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Abstract

Formal methods of management problem-solving have been extensively researched. However,
these concepts are incomplete in that they assume a problem has been correctly identified
before initiating the problem-solving process. In reality management may not realise that a
problem exists or may identify an incorrect problem. As a result, considerable time and effort
may be wasted correcting symptoms rather than the true problem.
This research describes the development of a computerised system to support problem
identification. The system focuses specifically on the area of hospitality management,
encompassing causes and symptoms of prominent problems in the hospitality industry. The
system is based on knowledge rather than data.
Research has shown that Expert Systems allow reasoning with knowledge. As a result, Expert
Systems were selected as an appropriate technology for this application. Development is
undertaken from the perspective of a hotel manager, using appropriate software development
tools.
The required knowledge is generally obtained from either expert interviews or textbook
analysis. Gaining commitment from sufficient industry experts proved too difficult to allow
the use of the former method, and therefore the latter method was utilised. However,
knowledge acquired in this manner is limited in both quality and quantity. In addition,
essential experience based judgmental knowledge is not available from this source. To
counteract this, the personal knowledge of the author, a qualified hotel manager, was used.
When developing an Expert System, knowledge acquisition and representation are of
paramount importance. In this research, these issues are problematic due to the broad inter
disciplinary nature and scope of hospitality management. To counteract this problem, some
structure was required. Finance, Marketing, Personnel, Control, and Operations were selected
as important functions within the hospitality business and therefore were represented within the
system for diagnosis. A modular approach was used with modules being developed for each
functional area. An initial top level module performs a general diagnosis, and then separate
subordinate modules diagnose the functional areas.
This research established that the knowledge required for incorporation into such a system is
not available. The possibility of acquiring this knowledge is beyond the bounds of this
research. However, sufficient marketing knowledge was sourced to facilitate the development
of the Expert System structure. This structure demonstrates the application of the technology
to the task and could subsequently be used when more knowledge is elicited.
The research findings show that the development of a modular diagnostic system is possible
using an Expert System Shell. The major limiting factor encountered is the total lack of the
relevant knowledge. As a result, further research is recommended to establish the factors
influencing diagnosis in the hospitality industry.
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Introduction.

Research Outline
The purpose o f this research is:
1. To identify the limitations o f the presently utilised problem-solving support
mechanisms and to develop a computerised tool to counteract those limitations.
This system may be applicable to any business; however, this research will
concentrate on the hospitality industry.

A diagnostic or problem identification

system is proposed as an effective solution.
2. To investigate the quantity and quality o f knowledge available, to develop such a
system. The knowledge required essentially involves the prominent problems which
exist within a hospitality unit and their inherent causes and symptoms.
3. To develop a prototype o f the system using an appropriate developmental tool. This
approach is designed to investigate the ability o f a hotel manager to produce an
effective system without using programming skills.
This project is the combination o f two areas o f research: firstly, the development o f
more comprehensive approach to problem-solving and secondly, the development o f an
effective computer system to support the proposed problem-solving approach.

Rationale
Both decision-making and problem-solving are processes which have been carried since
the beginning o f mankind, although subconsciously for a long time. However, in the last
few decades these processes have been the topic o f increasing interest, especially in the
business community. This is due to the fact that business managers encounter many
problems. The ability to solve problems effectively will have long term benefits for the
company1. Research has been carried out to investigate how decisions should be made
and who should make them. Consequently, the findings o f such research have made
their way into numerous textbooks and articles. As a result, much knowledge has been
made available to both educators and practitioners to aid the development o f problem
solving and decision-making processes.
Considering this, two significant points should be made.

Firstly, although seen as

synonymous by many authors, decision-making and problem-solving are in fact separate
processes2. Although related, the two are significantly different. Problem-solving is
XV

defined as the identification o f a gap betw een a desired state and an actual state, and the
subsequent taking o f an action to resolve the difference3. D ecision-m aking, although
im portant, m erely supports the overall process, being used to collect relevant data,
analyse the im portant inform ation and select the m ost appropriate solution. D ecision
m aking does not, how ever, com prise the totality o f the problem -solving process since,
in addition, skills are required for the creative developm ent o f alternative solutions and
their im plem entation4.

A s a result, decision-m aking and problem -solving should be

approached differently.

Secondly, the process o f problem -solving is generally described in terms o f problem
definition, diagnosis o f causes, developm ent and selection o f alternatives, and the
im plem entation o f the selected alternative.

For the m ajority o f the above elements,

m any m odels and aids have been developed to support the m anager in the overall
process. However, the author argues that one o f the most im portant elem ents has been
largely overlooked.

That elem ent is the area o f the actual definition o f the problem.

This defect in the process m ay result in problem -solving being carried out on an
apparent (but w rongly identified) problem .

A more com prehensive analysis o f this

elem ent, prior to the adoption o f a formal, tim e-consum ing process, m ay provide the
m anagem ent with a m ore com plete view o f the problem situation.

Too often,

m anagem ent tackle the w rong problem , using m anagem ent tim e and com pany expense,
only to find that the problem is not resolved5. This situation is analogous to a doctor
treating the symptom s o f an illness rather than the illness itself.

Considering the above, it is the author's opinion that com puter systems developed to
support problem -solving m ay be lim ited in their effect.

If a process is deficient,

com puterisation o f that process sim ply increases the speed at w hich the deficient
process is carried out6. I f this is the case, then such systems which include M anagem ent
Inform ation System (M IS), D ecision Support System (DSS), and Executive Inform ation
Systems (EIS), are m erely the autom ation o f a process w hich has not been fully
evaluated.

A lthough they m ay be useful in supporting problem -solving, and the

inherent process o f decision-m aking, little benefit can be claim ed if they are being
utilised on poorly defined problem s.

As an exam ple, consider the reaction o f a m anagem ent team becom ing aware o f a
dram atic decrease in sales revenue. It is possible that much time and effort will be spent
analysing the sales m ix, the distribution channels, the choice o f m edia usage in
advertising to various m arket segm ents and in the m ean time, em phasis m ay be placed

on cost cutting in an attem pt to offset the effects o f the drop in revenue.

C om puter

systems m ay be utilised to provide the required inform ation for decisions-m aking . This
reaction m ay seem to som e to be justified. H owever, the decrease in revenue may be
due to grow ing custom er dissatisfaction w ith a product suffering from decreased quality
standards caused by poor purchasing control, ineffective recruitm ent and training o f
staff or inefficient m anagem ent o f the physical assets. Because the incorrect problem
was identified, an inappropriate rescue solution was im plem ented. Costs are cut,
possibly escalating rather than resolving the problem .

The above exam ple illustrates the need for techniques which are capable o f supporting
the problem identification or "diagnosis" elem ent o f the problem -solving process. As
opposed to positioning the utilisation o f the techniques w ithin the overall problem 
solving process, it is suggested that such techniques w ould provide more benefit by
being used iteratively, outside the formal problem -solving process.

In many cases,

m anagem ent, not only unable to correctly identify a problem , are unaware that a
problem even exists7. If such techniques could be incorporated into a com puterised
system, they could from part o f an autom ated early w arning system for business.
Because industries have different characteristics and as a consequence, different
problem s, separate system s could be developed to service the needs o f each.

The

industry under specific investigation in this research is the hospitality industry.

The "traditional" w ay to develop a com puter system is to have a com puter specialist
discuss the problem w ith an expert in the target area, in this case the hospitality
industry. For this research, a different approach is investigated. Part o f the project is to
evaluate if a hospitality expert (the author) who has a good know ledge o f com puting
(but is not a com puter scientist or other com puter specialist) can develop a system using
currently available softw are tools.

The approach is exam ined as a solution to the

problem s w hich exists w ithin the software supplier to purchaser relationship.

These

problem s are: 1) the high cost o f having com puter system developed to exact
specifications, 2) the inadequacy o f mass produced systems for individual needs and 3)
the problem o f confusion associated w ith specifying exact requirem ents to developers
who m ay m iss m any o f the subtleties o f the business in question.

A vailable technologies w hich m ay be used in this approach include spreadsheet
applications, database m anagem ent systems or expert systems shells.

A lthough each

m ay be applied w ith varying success to the task, expert system shells are identified as
the m ost appropriate o f the technologies. Expert system s are com puter program s w hich

are used to attem pt to im itate the reasoning process o f hum ans. As opposed to being
data-based, as are the other softw are packages, expert system s are knowledge-based.
That is, they use dom ain specific know ledge to reason w ith inform ation and data in an
attem pt to provide a solution to a problem.

As opposed to providing the correct

solution, expert system s are capable o f reasoning w ith inexact and incom plete data,
often resulting in an acceptable, yet not absolutely perfect solution.

For these two

reasons, expert system technology has been selected as the tool for the developm ent o f
the above solution.

Objectives
The objectives o f this research are as follows:

1. To critically exam ine problem -solving and decision-m aking processes both in
theory and in application.

2. To establish the shortcom ings o f the present approach to problem -solving and
decision-m aking w ithin the hospitality industry.

3. To identify the prom inent problem s w hich currently exist w ithin the hospitality
industry.

4. To develop a m odel o f a hotel unit for the representation o f such problem s in a
structured manner.

5. To determ ine w hether a com prehensive set o f rules relating to solving these
problem s can be sourced from either industry professionals or w ritten industry
material.

6. To evaluate the effectiveness o f available technologies tow ard the task o f
developing a diagnostic softw are package for the hospitality unit, from a hotel
m anager's perspective.

7. To develop a prototype diagnostic software package capable o f the analysis and
diagnosis o f a hotel situation.

8. To evaluate the application o f Expert Systems to a broad dom ain area.
xviii

Methodology
In order to evaluate the developm ent o f a com puterised tool or system for the diagnosis
o f a hospitality unit, the process o f problem -solving is firstly analysed. This is carried
out using a literature review o f available textbooks and journal articles. The objective
o f this is to identify the shortcom ings o f the present process and subsequently establish
the requirem ents for a m ore effective process.

Follow ing the specification o f these requirem ents, a m odel o f the hospitality industry is
developed. This m odel enables the structuring o f know ledge into a form am enable to
collection. The m odel is developed from a literature review o f the hospitality product
and the industry structure.

The m ajor part o f the research is concerned w ith the elicitation o f the knowledge
required for the developm ent o f such a system. This elicitation is carried out in two
ways:

1. U nstructured interview s w ith relevant educators in the hospitality industry.
Educators from the fields o f finance, m arketing, personnel operations and control
are interview ed to identify the problem s w hich exist w ithin their respective subject
areas.

2. T he second form o f know ledge elicitation concerns an investigation into the causes
and sym ptom s o f the problem s identified in the above process. F urther interviews
and reviews o f textbooks and articles in both the general business and hospitality
fields are utilised to do this.

The know ledge gained from the above m ethods is then used to develop the prototype o f
an Expert System based analysis and diagnostic package. The developm ent serves to
evaluate both the ability o f an hotel m anager to develop an effective system using
m odem Expert System developm ent tools, and the effectiveness o f the technology
tow ard the task.

An iterative prototyping approach is utilised, w hereby features are developed, utilised
and subsequently re-developed as many times as is necessary to ensure an effective
system.

C onsideration is given to sim plicity o f use, tim e efficient utilisation,

xix

com prehensive consideration o f im portant problem s, a logical flow process and
effectiveness in problem identification.

Chapter Outline
Chapter One introduces the process o f problem -solving as used by m anagement today.
D ecision-m aking is identified as an elem ent o f the over-all problem -solving process.
The shortcom ings and lim itations o f this process as described in the literature are
identified. D iagnosis is identified as an elem ent largely overlooked by most support
techniques, yet essential in the effective resolution o f the m any problem s facing
businesses presently.

This chapter establishes the need for a more com prehensive

support tool for the diagnostic elem ent o f problem -solving i.e. that o f problem
identification.

In order to develop such a tool, consideration m ust be given to how problem s are solved
and decisions are m ade. This is carried out by investigating the approaches to problem 
solving and decision-m aking. In addition, difficulties inherent in the problem -solving
and decision-m aking processes are identified.

U ncertainty, the com bination o f

quantitative and qualitative inform ation, and heuristics are found to be issues which
m ust be considered w hen developing a com puter system to support the problem -solving
process.

Chapter Two introduces the hospitality industry which is the specific industry under
consideration in this research. The hospitality industry is, firstly, described in term s o f
the product characteristics and the industry structure. The objective o f this chapter is to
develop a com prehensive m odel o f the hospitality unit and identify specific industryrelated problem s w hich cause concern for the m anagem ent o f hospitality units. These
problem s are identified by exam ining the early w arning signals, internal causes o f
distress and prom inent problem s w hich exist w ithin the boundaries o f the hotel unit
model. A ppropriate problem s are established as those m ost im portant for inclusion in
the diagnostic softw are package.

Chapter Three is concerned w ith the introduction o f appropriate technologies for the
selected task i.e. the developm ent o f the prototype system.

The concepts o f data,

inform ation and know ledge are introduced, followed by the technologies used for the
processing and reasoning w ith these com ponents. M anagem ent Inform ation Systems,
D ecision Support System s and A rtificial Intelligence are described from a selection
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point o f view. This chapter concludes by showing why Expert Systems, a branch or the
artificial intelligence arena, w as selected as the appropriate technology.

Expert Systems technology is described in detail in chapter Four. Expert Systems, as
available today, are discussed, including their structure, how they developed and what
tasks they have been used to address.

The various techniques for acquiring,

representing and reasoning w ith the know ledge are described.

Lastly, the techniques

w hich will be utilised for the developm ent o f the diagnostic softw are package for the
hospitality industry are established.

C hapter five is concerned w ith the pre-developm ent analysis for the proposed diagnostic
software. This analysis follow s a process recom m ended for the developm ent o f expert
systems. Firstly, the task problem is clearly defined and justified as being appropriate
for expert system application. Secondly, the requirements necessary for the system are
investigated; this is o f utm ost im portance, considering expert system developm ent
differs considerably from other, m ore traditional, systems.

The third elem ent o f this

chapter concerns the conceptual design o f the system. This is developed prim arily from
the findings o f chapter one. The final elem ent o f this chapter considers the softw are and
hardw are selection options.

U sing the inform ation and know ledge m ade available from all o f the previous chapters,
C hapter Six discusses the developm ent o f the prototype o f the expert system based
analysis

and

diagnostic

softw are

package.

The

developm ent

is

discussed

chronologically. This allow s the effect o f changes in the developm ent to be associated
readily with their cause.
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Chapter One
Problem-Solving Theory
M ost ailing organisations have developed a functional blindness to their own defects.
They are not suffering because they cannot solve their problems but because they cannot
see their problems.

Joh n W. Gardner

1.1 - Introduction.
The prim e functions o f m anagem ent are problem -solving / decision-m aking, planing
and control. H ow ever, problem -solving and decision-m aking can be argued to be the
key to all planning and control activities.

All the other activities carried out by

m anagem ent - inform ation gathering, analysis and follow-up - flow around this central
core2.

O rganisations find them selves constantly in situations that involve problem 

solving w hich in turn call for decision-m aking. The problem s range in im portance from
m ajor issues such as the future direction o f the organisation to sm aller decisions relating
to unpunctual staff.

This chapter establishes the process o f problem -solving and its inherent problems.
D ecision-m aking, often seen as synonymous w ith problem -solving, is identified as
being m erely an elem ent o f the overall problem -solving process.

D iagnosis is discussed in term s o f the lim itations generated by its positioning within the
problem -solving process.

It is suggested that this elem ent be placed in a separate

process, possibly benefiting by the application o f com puterisation to the task.

1.2 - Problem-solving.
A nthony’s taxonom y3 defines three broad categories that encom pass all managerial
activities:

•

Strategic planning - the long range goals and the policies for resource allocation;

• M anagem ent control - the acquisition and efficient utilisation o f resources in the
accom plishm ent o f organisational goals;
•

O perational control - the efficient and effective execution o f specific tasks.

The three different types o f activities, due to their nature, require varying levels o f
m anagem ent problem -solving capabilities.

Problem -solving can be defined as the process o f identifying the difference between an
actual and a desired state o f affairs w ithin one o f the above areas, and then taking an
action to resolve the difference4.

In m ost organisations, stream s o f such problem s

appear and therefore m ust be tackled, generally causing executive life to be a continual
round o f sw itching from one problem to the next5.

Fortunately for the business

com m unity, com paratively few problem s have the kinds o f im plications that raise them
2

to a strategic level, w here a resolution w ould call for a change in the com pany’s
strategy.

Those that have are full o f com plex decisions and as a result require more

m anagem ent tim e6. M ore regularly, sm aller less com plex problem s occur. However,
these seem ingly m inor problem s must also be tackled to ensure they do not escalate into
larger ones.

Large and sm all problem s, by their very nature, are varied in com plexity and
im portance7. As a consequence, it is possible that each problem -solving situation will
require varying levels o f skill and time. For exam ple, if there are precedents against
which the problem can be com pared, it will generally be easier and quicker to solve and
a sim ilar solution can be applied, as long as no obviously disastrous consequences
occurred the previous tim e8.

An exam ple o f such a problem is the process o f planning. This process involves the
m ost significant and far reaching problem a m anager can face - the process o f
establishing objectives and suitable courses o f action before taking action9. The entire
planning process involves managers in a continual series o f problem -solving situations.
The quality o f their decisions w ithin the process plays a large role in determ ining how
effective their plans w ill be.

Although o f great im portance, the problem o f planning

does not generally cause m uch concern for m anagem ent. The process is ongoing, has
been tackled before in a systematic m anner and is largely uncom plicated. Therefore a
precedence has been set w hich can easily be followed. In addition to having precedents
to w ork against, m anagem ent have an additional advantage. W ith their education and
experience, they generally realise the im portance o f planning and therefore are aware o f
the need to tackle this problem . However, m ost problem s w hich require direct action by
high level m anagers do not have clear precedents and, therefore, solutions are not
obvious10.

1.2.1 - Problem classification.
As stated, types o f problem s can differ dramatically. The differences can cause varying
level o f concern for those involved in their resolution.

As a classification for these

problem s, Bronner suggests that sufficiently separable problem -solving situations may
be identified".
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Everyday Problems.
Typical problem s o f this type are tackled by consum ers when purchasing low-priced
daily necessities.

Because o f the small am ount o f mental conflict w ith the respective

objects o f choice, decisions, in this case, are m ade quite easily.
“cognitively relieved decisions” .

They are labeled as

W ithin these problem s a distinction can be made

between limited, habitualised and im pulsive processes. In the first case, the problem is
sim plified so that only little inform ation is used as a basis o f action. W ith habitualised
problem s, routine behaviour is in the foreground and the decision m aker takes recourse
to patterns o f action which in the past have proven to be successful.

Impulsive

decisions are m ostly unreflected, action being nothing m ore than a reaction to key
stimuli.

Political problems.
All problem s

that occur in connection

w ith

military,

econom ic

and

societal

developm ents are assigned to this type o f problem -solving situation. These problem s
are characterised by a far-reaching anonym ity o f preferences as well as the fact that an
adequate choice o f action is unclear. The problem -solver is distanced from the people it
affects and an appropriate solution w hich will satisfy all interested parties is difficult to
achieve. As a result, this area o f problem -solving is m ore com plex than others.

Management problems.
Problem situations o f this type encom pass decisions as m ade in com panies to determ ine
part or all o f the product, personnel, m arket, or finance strategies.

M anagem ent

problem s require entirely different forms o f m ental and organisational approaches than
everyday decisions12.

Considering this classification o f problem s, it m ust also be noted that the latter category
can again be further classified.
com plexity and

M anagem ent problem s will obviously vary in their

im portance, varying

from

everyday problem s,

such

as labour

scheduling, to problem s occurring either infrequently or once-off, such as crisis
m anagem ent (see table 1.1).
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Strategic Level

Long term, high risk, uncertain, poorly structured
infrequent decisions.

Tactical level

M ore m edium term, m edium risk and m ore reoccurring problem s

Administrative or clerical

Short term low risk, re-occurring problem s

level
Operational level

V ery short term, extrem ely repetitive, m inim al risk.

Table 1.1 - Classification o f management problems13

A ccording to Sim on, problem s fall along a continuum that ranges from highly
structured (som etim es referred to as program m ed) to highly unstructured (nonprogram m ed) problem s14. Structured processes refer to routine and repetitive problem s
for w hich standard solutions exist.

U nstructured processes are "fuzzy", complex

problem s for w hich there are no cut-and-dried solutions.

1.2.2 - M a n a g em en t P ro b lem -so lv in g

As it w ould be im possible for senior m anagers to handle every problem that arises in
daily business life, it is im portant for them to learn how to establish priorities for
problem s and how to delegate to subordinates responsibility for taking care o f the m inor
ones15.

Thus w hen m anagers are presented w ith problem s, consideration should be

given to the follow ing points:

•

Is the problem easy to deal w ith? Some problem s are difficult and expensive to
deal with, other are not.

M ost problem s require only a small am ount o f the

m anager’s time. If the decision turns out wrong, correcting it w ill be relatively
speedy and inexpensive.

To avoid getting "bogged down" in trivial details,

effective m anagers reserve formal decision-m aking techniques for problem s that
require them.

•

M ight the problem resolve itself? M anagers find that a num ber o f tim e-w asting
problem s can be elim inated if they are ignored.

•

Is it their decision to m ake?

Problem s m ay be encountered w hich although

affecting a particular m anager, may be under the control o f a different manager.
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Bearing this in m ind, once a problem , w hich will not resolve itself, has been established
by the m anager concerned and has a m ajor significance to the com pany, action must be
taken.

1.2.3 - Approaches To Problem-Solving.
To solve the problem s, som e m anagers may rely on inform al m ethods such as acting
based on past experience and past trends.
manager.

Some m ay look to an expert or a higher

Som e m ay use a priori reasoning - assum ing that the m ost superficially

logical or obvious solution to a problem is the correct one.16

These approaches to solving problem s are categorised as follow s17:

•

The political - behavioural approach considers a variety o f pressures from people
affected by the decision. It attem pts to merge the dem ands o f all stakeholders to
form a coalition o f interests w hich w ill support the decision. The m ain criticism o f
this approach is that the objectives o f the stakeholders m ay not correspond to those
o f the com pany18.

•

The intuitive-emotional approach relies on experience and instinct rather than on
logical analysis.

Problem -solvers consider all possible alternatives, random ly

jum ping from one-step in the analysis to another and back again19. Critics o f this
approach point o u t that intuitive decision makers often fail to consider the
consequences o f im plem enting a chosen solution. In addition, the lack o f em phasis
on the use o f analytical tools reduces the probability o f m aking a successful
decision20.

•

The rational - analytical approach.

The problem -solvers, acting on their own,

consider all possible alternatives and selects the solution w hich w ill produce the
optim um results. T he consequences o f im plem enting the solution are also analysed.
This approach prescribes a rational, conscious, system atic and analytical approach to
decision-m aking.

H ow ever this m ethod is subject to criticism for, prim arily, two

reasons. Firstly, decisions makers rarely act alone. Instead they tend to w ork within
a team. Secondly, they seldom have access to enough inform ation to consider all
possible alternatives31. As a result many decision m akers tend to choose courses o f
action w hich result in a satisfactory, as opposed to the best possible solution. This
issue o f "satisficing" is discussed later under the section “rational decision-m aking” .
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No approach to problem -solving can guarantee that a m anager will always select the
right solution, but m anagers w ho use a rational intelligent and systematic approach are
more likely than other m anagers to com e up with high quality solutions to the problem s
they face22.

In addition, experience and intuition also increase the probability o f

producing "good" solutions23.

1.2.4 - R ation al P r o b le m -S o lv in g Process.

A lthough m any authors have developed problem -solving processes, the m ajority are
relatively similar. T hey involve: defining and determ ining the sources o f the problem ,
gathering and analysing the facts relevant to the problem , developing and evaluating
alternative solutions to the problem , selecting the m ost satisfactory alternative and
converting this alternative into action (see Figure 1.1).

Figure 1.1 - Rational Problem-solving process 24

• Investigation of situation.
The problem -solving process begins when the problem has been identified.

The

m anager’s first task is to search for all factors that may have created the problem or that
m ay be incorporated into the eventual solution.

A thorough investigation

has three

aspects - problem definition, identification o f objectives and diagnosis.

A)

Define the problem - C onfusion in problem definition arises in part because the
events or issues that attract the m anager’s attention m ay be symptoms o f another
m ore fundam ental and pervasive difficulty. This can be argued to result in two
problem s.

Firstly, it is possible that symptoms m ay be corrected, allow ing the

m ain problem to escalate.
exists.

Secondly, managers m ay not be aware a problem s

This phase w ill only be utilised if a problem -solving process has been

initiated.

B)

Identifying the decision objective.

Once the problem is defined, decide what

w ould constitute an effective solution. For exam ple, how will things be different

w hen the problem is solved?

W hich parts o f the problem m ust be solved and

w hich parts should be solved? M ost problem s consist o f several elements and one
solution is unlikely to w ork for all. If the solution enables m anagem ent to achieve
the organisation’s objectives, it is a successful one. M ore am bitious objectives,
however, m ay be appropriate.

The im m ediate problem m ay be an indicator o f

future difficulties that a m anager can prevent by taking action early.

C)

D iagnose the causes - W hen managers have found a satisfactory solution, they
m ust determ ine the actions that will achieve it. B ut first they m ust obtain a solid
understanding o f all the sources o f the problem s so that they can formulate
hypotheses about the causes. Causes, unlike sym ptom s, are seldom apparent and
m anagers have to rely on intuition to find them.
views

o f the

situation

are

inevitably coloured

D ifferent individuals whose
by their experience

and

responsibilities, m ay perceive very different causes for the same problem . It is up
to the m anager to put all the pieces together and com e up with as clear a picture as
possible.

It is this process w hich causes much difficulty.

A lthough problem 

solving and decision-m aking have been the topic o f much research and literature,
a formal diagnostic m ethod has been consistently overlooked.

In addition, it could be argued that this process is poorly positioned. Diagnosis is
carried out after the problem has been defined25.

M ore effectively, diagnosis

should be carried as an elem ent o f the problem definition.

A t that point, an

analysis w ould ensure that the correct problem is identified as opposed to a
symptom o f a deeper problem being tackled. It can also be argued that the process
o f diagnosis be carried out iteratively. This w ould ensure that m anagers are kept
aware o f problem s m aterialising, being then able to avoid the problem rather than
solve it.

A lthough the rem aining elem ents o f the problem -solving process are equally im portant,
it is the first elem ent in w hich the author is m ost interested. A lthough the need for this
stage has been identified, little research has been carried out and few hospitality
organisations utilise a formal m ethod for system atically and com prehensively carrying
out this activity26.
1.3 - R a tio n a l d ecision -m ak in g.

In conjunction w ith rational problem -solving, a separate process occurs, that o f
decision-m aking.
“problem -solving” .

M uch confusion exists betw een the term s “decision-m aking” and
They are often seen as being synonymous. It has already been

shown that problem -solving is the process o f identifying a difference between an actual
and a desired state o f affairs and then taking an action to resolve the difference. For
problem s im portant enough to ju stify the time and effort o f careful analysis, the
problem -solving process generally involves the steps as seen in figure 1.1. "Decision
m aking" as opposed to being the sam e process, occurs constantly w ithin the first three
steps o f the problem -solving process27.

The decision-m aking process ends with the

choosing o f an alternative, w hich is the act o f m aking the final decision. However, it
should be noted that m any individual decisions have had to be made w hile defining the
problem , diagnosing the causes, developing alternatives, and so on. Figure 1.2 shows
that the last area o f problem -solving is not included in the decision-m aking process.
This is not m eant to dim inish the im portance o f these activities, but to em phasise the
m ore lim ited scope o f the decision-m aking as com pared to the term problem -solving.
H owever, as problem -solving is essentially the com bination o f m any decisions, it is this
decision-m aking process w hich requires m ost consideration.

As a chain is only as

strong as its weakest link, a problem 's solution is only as effective as the worst decision
made.

Figure 1.2

-

Decision-M aking Element O f The Problem-solving Process

1.3.1 - T h e N atu re o f M a n a g eria l D ecision s.

D ecision-m aking, as stated, is an im portant part o f the problem -solving process.
M anagers make different types o f decisions under different circum stances.
the am ount o f inform ation available to the decision m aker varies28.

Similarly,

As a result,

m anagers have to vary their approach to decision-m aking depending on the particular
situation.

For exam ple, w here to build a new hotel and how to im plem ent a human

resources policy, are both im portant m anagerial decisions, yet are largely different in the
inform ation required for resolution.

The specific m anagem ent problem that this

research is concerned w ith is that o f establishing causes o f concern w ithin a hotel unit.
This problem , i.e. the analysis and diagnosis o f a hospitality unit, is com prised o f many

different decisions.

F or exam ple, w hat inform ation is required? W hat relationships

exist betw een a perceived problem and an actual problem ?

Is the finding o f the

diagnosis correct?

Sim ilarly to problem -solving, different types o f decisions have been identified.

A

particular decision is placed into one o f either category based on factors such as the
availability o f inform ation, the frequency o f the problem s and w hether a solution is
quite clear29.

•

Program m ed decisions. - These are solutions to routine problem s determ ined by
rule, procedure or habit. Every organisation has w ritten or unw ritten policies that
sim plify

decision-m aking

alternatives30.

in

recurring

situations

by

lim iting

or

excluding

R outine problem s are not necessarily sim ple ones; program m ed

decisions are used for dealing w ith com plex as well as uncom plicated issues. If a
problem recurs and if its com ponent elements can be defined, predicted and
analysed then it m ay be a candidate for program m ed decision-making.

These

policies, rules and conditions by w hich program m ed decisions are made free the
tim e needed to w ork out new solutions to old problem s, therefore allowing more
tim e to other m ore im portant activities. U ltim ately m anagers use their judgem ent in
deciding w hether a decision calls for a program m ed decision31.

•

N on-P rogram m ed decisions. - These are specific solutions created through an
unstructured process to deal w ith non-routine problem s. If a problem has not come
up often enough to be covered by policy or is so im portant that it deserves special
treatm ent, it m ust be handled by non-program m ed decision-m aking.

M ost o f the

problem s that a m anager w ill face will require non-program m ed decisions32.

1.3.2 - R a tio n a l D ecisio n -M a k in g P rocess

The rational m odel o f decision-m aking parallels the rational problem -solving process
(see figure 1.3)33. A lthough sim ilar to the process o f problem -solving, the decision
m aking process described occurs continuously w ithin the overall process o f problem 
solving.

The first phase, know n as the intelligence phase, consists o f scanning the environm ent
for conditions calling for decisions. D ata is obtained, processed and exam ined for clues
w hich m ight identify problem s and opportunities.
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Figure 1.3 - Sim on's M odeI o f Decision-making

Once a problem is identified, the design phase begins.

This involves inventing,

developing and analysing possible courses o f action or solutions for the decision. These
solutions are subsequently critically exam ined to form a list o f feasible solutions.

The final (or choice) phase involves the selection o f a solution from the alternatives
generated by the previous phase. U sually knowledge, judgem ent and experience will be
used to decide w hich alternatives are m ost appropriate.

C om bining the problem -solving process and the decision-m aking process, for the
purpose o f this research, produces a m ore com plete model (see figure 1.4).

Develop

investigate

Evaluate

Implement

Intelligence
¡X-r

Analysis

Diagnosis

Figure 1.4 - Adaptation o f Problem-Solving and Decision-M aking models
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In this m odel the investigation phase is substituted with a formal diagnosis element.
This is an iterative process o f collecting the required intelligence, analysing the
inform ation and carrying out a detailed diagnosis (i.e. the true problem is identified, not
sim ply a sym ptom o f a deeper m ore serious problem). Using this m odel, the rem aining
elem ents o f the problem -solving process are only used after a problem has been
correctly identified and requires action. In addition, it can be argued that if a problem
can be broken dow n into its individual com ponents, solution selection is simplified.
For exam ple, a problem o f decreased revenue could be broken dow n into constituent
problem s o f decreased quality due to poor recruitm ent and training.

As a result, the

solution to the principal problem , although not apparent prior to the com prehensive
diagnosis, is the im plem entation o f a hum an resources policy.

A lthough a sim ple exam ple, this dem onstrates how an effective diagnostic process
could sim plify the problem -solving process.

However, certain characteristics o f

decision-m aking present difficulties to the problem -solver and therefore m ust be
considered.

