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Answer any five questions
All questions carry equal marks

Write a detailed note on Browse Capabilities of Information Retrieval Systems. [15]
Define Information Retrieval Systems. Explain its Miscellaneous Capabilities. [15]

Explain in detail about Inverted File Structure.
Discuss in detail about Indexing Process. [10+5]

Explain in detail about PAT Data Structure.
Write a detailed note on Information Extraction. [9+6]

What is Automatic Indexing? Explain in detail Classes of Automatic Indexing. [15]

a)  Write a detailed note on role of Natural Language in Automatic Indexing.
Discuss about Hierarchy of Clusters. [8+7]

a)  Explain about Search Statements and Binding.
Write a detailed note on Cognition and Perception. [7+8]

What are Text Search Algorithms? Explain in detail about Software Text Search
Algorithms. [15]
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Answer Key

Write a detailed note on Browse Capabilities of Information
Retrieval Systems.

Information Retrieval Systems (IRS) offer a range of functionalities to
assist users in locating relevant information. While keyword searching
remains a cornerstone, browsing capabilities provide a
complementary approach for navigating and exploring information
spaces. This answer explores the key aspects of browsing in IRS and
its significance for users.

Concept and Advantages:

e Browsing allows users to iteratively explore information
collections based on their evolving needs and understanding.

e Unlike keyword searching, browsing doesn't require precise
query formulation. It leverages the user's ability to recognize
relevant information when encountered.

e This method is particularly useful when the user's information
need is vague, or when serendipitous discovery of new
information is desired.

Implementation Techniques:

e Hierarchical Classifications: Information is organized into a
hierarchical structure (e.g., subject categories, taxonomies).
Users navigate through these categories to progressively refine
their search.

e Faceted Browsing: Users can filter information based on
multiple facets (e.g., author, date, publication type). Selecting
values within each facet dynamically refines the displayed
results.

e Browse Trees: Similar to hierarchical classifications, browse
trees visually represent categories and subcategories, allowing
users to explore information through a tree-like structure.

e Attribute Browsing: Information items are indexed based on
specific attributes (e.g., author, publication date). Users can
browse by selecting desired attribute values.

e Visualization Techniques: Information can be presented
visually using techniques like concept maps, mind maps, or
clustering algorithms. These visualizations help users identify
relationships and patterns within the information space.
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Benefits of Browsing:

e Overcoming Query Formulation Challenges: Browsing is
helpful when users struggle to articulate their information need
into precise keywords.

e Serendipitous Discovery: Browsing can lead to the discovery of
unexpected but relevant information that might not have been
identified through keyword searching alone.

e Improved User Engagement: The interactive nature of
browsing keeps users engaged with the information exploration
process.

Challenges and Considerations:

e Information Overload: Large and poorly organized information
collections can overwhelm users during browsing. Effective
navigation aids and result filtering mechanisms are crucial.

e Subjectivity and Bias: The organization of information through
browsing structures can introduce subjectivity and bias. Careful
information architecture design is essential.

Conclusion: Browsing capabilities are a valuable complement to
keyword searching in IRS. They empower users to explore
information spaces iteratively, navigate through different perspectives,
and potentially discover unexpected connections. By leveraging a
combination of browsing and searching, users can achieve a more
comprehensive and successful information retrieval experience.

Additional Points for Bonus Marks:

e Discuss the role of user interface design in facilitating effective
browsing experiences.

e Explore how browsing capabilities can be integrated with other
information retrieval functionalities like relevance ranking and
search term expansion.

e Briefly mention emerging trends in browsing, such as the use of
artificial intelligence for personalized browsing
recommendations.

Define Information Retrieval Systems. Explain its Miscellaneous
Capabilities.

An Information Retrieval System (IRS) is a software program that
facilitates the process of finding information within a large collection
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of documents or data. It acts as an intermediary between users and
information sources, aiming to bridge the gap between a user's
information need and the relevant information that exists within the
system.

Here's a breakdown of its core functions:

Storage: IRS efficiently stores information in a structured and
searchable format. This can include text documents, images,
audio, video, or any other digital content type.

Retrieval: Based on user queries, IRS retrieves relevant
information from the stored collection. This involves keyword
searching, Boolean logic, or other advanced search techniques.
Ranking: Retrieved information is often ranked based on its
relevance to the user's query. Relevance ranking algorithms use
various factors to determine which documents are most likely
to be useful to the user.

Presentation: Retrieved information is presented to the user in a
clear and user-friendly format. This can involve displaying
summaries, snippets, or full documents.

