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I am a school Administrator.

I would like to keep track of my students, courses, and teachers
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Why use a Database
1. Data Organization and Structure

a. Information in databases is structured and organized 

into tables with defined columns and data types

2. Efficient Data Retrieval

a. Databases allow Data to be searched, filtered, and set to extract specific 

information from massive datasets using SQL

3. Data Integrity

a. Databases enforce strict rules and constraints on data meaning data in the 

database can be trusted as valid

4. Scalability

a. Databases can scale to store between thousands to millions of records

efficiently



Where are Databases Used?



Types of Databases
1. Relational

Structured & Typed Tables /  Attributes

Vertically Scale (Bigger Server)

Ex: Sqlite, mySQL, PostgreSQL

2. Non Relational

Non Structured Flexible Data

Prioritize Speed and Availability

Ex: MongoDB, Redis

3. Specialized

Designed to handle massive amounts of Data

Data storage is separated from Data Compute

Ex: Snowflake, Databricks



Database

Jargon



Database Jargon

There are 3 levels to a database

● Database

○ Schema (Drawer)

■ Table (Folder containing Data)



Tables

Tables are a group of columns each having a set data type.

With Rows / Records for each Entity stored

Usually, an Object or Entity we would like to store data about

Tables have:

● Columns (Fields)

● Rows (Records)



Columns (Fields)

Columns have a name, and a data type

Columns:

● Id: Integer

● Name: string

● Surname: string

● Age: integer

● Group_id: integer



Rows (Records)

Rows are the records in each table

Here we have 3 records in this table:

● John (id: 1)

● Emma (id: 2)

● Kesha (id: 3)



Primary Key

One column in each table, that is a UNIQUE-DEFINED 

IDENTIFIER for each row (record) in the table.

There are 2 rules for a primary key:

1. It must be unique

2. It cannot be null



Composite Primary Key

A Primary Key made up of multiple columns

When a column is used as part

Of a composite primary key:

● That column can never be null

● That combination of those columns

Must be Unique



Foreign Key

A column in a table, whose value is the primary key in another 

table.

The foreign key in the student table is: group_id



Relationships

A relationship / link between 2 tables.

Each student belongs to one group

Each student has a group_id

Groups can have Multiple Students



Database Design



Database Design

Database design is the process of organizing data into structured 

formats (Tables) so it can be efficiently stored, retrieved, and 

managed.

A well-designed database:

• Reduces redundancy

• Ensures data consistency

• Supports scalability

• Makes querying easier

• Reduces the cost of running the database



Types of Relationships

● One-to-One (1:1)

⚬ One record in A to One record in B.

⚬ Ex: One User has One UserProfile

• One-to-Many (1:M)

⚬ One record in A to Many records in B

⚬ One Customer has Many Orders

• Many-to-Many (M:M)

⚬ Many records in A to Many records in B

⚬ Students enroll in Many Courses

⚬ Courses have Many Students



Sample Problem

Each student has a name, age.

Each student is scheduled for a class

Each class has an course code, room number, and instructor

Each instructor has a name, and email

What are the Tables in this scenario?



Sample Problem

Each student has a name, age.

Each student is scheduled for many Classes

Each class has an course code, room number, and instructor

Each instructor has a name, and email

What are the Tables in this scenario?



Sample Problem

Each student has a name, age.

Each student is scheduled for many Classes

Each Class has has many scheduled students

Each class has an course code, room number, and instructor

Each Instructor teaches multiple classes

Each instructor has a name, and email

What are the Relationships in this scenario?



Sample Problem

Each student has a name, age.

Each student is scheduled for a class

Each Student is Scheduled for Many Classes (M-M)

Each Class is Scheduled to have Many Students (M-M)

Each class has an course code, room number, and instructor

Each class has one Instructor (1-1)

Each Instructor teaches multiple Classes (1-M)

Each instructor has a name, and email

What are the Relationships in this scenario?



Sample Problem

Each person has a first name, last name, and one car

Each car has a name, make, and model

Cars are parked in parking Lots

What are the Tables in this scenario?



Sample Problem

Each person has a first name, last name, and one car

Each car has a name, make, and model

Cars are parked in parking Lots
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Sample Problem

Each person has a first name, last name, and one car

Each car has a name, make, and model

Cars are parked in parking Lots

What are the Relationships in this Scenario



Sample Problem

Each person has a first name, last name, and a car

Each Person has one Car (1-1)

Each Car has one Person (1-1)

Each car has a name, make, and model

Cars are parked in parking Lots

Each Car is parked in a Parking Lot (1-1)

Each Parking Lot can have Many Cars (1-M)

What are the Relationships in this Scenario?



Sample Problem
Each person has a first name, last name, and a car

Each car has a name, make, and model

Cars are parked in parking Lots



Entity Relationship Diagrams (ERD)

The Entity-Relationship Diagram (ERD) is a diagram of a database.

