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Abstract: Expert systems, as a component of Artificial Intelligence. are used on an increasingly
wider scale to solve certain problems in various fields. In this paper, we are describing the
structure of an expert system used to design mechanisms.
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1. Introduction

Expert systems are a distinct category of informatics systems incorporating artificial
intelligence that can simulate the reasoning of human experts using computer programmes
and databases [1].

Just like any other programme, expert systems have an algorithmic structure, but they
are open to improvement by developing a knowledge database and a set of inference rules [3].
Since the system is capable of acquiring new knowledge by including the results of the
inferences made in its own knowledge database, the solutions provided by the system for the
same problem, may vary, due to the new knowledge acquired.

The experts system’s capacity to respond to a requirement within a certain time
interval that has to be as short as possible, depends on the size of its knowledge database and
the way this database has been structure.

But, the larger the knowledge database, the more accurate the results obtained. Also,
the correctness of the inference mechanism, the accuracy with which the knowledge is
combined in order to issue a solution, shall determine the extent to which the result of an
inference can help solve the initial problem. Thus, there must be a balance between the size of
the knowledge database + the knowledge acquired and the speed in finding a solution to the
problem.

2. Expert system’s structure
In order for an expert system to function, one must go through the following stages:
Knowledge acquisition
Knowledge representation
Knowledge processing
Displaying the results
According to the stages listed above, an expert system shall comprise the following
modules: [2]
e Knowledge acquisition module
e Module database
e Facts database
e Inference mechanism
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e Result explaining module
e User interface

2.1. Knowledge acquisition module

The core element of an expert system is the body of all specialised knowledge
accumulated in the knowledge database. In order to acquire knowledge, one must set up some
teams made of knowledge engineers and human experts in the field of mechanisms design.
The knowledge engineers shall design the knowledge database, they shall build the
knowledge acquisition module and they shall update the knowledge database. The human
experts shall provide factual knowledge based on specialised books as well as heuristic
knowledge based on the good practice principles learned during their working experience in
the field.

Specialized
literature

Knowledge engineer Knowledge database

¥

Human
experts

Fig. 1 Elements of a knowledge acquisition module

2.2. Knowledge database and facts database

The body of all knowledge used to determine any solution represents the knowledge
database. Following the acquisition of such knowledge, the knowledge engineer reflects this
knowledge by designing the knowledge database as a set of data structures.

In case of an expert system using inference mechanisms based on production rules, the
knowledge database will be made of rules and facts database. In the rules database, one will
store the rules that will be usable to solve the initial problem. [5]

The facts database will comprise the problem’s initial data, as well as intermediary
data obtained while applying the production rules, via the inference mechanism. One fact will
be described using three characteristics:

e o0bject - a mechanism component found in a certain state that can be deduced.

e state — the state in which the object is found or the object’s relationship with other
components of the mechanism.

e quantification — a value indicating the size of the object’s state.

The intermediary data represents the rules’ snapshots. The use of these snapshots
depends on the rules application priority and the conflict resolution system. Thus, the
intermediary data is arranged in the facts database according to its priority.
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2.3. Inference mechanism

The inference engine is a programme applying the knowledge stored in the knowledge
database on the facts stored in the facts database, in order to generate new facts or a solution
to the problem, by induction or, in order to confirm or infirm a hypothesis by deduction.

Selecting the specific parameters of
the problem to be solved and
inserting them in the facts database
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Fig. 2 Block sketch of an inference mechanism

2.4. Result explanation method

The stages the inference mechanism goes through, the rules applied during each of these
stages, shall be displayed in front of the user via the result explanation module. This way, any
eventual errors within the knowledge database shall be discovered, as well as any eventual
incorrect or wrongly applied production rules.

2.5. User Interface

The user interface is used to insert the input data, to display the results and the
explanations related to the way the expert system has reached its current solution. It is
important for the interface to be as friendly as possible.
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3. Knowledge representation

The knowledge that must be represented in the expert system’s knowledge database
consists of the data and information received by the knowledge engineer from the human
expert, via the specialised literature [2]. The knowledge representation methods are specific to
the chosen programming language and the inference mechanism. The procedural methods
used to represent the knowledge are based on algorithms and they may be: production rules,
decisional trees and neuronal networks. Out of the declarative methods, the most widespread
is the frame method [6].

3.1. Production rules

The knowledge representation method based on production rules is similar to human
reasoning, relying on the cause-effect principle. The expert system’s knowledge base shall be
built on the factual and heuristic knowledge held by the human expert and it shall be
represented as a set of type [4] rules:

IF condition THEN result

The result may be:

e aset of parameters representing a new fact set to be added to the facts database [4]
¢ the display of a message requiring the introduction of new parameters
e adding a new rule in the rules stack/queue .

The production rules must simulate human reasoning, carrying out the same inferences
based on facts.

A deductive expert systems, will start from the initial data (facts), then the rules in the
knowledge database will applied one by one in order to determine a result. An inductive
expert system will start from the result (purpose) and it will look for rules that can be applied
in order to demonstrate the proposed result.

3.2. Decisional trees

If the knowledge is represented using decisional trees, one shall build the space for the
states that the mechanism can be found in and, in order to determine the solution to the
problem, one shall use graphs and graph analysis strategies. The graph nodes will be the
mechanisms’ states while the graph curves will be the mechanism’s transit from one state to
another, following an action represented by logic operators. In this case, one will also be able
to calculate the minimum cost solution, by attaching an application cost to each operator. The
search strategies will be in depth or in wide searches, depending on the problem requirements.

3.3. Frames

This knowledge representation method is based on sketches comprising declarative
and procedural knowledge. a frame is a structured object comprising information on the
object, rules that can be applicable to the object and the way such rules are applied. Frames
are an object oriented formalism [6] the connection between various objects being made by
applying a method (rule). In expert systems based on frames, the facts are correlated,
synthesised band structured in distinct, ranked entities, which leads to simplified algorithms,
due to inheritance and to an easy way to add new knowledge. [7]
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4. Conclusions

An expert system is based on the factual and heuristic knowledge held by certain
human experts and it is made of a computer programme that uses its knowledge database in
order to simulate human reasoning. The efficiency invested in designing the knowledge
database and the informatics algorithm created, as well as the way knowledge is represented,
shall determine the size and the time needed by an expert system to solve a problem.

The development of integrated systems such as CAD/CAE/CAM, as well as the ever
increasing volume of data processed, led to the creation of intelligent design systems based on
computational algorithms and geometric modelling, as well as the algorithms used in the
knowledge representation methods.[7]
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