Miscellaneous Capabilities of IRS

Beyond the core functions, IRS often offer a range of additional
capabilities to enhance the user experience:

Browsing: As discussed previously, browsing allows users to
navigate and explore information collections through
hierarchical categories, facets, or visualizations. This can be
helpful when users have a vague information need or want to
serendipitously discover new information.

Relevance Feedback: Some IRS allow users to provide
feedback on the retrieved results, indicating which documents
are relevant or not relevant. This feedback can be used to refine
the search strategy and improve the accuracy of future
retrievals.

Duplicate Detection: IRS can identify and eliminate duplicate
information within the collection, ensuring users don't
encounter the same information multiple times.

Document Clustering: IRS can group documents with similar
content together, helping users to identify thematic
relationships within the information collection.

User Profile Management: Advanced IRS can allow users to
create profiles that specify their interests and preferences. This
can be used to personalize search results and suggest relevant
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information based on the user's individual needs.

e Sclective Dissemination of Information (SDI): Some IRS offer
SDI capabilities, where users can specify topics of interest and
receive automatic alerts when new information relevant to
those topics is added to the collection.

3.a) Explain in detail about Inverted File Structure.

An inverted file structure, also known as an inverted index, is a data
structure used in information retrieval systems for fast full-text
searches. Unlike a traditional file system that organizes documents, an
inverted index focuses on individual terms and efficiently retrieves
documents containing those terms.

Concept:

e [t maintains a database that maps terms (words or phrases) to a
list of documents (or document IDs) where each term appears.
e Essentially, it flips the traditional document-term relationship.

Benefits:

e Enables fast retrieval of documents containing specific terms.

e Reduces the need to scan through entire documents during a
search.

e Efficiently handles searches involving multiple terms (e.g.,
finding documents containing both "cat" and "dog").

Example:
Consider a document collection with two documents:

e Document 1: "The quick brown fox jumps over the lazy dog."
e Document 2: "The lazy dog slept in the sun."

An inverted index for this collection might look like:

the: [1, 2]
quick: [1]
brown: [1]
fox: [1]
jumps: [1]
over: [1]
lazy: [1, 2]
dog: [1, 2]
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e slept: [2]
in: [2]
e sun: [2]

Here, each term points to a list of documents where it appears.

b) Discuss in detail about Indexing Process.

The indexing process is crucial for creating and maintaining an
inverted file structure. Here's a breakdown of the key steps:

1. Data Acquisition:

o The IRS gathers information sources, such as text

documents, from various locations.
2. Parsing:

o The system breaks down the information into smaller

units like words, sentences, or paragraphs.
3. Stop-Word Removal:

o Common words with little meaning (e.g., "the", "a",
"an") are removed from the vocabulary as they don't
contribute significantly to search relevance.

4. Stemming/Lemmatization (Optional):

o This process reduces words to their base form (e.g.,
"running" becomes "run"). This helps improve search
accuracy by capturing different variations of the same
word.

5. Term Weighting:

o A weight is assigned to each term based on its
importance within a document and the entire collection.
This helps with relevance ranking during retrieval.

6. Inverted Index Creation:

o The system builds the inverted index by adding terms
and their corresponding document IDs to the data
structure.

Additional Considerations:

e The indexing process can be computationally expensive,
especially for large collections.

e Effective indexing techniques are crucial for maintaining a
balance between retrieval accuracy and efficiency.

e Techniques like stemming and term weighting can improve the
effectiveness of the inverted file structure.

Digital Transformation
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By efficiently storing and managing terms and their document
locations, the inverted file structure and indexing process play a
critical role in enabling fast and accurate information retrieval within
IRS.

4.a Explain in detail about PAT Data Structure.

The PAT data structure, also known as a Patricia Trie or Prefix Tree, 1s
a specialized trie used for efficient storage and retrieval of prefixes in
information retrieval systems. It's particularly useful for handling large
text collections and performing full-text searches.

Concept:

° A PAT tree is a tree-like data structure where each node stores a
single character (or character sequence) along a path.

° Unlike traditional tries, PAT trees don't explicitly store entire
words or strings within the nodes.

° Instead, they leverage a combination of character pointers and
bit-flags to efficiently represent prefixes and their corresponding
document locations.

Benefits:

° Compact storage: PAT trees avoid storing redundant prefixes,
making them space-efficient for large text collections.

° Fast retrieval: By efficiently traversing the tree based on the
search prefix, PAT trees enable rapid retrieval of documents
containing those prefixes.

