
CS 61:
Database Systems

CRUD

Tim P ierson, Dartmouth CS61 , Winter 202 6 
Adapted from Silberschatz, Korth, and Sundarshan unless otherwise note d

Augmented by Claude Opus



2

CRUD

CRUD SQL Notes

Create INSERT Add new entries

Read SELECT Retrieve entries

Update UPDATE Adjust entries

Delete DELETE Remove entries
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Agenda

1. Creating tables and their attributes

2. Inserting, deleting, and updating rows

3. Keys

4. Integrity constraints



4

Review: Data is held is relations (tables)

Each relation has attributes (fields)
Each field has a data type:
• VARCHAR(n)
• INT
• FLOAT
• DATETIME

College schema
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SQL has several familiar data types we can 
use for attribute domains
Domain types

Domain type Description

CHAR(n) Fixed length character string, with user-specified length n, normally use 
varchar instead!

VARCHAR(n) Variable length character strings, with user-specified maximum length n

SMALLINT 2-byte integer, max value 32,767 

INT 4-byte integer, max value 2,147,483,647

BIGINT 8-byte integer, max value 9,223,372,036,854,775,807

NUMERIC(p,d) 
or 
DECIMAL(p,d)

Fixed point number, with user-specified precision of p total digits, with d 
digits to the right of decimal point.  (ex., numeric(3,1), allows 44.5 to be 
stored exactly, but not 444.5 or 0.32; truncate if too big)

REAL/DOUBLE 
PRECISION

Floating point and double-precision floating point numbers, max value 
2.2250738585072014E- 308

FLOAT(n) Floating point number, with user-specified precision of at least n digits, max 
value 1.175494351E-38

DATETIME Format: YYYY-MM-DD HH:MM:SS

You can create your own data 
types (out of scope for CS61) 

How can you create a Boolean?
Use BOOLEAN, but it is a TINYINT 
(1 byte INT)



6

Create table SQL command sets up the 
schema for new relations
Create table

• An SQL relation is defined using the create table command:

  CREATE TABLE r 

                                   (A1 D1, A2 D2, ..., An Dn,
              (integrity-constraint1),
                  ...,
                               (integrity-constraintk))

• Example:
   CREATE TABLE instructor (

                             ID                  CHAR(5),
                             name            VARCHAR(20),
                             dept_name  VARCHAR(20),
                             salary            NUMERIC(8,2),

   PRIMARY KEY (`ID`);

• Easier to create tables graphically with MySQL Workbench (but MySQL 
Workbench simply runs this command for you)

Relation name r

Name/domain (data type) 
pairs, one for each attribute

Constrain the values an 
attribute can have
More on this soon!

Primary Key tells how to 
uniquely identify rows
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Relations can be altered or deleted using 
DDL commands
Alter/delete relations and data

• Delete Table

o DROP TABLE r

• Empty table

o TRUNCATE TABLE r

• Alter 

o ALTER TABLE r ADD A D

• Where A is the name of the attribute to be added to 
relation r and D is the domain of A

• All exiting tuples in the relation are assigned null as the 
value for the new attribute 

• MySQL can add DEFAULT <val>

o ALTER TABLE r DROP A     

• where A is the name of an attribute of relation r

• Dropping of attributes not supported by some databases

Delete relation r, both data and schema

Add attribute A with domain D

Delete attribute A from table r

Delete data in relation r, but 
keep its schema
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Practice 1: make a table in MySQL 
Workbench

1) Create a table for student clubs called Clubs
Click Create Table button
Add attributes:
• ClubName (set to be Primary Key and Not Null)
• Budget (set 8 digits, with 2 decimal places, 

default to 0)

Click Apply to create table
MySQL will show you the SQL it issues

2) Add some clubs using Result Grid

Click Apply after entering rows

MySQL will show you the SQL it issues
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Agenda

1. Creating tables and their attributes

2. Inserting, deleting, and updating rows

3. Keys

4. Integrity constraints
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Review: College schema

Relations
• Each relation holds data about people, places, things or events (nouns)
• Relations (tables) consist of rows and columns
• Each row (tuple) represents one person, place, thing, or event
• Each column represents one attribute about a person, place, thing, or event (e.g., name)
• A column (FK) can refer to a column (PK) in another table, creating a relationship 

between tables

College schema

Instructor relation holds data 
about instructors

All instructors listed, even if they 
have never taught a Course

Student relation holds data 
about students

All students listed, even if 
they have never taken a 
Course
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INSERT allows us to add new rows to a 
table

INSERT INTO table VALUES (v1, v2, …, vn)

• v1 … vn must match order of attributes in table 
exactly

• Values for all attributes must be present

OR

Insert: the C in CRUD department table

INSERT INTO table (A1, A2, …, An) VALUES (v1, v2, ….vn)

• v1 and A1 must match but can be in different 
order from table schema

Example: add a new department for Database 
Systems, with $1M budget, building still to be 
determined

INSERT INTO department (dept_name, budget) 
VALUES (‘Database Systems’, 1000000)
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We can also INSERT into a table using a 
SELECT query

