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Preface





Organizations increasingly rely on data to build their strategies and planning, making effective database management essential to manage the vast amount of data generated every second. This book aims to define the basics of Database Management Systems (DBMS) and provide readers with a comprehensive understanding of their principles and best practices. It also covers the advanced topics of database management systems that will lead towards the latest technologies and trends in the form of applications.


Data is a very crucial term that is used in all organizations, whether it is research, industry, education, or any other. This book not only covers the theoretical aspects of DBMS but also offers practical insights with real-world examples. It is designed for students, professionals, researchers, and anyone willing to learn database systems.


This book is divided into 10 unique and well-organized chapters that cover database basics and advanced topics in database management systems. It comprises database examples written in SQL that will help readers easily understand the concept by implementation.


The details are as follows:


Chapter 1. Introduction to Database Systems: This chapter introduces readers to the basics of database systems, including their advantages and best practices.


Chapter 2. Data Modeling and Design: This chapter provides detailed descriptions of various data models and their relationships, such as the ER Model.


Chapter 3. Relational Database Management Systems: This chapter describes one of the most widely used database management systems: the relational database management system, where data is organized in the form of rows and columns.


Chapter 4. Query Optimization: This chapter describes the concepts of query processing and explains how to optimize queries for effective processing.


Chapter 5. Database Normalization and Normal Forms: This chapter emphasizes database design, offering guidelines for database design and applying normalization where necessary.


Chapter 6. Transaction Management and Concurrency Control: This chapter elaborates the concepts of transaction management and concurrency control to execute the transactions concurrently.


Chapter 7. Data Warehousing and Business Intelligence: This chapter discusses the concepts of data warehousing and examines how it will affect the business by applying intelligence.


Chapter 8. Distributed Databases and NoSQL: This chapter explains the concepts of distributed database systems and how it is implemented in NoSQL.


Chapter 9. Data Security and Privacy: Security is a significant concern for any database system. This chapter addresses how to tackle the various security challenges.


Chapter 10. Database Administration and Cloud Services: This chapter discusses the administration and various cloud services that are helpful for managing a huge database.
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CHAPTER 1


Introduction to Database Systems



Introduction

Defining a database entails defining the kinds of data that will be kept in it, as well as their formats and limitations. The term ‘meta-data’ refers to the descriptive information or database definition that the database management system (DBMS) stores as a database catalog or dictionary. Storing the data on a storage device under DBMS control is the building process of a database.

A database is created and manipulated using the programs, and these changes are permanent in the database. We can also retrieve the data with the help of other similar programs. A database system supports multiple users and multiple programs to access the database.

A database management system is a collection of linked data and a group of software applications used to define, create, maintain, and work with databases.

Structure

In this chapter, we will cover the following topics:


	Definition and Characteristics of Databases

	Importance of Databases in Business and Technology

	Evolution of Database Management Systems

	Roles and Responsibilities of Database Administrators (DBAs)

	Types of Database Models (Relational, NoSQL, and so on)



History of Database

The data can be defined as unprocessed, uncontextualized bits or pieces of information; it can be quantitative and qualitative. While qualitative data is descriptive, quantitative data is typically numerical.

The data can also be numerical and qualitative. Numerical results from measurements, counts, or other mathematical computations form quantitative data. When data is contextualized, it provides information that may be further compiled and examined to aid in decision-making, leading to knowledge creation. As an illustration: values like 20, 30, 40, and 60 are meaningless until we clarify that they represent the number of students enrolled in particular classes. As a result, it is now knowledge that a university can use to establish rules, policies, and so on. Transforming data into information is the primary objective of an information system, which creates knowledge and aids in decision-making. Databases are intended for uses like these. A database is characterized as a well-organized set of connected data. Everything kept in a database has a connection. For instance, information on the airline reservation system shouldn’t be stored in the students’ database. Database Management System refers to the general-purpose software program that is used to manage the data in databases.

Punch cards were utilized for data input, output, and even data storage in the early days of computers. The databases arrived later. The first computer programs were created in the 1950s. The information was viewed as unimportant or merely a by-product of processing information, but as computers became widely accessible, businesses began using the previously unimportant data for practical needs.

Charles W. Bachman created the first database management system (DBMS) in the 1960s. During the same period, IBM also developed a database system known as IMS. These two databases were considered the forerunners of navigational databases, which located records or objects by following links from other objects. The invention of discs, as opposed to the previously used punched cards and magnetic tapes, made these databases possible. In these systems, access to data could only be made sequentially.

As computers became more powerful and versatile over time, numerous general-purpose database systems were introduced. Due to the need for standardization, Bachman established the Database Task Group, which was tasked with standardizing and designing databases. In 1971, the group presented the “CODASYL approach” standard. The method was intricate and necessitated both physical assistance and instruction. The following methods could be used to retrieve or search the records:


	Using the primary key (CALC key)

	Navigating relationships between records (Sets)

