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1 Database system concept, overview and 
Architecture Vs file system
• A database system is a software application designed to efficiently

manage, store, retrieve, and manipulate large amounts of structured
data. It goes beyond the simple file system approach and offers a
robust and organized way to handle information crucial for businesses
and organizations of all sizes.



Database System Concepts:
• Structured Data: Databases store data in a structured format, usually using

tables with rows and columns. This allows for efficient
organization, retrieval, and manipulation of data.

• Data Integrity: Databases enforce data integrity rules to ensure data
consistency and accuracy. This minimizes errors and redundancy compared
to file systems.

• Data Independence: Database applications are designed to be
independent of the underlying physical storage structure. This allows for
easier database administration and modification without impacting
applications.

• Data Security: Databases offer robust security features to control
access, prevent unauthorized modifications, and protect sensitive
information.

• Query Languages: Databases utilize specialized query languages (like SQL)
to efficiently retrieve and manipulate data based on specific criteria.



Database System Architecture:

• Database Management System (DBMS): The DBMS software acts as
the core component, managing all interactions with the database. It
provides functionalities for data creation, storage, retrieval, and
manipulation.

• Database Schema: The schema defines the overall structure of the
database, including tables, columns, data types, and relationships
between them.

• Data Storage: Data is physically stored in files on a storage
system. However, the DBMS manages the storage details, providing a
logical view of data to users and applications.



Feature File System Database System

Data Structure Unstructured or semi-structured Structured

Data Integrity
Low (prone to redundancy and 

inconsistency)
High (enforces integrity rules)

Data 

Independence

Low (applications depend on file 

structure)

High (applications independent of 

storage)

Data Security Limited access control mechanisms
Robust security features (user 

access control, etc.)

Query Capabilities
Limited (requires programming or 

scripting)

Powerful query languages (e.g., 

SQL)

Scalability
Less scalable (managing large data 

sets can be slow)

More scalable (designed for large 

data volumes)



2 ER model concepts and Notation for ER diagram

• The Entity-Relationship (ER) Model is a conceptual data modeling
technique used to visually represent the relationships between data
entities (real-world objects) in a database. It provides a high-level
blueprint for database design, helping to understand and organize
information effectively.



Key ER Model Concepts:

• Entity: An entity represents a real-world object or concept that you want to
store information about in your database. Examples include
customers, products, orders, or employees. Entities are typically depicted
as rectangles in an ER diagram.

• Attribute: An attribute is a specific characteristic or property that describes
an entity. Examples of customer attributes could be
name, address, email, or phone number. Attributes are shown as ellipses
connected to their corresponding entities with lines.

• Relationship: A relationship represents the connection or association
between two entities. For instance, an "Order" entity might have a "Placed
By" relationship with a "Customer" entity, or a "Product" entity might have
a "Part Of" relationship with an "Order" entity. Relationships are
symbolized as diamonds connecting the involved entities.



ER Diagram Notation:

• ER diagrams use a set of symbols to visually represent these concepts:

• Rectangles: Represent entities.

• Ellipses: Represent attributes of entities.

• Diamonds: Represent relationships between entities.

• Lines: Connect entities to their attributes and relationships to the
participating entities.



• Cardinality: Cardinality specifies the number of occurrences of one entity
associated with a single occurrence of another entity in a relationship. It's
typically denoted near the lines connecting entities to the relationship
diamond. Here are some common cardinality types:

• One-to-One: One instance of entity A relates to exactly one instance of entity B
(e.g., a "Customer" can have one "Shipping Address").

• One-to-Many: One instance of entity A relates to many instances of entity B (e.g., a
"Customer" can place many "Orders").

• Many-to-One: Many instances of entity A relate to one instance of entity B
(e.g., many "Orders" can be placed by one "Customer").

• Many-to-Many: Many instances of entity A relate to many instances of entity B
(e.g., many "Students" can enroll in many "Courses," and vice versa).