INSERT INTO table (A1, A2, …, An) 

   SELECT B1, B2, …, Bn

      FROM other table

      WHERE condition 

B1 … Bn domains must match A1 … An

Example:

INSERT INTO biology_instructor (ID, `name`, dept_name, salary)

   SELECT ID, name, dept_name, salary

      FROM instructor

      WHERE dept_name = 'Biology';

instructor table

Assumes table called `biology_instructor` exists (error if not)

biology_instructor table

Insert: the C in CRUD
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Can make a new table using CREATE TABLE 
LIKE

Refresh to see new table

biology_instructor has same schema as instructor

biology_instructor is empty!
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Can make a new table using CREATE TABLE 
LIKE

Try insert again after 
CREATE TABLE LIKE

Confirm query worked
It does!
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Alternatively, we can also create and fill 
table using a SELECT query

INSERT INTO table (A1, A2, …, An) 

   SELECT B1, B2, …, Bn

      FROM other table

      WHERE condition 

B1 … Bn domains must match A1 … An

Example:

DROP TABLE biology_instructor;

CREATE TABLE biology_instructor

   SELECT ID, `name`, dept_name, salary

      FROM instructor

      WHERE dept_name = 'Biology';

Use CREATE TABLE to make and 
fill table with subquery results 

instructor table

biology_instructor table

Insert: the C in CRUD

Drop table, then remember 
to refresh to see new table 
in MySQL Workbench GUI
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UPDATE allows us to change rows in a table

UPDATE table SET A1=v1, A2=v2

   WHERE P

Example: Give  a 5% salary raise to                     
instructors whose salary is <= 90,000 

         UPDATE instructor
      SET salary = salary * 1.05
      WHERE salary <= 90000 ;

instructor before

Update: the U in CRUD

Not updated 
(Salary > 90,000)

instructor after
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Delete removes rows from a table

Example: Delete all biology instructors 

DELETE FROM instructor

   WHERE dept_name = ‘Biology’;

Delete: the D in CRUD

DELETE FROM table
   WHERE P

instructor table

Deletes:
Crick



18

Practice 2: UPDATE

The restaurant_inspections tables has columns for latitude and longitude, most of 
the time these values are included, sometimes they are null or zero

1. Examine latitude attribute

• Find how many restaurants have a NULL latitude and how many have a 
non-NULL latitude

• Find how many have a zero for latitude

2. Update latitude and longitude to NULL if latitude is zero (assumes longitude 
is invalid too)

• NOTE: MySQL by default will not allow updates without reference to a primary 
key (covered soon)

• For today, first run: SET SQL_SAFE_UPDATES = 0;

• When finished run: SET SQL_SAFE_UPDATES = 1;

3. Update zipcode to NULL if zipcode = ‘’;
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Agenda

1. Creating tables and their attributes

2. Inserting, deleting, and updating rows

3. Keys

4. Integrity constraints



21

We use multiple tables to avoid 
inconsistencies

Consider this table that combines instructor and department info

Each instructor is listed with 
their name, dept, and salary

But, also the department’s 
building and budget

Ex. Srinivasan, Katz, and Brandt 
are in CS

We see same building and 
budget for each CS instructor

What could go wrong?
• Consistency anomalies – What if budget set differently for each CS prof?
• Update anomalies – If data stored in multiple rows, must update all rows (ex. If update 

building, must update all rows)
• Insertion anomalies – If an instructor exists, but is not assigned to a department, they will 

not appear in the table (or could appear with null for department and budget)
• Deletion anomalies – If only instructor in a dept, if you delete that instructor, the 

department and building disappears Instead of one big table, use multiple tables!
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We use multiple tables to avoid 
inconsistencies

instructor table department table

Store related data in a relation 
• Instructors in instructor table
• Departments in department table

Avoid duplicating data, just enter each entity one time in its table
Recall Highlander from Day 1
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Some thoughts on naming conventions
instructor table department table

My preference: use TableNameID 
(e.g., InstructorID) not just ID

Can be confusing when combining 
multiple tables if just use ID

I also prefer:
• Capital first letter then lower case, 

with capital letter for other words 
(DepartmentName) for table and 
attribute names

• I like plural table names 
(Departments not Department)

• Spell out name (e.g., “Section” not 
“sec”), can be confusing later, does 
“sec” mean security or section?

