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ABSTRACT

In the past several decades, there have been diverse and significant research activities on
maintenance scheduling (MS) due to the multi-disciplinary dimension of the field. As a
consequence of this diversity and multi-disciplinary involvement, the MS literature is at
present fragmented, somewhat misleading, and deficient in informative articles that cover the
length, breadth, and depth of scientific investigations in the field. This paper reviews the
scientific discipline of MS, covering general surveys, models, and significant empirical
studies and cases in MS research. The research reflects the multidisciplinary nature of work in
the field and suggests areas for future investigation.

OPSOMMING

In die afgelope aantal dekades was daar uiteenlopende en aansienlike navorsingsbedrywigheid
op die gebied van instandhoudingskedulering (1S) weens die multidissiplinére dimensie van
die gebied. As gevolg van hierdie diversiteit en multidissiplinére betrokkenheid is die IS-
literatuur tans gefragmenteer, ietwat misleidend en gebrekkig aan insiggewende artikels wat
die lengte, breedte en diepte van wetenskaplike ondersoeke op die gebied dek. Hierdie artikel
bied “n oorsig oor die wetenskaplike vakgebied van IS en dek algemene opnames, modelle en
aansienlike empiriese ondersoeke en gevalle in 1S-navorsing. Die navorsing weerspieél die
multidissiplinére uitkyk van werk op dié gebied en open gebiede vir toekomstige navorsing.
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1. INTRODUCTION

Research on MS spans across disciplines and contains a wide range of theoretical
developments, exploratory and conceptual models, theoretical grounded discussions, debates
on methodology, and historical essays. It contains novel, insightful and carefully crafted
articles that challenge conventional wisdom concerning all aspects of the field. Researchers
and practitioners in the field of mathematics, computing, and engineering (i.e. electrical,
highway, and industrial) dominate this field [46, 48, 67].

The MS literature spans a variety of applications. These diverse applications include aircraft
maintenance [3, 74], process industry [4], vehicle fleet maintenance [23, 35, 36, 55], railway
track maintenance [37, 39, 51, 52, 53], power generation [11, 16, 19, 42, 84], pavement
maintenance [12, 32, 83], highway maintenance [82, 85], refinery [89, 90], and production
facilities [40, 45, 61, 66]. An attempt to codify the MS literature portrays a line of inquiry that
has grown in volume and in depth. Despite the immense resources allocated to the study of
MS in the past 30 years, a more intensive study of some deep structures is still required.

This paper reviews the most popular MS literature in a way that reflects the characteristics of
studies, and attempts to reveal the shortcomings of the existing frameworks. Specifically, the
aims of this paper are: (i) to review the relevant research that has been undertaken to date, and
(i1) to propose some priority research questions for members of the MS research community.
No claims are made for the paper’s comprehensiveness. Instead, the author hopes that the
paper will stimulate debates within the MS and wider academic communities. This work
provides the reader with insight into developments in the field of MS in general. It would be
useful for future investigators involved in MS research who seek a broad-based understanding
of the field. It is intended that the reader should be left with an understanding of the wide
range of topics involved, an impression of the length and breadth of this interdisciplinary
academic field, and the wide-ranging practical applications.