° Prefix matching: PAT trees are well-suited for searching based
on prefixes, allowing for functionalities like autocompletion or
finding words with similar beginnings.

Structure of a PAT Node:

° Character/String: Stores a single character or a character
sequence representing a portion of a prefix.

° Child Pointers: Pointers to child nodes representing the next
characters along different branches of the tree.

° Bit-flag: This flag indicates if the current node represents a
complete word (terminal node) or simply a portion of a prefix
(non-terminal node).
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b) Write a detailed note on Information Extraction.

Information Extraction (IE) is the process of automatically extracting
structured information from unstructured or semi-structured data
sources, typically textual documents. It acts as a bridge between the vast
amount of raw information and the need for well-organized,
machine-readable data.

Applications:

e Populating databases with information from various sources.

e Generating summaries of factual information from news articles or
research papers.

e [dentifying key entities and relationships within documents for
tasks like sentiment analysis or question answering.

Challenges:

e Unstructured data can be messy and inconsistent, requiring
techniques to handle ambiguity and noise.

e Natural language understanding is complex, making it difficult for
systems to accurately interpret the meaning and intent of text.

Techniques:

e Natural Language Processing (NLP): Techniques like
tokenization, part-of-speech tagging, and named entity recognition
are used to identify and categorize meaningful elements within the
text.

e Pattern Matching: Predefined rules or patterns are used to identify
specific information patterns within the text.

e Machine Learning: Supervised learning algorithms can be trained
on labeled data to automatically extract specific types of
information.

Benefits:

e Automates the process of extracting information, saving time and
resources.

e Improves data consistency and quality within systems.

e Enables large-scale analysis of textual data for various
applications.

Relationship to Information Retrieval (IR):



(360DigiTMG

Digital Transformation | Management

e [R focuses on finding relevant documents based on user queries.

e [E goes a step further by extracting specific information from
those documents.

e They often work together, with IR locating relevant documents
and IE extracting the desired information from them.

Future Directions:

e Advancements in deep learning and NLP are leading to more
robust and accurate IE systems.

e Integration with knowledge graphs allows for better understanding
of the extracted information and its context.

5. What is Automatic Indexing? Explain in detail Classes of
Automatic Indexing.

Automatic Indexing refers to the process of analyzing an item (text docu
etc.) and automatically extracting keywords or phrases that represent its ¢
keywords or phrases, called index terms, are then used to facilitate inforn

Automatic indexing aims to automate the traditionally manual process of
human indexers assigning keywords to information items. This can
significantly improve efficiency and consistency in large information
collections.

Classes of Automatic Indexing

There are several approaches to automatic indexing, each with its own
strengths and weaknesses. Here's a breakdown of the main classes:

1. Statistical Indexing:

° This class relies on the statistical properties of terms within the
document.

° It focuses on terms that appear frequently within a document
compared to the entire collection.

° Common techniques include:

0 Term Frequency (TF): Measures how often a term appears in a
document.

o Inverse Document Frequency (IDF): Measures how rare a term is

across the entire collection. A high IDF indicates the term is more
specific and discriminative.

o) TF-IDF Weighting: Combines TF and IDF to assign a weight to
each term, reflecting its importance within the document and the



(‘9 360DigiTMG
Digital Transformation | Management | Governance

collection.
2. Natural Language Processing (NLP) Indexing:

° This class leverages NLP techniques to understand the meaning
and context of the text.

° It aims to extract not just keywords but also concepts and
relationships between them.

° NLP techniques used include:

o) Part-of-Speech Tagging: Identifying the grammatical function of
words (nouns, verbs, etc.).

o Named Entity Recognition: Identifying and classifying named
entities like people, places, or organizations.

0 Semantic Role Labeling: Identifying the semantic roles of words
within a sentence (e.g., agent, patient, instrument).

3. Concept Indexing:

° This class focuses on extracting higher-level concepts and
relationships from the text.

° It goes beyond keywords to identify the underlying themes and
ideas within the document.

° This often involves techniques like:

o Thesaurus Matching: Matching terms in the document to
predefined concepts in a thesaurus.

o Clustering: Grouping similar documents together based on their
content.

o Machine Learning: Training algorithms to automatically identify

concepts based on labeled training data.

. a)Write a detailed note on role of Natural Language in Automatic Indexing.

Natural Language Processing (NLP) plays a critical role in enhancing automatic
indexing by going beyond simple keyword extraction. It allows indexing systems
to understand the meaning and context of text, leading to more accurate and
informative representation of document content.

