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Abstract - An Information Retrieval System (IRS) is
designed to store, organize, retrieve, and maintain information
in response to user queries. Unlike traditional database systems
that rely on structured data and exact matching, an IRS focuses
on retrieving relevant information from large collections of
unstructured or semi-structured data such as text, images,
audio, video, and other multimedia content. With the rapid
growth of the Internet and advances in low-cost computing and
storage technologies, information retrieval systems have
become essential tools for managing vast digital repositories
and enabling efficient access to knowledge. The primary
objective of an IRS is to reduce the user’s effort in locating
needed information. This effort, known as information retrieval
overhead, includes query formulation, execution, examination
of retrieved results, and reading non-relevant items. To
evaluate system effectiveness, two key performance measures
are used: precision, which reflects the accuracy of retrieved
results, and recall, which measures the completeness of
retrieval. A balance between these measures is crucial for
effective information access. Modern information retrieval
systems support natural language queries, allowing users to
express their information needs in everyday language.
Internally, an IRS operates through several functional
processes,  including normalization,
dissemination of information, document database search, and
index database search. Item normalization converts diverse
data formats into standardized, searchable representations
through processes such as zoning, token identification, and
stop-word removal. Indexing and automatic file-building
techniques further enhance retrieval efficiency.
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INTRODUCTION

An Information Retrieval System is a system designed for the
storage, retrieval, and maintenance of information. In this
context, information may consist of text (including numerical
and date data), images, audio, video, and other multimedia
elements. Modern techniques are emerging to support
searching within these media types, such as EXCALIBUR's
Visual RetrievalWare and VIRAGE video indexer. The

term item refers to the smallest complete unit that the system
can process and manipulate. The meaning of an item depends
on how a specific source organizes information. A complete
document such as a book, newspaper, or magazine may be
treated as an item. Similarly, a video news program may be
considered an item, consisting of multiple components such as
closed-caption text, audio spoken by presenters, and the
corresponding video frames.

An Information Retrieval System includes software that helps
users locate the information they require. It may operate on
standard computer hardware or may use specialized hardware
to support the search function and convert non-textual media
into searchable form (for example, converting audio into text).
Activities such as forming search queries, executing searches,
and scanning non-relevant items contribute to the overall
information retrieval overhead.

Historical Context and Growth: The availability of low-cost,
high-performance personal computing systems and large-
capacity secondary storage devices has made it commercially
viable to provide large textual databases for general users. The
rapid growth of the Internet, beginning with WAIS (Wide Area
Information Servers) and later advanced search engines such as
INFOSEEK and EXCITE, has enabled access to vast volumes
of information. By 1999, over 800 million indexable pages
were reported by Lawrence.

Techniques and algorithms for efficient processing and
retrieval of large-scale textual data were once limited to
government organizations, selected industries, and academic
institutions. Internet search capabilities have expanded to
include images through services such as WEBSEEK,
DITTO.COM, and ALTAVISTA/IMAGES. News agencies
like the BBC now process and archive audio news, making
historical audio content searchable through transcribed text.
Major video production companies such as Disney use video
indexing technologies to locate specific visual content in
previously produced videos for reuse in new productions or
advertisements.

There is often a possibility of misunderstanding when
comparing Database Management Systems (DBMS) with
Information Retrieval (IR) Systems. It is common to mix up the
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software used to provide functional support for these systems
with the actual information or structured data that they store
and manage. The key distinction lies in the fact that a DBMS is
not capable of performing the operations required to handle
"information" in the broader sense. Similarly, an information
retrieval system, when used to manage structured data, also
faces significant functional limitations.

Primary Objectives: The main objective of an Information
Retrieval System is to reduce the effort required by a user to
locate the needed information. This overhead includes the total
time spent by the user on activities such as:

e  Formulating the query

e  Executing the query

e  Examining the results to select items for reading
e Reading items that turn out to be non-relevant

In information retrieval, a relevant item refers to an item that
contains the information needed by the user. From the user's
point of view, the terms "relevant" and "needed" have the same
meaning.