The present-day need for MS is now more important than ever before, and continues to grow
constantly. Advances are continually being made in this field, due largely to the consistent
competition in the international market requiring fast and efficient maintenance systems.
Despite this, the MS field remains complicated — one that demands high-quality technical
knowledge. To demonstrate the complexity of the scheduling problem, consider the general
N/uW/G/B job shop problem consisting of m permutation of the n jobs where the parameters N,
i, G and B define the number of jobs, the number of machines, the general job-shop case and
the performance measure by which the schedule should be evaluated. Here, each permutation
gives the processing sequence of jobs on a particular machine. Now there is n! different
permutations of n objects. Since each of the permutations may be as different from the rest, it
follows that the total number of schedules is (n!) ™. In a problem of 4 jobs and 4 machines, i.e.
n=4 and m=4, the total number of schedules is (4!)* i.e. 331 776. Here, we have a very small
problem: only 4 machine and 4 jobs, yet the number of possible contenders for the solution is
enormous. We might be able to check through the 331 776 possibilities in a reasonable time
on a fast computer if 1000 schedules were checked each second (which would be very fast),
the computer would solve the problem in just over 5 minutes. But, suppose the number of
machines was increased to 5, the number of schedules would now be (5!)* and the computer
would take over 57 hours to solve this new problem!
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The paper is structured into different sections, each dealing with various aspects of the
subject. First, a brief historical overview describing the evolution of MS is given. It also
considers the literature and the problem areas and areas where MS is important.

2. HISTORICAL REVIEW

The honour of discovering great mathematical principles and theories that underlie the science
of MS belongs to a number of noted investigators. Gerver [33] may be credited first. In early
times, most maintenance researchers must have believed that scientific scheduling of facilities
for maintenance in complex systems could be best achieved by intuition. It was Gerver, in
1972, who first conspicuously denied this doctrine of intuition and proposed the first elaborate
theory of MS. A great advance followed as scientific principles were incorporated into
scheduling by maintenance practitioners and researchers.

Unfortunately, the MS literature featured many mathematical derivations that limited its
understanding only to researchers who were willing to master the intricacies of the
mathematical formulations. Maintenance practitioners had no choice but to leave
mathematical explorations and associated results to the mathematically inclined researchers.
Sadly, maintenance practitioners were the best people who understood the problem and could
best devise appropriate MS solutions. Assigning the task to researchers often resulted in less
than ideal solutions. As a result, there was an urgent need to develop approaches that would
permit greater access to MS by both practitioners and research workers. Consequently, the
original approaches to solving MS problems would be considered crude by today’s standards.

Also in the 1970s, Christiaanse [15] demonstrated to the scientific world the universal
existence of MS problems with an unsurpassed array of evidence. He propounded a theory
that is widely applied in scheduling maintenance. Suddenly, MS is everywhere. Academic
journals experienced a proliferation of research papers on MS. New terms and theories (e.g.
objective criteria, optimal values, MS constraints) emerged [31, 34]. An unintended
consequence of the proliferation of research on MS during the 1970s was a lack of coherence
in the field. Research on MS was in the initial period of experimentation, and a dominant
paradigm was yet to be developed. Creativity and new ideas were rampant, but there was little
integration among researchers. Also, little dialogue existed across disciplines.

In the 1980s, the dynamic scheduling theory formed the basis of empirical research. The
foundation is found in the paper of two English researchers - Enscore and Burns [30], which
has thrown much light on solving complex MS problems.

During the 1980s, interest in MS began to wax stronger, evidenced by an increase of more
than 400% in the volume of publications in the field. In addition, prominent journals that now
dominate the maintenance scene started to devote more attention to MS. Specialised journals
that now address maintenance problems emerged during this decade with considerable focus
on MS. The European Journal of Operational Research, Royal Naval Research Logistics,
A.LLE. Transactions, SAIM Journal of Computing, Maintenance Management International,
Quality and Reliability International, among others, prominently featured in MS studies. It
was in this decade that the non-polynomial (NP)-hard concept was widely publicised and
identified in MS problems. Consequently, it seems remarkable to credit Charles-Owaba [13]
in a recent work for his novel attempt in developing an optimal solution for the NP-hard
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problem that had been unsolved for over 20 years.

Back in the 1980s, the impact of computers on MS with respect to data manipulation was very
great. Multiple manipulations of data with computers for simple and complex problems were
made possible and performable, thus eliminating difficulty and tediousness of the operations.
Consequently, analysis and manipulations of data on MS have become more closely tied to
computers with the introduction of microcomputers.

