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ABSTRACT 

A PROPOSED METHODOLOGY FOR THE DESIGN OF 
DECISION SUPPORT SYSTEMS IN OPERATIONS MANAGEMENT 

The purpose of this work is to attempt to develop a Decision 
Support System and a generalised Design Methodology, for the 
Operational Management of Industrial Organisations. 

The research subject has been selected as such, because 
although substantial research has been carried out on the 
technology of solving a specific problem with quantitative 
decision support tools such as Operations Research (OR) or 
Management Science (MS), there is a significant gap on the 
methodology of developing and implementing these techniques 
as a direct operational support tool. 

In recognition of operational managers' increasing needs for 
decision support tools and in a view of the slow progress 

and unsatisfactory use of OR/MS techniques, and the 
inability of Management Information systems to contribute to 
the operational decision support function, the research is 
set out to identify the shortcomings of existing practice, 
and to develop a system in the light of the resulting 
requirements. 

A multi-disciplinary approach is adopted for the development 
of the system and the methodology, which is based on a 
conceptual framework provided by cybernetics. Theories 
relating to the communication, regulation and coordination 
within a system, and to the interactive man-machine problem 
solving activities provide the basis for the methodology. 

The end product of the research is a System and a 
generalised Design Methodology for this system. The primary 
aims of the system are to co-ordinate the operational 
decision process throughout the organisation and to increase 
the effectiveness of the decision-making capacity of the 
operational managers. It is a microprocessor based modular 
system which is distributed to the operational decision 
makers. Functionally, it consists of a 'forward looking' 
information system which is dedicated to operational 
decision support, and quantitative decision models including 
OR/MS methods that are integrated with this system. The 
modular decision units are connected by this system. 
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PREFACE 

The work presented in this thesis includes the development 

of a methodology for the Design and the Implementation of 

Decision Support Systems which are dedicated to the 

Operational Management of Decentralised Industrial 

Companies. 

The problem has been identified as a potential research 

area, because, due to the advances in information 

technology, the business environment for line managers is 

flowing progressively faster and the time available for 

analysis and evaluation of problems is therefore shortening. 

Furthermore, the responsibilities of line managers are 

increasing because of the recent trends in management 

practice: These trends primarily include the increasing 

adoption of the Just-In-Time approach by industrial managers 

and the increasing awareness of the need for direct 

involvement of operational managers with strategic 

decisions. 

Therefore, line managers are increasingly in need of a tool 

which can be directly used by them and which provides them 

with information and analysis support facilities. The 

primary function of this tool is to deliver the decision 

support function, which is traditionally provided to the 

strategic managers by dedicated staff. Such traditional 

practices are not feasible for operational managers because 
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of the time limitations imposed on the decision environment. 

Although existing Management Science methods and Information 

Systems are increasingly sophisticated, they fail to deliver 

one 'on line' operational management support function. This 

is because Management Science methods are implemented by 

dedicated technical staff and there is no time for line 

managers to co-operate effectively with these specialists. 

Many Management Information Systems which are widely used in 

industry are 'Backward Looking': Instead of enabling 

managers to innovate for better future performances, they 

are oriented and implemented primarily as a measuring and 

monitoring tool. 

The end product that has emanated from the present research 

is a 'Forward Looking' System which is dedicated to the 

operational decision support function and a Methodology for 

Designing and Maintaining this System. 

The system has a modular architecture and it is made up of 

decentralised decision units. That is, each operational 

manager is provided with a workstation including a 

microcomputer and dedicated software which locally delivers 

Decision Support Function according to the specific needs of 

the manager. The total system is the collection of these 

units, where these units are inter-related with each other 

according to rationalised communication patterns within the 

company. 
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A methodology has been developed for the design of the 

proposed support system which is dedicated to the 

operational management of decentralised industrial 

organisations. 

During the design phase the development is carried out 

through two major phases: 

The object of the first phase is to identify communication 

patterns between managers for whom the system is provided. 

Existing patterns are evaluated and rationalised and the 

product of this first phase is the inputs and outputs to the 

decision units and the communication patterns between them. 

The second phase of the methodology consists of the detailed 

development of the workstations which will be allocated to 

the decision units. The design of these workstations will be 

according to the specific needs of the operational manager 

who will be responsible for the specification and the 

development of the unit. 

During the post-commissioning phase, the system will be 

continually modified and developed at both general and 

specific decision unit levels. At the general level this is 

possible because the proposed system has a modular 

architecture. At the specific decision units level, the 

operational manager being responsible for the development of 
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the unit, will know the details of the unit and therefore 

will be able to modify it according to his changing needs. 

The proposed system will therefore evolve in line with 

organisational and managerial demands. 

The proposed system provides solutions to existing problems 

which are attributed to the use of Management Information 

Systems (MIS) and Management Science (MS) methods. 

It enables operational managers to use directly and benefit 

from the quantitative analysis support tools, including 

Operations Research (OR) and (MS) methods, eliminating the 

need to interact with the specialist support staff. 

It provides them with a forward looking information system, 

where the object is to provide decision makers with 

information which meets their needs. It therefore enables 

line managers to concentrate on the analysis and evaluation 

of the operational problem. It increases the scope of 

interactions between managers and contributes to the 

effective co-ordination of the line operations as well as 

co-ordinating the decision process throughout the 

organisation. 

Unlike existing systems, the proposed system will 

continuously evolve in line with requirements and thus 
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costly and stressful total replacement of obsolete systems 

will be eliminated. It does not have to be implemented as a 

one-off large scale project. 

The solution is a product of substantial research in the 

conduct of operational research, management science and 

management information systems as well as substantial 

analysis of the related theories that are provided by 

cybernetics. The resulting model has evolved through the 

synthesis of the multi-disciplinary research and analysis 

that has been carried out on various fronts within a real 

and practical operational management environment involving 

problems and decision support needs of operational managers. 

The historical development of this work, ironically, has not 

been straightforward and most of the significant issues have 

been grasped by the author only after substantial work had 

been put into the implementation of traditional management 

science methods. It is therefore useful to review the 

progression of this work from my personal standpoint. 

Initially the object of this work was to develop a computer- 

based system, including a mathematical model, of the 

operational environment of the oil supply and distribution 

business within the scope of Management Cybernetics. 

I selected the oil supply and distribution business because 

I have had practical working experience and the 
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opportunity of communicating with operational managers in 

this industry. My background being Industrial Engineering 

which is a combination of Mechanical and Systems 

Engineering, I was thoroughly familiar with traditional 

Operations Research, and Management Science techniques as 

well as System Science theories and methods. During my first 

degree course I had already implemented projects in these 

subjects. 

During the first year of the research I worked on a 

simulation model about the dynamics of oil supply and 

distribution operations. Within the scope of the 

mathematical model, I investigated the potential 

implementation areas for Operational Research and System 

Science methods. From the exercise it was apparent that OR 

provided significant solutions to the well-defined and 

specific problems such as optimum allocation of the jobs 

between the most effective tankers. But as the boundaries of 

the problem increased, the model became too large and 

incorporated uncertainities. I had not identified 

substantial scope for significant implementation of the 

System Science methods because effective solutions could 

only be obtained through linear systems and as the scope of 

the model increased from a simplistic to a more complex 

form, the problem rapidly transformed to a non-linear nature 

which was complex and time consuming to solve. 
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Within the same period, I also worked in the maritime oil 

supply and transportation industry and soon I realised that 

an operational manager being subjected to continuous time 

pressure would not have time to try to evaluate large OR or 

MS methods and also he would have insufficient time to 

interact with the specialist staff. Such methods can 

contribute to operational management if they provide 

solutions to specific problems and if they are reliable and 

can be directly used by the manager. I also realised the 

importance of managers being provided with the information 

about the problem. 

My views had been consolidated by readings on Management 

Cybernetics especially those of Beer. At that point, 

although the model was not fully completed, I decided to 

take up a literature survey on the general conduct of OR, 

Management and System Sciences thinking that there was a gap 

and therefore need for significant research in this area. 

This survey indicated that although substantial detailed 

work had been carried out with regard to the analysis and 

solution of specific problems, no emphasis had been given to 

the interface with end users. 

Considering the fact that operational managers are under 

constant time pressure, such methods can only be effectively 

used if they are simple to use, and if the overall time 

required for setting up and solving the model is realistic 
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when compared with the time available for responding to the 

problem. Therefore these methods will only be accepted by 

operational managers if they are designed as a tool which 

can be used by them. 

During my employment with the Industrial Engineering 

division of a leading Consulting Engineering firm, I 

continually observed that most of the problems that are 

encountered during the development of a project are caused 

by the insufficiency of the communication between various 

disciplines. The most important function of Computer Aided 

Design systems is to provide a formal communications medium 

which continually provides decision makers with information 

and makes them aware of the changes that occur in other 

disciplines. It has a very important role in co-ordinating 

the decision process throughout the design and 

implementation of a project. 

Relating these observations to my practical experience and 

general readings about the oil supply and distribution 

industry, it was apparent that operational management 

suffers from the same problem and is in need of an 

information system. During the execution of operational 

management activities the decision process is co-ordinated 

through the individual efforts of the managers. In order to 

obtain the information that he needs, an operational manager 
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has to make an effort such as phoning another department, 

and allocating time to obtain the information. The decisions 

which are under the responsibility of one department often 

are the product of the decisions in other departments. The 

magnitude of the problem is greater in operational 

management because of the time pressure which is acting on 

the managers. The implications of not having such a system 

for the parent company are the loss of efficiency in 

co-ordination of operational decisions and the opportunity 

cost of not fully benefiting from the corporate resources. 

Therefore I concluded that a dedicated information system 

which co-ordinates the decision process is the fundamental 

component of any operational decision support system. The 

analysis support function which incorporates quantitative 

techniques such as OR must be integrated with this system so 

that the information which is already in the system can be 

directly loaded to such models. Such an arrangement enables 

large operational problems to be decomposed and handled by 

smaller and specific models which can be effectively used by 

managers. 

My experience with the design of the traditional Management 

Information Systems, which included lectures and projects 

during my undergraduate work, had indicated that such 

systems fundamentally relate to the communication and 
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automation of well-defined information processing tasks. 

Implementation of the traditional Management Information 

Systems seemed inappropriate for operational decision 

support tasks because they are highly dynamic and less 

structured. A substantial literature survey, which indicated 

the failure of MIS as a decision support tool, consolidated 

my views. The failure has been blamed on the rigidity and 

the backwardness of the large and centralised MIS which can 

not keep up with changing managerial requirements. 

The problems which are experienced during the use of an MIS 

can be traced back to the fact that the design of an MIS is 

typically based on traditional analysis applications 

involving the observation and simulation of a real life 

situation with the purpose of producing of an end product. 

It was apparent to me that such approaches were not 

satisfactory for designing a decision support tool which 

will be used to co-ordinate the decision process as well as 

maximising the capacity of the managers in making the 

correct decisions. It seemed to me that a general 

methodology for designing decision support systems needed to 

be based on a multi-disciplinary approach and not just 

computing or management sciences. 

The readings on Cybernetics pointed out the fundamental 
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issues which are essential for successful communications, 

co-ordination and regulation of management operations in 

organisations, as well as for successfull coupling of man 

and machine in problem-solving activities. I was interested 

in Cybernetics as a theoretical framework because it 

addresses a range of issues which are important for the 

design and implementation of such a Decision Support 

System. 

Although Cybernetics offers essential theories, I found that 

there are not many practical implementations of these 

theories and unfortunately the science does not yet provide 

an orthodox set of rules which can be directly applied to 

different problems according to a predetermined and well- 

defined pattern. Therefore, I had to adopt an unorthodox 

approach, where I identified a significant set of theories 

and principles which relate to the problem. I attempted to 

base the proposed methodology and the system on these 

principles. The proposed system and the methodology is in 

fact a product of the ideas which have emanated from the 

evaluation of the principles which are provided by 

Cybernetics. 

Although the system is designed for practical applications, 

unfortunately it is not based on a real life case study. The 

main reason for this is the difficulty of obtaining 
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sensitive operational information. On the other hand, 

according to the proposed design methodology , the systems 

is not an end product that can be designed solely by the 

system analyst: It is a joint effort between the analyst and 

the operational manager himself. In the first phase, the 

communication patterns between operations are defined by 

managers themselves. The input of the system analyst is to 

evaluate and rationalise these patterns according to defined 

cybernetic principles. Rationalised patterns are presented 

to the managers involved and are finalised only if they are 

accepted by them. It is therefore an iterative process. In 

the second phase, operational managers are responsible for 

specification and development of their own decision units 

according to their needs. In this phase the input of the 

analyst is to provide technical backup and management of the 

detailed work. 

A real experimental implementation of this system requires 

the commitment of an industrial company. Because of its 

modular architecture and development methodology, initially 

it can be implemented on a small scale and can be gradually 

built up without causing any interruptions to the existing 

operational practice. 
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1. INTRODUCTION 

1.1 Introduction 

The scope of this work is to develop a Decision Support 

System and a generalised Design Methodology for this system 

which specifically caters for the needs of operational 

managers. The primary functions of this system are to 

co-ordinate operational decision processes and to support 

decision-making activities of operational managers. The 

system provides managers with a network or an information 

system, which exclusively communicates the information which 

is essential only for the planning and the execution of 

operational decisions. Additional analysis support 

facilities including Operational Research (OR) and 

Management Science (MS) models are integrated with this 

information system. These provide managers with tools, as 

aids to analyse and evaluate the Operational Decision 

environment. 

Although much has been written about solving particular 

operations management problems by using OR and MS methods as 

well as the use of Management Information Systems as a 

decision support tool, the acceptance and the use of these 

methods have been unsatisfactory and relatively little or no 

emphasis has been given to the co-ordination of the wider 

decision process as a system within the organisation. For 

the purposes of this work it is useful to review the 

17 



background and the current situation of the subjects that 

are included within the scope of this study: 

The business environment is continually changing. Increasing 

international competition is forcing companies to operate 

nearer to their limits. Due to technological changes 

business is flowing progressively faster, necessitating 

quicker managerial response. The change towards faster and 

more competitive business environments is forcing management 

structures and practices to adapt to the requirements of the 

environment. Management structures are moving from rigid and 

hierarchical formations towards more fluid and dynamic ones, 

increasing the scope for interaction within the 

organisational structure. Management practices are becoming 

progressively less bureaucratic, leaving more freedom to the 

individual, emphasising the need for faster and more 

accurate response. Accordingly, the tools used by management 

are expected to fulfil the needs of this new managerial 

situation. Yang (1984), emphasises the importance of this 

point in Japanese industry: 

" Another worry is that new technology, rapid communications 
and more competitive global economy requires speedier 
decision-making. Many large corporations that adhere to 
traditional practice may find it difficult to compete 
against smaller, entrepreneurially managed companies that 
rely on direct communications and quicker decision-making 
processes. In September 1983 according to a survey among 
managers by Nikkei 36.9%, of the responses listed 
communications and decision-making as a matter of grave 
concern. Indeed, communications worried more executives than 
any other problem. " [1.1] 
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The development of managerial tools has been in line with 

the progress of scientific and technological development. 

The use of Management Information Systems and analytical 

methods, which have been used in solving management 

problems, has accelerated after the introduction of 

computers into commercial applications. 

Information systems have evolved through the substitution of 

manual record keeping by automated procedures. Traditional 

information systems have been primarily developed on 

corporate mainframes in order to replace clerical 

information processing practices. Accounting, sales order 

processing, inventory recording and production recording 

exemplify such typical applications. The main emphasis has 

been on transaction-based data processing with the purpose 

of providing information for book-keeping. These systems 

were complex and operated by computing-oriented technical 

staff. As the systems developed, the supply of management 

information for managerial decision-making processes has 

been seen as a useful added benefit [1.2]. Buchanan (1980), 

points out to this fact : 

" Yet computer applications in general have been so 
specialised that many organisations have overlooked 
potential and more general roles for information systems. 
Information systems are not simply labour saving devices 
that support activities of people in one or more 
departments. Rather they are control and co-ordination 
devices that should fit an organisation's formal structure 
." 

[1.3] 
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Quantitative Methods or Management Science includes methods 

drawn from areas such as 'Operations Research', 'System 

Science' and 'Simulation', and it provides sophisticated 

aids to management, especially in solving managerial 

problems which are structured and repetitive. Similar to the 

evolution of the early information systems, the design and 

utilisation of these methods have been delegated to 

scientists and systems oriented technical staff in 

specialised departments. Accordingly, managerial involvement 

with the preparation and the implementation of these methods 

has been insufficient and lack of communication between 

user-managers and management scientists has created 

organisational resistance preventing widespread acceptance 

of these methods [1.4]. Findings of research recently 

carried out by Woolsey (1986) confirm this point: 

" The findings of the research indicate that the reason why 
other systems have failed is non-acceptance by user 
managers. " [1.5] 

Ball, (1986) also points out the importance of the 

integration of Management Science methods to management 

practice and systems: 

" Management science is not fully appreciated or used. It 
needs to be an integral part of the firm management style 
culture and systems. The aim should be to make modelling as 
a part of the firm management style and system. The 
inability to integrate is what limits the progress, not the 
lack of knowledge. " [1.6] 
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The effective utilisation of Information Systems and 

Quantitative Methods by Operational Management have been 

restricted. The models are too complex, difficult to 

understand, and operate without substantial involvement of 

technical staff. Managerial processes are fluid and subject 

to frequent changes. Continual adaptation of these large 

systems in line with changing managerial requirements 

neccesitates significant manpower and development costs. 

Allen (1982) concludes the following: 

" Whatever the reason there is general dissatisfaction with 
the adaptability of information systems to changing 
requirements. Yet flexibilty is the crucial element of 
information systems especially when considering their high 
cost and long development time. " [1.7] 

The management process, being dynamic, requires frequent 

changes to the system. Modification of a large and 

centralised system is expensive and not practical. 

Availability of information systems as a potential source of 

accurate and timely information has also influenced the 

dynamics of the corporate decision-making process, which has 

became progressively more centralised. A literature survey 

indicates an extensive range of symptyoms, which refer to 

ineffective or ill utilisation of these tools. Instead of 

being productive, such utilisation for the decision support 

function can easily become time-consuming with no 

significant benefit to the parent business organisation. 
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Advances in information technology are now providing 

management with increased communication, data processing and 

computation capacity. Widespread use of mini and micro sized 

computers in business applications is changing the 

perceptions about information systems and other managerial 

decision aids. For instance, in the manufacturing industry, 

especially in the Far East, the traditional mainframe based 

complex 'Material Requirements Planning', models which used 

to track the movements of each part in the plant are now 

being replaced by 'Kanban', systems where the movement of a 

part is monitored and regulated directly by shop floor 

manufacturing centres, which are also provided with local 

information processing capacity [1.81. It is interesting to 

note that with this application, rigid and centralised 

control, which is executed by a few specialists from the 

production control mainframe, is replaced by a series of 

feedback loops which co-ordinate machining centres 

throughout the shop floor. 

The release of new products for industrial applications is 

confirming the general tendency to move towards mini or 

micro computer-based modular systems, which can be 

co-ordinated through communication networks [1.9] [1.10]. 

However, in these systems although relatively more 

consideration is given to the decision support function, the 

main emphasis is still on automated book-keeping of common 

industrial practices. 
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The operational management process is dynamic, and is 

influenced by the subjective decision processes of the 

managers involved with the operation. Organisation of the 

operations may vary significantly between the different 

companies operating within the same industry. Because of 

these factors, traditional information systems and 

implementation of management science methods are 

increasingly inadequate. 

The decision process is subjective and to be effectively 

used the capabilities of the support system must 

specifically match the requirements of each manager. 

Finished products which are available on the market are 

effectively information systems designed to replace older 

main frame based information systems or manual practices. 

They do not generally deliver operational decision support 

functions [1.11]. They cannot deliver this function because 

each product needs to be tailored according to the needs of 

the specific organisation. McLead (1986) reports the results 

of a recent survey carried out among executives on how to 

increase the effectiveness of information systems: 

It Tailor the system to fit individual needs. There is no 
best approach to develop an information system. " [1.12] 
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Answering a question 'What are your most critical concerns 

in dealing with information systems' Singelton, Vice 

Chairman of $64 billion company's. replied: 

" The vendors of Information Systems peddling too many off 
the shelf products and reworked versions of old solutions to 
satisfy today's MIS executives. What MIS chiefs want to do 
is to forge alliances with both their suppliers and users, 
pacts that will help them to build and structure the system 
and needs of the future. " [1.13] 

Decision Support systems are relatively recent trend. Such 

systems are dedicated to support managers with flexible 

access to models and relevant information about the decision 

environment. The purpose of decision support systems is to 

improve the effectiveness and efficiency of decision-making, 

throughout the business organisation [1.14]. According to 

Parker et al (1987): 

11 Decision Support Systems is a new and powerful concept, 
which if adopted and exploited will provide a new impetus 
for management scientists. It is a natural evolution in 
computer applications and it has emerged from MIS failure to 
support decision-making by managers in business. 11 [1.15] 

Justification of the decision support system, unlike MIS, 

should be based essentially on the requirements of the 

decision-makers and the characteristics of the decision 

process. What is required from managers and from the 

organisation to increase the likelihood of arriving at 
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correct decisions is not too clear. It can only be 

described by the manager himself. 

Despite the fact that decision-making is the central aspect 

of managing, the literature surrounding decision-making has 

generally focused on the moment of decision, rather than on 

the whole, complex process of defining and exploring the 

many alternatives in a decision, which precedes the 

interaction with other decision-makers and the final act of 

deciding. This is considered to be a major deficiency 

because the success of operational management depends on the 

capacity of the operational management team to function as a 

co-ordinated and healthy system. 

Since the decision process varies with managers and with 

organisations and it is not easily quantifiable, the 

development of dedicated decision support systems has been 

restricted. Existing applications generally include the 

utilisation of management information systems as an 

information bank, and utilisation of quantitive aids for 

strategic level decision-makers. 

Development of communication and information technologies 

and availability of low cost information processing capacity 

increase the scope for implementation of simple, modular, 
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easy to use, and easy to maintain support systems which 

incorporate quantitative aids as an integral part of the 

system. Application potential for such systems is especially 

substantial where the operational business environment 

necessitates co-ordinated decision-making within a 

semi-structured decision environment. Oil processing and 

maritime transportation is such an environment, where 

although most of the operational decisions are econometric, 

because of the uncertainty and the diversity of the 

operational scenarios, managerial decision work can not be 

substantially automated. [1.16] 

The decision environment for operational managers is often 

complex, and identification of the best strategy, in terms 

of overall cost effectiveness, is difficult. In order to 

contribute to the overall operational co-ordination, a 

manager, responsible for a specific function in a specific 

regional division, needs to be promptly informed about the 

state of events in other parts of the firm. Effective 

co-ordination of the operational functions can be improved 

by using quantitative methods. Existing practice indicates 

that dedicated decision support systems are not implemented 

for such applications [1.17]. 

The rationale for the implementation of a Decision Support 
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System should be fundamentally 

conventional system, where the e 

manual information processing. 

issues, which are associated 

operational management, should 

the support system which will be 

different from that of a 

mphasis is the automation of 

Analysis of the principal 

with the success of the 

precede the description of 

utilised by managers. 

The issues which are associated with successful operational 

management are already covered by many sciences and 

disciplines. Essentially they relate to the capacity of 

managers to assess and evaluate the decision environment and 

also to the effectiveness of the organisational system as a 

co-ordinating and supporting framework. Such a system can be 

perceived as an organised man-machine system, which is 

provided with the purpose of managing a certain operation 

within the organisation. 

The Support System must meet the needs of the individual 

managers and the general operat-i-onal management process. The 

system must be easy to adapt and modify. What is needed is 

more than a simple product; rather a methodology indicating 

how the system should be designed, developed and maintained. 

The design of such systems cannot be covered by only 

computing or management sciences, it requires a 

multi-disciplinary approach. 
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Most of the issues which are attributed to decision-making 

are thoroughly covered by Cybernetics which is the study of 

the flow of information throughout a system and the way in 

which the information is used by the system as a means of 

controlling itself [1.17]. By definition, the 

decision-making process involves the control of information 

within the organisation with the purpose of directing the 

organisation towards its goals. 
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1.2 Proposed Solution 

A methodology discussed in this thesis for designing 

Decision Support Systems has been developed by considering 

cybernetic principles about communication, co-ordination and 

regulation in organisations, as well as the coupling of man 

and machines in problem-solving activities. 

The starting point is the recognition of the fact that 

direct operational decision support is a fundamentally 

important issue and requires a cohesive and dedicated 

support system. The system must be specifically designed 

for operational management activities. Therefore, the input 

of each manager, which contributes to the operational 

management process, must be abstracted from his other 

functions, and the support system must be designed solely 

for this function. 

The system must be perceived at two distinct resolution 

levels: The main system level defines the entire support 

system which is provided to operational decision managers in 

the organisation. It is a collection of the independent 

units and the information communication patterns between 

them. The individual unit level describes the details of the 

support system that is provided to a specific operational 

manager. 
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This is based on the black box approach, where the line 

organisation which deals with operational decision-making is 

described in terms of decision centres. At the main system 

level, the details of the local decision support function 

are not important. The essential issue is the determination 

of the inputs and the outputs to each decision centre in 

terms of information which is significant for the decision 

process. The objectives and the scope of the design process 

which applies to this resolution level are completely 

independent from the second resolution level. The object is 

the proper co-ordination and regulation of the decision 

process involving a number of operational managers. Such an 

approach also facilitates the understanding of the existing 

decision dynamics in the organisation. 

At the second resolution level, each decision centre, 

consists of different managers with different decision 

support needs. The system provides them exclusively with 

essential information about their own decision environment 

and quantitative decision support facilities which enable 

them to analyse the problem. 

The object of the system is to provide 'on line' operational 

support. It will be directly used by managers without a need 

for technical staff. Although the managers are responsible 

for the timing and the nature of their interventions into 

the operations, in order to have more time for analysis and 
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evaluation they require the information as quickly as 

possible. The proposed system provides a formal medium for 

constant communication of the information which is 

significant and important for the decision process. It will 

filter and reduce the large amount of variety generated by 

the environment. 

Each decision unit, being specified by the operational 

manager himself according to his specific needs, will be 

directly used by him as an analysis support tool. This is a 

significant improvement in introducing OR and MS methods to 

operational management because, unlike strategic decisions, 

the time that can be allocated to the analysis of 

operational decisions is often very limited and, instead of 

benefiting from the scientific methods, managers often rely 

on 'rule of thumb', or 'educated guesses' even in assessing 

semi-structured problems that can dealt with by MS methods. 

The system which is based on the proposed methodology 

provides a medium for proper co-ordination and regulation of 

the individual efforts of the various operational managers. 

Co-ordination and regulation of the decision process through 

computer based systems is sensitive. Over-centralisation or 

loss of the organisational flexibility are typical examples 

of improper MIS implementations which have produced in 

counterproductive results. 
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Automation and partial or full delegation of operational 

decisions which can be delegated to the system are included 

within the scope of the methodology. 

In this thesis a typical implementation is developed for an 

oil production and distribution company in order to 

exemplify the proposed system and the methodology. The oil 

industry is now facing increasing competition. In order to 

keep up, companies have to increase the overall cost 

effectiveness of their operations. As happens in the 

manufacturing industry, increasing the turnover reduces the 

quantity of stock and the capital tied to it. Mobilisation 

of large volumes of crude and refined products, especially, 

in maritime transportation, is costly and an effective 

operational management has significant contributions to make 

to the competitiveness of the company. Operational functions 

including the purchase and supply of crude to the processing 

plants, inventory control of stocks and products, 

production, distribution of products to markets and sales 

must be properly co-ordinated. The decision process 

throughout the firm requires complex and continual 

interaction of operational managers. Oil companies, whether 

they are private or state-owned, are decentralised and their 

production plants are distributed to various geographical 

locations. Common utilisation of corporate resources between 

regional divisions, especially in maritime transport, 
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necessitates further co-ordination of the operational 

decision process. 

The design is carried out in the light of the methodology 

proposed and developed in this work. The primary objective 

of the system is to provide a framework, an environment for 

the operational management in co-ordinating and optimising 

the main activities associated with the marketing, transport 

and production functions of the company. 

The system hardware consists of a network of microcomputers 

interlinking to various parts of the company. There is no 

need for a central mainframe or mini for data storage. The 

system will be completely independent from other information 

processing systems of the company and if necessary will be 

interphased to the other systems for extracting information. 

The system will not be used for functions other than 

decision support. Therefore, recorded and transmitted 

information will be kept in the system while the transaction 

is in progress. The relevant information will be smoothed 

and stored in order to provide data for decision support 

oriented forecasting. The system will include files, 

communication systems and built-in quantitative methods 

which are used for co-ordination and decision support. 
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1.3 Structure of the thesis 

The outline structure of this work is as follows : 

Chapter Two includes the definition of the problem. Briefly, 

it incorporates recognition of the fact that operational 

managers are increasingly in need of a decision support 

tool. The reasons that caused the failure of OR/MS methods 

and the MIS in delivering operational support functions are 

investigated. Finally the scope of requirements for a 

decision support system to be used by operational management 

of industrial organisations is defined. 

In Chapter three the use of Cybernetics as the conceptual 

framework is justified. Contributions of Cybernetic theories 

to the design and development of such systems are 

investigated under three sections . 
(1) The Co-ordination 

and Regulation of the operational management activities 

within the organisation. This applies to the co-ordination 

of the decision process and forms the basis of the design of 

the main system. (2) The properties that relate to the 

interaction of man and machines in co-operative problem 

solving activities. This forms the basis for designing 

individual decision support units. Finally (3) The 

properties that the support system must have since it is a 

tool for a constantly changing and evolving decision process 

within the business organisation. 
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Chapter Four centres on the description of the proposed 

system and the proposed methodology. The aim of the 

methodology and the rationale of adopting the proposed 

system including system objectives and system configuration 

are explained. The methodology for developing the proposed 

system is explained in three sections: The first section 

defines the specific operational situations for which the 

system will be significantly useful. The second section 

describes the development of the system at the main system 

level. The outcome of this phase is the definition of the 

decision units, the inputs and outputs to each unit and the 

communication patterns between units. The third and final 

section describes the development of the individual decision 

units. This chapter also includes a description of the 

development of the system following its commissioning and 

the contributions to operational management that emanate 

from using the proposed system as a decision support tool. 

A typical implementation is carried out for a typical oil 

company in order to exemplify the system and the proposed 

development methodology. However, it must be noted that it 

is not based on a real case study. Such a complete 

implementation requires the commitment of an industrial 

company because according to the proposed development 

methodology the system is not just an end product; it 

requires direct involvement of the operational managers with 

the design process. The typical implementation is therefore 

based on the exemplification of what happens in actual 
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conditions. The information is obtained from direct 

communication with some operational managers, yearly reviews 

and other publications of oil companies and on the 

literature survey about the subject. This chapter mainly 

includes description of the business environment of oil 

processing and distribution companies, description of the 

decision environment and a exemplification of developing the 

first phase of a proposed methodology. 

Chapter Six includes the explanation of the second phase of 

the proposed design methodology: The details of the 

individual decision units which are provided to various 

managers are exemplified. However, exemplification of this 

phase is limited because, in real life applications, each 

manager will be responsible for the specification and the 

development of the decision unit which will be directly used 

by him. During the post-commissioning period operational 

managers will also be responsible for maintaining their own 

units. 

Chapter Seven includes discussion of the design of the 

decision support systems and contributions to the 

operational management itself are emphasised. This chapter 

also includes a comparison of the proposed methodology with 

other methodologies. Finally Chapter Eight presents the 

conclusions derived from our work and Chapter Nine discusses 

recommendations for further work. 
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2. OVERVIEW OF THE PROBLEM 

2.1 Problem documentation 

Directors or managers who are responsible for managing 

mainstream business operations in some industries are 

constantly faced with situations, where, in order to improve 

the performance of the operation, they need to intervene in 

the actual situation. Unlike a traditional strategic 

decision environment, where decisions are made in scheduled 

meetings, operational decisions have to be made within a 

limited time period. Therefore, often there is no time to 

organise and to analyse the information. Managers are forced 

to be closely involved with the situations. Unlike strategic 

decision makers they cannot afford to co-operate with the 

technical support people. Instead of relying on quantitative 

decision methods, they rely on subjective 'rules of thumbs' 

or 'gut feelings'. They are restricted to operating within 

the scope of the information which is supplied to them. If 

the information is not satisfactory, then valuable and 

limited time, which should be allocated to analysis, 

evaluation and co-ordination, is spent in obtaining the 

necessary information. 

