLOR system enabled details of a delivery order, from a supplier, to become available; 
so as to produce count sheets and to check the supplier's delivery dates when suppliers 
were booking in their trailers.

On-Line Dispensary Ordering.

Every Boot's store had an ordering terminal which was originally designed to be used for 
ordering dispensary items. However this system was extended to cover all the company's 
items. Thus providing an emergency ordering technique.

Q / R § , .

An O/R occurred whenever there was no available stock for a picker to pick in a particular 
warehouse's picking location. An O/R was marked on the picking invoice, which was then 
photocopied and sent to the PI department to readjust the computer stock levels.

Parent Warehouse.

The parent warehouse was the warehouse that normally stocked and picked a particular 
line.

Perpetual Inventory (P.I.) Department.

The perpetual inventory department role in the company was to make sure that the
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theoretical warehouse computer stock levels matched the actual stock levels. Regular stock 
counts were performed by this department. Alterations were made to the computer stock 
levels whenever a mismatch was found. Also corrections were invoked, whenever the 
following situations occurred.

1) An O/R was indicated on a picking invoice.
2) Missings were reported by stores.
3) Excesses were reported by stores.

Redistribution Centre (RPC).

RDCs were regional centres where stock coming from the company's different warehouses 
on various lorries, was sorted into smaller van loads. This system enabled the company to 
transport its stock, as far as was economically viable, using the more economically efficient 
40 foot trailers. The stock was delivered to a RDC in the evening and sorted out over night. 
The stock was delivered to the stores the following morning. Each RDC serviced around 
50 stores.

Repository function of a warehouse.

The task of the warehouse's repository function was to regulate the stock flow between the 
parent warehouse and the repository warehouse. Also they decided whether stock should 
be delivered to the parent or the repository warehouse.

Repository Warehouse.

The repository warehouse was used to warehouse excess stock not required in the parent 
warehouse.
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Rollcages.

Rollcages were containers that had small wheels on the bottom, to help with their 
movement. They were used for transporting stock to the stores.

Second Class, (2nd) stock.

Second class stock was of low priority, consequently it was permissible for the 
warehouses to take up to 2 days to pick this stock after the invoices had arrived in the 
warehouse.

Stock Location Control (SLC) computer.

The SLC computer determined where in a warehouse stock was to be stored. When stock 
came into a warehouse, the SLC computer was feed the stock's reference number. The 
computer then allocated a spare storage location space, permissible for that merchandise 
line, to each pallet. When it had decided, where to store each pallet, a printer printed out a 
label showing the stock reference number and storage location. This information was also 
relayed to the fork-lift drivers.

Special request forms.

These forms enabled the Store Managers to order extra stock when they needed it. This 
system was being replaced by other emergency ordering systems by the end of the research 
period.

Supply Managers.

Each senior Supply Manager was responsible for the flow of stock for one particular
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Business Centre's stock to and from the stores. Each Supply Manager in a Business Centre 
was in turn responsible for the supply of stock for the particular lines under his control.

Towntravs.

Towntrays were boxes used for sending stock to the stores.
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This appendix indicates which of the service measures were identified by each of the 
defining techniques. This is split into two parts the defining of the store's service measures 
and the defining of the Supply Manager’s service measures.

For the stores the effectiveness of five approaches are listed here, these are as follows:
1) The use of brainstorming sessions.
2) The use of literature survey results.
3) The use of material and information audit results.
4) The use of the backward-forward link method.
5) The use of first hand experience.

For the Supply Managers the effectiveness of three approaches are shown:
1) The use of brainstorming sessions.
2) The use of material and information audit results.
3) The use of the backward-forward link method.

It should be noted that it proved impossible to use the other 2 approaches (i.e. they were 
not efficacious).
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Store m anager's service measures.

Table showing the store’s service measures identified APPROACH
by each of the approaches.

SERVICE MEASURE IDENTIFIED.
1 2 3 4 5

1) The number of minutes late that a RDC van is. Y N Y Y Y

2) The number of minutes late that a CSR van is. Y N Y Y Y

3) The number of minutes taken to unload a RDC van. N N Y Y Y

4) The number of minutes taken to unload a CSR van. N N Y Y Y

5) The number of working days warning a store manager receives of a 
change in the CSR/RDC van arrival time. Y N N Y N

6) The number of working days after expected arrival day that 1st class 
stock arrives.

Y Y Y Y Y

7) The number of working days after expected arrival day that 2nd class 
stock arrives. Y Y Y Y Y

8) The number of working days after expected arrival day that FOCUS 
class stock arrives.

Y Y Y Y Y

9) The number of working days it takes for a hotline delivery to occur 
after the order has been phoned in.

Y Y Y Y Y

10) The number of working days it takes for a catalogue order to be 
delivered after it has been ordered.

Y N N Y Y

11) The number of working days it takes for stock resulting from a 
special request form to arrive at the store.

Y Y N Y Y

12) The number of working days after the expected arrival day that 
CSR stock arrives.

Y Y Y Y N

13) The number of working days it takes for customer repairs to be 
returned to the store.

Y Y N Y N

14) The number of working days it takes for a interstore transfer to be 
completed.

N Y Y Y Y

15) The number of unexpected vans arriving at the store per day. Y N N N Y

16) The number of working days notice given, to a store manager, 
of an extra van arriving.

V N N Y N
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Store m anager's service measures.
Continuation of table showing the store's service 
measures identified by each of the approaches.

APPROACH

SERVICE MEASURE l 2 3 4 5

17) The number of times a merchandise group is delivered per week N N N Y N

18) The number of minutes it takes to check of RDC stock. N N Y N Y

19) The number of minutes it takes to check of CSR stock. N N Y N Y
20) The number of minutes spent doing M & E forms. Y N Y N Y

21) The percentage volume excess RDC stock. Y N N N Y

22) The percentage volume excess CSR stock. Y N N N Y

23) The level of breakages occurring in RDC stock. Y N Y Y Y
24) The level of missing RDC stock. Y N Y Y N

25) The level of missing CSR stock. Y N Y Y N

26) The level of mispricing in CSR stock. N N N Y N
27) The ease of identifying incoming stock. Y N N N Y
28) The percentage difference between actual volume and expected 
volume of stock.

N N N Y N

29) Matching delivery outer size to the store's requirements. N N N N Y

30) The number of working days difference between stock and invoices 
arriving.

N Y N Y N

31) The ASCOT service level. Y N N Y N

32) The comatibility of delivery times to the store's procedures. Y N N Y Y
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Supply M anager's service measures.

Table showing the Supply Manager's service measures that were APPROACH
identified by each of the approaches.

SERVICE MEASURE IDENTIFIED.
l 2 3

1) The amount of warehouse space actually available to a Supply Manager 
compared to the amount that is needed for his stock.

N N Y

2) The accuracy of the warehouse's computer stock levels. Y Y Y
3) The accuracy of costing the storing of stock in the warehouses. Y Y Y

4) For new merchandise lines: The number of working days it took for stock to get 
to the stores.

Y N N

5) The number of working days it took for an inter-store transfer to be completed. Y N Y
6) The number of working days a store was out of stock, whilst stock was available 
in the Physical Distribution system. Y N Y

7) The number of working days it takes for returning stock to be ready for dispatch 
in the warehouse from the time it left the store. Y N Y

8) For allocation stock, the number of working days after expected arrival day that 
stock arrives.

Y N Y

9) The usefulness of information being sent to the Supply Manager. N N Y
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This appendix is split into two parts. The first part looks at the store's questionnaires and 
results. The second part deals with the Supply Manager's questionnaires and results. The 
reasons for using questionnaires was to obtain different customer's value judgements for 
different service measures. Thus, the questionnaires contained hypothetical service 
situations, to which the questionnaire recipients attached a value judgement. These 
hypothetical service situations were set at feasible service levels which were determined by 
consulting with the participating company.

To reduce the questionnaire's size it was assumed that the questionnaire recipients would 
always give the highest possible value judgement to hypothetical service levels known to 
have the highest service value attached to them (for example a delivery van arriving on 
time). It was thus felt these hypothetical service levels could be left out of the questionnaire 
without any information loss. It should be noted that these service situations have been 
included in the questionnaire results and have been given the highest possible service 
judgement level.
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AI Store questionnaire and results.

One of the reasons for using questionnaires was to discern if there were any benefit 
differences between different segments. It was considered by the company, that there 
were two factors possibly influencing the likely benefit on a particular store:

1) The store's size.
2) The store's geographical location.

Two geographical regions of the company's operations were selected, the North and the 
East. Two sizes of stores were selected, using the company's classification, Large and 
Small. 40 questionnaires were used in a crossed experimentally designed framework; ten 
being sent to small and large stores in each of the specified regions. The following number 
of questionnaires were received back:

1) Small Stores in the North: 6
2) Small Stores in the East: 10
3) Large stores in the North: 9
4) Large stores in the East: 9

The design of the questionnaire used is shown below followed by the questionnaire results.
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The stored  questionnaire.

QUESTIONNAIRE
Listed below are several hycctheti service s::uai::r.£ .

.ease coux VC’,
provides, wn.at your opinion or eacn or rnese situations wculo 
circimc 1 if vou would consider the service as beir.c excel, 
and circling 7 if you would consider it to ce very can 
example:

(It is assumed that there are 5 working days in a week) 
PLEASE GIVE: YOUR '1 TO 7' RATING FOR THE FOLLOWING SITUATE

:X AMPLE
The number of working days later that the invoices 0 0 0 IVe d tr.a

the as sociat 0 C stock arrived was: — r-' ”  t  ̂ n - ^ ... - : -
a) 0 davs (arrive tocether) ©  - © 0 5 5
b) 2
c) 4

days
days

( S 0 
(St

ock after invoices) 
cck after invoices) f c 0

eacn measure vour
'v“‘£ 0 S 0 C 2 0**0 00 0301000 1.0C1C
to 7' retinas (as in the examaie.)

i) The number of minutes after the expected arriva. 
E.D.C. van arrived was.

a) 2G minutes early. 1 2  2 -
b) 30 minutes la*
c) 60 minutes la:

) The number or minutes after th e expected arriva - ' —.
he C. S.R. van arrived was:

EXCELLENT 7/TT :? V
a) 15 minutes early 1 2  3 4 c; 6
b) 15 minutes late 1 2  3 4 5 6
c) 30 minutes late 1 2  3 4 5 6

) The number of minutes it took to unload the RDC va n was
EXCELLENT VERY

a) 10 minutes 1 2  3 4 5 6
b) 20 minutes 1 2  2 4 5 6
c) 30 minutes 1 2  3 4 0 C

) Th,e number of minutes it took to unload the CSR V a0; V a 5
EXCELLENT v n r\ i

a) 10 minutes
b) 20 minutes 

30 minutes
3 4
3 4c) x 5
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The number of working days notice received of a change in the 
:R/RDC delivery time was:

EXCELLENT VERY BAD
a) 0 days warni ng 1 2  3 4 5 6 7
b) 2 days warni ng 1 2 3 4 5 6 7
c) days warni ng I 2 3 4 5 6 7

•5 j Eo r 1st class line s stock ; the number of work ing days taken
for ohe stock to a rrive after the expected deli ve ry date was :

EXCELLENT VERY 3 AD
a) 1 day late 1 2 3 4 5 6 7
b) 2 days late 1 2  3 4 5 6 7
c) 3 days late 1 2  3 4 5 6 —t

-) f or 2nd class lines stock; the number of working days taken
for the stock to arr ive afte r the expected belive rv date wa S l

’EXCELLENT VERY BAD
a) 1 day late 1 2 3 4 5 6 7
c ) 2 days late 1 2 3 4 5 6 7
c) T days late 1 2 3 5 6 7

: ; EC r Eocus iin es st cck; the number of workinc da v s take - - v-
c ne s c cck to arr ive af t e r c he expected delivery date was :

EXCELLENT VERY BAD
a) : day late 1 2 3 i 5 5 7
b ) c days late 1 2 3 4 5 5 70) 2 davs late 1 2 3 4 3 6

numoer :: wording nays it toon ror a net line truer 
•cm the time you had phoned in the order was:

EXCELLENT VERY BAD
) nays 
1) 4 n a v s

■;crxing nays it t. 
:n, co have arr 
:e form in, was:

: a y s 
iavs

X 1or ta. s e — 3 3  V- V 0 Q  O  V’

ed a t your store from the
XCE LLEN T VERY BAD

1 2 3 4 5 5
1 a 3 3  c £  7

n 3 4 5
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1 2 ) The number of working days warn ing you received 0 I a tr x _ 3 a Vt j
arri ving was:

EXCELLENT VERT EAT
5 ) 0 days (no warning) 1 2  2 4 5 5
b) 2 days warning 1 2 3 4 2 6 -
c) 4 days warning 1 2  2 4 5 c

13) The amount of time spent daily doinc M&E forn s was
EXCELLENT VERT EAT

a ) 15 minutes 2 ~ r s '
b) 30 minutes 1 2  3 4 5 o 7
c) 60 minutes 1 2  3 4 5 6

14) The percentage volume of excess RDC stock was
EXCELLENT VERY EAD

a) 0.5% excess (RDC) 1 2  3 4 5 5
b) 1 % excess (RD C ) 1 2  3 4 5 6 7
c) 2% excess (RDC) 1 2 3 4 5 ■3

15) *̂-10 ' *3 -:y 0 1 of 6 x csss CSR s c c ck helivered, me = su ^ a. ~  ̂ e
encage volume of the expected saccx icvsis wa s :

EXCELLENT VERY EAE
£) 1% excess(CSR) 1 2  3 4 r 6 7
b) 2% excess(CSR) 1 2  3 5 6 7
c) 3% excess(CSR) 1 2  3 4 5 6 7

16) The D e r c e n t a g e  of expected RDC stock that dr d not arrive tr
w a s not fit for use (i.e. the missi n cr s and the b re akage s) was:

EXCELLENT
a) 0 .5% * z. 1 4 5 6
b) 1% 1 2  3 t 6
c) 2% 1 2  3 4 5 6

17) The percentage of expected CSP. stocx that dr a not arrive cr
was not fit for use (i.e. the miss ings and the bre akages) was:

""EXCELLENT VERY BAD
a ) 0 .5% 1 2 3 4 5 6 7
b) 1% 1 2 3 4 5 6
c) 2% 1 2  3 4 5 6 7

18) The percentage of CSR. stock mis priced was:
EXCELLENT VERY BAD

a) 0.5% mispriced 1 2 3 4 5 6 7
b) 1 .0% mispriced 1 2  3 4 5 6 7
c) 2 .0% mispriced 1 2  3 4 5 6 7

19) The number of working days later that the rnv o i c es arrives
than the associated stock arrived was :

EXCELLENT VERY EAE
a) 1 day early (stock before i.nvoi c 0 s ) 1 2 3 4 5 6
b) 2 days early (stock before invo ices) 1 2 3 -i 5 6 ”
c) 1 day late (invoices before st cck) 1 2 3 5 6
d) 2 days late (invoices before scock) 1 2 3 4 5 6
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2 0 ) The ASCOT service level achieved was :
G a. J 5

Q5 ̂ 1 2 j 4 5

52% 1 2  3 4 5

21) The compatibiity of the ci ̂ 1ivs rv time to
situation.
How good are the present del i very times .  ̂ J -t 5

What time would vou like del iveri es A) CSR:
3) POC :

ould you indicate, below, any important service areas tea 
een orr.mited:

Thank you for your time and effort. 

STORE NO:- MANAGERS SIGNATURE:-
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Questionnaire results.

The service levels known to have a highest service value attached to them have been given 
the highest value judgement of 6. This affects service measures: 1,2,6,7,8,9,
13,14,15,16,17,18 and 19. These results numbers are indicated by a * whilst the other 
question numbers refer to those used in the questionnaire. The questionnaire results have 
also been transformed to give higher service level a higher judgement value. (This was 
done by taking the original questionnaire results away from 7).