In the 1990s, Duffuaa and Ben-Daya [26] led in the discussion of MS for overhaul scheduling
problems. Hariga [38] proposed solutions for scheduling non-identical machines. This is an
important contribution to knowledge that has worked its way into the mainstream of both
academia and business.

The 1990s experienced tremendous growth and changes in MS theory. For example, in the
early stage of development of MS theory, it was normally announced that all maintenance
jobs were available together at the beginning of the scheduling period and the activity times of
all the maintenance jobs were known a priori. It was also traditional to solve problems so as to
optimise single criteria. The 1990s experienced a turnaround on these assumptions.
Researchers sought for cases in which not all maintenance activities start at the beginning of
the scheduling period. Cases that optimise dual and multiple criteria were sought. Towards
the close of the decade, studies were diverse and the growth could be described as
unprecedented.

Furthermore, researchers tend to use different lenses to understand the practice of MS,
depending on theoretical orientations. Like different schema, each of these lenses leads us to
certain variables and relationships while ignoring others. Focusing multiple lenses on a given
phenomenon highlights different aspects of that phenomenon. Each lens suggests a different
set of practices and solutions to practitioners.

The year 2000 marked the beginning of another century that holds much promise for
development in MS theory. It is expected that new and emerging business concepts will
influence research interest in MS theory, creating more understanding. Research is predicted
to reach its climax during the next millennium with interesting research findings.

In conclusion, an overview of the historical perspective of the MS literature over the past 30
years highlights many changes to the field. Early problems encountered by founding
researchers have been overcome with the application of many new concepts. As a result, MS
has matured to become an attractive field of research.

The light that early great researchers and pioneer MS scholars kindled must now be made to
illuminate with added brilliance despite the complex industrial environment of today. Many
fields of MS are practically virgin for scheduling investigators.

3. MS LITERATURE

This section provides a search and review of the MS literature conducted over the Internet, in

research libraries, departmental outlets, relevant journals, and professional bodies worldwide.
A detailed review was made to involve more than 30 journals, several scores of books, a

104



http://sajie.journals.ac.za

substantial number of conference papers, workshop proceedings and unpublished
postgraduate dissertations and theses (master’s and PhDs). The preliminary literature review
informed our understanding that MS is a multidisciplinary field that cuts across fields such as
mathematics, computing, civil engineering, transportation engineering, and industrial
engineering. Hence, efforts were aimed primarily at these fields in order to discover the extent
of work done on MS. The review has been conducted to include the entire major operations
research journals in Europe, USA, Australia, India, Japan and other parts of the world.
Specialist journals of a technical nature and journals dealing with some practical applications
are noted. The review covers scholarly articles on MS from its beginning in the early 1970s
through the present.

The influential paper of Encore and Burns [30] was one of the first widely accepted published
works on MS in 1982. The paper demonstrated certain important principles in maintenance
systems of large organisations with a substantial amount of inventory. Apart from the
maintenance systems of manufacturing organisations, the research pointed to maintenance in
service organisations as an important consideration. Encore and colleague therefore presented
an actual study of the implemented system to demonstrate how all preventive inspections are
scheduled, based on when exactly they were last done and not when they were supposed to
have been done. The MS field was therefore presented as an important one that could be
scientifically investigated. There was a call to abandon toy research on real problems and
refocus on real research on real MS problems.

In a doctoral thesis, Yang [87] investigated single-machine job scheduling with scheduled
preventive maintenance in which the problems can be categorised into two classes - fixed MS
and flexible maintenance schedule. The make-span total flow-time and weighted total flow-
time were investigated with single or double maintenance requirement. Yang treated a flexible
maintenance schedule as having the maintenance starting time flexible within a time window.
The flexible maintenance schedule problems deal with cases similar to fixed maintenance
schedule problems, except that a general cost function is considered for each of the problems.
Yang developed a dynamic programming (DP) algorithm for each problem to obtain the
optimal solution. He developed two heuristics algorithms for each of the double maintenance
requirement problems. From a total of 12 DP algorithms and 12 heuristic algorithms in his
research, only one DP algorithm is based on the 0-1 knapsack problem. The experimental
results showed that the heuristic algorithms perform very well - the maximum difference from
the optimal solution is about 1%.