At Northwest Industries a manager states the following about 

his direct involvement with the corporate management support 

system: 
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" It saves a great deal of time spent in communicating with functional staff personnel. Today, for an increasing number 
of problems, I can locate the data I want and I can develop 
it in the form I want faster than I could describe my needs to the appropriate staffer. " [2.1] 

In some industries, where a decision maker has to manage 

business operations which involve large quantities of high 

value products, especially in uncontrollable environments, 

the correctness of the decision may contribute significantly 

to the overall cost effectiveness of the operation and thus 

to the overall competitiveness of the company. Operational 

co-ordination, that is, collective decision processes 

leading to effective utilisation of common resources, is 

especially important where the business operation 

necessitates management of a number of interrelated and 

interdependent functions. With regard to the increasing 

interdependence of operational functions and the increasing 

need for operational co-ordination, the regional vice 

president of East Africa and the Middle East for a $1.2 

billion division of a consumer products firm has noted the 

following: 

Until three years ago my six affiliates were very much 
self-contained operations. Today, however, I see their care 
as an integrated set of manufacturing resources that supply 
different markets with products made wherever my cost 
advantage is greatest. The plants in one country now must 
supply others located elsewhere. " [2.2] 

The same paper (Buss, 1982) further emphasises the role of 

MIS specifically in co-ordinating operational management 

activities. 
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Business organisations are provided with procedures, which 

are used to co-ordinate distinct operational functions. 

However, being based on past performances, these procedures 

have a time lag associated with them and they are redundant 

in co-ordinating the operational decision environment [2.3]. 

As companies are forced to be more competitive, in order to 

increase their competitiveness managers are obliged to 

produce operational decisions which result in better 

utilisation of the company resources. 

The information needs of the managers about the environment 

are provided by themselves or by their staff. Internal 

information about the state of events is provided by the 

corporate management information system whose main 

justification is other than direct managerial support. A 

literature survey indicates that a traditional MIS does not 

cover environmental information and does not have any 

significant effect actual decision-making processes [2.4] 

[2.5]. 

Carter (1983) points to the fact that an MIS traditionally 

is a measurement tool rather than providing information for 

the direct operational support function : 

" These characteristics put the manager in direct conflict 
with most formal information systems. He seeks to trigger 
speculative current information but the formal system gives 
him largely aggregated precise historical information. 
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Furthermore the manager demonstrates a thirst for external information whereas formal systems provide internal 
information. As a result, the manager must often ignore the 
formal system. Instead he designs his own system which 
provides information that he believes he needs. " [2.6] 

Utilisation of quantitative methods is through specialist 

departments where interactions of managers with technical 

staff are not viable for operational decisions and therefore 

managers do not benefit from using such methods [2.7]. 

A literature survey about the effects of MIS on corporate 

co-ordination in industrial companies indicates that 

significant restrictions and deficiencies are introduced 

into the operational co-ordination in the firm 

[2.9], [2.10], [2.11] [2.12]. 

Although technology is available, existing systems generally 

fail to provide significant decision support for operational 

decision makers. Specific reasons for this deficiency are 

investigated in detail in the next section. 
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2.2 Principal Causes and Symptoms of Misapplications 

An extensive literature survey has been carried out as part 

of the work represented here to identify why computer-based 

information and analysis support systems are not used by 

industry as a significant decision support tool. According 

to Saleron: 

" Early attempts to introduce MIS led to high hopes followed 
by hot debate when systems promised and failed to deliver a 
new era of management productivity. " [2.20] 

Recent court actions against software houses indicate the 

importance of the problem. Harrison 1984 reports the 

following: 

" It is noted that at least thirty court actions are brought 
to the suppliers and software houses alleging they have been 
sold unsatisfactory systems. Claims for damages run into 
millions of pounds and the list of cases involves some of 
the best known names in the computer industry. According to 
the experts in the consultancy field litigation has 
mushroomed in the last two years and is set to continue 
growing. " [2.13] 

The philosophy behind the development of computer based 

systems for managerial purposes is either to replace manual 

book-keeping practices by automated information processing 

systems, or to improve the quality and the capacity of the 

existing automated systems [2.14]. The primary function of 

the corporate information system is to provide information 
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for staff functions such as order processing, rather than 

providing information for operational decision makers. 

Therefore, the needs of the staff functions dominate the 

needs of the decision makers. The fundamental difference is 

that the staff functions are responsible for controlling and 

monitoring h at happened in the past, whereas the primary 

concern of operational managers is to innovate better future 

performances. Most of the symptoms are related to this fact 

[1.6]. 

Being data processing oriented, the traditional MIS is large 

and complex. Involvement of managers at the design phase, 

that is, at the software specification phase, is limited. 

The decision process is complex and unlike system analysis, 

applications are generally ill defined. If the project 

development is mainly carried out by systems analysts, 

without any substantial input from managers, the resulting 

system generally turns out to be unnecessarily complex and 

it generates substantial amounts of unneeded variety [2.13]. 

Therefore, limited managerial involvement with the system 

design results in inadequate systems. 

In a survey carried out by a principal of Arthur Young & 

Co., 1986, a chief information officer reports that there is 

a lack of communication between developers and users. 

" There is a lack of communication between line management 
and data processing people. There is a lack of credibility 
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because in most cases line managers have not gotten what they wanted when they wanted it. " [2.23] 

Singleton (1987), vice chairman of a large company, states 

the importance of system development where user-managers are 

directly involved with the development. 

If I want a partnership, strategy that allows us to build 
something unique together with the vendor. "[1.13] 

In the same survey, Brezinski, vice president of Information 

Systems at the $ 3.7 billion Quaker Oats Co points out the 

fact that this deficiency is the primary cause of systems 

being inadequate. 

On the same point Wilkington emphasises the need for direct 

managerial involvement in developing such systems: 

" The managers who are going to use the information must be 
responsible for setting the specifications for these systems 
and evaluating the results; only they can state their own 
needs and degrees of satisfaction. " [2.14] 

Inadequate information or deficiencies in the system either 

restrict the decision environment of the managers or 

alienates the managers from using the system which 

eventually becomes redundant [2.15]. 

Being large, such systems require long development times. 

Accordingly, modification of such systems requires 

significant resources, and eventually they lag behind the 
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general practice. The decision process, unlike transaction 

oriented data processing, s dynamic and subject to change. 

Naturally MIS cannot keep up with the continual changes in 

the decision process. The upgrading of the MIS is therefore 

not evolutionary, but revolutionary and each replacement 

represents a strenuous habituation period, especially for 

managers who can accommodate only a limited training and 

learning period [2.16]. According to Allen, 

" Applications frequently prove inflexible and difficult to 
change. A part of the problem in most organisations stems 
from the poor products developed in the past. That request 
for change gets to be a giant project that takes forever to 
complete and costs a fortune is a universal complaint. 
"[1.7] 

Because of this static nature, MIS cannot be easily adapted 

to cope with unforeseen circumstances. This particular fact 

decreases the adaptability of the decision makers. In the 

manufacturing industry, it is not rare to see business 

organisations where the central information system ends up 

controlling the whole operation, whilst decreasing its 

adaptability. Martin (1983), points to the importance of the 

maintenance problem: 

" Perhaps the biggest unforeseen danger is the difficulty of 
maintenance. Most business applications change over in time 
so the package must be modified and the customer must make 
the modifications. " [2.17] 
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Since the MIS is dominated by staff functions, it is biased 

towards measurable information. According to the 

availability of the information, some decision makers can be 

provided with more relevant information whereas some others 

are neglected. However, the operational decision process is 

an interrelated system, and its success is restricted to the 

performance of its weakest element, that is the least 

informed manager. Although the information system 

contributes to the co-ordination because of its isomorphism 

it can generate a large quantity of variety . 

The introduction of information systems to management 

practice influences the control philosophy in the 

organisation. There are numerous examples of 

overcentralisation of power due to easy availability of 

information. Such overcentralisation in the decision process 

is dangerous and will modify operational business dynamics. 

Zuboff indicates that the MIS has implications on the actual 

business dynamics: 

" Finally, these capacities of information systems can alter 
the relationships among managers themselves. A division or 
plant manager can often leverage a certain amount of 
independence by maintaining the control of key information. 
With itowever senior managers in corporate headquarters 
increasingly have access to systems that display day to day 
figures of distinct parts of the company. This new access 
raises several questions for a corporation. Managers are 
reluctant to make decisions on the basis of information that 
their supervisors receive simultaneously. 11 [2.18] 
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The provision of managers with fully organised and 

classified information in an ill-defined decision 

environment does not usually contribute to the decision 

process. In such environments managers provided with raw or 

semi-organised information can often quite effectively grasp 

situations. Quantitative decision aids, although extensively 

used at strategic decision-making levels, are not generally 

utilised by operational managers [2.19]. 

The application of quantitative techniques is delegated to 

technical staff and therefore there is little scope for 

direct involvement of managers in using such methods. 

Linstone (1985), points out that the real weaknesses of the 

OR/MS are not in the technology but in the integration of 

these methods to general management practice : 

of The application of MS/OR type methods have acute 
limitations including reductionism and simplification. To 
overcome these limitations, perspectives other than 
technical area should also be used in the process. 
Organisational and personal perspectives should also be 
formally considered along with technical decision making. 
"[2.21] 

Minch indicates the lack of user-friendliness; the 

difficulty due to the set up, and use of these models is 

often the basis for the failure of these methods being 

accepted by management practice: 

" Despite the widespread use of management science models in 
decision-supporting applications, their usefuleness has been 
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limited by several factors. Investigations into these limitations have noted that these shortcomings relate primarily to lack of user-friendliness, inflexibility of models in dynamic environments, and the absence of model-data and model-model communication. 11 [2.25] 

The main problems which have been referred in this section 

relate to the fact that there is a lack of line management 

involvement during the design and development of the 

information systems. This section also relates to the 

inability of the systems to be adapted according to changing 

requirements. Lack of emphasis with respect to 

organisational considerations has affected the relationships 

between managers at the personal level such as have occurred 

with the emergence of over-centralisation. This section also 

points to the limited perceptions about the functionality of 

MIS in co-ordinating the management operations. The 

essential reason for this is the evolution of MIS from 

traditional systems where the object is the measurement of 

past events. 

The failure of OR/MS methods as a management support tool is 

blamed on the fact that their development has been mainly on 

technical aspects leading to a significant gap between 

managers as users of these methods. 

In the light of these problems, within the next section the 

requirements for design and implementation of operational 

decision support systems incorporating MIS and OR/MS methods 

are evaluated. 
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2.3 Scope of Requirements for Design and Implementation 

of Decision Support Systems 

In the light of the symptoms experienced by industry, it is 

concluded that the MIS is not used as an effective decision 

support tool because it is primarily designed to fulfil the 

needs of the staff functions. On the other hand, 

quantitative techniques are being significantly delegated to 

management science specialists where they are used as a 

support tool by strategic decision makers where the decision 

maker is not under time pressure, but they are not used 

significantly by operational decision makers where there is 

limited time to analyse and evaluate the decision 

environment. Decision-oriented problems are generally 

perceived as self-contained ones which can be solved by one 

decision maker, and therefore the importance of the support 

facilities for co-ordinating the decision process is not 

emphasised. 

Before defining any specific factors which contribute to the 

effectiveness of a decision support system, the 

characteristics and dynamics of the decision process must be 

assessed. What are the elements which increase the 

performance of the decision makers as a whole in the firm? A 

criterion for developing decision support systems or 

assessing their performance only be constructed only after 

the evaluation of the decision dynamics involving analysis 
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of information flow between the decision makers and the 

decision process practised by managers has been made. 

The design should proceed following the analysis of the 

existing decision dynamics and must cover the shortcomings 

of the current practice which can be classified in four main 

sections: Provision of information, provision of analysis 

support tools, provision of automation and provision of a 

co-ordinating framework. 

Provision of information refers to the performance of the 

support system as a medium to provide the decision maker 

with the necessary information which will enable him to 

carry out his decisions. 

The information needs of the manager are not clear and can 

be best described by the experienced manager himself. On the 

other hand, decision making is a dynamic event and changes 

with time and with situations. Therefore managers should be 

substantially involved with the development of the system 

which must be simple to modify and simple to maintain. Large 

business organisations which involve many decision makers 

are particularly exposed. Various parts of the system must 

have the capability of being developed and maintained 

independently. 

Provision of information for staff functions results in a 

large system which is complex, difficult to maintain and to 
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modify. Systems must be smaller, where information which is 

not relevant for decision making should not be stored. This 

will reduce the amount of information which needs to be 

processed and consequently the problems associated with the 

use of large systems. Systems must be set according to the 

requirements of the decision makers so that the generation 

of unneeded variety is implicitly reduced and thus keeps the 

system size in check. The decision maker needs to be 

provided only with essential information about the decision 

environment. 

Being staff-function oriented, the MIS concentrates on some 

functions more than others. The emphasis and the aim of the 

staff functions are not always aligned with the aims of the 

operational management. Therefore managers should not be 

provided with information which is primarily organised to 

meet the needs of the staff functions. 

A decision support system, therefore, should not be 

incomplete on major issues and it should not be uneven. That 

is, some managers should not be supplied with detailed 

information if other decision makers of equivalent 

importance are not supplied with similar information of 

similar quality and quantity. By the same token, the actual 

situation should not be reduced or significantly modified 

for the sake of supplying quantitative and formal 

information which follows a predetermined pattern. These 
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measures will move the emphasis towards the essential 

information needs of the managers and the system will not 

restrict or influence the managerial procedures. 

The reasons resulting in management science methods not 

being used effectively as an analysis aid, are in fact 

fundamentally similar to the reasons resulting in the 

failure of MIS as an effective decision support tool. It is 

primarily due to the perception of such techniques as large 

and complex methods which can be handled only by 

specialists. 

Unlike strategic decision makers, managers who are 

responsible for line operations are continually pressurised 

to deliver the necessary decisions within a limited time 

period. To be accepted and to be effective, quantitative 

analysis support tools should not be complex and difficult 

to interact with. Such complex models are of little use to 

managers, because of high set up, access and response times. 

In an operational decision environment, a large proportion 

of the operational dynamics is in fact repetitive. That is, 

the leading particulars of the problem are more or less 

similar although the details and the characteristics may be 

different. A major step towards the acceptance of analysis 

support tools by operational managers would be to prepare 

generalised models and to provide such models as an integral 

part of the general decision support system. These models 
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should be easily adaptable to the particular needs of the 

operational situation. It is not too difficult for the 

operational manager to identify the type of analysis he 

needs to perform in order to improve the quality of his 

decisions. Therefore, provision of a predefined repertoire 

of robust and easy-to-set quantitative analysis tools which 

are likely to be needed during the course of the operational 

dynamics will improve the analysis capacity of the manager. 

Automation of the decision making is especially sensitive. 

What can be delegated to machines as operational decision- 

making work is in fact limited. Routine maintenance oriented 

operations and straightforward economic comparisons subject 

to supervision can be delegated to the system with the 

purpose of focusing the attention of the decision maker on 

more difficult situations. However automation of decision- 

making work should not be treated as a traditional system 

analysis application because it is fundamentally different. 

To what extent such automation can be safely achieved should 

only be practised through the analysis of the decision 

environment vis-a- vis with the characteristics of man and 

machine problem solving. 

The most important element which contributes to the success 

of operational decision making is certainly the 

co-ordination of decisions so that they function as a system 

[2.23]. The major function of the decision support system 

can therefore 
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be defined as a co-ordinating framework for operational 

decisions. A typical MIS implementation resulting in 

information exchange between departments is not satisfactory 

in fulfilling the requirements of co-ordination function. 

Effective co-ordination can only be achieved by respecting 

the issues associated with the co-ordination and regulation 

of systems. The pitfalls are numerous: Overcentralisation 

needs to be prevented, since availability of the information 

provides the scope for it. The short and long term 

implications are significant. Over the short term, managers 

who are less involved with the situation are enabled to make 

decisions about the situation; over the long term, 

overcentralisation will result in loss of capability of the 

business organisation to adapt to the emerging environmental 

changes [2.24]. 

The aim of the support system being uniquely a decision 

support function, there is no need for the system to have 

centralised data storage files where the data can be used 

for other aims. In fact such centralised data storage can 

force the decision process to fit the pattern of the system 

resulting in loss of dynamism and loss of adaptability in 

the decision process. 

The scope for requirements for improving the quality and the 

performance of the decision support system indicates that in 

general terms, a completely independent system dedicated 
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uniquely to the decision support system is required. The 

system needs to compromise on various aspects of the 

decision process. 

What are the criteria which can be used as a reference in 

designing and implementing such systems? What are the 

priorities that need to be respected in arriving at a 

compromise which meets the requirements of the decision 

makers? How can such a system be designed so that the 

components referring to various aspects of the problem do 

not have counterproductive implications? 

The solutions cannot be provided by the specific disciplines 

which are covered by the problem. For instance the 

co-ordination problem cannot be addressed by management 

science or information technology. By the same token 

decision making is fundamentally different from other 

information processing work and therefore cannot be 

implemented through conventional system analysis 

applications. A lateral approach involving various 

disciplines is required so that the various functions of the 

decision support system can be unified within a general 

framework. 

Analysis of the decision process should precede all attempts 

to define the requirements of the decision support system. 

As the decision processes are dependent on business 
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dynamics and management practice, the issues associated with 

the management within a general context need to be included 

within the scope of the assessment. The theories associated 

with co-ordination, man-machine problem solving, and 

automation must be carefully examined and included within 

the scope of the methodology of designing and implementing 

decision support systems. 

In order to achieve the above, it is quite clear that a 

multi-disciplinary approach is needed. Within that approach 

leading particulars of the specific methods referring to one 

aspect of the problem shall be addressed. In fact it should 

be noted that the failure of MIS and quantitative analysis 

tools to penetrate operational management practice is blamed 

on the fact that in-depth implementation of such methods has 

resulted in loss of focus and the detail involved with the 

methods has overtaken the aims of the methods. 

In summary, to avoid the existing problems, the decision 

support system which essentially provides MIS and OR/MS 

methods for direct 'on line' operational decision support 

must conform to the following: 

The design must be based on a multi-disciplinary approach 

where social, organisational and systemic aspects are 

considered as well as technical ones. 
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Any design work must be preceded by a thorough analysis and 

understanding of the existing decision dynamics and the 

information flow within the organisation. 

The design philosophy must focus on meeting the most 

important needs of the managers in terms of decision support 

function. That is, instead of past oriented accuracy, 

systems must incorporate the factors that realistically 

contribute to the decision process despite the fact that 

they may be unorthodox or informal such as qualitative 

judgements of other managers. 

Operational managers must be responsible for designing the 

system since the system will be directly used by them. To be 

effective, the system must exactly deliver the support that 

each manager needs, although that support function may be 

significantly different for various managers. 

As well as providing decision support functions, 

individually to operational managers, the system must 

contribute to the effective co-ordination of the decision 

process. 

Any OR/MS models must be easy to set and easy to use. They 

must be integrated to the MIS and to the other management 

support systems. 

56 



Systems must not create additional problems which affect the 

overall effectiveness of the decision process throughout the 

organisation such as overcentralisation of power. 

Systems must be easily modifiable according to managerial 

requirements. 
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3. CYBERNETICS AS A METHODOLOGY FOR IMPROVING THE DESIGN AND 

THE IMPLEMENTATION OF DECISION SUPPORT SYSTEMS 

3.1 Relevance of Cybernetics 

What is the relevance of Cybernetics? What is the 

justification for using theories of Cybernetics as a 

reference in the design and implementation of Decision 

Support Systems instead of other sciences? 

According to Stewart (1982), 

Of Cybernetics has been going on for forty years and is 
embarrassingly middle aged still to be called a young 
science. We no longer have the excuse that it is new for any 
lack of results. " [3.3] 

Cybernetics does not provide an inclusive and integrated 

framework of theories. The effectiveness of using 

Cybernetics as the sole science in the application of any 

system or methodology is therefore debatable. 

The intention is not to claim that the whole methodology is 

exclusively constructed from the direct application of 

Cybernetic theories. However, it provides imperative 

principles, which are not covered by a particular science or 

method and which are fundamental for the design of 

information processing systems, co-ordinating the decision 
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process in a business organisation. It provides a conceptual 

framework, which focuses on the relative importance of 

various issues which are traditionally used in the design of 

management support systems. 

As the work proceeds, and details of the problem are 

presented, utilisation of Cybernetics as a reference frame 

will become apparent because designing Decision Support 

Systems is fundamentally a Cybernetic problem. Therefore, at 

this stage the relevance of Cybernetics is emphasised by 

indicating that general concepts associated with decision 

making and accordingly concepts associated with the design 

of decision support systems are in fact covered by 

Cybernetics more satisfactorily than management or computing 

sciences. 

The aim of this work is not to teach managers about 

Cybernetics and how to make decisions using Cybernetics, but 

to provide a system, or a framework, which is designed by 

considering Cybernetic theories. The object of the system is 

to increase the capacity of the manager as a decision maker 

by providing him with the appropriate information and 

analysis tools; to enhance effective interaction between 

managers in assessing a decision situation; and to 

co-ordinate the decision-making activity as a process 

throughout the business organisation. 

Therefore, the use of such a system addresses the decision 
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making activity which contributes to the mainstream business 

operation of the firm. It does not address other decision 

making activities of the manager, which do not immediately 

relate to the mainstream business activities, such as how to 

motivate the staff to get the work done. 

It is important to re-emphasise that the decision support 

system which we are referring to in this work is not a 

general purpose system and that it is designed to be used by 

the operational managers of decentralised business 

organisations. These operational managers shall be 

responsible for at least one essential aspect of the 

mainstream business activity. In summary, it is about 

operations management including the purchasing and supplying 

raw materials to production plants, controlling raw 

materials and finished goods inventories, controlling the 

production rates distributing finished goods to markets and 

marketing operations. The primary aim of the decision 

support system is to provide a framework through which 

various operational activities are successffully 

co-ordinated, because what happens to one activity depends 

essentially on what happens to other activities. The 

essential reason for having operational decision makers who 

are responsible for certain aspects of the business 

activity, does in fact indicate that at these positions 

there is a need for human intervention for problem-solving 

or decision making work associated with the mainstream 
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business activity. Such positions can be described as 

decision units. Accordingly, the whole mainstream business 

activity can be represented by series of decision units 

which are connected to each other forming a system which can 

be analysed and evaluated by Cybernetics. 

The primary characteristics of the problem, which indicate 

and emphasise the need for adopting Cybernetics as the 

reference methodology, are as follows: 

Mainstream business operations involving production, 

transportation and marketing functions of a decentralised 

business organisation require substantial interaction 

between managers who are involved with the mainstream 

business operation. 

The effectiveness and the profitability of the business 

organisation can be significantly improved by proper 

co-ordination of the decision-making work which is 

associated with the main business activity of the 

corporation. 

Analysis of systems is a major study area for Cybernetics. 

Klir's description of Cybernetics (1965) clarifies this 

point. 

" Cybernetics is a science dealing on the one hand with the 
study of relatively closed systems from the viewpoint of 
their interchange of information with their environment, on 
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the other hand with the study of the structures of these 
systems from the viewpoint of information exchange between their elements. " [3.1] 

Cybernetics as a science provides theories which can be used 

in solving problems associated with the co-ordination of the 

decision process as an integral system. What should be the 

context of the relationships between various decision 

makers, that is the elements of the system, how should the 

process be regulated, controlled, and what should be 

incorporated to the decision support system so that its 

utilisation does not restrict the flow of the decision 

process? 

Ashby (1956) defines Cybernetics as 

"The study of systems that are open to energy but closed to 
information and control" [3.2]. 

In this description Ashby points out that the essential 

study area for Cybernetics is systems where the control of 

the information which is passing between the elements of the 

system is the determining factor for the performance of the 

system. As well as the co-ordination of the decision 

process, the capability of the operational manager in making 

good operational decisions is an essential factor 

contributing to the effectiveness of the decision process. 

How should the decision support system be designed so that 

the capacity of the manager as a decision maker can be 

increased? At that level the purpose of the support system 
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is certainly not to replace managers with computer programs. 
Its aim is to provide the manager with appropriate 

information and analysis support tools so that the manager 

does not waste his precious time in chasing information and, 

by being provided with analysis support tools, does not 

always have to rely on 'instincts' when evaluating the 

decision environment. Cybernetics investigates how a man and 

machine system should be coupled together as an effective 

problem-solving system [3.3]. It attempts to answer the 

question how decision making work should be apportioned 

between man and machine. That is, it asks what aspects of 

the decision making work could be effectively delegated to 

the decision support system without generating negative side 

effects. According to Stewart, value processing is 

differentiated from information processing. Information 

processing work can be delegated to machines as long as 

quantitative relationships may be established between the 

elements of the problem necessitating a decision. [3.4]. 

Delegation of that type of work to machines enables manager 

to concentrate on problems which cannot be solved by 

machines, problems often involving issues of value. 

What should be the scope for quantitative analysis models; 

to what extent do the manager need to know about the details 

of such models? What should be the scope for the 

interactions of the manager with such analysis support 

tools? 
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Investigation of such issues are included within the scope 

of Cybernetics [3.5], [3.6], [3.7]. 

Business organisation evolves in line with the changing 

business environment. Operational dynamics and accordingly 

decision process about operational dynamics have to evolve 

according to environmental pressures. The decision support 

system, being a facility for the decision makers in the 

firm, must conform to the continually changing decision 

process. It should be designed so that its utilisation does 

not pose any restrictions on the evolution of the decision 

process. Cybernetics investigates the properties that 

contribute to the evolution of the business organisation as 

a system. Consideration of these properties in designing 

decision support systems prevents the support system from 

posing any restrictions on the changing operational 

dynamics. Beer's definition of the Cybernetic approach to 

designing control mechanisms for the business organisation 

incorporates this point: 

" If one is confronted by a system such as an industrial 

company or economy, and if this system has many of the 
formal properties of a living organism as well as its 

critical aims and objects then these entities belong to the 

class of Cybernetic systems. They ought to respond to the 

same control mechanisms. So he looks at the internal control 
arrangements at the surviving and evolving arrangements, and 
what happens when things go wrong. Then, he creates 
cybernetic controls: these may be actual machines -hardware 
attached to the plant -or new models of 
organisation, information handling and decision taking among 
people. " [3.8] 
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This approach is not fully inclusive and does not 
incorporate certain issues which are necessary to the 

evaluation of the decision process in the firm and the 

design of effective support systems for it. But it provides 

a general understanding of the problem, emphasising the fact 

that the systems provided in business organisations for 

control purposes should be designed considering the fact 

that organisations have to change and to evolve. A brilliant 

system may be designed for a specific condition which 

outlines the requirements for a decision support system, but 

if the system is designed without considering the fact that 

conditions are dynamic and are continually changing, it will 

soon be restrictive and eventually will be redundant. 

Therefore, the decision support system should be designed so 

that it should be adaptable to the changing requirements of 

the decision environment. 

As noted before, the subject of this work is how to design 

dedicated decision support systems which will be used 

primarily in co-ordinating various operational functions of 

a decentralised business organisation. Decision making 

associated to mainstream business operations is a system 

which needs to be co-ordinated and regulated as appropriate. 

Such systems, which are working properly, conform to certain 

rules and principles which are studied and defined by 

Cybernetics. To be effective, decision support systems 

should be compatible with the decision-making system. That 

is by its design it should not pose any limitations on the 
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flow and functioning of the decision-making system. This 

necessitates the use of such cybernetic principles in the 

design of the decision support systems. Potential users of 
the system, who are the operational decision makers, do not 

have to know about Cybernetics. At this stage, it is not too 

difficult to point out that the issues which have been 

discussed in this section do in fact directly relate to some 

of the problems, such as the adaptability of the support 

system, failure of the support system in co-ordinating 

business operations etc which have been discussed in the 

previous chapter. 

Cybernetics, at least at a conceptual level, is suitable for 

being adopted as a general methodology for analysing the 

decision process in business organisations and designing 

adequate decision support aids for it. It is justifiable to 

do so since, as described earlier, Cybernetics addresses all 

aspects of the problem much more satisfactorily then 

management science or computing sciences. This conceptual 

justification can be consolidated only when decision support 

systems based on Cybernetic principles are implemented in 

industry and their effectiveness is evaluated against 

conventional decision support systems. 

There have been various attempts to use Cybernetics as a 

conceptual framework in developing models of business 

organisations, in designing information systems and 

implementing OR as a management tool. 
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Beer proposed a methodolgy for implementing information 

systems where Cybernetics is primarily used as a tool to 

study the flow of information throughout the organisation 

and the way in which that information is used by the system 

as a means of controlling the system. In this approach the 

only information needed to measure performance and make 

subsequent decisions is included within the scope of the 

model. The basis of his methodology draws analogies from the 

central and autonomic nervous systems [3.8], [3.16]. 

The most recent implementation of this methodology has been 

carried out by Tripp et al (1986), for U. S. Airforce 

Logistics command including Procurement, Supply, 

Transportation and Maintenance Operations. Figure 3.1 

indicates corporate level application of this methodology 

[3.10]. 

The selection of this methodology has been justified by 

Tripp et al as follows: 

It Cybernetics views Management Information Control Systems 

as analoguous to the central and autonomic nervous systems. 
They make possible the co-ordinated action, the decision 

making, and control required for their survival and goal 
achievement. " 

Although there is no record of this methodology being 

further developed and implemented, he concludes that a 

conceptual framework based on Cybernetics is more 
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Functional Model: Recursion Level 1 

1. AFLC Commander and Vice Commander 
2. Director of Corporate Staff 
3. Director of Logistics Operations Center 
4. Director of Management Information and 

Systems (MILS) 
5. Procurement Operations 
6. Procurement Manager 
7. Supply Operations 
8. Supply Manager 
9. Transportation Operations 
10. Transportation Manager 
11. Maintenance Operations 
12. Maintenance Manager 

(LOC) 
Cont: 

Figure 3.1 Functional model for U. S. logistics command (source 3.10) 

FUNCTIONAL MODEL 



appropriate in the machine age than a simple cause and 

effect approach. 

For the purposes of this thesis, such a methodology is 

judged to be inappropriate for the following reasons. 

It is a dramatic change, which is difficult and risky to 

implement by industrial organisations. It cannot be 

progressively implemented and it necessitates a sudden 

change to existing management practice. 

It is more than a tool for operational management. It 

interferes with the existing organisational structure and it 

requires modifications to it whilst it totally disregards 

the importance of the existing organisation which has 

progressively evolved in line with the dynamics of business 

operations. 

It requires managers to learn new evaluation methods which 

disregards their own needs. Each manager has distinctly 

personal evaluation criteria and such generalised criteria 

cannot be imposed on him. 

This is not a rigorous criticism of Beer's approach but 

,, pese points indicate the weaknesses of the methodology for 

it to be generally adopted by industrial organisations. 

However, the following outcomes are significant for 
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development of any design 

decision support systems: 

methodology of operational 

if An organisational system model could provide the 
management with a coherent and single picture of the total 
organisation identifying logical relationships and the 
channels of communication through which the life blood of 
command system information flows. The model provides a 
corporate focus for command and control. " [3.10] 

In addition to providing a corporate focus the 
organisational system model can provide management with a 
tool for integrating management activities. It can provide a 
glue for the four AFLC (e. g., Contracting, Supply, 
Transportation and Maintenance) " [3.10] 

These quotes emphasise the importance of the MIS in 

providing a co-ordinating function for the operational 

management process. 

Other application-oriented methodologies proposed by Elohim, 

[3.9], address the design of management procedures. 

Methodologies proposed by Maarschaalk, [3.11], Mantz, 

[3.12], Lowe et al, [3.13] and Soumelis, [3.14], address the 

control function of the management procedures and they fail 

to deliver a detailed methodology which can be directly 

implemented in the design of management support systems. 

A methodology developed by Baylin, 1985, applies the 

functional cohesion method, which is a conceptual method of 

identifying sub systems, to the analysis of the business 
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Figure 3.2 Functional Cohesion: Perception of Functional Elements (source: Baylin) 
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organisation. Although the methodology is primarily 

developed for rationalisation of the traditional MIS rather 

than for 'forward looking' dedicated decision support 

systems, it points out the following significant concepts: 

It emphasises the functional cohesion of the operations 

which relate to the management of the main line subsystems. 