3UESTION 1 2 3 4 5 6DUMBER a * b c a * b c a b c a b c a b c * a b cNORTHERN SMALL 2 6 2 0 2 6 2 0 6 6 2 6 6 2 0 3 3 6 0 0 0NORTHERN SMALL 3 6 3 0 5 6 5 3 6 4 3 6 4 2 0 0 0 6 3 0 0NORTHERN SMALL 4 6 2 0 4 6 2 0 6 3 0 6 3 0 0 0 2 6 2 1 0NORTHERN SMALL 6 6 0 0 6 6 3 0 6 4 0 6 4 0 0 1 2 6 3 2 0NORTHERN SMALL 2 6 0 0 3 6 2 0 5 2 0 5 2 0 0 3 6 6 4 2 0NORTHERN SMALL 4 6 2 0 4 6 2 0 6 6 4 6 6 4 0 0 2 6 4 1 0EASTERN SMALL 3 6 1 0 5 6 5 0 6 5 4 6 5 4 0 0 0 6 1 0 0EASTERN SMALL 4 6 2 0 5 6 2 0 6 3 0 6 3 0 0 1 2 6 3 2 1EASTERN SMALL 4 6 0 0 4 6 2 0 6 3 1 6 3 1 0 0 0 6 2 1 0EASTERN SMALL 2 6 2 0 2 6 2 0 6 6 5 6 6 5 0 4 5 6 4 3 2EASTERN SMALL 4 6 2 0 3 6 4 3 6 2 0 6 3 0 0 3 5 6 3 0 0EASTERN SMALL 3 6 2 1 4 6 3 2 6 4 2 5 3 1 0 1 2 6 3 2 1EASTERN SMALL 4 6 3 1 5 6 5 1 6 4 1 5 1 0 0 3 6 6 6 3 0EASTERN SMALL 6 6 4 2 6 6 4 2 6 4 0 6 4 0 0 2 5 6 4 2 0EASTERN SMALL 6 6 2 0 6 6 2 0 6 5 3 6 5 3 0 2 4 6 3 1 0EASTERN SMALL 6 6 1 0 6 6 2 1 6 5 4 6 6 5 14 6 6 2 0 0NORTHERN LARGE 4 6 2 0 5 6 2 0 6 5 2 6 4 2 0 2 4 6 1 0 0NORTHERN LARGE 3 6 2 0 6 6 3 0 6 6 6 6 4 1 0 6 6 6 4 0 0
NORTHERN LARGE 3 6 3 0 3 6 3 0 6 6 6 6 6 6 0 1 2 6 2 1 0NORTHERN LARGE 3 6 4 0 3 6 4 0 6 5 4 6 5 4 0 1 2 6 3 1 0NORTHERN LARGE 5 6 2 0 5 6 2 2 6 5 4 6 2 0 0 2 3 6 1 0 0NORTHERN LARGE 3 6 2 0 0 6 3 1 6 5 3 6 5 4 0 2 3 6 4 2 0NORTHERN LARGE 3 6 3 0 4 6 3 1 6 4 3 6 4 1 0 0 1 6 3 2 1
NORTHERN LARGE 6 6 4 1 2 6 5 0 6 5 4 6 5 2 0 2 3 6 4 2 0NORTHERN LARGE 4 6 4 0 4 6 4 0 6 6 6 6 6 0 0 5 6 6 5 2 0EASTERN LARGE 6 6 2 0 2 6 2 0 6 6 6 6 1 0 0 0 4 6 2 0 0EASTERN LARGE 4 6 2 0 2 6 2 1 6 5 4 6 4 3 0 1 1 6 2 0 0
EASTERN LARGE 6 6 3 1 6 6 3 1 6 6 3 6 6 3 0 3 5 6 2 0 0
EASTERN LARGE 1 6 2 0 1 6 2 0 6 5 3 6 5 3 0 3 6 6 6 2 0EASTERN LARGE 4 6 4 2 6 6 4 2 6 6 4 6 6 5 0 4 6 6 2 1 0
EASTERN LARGE 2 6 1 0 3 6 2 0 6 3 1 6 4 3 0 2 3 6 3 1 0
EASTERN LARGE 6 6 1 0 6 6 4 2 6 5 3 6 6 3 0 3 6 6 3 2 0
EASTERN LARGE 5 6 2 0 5 6 3 1 6 5 4 6 5 3 0 4 6 6 4 3 2
EASTERN LARGE 6 6 2 0 6 6 3 0 6 6 4 6 5 3 0 3 6 6 5 3 3



APPENDIX C 266

’QUESTION 7 8 9 10 11 12
NUMBER * a b c * a b c a b c ab  c a b c a b c
NORTHERN SMALL 6 3 3 3 6 2 1 0 6 3 0 6 4 2 6 3 0 3 6 6
NORTHERN SMALL 6 5 30 6 1 0 0 6 5 0 6 5 0 6 5 0 0 4 6NORTHERN SMALL 6 3 2  1 6 0 0 0 6 2 0 6 2 0 6 5 2 0 2 4
NORTHERN SMALL 63 20 6 2 0 0 6 5 0 5 3 0 6 5 0 0 2 4NORTHERN SMALL 6 4 2 0 62 1 0 6 3 0 5 2 0 6 4 2 3 3 3
NORTHERN SMALL 6 5 2 0 6 4 0 0 64  1 6 4 2 6 6 2 0 3 5EASTERN SMALL 62 1 0 6 0 0 0 6 3 0 6 6 3 63 1 3 6 6
EASTERN SMALL 6 5 4 3 62  10 6 5 3 6 4 2 64 1 1 5 6EASTERN SMALL 6 3 2  1 6 2 1 0 6 5 0 6 3 0 641 0 3 5
EASTERN SMALL 6 3 2  1 6 5 4 3 65 1 6 4 2 6 4 2 3 5 6EASTERN SMALL 6 3 2  1 6 0 0 0 6 5 0 63 1 65 1 0 2 5EASTERN SMALL 6 3 3  3 6 2 1 0 6 6 3 6 5 4 6 5 2 14 5EASTERN SMALL 6 6 6  1 6 6 2 0 6 4 0 6 3 0 6 2 0 1 6 6
EASTERN SMALL 6 5 2 0 6 5 2 0 65 1 6 2 0 6 3 0 0 4 6EASTERN SMALL 6 5 4 3 6 2 0 0 64  1 6 4 2 6 4 2 3 5 6EASTERN SMALL 6 3 0 0 6 0 0 0 65 1 6 3 0 6 6 3 2 4 6NORTHERN LARGE 6 3 2  1 6 1 0 0 5 30 4 2  1 6 3 3 0 5 5NORTHERN LARGE 63 10 6 3 0 0 6 5 0 6 5 2 6 5 2 0 4 6NORTHERN LARGE 6 3 3 2 6 1 0 0 6 6 3 6 4 2 6 5 3 1 5 6NORTHERN LARGE 6 4 2  1 6 100 6 4 0 64  1 6 3 2 0 2 4NORTHERN LARGE 6 4 3 0 6 2 0 0 6 4 0 6 3 0 6 5 2 4 4 6NORTHERN LARGE 6 4 2 0 6 0 0 0 6 6 0 5 3 0 64  1 1 4 6NORTHERN LARGE 6 4 3 2 62 10 65 1 6 3 0 6 3 0 2 4 6NORTHERN LARGE 6 4 3 2 64 10 6 4 2 6 4 2 65 3 2 4 6NORTHERN LARGE 6 5 4 2 6 0 0 0 4 2 0 6 3 0 6 4 0 0 5 6EASTERN LARGE 6 4 0 0 6 0 0 0 6 5 0 5 0 0 6 4 0 0 6 6EASTERN LARGE 62 10 6 0 0 0 6 5 0 6 3 0 6 5 0 0 5 6EASTERN LARGE 6 3 2  1 6 2 0 0 6 5 0 6 4 3 65 3 0 4 5EASTERN LARGE 6 6 2 0 6 6 3 0 6 6 4 6 4 3 6 4 2 2 5 6EASTERN LARGE 6 4 3  1 6 1 0 0 6 5 3 6 5 3 6 3 0 0 4 6EASTERN LARGE 6 4 3 0 63 10 64  1 4 2 0 64 1 0 3 6EASTERN LARGE 6 4 3 0 6 2 1 0 6 3 0 53 1 641 0 4 6EASTERN LARGE 6 5 4 3 6 4 3 2 64  1 5 2 0 6 4 2 2 4 5EASTERN LARGE 6 5 4 4 65 10 6 4 0 6 3 0 6 3 0 0 3 6
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OUESTION 13 14 15 16
NUMBER * a b c * a b c * a b c * a b c
NORTHERN SMALL 6 6 1 0 6 6 0 0 6 6 0 0 6 6 0 0
NORTHERN SMALL 6 5 0 0 6 5 0 0 6 0 0 0 65 30
NORTHERN SMALL 65 30 65 3 1 6 5 2 0 65 3 1
NORTHERN SMALL 6 6 0 0 6 6 3 0 6 3 0 0 6 3 0 0
NORTHERN SMALL 6 6 5 2 65 20 6 2 1 0 62  10NORTHERN SMALL 6 6 3 0 6 3 2 0 63 10 63 00
EASTERN SMALL 6 2 1 0 62 1 0 6 4 3 2 63 10
EASTERN SMALL 6 5 3  1 6 5 2 0 6 3 2  1 6 10 0
EASTERN SMALL 63 10 6 3 2  1 62 1 0 6 2 0 0
EASTERN SMALL 63 10 6 4 3  1 6 3 2 0 6 3 2 0
EASTERN SMALL 6 5 3 0 65 30 65 3 1 64 3 2
EASTERN SMALL 63 10 6 4 2  1 6 4 2  1 62 10EASTERN SMALL 6 3 3 0 6 6 0 0 6 1 0 0 62 10EASTERN SMALL 6 6 2 0 6 2 1 0 6 0 0 0 6 1 0 0
EASTERN SMALL 6 4 2  1 65 3 1 6 111 63 10
EASTERN SMALL 6 4 0 0 6 6 3  1 6 5 2 0 65 30NORTHERN LARGE 6 5 4 0 6 5 2 0 6 4 2 0 6 5 2 0NORTHERN LARGE 6 5 3 0 65 3 1 6 4 2 0 65 3 1NORTHERN LARGE 6 6 4 0 62 10 6 1 0 0 62 10NORTHERN LARGE 6 3 2  1 6 4 3 2 6 2 1 0 6 3 2 0
NORTHERN LARGE 6 6 2 0 6 4 2 0 6 3 0 0 6 4 2 0NORTHERN LARGE 6 5 2 0 62 1 0 6 4 2 0 6 1 0 0NORTHERN LARGE 6 5 3  1 6 5 4 3 6 5 4 3 65 3 1NORTHERN LARGE 6 6 3  1 6 6 4 2 6 6 4 2 6 6 3 0NORTHERN LARGE 6 6 3 0 6 6 3  0 6 6 3 0 6 6 3 0EASTERN LARGE 6 6 0 0 6 0 0 0 6 0 0 0 6 0 0 0
EASTERN LARGE 6 4 2 0 62  1 1 6 2 1  1 6 0 0 0EASTERN LARGE 65 10 6 2 1 0 6 2 1 0 63 10
EASTERN LARGE 6 6 5 3 6 6 2 0 6 6 4 2 6 6 4  1
EASTERN LARGE 6 3 2 0 6 3 2 0 6 2 1 0 62  10
EASTERN LARGE 6 6 4 0 6 6 4 3 6 5 3  1 63 10
EASTERN LARGE 6 5 3  1 65 3 1 6 4 2 1 6 5 3 0
EASTERN LARGE 6 6 4 1 6 6 4  1 6 6 5 3 65 32
EASTERN LARGE 6 6 5 3 6 5 3 0 6 5 3 2 6 5 3 2
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QUESTION_________ 17 18 19 20 21NUMBER * ab c * a b c a b * c d * a b cNORTHERN SMALL 6 6 0 0 6 2 1 0 6 6 6 0 0 6 4 2 0 3NORTHERN SMALL 6 4 1 0 63 10 2 1 6 5 4 65 5 1 4
NORTHERN SMALL 6 5 3  1 6 4 1 0 2 1 6 2 1 6 6 4 3 6NORTHERN SMALL 6 3 0 0 6 0 0 0 5 2 6 5 2 6 6 1 0 4NORTHERN SMALL 6 2 1 0 6 2 1 0 3 2 6 3 2 6 6 5 4 3NORTHERN SMALL 6 3 0 0 6 2 0 0 3 1 6 6 3 6 6 4 2 5EASTERN SMALL 6 2 1 0 6 6 3 0 1 0 6 1 0 6 6 3 2 6
EASTERN SMALL 6 1 0 0 6 0 0 0 1 0 6 3  2 6 5 3  1 6EASTERN SMALL 6 2 0 0 63 10 1 0 6 3  2 6 5 3 2 5EASTERN SMALL 6 3 2 0 62 10 1 2 6 4 3 6 5 4 2 5EASTERN SMALL 6 5 2 0 6 0 0 0 0 0 6 3  3 6 6 4  1 6EASTERN SMALL 6 2 1 0 6 4 2  1 0 0 6 4 4 65 3 1 5EASTERN SMALL 6 1 0 0 6 0 0 0 0 0 6 6 4 6 6 3 0 2EASTERN SMALL 6 1 0 0 6 0 0 0 1 0 6 6 6 6 5 4 3 6
EASTERN SMALL 6 0 0 0 6 2 0 0 2 1 6 4 2 6 6 3 0 6EASTERN SMALL 6 5 3 0 6 4 2 0 3 2 6 2 0 6 6 4 3 4NORTHERN LARGE 6 5 2 0 65 20 0 0 6 4 4 6 5 4  1 6NORTHERN LARGE 65 30 63 00 2 1 6 5 4 6 6 3 0 5NORTHERN LARGE 6 100 6 100 1 0 6 4 3 6 5 3  1 6NORTHERN LARGE 62 10 62 10 0 0 6 6 5 6 5 3  1 5NORTHERN LARGE 6 3 0 0 6 0 0 0 0 0 6 3 0 6 6 4 2 5NORTHERN LARGE 6 0 0 0 6 0 0 0 2 1 6 3 2 6 6 2  1 2NORTHERN LARGE 6 3 2 0 62 10 2 0 6 2 0 6 6 4  1 0NORTHERN LARGE 6 6 3 0 6 6 2 0 3 3 62 1 6 6 3  1 5NORTHERN LARGE 6 6 3 0 63 10 2 0 6 2 0 6 5 2 0 4EASTERN LARGE 6 0 0 0 6 0 0 0 2 0 6 3 0 6 6 0 0 2EASTERN LARGE 6 2 1 0 62 10 0 0 6 4 4 6 5 3  1 6EASTERN LARGE 6 2 0 0 64 3 1 5 5 6 0 0 6 6 4  1 6EASTERN LARGE 6 3 2 0 64 3 1 0 0 6 5 3 6 6 4 2 2EASTERN LARGE 6 100 6 1 00 6 6 6 0 0 6 6 4  1 6EASTERN LARGE 64  10 66 10 0 0 6 3 3 6 6 4 3 3EASTERN LARGE 6 5 3 1 65 42 1 0 6 5 5 6 6 4  1 6EASTERN LARGE 6 5 3 2 65 3 1 2 0 6 5 6 6 5 3  1 5EASTERN LARGE 6 5 30 62 10 1 0 6 4  1 6 5 2 0 5
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Summary of results.

Ques­
tion

TOTAL NORTHERN
SMALL

EASTERN
SMALL

NORTHERN
LARGE

EASTERN
LARGE

LARGE SMALL NORTHERN EASTERN

No MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

Ola 4.029 1.47 3.500 1.52 4.200 1.40 3.778 1.09 4.444 1.88 4.111 1.53 3.938 1.44 3.667 1.23 4.316 1.60
01* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
01b 2.147 1.10 1.500 1.22 1.900 1.10 2.889 0.93 2.111 0.93 2.500 0.99 1.750 1.13 2.333 1.23 2.000 1.00
01c 0.235 0.55 0.000 0.00 0.400 0.70 0.111 0.33 0.333 0.71 0.222 0.55 0.250 0.58 0.067 0.26 0.368 0.68

02a 4.088 1.68 4.000 1.41 4.600 1.35 3.556 1.81 4.111 2.09 3.833 1.92 4.375 1.36 3.733 1.62 4.368 1.71
02* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
02b 2.971 1.06 2.667 1.21 3.100 1.29 3.222 0.97 2.778 0.83 3.000 1.91 2.938 1.24 3.000 1.07 2.947 1.08
02c 0.676 0.94 0.500 1.22 0.900 1.10 0.444 0.73 0.778 0.83 0.611 0.78 0.750 1.13 0.467 0.92 0.842 0.96

03a 5.971 0.17 5.833 0.41 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 5.938 0.25 5.933 0.26 6.000 0.00
03b 4.706 1.19 4.167 1.60 4.100 1.20 5.222 0.67 5.222 0.97 5.222 0.81 4.125 1.31 4.800 1.21 4.632 1.21
03c 2.912 1.90 1.500 1.76 2.000 1.89 4.222 1.48 3.556 1.33 3.889 1.41 1.813 1.80 3.133 2.07 2.737 1.79

04a 5.912 0.29 5.833 0.41 5.800 0.42 6.000 0.00 6.000 0.00 6.000 0.00 5.813 0.40 5.933 0.26 5.895 0.32
04b 4.324 1.47 4.167 1.60 3.900 1.60 4.556 1.24 4.667 1.58 4.611 1.38 4.000 1.55 4.400 1.35 4.263 1.59
04c 2.147 1.83 1.333 1.63 1.900 2.13 2.222 2.05 2.889 1.27 2.556 1.69 1.688 1.92 1.867 1.88 2.368 1.80

05a 0.206 1.04 0.000 0.00 0.700 1.89 0.000 0.00 0.000 0.00 0.000 0.00 0.438 1.50 0.000 0.00 0.368 1.38
05b 2.088 1.58 1.167 1.47 2.000 1.49 2.333 1.94 2.556 1.33 2.444 1.62 1.688 1.49 1.867 1.81 2.263 1.41
05c 3.441 2.09 2.500 1.97 2.900 2.38 3.333 1.73 4.778 1.79 4.056 1.86 2.750 2.18 3.000 1.81 3.789 2.27

06* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
06a 3.029 1.38 2.667 1.51 3.100 1.37 3.000 1.41 3.222 1.48 3.111 1.41 2.938 1.39 2.867 1.41 3.158 1.38
06b 1.235 1.05 1.000 0.89 1.400 1.17 1.111 0.93 1.333 1.22 1.222 1.06 1.250 1.06 1.067 0.88 1.368 1.16
06c 0.294 0.72 0.000 0.00 0.400 0.70 0.111 0.33 0.556 1.13 0.333 0.84 0.250 0.58 0.067 0.26 0.474 0.90

07* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
07a 3.882 1.04 3.833 0.98 3.800 1.32 3.778 0.67 4.111 1.17 3.944 0.94 3.813 1.17 3.800 0.77 3.947 1.22
07b 2.500 1.21 2.333 0.52 2.600 1.71 2.556 0.88 2.444 1.33 2.500 1.10 2.500 1.37 2.467 0.74 2.526 1.50
07c 1.059 1.20 0.667 1.21 1.300 1.25 i .m 0.93 1.000 1.50 1.056 1.21 1.063 1.24 0.933 1.03 1.158 1.34

08* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
08a 2.118 1.82 1.833 1.33 2.400 2.22 1.556 1.33 2.556 2.13 2.056 1.80 2.188 1.91 1.667 1.29 2.474 2.12
08b 0.706 1.03 0.333 0.52 1.100 1.29 0.222 0.44 1.000 1.22 0.611 0.98 0.813 1.11 0.267 0.46 1.053 1.22
08c 0.147 0.61 0.000 0.00 0.300 0.95 0.000 0.00 0.222 0.67 0.111 0.47 0.188 0.75 0.000 0.00 0.263 0.81

09a 5.735 1.08 6.000 0.00 6.000 0.00 5.667 0.71 5.333 2.00 5.500 1.47 6.000 0.00 5.800 0.56 5.684 1.38
09b 4.235 1.30 3.667 1.21 4.700 0.82 4.333 1.32 4.000 1.73 4.167 1.50 4.313 1.08 4.067 1.28 4.368 1.34
09c 0.765 1.16 0.167 0.41 1.000 1.15 0.667 1.12 1.000 1.50 0.833 1.29 0.688 1.01 0.467 0.92 1.000 1.29

10a 5.706 0.58 5.667 0.52 6.000 0.00 5.667 0.71 5.444 0.73 5.556 0.70 5.875 0.34 5.667 0.62 5.737 0.56
10b 3.353 1.18 3.333 1.21 3.700 1.16 3.444 0.88 2.889 1.45 3.167 1.20 3.563 1.15 3.400 0.99 3.316 1.34
10c 1.059 1.23 0.667 1.03 1.400 1.43 0.889 0.93 1.111 1.45 1.000 1.19 1.125 1.31 0.800 0.94 1.263 1.41

11a 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
11b 4.147 0.96 4.667 1.03 4.000 1.15 4.111 0.93 4.000 0.71 4.056 0.80 4.250 1.13 4.333 0.98 4.000 0.94
l ie 1.294 1.09 1.000 1.10 1.300 0.95 1.778 1.20 1.000 1.12 1.389 1.20 1.188 0.98 1.467 1.19 1.158 1.01

12a 1.000 1.26 1.000 1.55 1.400 1.26 1.111 1.36 0.444 0.88 0.778 1.17 1.250 1.34 1.067 1.39 0.947 1.18
12b 4.088 1.16 3.333 1.51 4.400 1.26 4.111 0.93 4.222 0.97 4.167 0.92 4.000 1.41 3.800 1.21 4.316 1.11
12c 5.529 0.79 4.667 1.21 5.700 0.48 5.667 0.71 5.778 0.44 5.722 0.57 5.313 0.95 5.267 1.03 5.737 0.45

13* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
13a 4.882 1.23 5.667 0.52 3.800 1.23 5.222 0.97 5.222 1.09 5.222 1.00 4.500 1.37 5.400 0.83 4.474 1.35
13b 2.382 1.46 2.000 2.00 1.700 1.06 2.889 0.78 2.889 1.76 2.889 1.32 1.813 1.42 2.533 1.41 2.263 1.52
13c 0.441 0.82 0.333 0.82 0.200 0.42 0.333 0.50 0.889 1.27 0.611 0.98 0.250 0.58 0.333 0.62 0.526 0.96

14* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
14a 4.294 1.62 5.000 1.10 4.200 1.48 4.333 1.50 3.889 2.20 4.111 1.84 4.500 1.37 4.600 1.35 4.053 1.81
14b 2.147 1.21 1.667 1.37 2.000 1.05 2.556 1.13 2.222 1.39 2.389 1.24 1.875 1.15 2.200 1.26 2.105 1.20
14c 0.588 0.86 0.167 0.41 0.500 0.53 0.889 1.17 0.667 1.00 0.778 1.06 0.375 0.50 0.600 0.99 0.579 0.77
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Summary of results.