	Scanning the records in chronological order



In A Relational Model of Data for Large Shared Data Banks, Edgar Codd proposed a novel approach to the processing and storing huge databases. He used a table with fixed-length records instead of CODASYL’s linked list form because he was dissatisfied with the searching capabilities of both IBM’s IMS and CODASYL. In 1974, as part of the INGRES project, Michael Stonebraker and Eugene Wong of UC Berkeley expressed their interest in the project and researched relational database systems. The Project proved that the model is both effective and useful. Because of their work with the QUEL query language, systems, such as Ingres Corp., MS SQL Server, Sybase, Wang’s PACE, and Britton-Lee were developed. A different relational database system prototype, known as System R, was developed by IBM. It used the SEQUEL query language and aided in the creation of Non-Stop SQL, Allbase, SQL/DS, and DB2. IBM developed SQL in 1974, replacing QUEL and numerous other functional query languages. The popularity of network and hierarchical database models decreased as a result of the success of relational database models in the database industry. The flagship product was IBM DB2, which also paved the way for creating other products including Watcom SQL, OS/2 database manager, PARADOX, RBASE 5000, RIM, Dbase III, and IV. Along with the development of Object Database Management systems in the early 1990s, client tools for Application Development were also launched. Released tools include VB, PowerBuilder, Oracle Developer, and others. Many Internet database connectors were released in response to the growing popularity of Internet databases in the late 1990s. Among the open-source solutions made available for the internet were Apache, MySQL, GCC, and CGI.

Relational Database Management Systems (RDBMS) efficiently process and store structured data. However, as time went on and the internet was used more often for social media, unstructured data, such as images, music, and videos became more prevalent. Traditional Relational Database Management Systems (RDBMS), were primarily designed to manage structured data with well-defined schemas and often faced challenges handling non-relational or schema-less data. NoSQL databases have emerged to address these limitations. NoSQL databases offer flexible data models, scalability, and often distributed architectures, making them well-suited for managing diverse data types, including unstructured and semi-structured data. Although they have gained a lot of popularity recently due to their high levels of flexibility, scalability, affordability, and ability to handle any type of data, they also have certain drawbacks. For example, they are very resource intensive, requiring a large memory and CPU resources for execution.
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Figure 1.1: History of Database Systems

The preceding figure shows the progress of data and data-related technologies starting from 1960 and till present, as we now enter the world of big data.

Data and Information

Data and information are two basic building blocks of a database system. Let us discuss in detail:

Data

Data is any form of raw facts and figures that can be processed to get the Information. In the relational database paradigm, data is often arranged in rows and columns. Let’s use a bank database including client information, for example, names, addresses, phone numbers, and other details. These characteristics or columns in the Bank database are only data; they don’t contribute to anything that can aid in decision-making or the acquisition of any kind of crucial information.

The following traits and features are connected to the database data:


	
Shared: As the database’s contents will be utilized to provide users with certain insights, it should therefore be shared by users and programs alike.

	
Persistence: The information in a database is stored indefinitely, so even after the operation that created or used it has ended, the information remains in the database and is not deleted.

	
Integrity: Information kept in a database needs to be accurate about the outside world.

	
Security: Unauthorized users shouldn’t be able to access data stored in databases.

	
Consistency: The values that are recorded in the database and related to the actual world must also match in terms of their relationships.

	
Non-Redundancy: No two pieces of data should be the same representation of a global thing.

	
Independence: Internal, conceptual, and external data representations should be separate from one another. One level of change shouldn’t have an impact on another.



Information

Information is a very important resource, when we are constantly being inundated with too much data. Organizations and businesses that process and use this data to inform their decision-making will have a competitive advantage in today’s cutthroat market. William Pollard once stated, “Information is a source of learning.” However, it is a burden rather than an advantage if data is not sorted, processed, and made available to the appropriate parties in a format that allows decision-making. Information is refined data. Data manipulation and modification are now possible, thanks to the sophisticated technology in place. As a result, information systems that use these devices can operate in several fields, for example, information can be used for Artificial Intelligence and Machine Learning, recommender systems, engineering solutions, diagnosis, and more.

Information is made up of text, audio, documents, pictures, and data. Models are used to process data and extract information. The recipient receives the created knowledge well in advance and uses it again to make judgments. The cycle continues as a result of these decisions, which may also set off more incidents and activities that produce copious amounts of dispersed data that are then collected and transmitted as input.
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Figure 1.2: Information Cycle

The masses are inundated with false information. Therefore, high-quality information is necessary. Sufficient information is precise, up-to-date, and pertinent.


	
Accuracy: If information is accurate in terms of its correctness, it implies that information shouldn’t be altered or twisted. The significance of the facts it is based on should be evident.

	 Time-Bound: The recipient must receive the information within the required time range. 
Information relevance refers to the idea that even though the information may have been timely and correct, it may not be relevant for another user. For instance, someone requesting the computer model’s configuration would be told, “The model costs ₹ 40,000.” Despite being accurate and timely, the information is useless.





Database and Database Systems

Computer usage is increasing, and database technology plays a significant role. It is reasonable to argue that databases are essential in every field that uses computers, including genetics, business, engineering, electronic commerce, medicine, law, and library science. A grouping of linked data is called a database. We refer to known facts with implicit meaning that can be captured as data. Think about the names, phone numbers, and addresses of the people you know, for instance.

A database is a systematically arranged set of linked organizational data prepared and shared by several users. A database should be securely kept, easily accessed, connected, and well-organized. Take into account, for instance, a student’s name, address, and roll number that are kept in a student file. It is a grouping of connected information with a suggested meaning. The database may contain shared, integrated, and persistent data.


	
Persistent: Data that remains stored in the database and can be retrieved and used even after the application or process that created it has ended and is not lost when the system is restarted.

	
Data Sharing: Multiple users can concurrently access and use the database’s stored data without affecting the accuracy of the information.



