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Databases and database systems are an essential
component of life in modern society: most of us
encounter several activities every day that involve some interaction with a database.
For example, if we go to the bank to deposit or withdraw funds, if we make a hotel
or airline reservation, if we access a computerized library catalog to search for a
bibliographic item, or if we purchase something online—such as a book, toy, or
computer—chances are that our activities will involve someone or some computer
program accessing a database. Even purchasing items at a supermarket often auto-
matically updates the database that holds the inventory of grocery items.



A database is a collection of related data.' By data, we mean known facts that can
be recorded and that have implicit meaning. For example, consider the names,
telephone numbers, and addresses of the people you know. Nowadays, this data is
typically stored in mobile phones, which have their own simple database software.
This data can also be recorded in an indexed address book or stored on a hard
drive, using a personal computer and software such as Microsoft Access or Excel.
This collection of related data with an implicit meaning is a database.

A shared collection of logically related data and its description,

Database + ‘ : ST
designed to meet the information needs of an organization.



constitute a database. However, the common use of the term database is usually
more restricted. A database has the following implicit properties:

® A database represents some aspect of the real world, sometimes called the
miniworld or the universe of discourse (UoD). Changes to the miniworld
are reflected in the database.

m A database is a logically coherent collection of data with some inherent
meaning. A random assortment of data cannot correctly be referred to as a
database.

® A database is designed, built, and populated with data for a specific purpose.
It has an intended group of users and some preconceived applications in
which these users are interested.



TYPE OF DATABASES:

Traditional Database Applications: is stored and accessed is either textual or numeric.

- Big Data Storage systems, or NoSQL systems: In the past few years, advances in technology have led to
exciting new applications of database systems. The proliferation of social media Web sites, such as Facebook,
Twitter, and Flickr, among many others, has required the creation of huge databases that store nontraditional
data, such as posts, tweets, images, and video clips.

- multimedia databases: it is possible to store images, audio clips, and video streams digitally.

- Geographic information systems (GISs): can store and analyze maps, weather data, and satellite images.

- Data warehouses and online analytical processing (OLAP) systems: systems are used in many companies to
extract and analyze useful business information from very large databases to support decision-making.

- Real-time and active database technology: is used to control industrial and manufacturing processes.

database search techniques are being applied to the World Wide Web to improve the search for information
that is needed by users browsing the Internet



A software system that enables users to define, create, maintain, and
control access to the database.

DBMS

A database management system (DBMS) is a computerized system that enables
users to create and maintain a database. The DBMS is a general-purpose software
system that facilitates the processes of defining, constructing, manipulating, and
sharing databases among various users and applications. Defining a database
involves specifying the data types, structures, and constraints of the data to be
stored in the database. The database definition or descriptive information is also
stored by the DBMS in the form of a database catalog or dictionary; it is called
meta-data. Constructing the database is the process of storing the data on some
storage medium that is controlled by the DBMS. Manipulating a database includes
functions such as querying the database to retrieve specific data, updating the data-
base to reflect changes in the miniworld, and generating reports from the data.
Sharing a database allows multiple users and programs to access the database
simultaneously.



A meta data is the data
about the data. It is the self-
describing nature of
databases. It holds the
information about each data
element in the database.
Such as names, types, range
of values, access
authorization.
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Data Abstraction

Data abstraction in a database refers to the process of hiding the complex details of how
data is stored and maintained.

The characteristic that allows program-data independence and program-operation independence is called data
abstraction. A DBMS provides users with a conceptual representation of data that does not include many of
the details of how the data is stored or how the operations are implemented.

Transaction

a transaction refers to a unit of work that is performed against a database. It is a sequence of one or more SQL operations
(like INSERT, UPDATE, DELETE, SELECT) that are executed as a single, logical unit. The goal of a transaction is to ensure data
integrity and consistency.




1.4 Actors on the Scene

For a small personal database, such as the list of addresses discussed in Section 1.1,
one person typically defines, constructs, and manipulates the database, and there is
no sharing. However, in large organizations, many people are involved in the
design, use, and maintenance of a large database with hundreds or thousands of
users. In this section we identify the people whose jobs involve the day-to-day use
of a large database; we call them the actors on the scene. In Section 1.5 we consider
people who may be called workers behind the scene—those who work to maintain
the database system environment but who are not actively interested in the data-
base contents as part of their daily job.



1.4.1 Database Administrators

* A Database Administrator (DBA) is a specialized IT professional
responsible for the management, maintenance, and security of
databases within an organization. Their primary role is to ensure that
databases are available, optimized for performance, secure, and
functioning reliably to meet the needs of the organization or its users.
DBAs typically work with database management systems (DBMS) like
Oracle, MySQL, Microsoft SQL Server, PostgreSQL, or others to manage

the data.



1.4.2 Database Designers

Database designers are responsible for identifying the data to be stored in the database and for
choosing appropriate structures to represent and store this data. It is the responsibility of database
designers to communicate with all prospective database users in order to understand their
requirements and to create a design that meets these requirements. In many cases, the designers
are on the staff of the DBA and may be assigned other staff responsibilities after the database
design is completed. Database designers typically interact with each potential group of users and
develop views of the database that meet the data and processing requirements of these groups

1.4.3 End Users

End users are the people whose jobs require access to the database for querying, updating, and generating
reports; the database primarily exists for their use.



1.4.4 System Analysts and Application Programmers
(Software Engineers)

System analysts determine the requirements of end users, especially naive and
parametric end users, and develop specifications for standard canned transactions
that meet these requirements. Application programmers implement these specifi-
cations as programs; then they test, debug, document, and maintain these canned
transactions. Such analysts and programmers—commonly referred to as software
developers or software engineers—should be familiar with the full range of capa-
bilities provided by the DBMS to accomplish their tasks.