Ques
-tlon

TOTAL NORTHERN
SMALL

EASTERN
SMALL

NORTHERN
LARGE

EASTERN
LARGE

LARGE SMALL NORTHERN EASTERN

No MEAN SD MEAh SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

15* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
15a 3.353 1.87 3.167 2.14 2.800 1.75 3.889 1.69 3.556 2.13 3.722 1.87 2.938 1.84 3.600 1.84 3.158 1.92
15b 1.706 1.38 0.667 0.82 1.600 1.07 2.000 1.50 2.222 1.64 2.111 1.53 1.250 1.06 1.467 1.41 1.895 1.37
15c 0.618 0.92 0.000 0.00 0.600 0.70 0.556 1.13 1.111 1.05 0.833 1.10 0.375 0.62 0.333 0.90 0.842 0.90

16* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
16a 3.412 1.78 4.000 1.55 2.600 1.26 4.111 1.76 3.222 2.22 3.667 2.00 3.125 1.50 4.067 1.62 2.895 1.76
16b 1.588 1.28 1.167 1.47 1.200 1.14 2.111 1.05 1.778 1.48 1.944 1.26 1.188 1.22 1.733 1.28 1.474 1.31
16c 0.294 0.63 0.167 0.41 0.200 0.63 0.222 0.44 0.556 0.88 0.389 0.70 0.188 0.54 0.200 0.41 0.368 0.76

17* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
17a 3.029 1.87 3.833 1.47 2.200 1.69 3.444 2.19 3.000 1.87 3.222 1.99 2.813 1.76 3.600 1.88 2.579 1.77
17b 1.206 1.23 0.833 1.17 0.900 1.10 1.556 1.33 1.444 1.33 1.500 1.29 0.875 1.09 1.267 1.28 1.158 1.21
17c 0.118 0.41 0.167 0.41 0.000 0.00 0.000 0.00 0.333 0.71 0.167 0.51 0.063 0.25 0.067 0.26 0.158 0.50

18* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
18a 2.500 1.94 2.167 1.33 2.100 2.13 2.444 2.07 3.222 2.05 2.833 2.04 2.125 1.82 2.333 1.76 2.632 2.11
18b 1.059 1.13 0.667 0.52 0.900 1.10 0.778 0.83 1.778 1.48 1.278 1.27 0.813 0.91 0.733 0.70 1.316 1.34
18c 0.176 0.46 0.000 0.00 0.100 0.32 0.000 0.00 0.556 0.73 0.278 0.57 0.063 0.25 0.000 0.00 0.316 0.58

19a 1.000 1.69 2.167 1.94 0.500 0.85 0.556 1.01 1.222 2.44 0.889 1.84 1.125 1.54 1.200 1.61 0.842 1.77
19b 1.765 1.71 3.500 1.64 1.000 0.94 1.333 1.12 1.889 2.20 1.611 1.72 1.938 1.73 2.200 1.70 1.421 1.68
19* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
19c 3.441 1.71 3.500 2.26 3.600 1.58 3.444 1.42 3.222 1.99 3.333 1.68 3.563 1.79 3.467 1.73 3.421 1.74
19d 2.324 1.87 2.000 1.41 2.600 1.84 2.111 1.96 2.444 2.30 2.278 2.08 2.375 1.67 2.067 1.71 2.526 2.01

20* 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
20a 5.559 0.56 5.500 0.84 5.500 0.53 5.556 0.53 5.667 0.50 5.611 0.50 5.500 0.63 5.533 0.64 5.579 0.51
20b 3.265 1.05 3.500 1.64 3.400 0.52 3.111 0.78 3.111 1.36 3.111 1.08 3.438 1.03 3.267 1.16 3.263 0.99
20c 1.265 1.05 1.667 1.63 1.500 1.08 0.889 0.60 1.111 0.93 1.000 0.77 1.563 126 1.200 1.15 1.316 1.00

21 4.559 1.58 4.167 1.17 5.100 1.29 4.222 1.99 4.556 1.74 4.389 1.82 4.750 1.29 4.200 1.66 4.842 1.50
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2) Supply Managers questionnaire and results.

It was considered by the company, that the business centre which the Supply Manager 
worked for might affect the likely benefits. Thus it was proposed to use the questionnaires 
to determine if this was true. 40 questionnaires were sent to Supply Managers (5 to each of 
the Business Centres). Unfortunately only 11 questionnaires were returned. It is felt that 
this small return rate is attributable to the role of Supply Managers being a relatively new 
one. This meant that they had little experience to draw on in answering the questionnaires. 
Unfortunately, this small return rate made it impossible to actually carry out any analysis of 
the service differences between the different Business Centres.
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Questionnaire design,

QUESTIONNAIRE

Listed below are several hypothetical service situations.
Please could you indicate, by circling one of the numbers 
provided, what your opinion of each of these situations would 
be; circling 1 if you would consider the service as being 
excellent and circling 7 if you would consider it to be very 
bad. See e xample .
( It is assumed that there are 5 working days in a week. )
PLEASE GIVE YOUR " 1  TO 7" RATING FOR THE FOLLOWING SITUATIONS. 
EXAMPLE
The accuracy of the computer stock level (computer stock levels 
measured as percentage of the true figure) was:

EXCELLENT VERY BAD
( a) 80% 1 2 3 4 5 6 0( b) 1 0 0 % 0 2 3 4 5 6

( c) 105% 1 2 3 4 0 6

The amount of warehouse space that wa s actually available
t o you (measured as a percentage of space that you had
required for your stock) was:

EXCELLENT VERY 3 A D

( a) 75% 1 2 3 4 5 6 7
( b) 85% 1 2 3 4 5 6 7
( c) 90% 1 2 3 4 5 6 7
( d) 95 % 1 2 3 4 5 6

( e) 98 % 1 2 3 4 5 6 7

( f) 1 0 2 % 1 2 3 4 5 6 7

2. The accuracy of the computer stock level (computer stock 
levels measured as percentage of true figure) was:

EXCELLENT VERY 3 A D

a) 90% 1 2 3 4 5 5 n
b) 95% 1 2 3 4 5 5 7
c) 98% 1 2 3 4 5 6 7

d) 1 0 2 % 1 2 3 4 5 6 7
e) 105% 1 2 3 4 5 5 7
f) 1 1 0 % 1 2 3 4 5 5 7
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3. The accuracy of the costing of storing stock in the
warehouse (given figure as % of the true figure) was:

EXCELLENT VERY BAD
( a) 90% 1 2 3 4 5 6 7
( b) 95% 1 2 3 4 5 6 7
( c) 98% 1 2 3 4 5 6 7
( d) 1 0 2 % 1 2 3 4 5 6 7

( e) 1 05% 1 2 3 4 5 6 7
( f) 1 1 0 % 1 2 3 4 5 6 7
For new merchandise lines: the number of wor king days l t
took for the stock to get to the store, f rom the time you
wanted the stock to be delivered to the warehouse (i. e. 
including the time that the deliverer had to wait to
deliver, due to there being no free deli very slots on the
warehouse' s booking-in schedule) was:

EXCELLENT VERY BAD

( a) 3 days 1 2 3 4 5 6 7
( b) 5 days 1 2 3 4 5 6 7
( c) 1 0  days 1 2 3 4 5 6 7
( d) 15 days 1 2 3 4 5 6 7

The number of working days 1 1 took for an inter-store
transfer to be completed ( from store to store) was

EXCELLENT VERY BAD

( a) 1 day 1 2 3 4 5 5 7
( b) 3 days 1 2 3 4 5 6 7
( c) 5 days 1 2 3 4 5 6 7

The number of wor king days a store was out of S t Ov.; whilst
stock was available in the warehousing and distri. ution
system was:

EXCELLENT VERY BAD

( a) 1 day 1 2 3 4 5 6 7
( b) 3 days 1 2 3 4 5 5 7
( c) 5 days 1 2 3 4 5 6 7
( d) 1 0  days 1 2 3 4 5 6 7

OjOo Tc Re t uRKJ
The number of wor king days i t took for the,\stock .o be
ready for despatch in the warehouse f rom the time l t 1 eft
the s tore was:

EXCELLENT VERY BAD

( a) 5 days 1 2 3 4 5 6 7
( b) 7 days 1 2 3 4 5 6 7
( c) 1 0  days 1 2 3 4 5 6 7
( d) 15 days 1 2 3 4 5 6 7
( e) 2 0  days 1 2 3 4 5 6 7
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8. For allocation stock, the number of working days after 
expected delivery date it arrived at the store was:

EXCELLENT VERY BAD

a) 1 day 1 2 3 4 5 6 7
b) 3 days 1 2 3 4 5 6 7
c) 5 days 1 2 3 4 5 6 7

9. How useful is the present information available about the 
whereabouts and status of stock (such as cases when stock 
is shown as being unavailable)?

EXCELLENT VERY BAD
How useful is the information? 1 2 3 4 5 6 7
Please could you indicate below any further information 
require me n t s:

Could you indicate below any important service areas that have 
been omitted:

B U S I N E S S  CENTRE: S I G NA T U R E:  -
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Questionnaire results.

The Supply Managers questionnaire results are shown below. Again the service levels 
known to have the highest service value attached to them are always given the highest 
value judgement of 6. This affected service measures 1,2,3,8 and are marked with a * in 
the results. The questionnaire results have also been transformed to give higher service 
levels a higher judgement value. (This was done by taking the original questionnaire 
results away from 7).

QUESTIONNUMBER 1a b c d e * f a b c "2------*d  e f a b c * d e fRESPONSE 1 RESPONSE 2 
RESPONSE 3 RESPONSE 4 RESPONSE 5 RESPONSE 6 RESPONSE 7 RESPONSE 8 RESPONSE 9 RESPONSE 10 
RESPONSE 11

0 1 2 3 4 6 50 1 3 4 6 6 5
0 0 0 3 5 6 50 1 2 6 4 6 4
0 1 2 3 3 6 10 0 0 1 3 6 50 2 3 4 5 6 60 0 2 2 4 6 50 0 0 4 5 6 60 0 0 1 3 6 50 1 4 5 6 6 3

3 4 5 6 5 4 30 2 5 6 5 3 0
1 2 4 6 4 1 01 2 4 6 4 2 11 2 5 6 5 3 20 1 4 6 4 3 20 3 5 6 1 0 02 2 4 6 4 0 00 1 5 6 5 2 01 3 5 6 5 3 12 4 5 6 4 2 1

3 4 5 6 5 4 32 3 4 6 3 2 0
1 3 5 6 5 3 12 3 3 6 3 3 22 3 5 6 5 3 20 2 4 6 4 3 01 4 6 6 5 2 03 3 4 6 4 3 30 0 5 6 5 0 00 2 4 6 4 2 02 3 4 6 4 3 2

QUESTIONDUMBER 4a b e d 5a b c 6a b e d 7a b c d e 8* a b c 9

RESPONSE 1 5 4 0 0 6 4 2 32 10 6 4 3  1 0 6 6 4 2 3RESPONSE 2 6 4 2 0 6 4 3 62 10 6 4 3  1 0 6 5 2  1 4RESPONSE 3 4 2 0 0 6 4 2 2 100 5 4 2 0 0 6 4 2 0 3RESPONSE 4 6 6 5 4 65 1 4 2 0 0 5 4 2 0 0 6 3 0 0 4RESPONSE 5 5 3 1 0 64  1 3 1 00 43 2 1 0 6 5 2 0 3RESPONSE 6 5 3 1 0 6 4 0 5 3 2 0 4 3 2 1 0 65 3 0 1RESPONSE 7 4 2 0 0 6 4 2 43 10 43 1 0 0 63 10 3RESPONSE 8 6 6 4 2 65 3 3 3 00 65 3 2 0 6 3 3 0 3RESPONSE 9 6 5 0 0 6 6 3 0 0 0 0 65 3 2 0 6 6 5 2 5RESPONSE 10 5 4 2  1 6 4 2 42 10 43 1 0 0 6 5 3  1 3
R E S P O N S E  11JSJLUCL 6 6 6 65 20 43 1 0 0 6 2 1 0 3
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Su m m a r y  o f  r e s u l ts .

Ques TOTAL
-tion
No MEAN SD

1a 0.000 0.00
1b 0.636 0.64
1c 1.636 1.37
1d 3.273 1.48
1 e 4.364 1.07
r 6.000 0.00
1f 4.545 1.37

2a 1.000 0.95
2b 2.364 0.98
2c 4.636 0.48
2* 6.000 0.00
2d 4.182 1.11
2e 2.091 1.24
21 0.909 1.00

3a 1.455 1.08
3b 2.727 1.05
3c 4.455 0.78
3* 6.000 0.00
3d 4.273 0.75
3e 2.545 0.99
3f 1.182 1.19

4a 5.273 0.75
4b 4.000 1.35
4c 1.636 1.67
4d 0.636 1.23

5a 6.000 0.00
5b 4.545 0.78
5c 2.273 1.48

6a 3.636 1.67
6b 2.182 1.27
6c 0.727 0.75
6d 0.000 0.00

7a 4.909 0.90
7b 3.727 0.75
7c 2.091 0.79
7d 0.727 0.75
7e 0.000 0.00

8* 6.000 0.00
8a 4.273 1.29
8b 2.364 1.37
8c 0.545 0.78

9 3.182 0.94
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APPENDIX D 
THE RESULTS FOR THE 

STORE'S SERVICE MEASURES.
This appendix contains the information derived for each of the store's service measures 
when using the Human Activity Systems (HASs) described in chapter 7. The discussion 
for each of the service measures is split into the general areas indicated below:

A) General discussion about the service measure. This looks at the cognitive maps 
produced for each measure. Thus identifying the factors affecting the service 
measure and the areas in the customer's system affected by the service measure. The 
merits of the different possible monitoring criteria are discussed. Also, an indication 
will be given of whether there was a need for coordination between different 
divisions in the company.

B) Discussion on the questionnaire results. This section looks at the questionnaire 
results to indicate if there were any distinct market segments for the service 
measure. (The actual questionnaire results and the K means cluster analysis results 
are found in Appendix C and Appendix F respectively).

C) The trade-off areas between PD and the customer's system.

D) The disturbances which affect the service measures.

E) The service responses for the service measure and the classification of the 
possible change rate. This indicates how quickly disturbance changes could be 
responded to.
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S e rv ic e  m e a s u re  1: The n u m b e r  of minutes late that a RPC van was.

A) General discussion (see Fig D,l);

It was very hard, in the short term, for PD to influence the level of one of the major service 
factors here; that is the time it took for delivery vans to get from the RDC to the store. 
However, PD could influence the time that the van left the RDC.

It is considered that using the mean value as the service criteria would have not been a very 
good indicator of the disservice to stores. This is because the expected time of arrival could 
have easily been shifted to change this mean value to zero. Consequently, often there 
existed two expected van arrival times: the official one and the unofficial one, held by the 
store’s staff based on the mean time late. Consequently a better indicator of the level of 
disservice was the consistency (variation) in the arrival times.

If a delivery van arrived early then there were few problems from the store's viewpoint, as 
the van could always wait. But this generated a disservice to PD by increasing the time that 
vans were stationary. However, if a van arrived late, then the stores experienced a 
disservice in the following areas:

1) Backstore staff were waiting around doing no productive work.
2) For incoming lines at critically low levels there was a possibility of an increase in 
the level of lost sales- However it should be stressed that this effect was usually very 
minimal, unless the van was very late.
3) If the vans were very late, there was a possibility of there being no store staff 
available to unload it. This problem was more severe at the smaller stores, as often 
only part-time staff were used.
4) For stores that had restricted delivery times, due to their location, there was even 
the possibility of the van not being able to deliver at all.
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It was not easy to reduce the variation in the time it took to get from the RDC to the store. 
However, the variation in the time that the van left the RDC could be influenced. This was 
done by increasing the RDC staff levels to cope with the variation in the RDC's workload. 
A RDC manager's task can have been made easier by giving him an indication of the 
RDC's workload in advance. This could have been done by determining the level of stock 
that was being picked, or was due to be picked, in the warehouse. A possible way of doing 
this was to get an estimated workload from the ordering computer.

B) Questionnaire results (see Fig D.2i:

The questionnaire results support the theory that store managers were more critical of vans 
arriving late than early. With the geographical areas there did not appear to be any real 
differences in the service judgements. However, there was some evidence, but not enough 
to merit segmentation, to support the hypothesis that smaller store managers were more 
critical of bad service than the larger store managers. The K Mean cluster analysis results, 
shown in Appendix F, produced segments which may have been more beneficial than the 
ones suggested by the company. Unfortunately it was impossible, due to the lack of 
relevant information, to pursue this investigation any further.

CLJiade-Qff.ar.eas;
1) The number of staff at the RDC. 

against
1) The productivity of the store staff.
2) The level of lost sales.

