Short Questions and Answers
UNIT 3 (half)
What is schema refinement in the context of database design?

Schema refinement is a database design process that involves improving the
database schema to eliminate redundancy and enhance data integrity. This
optimization ensures that data is organized efficiently and reduces the risk of data
anomalies.

What problems are caused by data redundancy in a database?

Data redundancy in a database can lead to several issues, including increased
storage requirements, data inconsistencies, and challenges in maintaining data
accuracy. It can also result in difficulties when updating or deleting data.

Define decomposition as it relates to database design.

Decomposition is a technique used in database design to break down a large table
into multiple smaller tables. This process helps eliminate redundancy and improve
data organization, simplifying data management.

What problems can arise from decomposition in database design?

While decomposition can reduce redundancy, it can introduce problems such as
data loss and anomalies when modifying data. Careful consideration is required to
address these issues.

What are functional dependencies in the context of a relational database?

Functional dependencies in a relational database describe the relationships
between attributes (columns) within a table. They define how the value of one
attribute determines the value of another, which is crucial for maintaining data

integrity.
Explain the concept of the First Normal Form (1NF) in database design.

The First Normal Form (1NF) is a fundamental principle in database normalization.
It requires that a table has no repeating groups and that all attributes hold atomic
(indivisible) values. This ensures data is organized in a tructured manner.

What is the purpose of the Second Normal Form (2NF) in database normalization?
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The Second Normal Form (2NF) is a step in database normalization that aims to
eliminate partial dependencies within a table. It ensures that non-prime attributes
(those not part of the primary key) depend on the entire primary key.

Describe the Third Normal Form (3NF) in the context of database normalization.

The Third Normal Form (3NF) is another stage in database normalization that
addresses transitive dependencies. It ensures that non-prime attributes do not
depend on other non-prime attributes, further enhancing data integrity.

What is Boyce-Codd Normal Form (BCNF), and when is it achieved?

Boyce-Codd Normal Form (BCNF) is a stricter form of normalization where no non-
prime attribute is transitively dependent on the primary key. It is achieved when
every non-trivial functional dependency within a table is a superkey.

What is lossless join decomposition in the context of database normalization?

Lossless join decomposition is a critical aspect of normalization that ensures that
decomposed tables can be recombined (joined) without any loss of data. This
property is essential to maintain data integrity.

What are multi-valued dependencies (MVDs) in database design?

Multi-valued dependencies (MVDs) describe relationships between attributes
where one attribute can have multiple values for a single value of another attribute.
They are important in addressing certain data modeling scenarios.

What is the Fourth Normal Form (4NF) in database normalization?

The Fourth Normal Form (4NF) is a higher level of normalization that deals with
multi-valued dependencies. It ensures that non-key attributes depend only on the
primary key, reducing data redundancy.

Explain the concept of the Fifth Normal Form (5NF) in the context of database
design.

The Fifth Normal Form (5NF), also known as Project-Join Normal Form (PINF),
focuses on addressing join dependencies. It ensures that tables can be joined
without introducing redundancy, enhancing data organization.

How can you identify functional dependencies in a given set of attributes?
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Identifying functional dependencies requires a thorough analysis of the data and
an understanding of how attributes relate to one another. Observation and domain
knowledge are key tools in this process.

What is the primary goal of normalization in database design?

The primary goal of normalization is to minimize data redundancy and enhance
data integrity while maintaining meaningful data relationships. This process leads
to efficient data organization.

When should you consider denormalization as an alternative in database design?

Denormalization should be considered when optimizing query performance, such
as improving query speed, is a priority. It involves introducing controlled
redundancy to enhance query efficiency.

How does normalization contribute to efficient data storage in a database?

Normalization contributes to efficient data storage by reducing data duplication
and ensuring that data is organized in a structured manner. This leads to more
economical use of storage resources.

What is a superkey, and how does it relate to candidate keys and primary keys?

A superkey is a set of attributes that can uniquely identify a tuple (row) within a
relation. Candidate keys are minimal superkeys, and one of them is chosen as the
primary key to uniquely identify each tuple in the table.

What is functional dependency preservation, and why is it important in schema
refinement?