Sim on's model o f bounded rationality points out that decision m akers m ust cope w ith34:

Inadequate inform ation about the nature o f the problem and its possible solutions.
The lack o f time or m oney to com pile m ore com plete inform ation.
D istorted perceptions o f the inform ation available.
The inability o f the hum an m em ory to retain large am ounts o f inform ation.
The limits o f m anagers' ow n intelligence to determine correctly w hich alternative is
best.

Com prom ised by the above points, instead o f searching for the perfect or ideal decision,
m anagers frequently settle for a decision that will adequately serve their purposes. In
Sim on’s term s35, they "satisfice" or accept the first satisfactory decision they uncover
rather than m axim ise or search until they find the optimal decision. M anagers lack the
time to do all o f the calculations required by the rational m odel, especially for the
routine decisions. It is im portant to try to follow the rational m odel w hen m aking m ajor
decisions but it w ould be foolish to go to the same lengths for every m anagem ent
decision.

The so-called rational m odel o f decision-m aking is probably the exception

and not the rule. H ow ever, to deal w ith the above difficulties, several concepts have
been developed.
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1.4 - Certainty, Risk And Uncertainty.
M anagers m ake decisions in the present for actions that will be taken and goals that they
hope to achieve in the future. All im portant decision-m aking situations contain some
aspects that are unknow able and very difficult to predict36. A lthough uncertainty exists
in m any situations, the am ount o f uncertainty varies greatly. There are two possible
sources o f uncertainty37. First, there m ay be external conditions partially or entirely
beyond a m anager’s control. Second, the m anager’s access to inform ation about those
conditions m ay be limited.

The m anager m ay not be aware o f all the inform ation

available about a set o f conditions or the necessary inform ation m ay not exist. In either
case the m anager’s ability to predict the future is impaired.

Certainty, risk and

uncertainty describe different positions along the uncertainty continuum w hich ranges
from predictable situations to situations extrem ely difficult to predict38.

U nder conditions o f certainty, we know w hat will happen in the future. U nder risk, we
know w hat the probability o f each outcom e is. U nder uncertainty, we do not know the
probabilities and perhaps even the possible outcomes.

U nder conditions o f certainty,

there is accurate, m easurable, reliable inform ation available on w hich to base decisions.
The future in this case is highly predictable. W here predictability is lower, a condition
o f risk exists. C om plete inform ation is unavailable but a good idea o f the probability o f
particular outcom es exists.

U nder conditions o f uncertainty very little is known.

Conditions o f uncertainty generally accom pany the most im portant decisions. M anagers
do have tools available to m ake the unknow n future a little m ore com fortable to
anticipate and deal w ith problem s.

In any attem pt to com puterise the problem -solving or decision-m aking process, it is
im portant for these conditions o f uncertainty to be considered.

1.5 - Quantitative Analysis And Decision-Making.
Figure 1.5 shows an alternate classification o f the decision-m aking process.

In this

diagram , the first three phases o f the decision-m aking process are com bined under the
heading o f structuring the problem and the latter two phases under the heading o f
analysing the problem . Figure 1.6 considers in m ore detail how to carry out the set o f
activities that m ake up the decision-m aking process. In this diagram , the analysis phase
is shown to take on tw o basic forms: qualitative and quantitative. Q ualitative analysis
is based prim arily on the m anager's judgem ent and experience; it includes the manager's
intuitive feel for the problem and is m ore an art than a science. W here the m anager has
little experience w ith sim ilar problem s, or if the problem is sufficiently com plex, then a
13

quantitative analysis o f the problem can be a very im portant consideration in the
m anager's final decision.
Analysing the Problem
Structuring the Problem
Define
the
Problem

Identify
►

the
------------►
A lternatives

Determine
ihe
C riteria

Evaluate
C hoose
the
------------►
an
Alternatives
A lternative

Figure 1.5 - Alternative Decision-making Process 39

W hen using the quantitative approach an analyst w ill concentrate on the quantitative
facts or data associated w ith the problem and develop m athem atical expressions that
describe the objectives, constraints, and relationships that exist in the problem . Then,
by using one or m ore quantitative m ethods, the analyst w ill provide a recom m endation
based on the quantitative aspects o f the problem .
Analysing the Problem
Qualitative
Analysis

Sum m ary
M ake
and --------- ► - the
Evaluation
D ecision

Q uantitative
Analysis

Figure 1.6 - Qualitative and Quantitative Decision-making Process.40

W hile skills in the qualitative approach are developed in the m anager and usually
increase w ith experience, the skills o f the quantitative approach can be learned only by
studying the assum ptions and m ethods o f m anagem ent science. A m anager can increase
decision-m aking effectiveness by learning m ore about quantitative m ethodology and by
better understanding its contribution to the decision-m aking process. The m anager who
is know ledgeable in quantitative decision-m aking procedures is in a m uch better
position to

com pare

and

evaluate the qualitative and quantitative

sources o f

recom m endations and ultim ately to com bine the two sources in order to m ake the best
possible decision.
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Again these com ponents o f decision-m aking m ust be considered w hen analysing the
problem -solving process tow ards the developm ent o f a m ore effective system.

1.6 - Heuristics And Biases In Decision-Making.
Research by T versky and K ahnem an has extended Sim on's ideas on bounded rationality.
They have dem onstrated that people rely on H euristic Principles, or rules o f thum b, to
sim plify the process o f m aking decisions4'. For exam ple, one manager, faced with
decreasing sales m ay im plem ent a formal problem -solving process, w hile another
m anager m ay only see the decrease as a problem if it is greater than ten percent on the
previous period.

The second m anager has used a rule o f thum b to screen problem s

which call for action.

W hile heuristics are great tim e savers and often produce good

results, they can lead to system atic biases in decision-m aking. People are often unaware
o f the heuristics upon w hich they rely. They are overconfident about the quality o f their
decisions because they do not appreciate the w eaknesses o f their assum ptions or the
extent o f their ignorance.

There are three heuristics that show up repeatedly in hum an decision-m aking42. These
are not specific rules, but general cognitive strategies that people apply to a wide variety
o f situations because they m ake intuitive sense.

•

Availability : People som etim es judge the likelihood o f an event by testing it against
the inform ation stored in their m em ories.

Thus events that are m ore readily

"available" in m em ory are assum ed to be m ore likely to occur in the future. This
assum ption is based on the experience o f a lifetim e, and it seem s reasonable enough.
H ow ever, the hum an m em ory is affected not ju st by the frequency o f an event but
also by how recently it has occurred and how vivid the experience was.

•

Representativeness : People also try to assess the likelihood o f an occurrence by
trying to m atch it w ith a pre-existing category; for example, m atching a decrease in
revenue w ith a sim ilar decrease which occurred previously. H owever, it is possible
that the second decrease occurred in a highly different econom ic climate, and
therefore sim ilar solutions m ay be inappropriate.

•

A nchoring and Adjustm ent - People do not pull decisions out o f thin air. Usually
they start w ith som e initial value, even if it is random ly chosen, and then make
adjustm ents to that value in order to arrive at the final decision. D epending heavily

on the single factor o f initial value tends to obscure relevant criteria. In addition,
different initial values lead to different decisions.

For exam ple, the issue o f a

required increase in revenue may cause a m anager to take the previous year’s
increase as a starting value, this figure m ight be 5%. The decisions presently under
consideration are then made to achieve a sim ilar increase. However, supposing the
industry has grow n by 10%, the selected increase in revenue actually results in a
decrease in m arket share.

Bearing these biases in mind, it is im portant that any study o f problem -solving or
decision-m aking considers them.

M ost decisions m ade will contain som e elem ent o f

bias and therefore m ust be reflected in the overall process.

1.7 - Human Problem-solving: An Information Processing Approach
An analogy using inform ation processing to explain hum an decision-m aking has been
suggested.

This approach is based on the b elief o f A rtificial Intelligence researchers

that problem -solving can be understood as inform ation processing.

It is based on a

cognitive approach that uses a qualitative description o f the ways in w hich people are
sim ilar in their approach to solving problem s, and the m anner in w hich people reason.

A llen N ew ell and H erbert A. Sim on43 proposed a m odel o f hum an problem -solving that
m akes use o f the analogy betw een com puter processing and hum an inform ation. The
following is a description o f this process offered by Turban44. The hum an inform ation
processing system consists o f the following subsystem: a perceptual subsystem, a
cognitive subsystem , a m otor subsystem and an external memory. Figure 1.7 illustrates
the system including the m em ories and processors included in each subsystem.
The Perceptual Subsystem

The Cognitive Subsystem

Motor Subsystem

Figure 1.7 - Human Problem-solving Subsystems.
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The perceptual subsystem.
External stim uli are the input for the hum an inform ation processing system.

These

stimuli enter through sensors like eyes and ears. The perceptual subsystem consists o f
these sensors along w ith buffer m em ories that briefly store incom ing inform ation, while
it awaits processing by the cognitive subsystem.

The cognitive subsystem.
W henever there is need to make a decision, the cognitive system selects the appropriate
inform ation from the buffer m em ories.

The cognitive processor evaluates the

inform ation and then stores it in another memory.

The processor contains three parts: the elem entary processor, the short term memory,
and the interpreter, w hich interprets part or all o f the program o f instructions for
problem -solving.

The program used by an individual will depend on a num ber o f

variables such as the task and the intelligence o f the problem solver. In the simplest
tasks, the cognitive system m erely serves as a point for transferring inform ation from
the sensory inputs to m otor outputs. H abitual tasks, such as picking up a pen, are like
this. There is little or no deep thought involved, in fact the thinking that does occur is
often im possible to recover. M ore com plex tasks involve m ore inform ation. That in
turn calls for m ore elaborate processing.

To accom plish these tasks, the cognitive

processor w ill draw on the second m em ory system: long-term memory.

Long-term and external memory.
Long-term m em ory consists o f a large num ber o f stored symbols w ith a com plex
indexing system. T here are com peting hypotheses about w hat the elem entary symbols
are and how they are arranged.

In the sim plest m em ory model, related sym bols are

organised into tem poral scripts.

A nother view is that m em ory consists o f clusters o f

symbols called “chunks” . A chunk is a unit o f stored inform ation - it can be a digit, a
symbol, or a w ord associated w ith a set or pattern o f stim uli. Chunks are hierarchically
organised collections o f still sm aller chunks.

In this conception, m em ory is a vast

netw ork o f chunks. It requires only a few hundred m illiseconds to read from long term
memory, but the w rite tim e is fairly long.

H um an beings can support the decision-m aking process w ith another m em ory, the
external one. The external m em ory consists o f external m edia like a chalkboard. The
processing, retrieval, and storage o f data by com puters can be thousands, perhaps
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m illions o f tim es faster than that o f hum ans. Hum ans are also lim ited in their ability to
generate, integrate and interpret probabilistic data.

The long-term m em ory has essentially unlim ited capacity. The short-term m em ory is
quite small. It holds only five to seven chunks. However, only about two chunks can
be retained w hile another task is being perform ed. This suggests that part o f the short
term m em ory is used for input and output processing.

This is one o f the major

lim itations o f the hum an com pared to com puters.

Motor output.
A fter scanning and searching m em ories, the processor sends inform ation to the m otor
subsystem.

M otor processors initiate actions o f m uscles and other internal human

systems.

Considering this approach, it is possible to see that if inform ation processing and human
problem -solving are analogous, com puters should have the ability to support the human
process.

This is due to the fact that both entities em ploy sim ilar m ethods when

processing data. The com puter, however, is capable o f carrying out calculations more
quickly and is not lim ited by the num ber o f pieces o f data under consideration at one
time.

This issue, the application o f com puters to supporting m anagem ent problem 

solving, is a central them e throughout this thesis.

1.8 - Summary
This chapter has established that problem -solving is an im portant elem ent o f a
m anager’s work.

H ow ever, the process as established to date is lim ited in its

effectiveness. Firstly, m anagers m ay neglect to tackle problem s using formal m ethods
when they are relatively m inor. As a result they are allow ed to escalate into problem s o f
greater seriousness and com plexity. Secondly, the form al m ethod o f problem -solving is
generally utilised only after a problem is identified. It is possible that a problem m ay be
in existence for som e tim e before it is recognised. This again m ay result in the problem
escalating, causing seriousness long-term dam age before it is tackled.

Thirdly, the

process o f diagnosis is carried out after the problem is defined. It is possible that the
diagnosis is concerned w ith the problem as defined, not the actual problem .

The

defined problem m ay only be a sym ptom o f w hat is really w rong in the company. The
actual problem should have been clearly diagnosed prior to initiating a problem -solving
process.
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In addition, this chapter addressed the area o f decision-m aking versus problem -solving.
It was identified that each problem is com prised o f m any decisions. Each decision has a
solution process sim ilar to the overall problem -solving process. Considering this point,
the author argues that in order to support the problem -solving process, support is
required for the constituent decisions and that one o f the most im portant o f these
decisions is the identification o f the "correct" problem prior to the com m encem ent o f
the problem -solving process.

This research is concerned with the developm ent o f

com puterised a system capable o f supporting one o f these decisions. The exact decision
under consideration being “W hat problem s, if any, are occurring w ithin the hotel unit?
The internal elem ent is m ost significant as, in the m ajority o f cases, business problem s
are internally generated45. In m ost situations w here the m anagem ent is open-m inded
enough to pay heed to the signals, it will be possible to head o ff at least a good portion
o f the outside factors w hich created the crisis. External factors, such as a condition o f
scarce money, a condition o f high interest rates, a condition o f faltering sales, or a
com bination o f those things, are m erely the triggering m echanism that suddenly makes
things that formerly w orked no longer work.

These external problem s w ork on the

internal problem s until the com pany declines or the internal problem s are corrected.

This specific subject m atter being researched (i.e. the identification o f the cause o f
problem s) requires the collection o f relevant data about the decision situation i.e. the
hotel unit, the analysis o f that data for the design o f the solution, w here the solution is
the identification o f the real problem s. At this point, it w ould be necessary for the hotel
m anager to select the problem w hich is m ost likely, and then initiate a form al problem 
solving process for its solution.

It is suggested that this decision should be made

regularly, in order to avoid problem s escalating and causing com pany failure.

A lthough time consum ing if the diagnostic process is carried out m anually, it is
proposed that the process can be tackled using a com puterised system.

The system

w ould be capable o f scanning the internal environm ent for factors w hich m ay suggest a
problem is in existence.

In order for an appropriate system to be developed, it m ust

replicate the same m ethods a hum an would use m aking the decision. Both a rationalanalytical and intuitive-em otional approach should be utilised as this com bination offers
a higher chance o f success in solving the problem .

A s the decision is relatively ill-

structured, the system m ust allow for insecure inform ational bases, consider uncertainty
and risk, em ploy both quantitative and qualitative analysis techniques and utilise
heuristics sim ilar to those used by humans.

19

The development o f such a system would relieve the human decision makers and
enhance the quality o f decisions made. This is a result of the fact that computers can
carry out complex analysis quicker with none of the memory limitations experienced by
humans.
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Chapter Two
Hotel Unit - Analysis and Diagnosis

2.1 - Introduction
Diagnosis - a term borrow ed from the field o f m edicine, has for m any people the
m edical m eaning, "to recognise sym ptom s o f disease"1. O rganisations, unfortunately,
have few vital signs as precise as pulse, temperature, blood pressure and respiration
which signal w hat shape they are in. It is necessary for this research that an equivalent
is developed.

From the characteristics o f the hotel industry and product, several

im portant functional areas o f the business are established. Finance, operations, sales and
m arketing, personnel and control can form a categorisation o f the "anatomy" o f the
hotel unit. W ithin these areas, it is im portant to distinguish sym ptom s w hich may point
the "com pany doctor" in the right direction. Symptom s or com binations o f them, will
point to the causes and a diagnosis can be made.

This chapter begins by showing the im portance o f tourism and the hotel industry to the
Irish economy.

The product and industry characteristics are evaluated in relation to

their affect on the hotel operation.

Based on this analysis, a diagnostic m odel o f the hotel unit is developed. The areas o f
m arketing, finance, hum an resource m anagem ent, control and operations are selected as
the im portant areas requiring diagnosis. Each o f the areas is discussed w ith particular
reference to the hotel industry.

Considering the “ anatom y” o f the hotel, the rem ainder o f the chapter is then concerned
w ith an investigation into the causes and symptoms o f problem s w hich exist w ithin a
hotel unit.

Finally, action research is identified as an appropriate m ethod for developing the model
into a com prehensive system for corporate diagnostics.

2.2 - The Irish Tourism Industry and the Economy.
Tourism is an area on w hich the hotel industry depends on for m uch o f its business.
Business travellers, holiday m akers, both foreign and dom estic, provide the means for
increased revenues through increased sales2. Bord Failte, the Irish tourism board, has a
great im pact on the success o f hotels by both controlling the m arketing o f Ireland
abroad, and controlling and grading m em bers o f the hotel industry.

The hospitality

industry is seen as an area w ith great potential, offering em ploym ent and as a substantial
revenue generator for econom ies w orld-wide. H owever, as w ell as a possible increase
in perform ance o f tourism , dow nw ard trends are also o f great concern to the hotel
operator.
25

In a report m ade by the Tourism Task Force in 1992, it was estim ated that tourism
accounted for three in every four net additional jobs in the period 1986-19913. Tourism
in general at that tim e accounted for one in every fourteen o f all jo b s or one in eight in
the services sector. It w as these figures w hich prom pted G overnm ent policies to ensure
that to increase em ploym ent, considerable effort must be given to tourism because it is
so labour intensive and has shown capacity for such an increase.

O f the 87,000

em ployed in tourism , 33,461 w ork directly in the hotel and guest house sector4.

A particular point o f tourism em ploym ent is that it is w idely dispersed, often in areas
w here there is little other em ploym ent. For this reason alone, the industry has special
social significance.

A ny industry w hich can create em ploym ent in underdeveloped

areas is o f prim e im portance to an econom y5.

As w ell as em ploym ent, the tourism industry contributes approxim ately 7% o f Gross
N ational Product (G N P) to the economy. O f the total increase in GNP betw een 1985
and 1990, tourism contributed £365 m illion (1985 prices) or alm ost 12%. In addition,
econom ic m odels show that tourism has a very high GNP m ultiplier effect because its
inputs are m ainly dom estic i.e. m oney spent by tourists m ultiplies in value as it is
passed from hoteliers to suppliers o f m aterials and labour and onto their suppliers6. In
addition, w here m anufacturing is basically local, tourist spread their expenditure all
over the country.

There has been a positive and accelerating balance o f paym ents betw een tourism
inbound and outbound since 1986 until 1992. In that year the travel balance reversed
for the first tim e in six years w ith a substantial relative increase in expenditure on
outw ard travel (figure 2 .1)7. A lthough this reversal was due prim arily to the G u lf W ar
because there w ere less A m erican tourists in Ireland, its occurrence highlighted
problem s w ithin the hotel sector o f the tourism industry. As stated in chapter one, this
external condition triggered other internal problem s for hoteliers.
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Figure 2. 1- Net Tourism Balance, 1986 - 19928.

Total expenditure by people travelling abroad in 1991 was IR£880 m illion w hich, for a
population o f 3.5 m illion, is very substantial. The com parison o f receipts from inbound
tourism was IR£1,213 million.

As the latter figure represents earnings from the

population o f the w hole w orld, it could be suggested that Ireland m ust earn a greater
share o f the w orld tourism market.

These attributes o f the Irish tourism industry suggest that it is one o f great im portance
and, as such, dem ands concerted efforts by both governm ent and operators in producing
a product w hich is w orthy o f m arketing on a global scale.

As w ell as governm ent

intervention, the hotel industry, as a m ajor player, m ust fully develop and take
advantage o f all opportunities for increased effectiveness. This requires m anagem ent
who are highly skilled in the sale and operation o f their product. In order for this to be
possible, it is necessary for m anagem ent to both understand how their property operates
and how problem s can arise.

2.3 - The Hospitality Industry.
The H ospitality industry, a sector o f the service industry, consists o f several different
types o f operations, providing both products and services to its clients or guests9. The
core products include food, beverages, and accom m odation; the service is the m anner in
w hich they are presented to the purchaser. The Industry includes hotels, motels, quickservice restaurants, fine-dining restaurants, resorts and clubs, to nam e ju s t a few o f the
businesses involved. This research, however, will concentrate on the hotel sector.

2.3.1 - The Hotel Product.
The m ain activities found in the hotel industry relate to the provision and service o f
accom m odation, food and beverages10.

W hile some operators have extended their

products to include leisure activities, retail outlets or outside catering, the elements
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above constitute the "core" products o f the hotel organisation. An essential elem ent o f
the business that m ust be outlined is the involvem ent o f people. A lthough all products
and services are sold to individuals, com panies or governm ent agencies, the hospitality
product m ust be m ore people-oriented as they are present in the production process. A
m ajor elem ent o f the operation is therefore geared towards custom er satisfaction and
thus com plicates the process as the custom er is an integral part o f this process".

Some have suggested that the m anagem ent o f a hotel is m erely an extension o f hom e
m anagem ent12: the provision o f som ething to eat, drink and som ew here to sleep.
However, on close exam ination any resem blance is deceptive. Hotels and restaurants
are com m ercial enterprises that trade in the business environm ent, and like other
businesses are subject to the com plexities o f econom ic and m arket forces.

This

involves com peting for consum er spending, m onitoring and im proving the product, and
keeping abreast o f technological and m anagerial developm ents.

This view clearly

differentiates hotels from dom estic m anagem ent but the analogy m ay pin-point w here
some o f the problem s o f quality and efficiency associated w ith the hotel industry arise.
Consider the suggestion that anyone who can adequately run a hom e can run a hotel.
U nfortunately this is not the case.

H otel m anagers m ust be trained in all aspects o f

m anagem ent from finance to hum an resources, m arketing to operations.

The need for “m ulti-skilling” in m anagem ent is a result o f the fact that an hotel, in its
sim plest form, covers three separate, yet inter-related, businesses. They are13:

1)

Room L etting activity - The provision o f room s, originally for sleeping, but now
also for banquets, m eetings and conferences. This elem ent represents a nearly
pure, intangible service industry product. The letting o f a bedroom is the sale or
rental o f space over a period o f time. T heir is no tangible product, nothing to
bring away, sim ply a m em ory o f the experience.

2)

Beverage service activity - The provision o f beverages, alcoholic and non
alcoholic, represents a service industry product that contains a retail function.
U nlike room letting, the beverage product is som ew hat m ore tangible, but it does
contain an im portant service elem ent w hich is intangible.

3)

F o o d service activity - The provision o f food represents a service industry
product that contains a m anufacturing or production function.

This activity

includes the purchase and conversion o f raw m aterials into finished products.
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The product is reasonably tangible but, again, also has a significant service
com ponent.

T raditionally these "core" products w ere essentially the same; more recently, however,
hotel com panies began to segm ent their products. This was, basically, a reaction to the
needs o f the custom er.

The perception o f the experience will vary for different

custom ers. Each custom er will have different requirem ents and varying expectations o f
the products and therefore will be w illing to pay different rates for the service14. For
exam ple, business or conference guests tend to spend a lot more time in their room s and
in the hotel than tourist guests. For this reason, their requirem ents differ. They m ay
need a m ore spacious bedroom w ith a desk, a m ore varied menu in the restaurant and an
am iable atm osphere in the bar. These varying requirem ents have led m any large hotel
com panies to segm ent their hotel products, to provide different categories o f hotel
products for the different consum ers.

Later in this chapter it will be show n how the

industry naturally segm ents by hotel grade, region, size, and so on and how this causes
com plexity in the supposedly sim plistic hotel products.

2.3.2 - Product Characteristics.
As well as som e o f the factors m entioned above, the hotel product possesses certain
other

characteristics

w hich

differentiates

it

from

other

products15.

As

these

characteristics cause com plexity in the product from an operations and strategic level, it
is im portant that they are understood before attem pting to develop an effective
diagnostic method.

F ixed capacity - H otels have a stock o f bedroom s w hich in the short-term is static; for
exam ple, unexpected periods o f high dem and cannot be easily m et by producing extra
bed-nights.

A sim ilar situation is found w ith restaurant and bar seating capacity or

conference and banquet room capacity. In effect, these periods o f high dem and result in
business being refused and a subsequent loss o f revenue. Likewise, in periods o f low
dem and, a hotel can reduce a portion o f its labour costs, but a large proportion o f other
costs such as adm inistration, energy, m aintenance, rent, interest and depreciation are still
present. This characteristic calls for effective pla n n in g and control skills in forecasting
dem and and m arketing skills in m axim ising sales o f the space available.

Perishability - H otels experience absolute perishability in term s o f room stock.

An

unsold room represents a loss in revenue that is irretrievable: a room for a particular
night, now past, can never be sold. Similarly, unsold room s cannot be held in stock for
periods o f higher dem and. R aw and prepared food item s are also perishable, though to
29

a lesser extent than room s. A gain, this characteristic calls for the sam e skills m entioned
above, planning, control and effective m arketing.

Erratic dem and - H otels and restaurants often experience erratic dem and; for example:
busy dinner periods and quiet lunch periods, busy m id-w eek and quiet week-ends. O ver
a year, a hotel m ay attain high occupancies at peak holiday times w hile suffering from
low take-up in the o ff season.

Effective p ricin g and creative m arketing m ay be used to

m axim ise the sales effort.

Product range - H otels and restaurants are characterised by their low volum e and wide
choice. In many cases restaurants offer three or four different product lists, in the form
o f menus per day. W ith a relatively w ide range o f choice w ithin each menu, even large
establishm ents

experience

a com paratively

low

sales

volum e per m enu

item.

Forecasting dem and and stringent control are generally used to com bat this problem.

Real-tim e activity - A nother characteristic in hotel and catering operations is the
im m ediacy o f the activities i.e. the custom er, arriving for a room , meal or drink,
requires the product im m ediately and cannot be expected to w ait until a later date. This
characteristic requires professionalism in operations from both staff and management.
This is only possible through training and re-training o f the human resources o f the
firm.

Labour intensity - The nature o f hotel and restaurant service necessitates the activities to
be carried out by hum an beings rather than machines. In recent years, autom ation and
production m ethods have been applied in the industry. H owever, the rendering o f
services is an area in w hich m achines have been unable to replace hum an beings to any
appreciable extent.

A s a result o f the labour intensity, hotels experience high labour

costs; in Ireland, this is approxim ately 22% o f revenue and, in the USA, the figure can
be as high as 40%. A key elem ent o f rem aining com petitive is the tight control o f these
costs from effective planning and the use o f various forms o f work: full-tim e work, parttim e work, contract w ork, and so on.

Location - The hotel and catering business is a m arket-centred activity and, as such,
establishm ents generally need to be located w here the products and services are
consum ed.

Frequently they need to be located on prim e sites w hich attract high

purchase and operating costs, w hich in turn requires highly skilled fin a n cia l
m anagement.
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Production and consum ption - In hotel and restaurants, production and consum ption are
often synonymous. Food is prepared on site and is usually consum ed soon afterwards.
The efficiency o f s ta ff in this process is an essential elem ent o f the overall hotel
experience.

Capital intensity - A nother feature o f hotel and catering establishm ents relates to the
am ount o f capital investm ent.

Large sum s are usually required, particularly in hotel

projects, o f w hich the greater proportion is tied up in property, the land and the
buildings. The return on this investm ent is generally low, approxim ately three percent
in Ireland, substantially low er than the return available from other businesses or a
sim ple bank account. The m axim isation o f the return is therefore o f great concern to
investors and consequently m anagem ent.

The result o f these characteristics is that hospitality m anagers m ust be at least capable o f
effective and innovatory m arketing; im plem enting effective pla n n in g and control
procedures; optim ising relative product profitability-, operating the establishm ent in a
sm ooth m anner in tim es o f pressure; and o f effective hum an resource management, in
order for the unit to perform effectively.

These areas are therefore suggested as

im portant candidates for analysis and diagnosis w ithin a hotel unit. I f these functions
are being carried out effectively, as indicated by the operation's profitability and return
on investm ent, a reasonable m arket share and a loyal and happy workforce, the
com pany is in a good situation.

2.3.3 - The Irish Hotel Industry Structure.
As well as the product characteristics suggested above, hotel m anagers in Ireland also
face an industry structure w hich requires extra skills in the functional areas o f hotel
operations.

These areas also suggest factors to be considered in evaluating the

effectiveness o f an hotel com pany.

Some significant factors that m ust be considered

Seasonality - 39% o f the total bed-nights sold in 1992 w ere during the three months o f
July, August and S eptem ber16. The proportion o f sales during those peak months was
one percent low er than in 1989. The April, M ay and June "shoulder months", on the
other hand, attracted a slightly higher proportion o f business. The share o f annual sales
falling into the off-peak m onths o f January to M arch and O ctober to Decem ber
rem ained virtually unchanged. This aspect o f the business cannot usually be affected by
an individual operator. A n industry or regional level m arketing initiative is required.
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N um ber - In 1992* , the last year o f available data, there were 659 registered hotels in
Ireland, offering about 22,000 bedroom s and 46,000 b e d s17. A lthough this num ber o f
hotel prem ises is rem aining relatively stable, an increase in the num ber o f room s and
beds exists, signifying expansion by individual operators.

The expansion, geared

towards the high season, results in even greater com petition for the business available in
the off-season. C om petition o f this type usually results in low pricing that erodes the
already low profit m argins.

Effective pricing and m arketing m ust be used in this

situation.

This total num ber o f hotels can be further categorised by Grade, the grade awarded to a
prem ises signifying the level o f quality and facilities available. Eight out o f every ten
hotels belong to the four highest grades, A*, A, B* and B. Grade B is the largest single
category in term s o f prem ises; grade A provides the m ost beds due to the larger average
hotel size.

H igher grades generally perform better than the lower ones.

The lower

grades, offering a low er standard, are restricted in the price they can charge and
therefore m ust concentrate on cost containm ent to rem ain profitable.

Therefore the

grade in w hich the hotel unit is operating has a very large effect on the custom ers which
can be targeted and the prices w hich can be charged.

G eographical p o sitio n in g a n d size - The highest proportion o f hotel beds is found in the
South W est region o f the country, followed closely by D ublin, the poorest served region
being the M idlands w here hotels have the lowest average num ber o f rooms. This small
hotel size is also a feature o f hotels located in the W est region. A lthough the num ber o f
beds is the second highest in D ublin, the actual num ber o f prem ises in this area is quite
low. This show s that D ublin hotels tend to be m uch larger, having nearly double the
average national num ber o f beds. This same area has also been the region o f greatest
percentage increase in bed supply over the past five years. O perating in this area will
obviously involve greater com petition.

Capacity - In 1992, the total num ber o f bed-nights available was 14.2 million,
representing an increase o f 5% since 1989.

A gain, the higher grade hotels are

dom inating capacity, A*, A and B* accounting for 88% o f all the bed-nights available.
In that year over 7 m illion bed-nights were sold, representing an increase in dem and o f
over 13% on 1989 figures. This upturn in demand, how ever, was not uniform across all
regions.

W hile above average grow th was experienced in the M idlands, M idwest,

N orth W est and W est, dem and actually fell in D ublin and the South East. W hile grade
A hotels attracted the m ost business in 1992, it w as the prem ier grade, A* w hich
enjoyed the highest growth. The trends in dem and for higher quality accom m odation
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was also true o f the B category, with sales growth in Grade B* exceeding performance
o f grade B.
Market performance - Hotel bed-night sales very much reflect the overall trends in
tourism performance. The strong overall growth in the volume o f British and mainland
European visitors was reflected in the increase in hotel guest-night sales to these
nationalities.

The decline in the North American market was also reinforced.

Accounting for 29% o f bed-night sales in 1985, the North American market accounted
for just 13% o f sales in 1992. However, this was a direct result o f the Gulf war, and as
such, is not expected to continue. Britain, followed closely by mainland Europe, has
usurped North America's former position as the most important overseas market in
terms o f absolute numbers o f hotel bed-nights sold. Demand from the domestic market,
which accounts for nearly half o f all bed-nights sold, was very strong in 1991 and sales
increased by 17%.
These industry statistics pin-point areas which cause hotel managers concern.

For

example, if they belong to a declining grade, should they invest and upgrade? If they
upgrade, are they increasing competition in the area and instituting a price-war? Is the
business available in the first place and are they managing effectively considering these
industry characteristics?

Will the hotel have to close in the off-peak season to cut

costs? These questions describe the problem situations in which many Irish hoteliers
find themselves.

2.4 - The Diagnostic Model.
As suggested from the previous sections, the "anatomy" o f a business can be categorised
under the following headings; marketing, finance,

human resource management,

control and operations. Each area must be considered with the others; this is due to
relationship between the various systems (see figure 2.2).