• Additional Notation:

• Primary Key: A unique identifier for an entity instance, often denoted by
underlining the attribute(s) in the diagram.

• Foreign Key: An attribute in one entity that references the primary key of
another entity, establishing a relationship. Represented by a line with a
crow's foot at the referencing end.



Benefits of Using ER Diagrams:

• Improved Communication: ER diagrams provide a clear and concise
visual representation of the database structure, facilitating
communication between database designers, developers, and
stakeholders.

• Data Modeling Foundation: They serve as a foundation for creating a
relational database schema, the blueprint for organizing data tables
and their relationships.

• Error Detection: The visual representation helps identify potential
errors or inconsistencies in the data model early in the design phase.



3 DBMS Keys, Concepts of Super Key, Candidate 
key, Primary key
• In a database management system (DBMS), keys play a crucial role in 

efficiently managing and organizing data. Here's a breakdown of the 
different types of keys, their functionalities, and how they relate to 
each other:



• 1. Superkey:
• A superkey is a set of one or more attributes (columns) in a table that can

uniquely identify each row (tuple) in that table.
• Imagine a table storing student information with columns for Student

ID, Name, and Major. In this case, both "Student ID" alone and the
combination of "Name" and "Major" would be superkeys. They both
uniquely identify each student record.

• 2. Candidate Key:
• A candidate key is a minimal superkey. In simpler terms, it's a superkey that

doesn't contain any redundant attributes. Out of all the possible superkeys
for a table, only a select few will be candidate keys.

• Continuing with the student example, "Student ID" is a minimal superkey
because it uniquely identifies each student without any unnecessary
attributes. "Name" and "Major" together wouldn't be a candidate key
because the Student ID alone already does the job uniquely identifying
each student. Including "Name" and "Major" adds redundancy.



• 3. Primary Key:

• The primary key is chosen from the set of candidate keys. It's
the designated attribute (or set of attributes) that uniquely identifies
each row in the table. There can only be one primary key per table.

• Selecting the most efficient candidate key as the primary key is crucial
for database performance. In most cases, the shortest candidate key
(with the fewest attributes) is preferred for faster data retrieval and
manipulation. Going back to the student example, "Student ID" would
likely be chosen as the primary key due to its efficiency.



• Key Points to Remember:

• Every table must have at least one primary key.

• A primary key can also be a candidate key (it's a minimal superkey
that's also chosen as the primary key).

• Super keys are not explicitly defined in the database schema, but they
encompass all possible combinations of attributes that could uniquely
identify rows.

• Candidate keys represent a set of potential options for the primary
key, with the most efficient one being chosen.



4 Relational data Model Concept and Language
• Relational Data Model and Languages

• The relational data model is the foundation for most widely used
databases today. It provides a structured and organized approach to
storing and managing data in a collection of interlinked tables. Here's
a breakdown of the key concepts and the language used to interact
with relational databases:



Relational Model Concepts:
• Tables: Data is stored in two-dimensional tables, similar to

spreadsheets. Each table represents a specific entity or concept in the real
world (e.g., customers, products, orders).

• Rows and Columns: Tables are composed of rows and columns. Each row
(tuple) represents a single data record, and each column (attribute)
represents a specific characteristic of that record.

• Relationships: Relationships between tables are established through
foreign keys. A foreign key in one table references the primary key of
another table, linking related data sets.

• Data Integrity: Relational databases enforce data integrity rules like
primary key constraints and data type definitions to ensure data accuracy
and consistency.

• Normalization: Normalization is a process of organizing tables to minimize
redundancy and improve data integrity. It involves breaking down complex
tables into smaller, more focused ones with well-defined relationships.



Relational Data Language (SQL):

• SQL (Structured Query Language) is the standard language for
interacting with relational databases. It allows users to:

• Create databases and tables: Define the structure of the
database, including table names, columns, and data types.