Functional dependency preservation ensures that when a relation is decom19.
posed into smaller tables, the same functional dependencies observed in the
original relation are preserved. This is vital to prevent data anomalies during
schema refinement.

Why is maintaining referential integrity crucial in database design?
Maintaining referential integrity is essential because it ensures that relationships
between tables are preserved, preventing data inconsistencies, orphaned records,

and violations of data integrity constraints.

What role do keys play in functional dependency analysis?
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Keys, such as candidate keys and primary keys, play a significant role in identifying
and determining functional dependencies within a relation. They help define how
attributes are related.

What are some common examples of functional dependencies in real-world
scenarios?

Functional dependencies are observed in various real-world scenarios, such as a
person's Social Security Number determining their date of birth or a product's SKU
(Stock Keeping Unit) determining its price.

How does the process of normalization simplify database maintenance?

Normalization simplifies database maintenance by reducing the chances of data
anomalies and inconsistencies. Updates, inserts, and deletes become more
straightforward and less error-prone.

What is the difference between a strong and weak entity in a relational database?

In a relational database, a strong entity is one that can exist independently and is
uniquely identified by its attributes. In contrast, a weak entity depends on another
entity (known as the owner entity) for identification and cannot exist
independently.

Explain the concept of transitive dependency and its relevance to normalization.

Transitive dependency occurs when an attribute depends on another attribute,
which, in turn, depends on the primary key. Normalization aims to eliminate
transitive dependencies to ensure data is organized efficiently and to maintain data

integrity.
UNIT-4

What is a database transaction, and why is it important in a database management
system?

A database transaction is a sequence of one or more operations on a database
that is treated as a single, indivisible unit of work. It is important in a database
management system because it ensures data consistency, reliability, and integrity
by allowing multiple operations to be performed as a single logical unit.

Explain the ACID properties of a transaction.

The ACID properties of a transaction are: - Atomicity: A transaction is treated as
an atomic (indivisible) unit, meaning that it is either fully completed or fully rolled
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back. - Consistency: A transaction takes the database from one consistent state to
another consistent state. - Isolation: Transactions are executed in isolation from
each other to prevent interference. - Durability: Once a transaction is committed,
its effects on the database are permanent and will survive system failures.

Define the concept of a "transaction state" in the context of database transaction

In the context of database transactions, the "transaction state" refers to the
current condition or phase of a transaction's execution. It can be in one of the
following states: active, partially committed, committed, or aborted.

What is the difference between a committed state and an active state in a
transaction?

The "committed state" is the final state of a transaction, indicating that the
transaction has been successfully completed and its changes are permanently
stored in the database. The "active state" is the initial state of a transaction when
it is executing its operations.

Describe the role of the transaction manager in a database system.

The transaction manager is responsible for coordinating and controlling the
execution of transactions in a database system. It ensures that transactions follow
the ACID properties and maintains the integrity and consistency of the database.

How does a database system ensure the atomicity of a transaction?

Atomicity is ensured in a database system by treating a transaction as an atomic
unit of work. Either all of its operations are completed successfully, or none of
them are. If any part of the transaction fails, the entire transaction is rolled back.

Discuss the concept of "rollback” in transaction management.

Rollback is the process of undoing the changes made by a transaction that has
encountered an error or has been explicitly aborted. It ensures that the database
remains in a consistent state and adheres to the ACID properties.

What is the purpose of the transaction log in ensuring durability?

The transaction log is used to record all the changes made by transactions to the
database. It plays a crucial role in ensuring durability by allowing the system to
recover to a consistent state after a system crash or failure by replaying the logged

changes.

Explain the implementation of atomicity in a database system.
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The implementation of atomicity in a database system involves using transaction
management mechanisms to ensure that transactions are either fully completed or
fully rolled back, without any intermediate or inconsistent states.

How does a database system recover from a system crash while ensuring
atomicity?

Database systems recover from system crashes while ensuring atomicity by using
transaction logs and a recovery manager. The recovery manager checks the logs
and replays or undoes the transactions to bring the database back to a consistent
state.

Define the term "concurrent execution" in the context of multiple transactions

Concurrent execution refers to the simultaneous execution of multiple transactions
in a database system. It allows multiple users to work with the database
simultaneously, which can improve system throughput and user concurrency.