For example, human

resources has a direct relationship with all operating departments within a hotel. Any
dramatic changes in human resource policy will obviously affect all departments with a
labour element.
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Figure 2.2 - The Hotel Diagnosis Model

In order to understand this model, it is necessary to describe what is meant by each of
the functions.

2.4.1 - Marketing
Marketing is often mistakenly equated with selling, advertising or promotion. While
these activities are important in the overall function, marketing is much more.
Marketing is the integration o f basic business functions such as sales, advertising,
public relations, promotions, merchandising and pricing in order to produce the
maximum profit18. Its most basic task is bringing buyers and sellers together.

An

extension of this process involves firstly identifying who the customers are in terms of
location, economic status or lifestyle characteristics. More essentially, the marketing
concept attempts to see the business o f the hospitality operation through the eyes o f the
customer. It is essential that the hotel operator discovers what their customers need,
how the property can deliver the appropriate services and planning strategies for
competing against other properties attempting to attract the same customers. From this
perspective it is obvious that activities other than selling and advertising become
important and makes marketing critical to the success o f the hotel unit.
As the industry expands, competition is becoming keener.

Because today's guests

expect more services, amenities and value, the industry is responding by becoming more
specialised and sophisticated.

As more and more companies equip themselves to

surpass the competition and to meet these new customer demands, marketing will play
an increasingly important role.
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Until recently, many companies did not understand what the marketing concept
involved. They have however, now been forced to take marketing measures, usually
due to unfavourable circumstances, such as:
•

Sales decline - When companies experience falling sales, they often react by looking
for answers in the market-place. Many hotel companies in this situation have had to
take a hard look at their products and how well they meet the needs o f the
customers.

•

Slow growth - Slow growth gives companies the impetus to look for new markets.
They recognise a need for marketing know-how if they are to successfully identify,
evaluate and select new opportunities.

Many hotel companies faced with slow

growth in their traditional markets are diversifying or developing new products for
different market segments.
•

Changing buying patterns - Many industries are marked by rapidly changing
consumer wants and needs. In the restaurant industry for example, concepts come
and go.

In fact, it could be suggested that the variety has actually stimulated a

fickleness on the part o f consumers - knowing that more is available, more is
constantly demanded.
•

Increasing competition - complacent companies may suddenly be attacked by
powerful marketing strategies launched by their competitors. When this happens
they are forced to learn sophisticated marketing techniques in order to meet the
challenge.

•

Increasing marketing expenditure - Companies may find their expenditures for
advertising, sales promotion, marketing research and consumer service getting out
o f control. In these situations management may decide that it is time to adopt a
strategic marketing planning process.

2.4.2 - Finance
Financial management can be argued to be one o f the key roles for hotel managers. As
already mentioned, the hotel industry is highly capital intensive with the majority o f
finance tied up in buildings and property.

The return made on this investment is

generally about 3%, considerably lower than could be returned from a simple savings
account. For this reason, financial management obviously plays a major role in the
hotel manager's duties. As the return on investment is so low, it must be achieved over
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the long term so as to produce satisfactory wealth.

One o f the main aims o f

management is to maintain a good financial posture that will allow a long-term level o f
profitability19.

Any problems affecting liquidity, working capital, debt structure, or

dividends, to name a few, may have disastrous affects on a company's financial
viability.

2.4.3 - Human Resource Management
Probably no other area o f management has undergone more dramatic changes in recent
years than that o f human resources20. These changes have been driven by powerful
forces sweeping through society, business and government. One factor causing these
changes has been the tremendous growth in the service sector. This increase has created
an even greater demand among hospitality companies for skilled workers21. Not only
must hospitality managers be able to recruit and hire competent employees, they must
also be able to retain them despite strong competition from other employers inside or
outside o f the hospitality industry.
In order to meet these challenges, hospitality employers must realise the vital
importance o f managing human resources in the service environment. In the hospitality
business, personnel are a key factor o f success22. Almost every member o f staff comes
in contact with a guest.

The marketing plan will have identified the company's

customers and the company's marketing objectives. The business plan then outlines
how to accomplish the marketing objectives in terms o f finance, materials, timetables,
measurement systems and so on.

The human environment or organisational culture

must support the marketing and business plans, or neither will work successfully.
The human resources strategy is a long term, systematic approach to the development
and maintenance o f all the elements that affect the organisational culture o f a
workplace, so that all the elements support one another and the goals o f the company23.
In the past, managers didn't think about improving operating effectiveness and
profitability through direct involvement in the development o f the human resources
strategy.

Today, effective managers know they need to master its development and

integrate it with the marketing and business plans.

Otherwise they won't be able to

achieve the level o f service demanded by guests or the profitability demanded by the
company.

2.4.4 - Control
This is one o f the most important functions o f the very broad and complex systems
loosely referred to as management. It is basically a series o f co-ordinated activities that
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helps managers ensure that the actual results o f the operation closely matches the
planned results24. An effective control system is important because25:
•

The manager must know how the operation is doing - whether and to what extent it
is meeting its goals.

•

Control procedures can determine whether delegated tasks are being carried out
correctly.

•

Through control procedures, managers can assess the effect o f changes necessitated
by the economy, market, and/or reactions to competition.

•

Control procedures can identify problems early so that they can be resolved before
they turn into bigger problems.

•

Control procedures can determine where problems are occurring.

•

Control procedures help identify mistakes and lead to actions to correct these
mistakes.

The control process follows a series o f basic steps.

The process begins with the

establishment o f standards. Next, accurate information about the actual results achieved
by the operation must be gathered. If actual results do not conform to the standards,
corrective action must be taken.

The action taken may be a change in operating

procedures or a revision o f the standards.

By repeating the cycle, the effects of

implementing any corrective action can be evaluated.
In the hotel business, food, beverage, quality, labour and sales income have the highest
priority for control.

Over the past decade, many models and procedures have been

developed so as to minimise the risk in these areas.

Some o f them will have been

utilised in the industry to some degree o f success. However, the systems, although in
existence, may not be adequate. Managers should consider whether the systems are
performing at a sufficient level.

If they are not, this denotes a problem within the

control function. For example:
•

Do the systems and standards set reflect the level o f service quality that is being
offered?

•

Is the data being collected correctly and effectively?

•

To what extent is computerisation used in the process?

•

How broad and deep is the control effort?
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2.4.5 - O p era tio n s

Having considered the previous sections, it can be argued that ensuring the success o f a
hotel unit, the manager is not interested in marketing, finance, control and personnel as
disciplines in their own right. The manager is interested in using these techniques to
achieve the results required. Management are concerned with using techniques in an
integrated way to apply to the problems facing the unit and the organisation.
The last category within the diagnostic model concerns analysing the operations o f the
hotel unit, i.e. how the techniques are being used in the overall effectiveness o f the
business. The results that a manager is concerned with must be derived from the three
major components o f the hotel operation26.
•

The customers

•

The workforce

•

The assets

The operational level o f the diagnostics is concerned with the amount o f fit between
these three components. In practise, many management problems are derived from a
lack o f fit. It is now possible to identify "key result areas" or that are derived from
managing the three components so far identified27. A key result area can be defined as
an area o f activity that must be successfully managed in order to ensure the continued
existence and the ultimate success o f the operation. Thus the key result area derived
from the customer is ensuring customer satisfaction; the key result area derived from the
workforce is maintaining employee performance; and that from considering the assets is
protecting them from threat, (see figure 2.3)

Figure 2.3 - Three component model o f operations management
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But the manager does not manage these components in isolation from each other. They
interact and overlap. Where each component interacts with one o f the other two, a new
key result area is evident (See figure 2.4). The interaction o f the workforce and the
customer highlights the key result area o f managing customer service.
workforce/assets interface is concerned with maximising productivity.

The

And the

interaction between the customer and the assets focuses the manager's attention on
maximising income and profit contribution.

Finally, the combined interaction o f all

three components focuses on the key result area o f managing quality.

Maximise Productivity

Figure 2.4 - Integrated model o f operations management

The extent o f fit required will vary for different sectors o f the industry, and o f the same
sector at different times when facing different market conditions. The focus o f attention
or relative priority o f each o f the key result areas will vary across sectors, and over time
within sectors.
The operational diagnosis will be geared towards identifying what are the key result
areas for a particular business at that particular time and ensuring that the best possible
fit is being exercised.

2.5 - Early Warning Signals
As few people can truly be experts in all o f the required areas mentioned above, much
research has been carried out recently in developing useful frameworks for analysis and
practical tools for crafting strategies towards the effective management o f a hotel unit.
An original direction o f this research was to develop a comprehensive list o f the critical
success and failure factors for the hospitality industry.

These are factors that exist

within the business that can help determine whether or not the business in question will
succeed or fail. For example, low cash flow, a high staff turnover value, decreasing
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market share, below average profit margins or a combination o f these, would be serious
failure factors in any business and the opposite would be examples o f factors o f success.
Although it would be helpful to have a general list o f the critical success / failure factors
for the hospitality industry, such a list is difficult to generate as every property is
different, as it is managed by different people, visited by different customers and
operates in a different external environment. It was determined to be beyond the limits
o f this research to consider in depth all the material presented on all functional areas o f
the hospitality industry. Instead, for the purposes o f demonstrating the suitability of
expert systems to the task the identification o f what may be the most crucial internal
factors and appropriate methods o f analysing them were investigated.
There are three basic categories o f early warning signals which may be analysed28.
Early warning signals constitute the symptoms a company may exhibit if in a problem
situation.
The first is a mathematical analysis approach used to "Red-Flag" potential problems.
Commonly referred to as financial statement analysis, this method provides more
valuable information from financial statements than could be received from reviewing
the absolute numbers reported in the documents. A combination o f ratios can be used to
efficiently and effectively communicate more information about the well being o f the
business and where corrective action is required. The detection o f company operating
and financial difficulties is a subject which is amenable to analysis in this manner. As
early as 1935, Smith and Winakor29, Merwin30 and Hickman31 concluded that failing
firms exhibit significantly different ratio measurements than continuing ones. The most
significant use o f ratio analysis carried out by Beaver32 in 1967 found that a number of
indicators could discriminate between matched samples o f failed and non-failed
companies for as long as five years prior to failure.
The second category o f signal - adverse trend signals - is a more subjective method and
less precise mathematically.

These cover a variety o f functions, but are principally

market-oriented, i.e. the company is viewed by the managers through the eyes o f the
customer. There is no absolute good or bad values for these measures, since they can
vary from industry to industry and region to region. It is the relative trend o f these
factors and their comparison to industry numbers that is significant. The first tip-off on
the overall company is when growth in sales is not translated into profits. Declining
margins are the first key, and can be evaluated using the profit margin ratio. The second
key is price incompatibility in the market, with loss o f market share. When both are
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apparent, that would suggest a company that is in trouble.

In Bibeault's survey of

executive opinions, declining margins came out as the strongest adverse trend signal” .
Other early warning signals that came up in that survey were: declining market share,
rapidly increasing debt, rapid turnover o f staff and management and a decline in the rate
o f reinvestment in the company.
A problem with such quantitative approaches is that they are based on published
information that in turn is dependent on the proper statement o f financial results by
management. Another major handicap o f mathematical approaches is that they depend
on relatively old information. For these reasons, it is obvious that other early warning
signs are needed.
The third category o f signals is even more subjective and a great deal more behavioural.
These signals centre on observation and communication within an organisation. The
only gauge in this situation is the feel o f the people and the business involved.
Questions which might be asked are: Is motivation high?; what is the quality o f the
service?; how clean are the premises?; what sort o f atmosphere exists? All o f these
questions could be answered in a different way, depending on who is being asked and
their ability to detach themselves from the business. Considering this, an analyst must
be present in the company or at least formulate a way to ask such subjective questions in
a way that will produce the most accurate result.
According to Bibeault, these subjective warning signals are as likely to exist in a
relatively successful company, but in a company close to failure, few might be apparent.
These arguments may be applied to all the non-fmancial symptoms discussed here,
however they still can have some confirmatory value in predicting failure. Considering
this, it is evident that no one method will suffice. An accurate analysis for diagnostic
means, must combine all the methods and their inter-relationships.

2.6 - Internal Causes of Concern.
It is never sensible to push any analogy too far, but the collapse o f a company is in some
ways similar to the sinking o f a ship. I f the ship is in good condition and the captain is
competent, it is almost impossible fo r it to be sunk by a wave or a succession o f waves.
Even if there is a storm, the competent captain will have heard the forecast and taken
whatever measures are needed. Only a freak storm fo r which quite inadequate notice has
been given, will sink the ship.

John Argenti.
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Having considered the early warning signals and the symptoms o f problems, it is
necessary to also consider the problems which exist. The reason why companies o f any
sort find themselves in crisis situation or distress is a large topic.

Therefore, it is

essential for research o f this type to develop a suitable classification o f the factors which
cause decline. Many authors suggest that it is possible to trace virtually all the reasons
for declining performance back to "bad management", either poor decisions or
inaction34. Even where outside factors are the cause, management should have forecast
and planned against them.

Although sheer bad luck can be a cause o f collapse,

generally this accounts for very few failing companies. Management's responsibilities
include getting the company into a posture, both from a marketing and financial point o f
view, where it can resist normal business hazards and other more serious external
challenges.

In real analytical terms, this approach, however, is useless, as it merely

places blame rather than pin-pointing causes.
When looking deeper at the situation, the most significant problem o f this research is
encountered. In the process o f diagnosing a company, two seemingly related elements
must be separated. The analyst must be clear what are the true causal agents and what
are merely the effects o f a problem or a symptom.

For example, an hotel is

experiencing intense price competition. Is the price competition the cause o f decline or
is the cause the inferior cost position relative to competitors? If the latter is the cause, is
it due to lack o f market share or poor financial policy? If financial policy, what caused
adoption o f the policy? Again poor management appears to be the true cause. What
was originally viewed as the cause, is now shown to be a symptom o f a deeper problem.
However in this process the full chain o f causal agents can be identified, instead o f
skipping the "middle men". It must be noted that in practice, instead o f one cause, it is
usually a combination o f interrelated causal factors.
Argenti35, Schendel et aP6 and Slatter37 have suggested similar categories o f causal
factors which lead to company failure.

Although the majority o f work centred on

manufacturing and retailing, Slatter did analyse some service industry companies. The
categories, though an incomplete list, establish the principle factors which suggest a
company is in or approaching a decline i.e. critical failure factors. They are (with some
examples):
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•

Lack offinancial control
Poorly designed management accounting system.
Management accounting information poorly used.

•

Inadequate management.
In 1980 94% o f all failures were identified with the lack o f experience o f
unbalanced experience (50%) or incompetence38.
Elements o f poor management are further recognised by one-man rule; combined
chairman and chief-executive; ineffective boards o f directors; management neglect
o f core business; or lack o f management depth.

•

Competition.
Product competition.
Price competition.

•

High cost structure.
Operating inefficiencies.
Low labour productivity.
Poor planning.

•

Changes in market demand.
Cyclical market decline.
Changing pattern o f demand.

•

Operational marketing problems.
Ineffective and wasted advertising.
Lack o f market research.
Weak new product development.

•

Big projects.
Underestimating capital requirements.
Poor cost estimates.
Poor project control.

•

Acquisitions.

Acquisition o f a "loser".
Paying too much.
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•

Financial policy.
A high debt to equity ratio.

Conservative financial policy
No reinvestment.
High liquidity and low gearing.
Inappropriate financing sources.
Although suggested by many, this categorisation is actually given some credibility by
Slatter. In his study, he found that twice as many o f these causal factors o f decline
existed in crisis situations than in non-crisis situations. The most prominent causes of
decline found were poor management and lack o f financial control. Most likely, a crisis
situation would occur in a firm weakened by inefficient management with little control.
When subjected to adverse movement in demand, price competition or a big project, the
firm will quickly sink into insolvency.
Symptoms of decline, although easier to detect, may not always be differentiated from
causes. The symptoms give analysts some idea o f where to start looking for problems.
Financial indicators, discussed previously, are the most commonly used symptoms.
However, non-financial, and sometimes non-quantifiable indicators are important.
Some o f these symptoms are39:
•

Change o f auditor, possibly to one less well known.

•

Delay in publishing accounts.

•

Top management fear.

•

Rapid management turnover.

•

Declining market share.

•

Lack o f planning or strategic thinking.

•

Poor upkeep o f the premises.

•

Management unavailable.

•

High staff turnover.

•

Decrease in levels o f stock.

•

Decrease in levels o f service quality.

This list is also incomplete, and management whowant to be awareo f symptoms must
constantly scan the internal environment for problems.No single symptom willindicate
that the business is in trouble. A combination o f adverse symptoms is required.
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2.7 - Causes of Distress in the Hotel Industry.
Within the hotel industry, the most common symptom o f distress is the lack o f ability to
generate sufficient cash flow to satisfy operational costs, debt service and an appropriate
return on the investment40. The possible reasons for this may be a big project, decreased
sales due to increased competition or many other factors.

Although management's

recent emphasis on cost containment has improved the operational efficiencies o f many
hotels, the increasing capital costs have tended to consume the additional available
pounds. Many o f the factors that have contributed to this situation areoutside

the

control o f the hotel manager as they are imposed by governmental oreconomic
elements.

Changes in tax laws, changes in funding, the Gulf war and its effect on

tourism as well as the world wide recession, all have had an impact on the hotel
business. Some o f these may have been unforeseen or constitute just bad luck.
The result of these factors can be a drop in revenue, which in some marginal properties
may cause an irreversible decline. Other hotel businesses, although not permanently
damaged, share some or all o f the following characteristics, indicative o f a distress
situation4':
•

The property has become obsolete because of age or location.

•

The property faces unexpected (local or regional) market conditions.

•

The property cannot achieve planned market share because o f the emergence o f
unexpected competition.

•

Mismanagement has reduced the property's revenues or has increased expenses.

•

The property is over-financed: that is, it is carrying a debt that is larger than it
reasonably could be expected to pay off from the proceeds o f the sale o f the
business.

•

The property cannot afford or is unable to attract professional personnel.

The

quality o f the product drops and sales continue to decrease.
When any industry is faced with such difficulties, alternatives strategies must be
implemented. Instead o f planning for growth, managers must now plan for survival.
Some o f the operator's alternatives in this situation are to sell the property, if it can be
sold for enough money to pay o ff the debt and taxes; to re-position the property in the
market, if the re-positioning promises to generate sufficient revenues to pay the
mortgage and operating costs; to work with the major lender on a program to relieve the
situation; or to correct the faults and "tum-around" the business.
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All o f these alternatives require a major redirection o f the business. The author argues
that a sufficient knowledge o f the product and its operation, the industry and its
structure, the causes o f problems, and an effective analysis and diagnostic model will
avoid a decline situation.

In this way it is possible to ensure that the situation is

constantly redirected in minor ways, to prevent major changes from having to be made.
This requires monitoring the business carefully, using all appropriate models and
techniques, to identify those elements which may cause failure in the future. Once the
correct cause has been diagnosed, measures, either immediate or long-term, can be
taken to eradicate the problem.

2.8 - Action Research
In the hope that a company will never find itself in a distress situation, management
must adopt a method for analysing and diagnosing their business situation and use it to
monitor their progress, as suggested in Chapter One.

Considering the amount o f data

available to the hotel manager, how can the search be limited to a few areas with
confidence that they are the "right" ones?

An assumption that has been made by

Weisbord must be considered42. The assumption is that generally what you look for
determines what you find, and the inverse is also true, that what you find is based
primarily on what you are looking for. In the case o f company diagnosis for factors
which are limiting success or causing decline, some categories will be more important
than others.

As diagnosis concerns the identification o f problems which may cause

distress to a company, it is these problems which will focus the search effort o f this
project.
The ideal is to find a method that allows the symptoms and causes discussed previously,
and the analytical methods to be represented in a comprehensive and effective manner.
Action research is one name for a form o f systematic problem identification and
solution in which the identifiers and solvers are the same person, as in internal company
diagnosis by management. The term implies "learning from your own situation, as you
modify and seek to improve it"43. The process involves:
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Figure 2.5 - Action Research M odel

From this sequential list, it is with the first two elements that the author is most
concerned, the data collection (analysis) and the diagnosis. In most organisations, the
problem is not the absence o f data. The author has already discussed three types o f data
which may be used for the purpose o f analysis and diagnosis: early warning signals such
as financial statement analysis, adverse trend analysis such as applicable to the
marketing function, and behavioural signals such as the condition o f the premises, the
staff attitude and so on. The problem is deciding what data warrants attention and in
what order, and whether executives are aware o f the relationship between data which
may exist. The developmental challenge is to provide hotel managers with a diagnostic
tool which will enable managers to develop a coherent view o f the business and to focus
on the data relevant to the organisations future survival.

2.9 - Summary
This chapter has identified the importance o f tourism and more specifically the hotel
industry to the national economy. In order for the industry to remain competitive and
profitable, it is necessary that hotel managers understand how to operate and sell their
product. To be able to do this, managers must be aware o f the problems that exist is
order to avoid them causing distress for the business.
The product itself, is complex. This is due to the overall product being a combination
o f other products, the difficulties involved in service as opposed to manufacturing
industry, and an industry structure highly fragmented by size, location, and grade. Due
to the complexity, hotel managers are required to be highly flexible in the jobs, to the
point where they must be experts in all areas o f the business: marketing, finance,
personnel, operations and control.
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As a high level o f such inter-disciplinary skill is hard to achieve, this project proposes to
develop a system which will support hotel managers in the diagnosis o f the hotel unit.
In order for such a system to be developed, it is necessary to structure the hotel unit in a
way that would simplify the structuring o f the problems.

From the product

characteristics and the industry structure, the hotel unit was divided into five ‘systems’.
Finance, marketing, control, personnel and operations were selected as the most
appropriate categorisation for the purposes o f this research.
Considering this model, it is necessary to identify both the problems that can occur in
each o f the areas, as well as the causes o f those problems and the symptoms which
would suggest a problem is in existence.

Early warning signals, including both

quantitative and qualitative ones, were recognised as appropriate symptoms o f a
company in distress. These signals were broken into three categories:
Financial statement analysis:

Profitability,

liquidity,

operational,

activity

and

investment ratios can be used to develop a picture o f
how the hotel is operating from a financial point o f view.
Adverse trend signals:

Decline in sales, decline in profits, weakening market
share, and price incompatibility are examples o f signals
particularly relevant to the marketing function.

Behavioural signals:

This category is concerned with the more qualitative
information available about a hotel which would suggest
a problem.

Motivation o f staff, cleanliness o f the

premises, management presence, and the atmosphere o f
the hotel are examples o f such signals.
This signals will constitute some o f the information that will be required by the
diagnostic system when carrying out an analysis o f the hotel unit. This information will
then be compared against the prominent problems which may occur. In order to identify
these problems, the causes o f concern in businesses in general and the hotel industry
were analysed. Problems such as the lack o f financial control, inadequate management,
competition and financial policy were identified as examples o f such problems.
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The objective o f the following chapters, therefore, is to identify a further, more
comprehensive list o f problems. These in turn must be related to each other within a
particular functional area, and related to problems which exist in other functional areas.
This knowledge will then be developed into a computerised tool to support the hotel
manager in this problem identification process.
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Chapter Three.
T e c h n o lo g y E v a lu a tio n

3.1 - Introduction.
Chapters O ne and Two have identified the im portance o f developing a com puterised
system capable o f supporting the hotel m anager in effectively scanning the internal
environm ent for problem s. This scanning is the basis o f the diagnostic decision, i.e. the
analysis and interpretation o f data w hich may establish the existence o f problem s. This
research concentrates on scanning five selected areas o f the hospitality business:
Finance; Personnel, O perations; Sales/M arketing and Control.

In order to develop such a com puterised system, it is vital that an appropriate tool is
selected.

A w ide variety o f tools are available including: M anagem ent Inform ation

Systems (M IS), D ecision Support Systems (DSS), Executive inform ation Systems (EIS)
and tools w ithin the A rtificial Intelligence arena.

This chapter exam ines the capabilities o f each o f these technologies and establishes how
they are presently being used. Based on their capabilities and functionality, the most
appropriate technology is selected as the developm ent tool for the proposed system. O f
prim e im portance for this selection are the capabilities to use im perfect data, em ploy
heuristics, allow for both quantitative and qualitative inform ation and use know ledge in
addition to data, as a hum an solving the problem would.

3.2 - Information
Since the 1950s, m anagem ent in com panies have realised the im portance o f inform ation
in the decision-m aking process. Unfortunately, the "inform ation revolution" as it was
term ed, has been slow to com e to fruition'. Several reasons for this are apparent:

•

C om puter hardw are was too expensive for use in areas w here inform ation did not
have a very high value.

•

Softw are was unavailable or too expensive to m erit the high developm ent costs.

•

A concerted effort to develop an inform ation "orientation" w ithin com panies was
not adopted.

Today, however, m ore time and interest is being afforded to inform ation technology in
the hope that investm ent in these areas will provide a sustainable com petitive advantage
associated with grow th and even m ere survival.

Prior to discussing the technologies available to m anagers in their quest for inform ation,
it is necessary to describe w hat is m eant by the term "information". This is appropriate
as the characteristics o f inform ation m ust be considered in the developm ent o f any
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inform ation system.

A lthough often seen as synonym ous, data and inform ation are

quite different. D ata are the raw m aterial from w hich inform ation is actually derived.
Inform ation on the other hand, is the product w hich results from the thoughtful analysis,
m anipulation and presentation o f data in a form that will enhance the decision-m aking
process2. A table o f num bers found in a balance sheet could be described as data. By
perform ing ratio analysis or by sim ply graphing the data in a meaningful manner, trends
and patterns are shown, and the data is converted into information.

Inform ation is generally described in term s o f accuracy, verifiability, com pleteness,
relevance and tim eliness3.

These characteristics are im portant in that they have

significance for systems developm ent.

•

Accuracy: A ccuracy refers to the degree to w hich inform ation is free from error.

•

Verifiability: In order to provide accuracy, verifiability is the degree to w hich the
inform ation can be proven correct.

U nverifiable inform ation m ay be used in

decision-m aking but usually w ith caution and skepticism.

•

Com pleteness: This refers to the degree to w hich the inform ation is free from
om issions. The inform ation m ay be com pletely accurate and verifiable, but useless
i f it does not tell the com plete story.

•

Tim eliness: U p-to-date inform ation m ay be o f significant value to the manager. The
sam e inform ation in six w eeks or even six m onths will have considerably less value.

•

Relevance: The appropriateness o f the inform ation as input for a particular decision.
"Inform ation overload" is becom ing increasingly regular in decision-m aking
situations. This occurs w hen the volum e o f inform ation available is so great that it
is difficult to distinguish relevant inform ation from that w hich is not.

It has been suggested that an effective inform ation system must contain all o f the above
characteristics4.

F or exam ple, it can be suggested that in order for a system to be

capable o f m aking a "correct" diagnosis o f a hotel unit, it is essential that the data and
inform ation provided are up-to-date, relevant and correct.

H ow ever, the idea that

com pleteness, accuracy and verifiability o f inform ation are also essential in a system is
open to argument.

The very nature o f the com pany diagnosis problem is entirely

subjective. As a result, the system capable o f replicating the process m ust be able to
deal w ith incom plete data and w ith perceptions rather than absolute facts, possibly even
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incorrect or unsuited to verification. This point will be crucial to the selection o f an
appropriate technology.

3.3 - Computers and Information Processing.
The new source of power is not money in the hands of the few, but
information in the hands of the many.

John

Naisbitt

Technology is a term w hich has becom e synonymous w ith com puters. A lthough not
strictly accurate, an actual definition being "the science o f the industrial arts"5, m odem
technology advances have becom e possible through the use o f pow erful micro
processors, the basic elem ents o f com puters.

A lthough utilised for m any other

purposes, com puters are seen regularly providing inform ation w hether for com m ercial
or dom estic purposes. The area o f com puters and inform ation processing deals directly
with this com puter-assisted flow and provision o f inform ation.

From the literature review ed, the scope o f com puting seem ingly includes everything
from w ord-processing through m anagem ent inform ation system s to industrial robots6.
Com puters are the base technology w hich enables us to tap the inform ation resource, the
value o f w hich is becom ing m ore im portant in tim es o f high com petition7. Computers
have been recognised as a valuable business tool for over three decades. In this short
tim e com puters have proven to be incredibly effective processors o f data, and have
m ore recently w on praise for their ability to produce m eaningful inform ation. It could
be argued that com puters have always produced inform ation, but generally only a select
few people had access to a lim ited am ount8.

Today, through increased utilisation o f com puters, inform ation is being m ade available
and readily accessible to those who need it, w hether at the operational or executive
levels.

A lthough the inform ation requirem ents m ay be different, the same com puter

system can supply inform ation w hich is relevant to each end-user.
anyone who provides input to the system or uses the outputs.

The end-user is

For exam ple, a hotel

front-office system supplies operational inform ation to the receptionist regarding
arrivals, guest accounts, and departure lists.

The sam e system could provide tactical

inform ation to the m arketing executives regarding perform ance from different m arket
segm ents. H igher executives can receive strategic inform ation concerning returns on
investm ent, asset utilisation and so on. Com puters still process data, but their increased
potential to produce m eaningful inform ation has resulted in M IS having increased
im portance in com panies.
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Two m ajor contributors in the em ergence o f com puterisation are9:

1)

The im proved pow er / price ratio o f com puters, w hich makes it more
econom ically feasible to m ake the pow er o f com puters accessible to more
people.

2)

The availability o f user-oriented software. A w ide variety o f software packages
are available to assist the end-user in obtaining needed inform ation w ithout the
intervention o f an MIS professional.

In addition, com panies have becom e m ore aware o f the com petitive advantage that can
be achieved through creative use o f inform ation technology.

As N aisbitt suggests,

inform ation is now one o f the m ost im portant resources available to m anagem ent10. It is
no longer a case o f being able to afford the technology; m ore importantly, can
m anagem ent afford not to m ake use o f this resource?

3.4 - Information and Competitive Advantage.
A ccording to Jong, technology is an area which has no obvious return on investm ent
and the benefits are therefore hard to establish.

For this reason, and prior to the

developm ent o f any inform ation system, it is necessary to question w hy a com pany
w ould be interested in such large scale investm ent in such an area, w here no direct
return is apparent". U ntil recently, this question m ay have been difficult to answ er by
industry leaders. H ow ever, through adverse conditions, inflicted by a m ore com petitive
market, m anagers have been forced to understand the reason.

M odem com m ercial life not only requires but insists that m anagem ent in every area o f
business are challenged to becom e m ore com petitive and, thereby, m ore profitable12. In
the past, m anagem ent has approached this task by focusing its efforts to enhance
com petitiveness on the resources o f people, materials, and money. These efforts have
proven successful, but are alone insufficient for a com pany to rem ain com petitive in a
w orld m arket.

In an all-out effort to gain a com petitive advantage, m anagers are

looking to the inform ation resource.

It has been suggested by num erous authors that inform ation is a strategic weapon that, if
used creatively, can provide a com pany with a clear com petitive advantage13.
could be argued to adequately ju stify any investm ent in this area.

This

H owever, until

recently, although this technology w as available, m any com panies insisted on
exhausting every other avenue for im proving profitability before turning to inform ation
system s14. A n exam ple o f this attitudinal problem is dem onstrated by a com m ent m ade
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by R alph Sprague, P rofessor o f D ecision Sciences at the U niversity o f Haw aii. In 1990,
Sprague gave a one-day conference on m arketing decision support system s to 12 top
executives. At the close o f the day one executive asked for exam ples o f com panies who
w ere already using this technology. Sprague replied, “If I could, it w ould be too late for
you.” A lthough a sim ple statem ent, it m akes a powerful point. Basically, it does not
help to be second.

Each com pany m ust be creative in its use o f com puters and

inform ation technology.

W ith the availability o f both pow erful com puters and

appropriate technologies, it can be argued that com panies not fulfilling their information
requirem ents are being ham pered purely by what can be term ed as "Information
M yopia", the inability to visualise innovative uses o f the technology and available
inform ation.

C om panies with an inform ation oriented approach are gaining com petitive advantage by
m aking inform ation an integral part o f the corporate strategic planning process.

For

decades, research and developm ent, finance, and m arketing have been the dominant
areas o f consideration in corporate strategic planning. Today, the situation is different.
P rofitability is being increased by using inform ation technology to: increase sales;
increase productivity and reduce costs; im prove custom er service; and manage
resources better. See figure 3 .1 IS.