1.5 Workers behind the Scene

These persons are typically not interested in the database content
itself. Like

* DBMS system implementers who implement the DBMS modules
and interfaces as a software package.

* Operators and maintenance personnel.



1- Controlling Redundancy

This redundancy in storing the same data multiple times leads to several problems. First, there is the need to perform
a single logical update—such as entering data on a new student—multiple times: once for each file where student
data is recorded. This leads to duplication of effort. Second, storage space is wasted when the same data is stored
repeatedly, and this problem may be serious for large databases. Third, files that represent the same data may
become inconsistent. This may happen because an update is applied to some of the files but not to others.

* Summary of advantages of using the DBMS
2- Restricting unauthorized access

When multiple users share a large database, it is likely that most users will not be authorized to access all information
in the database.

A DBMS should provide a security and authorization subsystem, which the DBA uses to create accounts and to specify
account restrictions.



3- Providing Persistent Storage for Program Objects

4- Providing Storage Structures and Search Techniques for Efficient Query Processing
* Indexes

» Buffering and caching

e query processing and optimization

* 5- Providing Backup and Recovery

* The backup and recovery subsystem of the DBMS is responsible for recovery.
6- Providing Multiple User Interfaces

* By using graphical user interfaces (GUIs).

7- Representing Complex Relationships among Data

8- Enforcing Integrity Constraints
specifying a data type for each data item.

specifies uniqueness on data item values, known as a key or uniqueness constraint



Brief History Of Database Applications

1. Early File-Based Systems (1950s-1960s)

*Description: In the early days of computing, data was stored in flat file systems. These were simple collections of
files, usually text or binary, with no relationships between them. Data access and management were handled by
the application programs directly, which often resulted in data redundancy and inconsistency.

2. Hierarchical and Network Databases (1960s-1970s)

*Hierarchical Databases:
* The hierarchical database model was introduced in the 1960s with systems like IBM’s IMS (Information

Management System). In this model, data is organized in a tree-like structure where each child record has
a single parent.

Network Databases:

*The network database model, represented by systems like CODASYL DBTG (Conference on Data Systems Languages
Data Base Task Group), emerged in the late 1960s. It allowed more complex many-to-many relationships using a

graph-like structure.



3. Relational Databases (1970s-Present)

*Introduction of the Relational Model (1970s):
* The relational model was proposed by Edgar F. Codd in 1970, introducing the idea of organizing data into tables
(relations). This model allowed for greater flexibility, data independence, and the use of structured queries.

* The introduction of Structured Query Language (SQL) in the late 1970s became the standard for querying and
managing relational databases.

4. Object-Oriented Databases (1980s-1990s)

*Object-Oriented Databases (OODBMS) emerged in the 1980s to address the limitations of the relational model
when dealing with complex data, such as multimedia or engineering data.

*These databases were designed to store data as objects (similar to objects in programming languages),
incorporating both data and the associated methods for manipulating that data.



5. Data Warehousing and OLAP (1990s)

*Data Warehouses became prominent in the 1990s as a way to store large amounts of historical data from multiple
sources for analysis and reporting. Data warehouses are optimized for reading and analyzing large datasets.

*Online Analytical Processing (OLAP) tools allow users to perform complex queries and data analysis, often used for
business intelligence (BI).

6. NoSQL Databases (2000s-Present)

*The rise of the internet and big data in the 2000s led to the need for databases that could handle large-scale,
unstructured, and semi-structured data. Traditional relational databases struggled to meet the demands of web-scale
applications and real-time data.

*NoSQL (Not Only SQL) databases emerged as a solution. They are non-relational and often provide horizontal
scalability, which makes them suitable for large, distributed systems.
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2.1 Data Models, Schemas, and Instances

A data model—a collection of concepts that can be used to describe the

structure of a database—provides the necessary means to achieve this
abstraction.

structure of a database we mean the data types, relationships, and
constraints that apply to the data.

Most data models also include a set of basic operations for specifying
retrievals and updates on the database.



3. Physical Data Models

*Purpose: Define how data will be stored and accessed on physical storage
media (e.g., disks, memory).

*Usage: Used by database administrators (DBAs) to optimize database
performance and storage.

Key Characteristics:

*Deals with data files, indexes, partitions, and memory allocations.
*Includes physical details like file paths, block sizes, compression, and
replication strategies.

*Maps logical structures (e.g., tables) to physical storage mechanismes.



Summary of Data Model Categories

Category Description Examples

Conceptual Abstract models to represent entities and Entity-Relationship Model, Object-

Models relationships. Oriented Model

Logical Models Defines the structure of data and Relational, Hierarchical, Network,
relationships. Document Models

Physical Models Specifies how data is stored physically in Storage paths, Indexes, Data Compression,

the system. Partitioning



2.1.1 Categories of Data Models

Many data models have been proposed, which we can categorize according to
the types of concepts they use to describe the database structure. High-level or
conceptual data models provide concepts that are close to the way many users per-
ceive data, whereas low-level or physical data models provide concepts that describe
the details of how data is stored on the computer storage media, typically magnetic
disks. Concepts provided by physical data models are generally meant for computer
specialists, not for end users. Between these two extremes is a class of representational
(or implementation) data models,” which provide concepts that may be easily
understood by end users but that are not too far removed from the way data is orga-
nized in computer storage. Representational data models hide many details of data
storage on disk but can be implemented on a computer system directly.