What are the challenges associated with concurrent execution of transactions in a
database system?

Challenges in concurrent execution include issues like data conflicts, lost updates,
uncommitted data visibility, and ensuring that concurrent transactions maintain the
consistency and integrity of the database. Proper concurrency control mechanisms
are needed to address these challenges.

What is serializability, and why is it important in concurrent transaction processing?

Serializability is a property that ensures that the execution of concurrent
transactions produces results that are equivalent to some serial execution of those
transactions. It is important because it helps maintain data consistency and
integrity in @ multi-user database system where transactions may overlap in time.

Explain the concept of conflict-serializability in transaction scheduling.
Conflict-serializability is a form of serializability that is based on identifying conflicts
between pairs of transactions in terms of their read and write operations on data
items. A schedule is considered conflict-serializable if it is equivalent to a serial
schedule and maintains data consistency.

What is a precedence graph, and how is it used in testing for serializability?

A precedence graph is a graphical representation of a schedule's dependencies and
conflicts between transactions. It helps in testing for serializability by determining
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whether the graph has cycles. If it has no cycles, the schedule is conflict-
serializable, and if it has cycles, the schedule may not be serializable.

Describe the recoverability property of a schedule in database concurrency control.

The recoverability property of a schedule ensures that if one transaction reads the
result of another transaction, the latter transaction must be committed before the
former. In other words, no uncommitted data is read by subsequent transactions,
preventing lost updates.

What is the difference between strict schedules and non-strict schedules?

Strict schedules are those in which no transaction reads the result of another
uncommitted transaction. Non-strict schedules allow transactions to read
uncommitted data, potentially leading to lost updates and data inconsistency. Strict
schedules adhere to the recoverability property, while non-strict schedules may
not.

How does a database system ensure recoverability while allowing concurrency?

A database system ensures recoverability while allowing concurrency by using
mechanisms like locking, timestamps, and validation to prevent transactions from
accessing uncommitted data. These mechanisms enforce the recoverability
property and ensure that no lost updates occur.

Explain the implementation of isolation levels in a database system.

Isolation levels define the degree to which one transaction's changes are visible to
other concurrently executing transactions. They are implemented using locks,
timestamps, or other mechanisms that control data access and visibility for
concurrent transactions.

What are the common isolation levels defined by SQL standards?

Common isolation levels defined by SQL standards include READ UNCOMMITTED,
READ COMMITTED, REPEATABLE READ, and SERIALIZABLE. Each level provides a
different level of isolation and controls how concurrent transactions see each
other's changes.

Describe the issues related to dirty reads, non-repeatable reads, and phantom
reads in isolation levels.
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Dirty reads occur when one transaction reads data modified by another
uncommitted transaction. - Non-repeatable reads occur when a transaction reads
the same data item twice but gets different values due to updates by other
transactions. - Phantom reads occur when a transaction reads a set of rows that
satisfy a condition, but another transaction inserts or deletes rows that affect the
result.

What is the purpose of locks in database concurrency control?

Locks are used in database concurrency control to control access to data items.
They prevent multiple transactions from simultaneously accessing and modifying
the same data, ensuring data consistency and preventing conflicts.

Differentiate between shared locks and exclusive locks in a lock-based protocol.

Shared locks (S-locks) allow multiple transactions to read a data item concurrently
but prevent any of them from writing to it. - Exclusive locks (X-locks) permit only
one transaction to write to a data item while preventing any other transaction from
accessing it for reading or writing.

Explain the concepts of deadlock and deadlock detection in lock-based protocols.

A deadlock occurs when two or more transactions are waiting for resources that
are held by other transactions, creating a circular dependency. Deadlock detection
involves periodically checking for deadlocks and taking actions (e.g., aborting a
transaction) to resolve them.

How does two-phase locking ensure serializability in concurrent transactions?

Two-phase locking (2PL) ensures serializability by requiring that transactions
acquire all the locks they need before releasing any locks. This protocol guarantees
that transactions are committed or aborted in a way that preserves serializability,
preventing conflicts and anomalies.

What is a timestamp-based protocol, and how does it use timestamps to control
concurrency?