Main line physical subsystems are those which directly 

produce what the business sells on the market place [3.15]. 

He also concludes that the adaptability and the modular 

structure of the system is enhanced by a functional design 

approach [3.16]. Figures 3.2 and 3.3 illustrate the basic 

principles of his method, where the organisation is 

perceived as a set of different related functions which are 

described as decision centres. 

Although existing methodologies which have emanated from 

Cybernetics point to certain elements which are significant 

in designing Management Support Systems, they are inadequate 

for designing operational decision support systems for the 

reasons stated above. 

The object of this work is primarily the development of a 

tool that can be directly used by managers. Its aim is not 

to impose a predefined organisational pattern upon the 

existing practice. 
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The approach which is adopted in this work is unorthodox, 

and is based upon the the recognition of the importance of 

the Cybernetic theories for the operational management 

process of industrial organisations. The methodology has 

therefore been developed so that the resulting decision 

support system, by its design, conforms to these principal 

concepts which can be briefly summarised as follows: 

Any industrial firm has to survive and be efficient in a 

complex environment which is constantly changing in 

unforeseeable ways. It therefore is in a constant process of 

adaptation and any managerial tools including decision 

support systems must conform to this reality [3.17). 

Any activities, including controlling and managing the firm, 

considered from this evolutionary point of view, display 

other characteristics than those which start from the basis 

that a firm is a rational system which can always be 

consciously planned in a given way. The firm is a self- 

organising system which can be guided to a limited extent 

through planned interventions [3.18]. Most of the 

operational decisions are products of autonomous and 

self-organising interactions between managers and decision 

support systems, and accordingly must conform to this 

reality and must not be restrictive to the natural 

progression of the decision process. 
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The implications and the details of these cybernetic 

concepts, and the details of how to apply these concepts are 

investigated in forthcoming sections. In each section, a 

different aspect of the problem is addressed : How to design 

a decision support system as a co-ordinating infrastructure; 

how to design it as an analysis and decision support tool; 

and how it should be structured so that it does not become 

redundant and does not require replacement or substantial 

modification. 
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3.2 Coordination of Decision Making in the Business 

Organisation. 

The business organisation cannot be described, any longer, 

as a rigid and hierarchical system, where managerial 

responsibilities are strictly separated and delegated to 

different managers. In order to survive in increasingly 

complex and dynamic business environments, a business 

organisation needs to have certain qualities and 

capabilities which will enable it to respond and to adapt to 

the fast changing environment. Traditional conceptions about 

the organisation and how to delegate decision-making work in 

the organisation need to change. The business organisation 

will be sucessful only if each manager is successful in 

managing his own area of responsibility. This conception is 

increasingly inadequate, because the business operations are 

in fact interrelated and require close interaction between 

managers. 

Ashby, states that the properties of the whole are different 

from the properties of the parts [3.2]. What must be 

accepted by management scientists is that by proper 

interaction between managers and by proper co-ordination of 

the decision processes, the capacity of the organisation in 

meeting environmental requirements can be increased without 

necessarily increasing its resources. That is compatible 

with the Aristotle's famous argument: 'the whole is more 
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than the sum of its carts'. One of the main attributes of 

the three criteria for viable systems is defined by Beer 

(1967) as internal connectivity [3.8]. Due to its internal 

connectivity the system can achieve a larger repertoire of 

behaviour. 

The performance and effectiveness of the business 

organisation oan be improved by increasing the scope for 

interaction between managers who are directly responsible 

for at least one aspect of the mainstream business activity. 

In some industries, for instance in the oil industry, 

processing, transportation and marketing operations are 

interdependent and the majority of the decisions about one 

ooeration are in fact influenced by the state of events in 

other operations. According to the methodology proposed by 

Wild (1983), this is an essential requirement for 

operational de o isi 3n systems. 

" The operations manager's responsibility within the broad 
business context must include the recognition of the fact 
that decisions in other functions will limit his own 
decisions. " [3.191 

Decisions in one regional division are influenced by the 

state of events in other divisions. Proper co-ordination of 

the decision-making activities throughout the organisation 

and provision of an infrastructure for enhancing the 

interaction between operational managers and managers of 
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different regional divisions will improve the managerial 

effectiveness of the business organisation and will result 
in more effective utilisation of company resources. 

The decision support system can be designed such that the 

utilisation of this system by managers implicitly results in 

proper co-ordination of the decision process within the 

business organisation. 

Before a decision is arrived at, a certain amount of 

interaction between managers does occur anyway. The degree 

of the interaction depends on how closely the distinct 

business operations are interrelated. In order to find out 

the state of events in other operational divisions, or in 

other regional divisions, managers have to communicate with 

other managers. Communication is achieved by direct 

conversation or through the circulation of formal internal 

reports. However, direct conversation is an extra effort on 

behalf of the manager and when he or she is subject to time 

pressure, the frequency, and accordingly the accuracy, of 

the communication may suffer. This kind of communication 

being non-formal does not guarantee the acquisition of the 

best available information. 

On the other hand, preparation of status reports take time 

and naturally there is a time delay associated with the 

acquisition of information through such formal reports. 
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If the time delay is too large compared with the managerial 

response time, then obviously, such reports are no longer 

effective as a means of co-ordinating the decision processes 

in the business organisation. 

If the manager of a specific business operation is 

continually provided with information about other business 

operations which contribute to the mainstream business 

activity, then during the course of evaluating the decision 

environment, he will implicitly consider the state of events 

in other operations and accordingly the decision will 

implicitly account for what is happening in other parts of 

the business organisation. Therefore, his decision shall 

conform as much as possible to the requirements of the other 

parts of the business organisation as well as his own area 

of responsibility. 

The decision support system can be designed so that it 

provides this facility. It does not have to be a substitute 

for the conventional communication practices but, being 

automatically supplied with information about the other 

related operations or other parts of the company, 

co-ordination of the decision process becomes natural to the 

flow of the decision process. The manager can still 

communicate directly with the other managers, but if the 

communication fails for some reason or the other he will 

still have the information. The reasons for the failure in 
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communicating with other managers in order to acquire his 

information needs are numerous and some are considered 

below: 

Being under time pressure, the manager may not have enough 

time to initiate the communication. Other managers with whom 

he wants to communicate may not be available within the 

critical time period during which he is obliged to make the 

decision. Information may not be available or organised 

according to his needs and because of internal competition, 

or personal power struggle, he may be supplied with biased 

information. What is important is that the incorporation of 

this function to the decision support system which is 

available to all operational managers, will result in 

communication during the decision-making activity being a 

natural phenomenon without necessitating any managerial 

effort. 

The design of the decision support system as a network which 

co-ordinates the decision process is not a simple problem 

and to be effective it needs to conform to certain 

Cybernetic theories. 

Operational decision-making is in fact responsible for 

managing established business operations. The scope of the 

decisions is not of a strategic nature. Essentially the 

primary function of operational decision-making is to 
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regulate business operations and to account for unexpected 

problems which may disturb the flow of the operations. 

Unlike the strategic decisions which are made at board 

level, it is not to direct the organisation, which includes 

the formulation of the long-term goals, which traditionally 

require a centralised system. Because of this, operational 

decision-making should be designed and should function as an 

autonomous system. 

In this context autonomy refers to the absence of a rigid 

and hierarchical system through which its operations are 

centrally controlled and co-ordinated. Categorically it is 

defined by Malik et al (1982) as follows: 

" We shall proceed from the contention that there are 
basically two different methods by which human action can be 

co-ordinated toward a common goal. The first variant 
consists fundementally in co-ordination through command and 
instruction in the context of a polycentric system through 

reciprocal, anticipatory adaptation and modification of 
behaviour by the participating persons or groups or 

expressed more generally, by the elements of the system 
[3.18] 

The classical example is the comparison of the hierarchical 

command structure with self-co-ordinating and 

self-organising structure of a football team where on the 

basis of the intention in both teams to win the game and 

possible basic strategy agreed in advance, individual 

players behave to a certain extent as autonomous 

decentralised decision makers [3.8]. 
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Implementation of this concept for tasks that involve 

co-ordination and regulation is now increasing and there now 

exist successful and tested examples. 

The effectiveness of the company in responding to the market 

requirements is increased by designing the system so that 

the business operations are regulated by autonomous 

interactions of the decision makers with the purpose of 

fulfilling marketing requirements. Marketing therefore pulls 

the other functions together which are interrelated with 

feedback loops to each other throughout the company. This 

approach has emanated from the 'Just-in-time' manufacturing 

philosophy, where traditional methods based on substantial 

centralised planning are replaced by a new methodology, 

where centralised planning is minimised and manufacturing is 

performed only when it is needed. This philosophy makes the 

manufacturing company more responsive to marketing 

requirements and reduces manufacturing lead times and 

therefore enables the company to be less dependent on 

forecasts [3.12]. Figure 3.4 represents the principles of 

the methodology. Grossman (1987) indicates the increasing 

move towards the implementation of autonomous control 

systems throughout industry: 

" In conclusion, the distribution of responsibility to form 

self-contained semi-autonomous manufacturing mini factories 
is the key in accomplishing the migration from the 
traditional western approach of centralised control to a 
more localised and distributed control system which will 
naturally adjust to real time events and demand 
fluctuations. 11 [3.20] 
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Figure 3.4 Illustration of Just-In-Time Philosophy (source: Grossman) 



A very sucessful example of using decentralised distributed 

self-organising control in industry has been developed in 

Toyota Motor Co., in Japan which is named as the 'Toyota 

Kanban System'. Comparison of the this system with the 

traditional production management system is illustrated in 

Figure 3.5 [3.21]. 

Within an operational decision environment an autonomous 

decision process, to be able to function properly, 

necessitates the presence of certain properties. 

The elements of the system should be able to interact with 

each other without any restrictions. Internal connectivity 

or a richness of connections are a prerequisite for the 

emergence of the Autonomy [3.2], [3.8]. Therefore, the system 

analysis approach, where the connections between the 

elements of the system are estimated and provided by an 

observer who is external to the system, is not valid because 

static information communication patterns would violate this 

property. Propagation of the information to other decision 

makers should be natural to the decision process. That is, 

once the decision resulting in a change is made it should be 

automatically transmitted by the decision support system 

without necessitating any effort by the decision makers. By 

this method the interaction between decision makers will be 

implicitly increased. 
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Autonomy necessitates the presence of relationships between 

the elements or the subsystems of the system such that the 

function of the subsystems or the elements compensate so 

that the overall performance of the system remains 

unchanged. In Cybernetics this property is addressed as 

equilibrium in part and in whole. Ashby describes this 

property as follows: 

" The Whole is at a state of equilibrium if and only if each 
part is at a state of equilibrium in the conditions provided 
by the other part. "[3.2]. 

In biological systems, homeostasis functions on these 

principles. Certain subsystems or elements of the total 

decision-making system therefore need to be grouped and 

communicated so that this property is not violated. For 

instance if there is scope for common utilisation of 

resources, the decision support sytem should provide 

facilities for automatic communication of similar operations 

at various regional divisions. 

Variety analysis of the system is essential prior to the 

the design of any information system. Such analysis will 

point out the existing potential deficiencies within the 

management system. Such analysis is also successfully 

implemented in the Deere's company in U. S. where after a 

decade of experience of industrial management with computer 

systems, the company has rationalised the entire management 
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and control system. Vice president Lardner explains the 

following: 

" The inherent complexity of the whole operation resulted in 
a situation in which the computer systems used to control 
factory operations were unable to deal effectively with the 
random production interruptions common in manufacturing. In 
a big horizontally integrated company with 12,000 people 
doing 30,000 parts and God knows how many operations the 
diversity and the complexity of the operation threatens to 
overwhelm and breakdown human management systems. Given the 
history of manufacturing industries that we embraced 
computers and computer systems, there is substantial 
anecdotal evidence that we computerised utter confusion and 
inefficiency. " [3.22] 

The solution that had been adopted by the Deere Company is 

simply to reduce the variety that is handled by operational 

management through the modularisation of the production 

process. Lardner justifies the solution as follows: 

It If you go far enough you can reduce your complexity 
enormously. In a factory of 5000 machines, if I create cells 
averaging five machines each, I've only got to manage 1000 
places and if I can put two of these in a unit I'm managing 
500. I have eliminated a complex central control system. " 
[3.22] 

Any system which is designed as a management tool must 

therefore be analysed with the purpose of evaluating the 

complexity of the system. 

reduce the complexity 

The system should inherently 

existing in the operational 

environment. This can be achieved by providing continually 

operating feedback loops between the modular operational 

decision centres. 
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Each operation contributing to the mainstream business 

operation may necessitate a number of decision makers where 
the decision-making work is apportioned between them. 

It i;; only natural that some managers will have more 

responsibilites. Although availability of such a decision 

support system increases the scope for autonomy, it needs to 

be provided with unrestrictive regulatory mechanisms which 

are suitable for autonomous behaviour. It is inevitable that 

some subdivisions will be in competition with some other 

subdivisions especially when they contribute to the same 

main function. Therefore the activities of such subdivisions 

need to be regulated by higher level management. 

Beer states that in viable organisations, for each system 

there exists a metasystem which is responsible for 

controlling its operations [3.17]. For instance, crude oil 

supply operations includes management of the owned fleet, 

time and spot chartered fleets, and external chartering 

operations. Although different functions such as production 

marketing and transportation should at the same level behave 

as an autonomous system, if subdivisions of the transport 

function are not properly regulated, the decisions taken by 

the managers of these subdivisions may contribute less to 

the overall effectiveness of the company as a whole than to 

the performance of their own subdivision. 
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In practice such regulation is executed at the level of 

crude transport management, where according to the market 

situation an operating plan is issued to the subdivisions 

indicating the reference for practice. The traditional 

practice is to base the plan primarily according to the 

status of the owned and the time chartered fleets and to use 

spot chartering and external chartering as positive or 

negative buffers. 

Such plans naturally are not always in phase with the market 

conditions and accordingly do not always result in optimal 

combinations. They also provide managers of the specific 

subdivision with freedom to pursue their own goals. 

Implementation of stringent controls delegating 

resonsibilities to the transport manager eventually results 

in loss of contact between the decision maker and the 

environment which is symptomatic of overcentralisation. 

A proper control function must be provided by introducing 

feedback loops between the controlling level and the 

competing subdivisions, where the information communicated 

to the upper level can be co-ordinated to maximise the 

benefits for that level. Subsequently operational boundary 

conditions, which result from the higher level management, 

can be communicated back to the subdivisions. Boundary 

conditions must be provided by the manager responsible for 

the higher level. Therefore managers of the subdivisions are 

provided with information about the limits which they should 
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not exceed since that would not be profitable for the higher 

level division. Within these limits they will have the 

freedom and therefore the interest and the eagerness to 

apply good management practice 

The design of such a decision support system, covering the 

issues which are stated above, necessitates a specific 

methodology. The ievelopment of such a methodology is a 

Cybernetic problem itself. How effective is the MIS which is 

generally based on a software specification prepared by the 

data processing department involving internal or external 

consultants communicating with managers? Such an approach, 

which is suitable for systems analysis applications where 

the object is to automate a manual information system, is 

fundementally inadequate for designing decision support 

systems. Managers should have the responsibility of defining 

their own information needs. 

The following principles which have emanated from the 

concepts which are covered in this section are as follows: 

The systems designer needs to abstract a set of operations 

for which the decision support system will be designed. 

These refer to the identification of the operations 

fundamentally contributing to the mainstream business 

activity. 
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The operational support system must be provided only to the 

managers who are responsible for these activities. There is 

no point in trying to co-ordinate all business activities 

without assessing their relative importance. Unlike 

traditional MIS projects, the information which will be 

processed in the system will not be used for purposes other 

than co-ordinating the decision process and providing 

decision support function for the decision makers. The size 

of the support system must therefore be checked and the 

available capacity must be allocated to the operations which 

directly contribute to the mainstream business operation. In 

terms of system science and control theory this is in fact 

analoguous to identifying the state variables which are the 

smallest set of variables which can be used in describing 

the behaviour of the system [3.23]. 

If the mainstream business operation in fact consists of a 

number of distinct operations, decision process for each 

operation should be treated as distinct systems. Should 

there be interactions between the operations, distinct 

decision support systems must be co-ordinated as 

appropriate. For instance, similar operations are performed 

in various regional establishments. Instead of treating 

operations of all regional divisions as one system, each 

regional division should be treated as a subsystem. Once the 

decision support systems are developed independently for 

each division, they can then be co-ordinated according to 
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the pattern of the interactions between the business 

operations of each division. 

Once the set of activities contributing to the mainstream 

business organisation and managers responsible for these 

activities are identified, then the interaction patterns 

between managers during the course of managing the operation 

must be established. Unlike the development of traditional 

MIS projects, this exercise cannot be delegated to systems 

analysts who are the observers for the system. The 

complexity of the system and the richness of the 

interactions will beat the observer [3.2]. Instead, letting 

operational managers define typical situations necessitating 

a decision with the information required to evaluate the 

decision environment, therefore the pattern of interaction 

with other managers, will result in an abstract schematic of 

the dynamic relationships between managers which occurs 

during the course of the decision process. The resulting 

schematic may indicate that an activity which has been 

judged to be negligible is in fact important or otherwise. 

The design of the decision support system should be based on 

the careful analysis of the resulting abstract schematic. 

It is essential that the details of how variety is actually 

reduced during the course of managing the operation should 

be emphasised and provisions in the decision support systems 

should be made according to the actual life situation. 
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Advances in information technology are now providing 

management with increased communication, data processing and 

computation capacity. Widespread use of mini and micro sized 

computers in business applications, is changing perceptions 

about information systems and other managerial decision 

aids. Microprocessors do provide the general hardware for a 

decentralised decision support system. 

Managerial processes are fluid and subject to frequent 

changes. Continual adaptation of these large systems in line 

with changing managerial requirements necessitates 

significant manpower and development costs. Avaliability of 

information systems as a potential source of accurate and 

timely information has also influenced the dynamics of the 

corporate decision-making process, which has became 

progressivel_- more centralised. Literature survey indicates 

an extensive range of symptoms, which refers to ineffective 

or ill-utilisation of these tools. Instead of being 

productive such utilisation for decision support function 

can easily become time consuming with no significant benefit 

to parent business organisation. 
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3.3 Interaction of Man and the Machine in Co-operative 

Problem Solving. 

As is previously indicated in Chapter Two, the slow progress 

of OR/MS methods being accepted by line managers as a 

decision support tool is blamed on the fact that whilst too 

much emphasis is given to the technology of how to solve a 

problem through these methods, very little or no emphasis is 

given to organisational and psychological considerations. 

The important point which seems to be significantly missed 

by the OR/MS and MIS practitioners can be summarised as 

follows: The aim of management support systems is to augment 

the manager's decision-making capacity. 

The primary functions which are required from a decision 

support system must be recognised as the real-time control 

of the decision process system in the firm, and the 

augmentation of the manager's decision making capacity. 

These functions are different. The control and co-ordination 

of the decision process is achieved through information 

exchange and communication between various parts of the 

system. Augmentation of any decision-making capacity 

addresses the interaction of the manager with the system. 
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The augmentation quotient of human intelligence is defined 

by Dohety et al, (1987) as follows: 

" We propose 
estimate of 
person with 
when aided 
accomplished 
[3.24] 

the metric AQ, or augmentat 
the actual knowledge work 
a given intelligence in a 

by a computer, divided by 
in the same time period by 

; ion quotient, as an 
accomplished by a 

given time period, 
the knowledge work 
the person alone. " 

In the same paper, Dohety et al , indicate that the use of 

computers as a tool to augment the memory and reasoning 

capacities of staff members, has increased the quality and 

the quantity of the individual researcher's work by factors 

of 2 to 6 during the past during the past twelve years. 

Although such an approach provides a wider reference than 

the traditional OR/MS approach, which is only concerned with 

developing the technology in solving specific problems, it 

is still inadequate in evaluating how much a support system 

contributes to the decision process. 

Malik et al (1982) point out the fact that the use of such 

systems may be restrictive and counterproductive, if they 

are designed according to such criteria. 

" In the ability to act in the light of the situations and 
yet guided by general behaviour rules, lies the real 
adaptability of the firm, and extensive use of certain 
methods, which in themselves may appear completely rational 
and logical may destroy precisely this adaptability. " [3.18] 
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In order to be successful, the design of the decision 

support system must be based on a generalised framework 

which includes all the components which are necessary for 

the effective coupling and functioning of the man and 

machine system as a unit. 

In their attempt to develop a conceptual framework for 

designing an effective model-based decision support system 

for financial control, Srinivasan et al point out the 

importance of this point: 

" Academic research, however, has primarily focused on 
providing analytical tools to solve well structured problems 
that are relatively isolated in nature. Conspicuously, no 
attempt has been made to integrate the various sub-problems 
of cash management explicitly recognising interrelationships 
between sub-problems and other financial decisions. More 
importantly there is an even greater need to provide a 
framework that in addition to recognizing the above 
interrelationships will enable the cash manager to recognise 
a more inclusive set of dependencies that exist in 
practice. " [3.28] 

However the literature survey has failed to identify an 

inclusive taxonomy of such components. 

In their paper, where the progress on man-machine interface 

is reviewed, Palmer et al [1.16) conclude that existing work 

focus on certain specific aspects of the problem and 

substantial work is needed in order to provide a conceptual 

framework. 
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Minch and Burns (1985) have recognised the importance of the 

man-model co-operation in problem solving and they have 
developed a conceptual framework for the design of the 
Decision Support Systems utilising Management Science models 
[2.25]. However as can be observed from Figure 3.6 this 

approach only addresses to the effective communication of 
the user with the model which constitues just one aspect of 
the problem. 

Similarly, in their work, as can be observed from Figure 3.6 

Seagle et al (1986) concentrate on the concepts of 

communication with such systems [3.26]. 

The work developed by Ghiaseddin (1986) concentrates on the 

technical development of the support systems which are 

dedicated to managerial problems having the following 

characteristics: 

"1 the problem is continually changing, 2 the answers are 
needed quickly, 3 data are continuously changing from a 
variety of sources, 4 data must be processed into different 
kinds of data representations, 5 computer support is more 
concerned with rapid implementations rather than long term 
efficiency. 11 [3.25] 

Although the work is within the boundaries of the problem, 

it represents a typical traditional system application 

approach and concentrates on the technicalities such as 

prototyping, development language, systems analysis and 

design etc. 
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The literature survey indicates that the progress of the 

existing trend in the design of Decision Support systems is 

increasingly specialising, within a particular area: 

technical model development for facilitating user 

interactions. 

This is not a rigorous critisism of the existing attempts to 

develop a conceptual framework for support systems for 

co-operative man/machine problem solving and is only 

referred to here with the aim of indicating that they 

address different aspects of the problem without being based 

on a general framework. 

The cause of this may be blamed on the fact that the 

components of the problem of how to design interactive 

man/machine decision-making systems can not be addressed by 

a single discipline but require an interdisciplinary 

approach. Although Cybernetics does not provide a 

comprehensive set of theories which can be used to build a 

conceptual framework, being an interdisciplinary method, it 

does emphasise certain important points which seem to be 

missed by traditional scientists. 

A proposed taxonomy of the major components which contribute 

to this problem is described as follows: 

1 Identification of the decision maker's significant needs, 
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2 Allocation of the decision-making work between the 

decision maker and the system, 

3 Provision of the support function within the critical time 

period as required by the operational environment, 

4 Direct system accessibility by the decision maker, 

5 Recognition and positive utilisation of the secondary 

effects. 

This taxonomy may not be inclusive, but it provides the 

outline guidelines which need to be considered in designing 

man/machine problem-solving systems. Existing work only 

constitues a specific portion of this taxonomy. Since each 

component is judged to be essential, a balanced approach is 

essential for the effectiveness and the success of the 

man/machine problem-solving system. 

Detailed consideration of each component is as follows : 

In order to be accepted and effectively used, any artifact 

must meet the specific requirements of the user. It must be 

natural to the user to use the artifact as a tool during the 

process of carrying out a task. This is a most important 

property which applies to the design of any product and is 

difficult to achieve. 
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The design of computer systems for repetitive lower order 
information processing tasks is relatively easier and can be 

achieved by software specification because the aim of the 

lower order information processing tasks can be clearly 

defined. 

However, it must be recognised that a support system for 

higher order information processing tasks which are more 

likely to be used by managers cannot be achieved by using 

the same methods and techniques. 

Parker et al (1987) note the following, 

" Many decision support systems can come from managers 
themselves. They must be based upon the needs and styles of 
problem that occurs not the tools and perspectives of 
problem solvers. Some people see the inability of MS/OR and 
MIS to achieve their full potential and provide the services 
required of them on certain areas. " [1.15) 

Only a manager himself can describe what he needs in 

carrying out a problem-solving or decision-making task by 

drawing upon his own experience. He must be personally 

responsible for the development of any such tool which will 

be used by himself. 

However such tasks having a large variety and being dynamic, 

make, it very difficult to define what is needed at a 

specific point in time. 
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Carter points out this fact: 

" With information of this nature the interviewer depends on 
the memories of the managers which are not reliable and they 
could put excessive weighting on certain information needs 
because of ease of recall of the information completely. " 
[2.6] 

On the other hand managers often encounter unforeseen 

conditions where they do not know what they need. Therefore, 

it is essential that a system must be easily modifiable so 

that the needs of the manager are easily implemented. 

The Nevell-SimýDn Information Processing System (IPS) 

provides a conceptual framework for identifying specific 

decision support needs of the managers. It is a research 

methodology for inquiring into the entire decision process 

on a stage-by-stage basis. A brief description of the method 

is provided by Barron, as follows 

" First, take verbal protocols from subjects (decision 

makers) while they are making decisions (or, in general, 
involved in a particular decision subprocess, such as 
problem finding or structuring). Construct an IPS model of 
each situation. The model specifies the information inputs, 

memories from storing information, the elementary 
information process for operating on the information, and 
the programs which sequence the process. The model simulates 
the subject's cognitive processes. Next, determine the 

adeguacy of the model and possible generalities across the 

subjects " [3.43] 

The second important component of the taxonomy addresses to 

what extent the decision-making work can gainfully and 
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reliably be delegated to the support system. It covers the 

essential issue of apportioning the decision-making work 

between managers and the system. 

" The Theory of Ternality " as proposed by Stewart, 1982, 

although it is new and subject to debate, provides an 

interesting concept, in differentiating the decision-making 

work which can be allocated between the decision maker and 

the support system. 

The basic principles of this theory are described by Stewart 

as follows: 

"A primary domain, which is that of matter and energy in 
motion, a secondary domain, which is that of differentiae or 
distinctions in motion; and a third domain, which is that of 
imparities in motion. What we normally call descriptive 
information will fall into the secondary domain, whereas 
evaluative information, some aspects of goal-setting and 
various other cybernetically interesting things will fall 
into the tertiary domain. " [3.27] 

Information processing can be successfully delegated to 

machines since they are much faster and more accurate than 

the human mind. If independent problems can be rationally 

translated to a common base, then the scope and the 

justification of delegating the work to machines is 

justified. But any discontinuity in translation necessitates 

an input from the manager who has the capacity of evaluating 

situations which cannot be translated to a common base and 
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therefore are not directly comparable. For instance, 

architectural design of buildings involves many components 

such as cost, aesthetics, and functionality which are 

difficult to translate to a comparable base. In managerial 

situations the evaluation of problems of that nature should 

be left to the managers. 

In operational management situations most of the decisions 

can be translated to a comparable base. The difficulty 

involved is essentially the complexity of the relationships. 

Especially when a change in one particular part is delegated 

to another part of the organisation whereby the necessity 

for evaluating the implications of the changes in other 

parts increases. A rational evaluation method is needed 

since very large amounts of variety will be generated. 

Coordination of the business operations enables operational 

managers to account for the opportunity cost, which is 

especially important when there is scope in the organisation 

for common utilisation of the resources. 

However, evaluative decision-making work, including for 

instance preparation of the operational strategy, should not 

be delegated to the machine system. 

Attempts to delegate the decision-making work involving 

values processing or comparison of different dimensions is 

viable. On the other hand, leaving managers with information 
0 
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processing work which can be succesfully achieved by 

machines will prevent them from concentrating on decision 

making work involving values processing or evaluation of 

different dimensions. The object of the system should not be 

just to maximise the amount of work which can be delegated 

to machines but specifically to increase the capacity of the 

decision makers in making the correct decisions. As 

previously emphasised, this point is very important since it 

may not be fully compatible with the computer or system 

analysis culture, where applications generally involve 

automation of manual information processing tasks. 

Decision making should only be delegated to the machines for 

lower order information processing tasks, where there are 

direct relationships between elements. However, purchase of 

a significant capital investment item being closely related 

with the survival strategies and tactics of the company and 

also affected by counter-activities generated by 

competitors, should not be delegated to the system. What is 

a useful compromise is to use the system as an analysis aid 

in order to clarify the problem and understand at least 

relative magnitudes but leave the decision to the managers. 

Even in engineering where the decision environment is not 

necessarily competitive and the decision criteria are often 

restricted to the selection of technically feasible 

solutions with minimum cost, computers are used for analysis 
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and the design decisions 

engineers. 

are always made by project 

Most of the existing work is within the subject area of the 

the third and the fourth component of the proposed taxonomy. 

The capacity of the manager in making correct decisions can 

be significantly improved by providing him with more 

accurate and timely information and analysis aids which will 

help him to assess the decision environment. Improving the 

quality of the information provided to the manager will 

naturally improve the quality of his decisions. Analysis 

aids are successfully used by strategic decision makers 

because there is generally available time for carrying out 

the analysis. Such techinques are delegated to the 

specialist staff. Therefore, although many mathematical 

modelling techniques such as operation research or system 

simulation can be successfully used in strategic planning, 

their application is not suitable for operational decision 

support because, being too sophisticated, they can only be 

used by specialists and they necessitate long evaluation 

times. Kitchener et al (1986) indicate the following: 

" OR had some big successes during the 1950's in the fields 

of production and distribution, but it failed where large 
business models were concerned because it took too long to 

develop. " [3.30] 
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As Beer points out, most management problems can be solved 

with relatively simple models with a sacrifice of accuracy. 

[3.8] The law of diminishing returns also applies in using 

mathematical modelling techniques as decision aids. Eighty 

per cent of the benefit should be gained by twenty percent 

of the effort. To what extent is it justifiable to implement 

the sophisticated models which necessitate a large input of 

manhours but at the same time result in smaller gains in 

accuracy? Furthermore, successffull utilisation of such 

large and sophisticated models is simply impossible as an 

effective operational decision support tool because they 

necessitate long preparation times. By the time that the 

model is being run and evaluated the situation necessitating 

the analysis may not be any longer effective. 

The following extract from computerised manufacturing, 

(1986), is very significant in indicating the recently 

accelerated move throughout industry in eliminating data 

processing specialists: 

It When SSP Pumps installed a computer integrated 

manufacturing system it wanted to make sure that its 

departemental managers and their staff would see the new 

computers as their own responsibility. For this reason the 

company has tried to steer clear of computer specialists and 

a separate data processing department. " [3.29] 

According to the production director of the firm, a data 

processing department tries to justify its own existence and 

further complicates problems. 
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Analysis support tools should be designed in such a way that 

they should be directly accessed, used, and even modified by 

managers. A large proportion of the operational management 

problems can be covered by such an approach. Design of the 

support system should incorporate a repertoire of the 

analysis support tools which are suitable for handling a 

large proportion of the operational management problems of 

the company. 

Provision of facilities which will enable managers quickly 

and easily to set up input data and reorganise the 

information which is already available in the system is 

essential. In order to cope with situations where a 

significant operational management problem occurs 

frequently, such mathematical models can be set up so that 

they carry out the analysis automatically at suitable time 

intervals without necessitating any managerial effort. Such 

implementations can also be useful in problems associated 

with co-ordination throughout the organisation. Since the 

managers contributing to the operation will be provided with 

the system, and since the relevant information will be 

continually exchanged between managers through the system, 

mathematical models which run automatically at predetermined 

time intervals can be built into the system. 

It is up to the managers to make the decisions. However this 

facility indicates important issues for overall 

profitability for the operation, rather than highlighting 
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the interests of a specific subsystem. Therefore, it enables 

managers to differentiate the relative significance of 

certain operations and leads to better understanding of the 

co-ordination function. 