Conceptual data models use concepts such as entities, attributes, and relationships.
An entity represents a real-world object or concept, such as an employee or a project
from the miniworld that is described in the database. An attribute represents some
property of interest that further describes an entity, such as the employee’s name or
salary. A relationship among two or more entities represents an association among
the entities, for example, a works-on relationship between an employee and a
project. Chapter 3 presents the entity-relationship model—a popular high-level
conceptual data model. Chapter 4 describes additional abstractions used for advanced
modeling, such as generalization, specialization, and categories (union types).



64  Chapter 3 Data Modeling Using the Entity-Relationship (ER} Model

Freama bini1 Lnama

Bdabe Mame .lu:H

w

Supervisar

1 BUPERVISION

Figure 3,2




Representational or implementation data models are the models used most fre-
quently in traditional commercial DBMSs. These include the widely used relational
data model, as well as the so-called legacy data models—the network and
hierarchical models—that have been widely used in the past. Part 3 of the text is
devoted to the relational data model, and its constraints, operations, and languages.”
The SQL standard for relational databases is described in Chapters 6 and 7. Repre-
sentational data models represent data by using record structures and hence are
sometimes called record-based data models.

Physical data models describe how data is stored as files in the computer by repre-
senting information such as record formats, record orderings, and access paths. An
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STUDENT

Name | Student_number | Class | Major

COURSE
Course _name | Course_number | Credit_hours | Department

e Database schema: The

description of a database
PREREQUISITE that is specified during

Course_number | Prerequisite_number database design and is not
expected to change

frequently. Figure 2.1 shows
SECTION a schema diagram for the

Section_identifier | Course_number | Semester | Year | Instructor database. The diagram
displays the structure of

each record type.

GRADE_REPORT
Student_number | Section_identifier | Grade

_______________________________________________________________________________________________________________________________________________________________________________________




* Database state or snapshot: The data
in the database at a particular moment in
time. It is also called the current set of

occurrences or instances in the database.
Every time we insert or delete a record or
change the value of a dataitemin a
record, we change one state of the
database into another state. empty state
with no data When we define a new
database.




221 The Three-Schema Architecture

The goal of the three-schema architecture, illustrated in Figure 2.2, is to separate
the user applications from the physical database. In this architecture, schemas can
be defined at the following three levels:

1. The intermal level has an internal schema, which describes the physical
storage strocture of the database. The internal schema uses a physical data
maodel and describes the complete details of data storage and access paths for

the database,
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2. The conceptual level has a conceptual schema, which describes the structure
of the whole database for a community of users. The conceptual schema hides
the details of physical storage structures and concentrates on describing enti-
ties, data types, relationships, user operations, and constraints. Usually, a rep-
resentational data model is used to describe the conceptual schema when a
database system is implemented. This implementation conceptual schema is
often based on a conceptual schema design in a high-level data model.

3. The external or view level includes a number of external schemas or user
views. Each external schema describes the part of the database that a partic-
ular user group is interested in and hides the rest of the database from that
user group. As in the previous level, each external schema is typically imple-
mented using a representational data model, possibly based on an external
schema design in a high-level conceptual data model.



2.2.2 Data Independence

The three-schema architecture can be used to further explain the concept of data
independence, which can be defined as the capacity to change the schema at one
level of a database system without having to change the schema at the next higher
level. We can define two types of data independence:

1. Logical data independence is the capacity to change the conceptual schema
without having to change external schemas or application programs. We

2. Physical data independence is the capacity to change the internal schema
without having to change the conceptual schema. Hence, the external sche-



2.3.2 DBMS Interfaces

User-friendly interfaces provided by a DBMS may include the following:
Menu-based Interfaces for Web Clients or Browsing

Apps for Mobile Devices.

Forms-based Interfaces

Graphical User Interfaces.

Natural Language Interfaces

Keyword-based Database Search

Speech Input and Output.
Interfaces for Parametric Users

Interfaces for the DBA.
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2.5 Centralized and Client/Server
Architectures for DBMSs

2.5.1 Centralized DBMSs Architecture .

Architectures for DBMSs have followed trends similar to those for general com-
puter system architectures. Older architectures used mainframe computers to pro-
vide the main processing for all system functions, including user application
programs and user interface programs, as well as all the DBMS functionality. The
reason was that in older systems, most users accessed the DBMS via computer ter-
minals that did not have processing power and only provided display capabilities.
Therefore, all processing was performed remotely on the computer system housing
the DBMS, and only display information and controls were sent from the computer
to the display terminals, which were connected to the central computer via various
types of communications networks.
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2.5.2 Basic Client/Server Architectures

First, we discuss client/server architecture in general; then we discuss how it is
applied to DBMSs. The client/server architecture was developed to deal with com-
puting environments in which a large number of PCs, workstations, file servers,
printers, database servers, Web servers, e-mail servers, and other software and
equipment are connected via a network. The idea is to define specialized servers
with specific functionalities. For example, it is possible to connect a number of PCs
or small workstations as clients to a file server that maintains the files of the client
machines. Another machine can be designated as a printer server by being con-
nected to various printers; all print requests by the clients are forwarded to this
machine. Web servers or e-mail servers also fall into the specialized server cate-
gory. The resources provided by specialized servers can be accessed by many client
machines. The client machines provide the user with the appropriate interfaces to
utilize these servers, as well as with local processing power to run local applications.
This concept can be carried over to other software packages, with specialized pro-
grams—such as a CAD (computer-aided design) package—being stored on specific
server machines and being made accessible to multiple clients. Figure 2.5 illustrates