A timestamp-based protocol assigns a unique timestamp to each transaction when
it starts. Transactions are ordered based on their timestamps, and access to data
is controlled to ensure that older transactions have precedence over younger ones,
maintaining serializability and isolation.

Describe the concept of validation-based concurrency control in a database system.
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Validation-based concurrency control allows transactions to execute without
acquiring locks but validates their results before committing. A transaction's result
is validated to ensure that it is consistent with the database's state. If validation
fails, the transaction is rolled back.

What is a conflict-serializable schedule, and how is it determined?

A conflict-serializable schedule is one that is equivalent to some serial schedule in
terms of its read and write conflicts between transactions. It can be determined by
constructing a precedence graph based on the transaction's read and write sets,
and checking for the absence of cycles in the graph.

Explain the concept of multiple granularity locking in concurrency control.

Multiple granularity locking allows locking at different levels of granularity, such as
at the level of an entire table, a page, or a specific data item. This flexibility allows
transactions to lock only the necessary portions of data, reducing contention and
improving concurrency.

How does hierarchical locking help in managing locks efficiently?

Hierarchical locking organizes locks in a hierarchy, where higher-level locks
encompass lower-level locks. It helps manage locks efficiently by allowing a
transaction to acquire a high-level lock and implicitly obtain all the lower-level locks
it needs, reducing lock acquisition complexity and contention.

Discuss the trade-offs between strict two-phase locking and deadlock avoidance.

Strict two-phase locking ensures serializability but may lead to deadlocks. Deadlock
avoidance strategies, on the other hand, prevent deadlocks but may result in a
lower level of concurrency. The trade-off involves choosing between strictness and
concurrency based on application requirements.

Explain the concept of log-based recovery in a database system.

Log-based recovery involves using a transaction log to record all changes made to
the database during transaction execution. In case of a system crash, the log is
used to undo uncommitted changes and redo committed changes, bringing the
database back to a consistent state.

What is the purpose of the write-ahead logging protocol?

The write-ahead logging (WAL) protocol ensures that before a transaction's
changes are written to the database, its corresponding log records are written to
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the transaction log. This guarantees that the log contains a record of all changes,
allowing recovery to be performed reliably.

Describe the steps involved in the recovery process after a system crash.

The recovery process typically involves three main steps: 1. Analysis: Scanning the
log to identify transactions that need to be rolled back or redone. 2. Redo:
Reapplying committed transactions' changes from the log to the database. 3.
Undo: Undoing uncommitted transactions' changes from the log. The result is a
consistent database state.

How does the redo phase of recovery work in log-based recovery?

The redo phase of recovery involves reapplying committed transactions' changes
from the log to the database. This is done by reading the log sequentially,
identifying committed transactions, and ensuring that their changes are applied to
the database, effectively bringing it to a consistent state.

What is the undo phase of recovery, and when is it necessary?

The undo phase of recovery involves undoing uncommitted transactions' changes
from the log. It is necessary when a transaction has not completed (e.g., due to a
system crash), and its changes must be removed to maintain data consistency.
The undo phase ensures that no partially completed transactions' effects remain.

Define the term "checkpoint" in the context of log-based recovery.

A checkpoint is a point in time when a database system records information about
its current state, including a list of active transactions and a stable copy of the
database. It is used to optimize recovery by reducing the amount of log records
that need to be processed during recovery.

How does the ARIES algorithm ensure the recovery of a database system?

The ARIES (Algorithm for Recovery and Isolation Exploiting Semantics) algorithm
ensures recovery by providing a robust mechanism for analyzing, redoing, and
undoing transactions based on the transaction log. It uses checkpoints and a log
sequence number (LSN) to track and manage recovery operations.

Explain the concepts of deferred and immediate database modification in recovery.

Deferred modification involves delaying the application of a transaction's changes
to the database until the transaction is committed. - Immediate modification
applies a transaction's changes directly to the database as it executes. The choice
between these methods affects how recovery is performed.
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What is the significance of stable storage in log-based recovery?

Stable storage is a storage medium that guarantees the durability of data, meaning
that data written to it will survive system crashes or failures. In log-based recovery,
stable storage is crucial for ensuring that log records are reliably preserved, even
in the event of a crash.