Subsequently, a number of theoreticians proposed models for scheduling maintenance, which
relates to a group of identical machines [9] and non-identical machines [25, 39]. Hariga [38]
proposed that the problem could be approached heuristically with the use of a mixed integral
non-linear program. In the model formulation, it is assumed that a major overhaul brings the
machine back to its new condition, where a minor overhaul restores it to a specified operating
condition. The author developed an iterative solution procedure to obtain a near-optimal
cyclic overhaul schedule.

Duffuaa and Ben-Daya [26] proposed a model, which is similar to that of Hariga in that it
focused on non-identical production units. The model is developed for the joint overhaul
problem by incorporating the cost of coordination. The model selects overhaul schedules that
minimise the average cost of production, and the cost of coordination. The model obtains
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lower costs of two examples. Among the deficiencies of these models is the fact that no
evidence of the machine dominance concept is considered. Yet, in many instances, a
dominating machine may be given preferential scheduling treatment in view of its influence
on the production/service system considered. In addition, the treatment approach to a non-
renewable resource constraint situation may be different from those specified by these
authors.

The work by Kobbacy and associates [43] is concerned with the development of a realistic
preventive maintenance (PM) scheduling model. A heuristic approach to implementing the
semi-parametric proportional-hazards model (PHM) to schedule the next preventive
maintenance interval on the basis of the equipment’s full condition history was introduced.
These models are then used in a simulation framework to schedule the next preventive
maintenance interval. The results indicate higher availability for the recommended schedule
than the availability resulting from applying the optimal PM intervals as suggested by using
the conventional stationary models.

Olorunniwo and lzuchukwu [69] applied the concept of maintenance improvement factors to
preventive and overhaul maintenance. The authors developed mathematical models that are
used to generate preventive and overhaul maintenance schedules. Examples are provided to
demonstrate the sensitivity of the schedules to model parameters.

Ashayeri [4] reported on simultaneous planning of preventive maintenance and production in
a process industry environment. The author developed a mixed integer linear programming
model. The model schedules production jobs and preventive jobs, while minimising costs
associated with production, backorders, corrective maintenance and preventive maintenance.
The model takes into account the probability of a breakdown given by the last maintenance
period. The formulation of the model is flexible, so that it can be adapted for several
production situations. However, the deterministic model discussed does not afford insight into
the nature of deterioration of machines. A common form of machine deterioration is
stochastic but many studies have assumed linear deterioration for ease of modelling. The
author also ignored the multicriterion nature of MS problems. In addition, he did not account
for the robustness and sensitivity of the model formulated.

Since MS problems arise from situations that require assignments of resources over time to
perform a set of activities, typically, these problems may be viewed as the determination of
optimal sequence for the activities on the resources and vice-versa.

Silver and Murphy [77] analysed the sensitivity of an analytical formula, based on inspection
scheduling to determine the duration of the preventive maintenance period. The cost penalties
of this model are calculated compared to the exact solution that utilises the lifetime
distribution in the derivation of the optimal preventive maintenance period. A simple
extension of the heuristics is suggested to improve the approximation with a slightly increased
computational effort. The sensitivity and the cost analysis of the improved heuristics are
discussed as well.