• Insert data: Populate tables with new data records.

• Retrieve data: Query the database to fetch specific data based on
various criteria.

• Update data: Modify existing data in the database.

• Delete data: Remove unwanted data records.

• Manage user access and security: Control who can access and
manipulate data in the database.



Benefits of the Relational Model:

• Structured and Organized: Data is well-organized in tables, making it
easier to understand, manage, and query.

• Scalability: The relational model can efficiently handle large and
growing datasets.

• Data Integrity: Enforced data integrity rules minimize errors and
inconsistencies.

• Flexibility: The model allows for flexible data modeling to
accommodate various data structures.

• Standardized Language (SQL): SQL provides a universal language for
interacting with relational databases from different vendors.



5 Introduction on SQL: Characteristics of SQL, 
Advantage of SQL

• Introduction to SQL: A Powerful Tool for Relational Databases

• SQL (Structured Query Language) is the cornerstone language for
interacting with relational databases. It provides a standardized and
versatile way to create, manage, and retrieve data stored in these
databases.



Characteristics of SQL:
• Declarative: Unlike procedural languages that specify step-by-step

instructions, SQL is declarative. You tell SQL what data you want to
achieve, and the database management system (DBMS) figures out how to
execute the query efficiently.

• Portable: SQL is a widely recognized standard across different relational
database platforms. Once you learn SQL, you can use it with various
database systems with minimal adjustments to the syntax.

• Interactive: SQL allows for interactive data exploration. You can write and
execute queries on-the-fly to retrieve specific data or generate reports.

• Simple and Easy to Learn: Compared to complex programming
languages, SQL has a relatively easy-to-learn syntax. This makes it
accessible to a wider range of users, from database administrators to data
analysts.

• Powerful and Expressive: Despite its simplicity, SQL offers a powerful set of
functionalities. You can use it to perform complex data
manipulations, aggregations, and data analysis tasks.



Advantages of SQL:
• Efficient Data Retrieval: SQL allows for efficient retrieval of specific data sets based on

defined criteria. You can filter, sort, and join data from multiple tables using powerful
query commands.

• Data Manipulation: SQL goes beyond just data retrieval. It enables you to
insert, update, and delete data within the database, allowing for comprehensive data
management.

• Data Integrity: SQL statements can enforce data integrity rules, such as data type
validations and primary/foreign key constraints. This helps maintain data accuracy and
consistency within the database.

• Reduced Development Time: Using SQL simplifies database interactions within
applications. Developers can focus on the application logic without getting bogged down
in complex data access methods.

• Standardized Language: SQL is the industry standard for relational databases. This
standardization allows for easier collaboration and knowledge transfer between
database professionals working on different projects or with various database systems.

• Data Security: SQL can be integrated with user access controls and security features
offered by the DBMS. This ensures that only authorized users can access and manipulate
data within the database.



6 Types of SQL commands and SQL Data type and Literals

• Types of SQL Commands

• SQL commands can be broadly categorized into four main types, each
serving a specific purpose in database interaction:

• Data Definition Language (DDL) Commands:
• Used to define the structure of the database, including creating and

modifying tables, defining data types for columns, and setting constraints.

• Examples: CREATE TABLE, ALTER TABLE, DROP TABLE

• Data Manipulation Language (DML) Commands:
• Used to manipulate data within existing tables. This includes inserting new

data, updating existing records, and deleting unwanted data.

• Examples: INSERT, UPDATE, DELETE



• Data Query Language (DQL) Commands:
• Used to retrieve data from the database based on specific criteria. You can

filter, sort, join data from multiple tables, and perform aggregations
(e.g., count, sum, average) to generate reports and analyze data.

• Examples: SELECT, WHERE, ORDER BY, GROUP BY

• Data Control Language (DCL) Commands:
• Used to manage user access privileges and control who can access and

manipulate data within the database.