Need of Database

A new strategy was necessary to get around the drawbacks of a file system. Thus, a database strategy was developed. A database is an ongoing compilation of information with logical relationships. Initially, efforts were made to offer centralized data collection. A database is inherently self-explanatory. It includes more than just an organization’s data integration and sharing into a single database. While a small database can be maintained manually, managing a large database with several users is challenging. A computerized database is helpful in that situation.

A database system has the following benefits over more conventional, paper-based record-keeping techniques:


	
Compactness: Minimal requirement for several paper files.

	
Speed: A machine can retrieve and modify data quicker than a human.

	
Less laborious tasks: The effort needed to maintain files manually is less.

	
Accuracy: Current and precise information is retrieved whenever the user requests it.

	A database can have any size or level of sophistication. For instance, the previously mentioned list of names and addresses might simply include a few hundred records, each with a straightforward format. Amazon.com is an illustration of a sizable business database. More than 20 million books, CDs, movies, DVDs, games, electronics, clothes, and other products are stored in its database.

	
Manual vs. computerized: There are two ways to create and manage a database: manually and automatically. A basic database, such as a phone directory, could be made and updated by hand. A database management system or a collection of application programs designed especially for that purpose may construct and manage large and complicated databases. Data are the foundational resource of an organization in a computerized information system. Thus, for an organization to function well, data must be properly managed and organized. The understanding of database management systems pertains to the storage and management of data on computerized information systems. Any organization needs accurate and trustworthy data to make better decisions, protect data privacy, and manage data effectively. Examples include bank transactions, hotel, airline, or railway reservations, purchases, and inventory management.



Database Management System (DBMS)

A group of applications called a database management system (DBMS) gives users the ability to build and administer databases. To be more precise, a database management system (DBMS) is a type of general-purpose software by which we can easily create and manipulate the database as per the users’ requirements.

A database management system (DBMS) consists of a collection of applications that access linked data and the data collection itself. Given that, it is an implicitly meaningful collection of related data; this is a database. The data collection, often known as the database, contains information relevant to an organization. A database management system’s primary goals are to store and retrieve database data conveniently and efficiently (DBMS). We speak about facts that carry implicit meaning and can be recorded as data.

The management system is essential since database maintenance is impossible without rules and regulations. To establish a relationship between two tables, we must choose which common attributes to include in each table, which tables to handle when a new record needs to be added or removed, and other considerations. To fix these problems and preserve the database’s integrity, there needs to be some sort of guidelines.

Large data sets are managed by database systems by design. Establishing frameworks for information storage and offering tools for information manipulation are both components of data management. Furthermore, in the event of a system failure or an attempt at unauthorized access, the database system must guarantee the security of the data kept. If multiple users are to share data, the system has to prevent unexpected outcomes.

Since most organizations rely heavily on information, computer scientists have created a vast corpus of ideas and methods for handling data.

Functions of DBMS

It must provide the ability to define the structure of the database and grant access rights to authorized users.


	The database management system (DBMS) provides features, such as adding records to the database, updating data, removing data, and retrieving data.

	A DBMS must support CRUD operations (Create, Read, Update, Delete) to enable comprehensive data management.

	To ensure data consistency, a Database Management System (DBMS) must manage concurrent access to shared data objects.

	Database Management System (DBMS) must have the capability to perform database recovery in case of system failure



Purpose of Database Systems

The database systems were developed in response to early approaches to computerized business data management. Take a look at a department inside a university that maintains data on all of its instructors, students, departments, and course offerings, as an illustration of such 1960s-style procedures. Operating system files are one place on a computer where data can be kept. The system includes several application programs that manipulate the files to give users the ability to alter the information. These programs include those that:


	Add new records may be students, faculty, and courses.

	Registration of students for courses and create class groups.

	Manage students’ grades, analyze results, and print.



These application programs were created by system programmers to satisfy the demands of the university.

When the need arises, new application programs are added to the system. Let’s say, for instance, that a university decides to offer a new major. The university establishes a new department and generates new permanent files (or adds information to existing files). It is necessary for the university to create new application procedures to handle regulations unique to the new major and new application programs to accommodate the university’s new regulations. Consequently, the system accumulates more data and application programs with time.

A more traditional operating system provides support for this type of file-processing mechanism. The system keeps permanent records in several files, and to retrieve records from and add records to the relevant files, it requires a variety of application programs. Before the introduction of database management systems (DBMSs), organizations often used these systems to store information. Maintaining organizational data in a file-processing system comes with several significant drawbacks:


	
Redundant and inconsistent data: The numerous files and application programs may have diverse formats and be written in many programming languages since different programmers generate them over an extended period. Furthermore, the same data could be repeated across multiple locations. For instance, a student pursuing a double major in music and mathematics may find their address and phone number in two different files: one containing the student records from the music department and the other from the mathematics department. Storage and access expenses are increased as a result of this redundancy. Furthermore, it could result in data inconsistency, that is, different versions of the same data might no longer agree. A modified student address, for instance, might show up in the Music department records but not anywhere else in the system.

	
Difficulty in accessing data: Let’s say, a university clerk needs to know the names of all the pupils that attend school in a specific postal code. The clerk requests that such a list be created by the data processing department. There isn’t an application program available to fulfill this requirement because it was not anticipated by the system’s original creators. Nonetheless, a program for applications exists to create a list of every student. 
The university clerk now has two options: hire a programmer to create the required application program or get the list of all students and manually extract the essential data.

Assume that after writing such a program, the clerk must remove students who have taken fewer than 60 credit hours from the list within a few days. Naturally, there isn’t a program available to create this kind of list. Once more, the clerk has the two possibilities that came before, neither is ideal. The key takeaway is that traditional file-processing environments make it difficult to extract necessary data quickly and effectively. For widespread use, more responsive data-retrieval technologies are needed.



