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1 Database Fundamentals
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1.1 Core Concepts (Questions 1-15)


1 What is a database and how does it differ from a simple file system?



A database is an organized collection of structured information stored electronically in a computer system, managed by a Database Management System (DBMS). Think of it as a digital filing cabinet that’s incredibly smart and efficient.

The key differences from a file system are significant. While a file system simply stores files in folders, a database provides data integrity through built-in validation rules, ensures multiple users can access data simultaneously without conflicts, offers powerful query capabilities to find exactly what you need, maintains relationships between different pieces of data, and includes security features to control who can access what information.

For example, if you store customer information in text files, you might accidentally save duplicate records or lose data if the system crashes. A database prevents these problems automatically.


2 Explain the ACID properties that make database transactions reliable.



ACID properties ensure that database transactions are processed reliably, even when things go wrong. Think of ACID as a safety net for your data.

Atomicity means a transaction is all-or-nothing. If you’re transferring money between bank accounts, either both the withdrawal and deposit happen, or neither does. There’s no middle ground where money disappears.

Consistency ensures the database remains in a valid state. All rules and constraints are followed. You can’t have a negative bank balance if the system doesn’t allow it.

Isolation means concurrent transactions don’t interfere with each other. If two people are accessing the same account simultaneously, they won’t see each other’s incomplete changes.

Durability guarantees that once a transaction is committed, the changes are permanent, even if the system crashes immediately afterward.


3 What are the main types of database models and when would you use each?



Different database models are designed for different types of data and use cases, like different tools for different jobs.

Relational databases store data in tables with rows and columns, like spreadsheets. They’re perfect for structured data with clear relationships, such as customer orders, employee records, or financial transactions. Examples include MySQL, PostgreSQL, and SQL Server.

Document databases store data as documents, typically in JSON format. They’re ideal for content management, catalogs, or any application where data structure varies. MongoDB and CouchDB are popular choices.

Key-value databases are the simplest, storing data as pairs of keys and values. They’re excellent for caching, session management, and simple lookups. Redis and Amazon DynamoDB are common examples.

Column-family databases organize data in column families rather than rows, making them great for analytics and time-series data. Cassandra and HBase are well-known examples.

Graph databases represent data as nodes and relationships, perfect for social networks, recommendation engines, and fraud detection. Neo4j is a leading example.


4 What is database normalization and why is it important?



Database normalization is the process of organizing data to reduce redundancy and improve data integrity. Imagine cleaning up a messy closet where you have duplicate items scattered everywhere – normalization does the same thing for your data.

The main benefits are eliminating data duplication (no need to store the same customer address in multiple places), preventing update anomalies (changing a customer’s address in one place updates it everywhere), saving storage space, and maintaining data consistency.

For example, instead of storing customer information repeatedly in every order record, you create separate customer and order tables linked by a customer ID. This way, if a customer changes their address, you only update it in one place.

However, normalization isn’t always the answer. Sometimes you deliberately denormalize (add redundancy) to improve query performance, especially in data warehouses where reading data quickly is more important than storage efficiency.


5 Explain the different normal forms and their purposes.



Normal forms are progressive rules for organizing database tables, like steps on a ladder where each step eliminates specific types of data problems.

First Normal Form (1NF) requires that each column contains only atomic (indivisible) values and no repeating groups. Instead of storing multiple phone numbers in one column separated by commas, you’d create separate rows for each phone number.

Second Normal Form (2NF) eliminates partial dependencies. Every non-key column must depend on the entire primary key, not just part of it. This mainly applies to tables with composite primary keys.

Third Normal Form (3NF) removes transitive dependencies. Non-key columns shouldn’t depend on other non-key columns. For example, if you store both city and state, don’t also store the state’s population in the same table, as it depends on the state, not the record itself.

Boyce-Codd Normal Form (BCNF) is a stricter version of 3NF that handles some edge cases with multiple candidate keys.

Higher normal forms (4NF, 5NF) address more complex scenarios but are rarely needed in practical applications.


6 When and why would you denormalize a database?



Denormalization is deliberately adding redundancy to improve performance, like taking shortcuts that save time even though they require extra space.

You should consider denormalization when you have read-heavy applications where query speed is more important than storage space, when joins between many tables are slowing down critical queries, in data warehousing scenarios where analytical queries need to run quickly, or when you’re building reporting systems that aggregate data from multiple sources.

Common denormalization techniques include storing calculated values (like total order amount) instead of calculating them each time, duplicating frequently accessed data to avoid joins, and creating summary tables for reporting.

However, denormalization comes with costs. You need to maintain data consistency across multiple locations, updates become more complex, and you use more storage space. It’s a trade-off between read performance and write complexity.

The key is to denormalize strategically, only where performance gains justify the added complexity.


7 What is a primary key and what are its essential characteristics?



A primary key is a column or combination of columns that uniquely identifies each row in a table, like a social security number for database records.

The essential characteristics are uniqueness (no two rows can have the same primary key value), non-null values (every row must have a primary key value), immutability (primary key values should rarely or never change), and simplicity (preferably short and simple for better performance).

When you create a primary key, the database automatically creates a clustered index on it, which physically orders the data on disk for faster access. This means choosing the right primary key affects not just data integrity but also performance.