Here's a detailed exploration of the role of NLP in automatic indexing:
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Benefits:

° Improved Accuracy: NLP techniques like part-of-speech tagging and
named entity recognition help identify the most relevant keywords and concepts
within a document. This leads to a more accurate reflection of the document's
content compared to solely relying on word frequencies.

° Semantic Understanding: NLP allows indexing systems to understand the
relationships between words, phrases, and concepts within the text. This enables
the extraction of not just individual keywords but also the overall theme and
meaning conveyed by the document.

° Disambiguation: NLP can help resolve ambiguity in language. For
example, the word "bank" could refer to a financial institution or the edge of a
river. By considering the context, NLP can distinguish between these meanings
and assign appropriate index terms.

° Concept-Based Indexing: NLP facilitates concept-based indexing,
focusing on extracting the underlying ideas and themes within a document. This
allows for a more comprehensive understanding of the content and enables
retrieval based on broader thematic relationships.

Techniques Employed:

° Part-of-Speech Tagging: Identifying the grammatical function of words
(e.g., noun, verb, adjective) helps distinguish between relevant keywords and less
informative terms like stop words (e.g., "the", "a").

° Named Entity Recognition (NER): Recognizing and classifying named
entities like people, organizations, locations, dates, etc., allows for the extraction
of specific and potentially valuable indexing terms.

° Syntactic Parsing: Analyzing the sentence structure can reveal
relationships between words and concepts, leading to a deeper understanding of
the document's meaning.

° Semantic Role Labeling: Identifying the semantic roles of words within a
sentence (e.g., agent, patient, instrument) provides further context for
understanding the content and extracting relevant concepts.

Challenges and Limitations:

° NLP Complexity: NLP techniques can be computationally expensive and
require large amounts of training data for optimal performance.
° Language Ambiguity: Natural language often contains ambiguity,

requiring advanced NLP techniques to handle homonyms, synonyms, and
context-dependent meanings.

° Domain Specificity: NLP models may need to be tailored to specific
domains or document types to achieve the desired level of accuracy in indexing.
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b) Discuss about Hierarchy of Clusters.

Hierarchical clustering, a data mining technique, groups data points into a
hierarchy of clusters. This hierarchy represents a nested structure where clusters
are formed based on their similarity. Here's a breakdown of the concept:

Types of Hierarchical Clustering:
There are two main approaches to hierarchical clustering:

° Agglomerative (Bottom-Up):

o Starts with each data point as an individual cluster.

o Iteratively merges the most similar clusters based on a predefined distance
measure (e.g., Euclidean distance) until a single cluster remains.

o The resulting hierarchy resembles a tree structure where each level
represents a merging step.

° Divisive (Top-Down):

o Starts with all data points in a single cluster.

o Recursively partitions the cluster into smaller, more homogeneous
sub-clusters based on a similarity measure.

o) The resulting hierarchy resembles an inverted tree structure where each

level represents a splitting step.
Hierarchy Visualization:

The hierarchy of clusters is often visualized using a dendrogram, a tree-like
diagram that depicts the merging or splitting process.

Dendrogram Features:

The horizontal axis represents the distance (dissimilarity) between clusters.
The vertical axis represents the merging/splitting steps.

The height of a merger point indicates the distance at which two clusters
were joined.

o Cutting the dendrogram at a specific height defines a desired number of
clusters at that level of granularity.

[ ]
@)
@)
(@)

Benefits of Hierarchy:

° Flexibility: Allows exploration of data at different levels of granularity by
adjusting the “cutting height” of the dendrogram.

° Does not Require Predefined Number of Clusters: Unlike k-means
clustering, hierarchical clustering doesn't require specifying the desired number
of clusters beforehand.

° Identifies Natural Clusters: The hierarchical structure can reveal natural
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groupings within the data based on their inherent similarities.
7. a) [Explain about Search Statements and Binding.
Search Statements:

° Represent the user's query or information need expressed in a formal
language understood by the IRS.

° Can be simple keywords or complex expressions utilizing Boolean
operators (AND, OR, NOT) and other search functionalities.

° The goal is to formulate a search statement that accurately captures the
user's desired information.

Binding:

° Refers to the process of refining a more abstract search statement into a
more specific and actionable query.

° The IRS interprets the user's search terms and applies appropriate search
mechanisms to retrieve relevant results.