Disturbances:
1) The level of RDC workload.
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A ) T h e  o v e r a ll  m e a n  ju d g e m e n t:

Fig D.2: The graph showing the value judgements for service measure l:"The number ofminutes late that the RDC van is."

-o- EAST 
NORTH

Q  S iz e  d if f e r e n c e s :
THE NUMBER OF MINUTES LATE
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E) Service responses/ the response rate:
1) The level of RDC staff. There were various ways of changing the level of RDC 
staff, each with different response times and costs. Use of overtime had a short 
response time but was costly whereas increasing the level of full time staff had a 
long response time but was cheap.

Service measure 2: The number of minutes late that a CSR van was.

A) General discussion (see Fig D.U:

This service measure was similar to service measure 1 but the consequences of a van being 
late were greater due to the effect on lost sales being greater. This was because CSR stock 1 
in the stores was kept at a low level, with a large proportion of the safety stock being kept 
at the CSR.

B) Questionnaire results (see Fig D.3 and Fig D.4):

There was not much difference in the benefits either between geographical areas or between 
stores sizes. The K Mean cluster analysis results, shown in Appendix F, did not appear to 
produce segments that were more beneficial than the ones suggested by the company. It 
can be seen from Fig D.4 that there were large differences between the value judgement 
given for a CSR van being late compared to a RDC van, with greater emphasis being put 
on CSR vans arriving on time. This was due to the lower levels of safety stock with CSR 
lines and also the need to get stock onto the store's shelves before the stores opened. 
Consequently, these two service measure could not be combined into one measure.
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A ) T h e  o v e r a ll  m e a n  ju d g e m e n t:

Fig D.3: The graph showing the value judgements for service measure 2: "The number of
minutes late that the CSR van is."

B) R e g io n a l  d if fe r e n c e s :

O  S iz e  d if f e r e n c e s :

-o  EAST 
NORTH

-o  LARGE 
SMALL
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Fig D.4 : The graph showing the differences in the value judgement for service measures 1
and 2 the number of minutes late that a delivery van is.

C) Trade-off areas:
1) The number of CSR staff. 

Against
1) The productivity of store staff.
2) The level of lost sales.

T» Disturbances:
1) The workload at the CSR.

E) Service responses/ response time;
1) The level of CSR staff. The use of overtime had a short response time whereas 
use of full-time staff had a long response time.
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Service measure 3/4: The time taken to unload a RDC/CSR delivery van.

A) General discussion (see Fig P.5);

A major influence on the time taken to unload a van was the number of containers needed to 
be unloaded. This was felt to be dependent on the level of stock coming into the store, 
which was outside of PD's control, and the percent fill of containers that was achieved in 
the warehouse/ CSR. However, the time taken was also affected by how well the vans 
were packed at the RDC. This was dependent on the time taken to pack them and the type 
of containers holding the stock. It should be stressed that if the delivery vans were 
unloaded too quickly there was often an increase in the level of breakages occurring.

Fig D.5: Diagram showing the cognitive mapping for the service 
factors which affect and the effects of service measures 3+4:
'The time taken to unload a delivery RDC/CSR van at a store'.
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The consequences, of taking longer to unload a van, were considered to be:
1) Increase in the store's staff hours.
2) Stock was not available for sale so quickly.
3) The stores unloading bay becoming blocked up, thus stopping other vans 
delivering.
4) The van arriving late at the next store.

As the questionnaire results (see Fig D.6 and D.7) are almost linear it is felt that it might 
have been best to use a loose criteria , such as the mean, to monitor the service level.

R)-Questionnaire results (see Fig D.6. Fig D.7 and Fig D.8);

For service measure 3 there were big differences between the service expectations of 
different size stores. The smaller stores expected delivery vans to be unloaded quicker 
(because they received a smaller amount of stock). This resulted in a need for two distinct 
segments. The slight regional differences can be explained by the East respondents having 
a higher proportion of small store managers than the North. The K Mean cluster analysis 
results shown in Appendix F, did not appear to produce segments that were more beneficial 
than the ones suggested by the company.

For service measure 4 there were hardly any differences in the geographical regions. 
However, there was a difference with the store sizes, with the smaller stores demanding a 
higher service level. The K Mean cluster analysis results, shown in Appendix F produced 
segments which may be more beneficial than the ones suggested by the company. 
Unfortunately, it was impossible, due to the lack of relevant information, to pursue this 
investigation any further.

Also, the questionnaire results indicated that the two service measures could not be 
combined due to the need for CSR vans to be unloaded more quickly than the RDC vans.
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A ) T h e  o v e r a ll  m e a n  ju d g e m e n t:

Fig D.6: The graph showing the value judgements for service measure 3: "The number of
minutes taken to unload a RDC van."

B ) R e g io n a l  d if fe r e n c e s :

-a - EAST 
NORTH

O  S iz e  d if fe r e n c e s :

-O- la r g e
SMALL
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A ) T h e  o v e r a ll  m e a n  ju d g e m e n t:

Fig D.7: The graph showing the value judgements for service measure 4: "The number of
minutes taken to unload a CSR van."

B )  R e g io n a l  d if f e r e n c e s :

-o  EAST 
NORTH

C ) S iz e  d if f e r e n c e s :

LARGE
SMALL
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F ig  D .8 :  T h e  g r a p h  s h o w in g  th e  v a lu e  j u d g e m e n t s  fo r  s e r v ic e  m e a s u r e  3 ( R D C  u n lo a d in g  
t im e )  c o m p a r e d  to  s e r v ic e  m e a s u r e  4  (C S R  u n lo a d in g  tim e ).
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NUMBER OF MINUTES TO UNLOAD VAN

Cl Trade-off areas:
1) How well the stock was loaded on the vans. (The level of manpower at the 
RDC/CSR).
2) The percent fill of containers achieved at the warehouse/CSR. (It is proposed that 
there was a trade-off between the fill-rate achieved and the staff productivity).
3) The type of containers that were used.

Against
1) The level of breakages occurring.
2) The level of manpower being used at the store.
3) The level of lost sales.

-Q- FCC 
CSR

D). Disturbances;
1) The level of RDC workload.

E) Service responses/ response timet
1) The level of RDC/ warehouse staff. Using overtime had a quick response time, 
whereas using full-time staff had a slow response rate.
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A) General discussion (see Fig D.9):

If no warning was required to the stores concerning the deliveries then it would have been 
possible to assign the van delivery routes that minimised the costs everyday- this was 
determined by the number of vans required and the total distance covered. The greater the 
variation in the stock volume going to the particular stores the greater would have been the 
benefits associated with doing this. The effect of giving no notice was that all the van 
delivery routes could be linked together (see section 6.7.3) to minimise the costs of the 
lead time from the CSR/RDC to the store.

Service measure 5: The num ber of davs warning given of change in
delivery times.

Fig D.9: Diagram showing the cognitive mapping lor the 
service factors which affect and the effect of service measure 5: 
'The number of days warning that a store manager gets 
of a change in the CSR/RDC van arrival times.'
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The less warning that was required to be given the more frequently the van routes could 
have been altered. Consequently the greater were the possible cost savings. Also it was 
possible with a shorter notice interval, to reduce the number of overfills occurring at the
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RDC/CSR due to the system’s added flexibility.

The effects of this service measure on the stores were dramatic, especially if they had no 
idea when a van was arriving. This was more critical with small stores because they often 
used part-time staff. The more warning given to store managers, the more time he had to 
alter his staffing procedures- such as notifying the porters of changes in their working 
hours.

It is suggested that the mean number of days warning given should be used as the 
monitoring criterion. This is because the questionnaire graphs are almost linear (see Fig 
D.10)

BV_Questionnaire results (see Fig D.1Q);

The questionnaire results indicated that stores were very critical of short notice being given. 
The results indicated that there were no geographical and surprisingly, no size differences. 
The K Mean cluster analysis results (Appendix F) did not appear to produce segments that 
were more beneficial than the ones suggested by the company.

C) Trade-offs areas:
1) The van fill.
2) The order lead time.

against
1) Staff scheduling problems (the productivity of the store's staff).

D) Disturbances:
1) Variation in stock amount going to stores.
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A ) T h e  o v e r a ll  m e a n  ju d g e m e n t:

Fig D.10: The graph showing the value judgements for service measure 5: "The number of
working days warning that a store manager receives of a change in the arrival time of a
RDC/CSR delivery van."

NUMBER OF DAYS WARNING OF A CHANGE IN DELIVERY TIMES. 

B ) R e g io n a l  d if f e r e n c e s :

NUMBER OF DAYS WARNING OF A CHANGE IN DELIVERY TIMES. 
O  S iz e  d if f e r e n c e s :
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E) Service responses/ response rate:
1) Decrease the van fills. It proved impossible to determine a figure for this response 
rate.
2) Decrease the lead times. It proved impossible to determine a figure for this 
response rate.

Service measure 6+7+8: The num ber of working davs after the expected 
delivery date that lst/2nd/FOCUS class stock arrives.

AL.General discussion, (see Fig D .ll) :

These three service measures will be discussed together here as they were very similar in 
nature and highly interrelated. The amount of stock being sent to stores was roughly the 
sum of 1st and 2nd class stock. FOCUS stock was a sub-category of 1st class stock.

The time taken for the stock to get to the stores was determined by three factors:-
I) The time it took for the stock to leave the warehouses.
II) The time it took for the stock to get to the stores from the warehouses.
III) The time it took for the order to be processed.

This indicates that there was a need for coordination between PD and the Company's Data 
Processing Centre and also between the Company's warehousing and distribution 
departments. The influences on these 3 factors will now be investigated.

Factor I: The time it took for the stock to leave the warehouses. The warehouses 
only affected the time it took for stock to leave warehouses from the time that the 
invoices arrived in the warehouses. A new set of picking invoices arrived in each 
warehouse every working day. If a warehouse were unable to cope with a particular
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day’s workload, then the remaining invoices were carried forward to the next day's 
workload- that is the disturbance was cumulative. If a warehouse could always meet 
the work load then the service was at its best value (that is picked within 1 day)

Thus, there was a need for a warehouse manager to match his level of workforce 
against the level of workload. This was easier to do when there was less variation in 
the workload as the manager could keep his level of staff almost constant. To cope 
with these variations in workload, the warehouse manager could have either 
increased his available manpower to deal with the workload peaks, or he could have 
tried to alter the level of workforce to match the workload. (That is responding to 
each disturbance differently, see section 6.7.3). However, there was also a third 
option, that was to keep the same level of manpower and accept a decrease in the 
service level. This made it possible to cancel out of the peaks in demand with future 
troughs in demand. However as this disturbance was cumulative, the level of 
manpower being used had to be capable of meeting at least the mean level of 
workload. There were two types of variations in the workload:

1) Seasonal Variations.
2) Temporary variations.

There were 3 basic options, open to a warehouse manager, of how he could meet the 
workload:

1) The use of full-time staff.
2) The use of overtime.
3) The use of temporary staff.

The level of full-time staff that was being used defined the base line of the amount of 
work that was achievable. That is the full-time staff were used to meet the basic all 
year round demand. The use of overtime was a relatively expensive way of
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increasing the manpower available. However, its great advantage was its short 
response time. Thus, generally overtime was used to meet the temporary variations 
in the workload. The use of temporary staff was a relatively cheap way (compared to 
overtime) of increasing the manpower. However, there was generally a more long 
term commitment of resources required. Consequently, temporary staff were 
generally used to meet the more predictable seasonal variations in the workload. The 
use of different types of staffing policies to meet the different types of disturbances 
are shown in Fig D.12. It can be seen from above that there were basically two 
conflicting cost reduction policies occurring here:- Responding to each disturbance 
differently (implying overtime should be used) and the coordination between the 
different service responses (implying that full-time staff should be used).

Fig D.12:graph showing the possible use of temporary staff 
and overtime to match the variation in the warehouse's workload.

Time of year

As the picking of different types of stock had a common response- the level of 
warehouse manpower- another way of reducing the cost of picking the various types 
of stock was to link them together, giving first class stock a higher priority grading 
than second class stock.
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Factor II: The effect of the Distribution system: The Distribution system affected 
this level of service in 3 ways:

1) The time it took for the stock to get to the RDC from the warehouse.
2) The time it took for the stock to get through the RDC.
3) The time it took for the stock to get to the stores from the RDC.

The time it took for the stock to get to the RDC was mainly influenced by whether 
an overfill- not enough space on a lorry- occurred at the warehouse's dispatch dock. 
If an overfill did occur it was possible to dispatch another lorry, however, this 
increased the transport costs. The level of overfills occurring was determined by the 
variation in the volume of stock being dispatched to each RDC. However, by 
allowing lorries to carry stock from more than one warehouse it was possible for the 
company to link the different warehouse service factors together and thus reducing 
the total workload variation and hence, reducing the costs.

The time taken to get through the RDC was a similar situation to that of picking the 
stock in the warehouse, that of matching the manpower level against the workload, 
level. Unfortunately it was impossible with the participating company to give first 
class stock priority as there were no differences in the containers used for the 
different types of stock.

The time taken to get from the RDC to the store was a similar situation to that of 
getting from the warehouse to the RDC. When an overfill occurred there existed a 
dilemma of whether to send an extra delivery van. When an extra van was used, 
there was the further complication of notifying the store of the extra van arriving (see 
service measure 12).

Factor III: The time taken to process orders. The stock orders were processed 
overnight by computers. The speed of processing these orders could have been 
increased by using bigger and faster computers. However, as long as these orders
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were processed and invoices produced before the warehouses started picking the 
stock in the morning this was unnecessary. Another important factor is the 
computer's reliability.

The above discussion has been concerned with the participating company's system as it 
stood. However, it would have been possible to start considering the more fundamental 
questions concerning the number and location of the warehouses and RDCs. 
Unfortunately, this was outside the direct brief of the project.

It should be stressed that, priority should have been given to 1st class stock, thus, if there 
was work that could not be completed, on a particular day, then it should have been 2nd 
class work that was left over. This was easy enough in the warehouses where 2nd class 
invoices were differentiated from the other invoices. However, once the stock was put into 
containers there was no way of telling different classes of stock apart. Thus, it was hard for 
the Distribution system to differentiate between the different types of containers. However 
there would have been a cost of differentiating between the containers which had to be 
taken into consideration when determining whether differentiating between the different 
classes of stock in the distribution system was cost effective.

The effect of decreasing the service level was to increase the lead time and consequently, 
increasing the store's stock levels to give a particular service level to the general public. 
There are several models given in the literature on the effect of service on the level of safety 
stock required below is shown one such model:

It can be seen from the above that, if the mean time late was used as the criterion for First 
class stock and Focus class stock then it would have not fully indicated the effect that the 
service measure had on the required level of stock. This is due to the level of stock being 
highly influenced by the variation in the lead time as a result of the short lead time. Thus, it
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is considered that a better criteria here would have been a combination of mean and 
variation. However, the mean value would have been a more acceptable criterion for the 
second class stock as this measure is less affected by variation in the lead time, as a result 
of its longer lead time.

Source: Lewis: Scientific Inventory Control".(2nd edition) Butterworth & Co publishers. 
Ltd.
B1 Questionnaire results (see Fig D.13. Fie D.14. Fig D.15 and Fig D.16);

Each of the service measures have remarkably similar looking graphs, with there being 
some differences between the geographical regions but not enough to merit their separation 
into 2 distinct markets.

When the three service measure results were compared against each other there were 
distinct differences between each of the service measures. The store managers desired the 
highest service level for Focus lines (this was due to the pressure to guarantee a good 
service level to their customers). With 1st class stock, the store managers desired a better 
service level than with 2nd class stock. The service difference was greater between 1st and 
2nd class than it was between 1st and FOCUS. This would seem to suggest that 1st class 
and FOCUS stock should have had one service classification with 2nd class stock having 
another. Also the K Mean cluster analysis results, shown in Appendix F, did not appear to 
produce segments that were more beneficial than the ones suggested by the company.

2Where D=Average Demand, a  Variance of demand.
_  2 
L =Average lead time, <JL-Variance of Lead time.

K=Standard normal deviate.
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A ) T h e  o v e r a ll  m e a n  ju d g e m e n t:

Fig D.13: The graph showing the value judgements for service measure 6: "The number of
working days after expected arrival day that 1st class stock arrived."
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A ) T h e  o v e r a ll  m e a n  ju d g e m e n t:

Fig D.14: The graph showing the value judgements for service measure 7: "The number of
working days after expected arrival day that 2nd class stock arrived."

NUMBER OF DAYS LATE THAT STOCK IS.

B ) R e g io n a l  d if f e r e n c e s :

NUMBER OF DAYS LATE THAT STOCK IS.

C ) S iz e  d if f e r e n c e s :

NUMBER OF DAYS LATE THAT STOCK IS.
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A ) T h e  o v e r a ll  m e a n  ju d g e m e n t:

Fig D.15: The graph showing the value judgements for service measure 8: "The number of
working days after expected arrival day that FOCUS stock arrived."
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Fig D. 16: The graph showing the different value judgements for 1st class and 2nd class and
FOCUS stock.

NUMBER OF DAYS LATE

C) Trade-off areas;
1) The level of staff at the warehouses and at the RDC (the wages bill).
2) The number of lorries and vans being used (cost of lorries and vans).
3) The increase in the cost due to different types of containers being used.
4) The number of warehouses and RDC (this affected the required safety stock 
levels).

Against
1) The service level to the final customer.
2) The level of safety stock.

P) Disturbances;
1) The warehouse's workload.
2) The level of stock going to the RDC.
3) The level of workload at the RDC.
4) The level of stock going to the store.
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E) Service, resoonses/and response times:
1) The level of staff at the warehouse/ RDC. Using overtime had a quick response 
time, whereas using full-time staff had a slow response rate.
2) The number of vehicles. Hiring more vehicles had a quick response time whereas 
buying own vehicles had a long response time.
3) Use of the different containers in Distribution. It was difficult to assess a 
response time for this service response.
4) The number and location of the warehouses and RDC. The response rate for this 
was very long term in nature.

Service measure 9: The number of working davs it took for a hot-line order 
to arrive from the time the order was placed.

A) General discussion (see Fig D.I71:

Three main areas were identified as having an influence on the service level for this 
particular service measure, these were:

1) The time it took for the stock to leave the warehouses.
2) The time it took for the stock to get through the Distribution system.
3) The time it took for the data processing centre to produce the invoices.

