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Diagnosis is a significant application of Arfificial Intelligence or Expert Systems technology in particular. It is also
a hard task since it is required a great deal of various information to do the task. In recent years, research for
providing a frame work for it has been actively being done. In the field, model-basedapproach, which exploits the
notions of structure and behavior of a device in performing the task, has received a lost of interests of both re-
searchers and practitioners. Although the approach gives a solution of the problem of diagnosing unanticipated
faults-faults that need knowledge lying outside the preset knowledge to be able to be dianosed, it still possesses
several drawbacks such as the difficulty in diagnosing structural faults, camplex devices, and dynamical faults,
and the limitation on the symptom representation, due to lack of information outside the model and clear devision
of the diagnostic task.

This thesis describes a piece of research aimed at overcoming the aforementioned drawbacks, by providing a
framework for diagnostic expert systems, considering knowledge and strategies that are useful for diagnosis. The
proposed framework divides the task of diagnosis into three subtasks, namely Hypothesis Generation at which
possible fault typotheses are generated, given a symptom; Hypothesis Testing where the fault hypotheses are
tested if each of them can account for the symptom or not, and then those which cannot account for the symptom

will be discarded; and Hypothesis Classification where the fault hypotheses that passed the test will be classified
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into an expected order according to some criteria; and classifies information required to diagnose faults into three
classes: the Domain Medel: a class of knowledge useful for modeling the system to be diagnosed, the Additionql
Domain Knowledge: A class of knowledge helpful in diagnosing faults but cannot be derived directly from the
system, and Diagnostic Strategies: a set of strategies for diagnosis.

In generating fault hypotheses, the framework makes use the Device Model, Process Model, and Topological
Relative Position of the domain model of the device to be diagnosed as well as the Heuristics and Naive Physics of
the additional domain knowledge of the device. It also applies the Qualitative Value Propagation, Direct Path of
Causality, and Structural Fault Localization as strategies for diagnosing faults. To test generated fault hypotheses,
the framework exploits a method identifying types of inconsistent fault hypotheses into three types: Pseudo Fault
Hypotheses, Contradicting Fault Hypotheses, and Candidate Faults, and pruning them based on those three types.
In the final task, the framework classifies fault hypotheses into different ranked order based on Component
Observability, Component Durability, and Component Failure Rates criteria.

The framework was implemented in a computer program called MODEST {MOQdel-based Diagnostic Expert
SysTem} using SICStus Prolog running on a SPARC station. Furthermore, to evaluate MODEST, an elementary
refrigeration plant was chosen as an application domain. An elementary refrigeration plant is the elementary
mechanism of physical systems such as air conditioners and refrigerators, and mainly consists of four components:
a compressor, a condenser, an expansion valve, and an evaporator, which are connected each other with conduit,
structuring a cyclic system. In the current implementation of MODEST, the 4 main components and conduits as
well as 13 process models, 3 topological relative positions, 6 pieces of heuristics, and 6 pieces of naive physics
regarding the domain was built.

MODEST was then evaluated using possible faults in the chosen domain. Four possible symptoms:
knocking(compressor), knocking at the compressor; [compressor, outtemp (gas), +++], the extreme increase of
the gas temperature at the output terminal of the compressor, [compressor, outtemp (gas),---], the extreme de-
crease of the gas temperature at the output terminal of the compressor; and [compressor, inpress (gas), +++], the
extreme increase of the gas temperature at the input terminal of the compressor; was chosen in the evaluation.
After generating fault hypotheses, given the four symptoms, it turned out that MODEST could detect the faults
causing the symptoms although unfortunately generated inconsistent fault hypotheses as well. It even showed that
it could detect a structural fault causing symptom knocking (compressor), which is actually difficult to be diag-
nosed by the current model-based diagnostic systems. Regarding the inconsistent fault hypotheses, MODEST
could reduce the number of the faults to almost 40% — 60% of the earlier number so that it could provide smaller
numbers of fault hypotheses that must be considered. Furthermore, given the information on component durabil-

ity, observability, and failure rates, MODEST could lead us to promptly detect the faults.
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