The diagram shows the tables in a database, their fields (columns), and the 

relationships between those tables

Crow’s Foot Notation



Crows Foot



Sample Problem
Each person has a first name, last name, and a car

Each car has a name, make, and model

Cars are parked in parking Lots



Sample Problem

Each user has a username and email

Users can make Posts

Posts have text content

Each post can tag many people in it

Each post has comments

Comments have text content

Each comment, has replies

What are the Tables in this Scenario?
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Sample Problem

Each user has a username and email

Users can make Posts

Posts have text content

Each post can tag many people in it

Each post has comments

Comments have text content

Each comment, has replies

What are the Relationships in this Scenario?



Sample Problem



In groups of 2-4 design a 

database containing 

information that can be 

collected from FIU





Normalization



What is Normalization?

Normalization is the process of organizing data into tables to reduce duplication and 
improve consistency.

A well normalized database:
● eliminates repeated data
● makes updates easier
● prevents inconsistencies
● improves long-term 

maintainability



Trade Offs

Pros Cons

No redundant data More tables to manage

Easier updates Queries require more JOINs

Data stays consistent Can be slower on large reads

Easier to scale More complex to design upfront

Sometimes databases are intentionally 
denormalized for performance; this is a  
common in analytics and caching layers.



Unnormalized Table

In our unnormalized students 
table, we see several issues 
concerning data repetition.

Student Data Course Info Instructor Data



First Normal Form: 1NF

RULES: 
● Atomic values (indivisible values)
● Each row is unique (no duplicates)
● Each column has a unique name.
● The order in which data is stored 

does not matter.

VIOLATIONS: 
● student_name
● instructor_name



Updated Design - 1NF

By splitting student and instructor name
columns into first_name and last_name, 

we have  entered the 1st Normal Form



Second Normal Form: 2NF

RULES: 
● Must meet 1NF
● No partial dependencies on composite 

keys or on a non-key column 
○ Meaning, every non-key column 

depends on the whole PK

VIOLATIONS: 
1. Student information only depends on

student_id
2. Course information only depends on

course_code
3. Instructor information only depends on

instructor_id



Splitting Things Up - 2NF

After extracting the repeated entity 

data, the remaining columns 

(course_code, room_number, 
instructor_id, and grade) stay 

together in an enrollments table, 

using (student_id, course_code) 

as a composite key.

This table is what ties everything 

together. Without it, we lose the 

actual enrollment records from the 

original data.



Updated Design - 2NF
Courses

CoursesInstructors

Enrollments



Third Normal Form: 3NF

RULES: 
● Must be already in 2NF
● No transitive dependencies 

○ Meaning, non-key columns 
shouldn't depend on other non-
key columns

VIOLATIONS: 
room_number and instructor_id are tied to 
a specific class section, not just the course.

ACTION: 
Create classes table to separate course 
sections from course definitions



Normalized School Output
Students

Enrollments

Courses

Instructors

Classes



Normalized School ERD



What is SQL?



SQL: Structured Query Language

SQL is the language used to create, 
manage, and query relational 
databases. Commands are grouped 
into 4 categories.

For building a normalized schema, we 
primarily use DDL to define structure 
and DML to work with data.



DDL and DML

DDL (Data Definition Language) and 
DML (Data Manipulation Language) will 
be the primary focus of these 
workshops.

DDL commands define the structure of 
your database. This is how we create 
our normalized tables.

DML commands let you read and 

modify data inside your tables.



Activity 1

Using your ERD from the first activity, 

create the tables for the FIU Business 

Department.

- Consider useful columns

- Consider tradeoffs between 

normalization and 

denormalization

- Consider useful queries and the 

tables that are involved in those. 



DDL

Data Definition Language



CREATE TABLE

In PostgreSQL, tables 
are created with:

CREATE TABLE

Key components:

● table name

● columns

● data types

● constraints

Results in

And output looks like:



Common Data Types

*



Constraints

Connects two 
tables and creates 
a relationship 
between them

Unique, required field 
that serves as its 
distinguishing  
identifier

Ensures that 
this field 

cannot be 
empty

Check that an 
inserted value 
meets a given 

condition

Ensures that 
this field is not 

repeated in two 
rows



DEFAULT and CHECK

DEFAULT: automatically fills a value for 
the column if none is given

CHECK: Validates that inserted data 
meets a condition (such as age >= 16)



Foreign Keys

Foreign keys connect one table to another. 
In our example, we indicate that each class 
must have a valid instructor and course.



1-1 and 1-N
To implement a many-to-one relationship, 
it's just a plain foreign key without a UNIQUE
constraint.

Each row in one table maps to exactly one row in 
another. Enforce with a FOREIGN KEY that is also 
UNIQUE.

The UNIQUE constraint on student_id is what 
makes it one-to-one: without it, multiple profiles 
could reference the same student (making it many-
to-one).

Many classes -> one instructor. Multiple rows in 
classes can share the same instructor_id.