• Examples: GRANT, REVOKE



SQL Data Types and Literals
• Data types in SQL specify the kind of data a column in a table can hold. 

Here are some common data types:
• Character Data Types:

• CHAR(n): Fixed-length character string (n specifies the length).
• VARCHAR(n): Variable-length character string (up to n characters).
• TEXT: Large text strings.

• Numeric Data Types:
• INT: Integers.
• DECIMAL(p, q): Decimal numbers with p digits total and q digits to the right of the 

decimal point.
• FLOAT/DOUBLE: Approximate numbers (store large or small numbers with decimal 

points).

• Date and Time Data Types:
• DATE: Stores date information (year, month, day).
• TIME: Stores time information (hours, minutes, seconds).
• DATETIME: Stores both date and time information.



Logical Data Type:

• BOOLEAN: Represents true or false values.

• Data literals are the actual values you assign to columns in your SQL
statements. They represent constant values of a specific data type.
Here are some examples:

• Character literals: 'This is a text string' (enclosed in single quotes).

• Numeric literals: 123, 3.14159 (without quotes for numbers).

• Date literals: '2024-07-02' (enclosed in single quotes, formatted
according to the date data type).

• Boolean literals: TRUE, FALSE.



7 Transaction Processing Concept: Transaction system

• Transaction Processing Concepts and Transaction Systems

• Transaction processing is a fundamental concept in database
management systems (DBMS) that ensures data integrity and
consistency when performing multiple data operations as a single
unit. It's crucial for maintaining reliable data in environments where
multiple users or processes might be modifying the database
concurrently.



What is a Transaction?

• A transaction is a logical unit of work that involves one or more
database operations (e.t., inserts, updates, deletes) treated as a
whole. It's either completed successfully, updating the database with
the intended changes, or rolled back entirely if any errors occur
during the process.



ACID Properties of Transactions:
• To ensure data integrity, transactions adhere to the ACID properties:

• Atomicity: A transaction is atomic, meaning it's treated as an indivisible
unit. Either all the operations within the transaction succeed, or none of
them do. This prevents partially completed transactions from leaving the
database in an inconsistent state.

• Consistency: A transaction must transform the database from one valid
state to another. It enforces data integrity rules and constraints to maintain
consistency within the database.

• Isolation: Concurrent transactions are isolated from each other, ensuring
that the outcome of one transaction does not affect the results of
another. This prevents data inconsistencies that could arise from multiple
users modifying the same data simultaneously.

• Durability: Once a transaction is committed (marked as successful), the
changes are permanent and survive system failures like crashes or power
outages. The DBMS guarantees that the committed data persists even if a
restart is necessary.



Transaction Systems:

• Transaction systems are software applications designed to process a
high volume of transactions efficiently and reliably. They are typically
used in mission-critical applications where data integrity is
paramount, such as:

• Banking Systems: Processing financial transactions like
deposits, withdrawals, and fund transfers.

• E-commerce Platforms: Managing customer orders, payments, and
inventory updates.

• Airline Reservation Systems: Booking flights, updating passenger
information, and managing seat availability.



Benefits of Transaction Processing Systems:

• Data Integrity: ACID properties ensure data accuracy and consistency
within the database.

• Concurrency Control: Concurrent transactions are managed to
prevent data inconsistencies.

• Data Recovery: Transaction logs facilitate data recovery in case of
system failures.

• Scalability: Transaction systems can handle a high volume of
transactions efficiently.



8 Deadlock handling and Concurrency control

• Deadlock and Concurrency Control in Databases

• In a multi-user database environment, ensuring smooth data access
and manipulation while maintaining data integrity is crucial. Two key
concepts come into play: deadlock handling and concurrency control.



Deadlock:

• A deadlock is a situation where two or more transactions are waiting
for resources (data) held by each other, creating a circular
dependency. None of the transactions can proceed, causing the
system to stall. Imagine transaction A holding a lock on resource X
and needing resource Y, while transaction B holds a lock on Y and
needs X. Neither can proceed, leading to a deadlock.