Performance Measures: Precision and Recall: The two
major performance measures commonly used in information
retrieval systems are Precision and Recall. When a user
submits a search query on a specific topic, the entire database
can logically be divided into four categories:

Number Retrieved Relevant

Precision =

Number Total Retrieved ]

Relevant Not Retrieved

Relevan
Retrieved

Non-Relevant Not
Retrieved

Non-Relevant
Retrieved

Figure 1.1 Effects of Search on Total Document Space

Number _Retrieved _Relevant
Number_ Possible_ Relevant

Recall =

Retrieved and Relevant: Items that are retrieved and
contain useful information

Retrieved but Non-Relevant: Items that are retrieved
but do not contain useful information

Not Retrieved but Relevant: Items that were not
retrieved but would have been useful

Not Retrieved and Non-Relevant: Items that were
not retrieved and would not have been useful

Key Definitions:

Number_Possible_Relevant: The number of relevant
items in the database

Number_Total_Retrieved: The total number of
items retrieved from the query

Number_Retrieved_Relevant: The number of items
retrieved that are relevant

Precision decreases when the system retrieves non-relevant
items, and in extreme cases may approach zero. Recall,
however, is not influenced by the retrieval of non-relevant
items; once all relevant items are retrieved, recall reaches 100
percent and remains unaffected.

Modern Query Interfaces

Modern Information Retrieval Systems such as RetrievalWare,
TOPIC, AltaVista, Infoseek, and INQUERY increasingly
support natural language queries. This enables users to express
their information needs in everyday language. However, the
completeness of such queries depends on how much detail the
user is willing to provide. In practice, most Internet users
typically enter only one or two search terms.

Authors’

Vocabulary
on the Concepty
in the Item

User’s
General
Vocabulary

Fig: Vocabulary Domains

Functional Architecture of Information Retrieval Systems:
Building on the foundational concepts, this reading material
delves into the internal workings of Information Retrieval
Systems. You'll learn about the four major functional processes
that enable these systems to store, organize, and retrieve
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information efficiently, starting with how raw data is
transformed into searchable content.

Overview of Functional Processes: A total Information
Storage and Retrieval System is composed of four major
functional processes:Item Normalization, Selective
Dissemination of Information, Archival Document Database
Search, Index Database Search along with the Automatic File
Build process

Process 1: Item Normalization

The first step in any integrated information retrieval system is
to normalize the incoming items into a standard format. Item
normalization ensures a logical restructuring of the item.
During this process, several additional operations are
performed to create a searchable data structure.

STANDARDZE INPUT

MM
NORMALZATION 1
S—— LOGKAL
~\° SUBSETTING
20NNG)

it —
SELECTIVE
DISSEMINATION OF | DOCUMENT FILE AUTOMATIC FILE
INFORMATION | CREATION BUILD (AFB) DENTIFY
) L PROCESSING
o f / TOKENS

N
UPDATE DOCUMENT
FIE

]

N - N " \ APPLY STOPLISTS
(STOP ALGORITHMS)

)

} s3Mawvw b
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)k - <= CHARACTERZE
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= ) SEARCHABLE DATA
STRUCTURE

X30N |
onend
34
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Fig: Total Information Retrieval System
Fig: The Text Normalization Process

Standardizing the input involves converting various external
formats of incoming data into formats acceptable to the system.
Some systems use a single unified format for all items, while
others may support multiple formats. An example of
standardization is converting foreign language text into
Unicode. Since each language uses different internal binary
encodings for its characters, a common encoding such as ISO-
Latin can be used to support languages like English, French,
and Spanish. Multimedia Normalization: When multimedia
data is involved, normalization becomes more complex.
Besides normalizing textual content, multimedia inputs must
also be converted into standardized formats. Various standards
may be applied depending on the media type:

Video formats: MPEG-2, MPEG-1, AVI, and Real
Media

Audio formats: WAV or Real Audio
Image formats: JPEG to BMP

MPEG (Motion Picture Expert Group) formats are widely used
for high-quality video, whereas Real Media formats are
commonly used for lower-quality Internet video.