Describe the implementation of savepoints in database transactions.

Savepoints allow a transaction to create named points within its execution. These
points can be used to roll back to a specific state if needed, providing a form of
partial rollback and recovery within a transaction's scope. Savepoints are useful for
handling errors or complex transactions.

What is the purpose of a recovery manager in a database system?

A recovery manager is responsible for overseeing the recovery process in a
database system. It analyzes transaction logs, initiates recovery procedures, and
ensures that the database is brought back to a consistent state after a system
crash or failure, maintaining data integrity and consistency.

Explain the concept of media recovery in database management.

Media recovery involves recovering a database from physical media failures, such
as disk crashes or corruption. It requires restoring the database from backups and
applying transaction logs to bring the database up to the point of the last backup,
ensuring data availability and integrity.

What are the challenges of recovering from media failures?

Media failures, such as disk crashes, pose significant challenges for database
recovery. These challenges include ensuring data consistency, minimizing
downtime, and avoiding data loss. To address these challenges, databases use
techniques like journaling and backup to recover data from the latest consistent
state before the failure.

Describe the role of transaction identifiers (TIDs) in recovery?

Transaction Identifiers (TIDs) are unique identifiers assigned to each transaction
in a database. They play a crucial role in log-based recovery by allowing the system
to track and manage the changes made by each transaction. TIDs help in
identifying which transactions need to be undone or redone during recovery to
achieve a consistent state.

How does recovery with concurrent transactions differ?
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Recovery with concurrent transactions is more complex compared to recovery with
serial transactions because multiple transactions can be executing simultaneously.
In concurrent recovery, it's essential to maintain isolation between transactions
and ensure that the order of undo and redo operations respects the original
execution order to prevent anomalies.

Discuss the importance of maintaining the durability property.

Maintaining the durability property of transactions is crucial as it guarantees that
once a transaction is committed, its changes are permanent and will survive any
system failures. This ensures data consistency and prevents data loss in case of
crashes or errors. Durability is a fundamental aspect of the ACID properties in
database management.

Explain the concept of crash recovery in database transactions.

Crash recovery is the process of restoring a database to a consistent state after a
system crash or failure. It involves replaying and applying transaction logs to
recover committed changes and bring the database back to its pre-crash state.
The goal is to ensure data integrity and recover from the crash without losing
committed transactions.

How does the recovery process ensure that committed transactions are not lost?

The recovery process ensures that committed transactions are not lost by using
transaction logs. These logs record all changes made by transactions before they
are committed. In the event of a crash, the system uses these logs to replay and
apply the changes, thus recovering the committed transactions and ensuring data
consistency.

Describe the steps involved in recovering from a disk failure.

Recovering from a disk failure typically involves the following steps: 1. Identify the
failed disk. 2. Restore data from backups or redundant copies if available. 3. Replay
transaction logs to reapply committed changes. 4. Ensure data consistency and
integrity. 5. Resume normal database operations.

UNIT 5
What is external storage in the context of databases?
External storage refers to data storage devices and systems outside the primary

memory (RAM) of a computer or database server. It includes hard drives, SSDs,
cloud storage, and more.
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Why is file organization important in database systems?

File organization determines how data is physically stored on storage devices,
impacting data retrieval, efficiency, and performance in a database system. It
influences access patterns and query performance.

Explain the concept of indexing in databases.

Indexing in databases is a technique for optimizing data retrieval by creating a
data structure that provides quick access to specific data records based on the
values of one or more columns.

What are cluster indexes, and how do they differ from other types of indexes?
Clustered indexes determine the physical order of data rows in a table, while other
indexes provide an additional data structure for quick lookups without changing
the physical order. Clustered indexes affect table structure.

What is the purpose of primary indexes in a database?

Primary indexes uniquely identify rows in a table and determine the physical order
of data. They enforce data integrity and facilitate rapid access to specific rows.

How are secondary indexes different from primary indexes?

Secondary indexes provide fast access to rows based on non-unique columns,
whereas primary indexes are based on unique columns and also determine the
physical order of data.

Name a common index data structure used in databases.

B+ trees are a common index data structure used in databases.

What is hash-based indexing, and when is it used?