Many-to-Many Relationships (FK)

Students can take 
many classes. 

Classes can have 
many students

This necessitates 
a junction table.

This necessitates 
a junction table.

Students can take 
many classes. 

Classes can have 
many students

We can create the table same as before:, but the 
key is that we have the two FKs as our composite 
PK.



Action When Parent is Deleted Use Case

CASCADE Child is deleted too Enrollments when student 
graduates

SET NULL FK becomes NULL Course instructor retires

RESTRICT Block deletion of parent if 
child(s) are referencing it

Course with enrolled 
students

ON DELETE



ALTER and DROP

ALTER TABLE: Modify an existing table’s 

structure. 

DROP TABLE: permanently deletes a 

table and all its data.



Activity 1
Take the ERD you designed last class and write the CREATE TABLE statements for your FIU Business 
database.

For each table:
● Choose appropriate data types (INTEGER, TEXT, DECIMAL, TIMESTAMP, etc.)
● Add a PRIMARY KEY
● Add constraints where they make sense (NOT NULL, UNIQUE, CHECK, DEFAULT)
● Define FOREIGN KEYs that match your ERD's relationships
● Choose an ON DELETE strategy for each foreign key, explain why

TIP: Start with tables that have no foreign keys (e.g. games, accounts, vendors), then work outward to 
tables that depend on them (tickets, menu_items, purchases, ticket_scans).

Deliverable: Complete CREATE TABLE statements that could run in PostgreSQL without errors.



DML

Data Manipulation Language



SELECT
Used to retrieve data from one or 

more tables. Can choose fields or use 
`*` for all fields.



WHERE
Filters rows based on a condition. 

Only matching rows are returned 

Combine conditions with AND / OR:

Use parentheses to control logic
OUTPUT:

OUTPUT:

OUTPUT:



Filtering

ORDER BY LIMIT

Use to sort query results, default 
is ASC

Restrict the output of a query

OFFSET

Skip rows (this is useful for 
pagination for example).



LIKE and Wildcards

Wildcard Meaning Example Matches

% Any number 
of 
characters

'P%' Patel, 
Powell, Park

_ Exactly one 
character

'_ava' Java, Cava, 
etc.

LIKE uses two 
wildcards for 

pattern matching:

EXAMPLE: OUTPUT:



More operators

Operator Example

BETWEEN WHERE age BETWEEN 18 AND 25

IN WHERE last_name IN ('Lee', 'Patel')

IS NULL WHERE grade IS NULL

IS NOT NULL WHERE grade IS NOT NULL

<> or != WHERE status <> 'inactive'



Returns only rows that 
match in both tables.

Returns all rows from the 
left table. NULLs where 
no match on right.

Returns all rows from the 
right table. NULLs where 
no match on left.

INNER JOIN (JOIN) LEFT JOIN RIGHT JOIN

Types of JOINs
A JOIN combines rows from two tables 

based on a related column.



INNER JOIN LEFT JOIN RIGHT JOIN

JOIN Examples

Students with NO 
enrollments are excluded

Students with no enrollments 
show NULL for grade

Enrollments with no matching 
student show NULL for name



Join Across Many Tables

In this example, we join across:

enrollments -> classes -> courses -> instructors.

This lets us see all enrollments, including the 
student, class, and course information as well.



Aggregate

Aggregate functions summarize data.

Function What It Does Example

COUNT() Number of rows COUNT(student_id)

SUM() Total SUM(credits)

AVG() Average AVG(age)

MIN() Smallest value MIN(age)

MAX() Largest value MAX(age)



Aggregate Example

Use GROUP BY to aggregate per group. 

Use HAVING to filter groups.



Subqueries

A query nested inside another query. The 

inner query runs first, and its result is 

used by the outer query.



INSERT: add new rows to a table.

● Column order in INSERT must 
match VALUES order

● Columns with DEFAULT or 
SERIAL can be omitted

● NOT NULL columns without a 
DEFAULT must be included

UPDATE: modify existing rows.
DELETE: remove rows

Without WHERE, every row is 
affected on UPDATE or DELETE

INSERT, UPDATE, DELETE



Activity 2
Write at least 4 queries against your schema.
Two are given:

1. Total ticket revenue per game.
2. Find all accounts who purchased a ticket but never had it scanned.

a. Must use: JOIN or subquery, NULL check.

Two are of you own design; write queries that would be valuable to the FIU Business Department:

1. Must include at least two JOIN.
2. Must include a subquery, HAVING, or an aggregate.

Think like a stakeholder: What would the business office want to know? Top-selling vendors, average 
spend per account, unsold seat sections, busiest purchase times, food revenue vs ticket revenue.
Deliverable: 4+ SQL queries, each with a one-sentence description of the business question it 
answers.



Database Clients
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Tabs
Table 
Views















Chinook Activity
Connect to the 

database
In DBeaver and answer 

questions



Create a new Schema 
fiu, then create the FIU 
Soccer Game Tables in 

that schema
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