A com bination o f these four functions can affect an organisation in three ways:

Im prove efficiency:

Increasing the efficiency o f a task.
Com pleting m ore w ork w ith the same or fewer
resources.
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Im prove effectiveness:

D oing the right things.
U sing resources to produce desirable and highquality results.

Im prove com petitiveness:

Selecting and im plem enting strategies that change
the w ay an organisation com petes.
Im proving

perform ance

in

com parison

to

com petitors using chosen criteria (e.g. m arket
share and industry ranking).

These areas constitute the core benefits available from the use o f technology, if the
technology is used correctly. In order to actually achieve these benefits, it is vital that
the systems are aseffective as possible. This goal is realised through selecting the most
appropriate tool for w hatever the task.

3.5 - Information Systems
Some o f the technologies available to achieve com petitive advantage include:

• Transaction Processing Systems (TPS);
• M anagem ent Inform ation System s (MIS);
• D ecision Support System s (D SS) and
• Expert System s (ES).

These technologies support planning, problem -solving and decision-m aking activities at
varying levels. This categorisation o f technologies is based on their orientation toward
data, inform ation, a suggestion or a decision and the com plexity o f the problem to
w hich they can be applied.

In review ing the literature available on these systems, it is apparent that a clear and
concise definition o f each is unavailable. Possibly, such definition is inappropriate. It
is possible that strictly defining the technologies may cloud professionals' perceptions o f
the uses o f the system s w hich m ay inhibit lateral thinking16. Surveys have shown that
the definitions tend to vary according to the user's perceptions o f the functionality and
uses o f each system. W ith this in m ind, the author has chosen to discuss and evaluate
the appropriateness o f the technologies based on their application to the problem area,
specifically to the m odel o f decision-m aking discussed in chapter one. The appropriate
technologies w ill be discussed and applied to the level o f support they offer to the
m odified m odel o f the decision-m aking process.
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Figure 3.2 - Decision-making model

3.5.1 - Transaction Processing Systems.
The m ost basic form o f inform ation system is a Transaction Processing System (TPS).
These systems substitute com puter processing for m anual record keeping procedures.
They are prim arily data oriented and their most im portant feature is that they are capable
o f handling w ell structured and routine processes17.

Such processes are generally

repeated m any tim es during the course o f the day and are clearly understood, to the
extent that clearly specified routines can be formulated.
advantages.

These systems have many

They can handle tedious and boring w ork w hich w hen carried out by

hum ans is susceptible to inaccuracy18. Secondly, the electronic speed o f operation o f
such a system is m uch faster than its m anual equivalent. Lastly, a com puterised system
can be relied upon to store and accurately recall large quantities o f fact and also can
force users to follow procedures by ensuring that they com plete all necessary steps in a
transaction19.

Exam ples o f such transactions are the taking o f reservation details,

posting to guest accounts, checking guests in and out o f an hotel.

A lthough offering m any advantages, it can be argued that few o f these benefits apply to
the decision m aker directly. They are sim ply oriented tow ard the collection and storage
o f data. Little processing o f inform ation is carried out and few reports are available
with the exception o f sum m ary reports. The aim o f Transaction Processing System is
obviously the processing o f high volum es o f data, not providing support for decision
making. Therefore this technology is o f little use to this research area.

3.5.2 - Management Information Systems.
The term "M anagem ent inform ation systems" (MIS), although a specific area in its own
right, is com m only used in the business environm ent as a generic reference to all
technologies, procedures, system s (m anual or com puterised), and people associated with
com puters and inform ation processing20.
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As stated the definitions are vague. M IS has been called a method, a function, an
approach, a process, an organisation, a system and a subsystem. Even executives, or
M IS professionals offer little assistance. They will each offer a different explanation as
to their idea o f MIS. In this section the author is m ore concerned with MIS as a specific
category o f system. M IS has been defined as:

The entire set o f systems and activities required to manage, process, and use information
as a resource in the organisation.

Ralph Sprague Jr.21.

A MIS is a business system that provides past, present, and projected information about a
company and its environment. David M. Kroenke and Kathleen A. Nolan22.

MIS is the subsystem o f an organisation's information system relevant to managerial
decisions for control and strategic planning.

A. Ziya Aktas23.

These and m any other definitions are offered to give a feel for w hat authors and
practitioners perceive a m anagem ent inform ation system to be. Davis suggests a more
com prehensive definition24:

A management information system (MIS) is defmed as a formal system (manual or
computer based), intended to retrieve, extract and integrate data from various sources.
They provide accurate, reliable and valid information, whenever such information is
needed, to aid in the operation, management and decision-making by providing past,
present and future oriented information about internal operations and external intelligence.

A lthough MIS are not synonym ous w ith TPS, an im portant relationship exists between
them.

M uch o f the data needed to support m anagerial decision-m aking activities

originate from business transactions25. H ow ever, captured data from the TPS m ust be
selectively processed before it produces m eaningful inform ation.

A lthough TPS add

speed accuracy and reliability to a procedure, they do not im prove the effectiveness.
M IS, on the other hand, can be argued to change the effectiveness o f the system by
allow ing previously im possible m anual analysis to be carried out sim ply26.

In the continuum or range o f problem s discussed in chapter one, structured through
sem i-structured to unstructured problem s w ere identified.

MIS have been most

successful in providing inform ation for routine, structured and sem i-structured decisions
and problem s27.

Structured and som e sem i-structured decisions, especially o f the

operational and m anagerial control type, have been supported by com puters since the
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1960s. Such problem s w hich are encountered fairly repeatedly. Therefore, it is possible
to abstract and analyse them into com puterised solutions. Such system s have been used
for capital budgeting, allocation o f resources, planning and inventory control. F or each
o f these problem s a prescribed solution can be developed through the use o f
m athem atical formulae.

The use o f com puters allow s the solution for the problem to be found in a quick and
efficient m anner. M IS assist in the m anagerial process by providing timely, accurate
and relevant inform ation on which controls and future planning can be based. W hile
structured and sem i-structured problem s can be solved with the aid o f a host o f such
system s, the less structured ones can not23.

A lthough MIS provide inform ation on

w hich m anagers can base decisions, little further support is offered.

A pplied to the

w hole process o f decision-m aking, MIS is really only capable o f supporting the
intelligence phase. Through the reporting function, MIS can provide inform ation to
assist in the problem -finding activity by com paring expectations w ith current or
projected perform ance.

Figure 3.3 - M IS and decision-making

3.5.3 - Decision Support Systems.
O n m any occasions, decision makers can rely on their experience to m ake quality
decisions or they m ay need to look no further than the inform ation that is readily
available from the integrated corporate M IS29. H owever, decision m akers, especially at
the tactical and strategic levels, are often confronted with com plex decisions that are
beyond their hum an capabilities to properly synthesise the factors involved.

These

types o f decisions are assisted by using D ecision Support Systems. A D ecision Support
System (DSS) is an inform ation system that assists in decision-m aking and tends to be
used in planning, analysing alternatives and in trial-and-error searches for alternatives30.
As opposed to sim ply providing ever increasing am ounts o f inform ation, DSS support
the process o f decision-m aking.

M anagers, particularly at higher levels o f decision

m aking, require m ore than inform ation.

They require additional capabilities which
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assist them in rapidly evaluating future conditions and decisions. These are provided by
the m odeling facilities o f the DSS, the inform ation from the MIS being m odeled to
provide an effective m ethod o f analysis.

The concepts involved in DSS were first articulated in the early 1970s by Scott-M orton
under the term "m anagem ent decision systems".

He defined such systems as

“interactive com puter-based systems, which help decision makers utilise data and
models to solve unstructured problem s31. A nother classical definition o f DSS, provided
by Keen and Scott-M orton32 states:

Decision support systems couple the intellectual resources o f individuals with the
capabilities o f the computer to improve the quality o f decisions. It is a computer-based
support system for management decision makers who deal with semi-structured problems.

These definitions indicate four m ajor characteristics o f D SS33.

1. DSS incorporate both data and models.
2. They are designed to assist m anagers in their decision processes in sem i-structured
(or unstructured) tasks.
3. They support, rather than replace m anagerial judgem ent.
4. The objective o f DSS is to im prove the effectiveness o f the decisions, not the
efficiency w ith w hich decisions are being made.

A lthough people have been m aking decisions for thousands o f years w ithout the use o f
technology, DSS have becom e m ore important. DSS are needed because it has been
suggested by psychologists that hum an m inds cannot handle the com plexities that
decision-m aking entails.

The mind can only focus on approxim ately eight facts at a

tim e and its ability to calculate probabilities, especially two or m ore probabilities
together, w hich is essential for decision-m aking, is low34. Furtherm ore, people allow
em otions - especially fear - to get in the way, leading to decision avoidance, over
reaction or hyper-vigilance35. In these situations, there is a tendency to m ake decisions
without taking all the relevant inform ation into consideration, particularly where the
tim e scale is too short for the above w ork to be carried out satisfactorily. As well as
inform ation, top-level m anagers require additional capabilities w hich assist them in
rapidly evaluating future conditions and decisions.

These are provided by m odelling

facilities o f the DSS.

A pplied to the decision-m aking process, DSS is capable o f supporting two o f the three
areas:
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Intelligence:

A DSS can readily access inform ation made available from either TPS or
MIS.

Analysis:

A D SS, through its m odeling capabilities, can analyse data very fast.
Therefore the scanning carried out during this phase is considerably
quicker. This phase involves the generation o f alternative courses o f
action, decisions about the criteria for choice and their relative
im portance, and forecasting the future consequences o f using various
alternatives.

Several o f these activities could use m odels provided by

DSS (e.g., forecasting).

Figure 3.4 - DSS and decision-making

Som e argue that a D SS can also support the diagnosis phase. H ow ever, as this phase
requires the integration o f qualitative inform ation, heuristics and incom plete data, DSS
are inappropriate.

3.5.4 - Artificial Intelligence.
This type o f support to decision-m aking seem ed to be the pinnacle o f com puterising the
decision-m aking and problem -solving process. Forgionne argued that as judgem ent and
experience also play a part in m anagem ent decision-m aking, it was not possible, or even
desirable to autom ate the entire evaluation process36. H owever, at the beginning o f the
1980s, a technology, previously lim ited to academ ic institutes, had begun to appear in
com m ercial applications. T he General Purpose Problem Solver (GPS), later to becom e
Expert Systems, offered the prom ise o f "intelligent systems" w hich could incorporate
judgem ent and experience into their analysis37. These systems w ere specific areas o f the
larger field o f A rtificial Intelligence (AI).
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M any definitions have been proposed for AI. One suggested by Patrick W inston,
director o f the M assachusetts Institute o f Technology, A rtificial Intelligence laboratory,
states38:

"Artificial Intelligence is the search fo r methods that will make computers fa r more
intelligent (or at least act as if they were more intelligent) and therefore more useful."

AI can be broken dow n into seven m ain research areas as shown in figure 3.5.

Figure 3.5 - The seven major areas o f Artificial intelligence research

3.5.5 - Expert Systems
From these seven areas, tw o are m ost appropriate for the task o f developing support
tools for m anagem ent tasks: artificial neural networks and expert systems. A s the term
suggests, artificial neural netw orks are an attem pt to develop a system w hich w ould
replicate the w ay in w hich a hum an brain stores know ledge and processes it to produce
solutions for any given problem by m eans o f pattern recognition.39

Systems are

developed by providing test data w hich is analysed for patterns. N eural netw orks are
particularly useful w hen dealing w ith data that is noisy, am biguous, distorted or has a
lot o f variation. For these reasons, neural networks seem m ost appropriate to the task o f
developing a diagnostic support tool for the hospitality business as the data available
generally follows the characteristics described above. H owever, a significant objective
o f this project is to develop a system from a hotel m anagers perspective. In the authors
opinion, neural netw orks are sufficiently com plex to be beyond the capabilities o f
anyone other than a com puter professional fully conversant in the area o f artificial
intelligence. System generators for this type o f technology do not presently exist.
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Expert system s how ever, use a know ledge representation scheme more natural and
easier to understand (discussed further in the next chapter) and in addition, exist in shell
form w here the know ledge sim ply needs to be elicited and entered. For these reasons
they are m ost appropriate to this project and therefore will be the focus o f this
dissertation.

W hen an organisation has a com plex problem or decision to make,
experts for advice.

it often turns to

These experts have specific know ledge and experience in the

problem area. They are aw are o f the alternatives, the chances o f success, and the costs
the com pany may incur. The m ore unstructured the situation, the m ore expensive the
advice40.

Before discussing Expert System s, it is first necessary to discuss Experts. A ccording to
Turban, hum an experts specialise in relatively narrow problem -solving areas or tasks41.
Typically, hum an experts possess the following characteristics:

•

They solve problem s quickly and fairly accurately.

•

They explain w hat they do.

•

They are capable o f ju d g in g the reliability o f their ow n conclusions.

•

They know w hen they are "stumped".

•

They com m unicate sm oothly to other experts.

They can also learn from experience, change their points o f view to suit a problem ,
transfer know ledge from one dom ain to another, and reason on many levels. Finally
they use tools, such as rules o f thumb, m athem atical m odels and detailed situations. A
com puter system attem pting to m im ic an expert m ust also contain som e if not all o f
these characteristics.

Expert systems theoretically offer such promises.

They are com puterised advisory

program s that attem pt to im itate or substitute the reasoning process and know ledge o f
experts in solving specific types o f problem s.

MIS and DSS can produce ream s o f

paper, perform billions o f calculations and assist m anagem ent in their tasks, but at the
end o f the day, they know no m ore than at the beginning. ES offer an application o f AI
m ore suited to the area o f m anagem ent. Researchers offer two fundamental capabilities
o f ES: 1) the ability to em ulate hum an reasoning, 2) the ability to learn. The state o f the
technology today supports som e em ulation o f hum an reasoning.
rudim entary ability to learn has not yet been achieved.
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H ow ever the

A ccording to Jackson42, several characteristics o f Expert System s differentiate them
from conventional program s. They are:

•

The Expert System sim ulates hum an reasoning about a problem domain, rather than
sim ulating the dom ain itself. This distinguishes expert system s from m ore familiar
program s that involve m athem atical modeling.

•

It perform s reasoning over representations o f hum an know ledge in addition to doing
num erical calculations o r data retrieval. The know ledge in the program is norm ally
expressed in som e special-purpose language and kept separate from the code that
perform s the reasoning.

•

It solves the problem by heuristic or approxim ate m ethods w hich unlike algorithm ic
solutions are not guaranteed to succeed. Such m ethods are approxim ate in the sense
that they do not require perfect data and the solutions derived by the systems may be
proposed w ith varying degrees o f certainty.

Regarding the characteristics o f DSS previously m entioned, it has been suggested that
an ES is m erely a finely tuned D ecision Support System.

This is because the same

capabilities apparently apply to both systems. The feeling am ong m any practitioners is
that there is no real difference betw een ES and other D SS, and that as a consequence the
criteria already available to determ ine appropriate applications o f DSS will suffice for
ES43.

H owever, as suggested by the above points, ES provide capabilities w hich

overcom e the functional problem s o f D SS, will therefore effect their potential
applications. They are44:

1. ES have the capability to replace, rather than m erely support, m anagers in the
decision-m aking process.

However, this is rarely recom m ended because it is

im possible to com pletely program a com puter to react in the same w ay as humans.
2.

ES can theoretically im prove both the efficiency and the effectiveness o f decision
making.

3. ES is oriented tow ard a decision rather than sim ply providing information.

O f the technologies under discussion, these functionality's allow Expert Systems to be
the m ost com prehensive in their support o f the decision-m aking process.

This

technology can be utilised in all three areas o f the procedure.

Intelligence:

ES

can render advice regarding the nature o f the problem , its

classification, its seriousness, and consequently can determ ine the
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quantity and quality o f inform ation required to produce the alternative
solutions. ES can advise on the suitability o f the solution approach and
on the likelihood o f successfully solving the problem .

This capability

can be utilised during the intelligence phase.

Analysis:

G eneration o f alternatives for com plex problem s requires expertise that
could be provided by a hum an or an Expert System. K nowledge about
technology, availability o f resources, m arket conditions and m ore could
be contained in the know ledge base o f the system.

This know ledge is

essential for the developm ent o f alternative solutions to the problem s and
for the prediction o f decision consequences.

In addition, while DSS

incorporate forecasting m ethods, an ES can assist with more qualitative
m ethods o f forecasting as well as w ith the expertise required in applying
quantitative forecasting methods.

Diagnosis:

A n ES can be used to assess the desirability o f certain solutions as well
as recom m end appropriate solutions.

W ith the incorporation o f

probability factors, the likelihood o f success can be evaluated and the
actual choice m ade by the m anager can be m ade w ith increased
confidence.

Figure 3.6 - E S and decision-making
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3.6 - S u m m ary.

This C hapter assessed a variety o f technologies for the task o f developing a hotel
diagnosis softw are package.

From Chapters One and Two, the problem has been

analysed to be one w hich is unstructured in nature and com plex in the num ber o f factors
and variables to be considered. M IS, w hile being capable o f providing the inform ation
required to solve com plex problem s, are not suited to problem -solving w here there is no
clear structure. D SS, on the other hand, are capable o f both w orking w ith com plexity
and, theoretically, a lack o f structure. However, as was discussed in the last section, ES
seem to the m ost appropriate technology for a hospitality unit diagnostic system. They
too can solve com plex and unstructured problems. In addition ES are m ost appropriate
for: solving problem s in a logical m anner; em ulating hum an thought processes; using
rules o f thum b as opposed to pure facts. They are based on expertise and w here there
m ay be no correct answer; rather, they can produce several answers w ith probabilities o f
their correctness.
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Chapter Four.
A n

O v e r v ie w

o f E x p e r t S y s te m s

4.1 - Introduction.
A t present, the field o f Expert Systems are an im portant part o f the Artificial
Intelligence arena.

This is possibly because ES appear to be the m ost com m ercially

viable o f the technologies1.

Experts, w here they exist, are becom ing increasingly

difficult to m aintain on a com pany "payroll" due to their high salaries and external
demand. A system w hich can replace at least some o f these experts has clear financial
benefits2.

This chapter offers an overview o f this specific technology.

Expert Systems are

described, including how they were developed and how they are structured.
issues establish how

These

expert systems offer benefits over conventional software

applications, in the context o f the developm ent o f the system under discussion.

M any o f the benefits are due to the know ledge orientation o f expert system s as opposed
to the data orientation o f conventional systems.

This chapter details how this

know ledge orientation is m anaged through the use o f representation, control and
uncertainty m ethods and collected through know ledge acquisition techniques.

Early expert system s and their characteristics are described. A lthough these systems are
prim arily scientific in orientation, m ore recent expert systems applied to business are
discussed.

C onsidering the varying applications, appropriate m ethods for classifying

these applications are established. This categorisation offers some refinem ent relevant
to the task o f this research.

The final section o f this chapter details the approaches w hich m ay be utilised in the
developm ent o f expert systems.

4.2 - Expert Systems
A n Expert System (ES) generally implies a com puter softw are system that solves or
assists in problem solving, using know ledge o f a particular subject area or dom ain3.
These system s can be used in two ways, either to com pletely fulfil a function that
norm ally requires hum an expertise, or to play the role o f assistant to a hum an decision
maker.

The decision m akers m ay be experts in their own right, in w hich case the

program may ju stify its existence by im proving each decision m aker's productivity.
A lternatively, the hum an collaborator m ay be som eone who is capable o f attaining
expert levels o f perform ance given the technical assistance from the program 4.
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M any authors believe this technology to be the m ost com m ercially viable o f the
Artificial Intelligence arena. Possibly this is due to the fact that experts are not bom;
they are created through years o f experience and training. Because they are rare and in
great dem and, they generally carry a high price tag.

D ue to the high price, only the

largest corporations can afford the luxury o f m aintaining experts on their "payroll".
External dem ands and com petitive salaries m ake experts hard to retain and w hen they
leave a com pany they take their know ledge with them, leaving what can be term ed as an
"inform ation void"5.

In order to counter these problem s, com panies have recently

turned to technology and m ore specifically to expert system s for help.

As previously stated, expert systems are a branch o f that class o f software named
Artificial Intelligence (AI). Early AI research established the com ponents and functions
which w ould constitute expert systems as used today. The more im portant o f these are6:

•

A search process, w hich w ould be effective and efficient in its goal o f problem
solving.

•

An ability to store dom ain specific know ledge to guide the search process.

•

A n effective m ethod o f representing the know ledge w hich w ould assist the systems
ability in solving problem s in a m anner sim ilar to hum an experts.

•

A reasoning capability, allow ing the system to use the stored know ledge logically.

These points established both the structure o f expert systems and the m ethods which
would be utilised in the representation o f and reasoning w ith know ledge.

Prior to

discussing the latter tw o points, it is im portant to clearly define how an Expert System
works. This w ill be done by describing the structure o f the m odem expert system.

4.3 - Structure of an Expert System
The m ain com ponents o f an expert system are the know ledge base, inference engine and
the consultation or user interface (See Fig 4.3).
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E X PE R T S

►

KNOWLEDGE ENGINEERS

K N O W L E D G E BASE
facts and inform ation
production rules (IF-Then)
m eta-rules

Figure 4.1 - Structure o f an Expert System

1)

The know ledge base contains all know n facts and inform ation necessary to

understand, form ulate and solve a problem . It contains two basic elements:

a.

Facts such as the problem situation and theory o f the problem area, for exam ple the
theory relating to how a hotel is "correctly" managed; and

b. Special heuristics, or rules, w hich direct the use o f know ledge to solve problem s in a
particular domain.

The heuristics represent the inform al judgm ental know ledge o f an application area.
K now ledge, not m ere facts, is the prim ary m aterial o f expert systems. The inform ation
in the know ledge base is incorporated into a com puter program by a process called
know ledge engineering.

2)

The "brain" o f the ES is the inference engine, also known as the control structure

or the rule interpreter (in rule-based ES).

This com ponent is essentially a com puter

program that provides a m ethodology for reasoning about inform ation in the know ledge
base, and for form ulating conclusions. This com ponent makes decisions about how to
use the system's know ledge by developing the agenda that organises and controls the
t

'j

steps taken to solve current problem s. The m ajor elem ents o f the inference engine are :
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•

An

interpreter, w hich

executes

the chosen

agenda items by

applying the

corresponding know ledge base rules.
•

A scheduler, w hich m aintains control over the agenda. It estim ates the effects o f
applying inference rules in the light o f item priorities or other criteria on the agenda.

•

A consistency enforcer, w hich attem pts to m aintain a consistent representation o f
the em erging solution.

3)

The user interface facilitates the exchange o f inform ation betw een the user and

the inference engine.

It also allow s the user to maintain, m odify and update the

know ledge base as necessary. The com m unication can best be carried out in a natural
language and in some cases is supplem ented by m enus and graphics. The easier to use
and friendlier the user interface, the m ore likely the system is to be used8.

O ther com ponents include an explanation sub-system to explain to the user how the
system reached any conclusions proposed and a know ledge acquisition sub-system to
help the developer add know ledge to the know ledge base. Special interfaces may also
exist to allow the system access to databases, spreadsheets, and industry specific
software.

These com ponents allow com puters to help people analyse and solve problem s which
can often be stated only in verbal terms. They capture and distribute hum an expertise in
m aking judgem ents under various conditions.

D ue to their structure, expert systems

extend the pow er o f the com puter beyond the traditional application areas o f third
generation program m ing languages, beyond m athem atical and statistical applications
w hich perform com plex calculations and beyond database applications w hich use
com puter capabilities to store and distribute inform ation9.

The m ost fundamental

difference between expert system s and conventional com puter program s is that "expert
systems m anipulate know ledge w hile conventional program s m anipulate data"10. For a
further com parison see table 4 .1 .11
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Conventional Systems
•

Knowledge and processing are combined in

Expert Systems
•

the processing (inference) mechanism

one sequential program
•

Do not usually explain why input data are

Knowledge base is clearly separated from

•

Explanation is part o f most ES

needed or how conclusions are drawn
•

Changes in the data are tedious

•

Changes in rules are easy to accomplish

•

The system only operates when it is

•

The system can operate with only a few
rules as the first prototype

completed
•

Execution is done on a step by step

•

Execution is done using heuristics and logic

•

Can operate with incomplete or uncertain

(algorithmic basis)
•

Need complete information to operate

information
•

Representation and use o f data

•

Representation and use o f knowledge

•

Efficiency is a major goal

•

Effectiveness is a major goal

•

Easily deals with quantitative data

•

Easily deals with qualitative data

•

Captures, magnifies, and distributes access

•

Captures, magnifies, and distributes access

to numerical data (TPS) or to information

to judgement.

(MIS, DSS)

Table 4.1 - Comparison o f Conventional Systems and Expert Systems.

The effect o f these differences can be summarised by the characteristics the Expert
Systems possess.

The system perform s reasoning over representations o f hum an knowledge, in addition to
doing num erical calculations or data retrieval, fam iliar to M anagem ent Inform ation
Systems or D ecision Support Systems. As a result, Expert Systems have the ability to
sim ulate hum an reasoning about a problem dom ain rather than sim ulating the dom ain
itself. The objective is to perform the relevant tasks as well as or better than the expert.

The system solves problem s by heuristic or approxim ate m ethods which, unlike
algorithm ic solutions, are not guaranteed to succeed. Such m ethods are approxim ate in
that they do not require perfect data and the solutions derived by the system m ay be
■

•

19

proposed with varying degrees o f certainty .
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4.4 - Expert System Concepts.
The last section has described the structure o f an Expert System and the differences
between Expert System s and conventional systems. As previously stated, the structure
and advantages o f Expert System s are due to the research into Artificial Intelligence.
This research established im portant issues regarding the developm ent o f intelligent or
seem ingly intelligent system s.

O f significant im portance are the m ethods o f

representing and controlling the knowledge. Subsequently, m ethods for acquiring this
know ledge and incorporating uncertainty were established.

4.4.1 - Knowledge Representation.
A cquired know ledge needs to be organised in the com puter so that it can be accessed
and used w henever it is needed.

Specific dom ain know ledge, acquired through a

process called know ledge acquisition (discussed in a later section), is stored in the
know ledge base. In the field o f expert systems, know ledge representation im plies some
system atic w ay o f codifying this knowledge. A representation has been defined as:

a set o f syntactic and semantic conventions that make it possible to describe things'3

In artificial intelligence, 'things’ norm ally mean the state o f some problem domain, such
as the objects in that dom ain, their properties and any relationships that hold between
them. The syntax o f a representation specifies a set o f rules for com bining symbols to
form expressions in the representation language. It should be possible to tell w hether or
not an expression is w ell form ed; that is, w hether or not it could have been generated by
the rules.

The sem antics o f a representation specifies how expressions so constructed could be
interpreted; that is, how m eaning can be defined from form. The specification is usually
done by assigning m eanings to individual symbols, and then inducing an assignm ent to
the m ore com plex expressions.

A variety o f know ledge representation schemes have been developed over the years.
M uch o f this research has grow n from the area o f artificial intelligence and the goal o f
sim ulating the m anner in w hich the hum an brain holds and reasons w ith its knowledge.
The schem es share tw o com m on characteristics. First, they can all be program m ed with
existing com puter languages and stored in memory.

Secondly, they are designed so

that the facts and other know ledge contained w ithin them can be used in reasoning.
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T he know ledge representation schem es have generally been categorised as declarative
or procedural. A declarative schem e is one used to represent facts and assertions. A
procedural schem e

deals w ith

actions

or procedures.

D eclarative know ledge

representation m ethods include sem antic networks, frames, and rules.

Procedural

know ledge representation schem es include procedures or subroutines and, again,
rules14. The m ost com m on know ledge representation scheme found is the production or
rule-based representation. However, in order to evaluate the scheme, it is necessary to
review the prom inent schem es available. Turban establishes sem antic networks, frames
and production rules as the m ost com m on schem es15.

(i) Semantic Networks
N etw orks are a natural and efficient w ay to organise knowledge. They are com posed o f
nodes and links.

N odes describe facts like physical objects, concepts or situations,

w hereas links (arcs) define the relevant relationships between the facts. Each node may
point to a sub-node that represents m ore detailed levels. Sem antic nets are an easy to
understand m eans o f representing non-rule knowledge. However, they pose difficulties
w hen searching for specific objects. For this reason, sem antic nets are more popular in
other AI applications, such as natural language processing than in ES.

(ii) Frames
A fram e is a data structure that includes all the know ledge about a particular object.
This know ledge is organised in a special hierarchical structure that perm its a diagnosis
o f know ledge independence. The hierarchy perm its inheritance o f characteristics, each
fram e usually inheriting the characteristics o f all related fram es o f higher levels.
Fram es are basically an application o f object-oriented program m ing for AI and Expert
Systems. Each frame describes one object. There are some sim ilarities w ith semantic
nets and it is believed that fram es reflect the w ay in w hich hum ans think.

A fram e representation is based on the theory that previous situational experiences
create certain expectations about objects and events associated w ith new situations.
Fram es provide fram ew orks w ithin w hich new inform ation can be interpreted.

(iii) Production Rules
Production rules w ere developed by N ew ell and Sim on for their model o f hum an
cognition16. These schem es have becom e the m ost popular in the developm ent o f AI
and Expert System applications.

W ithin such a system there are three main

com ponents: the rules or productions; the w orking memory; and the recognition-action
cycle17. The basic idea o f these system s is that know ledge is presented as rules, called
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productions, in the form o f condition-action pairs. The rules consist o f IF statements
(the evidence) and a TH EN statem ent (the h y p o th esis). For example:

"If the traffic light is red, then stop the car at the junction"

If the evidence is satisfied by the facts, the rule is ‘F ired’ and the action specified is
inferred. The condition is the model w hich judges if a rule can be utilised in a particular
situation. The action is the next part o f the problem solving process, w here another
If...Then... statem ent is used.

The rules can have various formats for representing

knowledge, allow ing greater flexibility for knowledge engineering.

IF

IF

Precondition P

Revenue is decreasing

THEN Conclusion C

THEN A problem exists within marketing

IF

IF

Situation S

Poor motivation in staff

THEN Action A

THEN Review remuneration

IF

IF

Condition C l AND C2 hold

THEN Condition C holds

Market is growing AND Sales are static

THEN Market share is declining

Table 4.2 - Examples o f IF - T H E N rules.

IF-TH EN rules also have the follow ing characteristics w hich m ake them useful for
developing Expert System s18.

1) M odularity

Each rules defines a small, relatively independent, piece
o f knowledge.

2) M odifiability

A s a consequence o f m odularity, rules can be changed
relatively easily and independently o f other rules in the
know ledge base.

3) Increm entability

N ew rules can be added to the know ledge base relatively
independently o f other rules.

The w orking m em ory (the current state o f the world) contains sets o f facts w hich are
com pared against the condition part o f the rule to "fire" o ff appropriate actions. These
actions will change the contents o f the w orking memory, as actions change the current
state o f the world.

The recognition cycle is the process that occurs in a "rule-base" run. There are some
facts in the w orking m em ory w hich are m atched w ith rules in the rule base. W hen a
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pattern w ith a particular rule is achieved, then the action o f the rule is enabled. W hen
there are conflicts o f rules (when two or more rules contain for example, the same
conditions but different actions), then a conflict resolver decides w hich rule is enabled.
A conflict-resolver can be a very sim ple command, such as "Enable the rules in order",
or it can be a m ore com plicated heuristic or rule o f thum b. W hen the rule is enabled,
the actions change facts in the w orking m em ory ready for the next recognition cycle.

U sing the IF-TH EN rule structure w ithin a rule-based system, know ledge on a specific
subject can be captured and applied to solving relevant problem s.

The utility o f the

production rule representation com es from the fact that the conditions for which each
rule is applicable are m ade explicit and, in theory, the interactions betw een rules are
m inim ised.

In addition, they involve simple syntax and are flexible and easy to

understand.

A prelim inary investigation o f these three methods o f know ledge representation
identified sem antic nets and fram es as com plex structures requiring a in-depth
know ledge o f program coding in the area o f Artificial Intelligence19. Production rules
how ever represent data in a m ore natural form that is easily understood, allow the
Expert System to be readily changed and added to and as a result are com m only used in
m any Expert System shells. This schem e would therefore be m ost appropriate for this
project as the author is attem pting to develop a system as w ould be developed by a hotel
m anager rather than a com puter professional.