Hash-based indexing uses a hash function to map keys to storage locations,
allowing quick retrieval of data. It is suitable for exact-match queries on columns
with low cardinality.

What are tree-based indexing structures, and why are they important?
Tree-based indexing structures, like B+ trees, provide hierarchical data structures

that enable efficient data retrieval for various query types. They are essential for
improving query performance.



85.

86.

87.

88.

89.

90.

91.

92.

Compare and contrast hash-based and tree-based indexing.

Hash-based indexing is efficient for exact-match queries but not for range queries.
Tree-based indexing, like B+ trees, supports both exact-match and range queries
efficiently due to their hierarchical structure.

What is the significance of choosing the right file organization for a database?
Choosing the right file organization impacts data retrieval speed, storage efficiency,
and overall database performance. It aligns data storage with query patterns and
access requirements.

How can indexing improve the performance of database queries?

Indexing speeds up query performance by providing rapid access to specific data
records, reducing the need for full table scans. It minimizes I/O operations and
enhances query execution.

What is the intuition behind the structure of tree indexes?

Tree indexes, like B+ trees, use a hierarchical structure where nodes act as index
levels. This structure allows for efficient data sorting, searching, and range queries
by traversing levels.

Explain the concept of Indexed Sequential Access Methods (ISAM).

ISAM is a file organization method that combines indexing and sequential access.
It uses a primary index to access data sequentially, enhancing retrieval efficiency.

What is a B+ tree, and how does it differ from a regular binary tree?

A B+ tree is a self-balancing tree structure used for indexing. It differs from a
regular binary tree in that it allows multiple keys per node, maintains data order in
leaf nodes, and has a specific structure optimized for disk-based storage.

How do B+ trees maintain data order?

B+ trees maintain data order by ensuring that leaf nodes are linked together in a
doubly-linked list, allowing efficient range queries and maintaining a sorted order.

What is the primary advantage of using B+ trees for indexing?
The primary advantage of B+ trees is their efficiency in supporting both exact-

match and range queries, making them suitable for various query types and
improving query performance.



93. What is an overflow block in B+ trees?
An overflow block in a B+ tree is a block that stores additional key-value pairs
when a leaf node becomes full. It prevents data splitting and maintains the tree's
balance.

94. What is a leaf node in a B+ tree?

A leaf node in a B+ tree contains the actual data records or references to them. It
is the bottom level of the tree and is linked to other leaf nodes for efficient data
retrieval.

95. How does a B+ tree support range queries efficiently?
B+ trees support range queries efficiently by maintaining a sorted order of data
records in leaf nodes and using hierarchical index levels to navigate to the desired
range of data.

96. Name a common database management system that uses B+ trees for indexing.

PostgreSQL is a common database management system that uses B+ trees for
indexing.

97. What is a sparse index?
A sparse index is an index where not all possible key values have corresponding
index entries. It reduces the index size for columns with a limited set of distinct
values.

98. How does clustering factor affect the performance of an index?
Clustering factor measures the physical order of data in an index. A lower clustering
factor indicates better data order, resulting in improved query performance as
fewer disk reads are required.

99. What is the purpose of a root node in an index structure?

The root node in an index structure serves as the starting point for index traversal,
allowing access to other levels and ultimately leading to the leaf nodes containing
the actual data.

100. How does indexing impact insertion and deletion operations in a database?



Indexing can slow down insertion and deletion operations because indexes need
to be updated whenever data is added or removed. Maintaining index consistency
can be a performance overhead.

101. What is a composite index, and when is it used?
A composite index combines multiple columns into a single index, allowing efficient
querying based on combinations of those columns. It is used when queries involve
multiple criteria.

102. Explain the concept of multi-level indexing.
Multi-level indexing involves creating multiple levels of indexes to efficiently access
data in large databases. It reduces the height of the index tree, improving query
performance.

103. What is the difference between a dense index and a sparse index?
A dense index has an entry for every data record in the table, while a sparse index
has entries only for a subset of data records. Sparse indexes are smaller but may
require more traversal for access.

104. How does indexing impact the storage requirements of a database?
Indexing increases the storage requirements of a database due to the additional
data structures required for indexing. However, it can significantly improve query
performance, offsetting the storage cost.