Concurrency Control:

• Concurrency control mechanisms aim to prevent deadlocks and
ensure smooth data access for concurrent transactions. Here are
some common techniques:

• Locking:
• Locks are temporary mechanisms that prevent other transactions from

accessing or modifying data being used by a current transaction.

• There are different locking granularities:
• Row-level locking: Locks are applied to individual rows of data.

• Table-level locking: Locks are applied to entire tables.

• Locking protocols like two-phase locking (2PL) ensure a well-defined order for
acquiring and releasing locks to minimize deadlocks.



• Timestamp Ordering:
• Transactions are assigned timestamps upon initiation.

• When conflicts arise (e.g., accessing the same data), the transaction with the
older timestamp is granted access, and the other transaction is rolled back or
restarted.

• Optimistic Concurrency Control (OCC):
• Transactions proceed without acquiring locks initially.

• Conflicts are detected only when attempting to commit the transaction.

• If a conflict is detected, the transaction is rolled back and retried (optimistic
because it assumes low conflict probability).



Deadlock Handling:

• Even with concurrency control mechanisms, deadlocks can still occur
in rare cases. Here are some approaches to handle deadlocks:

• Timeout: Set a timeout for transactions holding locks. If a transaction
doesn't complete within the timeout period, it's rolled back, releasing
the locks.

• Wait-die: When a deadlock is detected, choose a transaction to roll
back based on a pre-defined criterion (e.g., transaction age).

• Wound-wait: Allow the transactions to wait for a short period. If the
deadlock persists, forcefully abort one of the transactions.

• The choice of concurrency control and deadlock handling techniques
depends on factors like the expected level of concurrency, acceptable
overhead, and application requirements



9 Data Analysis, Mining, Warehousing and visualization

• Data analysis, mining, warehousing, and visualization are all interconnected
concepts that play a vital role in extracting knowledge and insights from
data. Here's a breakdown of each:

• 1. Data Analysis:

• Broad Scope: Data analysis is the overarching field concerned with
examining, interpreting, and summarizing data with the goal of discovering
useful information, informing conclusions, and supporting decision-making.

• Techniques: It involves a variety of techniques including statistical
analysis, hypothesis testing, data cleaning, and exploratory data analysis.

• Tools: Spreadsheets, statistical software (e.g., R, Python with libraries like
Pandas), and data visualization tools are commonly used for data analysis.



• 2. Data Mining:

• Unveiling Hidden Patterns: Data mining is a specific technique within data
analysis that focuses on uncovering hidden patterns, trends, and relationships
within large datasets. It's like sifting through a vast amount of data to find hidden
gems of information.

• Predictive Modeling: Data mining algorithms can be used to build predictive
models that forecast future trends or classify data points based on existing
patterns.

• Applications: Data mining has applications in various fields like customer
segmentation in marketing, fraud detection in finance, and scientific discovery.

• 3. Data Warehousing:
• Centralized Data Repository: A data warehouse is a central repository that stores

historical data extracted from various sources within an organization. It provides a
consolidated view of data for analysis purposes.

• Subject-Oriented: Unlike operational databases focused on day-to-day
transactions, data warehouses are subject-oriented, meaning they are designed
to answer specific business questions related to a particular subject area
(e.g., sales, marketing, finance).

• Benefits: Data warehouses offer efficient data analysis by storing data in a format
optimized for querying and reporting, simplifying access for analysts.



• 4. Data Visualization:

• Communicating Insights: Data visualization is the art of creating
visual representations of data, such as charts, graphs, and maps. It
helps communicate complex information in a clear, concise, and easily
understandable way.

• Effective Storytelling: Effective data visualizations can tell compelling
stories with the data, revealing patterns and trends that might be
missed in raw numbers.

• Tools: Popular data visualization tools include Tableau, Power BI, and
libraries like Matplotlib (Python).