Zoning

The next step is to divide the item into meaningful logical
sections. This process, known as Zoning, is visible to the user
and helps improve search precision and optimize the display of
results. A typical item is divided into zones that may overlap
and may also follow a hierarchical structure.

Common zones include:

Title, Author, Abstract, Main Text, Conclusion,
References

The zoning information is then passed to the
processing token identification stage so that searches can be
restricted to specific zones. For example, if the user is searching
for articles about "Einstein", the search should exclude the
Bibliography section, which may contain references to works
authored by Einstein rather than content about him.

Token Identification: Systems identify words by classifying
input symbols into three groups:

Valid word symbols: Typically include alphabetic
characters and numbers

Inter-word symbols: May include spaces, periods,
semicolons, and similar characters

Special processing symbols: Used for specific
processing functions

A word is defined as a continuous sequence of word
symbols separated by inter-word symbols. In many systems,
inter-word symbols are considered non-searchable and must be
chosen carefully. The exact set of inter-word symbols depends
on the language domain of the items being processed. For
example, an apostrophe may be unimportant in English when
used only for the possessive case but may be essential for
accurately representing foreign names in the database.

Stop List and Stop Algorithm: After token identification,
a Stop List/Stop Algorithm is applied to remove processing
tokens that offer little value. The goal of the Stop function is to
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conserve system resources by excluding low-value tokens from
the searchable set. However, with the availability of
inexpensive memory, storage, and processing power, the
importance of stop functions has reduced.

Examples of Stop algorithms include:

Eliminating all numbers greater than 999999 (chosen
to retain searchable dates)

Removing any processing token containing a mixture
of numbers and alphabetic characters

Process 2 - Selective Dissemination of Information: The
Selective Dissemination of Information (Mail) Process
provides the capability to automatically compare newly
received items in the information system with the standing
statements of interest submitted by users. When an item
matches a user's statement of interest, the system delivers the
item to that user.

The Mail process consists of: The search process, User profiles
(statements of interest), User mail files

Each incoming item is processed against all user profiles. A
profile usually contains a broad search statement along with
one or more mail files that receive the document when the
profile criteria are satisfied. At present, Selective
Dissemination of Information has not been fully applied to
multimedia sources.

Process 3 - Document Database Search: The Document
Database Search Process allows a user's query to be matched
against all items stored in the system:

The search mechanism, User-entered queries (usually ad hoc),
The document database, which contains all items that have
been received, processed, and stored

Typically, the items stored in the Document Database are not
modified once entered.

Process 4 - Index Database Search: When a user identifies
an item as important, it may be saved for later reference—this
is equivalent to filing the item. In an information system, this
is achieved through the index process. Here, the user can store
an item in a logical file and associate it with additional index
terms and descriptive text.The Index Database Search Process
provides the capability to create and search index files.

There are two types of index files:

Public Index Files

Public Index Files are created by professional library
personnel and typically index every item in the Document
Database. These files are few in number and have access lists
that allow broader user access.

Private Index Files

Every user may have multiple Private Index Files, resulting in
a large total number of files. Each Private Index File
references only a small portion of the Document Database and
usually has limited access permissions. Private Index Files are
highly restricted.

Automatic File Build (AFB)

To assist in generating these indexes—particularly for
professional indexers—the system provides an Automatic
File Build (AFB) process, also referred to as Information
Extraction. This feature helps users, especially professional
indexers, in generating indexes efficiently.

Multimedia Database Search

From a system perspective, multimedia data does not form a
separate data structure. Instead, it augments the existing
structures within the Information Retrieval System.
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