These three factors are discussed below:

Factor I: The hot-line orders were picked as soon as the picking invoices were 
produced in the warehouse. However, if all the lorries for a particular RDC had 
already left then the orders were delayed by 24 hours. Consequently, the time it took 
for the stock to leave the warehouse was very much pot luck, dependent on whether 
the orders were picked before the last lorry left. This situation could have been
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improved by emphasising the need for Store Managers to phone in their orders early 
in the morning; however there would have been a resultant increase in telephone 
costs. An alternative strategy would have been to keep a lorry back for each RDC, 
which then could deal with any late Hotline orders; however this scheme would have 
caused problems with the RDC dealing with this late stock.

Factor II: As there were no differences in the containers used for hot-line from the 
containers used for other type of orders; the time taken to get through the 
Distribution system was the same for the participating company, as for measures 6- 
8. Consequently, the speed of the system could have been improved, for this type of 
stock, by using different containers for hot-line orders and giving these priority. 
This would have helped in deciding which containers should have been left behind 
when an overfill situation occurred at either the RDC or at the warehouse. However 
this would have reduced the service level for the other type of deliveries, and 
increased the distribution costs because of the need to differentiate between the 
different containers.

Factor III: The time taken for the invoices to be produced was speeded up, 
compared to the situation in measures 6-8, by them being post-processed. That is 
they were processed by the merchandise accounting computer after being produced.

Due to the hotline being an 'emergency' ordering system a decrease in the service had 
higher financial penalties than the other type of delivery systems did. This was due to there 
being a higher likelihood of lost sales occurring if the service level was decreased. (It 
should be noted, that it is very hard to calculate the effect that this service measure had on 
the safety stock as this is not the only ordering system being used. That is to say there was 
a interconnected effect occurring on the safety stock levels required, between all the 
different ordering systems being used). However, there is an increase in the distribution
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costs when using the hotline ordering system over the normal ordering systems. Therefore 
there was a need to strike a balance between the different types of ordering systems.

Ideally the Hotline system should have been used to react to the short term unpredicted 
increases in demand from public, whilst the ordinary delivery systems coped with the more 
predictable changes. This trade-off between the different types of ordering systems to 
achieve the best overall ordering system could be an area for further research.

Due to the great effect that this measure had on the customer's system, it is felt that a very 
tight criterion, such as the maximum number of days it took for an order to be delivered, 
should have been used.

B) Questionnaire results (see Fig P.181;

The questionnaire results indicated that there were no distinct different market segments. 
The K Mean cluster analysis results, (in Appendix F) did not appear to produce segments 
that were more beneficial than the ones suggested by the company.

C) Trade-off areas:
1) The number of vans being used.
2) The number of lorries being used.
3) The cost of differentiating between stock (the cost of the containers and the 
adverse effect on other service measures).
4) The number of staff at the RDC.
5) The number of warehouse staff being used.

Against
1) The level of safety stock.
2) The level of lost sales.
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Fig D. 18: The graph showing the value judgements for service measure 9: "The number of 
working days it takes for a delivery to occur after a hotline order has been phoned in."
A) The overall mean judgement:

NUMBER OF DAYS TAKEN FOR A HOT-LINE ORDER. 

B) Reeional differences:

C) Size differences:

VALUE

JUDGEMENT

NUMBER OF DAYS LATE THAT STOCK IS.
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D) Disturbances:
1) The variation in the RDC’s workload.
2) The variation in the warehouse's workload.
3) The variation in the phoning in time.

E) Responses and response rates:
1) Number of vehicles being used. The response rate was dependent on whether the 
vehicles were hired (quick response); or owned by the company (slow response).

2) Number of staff at the warehouses and RDC. Using overtime had a quick 
response time whereas using full-time staff had a slow response rate.

3) Differentiating between the containers. It proved impossible to determine a figure 
for this response rate.

Service measure 10; The number of working davs it takes for stock ordered 
bv using a special request form to arrive at the store from the time the form 
left the store.

A) General discussion (see Fig D .l lk

This ordering technique was yet another 'emergency' ordering system. However, this one 
was of a lower priority than the Hotline system. The invoices were produced along with the 
normal invoices. The time taken to get the stock to the store was the same as for service 
measures 6-8, as there was no differentiation between these orders and the normal orders. 
But this system allowed orders to be placed before the normal ordering time for stock in 
measures 6-8.
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The service affected the service level to the general public and consequently the level of 
safety stock. Again, there was a problem of determining the interconnected effect of all the 
different ordering systems on the level of safety stock required.

Due to the non-linear questionnaire results (see Fig D.19) it is proposed that a suitable 
criterion for this service measure would have been the mean and variance combined. It 
should be noted that this ordering system had been abandoned by the participating 
company, by the end of the project due to other emergency ordering techniques being 
adopted making this system redundant.

B) Questionnaire results (see Fig D.19);

Large stores demanded a higher service than the small stores. The K Mean cluster analysis 
results, (Appendix F) did not appear to produce segments that were more beneficial than 
the ones suggested by the company.

C) Trade-off areas:
1) The level of staff at the warehouses and the RDCs.
2) Number of lorries and vans being used.

Against
1) The service level to the final customer.
2) The level of safety stock.

D) Disturbances^
1) The warehouse's workload.
2) The workload on the RDC.
3) The amount of stock going to the RDC.
4) The amount of stock going to the stores.
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A) The overall mean judgement:

Fig D. 19: The graph showing the value judgements for service measure 10: "The number of
working days it takes for a delivery to occur after a special order form has been sent in."

B) Regional differences:

NUMBER OF DAYS TAKEN FOR SPECIAL ORDER REQUEST.

Cj Size differences:

NUMBER OF DAYS TAKEN FOR A SPECIAL ORDER REQUEST.
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E) Responses/ response rates:
1) The level of staff at the warehouse and RDC. Using overtime had a quick 
response time, whereas using full-time staff had a slow response rate.
2) The number of lorries and vans that were being used. Hiring more vehicles had a 
quick response time whereas purchasing vehicles had a long response time.

Service measure 11: The number of working davs taken for an inter-branch 
transfer to be completed (from store to store).

A)_General discussion (see Fig P.20);

There were two separate and quite distinct measures occurring here, these will be referred 
to as service measure 11a and service measure lib . These two service measures were:

11a) The number of working days it took for an inter-branch transfer to be 
completed (from store to store), when the two stores were in the same RDC district, 
lib )  The number of working days it took for an inter-branch transfer to be 
completed (from store to store), when the two stores were in different RDC districts.

The first situation took less time, as stock was not routed through the central warehouses. 
The service level for measure 11 a was determined by the following service factors:

1) The time it took for the stock to get from the donor store to the RDC.
2) The time it took for the stock to get through the RDC.
3) The time it took for stock to get from the RDC to the recipient store.

Service level for measure l ib  was determined by the following service factors:
1) The time it took for the stock to get from the donor store to the RDC.
2) The time it took for the stock to get through the donor store's RDC.
3) The time it took for the stock to get from the donor store's RDC to the central



KEY :•

SERVICE MEASURES:

PO SERVICE RESPONSES: K V S H  

DISTURBANCES: I I

rz/j

Fig D.20: Diagram showing the cognitive mapping 
for the service factors affecting and the 
effects of service measure 11: T he  time taken 
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warehouses (D42).
4) The time it took for the stock to get through D42.
5) The time it took for the stock to get from D42 to the recipient store's RDC.
6) The time it took for the stock to get through the recipient store's RDC.
7) The time it took for the stock to get from the recipient store's RDC to the recipient 
store.

The time it took for the stock to get from the donor store to its RDC was not affected by 
PD, as generally there was more stock being sent to the store than was being returned. 
Consequently, there was little chance of an overfill occurring at the store.

The time to get through the RDC was dependent on how well the RDC could cope with any 
particular day's workload. This was affected by the variation in the workload and the level 
of staff being employed at the RDC.

The time to get from the RDC back to the central warehouses was affected by whether 
there was space available on returning lorries. Usually, this was not a problem, as the 
returning lorries were generally less than full.

The problems facing the D42 manager were similar to that facing the RDC managers with a 
trade-off existing between the variation in manageable workload and the level of staff.

The time to get from D42 to the recipient store's RDC was dependent on whether an 
overfill occurred, this was dependent on the stock levels that were going to the RDC and 
the number of lorries that were going.

The influences on the time to get through the recipient RDC was the same as the time to get 
through the donor store's RDC. The time to get from the recipient store's RDC to the store
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was dependent on whether an overfill situation occurred at the RDC.

The effects of a decrease in the service to the store was the possibility of lost sales 
occurring or the need of more safety stock. Again this effect was complicated due to the 
interconnected effect of all the different service measures. The questionnaire results indicate 
that a tight criteria should have been used (the graph is not linear). Thus, it is proposed that 
the criteria that should have been used was the mean and variance values combined.

RL-Qug5tiQpnair_e KsuIts-isfifi-Eiig .0.21k

The East demanded a slightly better service than the North did, but not enough to merit 
segmentation. There were no differences for the different size of stores. It should be noted 
that, the K Mean cluster analysis results (Appendix F) did not appear to produce more 
beneficial segments than the ones suggested by the company.

C) Trade-off areas:
1) The number of staff at the RDC/D42 (the wages bill).
2) The cost of the extra vans and lorries.

Against
1) The level of lost sales.
2) The level of safety stock.

D) Disturbances;
1) Amount of work on donor's RDC.
2) Amount of work on recipient RDC.
3) Amount of work on D42.
4) Amount of stock going to the RDC.
5) Amount of stock going to the store.



A P P E N D IX  D 316

Fig D.21: The graph showing the value judgements for service measure 11: "The number of working 
days it takes for an inter-branch transfer to be completed."
A) The overall mean judgement:

B̂ ) Regional differences:

NUMBER OF DAYS TAKEN FOR INTER-STORE TRANSFER.

Q  Size differences:

NUMBER OF DAYS TAKEN FOR INTER-STORE TRANSFER.
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KLResponses and response rates;
1) The number of RDC/D42 staff. Using overtime had a quick response time, 
whereas using full-time staff had a slow response rate.
2) The cost of the extra vans and lorries. Hiring more vehicles had a quick response 
time, whereas buying own vehicles had a long response time.

Service measure 12: The number of working davs notice given of an extra
van arriving.

A) General discussion(see Fig P.22):

An extra van was sent to the store when an overfill occurred at the RDC. If the overfill 
situation was not dealt with the stock became late with the usual associated consequence, 
see service measures 6-11. The less warning that was required of an extra van arriving the 
greater the number of overfill situations that could be dealt with. If no warning was 
required then each days overfills could have been dealt with straight away (assuming that 
the costs of the extra van was justifiable). If only 1 days warning was required, then the 
overfill situation could be dealt with a day later and so on. Thus the amount of warning 
required dictated the response change time for the number of vans used at the RDC. 
Consequently, this determined the level of savings that could have been achieved by 
responding differently to the different disturbances (that was changes in the volume of 
stock going through the RDC).

Overfills occurred when there was a variation in the amount of stock (or containers) going 
to the store. Thus the greater this variation the greater were the advantages to PD of a 
shorter notice time.

The effects of the amount of warning given to the store manager were that the more
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warning he received of a extra van, the more time he had to plan out his staffing policies. 
Due to the problems facing small store managers over their staffing it would have been 
expected that a higher service level was required by them. It is suggested that, due to the 
severe effects on the stores, the criterion that should have been used was the minimum 
number of days warning given. This hypothesis is supported by the questionnaire results 
(see Fig D.23).

Fig 0 2 2 : Diagram thovm g t o  oo gn tve  m appng tor 
t o  »ar*ea factor* wmcft affect and t o  affect of tarvwa 
m e a n ** 12: Th« run&ar of day* w am ng 
tot a stora man agar ga» of a axva van amvtng.'

B) Questionnaire results (see Fig D.23);

The results indicated that the small stores demanded, as was expected from the above 
discussion, a slightly higher service level than did the larger stores. There were no regional 
differences.The K Mean cluster analysis results (in Appendix F) did not appear to produce 
segments that were more beneficial than the ones suggested by the company.

C) Trade-off areas;
1) Decrease the variation, by increasing the lead times, (see measures 6-8 for the 
effect of this).



A P P E N D IX  D 319

A) The mean value judgement:

Fig D.23: The graph showing the value judgements for service measure 12: "The number of
working days notice given, to the store manager, of a extra van arriving."

NUMBER OF DAYS WARNING.
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Against
1) The staffing policy problems at the store.

D ) D istu rb a n ces:
1) Variation in the stock levels going to the stores.

E ) R esp o n se s / r e sp o n se  tim es:
1) Decrease the variation by increasing lead times. It was impossible to actually 
determine a figure for this response time.

S e r v ic e ,  m e a su r e  13; T h e  n u m b er  o f  m in u tes  sp en t f i l l in g  ou t M  an d  E  
f.fl.ons,

AT G en era l d iscu ss io n  (see  F ig  P.24V.

This service measure was dependent on:
1) The percentage level of missing stock.
2) The percentage level of excess stock.
3) The amount of stock being delivered.

Due to the amount of stock that different stores received it would have been expected that 
large stores would spend more time filling out M and E forms than small stores do.

A discussion on the percentage of missing and excess stock can be found for service 
measure 14-15. The consequences to the stores, of this service measure, were the wages of 
the staff doing the paperwork. As the questionnaire results, see Fig D.25, indicated that, 
the penalties/benefits increased linearly with the level of service, therefore it is proposed 
that the mean value could have been used as the monitoring criterion
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Fig 0 24: Diagram thawing th« cognitive mapping 
for the service factor* effecting and the affects of 
serve* measure 13: The time spent filling out 
missing and excess forms'.

I
 A LONG ru e  9>tNT HLUNQ OUT 
USSNQ AM) EXCESS A

SHORT T*4£ 9PEMT F1LMOOJT 
MGS*«3AMD EXCESS FOUhS.T

Um c r e a s m i x  i  
[STORE'S ST A f f . 
Jf COSTS. f
L (DECREASE M T>* A 
| STORE'S STAEf r  
»COSTS. /

B) Questionnaire results (see Fig P.25):
The questionnaires showed, as was expected, that the smaller stores demanded a higher 
service level than the large stores. The K Mean cluster analysis results (Appendix F) did 
not appear to produce segments that were more beneficial than the ones suggested by the 
company.

C) T r a d e -o ff  areas;
1) The number of pickers. 

Against
1) The store's staff levels.

P) Pisturfrances;

1) Amount of workload on the warehouses.

E ) Responses;
1) The number of pickers. Using overtime had a quick response time, whereas 
using full-time staff had a slow response rate.
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A) The mean value judgement:

Fig D.25: The graph showing the value judgements for service measure 13 : "The number of
minutes spent filling out M and E forms."

B) Regional differences:

O  Size differences:
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Service measure 14. and 15; The percentage volume of excess RDC/CSR
StDCk.

A) General discussion (see Fig D.26);

As the causes and consequences of these two service measures were very similar, they will 
be discussed together here.

The level of excess stock was dependent on the level of two occurrences:
1) The wrong stock actually being picked, crossovers.
2) The wrong amount of stock being picked.

Fig D.26: Diagram showing the cognitive 
mapping of the service factors affecting 
and the effects of service measures 14-t-15: 
'The volume of excess RDC/CSR stock.'.
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The level o f  crossovers occurring was influenced by the layout o f  the warehouse/CSR.
That is to say that, if  easily confused items were stored next to each other then it was more
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likely that crossovers would occur. Unfortunately this generally increased the amount of 
warehouse space that was required.

The amount of excess stock was also dependent on the speed of picking. If the speed of 
picking had been increased, then it is felt that there would have been a resultant increase in 
the level of mis-piddngs.

The consequences of a decrease in the service level were:
1) The store had stock that it did not require, this used up the store's storage space.
2) The computer stock levels were inaccurate (see Supply Manager's service 
measure 2, in appendix E, for the consequences of this).

The questionnaire results indicated that the penalties were approximately linearly correlated 
with the level of disservice. Consequently this suggests that the mean level of excess stock 
(a loose criteria) should have been used to monitor the service.

Bl_ Q u e stio n n a ir e  re su lts  (see  F ie  P .2 7  and  F ig  P .2 8 ):

For service measure 14, there were some regional differences, the East appeared to want a 
higher service than the North did. It is possible that this was due to there being less storage 
space in the East stores as a large number of them were in London.

For service 15, there were both regional and size differences. The East wanted a higher 
service level (again probably due to the shortage of space) and also the small stores 
expected a higher service level than the large stores. For both of these service measures 
the K Mean cluster analysis results (Appendix F) produced segments which may have been 
more beneficial than the ones suggested by the company. Unfortunately, it was impossible, 
due to the lack of relevant information, to pursue this investigation any further.
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Fig D.27:The graph showing the value judgements for service measure 14: "The percentage-
volume of excess RDC stock."
A) The overall mean judgement:
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A) The overall mean judgement:

Fig D.28 : The graph showing the value judgements for service measure 15: "The percentage
volume excess CSR stock."

PERCENTAGE OF EXCESS CSR STOCK

B) Regional differences:

PERCENTAGE OF EXCESS CSR STOCK.

C ) Size differences:

PERCENTAGE OF EXCESS CSR STOCK.
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C) Trade-off areas:
1) The warehouse/CSR space.
2) The warehouse/CSR pickers productivity (the number of staff).

Against
1) The space in the stores back store.
2) The accuracy of computer stock levels.

P) Disturbances;

1) The warehouse/CSR workload.

E) R esp o n ses and  th e  resp o n se  rates:
1) The warehouse/CSR space. Hiring extra warehouse space had a medium 
response time, whereas, building a warehouse had a very long response time.
2) The number of warehouse/CSR pickers. Using overtime had a quick response 
time, whereas using full-time staff had a slow response rate.

£ g rv ice_ m ea su re  16 a n d _ l7 ;  T h e p ercen ta ee  o f  R D C /C S R  stock  th at did not 
a rr iv e  or w a s _ n o L f it  fo r  use (i.e. th e level o f  m issin g s an d  b reak ages).

A ) G en era l D iscu ssio n  (see  F ig  D .29  an d  F ig  D .30):

The level of missing stock was dependent on level of occurrence of the following two 
situations:

1) The wrong type of stock being picked (crossovers).
2) The wrong amount of stock being picked.

It should be noted that, the factors affecting these two situations were very similar to those 
described for service measures 14 and 15.



Fig D.29: Diagram showing the cognitive mapping for the 
service factors affecting and the effects of service measure 16: 
'The level of missing and breakages in the RDC stock.'
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Fig D.30: Diagram showing the cognitive map 
for the service factors affecting and the effects 
of service measure 17: The level of missing 
and breakages in the CSR stock'.
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The level of breakages that were occurring was caused by many factors:
1) How well the stock was actually packed in the containers and the amount of 
packaging and type of containers that were being used. For an increase in the 
service level there was usually an increase in the time taken to pack the containers 
and consequently an increase in the staff levels.
2) How well the containers were loaded on to the lorry or delivery van. It should be 
noted that this caused an increase in the time taken and consequently, the number of 
staff that were required.
3) How well the containers were handled in the warehouse and RDC and CSR.