	
Integrity issues: Certain consistency criteria must be met by the data values kept in the database. Let’s say, the university keeps track of the balance in each department’s account and records it. Furthermore, assume that the university mandates that a department’s account balance never drop below zero. Developers impose these restrictions on the system by including the necessary code in the different application programs. It is challenging to modify the programs to implement additional restrictions. When limitations contain many data items from separate files, the issue is exacerbated.

	
Atomicity issues: Similar to any other item, computer systems can malfunction. For many applications, it is essential that in the event of a failure, the data be returned to its consistent state from before the failure. 
For example, one needs to transfer $500 from department A’s account balance to department B’s account balance. It is possible that the $500 was taken out of Department A’s balance but not credited to Department B’s balance in the event of a system failure during program execution, leading to an inconsistent database state. It is obvious that either the debit and credit occur simultaneously or they occur neither, to maintain database consistency.

In other words, the money transfer needs to be atomic—either it happens completely or not at all. Atomicity in a traditional file-processing system is hard to guarantee.



	
Unusual concurrent access: Many systems allow numerous users to change the data at once for improved system performance and faster response times. Millions of consumers may access the data of the biggest online merchants daily. It is conceivable for concurrent changes to interact in such an environment, which could lead to inconsistent data. Take department A, which has a $10,000 account balance. The concurrent executions may result in an inaccurate (or inconsistent) budget if two department clerks debit department A’s account balance (by say, $500 and $100, respectively) at almost the same moment. Assume that the programs that process each withdrawal read the previous balance, subtract the withdrawal amount from that amount, and then write the outcome back. Should the two programs execute simultaneously, they may each read the value of $10,000 and return $9500 or $9900, in that order. The account balance of department A could include either $9500 or $9900 instead of the right amount of $9400, depending on who writes the figure last. The system has to have oversight in place to prevent this from happening. However, because data may be accessed by numerous application programs that have not been previously coordinated, oversight might be challenging to supply. 
As an additional illustration, let’s say that a registration program keeps track of the students enrolled in a course to enforce registration caps. Upon a student’s registration, the program retrieves the current number of courses, confirms that it hasn’t reached its maximum, adds one, and then saves the count back into the database. Assume that two students sign up simultaneously, making a total of nine.

Even though two students successfully enrolled for the course and the count should have been eleven, the two program executions may both read the value nine and then write back ten. This would result in an inaccurate rise of just one. Moreover, if there was a 10-student maximum for course registration, both students would be allowed to register, exceeding the cap.



	
Security issues: All data should not be accessible to every user of the database system. Payroll staff at a university, for instance, only needs to view the portion of the database containing financial data. They don’t require access to academic record information. These challenges led to the creation of database systems, among other things. The ideas and methods that allow database systems to resolve issues with file-processing systems will be covered in the sections that follow.



Database Management System Applications

A system used for maintaining and manipulating records is called a database management system. It serves as a collection point or container for digital data files. Allowing users to define, store, retrieve, and change database content on demand is the main goal of database management systems (DBMS). Anything important to a person or an organization might be considered information.

Every part of our lives is impacted by databases. The following are a few of the main application areas:


	Banking Systems

	Railway/ Airline Reservation System

	College/University System

	Production and Manufacturing

	HR and Marketing



Business Data:


	
Sales: For details on customers, products, and purchases.

	
Accounting: For assets, account balances, payments, receipts, and other accounting data.

	
Human resources: For data on workers, pay, benefits, payroll taxes, and wages; also to create payroll.

	
Manufacturing: For supply chain management, monitoring production in factories, inventory management in warehouses and retail locations, and tracking item orders.

	
Online retailers: For the previously mentioned sales data in addition to online order tracking, suggestion list creation, and upkeep of online product reviews.



Finance and Banking:


	
Banking: For accounts, loans, client data, and banking operations.

	
Credit card transactions: For credit card purchases and monthly statement creation.

	
Finance: For keeping records of financial instrument holdings.

	
Universities: For keeping all the data related to students, faculty, courses, and other supporting data required for a university.

	
Airlines: To track, book, and manage booking for an Airline system.

	
Telecommunication: To keep track of call records, billing, and recharge information for the customers.



Example:

To keep track of student information, grades, and courses in a university setting, think of a UNIVERSITY database. Five files, each containing identical data records, make up the structure of the database.


	
STUDENT: It contains the student details.

	
COURSE: It contains the details of the courses offered.

	
SECTION: This has the data about sections of the students.

	
GRADE_REPORT: It contains the grades of the students.

	
PREREQUISITE file: Have the information of the courses required earlier.



Database Definition

Define the various fields for each of the databases.

For example:


	
STUDENT table have student’s_Name, Roll_ number, and Class_Major, DOB, Mobile_no


	
COURSE table have Course_name, Course_number, Credit_hours, and Department


	
Section includes section_name, faculty_name, Classroom, duration


	
Grade_Report includes roll_no, Name, Marks, Grade


	
Prerequisite includes the subject_name, Subject_ID




Each record has a suitable datatype. For example, student is a string of alphabetic characters and Student_number is an integer type.
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Table 1.1: Student
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Table 1.2: Course
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Table 1.3: Section
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Table 1.4: Grade
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Table 1.5: Prerequisite


University Database


Store information to represent every student, course, section, grade report, and prerequisite as a record in the relevant file to create the UNIVERSITY database.