Traditional OR/MS practitioners, being too much involved 

with specific technicalities of these methods, have totally 

failed to notice and develop the potential importance of 

such techniques as an indirect decision support tool which 

forms the last component of the proposed taxonomy. 

Such models which are integrated within an information 

system can be used to check managers, subjectivity: 

Co-ordination of the decision process will enhance the scope 

for interaction between managers. Operational managers, as 

with any other person, have a model of their environment 

which is unique and based on their subjective interpretation 

of their environment which may be biased. Interaction of the 

manager with other managers will improve his own 

interpretation, since he will have the opportunity of 

observing the response of other managers to similar 

problems. 

Such systems can be used as a guide to the manager in 

evading the effects of the irrational decision process: 
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According to Beer, the brain functions under various moods. 

[3.5]. Under each mood the reference criteria used by the 

manager are different. If the outlook is optimistic, then 

managers seem to take more risky decisions. If the outlook 

for business seems pessimistic then managers avoid high risk 

situations. If the environment rapidly deteriorates, 

managers may operate under crisis mood where instead of 

rationally handling the problem they try to avoid the 

problem, or, irrationally, they try to eradicate themselves 

from the situation. In such situations rational decision- 

making processes might be replaced by irrational processes 

where the prime objective becomes to escape from the crisis. 

This is analogous to the animal behaviour manifests itself 

when there is a threat to the survival of the animal. 

Animals cope with such situations by generating unitary, 

that is well formed patterns of behaviour, which are already 

in its repertoire [3.44]. There is a potental scope in 

providing the decision support system with a facility 

enabling managers to use it where it is needed as a 

rationality bank. [3.45] That is, managers provide the system 

with analysis and evaluation criteria about the decision 

environment while they are not subject to any particular 

pressure, later when they are subject to pressure or 

operating under, for instance, a crisis environment, they 

can refer to the system and use it as a guide in evaluating 

the actual decision environment. 
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Especially, considering the rapid growth of communications 

technology, external information can be incorporated into 

the model enabling managers to anticipate environmental 

conditions: According to Johnson, the primary function of 

managers is to sense situations of growing novelty by making 

active efforts to increase the resolution of their view 

until they feel they know what is happening and what the 

appropriate response should be [3.31]. 

In certain situations a manager will not have enough time 

for adequate exploration of the meaning of the incoming 

data. Anticipation is therefore essential and the manager 

should be able to interact and experiment with the system so 

that he can grasp the decision environment. According to 

Beer, all systems exist in environments, which are in turn 

viable systems in other environments. Acquisition of the 

information about significant environments as well as 

internal information should be provided as an essential 

facility of the decision support system. Mathematical 

modelling techniques can be used to provide support for 

analysing the decision environment and to predict future 

situations. Models for predicting the environment should 

generally be based on past performance since, interactions 

being too complex, a model accounting for relationships 

resulting from a change in the environment would be too 

large and would necessitate large resources for its 

development. 
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Models simulating well-defined internal environments may be 

viable, since constraints and relationships are well defined 

and observable. However, should there be discontinuity in 

the observability that is, for instance, if the 

relationships contributing to a specific function are not 

clear, then for the sake of providing an integral model that 

function should not be included within the scope of the 

model and should be left to the judgement of the manager 

himself. 
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3,4 Business Organisation as an Evolving System in the 

Competitive Environment 

Business organisation is subject to competition and in order 

to survive it has to conform to changing environmental 

conditions. Business operations and the decision environment 

affecting the operations are dynamic and therefore a 

decision support system should have certain properties which 

enable it to cope with change and also to enhance the 

evolution of the business organisation. 

Typical MIS implementations are generally large, integral 

and centralised systems and therefore are not compatible 

with the' decision support function. Often, by the time the 

system is commissioned it may already be completely or 

partially out of date. In some industries or situations, 

even where the rate of change is relatively slow, the system 

is eventually bound to be replaced and total replacement of 

the system is often practised because it is cheaper than 

modifying the existing system [3.27]. Changes are 

revolutionary rather than being evolutionary and introduce 

strain to the organisation and reduce its effectiveness. 

While the actual situation change, the requirements from the 

system also changes, and accordingly either the system 

becomes progressively redundant or its utilisation by 

managers introduces bias to the decision process. This is a 

common event in MIS applications. 
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Decision processes being more dynamic, decision support 

system applications necessitate the perception of the 

business organisation and the decision process in the 

business organisation as a dynamic system, subject to 

change. 

This point is emphasised by Young: 

" Organisation is not structural bureaucratic hierarchical 
and described by a fixed set of authority relationships but 
a set of flows of information, men, material, and behaviour. 
Time and change are the critical aspect. "[3.33] 

Festenmaker, also emphasises the importance of change 

through defining business organisation: 

" The firm is a dynamic system which undergoes a process of 
learning and adaptation. "[3.34] 

Beer defines a property which is attributed to the long-term 

success of the organisation. He defines this property as 

viability which is the capacity to preserve an independent 

existence: 

"A viable system survives and coheres and remains integral. 

It is homeostatically balanced both internally and 

externally and it has mechanisms and opportunities to grow, 

to learn and to adapt in order to become more potent in its 

environment. " [3.35] 
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Cybernetics indicates that the capacities to grow, to self 

organise, to learn and to adapt are the essential properties 

associated with the successfull evolution of any system 

whether. biological or corporate, which has to survive in 

competitive environments whether ecological or economical. 

The change of the business environment which necessitates 

the adaptation of the business organisation is fundamentally 

different from random variations and disturbances. All 

systems are designed to exist when subjected to a series of 

disturbances and variations. Internal regulatory mechanisms 

ensure that such disturbances are counteracted and do not 

affect the operation of the important functions which are 

essential to the survival of the system. Ashby attributes 

this property exclusively to regulation [3.36]. 

In biological systems for instance, temperature variations 

which are within certain limits are counteracted by 

autonomous physiological control mechanisms such as 

concentration of the blood to the inner parts of the 

animal's body. If the temperature variations exceed certain 

limits then the animal changes its behaviour, for instance, 

it searches for shelter. But if the changes exceed critical 

limits then the animal dies and if such changes are 

permanent, then by the ecological selection mechanism, the 

internal organisation of the off-spring evolves to meet the 

new conditions. Similar dynamics apply to corporations which 
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have to exist within economic environments. At the end of 

the previous section it was concluded that a repertoire of 

the fixed control strategy which is prepared during the 

design stage by the system analysts or management 

consultants is not adequate since it is not possible to 

cover all cases during the design stage. It is only through 

autonomous interactions of the operational managers that 

such unforeseen changes can be counteracted [3.37]. 

However, the environment can generate gradually increasing 

changes, such as the emergence of a strong competitor, or 

abrupt but permanent changes, such as a technological 

discovery resulting in a revolution in production processes, 

or a major political change creating a new market for the 

corporation. In all cases the business organisation has to 

adapt to the new conditions. This may necessitate 

reorganisation of the internal structure which will 

influence the decision process and naturally the decision 

support system. 

The structure of the decision support system should 

therefore conform to such changes. That is, for instance, 

the case of demolition of a line department, creation of a 

line department, or organisational restructuring, should not 

cause a problem for the decision support system and such 

events should be natural to the maintenance procedures of 

the support system. The context of the system, that is 
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organisation of the information or analysis support tools, 

should also be easily changeble without necessitating a 
large amount of extra work, and execution of such changes 

should also be natural to the maintenance of the system. It 

is very interesting to see that the resulting model of the 

decision support system, which was previously presented as a 

solution for the the co-ordination and regulation of the 

problem, does also provide the best solution to the 

long-term adaptation problem. 

Instead of large and integrated models, adoption of a 

modular structure and provision of line managers with a 

dedicated module enables total responsibility of development 

and maintenance duties to be delegated to the operational 

managers. Being personally responsible in the preparation of 

the support system and being directly responsible for its 

maintenance, managers can realistically modify existing 

systems. As, for example, when there is a change of 

organisational levels such as an organisational reshuffle, 

growth, contraction, etc. at a decision making unit level, 

when for instance there is a change in business practice. 

In the case of organisational restructuring, the scope of 

the modification work is simply restricted to provision or 

demolition of certain information links between managers or, 

for instance, addition of new modules to the model as the 

organisation grows. 
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Reorganisation will be restricted to the modules which are 

directly affected by the change. Such modifications can 

easily be implemented through using technical staff who will 

be applying the modifications to the model according to the 

requirements of the line managers who will also be 

responsible for maintaining their own modules. With this 

configuration the maintenance involves continuous 

modifications to the decision support system, which is 

viewed as natural, and therefore does not necessitate a 

substantial amount of work and also does not cause strain in 

the organisation since it evolves gradually in line with the 

business organisation itself. 

Long-term adaptation has traditionally been perceived as a 

strategic planning activity and its preparation and 

execution has been totally delegated to the top management. 

Recently, primarily caused by the Japanese experience, 

strategic planning has fallen out of fashion. Japanese 

corporations are successful and they do not prepare 

strategic plans [3.38]. 

Porter (1987) describes the main ingredients which have 

contributed to the failure of strategic planning as follows: 

" Total delegation of the strategic planning activities to 

the top management, long lead times between the preparation 

of master plans -five year development plans- are still in 

operation even for developed countries. " [3.39] 

112 



Further typical problems are lack of feedback links between 

the planning and the execution phases of the plans, and 

exclusion of the operational line management from the 

planning phases [3.40]. 

From a cybernetic point of view, these ingredients are very 

explicit. Total delegation of the strategic planning 

activity to the top management eventually results in the 

distortion of the information provided and amplification of 

bias by intermediate managers who are responsible for 

providing the top management with strategic information. Top 

managers, not being directly involved with the line 

management work, cannot have a good grasp of the internal 

dynamics of the immediate environment within which this 

specific line management group operates. Therefore their 

solution strategy is often not in phase with the changes 

occurring within a specific environment. This in fact 

indicates the centralisation of the strategical planning 

activity. 

Lerner points to the fact that centralised control reduces 

adaptability of the system: 

" It is also pointed out that a distinguishing feature of a 
system with centralised control is a high degree of rigidity 
of structure, because adaptation to both random changes and 
changes caused by evolution of the system and the 

environment does not take place in the individual parts of 
the system but only at its central control point. 11 [3.41] 
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Long lead times and absence of the relationship between the 

planning and executing parties result in the loss of contact 

between the plan and the reality. Long-term forecasting, 

which is usually practised between one and five years, 

cannot be justified because of the complexity of the 

business environment. Therefore, it is obvious that 

strategical plans based on long-term forecasts cannot be 

very reliable. Lack of strong links with the execution 

phase, and failure in using substantial input from the 

outcome ofthe implementation, do not improve the quality of 

the plans. 

Wilk (1987) indicates that the concept of forecasting needs 

to be replaced by the concept of feedforward control, where 

the forecasting period is limited to a period which can be 

predicted with confidence and the model is continually 

updated in line with the feedback obtained by the 

implementation [3.42]. 

In fact, such considerations indicate that operational line 

managers should be directly involved with strategic planning 

activities. This is compatible with Porter's conclusions 

1987: 

" If strategic planning is to be reborn as an indispensable 

management tool, it must change its ways. Many companies 
have recognised the shortcomings in their planning process 

and tried to correct them. Yet few have done so effectively. 
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To be effective, strategic planning must use a proper process, because strategy cannot be separated from the implementation. Strategic thinking cannot occur only once a year according to a rigid routine. It should inform the 
company's daily actions. Strategic planning must therefore become the job of line managers, not of head office staff. " [3.39] 

Such a drastic change in the perception of the strategical 

planning activity, which addresses the long-term corporate 

adaptation problem and delegation of the strategical 

planning work to the operational managers, necessitates that 

the decision support system which will be used for 

operational management activities also be used for strategic 

management activities. Therefore, it should incorporate 

information and analysis support capacity for the strategic 

management activities as well as for operational management 

activities. 

Therefore the system should be provided with facilities for 

evaluating the strategic posture of the company. These 

facilities should provide the manager with the following 

information: 

Continuous assessment of the industry within which the 

corporation competes; extraction of the relevant information 

so that its future can be predicted; sources of competitive 

advantage such as lower costs or differentiation relative to 

competitors; existing and potential competitors who may 

affect the company; and information about the company's 

competitive position. 
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4. A PROPOSED METHODOLOGY FOR DESIGN AND IMPLEMENTATION OF 

DECISION SUPPORT SYSTEMS 

4.1 The Aim of the Methodology 

A generalised methodology is provided so that it can be used 

as a reference in designing and implementing systems 

dedicated to providing management support functions to the 

line managers of decentralised industrial corporations. 

The methodology consists of a set of concepts, principles 

and a generalised model which is prepared in light of the 

needs of rapidly evolving management practices. The aim of 

the methodology is to enable corporations or independent 

management consultants to design systems so that the 

pitfalls which are caused by adopting traditional system 

analysis practices are avoided, and the capacity of managers 

in evaluating the decision environment and arriving at 

correct decisions is increased and various operational 

activities are co-ordinated. 
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4.2 Rationale of the System 

4.2.1 The Objectives of a Support System 

As indicated in the previous chapters, in order to cope with 

increasing competitiveness, management practice is adopting 

new concept methods. Accordingly, organisational structures 

are changing from rigid formations to more dynamic ones and 

the demand for sophisticated management tools is naturally 

increasing. 

In Chapter Two it has been identified that decision support 

systems which are prepared according to the traditional 

system analysis and quantitative management science 

applications are not adequate for providing an effective 

decision support function for operational management. 

During the design process of a support system, by adopting 

certain concepts which have been investigated in Chapter 

Three, a more potent decision support function can be 

provided for operational line management of decentralised 

industrial corporations. The aim of providing a support 

system as a facility for operational decision makers should 

be to increase the effectiveness of the corporation as a 

whole, as well as the capacity of individual decision makers 

in making better decisions for the corporation. 
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Fundamentally the role of the decision support system is not 
to monitor or to track down what happened in the past, but 

to provide line managers with a facility which is designed 

to increase the scope for interactions between them, to 

co-ordinate the decision making as a process, and to provide 

a support function enabling managers to innovate for better 

future performances. 

As indicated in Chapter Three, perception of the business 

organisation as a dynamic and interacting system is 

fundamentally different from the traditional perception of 

the organisation as a rigid system where managerial work is 

strictly apportioned between different departments. In such 

systems the need for communicating with other departments is 

either at the beginning or at the end of the management 

activity. The activity therefore is based on the input 

information and the system has no means for accommodating 

for compromise or for consensus. Changes of the situation 

and the input data are always associated with a time lag. 

In the construction industry the lack of interaction between 

structural, mechanical and electrical disciplines is a 

typical example. Any change caused by decisions in one 

discipline generates further changes in other disciplines. 

During the time period over which the change is communicated 

to the other discplines, work carries on according to the 

previous situation. Eventually activities are co-ordinated 
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but this is in fact one of the most significant causes 

resulting in inefficient practice. Furthermore there is 

always a possibility of not communicating a significant 

change which results in a design error. Such changes are 

constant sources of frustration. Considering the fact that 

the nature of the design process is often iterative, the 

most important function of a CAD system, which is 

effectively a decision support system, is to co-ordinate the 

design process. It provides a general framework and any 

change in one discipline is instantly communicated to the 

others [4.1]. 

The problems associated with the operational line management 

of industrial companies incorporating a number of functions 

are in fact similar. The relationships between functions are 

iterative and similarly the decision support system can be 

used as a co-ordinating network. Provision of such a support 

system will be increased if certain other concepts and 

principles investigated in the previous chapter are 

incorporated in its design, such as the degree of autonomy 

that can be delegated to the operational decision process as 

a whole. That is, operational management activities do not 

have to be executed strictly according to the master plans 

which are prepared before the execution time. As referred to 

in Chapter Three, with increasing autonomy the flexibility 

of the organisation, and thus its capacity of responding to 

unforeseen conditions, increases. 
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This necessitates 

MIS systems as 

measurement tools 

lack facilities 

judgements which 

environment. 

a shift of emphasis from using centralised 

support systems, which being primarily 

need to be punctually correct, and which 

for processing unorthodox managerial 

are inevitable in a decision making 

In order to respond to market demand, managers of 

operations, including for instance production and 

transportation, have to interact with each other. 

Interactions are iterative and completion of one activity 

requires action with regard to a different activity. 

Provision of the decision maker with information about the 

situation in other departments, as for instance maximum 

operational capability, increases the awareness of the 

manager of the capabilities of the other departments. 

A system can be provided with certain checks so that 

decisions which are acceptable in one department will be 

rejected by the system if they are not acceptable to other 

departments. Such facilities will result in the decisions 

taken by the managers implicitly satisfying the homeostasis 

principle, which has been investigated in Chapter Three, 

where corrective action is acceptable to all sub-systems and 

a specific section compensates for another so that overall 
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capability remains unchanged. As indicated in the previous 

chapter, strategic decision making is now perceived as a 
line management activity. Accordingly support systems 

should provide a support function for strategic decisions as 

well as operational ones. Effectively, the support system 

should be designed so that while executing operational 

control, the manager is also supplied with information which 

is strategically important for the business organisation. 

This especially refers to the provision of information about 

the-external environment and provision of analysis models 

which will enable the manager to investigate the 

environmental information from the long-term strategical 

point of view. For instance, marketing information about 

sales and tenders, should also supply progressive demand 

figures for end products and information about the main 

competitors. Incorporation of extra information which does 

not relate to operational management but has great 

importance in terms of strategic management, such as the 

performance of the main competitors, is essential. 

Provision of decision support to line managers is obviously 

a major objective. This specifically refers to supporting 

the decision process of managers with flexible access to 

models and to relevant information. The emphasis is the 

analysis of key decisions with the aim of improving both the 

effectiveness and the efficiency of the decision making. As 

was discussed in Section Three, the aim is more than the 
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computerisation of well-structured repetitive problems. 

Most important decisions, being unstructured, require 

support systems to be provided, the analysis tools that 

maximise the performance of the man and machine problem 

solving system. That is, operational research, systems 

simulation, econometric analysis, and forecasting models 

should be provided with the system as general purpose tools 

that can be easily set and adapted to any problem. 

Furthermore, the support system will provide substantial 

advantage by provision of facilities which enable the 

decision maker to incorporate decision rules; either 

quantitative, that is for instance, mathematical ratios 

about the various aspects of the decision process, or 

qualitative that is complete sentences about how to proceed 

in certain conditions especially at crisis times. Similarly 

availability of a facility for storing and retrieving 

information about significant experiences is essential. 
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4.2.2 System Configuration 

The system will consist of a set of decision support units. 

Each unit will be designed according to the needs of the 

decision process as a total ystem and according to the 

needs of the decision maker who is responsible for managing 

a specific section of the business organisation. Physically, 

the system consists of a network of interlinked 

microcomputers which are provided for certain managers of 

the business organisation. Each unit is supplied with a 

filing system, software which is suitable for 

communications, for numeric and alphanumeric data 

processing, and for providing mathematical modelling 

capacity. Should the corporation have other computerised 

information systems containing relevant information, the 

support system can be connected to the existing system in 

order to extract information from it. 

Each line manager will be provided with a decision unit. 

According to its relative position in the organisational 

structure, a decision unit will communicate with other 

decision units in the other parts of the organisation either 

vertically or horizontally or both. The main application 

area for this system is business operations which regularly 

interact with each other and therefore require continuous 

co-ordination. 
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Therefore, the system should be primarily effective for 

companies where the business activities necessitate constant 

interaction. For such companies, the coordination of the 

various functions which contribute to the mainstream 

business operation is a significant problem. Figure 4.1 

illustrates the concept. 

A decentralised business organisation will be perceived as a 

system. The first order subsystems are defined as those 

parts of the organisation which are capable of producing a 

mainstream business organisation. That is, each subsystem is 

provided with a number of operational line functions and in 

itself is a completely viable business organisation. For 

instance, multinational corporations have companies at 

various geographical locations of the world which are 

responsible for company activities within the boundaries of 

the geographical location. 

Communication between different regions is of a lateral 

nature. That is, the state of affairs in one particular 

decision unit should be communicated only with the same 

decision unit in the other regional divisions, or 

subsystems. For instance, if raw material can be purchased 

from markets at different geographical locations the 

information about its cost, availability etc. will be 

communicated between marketing functions of the different 
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regional subdivisions. The flexibility of each regional 

subdivision in acquiring raw materials will therefore be 

increased. 

Different line departments within the subsystems, such as 

production or marketing, will be in literal communication 

with each other. Information about the most recent events 

within the particular department will be supplied to the 

other departments and therefore they will be provided with 

information about the other departments. Implicitly the 

decision maker will account for what is happening in other 

departments. 

Various divisions of the line department providing similar 

functions which are often in ompetition with one another 

need to be on a vertically co-ordinated level as well as 

being laterally co-ordinated among themselves. This will 

enable an upper level functional decision maker to control 

and regulate the activities of lower level functional 

divisions which are often in competition with the other 

divisions. In order to carry out the control function, the 

support system will be provided with co-ordination control 

aids. Optimisation models are adequate for providing support 

for this function. 

During the course of managing, the system will be used by 

managers at various phases of their decision activity: 
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The system will provide the decision maker with a constant 

supply of external and internal information about the state 

of events within his responsibility area. Events 

necessitating intervention will be emphasised. The system, 

being automated, will ensure that any change in one part 

will be communicated to the other parts of the corporation. 

A major function of the quantitative techniques, such as 

simulation and forecasting, will be automatically to 

identify and predict developing patterns and to alert the 

manager. Repetitive and straightforward decisions will be 

dealt with by programs, with the decision makers being 

requested to confirm the emerging decision patterns. 

Through having information about the other parts of the 

corporation, the decision maker will be provided with more 

alternative courses of action. Such information will be 

meaningful and useful if it can be evaluated and included 

within the scope of a comparative analysis. The support 

system will be used as a facility whereby the problem is 

structured and evaluated by using comparative analysis 

methods. 

The system, provided with checks about the capabilities of 

the corporation, will be used implicitly to check the 

compatibility of the decisions that are made in different 

departments. That is, the system will not permit the 

decision maker to specify incorrect decisions. This facility 
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will reduce the likelihood of making wrong decisions. 

However, the system will record the occurrence of such 

events and supply such data as a form of strategic 

information. The system will automatically search for 

bottlenecks and capacity shortages. 

Any activity which has necessitated an intervention from the 

decision maker will be kept in the system, and, should there 

be-critical changes in the situation, the decision maker who 

has initiated or contributed to the activity will be 

alerted. This will provide a feedback loop between the 

activity and the decision maker and will enable the decision 

maker to monitor the post-decision environment. 

The system will be provided with a knowledge storage 

facility. This will be a built-in data base library which 

will enable any manager to enter complete sentences about 

any experience which he may judge to be significant. 

Information about any particular group of events will be 

quickly stored and retrieved, enabling managers to access it 

directly and within limited time periods. 
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4.3 Methodology for Designing a Proposed System 

4.3.1 The Basis of the Methodology 

As indicated in the previous chapter, traditional management 

information systems, and OR/MS models, are not adequate for 

providing operational decision support functions. 

However, the state of the art in the development of decision 

support systems indicates that such systems address only one 

aspect of the operational decision support function which 

involves increasing the specialisations of communication 

with the model and management of it. 

Being an inter-disciplinary approach, Cybernetics offers an 

interesting background. But, as indicated in the previous 

chapters, the conceptual models that have emanated as an end 

product from Cybernetics are not satisfactory and focus more 

on the control aspects. There also is a significant gap in 

Cybernetics between the theoretical backround and the 

practical implementations with proven results. 

A brief review of the traditional approach based on current 

understanding of decision support systems is as follows. 

According to Ross, a management information system is 

128 



"A group of people, a set of manuals, and data processing 
equipment to select, store, process and retrieve data to 
reduce uncertinaty in decision making by yielding 
information to managers at the time they can most 
efficiently use it" [4.2]. 

This traditional description does specifically refer to a 

system including dedicated staff with the purpose of 

providing managers with information. It does not refer to 

other functions of the information systems and therefore 

states the main aim of the system as an automated 

information supply base. According to Tricker, predominant 

use of information systems has been in transaction-based 

data processing and management information, and the use of 

the data for decisions has been perceived as an added 

benefit. He specifically refers to the lack of emphasis on 

external information and lack of perception of the system as 

a strategic tool influencing the organisation's long-term 

survival and adaptation to environmental conditions [4.3]. 

The traditional role of MIS has predominantly been control 

or monitoring of what happened in the past instead of 

enabling managers to innovate for the future, which is the 

essential requirement for an operational decision support 

system. 

However, current categorical descriptions of decision 

support systems do not emphasise this fact and only indicate 

that decision support systems are dedicated to top level 

strategical decisions which are less structured. 
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McCosch et al define decision support systems (DSS) as 

systems supporting the decision process of managers with 

access to analysis models and necessary information. He 

emphasises the fact that DSS concentrates on a few key 

decisions which are strategically important and which aim to 

improve the efficiency of the decision making. He 

categorically differentiates DSS from MIS and indicates that 

MIS has had very little effect on the kinds of decisions and 

the_ ways in which they are being made by managers [4.4). 

This description indicates that traditional DSS is being 

perceived and implemented as a tool for handling 

strategically important key decisions. It does not address 

the essential concepts of communication, co-ordination and 

integration of the business organisation as a viable whole. 

Quantitative analysis tools, including MS/OR and Systems 

Simulation, are used to solve specific managerial problems. 

As was addressed in Chapter Two, such methods are generally 

used for handling strategic decisions where there is plenty 

of available time for evaluating complex problems. If 

properly prepared, such systems can substantially contribute 

to the decision support function and in fact they can be 

directly used as primary tools for facilitating business 

organisations. However such methods are only end products 

and can only be integrated in a more generalised 

methodology. 
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As has been indicated in Section 4.2.2, the aim of the 

proposed system is not fully covered by any of the methods 

referred to or their combined usage, without paying 

attention to certain properties that the business 

organisation and its systems need to conform to. In fact, as 

has been discussed in Chapter Two, the attempts to use large 

and centralised management information systems as a decision 

making tool for future innovation have proved to be 

unsuccesful, and quantitative analysis tools has not been 

accepted by line managers. 

The proposed methodology differs from any of the above 

methods and approaches. 

The methodology is based on the issues which are essential 

for its main purpose, which is to increase the overall 

operational-effectiveness of an entire business operation. 

To achieve this: 

i. there must be effective co-ordination of the operational 

decision process, 

ii. there must be augmentation of the decision-making 

capacity of the operational managers who contribute to the 

collective decision process, 

iii. In providing this service, as with any other capital 

management tool, it must be cost effective and therefore 
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justifiable to develop, to use and to maintain. 

The proposed system and the development methodology have 

evolved from the guidelines which have emanated from the 

analysis and synthesis of the principles referred to and 

investigated within the previous chapter. 

The proposed methodology consists of two phases for the 

initial development. The development process is, however, 

continuous and implicit in the system after its 

implementation. 

The object of the first phase is to obtain a 'forward 

looking' information system which contributes to the 

effective co-ordination of the decision process. The system 

is dedicated to the processing and conveying of information 

which is significant and actively used in the decision 

process. 

The object of the second phase is to develop decision 

support units complete with the traditional quantitative 

analysis methods such as OR/MS. 

The characteristics of the system, and the development 

methodology, enable the continuous development and evolution 

of the system to be a feasible and realistic objective. 
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4.3.2 Conditions Necessitating the Implementation of the 

Proposed System. 

What are the conditions which necessitate and justify the 

implementation of the proposed system? For which industries 

and management practices is the system substantially useful? 

What would be the gains to the corporation of implementing 

the proposed system ? 

As previously described, the objective of the proposed 

system is different from the traditional information system 

applications. 

The aims of the proposed system have been specified in 

Ssection 4.2.2 as to the need to co-ordinate the decision 

process by providing a framework to increase the 

communication and the scope for interaction between managers 

and to enable the business organisation to conform to the 

properties which are vital to its good strategic 

performance. The aim, with regard to maximising the 

decision- making capacity of the individual line managers, 

is always relative to the total system. 

In order to justify the implementation of the proposed 

system, the problem area should predominantly indicate a 

need for co-ordinating the various parts or functions of the 

business organisation. Maximising the decision-making 
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capacity of individual managers is in fact a problem common 

to all firms. However, the principles, especially on how to 

integrate quantitative design tools into the decision 

support system, will improve the effectiveness of 

traditional decision support systems. 

The general properties indicating the type of potential 

implementation area for the system can be summarised as 

follows: 

The business organisation necessitating the implementation 

of the system should operate under dynamic and versatile 

market environments and the business operation should be 

market oriented. That is, its performance should be 

sensitive to market fluctuations. Therefore, industries or 

companies operating in consumer-oriented markets represent 

potential implementation areas for the system. 

Line management should necessitate constant interaction 

between various departments. The line management should have 

a high degree of interdependency between its departments. 

Although being decentralised, the products produced by the 

business organisation, and the facilities for production and 

logistics should be of a similar nature. That is, the 

business organisation should present a need and offer scope 

for co-ordinating its line management activities between 

134 



regional divisions as well as between various functions so 

that, for instance, products produced in one division can be 

used in other divisions, or raw materials can be bought from 

other divisions. 

Main line management decisions should require constant 

communication with other parts, in terms of information 

exchange, and should necessitate substantial managerial 

judgement. The decision environment should therefore be 

semi-structured necessitating the use of quantitative 

analysis tools in the managerial judgement. Should the 

environment be totally unstructured, which is unlikely for 

most of industrial line management environments, then the 

system can be used mainly as a communication and 

co-ordination tool. 

The emergence of stategically important issues must be 

identified and directly communicated to the manager so that 

the manager is able to incorporate them into the strategic 

plan. Therefore, the time lag between the occurrence of the 

issue and he corresponding adjustment to the plan is 

minimised. 

The specific implementation philosophy should be to innovate 

for the future rather than to monitor what happened in the 

past. Modern management practice, unlike traditional 

practice, enhances the scope for interaction within a more 
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dynamic and fluid business organisation and points to the 

need for partial delegation of strategic management 

activities to line managers [4.5]. Industrial management 

practice indicates the tendencies for decentralised 

self-organising apportioning of the control work [4.6]. 

Generally, the scope for implementing the proposed system 

will increase as recent tendencies in management methods are 

accepted by a wider proportion of industry. 

Typical industries where the proposed system is needed have 

been identified as follows: 

In the oil industy, large decentralised integrated oil 

processing and distribution companies present most of the 

conditions which indicate that implementation of the system 

would be fundamentally useful. Production, processing and 

logistics facilities are interdependent and there is 

substantial scope for co-ordinating line management 

operations at various regional subdivisions. Interdependence 

between marketing, processing, storage and transportation 

functions is substantial and line managers of the various 

fuctions do continually interact with each other in order to 

reduce line management costs. Market conditions involving 

products, the transport environment, and raw materials are 

volatile and necessitate rapid responses. Costs may vary 

significantly many times during the day disabling the 

successful execution of predetermined management strategies. 
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Due to the time lag associated with it, centrally 

co-ordinated production control proves to be inadequate. 

Consumer-oriented decentralised industrial firms such as 

large textile manufacturing companies also present similar 

characteristics. In such firms the emphasis is on marketing 

and production operations. The product turnover is large, 

requiring transportation of a large volume of products. 

Fluctuations in market conditions are very volatile and 

specific to the regional subdivision, and change with 

factors such as weather and fashion. Goods can be swapped 

between markets, and raw materials can be acquired from 

different markets. 

The dynamics of the line management necessitate continual 

decisions and intervention in order to minimise operation 

costs. There is a high degree of interdependence between 

managerial functions. Marketing, production, and 

transportation functions are iterative and they need to be 

closely co-ordinated. Sales information needs to be fed back 

to production so that waste is minimised. Should there be a 

demand for products in a regional division, and surplus of 

the same product in a different division, surplus products 

can be supplied to the division where they are required. 

Capacity to evaluate such conditions necessitates that 

quantitative analysis tools are available to the decision 

makers. It is interesting to see that the success of the 

Benetton company is attributed to its management support 
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system which co-ordinates sales, shops, distribution centres 

and production facilities. 

Large decentralised retailing conglomerates such as Marks & 

Spencer, Sainsbury, etc. present similar characteristics and 

are potential areas for implementation of the proposed 

system. In the retailing industry, the emphasis is primarily 

on the co-ordination of the marketing and distribution 

functions. The characteristics of the business dynamics are 

in fact very similar to the previous cases: The operation is 

substantially influenced by the fluctuations of market 

conditions. Also in the retailing sector there is a scope 

for substantial savings through proper co-ordination of the 

various functions such as purchasing, distributon and sales. 