In a very recent publication, Charles-Owaba [13] challenged the MS literature as lacking

adequate solution procedures for solving NP-hard problems. He criticised the literature as
only able to obtain near optimal solutions with the use of heuristics as against optimal
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solutions that guarantee effective decision-making. Drawing from the traditional wisdom of
Gantt Charting, he evolved an optimal model for solving multiple facilities, multiple period
MS problems. Specifically, he solved an M-machine, T-periods capacity constrained
maintenance-operations scheduling problem by formulating it as an LP transportation model.
The problem is to minimize the total preventive maintenance cost, C(T,M,yi), over all the
machines, given limited periodic maintenance capacity (A;), activity duration (B;) per
maintenance visit, arrival periods (K;") and number of visits per machine (N;). The model is
full of fruitful promise of usefulness in real life situations. However, the shortcomings of the
model include its limitation to single-visit situations for facilities. The model could be
extended to contain more constraints than the capacity and duration constraints indicated.
Another issue is the applicability of the model to a situation where two or more time periods
are considered. All these fields are opened up for extension and scrutiny.

Anily et al. [1] studied a discrete problem of scheduling in machines, M, ..., Mp, in an infinite
time horizon discrete time. The cost of operating a machine at any given period, C(t,p), is a
linear cost structure where each machine i is associated with a constraint a; and the cost of
operating the machine in the " period after the last maintenance of that machine is ja; for j >
0. The problem is to find an optimal policy so that the average cost over period 1,..., tis a
minimum.

Bar-Noy et al. [93] solved the general problem of scheduling in machines {1...m} for
maintenance over an infinite discrete time horizon, in which at most M machines can be
scheduled in each time slot. The schedule with m machines is S = S;, S,... where S; <
{1,...m} and /S/ < M for all t >1. Here, i € S; means that machine | is scheduled for
maintenance at time-slot t. The maintenance cost at time-slot t is 2ies(Ci. The operating Cost
of (j) of machine j at time-slot t is gj(t-t;+b) for integer b > 0, where t; <t is the largest time-
slot at which jeSy;. (We assume that all machines are maintained at time slot 0 in S). Note
that the operating cost is incurred in all time slots, but could be zero at time slot t if i eEg and
b = 0. We want to find a schedule S minimizing

N—a t=1 \ieST

1Iim n ) M o
= ZKZCI+ZOI(j)j
J=I
4. IMPORTANT FIELDS OF MS

Generally, important areas of maintenance where scheduling principles have been applied are
the main industries of oil and chemical companies, railways, transport companies, airlines,
steel works and discrete part manufacturing. It also includes the public sector such as
electricity generation, defence, and infrastructure, for example, roads.

MS research dominates a large portion of contemporary research in operations management.
It is a broad stream with two main currents: methods and applications (see figure 1).

The pace and proliferation of research have reached a point where it is beneficial to reflect on
what we have learned to date. To this end we asked ourselves what variables represent the
concerns of researchers — that is, what variables are being studied, what are similar and
different among these variables, how do similar variables relate to each other, and how does
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one distinguish among different variables? In short, is there some way to integrate the
findings of the existing studies to enable us to create a common understanding of what has
been done to date and where we should go from here or further build on existing knowledge?
The scope of work discussed in this section includes approaches, optimality studies,
algorithms, techniques, constraints, and limitations. Approaches in MS research include, but
are not limited to, multistage [7, 14], system [18, 29, 70], probabilistic [58], fuzzy modelling
[10], and CPM network with bill of materials [72]. Also, several effective and efficient
techniques have been suggested as alternatives to traditional optimisation-based techniques
where the problem size is large and the exact optimal solution is not available. The modern
techniques include simulated annealing [5, 47, 71], genetic algorithms [20, 21, 56, 78, 85],
heuristics [35, 51, 77], memetics [8], and hybrids [6, 49, 50].