The concept of client/server architecture assumes an underlying framework that
consists of many PCs/workstations and mobile devices as well as a smaller number
of server machines, connected via wireless networks or LANs and other types of
computer networks. A client in this framework is typically a user machine that pro-
vides user interface capabilities and local processing. When a client requires access
to additional functionality—such as database access—that does not exist at the cli-
ent, it connects to a server that provides the needed functionality. A server is a sys-
tem containing both hardware and software that can provide services to the client
machines, such as file access, printing, archiving, or database access. In general,
some machines install only client software, others only server software, and still
others may include both client and server software, as illustrated in Figure 2.6.
However, it is more common that client and server software usually run on separate
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2.5.3 Two-Tier Client/Server Architectures for DBMSs

The architectures described here are called two-tier architectures because the soft-
ware components are distributed over two systems: client and server. The advan-
tages of this architecture are its simplicity and seamless compatibility with existing
systems. The emergence of the Web changed the roles of clients and servers, leading
to the three-tier architecture.
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2.6 Classification of Database
Management Systems

Database Management Systems (DBMS) can
be classified based on several criteria such as
data model, structure, and architecture.
Here’s a detailed classification of DBMS:

1. Based on Data Model

* This classification is done based on how the data is modeled
and structured.

e a. Hierarchical DBMS

e Structure: Data is organized in a tree-like structure.

Example: IBM Information Management System (IMS).

* Use Cases: Banking and telecommunication industries.

b. Network DBMS

* Structure: Data is represented as a graph, It’s more flexible
than the hierarchical model.

* Example: Integrated Data Store (IDS), CA-IDMS.

* Use Cases: Real-time systems, telecom networks.



c. Relational DBMS (RDBMS)

*Structure: Data is stored in tables (relations), SQL is used for querying.
*Example: MySQL, PostgreSQL, Oracle, SQL Server.

*Use Cases: Business data processing, web applications, ERP systems.

d. Object-Oriented DBMS (OODBMS)

*Structure: Data is stored in objects, similar to the object-oriented programming paradigm.
*Example: ObjectDB.

*Use Cases: Complex data models, multimedia databases, CAD applications.

e. Object-Relational DBMS (ORDBMS)

*Structure: Combines features of both relational and object-oriented databases. It supports objects, classes, and
inheritance but uses relational concepts like tables.

*Example: PostgreSQL, Oracle.

*Use Cases: Applications needing complex data types, such as GIS and multimedia systems.

f. NoSQL DBMS

*Structure: Non-relational database models that provide flexibility in schema design and scalability. Common
subtypes include document stores, key-value stores, column-family stores, and graph databases.

*Example: MongoDB (document store), Cassandra (column store), Redis (key-value store), Neo4j (graph database).
*Use Cases: Big data applications, real-time analytics, social media platforms.



2. Based on Number of Users

a. Single-User DBMS
*Only one user at a time can access the database. Typically used in personal or desktop systems.
*Example: Microsoft Access.

b. Multi-User DBMS

*Multiple users can access and manipulate the database simultaneously, ensuring concurrency and
consistency.

*Example: MySQL, Oracle, PostgreSQL.



3. Based on Architecture

a. Centralized DBMS

*The database is stored and managed on a single server, with users accessing it over a network. All operations
are handled centrally.

*Example: IBM Mainframe-based systems.

b. Distributed DBMS
eData is distributed across multiple sites, either within the same network or across different locations. Each
site has its own local DBMS, and the system appears as a single database to users.
*Example: Google Spanner, Apache Cassandra.
*Types:
* Homogeneous: All sites use the same DBMS.
* Heterogeneous: Different DBMS at each site.



¢ ¢. Client-Server DBMS

* The DBMS is split into two parts: the
client (front-end) and the server (back-end).
Clients send requests, and the server
processes them.

* Example: MySQL, Microsoft SQL Server.

* d. Cloud DBMS

* The DBMS is hosted on a cloud
infrastructure, allowing for scalability,
flexibility, and reduced management
overhead. Data is accessed through cloud
service providers.

* Example: Amazon RDS, Google Cloud
SQL, Microsoft Azure SQL Database.



4. Based on Data Storage and Access Method

a. In-Memory DBMS

*Stores data in main memory (RAM) rather than on disk to provide faster read and write operations.
*Example: Redis, SAP HANA.

*Use Cases: Real-time analytics, financial applications, gaming.

b. Disk-Based DBMS
*Data is stored on disks, and operations are slower compared to in-memory systems due to disk I/0

operations.
*Example: Traditional RDBMS like Oracle, MySQL.

5. Based on Scale and Use

a. Desktop DBMS

*Meant for single-user applications, typically installed on personal computers. The database size and
complexity are generally small.

*Example: Microsoft Access, SQLite.

b. Enterprise DBMS

*Designed for large-scale, mission-critical applications with high availability, scalability, and security features.
Supports complex queries and multiple users.

*Example: Oracle, IBM DB2.



* 6. Based on License and Cost
* a. Open-Source DBMS

* Free and open to modifications, allowing
users to inspect, modify, and enhance the
source code.

* Example: MySQL, PostgreSQL, MongoDB.
* b. Proprietary DBMS

* Licensed and controlled by a vendor.
Users typically have to pay for licenses and
support.

* Example: Oracle, Microsoft SQL Server.



2.6 Classification of Database
Management Systems

Several criteria can be used to classify DBMSs. The first is the data model on
which the DBMS is based. The main data model used in many current commercial
DBMSs is the relational data model, and the systems based on this model are
known as SQL systems. The object data model has been implemented in some
commercial systems but has not had widespread use. Recently, so-called big data
systems, also known as key-value storage systems and NOSQL systems, use vari-
ous data models: document-based; graph-based, column-based, and key-value
data models. Many legacy applications still run on database systems based on the
hierarchical and network data models.