The effect of a bad service level at the store was that there was a shortage in the stock levels 
being delivered. This meant that there was an increase in the level of lost sales. This effect 
was interconnected with the lead time service measures (see measures 6-11). Missing stock 
also caused the warehouse computer to underestimate the warehouse stock levels, possibly 
resulting in the company’s buyers buying too much stock, (see Supply Manager's service 
measure 2, in appendix E)

The questionnaire results indicated that the penalties to the stores were, within certain 
limits, linearly correlated with the level of disservice. Thus, it is felt that the mean service 
value would have been a good criterion to use.

B )_O u estiQ n n aire  re su lts  (see F ig  D .3 1  and  F ig  D .32):

The results for service measure 16 and 17 were very similar. The East demanded a slighdy 
higher service level and so did the smaller stores, but not enough to merit segmentation. It 
should be noted that the K Mean cluster analysis results (Appendix F) produced segments 
which may have been more beneficial than the ones suggested by the company. 
Unfortunately, due to the lack of relevant information it was impossible to pursue this any
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A)  The overall mean judgement:

Fig D 3 1 'T h e  graph showing the value judgements for service measure 16: "The percentage
of RDC stock missing or broken."
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A) The overall mean judgement:

Fig D.32:The graph showing the value judgements for service measurel7: "The percentage
of CSR stock missing or broken."
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further.

-C) T r a d e-o ff  areas:
1) The amount of warehouse space.
2) The number of warehouse pickers.

Against
1) The accuracy of the computer stock levels.
2) The level of lost sales.
3) The level of breakages.

P )  D istu rb a n ces;
1) The warehouse workload.

E) R esp o n ses and  resp on se  rates:
1) The amount of warehouse space. Hiring extra warehouse space had a medium 
response time, whereas, building a warehouse had a very long response time.
2) The number of warehouse pickers. Using overtime had a quick response time, 
whereas using full-time staff had a slow response rate.

S erv ice  m ea su re  18: T h e p ercen ta g e  o f  C SR  stock  m isp r iced .

A ) G en era! d iscu ssio n  (see  F ig  P .3 3 );

The level of CSR stock mispriced was felt to be affected by the CSR's picking rate. It was 
also felt to be affected by the relative positioning of the different priced stock in the CSR.

The repercussions on the store, of a low service level, were an increase in time spent 
repricing the stock.
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Fig D.33: Diagram showing the cognitive mapping tor the 
service factors affecting and the effects of service measure 
18 t The level orf mispriced GSR stock*.
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The questionnaire results indicated that the penalties, within certain limits, were linearly
correlated with the level of disservice. Thus it is considered that the mean service level 
would have been a good service criteria to use.

B1 Q u estio n n a ire  resu lts  (see  F ie  P .3 4 ):

There were no regional or size differences. The K Mean cluster analysis results, 
(Appendix F) did not appear to produce segments that were more beneficial than the ones 
suggested by the company.

C) Trade-off areas:
1) The number of CSR staff.

Against
1) The time that was wasted at the store repricing stock (the number of store staff).

D ) D istu rb a n ces:
1) Amount of work to be done.
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Fig D.34: The graph showing the value judgements for service measurel8: "The level of
mis-pricing in CSR stock."
A) The overall mean judgement:

B) Reeional differences:

PERCENTAGE OF CSR STOCK MISPRICED
0.0 2.0
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E) Responses and response rate:
1) The number of CSR staff. Using overtime had a quick response time, whereas 
using full-time staff had a slow response time.

S&ryice__measure 19; The number of working days later that the invoices
arrived after the associated stock arrived.

A) General discussion (see Fig D.35V.

This service measure was concerned with the matching the arrival of invoices with the 
arrival of stock.

The arrival of stock has been discussed in service measures 6-8. However, it should be 
noted that, this service measure was only concerned with the time from which the stock 
was picked. The arrival time of the invoices was affected by the ability of the staff at the 
movement control building to sort the invoices out quickly enough for them to be loaded on 
the last lorry going to the RDC. This was dependent on the level of manpower and the level 
of workload at the movement control building.

The repercussions on the stores of an invoice arriving before the stock was quite minimal. 
However, if the stock arrived before the invoice, then either the stock had to be stored in 
the checking off area, or it had to be checked off twice (that is the stock information was 
written on a piece of paper and this piece of paper was then checked off against the 
invoice). Thus, stores generally preferred invoices to arrive before the stock rather than the 
other way round. As the questionnaire results are nonlinear it is proposed that the mean and 
variance should have been the criterion to monitor the service level.
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Fig D.35: Diagram showing the <»gnitive mapping for the service factors affecting and the effect of service measure 19 :’The time difference between stock and invoices arriving.'
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B ) Q u estio n n a ire  resu lts (see  Fig D .36);

The questionnaire results supported the fact that, the store managers preferred the invoices 
to arrive before the stock. There were little regional or size differences. The K Mean cluster 
analysis results, shown in Appendix F, did not appear to produce segments that were more
beneficial than the ones suggested by the company.

C) T r a d e -o ff  areas;
1) The number of staff that were being used at the movement control building, the
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A) The overall mean judgement:

Fig D.36: The graph showing the value judgements for service measure 19: "The number of
working days difference between stock and invoices arriving."

NUMBER OF DAYS THAT INVOICES ARRIVED AFTER STOCK

B) Regional differences:

NUMBER OF DAYS THAT INVOICES ARRIVED AFTER STOCK 

C ) Size differences:

NUMBER OF DAYS THAT INVOICES ARRIVED AFTER STOCK
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RDCs and the warehouses.
2) The amount of lorries and vans being used.

Against
1) The amount of space in the store.
2) The amount of time wasted checking off twice (the number of store staff).

P) Disturbances:
1) The level of workload at the RDC.
2) The level of stock going to a RDC.
3) The level of stock going to the stores.
4) The number of invoices going to the stores.

E) Responses and the response rates;
1) The number of staff being used at movement control, the RDCs and the 
warehouses. Using overtime had a quick response time, whereas using full-time 
staff had a slow response rate.
2) The amount of lorries and vans being used. Hiring more vehicles had a quick 
response time whereas buying own vehicles had a long response time.

Service measure 20; The ASCOT service level;

A) General Discussion (see Fig D.37):

The ASCOT service level was an estimation of the service level, order fill-rate, given to the 
final customer. There were several factors which influenced this service level, such as the 
lateness of stock, the lead time, and the availability of stock in the warehouse for picking.
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B) Questionnaire results (see. Fig P.38);

The questionnaire results indicated that there were little geographical or regional
preferences. It should be noted that, the K Mean cluster analysis results (shown in
Appendix F) did not appear to produce segments that were more beneficial than the ones
suggested by the company.

Fig D .37: Diagram showing the cognitive mapping 
lor the service (actors aflecting and the effect of 
service measure 20 rThe ASCOT service level.'
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C) Trade-off areas;
1) The number of staff in the warehouses.
2) The number of vans used.
3) The number of lorries used.
4) The amount of safety stock in the warehouses.
5) The amount of safety stock in the store.

Against
1) The level of lost sales.
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Fig D.38: The graph showing the value judgements for service measure 20: "The ASCOT service level."
A) The overall mean judgement:
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D) Disturbances:
1) Variation in the amount of stock required by the general public.

E) Responses and response rates:
1) The number of staff in the warehouses. Using overtime had a quick response 
time, whereas using full-time staff had a slow response rate.
2) The number of vans/lorries. Hiring more vehicles had a quick response time 
whereas buying own vehicles had a long response time.
3) The amount of safety stock in warehouses. It was difficult to determine a figure 
for this response rate.
4) The amount of safety stock in the store. It was difficult to determine a figure for 
this response rate.

Service measure 21 The compatibility of the store's actual delivery time to 
the store’s preferred delivery time.

A). General discussion (see Fig D.39):

The more freedom that the stores had, to choose their own delivery times, the more 
constraints that were being placed on any vehicle scheduling routines being used by the 
company. This meant that there would have been an increase in costs (reduction in the 
van fill or an increase in the mileage).

The benefits to a store manager of being able to dictate the delivery times were that staff 
were better utilised. It should be noted that, it proved impossible to actually determine what 
criteria should have been used.
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Fig DJ9: A dagram ahowng the cogriUve mapping (of (he service 
(adore affecting and the effed of service measure 21:
The compatibMyof deivery times to the stores procedjres'.

B) Questionnaire results:

As only a value judgement was given on how good the present delivery time was, it proved 
hard to draw many conclusions from the questionnaire results for this measure.

C) Trade-off areas:
1) The van utilization/ the number of vans.

Against
1) The productivity of the stores staff.

D) Disturbances;
1) Store's required delivery times.

E) Response and response rate;
1) The van utilization/ the number of vans. Hiring more vehicles had a quick 
response time, whereas buying own vehicles had a slow response time.
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APPENDIX E
DISCUSSION ON THE SUPPLY 

MANAGER’S SERVICE MEASURES.
This appendix includes the information that was generated by using the HASs in chapter 7 
for the Supply Manager's service measures. The discussion for each service measure is 
divided into 4 parts:

1) General discussion on the service measure.
2) The trade-off areas for the service measure.
3) The disturbances affecting the service measure.
4) The service responses, and their response times, affecting the service measure.

Unfortunately, it was not possible to use questionnaire results to determine the market 
segmentation because of the low questionnaire return rate. However, where appropriate 
possible service segments, identified by other techniques, will be indicated.

Service m easure 1 The am ount of warehouse space that was actually 
available for a SuddIv M anager to use compared to the amount that is 
needed for the Supply M anager’s stock.

A) General Discussion (see Fig E .l and Fig E.2):

Each of the Company's Supply Managers regularly determined a budget stock flow 
proposal for their stock. These stock flow proposals were then used, by PD, to determine 
the volume of warehouse space that was required to cope with this expected demand. If 
either the stock flow proposals were inaccurate, or the translation of them into the amount 
of warehouse space required was inaccurate; then there was a possibility of some required 
stock not being accepted into the warehouses. This resulted in a decrease in the
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Company's gross profits. To prevent this there was a need for a safety amount of 
warehouse space to meet these variances from the budget. However, this extra space had a 
associated cost, which was wasted if the space was not needed. This meant that a trade-off 
existed between the cost of having this extra warehouse space (more than that which was 
dictated by the stock flow proposal) and increase in the opportunities associated with being 
able to store more stock. Warehouse space was often hired to give PD extra flexibility. This 
meant the company had a quicker response time to meet the variations from the stock flow 
proposals and also helped in meeting the seasonal variations in the amount of warehouse 
space required. It is proposed that the mean and variance should have been used as the 
monitoring criteria as the service benefit curve is not linear (see Fig E.2).

B) Trade-off areas;
1) The amount of warehouse space.
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Against

1) The level of stock that can not be accepted by the warehouses.

Fig E.2: The graph showing the overall mean value judgement for service measure 1: "The 
amount of warehouse space actually available to the Supply Manager compared to the amount that is needed for the Supply Manager’s stock."

C) Disturbances:
1) Unexpected stock flow not represented in the stock flow proposal.
2) The accuracy of translating the stock flow proposals.

D) Responses and response times:
1) The amount of warehouse space. Hiring extra warehouse space had a medium 
response time, whereas, building/buying a warehouse had a very long response 
time.

Service m easure 2; The accuracy of the w arehouse's com puter stock 
levels.

A) General discussion (see Fig E.3 and E i ^ E J k

If there was an overestimation in the computer stock levels, then there was a resultant



A P P E N D IX  E 347

decrease in the level of stock ordered and hence a decrease in the order fill rate achieved in 
the warehouse. However, if there was an underestimation in the stock levels then there was 
an increase in the company's stock levels. (This was due to the computer ordering too 
much stock). Another effect of underestimating the stock levels, due to merchandise 
accounting system underestimating the level of stock that was available for picking,.was a 
reduction in the warehouse's order fill rate to the stores.

Fig E.3: Diagram showing the cognitive mapping for the 
service factors which affect and the effect of service 
measure 2:' The accuracy of the computer stock levels.’

KEY :-
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CUSTOMER OPERATIONS:

+ ,

It should be noted that, the consequences of inaccurate computer stock levels were felt in 2 
distinct ways:

1) The actual level of stock being ordered to bring the stock levels up to the correct 
level, was wrong.
2) The estimated stock demand, if calculated from these warehouse computer stock 
levels, was wrong.
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Fig E.4: The graph showing the overall mean value judgement for service measure 2: "The
accuracy o f the warehouse's computer stock levels."

It was generally advantageous to the buyers if the stock levels were underestimated thus 
leading to having too much stock rather than not have enough. This bias was re fleeted in 
the questionnaire results where a higher value judgement was given to underestimating the 
stock levels (see Fig E4̂ ).

There were many causes of these inaccuracies in the computer stock levels, below are 
indicated a few of these:

1) The level of stock entering the warehouse was recorded wrongly. The accuracy of 
this was dependent on the proportion of the stock actually counted and the accuracy 
with which this stock was counted. Both of these factors were dependent on the 
level of checking staff used and the level of workload.

2) The level of missings that occurred when picking stock. An increase in the 
missings lead to an overestimation in the stock levels. This was usually a short term 
problem, as the computer stock levels were adjusted back when the missings were
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reported by the stores. However unless the stock ordering system took into 
consideration the level of missing stock that a particular store received, it could have 
overestimated the stock demand for that particular store.

3) The level of excess stock that was being picked in the warehouse. The 
consequence of excess stock was an overestimation of the warehouse's stock levels. 
It should be noted that, excess stock was less likely to be reported by a store 
manager than missing stock. Consequently this error was less likely to be adjusted 
for.

The errors in the warehouse's stock levels were reduced by regular counting of the actual 
stock levels, by the perpetual inventory department, and comparing this actual stock level 
against the theoretical computer stock levels. The more frequently these checks were done 
the more accurate the stock levels were. Consequently stock that was either more prone to 
these stock errors (determined by monitoring the errors) or were more crucial to have 
accurate stock figures should have been counted more frequently.

As the questionnaire graphs are not linear (see E.4) it is suggested that the mean and 
variance should have been used as the monitoring criteria.

B) Trade-off areas:
1) The level of checking off staff.
2) The level of picking staff.
3) The level of perpetual inventory counting staff.

Against
1) The level of stock outs.
2) The level of stock.
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O D isturbances:
1) The amount of stock flow.
2) The type of stock.

D) Responses and the response rate:
1) The level of warehouse staff. Using overtime had a quick response time, 
whereas using full-time staff had a slow response rate.
2) The level of perpetual inventory staff.

Ser-Yice__m easure 3: The accuracy of the costing of storing stock in the
warehouse.

A)_General_discussion (see Fig E.5 and Fig E.6):

The figure for the cost of storing stock in the warehouse was used to make the following 
two decisions:

1) Which delivery route the stock took.
2) Whether the company would stock a particular item or not. That is whether the 
stock was profitable.

If the same decision in the above two areas was still made, despite the costing inaccuracies 
then there was no effect on the company. Consequently, what mattered was the likelihood 
that a wrong decision would be made due to the cost inaccuracies. The greater were the 
inaccuracies the more likely that a wrong decision was being made. However, the 
likelihood that a wrong decision was being made, was also dependent on how clear cut the 
decision should have been. If the cost differences between alternative decisions were large 
it was less likely that the wrong decision was taken. Thus, the less likely that they were 
affected by the costs errors. However, the penalties associated with making a wrong
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decision in this situation were greater.
Fig E.5: Diagram ihowing the cognitive mapping 
for the service facto* affecting and the effect 
of service measure 3: 7he accuracy of the coftlna 
of storing stock In the warehouse.'
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Fig E.6: The graph showing the overall mean value judgement for service measure 3 : "The 
accuracy of the costing of the storing of stock: in the warehouse"

ACCURACY OF COSTING OF STORING STOCK IN WAREHOUSES

B) Trade-off areas:
1) The accuracy of the costing procedures used. 

Against
1) The penalties of making a wrong decision.
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C) Disturbances:
It proved impossible to determine what the disturbances are.

D) Responses/ response rate:
1) The accuracy of the costing procedures used. It proved impossible to determine a 
response rate here.

Service m easure 4; The number of davs it took for new merchandise stock 
to get to the store from the date that the Supply Manager requested that the 
stock _should be delivered to the warehouse.

AL General Discussion (see Fig E.7 and Fig E.8);

This service measure was designed to measure the swiftness with which PD could get 
stock to the stores. The influences on this measure were very similar to those on the store's 
service measures 6-8 (see Appendix D).

The time it took for new stock to get into and through the warehouses was dependent on 
several factors, influenced by PD:

1) The number of days suppliers had to wait before they could deliver their stock.
2) The time it took to check off incoming stock.
3) The time it took to move stock to the picking location.
4) The time it took for the stock to be picked.

The number of days suppliers had to wait before they could deliver their stock was 
dependent on whether there was a free slot in the warehouse's booking in schedule. It 
would have been possible to reduce this problem by having slots reserved for urgent 
deliveries.
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Each of the other 3 timings was dependent on the level of workload and the level of staff
that was available to meet this workload. The greater was the variation in the workload the
greater was the level of manpower required. The time taken was also dependent on
howlong MTS (quality control) took to check the items and the time it took for the buyer to
inspect the items. Consequently this indicates that there was a need for coordination
between these various departments that affected this service measure.

Fig E.8: The graph showing the overall mean value judgement for service measure 4: ’’For new merchandise lines: The number of days it took for the stock to get to the store, from the time the Supply Manager requested that the stock should be delivered to the warehouse"

The time to get from the warehouse to the stores was dependent on several factors:
1) The time it took to get from the warehouse to the RDC.
2) The time it took to get through the RDC.
3) The time it took to get from the RDC to the store.

The value of the first and third of these factors was dependent on whether a lorry or a van 
overfill occurred at the warehouse or the RDC. These situations were influenced by the 
lorry/van fill and the variation in the amount of stock being sent. (This has already been 
discussed for the store's service measures 6-8, see appendix D). The value of the second 
factor was determined by the level of staff and the workload at the RDC.
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B) trade-off areas;
1) The level of warehouse/RDC staff.
2) The number of vans used.
3) The number of lorries used.

Against
1) The level of lost sales.