In the retailing industry, there is a high degree of 

interdependency betweeen the various functions and thus 

there is a constant need for line managers to intervene in 

the operations. 

138 



F 
000, I 

ý1 

ANALYST 
\ k: NltFbg4Jaj AH Dot p* T1 CAF m vi cr x 

STEP J %DEN'twir- TtoN or- BUSINESS OPEFAlVki 

Räowrý+"Mý'ý OPERAMON X1 
ýýIIVENTW97p 

coN-!! LN -- N 
4YJST 

iý , --. -- - ý1 ý 
_.. 

.ý '1ý(AýrFrw Cý ' 061STCSý I 

S TEP' 2 10ENT%;, CAno6i 0; DECISION UK1TS LZ. 

1ý it1CtT 

N` MANAGER ICOW 
---__" 

ST03 0£VELAiNäNT OF WPOMATlo14 LJWKS 
L__ gCT wE Eu DEctStoq M MS 

--- 

F-- -- - 

-I_- 

EJ'r 
ANALYST 

+SSEPQ 
ANALYSIS o1= Co"RvNICATIet+ pAntrus 

- -SETWCEkJ 
DIC IS (ON UNIrs 

--1 

I---- _-_ __ , 14- 1 
-4E 'vo--Qb 14 ANALYSE' 

Lit S- RA'noWALISATIOy 09 COMMuNICATaN 104mg? " 

? ROp+ut oL PNA St I; 

2NFORW RnoK C 47EH cowu 
DECISION uMr? 3 

HANAGER 
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4.3.3 Methodology for Designing the Total System 

As described in the previous section, the aim of the 

proposed system is to provide line management with a 

decision support tool which contributes to the co-ordination 

and regulation of the primary line management activities. It 

therefore needs to be supplied to the line managers where 

their area of responsibility does significantly contribute 

to the mainstream business organisation. Figure 4.2 

illustrates the principal steps of the Phase I development 

methodology. 

A description of each step is as follows: 

The aim of the first step is to identify a group of business 

operations for which the system is required. Unlike 

traditional implementations, the system should be designed 

around the business activities rather than the business 

organisation. 

The nature and the context of the business activities 

obviously vary with the business area but for a typical 

industrial organisation they are mainly related to the 

following: 

Purchasing and delivery of raw or semi-finished materials, 

raw materials inventory management and connections with 

139 



suppliers, production control, finished goods inventory 

management, distribution of finished goods to warehouses or 

agents and marketing activities. Typical mainstream 

functions are illustrated in Figure 4.3. 

The emphasis obviously varies according to the type of the 

industry. 

The aim of the second step is to establish the decision 

units of the business operations. As suggested by Baylin, 

the business operation is described as a set of functional 

units [3.15]. The system should only be supplied to a 

selected number of managers who significantly contribute to 

the business operation which is defined in the first phase. 

In large complex systems this may prove to be difficult. 

Therefore the relative significance of the line managers is 

evaluated by justifying their presence. That is to asess 

whether or not a discontinuity will be introduced into the 

decision process, and accordingly into the management of the 

business activity, should their post be eliminated. It is 

important to note that such an approach enables gradual 

development of the system and development costs are minimal 

because the system is only provided to key managers. As a 

result of this step decision units which contribute to the 

business operation are defined. 
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The object of the third step is to evaluate information 

communication patterns between decision units. 

Selected groups of managers should then be asked to describe 

their normal decision environment. This includes their 

information requirements from the other parts of the 

organisation and the decision criteria that they apply to 

the situations they deal with. They should also be asked to 

describe how to increase the scope of their decision 

environment and accordingly to describe their additional 

information needs. As Carter points out, it is not 

realistic, to assume that this information can be obtained 

from managers during the course of a few interviews. 

Therefore operational managers will be supplied with 

worksheets which guide them through well-defined questions 

about their decision environment. They will be requested to 

fil in these sheets at a suitable frequency, such as once a 

day, over a suitable time period. 

At the completion of this step, the following will be 

obtained from all managers: 

Definition of the existing and foreseeable scenarios which 

require their intervention. 

Identification of what information is needed from which 
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information department so that the manager can effectively 

intervene the situation. In description of the supply 

frequency, and relative importance of the information for 

effective intervention in the situation. 

The information can be an estimate or a judgement which is 

made by a different manager. The aim of the proposed 

methodology is to identify existing communication patterns 

as well as missing ones. For instance, the finished goods 

inventory manager of a specific division may informally know 

that generally a specific product, which has peak demands, 

can be in surplus in other divisions but the fact that he 

does not have the specific information about the 

availability of the product, nor the means of evaluating the 

financial attractiveness of delivering the product from the 

other divisions, will lead him not to attempt to obtain the 

product from those sources. 

The availability of information and the comparative 

evaluation facility will enable such activity to be 

practised by the business organisation. But the fundamental 

issue that needs to be pointed out is that the kind of 

interaction between, for instance, inventory and 

transportation managers requires distributed decision making 

which needs to be properly co-ordinated. 

That is, the decision about supplying material from a 
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different division requires decisions from both production 

and transportation managers. To be able to evaluate the 

issue, managers must be provided with analysis support 

facilities as well as information about the availability of 

both product and shipping capacity. This analysis facility 

enables them to evaluate the attractiveness of the 

situation. Obviously, the decision about supplying the 

product should also be attractive to the manager concerned 

and there should be available feasible transport capacity 

for the specific instance. 

What is also important is that there may be considerations 

other than just financial ones and that such decisions can 

only be made by managers and cannot be delegated to 

machines. But it is important to note that the availability 

of the information and the comparative evaluation tools will 

enable managers to consider opportunities which would not be 

possible otherwise, and the overall effectiveness of the 

corporation will improve. 

The data which results from the descriptions of the selected 

line managers will indicate the existing decision processes 

within the group of business activities for which the 

support system is being prepared. This would be in the form 

of an abstract chart which would emerge from this exercise 

and would indicate the patterns of information exchange 
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between managers. The decision environment of line managers, 

and the requirements of each support unit, will also be 

defined. The methodology for designing decision units is 

described in the next section. 

The chart will indicate what potential improvements can be 

made to the existing system. It will also point out the 

necessity of including other line managers who may be 

ommitted during the pre-selection phase; or conversely, will 

indicate that some managers who have been included are not 

really significant. Obviously, provision of the system will 

increase the scope of the line management. Being provided 

with timely information, decision makers can more thoroughly 

evaluate certain situations. The design of the proposed 

system can influence the way in which augmented decision 

processes would be co-ordinated and would function. 

As a result of this step misjudgements about the operation 

may be detected, analysis may show that some managers are 

omitted or some managers are unnecessarily included wihin 

the scope of the exercise. In this case the process is 

repeated by returning to the first or the second step as 

appropriate until a satisfactory model which describes 

communication patterns of the key existing operational 

management process is obtained. 

The final and the fifth step is the rationalisation of the 
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chart which has been obtained as follows : 

The object of the rationalisation is to improve the degree 

of compatibility of the decision process with the actual 

operational business dynamics, which results in better 

co-ordination of the management process. 

The pattern of the operational decision process, and 

therefore the information flow between the decision units 

throughout the firm, should be as close as possible to the 

pattern of the actual business dynamics. Business dynamics 

are not a function of specific firm and therefore the 

analyst can develop his experience on the dynamics of a 

particular business. 

The design criteria should aim to identify the natural 

operational business dynamics at a certain level which is 

critical for the survival of the company. The business 

dynamics of any firm operating in a free enterprise 

environment are of a self-organising and self-regulating 

nature which necessitates a similar decision process. 

As referred to in the previous chapter, increasing 

implementation of the Just-in-time operations control 

philosophy indicates increasing recognition of this reality 

throughout the industry. 
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Unlike the traditional practice, the co-ordination of the 

line management activities should be of a self-regulatory 

nature. This can only result from the interaction of line 

managers between themselves. This is only possible by 

designing the support units and total system so that 

self-regulatory feedback loops are introduced between line 

managers. 

In order to enhance the conformity of the business 

organisation to market conditions, the system should be set 

up with the aim of aligning the business operations with the 

market requirements. That is, starting from sales, any 

decision will present the requirement for other decisions 

and accordingly the whole business operation will be 

'pulled' by market requirements. 

Decision processes will be triggered by marketing 

information and gradually will generate a train of decisions 

which will laterally flow backwards through the line 

management activities. 

A feedback loop will communicate sales information to the 

products inventory and distribution managers respectively 

and in order to fulfil requirements they will have to decide 

how much to supply, and from what location or source, and 

using which transportation facilities. Decisions on how to 

supply products from the finished goods inventory will 
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influence the stock levels of the product within the 

division or within other divisions. That, in turn, will 

necessitate a decision from the production management. The 

raw materials depletion rate will necessitate a decision on 

inventory management which in turn will generate decision 

requirements in purchasing and in the transport divisions. 

The whole process, being automatic and continual, will mean 

that the need for central planning will be minimised. 

Business activities will therefore be co-ordinated through 

self-regulatory loops. Further co-ordination between 

regional divisions will be possible by providing a 

communication link between the support units of different 

divisions. To cut down the variety, such interdivisional 

links should be established between identical functions. 

The details of the communication patterns should be assessed 

according to the following characteristics: 

The communication frequency should be realistic and 

compatible with the requirements of the decision scenario. 

Information which is supplied from decision units of the sub 

operations should have the same frequency so that it can be 

evaluated simultaneously. 

The variety of the decision environment should be gradually 

reduced and for any manager should not exceed a limit above 
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which the manager would become incapacitated. 

Communication patterns of information with strategic 

content should be rationalised, as well as those for one 

operational level. If such communication does not exist then 

it must be provided. This is essential because strategic 

management will increasingly be delegated to the operational 

managers [4.7]. 

148 



4.3.4 Methodology for Designing Decision Units 

The design process should proceed at two distinct resolution 

levels. During the design of the total system, as previously 

described, the design process must primarily concentrate on 

the relationships between the decision support units, where 

each unit needs to be treated as a black box, where only 

inputs and outputs to the unit are considered. The detailed 

design of the support units should therefore follow the 

design of the total system and accordingly the relative 

importance of each unit within the total system can be 

emphasised. Figure 4.4 illustrates development of Phase II 

of the proposed methodology. 

The design of the total system as a whole would initially be 

based on the protocols prepared by line managers. Therefore, 

the design process is in fact iterative. The emphasis can be 

shifted to the design of the individual decision units only 

when the information needs, that is the inputs and outputs 

which are derived from independently prepared protocols, are 

successfully co-ordinated. It is important to note that such 

an iterative design methodology will ensure the 

co-ordination process even though the design of each unit 

will be carried out independently at the various parts of 

the organisation. 

The detailed design of each support unit will be under the 
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direct responsibility of the line manager who will be 

responsible for using the system. The analyst will directly 

report to the line manager. Although the details of each 

unit obviously vary with the decision environment of the 

specific decision unit, there are certain principles which 

are common to the design process of all units. 

The detailed design process should proceed according to the 

proposed methodology, where such principles should be taken 

into consideration. The progress of the design should 

conform to the following pattern: 

There are two main functions that the system needs to 

fulfil, primarily it should be used as an operational 

decision support tool but it should also provide information 

for strategic planning activities. As an information base 

for strategic management activities, the system should 

enable the direct extraction of information with strategic 

content from the line management activities. 

Strategically important situations need to be identified and 

the system needs to be provided with a facility which will 

extract and save information for future reference. For 

instance: bottlenecks in storage, production or 

transportation; excess capacity; movement of market trends, 

should all be abstracted when the situation indicates their 

strategic importance. 
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This will provide continuous feedback for the strategic 

plans, and automatic recording of the information will 

enable line managers continually to monitor the profile of 

their function from a strategical point of view without 

substantial overhead costs. This obviously necessitates 

provision of permanent files and decision rules which will 

extract information when its value is progressively changing 

over a time period. 

As a decision support system for direct line management 

activities, the system should conform to the following 

methodology: 

The detailed design of the system as an operational support 

tool should deliver total support function for expected and 

foreseeable decision environments but it should also be 

supplied with facilities that would provide the support 

function for likely but unforeseeable situations. In 

practical terms this refers to the provision of general 

purpose facilities such as a general comparative analysis 

tool or to the capacity to request new information 

throughout the system. 

As described previously, the specific aim of the detailed 

design of the decision support units is to increase the 

decision-making capacity of the manager. The design 

therefore should concentrate on how to integrate the skill 
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and the knowledge of the manager with the communication 

system, the quantitative decision support models, and the 

necessary hardware so that a harmonious and effective 

decision-making system, which includes the manager and the 

system, can be obtained. Traditional decision theory does in 

fact address the problem of the integrated design of the 

subject and object systems [4.8]. In our interpretation the 

subject system is not only the manager but the manager and 

the support unit and the situation that necessitates 

intervention is the object system. The first two steps of 

the proposed methodology are based on Newell-Simons' method 

which simulates the subject's cognitive process [3.43]. 

The sixth step of the methodology, or the first step of the 

second phase, is identification of a range of scenarios that 

require operational decision making. 

Operational managers will be provided with a different set 

of worksheets where the worksheet guides the manager through 

the exercise. The aim is to identify frequent scenarios 

which require dedicated models. The output of the first step 

is a range of scenarios. 

The seventh step is to analyse the decision process of the 

manager for a given scenario. Essentially its aim is to 

establish quantitative and qualitative considerations that 

are used in the decision process. The aim of the analyst is 
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to the components which can be delegated to the system. The 

outcome of this step does in fact outline the requirements 

for the quantitative analysis models such as OR/MS. 

Traditional implementations address only the quantifiable 

and measurable aspects of the rational component. The 

contributions of a decision support system increase as the 

problem environment becomes more structured. According to 

Mc Cosh, in unstructured problem environments a human 

decision maker plays a vital role in providing judgement and 

evaluating capacity as well as bringing insights to problem 

definition [4.4]. The degree of structure varies with the 

problem but it is essential that the use of the support 

system should not adversely affect the influence of other 

components and, unlike traditional applications, should 

emphasise the total decision situation instead of only the 

quantifiable and measurable rational component. 

The eighth step is a cost/benefit analysis for the required 

models. This is effectively a cost evaluation of developing 

a specific model to the requested level of detail. As Beer 

indicates, the eighty/twenty rule also applies to model 

development where eighty percent of the benefit is obtained 

by twenty percent of the method. 

If the required model proves to be too costly then it is 

returned to step seven. 
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The ninth step is the evaluation of the effectiveness of the 

model with respect to organisational considerations. 

According to Simon, the primary components of the decision 

process are rational, psychological, social and cultural 

[4.9]. 

Obviously, the support system can primarily be used for 

handling relatively more structured problems which can be 

tackled by rational criteria. But the system must not 

undermine the presence of other components, and where it is 

necessary and feasible it must deliver support functions for 

these other components. Therefore, it is imperative that 

such developments must be a multidisciplinary effort. 

The psychological component includes personality, capability 

and experience, values, perceptions, aspirations and the 

manager's own perceived role of his function [4.10]. The 

system cannot influence personality, capacity and 

aspirations, but can deliver effective support function for 

psychological components including values and perceptions 

which form the basis for subjectivity. It must be noted that 

this is a complex subject but further research is not 

included within the scope of this study. Temporary exchange 

of the support units between managers responsible for the 

same type of function in different parts of the organisation 

will enable the managers to evaluate the decision 
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environment of their counterparts, since the design is based 

on protocols prepared by both decision makers. The previous 

experience of a manager can be made available to others by 

providing a facility which enables the managers to record 

situations using meaningful sentences. 

The social component addresses the informal interactions 

between managers and the relative importance of the goals 

and values of the other decision makers in the decision 

processes of a specific manager. Informal communication 

links do significantly contribute to the decision process. 

For instance, during the evaluation of the problems 

involving inter-organisational politics, the decision will 

be influenced by the political situation and the information 

about the situation will be communicated through the 

informal communication links. Traditional implementations 

ignore this factor and the delegation of the decision rules 

to machines is especially affected by this neglect. 

If the utility of the model is undermined by such factors, 

there is no benefit for further development and the model 

requirements should be reviewed by returning to the previous 

step. 

The tenth step involves technical considerations: This 

covers the definition of man-model communication 

characteristics including, for instance, model access time 
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and access to certain data bases. The following are the 

principal details of such reqirements: 

The support system, as previously described, contributes 

significantly to the rational component where the decision 

environment can be quantified and the principles of the 

detailed design cover information inputs and quantitative 

analysis capacity. 

Before, provided to the decision maker, information which is 

being incoming to the decision unit must be organised 

according to the needs of the analysis work that is required 

by the manager. It is essential that the information must be 

directly input to the analysis models. 

The eleventh step is actual system development. This will 

essentially consist of modifying a standard library of 

models to bring them into line with the user needs. 

Strategic management requires analysis tools and methods for 

predicting the future performance of the environment and 

business organisation. Forecasting models are essential for 

evaluating strategic developments in the environment because 

they do not require a knowledge of the internal dynamics and 

are based on historical data. Managers must be provided with 

such models to assess environmental conditions such as price 

fluctuations, or expected demand. 
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The analysis needs of operational management often involve 

comparison of alternative options and co-ordination of the 

lower level sub operations. In order to be regularly used 

analysis support tools must be quickly and rapidly available 

for use. Operation research and engineering economics models 

are useful for optimisation and co-ordination functions and 

can be set and used within restricted time periods. Systems 

modelling and simulations require substantial development 

times. To be effective the dynamics of the operation that is 

being modelled must be clear and well understood. 

Understanding of the results also necessitates significant 

time, and so generally they are not suitable for operational 

management support. The complexity of the model provided for 

the system must be dictated by the accuracy that is required 

from it and by the time available for analysis. 

The final twelfth step is model validation and it will be 

executed by the manager. 

While the design of the workstation is in progress, each 

person who is responsible for the design process must be 

supplied with specific information about the development 

time of each model, if this is not included within the 

standard system library. 

Validation should be done by using on-the-job trials 

conducted by the manager for whom the model is being 

prepared. 
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4.4 Further Development at Post-Commissioning 

A significant advantage of the proposed system is its 

capacity to be continually modified and developed after the 

completion of design and commissioning. That is, once the 

system is up and running, it can easily be adapted to the 

total system and individual decision support unit levels. 

This is possible because the system has a modular 

architecture and each support unit is designed and specified 

directly by the line manager of the management operation for 

which the system provides support function. Figure 4.5 

illustrates continuous evolution of the system. 

During the post-commissioning period, the system should be 

maintained according to a methodology ensuring evolution of 

the proposed system in line with the changes in the 

organisation of the operations and the decision process 

involved in the operations. 

Once the system is commissioned, line managers who were 

responsible for designing support units will be appointed to 

be responsible for maintaining their support units. Line 

managers, being responsible for a specific unit of the 

system, which i s not necessarily large and complex, and 

being responsib le for its design and thus knowing the 

internal details of the system, are capable of introducing 
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further modification and development of their units 

according to their own changing needs. As previously 

indicated in Section 2.2, users cannot contribute to the 

maintenance and further developments of corporate 

information systems as they are large and complex, and the 

internal details on how the system works are not known by 

the users. 

Development of the system during the post-commissioning 

period is feasible at distinct resolution levels. At the 

total system level, the decision support system as a whole 

has to evolve in line with the organisational changes. 

Having to survive in a competitive environment, the business 

organisation has to adapt to changing environmental 

conditions. Accordingly, business operations and 

organisation of the management activities change. According 

to market fluctuations a product may be discontinued, the 

corporation may diversify into new business areas, or it may 

grow in size etc. From the system point of view, all such 

changes either necessitate the addition of new modules or 

discontinuation of some existing modules or modification of 

the communication patterns between modules. Any of these 

requirements can be met effectively because any modification 

to the system as a whole, like the addition or 

discontinuation of new modules, or modification of the 

communication patterns, do not necessitate substantial 

modification of other decision units. Like, for instance, if 
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the corporation grows and new managerial posts are generated 

within the line management system, the support system as a 

whole is required to deliver support function for the 

managers of these new posts. A new decision support module 

can be added without necessitating modifications of the 

other support units. It only requires modifications to the 

communication patterns. 

Since the evolution of a business organisation is a 

continuous process, during its post-commissioning period, 

the system would be in a continuous state of adaptation and 

development. Since changes in the support system will 

necessitate new communication patterns between support 

units, a managerial post which is responsible for 

co-ordinating information requests of different managers 

needs to be generated. This will replace the function of the 

original designers which evaluate the system performance as 

a whole and will make sure that any new information need of 

a manager is met by other support units. This obviously 

necessitates minor modifications in the information 

transmission system. If, for instance, the unit is new and 

information does not exist, then, minor modification needs 

to be implemented to other units from which information is 

expected. 

If a manager leaves his post, then the support system can be 

initially used by the new manager as a tool for speeding up 
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the training process. If the new manager, being responsible 

for its development, is not satified with its performance, 

he can modify it or redesign it according to his own needs. 

At the specific unit levels each manager will be responsible 

for maintaining his unit. This is feasible because the 

manager himself will know the specific internal details of 

his unit. As the manager becomes more experienced, his 

perceptions and decision-making process may change, 

necessitating modifications to the support system. He may 

require new information or new analysis support tools. The 

software providing the total support function should be 

modular and should be easily modifiable. According to his 

specific needs, the manager should be free to buy and use 

any analysis support software that he may need. Standard 

software should be supplied and it would enable him to 

specify the pattern of information that he needs. 

Information handling and transmission should be set up so 

that the communication of new information with other units 

should not necessitate significant modifications to the 

existing system. 

The domination of the decision process by the existing 

support system will therefore be prevented and, as happens 

with the traditional systems, users of the system will not 

be able to blame the existing system since they will also be 

responsible for its development. 
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4.5 Contributions of the Proposed System to the 

General Management Process 

The contributions of the proposed system to the management 

process as a whole will be more than just those got from 

providing information for the decision makers of the 

business organisation. 

The philosophy of the end use of the system is fundementally 

different from traditional information systems. The primary 

system objective is not to monitor what happened in the past 

with extreme accuracy but to enable its users to innovate 

for the future. The methodology ensures that during the 

design phase emphasis and resources are concentrated on the 

effective utilisation of the system in providing support 

functions for line managers who will be engaged in solving 

future oriented problems with limited information within an 

uncertain environment. Information stored and processed in 

the system will have strictly no other function than to 

increase the decision-making capacity of the managers. 

Therefore all information processed in the system will have 

a significant meaning for the managers. 

Implicit in its utilisation, the system not only delivers 

decision support tools for the decision makers but 

fundamentally contributes to the co-ordination and 

regulation of the business organisation as a whole. By 
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providing information and analysis support tools it enables 

managers to consider alternatives which they could not 

consider previously. 

The proposed system is in line with most recent trends in 

industrial management where the emphasis is on the 

distribution of responsibility and, as quoted by Grossman, 

is aimed at accomplishing a distributed control, 

"The object is to migrate from the traditional western 
approach of centralised control to a more localised and 
distributed control. 11 [4.11] 

This philosophy is confirmed by the increasingly popular 

just-in-time manufacturing philosophy which is described by 

Wilson as a 

" system driven by the final product demand so that the 
right product is produced at the right time in the right 
quantities. " [4.12] 

Information flows backwards throughout the organisation 

through feedback loops starting from sales and reaching to 

purchasing, initiating a flow of materials forward starting 

from the purchasing function. Central to its philosophy is 

that all inventories are undesirable and should be 

eliminated or minimised. This methodology introduces a new 

dimension to marketing that involves purchasing and sales 

and delivery functions [4.13]. The information needs of the 
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managers operating under the just-in-time methodology and 

who have to respond fast are greatly increased. 

The proposed system is very compatible with the 

implementation of this methodology. According to the 

industrial business area, the proposed system can be 

interphased with other general or dedicated information 

systems such as computer-aided production planning, 

including a master production schedule, material 

requirements planning, production control, marketing 

information systems, and cost planning systems. Each module 

can extract the necessary information from such systems 

since most industrial companies will increasingly acquire 

such systems. 

Unlike the traditional decision support systems, the design 

of each support unit will be based on the protocols prepared 

by line managers and the design will not only consider the 

rational or secondary level information processing aspects 

but other aspects such as psychological ones contributing to 

the decision process. Problems of inefficient 

implementations caused by attempting to delegate 

decision-making work to machines, where the decision-making 

process is not only governed by rational and quantitative 

comparisons but, for instance, also involves social aspects 

such as internal office politics, will be prevented. 
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The system being dedicated to the decision-making work of 

line management activity means that information which is 

processed in the system is significant and therefore the 

system does not need to store large volumes of information. 

Being small, the system does not require much support from 

the operational staff, thus increasing the cost 

effectiveness of the implementation. The transmission of the 

information between support units and therefore managers is 

automatic, leaving managers more time for analysis and 

evaluation. 

The design of the support units, enabling managers to load 

the decision-making information directly into the relatively 

simple and easy to use analysis support models, eliminates 

the need for dedicated staff to use such models. Being 

provided with a set of support models, managers can select 

the analysis support tools that meet their needs. Support 

tools, being quickly set up and easily used, eliminate the 

need for technical staff and can effectively be used for 

providing support to line management activities. 

The proposed methodology of designing the support system 

contributes to the clarification of the decision processes 

throughout the firm. The design of the support units enables 

managers to rationalise and to understand their decision 

environment. Having specified the requirements and knowing 

how the support unit works, line managers can effectively 
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use the system as a decision support tool. 

As described in previous sections, the proposed system, 

unlike traditional information systems, is modular and can 

easily be adapted to the changing requirements of the 

business organisation. The development is therefore 

continuous and implemented by line managers who will be 

responsible for developing their support unit. 
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5. APPLICATION FOR AN INTEGRATED OIL PROCESSING AND 

DISTRIBUTION SYSTEM 

5.1. Scope of the Application 

A typical application of the proposed decision support system is 

developed for the oil industry where the system is designed for 

co-ordination of the management process and for providing 

decision support function for operational managers of a typical 

oil company which is primarily engaged in oil processing, 

distribution and marketing operations. 

The aim of the application is to demonstrate how the system 

should be developed according to the proposed methodology. The 

corporation for which the system is developed is typical and 

fictitous but the details of the management process are based on 

research, real life examples and direct communications with 

experienced managers from the oil industry. 

According to the proposed methodology, the system is developed in 

two stages. The review of the business dynamics, decision 

environment and the development of the total system according to 

Phase One of the proposed methodology is presented in Chapter 

five. The developments of decision units are included within the 

scope of Chapter Six. 

The work has been focused primarily on marketing, production and 

transportation operations and therefore is not inclusive. 
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5.2. Review of the Business Environment of Oil 

Processing and Distribution Systems 

5.2,1. Leading Particulars of the Business Environment 

and Dynamics 

The primary business operations of a typical oil company are 

complex and the success of a specific business operation 

also depends on the performance of other business 

operations. Strategic and operational management of such A 

corporation is substantial and therefore A review of the 

business dynamics needs to be carried out at a specific 

level of abstraction where there is a need for implementing 

the proposed system. Figure 5.1 indicates the primary 

business operations of a typical oil company. In summary, 

crude oil is purchased and transported to processing plants 

where it is processed in order to obtains semi-finished or 

finished products. According to the market demand, products 

are then distributed to the main markets. 

The outline business dynamics of state-owned or private oil 

companies are infact similar: Crude oil is purchased from 

the main oil producing countries such as the Persian Gulf 

area or Venezuela, but it may also be purchased from 

established crude oil trading markets such as Rotterdam. 
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Larger oil companies are generally engaged in crude oil 

exploration and production. Both in state-owned corporations 

and private companies, as indicated in Figure 5.2, crude 

production is often delegated to a different group which 

reports to the parent organisation. As previously defined 

for the purpose of this study, crude production is not 

included within the scope of the implementation and the part 

of the organisation which is engaged in crude production is 

treated as an outside supplier. 

Crude oil prices are determined by supply and demand rates. 

Although the market price has beeen relatively stable during 

recent years, a stable environment can deteriorate rapidly 

according to political events and decisions. As can be 

observed from Figure 5.3, the demand for crude oil can 

undergo significant fluctuations. The crude price is not 

stable and although a base crude price is accepted by OPEC, 

as indicated in Figure 5.4, prices can vary within days. 

Because of the quantities involved, fluctuations about the 

base price result in significant sums [5.1]. An experienced 

manager emphasises this point: 

" The crude base price can easily fluctuate $2 per barrel 
within a day. Therefore the opportunity cost of a half a day 
delayed decision for a 200,000 tonne party is $30,000. " 
[5.1] 
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Corporations aim to purchase when the price is at its 

lowest, for a foreseeable future, and to benefit from 

localised price differentiations between supplier markets. 

It is therefore essential for the purchasing manager to be 

provided with information indicating crude price 

fluctuations at the major supplier markets. Most of the oil 

companies also operate in direct crude trading, that is, 

crude sales as well as purchasing [5.1]. 

Transportation of crude oil to the processing plants is 

generally through seaborne transportation. In some specific 

cases pipelines are used as the transportation medium. 

Maritime crude transportation strategy is primarily 

influenced by tanker freight rates. A typical oil company 

owns and operates a number of crude transport tankers which 

provide only a proportion of the required capacity. The 

remaining capacity is fulfilled by tanker chartering. Tanker 

chartering includes two distinct arrangements: 

In time chartering, the tanker is usually chartered for an 

agreed period of time which changes between six months and 

two and five years. Charter periods in excess of three years 

are defined as long-term charters and charter periods 

between six months and three years are defined as short-term 

charters [5.2]. Tankers which are chartered for more than 

ten years are regarded as part of the owned fleet. In 
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short-term time chartering, a tanker should be present for 

service within a month of the chartering arrangement, 

whereas in distant time chartering a tanker will be present 

for service at an agreed date in the future. 

Time charter rates, although relatively more stable in the 

short term, can also fluctuate considerably as indicated in 

Figure 5.5A. Spot chartering prices are very volatile and 

price range can vary as much as worldscale (WS) five points 

within a day. On this basis the opportunity cost of a 

delayed decision in spot chartering a 200,000 tonne crude 

contract is $60,000 if there is WS 5 points increase during 

the delayed decision time. As indicated in Figure 5.5B, spot 

chartering rates vary significantly with tanker types. As 

can be seen in Figure 5.6, unlike time chartering, spot 

rates can increase substantially during crisis periods where 

there is a shortage of tankers. The tanker is chartered for 

one voyage and generally a spot chartered tanker should be 

present for loading within twenty four hours of the charter 

being placed. 

Traditional maritime crude transportation strategy is 

illustrated in Figure. 5.7. Owned fleet and time chartered 

tanker capacity is provided for the constant demand, whereas 

spot chartering capacity is used to compensate for the 

fluctuations of the operation. But as the business 
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environment becomes progressively more competitive, 

companies are forced to adopt a more flexible approach where 

a dynamic strategy which aims to minimise overall 

transportation costs is pursued. Such a strategy is only 

possible where decision makers responsible for the 

transportation operations have specific information about 

the various markets and mathematical optimisation tools to 

evaluate and identify the best combinations resulting in 

minimum cost solutions. 

In order to increase the flexibility of the operation most 

companies are engaged in external chartering of their 

available and idle vessels at actual chartering rates, 

should the conditions be favourable. 

In order to minimise distribution costs, process plants are 

located at various geographical locations. Due to the fact 

that the major crude supply areas are the same, there is 

considerable scope for common utilisation of the owned 

tanker capacity between regional divisions for primary crude 

transport from suppliers to process plants, and if necessary 

between process plants. As is illustrated in Figure 5.1, oil 

companies often sell crude oil back to the crude trading 

centres such as Rotterdam to benefit from the significant 

fluctuations in the market. 
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Crude purchasing and supply to the process plants is an 

extemely complex operation which necessitates close 

interaction of the Purchasing, Transportation and Crude 

Stocks management functions. Managers must be promptly 

provided with information about developments so that the 

activities are properly co-ordinated. Often operational 

managers face situations where they have to evaluate the 

decision environment rapidly prior to arriving at a 

decision. This evaluation includes the use of quantitative 

analysis methods such as OR/MS methods. Such cases are 

further exemplified in the following section. 