The relational DBMSs are evolving continuously, and, in particular, have been
incorporating many of the concepts that were developed in object databases. This
has led to a new class of DBMSs called object-relational DBMSs. We can catego-
rize DBMSs based on the data model: relational, object, object-relational, NOSQL,
key-value, hierarchical, network, and other.

Some FXpEHEHAIPBINISs are based on the XML (eXtended Markup Language)
model, which is Jjfieesstiucturedidataiiodell [ hese have been called fativeRNVIE

DBMISS. Several commercial relational DBMSs have added XML interfaces and
storage to their products.

The second criterion used to classify DBMSs is the number of users supported by
the system. Single-user systems support only one user at a time and are mostly
used with PCs. Multiuser systems, which include the majority of DBMSs, support

_.-—-*- F:
concurrent multiple users.
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The third criterion is the number of sites over which the database is distributed. A
DBMS is centralized if the data is stored at a single computer site. A centralized
DBMS can support multiple users, but the DBMS and the database reside totally at
a single computer site. A distributed DBMS (DDBMS) can have the actual database
and DBMS software distributed over many sites connected by a computer network.
Big data s Stemmmm& of sites. The data is
often replicated on multiple sites so that failure of a site will not make some data
unavailable:~

Homogeneous DDBMSs use the same DBMS software at all the sites, whereas
heterogeneous DDBMSs can use different DBMS software at each site. It is also

MI@ middleware software to access several autonomous preexisting
databases stored under heterogeneous DBMSs. This leads to a federated DBMS (or
multidatabase system), in which the participating DBMSs are loosely coupled and
have a degree of local autonomy. Many DDBMSs use client-server architecture, as
we described in Section 2.5.



The fourth criterion is cost. It is difficult to propose a classification of DBMSs
based on cost. Today we have open source (free) DBMS products like MySQL and
PostgreSQL that are supported by third-party vendors with additional services.
The main RDBMS products are available as free examination 30-day copy versions
as well as personal versions, which may cost under $100 and allow a fair amount of
functionality. The giant systems are being sold in modular form with components
to handle distribution, replication, parallel processing, mobile capability, and so
on, and with a large number of parameters that must be defined for the configura-
tion. Furthermore, they are sold in the form of licenses—site licenses allow unlim-
ited use of the database system with any number of copies running at the customer
site. Another type of license limits the number of concurrent users or the number
of user seats at a location. Standalone single-user versions of some systems like
Microsoft Access are sold per copy or included in the overall configuration of a
desktop or laptop. In addition, data warehousing and mining features, as well as
support for additional data types, are made available at extra cost. It is possible to
pay millions of dollars for the installation and maintenance of large database sys-
tems annually.



We can also classity a DBMS on the basis of the types of access path options for
storing files. One well-known family of DBMSs is based on inverted file structures.
Finally, a DBMS can be general purpose or special purpose. When performance is
a primary consideration, a special-purpose DBMS can be designed and built for a
specific application; such a system cannot be used for other applications without
major changes. Many airline reservations and telephone directory systems devel-
oped in the past are special-purpose DBMSs. These fall into the category of online
transaction processing (OLTP) systems, which must support a large number of
concurrent transactions without imposing excessive delays.
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What is SQL Server?

. SQL Serveris a
relational database
management system (RDBMS)
developed by Microsoft. It is
designed to store, retrieve, and
manage data in a structured
format using SQL (Structured
Query Language). Here are
some key features and
components of SQL Server:
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Key Features

Relational Database Management:
* SQL Server organizes data into tables, which can be related to each other through foreign keys.
SQL Language Support:
* ltuses T-SQL (Transact-SQL), an extension of SQL, for querying and managing the database.
Data Integrity and Security:
* It provides robust security features, including user authentication, role-based access control, and encryption.
High Availability and Disaster Recovery:

* SQL Server includes features like Always On Availability Groups, replication, and backup/restore capabilities to
ensure data availability.

Performance Optimization:
* It offers tools for query optimization, indexing, and in-memory processing to improve performance.
Business Intelligence:

* SQL Server integrates with tools like SQL Server Reporting Services (SSRS) and SQL Server Analysis Services
(SSAS) for reporting and data analysis.

Integration Services:

* SQL Server Integration Services (SSIS) allows for data extraction, transformation, and loading (ETL) processes.
Scalability:

* It can handle large volumes of data and is suitable for small applications as well as enterprise-level solutions.



e Editions

* SQL Server is available in several editions,
including:

e SQL Server Express: A free, lightweight edition
suitable for small applications.

e SQL Server Standard: Offers core database

.‘\ ' ' " ‘./

w . b g, - capabilities for small to medium-sized applications.
s W L e * SQL Server Enterprise: Provides advanced features
- e l e for large-scale applications and data warehouses.
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e SQL (Structured Query Language) is a standardized programming
language used to manage and manipulate relational databases. There
are several types and categories of SQL, each serving different purposes.
Here are the main types:

1. Data Query Language (DQL)
Purpose: Used to query the database and retrieve data.

Key Commands:
e SELECT: Retrieves data from one or more tables.

2. Data Definition Language (DDL)
Purpose: Used to define and manage all structures in a database.

Key Commands:

* CREATE: Creates a new database object (table, index, etc.).
* ALTER: Modifies an existing database object.

* DROP: Deletes an existing database object.

e TRUNCATE: Removes all records from a table but retains the
structure.




3. Data Manipulation Language (DML)

Purpose: Used to manipulate data stored in the database.
Key Commands:

* INSERT: Adds new records to a table.

 UPDATE: Modifies existing records in a table.

* DELETE: Removes records from a table.

