ASSIGNMENT 3: Expert Systems

Prepared By
Prethika Acharjee

Roll No: 002500802005
Paper Name: Information Retrieval-I1
Paper Code: ML-10
Session: 2025-2026

Under the supervision of
Dr. Avik Roy
Librarian of Derozio Memorial College
Guest Faculty, DLIS, Jadavpur University
and WBSU, Barasat




1. Types of Expert Systems
Expert systems are generally classified into the following major types:

Rule-Based Expert Systems: The most common type, these systems use a set of
IF-THEN rules to represent expert knowledge. The inference engine applies these
rules to facts in order to draw conclusions. Examples include medical diagnostic
systems and tax advisory systems.

Frame-Based Expert Systems: These use structured representations called
'frames' to organize knowledge about objects, events, or situations, including their

attributes and relationships. They are useful for representing complex hierarchies
of knowledge.

Model-Based Expert Systems: Instead of using explicit rules, these systems build
a model of the domain being reasoned about, allowing them to simulate behavior
and reason from first principles. They are particularly useful in fault diagnosis
and engineering applications.

Case-Based Expert Systems: These systems reason by analogy, drawing on a
library of past cases to solve new problems. When a new query is presented, the
system retrieves the most similar previous case and adapts its solution.

Fuzzy Logic Expert Systems: These handle uncertain or imprecise information
by using fuzzy sets and approximate reasoning, making them well-suited for
domains where data is not binary or exact.

Neuro-Fuzzy Expert Systems: A hybrid approach combining artificial neural
networks with fuzzy logic, allowing the system to learn from data while also
handling uncertainty and imprecision.

2. Components of Expert Systems
An expert system generally consists of the following core components:

Knowledge Base: The repository of domain-specific knowledge, including facts,
rules, heuristics, and relationships. It is the primary source of the system's
expertise.

Inference Engine: The reasoning mechanism that processes knowledge from the
knowledge base and applies logical rules to generate conclusions or
recommendations.

User Interface: The front-end through which users interact with the system, pose
queries, and receive outputs. It must be intuitive and accessible to non-expert
users.




Knowledge Acquisition Module: The component responsible for extracting
knowledge from human experts and encoding it into the knowledge base.

Explanation Module: Enables the system to explain its reasoning and justify the
conclusions it reaches, which is critical for user trust and transparency.

Working Memory (Global Database): A temporary store that holds the current
state of problem-solving, including the facts and intermediate conclusions
generated during a session.

3. Why is it Important to Have a Knowledge Base in an Expert System?

The knowledge base is the most critical component of an expert system. It
includes all the information, guidelines, and specialized expertise pertaining to a
particular field it is analogous to a library stocked with research papers, textbooks,
and professional viewpoints. The performance of the system is directly impacted
by the completeness and accuracy of the knowledge base; if the knowledge is out-
of-date or lacking, the system's suggestions could be incorrect or misleading.

Without a well-developed knowledge base, the inference engine has nothing to
reason from, rendering the system non-functional. The knowledge base enables
the expert system to simulate the decision-making process of a human expert in
a specific domain, allowing it to solve complex, domain-specific problems at
scale and at speed. It also ensures consistency: unlike human experts who may
have varying opinions or may be unavailable, a knowledge base provides
standardized, reliable, and repeatable advice. Ongoing maintenance and updating
of the knowledge base are therefore a core responsibility in expert system
management.

4. Role of the Inference Engine in an Expert System

The inference engine is the brain of the expert system. It is a software component
that applies logical rules to the knowledge base in order to deduce new
information or reach conclusions. The first inference engines were developed as
components of early rule-based expert systems in the 1970s.

The inference engine works by fetching relevant knowledge and rules from the
knowledge base, evaluating them against the facts of the current problem, and
iteratively generating new conclusions. This process continues until a solution is
found or no more rules can be applied. The two primary reasoning strategies
employed by inference engines are:




Forward Chaining (Data-Driven): Starts with known facts and applies rules to
derive new facts until a goal conclusion is reached. Used when the system has a
lot of input data and needs to determine what conclusions can be drawn.

Backward Chaining (Goal-Driven): Starts with a goal or hypothesis and works
backward to find which facts and rules support it. Used when the system is trying
to confirm or deny a specific conclusion.

The inference engine also ensures consistency and scalability: it maintains
accuracy even as workflows or data evolve, supports large-scale knowledge bases,
and adapts to a wide range of use cases.

5. User Interface in an Expert System

The user interface (UI) is the component of an expert system that mediates
communication between the user and the rest of the system. It is the channel
through which non-expert users pose queries, provide information, and receive
the system's outputs and explanations. A well-designed UI is essential for the
expert system's practical usability, particularly when the target user is not
technically proficient.

In library contexts, expert system Uls have included menu-based systems that
guide users to information step by step, as well as intelligent front-ends that
mediate between a user and a remote database relaying information, translating
user selections into database commands, and reporting results. The Ul typically
incorporates an explanation facility, so that users can ask 'Why?' or 'How?' and
receive a comprehensible account of the system's reasoning. This transparency is
essential in high-stakes domains such as medicine, law, and information
management, where users must be able to trust and evaluate the system's
recommendations.

6. How Does an Expert System Elicit and Represent Knowledge?

Knowledge elicitation is the process of extracting expertise from human domain
specialists and encoding it in a form that the system can use. This is typically
facilitated by a knowledge engineer a professional who acts as an intermediary
between the expert and the system. The process of knowledge elicitation
generally involves:




Knowledge Acquisition: Gathering relevant information through structured
interviews, questionnaires, observation of expert problem-solving, analysis of
case studies, and review of existing documentation.

Knowledge Representation: Structuring the elicited knowledge in a form the
system can process. Common representation methods include production rules
(IF-THEN), semantic networks, frames, and ontologies.

Knowledge Validation: Testing the encoded knowledge against known cases to
ensure accuracy and completeness before deployment.

Knowledge Refinement: Iteratively updating and improving the knowledge base
based on system performance and expert feedback.

Choosing the right representation is crucial, as it determines how efficiently the
system can use the knowledge to make decisions or solve problems. The most
common form, production rules, encodes expertise as conditional statements (e.g.,
'TIF symptom = fever AND symptom = cough THEN diagnosis = likely influenza').

7. Areas in the LIS Field Where Expert Systems Can Be Fruitfully Implemented

Research has identified a broad range of library and information science (LIS)
applications for expert systems. The growth of literature on this topic peaked in
the late 1980s and early 1990s, with the most significant applications identified
as follows:

Online Search and Retrieval (Intelligent Front-Ends): Expert systems can serve
as intelligent interfaces mediating between users and remote databases,
translating natural language queries into formal database commands and
interpreting results. This represents the largest application area in LIS.

Reference Services: Expert systems such as PLEXUS and ANSWERMAN have
been developed to provide referral services and guide users to relevant
information sources, effectively simulating the function of a reference librarian.

Classification, Indexing, and Abstracting: Expert systems can automate or semi-
automate the assignment of classification numbers, subject headings, and index
terms, using encoded cataloguing rules such as AACR2.

Cataloguing: Systems such as map cataloguing expert systems have been
designed to replicate the reasoning of expert cataloguers in applying standard
rules.

Collection Development: Expert systems can assist in document selection by
applying criteria related to relevance, currency, authority, and user needs.




Selective Dissemination of Information (SDI): Expert systems can be used to
automatically match new acquisitions or publications to user interest profiles and
disseminate relevant items proactively.

Library Instruction: Intelligent computer-assisted instruction (CAI) packages can
engage users in Socratic tutor-student interactions to teach information literacy
skills.
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