4.4.2 - Control Methods.
As w ell as being a neat form alism for representing expert know ledge in a computer,
production rules also represent a m odel o f actual hum an behaviour20. In addition, this
•
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•

■

m ethod is popular as it m akes reasoning with the know ledge relatively sim ple . The
w ay that an expert system reasons w ith the know ledge or chooses which rules to use
and w hen to use them can dram atically effect the perform ance o f the system as a whole.
This process is controlled by the second element o f the expert system, the inference
engine.

There are two approaches for controlling inference in a rule-based Expert
.

.

.

.

01

System: forward chaining (data-driven) or backward chaining (goal-driven) .

(i) Forward Chaining.
In the forward chaining approach, the system starts w ith available inform ation as it is
m ade available and then tries to draw conclusions. T he com puter analyses the problem ,
looking for the facts that m atch the EF portion o f its IF-Then rules held in the knowledge
base. B y m atching the available data w ith the conditions o f the rules, each rule is tested

81

until the program works its w ay to a conclusion. For example, an expert system may be
developed to m onitor a hotel's energy management.

This expert system could

constantly interpret inform ation available, such as temperature, lighting and cooking
device utilisation.

B ased on the available data, the system could offer solutions to

m anagem ent to m inim ise the energy costs.

The system is data driven in that the

available data is used to provide an appropriate solution.

(ii) Backward Chaining.
Backw ard chaining start w ith an expectation o f what is to happen (hypothesis), then
seek evidence that supports (or contradicts) the expectation.

O ften this entails

form ulating and testing interm ediate hypotheses. The program starts w ith a goal to be
verified as either true or false.

It then looks for a rule that has that goal in its

conclusion. It then checks the prem ise o f that rule in an attempt to satisfy the rule.

It

checks the assertion base first. If the search there fails, the ES will look for another rule
w hose conclusion is the sam e as that o f the prem ise o f the first rule. A n attem pt is then
made to satisfy the second rule. This process continues until all the possibilities have
been checked or until the first rule is satisfied. For example the hypothesis m ay be that
a problem exists w ithin the personnel area.

The system will attem pt to prove this

hypothesis by checking the conditions that suggest the problem , e.g., staff turnover is
high or quality o f service is poor. If the conditions are unavailable, a second rule m ay
be checked. The second hypothesis m ay be that staff turnover is high, the condition
being that high is any value greater than ten percent. If the second rule is verified this
will trigger the first rule to be inferred, i.e., there is a problem w ithin the personnel area.

The m ethod utilised generally depends on the task o f the application23. A pplied to this
research area, an expert perform ing a diagnosis o f a hotel unit is both data and goal
driven. Firstly, they are data driven in that a certain am ount o f data is collected (e.g.
financial and sales data) to establish the direction o f the problem search.

Secondly,

considering the direction o f the search, the goal driven approach evaluates several
problem s against the situation conditions.

In order to replicate this process w ithin an

expert system it is necessary that such a system em ploy both m ethods.

4.4.3 - Uncertainty.
An integral feature o f any Expert System is the m anner in w hich it deals with
uncertainty w ith respect to the evidence and hypothesis o f the IF statem ent, both at the
tim e the expert system is built and at the tim e the expert system is being used. There
are m any different sources o f uncertainty in problem solving, but m ost o f them can be
attributed to either im perfect dom ain know ledge or im perfect case data24.
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For these reasons, an Expert System m ust be able to apply inexact m ethods. Although
there is a broad agreem ent am ongst Expert System practitioners that inexact methods
are required, there is little agreem ent concerning what form these m ethods should
take25.

One o f the earliest m ethods em ployed was probability theory based upon

Bayesian approach. This approach requires that the expert provides prior probabilities
to all hypotheses as w ell as a pair o f conditional probabilities for all pieces o f evidence
(the conditions).

This m ethod, how ever had limited appeal because o f the practical

difficulties o f assessing the prior and conditional probabilities inherent in the theorem.
In addition, strong argum ents against the Bayesian approach have been concerned with
the possible absence o f independence betw een pieces o f evidence on the one hand and
betw een hypotheses on the other hand26. To help overcome these shortcom ings, other
m ethods have been

adopted using

subjective probabilities based purely upon

experience, w hile others have resorted to non-probabilistic methods.

A n alternative approach has been devised by Shortliffe and Buchanan27. This approach
adopts estimates provided by experts w hich reflect the tendency o f a piece o f evidence
to prove or disprove a given hypothesis. These estimates which m easure the increase in
either b elief or d isbelief in som e hypothesis as a result o f observing the existence o f
som e piece o f evidence are called certainty factors.

In general, certainty factors are

acquired from an expert w ho is asked to w eight his b elief in the param eter o f each
TH EN statem ent reflecting the degree o f certainty he affixes to that conclusion.

As

opposed to the conditional probabilities, these weights are ju d g m en ta l m easures that
reflect the level o f belief.

The Bayesian approach can be argued to be inappropriate for this task. The method,
although developed to counteract uncertainty, m ust be applied in a precise manner.
Each conclusion and condition m ust be appointed a probability score used to calculate
the probability o f the solution being correct. As the know ledge is totally subjective, a
precise m ethod o f applying these scores to hospitality diagnosis is obviously difficult.

The second approach, certainty factors, seem s more appropriate. These scores reflect
the judgm ental m easures o f the expert in the b elief o f a conclusion being correct. As
the scores are purely judgm ental, no level o f precision is required.

4.5 - Knowledge Acquisition
A ll o f the above sections, although separate, are dependant on w hat could be argued to
be the m ost im portant activity o f expert system developm ent, know ledge acquisition.
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This is the activity o f gathering know ledge for essentially know ledge intensive
applications such as the Expert System under discussion.

K now ledge acquisition is

often considered as a difficult problem and a bottle neck in developm ent o f Expert
98
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*

Systems . As a result o f these difficulties, m any techniques have been developed to
increase the effectiveness and efficiency o f the process.

The know ledge acquisition

approaches differ from traditional analytical m ethods by em phasising elicitation o f
know ledge from experts in relevant fields29.

The experts in this project are the

practitioners, educators and researchers w ithin the hospitality industry.

4.5.1 - The Human Element.
Experts make up one side o f the hum an elem ent o f the know ledge acquisition process,
the second elem ent being the know ledge engineer. A n expert is a person who generally
knows what to do based on m ature and practised understanding30. Typically, a hum an
expert is capable o f a com bination o f behaviours involving the following activities31:

1. Recognising and form ulating the problem .
2. Solving the problem fairly quickly.
3. Explaining the solution.
4. Learning from experience.
5. Breaking rules.
6. D eterm ining relevance.
7. "Degrading gracefully".

Experts can take a problem stated in some arbitrary m anner and convert it to a form that
lends itself to a rapid and effective solution. Problem solving ability is necessary, but
not sufficient by itself. Experts should be able to explain the results, leam new things
about the dom ain, restructure know ledge w henever needed, break rules w hen necessary
and determ ine w hether their expertise is relevant . The term "degrading gracefully" is
used to describe the effect o f getting close to the boundaries o f an expert's knowledge.
W hen this occurs, experts generally becom e less proficient at solving problem s.

Experts are so nam ed because they possess expertise in a specific domain. Expertise is
the extensive, task-specific know ledge acquired from training, reading and experience.
Expertise includes the follow ing types o f know ledge33:

•

Facts about the problem area - a current ratio o f higher than tw o-to-one denotes an
excess in w orking capital.
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•

Theories about the problem area - the m ajority o f problem s in hotels are generally
due to poor quality and poor marketing.

•

H ard-and-fast rules and procedures regarding the general problem area - if a
m arketing

problem

is

apparent,

system atically

exam ine

orientation,

com m unications, use o f m arketing inform ation and sales team activity.
•

Rules (H euristics) o f w hat to do in a given problem situation - if a decrease in
revenue is less than two percent, m onitor but do not evaluate.

These types o f know ledge enable experts to m ake better and faster decisions than non
experts in solving com plex problem s.

It can be argued that m uch o f an experts

know ledge is gained through education, reading o f textbooks on the dom ain area and
industry journals.

C onsidering this, it is logical to assum e that much o f the required

know ledge regarding the hospitality industry and its problem s should be available
through the same source. This approach will be further discussed in chapter six.

Expert systems, in order to sim ulate the problem solving behaviour o f a hum an expert,
m ust therefore be able to exhibit all o f the previously m entioned characteristics o f an
expert using the various types o f knowledge. The state-of-the-art to date has prim arily
been concerned w ith the second, third and fourth o f the activities, these capabilities
being m ade possible through the general research into know ledge representation and
control, and know ledge acquisition.

The person responsible for these tasks, i.e. know ledge representation, acquisition and
control, is the know ledge engineer.

In order to carry out the task properly, the

know ledge engineer m ust: be adept in interview ing and other know ledge elicitation
techniques; be able to recognise im portant know ledge; and be experienced in the
representation o f the relevant know ledge in the expert system, as well as the
developm ent o f the structure and user interface.

For m ost systems, the knowledge

acquisition stage plays a key role in determ ining the quality o f the resulting system.
K now ledge acquisition usually involves eliciting, analysing and interpreting the
know ledge hum an experts use in solving a particular problem , and then transform ing
this know ledge into a proper representation34.

4.5.2 - The Knowledge Acquisition Activity.
In order to do this, the know ledge engineer generally interview s one or m ore domain
experts and enters these experts' know ledge into the know ledge base. This process can
be costly since it requires long sessions engaging both know ledge engineers and
valuable experts. As w ell as the cost, the level o f com m itm ent offered by the domain
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expert seriously affects the success o f the developed system. A third problem which
exists w ithin the process concerns the bias exhibited by both engineer and expert35. The
process allows for know ledge to be filtered through the know ledge engineers and
subsequently m ay not reflect the actual thought process.

Two possible events occur.

Firstly, some developers em phasise the experts, insisting that w hat the experts express
should go unchanged into the knowledge base.

This seems the m ost appropriate

approach; how ever, the know ledge engineer m ust exert some control in order to avoid
the inclusion o f irrelevant know ledge for the application. The second school o f thought
suggests that the know ledge engineer should be responsible for everything that is used
in the program (i.e., other sources o f knowledge can be used if required and balanced
against the experts). The problem here arises w hen the know ledge engineer (or non
dom ain expert) has too m uch control and misses some o f the subtleties o f the problem
solving procedure.

4.5.3 - Knowledge Acquisition Techniques.
In order to gather the required knowledge, prior to m odelling and representation, several
techniques have been developed36. From a broad perspective, these techniques can be
divided into four m ain headings: interviews; observation; protocol analyses; and
structuring techniques.

Interview ing is generally the most popular know ledge acquisition technique in the
practical developm ent o f expert systems. M ethods for structuring these interview s have
further advanced the process, with the know ledge engineer (KE) varying the level o f
control he takes in the interview ing process.

Tw o such m ethods are the tutorial

interview and the teach-back interview. In the form er exam ple, the know ledge engineer
selects topics o f discussion, and the latter m ethod involves the expert explaining a
procedure to the K E, w ho then teaches it back to the expert. A nother approach involves
asking experts how they w ould solve hypothetical problem s.

O bservation involves observing an expert solving a problem . This m ethod may avoid
the biases introduced by interviewing; however, the set o f available cases to observe
m ay be lim ited and m ight not be representative.

P rotocol Analysis extracts know ledge from som e record (or protocol) o f events.

A

record o f events m ay be a video tape o f an expert solving a particular problem while
thinking aloud. T he typed protocol o f this tape is then analysed to elicit the required
problem -solving related knowledge.
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Structuring techniques elicit expertise through letting experts structure som e material,
for exam ple, dom ain concepts, in certain ways and analysing the results. For example,
card sorting is a technique where the expert is asked to group a set o f cards, each
labelled w ith a concept, according to criteria o f his or her choice.

4.5.4 - Knowledge Acquisition (KA) Problems.
Those techniques m entioned have allow ed know ledge to be elicited from experts with
som e degree o f success. However, they are prone to the sam e problem s. Some o f the
m ore w idely reported problem s o f the activity are37:

K now ledge is hard to articulate. Experts find it difficult to explain their know ledge and
the factors w hich they consider w hen solving problem s.

This fact also hinders

know ledge engineers in that they find it difficult to understand enough to make use o f
the knowledge.

Eliciting the w ay an expert thinks o f the dom ain and the dom ain know ledge is
problem atic. M odelling the expert's reasoning strategy and the know ledge needed to
support it is difficult.

There is typically a representational m ism atch am ong the w ay experts express
them selves, the w ay know ledge engineers think o f the experts' knowledge, and the
know ledge representation used in a com puter system.

In summary, these obstacles pin-point the substantial dow nfall in know ledge acquisition
and the im pending developm ent o f the expert system. The hum an factor is obviously o f
great im portance to the success o f any expert system developm ent, and subsequently
poses m ost o f the difficulties.

4.5.5 - Rule Induction.
R ule induction is a different approach to the provision o f rules for expert system
developm ent, concentrating on the m anipulation o f know ledge using a scientific m ethod
as opposed to subjective qualitative m ethods o f know ledge elicitation38. To overcom e
the problem s o f expert based know ledge acquisition, a num ber o f researchers have
suggested this alternative approach w hich takes advantage o f inductive inference
m echanism s to induce decision rules from data. The goal o f a rule induction algorithm
is to construct a set o f rules from the data to interpret the data and facilitate decision
m aking w hen a new case is encountered .
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The know ledge engineers collect the

relevant data from previous decisions, identify key attributes (variables) w ith the help o f
dom ain experts, and then use an induction program to construct a set o f rules for
decision making.

Com pared to the traditional approach, inductive know ledge

acquisition generates m ore consistent rules and the know ledge engineering process
depends less heavily on dom ain experts40.

The successful use o f such an induction system depends to a great extent on the task
under developm ent.

A n exam ple o f an application w here this technique has been

successfully utilised is loan approval analysis. By entering the variable values for many
loan applications with the result o f each application, such as approved or not approved,
the induction system determ ines the rules structure.

Generally the three m ajor

com ponents o f the induction system s are41:

1. A hypothesis generator that determ ines proper relationship between dependent and
independent attributes.
2. A probability calculator that determ ines the probability associated w ith each rule.
3. A rule scheduler that determ ines how candidate rules should be organised to form a
structure.

In the exam ple given, this m ethod can be highly rewarding.

W ith the use o f such a

system, a know ledge engineer can construct know ledge by collecting previous cases
solved by the experts, identifying attributes that m ay have effects on the decision
(experts can provide valuable advice in these two stages) and executing a rule induction
program 42.

For those cases w here rules are a good representation o f the experts'

knowledge, the tedious process o f interview and protocol analysis can be reduced to a
m inim um level. The Expert System can be easily developed, success depending only on
the num ber o f available cases to be exam ined.

The only developm ent left is the

production o f a custom ised user interface to facilitate the com m unications betw een the
system and the end user.

A lthough a pow erful m ethod for acquiring know ledge, obviously the task o f the
application under developm ent determ ines its potential use.

In the case under

discussion, i.e. the developm ent o f a diagnostic tool for a hospitality unit, the m ethod is
inappropriate. There is not the availability o f cases w here clear dependent attributes can
be identified.

It is unlikely that research could develop enough cases w here certain

variables produce a particular result, and furtherm ore, there is no lim itation on the
num ber o f results or variables that could be perceived as im portant by different
m anagers w ithin the industry.
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4.5.6 - Knowledge Acquisition Approach.
Considering these approaches to know ledge acquisition, it should be noted that a m ajor
objective o f this research is to evaluate to ability o f a hotel m anager to produce a
sufficiently effective Expert System for hotel com pany diagnosis.

Therefore, the

approach to developm ent differs from traditional Expert System developm ent. In this
project the author, a qualified and experienced hotel m anager w ith a proficiency in
com puter applications, acts as both dom ain expert and know ledge engineer. As a result
o f this, few o f the above K A problem s exist. There is no confusion in the presentation
and representation o f know ledge and know ledge does not necessarily have to be
articulated in such concise terms.

4.6 - Expert System Applications.
Considering the theory o f structure and expert system concepts, the following section
details how the technology has been applied to specific tasks.

Firstly, early expert

systems will be discussed as these projects determ ined the m anner in w hich m odem
expert systems w ere developed.

It should be noted that the m ajority o f early Expert

Systems were developed for areas concerned w ith the sciences. This section w ill also
dem onstrate how the technology has been m ore recently applied to m anagem ent
applications, both in general and in the hospitality industry.

4.6.1 - Early Expert Systems
Considering the theory o f Expert Systems discussed, the author w ill now describe how
specific early Expert System s w ere developed, leading to m odem expert systems.

(i) General Problem Solver
The first "intelligent" com puter system w as developed by N ew ell and Sim on in 197243.
The General Purpose P roblem Solver (GPS) was a procedure to w ork out the steps
required to change an initial situation into a desired goal state and was the predecessor
to the m odem ES. F or each problem , GPS is given a set o f "operators" that change the
w orld in various ways, a statem ent o f what "preconditions" each operator needs to be
true before it can be applied, and a list o f "post-conditions" that w ill be true after the
operator has been used. In ES term s, these form a rule base. A lthough an im portant
research area, GPS did not fulfil its inventors' dream s, but these program s did produce
im portant side benefits.

Som e o f the techniques could be applied to m ore special

purpose programs.
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(ii) DENDRAL
This shift to special purpose program s occurred in the m id-1960s with the developm ent
o f D EN DRA L by E. Feigenbaum , at Stanford University44. This system developm ent
recognised that the problem solving m echanism dem onstrated by GPS was only a small
part o f the com plete intelligent system. As well as a m ethod for solving problem s, the
know ledge o f the dom ain w as crucial as was the m anner in w hich the hum an expert
would solve the sam e problem m anually. The task o f D EN D R A L was to determ ine the
m olecular structure o f an organic com pound. This process, com bined w ith a knowledge
base relating to the interpretation o f data obtained from a laboratory device known as a
mass spectrom eter, produced a system which is now used to support hundreds o f
international users everyday. H ow ever, DENDRAL did have som e w eak points. The
system uses a w eak search m ethod, called “Generate and Test”, to traverse the space o f
alternative m olecular structures.

In this method, the system generates a possible

solution and then tests the solution against conditions for success.

If the generated

solution is adequate the m ethod has succeeded, if not it generates a second possible
solution.

This continues until a solution is found.

problem s45.

This approach resulted in two

Firstly, the m ethod on its own generally requires large com putational

power. In order to assist the process, the system takes advice from the hum an expert
into account as it generates candidates for testing.

Secondly, the system uses an

algorithm to system atically enum erate all possible m olecular structures, knowledge
being represented as a procedural code.

It has no advanced feature for controlling

inference and as a result control over the program's iteration through the candidates
rem ains in the hands o f the user. The result o f these points is that the user m ust have a
sufficiently high level o f expertise in the dom ain area.

Considering the flaws o f the system , the construction o f D EN DRA L, w hich was one o f
the two first Expert System s ever developed, was an im portant stepping stone between
the GPS and m ore functional Expert Systems. The developm ent led to the following
findings:

•

General Problem Solvers are too w eak to be used as the basis for building high
perform ance ES.

•

H um an problem solvers are good only if they operate in a very narrow domain.

•

Expert Systems need to be constantly updated for new inform ation. Such updating
can be done efficiently w ith rule-based representation.

•

The com plexity o f problem s requires a considerable am ount o f know ledge about the
problem domain.
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(iii) MYCIN
M YCIN , another Expert System developed for the scientific com m unity, was an
im portant developm ent project to the overall areas o f ES46.

This system, began

developm ent in 1972, seven years after the D EN DRA L project, as a collaboration o f the
m edical and artificial intelligence com m unities at Stanford. The aim o f the system was
to assist a physician, who generally should not be an expert in the field o f antibiotics
w ith the treatm ent o f blood infections.

A lthough M YCIN has been revised and

extended since its original developm ent, the basic system com prised o f five main
com ponents47.

1. a know ledge base, w hich contains factual and judgm ental know ledge about the
domain;
2. a dynam ic p a tien t database containing inform ation about a particular patient;
3. a consultation program , w hich ask questions, draws conclusions and gives advice
about a particular case based on the patient data and the static knowledge;
4.

an explanation program , w hich answers questions and justifies this advice, using
static know ledge and a trace o f the program s execution;

5.

a know ledge acquisition program for adding new rules and changing existing ones.

The m ost significant difference between D EN D RA L and MYCEN was the more
advanced control structure utilised in the latter. M YCIN 's control structure involved a
m ethod o f sub-goaling . The structure contains a top-level goal rule w hich defines the
w hole task o f the consultation system. Paraphrased, that rule states:

IF

1)

there is an organism w hich requires therapy, a n d

2)

consideration has been given to any other organism s
requiring therapy

THEN

com pile a list o f possible therapies, and determ ine the best on in
the list.

The consultation is then essentially a search through a tree o f goals. The top-goal at the
root o f the tree is the action part o f the goal rule; that is the recom m endation o f a drug
therapy.

Sub-goals further dow n the tree include determ ining the organism involved

and seeing if it is significant.

M any o f these sub-goals have sub-goals o f their own.

The inform ation required to satisfy the goals can be obtained either directly from the
user, or via som e chain o f inference based on sym ptom s and laboratory data provided by
the user.
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In tests, M YCIN 's perform ance was shown to com pare favourably w ith that o f experts.
H ow ever, although accurate in diagnosis, the m ain problem o f the system lay in the fact
that the know ledge base w as incomplete.

It did not cover anyw here near the full

spectrum o f infectious diseases. Although not achieving the com m ercial value o f
D EN D R A L, never being used in hospitals for the above reason, M Y CIN development
was an im portant research vehicle in the area. The system introduced several features
w hich have becom e hallm arks o f expert system s49.

•

The know ledge representation is rule based.

The know ledge base consisted o f

about 500 "IF-THEN" inference rules.
•

P robabilistic Rules. M any o f the rules include a chance option that allows the
system m ake plausible conclusions from uncertain evidence. The chance figures in
the rules are expressed as certainty factors.

•

B ackw ard chaining method.

The program executes an exhaustive backward

chaining search for a diagnosis, augm ented by a num erical heuristic function. In its
output, it rank orders com peting hypotheses
•

Explanation. M Y C IN can explain its reasoning.

The user can interrogate it in

various ways by enquiring w hy the ES asked a particular question or how it reached
an interm ediate or final conclusion.

Because each rule is a semi-independent

package o f know ledge, the user can easily trace the rules that led to a certain
question or conclusion.
•

User frie n d ly system . M Y CIN is very easy to use. The required training is minimal.
The entire dialogue is conducted in English.

The exam ples o f tw o o f the first Expert Systems developed, notably represent very
scientific and academ ic fields. This may be due to the fact that ESs at that time were
prim arily in areas o f research, confined to academ ic institutions. H ow ever in the 1980s,
Expert Systems began to appear in com m ercial organisations.

Inform ation systems

professionals had begun to realise the pow er and potential advantages o f utilising such
technology.

4.6.2 - Expert Systems Applied to Management.
It w as previously noted that pre-1980 expert systems w ere notably applied to scientific
fields. The m ost obvious reason for this was that scientific know ledge, by its nature, is
easier to engineer into rule-based know ledge bases. H ow ever, since the 1980's, more
expert system s have been developed for various m anagem ent tasks.
such applied systems are:
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A n example o f

(i) Marketing
Expert system s were developed for the m arketing area, generally in com panies w ith a
recurrent m arketing problem .

Som e o f the broad areas tackled include: 1) value

enhancem ent, 2) resource utilisation, 3) re-packaging and co-m arketing company
expertise, 4) broadening service distribution, 5) creating sm arter services, and 7)
training. Each o f these areas is notably selected for tasks in w hich the system will not
replace the m arketing m anager but m erely assist in the num erous decision making
situations w hich they face.

CO M STR AT is an expert system developed for strategic m arketing50. The systems aim
is to help m arketing m anagers to analyse the position o f their com pany relative to their
com petitors in a particular business or product area and then suggesting ways in which
the position m ight be improved.

Brand M anager's A ssistant (BMA) is a know ledge based approach to the brand
m anagem ent function51. Brand m anagem ent generally involve four steps: 1) analysis, 2)
planning, 3) execution and 4) control (APEC). The BM A has been designed to augment
rather than replace an existing m arketing m anagem ent inform ation system (MMIS)
w here the M M IS traditionally com puterises the process o f view ing data and all other
aspects o f m arketing m anagem ent are left to the manager. The BM A provides a new
architecture for supporting three o f the key aspects o f m arketing decision making:
analysis, planning and control. It contains data viewers for extracting and viewing data,
analysers for analysing data, and designers for designing m arketing events and
program s, as w ell as m onitors for m onitoring events and program s.

(ii) Finance
One o f the m ost active areas in the take-up o f expert system s has been the financial
services sector . Expert systems in this field cover such subjects as auditing, personal
and corporate taxes, personnel financial planning, and com pany analysis.

The main

advantage to finance professionals is that they allow accountants to focus on the
professional parts o f their jo b s instead o f being distracted by the routine, repetitive
tasks53. O ne o f the considerable benefits o f the technology to finance was that the
program s are especially effective in responding to questions that have more than one
answ er or that are difficult to frame because o f their com plexity.

Exam ples o f expert system s in the dom ain include a product by K now ledge Products
(Europe) Ltd. This com pany analyser assesses risk in a com pany using ratios and trend
analysis and provides advice on w hat to do in any difficult situations54.
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A second sim ilar system developed by H eadw ay Systems Ltd. is a business review tool,
w hich is for use by the ow ner m anager o f a small or m edium sized com pany to carry out
a position audit, helping to identify areas for change and the im m ediate action tools.
The system is targeted at com panies that need to take a number o f short term actions
before developing grow th potential55.

(iii) Human Resources
Inform ation technology in the last few years has made its w ay into the offices o f hum an
resource professionals.

Com puters are being used to improve H R adm inistrative,

operational and planning decisions56.

The three prim ary com petitive objectives

considered for technological assistance are i) cost leadership, ii) quality and custom er
satisfaction and iii) innovation57.

The technologies applied to these objectives are

transaction processing and tracking systems, decision support system s and Expert
systems.

P R A X IS is an expert system to help determ ine the strengths and w eaknesses o f
em ployees and design custom ised em ployee developm ent program s based on this
analysis58.

C O M PU C O A C H coaches m anagers on effective approaches to use in com m unicating
w ith peers, supervisors, and subordinates.

The program also suggests ways to build

m anagem ent skills and to gain their superiors' favourable attention. "People M anager
1", from People Sciences, is a com prehensive program that helps m anagers m ake
perform ance assignm ents, prepare perform ance appraisals, identify the skills needed for
a particular jo b and form ulate training and developm ent plans.

4.6.3 - Expert Systems in the Hospitality Industry
A n exam ple o f an ES system developed for use in the hospitality industry is the room s
control system developed by B alsam G rand Resort and Eloquent System s corporation o f
M anchester, N ew H am pshire59. The system was designed to im prove custom er service
by m atching guests' room needs w ith the available room s and com piling guest history
inform ation. The aim w as to im prove the sales o f the resort and to im prove m arketing
strategies. The sixteen years o f guest history w ritten into the program has enabled the
em ployees to custom ise the service encounter based on the system's know ledge o f the
guest and consequently enhance the quality o f service. The system also ensures that the
m anagem ent policies, such as selling the least desirable rooms first, are carried out
consistently.
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Sales Manager is another ES tool designed as a negotiating tool for hotel sales
representatives60. The program is based on an analysis o f the contribution margin o f
total revenue generated by a group’s stay at a hotel. The total profits from room charges
and food and beverage sales are analysed and compared with profits that the hotel
should expect to make from a group for the dates in question, based on past history and
current reservations.

Sales manager offers a number o f advantages to the hotel.

It

enables the sales department to book business based on consistent criteria, it provides
the sales person with negotiating strategies, and it looks at the potential business in
terms o f what it will do for the whole hotel, not just for one department.

4.7 - The Generic Categories of Expert Systems
The above sections should demonstrate that Expert Systems can be applied to many
different tasks. This may possibly be to the extent that potential developers might feel
Expert Systems apply to every task. As this is not the case, classification schemes have
been the topic o f some research. One such classification is offered by Hayes-Roth et
a/61.

This classification, although receiving much criticism, has not been improved

upon and therefore is the most appropriate available. They are:
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Category

Problem Addressed

Interpretation

Inferring situation descriptions from observations.
Example: Chemical structure elucidation.

Prediction

Inferring likely consequences o f given situations.
Examples: Weather and financial forecasting.

Diagnosis

Inferring system malfunctions for observations.
Examples: Medical, mechanical and electronic domains.

Planning

Developing plans to achieve goals.
Example: Route planning.

Monitoring

Comparing observations to plan vulnerabilities, flagging exceptions.
Example: Monitoring o f nuclear power stations.

Debugging

Prescribing remedies for malfunctions.
Example: Aids to computer programmers.

Repair

Executing a plan to administer a prescribed remedy.
Example: Computer network administration.

Instruction

Diagnosing, debugging and correcting student performance.
Example: Training o f management students.

Control

Interpreting, predicting, repairing and monitoring system behaviour.
Example: Battle management.

Table 4.3 - Hayes-Roth Categorisation o f Expert Systems.

An alternative analysis based on the generic operations o f the system, was proposed by
Clancey in 198562. Clancey's argument toward the Hayes-Roth et al. classification is
based on overlaps between debugging, repair, monitoring and instruction systems. This
argument is also supported by Reichgelt and van Harmelen (1986).
Clancey, in his categorisation, asks what kind o f operation such a program can perform
with respect to a real-world (mechanical, electrical or biological) system, as opposed to
categorising programs directly in terms o f the kind o f problem they are set out to solve.
A system in this case means a complex arrangement o f interacting objects, existing in
some environment and engaged in some process, involving the exchange o f energy and
information with that environment. Clancey distinguishes therefore, between synthetic
operations that construct a system and analytic operations that interpret a system. These
concepts can be viewed as a hierarchical analysis o f the kinds o f operation that a
program can be called upon to perform.

Applied to this research, the synthetic or

construct classification has little significance as the system under discussion is not

96

concerned with the construction of any system. However, the interpret classification is
important, in that it helps to further specify the actions required in a diagnostic system.

Figure 4.2 - Generic operations fo r analysing (left) and synthesising (right) a system

Looking at figure 4.5, it can be seen how the different kinds o f INTERPRET operations
relate to the notion o f a system. Given input-output pairs, the IDENTIFY operation tells
us what kind o f system we are dealing with. Given a known system, PREDICT tells us
what outputs to expect for a class o f given inputs. CONTROL takes a known system
and determines inputs which achieve a desired output. Thus the three specialisations of
INTERPRET cover all the possibilities in which one member o f the set {input, output,
system} is an unknown quantity.
systems.

IDENTIFY can be further specialised for faulty

The MONITOR operation detects discrepant behaviour and DIAGNOSE

explains it.
This classification has specific implications for this research project. The process o f
selecting the most appropriate problem solving method is facilitated by the clear
identification o f the task.

In this situation the task was originally identified as the

diagnosis o f a hospitality unit for senior level management.

Considering Clancey's

classification, the author can more specifically describe the task as the interpretation of
the hotel system using an identification task and its various tasks o f monitoring and
diagnosis, where monitoring analyses the hotel for problems and diagnosis explains
exactly what is wrong.

4.8 - Expert System Development tools
Although each classification o f expert system can be developed using any o f the
following methods, it is important that the most appropriate method is selected from the
point o f the developer.

The options available to a systems developer include non-

symbolic programming language such as C and Pascal, symbolic processing languages
or development tools.

The former, although having been used in the past, are not
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suitable for developing expert systems since they make the development o f inferencing
mechanisms difficult and have no built in structures for handling knowledge
representation. If unsuitable, why were they used at all? Several reasons are suggested
by Turban63. Firstly, no other language may be available for the hardware on which the
system is to run. Secondly, conventional languages offer the developer more control on
the memory utilisation o f the program, unavailable in AI languages.

Thirdly, the

interface between expert systems and databases, or DSS can be much easier if the ES is
written in a conventional language.

Finally, non AI languages suffer from a

disadvantage in that they manipulate effectively only a small range o f ES data types
such as numbers and logical values.
Therefore the expert system developer is left with a choice o f 1) using a symbolic
language or 2) using an expert system building tool, known as an expert system shell.
The AI or symbolic manipulation language provides an effective way to present AI type
objects such as rules and explanations. Two major languages in this category are Prolog
and Lisp.

Using these languages, the programming and debugging procedures can

frequently be done much faster than with the procedural languages.