Good primary key examples include auto-incrementing integers, UUIDs for distributed systems, or natural keys like ISBN numbers for books. Poor choices include email addresses (they can change), social security numbers (privacy concerns), or long text strings (performance impact).

Most tables should have a primary key, even if you have to create an artificial one using an auto-incrementing ID column.


8 How do primary keys differ from unique keys?



While both primary keys and unique keys ensure uniqueness, they serve different purposes and have different rules.

A primary key uniquely identifies each row and cannot contain null values. Each table can have only one primary key, and it automatically creates a clustered index that determines how data is physically stored. The primary key is the main way to reference rows from other tables.

A unique key also ensures uniqueness but can contain one null value (since null is considered unknown, not equal to anything, including other nulls). A table can have multiple unique keys, and they create non-clustered indexes by default. Unique keys are used to enforce business rules rather than serve as the main row identifier.

For example, in an employee table, the employee ID would be the primary key, while the social security number might be a unique key. Both must be unique, but the employee ID is the main identifier, and the SSN could theoretically be null for international employees.

Think of the primary key as your main ID card and unique keys as additional identification documents that are also unique but serve specific purposes.


9 What are foreign keys and how do they maintain referential integrity?



A foreign key is a column or set of columns in one table that refers to the primary key in another table, creating a link between the two tables like a bridge connecting different islands of data.

Foreign keys maintain referential integrity by enforcing rules that prevent orphaned records and maintain valid relationships. For example, if you have customers and orders tables, the customer ID in the orders table should always refer to an existing customer. You can’t create an order for a customer that doesn’t exist.

The database enforces several rules automatically. You cannot insert a foreign key value that doesn’t exist in the referenced table, you cannot delete a primary key that is referenced by foreign keys (unless you handle the dependent records first), and you cannot update a primary key to a value that would break existing references.

These constraints can be configured with different actions. CASCADE means changes to the primary key automatically update related foreign keys, SET NULL sets foreign keys to null when the referenced record is deleted, and RESTRICT prevents the operation if it would create orphaned records.

Foreign keys are essential for maintaining data consistency in relational databases and ensuring that relationships between entities remain valid.


10 Describe the different types of relationships between database tables.



Database relationships define how tables connect to each other, like different types of family relationships.

One-to-One relationships occur when each record in Table A relates to exactly one record in Table B, and vice versa. This is relatively rare and often indicates that the tables could be combined. An example might be a person and their passport – each person has one passport, and each passport belongs to one person.

One-to-Many relationships are the most common type. Each record in the parent table can relate to multiple records in the child table, but each child record relates to only one parent. Examples include customers and orders (one customer can have many orders), or departments and employees (one department has many employees).

Many-to-Many relationships occur when records in both tables can relate to multiple records in the other table. Since databases can’t directly handle this relationship, you create a junction table (also called a bridge or linking table) that breaks it into two one-to-many relationships. Examples include students and courses (students take multiple courses, courses have multiple students) or books and authors (books can have multiple authors, authors can write multiple books).

Understanding these relationships is crucial for proper database design and determines how you structure your tables and foreign keys.


11 What is a composite key and when would you use one?



A composite key is a primary key that consists of multiple columns working together to uniquely identify each row, like using both your first and last name when just the first name isn’t unique enough.

You use composite keys when no single column can uniquely identify records, but a combination of columns can. This often happens in junction tables for many-to-many relationships, where you might use foreign keys from both related tables as a composite primary key.

For example, in an order details table that stores information about products in each order, you might use both order ID and product ID as a composite key. Neither alone uniquely identifies a record (one order can have multiple products, and one product can appear in multiple orders), but together they do.

Another common use is in tables representing time-based data, where you might combine date and location, or in lookup tables where you combine category and subcategory.

When designing composite keys, keep them as simple as possible, ensure all parts are necessary for uniqueness, consider the performance impact (wider keys mean larger indexes), and make sure the combination makes business sense and is relatively stable over time.

Composite keys are powerful tools for maintaining data integrity while reflecting real-world relationships that can’t be captured with single-column keys.


12 What are database constraints and what types are available?



Database constraints are rules that enforce data quality and business logic automatically, acting like quality control inspectors that check every piece of data entering your database.

NOT NULL constraints ensure that specific columns must always have a value. For example, every customer must have a name, and every order must have a date.

UNIQUE constraints guarantee that values in specified columns are unique across all rows. Email addresses in a user table would typically have a unique constraint.

PRIMARY KEY constraints combine NOT NULL and UNIQUE requirements while also serving as the main identifier for rows.

FOREIGN KEY constraints maintain referential integrity by ensuring that foreign key values exist in the referenced table.

CHECK constraints validate data against specific conditions. For example, ensuring that ages are positive numbers or that order quantities are greater than zero.

DEFAULT constraints provide automatic values when none are specified, like setting the current date as the default for a creation timestamp.

These constraints work automatically in the background, preventing bad data from entering your database and maintaining consistency without requiring application code to handle every validation scenario. They’re your first line of defense against data quality problems.


13 What is a database schema and what does it include?



A database schema is the blueprint or architecture of your database, defining the structure, relationships, and rules that




