Documents found in different files might be connected. Jatin’s record in the STUDENT file, for instance, is connected to two records in the GRADE_REPORT file that list Jatin’s grades in two different sections. In a similar vein, every entry in the PREREQUISITE file has a relationship with two course records: one for the course and one for the prerequisite.

Now we can enter the records, delete the records that are not required, and update the records with the data manipulation languages. Data definition and data manipulation languages will be discussed in the next section.

The requirements specification and analysis phase start with the design of a new database or a new application for an existing database, like the software in general. These specifications are thoroughly recorded and converted into a conceptual design that can be represented and altered with the aid of computer tools, making it simple to maintain, alter, and convert into a database implementation.

Once a logical design has been created, it can be defined in a data model that is used with a commercial database management system. Physical design is the last phase, in which more details regarding database access and storage are offered. The database design is put into practice, real data is added, and ongoing maintenance is done.

Database Approach versus File Processing Approach

Think of a company that is set up as a group of offices or departments. There are specific data processing ‘needs’ for every department, many of which are department-specific. Under the file processing method, every department would be in charge of a grouping of pertinent data files and software programs for working with that data. For instance, the grade reporting office is one user that might maintain student and grade-related files. The application incorporates programs to print a student’s transcript and enter new grades. The accounting office, a second user, might monitor student data and payments. Users are interested in student data, but because each user needs certain data from the other users’ files, users keep separate files and programs to alter these files. In addition to wasting storage space, this redundancy in defining and storing data also results in duplicate attempts to preserve common, up-to-date data.

In the database model, data is defined once and then accessed by multiple users from a single repository. File systems allow data items to be named independently by each program. On the other hand, in a database, queries, transactions, and applications utilize the names or labels of the data frequently after they are defined once.

The following are the primary differences between the file-processing and database approaches:


	The self-explanatory character of a database system

	 Data abstraction and program-to-data insulation

	Support for various data views

	Data sharing and multiuser transaction handling

	
Self-describing Nature:
The database system includes a full definition or description of the database structure and restrictions in addition to the database itself. This is a crucial feature of the database approach. The system catalog which houses a description of each file’s structure, each field’s type and storage format, and the different constraints on the data (that is, requirements that the data must meet), is where this meta-data, that is, data about data is kept.

Users are not the only ones who utilize the system catalog; the DBMS software also has to “know” how the data is organized and structured to interpret it in a way that makes sense.



	
Data Abstraction:
Program-Data Independence: In conventional file processing, an application’s source code contains “hard-coded” information about the structure of the data files it can access. Any application where a hard-coded description of a file’s structure exists has to be updated if, for whatever reason, the data structure changes.

However, because the structure of the data is described independently from the programs that access it and such programs consult the catalog to determine whether the structure of the data is interpreted properly or not, DBMSs provide a level of abstraction that makes managing changes easier; significant changes to the data structure may still require some level of modification to the applications, though less as compared to file systems. It gives application programs a conceptual or logical representation of the data so that changes to the underlying implementation can be made without affecting the programs.



	
Multiple Views
There are typically several users in a database, and each user may require a different viewpoint or understanding of the database. A view may be a subset of the database or virtual data taken from the database files but isn’t explicitly saved. A multiuser database management system (DBMS) whose users employ a variety of unique applications has to have multiple view definition features.



	
Multiuser Transaction Processing:
A multiuser database management system (DBMS), as the name implies, must enable multiple users to access the database at once. This is essential if data from multiple applications needs to be updated and merged into one database. Concurrency control software is a prerequisite for database management systems (DBMSs) to guarantee that many users updating the same data do so in a controlled manner and that the modifications produce the desired results. For instance, the DBMS should ensure that only one reservation agent at a time can access each seat to assign it to a passenger when multiple agents attempt to assign seats on an airline flight. Online transaction processing (OLTP) applications are the common term for these applications.

Ensuring the proper and efficient operation of concurrent transactions is a core function of multiuser database management systems. Many database applications now revolve around the idea of a transaction. An executing program or process that involves one or more database accesses, including reading or modifying database records, is referred to as a transaction.





Advantages and Disadvantages of DBMS

Advantages:


	
Controlling Redundancy: Unnecessary data duplication in a database system is prevented by having a centralized database and centralized DBA management over data.

	
Better Data Sharing: A user can exchange data across multiple application programs, thanks to DBMS.

	
Data integrity: It refers to the accuracy of the data stored in the database. Integrity requirements for data in the database can be defined by the administrator with the assistance of centralized data control. For example: we can enforce based on the choice like customers only from Mumbai and Bengaluru will be entertained.

	
Security: The DBA may ensure that only authorized users have access to the database by exercising total control over the operational data. The permission checks that are performed each time someone tries to access sensitive data can be specified by the DBA.

	
Data Consistency: We significantly lower the chances of inconsistency by getting rid of redundant data. For instance, we cannot disagree on the stored values if a customer address is only ever stored once. When all values are kept in one location, updating data values is also much easier. Lastly, by avoiding redundant data storage, we can prevent storage waste.

	
Effective Data Processing: In a database system, the DBMS is responsible for managing the data and granting all access to it. This makes the DBMS a crucial component of efficient data processing.

	
Enforcement of Standards: DBAs can create and implement data standards, such as naming conventions and data quality standards, by using centralized data.

	
Data Independence: The database management system in a database system acts as an interface between the data and the application programs. The metadata that the DBMS obtains is altered when modifications are made to the data representation, but the DBMS nevertheless delivers the data to application programs in the manner that was previously employed. When necessary, the DBMs take care of the data transformation task.