4.8.1 - Lisp.
Lisp (List Processor) is one o f the oldest general purpose languages still in active use.
Developed in 1958 by J. McCarthy at MIT, Lisp's applications include artificial
intelligence, robotics, natural language processing and educational programming64. The
language is oriented toward symbolic computation; the programmer is able to assign
values to terms like "Financial" and "Liquidity". The Lisp program can conveniently
manipulate such symbols and their relationships. Lisp programs also have the ability to
modify themselves. This means that a computer can be programmed to "learn" from
past experiences.

This feature gives the Lisp programmer the power to develop

software far beyond the limitations o f other general purpose languages.

4.8.2 - PROLOG
PROLOG (Programming in LOGIC) is the most popular AI language utilised in Japan
and Europe65.

The basic idea is to express statements in logic as statements in

programming language, and the method o f proving a theorem using these statements
could be thought o f as a way o f executing those statements. Consider the following
rule, "All hospitality companies will generate supernormal profits" and "Hilton is a
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hospitality company" and the theorem "Hilton will generate supernormal profits", could
be expressed formally in PROLOG as:

PROLOG

Meaning

supemormal_profit (X):- hospitality_company(X)

(X is supernormal profits if X is
a hospitality company)

hospitality_company (hilton)

(Hilton is a hospitality company)

?-supemormal_profits (hilton)

(Has Hilton supernormal profits)

PROLOG can then be run to try to prove the theorem given the two statements. In this
case, it will come to the conclusion that the theorem is true.
PROLOG'S basis in logic provides its distinctive feature. Because a PROLOG program
is a series o f statements in logic, it can be understood declaratively; that is, it can be
understood quite separately from considerations o f how it will be executed. Traditional
languages can be understood only procedurally by considering what happens when the
program is executed on a computer.

4.8.3 - Expert System Shells
The third tool available is "skeleton expert systems" which are more commonly known
as expert system shells. Harmon defines these shells as66:

“Software packages which include a programming language and support features
designed to simplify the effort involved in building an expert system. These support
features usually include an inference engine, user interface facilities, and optional
productivity tools like a knowledge base editor, debugging aids and testing facilities".

Consultation
Manager

Knowledge Base
Editor and Debugger

Knowledge Base
Management facilities

Inferenz
Engine

Figure 4.3 - Expert System Shell components.
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Rather than building an expert system from scratch, it is often possible to borrow
intensively from a previously built specific ES.

This structure makes possible the

replacement o f the original knowledge base by a new knowledge base for a different
task, obviously simplifying construction. One o f the first shells developed, known as
EMYCIN, is a shell o f the previously discussed MYCIN expert system (EMYCIN
standing for Empty or Essential MYCIN). As the name suggests, EMYCIN was simply
MYCIN minus its domain specific medical knowledge. The shell was originally used to
help expert system developers build and debug performance programs. Although one of
the first shells, EMYCIN was responsible for establishing several features which have
since become widespread in expert system shells. They are67:
•

An abbreviated rule language, which is neither Lisp nor the subset o f English used
by MYCIN. This notation is easier to read than Lisp and more concise than the
English subset.

•

An indexing scheme for rules, which also organises them into groups, based on the
parameters that they reference.

•

A backward-chaining control structure like MYCIN which unfolds an AND/OR
tree, the leaves o f which are data which can be requested o f the user.

•

An interface between the final consultation program and the end-user, which
handled all communications between the program and the user.

•

An interface between the system designer and the evolving consultation program,
providing tools for displaying, editing and partitioning rules, editing knowledge held
in the tables, and running rule sets on sets o f problems.

Most shells can be classified as rule-based or as hybrid.
Rule-based are the oldest and the simplest shells, many o f which originated from
EMYCIN. Simple rule-based tools represent knowledge in the form o f rules and use
backward chaining to process the rules.

Structured rule-based tools differ from the

simple type in that they allow the developer divide rules in hierarchically arranged sets.
Hybrid tools are shells lacking the narrow focus typical o f large, structured rule based
AS
tools . They use frames, objects, semantic networks and a rich variety o f inheritance
.

.

,

techniques in a programming environment which allows for the structure and
relationships typical o f more complex expert knowledge. As a result, system design
becomes generally much more flexible. However the price to pay for this flexibility is
high. Hybrid tools are considerably more expensive. In addition, the developer must be
proficient in both knowledge engineering and Lisp programming to use a hybrid tool.
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These problems contradict one o f the basic requirements o f an expert system shell, in
that they are developed for use by non-computer specialists, with no knowledge o f
programming.
A comparison between symbolic languages and expert system shells is similar to a
comparison between third generation programming languages and fourth generation
languages. Languages have the functionality to be more flexible than shells, but on the
other hand are more time-consuming in their use. Only well trained developers are able
to build knowledge systems from scratch using symbolic languages like Lisp or
PROLOG.
In order to develop, "in-house", a symbolic language based hospitality company
diagnostic program would require experienced Lisp or PROLOG programmers. If these
people were not available in the company, they must be recruited and trained or
expensive systems analysts must be hired. Expert system shells, on the other hand, have
been developed so that business managers may be capable o f producing Expert Systems
relatively easily. No formal computer training is required, many o f the systems are easy
enough to master.

The manager come Expert System developer is in control o f the

development and as the system is tool based, modifications can be easily made as
required.
The use o f expert system shells can considerably reduce the design and implementation
time o f an expert system. A major advantage o f the shell is that the inference engine is
built in, thereby saving the time in building one.
In the past, only very expensive mainframe based ES could tackle complex problems,
but now cheaper powerful PC-based shells have become available. Expert system shells
have become common, with commercially produced shells available for all types o f
computers. It is important that the developer selects the most appropriate shell as it will
impact the whole development process. This selection and evaluation o f expert system
shells will be discussed further in chapters five and six.
However, it is important to note that a shell can only be used when the intended
application matches the shell's capabilities.

Choosing the right domain problem is

essential as it can affect the best programming language, knowledge representation
schema and inference engine to be used.
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4.9 - Summary.
Although chapter three established that Expert Systems were most appropriate for the
development o f the diagnostic system discussed, many options are available to an
Expert System developer which must be considered. These options relate to the manner
in which knowledge is acquired, represented and controlled within the knowledge-base.
In addition it is also necessary to evaluate the methods o f employing uncertainty, where
it is required.
Production rules were selected as the most appropriate format for this research. This is
primarily due to the fact that other formats are highly complex in nature and as a result,
are rarely found in the types o f tools available to non-programmers. In conjunction with
an ease o f use, they readily facilitate the required control mechanisms found in expert
systems. Relating to this research, it was established that the developed system would
require both a goal and data driven control mechanism. In addition, certainty factors
were established as the most appropriate method o f representing uncertainty.
Considering the approaches to classifying Expert System applications, this chapter has
used these approaches to further specify the required task o f the system under
discussion. As opposed to purely being a diagnostic system, Clancey's classification
established that diagnosis is a sub-system o f the overall interpretation system. As a
result, this particular system is now described in terms o f an interpretation system,
utilising the monitoring and diagnostic tasks.
Allowing for the issues mentioned above, Expert System shells were selected as the
most appropriate development approach. This was due to the fact that they were easier
to use than programming languages and offered the representation, control and
uncertainty factors required.
The following two chapters discuss how a specific tool was applied to the development
o f the Expert System-Based Analysis and Diagnostic Software.
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Chapter Five.
E x p e r t S y s te m

A n a ly s is

5.1 - Introduction
Most o f the early Expert Systems developed, such as the previously mentioned Mycin
and Dendral, took many person-years to construct and cost many millions o f dollars1.
Today, however, this situation has changed, primarily for two reasons. First, powerful
development tools are now available which do not require special purpose computing
hardware and highly trained personnel.

Instead common place personal computers

(PCs) can be used by non-computer specialists to produce effective Expert Systems.
Second, it is now apparent that less complex and powerful ES are also valuable in
almost all industries, from manufacturing through to service2.
Irrespective o f the task to which the ES is being applied, the development process
generally follows the same format (see figure 5 .1)3, the procedure covering the selection
o f the problem through prototyping to evaluation and testing. For the purpose o f the
research, the process will be discussed in two separate chapters. This chapter describes
the first four stages o f the development process o f the Expert System Based Analysis
and Diagnostic System, Chapter Six deals with the remaining phases. The elements
under consideration here are the selection o f the problem (phases one and two),
selection o f the expertise (phase two), the conceptual design and feasibility (phase
three) and the selection o f the software and hardware (phase four). In addition to these
areas, the related area o f system maintenance will also be discussed.

This area,

although not necessarily an element o f development, considers how the system will be
maintained in the future to ensure the validity o f the systems knowledge.
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Phase I.

Problem identification, justification.
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Expert system analysis:

:
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Phase VI.
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Phase VII.
System
Development

Knowledge representation.
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Figure 5.1 - Expert System Development Process

5.2 - Phase one - Problem Identification.
An essential element o f the Expert system development process is to ensure that the
problem or domain area has been correctly identified. Chapter one investigated the area
o f problem-solving and decision-making.

It was established that although much

research has been carried out in this area, the present approaches to problem-solving and
decision-making are limited in their functionality. The utilisation o f a formal problem
solving process generally assumes the manager is aware o f a problem or is sure that the
correct problem has been identified.

This may not always be the case.

The author

therefore argues that a formal system o f problem identification is required.
In conjunction with this observation, chapter one also established that, although often
seen as synonymous, problem-solving and decision-making are in fact separate
processes. Decision-making is merely an element o f the problem-solving process, the
number o f decisions being made depending on the complexity o f the problem in hand.
The specific decision under consideration in this project is the identification o f
problems within a hotel unit. The ability to offer comprehensive support to this single
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decision is argued to increase the effectiveness o f the overall problem-solving process.
The other important element o f the problem-solving process concerns the design of
possible solutions. As this process is essentially creative, the ability o f computers to
support it is limited.
In order to avoid confusion when defining the research problem, it is necessary to
establish the terminology that will be used. The research problem is the development
o f a system which will support the manager is carrying out an analysis and diagnosis of
a hotel unit prior to utilising a formal problem-solving process.

The analysis and

diagnosis element is primarily concerned with systematically scanning information,
using domain knowledge, to establish the likelihood o f a functional problem (i.e. one
which will cause distress for the unit if not tackled) existing within the unit.
Essentially, the project is comprised o f the development o f a system which assists
managers in identifying problems by supporting their decisions using the knowledge of
domain experts contained in the Expert System. Chapter two established that problem
identification was difficult, due to the inter-disciplinary skills o f hotel managers, with
most having responsibilities in the areas of: finance, marketing, operational, control and
personnel. This categorisation was further established as important by an examination
o f the product characteristics, the industry structure, and the major causes o f distress in
business generally and specifically hospitality. For this reason, the research problem is
concerned with the functional problems that exist most prominently within the five
areas identified.
It is important to note at this point that many Expert Systems have been developed to
provide support to tasks which are generally carried out by human experts.

This

research development, however, is substantially different for one essential reason. The
process o f analysis and diagnosis, as described above, does not occur at present within
the hospitality industry in any formal manner.

The process is generally carried out

intuitively and often subconsciously, to varying levels o f success. As opposed to simply
automating an existing process, this research is concerned with the development o f a
new process in a computerised environment.

5.2.1 - Justification.
The second element o f phase one is the justification o f the application o f the technology
to the task.

As previously stated, the availability o f powerful, low cost personal

computers, in conjunction with the development o f useful expert system shells, has
increased the awareness and utilisation o f the technology.
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However, the cost of

development o f any application can still be high in terms o f domain expert time and
knowledge-engineer time.

Therefore, a mere interest in the new technology is

insufficient to justify its utilisation.
A more appropriate analysis o f justification might consider the potential o f having
practical, expert knowledge, such as that under discussion,

encapsulated in a form

which is transferable to those who are not experts4. As stated in chapter two, the Irish
hotel industry has various problems and is comprised o f units too small to warrant the
employment o f full-time business analysts. Therefore, the justification o f an analysis
and diagnostic system, readily available to all, should be a simple process, the specific
incentives being:

The system should improve the performance of non-experts by providing a tool which is
available to those who require quick and ready reference to experts. Although many
hotel managers have operated properties in the past with some success, the business
environment has substantially changed.

Increased competition, quickly changing

economic pressures such as inflation and the availability o f labour and financial
pressures have reduced hotel units to problem manufacturing machines requiring many
daily decisions. The ability to gain support from a system which is ‘knowledgeable’ on
the prominent problems which exist will potentially increase performance o f both
managers and properties.

The system should provide training of a consistently high quality with the capability of
being disseminated throughout the organisation. Both in industry and education, the
ability to learn how to visualise problems and their causes is an essential process. The
proposed system, although having the capability to support the overall analysis and
diagnostic process, should provide a more fundamental use. Disregarding the level o f
time spent in the development it is unlikely that all possible problems and combination
o f inter-related symptoms and causes will be elicited to provide a fully comprehensive
system. However, the process o f using such an interactive system should provide the
user, either industry manager or college student, with a thought-provoking experience
that may ‘trigger’ the recognition o f a problem not contained in the system. Continual
use will train the user to readily associate problems with their inherent causes and
symptoms.

The system should provide a standardised approach to solving the diagnostic problem.
It is unlikely that any individual manager will have the total required knowledge to carry
out a comprehensive diagnosis. The representation o f the knowledge o f all management
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within a company into such a system offers each individual manager access to
knowledge they may not possess themselves and subsequently provides a more
comprehensive system.

In addition, the ability for a corporate office to ensure each

hotel is carrying out a diagnosis in the same manner offers benefits. The use o f such a
system which has been developed to their specifications with their knowledge provides
the assurance that the results gained from a diagnosis are accurate and standardised.

The system should automate the application of expert judgement to a large mass of
data.

The analysis and diagnosis process suggested requires the availability o f a

considerably large mass o f data, including financial accounts and ratios, operating data
and management observations.

Manually, this amount o f data and information is

difficult to deal with due to "information overload" and the inability o f humans to
reason with too many pieces o f data. The expert system, however, does not suffer from
these problems. In fact it can be argued that the more information and data available to
such a system, the more the validity o f any findings will be increased.

The system should assist managers with a relatively routine task so that they have more
time to devote to the specialised, more demanding tasks which only they can handle.
Many problems encountered in the hotel business occur so frequently that it is
impossible and impractical to represent them within a support system.

By being

assisted in the diagnostic process, a manager can devote more time to these problems, in
the knowledge that he or she is aware o f and tackling the more important ones.
Considering the above points, it would seem that an Expert System for hotel diagnosis
purposes would be justified in its development.

5.3 - Phase two - Necessary Requirements for Expert System Development.
On establishing the domain problem, chapter three examined the problem in the context
o f the available technologies. Management Information Systems, Decision Support
Systems and areas o f Artificial Intelligence were examined. As the domain problem
was established as being relatively ill-structured, complex in the number o f factors and
variables and essentially knowledge rather than data based, Expert System technology
was selected as the most appropriate for the task.
However, Waterman5 suggests that a formal method for validating the selected task to
Expert System technology should be utilised. The costs o f expert system development
are high and therefore it is important to establish that the task is being correctly matched
to the right technology. Although a study o f this type would have greater implications
for a commercial development, it is necessary for this research to confirm the findings
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o f chapter three, i.e. that the technology selection is appropriate. Waterman's proposal
suggests a study should be composed o f three parts: necessary requirements,

justification, and appropriateness.
The requirements for ES development, listed by Waterman, concern the domain
problem and the availability o f knowledge on solving that problem.

All o f the

following requirements are necessary to make ES development possible. They are:

The task does not require common sense.
Common sense, in this context, means an approach where no rational or logical
description can be given for how a problem is solved. Although managers perceive that
common sense is essential in their decision-making role, it can be argued that the
process is not dependent on it.
require common sense.

The identification o f functional problems does not

Instead, a logical process can be employed to move from

problem to problem, analysing each for its existence within the hotel unit.

The task requires only cognitive, not physical, skills.
The form o f analysis and diagnosis under discussion is primarily based on the collection
and processing o f information, followed by interpretation and recognition o f patterns.
For example, a business analyst may collect data from financial accounts and further
information from management and staff. Analytical skills may be used to calculate
useful ratios and then judgement and intuition is used to recognise patterns prior to
making a decision regarding the diagnosis. This process is entirely cognitive, with no
element o f physical skills involved.

At least one genuine expert, who is willing to co-operate, exists.
As discussed in chapter four, the ability to create a comprehensive expert system
depends on the availability o f domain experts who are willing to participate in the
development o f the system.

However, it was also stated that gaining such a

commitment for a research project is difficult. It was found that sufficient knowledge
could be gained on the domain from literature analysis and supported by the personal
knowledge o f the author who, as stated, is a qualified hotel manager. In this situation,
the author will act as both domain expert and expert system expert or knowledge
engineer.

The experts involved can articulate their methods of problem-solving.
Again, for the reasons stated above, the articulation o f knowledge and problem-solving
procedures is minimised in importance. As the human element is primarily limited in
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this project to one person, the author, knowledge acquisition is simplified.

This

approach is sufficient for prototyping purposes, however, in the commercial
development o f a similar system, several experts should be used.

The experts involved must agree on the knowledge and the approach to solving the
problem.
When more than one expert is involved in the system development and knowledge
acquisition phases, it is important that there is considerable agreement on the
knowledge contained in the system. This is essential for both structured development
and the verification o f the validity o f the system. When the development is concerned
with the knowledge o f one expert, this problem does not exist. However, in this case
the literature analysis for knowledge acquisition will both supplement and support the
personal knowledge o f the author.

The task is not too difficult.
The process o f analysing and diagnosing businesses in general and hospitality units
specifically has been carried out for some time.

However, the process to date has

depended to a large extent on subconscious and intuitive methods, managers basing
decisions on ‘gut feelings’ and carrying out very limited analysis. The task therefore is
simply the identification o f prominent problems and the elicitation and representation o f
the ‘symptoms’ o f those problems in a semi-structured manner.
From the above list, the necessary requirements are present for this task.
requirements have also been suggested by Waterman.

Other

However, these are stated as

being less important. Some o f these requirements are:
• The domain must be well bounded and narrow.
• Data and test cases must be available.
• The vocabulary has no more than a couple o f hundred concepts.
These points have been raised by many writers on Expert System technology and are
generally based on the findings o f researchers in the area. An absence o f one or more o f
these requirements may deter a commercial project. However, from a research point o f
view, these findings should not deter the application o f the technology to tasks which do
not seem to fit. The area or task under discussion can be argued to be broad in scope,
lacking any previous cases or data and have to a large vocabulary o f concepts and
therefore may be unsuitable for ES development. Considering this, however, the author
argues that the application must be prototyped to really evaluate if it is possible.
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5.3.1 - Appropriateness of Expert Systems.
As well as setting the requirements for ES development, Waterman6 also suggests
points which must be considered when evaluating the appropriateness o f ES to the task.

They are:
The nature o f the problem.

As opposed to facts being available, the subject under

discussion is composed primarily o f heuristics, each educator, practitioner and author in
the area having different viewpoints as to what can go wrong in the industry.

As

regards the decomposition o f the task, the process o f development itself forced the task
to be broken into individual components. This aspect o f development is discussed in
the following chapter.
The complexity o f the task. The task should neither be too easy nor too difficult for a
human expert.

The process o f hotel unit analysis and diagnosis, as proposed, is a

combination o f pattern matching and reasoning with a large number o f variables. This
process could be carried out manually by an expert but with, perhaps, some difficulty.
As previously stated, the numbers o f variables involved is immense, and therefore
difficult to reason with.

The use o f a computerised knowledge based system would

enhance the process both in terms o f speed and increasing the number o f variables that
could be examined.
The scope o f the problem. The task problem should be o f manageable size and it should
also have some practical value. As stated previously, the task under discussion is both
broad and deep and, as such, is rarely recommended for Expert System development.
However, the issue as to what constitutes a manageable size is rather subjective. The
author argues that manageable size depends on the amount and structure o f the
knowledge available.

For example, a large task may be simplistic if the knowledge

available is plentiful and structured in a manner which is readily amenable to
representation.

On the other hand, a smaller task, while seeming easy, may be

complicated by the little knowledge available which has no obvious structure or
relationships. The author argues that a prototype must be developed prior to making
any claims as to whether the task is manageable.
Considering this analysis, the author concludes that the task under discussion is an
appropriate one for an expert system application. The following chapter describes how
such a basic analysis described by Waterman is insufficient for evaluating the
appropriateness o f Expert Systems to a task. Although shown to be appropriate, the
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actual development o f the Expert System-Based Analysis and Diagnosis Software was
hampered by many problems, not addressed by the Waterman's evaluation.

5.3.2 - Expert Selection and Availability.
Although successful hotel managers are plentiful, the process o f formal diagnosis as
defined in this project is a new concept judging by the lack o f available knowledge in
literature.

Therefore, in the author's opinion, many hotel managers would have

difficulty in providing the required knowledge. As managers are unaware o f the process
it would obviously be difficult for them to verbalise how they would tackle the task. As
the knowledge acquisition process is highly involved, requiring hundred o f hours o f
interviews, the commitment could not be expected from people who would gain little
from the research findings. Secondly, much o f the knowledge required may pin-point
weak areas in particular hotel companies.

This knowledge is obviously highly

confidential and unlikely to be provided, therefore the knowledge acquired could not be
viewed as the fully representational o f knowledge available on the subject.
Primarily for this reason, the author played the role o f both knowledge engineer and
domain expert when developing the prototype system.

This combination o f roles is

particularly important to the research, as a primary objective is to evaluate the ability o f
a hotel manager to produce an effective expert system using the readily available tools.
Although not fully effective for a commercial system, the author, using his knowledge
o f both the hospitality industry and computerised support tools, can sufficiently provide
the knowledge required to develop a prototype system for research purposes.
This approach however does prompt some confusion in the objective o f the application.
Firstly, if the expert is the knowledge engineer, why does the system need development
at all? Secondly, does the domain expert have sufficient expertise in the required area
in conjunction with an adequately high level o f expert system development knowledge.
Considering the first point, expert systems are widely suggested as tools to assist in the
problem-solving process.

The computerisation o f the more basic elements o f the

process can free up valuable time for the expert to solve more complex problems
lacking any structure and therefore beyond the bounds o f computerised assistance. This
system when adequately developed, matching the expectations o f the expert, is then
available for distribution to other managers with similar decisions to make within the
organisation.
Concerning the level o f expertise which the domain expert has available, other sources
o f knowledge are available, which will assist in the development. In conjunction with
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his personal knowledge, the author also utilised the knowledge available in literature
and from relevant educators in the area o f hotel management. In the latter category,
lecturers in finance, human resource management, marketing, economics and operations
were called on for both their general viewpoints, expertise, and for refinement o f ideas
sourced from the literature search.
The main difficulty, in this approach to knowledge acquisition, concerns the immense
number o f journals, and books which contain information relevant to the project.
Practically every book in a library, from child care through to hospitality financial
management, may contain individual pieces o f knowledge that are applicable to such a
broad area as hospitality unit diagnosis.

It is obviously therefore essential that the

literature search is confined to a more specific approach.

Therefore the knowledge

requirements for the prototype model were established by the problematic areas under
development, as detailed in Chapter Three.

Texts on hospitality financial control,

marketing, operations, personnel and control were selected to provide the basis o f the
systems knowledge.
Therefore, considering the sources o f knowledge and the particular problems associated
with each, textbook analysis in conjunction with the domain specific knowledge o f the
author has been selected as the method o f knowledge acquisition used.

Any

shortcomings o f the available knowledge from the textbooks can be overlooked at this
prototyping stage o f development.

The literature search produced the majority o f knowledge for the project. The literature
search was used for two important purposes. They were: first, to identify and develop
the requirements o f the task; second, to acquire the knowledge for the solution o f that
task.

The specifics o f the knowledge acquired and its impact on development are

discussed in the following chapter on system development.

5.4 - Phase three - Conceptual Design
Prior to prototyping, the conceptual design o f the expert system was established. The
design was based on the outputs required from the system. They were:
• A ranked list o f the problem s which a hotel unit is exhibiting. This list should be the
result o f a detailed examination by the system, showing only the lowest possible
level or real problems. The issue o f problem ‘levels’ is important as, although a
problem may be identified, it is possible that it is purely a symptom o f a lower level
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problem. Correction o f such a problem is analogous to a doctor curing the symptoms
o f a patient's disease and not the disease itself.

• The most appropriate solution to that problem.

In the case o f several possible

solutions being available, they too should be ranked in their order o f appropriateness.
(This area caused significant problems in effectively representing a comprehensive
list o f solutions. Therefore, it is not available in the prototyped system; however, an
alternative approach is detailed in Chapter Six.)

• The system must be capable of explaining to the user why that problem was selected
and ranked in its particular place. The explanation facility must be available on
both the problem identification and solution recommendation facilities.

This

explanation capability should show any relationships the problem has with any o f the
data given to the system by the user.

• The above outputs should be available in both a 'soft' form as on screen and in a
'hard' form or printout.

The latter output could be used as the basis for inter

departmental discussions.

5.5 - Phase four - Hardware Selection.
Considering the identification o f an appropriate task which is conceptually feasible, it is
necessary to select both the hardware and software which will be utilised for
development. In this case the hardware was selected prior to evaluating the available
software. Although generally it is more important to select software first, in this case
the system had to be developed so that it could be integrated into an already developed
hotel computer environment.
Traditionally, artificial intelligence and expert systems required specific hardware7.
Today, however, many powerful tools are available for standard hardware and more
specifically for personal computers.

As this system is being developed for the

hospitality industry by a hotel manager, it is necessary to select a development platform
that will facilitate both development and implementation. As most computerised hotels
use standard PCs, perhaps operating on a network, this format seemed most appropriate.
This research started in October 1992, at which time Intel processors were most
common.

It was therefore decided to use an 80386 processor on a PC with four

megabytes o f RAM and a one hundred megabyte hard disk.

117

5.5.1 - Software Requirements.
As previously stated, the software which is to be used for development is an expert
system shell and, considering the hardware selection, must be PC-based. The primary
reason for the selection o f this approach to development is that the author is a non
computer scientist and therefore requires the utilisation o f a developmental tool. The
expert system shells commercially available are varied in many ways; these include:
cost, inferencing methods, knowledge representation and interface capabilities. Due to
this, prior to selection o f a system, the requirements o f an expert system shell for the
particular task must be examined.

The requirements were examined under the

categories o f knowledge base, the inference engine and interfaces.

(i) Knowledge Base Requirements.
a) The shell should utilise the knowledge representation method o f IF-THEN production
rules discussed in chapter five. This method is required as it reflects the reasoning skills
used by human experts and is generally the easiest method for representation.
b) The knowledge base should be easily modifiable. This is required for both changing
existing rules and adding new ones.

The modifiability is required due to both the

changing environment o f the hospitality industry and the probability that knowledge
will be made available after development.
c) The shell should be capable o f employing a method o f measuring uncertainty, such
as Bayesian probability or certainty factors as discussed in chapter five. This is required
due to the subjectivity o f both the knowledge utilised in the knowledge base and the
knowledge provided by the user.

(ii) - Inference method requirements.
a) For hospitality unit diagnosis, it is necessary that both a forward-driven and a
backward-driven inference method is available. This is required as a manual process
would consist o f both a data collection phase (data driven) and a problem examination
phase (goal driven). In order for the expert system to replicate this, both methods of
inferencing are required.
b) In order to satisfy the required outputs, the system must be able to produce an
explanation o f its findings. This function would allow the user to examine the findings
o f the system, subsequently both validating the findings and providing the medium for
the 'thought-provoking' process promised by system utilisation.
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(iii) - Interface requirements.
a) The expert system must have the ability to interface with several different systems.
This functionality would allow information to be sourced from the component systems
already present in many hotels, such as front-office and back-office systems, stock
control and payroll.
b) Interfaces should also be available for the expert system to utilise file formats o f
other development tools such as spreadsheets and database management systems. This
would enable greater development flexibility, the author being able to match the
component tasks within the expert system with the most appropriate tool.

(iv) - Expert System Shell selection.
Previous research had selected "Crystal 4", an Expert System Shell developed by
Intelligent Environments, as an appropriate tool for the development o f a strategic
marketing expert system for the hospitality industry*. This research evaluated: "Super
Expert", "Experience" for both DOS and Windows and "Crystal". The research found
"Crystal" to be easy to use, flexible for development, and most importantly, highly
stable.

In addition, "Crystal" had been established as the Expert System Shell that

would be utilised co-operatively with other projects between this and other academic
institutions.
Evaluation o f this tool showed that it contained the above requirements. It should be
noted that although ES shells are sold as expert system development tools, the task in
hand should solely dictate the shell utilised. Due to their design and capabilities, some
types o f ES shells are suited to particular domains. For this reason, the same shell may
not be sufficient for different expert system applications. However, in this case, the
previously used shell seemed appropriate, and was therefore selected. In addition, using
the same shell as the previously developed expert system would facilitate the integration
o f the two systems, an important objective in the on-going research carried out in DIT
Cathal Brugha St..

5.6 - Future Systems Maintenance.
An essential element to developing any information system must consider how the
system will be maintained.

For example, Property Management Systems include

features which allows guest history and guest folios to be purged from the database,
Accounting systems allow the user to remove previous years forecast and budget
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information and Computer Aided Manufacturing equipment allows for designs and
processes to be changed. Expert systems must also allow for a form a maintenance,
although in a different manner.
An essential element o f an expert system is the knowledge base, the facts and
information necessary to understand, formulate and solve a problem. It can reasonably
be expected, that throughout the life o f the system, those rules may become invalid,
require some modification or may become inappropriate in some areas which they exist
within the knowledge base. When this happens, it is necessary to change the knowledge
base to ensure the validity of its conclusions. Unlike the databases described above, this
form o f maintenance cannot be built into a simple procedure. These changes must be
performed on an ad-hoc basis and therefore it is necessary to get “inside” the system,
make the required changes, ensuring that the remaining rules within the knowledge base
are not adversely affected by the changes.
Generally this type o f systems maintenance can occur when the systems developer
remains within the company and involved with the system. Where this is not the case,
difficulties arise. Has the development o f the system been meticulously documented? Is
there someone else in the company capable o f making changes without damaging the
system? Even if the skilled person exists, do they have the required security access to
the system to make the required changes? These questions must be considered where
any commercially utilised system is being developed.

5.7 - Summary.
Considering the Expert system development process described by Turban and the
requirements for Expert System development established by Waterman, this project has
been shown to be appropriate for Expert System development.

The task is clearly

defined as a diagnostic support tool for the hospitality industry, which has been justified
in its potential benefits.

All o f the necessary requirements have been met and the

technology seems appropriate to the task.
Considering actual development, the author will act as both knowledge engineer and
domain expert. The conceptual system has been established and the Expert System
Shell has been selected. This chapter has covered some o f the analysis required prior to
developing an Expert System.

The following chapter will describe the process of

development working from the conceptual design through to the finished prototype
using an iterative prototyping process. It could be argued that it is this process which
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will truly evaluate the appropriateness o f applying the technology to the task o f hotel
company diagnosis.
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Chapter Six.
S y s te m

D e v e lo p m e n t.

6.1 - Introduction.
This chapter describes the development o f the Expert System-Based Analysis and
Diagnostic software package, using the Expert System Shell "Crystal". The shell is
firstly described, and then follows a description o f the prototyping process.

This

description follows a primarily chronological approach.

6.2 - Crystal.
Before discussing the development o f the Expert System-Based Analysis and Diagnosis
Program (ESAD), it is first necessary to describe the manner in which the development
tool is utilised. "Crystal 4" is a structured expert system shell, structured in that the
knowledge is grouped in a strict hierarchical manner in the form o f production rules.
Crystal uses a “depth first” mechanism. It goes through the rule conditions in exactly
the order in which they appear, stopping as soon as one o f the conditions fails. This
ensures that, if each rule is proven true, the system will logically flow through every
possible branch o f the knowledge base. If a rule fails, the system will stop at that point.
Diagram 6.1 shows the logical flow. The flow must check all the levels associated with
the first rule o f level 1. If rule B, o f level 2 succeeds, the flow continues to level 3. If
rule C succeeds, the flow reverts to level 2 and continues to the next line i.e. rule D. If
at any point, a rule cannot be proved true, the flow will stop.
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---------- >
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F ig u r e 6.1 - L o g ic a l f l o w p a th

The production rules within this structure differ slightly from the examples o f rules
given in chapter four.

The general production rule, described as an ‘IF-Then’ rule,

consists o f a condition (the "EF" portion) and an action (the "THEN" portion). This rule
can either fail or succeed depending on the conditions involved.