C) Disturbances:
1) The actual flow of stock into the warehouse.
2) The amount of stock that was being picked in the warehouse.
3) The variation in the amount of stock that was going to the RDC.
4) The variation in the amount of stock that was going through the RDC.
5) The variation in the amount of stock that was going to the stores.

D) Responses and the response rates;
1) The level of staff in warehouse/RDC. Using overtime had a quick response time 
whereas using full-time staff had a slow response rate.
2) The number of vehicles being used. Hiring more vehicles had a quick response 
time whereas buying own vehicles had a long response time.

A s the graph (see Fig E.8) is almost linear it is proposed that the criterion that should have
been used was the mean service level.
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Service measure 5: The num ber of working davs it took for an inter-store 
transfer to be completed,

ALGeneraLdiscussionfsee Fig E.9 + Fig P.20);

It should be noted that, this service measure was identical to the service measure 11 for the 
store managers. Also by comparing Fig D.21 to Fig E.9 it can be seen that the 
questionnaire results were very similar. Thus, the customers could have been treated as 
being in the same service segment, consequently requiring the same service levels.

Fig E.9: The graph showing the overall mean value judgement for service measure 5: "The 
number of working days it took for an inter-branch transfer to be completed."

Service m easure 6; The number of working davs a store was out of stock 
whilst „stock was available in the Physical Distribution system.

A) General Discussion (see Fig E.10+ Fig E .ll) :

This measure tried to reflect the influence which PD had on the level of stock outs that were 
occurring in the store. It should be noted that, it was not PD's fault (in the participating 
company situation) if a stock out occurred due to there not being enough stock in the 
warehouses. This situation was in fact a reflection on the Buyer's and the Supply
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Manager's operations. By using similar argument it can be seen that the stock levels in the 
warehouses (excess stock) were not the responsibility of PD either. Thus, the actual stock 
turn over rate was not a fair measure of PD effectiveness in this particular company, but

Fig E.10: Diagram showing the cognitive 
mapping for the service factors 
affecting and the effect of service 
measure 6: 'The number of days 
a store was out of stocfc whilst 
stock was in the Physical Distribution 
system.'
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PD SERVICE RESPONSES:

DISTURBANCES: r  i
EFFECT ON THE 
CUSTOMER OPERATIONS: T 7 7 7 2

Fig E.l 1: The graph showing the overall mean value judgement for service measure 6: "The number of working days a store was out of stock whilst stock was available in the Physical 
Distribution system."
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1) Making sure that stock was actually available in time. A failure to do this was 
usually caused by, either the lack of staff to move stock to the picking location or 
the stock being in the wrong warehouse- this was the responsibility of the 
warehouse's repository function.
2) Sending the stock to the store's as quickly as possible. This point has already 
been discussed in the store manager's service measures 6-10 (see appendix D).

Due to the high importance of achieving a consistently high service level on the customer it 
is suggested that a very tight criteria should have been adopted. Such a criteria could have 
been the mean and variance of the performance level plus the number of times stock was 
late.

IDTrade-off areas:
1) The number of lorries that were going from the repository warehouse to the 
parent warehouse.
2) The number of lorries that were going to the RDC.
3) The number of vans that were going to the stores.
4) The number of RDC workers.
5) The number of warehouse workers.

Against
1) The level of lost sales.

C) The disturbances!
1) The level of workload on the warehouses.
2) The level of stock being sent to the stores.
3) The level of stock being transferred between the warehouses.

w as more a reflection  on the buyers and Supply Managers. Broadly there were tw o
components to this service measure:
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D) Responses and the response rate:

1) The number of vehicles being used. Hiring more vehicles had a quick response 
time whereas, buying own vehicles had a long response time.
2) The number of warehouse/RDC workers. Using overtime had a quick response 
time, whereas using full-time staff had a slow response rate.

Service measure 7 The number of working davs it took for returning stock 
to Jie_readv_for dispatch in the warehouse from the time it left the store.

A) General Discussion (see Fig E.12 and Fig E.13):

There were a number of components to this service measure:
1) The time it took for stock to get from the stores to the RDC.
2) The time it took for stock to get through the RDC.
3) The time it took for stock to get from the RDC to the central sorting area, D6.
4) The time it took for stock to get through the sorting area.
5) The time it took for stock to get from the sorting area to the warehouse.
6) The time it took to sort out the stock at the warehouse and to record the stock, on 
the computer, as being present.

Fig E.13: The graph showing the overall mean value judgement for service measure 7: "The 
number of working days it takes tor returning stock to be ready for dispatch in the 
warehouse dfrom the time it left the store.'
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measure 7: The time taken to return stock to the central 
warehouses.'

KEY

SERVICE MEASURE: ■
PD SERVICE RESPONSES: BSS

DISTURBANCES: r~...i
EFFECT ON THE 
CUSTOMER OPERATIONS: 77771

A SHORT TIME TAKEN FOR 100% 
RETURN Of STOCK TO BE 
ACHIEVED . A LONG TIME TAKEN 
FOR 100 % RETURN OF STOCK 
TO BE ACHIEVED.

.STOCK IS AVAILABLE FOR REUSE OR IS f j
/  RETURNED TO THE SUPPLIER QUCKLY....
/STOCK AVAILABLE FOR REUSE OR IS

W^^^THEJUPPLIER^SLOWLY ^
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r v w v v v w
i A  HIGH NUMBER OF 
t  WORKERS IN RETURNS
’ SECTION... A  LOW
SNUMBER OF WORKERS IN >  
SRETURNS SECTION. ^

S w w w w w S

APPENDIX E



A P P E N D IX  E 361

The first of these, along with the third, was determined by whether a vehicle overfill 
occurred at the store or at the RDC. Fortunately, this generally did not happen, as the level 
of stock being returned was, usually, less than the level being delivered.

The time it took for the stock to get through the RDC was dependent on the workload and 
level of staff being used. Fortunately, the peak in the level of returns was generally at a 
different time of year than the peak in the stock being sent out to the stores. Consequently, 
this meant that the peaks and troughs of these two separate RDC workloads had a tendency 
to even each other out slightly. This meant that there was less variation in the workload 
than there would have been if the workload peaks had occurred at the same time, thus, 
making it easier to react to the disturbance changes. The time it took for the stock to get 
through the central sorting area, D6, was also a function of the level of workload and the 
number of staff used.

With the warehouses, the peaks in workload for returning stock was at a different time of 
year from the peaks in workload caused by stock being dispatched. Thus staff could be 
transferred between the warehouse's picking location and the returns department of the 
warehouse. Also, it was important to get the stock onto the company's stock computer as 
soon was possible. This was because picking invoices were only produced for stock that 
was actually registered as existing on the company's computer.

It can be seen from the above that, there were numerous parts of PD affecting this service 
measure, thus there was a need for coordination of the trade-off between the different 
service responses.

The consequences of a decrease in the service level were two fold:

1) Stock was not ready for re-dispatch. This meant that there had to be more stock in
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the system to meet the demand. However, this was not always the case as usually 
this demand would have been met by inter-store transfers.
2) With the stock being returned to supplier for credit there was an increase in the 
company's stock holding.

It is felt that the criterion that should have been used was the mean service level.

B) Trade-offs;
1) The level of RDC staff.
2) The level of D6 staff.
3) The level of warehouse staff.

Against
1) The stock turnover rates.
2) The level of frozen assets.

C) Disturbances;

1) The level of workload on D6.
2) The level of workload on the RDC.
3) The level of workload on the warehouse.

D) Responses and the response ra tei
1) The level of staff at the RDC/ warehouse/ D6. Using overtime had a quick 
response time, whereas using full-time staff had a low response rate.
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Service measure 8; For allocation stock, the number of working davs after 
the expected delivery date that the stock arrives at the store.

A) General Discussion (see Fig E.14);

It should be noted that, allocation stock was always 2nd class stock, which has already 
been discussed as store managers service measure D. Also, the questionnaire results for 
the two customers, see Fig E.14 and Fig D.l 1 indicated very similar service judgements. 
Thus it is proposed that the two service measures could have been considered as being in 
the same segment and thus requiring the same service levels.

Fig E.14: The graph showing the overall mean value judgement for service measure 8: "For allocation stock, the number of working days after the expected delivery date that the stock 
arrives."
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APPENDIX F
THE K MEAN CLUSTER ANALYSIS 

RESULTS FOR THE STORES.
This appendix looks at the advantages of using the market segments generated by using the k 
mean clustering technique compared to using the possible segments suggested by the 
company. These were the store's size and geographical location. It should be noted that the 
benefits of using the segments produced by using the K mean clustering technique have to be 
much greater than both of the other possible segments to make them worthwhile to use. This 
is due to the greater differentiating costs between the segments identified by using the K 
mean cluster analysis. It should be remembered that the benefits of using a particular 
segmentation policy is determined by the differences in the otimal service level for these 
different segments. Generally an approximation to this can be determined by looking at the 
differences in the benefits curves (service value curve). The greater the differences are, the 
greater are the advantages of using the proposed segmentation policy.

So as to maximise the differences, in the optimum service level, for different possible 
segments, the questionnaire data has been transformed as suggested, in section 6.3, before 
carrying out the analysis. This transformation affected the questionnaire results for measures 
3,4,5,9,10 and 12.

It is assumed that the benefits of a service level are linearly correlated to the value judgement 
given. Thus, enabling the mean service value judgement of all the respondents in a grouping 
to be used to give an indication of the mean service benefits.

When looking at the differences between segments, more emphasise will be placed on the 
higher service levels, as it is assumed that the optimum service level has a relatively high 
value judgement associated with it.

It should be noted that when the results are represented graphically the service values are 
reduced by a factor of 6 so as to give a highest possible value judgement of 1.
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Analysis for what type of service segmenatation should he nsert for servire 

measure 1: "The mimher of minutes late that the RPC van is."

k mean clustering results for two groupings.
Group 1 consists of 21 respondents.Group 2 consists of 13 respondents.

Group 1__________Group 2_ MEMBERS_______MEMBERS04 20 01 1905 22 02 2106 25 03 2308 26 07 2409 27 12 2810 29 15 3111 30 1813 3214 3316 3417

Aeereeated results:
V A LU E TOTAL GROUF>1 GROUI32 NORTH EAST SM ALL LARGE

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

-30 4.029 1.47 4.952 0.97 2.539 0.66 3.667 1.23 4.316 1.60 3.938 1.44 4 111 1.53
0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6 000 0.00
30 2.147 1.10 2.191 1.17 2.077 1.04 2.333 1.23 2.000 1.00 1.750 1.13 2500 0.99
60 0.235 0.55 0.333 0.66 0.077 0.28 0.067 0.26 0.368 0.68 0.250 0.58 0222 0.55

Th<? graphs ghQwing the differences between segments produced hv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:
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bi Size of stores:

Comment:
There is some evidence, to suggest that it could be beneficial to use the market segmentation 
proposed by the K mean clustering. Thus, it may be worthwhile investigating the costs of 
differentiating more deeply.

Analysis for what type of service segmenatation should be used for service
measure 2: "The number of minutes late that the CSR van is."k mean clustering results for two groupings.
Group 1 consists of 22 respondents.Group 2 consists of 12 respondents.

Group 1__________Group 2MEMBERS_______MEMBERS
03 16 01 2304 17 02 2505 20 07 2606 21 09 2808 22 18 3110 24 19 3211 2712 2913 3014 3315 34Aggregated results:

VALUE TOTAL GR0UP1 GROUF>2 NORTH EAST SM ALL U R G E

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

-15 4.088 1.68 5.136 0.83 2.167 0.94 3.773 1.62 4.368 1.71 4.375 1.36 3.833 1.92

0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00

15 2.971 1.06 3.091 1.07 2.750 1.06 3.000 1.07 2.947 1.08 2.938 1.24 3.000 0.91

30 0.676 0.94 0.818 0.96 0.417 0.90 0.467 0.92 0.842 0.96 0.750 1.13 0.611 0.78
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The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:

b) Size of stores:

Comment:
There is little evidence, to suggest it would be beneficial to use the market segmentations, 
proposed by the K mean clustering technique.
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Analysis for what type of service segmentation should be used for service 
measure 3: "The number of minutes to unload a RPC van."

k mean clustering results for two groupings.
Group 1 consists of 23 respondents.Group 2 consists of 11 respondents.

Group 1__________ Group 2MEMBERS_______MEMBERS01 23 02 1203 24 04 1406 25 05 1607 26 09 2008 27 10 3113 28 1115 2917 3018 3219 3321 3422
Aggregated results:

VALUE TOTAL GR0UP1 GR0UP2 NORTH EAST SM ALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

10 5.971 0.17 6.000 0.00 6.000 0.00 5.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
20 4.706 1.19 5.348 0.65 3.455 0.82 4.867 1.18 4.632 0.99 4.188 1.18 5.222 0.79
30 2.912 1.90 4.000 1.13 0.727 0.79 3.200 2.02 2.737 1.67 1.875 1.69 3.889 1.37

The graphs showing the differences between segments produced by using company’s market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:
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bl Size of stores:

Comment:
There is little evidence, to suggest it would be beneficial to use the market segmentations, 
proposed by the K mean clustering technique.

Analysis, for what type of service segmentation should be used for service 
measure,4; "The number of minutes to unload a CSR van.”

k mean clustering results for two groupings.
Group 1 consists of 18 respondents.Group 2 consists of 16 respondents.

Group 1_____________Group 2MEMBERS_________ MEMBERS01 25 02 14
06 27 03 1607 28 04 1708 29 05 2013 30 09 21
15 31 10 2218 32 11 24
19 33 12 26
23 34

Aggregated results:
VALUE TOTAL GR0UP1 GR0UP2 NORTH EAST SM ALL LARGE

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

10 5.912 0.29 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
20 4.324 1.47 5.333 0.69 3.375 1.15 4.467 1.41 4.368 1.26 4.188 1.29 4.611 1.34
30 2.147 1.83 3.611 1.09 0.688 0.79 1.933 1.83 2.474 1.73 1.875 1.76 2.556 1.64
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The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:

fcO Size of stores:

Comment:
There is some evidence, to suggest that it could be beneficial to use the market segmentation 
proposed by the K mean clustering. Thus, it may be worthwhile investigating the costs of 
differentiating more deeply.
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A n a ly sis  for w h a t typ e o f  ser v ic e  seg m en a ta tio n  sh o u ld  be u sed  fo r _ ser v ic e  
m ea su re  5: " T h e n u m b er  o f  w o r k in g  d av s w a r n in g  th a t a s to r e  m a n a g er  
rece ives o f  a ch a n g e  in the a rriva l tim e  o f  a R P C /C S R  d elivery  van."

k mean clustering results for two groupings.
Group 1 consists of 17 respondents.Group 2 consists of 17 respondents.

Group 1__________ Group 2MEMBERS MEMBERS01 19 05 2502 20 10 2603 21 11 2804 22 13 2906 23 14 3007 24 15 3208 27 16 3309 31 17 3412 18Aggregated results:
VALUE TOTAL GR0UP1 GR0UP2 NORTH EAST SMALL LARGE

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0 0.206 1.04 4.177 1.07 0.647 0.79 3.000 1.85 1.947 1.38 2.973 2.05 1.944 1.81
2 2.088 1.58 5.177 0.64 3.765 0.97 4.867 1.06 4.158 0.89 4.563 1.06 4.389 1.06
4 3.441 2.09 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced hv K Means clustering analysis.
a) -GeQgraphicaiiea,ons;

NUMBER OF DAYS WARNING OF A CHANGE IN DELIVERY TIMES.
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NUMBER OF DAYS WARNING OF A CHANGE IN DELIVERY TIMES.

Comment:
There is little evidence, to suggest it would be beneficial to use the market segmentations, 
proposed by the K mean clustering technique.

A n a ly s is  for  w h a t ty p e  o f serv ice  s e g m e n t a t io n  sh o u ld  be u sed  for serv ice  
m ea su re  6; "T h e n u m b er  o f w o rk in g  d avs after  ex p ected  arriva l day th at 1st
c la ss  stock  a r r iv e d .11k mean clustering results for two groupings.
Group 1 consists of 16 respondents.Group 2 consists of 18 respondents.

Group 1__________ Group 2MEMBERS_______ MEMBERS04 22 01 1805 23 02 1906 24 03 2008 25 07 2110 29 09 2612 32 11 2713 33 15 2814 34 16 3017 31Aggregated results:
VALUE TOTAL GR0UP1 GROUF>2 NORTH EAST SMALL LARG

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
1 3.029 1.38 4.063 1.00 2.111 0.96 2.867 1.41 3.158 1.38 2.938 1.39 3.111 1.41
2 1.235 1.05 2.188 0.54 0.389 0.50 1.067 0.88 1.368 1.16 1.250 1.06 1.222 1.06
3 0.294 0.72 0.625 0.96 0.000 0.00 0.067 0.26 0.474 0.90 0.250 0.58 0.333 0.84



APPENDIX F 373The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a') Geographical regions:

NUMBER OF DAYS LATE THAT STOCK IS.

b) Size of stores:

NUMBER OF DAYS LATE THAT STOCK IS.

Comment:
There is some evidence, to suggest that it could be beneficial to use the market segmentation 
proposed by the K mean clustering. Thus, it may be worthwhile investigating the costs of 
differentiating more deeply.
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A n a ly s is  for  w h a t ty p e  o f  se r v ic e  s e e m e n a ta tion  sh o u ld  be u sed  for  serv ice  
m ea su re  7; " .T h e  num ber.Q f_w Q r.king davs after, ex p ected  a rr iv a l d av  th at
2nd  c la ss  sto ck  a r r iv e d .”k mean clustering results for two groupings.
Group 1 consists of 6 respondents.Group 2 consists of 28 respondents.

Group 1____________Group 2MEMBERS________ MEMBERS
08 25 01 1813 33 02 1915 34 03 2025 04 21
33 05 2234 06 2307 24

09 2610 27
11 2812 2914 3016 31

Aggregated results: 17 32

VALUE TOTAL GR0UP1 GROUI32 NORTH EAST SMALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
1 3.882 1.04 5.167 0.41 3.607 0.92 3.800 0.77 3.947 1.22 3.813 1.17 3.944 0.94
2 2.500 1.21 4.333 0.82 2.107 0.88 2.467 0.74 2.526 1.50 2.500 1.37 2.500 1.10
3 1.059 1.20 2.667 1.03 0.714 0.94 0.933 1.03 1.158 1.34 1.063 1.24 1.056 1.21

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a") Geographical regions:

NUMBER OF DAYS LATE THAT STOCK IS.
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NUMBER OF DAYS LATE THAT STOCK IS.

Comment:
There is some evidence, to suggest that the market segmentation, proposed by the K mean 
clustering, should be used. However, the number of customers, in group 1, is rather small 
thus reducing the overall benefits of using the segmentations.