4. Data Control Language (DCL)
Purpose: Used to control access to data in the database.
Key Commands:

 GRANT: Gives users access privileges to the database.
 REVOKE: Removes access privileges from users.




5. Transaction Control Language (TCL)

Purpose: Used to manage transactions in the database.

* Key Commands:

* COMMIT: Saves all changes made during the current transaction.
* ROLLBACK: Undoes changes made during the current transaction.
* SAVEPOINT: Sets a point to which you can later roll back.

6. Embedded SQL

* Purpose: Allows SQL statements to be embedded within other programming languages
(e.g., C, Java).

* Key Characteristics: Provides a way to execute SQL commands from within applications.

e 7. Procedural SQL
* Purpose: Extends SQL with procedural programming capabilities.

* Key Characteristics: Includes control structures like loops and conditionals, often used in
stored procedures and functions (e.g., PL/SQL for Oracle, T-SQL for SQL Server).

Summary

Each type of SQL serves a specific role in database management, from querying and defining data structures to
controlling access and managing transactions. Understanding these types is essential for effective database manipulation
and management.



e SQL itself is a standard language for managing relational

Ve 'SION Of databases, but various database management systems (DBMS)

SQL? implement their own versions of SQL, often with additional
. features and extensions. Here are some of the most notable
versions and implementations of SQL:

1. ANSI SQL

*Description: The American National Standards Institute (ANSI) has established standards for SQL, with the
first standard published in 1986.

*\Versions:

SQL-89: The first version standardized by ANSI.

SQL-92: Introduced significant enhancements, including new data types and integrity constraints.
SQL:1999 (SQL3): Added support for object-oriented features, triggers, and recursive queries.
SQL:2003: Introduced XML support and window functions.

SQL:2008: Added features like additional XML enhancements and new standard functions.
SQL:2011: Introduced temporal data support.

SQL:2016: Added JSON support and more.



2. T-SQL (Transact-SQL)
*Description: An extension of SQL used primarily with Microsoft SQL Server.
*Features: Includes procedural programming features, variables, error handling, and built-in functions.

3. PL/SQL (Procedural Language/SQL)
*Description: A procedural extension of SQL used in Oracle databases.
*Features: Supports procedural constructs like loops, conditionals, and exception handling.

4. MysQL
*Description: An open-source relational database management system that uses its own version of SQL.
*Features: Includes various extensions for performance optimization and replication.

5. PostgreSQL
Description: An advanced open-source relational database that implements a rich version of SQL.
Features: Supports advanced data types, full-text search, and custom functions.

6. SQlite
Description: A lightweight, file-based database system that uses a simplified version of SQL.
Features: Supports most SQL standards but lacks some advanced features found in larger DBMSs.

7.1BM Db2 sQL
Description: The SQL dialect used in IBM's Db2 database system.
Features: Includes support for advanced data types and optimization features.
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e Section 12. Data definition

* This section shows you how to manage the most important
database objects including databases and tables.

 CREATE DATABASE — show you how to create a new
database in an SQL Server instance using the CREATE
DATABASE statement and SQL Server Management Studio.

« DROP DATABASE — learn how to delete existing databases.

e CREATE SCHEMA — describe how to create a new schema in
a database.

e ALTER SCHEMA — show how to transfer a securable from
one schema to another within the same database.

e DROP SCHEMA - learn how to delete a schema from a
database.



https://www.sqlservertutorial.net/sql-server-basics/sql-server-create-database/
https://www.sqlservertutorial.net/sql-server-basics/sql-server-drop-database/
https://www.sqlservertutorial.net/sql-server-basics/sql-server-create-schema/
https://www.sqlservertutorial.net/sql-server-basics/sql-server-alter-schema/
https://www.sqlservertutorial.net/sql-server-basics/sql-server-drop-schema/

Creating a new database using the CREATE
DATABASE statement

The CREATE DATABASE statement creates a new database. The following shows

the minimal syntax of the CREATE DATABASE statement:

CREATE DATABASE database name;

In this syntax, you specify the name of the database after the cREATE DATABASE

keyword.

The database name must be unique within an instance of SQL Server. It must
also comply with the SQL Server identifier's rules. Typically, the database name
has a maximum of 128 characters.

The following statement creates a new database named TestDb :

CREATE DATABASE TestDb;



Using the SQL Server DROP DATABASE statement
to delete a database

To remove an existing database from a SQL Server instance, you use the Drop

DATABASE statement.

The DROP DATABASE statement allows you to delete one or more databases with

the following syntax:

DROP DATABASE [ IF EXISTS ]
database name

[ ,database name2,...];
Before deleting a database, you must ensure the following important points:

e First, the DROP DATABASE statement deletes the database and also the
physical disk files used by the database. Therefore, you should have a

backup of the database in case you want to restore it in the future.

e Second, you cannot drop the database that is currently being used.



The following example uses the DROP DATABASE statement to delete the

TestDb database:

DROP DATABASE IF EXISTS TestDb;



SQL Server CREATE SCHEMA

Summary: in this tutorial, you will learn how to use the SQL Server cREATE

SCHEMA to create a new schema in the current database.

What is a schema in SQL Server

A schema is a collection of database objects including tables, views, triggers,
stored procedures, indexes, ete. A schema is associated with 2 username which is
known as the schema owner, who is the owner of the logically related database
objects.

A schema always belongs to one database. On the other hand, a database may
have one or multiple schemas. For example, in our BikeStores sample
database, we have two schemas: sales and production . An object within a
schema is qualified using the schema_name.object _name format like
sales.orders . Two tables in two schemas can share the same name so you may

have hr.employees and sales.employees .