In real terms this

means that IF the condition is satisfied THEN carry out the action. For example, IF
“The marketing function is Deficient” THEN “Further analyse the marketing function

124

for causes”. Crystal, however, operates the IF-Then rule differently. As opposed to
starting with the IF portion, Crystal requires the action or the THEN portion first. A
Crystal rule conclusion is made up o f a sentence, consisting o f up to 50 characters
without any required syntax. From the above example, this rule in Crystal looks like:

Further analyse the marketing function for problem causes
IF

The marketing function is deficient

This rule can be expanded in Crystal by adding "AND" or "OR" conditional statements
in the condition portion.

A condition is a piece o f information Crystal will use to

attempt to evaluate a rule as being true. The conditions are always checked in the order
that they appear. This has the effect o f being easily able to expand the condition for the
action. For example, in the rule below, the action will only be carried out if all o f the
conditions are true.

Further analyse the marketing function for problem causes.
IF

The company is not market oriented

AND

The company has a poor product strategy

AND

The company has a poor pricing strategy

AND

The company advertising media is poorly selected

Similarly, a rule can be altered by including "ORs" in place o f "ANDs", where only
some conditions may have to be true for the rule to succeed and subsequently carry out
the action. The ORs are also used where there are several ways o f proving a rule.
These are used when, in order to prove a rule, the developer offers alternatives. An OR
alternative will be checked if any o f the previous conditions fail. Again the alternatives
are checked as they appear. An alternative will never be looked at unless a previous
condition has failed in some way. There is no need to prove a rule in two or more
different ways.

Further analyse the marketing function for problem causes.
IF

The company is not market oriented

AND

The company has a poor product strategy

OR

Sales are decreasing

AND

Industry growth in increasing
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This rule can be proven true in either o f two ways, i.e. the system will further analyse
the marketing function if either the company is not market oriented and the company
has a poor product strategy, or, sales are decreasing and industry growth is increasing,
inferring that a problem must exist in the marketing function.
Any condition itself can be subject to a whole series o f conditions o f its own. The
hierarchical structure is used to expand any one o f the condition's elements. So,in the
above example, this rule cannot be satisfied until a sufficient number o f the conditions
has been proven true. In order to evaluate the market orientation, the system might
contain a rule starting with:

The company is not marketing oriented
IF

There are no senior management in the marketing area

AND

There is no use o f market information

OR

The company is strictly sales oriented.

Again, each condition is individually evaluated in an attempt to prove this rule true and
subsequently prove the previous rule true. Crystal will totally prove or disprove each
condition it encounters before moving on to the next rule, however many levels that
involves.
Although allowing for easy representation o f knowledge, this structured format does
complicate the development process.

Other expert system shells simply require the

entering o f the knowledge in an unstructured format to the extent that related knowledge
does not have to stored together. In ‘run-time’ the expert system will automatically
develop the decision tree required for the problem.

This simplifies the knowledge

acquisition and representation process.
However, Crystal does offer particular features which aid the novice developer. These
include commands, rule-dictionaries, variable-dictionaries and function-dictionaries, a
screen painter, and keyboard macros.
1) Commands.

Commands are used in Crystal to carry out special tasks for the

developer. For example they can be used to:
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• Display information to the user.
• Accept input from the user.
• Print information for the user.
• Assign and test variables.
• Restart the system.
• Give explanations to the user.
• Transfer data between "Crystal" and outside systems.
These commands offer the developer methods o f creating

faster, more efficient

systems. This is enabled by creating easy to use systems, using complex techniques for
manipulating knowledge and data. The commands are used by "Crystal" in exactly the
same way as conditions. Most commands succeed; that is, they do their job and do not
affect the logical flow o f the system. For example:

Further analyse the marketing function for problem causes
IF

The company is not market oriented

AND The company has a poor product strategy
AND The company has a poor pricing strategy
AND The company advertising media is poorly selected
OR

Display Form

In the above example, Crystal has been unable to prove the previous conditions true,
therefore the alternative command is given. This command will display a form which
may tell the user that ‘The marketing function does not need to be further analysed’. By
offering this alternative, the rule can now succeed in that an alternative, i.e. the
command to display the form, has succeeded. This will allow the system's logical flow
to return to the previous level and go to the next line.

127

2)

The rule-, variable- and function-dictionaries readily display those elements

which are present in the system. This feature allows the developer to easily 'cut and
paste' within the expert system under development. This ensures that rules or variables
can be placed in different parts o f the system, where required, without being concerned
with ensuring the syntax o f each entry is the same.
3)

The screen painter is a feature o f Crystal which allows input, output and menu

fields to be added to forms. This enables information to be gathered in ways other than
yes/no answers from the user.

The screen painter also provides all the facilities

required to design screens for the application.
4)

Keyboard macros enable the developer to record sequences o f keystrokes so that

they can be played back without having to be re-keyed. Instead a single key stroke is
used to replay the macro.

6.3 - System Development.
As opposed to discussing system development under specific headings (for example:
knowledge acquisition, representation, and structuring) it is discussed primarily in
chronological order.

Structure is provided in the development process by two

approaches used to develop the system, firstly, a data driven orientation, and secondly, a
goal driven orientation.

In this way, each change in development can be readily

associated with its causes.

6.3.1 - Data-Driven Approach.
The development process began by attempting to develop a system which would
constantly monitor the hotel unit, under the five functional areas, and alert management
o f any problems which were occurring or were likely to occur in the future. Although
the faults may not be serious, it was established in Chapter Two, that a full diagnostic
system should be able to inform o f even small deviations from the norm. Although
each identified problem may not require action, this approach is essential to ensure that
small problems are not allowed to escalate into bigger, more serious problems.
In order to be able to do this, a system must have a large amount o f data and
information available to it. The research, at this point, concentrated on finding this data
and information.

Operations and finance were two areas which had many analytical

techniques developed especially in the hotel industry for the processing o f such
information.

Ratio Analysis, Market Segment Profitability Analysis and Variance
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Analysis were selected as techniques for inclusion in a prototype model. Briefly, these
techniques offered a structure for collecting particular data, processing it in a specific
manner and providing information which can be used by management in their decision
making and problem-solving processes. If these techniques could be incorporated into
an expert system, it was envisaged that data could be entered either by management or
automatically through interfaces with other existing hotel systems such as front-office.
Analysis would be carried out including calculating ratios, performing the substitution
o f the variance analysis and performing the marketing segmentation analysis. Although
knowledge would be required for the collection and analysis o f the data, the principal
knowledge represented in the expert system would be concerned with the evaluation o f
the results o f the various models.
This knowledge, represented in rule form, would evaluate the data provided by the user
or outside systems. Based on this data, the system would advise the user o f problems,
ensuring that the 'true' problem was identified as opposed to simply a symptom o f a
deeper, more serious problem.
The development o f this system involved two prime areas o f concentration:
1)

To investigate how the model analysis could be best carried out within the system.

2)

How and what knowledge was to be acquired for the interpretation o f information.

To simplify development, the system was originally intended to be comprised o f
separate knowledge bases, one for each o f the five functional areas selected earlier:
finance, marketing, operations, economic and human resources (see figure 6.2).
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Each knowledge base would have the functionality to collect its own relevant data,
perform the analysis and carry out the diagnosis. Analysis would be carried out in level
one and the diagnosis in the following levels.

The levels below level one o f the

knowledge base would be responsible for the true diagnostics, varying numbers o f
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levels being required depending on the complexity o f the problems. These areas would
contain the knowledge required to analyse the available information and draw
conclusions as to the existing or future problems the hotel unit was facing.

At this

stage, it was uncertain as to what this knowledge would be or where it would be
sourced. However, as these levels depended on the availability o f information from the
analytical techniques, the incorporation o f these techniques were tackled first.
It was this area, the analysis function, which caused many o f the primary problems o f
the development.

Although "Crystal" had the capability to perform quantitative

analysis, using both variables and arrays, this method seemed slow and tedious to both
develop and use at run-time. For example, to perform a simple calculation for an "acidtest" ratio would require four variables. The calculation was:
acid_test := (current_assets - stock)/current-Liabilities
This formula had to be entered each time the calculation was required.

Several

calculations o f the same ratio may be required depending on the number o f years for
which data is available.
memory.

This approach put a considerable strain on the available

As "Crystal" offered an interface to the spreadsheet Lotus 1-2-3, it was

decided that the quantitative analysis would be carried out using this application. The
spreadsheet would be able to carry out the above calculation quicker and would be more
efficient for development. In addition, it would reduce the memory requirements o f the
Expert System.
The Lotus interface allows the developer to both import and export information to and
from a Lotus spreadsheet file. As ratio analysis, variance analysis and market segment
profitability analysis (MSPA) are primarily quantitative techniques for the provision o f
information, the spreadsheet application seemed most appropriate for this task.
The first use o f the spreadsheet interface was an attempt to computerise the general
financial ratio analysis carried out by many managers.

This process involves the

collection o f final accounts such as profit and loss accounts and balance sheets. This
data is then manipulated using mathematical formulae to provide more meaningful
information. The ratios are generally categorised under four headings: profitability and
operating ratios; debt and gearing ratios; liquidity ratios and stockholder investment
ratios. Each category is o f primary interest in the different elements concerned with the
running o f a business, such as owners, managers, investors or lenders.
complete list o f ratios, see Appendix B.
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For a more

It was decided to develop the financial analysis module to collect the required data,
export it for processing and import the results o f the ratio analysis. These results would
then be analysed by the knowledge base. As the information was being processed in
this way, it was attempted to increase functionality by applying forecasting techniques
to the accounts data, increasing the information base available to the expert system for
analysis.
As the system was to be developed for use in many different hotel units, it was
necessary to develop the data analysis models in a form that was amenable to different
accounting practices.
literature review,

An investigation o f various final account layouts, through a

established the most commonly used variables and subsequently

established the data that would be available for manipulation. The selected format was
found to be the most common final accounts layout for analysis purposes (See figure 6.3
and 6.4).
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Income Statement
TURNOVER
Apartments
Food
Drink
Other
TOTAL TURNOVER
GROSS PROFIT
Apartments
Food
Drink
Other
TOTAL GROSS PROFIT
OVERHEADS
Salaries & Wages
Repairs & Renewals
Insurance
Rates
Light & Heat
Advertising
Laundry & Cleaning
Telephone
Postage & Stationary
Other Overheads
TOTAL OVERHEADS
PROFIT BEFORE INTEREST AND
DEPRECIATION
Financial expenses
CASH OPERATING PROFIT/(LOSS)
Depreciation
NET OPERATING PROFIT/(LOSS)
Other Income
Other Expenses
PROFIT/(LOSS) BEFORE
TAXATION

,

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Figure 6.3 - Hotel Analysis Income Statement.
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yr. 3

yr. 2

1

Balance Sheet

Yr. 1

Yr. 2

Yr. 3

FIXED ASSETS
Depreciation

CURRENT ASSETS
Stock
Debtors
Cash
Prepayments
Other
0

0

0

TOTAL

0

0

0

W ORKING CAPITAL

0

0

0

NET ASSETS

0

0

0

0

0

0

TOTAL

CURRENT LIABILITIES
Bank overdraft
Creditors
Accruals
Other

FINANCED BY
Equity Shares
Retained Earnings
P&L Account
Loim Term Debt

G uest Information
Total No o f Days Open
Total No o f Rooms
Total No o f Rooms Sold
Total No o f Guests

Figure 6.4 - Hotel Analysis Balance Sheet.

Based on this format, a spreadsheet model was developed for ratio analysis.

This

comprised o f a data entry section, an analysis block containing the necessary formulae
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and an output block to display the results o f the analysis and make them easily available
to the Expert System. The latter section was used to allow the use o f "Crystal" arrays
which are lists o f variables with up to three dimensions. Although Crystal could load
single cells from a spreadsheet, a more effective approach was to load an entire block of
data into the Expert System through an array.

A two-dimensional array was used

containing the ratios for actual results, deviations from budgeted figures, previous years'
data and a number o f years' forecasted figures. As approximately twenty ratios were
involved, by seven categories (three years' actual results, two years' deviations and two
years' forecast), this resulted in a data block o f one hundred and forty cells. In
conjunction with this ratio analysis, other quantifiable information was to be processed
in the same manner.

Simpson Xavier Irish Hotel Industry Reviews were used as a

source o f industry comparison statistics.

These statistics were also generally

standardised in their format and are primarily concerned with the hotel's operation.
Figure 6.5 shows an example o f the information available, in this case only operational
statistics for two years and the yearly deviations are shown.

The inclusion o f more

years and the financial ratios would considerably increase the size o f the data block.
Profit BT per Avail Room

9.3

-7.60909

16.90909

-23.0076

Profit BT % o f Total Sales

0.2325

0

0.2325

-0.16667

0.5

0

0.5

-0.16667

Avg. Annual Room Occupancy

0.S21918

-0.04981

0.871731

-0.04151

Avg. No Guests per Room

1.333333

0.047619

1.285714

0.035714

Avg. Daily Room Rate

GOP as % o f Total Revenue

0.033333

-0.02381

0.057143

-0.01786

Avg. Rate per Guest Night

0.025

-0.01944

0.044444

-0.01556

% Comp o f Sales (Rooms)

0.25

0

0.25

0

% Comp o f Sales (Food)

0.25

0

0.25

0

% Comp o f Sales (Drink)

0.25

0

0.25

0

% Comp o f Sales (Other)

0.25

0

0.25

0

0.5

0

0.5

-0.16667

Cost o f Sales % (Food)

0.5

0

0.5

-0.16667

Rev per Guest Night (Rooms)

0.025

-0.01944

0.044444

-0.01556

Rev per Guest Night (Food)

0.025

-0.01944

0.044444

-0.01556

Rev per Guest Night (Drink)

0.025

-0.01944

0.044444

-0.01556

Rev per Guest Night (Other)

0.025

-0.01944

0.044444

-0.01556

Cost o f Sales % (Drink)

Figure 6.5 - Example o f Information from Data Block.

As this information was readily available for industry comparison, it was decided to
include the results in a separate spreadsheet file. If the same statistics as available from
the hotel review were calculated for the unit in question, more information would be
available for analysis by the expert system.

The report details the statistics by both

region and grade and comparisons can be made with the unit data on both areas. Again,
as this form o f analysis was quantitative, the spreadsheet model was most appropriate
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for the task. However this dramatically increased the size o f the data block (several
hundred cells) to be imported. Crystal defaulted the amount o f memory available to
such an array to one hundred cells.

Any increase in the size forced the available

memory for the arrays to be increased, substantially decreasing the memory available
for running the expert system diagnosis application.
However, in order to attempt to prototype the system, it was necessary to select an
appropriate spreadsheet application. Although the interface was for a "Lotus" file, most
spreadsheet applications could export a file in the same format. The selection was to be
based on the functionality o f the application.

Spreadsheets looked at included

Microsoft's Excel and Borland's Quattro Pro fo r Windows.

Although they were

powerful applications, offering many advanced functions, it was decided to maintain a
DOS based development as Crystal is DOS based.
Computer Associates was used.

For this reason, Supercalc by

This approach was selected to ensure that both

spreadsheet and Expert System applications would have a similar look when being used.
Although the spreadsheet model was primarily for use by the expert system, it could be
examined by the user.
The first system was developed with a primary expert system shell for collecting the
raw data, the spreadsheet model for executing the analysis techniques and a secondary
expert system for the analysis o f the data and the diagnostics (see figure 6.6).

On

collecting the data from the user, including operational data and accounting data, the
data was exported to the spreadsheet model. The analysis was then carried out and the
results imported.

P rim ary Expert
System
(Collection o f raw data)

Data

s/
Spreadsheet Model

Information
\
Secondary Expert
System
(Analysis & Diagnosis)

Figure 6.6 - Data Driven E S A D System

In order to carry out calculations, it was necessary that the spreadsheet application
physically opened the spreadsheet model. In an attempt to integrate this into the expert
system, the system was altered to execute the Supercalc application.

A function

available allowed Crystal to execute external DOS programs. However two problems
occurred. Firstly, the user would then have to open the file to force recalculation and
immediately quit the application to return to the expert system. This would mean that
the user would have to have an appropriate spreadsheet application and be familiar with
its operation. Secondly, although the function was available, insufficient memory was
available to run the DOS program from inside the expert system.
In order to tackle these problems, a third software application was utilised. Baler is a
tool allowing the development o f stand-alone applications from "Lotus 1-2-3" or
compatible spreadsheet applications.

Using the Supercalc file, Baler was utilised to

customise this file into an executable program which included a menu driven system.
This program was both easier to use and required substantially less memory for
execution. In addition the file could be made tamper proof, safe-guarding against any
unintentional changes to the file format. This was essential to ensure that the data block
imported into the expert system corresponded to the data that was expected.

P rim ary E xpert
System

B aler Sp readsheet

(Collection o f raw data)

Information

Secondary E xpert
System
(A nalysis & Diagnosis)

F ig u r e 6 .7 - In te g r a te d S p r e a d s h e e t S y ste m

However, again this approach did not succeed.

"Crystal" was unable to run the

spreadsheet application due to insufficient memory. This displays a major limitation of
the "Crystal" Expert System Shell, although functions are available, they are difficult to
use when developing a system.
The last attempt to carry out the required analysis was to use variables within the expert
system. The system was altered to allow the user to manually enter the required data.
In order to offer the best possible level o f information to the expert system, it was
envisaged that several years' data would have to be entered.
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However, as varying

companies would have been in business for a different number o f years', a set number
was impossible to evaluate. It was decided to give the user the option o f entering two to
five years' data.

Variables were then set up to carry out the ratio and comparative

analysis. However as previously stated, this analysis was comprised o f several hundred
results, possibly requiring thousands o f variables. Shortly into the development it was
discovered that the expert system was becoming increasingly slower and the amount o f
memory available was decreasing substantially. As the true knowledge base i.e. that for
analysis o f the data and the diagnosis, had not been included, it was obvious that this
approach was not going to succeed. Failure in this approach was due entirely to the
limitations o f the Expert System Shell, "Crystal".

6.3.2 - Knowledge Acquisition.
At this stage, it was decided to temporarily ignore the logistics o f the analytical
technique computerisation and concentrate on the knowledge that would be required for
the analysis o f the results and the performing o f the diagnosis.

Essentially the true

knowledge base was to be developed.
The literature analysis was used to search for any rules which could be applied to the
information e.g. the ratio analysis results, the MSPA results and the variance analysis
results.

Although these are commonly used techniques, the level o f the required

knowledge was both limited in its availability and more importantly unavailable in a
manner which was amenable to knowledge representation.

For example, what

observations could be made about a hotel with a liquidity ratio o f 1:1, an average room
rate o f £45, a rooms department contributing only 20% o f the sales mix and an annual
staff turnover o f 150%. Although many hotel managers could comment on each o f the
above issues, establishing a single observation from these, or any other combination o f
elements was impossible to find in either the literature search or knowledge acquisition
using academic staff.

This is due to the fact that knowledge regarding the inter

dependence o f such elements is essentially unavailable.
This lack o f knowledge may be a result o f the fact that each element is actually
independent of others, or on the other hand, maybe such relationships have never been
considered in the past. The author suggests that it is the latter. It seems likely, that
some combination o f such elements should be capable o f identifying a problem in much
the same way as a human doctor uses symptoms to diagnose a illness. Although this
knowledge was found to be unavailable and unachievable in an appropriate time-scale
for a project o f this nature and scope, recommendations for an approach to its collection
are made at the end o f this dissertation.
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6.3.3 - Goal-Driven Approach.
However, considering the lack o f available knowledge, it was attempted to produce a
structure o f a system which could be used when more knowledge was available.
Knowledge for prototyping would be supplied by the author, a qualified hotel manager,
representing his opinion on hotel management. In an attempt to overcome the problems
to date, it was decided to limit the data which would be used in the analysis. At the
same time it was decided that the orientation o f the system was incorrect to satisfy the
demands o f the task. Initially the task was established as the development o f a system
which could diagnose problems in the hotel industry. Examining the term "diagnosis",
the Oxford English dictionary describes it as “the identification o f a disease by careful
investigation o f its symptoms and history”, the term being applied to the medical
profession. Considering this and the previous attempts at the system development, it
could safely be assumed that a doctor carrying out a diagnosis does not spend the first
thirty minutes o f the consultation collecting a myriad o f information before thinking
about possible diseases. In fact, a doctor is more likely to ask for some key pieces of
information that will suggest a particular line o f reasoning to follow. In the medical
profession, examples o f such pieces o f information include temperature, aches, and any
sickness. Based on the answers to these questions, the doctor is in a position to select a
number o f possible causes, and using both pattern matching and logical skills,
determine the diagnosis. The knowledge base o f the doctor could be described as an
extensive list o f diseases and illnesses, and their symptoms and causes. As opposed to
being data-driven, doctors are goal-driven in their approach, in that their goal is to
match a disease in their knowledge base with the symptoms presented.
It was then felt that the system should operate in the same fashion. The knowledge base
should be comprised o f the possible problems which may exist, and they would be
evaluated against the symptoms the hotel is exhibiting through a reasoning process as
opposed to evaluation against a database o f information. The effect o f this change in
orientation would mean less information being supplied at the beginning, making the
utilisation o f the system less tedious, and decreasing the memory requirements o f the
system.
As opposed to utilising a modular system, it was also decided to develop the system in
one piece. This was now possible due to the decreased memory requirements. This
option would help develop a more effective system. In a modular system, information
required by more than one system would have to be entered more than once or exported
from system to system.

In addition, the inferencing capability o f the expert system
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would be diminished due to the fact that the knowledge and information was
fragmented into different systems.

6.3.4 - Control
As the content o f the system was generally selected, it was necessary to decide on a
structure. How was the system going to operate and how would the inferencing take
place to carry out the pattern matching? The development o f this system involved an
investigation into three separate methods o f inferencing.
Three approaches were tested in the prototypes:
1)

The first attempt involved a process whereby the system would ask various

questions in a decision tree structure. The questions would change from general to
more specific as the consultation was carried out.

Depending on the answer to a

particular question, different branches o f the tree would be traversed. When the tree
has been traversed to the bottom o f a branch, a conclusion could be made. Profitability
was selected as the key area o f analysis for the prototype system.

This area was

selected as a decrease in profitability can be symptomatic o f other areas which are
failing1.

Selecting this area enabled a clear structure to be identified for logically

following a decision tree through to possible causes o f problems. For example, if it is
considered that profitability has been established as deteriorating, the element o f profit
(revenue versus costs) can be analysed systematically to diagnose where the problem is
occurring. Each level suggests an area which must be further analysed until the path
can go no further and therefore the real problem has been identified.
The original enquiry process asked the user for an answer to each o f the questions in
figures 6.8 and 6.9. This allowed the system to proceed along a logical path where
further questions were asked until the end of a path was reached.
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Main Factor

Possible Cause

Area to Investigate

Y es

Has volum e o f
sales fallen?

V

-7

Sales

$

Costs

JZi.
A re higher costs
in the period the
apparent cause?

Yes

Is the increase
in costs o f
m aterials?

Yes

Is the increase
in costs o f
labour?

Yes

Is the increase
in costs of
overheads?

Yes

Utisation
See figure 6.9

$

Overheads

F ig u r e 6 .8 - A n a ly sis o f fa l l in p r o fita b ility
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Main Factor

Possible Cause

Area to Investigate

F ig u r e 6 .9 - A n a ly s is o ffa c to r s a ffe c tin g th e e ffic ie n c y o f la b o u r u tilisa tio n

This path format however led to a very substantial limitation. Once a path was selected,
the other elements o f the decision tree were disregarded; for example, if overtime was
blamed for the increase in labour costs, unoccupied time and wrong skills were ignored
(see figure 6.10).

This is clearly unsatisfactory.

Unlike medical or even machine

diagnostics, where generally the identification o f one problem is the goal, business
diagnostics must be broader. This is due to the fact that usually a failing company will
be experiencing problems in many different areas. This approach is therefore only
applicable where strict rules are concerned and there is only one or no result. This is
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basically a data driven approach i.e. the data is driving the logical flow through the
decision tree.

Ignored

■

Conclusion

•

Decision

( ^ ) Selected

F ig u r e 6 .1 0 - L im ita tio n in c o n tr o l m e th o d

2)

A solution to this problem o f question structure was to combine a selection

system with the diagnosis system.

A selection structure allows for a sequence o f

alternatives, each o f which consists o f a rule containing conditions that determine
whether it should be selected.

To allow a multiple item selection structure, each

alternative is examined and scored depending the answers o f the user. The questions
asked by the system would be similar to those represented in diagrams 6.8 and 6.9.

This is a goal-driven approach. All the causal agents and problems to be evaluated are
established.

Each possible problem is evaluated in turn to see if it applies to the

particular situation e.g. poor training, poor retraining, poor quality control, poor stock
control etc. Each intersection in the decision tree asks the relevant question. However,
the answer to these questions will not purely determine the direction o f the decision
tree. If a question results in a particular answer that can be judged to be a conclusion,
that problem will be selected. If the answer does not suggest a conclusion, the branch
is further traversed. The most important feature is that, disregarding the answer or
conclusion, the system will continue to traverse the other paths o f the tree ensuring that
all possible problems are investigated. This can easily be accomplished by including a
command that will force a rule to succeed and therefore continue through the tree.
The order o f the questions in this approach is most important. If the most significant
problems are asked first, problems are established in order o f importance.
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In the

following diagram, if "NO" is the answer to the training policy question, this is
established as a problem.

All other questions are irrelevant as without a training

policy, retraining is inconsequential.

If "YES" to training policy, retraining is

questioned. A "NO" to this establishes retraining as the problem and not the actual
training policy. This process continues to the end o f the tree where the problem o f the
lowest level is established or to where a conclusion can be made. It is important to note
that the system is not entirely aimed at the identification o f the causal problem.
Equally important is the interaction between the system and the user, helping in
identifying the pattern in which problems are associated.

F ig u r e 6.1 I - S tr u c tu r e d P ro b le m Id e n tific a tio n A p p ro a c h

All questions are structured in this sequential manner. The sequence is selected from
available textbook information and the point o f view o f the author and available
experts.

A more scientific approach would have to involve knowledge acquisition

from many hotel industry experts. (In most Expert systems o f this type where the ideas
are purely subjective, the knowledge o f fifty or more experts has often been used).
This approach ensures that although all possible problems are evaluated, only relevant
questions are asked. The system is effective, structured and more efficient. Questions
already asked do not have to asked again if required later, simply tested for their value.
3)

The third approach, is similar to the second approach. The same evaluation o f

all the possible problems is carried out; however, all the questions are asked prior to
evaluation. In this way the expert system has a database o f information against which
to evaluate. The user is basically excluded in the analysis and diagnostic process. This
approach, although as effective in structure, removes the user from the decision tree
and therefore removes the thought provoking interaction with the system where
relationship are shown. It also involves the tedious chore o f entering a large amount o f
data at the beginning o f the session.
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6.3.5 - Revised Development
It seemed possible at this stage that the prototype system would resemble a structured
checklist i.e. a checklist where the user only sees the required areas.

This can be

argued to be a valid situation, as a diagnosis involves going through a checklist even if
subconsciously.
Considering this structure however, a previously encountered problem was again faced.
If the system was to analyse every possible problem which may affect a hotel unit, the
consultation process would be long and tedious. In a busy unit, this issues could be
responsible for a rejection o f the system. It was necessary that the system could quickly
identify problematic areas.
Again this system depended on the availability o f certain pieces o f information. These
were required so the system could ‘draw a picture’ o f the hotel unit, in a similar way to
a doctor asking the most important questions. However, unlike a human patient, a hotel
unit is unable to voluntarily offer key pieces o f information as to what is the actual
problem. For this reason, the selection o f the initial block o f information was crucial.
This feature would ensure that the expert system could select areas from the hotel which
warranted most attention, and subsequently could be evaluated in some depth.
It was decided that this initial block would contain data on five categories: marketing,
operational, human resources, financial, and control. Each category was comprised of
several pieces o f information relating to that area (See table 6.1).
previous attempt, the amount o f data was limited.

Different to the

The objective was to select

individual pieces o f information for their potential value. Those selected again reflect
the opinion o f the domain expert i.e. the author.
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Marketing

Company Orientation
Operational areas where sales are increasing
Operational areas where sales are decreasing
Any change in market share
Prices in comparison to competition
Target markets

Operations

Condition o f the premises
Facilities offered
Customer satisfaction
Strategic planning by management
Grade o f the premises

Human Resources

Staff turnover
Management turnover
Staff productivity
Employee morale

Financial

Return on investment
Fixed asset utilisation
Liquidity
Capital structure
Cash flow

Control

Profit margins
Inventory control
Cost control
Use o f information systems
Use o f computer systems

T a b le 6.1 - P rim a ry a n a ly sis areas.

These questions are asked at the beginning o f the consultation with the system. The
pieces o f data selected, although covered in many textbooks, are only a few o f the
hundreds available. However, the author, acting as domain expert, selected those that
would offer the best overall picture o f the hotel situation and would be appropriate to
most hotels. The important feature o f these questions is that they are qualitative in
nature. As business analysts use quantitative information as well, it was necessary that
this feature was included. For this purpose the "Lotus" interface was utilised, although
in a limited capacity. A stand-alone management information system was developed
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using Microsoft Excel. This application was selected for its superior functionality over
the previously selected Supercalc.

In addition, as the two systems were to be

independent, a common DOS platform was unnecessary.

This system although

independent, was developed with the expert system in mind.

Its function being to

collect a limited amount o f key information and perform an operational analysis (see
figures 6.12 and 6.13).

The system can be used to immediately view the results;

however, more importantly, the system outputs the results in a "Lotus" format file for
use by the expert system.
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Similarly to the previous problems associated with this interface, memory for importing
was limited. The new data block, although limited, was still over four hundred cells and
therefore too much for the expert system to handle. These cells were made up o f the
statistics under three separate categories: actual figures, budget deviations and monthly
changes (See figure 6.14 as an example). The thirty statistics were then available for
the twelve months o f the year.
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In order to reduce the size o f this data block, it was decided to import the required data
only.

In effect, this meant that only two months' data would be imported for any

consultation i.e. the present month and the previous month. . This reduced the data
block to sixty cells. However, in a commercial system, this would reduce the accuracy
of the system and would affect the long term diagnosis function. It would therefore be
essential that a more effective approach to memory management would be utilised in a
larger system.
Using this quantifiable information in conjunction with the qualitative information, the
system was developed to isolate the areas which were most apparently deficient. Using
the selective mechanism, each area was evaluated against the relevant pieces o f
information.

For example, the following rule states that the marketing function has

been evaluated if competition in the area is evaluated, substitute competition is
evaluated, distribution channels used are evaluated and an appropriate score is
calculated.
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Marketing Function Evaluated
IF

Competition in the area evaluated

AND Substitute competition evaluated
AND Distribution channels used evaluated
AND Score assigned

Each answer provided to the system by the user is assigned a score based on rules
within the knowledge base. Two approaches to assigning this score were attempted.
The first approach used a sliding scale for the user to select the most appropriate point
in relation to the question. For example, see figure 6.15.

F ig u r e 6 .1 5 - S lid in g S c a le D a ta C o lle c tio n M e th o d

The user would be allowed to slide the scale and select the point which most reflected
his opinion about a change in market share. This technique allowed for a more precise
reflection o f the user's opinion as opposed to simply asking for either increased,
decreased or stable. Each point in the scale was represented in "Crystal" using input
values, each being numbered from left to right, 0, 1, 2, 3 etc. Numbers between 0 and 10
represented increased competition to stable, and number from 11 to 20 represented
stable to decreased competition.
Crystal would then use the returned value as a symbol standing for the company's
position in regard to local competition. When evaluating the marketing function, the
value returned from this input variable, and others, would be used to calculate the final
score for the marketing function. A good answer, i.e. greater than 10 in this example,
would be deducted from the score, a bad answer, i.e. less than 10, would be added to the
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score. The higher the returned area score, the more problems apparent within that area,
and subsequently greater analysis would be required.
Although easy to set-up within the expert system, it was found that the sliding scale did
not readily facilitate knowledge elicitation for two reasons. Firstly, it was difficult to
precisely assign a score to a returned value.

For example, would highly increased

competition merit the same score as highly decreased competition? For the purposes o f
company diagnostics, the former situation might require a higher score, signifying a
serious threat to the business. Secondly, it was likely that a similar opinion about two
different questions would receive a different answer by simply selecting a point on
either side o f the point previously used.