Crude storage management is responsible for generating 

purchasing orders according to existing stock levels [5.1]. 

Crude storage capacity can be a limiting factor for the 

overall operation. It is not possible for the company to 

purchase more crude than it can store. Therefore storage 

facilities of various process plants can be commonly 

utilised between the process plants. Close co-operation is 

required between crude storage, purchasing and 

transportation since, as previously mentioned, these 

operations are fundamentally interdependent and the 

opportunity cost of the operations can be significantly 

reduced with proper co-ordination. 

Crude oil is processed at the processing plants in order to 
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obtain products. The processing rates for various products 

are interrelated. That is, in order to produce a specific 

product one has to produce other products. Product groups 

necessitate different storage facilities and tanker types. 

The demand for the product groups also varies with the 

dynamics of the particular market environment. Some product 

markets are much more volatile than the crude market. For 

instance, as it can be observed in Figure 5.8, according to 

the international petroleum exchange index, gasoil prices 

decreased by $40 per metric tonne during January 82 [5-41. 

Operational management of the products is even more complex 

and dynamic than crude purchase and supply operations. 

The primary products are liquified gases, gasolines, 

kerosenes gasoils, diesel-fuels and fuel oils. A typical 

straight run ratio of these products is respectively 2% for 

liquefied gas, 23% and 25% for the gasoline and kerosenes 

group and 55% for the fuel oil group. Since the production 

of the lighter components is more profitable, process plants 

are capable of carrying out cracked runs, where the 

indicated ratios are altered according to the demand. 

Processing is fully automatic therefore the processing 

manager who is responsible for the processing operation 

needs to be informed about the demand levels and the 

relative costs of alternative processing runs. Storage and 

distribution present limitations. Unlike crude, certain 
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tanker types are suitable for certain products, which 

further complicates the operation. Figure 5.9 indicates the 

typical product range with operational management 

limitations. 

Liquefied gas is transported within pressurised tankers of 

3,000-75,000 DWT; white products such as gasoil are 

transported in clean tankers of typically 20,000-30,000 DWT; 

and heavy products, such as fuel oil are generally 

transported in dirty tankers of 30,000-40,000 DWT with 

heating capacity [5.1]. 

The market dynamics for the products being significantly 

different and the interrelation of the processing rates 

increase the need for efficient co-ordination of the 

distribution strategies between regional divisions. It is 

essential that distribution managers of a specific product 

should have information about the product levels at the 

other regional divisions. 

The dynamics of the distribution strategy are similar to the 

crude supply system. But because the tankers are more 

specialised, the availability of dedicated vessels is an 

order of magnitude less than for the crude vessels, thus 

shifting the emphasis on the owned and time chartered fleet. 

Product tankers' journey hauls are considerably shorter 
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resulting in more frequent operations and there is therefore 

significant scope for common utilisation of the product 

tankers from processing plants to markets and between 

processing plants. 

As previously indicated, the market dynamics of the various 

product groups can be significantly different. Liquefied gas 

is primarily used in industry for drying, power production, 

metallurgical process and chemical feedstock applications. 

Gasoline and kerosene groups are primarily used in the 

transport sector. The fuel oil group includes diesel fuels 

and these are also used in industry. 

There are significant differences in product utilisation 

between regional divisions which are caused by climate, 

industrial infrastructure, local energy resources etc. This 

presents scope for exchanging products between the divisions 

according to the different consumption patterns. 

Traditionally, co-ordination of the line management 

operations which are described above has been carried out 

through central planning operations where central plans have 

been prepared at specific time intervals. As the business 

environment is dynamic, such co-ordination based on central 

planning is not effective. 

Centralised control cannot effectively cope with such a 
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dynamic operational management practice. Control needs to be 

distributed so that it operates through the feedback loops 

between various operations. The proposed decision support 

system will provide a medium for co-ordination of these line 

management activities at a specific abstraction level. 
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5.2.2. Decision Environment and the Scope of Requirements 

for Decision Support System 

The aim of this section is to emphasise the need for using 

Decision Support systems in the operational management of 

typical business operations, and to indicate the scope of 

the requirements for such systems if they are to be 

implemented and effectively used. In order to achieve this 

aim, the decision environment and the dynamics of the 

decision-making process are reviewed. 

Obviously, for the purposes of this work, it is not feasible 

to cover all possible scenarios. Therefore, a few typical 

examples, covering various aspects of business operations, 

are considered. 

The main problems and the difficulties of operational 

managers in oil companies are primarily caused by the 

complexity of the operations, the degree of interdependence 

that exists between operations, the uncertanity of the 

business environment, and the presence of continuous time 

pressure that is exerted on the managers. Since large sums 

of capital are tied up with such operations, the 

effectiveness of the decision process contributes 

significantly to the overall performance of the company. 
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A medium-sized oil company may run a number of process 

plants in different locations, a large fleet of owned, time 

or spot chartered tankers, and many trading offices 

operating in a range of products and serving numerous 

different markets. Most of the operations intersect with 

each other and there is a common base for various divisions 

to interact with each other. For typical decision, a 

number of alternatives and possible scenarios has to be 

considered [5.1]. Accordingly, the operational environment 

is complex and dynamic and it requires constant intervention 

by the operational managers. 

" In March 1980, Venture Oil owned or time chartered 16 
vessels as shown in exhibit 11.2 (Table 5.1). The Marine 
Departement moved in the order of 300 thousand barrels per 
day in its worldwide operations. 11 [5.2] 

Marketing, distribution and storage management operations 

are interdependent and effective operations requires 

substantial cooperation of the operational managers. 

" For example, if 50,000 tonnes of gasoil sale contract from 
a specific plant say, Izmit to Hamburg, is delayed for a 
week due to a transporation failure such as unavailability 
of the shipment capacity or a mechanical breakdown, and if 
the gasoil price is depressed say by $10 per metric tonne, 
the purchaser party will loose $500,000 as a result of this 
delay and may take legal action to recover its losses. 
However, in certain conditions this delay may have much 
larger and more severe consequences : If the clean storage 
tanks of the plant are full the production rate of gasoil 
will than have to be reduced. The production rates are 
interrelated. Therefore, production rates of other products 
will be reduced and the company will have to breach other 
contracts. " [5.5] 
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The business dynamics indicate that primary operations 

including marketing and maritime transportation, are exposed 

to volatile external conditions. The uncertain business 

environment, including crude purchase, spot chartering and 

product markets, are reflected in Figures 5.4,5.6 and 5.7. 

This uncertainty often makes long-term planning very 

difficult to implement: 

" All shipowners are concerned with the future demand of 
their vessels. In the past, many shipping booms have 
occurred in conjunction with wars or canal closing --events 
that are generally impossible to predict. Bulk vessel demand 
is also affected by worldwide economic conditions (e. g., 
economic booms, high oil prices, drought), also difficult to 
foresee with any high degree of accuracy. " [5.2] 

The fact that large sums of capital are tied up with the 

operation, which is subject to uncertain conditions, 

generates constant pressure on the managers. 

" The implications of a decision that you may have to resume 
in couple of hours are often frightening. For example the 

capital value of 200,000 tonne of crude is $3.6 million. 
Based on WS 100, the chartering price of a dirty tanker, say 
between Bahrain and Izmit is $1.2 million. Therefore the 

total value of this single shipment is $4.8 million. " [5.5] 

Because of these factors it is essential that the managers 

are continually supplied with the latest information on 

market developments, the state of events in other 

operational departments, and tools; for example application 

programs 
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including forecasting, optimisation and voyage asessement, 

which help them to analyse the situation within a limited 

period of time. 

Traditionally, primary operations including Processing, 

Marketing and Transportation are formally co-ordinated 

through central co-ordination and planning departments. 

However, since the environment is complex and dynamic such 

centralised control in practice is inadequate and often 

operational managers exchange information through informal 

communication lines such as telephone conversations [5.1]. 

This situation is analogous to the main problem of 

manufacturing systems: How to control a high variety 

situation ? As is indicated in Chapter Two, traditional 

production control systems based on centralised mainframe 

based systems have failed to deliver adequate control 

functions. Some companies, such as Toyota, have recognised 

the problem and systems based on centralised operational 

control are replaced with 'Kanban'systems based on 

distributed self-organising control enabling regulation to 

be directly and autonomously executed between production 

cells. 

Traditional 'backward looking' information systems are not 

suitable as a formal communication medium for such 

applications. 
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The decision environment of operational managers is 

exemplified as below for certain cases: 

As previously described, significant line management 

operations within a regional division involve purchasing 

supply and crude inventory management as well as production 

planning, products inventory management, distribution and 

sales. 

There is a close interdependence and information exchange 

between crude oil purchasing, transportation and inventory 

control operations. The same interdependence and information 

exchange exists on a larger scale between products inventory 

control, distribution: and marketing operations because 

shipments are more frequent and the product range is wider. 

However, interaction between production and both crude and 

inventory control operations, is straightforward and limited 

because processing, unlike manufacturing, is completely 

automated and, simplistically, product stock levels dictate 

processing rate and in turn crude depletion rates. 

The following hypothetical but typical case involving two 

process plants and one regional purchasing and supply 

services organisation exemplifies the nature of the decision 

environment: 
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" Process Plant X has 43,500 cubic meters of crude depletion 
capacity. At a normal 60% processing rate it depletes 22,000 
tonnes of crude oil. The minimum storage requirement at the 
site is 30,000 tonnes which is sufficient for a week's 
production at 10% capacity. Process Plant Y having 28,000 
cubic meters depletion capacity and at 70% capacity consumes 
17,000 tonnes of crude per day. Crude purchasing for both 
plants is executed from the same sub -organisation providing 
purchasing and transportation services. At this moment the 
organisation has 200,000 dwt, 110,000 dwt and 80,000 dwt 
crude tankers available for operation. It operates 150,000 
dwt and 125,000 dwt time charters commited to other jobs. 
Let us assume Process Plant X ordered the purchase of 
120,000 tonnes of a party to be delivered on site in four 
weeks and the following day process Plant Y ordered the 
purchase of 150,000 tonnes of crude to be delivered in five 
weeks. " [5.11 

The primary task of the purchasing manager is to meet the 

crude oil requirements of Plants X and Y within the 

requested time period at a minimum cost. Completion of the 

task is also dependent on the performance of the maritime 

transportation option. 

In this situation, the immediate decisions that have to be 

made by the purchasing manager are as follows 

i. type of the contract; whether maritime transport is to be 

provided by contractor or by the organisation itself 

ii. potential contractor selection; competitive tender 

between brokers, direct purchase from producers i. e 

Gulf, or spot markets i. e Rotterdam or Genoa 
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iii. purchase strategy; i. e purchase all requirements in one 

party, or two parties, or if feasible initially supply 

Plant X from existing stocks in Plant Y 

iv. as well as meeting these specific orders, make crude 

purchase (or sale) if the market conditions are suitable. 

Obviously, the purchasing manager needs to be provided with 

a constant supply of information about the crude prices at 

various markets: 

If There may be substantial differences between different 
markets. For example it is normal to have base rate + $0.5 
per barrel in one market, say Rotterdam, or base rate - $0.75 per barrel in the Gulf. " [5.6] 

A difference of $1.25 per barrel between two markets is 

equal to $187 per tonne and the resulting cost offset for a 

total of 120,000 tonne party would amount to $22 million. 

However, the crude price can change substantially within 

weeks. As can be observed from the Figure 5.3, between 

December 85 and January 86 it was depressed by $4 per 

barrel. For instance, if operationally feasible, a delay of 

3 days in the purchasing decision would result in a decrease 

in the purchasing cost of $1.8 million. Alternatively a 

delay of 3 days during July 86 would increase the cost by $3 

million. 
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Such are the implications of the decisions. It is essential 

that the purchasing manager is provided with quantitative 

support tools as well as a continuous supply at his 

fingertips of external information about crude movements in 

various markets. For example, he needs to be provided with a 

forecasting facility which enables him to predict crude oil 

price fluctuations as well as uncertainty analysis methods. 

A relational data base on actual and potential suppliers 

including the progress of contracts is essential for 

effective operations. 

The decision environment may be further complicated by the 

fluctuations and uncertainties of the maritime 

transportation market: 

Owned or time chartered tankers may be committed to other 

jobs. Owned tanker capacity may not be economically feasible 

for the required assignment. For example if the only 

available tanker is 110,000 dwt then it would be too small 

for the assignment. If the time period is feasible then the 

vessel could fulfil the job in two parties at 50% 

efficiency. 

Spot chartering for the required duty may not be available 

or the charter rate for the favourable crude market may be 

higher than the unfavourable market and it may be more 

profitable to purchase the required party from a more 
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expensive market. Such decisions require the realities of 

different operations to be jointly considered. 

The object of the transportation manager is to meet shipment 

requirements at a minimum cost. For a medium-sized oil 

company such as Venture Oil operating a range of owned, time 

chartered, and spot chartered tankers, as shown in Table 5.1 

overall optimisation of the operations for different 

shipment contracts is a complex task, and often because of 

the nature of the operational transactions significant 

opportunity costs are incurred. 

As is indicated in Figures 5.4,5.5,5.6, in both time and 

spot chartering, operations are subject to different market 

dynamics. Market dynamics are different for operational 

routes such as Gulf/Rotterdam, Genoa/Rotterdam. A further 

complication is caused by tanker deadweight groups. As 

indicated in Table 5.2 and Figure 5.10, market dynamics 

represent significant differentiations for different tanker 

deadweight groups. A typical marine transportation 

department of an oil company is indicated in Figure 5.11. In 

this example, the vessel trading and traffic division is 

responsible for operational management activities. A typical 

operational management sub-division of an oil company is as 

indicated in Figure 5.12. 
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Figure 5.10 Chartering rates of varying tanker capacities (source: Marcus) 
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In a real life situation such a company is responsible for 

providing maritime transportation capacity for a number of 

process plants. External vessel leasing operations are 

engaged in chartering owned vessels to external clients. 

The co-ordination of different operations with the purpose 

of optimising the job allocation between various tankers is 

a major task and, as indicated previously, is often not 

fully achieved resulting in substantial loss through 

opportunity costs. 

The decision environment of a simplistic crude 

transportation operation for the given example is as 

follows: 

i. allocation of the 120,000 and 150,000 tonne parties 

between the available owned vessels at a minimum cost 

considering overall operational costs of these tankers 

and their geographical location, 

ii. switch existing time charters to this assignment and 

obtain new time charters for the other ongoing job, 

iii acquire new time charters; external leasing of the owned 

tankers can be more profitable, 

iv. acquire spot chartered tankers for one-off assignments, 
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v. acquire new tankers; this option is feasible only if 

there is an increasing capacity shortage or the speculative 

market conditions are favourable. 

The optimal solution to this problem requires simultaneous 

consideration of all activity areas. There is substantial 

scope for using OR/MS methods. In practice such methods are 

not used because there is no time to collate information 

from various divisions and to analyse it by computer models. 

The importance of the time element can be further emphasised 

by pointing out the fact that, even during the negotiations 

with a ship owner for a spot chartering deal, there are 

substantial price fluctuations from the daily rate. 

Accordingly, the basis of the operational management 

decisions is crude, and only ball park comparisons are 

possible. Mr Cogendez of Cerrahoglu Tanker Trading indicates 

the following: 

it During the course of the operations, the most 
sophisticated evaluations are done on the back of an 
envelope. It is just not possible to obtain information from 

other brokers and to decide accordingly within the available 
time. " [5.6] 

However, with the existing technology it is feasible and 

possible to provide a communication system between the 
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operators where information which is essential for certain 

decisions is continually exchanged between operators and the 

operational manager of the crude supply operations can 

optimise operations by using OR/MS models. 

For example Figure 5.13 indicates the use of a linear 

programming OR model co-ordinating maritime transport 

operations as a decision support tool. According to the 

transportation requirements which are supplied to the sub 

operation managers, various parameters such as available 

owned tonnage or spot chartering costs are evaluated at each 

sub-operation and fed back to the operations manager. By 

using OR models, the operations manager canco-ordinate and 

optimise assignments more effectively than the traditional 

practice. 

According to the nature of the operation there is 

substantial scope for using different models at different 

levels of detail. Mr Bozo of Burko Novi Chartering, Milan, 

indicates the following: 

11 We have in-house computer programs for various 
applications but we cannot use them effectively, because 
when you are negotiating a chartering agreement over the 
phone you don't have time to play around with computers. You 
have to make sure that information is updated all the time. " 
[5.7] 

For example a voyage analysis model, including sensitivity 
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analysis options such as increasing or decreasing the values 

of for instance bunkering costs, would be a useful tool. But 

to be effective, the latest information which is normally 

used in voyage analysis must be present in the computer. 

Evaluation of freight rates or cruising speed often requires 

complex calculations which must be carried out within a 

limited time period during the negotiations. Here again 

there is substantial scope for implementing MS/OR at lower 

levels of the decision hierarchy. 

There is also substantial scope for using such models at 

higher levels of the hierarchy. They can be used as an 

investment analysis tool especially when managers are 

dealing in speculative tanker sales purchasing or chartering 

operations. A case study has been prepared by Marcus, with 

the aim of developing a methodology to assist Ogden Marine, 

Inc (OMI) management in analysing hold/sell decisions for 

vessels of this company. The entire OMI fleet is then 

examined in the light of this methodology. However, Marcus, 

points out that for such high level important decisions, 

quantitative evaluation through MS models cannot be 

sufficient and effective, and a methodology must incorporate 

qualitative considerations: 

" It is important to realise that the required charter rate 
analysis is only a helpful guideline, and that qualitative 
evaluation based on management's continuous interaction with 
the shipping market is the key element to successful 
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implementation of OMI's strategy. " [5.2] 

Table 5.3 indicates the quantitative and qualitative 

considerations that are included within the scope of this 

methodology which are provided for such high level 

decisions. It is also interesting to note that the magnitude 

of the losses caused by the recent stock market crash has 

been mainly blamed on the fact that the decision process 

controlling share sales has been in many significant 

instances delegated to computers without any qualitative 

considerations and human judgement [5.8]. 

The aim of this section has been to indicate that there is 

substantial scope for using information systems and 

quantitative analysis tools such as OR/MS at different 

levels of the decision-making hierarchy provided that the 

systems conform to the requirements of the users and the 

business environment. 

Table 5.4 indicates a compilation of the OR/MS models which 

have significant scope for implementation at the various 

levels of the operational decision-making hierarchy in a 

typical crude maritime transportation division of an oil 

company. 

Although there is substantial scope for implementation, the 

use of such methods is not widely accepted in the industry 

for various reasons: 
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1. Examine the sale and purchase market and 
estimate the current charter-free price for 
each vessel. 

2. Subtract the scrap value from the price to 
determine the present investment in the 
vessel as an operating entity. 

3. Calculate the annual revenue required to 
recover this investment during half of the 
vessel's remaining economic life. 

4. Add the annual operating cost of the vessel 
to the required revenue. 

5. Basis the vessel's deadweight and estimated 
operational days/year, derive the required 
time chartered rate. 

6. Compare the required rate with: 

a. That vessel's current rate, if under 
short-term time charter. 

b. Spot rates. 
c. One, two, and five-year rates'. 
d. Ten-year payout rate based on a 

newbuilding contract price. 

7. As a reference, compare the charter-free 
market price of each vessel with its book 
value. 

I_ aJANTI1ATIVE AKALYSIS 

1. Future market trends. 
2. Age, condition, and technical obsolescence. 

of company vessels. 
3. -Age and technical profiles of the relevant 

competition; backlog of neubuilding orders. 
4. Impending regulatory changes. 
5. Fit of the vessels in the fleet based on 

the principles of: 

a. Portfolio management. 
b. Admissible risk (i. e., the maximum 

risk OMI can tolerate on a vessel 
deal). 

c. Opportinistlc nature of shipping. 
d. Principle of speculative acquisition 

(see Exhibit 7.3 for explanation). 
e. Environmental risk. 

6. Book profit or loss that might result from 
a sale. (While this is not a relevant 
consideration when evaluating the market, 
the impact of a sale on earnings-per-share 
cannot be ignored. ) 

Gý_ QUAZ. (rA'rtVE core S (PE A1(O Ns 

Table 5.3 Typical analysis requirements In a tanker purchase scenario: 
Comparalson of Qualitative and Quantitative aspects (source: Marcus 



Mr Cengizer, operatins manager of DITAS, points to the 

importance of the operational manager being personally 
involved with the development of any tools which will be 

used by managers: 

It After a number of unsuccessful projects we finally 
commissioned Burroughs people for the development. I was 
personally involved with the development of the system, 
working very closely with Burroughs analysts. As a result I 
know the system inside out and I can directly use it when I 
need it. " [5.5] 

Mr Erdogan ex-president of TUPRAS -Turkish National Oil 

Company indicates the following : 

It A computer system which will be used in an oil 
transportation environment must be adaptable. Otherwise, as 
often happens, it will become obsolete and you need new 
development projects for replacement. It is a costly, 
endless circle. " [5.9] 

Mr Folds of Alter Marine, points to the significance of 

user-friendliness of computer-based systems : 

" You have to be a computer person to understand and operate 
our systems. "[5.10] 

There is also significant scope for implementing such 

systems in other areas of the operations management of a 

typical oil company. The following is a brief summary of the 

decision dynamics relating to these areas: 
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In processing plants, physical crude processing is fully 

automatic. Therefore, production rates are limited by the 

existing plant capacity and alternative cracking 

proportions. Evaluation of the optimum production rates by 

defining cracking ratios according to the product stock 

levels is the primary task of the production manager. His 

environment, being relatively more structured and less 

uncertain, allows a large proportion of the optimisation 

oriented decision strategies to be delegated to the decision 

support system. It is important to note that most modern 

processing plants are provided with product supply 

information and if such a support system should be 

available, his function will primarily be to monitor the 

performance of the existing system. 

Distribution of products is achieved through interaction 

between the product distribution and marketing divisions. 

Figure 5.14 indicates the production distribution system of 

a typical oil company. 

The primary task of the products distribution manager is to 

provide the required transportation capacity for 

distributing products to the markets. The decision 

environment, information needs, and quantitative support 

needs are therefore similar to the needs of the crude supply 

manager. However, products maritime transportation is more 

complex than crude supply because, as indicated in Figure 
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5.9, some tankers are only suitable for transporting certain 

products. 

The transportation manager is expected to achieve his 

objectives while adopting a transportation strategy that 

allocates work between his owned chartered fleet and the 

vessels owned by the company. The transportation manager 

needs to be provided with market information about 

chartering conditions, interdivisional information about the 

quantity of products that needs to be transported to the 

branded and unbranded jobbers, and information about the 

status of the vessels that are owned or chartered by his 

department. 

In order to optimise transportation operations, the 

transport manager must be supplied with regular information 

from managers of other departments and managers of the 

transportation sub-operations. 

Line managers need to be provided with a data base about the 

state of each vessel, operation research software enabling 

them to optimise transportation strategies, and on line 

simulation models enabling them partially to delegate 

management functions of more trivial operations to the 

system. 

According to the new trends in management practice, the 
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responsibility for 

delegated to the 

integration of the 

management providing 

plans and progress 

consequence of this, 

them to identify 

importance. 

strategic decisions is increasingly 

line management. This necessitates 

strategic plans with actual operational 

feedback connections between strategic 

of the operational situation. As a 

line managers need a tool which enables 

operational situations of strategic 

Strategic decisions which directly relate to the business 

operations consist of a product performance evaluation. That 

is, to evaluate which products are performing relatively 

better in which regional markets; marketing performance 

compared with other competitors; the expansion or reduction 

of the owned fleet for both crude and product 

transportation; the capacity increase or decrease with 

regard to processing crude and product in processing plants. 

Delegation of the strategic decisions to the line managers 

is especially beneficial for the transportation function, 

since the tanker market provides significant opportunities 

with regard to the purchase of new tankers at prices well 

below market conditions. 

The issues that have been addressed obviously cover only a 

proportion of the typical operational management's 

activities in the oil industry. However, they are addressed 
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to point out the large potential for implementing 'forward 

looking' information systems, OR/MS models according to the 

needs of the users and the business environment and in order 

to increase the operational effectiveness of these 

operations. 
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5.3 Development of the Proposed System 

5.3.1. Identification of Decision Units and 

Information Links between them 

The aim of this section is to exemplify the development 

methodology of the proposed decision support system which 

consists of a 'forward looking' information system 

interlinking various decision units and a range of OR/MS 

models provided at each decision unit according to the 

requirements of the decision environment. 

It must be noted that the exemplification is simplistic, and 

is provided to clarify and to emphasise important points of 

the proposed methodology. A full-scale implementation 

requires commitment and the close co-operation of a real 

life company: 

STEP 1. Identification of the business operations and the 

relationships between them 

The aim of this step is to define the scope of the 

implementation and to identify a range of business 

operations for which the system is provided. As indicated in 

Chapter Four a conceptual shift is required : The system 

should not be developed around the organisation but around 

the business operation which is a different entity. For 
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example, within the same organisation there are a number of 

different business operations which have different business 

dynamics and only intersect with each other at certain 

points in the business organisation. The same manager may 

have equally important input to both although, 

significantly, each has independent business dynamics. 

For example, a medium size oil company may have a number of 

process plants and tankers, dedicated to the needs of this 

regional division. Figure 5.20 indicates a typical company, 

where each regional division is provided with a complete 

independent set of operations. Obviously there is a certain 

level of interaction, especially between the same 

operational functions such as transportation. That is, for 

example, in some situations tankers owned by southern 

transportation may be used for an east coast transportation. 

At a higher level, as indicated in Figure 5.21, some 

organisations, for example a typical multinational oil 

company, may have completely independent business 

operations, with different regional sub-organisations. 

Even if the implementation is required only for a regional 

division such as East Coast Transportation, this step is 

essential in order to evaluate the functional interactions 

between other regional divisions. 
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Figure 5.20 Organisation chart illustrating Inter-regional activities 
of an oil company (source: Becksteln} 

I Coip. vit 

Figure 5.21 Organisation chart of a typical oil company 



Let us assume that the proposed system is required to be 

implemented for a national division of a typical company 

with two regional divisions with independent marketing and 

transportation, and production operations as illustrated in 

Figure 5.22. 

A company of this size would have a wide range of operations 

with different levels of importance. The problem is to 

differentiate independent sets of operations at an 

appropriate level representing the business dynamics. 

As described in Chapter Four there is no point in 

integrating all various line and staff functions without a 

specific reason. The functional cohesion method provides a 

conceptual framework for differentiating business 

operations. 

Operations management is described by Wild, primarily as a 

capacity management activity : 

" Thus operations management can be seen as concerned with 
the design and planning, operation and control of systems of 
manufacture, transport, supply and service to satisfy 
customers' needs and achieve acceptable levels of resource 
utilisation. " [5.11] 

For a typical industrial company, a set of operations which 

directly contribute to the mainstream business activity 

including purchase of the raw materials, supply of raw 

materials to the process plants, raw materials inventory 
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Figure 5.22 Organisation chart of the exemplified typical company 



management, management of the manufacturing process, 

finished products inventory management, products 

distribution management and marketing forms the basis of 

the operational management. 

In this exemplification there are clearly two distinct and 

independent cycles in each regional division. In a real life 

implementation, if there is finite differentiation between 

the operations, it may be more appropriate toefine smaller 

but more cohesive operations which relate to each other at 

well-defined points in the process : 

For example, the following activities form a highly cohesive 

sub-group which can be defined as independent operation 

cycles: 

i. Crude purchasing, supply, and stock management, 

ii. Crude stock management, processing management, products 

stock management, 

iii. Products stocks management, products distribution and 

marketing. 

According to the scale of the implementation, the last item 

can be further subdivided into smaller independent storage, 

distribution and marketing operations for products such as 

200 



LPG, gasolines and fuel oils where each group is subject to 

different market demand and requires different types of 

tankers and storage facilities. 

The main advantage is to break up the problem without 

artificially breaking it up, as often happens in system 

analysis applications. If the initial grouping is not 

entirely correct, it will show up at later stages of the 

process. 

STEP 2 Identification of key operational managers who 

contribute to each business operation 

According to the proposed methodology the second step is to 

identify a set of decision units in each business operation 

which was defined at the previous step. 

This is achieved by identifying a number of operational 

managers who are likely to contribute to the particular 

business operation for which the system is being developed. 

In this exemplification, where two business operations are 

defined for each regional division, the smallest set of key 

decision makers is obvious: It consists of the line managers 

of the operations which are essential for the execution of 

the entire business operation starting from crude purchasing 
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to the sales of the final product. 

As has been previously described, primary line management 

operations of a typical oil processing firm are crude 

purchasing and supply, processing, products distribution and 

marketing. Each of these operations fulfill a specific 

function which contributes to the operational co-ordination. 

In a real life implementation, preliminary identification of 

the decision-making points is unlikely to be correct. 

However, the methodology is purposely to set up in order to 

avoid the mistakes that may be caused by misperceptions of 

the system analyst. It recognises the difficulty of 

observing a complex and dynamic system. The development, 

being iterative, if the outcome of the next step is not 

satisfactory then the initial set of decision units is 

reviewed and modified. 

STEP 3 Identification of the communication patterns and 

information links between key decision makers in each 

business operation 

The aim of this step is to identify what information is 

exchanged between decision makers in executing their 

operational management function. 

This step will be achieved by selected line managers 
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themselves. Managers will be requested to record their 

interactions between other decision makers, which were 

defined in Step Two, independently for the business 

operations, which were defined in Step One. 

In this exemplification since two business operations are 

defined in each regional division, there will be no managers 

contributing to each business cycle in both regional 

divisions. 

The line managers of the decision units will be responsible 

for defining their decision environment with the purpose of 

identifying what information is exchanged between them and 

other decision units. 

This will be achieved by requesting line managers to fill in 

specially prepared worksheets as indicated in Figure 5.23. 

Managers will be required to fill in these worksheets on a 

daily basis over a length of time which is sufficient to 

describe the scope of the operations. For this 

exemplification a duration of one month is judged to be 

adequate. Since it is difficult to remember what happened 

during the day, managers will be requested to fill in the 

sheets as they go along during the day or record all their 

conversations during the day. Managers must be requested to 

do this exercise as a part of their job and therefore a job 

number must be allocated for this exercise. 
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At the end of the period these sheets will be collated and 

analysed to obtain the 'decision process chart' of each 

business operation. This is covered in the next step. 

The outcome of this stage is the definition of the decision 

environment at each decision unit, the identification of 

information which needs to be communicated between units and 

how the units are coupled together. The resulting 'decision 

process chart' defines what information is normally 

exchanged between selected operations. 

The development of this step is exemplified for the decision 

units in one business operation in one regional division: 

Obviously, as explained before, in real life implementation 

this step will be achieved by managers themselves. This 

exemplification is simplistic and provided to clarify the 

implementation of the proposed methodology. 

i. Crude purchasing unit 

The primary function of the purchasing unit has been defined 

as the purchase of crude oil that meets the regional 

requirements with minimum purchasing cost. 

Assume the manager of the purchasing unit is requested to 

buy more crude oil in order to meet the requirements of the 

processing plants situated within the region. 
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The purchasing manager needs to be supplied with information 

about details of crude oil requirements including quantity, 

expected delivery date, technical specifications and 

unloading port. 

In order to specify whether the purchasing tender is CIF or 

FOB he needs information about the projected availability of 

crude transport tankers. 

Based on this knowledge, and the time lag associated with 

the tendering process, the purchasing manager defines 

specifications for tenders and according to the information 

about the performance of the suppliers, he identifies which 

companies ought to be selected for tenders. 

In order to minimise costs, the purchasing manager needs to 

be regularly supplied with price fluctuations of the crude 

market. If crude prices are expected to increase, often more 

crude is purchased than the required quantity. 

This is practised either for the purpose of speculative 

trading, or to accumulate extra crude stocks since 

eventually it will be used in the process plants as raw 

material. The aim is to maximise revenues when the crude 

price is increased. He therefore needs to know available 

storage capacity at the storage tanks. If the prices are 

expected to fall, the purchasing manager attempts to 
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minimise the quantity of crude that has to be purchased. He 

needs to know the availability of crude at various plants 

within the region and other regions. 

The purchasing manager needs to be informed about the 

progress of the tender since often brokers fail to deliver 

tender quotations. The finalised crude purchase tenders, 

either according to the free on board, FOB , or crude sale 

tenders accordingto the cost insurance and freight, CIF, 

agreements need to be communicated directly to the decision 

support unit of the crude oil transportation manager. 

