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Abstract— The beginning of Decision-Making, as a subject of study, can be traced, presumably, to the late
18th century, when various studies were made in France regarding methods of election and social choice.
Since these initial studies, Decision-Making has evolved into a respectable and rich field of study. The
current literature on decision-making, based largely on theories and methods developed in this century, is
enormous.

Making decision is, undoubtedly, one of the most fundamental activities of human beings. We all are
faced in our daily life with varieties of alternative actions available to us and, at least in some instances,
we have to decide which of the available actions is to be taken.

Decision-Making is an integral part of management planning, organizing, controlling and motivation
processes. The decision makers select one strategy over others depending on some criteria like utility,
sales, cost or rate of return. The specific combination of goals is not entirely depending on the decision
maker, that is, the value system is usually modified by other interested groups like stockholders,
employers, unions, creditors, government etc.
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l. INTRODUCTION

It is clear the exigency of web applications and services that model uncertainty and reasoning reflecting the
real word representation by means of unambiguous and concise coding and, at the same time, capture the
terminological knowledge which sometimes embed imprecise information, not easy to code by traditional
dichotomy-based logical methods. The relation between fuzzy and interval techniques is well known; e.g., due
to the fact that a fuzzy number can be represented as a nested family of intervals (alpha-cuts), level-by-level
interval techniques are often used to process fuzzy data. At present, researchers in fuzzy data processing mainly
used interval techniques originally designed for non-fuzzy applications, techniques which are often taken from
textbooks and are, therefore, already outperformed by more recent and more efficient methods. One of the main
objectives of the proposed special session is to make the fuzzy community at-large better acquainted with the
latest, most efficient interval techniques, especially with techniques specifically developed for solving fuzzy-
related problems. Another objective is to combine fuzzy and interval techniques, so that we will be able to use
the combined techniques in (frequent) practical situations where both types of uncertainty are present: for
example, when some quantities are known with interval uncertainty (e.g., coming from measurements), while
other quantities are known with fuzzy uncertainty (coming from expert estimates).

The utility of Fuzzy set Theory in decision-making was first demonstrated by Bellman and Zadeh in 1970.
The inventory of successful application of Fuzzy Set Theory has been growing steadily, particularly in the 1990s.
Few areas of Mathematics, Science, Engineering, Medicine and Decision-Making remain that have not been
affected by the theory. Some emerging applications were previously unsuspected and the performance of many
exceeds previous expectations. The Fuzziness can be introduced into the existing models of decision models in
various ways.

In 1970, Bellman and Zadeh has suggested a fuzzy model of decision-making in which relevant goals and
constraints are expressed in terms of fuzzy sets and a decision is determined by and appropriate aggregation of
these fuzzy sets.

The subject of decision-making is, as the name suggests, the study of how decisions are actually made and
how they can be made better or more successful. That is, the field is concerned, in general, with both descriptive
theories and normative theories. Much of the focus in developing the field had been in the area of management, in
which the decision making process is of key importance for functions such as inventory control, investment,
personnel actions, new-product development and allocation of resources as well as many others. Decision making
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itself, however, is broadly defined to include any choice or selection of alternatives and is therefore of importance
in many fields in both the ‘soft’ social sciences and the ‘hard’ disciplines of natural Sciences and Engineering.

Fuzzy logic starts with and builds on a set of user-supplied human language rules. The fuzzy systems convert
these rules to their mathematical equivalents. This simplifies the job of the system designer and the computer, and
results in much more accurate representations of the way systems behave in the real world.

Additional benefits of fuzzy logic include its simplicity and its flexibility. Fuzzy logic can handle problems
with imprecise and incomplete data, and it can model nonlinear functions of arbitrary complexity. "If you don't
have a good plant model, or if the system is changing, then fuzzy will produce a better solution than conventional
control techniques,” says Bob Varley, a Senior Systems Engineer at Harris Corp., an aerospace company in Palm
Bay, Florida.

You can create a fuzzy system to match any set of input-output data. The Fuzzy Logic Toolbox makes this
particularly easy by supplying adaptive techniques such as adaptive neuro-fuzzy inference systems (ANFIS) and
fuzzy subtractive clustering.