A n a ly s is  fo r  w h a t typ e o f  se r v ic e  seg m en a ta tio n  sh o u ld  be u sed  for serv ice  
m ea su re  8: " T h e  n u m b er  o f  w o r k in g  d avs a fter  e x p ected  a rr iv a l day that 
EQJCUS .stQcK.ar-nYgs,..t,

k mean clustering results for two groupings.
Group 1 consists of 8 respondents.Group 2 consists of 26 respondents.

Group 1__________ Group 2MEMBERS_______ MEMBERS
06 24 01 18
10 29 02 19
13 33 03 2014 34 04 21

05 22
07 2308 25
09 2611 2712 2815 3016 3117 32
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Aggregated results: 376

VALUE TOTAL GROUP1 GROU 32 NORTH EAST SMALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
1 2.118 1.82 4.875 0.83 1.269 1.00 1.667 1.29 2.474 2.12 2.189 1.91 2.056 1.80
2 0.706 1.03 2.000 1.31 0.308 0.47 0.267 0.46 1.053 1.22 0.813 1.11 0.611 0.98
3 0.147 0.61 0.625 1.19 0.000 0.00 0.000 0.00 0.263 0.81 0.188 0.75 0.111 0.47

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a> Geographical regions:

NUMBER OF DAYS LATE THAT STOCK IS.

b) Size of stores:

NUMBER OF DAYS LATE THAT STOCK IS.

Comment:
There is some evidence, to suggest that the market segmentation, proposed by the K mean 
clustering, should be used. However, the number of customers, in group 1, is rather small 
thus reducing the overall benefits of using the segmentations.
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A n a ly s is  for  w h a t ty p e  o f  se r v ic e  s e g m e n t ation  sh o u ld  be u sed  for serv ice  
m ea su re  9: " T h e  n u m b er  o f  w o r k in g  d ay s it ta k es fo r  a d e liv ery  to  o ccu r  
a fter  a h otlin e  order, has been p h on ed  in .”

k mean clustering results for two groupings.
Group 1 consists of 06 respondents.Group 2 consists of 28 respondents.

Group 1__________Grout) 2MEMBERS_______MEMBERS08 26 01 1712 29 02 1819 30 03 2004 2105 2206 2307 2409 2510 2711 2813 3114 3215 33
Aggregated results: 16 34

VALUE TOTAL_____ GRQUP1____ GR0UP2____ NORTh EAST SMALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

1 5735 1.08 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
2 4.235 1.30 5.667 0.52 4.250 0.89 4.267 0.88 4.684 0.85 4.313 1.04 4.667 0.88
4 0.765 1.16 3.667 1.21 0.464 0.64 0.667 1.63 1.316 1.25 0.688 0.98 1.333 1.67

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:

NUMBER OF DAYS TAKEN FOR A HOT-LINE ORDER.
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bl Size of stores:

NUM BER OF DAYS TAK EN  FOR A HOT-LINE OR D ER .

Comment:
There is some evidence, to suggest that the market segmentation, proposed by the K mean 
clustering, should be used. However, the number of customers, in group 1, is rather small 
thus reducing the overall benefits.

A n a ly s is  fo r  w h a t ty p e  o f  serv ice  s e g m e n t a t io n  sh o u ld  be u sed  for serv ice
m ea su re  10; " T h e n u m b er  o f  w o rk in g  d av s it ta k es for  a d eliv ery  to  occu r
after  a sp ecia l o rd er  form  has been  sen t in ”
k mean clustering results for two groupings.
Group 1 consists of 16 respondents.Group 2 consists of 18 respondents.

Group 1__________Group 2MEMBERS_______MEMBERS01 18 02 2006 19 03 2107 24 04 2208 28 05 2310 29 09 2512 30 11 2615 31 13 2717 32 14 3316 34
Aggregated results:
VALUE TOTAL GR0UP1 GR0UP2 NORTH EAST SMALL LARGE

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

3
5
7

5.706
3.353
1.059

0.58
1.18
1.23

6.000
4.313
2.438

0.00
0.60
0.63

6.000
3.056
0.389

0.00
0.87
0.50

6.000
3.733
1.133

0.00
1.02
1.02

6.000
3.579
1.526

0.00
0.83
1.21

6.000
3.688
1.125

0.00
1.04
1.20

6.000
3.611
1.444

0.00
0.89
1.12
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The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:

NUMBER OF DAYS TAKEN FOR SPECIAL ORDER REQUEST

b) Size of stores:

NUMBER OF DAYS TAKEN FOR SPECIAL ORDER REQUEST

Comment:
There is little evidence, to suggest it would be beneficial to use the market segmentations, 
proposed by the K mean clustering technique.



Analysis for what type of service segm entation  should be used for service 
measure 11: "The number of working davs it takes for a inter-branch transfer

APPENDIX F 380

to .fre completed,"
k mean clustering results for two groupings.
Group 1 consists of 16 respondents. Group 2 consists of 18 respondents.

Group 1__________Group 2MEMBERS_______MEMBERS03 18 01 2205 19 02 2306 20 04 2510 21 07 2612 24 08 2715 28 09 3016 29 11 3117 33 13 3214 34
Aggregated results:

VALUE TOTAL GROUP1 GROUP2____ NQRTf- EAST SMALL LARGE
MEAN MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

1 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6 000 0.00
3 4.147 0.96 4.563 0.89 3.778 0.88 4.333 0.98 4.000 0.94 4.250 1.13 4 056 0.80
5 1.294 1.09 2.313 0.48 0.389 0.50 1.467 1.19 1.158 1.01 1.188 0.98 1 389 1.20

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:

NUMBER OF DAYS TAKEN FOR INTER-STORE TRANSFER.
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b) Size of stores: 381

NUMBER OF DAYS TAKEN FOR INTER-STORE TRANSFER

Comment:
There is little evidence, to suggest it would be beneficial to use the market segmentations, 
proposed by the K mean clustering technique.

A n a ly s is  fo r  w h a t typ e o f  se r v ic e  seg m en a ta tio n  sh o u ld  be u sed  for  serv ice  
m e a su r e  12: " T h e  n u m b e r  o f  w o r k in g  d a v s  n o t ic e  g iv e n , to  th e  s to re  
m an ager, o f  an extra  van a r r iv in g .”

k mean clustering results for two groupings.
Group 1 consists of 7 respondents.Group 2 consists of 27 respondents.

Group 1__________Group 2
MEMBERS______ MEMBERS
01 15 02 20
05 21 03 22
07 33 04 2310 06 24

08 25
09 2611 2712 28
13 2914 30
16 31
17 32
18 34
19



APPENDIX FAggregated results: 381

VALUE TOTAL GROUP1 GROUP2 NQFTTh EAST SMALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0 1.000 1.26 3.571 1.13 0.926 0.83 1.800 1.57 1.211 1.13 1.938 1.44 1.056 1.18
2 4.088 1.16 5.286 0.76 4.370 0.84 4.533 0.79 4.579 0.93 4.688 0.92 4.444 0.83
4 5.529 0.79 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:

Comment:
There is some evidence, to suggest that the market segmentation, proposed by the K mean 
clustering, should be used. However, the number of customers, in group 1, is rather small 
thus reducing the overall benefits of using the segmentations.
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A n a ly s is  for w h a t tv o e  o f  serv ice  s e g m e n t a t io n  sh o u ld  be u sed  for serv ice
m easu re  13: "T h e n u m b er  o f m in u tes sp en t fillin g  ou t M  &  E  fo rm s.”

k mean clustering results for two groupings.
Group 1 consists of 18 respondents.Group 2 consists of 16 respondents.

Group 1__________ Group 2MEMBERS_______MEMBERS03 21 01 1505 23 02 1606 24 04 2008 25 07 2211 29 09 2614 31 10 2717 32 12 2818 33 13 3019 34

Aggregated results:
VALUE TOTAL GR0UP1 GRQUP2____ NQRJH EAST SMALL_____ L A R f i

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0
2
4

1.000
4.088
5.529

1.26
1.16
0.79

3.571
5.286
6.000

1.13
0.76
0.00

0.926
4.370
6.000

0.83
0.84
0.00

1.800
4.533
6.000

1.57
0.79
0.00

1.211
4.579
6.000

1.13
0.93
0.00

1.938
4.688
6.000

1.44
0.92
0.00

1.056
4.444
6.000

1.18
0.83
0.00

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:
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Comment:
There is little evidence, to suggest it would be beneficial to use the market segmentations, 
proposed by the K mean clustering technique.

A n a ly s is  for  w h a t ty p e  o f  se r v ice s e g m e n t a t io n  sh o u ld  be u sed  for serv ice  
m ea su re  14; " P ercen ta g e  vo lu m e o f ex cess  R P C  sto c k .”

k mean clustering results for two groupings.
Group 1 consists of 24 respondents.Group 2 consists of 10 respondents.

Group 1__________ Group 2MEMBERS_______ MEMBERS01 17 0602 18 0703 20 0904 21 1405 23 1908 24 2210 25 2611 29 2712 31 2813 32 3015 3316 34



APPENDIX FAggregated results: 385

VALUE TOTAL GROUP1 GROUP2 NORTH EAST SMALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0.0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
0.5 4.294 1.62 5.208 0.72 2.100 0.88 4.600 1.35 4.053 1.81 4.500 1.37 4.111 1.84
1.0 2.147 1.21 2.542 1.18 1.200 0.63 2.200 1.26 2.105 1.20 1.875 1.15 2.389 1.24
2.0 0.588 0.86 0.750 0.94 0.020 0.42 0.600 0.99 0.579 0.77 0.375 0.50 0.778 1.06

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis. 
a) Geographical regions:

Comment:
There is some evidence, to suggest that it could be beneficial to use the market segmentation 
proposed by the K mean clustering. Thus, it may be worthwhile investigating the costs of 
differentiating more deeply.
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A n a ly s is  for, w h a t ty p e  o f  se r v ic e  s e g m e n t a t io n  sh o u ld  be u sed  for  serv ice  
m easu re  15; " P ercen ta g e  v o lu m e  o f excess C SR  s to c k .”

k mean clustering results for two groupings.
Group 1 consists of 17 respondents.
Group 2 consists of 17 respondents.

Group 1__________Group 2MEMBERS_______ MEMBERS01 23 02 1503 24 04 1907 25 05 2011 29 06 2112 31 08 2616 32 09 2717 33 10 2818 34 13 3022 14

Aggregated results:
VALUE TOTAL GROUP1 GROUF>2 NORTH EAST SMAL LARGE

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
1 3.353 1.87 4.941 0.83 1.765 1.09 3.600 1.84 3.158 1.92 2.938 1.84 3.722 1.87
2 1.706 1.38 2.706 1.16 0.706 0.69 1.467 1.41 1.895 1.37 1.250 1.06 2.111 1.53
3 0.618 0.92 1.059 1.08 0.177 0.39 0.333 0.90 0.842 0.90 0.375 0.62 0.833 1.10

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a) Geographical regions:

PERCENTAGE OF EXCESS CSR STOCK



APPENDIX Fbisize of stores: 387

PERCENTAGE OF EXCESS CSR STOCK

Comment:
There is some evidence, to suggest that it could be beneficial to use the market segmentation 
proposed by the K mean clustering. Thus, it may be worthwhile investigating the costs of 
differentiating more deeply.

A n a ly s is  fo r  w h a t ty p e  o f  se r v ic e  seg m en a ta tio n  sh o u ld  be u sed  for  serv ice  
m ea su re  16; "T h e p ercen ta g e  o f  R P C  stock  m issin g  or  broken ."
k mean clustering results for two groupings.
Group 1 consists of 15 respondents.
Group 2 consists of 19 respondents.

Group 1_________ Group 2
MEMBERS_______ MEMBERS01 23 04 1502 24 05 19
03 25 06 2011 29 07 22
16 32 08 26
17 33 09 27
18 34 10 2812 3013 3114Aggregated results:

VALUE TOTAL GROUP1 GROUF>2 NORTH EAST SMALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

y

MEAN SD

0.0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
0.5 3.412 1.78 5.133 0.64 2.053 1.03 4.067 1.62 2.895 1.76 3.125 1.50 3.667 2.00
1.0 1.588 1.28 2.733 0.88 0.684 0.67 1.733 1.28 1.474 1.31 1.188 1.22 1.944 1.26
2.0 0.294 0.63 0.667 0.82 0.000 0.00 0.200 0.41 0.368 0.76 0.188 0.54 0.389 0.70
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The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a') Geographical regions:

Comment:
There is some evidence, to suggest that it could be beneficial to use the market segmentation 
proposed by the K mean clustering. Thus, it may be worthwhile investigating the costs of 
differentiating more deeply.
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A n a ly s is  for  w h a t tv o e  o f  se r v ice  s e g m e n ta tio n  sh o u ld  be u sed  for  serv ice  
m e a su r e  17: " T h e .p e r c e n ta g e  d iferen ce  fo r  m issin g  a nd b re a k a g e s  in R P C  
s t o c k .”

k mean clustering results for two groupings.
Group 1 consists of 13 respondents.Group 2 consists of 21 respondents.

Group 1__________Group 2MEMBERS_______MEMBERS01 24 04 1902 25 05 2003 31 06 2111 32 07 2216 33 08 2317 34 09 2618 10 2712 2813 2914 3015
Aggregated results:

VALUE TOTAL GR0UP1 GROUF>2 NORTH EAST, SMAL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0.0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
0.5 3.029 1.87 5.077 0.64 1.762 1.04 3.600 1.88 2.579 1.77 2.813 1.76 3.222 1.99
1.0 1.206 1.23 2.308 1.03 0.524 0.75 1.267 1.28 1.158 1.21 0.875 1.09 1.500 1.29
2.0 0.118 0.41 0.308 0.63 0.000 0.00 0.067 0.26 0.158 0.50 0.063 0.25 0.167 0.51

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
b )  Geographical regions:
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Comment:
There is some evidence, to suggest that it could be beneficial to use the market segmentation 
proposed by the K mean clustering. Thus, it may be worthwhile investigating the costs of 
differentiating more deeply.

A n a ly sis  fo r  w h a t type o f  se r v ic e  se g m en a ta tio n  sh o u ld  he u se d for  serv ice  
m easu re 18: "T h e level o f  m isp r ic in g  in C S R sto c k .”

k mean clustering results for two groupings.
Group 1 consists of 11 respondents.Group 2 consists of 23 respondents.

Group 1__________ Group 2MEMBERS MEMBERS
03 28 01 18
07 29 02 19
12 31 04 20
16 32 05 21
17 33 06 22
24 08 2309 2510 2611 2713 3014 34

15
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VALUE TOTAL GROUP1 GROUF52 NORTH EAST. SMALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
0.5 2.500 1.94 4.818 0.87 1.391 1.16 2.333 1.76 2.632 2.11 2.125 1.82 2.833 2.04
1.0 1.059 1.13 2.364 0.92 0.435 0.51 0.733 0.70 1.316 1.34 0.813 0.91 1.278 1.27
2.0 0.176 0.46 0.546 0.69 0.000 0.00 0.000 0.00 0.316 0.58 0.063 0.25 0.278 0.57

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced hv K Means clustering analysis.
a) Geographical regions:

tO Size of stores:

Comment:
There is some evidence, to suggest that the market segmentation, proposed by the K mean 
clustering, should be used. However, the number of customers, in group 1, is rather small 
which thus reducing the overall benefits of using the segmentation policy.
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A n a ly sis  for  w h a t typ e o f ser v ic e  s e g m e n t a t io n  sh o u ld  be u sed  for  service 
m e a su r e  19: " T h e n u m b er  o f  w o r k in g  d av s d iffe r e n c e  b etw een  sto ck  and  
invoices arriv ing .”

k mean clustering results for two groupings.
Group 1 consists of 20 respondents.
Group 2 consists of 14 respondents.

Group 1__________ Group 2MEMBERS MEMBERS02 17 01 2206 18 03 2308 19 04 2409 20 05 2510 27 07 2611 29 16 2812 31 21 3013 3214 3315 34

Aggregated results:
VALUE TOTAL GROUP1 GROUP2 NORTH EAST SMALL LARGE.

MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN MEAFT SD

-2 1.000 1.69 0.300 0.57 2.000 2.21 1.200 1.61 0.842 1.77 1.125 1.54 0.889 1.84
-1 1.765 1.71 0.900 0.91 3.000 1.84 2.200 1.70 1.421 1.68 1.938 1.73 1.611 1.72
0 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
1 3.441 1.71 4.450 1 05 2.000 1.41 3.467 1.73 3.421 1.74 3.563 1.79 3.333 1.68
2 2.324 1.87 3.550 1 32 0.571 0.85 2.067 1.71 2.526 2.01 2.375 1.67 2.278 2.08

The graphs showing the differences between segments produced bv using company's 
market classifications and the segments produced bv K Means clustering analysis.
a )  Geographical regions:

NUMBER OF DAYS THAT INVOICES ARRIVED AFTER STOCK
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NUMBER OF DAYS THAT INVOICES ARRIVED AFTER STOCK,

Comment:
There is little evidence, to suggest it would be beneficial to use the market segmentations, 
proposed by the K mean clustering technique.

A n a ly s is  for w h a t ty p e  o f  se r v ice  seg m en a ta tio n  sh o u ld  b e  u sed  for serv ice  
m ea su re  20: " T h e A S C O T  serv ice  le v e l.”

k mean clustering results for two groupings.
Group 1 consists of 12 respondents.Group 2 consists of 22 respondents.

Grout) 1__________ Group 2MEMBERS MEMBERS
02 10 01 23
03 14 04 24
05 16 08 25
06 21 11 26
07 29 12 27
09 31 13 28

15 29
17 3018 31
19 32
20 3322 34
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VALUE TOTAL GR0UP1 GR0UP2 NORTH EAST SMALL LARGE
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD

100 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00 6.000 0.00
98 5.559 0.56 5.667 0.49 5.500 0.60 5.533 0.64 5.579 0.51 5.500 0.63 5.611 0.50
95 3.265 1.05 4.000 0.60 2.864 1.04 3.267 1.16 3.263 0.99 3.438 1.03 3.111 1.08
92 1.265 1.05 2.417 0.79 0.636 0.49 1.200 1.15 1.316 1.00 1.563 1.26 1.000 0.77

The graphs showing the differences between segments produced bv using company's market classifications and the segments produced bv K Means clustering analysis.
a)  Geographical regions:

Comment:
There is little evidence, to suggest it would be beneficial to use the market segmentations, 
proposed by the K mean clustering technique.
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