Maintenance

Ouantitative research Oualitative research
Maintenance scheduling Other maintenance problems
@@ Applications
|
Vehicle fleet

Simulated annealina [

Highway pavement

Genetic alaorithm |

Aircraft maintenance

Tabu search

|
Process industry

Probabilistic approach Railway system

Power generation

Integer programming

Figure 1. Methods and applications of maintenance scheduling

Various optimisation studies have also been conducted, including by Billinton and colleague
[9], Charles-Owaba [13], Christiaanse [15], EI-Sharkh [28], Pan [69], Yamayee and associate
[86], and Zunn and Quintana [91, 92]. Models have been developed in different situations:
proportional intensities [64], full history [43], warranted products [41], finite source [43],
uncertainty [54], deregulated system [59], and planning [79]. The constraints under which
models operated include: sparse data [63], risk [33], and network [60]. Several tools have also
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been applied [73, 76, 81]. However, simulation appears to be the most significant [45, 57, 75,
83]. Furthermore, among the general MS studies is the work of Anily [1, 2], Dillon [24],
Contaxis et al. [17], and others [26, 30, 62, 65, 68, 80, 88]. There are also numerous studies
on simultaneous scheduling [40, 44, 66].

An important distinction between two theoretical papers is the differences in methods or
techniques proposed in such work. The literature contains several powerful methods or
techniques that have been extensively researched. These methods are representatives of the
general theoretical framework or practical perspectives of the methods or techniques in the
MS literature. Traditional optimisation techniques such as integer programming, dynamic
programming and branch and bound have been proposed to solve diverse problems. These
methods give satisfactory solutions for small problems. However, as the size of the problem
increases, the size of the solution space increases exponentially and hence also the running
time of these algorithms. Other methods that have been employed to overcome this difficulty
are modern techniques such as simulated annealing, stochastic evolution, genetic algorithms,
tabu search and hybrid algorithm.

Specifically, the literature that deals with the various methods fall into four major categories.
The major efforts, perhaps, are those that have been devoted to studying the traditional
optimisation-based techniques such as integer programming [1, 2, 5, 6, 22], dynamic
programming [5, 6, 9, 10] and branch-and-bound [10, 15, 16, 27] which have been proposed
to solve small problems. These methods give an exact optimal solution. A second type of
research deals with several modern heuristic methods, including simulated annealing (SA)
[71], genetic algorithm (GAs) [5, 20, 21, 78], tabu search [5], and hybrid GAs (HGAS).
Another body of literature concentrates on cultural algorithm (CAs), which is a class of
models, derived from the cultural evolution process, a hybrid algorithm of a GAs and a
guided local search (GLs) procedure. A fourth and growing category of methods deals with
heuristic techniques for scheduling maintenance facilities.

5. CONCLUSIONS AND FUTURE DIRECTIONS
5.1 General conclusions

Quantitative research in MS is professionally respectable and the computer reinforces this
respectability. MS is dominated by technically oriented people whose prime knowledge lies in
solving technical problems that require analytical tools for maintenance.

In general, studies on MS have reported various applications, including optimal scheduling of
overhaul interval of deteriorating and inadequate equipment; MS based on a two-level
hierarchical structure of equalized incremental rise; scheduling outage of electricity power
plants for maintenance; and scheduling of inspection frequencies for equipment. Studies on
simulation have addressed problems of how to simulate preventive failure behaviour of
technical systems and methods of predicting maintenance requirements using simulation
software. Studies on classical statistics showed the use of statistical tools to solve problems
such as the use of delay time analysis.

In this study, the MS literature was reviewed. Based on our observations, we categorised the
English-language literature on MS into several distinct structures.
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While the science of MS research is not yet robust, it is educated. Serious work on scheduling
is expected to develop an arsenal of optimisation techniques to deal with the non-polynomial
hard problems. For that reason, one of the greatest growth areas for the investment of human
intelligence is the study of the optimisation techniques and error analysis. There is a need for
future empirical research of a comparative nature. For those newly entering this field of study
or those young in its pursuit, there is an exciting future filled with important discoveries.
Good beginnings have been made, but there is more challenge in recognizing how far one has
to go than in drawing satisfaction from past accomplishments.