V %



Summary: in this tutorial, wou'll l2am about the SOL Server sample database called BikeStores,
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SQL Server CREATE SCHEMA statement example

The following example shows how to use the CREATE SCHEMA statement to

create the customer services schema:

CREATE SCHEMA customer _services;

GO

Note that co command instructs the SQL Server Management Studio to send

the SQL statements up to the o statement to the server to be executed.



SQL Server DROP SCHEMA statement overview

The DRoP scHEMA statement allows you to delete a schema from a database.

The following shows the syntax of the DRoP ScHEMA statement:

DROP SCHEMA [IF EXISTS] schema name;

In this syntax:

e First, specify the name of the schema that you want to drop. If the
schema contains any objects, the statement will fail. Therefore, you

must delete all objects in the schema before removing the schema.

e Second, use the IF EXISTS option to conditionally remove the schema
only if the schema exists. Attempting to drop a nonexisting schema

without the 1F ExisTs option will result in an error.

DROP SCHEMA logistics;



Introduction to the SQL Server CREATE TABLE
statement

Tables are used to store data in the database. Tables are uniquely named within a
database and schema. Each table contains one or more columns. And each
column has an associated data type that defines the kind of data it can store e.g,

numbers, strings, or temporal data.

To create a new table, you use the CREATE TABLE statement as follows:

CREATE TABLE [database name.][schema name.]table name {
pk_column data_type PRIMARY KEY,
column 1 data type NOT NULL,
column_2 data type,
ey
table constraints

4 2




First, specify the name of the database in which the table is created. The
database name must be the name of an existing database. If you don't

specify it, the database name defaults to the current database.
Second, specify the schema to which the new table belongs.
Third, specify the name of the new table.

Fourth, each table should have a primary key which consists of one or

more columns. Typically, you list the primary key columns first and then
other columns. If the primary key contains only one column, you can
use the PRIMARY KEY keywords after the column name. If the primary
key consists of two or more columns, you need to specify the PRIMARY
KEY constraint as a table constraint. Each column has an associated
data type specified after its name in the statement. A column may have

one or more column constraints such as NOT NULL and UNIQUE .

Fifth, a table may have some constraints specified in the table

constraints section such as FOREIGN KEY , PRIMARY KEY , UNIQUE and

CHECK .




SQL Server Data Types

Unicode character strings




Data Types

1. Numeric Data Types

Numeric data types are used to store numbers, including integers, decimals, and
floating-point numbers.

*INT: A whole number (integer) between -2,147,483,648 and 2,147,483,647.
*TINYINT: An integer between O and 255.

*SMALLINT: An integer between -32,768 and 32,767.

*BIGINT: An integer between -9,223,372,036,854,775,808 and
9,223,372,036,854,775,807.

*DECIMAL(p, s) or NUMERIC(p, s): Fixed precision and scale numbers. p specifies
precision (total number of digits), and s specifies scale (number of digits after the
decimal point).

*FLOAT: A floating-point number. It allows for approximate numeric values with a
variable number of digits.



*REAL: A smaller range floating-point number compared to FLOAT.

*MONEY: A currency value with four decimal places, ranges from -922,337,203,685,477.5808 to
922,337,203,685,477.5807.

*SMALLMONEY: A currency value, ranges from -214,748.3648 to 214,748.3647.

2. String (Character) Data Types

String data types are used to store text data.

*CHAR(n): Fixed-length string of length n (from 1 to 8,000). If the string is shorter than n, SQL Server pads it with
spaces.

*VARCHAR(n): Variable-length string with a maximum length of n (up to 8,000). It doesn't pad spaces.

*TEXT: Variable-length string data with a maximum length of 2GB of text data (this is deprecated and should be
avoided).

*NCHAR(n): Fixed-length Unicode string of length n (from 1 to 4,000). Used for storing international characters.
*NVARCHAR(n): Variable-length Unicode string with a maximum length of n (up to 4,000).

*NTEXT: Variable-length Unicode string data with a maximum length of 2GB of text data (also deprecated).



1. Numeric Data Types

Used to store numbers (both integer and floating-point).

Data Type Description Storage
INT Integer (whole number) 4 bytes
BIGINT Large integer 8 bytes
SMALLINT Small integer 2 bytes
TINYINT Very small integer (0-255) 1 byte

DECIMAL(p, s) / NUMERIC(p, s) Fixed precision and scale numbers Varies

FLOAT Approximate number (floating-point) 4 or 8 bytes
REAL Smaller floating-point number 4 bytes
BIT Boolean-like values (0, 1, or NULL) 1 bit per row

N2



2. Character/String Data Types

Used to store text.

Data Type
CHAR(n)
VARCHAR (n)
TEXT
NCHAR(n)
NVARCHAR(n)

NTEXT

Description

Fixed-length string
Variable-length string

Large text data

Fixed-length Unicode string
Variable-length Unicode string

Large Unicode text data

Max Size

n bytes

Up to 2 GB

Up to 2 GB (deprecated)
2 x n bytes

Up to 2 GB

Up to 2 GB (deprecated)



3. Date and Time Data Types

Used to store date and time values.

Data Type
DATE

TIME

DATETIME

SMALLDATETIME
DATETIME2

DATETIMEOFFSET

Description
Stores only date (YYYY-MM-DD)

Stores only time (HH:MM
)

Date and time (YYYY-MM-DD HH:MM
)

Date and time (accurate to minute)
Extended precision date and time

Date, time, and time zone offset

Storage
3 bytes

3-5 bytes

8 bytes

4 bytes
6-8 bytes

8-10 bytes



4. Binary Data Types

Used to store binary data like files, images, etc.