• The Big Picture:

• Data analysis is the umbrella term encompassing all efforts to extract 
knowledge from data.

• Data mining is a specific technique within data analysis, focusing on 
uncovering hidden patterns in large datasets.

• Data warehousing provides a centralized location for storing historical 
data, facilitating analysis.

• Data visualization helps communicate the insights discovered through 
analysis in a clear and impactful way.



10 Centralized and Client-Server Architectures

• In the realm of data management, choosing the right system
architecture is crucial for efficiency, scalability, and security. Here's a
comparison of two common architectures: centralized and client-
server.



Centralized Architecture:

• Concept: All processing and data storage reside on a single, powerful
computer system. Client machines (like workstations) are limited to
user interaction and lack processing power or direct data access.

• Advantages:
• Simplicity: Easy to set up and manage due to its single point of control.
• Lower Initial Cost: Requires less hardware compared to client-server systems.

• Disadvantages:
• Scalability Bottleneck: Performance can suffer as the number of users or data

volume increases. The central system becomes a bottleneck for processing
requests.

• Single Point of Failure: If the central system fails, the entire system becomes
unavailable.

• Limited Functionality: Clients have limited functionality as they rely solely on
the central system for processing.



Client-Server Architecture:
• Concept: Distributes processing tasks among multiple computers. A central

server stores the main database and handles complex processing
tasks. Client machines (like PCs, laptops, or mobile devices) handle user
interaction, basic processing, and communication with the server.

• Advantages:
• Scalability: Highly scalable as additional client machines or servers can be added to

handle increased workload.
• Improved Performance: Distributing tasks improves overall system performance

with multiple computers working together.
• Security: Data is centralized on the server, enhancing security compared to data

residing on individual client machines.
• Richer Functionality: Clients can have more features and processing power as they

don't rely solely on the server for everything.

• Disadvantages:
• Complexity: Setting up and managing a client-server system can be more complex

compared to a centralized system.
• Higher Cost: Requires more hardware investment for both server and client

machines.



Choosing the Right Architecture:

• The choice between centralized and client-server architectures
depends on several factors:

• System Requirements: Consider the expected number of users, data
volume, and processing needs.

• Scalability Needs: If you anticipate significant growth in users or
data, a client-server architecture provides better scalability.

• Security Concerns: For sensitive data, a centralized server with robust
security measures might be preferred.

• Budget Constraints: Centralized systems might be more cost-effective
initially, but ongoing maintenance might be simpler with client-server.



11 Distributed, Spatial, Geographical, Object-
Oriented and Temporal Databases
• Different Database Types for Specific Needs:

• Traditional relational databases are powerful, but for certain data management needs,
specialized database types offer distinct advantages. Here's a breakdown of some key
options:

• Distributed Databases:

• Concept: Distributes data storage and processing tasks across multiple geographically
separated computers (nodes) connected through a network.

• Benefits:
• Scalability: Easily scales horizontally by adding more nodes to handle increased data volume or

user traffic.
• Availability: Offers higher availability as data and processing are not dependent on a single

server. If one node fails, others can continue operations.
• Improved Performance: Distributing workload across nodes can enhance overall system

performance.

• Challenges:
• Complexity: Managing and maintaining distributed systems can be more complex than centralized

systems.
• Data Consistency: Ensuring data consistency across all nodes requires careful design and

synchronization mechanisms.



Spatial Databases:

• Concept: Designed to manage and query data that represents objects
defined in a geometric space (points, lines, polygons). Used
extensively in Geographic Information Systems (GIS).

• Functionality:
• Store and retrieve spatial data efficiently.

• Perform spatial queries: finding objects within a specific area, calculating
distances, or analyzing spatial relationships.

• Applications: Used in various fields like urban
planning, environmental monitoring, location-based services, and
logistics.