	
Cut Down on Application Creation and Maintenance Time: Database management systems (DBMSs) help the rapid creation of applications by supporting a multitude of crucial functions shared by many applications, such as accessing data stored in the database.

	
Resolution of Conflicts: DBAs settle disputes regarding the needs of different users and applications. To obtain optional performance for the application, the DBA selects the optimal file structure and access technique.



Disadvantages:


	It’s a little complicated. The underlying software has grown complicated because it supports different features to provide the greatest experience for the user. To get the most out of the program, the engineers and designers should be well-versed in it.

	It requires a lot of RAM due to its usefulness and complexity. Large memory is also necessary for it to function well.

	The DBMS system is centralized, that is, users from all around the world can access it. Therefore, all users will be impacted by any DBMS failure.

	DBMS is generalized software, that is, it is built to operate on a system as a whole rather than a single one. As a result, parts of the application may run slowly.




Database Architecture


A database system is made up of several programs that facilitate user access to and modification of linked data sets. Giving people an abstract view of the data is one of a database system’s main goals. In other words, specifics about the data’s maintenance and storage are concealed by the system. The system needs to retrieve data quickly to be functional. Complex data structures are used by designers to represent data in databases due to the necessity for efficiency. Because many users of database systems lack computer skills, developers hide the complexity from users by using multiple levels of abstraction to make it easier for users to engage with the system:


[image: ]


Figure 1.3: Abstraction in a Database System


	
Physical level, also known as Internal View / Schema: This level of abstraction explains the real data storage. Complex low-level data structures are detailed at the physical level. 
The next level of abstraction, known as the logical level (sometimes called the conceptual view or schema), explains the types of data kept in the database and the relationships that exist between them. Thus, the logical level expresses the whole database in terms of a limited number of rather straightforward structures. The user of the logical level does not have to be aware of the intricacy involved in implementing the simple structures at the logical level, even though it may include sophisticated physical-level structures. We call this physical independence of data. Database administrators employ a logical level of abstraction when determining what data to retain in the database.



	
View level, Also known as External View / Schema: The maximum level of abstraction only covers a portion of the database. Because of the variety of data held in a large database, complexity persists even when using simpler structures at the logical level. Many database system users just require access to a portion of the database; they do not require all the information. The purpose of the view level of abstraction is to make their interactions with the system simpler. The same database may have multiple views available via the system. To better understand the differences between the various degrees of abstraction, consider an analogy to the idea of data types in programming languages. For example, a record is defined by the following:
Student record

Roll_no : varchar (15);

Student_name : char (20);

dept : char (20);

DOB : date;

end;





This code defines a new record type called student with four fields. Each field has a name and a type associated with it. A university organization may have several such record types, including department, have fields dept_name, block, and chair course, have fields course_number, name, dept_name, credit student, have roll_no, Student_name, dept, and Grade A teacher, department, or student record can be conceptualized as a block of successive storage spaces at the physical level. Programmers are not exposed to this degree of information via the compiler. In a similar vein, database programmers are not given access to many of the lowest-level storage specifics by the database system. Conversely, database managers could know specifics about how the data is physically arranged.

Like in the preceding code section, each of these records is logically specified by a type definition, which also defines the relationships between these record types. This level of abstraction is where programmers who use a programming language operate. Likewise, this level of abstraction is typically where database administrators operate. Lastly, computer users encounter a collection of application programs that conceal data type specifics at the view level. A database user can see some or all of the views that have been defined at the view level. The views offer a security feature that stops users from accessing specific areas of the database in addition to concealing logical-level facts. For instance, registrar office clerks at universities are only able to view the portion of the database containing student data; they are unable to view information regarding faculty wages.

Instances and Schemas

A database instance is the collection of data kept in the database at a specific time. The database schema refers to the overall layout of the database. Schemas are rarely, if ever, modified. One way to understand database schemas and instances is to compare them to programs written in programming languages. The variable declarations in a program, along with the corresponding type definitions, match the database schema. Every variable has a specific value at any given time. A program’s variable values at any one time relate to a particular instance of a database schema. Several schemas are present in database systems, which are divided based on the abstraction layers.

The database design is explained at the physical level by the physical schema and at the logical level by the logical schema. Additionally, a database may have many view-level schemas, often known as subschemas; each describes a distinct database view. Since programmers use the logical schema to develop applications, the logical schema has the greatest impact on application programs of all of them. Underneath the logical schema lies the physical schema, which is typically easily modifiable without disrupting application programs. When application programs are not dependent on the physical schema and do not require rewriting if the physical schema changes, they are said to demonstrate physical data independence.

Data Independence

Three levels of data abstractions are discussed in the previous section:


	
Internal level: The internal level is essentially the physical database storage and includes a lower level of data abstraction. It describes how the database stores data and how data structures are used by the database.

	
Logical level: Describes the kinds of entries stored in the database and their relationships; the conceptual level is the higher degree of data abstraction than the Internal degree. The logical structure of the entire database is contained in this level.

	
External or View level: This level facilitates viewing the user’s desired material within the database, rather than the full database. A database has one conceptual level and one physical level, but it might have multiple external levels depending on what the users require.