Fuzzy logic models, called fuzzy inference systems, consist of a number of conditional "if-then™ rules. For the
designer who understands the system, these rules are easy to write, and as many rules as necessary can be
supplied to describe the system adequately (although typically only a moderate number of rules are needed).

In fuzzy logic, unlike standard conditional logic, the truth of any statement is a matter of degree. (How cold is
it? How high should we set the heat?) We are familiar with inference rules of the form p -> g (p implies q). With
fuzzy logic, it's possible to say (.5* p ) -> (.5 * q). For example, for the rule if (weather is cold) then (heat is on),
both variables, cold and on, map to ranges of values. Fuzzy inference systems rely on membership functions to
explain to the computer how to calculate the correct value between 0 and 1. The degree to which any fuzzy
statement is true is denoted by a value between 0 and 1 (Figure 1).

Figure 1 Non Fuzzy and Fuzzy Logic

Not only do the rule-based approach and flexible membership function scheme make fuzzy systems
straightforward to create, but they also simplify the design of systems and ensure that you can easily update and
maintain the system over time.

1. APPLICATIONS

Application of fuzzy sets within the field of decision-making, for the most part, consisted of fuzzifications of
the classical theories of decision-making. While decision-making under conditions of risk have been modeled by
probabilistic decision theories and game theories. Fuzzy decision theories attempt to deal with the vagueness and
non specificity inherent in human formulation of preferences, constraints and goals. In this investigation | have
overviewed the applications of fuzzy set theory to the main classes of decision-making problems.

Classical decision-making generally deals with a set of alternative states of nature (outcomes, results), a set of
alternative actions that are available to the decision maker, a relation indicating the state or outcome to be
expected from each alternative action and finally a utility or objective function which orders the outcomes
according to their desirability. A decision is said to be made under conditions of certainty when the outcome for
each action can be determined and ordered precisely. In this case the alternative that leads to the outcome yielding
the highest utility is chosen. That is, the decision-making problem becomes an optimization problem, the problem
of maximizing the utility function. A decision is made under conditions of risk, on the other hand, when the only
available knowledge concerning the outcomes consists of their conditional probability distributions, one for each
action. In this case, the decision-making problem becomes an optimization problem of maximizing the expected
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utility. When probabilities of the outcomes are not known, or may not even be relevant, and outcomes for each
action are characterized only approximately, we say that decisions are made under uncertainty.

In 1961, the British Economist Shackle characterized that decision-making under uncertainty is perhaps the
most important category of decision-making problems. This is the prime domain for fuzzy decision-making.

Several classes of decision-making problems are usually recognized. According to one criterion, decision
problems are classified as those involving a single decision maker and those, which involve several decision
makers. These problem classes are referred to as individual decision-making and multiperson decision-making
respectively. According to another criterion, decision problems are distinguished that involve a simple
optimization of a utility function, an optimization under constraints or an optimization under multiple objective
criteria. Furthermore, decision-making can be done in one stage, or it can be done iteratively in several stages.
Figure 2 shows the sequence diagram of Smart Grid Fuzzy model.
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Figure 2 Sequence diagram of Smart Grid Fuzzy model

Almost any control system can be replaced with a fuzzy logic based control system. This may be overkill
in many places however it simplifies the design of many more complicated cases. So fuzzy logic is not
the answer to everything, it must be used when appropriate to provide better control. If a simple closed
loop or PID controller works fine then there is no need for a fuzzy controller. There are many cases when
tuning a PID controller or designing a control system for a complicated system is overwhelming, this is
where fuzzy logic gets its chance to shine.

One of the most famous applications of fuzzy logic is that of the Sendai Subway system in Sendai,
Japan. This control of the Nanboku line, developed by Hitachi, used a fuzzy controller to run the train all
day long. This made the line one of the smoothest running subway systems in the world and increased
efficiency as well as stopping time. This is also an example of the earlier acceptance of fuzzy logic in the
east since the subway went into operation in 1988.