Geographic Databases (Geodatabases):

• Concept: A specialized type of spatial database specifically designed
for geographic data, often referenced to real-world locations using a
geographic coordinate system (e.g., latitude/longitude).

• Functionality: Inherits features of spatial databases but adds
functionalities like geospatial analysis and integration with mapping
applications.

• Applications: Similar to spatial databases, but with a stronger focus
on geographic data analysis and visualization.



Temporal Databases:

• Concept: Designed to manage data that changes over time, explicitly
capturing the time aspect of information.

• Functionality:
• Stores data versions with timestamps, allowing for historical analysis and

rollback to previous states.

• Performs temporal queries: finding data valid at a specific point in time or
analyzing data changes over time.

• Applications: Used in tasks like financial recordkeeping, medical
records management, and version control systems.



• Object-Oriented Databases (OODBMS):

• Concept: Based on object-oriented programming concepts, storing
data in objects that encapsulate data and associated operations.

• Focus: Represents real-world entities and their relationships more
naturally than relational databases.

• Advantages:
• Improved data modeling for complex entities and relationships.

• Can store complex data types like multimedia objects.

• Disadvantages: Less widespread adoption compared to relational
databases. Query languages might be less standardized.



Choosing the Right Database Type:

• The selection of the most suitable database type depends on the
specific data you're managing and the functionalities you require.
Consider these factors:

• Data characteristics: Is your data inherently spatial, temporal, or
object-oriented?

• Query needs: Do you need to perform complex spatial or temporal
queries?

• Scalability requirements: Does your system need to handle growing
data volume or user traffic?

• Performance needs: How critical are fast response times and high
availability?



12 Locking Techniques For Concurrency Control

• Locking techniques are a fundamental mechanism for concurrency
control in databases. They ensure data consistency and prevent
conflicts when multiple transactions attempt to access and modify
the same data concurrently. Here's a deeper dive into different
locking techniques:



Types of Locks:

• Shared Lock (Read Lock): Allows a transaction to read data but prevents
other transactions from modifying it. This enables multiple transactions to
read the same data concurrently.

• Exclusive Lock (Write Lock): Grants a transaction exclusive access to
data, preventing other transactions from reading or writing it. This ensures
data consistency when a transaction needs to modify the data.

• Lock Granularity:

• Row-Level Locking: Locks are applied to individual rows of data. Offers
finer-grained control and reduces locking overhead compared to table-level
locking.

• Table-Level Locking: Locks are applied to entire tables. Simpler to
implement but can lead to more conflicts and reduced concurrency if
multiple transactions access different rows within the same table.



Locking Protocols:

• Two-Phase Locking (2PL): A widely used protocol that ensures all
locks are acquired in a growing phase (first phase) before any locks
are released in a shrinking phase (second phase). This prevents
deadlocks, where transactions wait indefinitely for resources held by
each other.

• Strict Two-Phase Locking (S2PL): A stricter variant of 2PL that ensures all
locks are acquired at the beginning of the transaction.

• Timestamp Ordering: Transactions are assigned timestamps upon
initiation. When conflicts arise, the transaction with the older
timestamp is granted access, and the other transaction might be
rolled back or restarted.



Choosing the Right Locking Technique:

• The optimal locking technique depends on several factors:

• Transaction characteristics: Consider the typical access patterns of
transactions (read-heavy vs. write-heavy) and the level of
concurrency required.

• Data access patterns: Analyze how frequently different parts of the
data are accessed concurrently.

• Performance requirements: Evaluate the trade-off between
concurrency and locking overhead. Finer-grained locking (row-level)
can improve concurrency but might introduce more overhead
compared to coarse-grained locking (table-level).



13 Database Language and Interfaces, Data 
definitions language
• Database Languages and Interfaces: Diving into Data Definition

Languages (DDL)

• Database languages and interfaces provide essential tools for
interacting with and managing data stored in databases. Within these
languages, Data Definition Languages (DDL) play a crucial role in
defining the structure and organization of your database.