For example slightly increased might be

assigned an eight in one question and a nine or seven in the next. This inaccuracy might
invalidate the results o f the consultation.
In order to overcome this problem, the sliding scale was replaced with a simpler, more
definite answering technique. In this technique, the user was prompted with a selection
o f answers. For example, see figure 6.16.

Figure 6.16 - Prompted Answer Data Collection Method

Although this approach did not counter the problem o f assigning precise values to an
opinion, it was selected as appropriate for the development o f the prototype model.
This method was found to provide sufficient information for the expert system to make
an evaluation o f the areas.
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In a similar manner, the data from the management information system was evaluated.
Each information item used for an area was assigned a value depending on its impact on
the evaluation.

For example, the degree o f deviation between the actual occupancy

percentage and the budgeted occupancy level was quantified and included in the overall
area score.
The system was developed to carry out a similar evaluation for each o f the five
functional areas. As described this process was used to 'draw a picture1o f the unit and
advice the user as to areas which were most in need o f investigation. Using the scoring
method described above, each area is ranked and presented to the user, the higher the
score reported the more an investigation was required. This module established the toplevel o f the diagnostic process.

■ . '- v

.

. ' ■.

Expert System-Based
Analysis and Diagnosis

Ranked Problematic Areas

Score

1st.

C ontrol

80

2nd.

P ersonnel

56

3rd.

Finance

45

4th.

S ales/M arketing

26

5th.

O perations

15

_____________________________________________________________________________ Press Any Key to Continue

Figure 6.17 - Problematic Area Evaluation Output

This process o f area evaluation is followed by an in-depth investigation o f the problems
in each o f the specific areas. Again, due to memory management problems associated
with the "Crystal" expert System Shell, these area specific diagnostic elements required
development as separate modules. The primary evaluation is carried out in a top level
module, using information provided by the user and the MIS. Each functional area has
its own specific module which draws information from the top level module and the
other four secondary level modules.
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F ig u re 6 .1 8 - R e v is e d E S A D P ro to ty p e M o d e l

An essential element o f this knowledge in the secondary level modules was concerned
with the relationship o f problems between disciplines. For example, is a decrease in
restaurant sales a problem within the food and beverage department or a symptom of
poor training and subsequently a human resources management problem? The structure
o f the hotel unit is such that operational departments such as accommodation and food
and beverage, who actually produce the product, are simply serviced by departments
such as marketing and human resources. For this reason the identification o f problems
under specific categories was almost impossible. The attempts to elicit this knowledge
was again subject to the ‘Information Overload’ effect, i.e. too much information under
consideration.

Although it would be favourable for the system to evaluate as much

information as possible, the knowledge regarding what information is important and
what information is irrelevant was unavailable.

This is essentially a knowledge

acquisition problem and not a problem related to Expert Systems. For this reason, the
knowledge was attempted to be acquired purely in terms o f the diagnostic areas under
discussion (financing, marketing, operations etc.). Relevant experts (see below) and
textbooks were analysed in an attempt to pin-point the problems which constantly occur
and the symptoms and solutions to those problems.
Expert interviews were carried out initially with academic staff within the related areas.
This approach proved unsuccessful in the acquisition o f the required knowledge.
Although being able to identify problems which may occur, few experts were capable of
formally describing the symptoms o f these problems or the relationships which may
exist. This research, although limiting, did substantiate the need for a system such as
the one under discussion. Although each expert was capable o f identifying problems,
they each had difficulty in applying and verbally describing a process for analysing
these problems in any great detail.

151

However, these interviews did establish some o f the prime areas o f consideration within
each o f the functional areas. Some o f the problems identified related to:

Marketing

Operations

Control

Finance

Human
Resources
Management

Company

Maintenance

Cost Control

Labour Market

Structuring

Orientation
Marketing

Menu

Quality

Information

Engineering

Standards

Product Strategies

Labour Costs

Pricing Strategies

Capital

Theft o f Sales

Cost Control

Labour Costs

Energy

Liquidity/

Recruitment

Management

Cash flow

Security

Cash

Income

Training

Management

Field Sales and

Deviations from

Systems

Return On

Staff/Management

Distribution

Budgets

Utilisation

Investment

Turnover

Marketing

Purchasing

Levels o f Sales

Motivation

Communications

Control

Table 6.2 - Problematic areas.

Using the above areas, a literature analysis was implemented.

The objective was to

further analyse these areas and develop a more comprehensive list o f problems for use
in the Expert System. Further analysis concentrated on identifying individual problems
within each of the areas. This was necessary to enable the system to clearly define what
the problem was. A system which merely advised the user o f a problem within his
pricing strategies, would be somewhat ineffective in achieving the overall objective o f
carrying out a detailed diagnosis. It was necessary to identify each o f the smaller, yet
related problems associated with these areas for inclusion in the system. As well as the
smaller problems, it was also essential that the symptoms o f these problems could be
sourced. These symptoms would be an essential element o f the system, constituting the
rule base against which a company could be diagnosed.
This approach to knowledge acquisition again proved impossible given the knowledge
acquisition method necessary, i.e. personal knowledge o f the author and literature
searches. The knowledge necessary for this form o f diagnosis is essentially unavailable.
As stated, the search concentrated on textbooks from the specific areas, finance,
marketing, human resources, etc., as well as general textbooks on general management
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and hospitality management.

Although each textbook is utilised in the education o f

future managers, few, if any approached the topic o f problem identification and solution
selection. A single textbook was sourced which provided sufficient knowledge about
the marketing function. This textbook presented the knowledge in a form which was
readily adaptable to knowledge engineering, offering a structured manner for the
diagnosis o f the relevant area. The marketing function was broken down into the six
required areas.

Each area was subsequently divided into the most important issues

which must be considered. For example, pricing strategy is divided into the key factors
of: pricing objectives; price setting; and price changes and discounts. Each o f these
functions is subsequently divided into areas o f important consideration.
This knowledge allowed the extension o f the expert system to the four level structure,
shown in figure 6.19 (this model is superseded by the top level previously described).
The levels are used to break a problem into its constituent problems. The knowledge
concentrated on the areas previously identified, i.e. orientation, information, product
strategy, pricing strategy, field sales and distribution and marketing communications
constituting level one. Each o f these large areas was further analysed in its individual
constituent elements, levels two and three.

However, as opposed to diagnosing for

problems in existence, an alternative approach was utilised. Each area was evaluated to
ensure that it was clear o f any problems. The objective o f the system, or goal, is to
ensure the overall area, and consequently the individual components, operate in
accordance with the rules in the knowledge base. The method used to achieve this is
similar to that in the MYCIN system. Sub-goaling establishes the overall goal, and then
sub-goals are used to prove or disprove the main goal. For example:
The Marketing Function is OK
IF

Orientation is OK

AND

Information usage is OK

AND

Product Strategy is OK

AND

Pricing Strategy is OK

AND

Field Sales and Distribution is OK

AND

Marketing Communications is OK

Sub-goaling, or expanding a condition such as information usage, establishes whether
the rule can be proven true. This approach is particularly appropriate in this system. As
opposed to searching for a single problem, the system must evaluate all possible
problems. This approach ensures that every tree is traversed to its end point.
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For example, orientation was broken down into the marketing concept as the driving
force o f the company, the objectives o f the company and the use o f appropriate
marketing planning. These areas were assigned to level two o f the diagnostic model,
level three contains more detailed analysis o f each of the areas in level two.

Representation o f this knowledge, however, was altered from the original plan.

As

opposed to symptoms o f the problems being analysed, each area was broken into key
areas o f importance.

As an example, the user is asked about the use o f marketing

information (see figure 6.20). The user can then choose to answer the question "yes" or
"no", or further evaluate the question.

Figure 6.20 - Level One Information Question

As an example, if the level one area on "information" is identified, then further
evaluation concentrates on the level two problems associated with that level one area
i.e. information. The user is asked about the information used in the company i.e. how
it studies the market, searches for opportunities to enhance the sales mix and uses
market information (see figure 6.21). Again the user will answer "yes" or "no" to the
questions or choose further evaluation going to the level three questions (see figure

6 .22).
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Level tw o Inform ation Q uestion:
D ocs y our com pany stu d y the m arket environm ent adequately?

Y es

No

E valuate

Please selcct

Figure 6.21 - Level two Information Question

This level (level three), as opposed to asking questions, presents the user with three
statements on a particular area. For example, level three o f the marketing information
i.e. the study o f the market environment, requires information about market structure,
market attitudes and market trends. For example see figure 6.22.

ESAD Sales / Marketing
Analysis and Diagnosis
Market Structure
1) T he stru c tu re o f o u r m arket(s) is studied regularly
2) W e a ttem p t to assess our m arket(s) and our share o ccassionally
3) W e k n o w w e lack m arket research

Please Select

Figure 6.22 - Level three - Marketing information

The user selects from this list the statement which most applies to his company's
situation.

The answer to this question helps in determining the "answers" to the
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previous levels. This is carried out within the expert system by again assigning scores
to the answers given at various levels. Looking at diagram 6.23 which represents one
single route down the decision tree, each statement at level three will be assigned a
particular score ranging from 0 to one hundred (the worse the answer, the higher the
score). At this level, each question is asked, therefore making three scores available to
level three, the marketing concept.
Marketing Level II.

M„ keting Leyd

Y es/N o

S ta te m e n t

E v a lu a te

S ele c tio n

Figure 6.23 - Logical Flow Path, Marketing Function

For example, if market structure scores 15, market attitude scores 0, and market trends
scores 45, study o f the environment will be assigned a score o f 20, the average o f its
related level three questions.

Figure 6.24 - Inferred Result Output
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Similarly, the level one problem will be assigned a score as a result o f its related level
two problem s. I f at any point, either level I or II, the user does not choose to evaluate,
the expert system will apply the appropriate score.

For exam ple, "is marketing

inform ation used adequately?" A "yes" answ er w ill achieve a good score, a "no" answer
achieving a bad score. A t the end o f the analysis, the user is allowed to see the scores
that w ere obtained from any problem identified. The system will present all problem s
over a certain threshold score (10 in the prototype system).

ESAD Sales / Marketing
Analysis and Diagnosis
First L evel P roblem s W ithin T h e M a rk etin g Function
1st.

M arketing C o m m unication

56

2nd.

O rientation

50

3rd.

Pricing S trategy

25

4th.

Inform ation

20

5th.

P roduct S trategy

17

6th.

F ield Sales and D istribution

11

Figure 6.25 - Marketing Function Diagnosis Output, Level One

The user is also allow ed to question the system for a level breakdow n o f each problem
i.e. w hat scores in level tw o made up the scores for level one, and w hat scores in level
three m ade up the scores in level two (see figure 6.26 and 6.27). In this way, the user is
m ade aware o f all the problem s w hich may exist w ithin a function, also ensuring that
they are aware o f the problem s w hich constitute the causal agents o f larger problem s.
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S eco n d Level P roblem s W ithin T he M arketing Inform ation Function

S tu d y M arket E n vironm ent

20

S earch For O pp o rtu n ities to E nhance M arket M ix

50

U se M arket Inform ation

25

Press Any Key to C ontinue

Figure 6.26 - Level Two Diagnosis Output

ESÂD Sales / Marketing
Analysis and Diagnosis

T h ird Level Problem s W ithin T he M arketing Inform ation Function
S tudy O f M arket E n v ironm ent

M arket S tructure

15

M arket A ttitude

0

M arket T rends

45

Press Any Key to Continue

Figure 6.27 - Level Three Diagnosis Output

A sim ilar diagnostic approach is available for each o f the six functional areas w ithin the
m arketing function. As stated, the level o f know ledge available for the developm ent o f
this system was so lim ited that only the top level for all areas and all o f the marketing
m odule w ere developed.

However, the structure shows the application o f the

technology to the task. The prototype displays both breadth and depth in an area which
is difficult to define. A ssum ing the availability o f the required know ledge, the system
could be fully developed, using an identical structure to the one utilised in the marketing
m odule.
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6.4 - Evaluation.
An integral elem ent o f the developm ent process o f Expert System calls for the
evaluation o f the perform ance o f the developed prototype. The objective o f the
evaluation is to determ ine w hether the developed system matches in effectiveness the
conceptual system.

A ccording to Sharm a and C onrath2, m any techniques are available for the evaluation o f
expert system s and should be used, the broadest technique being post-im plem entation
evaluation. This generic technique is defined by Sharm a and Conrath3 as an assessm ent
o f quality o f the system after its developm ent and the im plem entation o f a working
model. The objective o f evaluation is suggested by K um ar4 to verify that the system
m et requirem ents, provide feedback for the developm ent team, ju stify the adoption or
term ination o f the project, clarify and set priorities for m odifications to the system and
transfer responsibility for the system from the developers to the users. For the purpose
o f this research, analysis o f the first four objectives w ould be highly beneficial.
H owever, in this situation, com prehensive evaluation is difficult. This is due prim arily
to the fact that the system ’s know ledge base prim arily reflects the expertise o f the
author. A lthough sufficient for dem onstrating the appropriateness o f the technology to
the task, the system w ould not be accurate enough to effectively dem onstrate to industry
practitioners.

Instead o f field testing, a basic lab evaluation w ill be used. This is carried out in two
elements.

Firstly, the system is evaluated against the objectives as set out in the

conceptual system.

Secondly, evaluation is carried out against the issues discussed

under the justification o f the developm ent in C hapter Five.

6.4.1 - Conceptual System Evaluation.
This finished prototype offers the m ajority o f features described in C hapter Five, under
the section "conceptual system", w ith the exception o f a solution facility (see appendix
F. for a sam ple run o f the system).

1. A ranked list o f problem s.
2. A ranked list o f solutions.
3. A n explanation facility.
4.

"Hard" and "soft" outputs.
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The ranked list o f problem s required is available as the result o f a detailed exam ination
o f the hotel unit.

A lthough the originally planned process o f evaluating problem s

against symptom s is not utilised throughout the system, the top level effectively uses
this approach w hile the low er modules utilise an alternative yet sufficiently effective
approach. Each level o f problem s is presented to the user, the process m aking the user
aware o f problem s and the relationships which exist between these problem s within the
functional areas.

The conceptual design established that solutions should be available for the diagnosed
problems.

The m ajor problem s o f the research existed in not only identifying a

com prehensive list o f prom inent problem s but also sourcing the thousands o f possible
solutions which m ay exist w ith each problem ; as a result this function is not available in
real terms. However, the system evaluates the hotel unit to a sufficiently deep level that
problem s identified should propose a relatively obvious solution. For exam ple, in the
above case, a m arketing problem has been diagnosed as a problem w ithin the m arketing
inform ation function. The exam ination o f this function diagnosed that the problem is
essentially due to a po o r study o f m arket trends (score 45). A n obvious solution to this
is to im plem ent a m ore effective approach to how the com pany studies the m arket
environment.

A m ore precise solution or how this is actually done depends on the

creative skills o f the relevant managers. This creativity is a process beyond the bounds
o f the state o f the art technology available at present.

The explanation facility is offered by the break-dow n function o f the diagnostic system.
The user can easily see how the various level scores w ere calculated and what areas
require further consideration.

The outputs are available as hard copies in a sim ilar fashion to the form presented on
screen.

6.4.2 - System Justification Evaluation.
Justification was established for the system under the following requirem ents.

The

system should:

1.

Im prove the p erfo rm a n ce o f non-experts.
The system, as developed, should improve the perform ance o f non-experts. As
stated, the hospitality business is com plex and requires m anagem ent to be inter
disciplinary in their skills.

As expertise is difficult to achieve in a diverse

num ber o f areas, this system when com pleted should assist m anagers in
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diagnosing areas o f the business in w hich they are not experts. The prototype
confirm s this in so far as it is possible.

2.

Provide training o f a consistently high quality.
A potential use o f this system is in the area o f education o f hotel managers. If
developed fully, the diagnostic system produces a structured approach to the area
of

problem identification, prior to im plem enting a formal problem -solving

process.

This approach w ill help users to recognise the relationship between

related problem s in a single functional area and to recognise the relationship
between problem s in separate yet related functional areas.

In addition, the

system should m ake user aw are o f the fact that problem s can actually be
symptoms o f deeper level deficiencies.

3.

Provide a standardised approach to solving the problem .
The system, i f utilised w ithin a hotel corporation, offers a standardised approach
to problem identification.

A lthough the required know ledge concerning the

evaluation o f the inform ation and data may differ, the structure o f the system
w ill remain the same.

This allows companies to ensure that m anagers are

supported in their problem -solving activities and that results obtained from the
system relate directly to the objectives o f the com pany, as established in the
system developm ent.

4.

Autom ate the application o f expert ju d g em en t to a large m ass o f data.
The developed prototype does not autom ate the application o f expert judgem ent
to a large m ass o f data. This is prim arily due to the lack o f know ledge available
for evaluation and the im m ense quantity o f data w hich could be analysed.
However, i f developed using the recom m endations suggested in the following
chapter, sufficient know ledge could be acquired to perform this function.

In

addition, the developm ent o f interfaces to presently utilised hotel system could
provide a large am ount o f data w hich could easily be evaluated given the
acquisition o f the required knowledge.

5.

A ssist m anagers with a relatively routine task.
As opposed to assisting the m anager w ith a relatively routine task, this system
offers a com puterised approach to a task which is presently not carried out by
m anagem ent in any form al m anner. Instead o f freeing m anager's tim e for more
com plex activities, this system offers m anagem ent the assurance that problem s
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under consideration have been correctly identified.

This w ould ensure that

m anagem ent resources are not w asted on tackling the w rong problem .
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Summary,
Conclusions
and

Recommendations.

Summary and Conclusions.
Problem solving is an im portant elem ent o f a m anager’s w ork and as such, occupies a
significant am ount o f their time. However, as described in chapter one, the com m only
utilised process is som ew hat flawed, resulting in what may be ineffective problem
solving. This is suggested due to the following reasons:

Formal problem solving is generally reserved for com plex problem s. This suggests that
m inor problem s are som etim es ignored until they escalate into m ajor problem s. Dealing
with the m inor problem earlier on would result in fewer serious problem s, save both
m oney and m anagem ent tim e and result in a m ore efficient operation.

Even w here formal problem solving methods are em ployed for every problem , the
process is not always strictly adhered to. The rational problem solving process requires
the problem solver to diagnose the causes o f the problem so that they m ay formulate
alternative solutions. H owever, w hen attem pting to define a problem , sym ptom s tend to
be m ore apparent than causes and as such have been tackled as the root o f the problem.
In addition, biases, as a result o f experience and responsibilities, cause different
m anagers to view the sam e problem in a different m anner and subsequently formulate
different strategies. W here this occurs sim ultaneously in an operation it is unlikely that
the problem w ill be solved effectively.

Instead, each solution will be run in a

hierarchical order until the problem is eventually solved.

It m ay also be suggested that the rational problem solving process is m ade ineffective by
the order in w hich it is processed. Diagnosis, the identification o f the cause, is carried
out after the problem has been identified. The author argues that this should be an
elem ent o f the overall process o f problem definition. This w ould ensure that the 'true'
problem is identified in contrast to the previous approach w here the process m ay simply
be evaluating a sym ptom o f a deeper, more serious problem.

To overcom e these lim itations and thereby increase the effectiveness o f a manager's
problem -solving skills, the author suggests that a formal m ethod o f diagnosis be
em ployed iteratively prior to the formal problem -solving process. As such, an
adaptation o f Sim on's model o f decision-m aking is used as an appropriate model o f the
requirem ents for the task. In the m odified model, the investigative elem ent o f the
process is substituted w ith formal diagnosis element.

This is an iterative process o f

collecting the required intelligence, analysing the inform ation and subsequently
diagnosing problem s w hen and i f they exist. In this situation, the rem aining element o f
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the problem solving process are only utilised after a problem has been correctly and
clearly identified.

The m anagem ent, using such an approach, w ould then be in a position to initiate the
formal and tim e-consum ing process o f problem -solving, satisfied that the correct
problem has been identified.

It can also be suggested that ongoing diagnosis o f an

operation, w here no problem s are im m ediately apparent, w ould ensure that managers
are kept aw are o f problem s m aterialising.

As a result, problem s w ould not require

solving as they could sim ply be avoided.

Considering the flaws as described above, the following question m ay be posed. How
have m anagers been effectively solving problem s in the past? The answ er is that the
better m anagers have m ore experience and as such can rely on a qualitative approach to
problem solving.

This research identifies quantitative analysis as an im portant

additional elem ent o f the problem solving process. The m anager who is know ledgeable
in quantitative decision-m aking procedures is in a m uch better position to com pare and
evaluate the qualitative and quantitative sources o f recom m endations and ultim ately to
com bine the tw o sources in order to m ake the best possible decision.

This skill

how ever cannot increase w ith tim e, it can only be learned by studying the assumptions
and m ethods o f m anagem ent science.

The process o f diagnosis, if carried out continuously, is tim e-consum ing and com plex as
the num ber o f factors w hich require consideration is im m ense. The author proposes
that the process could be m ade m ore effective through com puterisation as com puters
can carry out com plex analysis m ore quickly than hum ans and use an alm ost unlim ited
num ber o f variables in the reasoning process. The proposed system w ould m anage the
iterative collection, analysis and diagnosis using both quantitative and qualitative
analysis methods.

As opposed to developing a generic system for general diagnosis, the hospitality
industry is chosen as an appropriate case for this research. H ospitality, an elem ent o f
the tourism industry, displays certain characteristics that w ould benefit from the
im plem entation o f the proposed system. They are:

•

Tourism and the hospitality industries provide significant benefits to the Irish
econom y in term s o f national revenue and employment.

A n increased efficiency

and reduction in m ajor problem s, can only affect the econom y positively.
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•

The hotel product in itself displays characteristics that cause inherent m anagem ent
problem s.

In an industry that relies on the highest level o f custom er service,

effectively solving problem s m ay not always be sufficient.

Instead, avoiding

problem s will ensure better custom er satisfaction and subsequently sustained
business success.
•

The hotel industry, although largely dispersed geographically, is small in size. The
large m ajority o f hotels have less than 100 bedroom s and are typically family
owned. In m any cases, the m anagem ent o f such hotels, although experienced, do
not possess a formal hotel m anagem ent education and as such do not possess the
know ledge on form al problem solving.

In the continuum o f problem categories hospitality unit diagnosis m ay be classified as
ill-structured.

H owever, in order to be com puterised the diagnostic process must be

given some structure.

The structure is com prised o f the collection o f im portant problem s, causes and
sym ptom s w ithin an "anatom ical" arrangem ent o f a hotel. The "anatomy" o f the unit
was developed as a collection o f functions or sub-systems, namely: Finance; Sales and
M arketing; O perations; C ontrol; and H um an Resources M anagem ent. These functions
were identified from an investigation o f the hotel product characteristics and industry
structure. The model was subsequently developed to contain these functions, and, more
importantly, to consider the relationship w hich existed between each o f the functions.
This inter-disciplinary relationship is im portant and it reflects the true inter-disciplinary
skills possessed by Irish hotel m anagers. This model further established the need for an
appropriate support tool for the diagnostic process, as hotel m anagers cannot be expert
or professionally com petent in all functional areas o f management.

H aving identified the im portance o f developing a com puterised system capable o f
supporting hotel m anagers in the problem definition phase o f problem solving, it was
necessary to evaluate all appropriate technologies and select the m ost appropriate for the
task.

The technology selection w as based on the level o f support that could have been
achieved

for the

diagnosis

process.

Transaction

Processing

System s

(TPS),

M anagem ent Inform ation System s (M IS), D ecision Support System (D SS) and Expert
Systems (ES) w ere evaluated based on their potential support for each o f the stages o f
the diagnostic process. In addition, the evaluation considered the characteristics o f the
hum an decision-m aking process. Both a rational-analytical and an intuitive-em otional
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approach to problem -solving are required, as a com bination offers a higher chance o f
m aking quality decisions. A s decisions m ay be relatively ill-structured, decision makers
must allow for an insecure inform ational base, consider uncertainty and risk, em ploy
both quantitative and qualitative analysis techniques and utilise heuristics to increase
the efficiency o f the process. A system required to replicate the hum an decision-m aking
process m ust be capable o f em ploying such m ethods.

The arena o f A rtificial Intelligence (AI), and m ore specifically, Expert Systems, offered
the m ost com prehensive support covering all three o f the required phases.

The

"intelligence" phase is supported by Expert Systems in that they can provide advice
regarding the nature o f the problem , its classification, its seriousness and, consequently,
can determ ine the quantity o f inform ation required to produce alternative solutions.
Analysis and the generation o f alternative solutions for com plex problem s requires
expertise which can be represented in an expert system. Finally, Expert Systems can
support the actual diagnosis by reasoning w ith the available inform ation based on the
know ledge contained in its know ledge base.

Expert Systems are also capable o f utilising both quantitative and qualitative
inform ation, em ploying uncertainty techniques and heuristics to counteract an insecure
inform ational base and to represent the intuitive know ledge o f the hum an expert

U sing expert systems, or specifically expert system s shells, the research focused on the
collection and representation o f know ledge into a prototype system for hospitality unit
diagnosis. U sing prim arily literature review and industry expert’s input, know ledge was
collected to build a know ledge base on the dom ain o f hospitality unit diagnosis.
However, the level o f know ledge available was found to be insufficient. This was due
m ainly to two reasons; the quantity and quality o f know ledge represented in text books
and the ability to translate an industry ex p ert’s know ledge on hotel m anagem ent into
rules.

The literature review found an im m ense num ber o f applicable textbooks and industry
journals. In order to focus the literature search, textbooks from the five functional areas
o f the hotel unit w ere selected and evaluated for available know ledge w hich could be
utilised in hotel unit diagnostics. This approach proved unsuccessful for three reasons.

1. Each textbook offered considerably different viewpoints on the operation o f a hotel
unit, although this gave a greater level o f know ledge, it w as im possible to evaluate
w hich opinions w ere m ore correct.

168

2. N o textbooks w ere found which detailed the problem s that could arise in the
functional areas o f the hotel business.
3. The know ledge w hich was available generally took a form w hich was unsuitable for
know ledge representation w ithin an expert system.

C onsidering industry expert input, two difficulties were encountered. Firstly, as opposed
to sim ply com puterising a manual process, the research involved developing a prim arily
subconscious process into a m ore formal approach.
w ould be capable o f

As a result, few industry experts

explicitly explaining their reasoning processes.

Secondly, the

know ledge acquisition is lengthy and involved. Hotel executives w ould be required to
com m it a substantial am ount o f time and also provide highly confidential information.
This level o f com m itm ent was too difficult to obtain from practitioners.

However, in order to test the appropriateness o f the technology, the author, acting as
both expert and know ledge engineer, developed a know ledge base that w ould analyse
and identify some o f the m ore com m on problem s that exist in hospitality units. This
approach was favourable in that it overcam e m any o f the obstacles associated with the
traditional know ledge acquisition problem such as the difficulties in articulating
know ledge, m odeling an expert's reasoning strategy and the representational m ism atch
betw een the w ay experts express them selves and the w ay a know ledge engineer
understands and represents an expert's knowledge. By perform ing both roles, there is
no confusion in the presentation and representation o f knowledge.

The prototype system developed is com prised o f an independent M anagem ent
Inform ation System, w hich carries out the quantitative analysis required by the
diagnostic Expert System . This was developed using a spreadsheet application because,
although som e level o f analysis was available w ithin the Expert System shell, it caused
the system to be both slow in run-tim e and tedious to use. The application o f a more
appropriate tool (i.e. a spreadsheets) to the task increased the effectiveness o f the entire
system. The MIS processed data w hich w ere readily available to hotel m anagers and
w hich w ere selected for their usefulness in providing inform ation.

The data were

processed using appropriate operational ratios, selected for their usefulness in the
process o f perform ing a diagnosis o f the business. A lthough m uch m ore inform ation
could have been processed, this would involve the user in a constantly lengthy process
o f data input. In order to sim plify the process, the inform ation w ith the m ost relevance
to the process was selected.
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In the developed prototype, the MIS supplies inform ation to a top-level expert system.
This quantitative inform ation, and other qualitative inform ation supplied by the user, is
evaluated by the Expert System by exam ining the functional areas o f the business and
producing scores to establish the level o f problem s w ithin each area. Each area w ith a
significant

problem

is

evaluated

by

the

appropriate

sub-system

for

a

more

com prehensive diagnosis. This m odular approach is lim ited in its effectiveness in that
inter-functional inform ation is unavailable, i.e. m arketing inform ation is unavailable to
the financial m odule and vice versa. However, this approach was necessary because o f
the m em ory m anagem ent problem s associated with "Crystal".

It was found that a

know ledge base o f approxim ately four hundred rules was the m axim um size which
could be run using a conventionally configured PC.

For a hotel m anager, expert system shells are effective developm ent tools for the
purpose under research; how ever, "Crystal", the specific shell used in this research
limits the effectiveness o f the finished system by poorly m anaging m em ory and forcing
the problem to be highly structured. Further lim itations in the system were caused by
the fact that the essential know ledge regarding hospitality com pany diagnosis is
presently unavailable in a form suitable for incorporation into an Expert System.

As

m any m anagers perform well in their jobs on a daily basis, it can be assumed that the
know ledge is stored som ew here.

However, the collection o f this know ledge would

require a considerable com m itm ent from industry practitioners in term s o f time.
Literature has suggested that Expert Systems are only appropriate for problem s in
narrow dom ains.

This project shows that a broad problem , such as hospitality unit

diagnosis, can be tackled using Expert Systems. The m ajor draw back to the prototyped
system

is not the logistics o f developing the system, but the availability o f

com prehensive know ledge about the domain. Because o f this the author suggests that
proving the appropriateness o f the technology to the task is insufficient. C hapter five
showed that Expert System s could be applied to hospitality unit diagnosis but did not
establish the problem s regarding know ledge acquisition. Therefore it can be argued that
it is also im portant to analyse the am ount and structure o f available know ledge as well
as the theory regarding the application o f Expert Systems to a particular task.

Recommendations.
This research has established areas which are suitable for further research:

An extensive research initiative is required to elicit the know ledge that was unavailable
for this research and, using it, develop a full diagnostic system. R ecom m endations for
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this further research can be m ade under the following headings: commitment,
know ledge acquisition and developm ent tool selection.

Commitment.
To gain the com m itm ent o f several leading hotel executives is essential to the area o f
research. This com m itm ent w ould be major, as considerable time w ould be required for
the lengthy process o f establishing w hat problem s exist and their relationship to other
problem s. A proposed approach to gaining this com m itm ent m ay be to involve a large
hotel group. In this w ay both the researcher and the hotel com pany w ould benefit from
the project.

Know ledge Acquisition.
K now ledge acquisition from the dom ain experts can be elicited in either o f two ways.
First, a structured approach to acquiring know ledge from the relevant expert should be
developed.

This should start by identifying a com prehensive list o f problem s which

exist in hotels and consequently establishing the relationship w hich exist between the
problem s.

Case studies could be used to facilitate the know ledge acquisition from

industry experts. This approach w ould help the know ledge engineer discover the issues
im portant to hotel m anagers and how the managers logically evaluate a given situation.

A second approach is R ule Induction.
variables are related.

Rule induction could be used in areas where

For instance, this approach could be used to evaluate the

relationship betw een elem ents such as staff turnover, percentage increase/decrease in
room s revenue w ith a fixed variable such as net profit. Several analysis periods could
be evaluated to produce the rules w hich link the entities. In addition, a com prehensive
set o f exam ples could be analysed to facilitate the developm ent o f the system. Using
this approach, it w ould be necessary to experim ent w ith several hundred pieces o f data
to establish the rules regarding a problem w ithin the hotel.

Through different

experim ents, enough observations could be established to develop a com prehensive
system.

D evelopm ent Tool.
The third recom m endation concerns the selection o f an expert system shell for further
developm ent. A lthough the use o f "Crystal" allowed a relatively easy developm ent, its
structured orientation forced the know ledge to be structured.

As the problem is ill-

structured, it is recom m ended that a non-structured expert system shell be employed.
This w ould facilitate both the acquisition and representation o f the know ledge. Instead,
the inferencing capability o f the shell would develop a structure as required.
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In addition, it is recom m ended that a developm ent tool w ith considerable m em ory
m anagem ent functionality be selected. This w ould facilitate the developm ent o f a large
and effective system w here m ore know ledge and data could be m anipulated.

Interfaces should be developed for the com plete system.

Such interfaces could be

utilised to autom atically m onitor the present hotel systems for data w ith w hich the
Expert System could work.

This approach w ould free the m anager from the tedious

chore o f entering large am ounts o f data. The m anager w ould only be required when a
problem w as identified w hich requires further evaluation.
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