° Binding can involve techniques like:

o Stemming/Lemmatization: Reducing words to their base form (e.g.,
"running" becomes "run") to capture variations of the same concept.

o) Synonym Expansion: Identifying and including synonyms of the search
terms to broaden the scope of the search.

o Relevance Ranking: Ordering retrieved documents based on their
estimated relevance to the user's information need.

Importance:

° Effective communication between user and IRS: Search statements and
binding facilitate a clear and precise exchange between the user's information
need and the system's retrieval capabilities.

° Improved search accuracy: By refining the search statement through
binding techniques, the IRS can retrieve more relevant results that better match
the user's intent.

b) Write a detailed note on Cognition and Perception.

Cognition and Perception: Understanding Our World Cognition and perception
are intertwined processes that play a critical role in how we interact with and
understand the world around us. While sometimes used interchangeably, they
represent distinct yet complementary aspects of our mental experience.

Perception:
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° The foundation of our knowledge about the world.
° Involves the active process of acquiring, interpreting, and organizing
sensory information from our environment (sight, sound, smell, taste, touch).
° Our senses capture raw stimuli, but perception involves processing and

constructing a meaningful representation of that information.
° Types of Perception:

o Visual Perception: Interpreting light patterns to understand objects,
shapes, colors, and movement.
o Auditory Perception: Making sense of sound waves to identify objects,

voices, music, and spatial relationships.

0 Olfactory Perception (Smell): Detecting and interpreting odors to identify
objects and potentially navigate our environment.

0 Gustatory Perception (Taste): Identifying and differentiating flavors to
guide food selection and potentially detect harmful substances.

o Haptic Perception (Touch): Understanding the properties of objects
through physical contact, including texture, temperature, and shape.

Cognition:

° The higher-level mental processes that allow us to use the information we
perceive.

° Involves activities like:

o Learning and Memory: Acquiring, storing, and retrieving information.

@ Attention: Focusing on specific aspects of the environment while filtering
out distractions.

o Language: Using symbols and rules to communicate and represent ideas.
o Problem-Solving: Finding solutions to achieve goals.

@ Decision-Making: Weighing options and making choices based on

available information and preferences.

The Relationship Between Perception and Cognition:

° Perception provides the raw data, while cognition interprets and uses that
data to make sense of the world.

) They work 1n an interactive cycle:

o Perception is influenced by our prior knowledge and expectations
(cognition).

o Cognitive processes can shape how we perceive and interpret sensory

information (e.g., attention can influence what we see).

8. What are Text Search Algorithms? Explain in detail about Software Text
Search Algorithms.

Text Search Algorithms: Finding Your Needle in the Haystack
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Text search algorithms are the workhorses behind efficiently locating specific
information within large textual datasets. These algorithms enable information
retrieval systems (IRS) to rapidly identify documents containing user-specified
keywords or phrases.

Here's a breakdown of the key concepts and software-based text search
algorithms:

Key Concepts:

° Matching: The core objective is to find occurrences of the search pattern
(query) within the text document (target text).

° Efficiency: Ideally, the algorithm should find the desired information
quickly, minimizing processing time and resources.

° Accuracy: The algorithm should accurately identify relevant documents,
avoiding false positives (incorrect matches) and false negatives (missing relevant
documents).

Software Text Search Algorithms:

Several algorithms are commonly used for software-based text search, each with
its own strengths and weaknesses. Here are some prominent examples:

1. Naive String Matching:

o) The most basic approach, it compares the search pattern
character-by-character with every possible substring within the target text.
o Simple to implement but inefficient for large datasets due to the high

number of comparisons.
2. Knuth-Morris-Pratt (KMP) Algorithm:

o) Employs a pre-processing step to build a "failure function" that identifies
how many characters to shift the search pattern after a mismatch occurs.

o More efficient than the naive approach for repeated patterns in the text.

o) Requires additional preprocessing overhead.

3. Boyer-Moore Algorithm (and variants):

o) Another efficient approach that examines the rightmost character of the
search pattern first.

o If a mismatch occurs, it shifts the pattern a specific number of characters
based on heuristics, potentially skipping many comparisons.

o Several variations like Boyer-Moore-Horspool exist with different

optimization strategies.
4 Rabin-Karp Algorithm:

o Utilizes hashing to compare the search pattern with potential matches in
the target text.
o Efficient for certain types of patterns, especially with fixed-length ones.

o May lead to false positives due to potential hash collisions.
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5. Shift-OR Algorithm:

o) Pre-processes the search pattern to create a bitwise OR operation that can
be efficiently applied to check for potential matches.

o) Fast for short patterns but can become less efficient for longer ones.