Database Languages:

• Databases rely on specialized languages for various purposes:

• Data Definition Language (DDL): Focuses on creating and
manipulating the database schema, which defines the structure of
your data.

• Data Manipulation Language (DML): Used to insert, update, and
delete data within the database tables.

• Data Query Language (DQL): Enables you to retrieve specific data
based on defined criteria (e.g., SELECT statements in SQL).

• Data Control Language (DCL): Manages user access privileges and
controls who can access and manipulate data within the database.



• Data Definition Language (DDL):
• DDL statements are the building blocks for your database schema. They 

allow you to:
• Create database objects: This includes creating tables, which are the 

fundamental units for storing data. Each table has a specific name and 
structure defined by DDL statements.

• Define table structure: DDL allows you to specify the columns within a 
table. Each column has a name, data type (e.g., text, integer, date), and 
constraints (e.g., primary key, foreign key) to ensure data integrity.

• Modify existing objects: You can use DDL to alter the structure of existing 
tables by adding or removing columns, modifying data types, or changing 
constraints.

• Drop objects: When a table or other database object is no longer 
needed, DDL statements allow you to remove them from the database.



Common DDL Commands:

• CREATE TABLE: Used to define a new table with its columns and data
types.

• ALTER TABLE: Modifies the structure of an existing table
(e.g., adding/removing columns, changing data types).

• DROP TABLE: Permanently removes a table from the database.



Benefits of Using DDL:

• Structured Data Storage: DDL helps organize data efficiently by
defining a clear structure with well-defined tables and columns.

• Data Integrity: Constraints enforced through DDL statements
(e.g., primary keys, foreign keys) ensure data accuracy and
consistency within the database.

• Flexibility: DDL allows you to adapt your database schema as your
data needs evolve, enabling you to add new tables or modify existing
ones.



14 Data model schema and instances

• A data model schema and data model instances are two fundamental
concepts that define how data is structured and stored in a database
system. Here's a breakdown of each:

• Data Model Schema:

• Blueprint: The schema acts as a blueprint for the database, defining
its overall structure and organization. It essentially describes how
data will be stored and accessed.



Components:

• The schema specifies the following:
• Tables: These are the fundamental units that store data. Each table

represents a specific entity or concept in the real world
(e.g., customers, products, orders).

• Columns (Attributes): These represent the characteristics or properties of the
entities stored in a table. Each column has a name and a data type
(e.g., text, integer, date) that specifies the kind of data it can hold.

• Constraints: These are rules that enforce data integrity and consistency
within the database. Common constraints include:

• Primary Key: A unique identifier for each row in a table, ensuring no duplicate records
exist.

• Foreign Key: A column that references the primary key of another table, establishing
relationships between tables.

• Data Type Constraints: These define the valid values a column can hold (e.g., ensuring a
numeric field only accepts numbers).



Data Model Instance (Database Instance):
• Realization: The data model instance, also known as a database instance or

database state, is the actual data stored in the database at a specific point
in time. It's the realization of the blueprint defined by the schema.

• Content: The instance comprises:
• Rows (Tuples): These represent individual data records within a table. Each row

corresponds to a single entity and contains values for all the columns defined in the
table schema.

• Values: The actual data stored in each column of a row, adhering to the data types
specified in the schema.

• Analogy:

• Imagine a schema as a recipe for a cake. It specifies the ingredients
(columns) and their quantities (data types). The data model instance, on
the other hand, is the actual baked cake. It uses the ingredients defined in
the recipe (schema) in specific quantities (data values) to create a single
cake (data record).



Key Points:

• The schema defines the structure, while the instance represents the
actual data content.

• A schema is relatively static, changing infrequently as new data
requirements arise.

• The data model instance is dynamic, constantly changing as new data
is inserted, updated, or deleted.

• Both schema and instances are crucial for managing data effectively
in a database system.