The ability to modify the database schema at one level of the database system without affecting the schema at a higher level is known as data independence in database management systems. Additionally, this feature helps to separate data from other apps. A database stores data in addition to the data it contains. Metadata is the term for this type of data or data about data. Additionally, after metadata is saved in a database, it would be very challenging to modify. However, when the database grows, the metadata must be adjusted to satisfy the user’s needs. Modifying the metadata would be challenging if all the data depended on one another. Furthermore, because the metadata adheres to the tiered design, changes made to one layer of data do not impact the preceding or the following layers. We can better understand the idea of data independence by using the three schema/level architectures covered in the preceding section. Two ideas are used to define data independence:


	
Logical Data Independence: Logical data independence is the ability to modify the conceptual schema of a database, which defines the logical structure and relationships of data, without requiring changes to the external schemas or views used by the applications. It means that operations, such as adding or removing tables, modifying constraints, or altering relationships can be performed without impacting the functionality of existing applications. While changes to view definitions and mappings may be necessary to maintain consistency, the related application programs should ideally remain unaffected or require minimal adjustments.

	
Physical Data Independence: It alludes to the ability to alter the physical schema without affecting the logical data or conceptual schema. Thus, there is no change in the external schema either. When files are rearranged on storage devices or new access paths are provided to implement faster access strategies, the underlying structure may be altered. Physical data independence is most prevalent because file settings conceal information about the precise placement of data on storage devices as well as the use of encoding, compression, and splitting techniques to separate and combine records. These details are usually hidden from users and applications are unaware of these details. 
Logical data independence, though often more challenging than physical data independence, is a key goal in database design. It allows modifications to the conceptual schema with minimal impact on applications. While some adjustments may be needed, mappings between schemas help minimize disruption. Modern DBMSs employ techniques like views to enhance logical data independence, offering flexibility and maintainability despite potential minor inefficiencies.





Importance of Database Independence:


	It contributes to raising the caliber of the info that the user is shown.

	The database system’s maintenance expenses drop.

	Enhanced database security strengthens data security.

	Simple physical adjustments can be performed to enhance the system’s performance.

	It contributes to the improvement of the state of any damaged system components.



Data Models

The data model, a set of conceptual tools for characterizing data, data relationships, data semantics, and consistency requirements, forms the foundation of a database’s structure. A data model offers a means of characterizing a database’s logical, physical, and view designs. Four categories can be used to group the data models:


	
Relational Model: In the relational model, a collection of tables represents data and the relationships among them. Each table has many columns with unique names for each column. Tables are also known as relations. The relational model is one kind of record-based model. Record-based models receive their name because the database is arranged into fixed-format records of different types. Each table contains records of a particular type. For every type of record, a fixed number of fields or characteristics are established. The columns of the table reflect the attributes of the record type. The relational data model is the most widely used data model and the foundation of most contemporary database systems.
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Amit


	
12


	
CSE


	
12 Apr 2001


	
898999





	
Sumit


	
13


	
ECE


	
11 Aug 2001


	
789876





	
Jatin


	
14


	
CSE


	
11 Aug 2000


	
788877





	
Shrey


	
15


	
CSE


	
21 Oct 2002


	
678768






Table 1.6: Student details

Here in the above relation, four records for the student relation and each record shares the same attributes. Each row represents the record and each column represents the attribute for the records.



	
Entity-Relationship Model: The entity-relationship (E-R) data model makes use of relationships between a set of fundamental items known as entities. In the actual world, an entity is a “thing” or “object” that can be distinguished from other objects. In database architecture, the entity-relationship model is frequently applied. The entity-relationship model is also known as ER model where each entity set contains several entities. An entity will be any real-world object, such as a table, a chair, a student, a faculty, a laptop, and so on. Similar kinds of entities form an entity set and different entity sets have the relationship and entities of the entity sets are participating in the relationship.
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Figure 1.4: E-R Model for Loan





In the preceding E-R diagram, two entity sets, that is, customers and loans are participating in the borrower relationship which means the customers are the borrowers for the specific loans.


	
Data Model Based on Objects: Object-oriented programming has taken over as the most popular approach for developing software, particularly in Java, C++, and C#. As a result, an object-oriented data model was created, which is comparable to an extension of the E-R model that includes concepts of object identity, methods (or functions), and encapsulation. The relational and object-oriented data models’ characteristics are combined in the object-relational data model.

	
Network Model: Even though this model may have multiple parent segments, there is a logical relationship between the segments that belong to any level. These sections are divided into tiers. Any two segments often have a many-to-many logical link. Graphs are the logical connections that exist between the segments. As a result, this model replaces the hierarchical tree with a graph-like structure, enabling nodes that are more widely related. It may possess M: N, or many-to-many, relations.
Here, a relationship is referred to as a set, and each set consists of the two types of records listed below, at least one of which is present:


	An owner record in the hierarchical model that is identical to that of the parent

	A member record in the hierarchical model that is identical to that of a kid





	
Semi-structured Data Model: Data, where distinct data items of the same kind may have varying sets of attributes, can be specified using the semi-structured data model. This is not the case with the previously discussed data models, where each data item of a specific kind needs to contain the same set of properties. Semi-structured data can be represented broadly using the Extensible Markup Language (XML). The relational data model was historically preceded by the network and hierarchical data models. These models made data modeling more difficult and were intimately linked to the underlying implementation. As a result, they are hardly utilized anymore, except for outdated database code that is occasionally still in use.



Database Languages

Once we finish the schema, we start implementing the database with the help of database languages.

Data Definition Language (DDL)

When there is no rigorous level separation maintained, the DBA and database designers define both schemas using the data definition language (DDL). A DDL compiler built into the database management system (DBMS) will process DDL statements to find schema construct descriptions and put them in the catalog.