The interrelations and the patterns of information exchange 

of the crude purchasing decision-making unit are illustrated 

in Figure 5.24. 

ii. Maritime crude transportation unit 

The primary activity of the crude oil transportation 

operation is to provide transportation capacity which meets 

the requirements of the corporation with a strategy that 

minimises the transportation costs and maximises the 

revenues obtained from external chartering of the tankers 

owned by the corporation. 

The input information about the quantity of crude which 

needs transporting and expected journey length must be 
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provided to the transportation manager. According to the 

state of the owned and chartered fleet, the transportation 

manager attempts to allocate the tankers according to a 

strategy that minimises overall transportation costs. 

According to the size of the transportation operation, 

during the next step it may be necessary to define more 

decision units describing crude transportation operations: 

For example, management of each of the owned, time chartered 

and spot chartered fleets incorporates significant and 

dedicated decision making-activities. 

In this exemplification, definition of crude transportation 

management as the decision unit would show up to be 

insufficient at the next step, because information exchange 

between, for instance, the owned fleet manager or chartering 

manager would be obvious. Therefore, the decision units of 

the business operation will have to be redefined, 

incorporating new additions. 

The line managers who are responsible for time and spot 

chartering operations need to be provided with information 

about current world scale chartering rates and vessel 

The line manager who is responsible for managing the owned 

fleet needs to be informed about the market conditions which 

correspond to the purchasing, sales or scrapping, and 

207 



external chartering market conditions, that is, time or spot 

chartering of the owned tankers which are idle and non 

productive. Indirectly, he also needs to be informed about 

the market-dominated transportation costs. 

Managers of the other or 'second order decision units' need 

to be informed about the state of the operations for which 

they are responsible. The owned fleet manager needs to be 

provided with information about the position, availability, 

technical specifications, and operational efficiency of the 

tankers included within the owned fleet. 

The chartered fleet management needs to be continually 

informed about the position and availability of the 

chartered tankers. 

The crude supply manager is responsible for co-ordinating 

the transportation activities and needs to be provided with 

the second order managers' information that enables him to 

co-ordinate and to optimise the performance of the transport 

system as a whole. 

The transportation capacity and the state of the crude 

assignments is continually communicated with purchasing unit 

and crude storage management units at the process plants. 

Delegation of the strategic decisions to the line managers 
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of the crude supply system is especially important since 

tanker sales and purchases present dynamic and speculative 

market conditions, which often present significant 

opportunities. Such opportunities, however, necessitate 

rapid response by the managers. Therefore, it is 

advantageous to delegate the responsibility of the strategic 

decisions to line managers. 

iii. Crude stock management 

The aim of crude stock management is to meet the raw 

material requirements of the process plants at a minimum 

inventory carrying cost. It may be necessary to subdivide 

the crude stock management unit into the sub components, 

because each process plant normally has its own crude stock 

management operation. 

The information needs of the unit are automatically defined 

by the crude depletion rates and existing crude levels. The 

crude stock manager identifies the strategy and informs the 

purchasing division about the required quantities of crude 

oil. Strategic decisions address the increase or decrease of 

the storage or processing capacity. 

iv. Production management 

Production in process industries is generally automated and 
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unlike in the manufacturing industry there is not a 

significant need for a support system for managing the 

details of the production process, because it is 

automatically controlled. For this application operational 

management is doing no more than executing the control 

function in line with predetermined standards. 

v. Products inventory management 

The primary aim of products inventory management is to meet 

regional market requirements at a minimum inventory carrying 

cost and to identify delivery patterns which conform to the 

availability of the transportation capacity. 

The information needs of the unit are about the product 

demands including the type, quantity, and expected delivery 

time of the assignment, availability of the products at the 

process plants and information about the availability 

transport facilities. Normally, the processing rates are 

adjusted according to the product levels but should it be 

necessary, in order to compensate for significant surges in 

the demand, the necessary information can be rapidly 

communicated to the production control and crude purchasing 

operations. 
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vi. Products maritime transportation unit 

The aim of the products transportation manager is to provide 

a distribution capacity which meets the regional products 

transportation demands. Although the dynamics of the 

operation are similar to the crude supply operation, there 

are significant differences. Unlike crude oil, products 

necessitate different tanker types and there is less scope 

for spot chartering of the more specialised product types. 

Therefore, traditionally, products are transported by 

vessels owned by the corporation. Information communication 

patterns are also similar to the crude supply operation. 

Transport requirements are initially specified by the 

marketing operation where quantity, type and required 

delivery date of the cost insurance and freight contracts 

are communicated to the product transportation manager. The 

nomination of the loading port for the contracts is 

specified by the products inventory manager on the basis of 

the information presented to him by managers of the owned 

and chartered fleet. 

vii. Marketing Unit 

Sales information is provided to the marketing operation and 

according to the market demand development, the requirements 

are communicated to the finished products inventory and 

products transportation management. They include the 
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required delivery date, the quantity, delivery port and the 

technical specifications of the contract. For CIF sales 

these requirements should also be communicated to the 

products distribution management. The aim of the marketing 

operation is to maximise the revenues obtained from sales. 

Direct trading is practised in some corporations and 

therefore the marketing manager who is responsible for 

direct trading needs to be informed about purchasing prices. 

The manager of the marketing unit should be provided with 

strategically important information about the market 

development of the new products as well as existing ones. 

STEP 4 Analysis of of the communication patterns between 

decision units 

The communication patterns that have emanated from the 

previous step are collated from the selected decision units 

and compared and analysed. Analysis is carried out by system 

consultants. Progressively, an abstract indicating the 

communication patterns between the decision units is 

obtained. 

In this exercise, the number of decision units being 

limited, construction of the communication chart is 

relatively easy. But in large-scale implementations, where a 

multitude of decision units are present in the system, the 

identification of the decision units and the communication 
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patterns is a difficult exercise. Provision of 

computer-based automated worksheets can be used so that 

preliminary screening can be done automatically. 

The resulting sheets should be compared and if the 

communication patterns that emanate from the chart are not 

compatible or the chart is incomplete, either the definition 

of the business dynamics is not correct or the preliminary 

identification of the decision units is incomplete or 

faulty. According to the state of the chart, the development 

must iterate either by returning to the Step 1 or Step 2. 

For example, Figure 5.25 indicates that the description of 

the business operations has been correct but definition of 

the decision units has been insufficient: Crude and product 

transportation management requires more decision units such 

as owned fleet management and chartering management. 

The exercise is than repeated until a satisfactory 

representation of the communication and information exchange 

patterns between decision units are obtained. Figure 5.27 

indicates such a complete chart. At this stage it is 

essential that operational managers are consulted and 

requested to confirm that the obtained chart represents true 

information exchange patterns within the corporation. 
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The chart should clearly identify the following: 

i. The communication patterns including the frequency and 

the context of the information that is transmitted 

between decision units, 

ii. The context of the information flow from environmental 

conditions to decision units, 

iii. Identification and flow of the information which 

contributes to the strategical decision making. 

The remaining steps of the methodology are exemplified in 

the next section: Information exchange patterns between 

decision units are rationalised in the light of the theories 

offered by Cybernetics. 
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5.3.2. Co-ordination and Rationalisation of the Obtained 

Model 

The aim of rationalising communication patterns from the 

obtained model is to streamline the information flow within 

the system and to provide a framework which results in the 

continuity of the decision process which is compatible with 

the business dynamics throughout the organisation. 

As described in the previous chapter, the basis for the 

rationalisation is to identify natural operational business 

dynamics, at an appropriate level. In a complex environment, 

identification of the basic operational business dynamics 

which consists of the dynamic interactions between various 

operations is a difficult task. 

In the oil industry, the identification of the crude 

purchasing or product sales or time charter rates for term 

contracts the exemplifies self-organising characteristics of 

business dynamics. 

it Assessement of the product sales tender formula, 
especially for term contracts, is complex and requires a 
complex evaluation procedure. This is because the important 
events are interrelated and a change in one event has 
immediate implications for other events : For example, say 
the demand for a particular product, fuel oil, is increased 
because of a cold winter. As result of this event, the fuel 
oil product stocks will be depleted and when the demand rate 
exceeds supply rate, fuel oil prices will escalate. In order 
to compensate for reduced fuel oil levels and to increase 
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gross revenues, the yield ratio producing fuel oil is 
increased and if this is not sufficient, the total plant 
throughput ratio is also increased. As a result of this, the 
demand for crude type with a favourable yield ratio and the 
demand for dirty product tankers increase. This in turn 
results in an increase in chartering rates for product 
rates. Eventually, as the fuel oil supply rate exceeds the 
demand rate, fuel prices decrease with a reversal in 
dynamics. However, modified yield ratios resulting in a 
depression in other product supply rates also result in a 
shortage of the particular product type, say gasolines and 
kerosenes, which in turn increases the demand. Similarly, 
the shipment of fuel oil from process plants at southern 
parts generates a demand and increases prices at other 
regional divisions. The whole thing is dynamically balanced 
and continually changing. In order to keep up, the operation 
must be as close as possible to the market so that the time 
lag is minimised. " [5.30] 

Athough the identification of the complex business dynamics 

is difficult, it is achievable because it is not a function 

of the particular company: therefore, in time, the analyst 

can develop an understanding of the particular business 

environment. 

Rationalisation is carried out in the light of the 

cybernetic principles which correspond to the regulation and 

co-ordination of systems. The fact that the primary aim of 

the proposed system is to enhance the autonomy of the 

decision process, it is essential to ensure that the 

existing communication patterns do not present restrictions 

to the continuity and flow of the decision process. 

However, any changes which are introduced into the existing 

system will be validated and the implications of the 

rationalisation will be explained to the operational 

managers. The exercise will only be complete once the 

changes are confirmed by the managers. 
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In order to minimise additional work, a rationalisation and 

co-ordination exercise should be carried out according to 

the proposed methodology. 

The first step is to establish the business dynamics and the 

feedback connections between various operations. The result 

of this step is an abstract chart indicating the dynamic 

relationships between operations. Figure 5.26 exemplifies 

such a chart. 

The second step is the rationalisation of the communication 

patterns between decision support systems so that they match 

the general pattern of this chart. 

In the oil industry, as can be observed from the obtained 

chart, the relationships and the information exchange 

between decision units are complex. In real life situations, 

the managers continually interact with each other to 

compensate for the deficiency of the formal communications, 

which cannot keep up with the dynamic decision environment 

[5.12]. 

The main problem of the decision process at this level is 

analogous to the problems of the design process where the 

decisions in different disciplines are interdependent and 

therefore maximisation of the information exchange between 

disciplines is essential. As has been exemplified in Chapter 
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Four, the main advantage of using computer-aided design 

systems during the design process is the fact that they 

enhance the information exchange between various 

departments. Engineers working within a specific department 

can implicitly account in their decisions, for the 

requirements of other disciplines; provided that they are 

aware of the requirements. 

In an operational management decision, this problem is much 

more significant, since the time period for the decision is 

limited. This often results in the loss of significant 

opportunity costs. 

The main issues which correspond to the rationalisation of 

the relationships between first order decision units are 

about the effective co-ordination of the various operations. 

The problem must be addressed respectively for both 

immediate operational and strategic management activities. 

In terms of immediate operational management, the 

relationships between the decision units must enhance the 

interaction between units and must not prevent the 

continuity of the decision process. This is especially 

important for the implementation of the new management 

practices where the emphasis is focusing on the autonomy of 

the operational activities. 
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Operational managers will be provided with a constant influx 

of a market information which is fundemental for the 

operations. The flow of significant information between 

decision units provided to line managers will be automated 

without necessitating managerial intervention. 

The decision units will be connected to each other so that 

the information between two units continually flows in a 

circular pattern at previously defined intervals. Market 

requirements for the products influence the line management 

operations, and information flows backwards through the 

feedback connections which are provided between decision 

units. As a result, operational management responds, and 

material flows forward through the physical process. Figure 

5.27 exemplifies rationalised communication patterns. 

A feedback loop between the decision units is provided to 

the regional marketing and products inventory managers. 

Information flow between these units is according to the 

following pattern. Marketing requirements are communicated 

to the products inventory manager. According to the product 

levels, production rates, and yield ratios of the plants 

situated at other regional divisions, the inventory manager 

provisionally confirms the achievability of the assignment. 

Ifemand cannot be met, marketing may choose to compensate 

through direct trading or reflect the delay to the 

customers. A feedback loop is also provided 
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between marketing and transport operations where information 

requiring in-house shipping is supplied to the 

transportation manager who, in turn, nominates vessels. 

Obviously, the transport availability influences the type of 

sales contracts. 

Finished products inventory provides information on the 

requirement and the likely loading ports for the 

transportation manager. The transportation manager, in turn, 

provides the products inventory manager with information on 

suitable vessels and their expected transportation costs, 

enabling the inventory manager to evaluate an allocation 

strategy. The products stock manager, in turn, confirms the 

loading port, and the transport manager nominates vessels 

whether they are owned or chartered. As a result the 

transport manager is provided with the required capacity. 

Delegation of the interdepartmental communications to the 

system improves the continuity of the decision process 

between departments and that in turn leads to better and 

more effective co-ordination of the different operations. 

The processing rate at the process plants is governed by the 

existing product levels. The continuous supply of 

information about product levels enables the production 

manager to evaluate required yield ratios independently from 
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the process control computer. Similarly, 

flow between processing and crude oil 

significant for strategic planning aspects. 

the information 

inventories is 

The communication patterns between crude stock, crude supply 

and crude purchasing are rationalised as follows: 

Feedback connections between crude stocks, maritime 

transportation, and crude purchasing units enable a 

continuous flow of significant decision-making information 

between these units. 

Corresponding first or second order decision support systems 

in each regional division must communicate with each other 

exchanging relevant information about their activity areas. 

Feedback connections between the respective purchasing, 

transportation, and inventory management operations of 

various regional divisions are provided with the aim of 

increasing the scope for interaction between regional 

divisions. For example, providing the crude stock manager 

with information on crude levels in other regions will 

enable him implicitly to consider meeting his own crude 

requirements from other plants as well as generating 

requirements for the purchasing division. 

In a different scenario, should the situation be favourable, 
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it may be beneficial to import a surplus product from the 

other regional division instead of producing the same 

product within the region. Similarly, the transportation 

capacity of the other regions can be used, should the 

conditions and costs be favourable. 

This facility obviously promotes the common utilisation of 

the corporate resources, increasing the stability and the 

synergy of the business operations; as a result of such a 

co-ordination, operations in different regional divisions 

will compensate for each other. 

As a result of the rationalisation, the flow of information 

within the regional division is as follows: 

Crude requirements are provided to purchasing and to crude 

supply units. The purchasing unit nominates likely loading 

ports to the transportation unit. According to the 

availability of the crude tankers, the transport manager 

nominates tankers back to the purchasing unit. According to 

the availability of the in-house transportation capacity, 

the transport manager defines the contract type as CIF or 

FOB. 

Regular supply of environmental information is essential for 

the operational efficiency in keeping up with the market 

developments. Such information is traditionally obtained 
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from publications such as Lloyds list, informal 

communication links between operational managers in other 

firms where the acquisition of such information requires 

dedication of time and effort. Regular supply of essential 

information about crude and products rates can be formalised 

by integrating the issues of the marketing services such as 

from 'Platts Market Scan' to the information system. Tanker 

chartering rates can be extracted from the integration of 

the informal telex communications with the brokerage 

companies. Figures 5.28 and 5.29 illustrate a typical Platts 

information sheet and a typical informal telex sheet. 

Strategic decisions require a projected knowledge of the 

decision environment. Unlike the operational decision 

environment, the information which is communicated to 

operational managers should present an overall view of the 

environment over a time period enabling them to anticipate, 

since essentially strategic decisions are more important for 

future performance. 

Therefore, as well as the immediate requirements, 

projections about the business environment must be 

communicated between operational managers so that the 

current activities are regularly checked against the 

business plan, introducing feedback connections between 

strategic plans and operational realities. This enables 

strategic plans continually to adapt and evolve in line with 
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the operational realities. However, such projections, unlike 

traditional forecasting methods, should only cover a 

foreseeable future. This period by definition cannot be 

fixed and varies according to the perception of the specific 

line manager. According to the predicted conditions, each 

manager in turn evaluates his own decision environment. For 

example, as well as the existing conditions, the maritime 

transport manager passes his estimates on expected charter 

rates to the crude purchasing manager. Using this 

information the purchasing manager defines distant 

purchasing formulas for term contracts. 

Rationalisation of the information links with regard to 

strategic decisions must be progressively carried out within 

the previous states. It will continually and automatically 

provide strategic information about the market conditions 

and will enable the managers to evaluate and tackle the 

strategic problems. For example, Figure 5.30 and Table 5.5 

indicate the development of yearly averaged chartering 

trends which is typically strategic information, directly 

emanating from the operation. 

As indicated in the proposed methodology, communication 

patterns between operational decision makers of the same 

function such as time, spot, external chartering and owned 

fleet management of the maritime transport operations will 

also be rationalised. Such rationalisation generally 
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includes effective co-ordination of the sub operations. 

Allocation of the work between time, spot, external 

chartering and owned fleet management operations requires 

complex interactions and information exchange patterns 

between managers. 

Since the operatio-ial costs of owned, time and spot 

chartered tankers are progressively higher, general practice 

is to use owned and time chartered fleets for base load and 

to compensate for the peaks through spot chartering. Owned 

but inactive tankers are used for external chartering 

operations. 

The decision environment has the potential of generating 

large amounts of variety, which may rapidly escalate and 

therefore reduce the effectiveness of the decision-making 

operations. The communication patterns which would be 

obtained as a result of the rationalisation will implicitly 

and continually reduce such variety. 

Provision of feedback connections between the crude or 

products maritime transportation management and sub 

operations managers, including owned, time, spot and 

external chartering, is essential. 

Information flow through the feedback connections would be 
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as follows: 

The crude transportation requirements, including information 

on quantities, expected delivery date and unloading ports, 

are communicated to sub operation managers. Depending on the 

details of the requirement, at each sub operation unit, the 

information about tankers which can be allocated to the job 

and chartering rates or transport costs are communicated 

back to the maritime transportation manager. Based on this 

information, the operations manager evaluates the optimal 

transportation strategy which meets the shipment 

requirements. 

Once the general strategy is defined by the transportation 

manager, the target actions are communicated back to sub 

operations. The managers of the sub operations including 

spot, time external chartering and owned fleet management, 

aim to achieve the targets set by the operations manager. 

However, due to the uncertainties of the business 

environment such as tanker availability or fluctuations in 

chartering costs, the achieved results are fed back to the 

operations manager. Such regular flow enables the operations 

manager to monitor and alter the previously defined 

allocation strategy as appropriate. Regulation of the 

transport sub operations will therefore be achieved through 

the autonomous and self-organising feedback loops. 
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Introduction of the independent feedback connections between 

sub operations is essential in cases where a specific 

operation compensates for others. Traditionally, if a 

suitable owned tanker or time charter is not available, then 

the shipment is delivered by spot charters, regardless of 

the chartering cost. 

It is therefore essential that a feedback connection is 

provided between owned, time chartering operations and spot 

chartering operations so that in the case of a failure, the 

requirement is automatically met by spot chartering without 

the intervention of the operations manager. Similarly, a 

feedback connection needs to be provided between the owned 

fleet and external chartering operations, so that 

information about the idle vessels is continually and 

automatically provided to the external chartering operation 

through the system. 
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6 DETAILS OF THE SYSTEM 

6.1. Development of the Decision Units 

This section exemplifies the implementation of the second 

phase of the proposed methodology. 

According to the proposed methodology, the development of 

the analysis support models succeeds the completion of the 

information system. As a result of the first phase, 

information exchange patterns between operational managers 

which are provided with a decision unit are established. In 

the second phase the main bulk of the work includes the 

development of systems including OR/MS models at each 

decision unit. 

Although the systems would be independent, and would be 

developed according to the specific requirements of each 

manager, the continuity of system would be maintained by the 

information system. 

The structure of this chapter is as follows: 

In Section 6.2, identification of the decision-making 

scenarios, and analysis of the decision process, are 

exemplified. 
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Development of quantitative analysis models and definition 

of organisational and technical requirements are briefly 

exemplified in Section 6.3 

f 

Model development and user trials are briefly exemplified in 

Section 6.4 

It is important to re-emphasise that the object of this 

chapter is only to exemplify a typical implementation, with 

the purpose of clarifying the principles of the proposed 

system and of the proposed development methodology. It is 

not an attempt to develop the proposed system at a pilot 

scale. As previously indicated, such an exercise 

necessitates the full commitment of a commercial company. 

However, the basic design of the system is implicitly 

suitable for the development of a pilot scheme involving one 

business operation and a few decision makers. 

Therefore, the details of each step are not a thorough 

description of the work, but a simplistic exemplification of 

indicative cases. 
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6.2. Identification and Analysis of the Decision-Making 

Scenarios 

6.2.1. Identification of the Decision-Making Scenarios 

The aim of this step is to identify a range of scenarios 

which are frequently encountered by the operational decision 

makers. 

According to the proposed methodology, dedicated analysis 

support models will be developed for frequently occurring 

scenarios. General purpose models will also be provided for 

less frequent scenarios. The development, therefore, will 

implicitly focus on relatively more frequent problems which 

may require analysis. 

This is in line with the general progressive implementation 

principle of the proposed methodology : For example, 

chartering operation occurs more frequently than speculative 

tanker purchasing and therefore implementation for the 

speculative purchasing scenario can be carried out when the 

development for the chartering scenario is completed. 

Identification of the scenarios is based on the work which 

has been initiated at the third step of the first phase of 

the proposed methodology :A range of scenarios already is 

230 



identified in this step with the purpose of defining the 

information requirements of the operational decision-making 

unit. 

For example, internal and external information requirements 

for a crude purchasing scenario have already been defined at 

this step. The object of this exercise is not to repeat this 

step but to focus on the scenarios which are more likely to 

necessitate the use of quantitative analysis support models. 

As indicated before, the aim of this section is only to 

exemplify the proposed methodology. Therefore, scenarios 

which are considered below are not inclusive. The dynamics 

of the decision process in some decision units are similar: 

For example, although the dynamics of the business 

environment are different, the decision environments of the 

maritime crude transportation and products distribution 

operations are similar. Therefore, exemplification is 

carried out for some decision units only. Identification of 

the decision-making scenarios is carried out by the manager 

himself. Operational managers will be supplied with 

worksheets or if the computers are already available in the 

department they will be given spreadsheets. They will be 

required to fill in these sheets daily for a substantial 

period of time, say for example, a month. Figure 6.1 

indicates a typical master sheet provided to all 

decision-making units. Such sheets can be based on 
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Information Processing Model of decision scenarios 



spreadsheets. As managers progress with their operational 

decision-making work, they will be expected to define the 

activity that they are engaged in. 

Such spreadsheets are particularly useful in identifying the 

scenarios and their occurrence probability. Spreadsheets can 

be designed in such a way that they automatically analyse 

the occurrence of specific scenarios. 

A real life implementation is not carried out; therefore, 

the typical decision-making scenarios for operational 

decision units are obviously not obtained through this 

system: 

The primary decision-making scenarios of typical crude 

purchasing operations are described by Mr Eraydin as 

follows: 

" Main purchasing work includes a tender preparation, 
management and qualification for the usual requirements of 
our refineries. We also deal with spot purchase parties when 
the crude costs are favourable. " [6.1] 

A significant proportion of the marketing operations is 

similar to crude purchasing operations. They consist of 

tender management for products marketing. However, although 

less unlikely, if the prices are favourable and the stock 

level of a product is particularly low, products can be 
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purchased from the open market. 

The primary decision-making scenarios in a typical maritime 

products transportation unit is described by Mr Serpen as 

follows: 

" The operational management in a products transportation 
department is complex. The main concern of the general 
manager is to meet shipment requirements at a minimum cost. 
This involves thinking about the effectiveness of the 
existing strategy : How do you achieve the required 
shipment, do we need more time charters, more LPG tankers? 
Why are clean product tankers continually underemployed, do 
we need to scale down our owned and time chartered fleet 
capacity? Decisions with capital investement implications 
are ultimately the general manager's reponsibility: What 
should the age and capacity of the tanker be? etc. " [6.2] 

The primary decision environment for specialised operational 

managers are described by Mr Serpen as follows: 

" Main decisions concerning chartering managers are related 
to the chartering rate evaluations, voyage analysis, charter 
selection and management. Charter selection involves 

evaluation of the alternatives and qualification of the most 
profitable scenario. 11 [6.2] 

The decision environment about the 

fleet is described as follows: 

operations of the owned 

It The usual issues in the operational management of the 
tanker fleet owned by the company are : i. allocation of the 
shipment requirements between available tankers, ii. 

continual capacity reviews for expansion or reduction in the 
fleet capacity, iii. routine fleet maintenance decisions 
such as dry docking, repairing or scrapping older tankers. " 
[6.2] 
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The operational decisions regarding crude stock management, 

refining and product storage are closely interrelated. 

Although an operating plan is used as a guide for 

production-related decisions, as described before, such 

plans cannot cope with the dynamism and the variety of the 

operational environment. According to the actual product 

levels, refining ratios are continually reviewed by the 

plant manager. Changing production ratios cause changing 

demand on the crude stock levels and the crude quality. 

The operational decisions about product stock maintenance 

are often about the confirmation of the product supply 

requirements for branded or unbranded jobbers. 

Unlike operations management, in manufacturing industries, 

production management is relatively straightforward, because 

the production process is fully automated: the primary 

operational decisions are related to reviewing and refining 

the ratios and rates according to the immediate fluctuations 

in the product stock levels. This also includes a continual 

review of the processing rates: 

If the refinery operates under capacity, than the plant 

manager seeks to subcontract processing work from other 

rafineries. Or, alternatively, if the product stock 

requirement exceeds refining capacity, then the required 

amount can be subcontracted to other refineries. A less 

frequent decision-making task is to decide on the capacity 
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expansion or reduction requirements for the next operating 

plan as a feedback for strategic management. 

The operational decision-making scenarios of crude stock 

management are rather limited. They are essentially to 

review the crude stock levels and to generate purchasing 

requirements for the crude purchasing division. 

It must be re-emphasised that the scenarios which are 

described above are generalised and simplistic and referred 

only to exemplify the implementation of the proposed 

methodology. A real life implementation would involve a much 

larger set of decision-making scenarios. 
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6.2.2 Analysis of the Decision Scenarios. 

The aim of this section is to exemplify the seventh step of 

the proposed methodology : It is to obtain a detailed 

account of the decision process for the essential 

operational decision scenarios which have been identified 

during the previous step. 

As previously explained in Chapter Four, the end product of 

this step is an information processing model of the 

particular decision scenario. 

The information processing model will be based on the guide 

sheets which will be filled in by the operational managers 

at least once a day and on the verbal protocols obtained 

from the operational managers during the act of decision 

making. 

The information processing model will be obtained by the 

evaluation of both the guide sheets and the protocols 

jointly by the manager and the analyst. Figure 6.2 indicates 

a typical guidesheet. 

The resulting model will indicate the information inputs to 

the decision process, operational objectives, possible 

courses of action, alternating sequence of quantitative and 
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qualitative analysis, evaluation criteria and post-decision 

actions. 

It is important to note that the basis of the 

differentiation between quantitative and qualitative 

analysis will emanate from assessing the context of the 

analysis requirements of the operational managers. Initially 

such requirements will be described by the managers. The 

quantitative and qualitative analysis requirements will be 

defined according to the context of the description, 

availability of the quantitative information, and the 

involvement of the value judgements with the decision. 

Indication of the time available for the analysis will be 

provided as a guide for the development which will be 

carried out during the subsequent step of the proposed 

methodology. 

The following is a simplified exemplification of this step 

for certain scenarios: 

The decision scenarios which have been identified within the 

scope of the crude purchasing operations can be classified 

into two groups: 

The tender preparation, management and qualification are the 

intermediate steps of normal crude acquisition operations in 
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meeting the process plant demand. Since the analysis must be 

carried out jointly between the manager and the analyst it 

is analyst responsibility to point out this fact. 

However, the speculative crude purchase is a fundamentally 

different operational activity and must be analysed 

separately. 

The tender preparation, qualification and management form a 

sequence of decisions, which are necessary for completing 

the purchase of crude oil. In this sequence, the completion 

of one decision generates the requirement for the next 

decision. 

As previously described in Chapter Four, the basic decision 

process conforms to the following pattern: 

i. information collection, 

ii. problem recognition and formulation, 

iii. generation of the alternative courses of action, 

iv. analysis, 

v. implementation of an evaluation criterion and choice, 

vi post-decision monitoring 

This pattern applies to each sub decision which is defined 

within the above sequence. 
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The essential set of information describing each requirement 

is crude quantity, unloading date at the plant, technical 

specifications and unloading_ port. This set is sufficient 

for execution of the purchasing operation. Other information 

is superfluous and need not to be included in the system. 

Although the information exchange between the decision units 

is established at the first phase, if more information is 

required as a result of more detailed consideration, it can 

easily be provided due to the modular structure of the 

proposed system. 

The tender scheduling is based on the unloading date, 

availability of the crude according to specifications and 

shipping considerations. 

According to Mr Eraydin: 

" Scheduling is traditionally done by the manager himself 
who relies on his experience. He knows the general 
properties of the crude provided by main supply areas, how 
long it takes to transport crude to the plants and the 
actual tanker market. A misjudgement in scheduling often 
results in costly spot chartered shipments. " [6.1] 

Although such scheduling is typically evaluated by the 

manager, there is substantial scope for using quantitative 

analysis models: A model which relates unloading dates, 

shipment duration costs and availablity is feasible; because 

the information would be available. The time duration that 
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can be allocated to the scheduling exercise is in the order 

of one to two hours. 

The tender preparation requires the determination of the 

supplier companies and the type of the tender contract: 

Whether it is free on board, shipping provided by the 

company or cost insurance and freight CIF, shipping supplied 

by the supplier. Since a reliable information on the 

performance of the suppliers is more difficult to obtain, 

there is no point in providing a detailed model: because the 

information fed into the model would likely be inaccurate. 

The tender qualification is an important decision with 

significant implications. According to Mr Eraydin: 

" Qualifying the purchasing tender is always a stressful 
decision. It is not a simple case of selecting the lowest 
quotation. The technical specifications which are within the 
required band may vary. For example, quotation A may be 
cheaper than B, but its yield ratio may be more favourable. 
You can improve the quality of the decision by using 
technical methods instead of ball park comparisons, provided 
that technical methods fit in with your way of thinking. " 
[6.1] 

There is substantial scope for using a quantitative analysis 

model as well as qualitative considerations where the model 

relates the crude purchasing costs to yield ratios and 

evaluates the real value of the tender. Such a model can be 

used to generate alternative courses of action as well as 

analysis of these alternatives. 
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Such a model will be especially useful in the evaluation of 

firm tenders, where a fixed quantity of crude is purchased 

at an agreed price for an extended period of time. The 

effectiveness of the choice will depend on the demand and 

price fluctuations involving products and the crude. For 

this application, the model needs to be provided with 

prediction capabilities. 

After the tender qualification, the operational manager 

monitors the progress of the tender: the supplier may fail 

to deliver the required quantity, the shipment may be 

delayed on delivery, testing results may represent different 

crude specifications. Such things generate substantial 

decision requirements within a very limited time period. Mr 

Eraydin explains the following: 

" For example, you have a quotation for $150 tonne, if the 

supplier delays the delivery for a week and in the meantime 
conjuncture results in depression of $15 tonne, you have a 

number of options: if you have time, you can reject the 

tender because it is late and you try to purchase the 

requirement from the spot market however you must check the 

availability of suitable tankers or current spot charter 

rates. It may be more advantageous to negotiate with the 

supplier. You have very limited time to evaluate your 

options. " [6.1] 

Such decisions primarily require the provision of tanker 

availabilities and spot chartering rates from the tanker 

chartering division. 
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Speculative crude purchasing involves risky decisions: The 

operational manager must have confidence in the market 

conditions. A wrong decision may result in substantial 

losses. 

The decision requirements in products marketing are similar. 