Data Type Description Max Size
BINARY(n) Fixed-length binary data n bytes
VARBINARY(n) Variable-length binary data Up to 2 GB

TMAGE Large binary data (deprecated) Up to 2 GB



5. Money Data Types

Used to store currency or monetary values.

Data Type Description

MONEY Large monetary values

SMAL LMONEY Smaller monetary values

Storage

8 bytes

4 bytes



6. Unique Identifier Data Types

Used to store globally unique identifiers (GUIDs).

Data Type Description

UNIQUEIDENTIFIER Stores a GUID

/. XML and JSON Data Types

Used to store semi-structured data.

Data Type Description
XML Stores XML-formatted data
JSON (Via NVARCHAR ) JSON-formatted data

Storage

16 bytes

Max Size
Up to 2 GB

Up to 2 GB



8. Spatial Data Types

Used to store spatial/geographical data.

Data Type Description
GEOMETRY Stores planar geometric data (2D)
GEOGRAPHY Stores geospatial data (latitude/longitude)

9. Other Data Types

Various other special-purpose data types.

Data Type Description

SQL_VARIANT Stores values of various data types
TIMESTAMP / ROWVERSION Auto-generated unigue binary numbers
CURSOR Stores a reference to a database cursor

TAELE Stores a result set for temporary use

Storage
Varies

8 bytes
MN/A

M/A



Deprecated Data Types

® TEXT, NTEXT, IMAGE : These are deprecated and should be replaced with VARCHAR(MAX) ,

NVARCHAR(MAX) , and VARBINARY(MAX) respectively.

Summary of Use Cases
e INT: Use for whole numbers like ID values.
® VARCHAR : Store variable-length text (non-Unicode).
® NVARCHAR : Store Unicode text (e.g., international characters).
® DATETIME2 : Use for precise date and time values.
® VARBINARY(MAX) : Store files or images.
e xML /JSON: Store semi-structured data.

® GEOGRAPHY : Store location-related data.



Type of

Constriants

PRIMARY KEY

FOREIGN KEY

CHECK Constraint

UNIQUE Constraint

NOT NULL Constraint



Introduction to SQL Server PRIMARY KEY constraint

A primary key is a column or a group of columns that uniquely identifies each row in a table.

You create a primary key for a table by using the PRIMARY KEY constraint.

If the primary key consists of only one column, you can define use PRIMARY KEY constraint as

a column constraint:

CREATE TABLE table_name (
pk_column data_type PRIMARY KEY,



4

~lcreate table sales schema.customers
(

customer_id int primary key,
first_name varchar(15) not null,
last_name varchar(15) not null,
email varchar(5@) not null,
phone varchar(1S) ,

state varchar(15S) ,

city varchar(15) not null,
street varchar(30) not null,

zip code varchar(5)

)3




SQL Server FOREIGN KEY

Summary: In this tutorial, you will learn how to use the SGL Server fareign key constraint to enforce a link between the data In two tables.

Introduction to the SQL Server foreign key constraint

Consider the following vendor_groups and wvendors tables:

CREATE TABLE procurement.vendor_groups |
group_id INT IDENTITY PRIMARY KEY,
group_name VARCHAR (188} NOT MULL

CREATE TABLE procurement.vendors |
vendor_id INT IDENTITY PRIMARY KEY,
vendor_name VARCHAR(T&E) NOT NULL,
group_id TINT NOT MULL,

CREATE TABLE procurement.wendors (
wendor_id THT IDENTITY PARAIMARY KEY
WEenlar_nane YaRCHAR[TEG) NOQT MNULL.
group_1a INT MEFT MLLL,
CORETAAINT Tk_group FOREIGH KEY {group_ig)

REFEAENCES procurepenl.vendor_groups(group_id)



R T

Customer id Order _id
First name Order _date
Last name Order_time

phone Order_status

Email Order_type
Customer id




4

~lcreate table store
(store_id int primary key ,
store_name varchar(30),
city varchar(20) not null,
phone varchar(10)

)

~lcreate table staff
(staff_id int primary key,
first_name varchar(20) not null,
last_name varchar(20) not null,
salary numeric(7,2) ,
hire date date,
no| int,
constraint store_staff_fk foreign key (store_no)
referencei store (store_id)

)5




-lcreate table staff

(staff_id int primary key,

first_name varchar(20) not null,

last_name varchar(20) not null,

salary numeric(7,2) ,

hire_date date,

store_no int,

constraint store_staff_fk foreign key (store_no)
references store (store_id)




SQL Server UNIQUE Constraint

Summary: in this tuterial, you will learn how to use the SQL Server UNIQUE constraint to ensure the unigqueness of data contalned in a

column or a group of columns.

Introduction to SQL Server UNIQUE constraint

SQL Server UNIOUE constraints allow you to ensure that the data stored in 8 column, or a greup of columns, is unique amang the rows in

& table.

The following statement creates a table whose data in the cmail eslumn is unique amoeng the rows in the hr . persons table:

CREATE SCHEMA hr;
=0

CREATE THABLE hr.persons|
person_id INT IDENTITY PRIMARY KEY,
first_nmame VARGHARCZS5S) NOT MWULL,
last_name VARCHAR(Z255) NOT MULL,
email VARCHAR({255} UNIOUE




Introduction to SQL Server CHECK constraint

The CHECK constraint allows you to specify the values in a column that must satisfy a Boolean

expression.

For example, to require positive unit prices, you can use:

CREATE SCHEMA test,
GO

CREATE TABLE test.products(
product_id INT IDENTITY PRIMARY KEY,

product_name VARCHAR(255) NOT NULL,
unit_price DEC(18,2) CHECK(unit_price > 8)

i
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