105. What is the role of a data dictionary in database management?
A data dictionary is a repository that stores metadata about the database, including
information about tables, columns, indexes, constraints, and relationships. It aids
in database management and data integrity.

106. Why is data compression sometimes used in index structures?
Data compression in index structures reduces storage space requirements and can
improve query performance by reducing I/O operations, especially when reading
from disk-based storage.

107. What is the goal of performance tuning in database systems?
The goal of performance tuning in database systems is to optimize query

execution, improve response times, reduce resource utilization, and enhance
overall system efficiency to meet performance objectives.



108. How can an index reduce disk I/O during query processing?

An index can reduce disk I/O by providing a fast path to retrieve specific data
records without the need for a full table scan, minimizing the amount of data read
from storage.

109. What is a non-clustered index, and how does it differ from a clustered index?

A non-clustered index is a type of index that provides fast access to data rows
based on the indexed columns, but it does not determine the physical order of
data. It differs from a clustered index in that way.

110. Explain the concept of prefix compression in indexing.

Prefix compression is a technique where common prefixes of index keys are stored
only once in the index structure, reducing storage requirements. It is often used
in multi-column indexes.

111. How does a B+ tree handle duplicate keys?

B+ trees handle duplicate keys by allowing multiple entries with the same key
value in a leaf node, maintaining data order within the duplicates for efficient
retrieval.

112. What is a covering index, and why is it useful?

A covering index includes all the columns needed to satisfy a query, eliminating
the need to access the table data separately. It is useful because it can make
queries more efficient by minimizing I/O operations.

113. What is a bitmap index, and in what scenarios is it effective?

A bitmap index uses bitmap vectors to represent the presence or absence of values
for each indexed column. It is effective for low-cardinality columns and data
warehousing scenarios with analytical queries.

114. How does the choice of index affect the execution plan of a query?
The choice of index can significantly impact the query execution plan. An
appropriate index can lead to a more efficient plan, reducing query processing

time, while a poor index choice can result in suboptimal performance.

115. What is a fill factor in the context of index pages?



The fill factor determines the percentage of space on an index page that can be
filled with data. A lower fill factor leaves more empty space, reducing the need for
page splits during insertions.

116. How can indexing improve the performance of joins in a database?
Indexing can improve join performance by providing quick access to the join
columns in both tables, reducing the need for full table scans and speeding up the
matching of rows from different tables.

117. What is a heap file organization, and when is it suitable?
A heap file organization is a storage method where data records are stored in no
particular order. It is suitable for scenarios where data insertion and deletion are

frequent, and the order of data is not critical.

118. What is a sequential file organization, and how is it different from an indexed file?

Sequential file organization stores data records in a specific order based on a key
field, making it efficient for range queries. It differs from an indexed file as it
doesn't have an additional index structure.

119. Explain the concept of indexing by hashing.
Indexing by hashing involves using a hash function to map key values to storage
locations. It is used for quick retrieval of data records based on exact matches and
is suitable for low-cardinality columns.

120. What is the role of a search key in an index structure?

A search key in an index structure is the value or combination of values used to
look up data records. It is the basis for indexing and is used in queries to find
specific data quickly.

121. What is the primary purpose of a secondary index?
The primary purpose of a secondary index is to provide efficient access to data
records based on non-primary key columns, allowing for quick retrieval of data

rows without altering the primary index or data order.

122. How can indexing help in avoiding full table scans in a database?



Indexing allows queries to target specific data records directly without the need
for scanning the entire table. This avoids full table scans and reduces query
execution time.

123. What is an index seek operation in query processing?
An index seek operation is a query processing step where the database engine
uses an index to locate specific data records based on the search key, rather than
scanning the entire table. It is a more efficient way to retrieve data.

124. What is an index scan operation in query processing?
An index scan operation involves using an index to scan through and retrieve a
range of data records that match certain criteria. It is useful for range queries but
may involve scanning multiple index pages.

125. How does the choice of indexing method impact database write operations?
The choice of indexing method can impact write operations by affecting the time

required to update indexes when inserting, updating, or deleting data. Complex
indexes may increase the overhead of write operations.