Fuzzy logic also finds applications in many other systems. For example, the MASSIVE 3D animation
system for generating crowds uses fuzzy logic for artificial intelligence. This program was used
extensivly in the making of the Lord of the Rings trilogy as well as The Lion, The Witch and the
Wardrobe films.

As a final example of fuzzy logic, it can be used in areas other than simply control. Fuzzy logic can be
used in any decision making process such as signal processing or data analysis. An example of this is a
fuzzy logic system that analyzes a power system and diagnoses any harmonic disturbance issues. The
system analyzes the fundamental voltage, as well as third, fifth and seventh harmonics as well as the
temperature to determine if there is cause for concern in the operation of the system.
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Construction engineering and management research has seen significant growth in fuzzy logic
applications to solve numerous problems. Fuzzy logic has been used to model subjective uncertainty in
construction and address the lack of comprehensive data sets available for modeling. In the construction
domain, fuzzy logic has been combined with other techniques, such as simulation, genetic algorithms,
and artificial neural networks to create hybrid systems. This session will focus on recent applications of
fuzzy logic and fuzzy hybrid techniques for applications related to planning and scheduling, estimating
and bidding, productivity, project control, structuring projects, process improvement, risk analysis, and
others. In particular, challenges related to applying fuzzy logic in the construction domain will be
discussed and ideas generated on how to adapt fuzzy logic and fuzzy hybrid techniques to better suit
construction applications.

The increasing availability of huge image collections on the Web is pressing need for the
development of efficient techniques for the processing, the analysis, the indexing and the retrieval of
image data. Fairly consolidated results were obtained in the area of content-based image retrieval (CBIR)
aiming at indexing images with low-level content-based features. However CBIR applicability is
hampered by the known problem of semantic gap, which is the gap between the low-level description of
images and their semantic interpretation given by humans. Current research on image processing and
retrieval is devoted to investigate how to fill the semantic gap, which still poses many challenges and
open problems. Among these, the difficulty of users to express their requests in the form of well defined
queries, the need of effective methods for the extraction of relevant as well concise features from images,
the definition of flexible similarity measures for object matching, the automatic annotation of visual
contents with semantic concepts. All these challenges can be addressed with the help of fuzzy techniques,
which may provide efficient tools for image processing as well as convenient mechanisms for both
content- based and concept-based image retrieval.

The session will focus on the exploration of the fundamental roles as well as practical impacts of
fuzzy techniques in the field of image processing and retrieval. Possible topics include (but are not
limited to): fuzzy modeling of image data; fuzzy similarity measures for object matching; fuzzy
techniques for image annotation; fuzzy techniques for low-level image processing; fuzzy techniques for
high-level image analysis; fuzzy clustering of image data; fuzzy image retrieval models.

I1l.  CONCLUSION

In this investigation the Multiple Attribute’ Decision-Making Problem with preference information on
alternatives shall be investigated. A new approach has been proposed to solve the multiple attribute decision-
making problems where the decision-maker gives his preference on alternatives in a fuzzy relation. To reflect the
decision maker’s preference information, an optimization model is constructed to assess the attributed weights
and then to select the most desirable alternatives. And | shall consider a multi-level linear programming problem
and apply Fuzzy Mathematical Programming (FMP) approach to obtain the solution of the system. The FMP
method for the minimization of the objectives using linear membership functions shall be the basis of our study.

One can either accept Bellman-Zadeh’s concept of a symmetrical decision model or to develop specific
modes on the basis of a non-symmetrical basic model of a fuzzy decision. Here, | shall adopt the former, more
common approach. Secondly, to decide how a fuzzy maximize is to be interpreted or one wants to stick to a crisp
maximize. In some cases complications arise on how to connect a crisp objective function with a fuzzy solution
space. One approach for a fuzzy goal and another approach for a crisp objective function shall be discussed in the
present investigation.

Moreover, one will have to decide where and how fuzziness inters into the constraints. In this way |
Shall adopt an approach, which seems to be more efficient computationally and resembles more Bellman-Zades’s
model. | shall try to represent the goal and the constraints by fuzzy sets and then aggregate them in order to derive
a goal for the decision.
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