The main issue is the determination of the term sale price 

for branded jobbers as well as the determination of tender 

quotations for unbranded jobbers. The speculative product 

purchasing and sales are often practised and require careful 

analysis of the market conditions: Mr Serpen quotes the 

following: 

" Back in 1985 Mr von Siegner, operations manager of Global 
Energy Ltd. purchased 30,000 tonnes of colonial type 
unleaded gasoline for $175 per tonne. By the time the 
shipment reached its market, which took approximately a 
month, the gasoline prices had crashed down to $120 : as a 
result of this deal Global Energy went bankrupt. " [6.2] 

There is a need for quantitative analysis models in 

estimating the market movements and assessing the 

implications of the decision for range of possible outcomes. 

However, such models are not sufficient for the evaluation 

and conclusion of a decision. There are other aspects such 

as political or psychological ones which cannot be 

quantified, but nevertheless must be taken into account. 

Therefore, the model can be used to generate the possible 
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outcomes with the purpose of testing possible actions 

subject to changing conditions. 

Such use will focus the attention of the manager on a 

reduced number of outcomes which can be further evaluated 

qualitatively. It will also help the operational manager to 

grasp the dynamics of the environment. In some industries 

such practice is already in progress: Rockart et al address 

the importance of this trend: 

" At Nothwest Industries, the senior managers have chosen 
the contents of the data bases available to them and have 
learned to do some programming themselves. Instead of merely 
having access to the data, they are able to do creative 
analyses of their own. " [6.3] 

However, the operational manager must always use his 

judgement prior to deducing his final decision. 

Simplified exemplification of the analysis of decision 

scenarios for crude and products transportation operations 

is as follows: 

The information input consists of the description of the 

shipment requirements: Product type, quantity, loading port 

delivery port and collection date and the required unloading 

date. If any of this information which is exchanged between 

the purchasing and transportation units has been missed and 

not included in the system, the information system is not 
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complete and must be updated. 

The operations manager evaluates the information provided to 

him by his subordinates: 

The owned fleet provides information about the available 

tankers including their current operating cost and location. 

The current availability and the rates of time, spot and 

external chartering operations are also provided to the 

operations manager. 

Continual assessment is based on the comparative analysis of 

the alternative strategies. There is substantial scope in 

using a mathematical model in the evaluation of possible 

alternatives and the optimisation of the general 

transportation strategy. It is essential that the 

information is quickly loaded to the model. 

The second important decision scenario is speculative tanker 

trading. Tanker sale or purchase prices are relatively more 

stable than crude or product prices; therefore, direct 

speculative trading is not just to buy and to sell tankers. 

It is explained by Marcus et al as follows: 

" The speculative tanker trading is essentially taking 
advantage of the depressed markets to purchase selectively 
quality tonnage, and then taking advantage of the strong 
markets to obtain period charters from first class 
companies. This separation of the act of obtaining a vessel 
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from chartering that vessel, permits the owner to obtain a 
market rate, not a present financial rate. Therefore, a 
careful market analysis must be done, prior to a speculative 
purchase or contract, because the date of the time charter 
is fixed later. " [6.4] 

Figure 6.3 illustrates the typical traditional sample 

calculation procedures. Such ball park calculation methods 

result in a rough assessment. The quality of the assessement 

can be substantially increased by more sophisticated models 

provided that they can be easily operable. 

Such decisions are especially critical for chartering 

operations, because the time available for the analysis and 

the evaluation of the decision is much shorter. The typical 

firm durations for the time charters are usually half a day 

to a day, for the spot charters less than a few hours. 

Brokers who are involved in chartering operations need on 

line analysis models, so that they can assess and evaluate 

conditions while they negotiate with the chartering party 

over the telephone or telex. 

For time chartering arrangements, the forecasting models, 

and statistical capital investment analysis models are 

particularly useful. 

The decision scenarios, involving the operational management 

of the owned fleet involve maintenance-oriented decisions 

such as voyage analysis, optimum speed determination, or 

sale or scrap value determination. 
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The typical development of these models is exemplified in 

the next section. 
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SAMPLE INVESTMENT CALCULATION 

OGDEN NELSON 

1. Examine the ra1e and pure hase market and 
estimate the current charter-free price for the 

ver, sel 

A 1973-built 33'0,000 DWT tanker just sold 
for $23 trillion, about $70 per ton. The 
OGDEN NELSON would therefore be worth 
about: $70 x 266,000 =$ 18.6 mi111on. 
Ad just this down for her extra year of age 
but up for inert gas equipment, therefore 

assume 11 Q, Q_m11114Il. 

2. Subtract the scrap value from that price to 
determine the present investment in the vessel 
as an operating entity. 

-- Current scrap value for the OGDEN NELSON is 
$4.05 million, therefore, $18.0 - $-05 = 
$13.95 million. 

3. Calculate the annual revenue required to recover 
this investment dur'r., g half the vessel's 

remaining economic life. 

-- The OGDEN NELSON is 8 years old and should 
have 17 years of remaining economic life. 

To recover $ 13.95 mi ll ion in 8.5 years 

usir. g a discount rate of 11.5%, annual 

payments must equal $2,658,000. 

Add the annual operating cost of the vessel to 

the required revenue. 

-- The OLDEN NELSON's annual operating cost is 

$1,550,000. Assuming that future 

escalation flows through to the charterer, 

the required annual revenue is $2,658,000 . 
$1,550,000 = $4,206,000. 

Easis the vessel's deadweight and esti¢ated 

operational days/year, derive the required time 

chartered rate. 

The OGDEN NELSON's deadweight is 266,120 

tons and she routinely operates about 11 

1/2 months of the year. Therefore, the 

required time charter 1s: 

$4,208,000 

-------------- = $1.38/DWT/month 
266,120 x 11.5 

IIIDf. 
_ScharlILA dYaIIS äBg_IiýYIIsflL_PLirgI QQkb 11 New Vessel vs. existing 41,600 DWT vessel: _ . 

LX. 121Ing_Ygaaal 
Vessel Cost $122,740 

L'jax_Ygssgl 
$ 93,860 Bunkers 193,568 90,124 Port Charges 
__11A 

QQ 

$332,808 $200,484 

Tons 39,752 
Per Ton 

41,382 
$8.37 $+ß. 84 

ýffYä[1 ä81ä_Qi_IIgY_YgZ1l1_ýgL_YBXALP.: 
41,382 z (8.37-4.84) $146,078 

ýQýcanýaýarPsr_ýax: 
$146,078 / 14.44 days =$ 10,116 

Iimt_CL1acZsý ý4utYalaai_dQyanýaas: 
11Q, Ilk-c_IQ.. = 1.7-. A. Z§ lLm nnSh 42 , 355 

Figure 6.3 Illustration of the traditional Time Charter calculations 



6.3 Requirements for Quantitative Models 

The aim of this section is to exemplify the eighth step of 

the proposed development methodology. 

The outcome of the previous section is the Information 

Processing Model of the particular scenarios, where the 

boundaries of the required quantitative analysis model are 

clearly defined within the decision process. As a result of 

the previous step the object of the model as well as its 

boundary is defined and clarified. 

For example, the object of the transportation model is not 

to automate the decisions about the establishment of the 

operational strategy, but to focus the operational manager's 

attention on a range of feasible and effective strategies. 

However, the aim of the production management models is to 

maximise the automation of the decision process, since the 

decision environment is well structured and the decision 

requirement is frequent. 

The purpose of this step, as defined in Chapter 4, is to 

define the most effective and suitable model structure 

conforming to the requirements: 

In order to achieve this, a range of standard and 

non-standard models will be investigated by the analyst. For 

247 



example, the transport co-ordination problem can be solved 

as a typical resource allocation model, as a linear 

programming model or a stochastic simulation model. For some 

scenarios it may be necessary to use composite models, where 

in order to achieve the required result, a number of 

different OR/MS methods are integrated into the same model. 

For example, evaluation of the speculative tanker purchasing 

for time charters can be tackled by using a forecasting and 

an engineering economics model for capital investment 

analysis. 

The forecasting model can be a simple or multiple 

regression, an exponential smoothing, or a more complex 

systems dynamics model. 

It is essential that the complexity of the model should 

justify its functional requirement. Although, it is 

difficult, the financial gains due to the usage of the 

model, the development costs and the resulting payback 

period must be calculated. Financial gains can be estimated 

by evaluating the concluded operational situations in order 

to assess the implications of using the proposed model under 

the same circumstances. Selection of the model is also 

defined by the quality of the input information. 

Following are brief summaries of the proposed models for the 

sample scenarios: 
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The tender scheduling problem is relatively unstructured, 

and substantial uncertainty is involved with the input data. 

Standard OR/MS models for operations scheduling are suitable 

for well-structured problems. Since the object is not to 

obtain a concrete schedule, but just to assign priorities to 

the purchasing requirements, a cheap and purpose-built model 

can be provided for this task. Figure 6.5 illustrates the 

basic principles of this model. 

The two files are continually updated by the estimates of 

the operational managers. The first file defines the 

probability of purchasing crude from different supplier 

markets. The second file defines the mean and the standard 

deviations of the voyage durations between process plants 

and suppliers. Given the technical specification of the 

required crude, the program identifies the most likely 

supplier port. Given the location of the process plant, the 

mean and standard deviation of the voyage duration is 

obtained from the second file. 

The definition of the evaluation criteria is difficult, 

because two different issues are simultaneously considered; 

larger quantities are more important but the requirements 

must be provided by the required unloading date. The adopted 

criterion combines tyhe two different issues. The financial 

contract value is dominant if the time available is larger 

than the voyage time, the available time becames dominant 

249 



for the opposite condition. 

Evaluation criteria must be updated in line with the 

feedback obtained from actual usage. 

As described in the previous section, determination of the 

tender type and the determination of the prequalification 

list are two main decisions of the tender preparation 

scenario. 

Prequalification list is based on qualitative 

considerations. However, determination of the tender type 

especially for time charters requires use of quantitative 

models : Present worth value of CIF type and FOB type 

contracts needs to be calculated. Although it is easier to 

calculate monthly costs of the in-house tankers, external 

charters require additional forecasting models. 

It is essential that such models must be rapidly set up and 

used, since there may be a high number of contracts. The 

time allocated to a specific contract is limited. The model, 

will only be used when market conditions are stable. 

In the tender qualification scenario, traditionally the 

minimum cost quotation is selected. However determination of 

the real minimum cost scenario is complex. The requirements 

for analysis support models are as follows: 
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For one-off purchases, the real cost of the contract can be 

calculated through a simple formula which accounts for the 

yield ratios and current product sale rates. 

However, whatever the model indicates the decision maker may 

prefer to choose the minimum cost quotation simply because 

it is safer for him to do so. For example, if the 

operational manager has had a bad experience with a 

particular supplier indicated by the model, he may choose a 

different option. This exemplifies a situation where a model 

will be undermined by manager for psychological reasons. 

A manager who is dealing in speculative purchasing is 

subject to a different psychology : He has to choose the 

correct course of action. In this case more sophisticated 

models are justifiable because the implications of the 

decision are significant and there are no apparent reasons 

which influence the manager in undermining the support 

model. In this example the model can be used as a guide so 

that the operational manager is not adversly affected by the 

market fluctuations. 

The decision maker needs more sophisticated models for 

evaluating the decision environment in a speculative 

purchasing scenario. Standard models are not suitable for 

his requirements which include, facilities for the 

following: 
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i. crude and product rates forecasting, 

ii. the evaluation of the adjusted present worth value of 

the crude in light of the product rate profiles, 

iii risk analysis of the alternative scenarios 

He must be able to input his own judgements into the model 

as input data. 

A crude maritime transport manager needs relatively 

straightforward models for maintenance operations which are 

described in the previous chapter. 

However, speculative tanker purchase or time chartering have 

serious implications and a more complex model which is 

similar to the previous case is justifiable. 

Co-ordination of various activities in the department, can 

be achieved through a linear programming based model which 

is notionally illustrated in Figure 5.13. Solution of this 

model over a time period requires the incorporation of 

statistical methods. 

These are just a few examples, in a real life situation even 

at a modest scale, each decision unit would have a wide 

range of models of varying complexity. 
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6.4 Model Development 

This section exemplifies Step 11 and Step 12 of the proposed 

methodology including model development and user trial 

aspects. 

Model development is exemplified for three scenarios 

including tender scheduling, speculative crude purchasing 

and coordination of the crude transportation operations. 

Model must be constructed from small and stand-alone units, 

which are uniform and homogeneous in terms of their 

complexity. Models must not be too sensitive to the quality 

of input data. 

Figures 6.4,6.5,6.6 illustrate notional flowcharts for 

model development. 

It is essential that models are continually validated with 

actual conditions. Such continual validation enables the 

manager to develop an experience and it also provides 

feedback which improves the performance of the model. 

Information processing system of all scenarios must be kept 

for further reference so that when a modification is needed 

it can be easily carried out. 
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Figure 6.5 Notional illustration of quantitative model development for 

'Speculative Crude Purchasing' scenario 
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7. DISCUSSION 

7.1 Contributions to the Design of Support Systems for 

Operational Management of Industrial Corporations 

The executive line management of oil processing and 

distribution companies operates in a complex and dynamic 

business environment. Operational management is sensitive to 

market fluctuations and this necessitates continual 

interaction of the line managers within a specific 

department or between various departaments. The overall 

efficiency and performance of the corporation is 

significantly dependent on the successful co-ordination of 

the executive managerial activities, since business 

operations are interdependent. Corporate resources are often 

not fully utilised due to lack of information exchange 

capacity between regional divisions. Managers are 

continually confronted with complex situations which require 

analysis and evaluation, often within very limited time 

periods. The working environment is frequently chaotic and 

managers being regularly pressurised by the pace of the 

operational requirements, cannot give time to evaluate the 

strategic performance of their departments. 

However, strategical plans are prepared by the corporate 

staff who are not directly involved with strategical 

management activities. Besides, the plans are based on long 
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term forecasts where there is little contact between the 

actual business environment and the corporate strategical 

plans. 

Such characteristics are not exclusive to the oil industry 

but are also common to typical consumer-oriented 

decentralised manufacturing companies or retailing groups. 

Increasing international competition has been pressurising 

companies to be more competitive and to adopt effective 

management practices. Especially progress in information 

technology and the increasing use of information processing 

equipment as a management support tool is influencing 

management practice, and thus the effectiveness of 

managerial activities and business operations. 

The management support needs of corporations are primarily 

provided by corporate management information systems as a 

medium for information exchange and communications. The 

Management science techniques including operations research 

and systems simulation are primarily implemented by 

specialist staff. 

As previously stated in Chapter Two, although the 

traditional management support facilitites are useful for 

some applications, they fail to provide effective 'on line' 

support function to the managers with regard to operational 
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management activities especially in decentralised companies 

where the overall performance significantly relies on the 

co-ordination of the business activities throughout the 

organisation. 

The literature survey conducted as part of the research 

reported here has indicated that separate information 

processing departments are increasingly unpopular in 

industry because they are not effective in meeting the 

information processing needs of the line managers. The 

systems which have been used until recently have evolved 

from computer-based automated data processing applications 

where the emphasis is on the detailed measurement of past 

events instead of providing a support function enabling 

managers to innovate for the future. The use of management 

science methods is not widely accepted and practised by line 

managers since the application of these methods is usually 

delegated to specialist staff. Because the time period for 

evaluating operational decision problems is limited, there 

is not enough time to communicate with management science 

specialists and to solve complex models which necessitate 

substantial data preparation times. 

Traditional applications of information systems for direct 

decision support have also resulted in undesirable side 

effects which affect the performance of the management as 

well as being financially consuming systems. 
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Unlike most systems analysis applications, the decision 

process throughout the business organisation is complex and 

often ill defined. It is potentially dangerous to delegate 

the development work to the systems analysts since they can 

misinterpret the nature of the process. The decision process 

involves a team of managers therefore it is complex and 

dynamic. A major drawback of corporate information systems 

is caused by maintenance problems. The development time of 

such complex systems is long and therefore cannot keep up 

with the continually changing decision environment. A 

chronic problem which is often encountered in production 

control applications in the manufacturing industry is the 

fact that the rigidity of the information support and 

control system influences the flow of the actual production 

control practice and the entire production control process 

is dominated by the system. This is fundamentally dangerous 

for direct decision support applications because the 

operational management process is much more dynamic. As the 

operational management process changes, the traditional 

information system will become progressively incompatible 

and either the system will influence the management process 

or it will not be used and will become redundant. Management 

information systems, being integral and complex, tend to be 

completely recommissioned at significant costs and 

additional stress for the employees due to the new training 

and habituation periods. Management practice and the 

decision process being dynamic, and operational managers 
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being limited in the time that they can allocate to 

training, makes this problem serious. On the other hand, 

although a number of products labelled as management support 

systems are increasingly available as finished products, 

they cannot deliver such decision support function. This is 

because the management process which needs it is a function 

of the specific business dynamics, organisational structure, 

and subjective decision process of the operational managers. 

The literature survey has indicated that the recent trend in 

management practice is increasingly favouring 

decentralisation of operational management control and 

therefore decision-making activities. This trend indicates a 

substantial increase in the dynamism of management 

operations. The just-in-time approach to production control 

in the manufacturing industry underlines this trend. [160]. 

The object of this approach is to reduce inventory levels 

and thus the entire business operation is more susceptible 

to problems. Managers have more responsibilities in coping 

with the problems and they increasingly rely on having 

adequate information and communication capacity. The scope 

for interaction between managers horizontally and vertically 

through the organisation and with the external environment 

is increased. 

This trend points out that managers will increasingly 

require a dedicated information system with local 
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information processing capacity which will significantly 

contribute to the co-ordination of the operational 

management process throughout the organisation. 

The other significant trend which is progressively 

developing is to involve line managers with stratgeic 

decision-making activities and increasingly delegate the 

responsibility for strategic decisions to the line managers. 

Line managers are mainly occupied with operational 

management problems and therefore have limited time which 

can be allocated to the evaluation of strategic management 

activities. 

There is a requirement in the oil industry and, as 

previously explained in Section 4.3.1 in other industries 

with similar characteristics, for a multifunction decision 

support system to co-ordinate the operational management 

processes throughout the organisation and to provide an 

on-line direct decision support function for the managers 

who significantly contribute to the operational management 

process. The existing approach in implementing management 

information systems and management science methodologies is 

not satisfactory. 

This problem incorporates fundamentally important managerial 

issues and therefore a radical approach has been adopted for 

evaluation and development of a solution. 
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The resulting system has to conform to the requirements of 

these issues. As a tool for co-ordinating the decision 

making activities of managers at the various departments and 

at the various levels of the hierarchical structure, the 

system should be compatible with the theories which relate 

to the co-ordination and regulation of organised systems. As 

a tool for evaluating the decision environment, for 

providing solutions to managerial problems, and for 

automating the decision making work, the system should 

conform to the requirements of effective interactive man and 

machine problem solving systems. The object of the system is 

to provide decision support functions, so it should be 

adaptable in order to accommodate the continually changing 

needs of the business environment and evolving corporations. 

The details of the system that corresponds to the provision 

of information processing facilities, quantitative analysis 

support facilities etc. are in fact dominated by these 

issues. The emphasis therefore is to provide a total system 

which successfully conforms to the requirements associated 

with these issues and delivers effective and adequate 

decision support functions. 

A methodology has been developed for designing such decision 

support systems which conform to these requirements. The 

system is to be developed in two phases: The first phase 

includes identification of the significant information that 
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is exchanged between managers during the operational and 

strategic decision process and which is delegated to the 

line managers. In order to minimise the errors which can be 

caused by the misinterpretation of the complex interactions 

and to cover possible scenarios as well as the existing 

ones, this activity will be carried out by distributing 

automated worksheets given to the managers which will guide 

them in describing the existing and foreseeable decision 

envrionments and corresponding strategic and operational 

information needs. The chart so obtained will indicate the 

communication patterns and the details of the information 

that is exchanged between managers. Relationships will then 

be rationalised according to cybernetic principles, and 

significant changes and improvements will be confirmed by 

the decision makers. This approach will enable the designer 

to concentrate on the system as a whole and it will also 

point out how the existing management practice can be 

improved which in turn will influence the effectiveness of 

the business operations. 

The second phase of the methodology is the development of 

the workstations that will be supplied to the decision 

makers. The object of this phase is to provide a workstation 

supplying the decision maker with the information which he 

needs for his decisions. Information is organised and 

manipulated by the unit according to his needs. The unit 

provides quantitative analysis support facilities and can be 
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used as a medium for automating decision-making work by 

delegating it to the unit. The development of the system 

will be based on the requirements of the managers, and the 

managers will be responsible for the development and 

maintenance of the system. 

The system that results from the proposed methodology is of 

a modular structure and therefore can easily be adapted to 

accommodate changes. The managers, being responsible for the 

design of their workstation, will know the details of the 

system and, being responsible for its maintenance, will be 

pressurised to adapt it according to the changes of their 

decision support requirements. 
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7.2 Implications of the System Implementation on 

Industrial Management 

Implementation of the system will significantly contribute 

to the operational and strategic management of the business 

organisation. The use of the system as an on-line decision 

support tool will result in direct and indirect consequences 

with regard to the overall performance of the business 

organisation. It will contribute to the organisational 

effectiveness which results from better co-ordination of the 

decision process and it will improve the performance of the 

managers as decision makers. 

The system provides a network for information exchange 

between various parts of the organisation. The information 

that is exchanged between departments is essential for the 

manager to be able to evaluate decisions. The continuous 

flow of significant information between various departments 

of the organisation increases, therefore increasing the 

awareness of the managers with respect to other departments. 

The time that is otherwise allocated to the act of acquiring 

the information is therefore saved, providing more time for 

analysis and evaluation. And the decisions are based on the 

most recent conditions. 

Automation of information exchange has significant indirect 

consequences: A significant change in any part of the 
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organisation is promptly communicated to the other parts. If 

the situation becomes critical for the management of the 

business operation, it is transmitted to the related 

managers as a request for action. For instance, in the 

sample application, initially the transportation 

requirements are provided as information so that the 

transport manager can preselect vessels that are suitable 

for the duty. But as time advances and provision of the 

tankers becomes critical, the system provides the 

transportation manager with a request which requires final 

tanker nomination. Another example is the relationship 

between the crude supply and the purchasing managers. As the 

crude levels approach a minimum, the system automatically 

requests new orders where typical time lags representing the 

purchasing and transportation are built in to the system. 

Another significant example is information exchange between 

the transport managers of the different regional divisions. 

The manager allocates a tanker that is owned by a different 

regional division if he has knowledge about its 

availability. In this way the common usage of the corporate 

resources is enhanced. Any change which is significant for 

the business operation is therefore automatically 

communicated to the other parts of the organisation and 

corrective action is requested from the corresponding 

manager. As previously addressed in Chapter 3, this facility 

will enhance the autonomy and the self-regulation properties 
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within the business operation [7.1]. 

Because they are provided with information about the 

operational situation in the other departments and the 

capabilities of the other departments, managers will tend 

not to make decisions that are impossible to achieve. 

Therefore, as previously described in Chapter 3, the 

decisions which are not acceptable for other departments 

will be avoided and homeostatic stability will be preserved 

[7.2]. 

A major problem that emanates from the implementation of 

traditional management information systems has been 

identified in Section 2.2 as overcentralisation of 

operational control. 

As a result, a few managers at the top of the organisational 

hierarchy have attempted to control the business operation 

introducing significant rigidity into it. Eventually, the 

operation is incapacitated by the amount of variety that is 

created by the operational environment. The proposed system, 

which is based on decentralised and co-ordinated decision 

making, will prevent over centralisation. It is interesting 

to note, as has been emphasised earlier, that the proposed 

system contributes to the planning as well as the 

co-ordination of the strategic and operational decision 

making activities. 
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The size and the complexity of the traditional strategic 

models that emanate from central planning activities is a 

familiar problem [7.3]. The resulting models are too 

complex, they necessitate expensive hardware and long 

setting up times. The proposed system enables 

decentralisation of strategic planning, where variety is 

progressively reduced through a hierarchical array of 

optimisation models. During the process, managers define 

operational scenarios which necessitate their intervention, 

and also their information needs, including a confirmation 

of sub-decisions from other managers. This exercice is very 

useful since it may indicate what further communication is 

needed to evaluate decisions more effectively. 

Automated exchange of information prevents the occurrence of 

inter-organisational political problems that are often 

encountered in industry. 

The workstations which will be allocated to the managers are 

designed to maximise the decision-making capacity of the 

managers, specifically for actual or foreseeable operational 

scenarios . They directly improve the decision-making 

capacity of the managers by providing them with the 

following facilities. 

Workstations should provide managers with a continuous 

supply of critical information which they need in evaluating 
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a situation which necessitates their intervention. The 

information that is supplied from other parts of the 

organisation is automatically manipulated and modified so 

that managers can directly use it. The time saved can be 

used for further analysis of the situation or for further 

interaction with other managers so that the final decision 

is refined. Managers have regularly to communicate their 

judgements about a scenario, which also often necessitates 

intervention of other managers. The collective decision 

making within the organisation is thus enhanced. 

The complexity of the business environment necessitates that 

managers analyse the obtained information rapidly since the 

time available for intervention is usually limited. The use 

of computer management tools has not been accepted by line 

managers. The proposed system therefore provides decision 

makers with simple and reliable management science models 

which enable them to analyse the situation without the 

support of the technical staff. This means that the analysis 

can be carried out by a manager within a limited time 

period. The use of quantitative techniques by the managers 

will therefore be significantly increased. 

As the operational business environment is competitive, 

decision makers are subject to stress. Fluctuations of 

market conditions and the general outlook of the business 

environment affect the psychology of the decision makers and 
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accordingly the decision process itself. Within the oil 

industry, managers working in purchasing, sales, marketing 

and tanker chartering operations are exceptionally 

susceptible since their business environment is very dynamic 

and volatile. With the proposed system, line managers will 

be continually informed of and be expected to evaluate 

strategic issues by using the system, which will be, 

implicitly, in good contact with strategic developments. 

This will reduce the effect of temporary market 

fluctuations. Provision of well-defined decision rules to 

the system by managers themselves will enable them to use 

these rules as outline guides, further reducing the negative 

effect of swift fluctuations. 

Relatively straightforward and trivial decision-making tasks 

of the subordinate managers are delegated to the system only 

requiring the confirmation of the manager. This enables 

managers to allocate more time to the evaluation of 

unstructured problems. 

The system will also have indirect consequences. During the 

second phase of the design process, managers will be 

requested to write down the details of their decision 

process on the worksheets which have been given to them. 

This exercise, which will be conducted through the guidance 

of the worksheet, will enable managers to reassess the 

validity of their decision process. They may well discover 
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false assumptions and this exercise will clarify their own 

decision process. 

The provision of a data base dedicated to the management 

experience will contribute to the general learning process 

throughout the organisation. 
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8. CONCLUSIONS 

Existing practice indicates that Management Information 

Systems, Operations Research and Management Science methods 

fail to deliver an effective Operational Decision Support 

function. As a result of the research, the failure of 

Management Information Systems is generally attributed to 

the following deficiencies: 

i. The focus of MIS implementations is on the historical and 

precise information which is geared to monitor past 

events; 

ii. The information content of MIS is formal, it does not 

include external and informal information which is 

essential for operational decision making; 

iii. Typical MIS applications are large and centralised, 

they cannot be adapted in line with changing 

organisational requirements; 

iv. Modifications to the existing system cause long and 

strenuous habituation periods; 

v. It is inflexible, and restrictive for the local needs of 

different managers. 
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The failure of Operations Research and Management Science in 

being accepted as operational analysis support tools is 

attributed to the following deficiencies: 

i. Traditional OR/MS applications are implemented by 

technical staff; in operational management there is no 

time for communication with the technical support staff; 

ii. Managers are not involved with model development, often 

technical sophistication of the model exceeds the real 

requirements; as a result the model is complex and 

difficult to set up and use; 

iii. The research in OR/MS has concentrated on the 

technology, undermining and neglecting other essential 

factors ; substantial research remains to be undertaken 

especially in the user interface area; 

iv. There are no established methodologies for the 

development of OR/MS models other than solving particular 

and well-structured problems; 

v. Available models are too rigid and does not meet the 

specific requirements of each manager; 

vi. Application area is limited, and OR/MS models are not 

used to their full potential in, for example, 
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co-ordination of the decision process ; 

The research indicates that there is an increasing need for 

a system which provides direct and complete operational 

decision support function which can not be met with the 

existing MIS and OR/MS methods. 

It is concluded that a multi-disciplinary approach is needed 

in tackling the problem. The focus is not on the solution of 

a particular problem, but on a system which will directly 

contribute to the management and control of the business 

operation as a system. Its design must be dictated by proper 

communication and regulation requirements of this system. 

Following is a summary of principles which form a conceptual 

basis for the development of any solution to this problem : 

i. The specific business operation(s) which requires 

support, must be defined as a system and must be 

abstracted from other operations; 

ii. The system must directly emanate from the exiting 

practice and it must not cause restrictions to the 

existing communication patterns; 

iii. Parts of the system must be co-ordinated through a 
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regular supply of essential decision-making information; 

a significant change in any particular subsystem or 

element must be automatically transmitted to the other 

parts. 

iv. A subsystem or an element must compensate for changes in 

other subsystems, and it must implicitly prevent 

decisions which are not acceptable for other subsystems; 

v. System must be adequately connected to the environment 

which is general business dynamics and must provide the 

decision makers with essential environmental information; 

vi. It must implicitly conform to environmental changes: 

it must adapt and evolve in line with the environmental 

changes. 

As a support tool to the operational manager, the system 

must focus on the entire decision process. The following 

general principles are essential for the design of the 

analysis support models : 

i. The decision process of the manager must be abstracted 

for problems which require the use of OR/MS models. 

ii. The use of the proposed model should not be restrictive 

to the natural progression of the decision process. 
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iii. The delegation of the decision-making work must conform 
to the requirements of the non-quantitative components 

such as psychological or social. 

iv. The model should be adaptable to the changing 

requirements of the decision process. 

v. Models must not only be based on formal and precise 

information: validity of results must be related to the 

quality of the input information. 

It is concluded that, the problem of designing an 

Operational Decision Support System must be tackled at two 

different abstraction levels; the decision process which 

coordinates the entire business operation and the decision 

process of individual operational decision makers. 

The proposed solution emanates from the analysis of these 

principles. It includes OR/MS methods integrated to an 

information system which is only provided to the selected 

range of operational managers and which only process 

information which is imperative for the evaluation and 

execution of operational decisions. 

The proposed system and the methodology eliminate the 

following deficiencies: 
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The solution which integrates information System with the 

analysis models enables the essential information to be 

directly loaded to models, reduces the set up times and 

eliminates the need for support staff. 

The modular structure enables the system to evolve in line 

with the organisational requirements. Because of its modular 

architecture, it can be progressively implemented in the 

organisation. 

Since its structure emanates from existing practice, it does 

not restrict normal communication patterns. 

The modular structure enables the analysis support 

requirements to be developed according to the specific needs 

of the operational managers. 

Adaptation of the analysis models will be possible, because, 

according to the proposed methodology, the models will be 

developed directly by the manager. 
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9. RECOMMENDATIONS FOR FUTURE WORK 

The implementation of the proposed methodology will be 

effectively carried out by system consultants. There is 

substantial scope for designing a complete library of 

standardised components that can be selected and used as 

building blocks during the design process. Because the 

proposed development will be carried out under the direct 

responsibility of the managers, this will significantly 

reduce the development period and therefore the development 

costs. 

In-depth preparation of both types of computer-based 

worksheets will necessitate input from other specialisation 

areas of computer science such as knowlege acquisition. 

The detailed design of the workstations, that are in 

principle standard and can be modified according to the 

needs of the situation, requires a significant amount of 

work. Such workstations should be able to transmit and 

receive information while performing other functions. Such a 

system would be designed for multitasking machines. 

The system presents potential scope for incorporation of 

artificial intelligence techniques. Artificial intelligence 

techniques are particularly relevant to the automation of 

the design process and preparation of a sub-system which 
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commmunicates managerial experience between managers. Such a 

system may eventually replace the proposed sub-system of an 

experience bank, which can currently be prepared using 

database software. 

Throughout the research, it has been noticed that although 

Cybernetics provides fundamentally important theories, 

especially about the co-ordination and the regulation of 

managerial activities, the theories are not explicit and a 

significant gap has been noticed between pure and applied 

cybernetics. There is substantial scope for carrying out 

further research in applied Cybernetics. A categorical 

classification and a typical implementation of the essential 

cybernetic theories is needed. This will facilitate their 

specific contribution to the typical managerial problems of 

business organisations. 
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