The paper takes only a first step to encourage investigation and debate on the MS research
question. It is suggested, though, that many critical issues have been raised, and some answers
have been proffered. The arguments presented here offer a reasonable explanation for the
development of the field. The arguments presented here also provide a description that is
richer than those previously available on the subject.

Given the needs, capabilities, knowledge, and talents now devoted to the MS problems, the
next quarter century offers promises of active and fruitful research and practice in MS.

Thus, we have a population of problems that should keep researchers and practitioners
investigating maintenance for decades to come!

5.2 New directions in MS research

In recent years, maintenance researchers and practitioners have developed a considerable
understanding of the technical matters in MS that were only vaguely understood in the 1960s.
Although a good deal has been learnt about MS in a short time, there is much more to know.
The present understanding of MS is just sufficient to imply that vast areas are still not
understood. The purpose of this section is to propose priority research questions for members
of the maintenance community, with an interest in maintenance scheduling.

Significant progress is being made in understanding MS problems. New approaches to more
effective analytical tools and strategies offer unique scientific challenges. Thus, there is a
need to address the questions and concerns about MS that are raised by the literature, and
confirmed by our review. The purpose of this section is to inform the scientific community of
broad, shared interests in MS research encompassing various components of the field, and to
formulate and foster a wide range of basic and industrial-oriented studies on maintenance
scheduling.

From extensive investigations of the literature, a number of research opportunities and
directions are apparent. Clearly, the areas of greatest deficiencies are related to modeling,
analytical refinements and development of frameworks. Researchers need first to clarify
exactly what MS means. The development of a meaningful theory, in turn, will facilitate
improved measurement and analysis.

Significant efforts and financial investments are needed in the development of MS software.
Researchers and practitioners will benefit immensely if these efforts are based on the relevant
dimensions of software from both producers’ and consumers’ perspectives. The relevant
dimensions from a producer’s perspective are accuracy, capability, features, completeness,
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conformance, flexibility, serviceability, stability, and structure. From a consumer's
perspective, relevant dimensions include capability, communication, completeness,
conformance, features, flexibility, simplicity and stability.

An investigation into system behaviour under different types of service of facilities with the
use of quantitative analysis tools may be stimulating. Development of new model systems that
incorporate single and multiple visits in a holistic model orientation may be a worthwhile
investment of efforts. Exploration of discrete models to incorporate inflationary efforts from
the perspectives of developed and developing economies may provide useful insight into MS
models. Exploration of the role of maintenance/operations scheduling may clarify some
seemingly difficult model parameters. Expansion of research on sensitivity analysis of MS
models may be helpful to explain the robustness of models and the degree of responsiveness
of model parameters.

In focusing specifically on the analytical perspective, care must be taken that it does not
constrain theory development. Theory and analysis must begin to look beyond the traditional
view if meaningful breakthroughs in understanding MS are to be made. For example, with the
application of AHP in MS, AHP is expected to steadily expand to cover a whole range of
sectors such as oil, manufacturing, etc. The range is expected to grow considerably. The
extension of AHP into MS may be a major development both academically and practically. It
could open up for speculation and research a wide range of problems. An example of such a
problem is the relationship between prioritised criteria such as cost, time and other elements.

The disadvantages, drawbacks, accuracy and computer time of various MS problems have
also been pointed out. The area of great potential for the application of analytical hierarchy
process (AHP) methodology in studying MS lies in a study of prioritised criteria, particularly,
using criticality and cost of investment of facilities to be scheduled. A survey of major
research papers on MS literature establishes clearly that there are limited references to the
concept of AHP in maintenance.

In general, many current researchers on MS do not study deep structures of MS problems.
The inability of researchers to probe these deep structures cannot be attributed to their
unwillingness to engage in intensive research tools. The author believes that the application of
the AHP methodology in analysing and solving MS problems provides an answer. The
intention is that this paper will serve as a catalyst in stimulating MS researchers to consider
AHP methodology in order to reveal deeper structures of MS problems.
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