Declarative DMLs, also known as nonprocedural DMLs, ask the user to identify the data that are required without outlining the method for obtaining those data.

A unique language known as a data-definition language (DDL) is used to express a set of definitions that specify a database schema. Additional data characteristics can also be specified using the DDL.

DSDL and DDL are not typically considered subcategories of each other. These statements specify the database schemas’ implementation specifics, which are often not visible to users. There are consistency restrictions that must be met by the data values contained in the database. Let’s say, the university mandates that a department’s account balance never be negative. The DDL offers tools for defining these restrictions. Declarative DMLs, also known as nonprocedural DMLs, ask the user to identify the data that are required without outlining the method for obtaining those data.

Every time the database is updated, the database system verifies these limitations. Generally speaking, a constraint can be any random condition related to the database. Arguably, testing arbitrary predicates could be expensive. Therefore, integrity restrictions that can be tested with little overhead are implemented by database systems.


	
Restrictions by Domain: For each sort of attribute (integer, character, date/time, and so on.), there must be a domain of possible values. An attribute’s possible values are limited when it is declared to belong to a certain domain. The most basic type of integrity constraint is a domain constraint. Every time a new piece of data is added to the database, the system tests them with ease.
Declarative DMLs, also known as nonprocedural DMLs, ask the user to identify the data that are required without outlining the method for obtaining those data.



	
Integrity of Reference: Referential integrity is the need to guarantee that a value that occurs in one relation for a certain set of characteristics likewise appears in a particular set of attributes in another relation. For example, each course must have a department name that is an actual department. To be more exact, the department name value from a course record needs to show up in the department name attribute of some department-related record. Referential integrity problems may result from database updates. Rejecting the activity that violated a referential-integrity requirement is standard procedure when one occurs.
An assertion is any requirement that the database must consistently meet. Two types of specific assertions are domain constraints and referential-integrity constraints. Still, there are a lot of limitations that these particular forms are unable to convey. An example of a claim would be, “Every department needs to offer at least five courses each semester.” The system verifies an assertion as soon as it is produced. If the statement is true, any further database changes will only be permitted, provided they do not result in the allegation being refuted.



	
Permission: When it comes to the numerous types of access that users are allowed on distinct database data values, we might want to distinguish between them. The most common way to express these differentiations is through authorization: read authorization permits reading of data but not modification; insert authorization permits adding of new data but not modification of preexisting data; update authorization permits modification of data but not deletion of data; and delete authorization permits data deletion. The user may be given all, none, or a mix of these kinds of authorization.
Similar to other programming languages, the DDL takes statements as input and outputs certain statements. The DDL output is stored in the data dictionary, which holds metadata or information about information. It is believed that the data dictionary is a unique kind of table that can only be changed and accessed by the database system itself, not by ordinary users. Before accessing or altering real data, the database system looks for information in the data dictionary.





Storage Definition Language (SDL)

The DDL is only used to define the conceptual schema; storage definition language is utilized when there is a clear division between the conceptual and internal levels. The internal schema is specified using SDL or storage definition language. One of these languages may be used to specify the mappings between the two schemas.

View Definition Language (VDL)

The mappings between user views and the conceptual schema are specified using the view definition language. SQL is used in relational database management systems (DBMSs) as a VDL to define user or application views that are the output of predefined queries.

Data Manipulation (DML)

Data manipulation tasks such as data retrieval, insertion, deletion, and modification are carried out using data manipulation languages (DML).

There are two main types of DMLs:


	
Nonprocedural DML can be used alone to succinctly describe intricate database operations. High-level DML statements can be integrated into a general-purpose programming language or typed interactively from a display monitor or terminal by many DBMSs. In the latter scenario, DML statements need to be located within the program for a precompiler to extract them and the DBMS to handle them. High-level DMLs are referred to as set-at-a-time or set-oriented DMLs since they, like SQL, can specify and retrieve several records in a single DML expression. In high-level DMLs, a query typically indicates which data to retrieve instead of how to retrieve it; for this reason, these languages are also known as declarative.

	
Procedural DML has to be integrated into a programming language with a broad purpose. Typically, this kind of DML pulls specific records or objects out of the database and handles them one at a time using linguistic constructions like looping to get and handle every record in a collection of records. Because of this characteristic, low-level DMLs are sometimes known as record-at-a-time DMLs. Low-level DML DL/1, created for the hierarchical model, is used to browse between records in a database hierarchy using commands. The general-purpose programming language that has embedded DML commands, whether high-level or low-level, is referred to as the host language, and the DML is referred to as the data sublanguage. 
A query language is a high-level DML used in standalone interactive applications.

A language that lets users access or work with data that is arranged according to the right data model is known as a data manipulation language (DML).

The many forms of access include:


	Accessing data that is kept in the database

	Updating the database with fresh data

	Information is removed from the database

	Alterations made to data kept in the database

	The user must indicate which data are required and how to obtain them when using procedural DMLs. Declarative DMLs, also known as nonprocedural DMLs, ask the user to identify the data required without outlining the method for obtaining those data. Generally speaking, declarative DMLs are simpler to understand and utilize than procedural DMLs. However, the database system needs to come up with an effective way to access data because the user does not need to indicate how to retrieve the data.

	A statement asking for information to be retrieved is called a query. A query language is the part of a DML that deals with information retrieval. It is customary to refer to a query language as a data manipulation language, even if this is strictly inaccurate.
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