• Other people disagree!  YMMV
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Keys uniquely identify table rows (tuples) 
based on their attributes
• Keys uniquely identify table rows and can be comprised of multiple attributes
• Let K  R (R is the set of attributes in relation r, K is a subset of R)
• K is a superkey of R if values for K are sufficient to identify a unique tuple of each 

possible relation r(R) 

• Example:  {ID} and {ID, name} are both superkeys of instructor

• More formally: if t1 and t2 are tuples in r, and t1 ≠ t2, then t1.K ≠ t2.K

• If K is a superkey, then so is any superset of K

• Superkey K is a candidate key if K is minimal (no subset of K is also a superkey)

• Example:  {ID} is a candidate key for Instructor, {ID, name} is not

• Database designer chooses a candidate key to be the primary key (PK)

• Must choose wisely (two instructors could have the same name, so use ID)

• Choose primary keys based on attributes that rarely change

• Typically list primary key attributes first in relation schema and underline

• Example: classroom(building, room_number, capacity)

• Classroom primary key is comprised of building and room number
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Key summary

Superkey
Candidate 

key
Primary key Foreign key

• Uniquely 
identifies a row

• Can have more 
attributes than 
necessary to 
identify row

• A Candidate key 
chosen to 
identify each 
row

• Superkey with 
minimal 
number of 
attributes

• Can be more 
than one 
candidate key 
in a relation

• Values in 
one table 
must 
match 
primary key 
in another 
table
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Primary Keys uniquely identify rows; 
sometimes there are “natural keys”

Primary keys:
• Single attribute or a combination of attributes (called a composite primary key)
• Uniquely identifies each or row in relation
• Function is to guarantee entity integrity, not to “describe” entity (if describing 

entity, use a non-key attribute)
• Works with foreign keys to implement relationships between entities

Natural key: 
• Real-world identifier than can uniquely identify real-world objects
• Sometimes, but not always present (e.g., “CS61” is a natural key for this class)
• Familiar to end users and forms part of their day-to-day business vocabulary
• Can sometimes be used as the primary key of the entity being modeled 

Surrogate key:
• System generated key
• Often generated with auto_increment

Primary keys
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Primary Keys should have several desirable 
qualities
Primary keys

PK Characteristic Notes

Unique values PK must uniquely identify each tuple. Must be able to guarantee unique 
values, nulls not allowed

Based on Coronel and Morris
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Primary Keys should have several desirable 
qualities
Primary keys

PK Characteristic Notes

Unique values PK must uniquely identify each tuple. Must be able to guarantee unique 
values, nulls not allowed

Nonintelligent PK should not have embedded semantic meaning (if field has semantic 
meaning, use it as attribute, not key!).  Example: StudentID f12345a 
better than Smith, Mary B.

Based on Coronel and Morris
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Primary Keys should have several desirable 
qualities
Primary keys

PK Characteristic Notes

Unique values PK must uniquely identify each tuple. Must be able to guarantee unique 
values, nulls not allowed

Nonintelligent PK should not have embedded semantic meaning (if field has semantic 
meaning, use it as attribute, not key!).  Example: StudentID f12345a 
better than Smith, Mary B.

Does not change 
over time

Attributes with semantic meaning sometimes change over time (names 
are not good PKs)

Based on Coronel and Morris
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Primary Keys should have several desirable 
qualities
Primary keys

PK Characteristic Notes

Unique values PK must uniquely identify each tuple. Must be able to guarantee unique 
values, nulls not allowed

Nonintelligent PK should not have embedded semantic meaning (if field has semantic 
meaning, use it as attribute, not key!).  Example: StudentID f12345a 
better than Smith, Mary B.

Does not change 
over time

Attributes with semantic meaning sometimes change over time (names 
are not good PKs)

Preferably single 
attribute

PK should minimum number of attributes possible (irreducible).  Single 
attribute desirable, but not required.  Single attribute PKs simplify FKs

Based on Coronel and Morris
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Primary Keys should have several desirable 
qualities
Primary keys

PK Characteristic Notes

Unique values PK must uniquely identify each tuple. Must be able to guarantee unique 
values, nulls not allowed

Nonintelligent PK should not have embedded semantic meaning (if field has semantic 
meaning, use it as attribute, not key!).  Example: StudentID f12345a 
better than Smith, Mary B.

Does not change 
over time

Attributes with semantic meaning sometimes change over time (names 
are not good PKs)

Preferably single 
attribute

PK should minimum number of attributes possible (irreducible).  Single 
attribute desirable, but not required.  Single attribute PKs simplify FKs

Preferably 
numeric

Database can assign new tuples a unique value simply by incrementing 
the last value such as auto_increment (Mongo does this differently)

Based on Coronel and Morris
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Primary Keys should have several desirable 
qualities
Primary keys

PK Characteristic Notes

Unique values PK must uniquely identify each tuple. Must be able to guarantee unique 
values, nulls not allowed

Nonintelligent PK should not have embedded semantic meaning (if field has semantic 
meaning, use it as attribute, not key!).  Example: StudentID f12345a 
better than Smith, Mary B.

Does not change 
over time

Attributes with semantic meaning sometimes change over time (names 
are not good PKs)

Preferably single 
attribute

PK should minimum number of attributes possible (irreducible).  Single 
attribute desirable, but not required.  Single attribute PKs simplify FKs

Preferably 
numeric

Database can assign new tuples a unique value simply by incrementing 
the last value such as auto_increment (Mongo does this differently)

Security 
compliant

Do not use attributes that have security risks such as social security 
numbers!

Based on Coronel and Morris
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Problem using auto_increment to generate 
surrogate keys; consider UUID

Problem with using auto_increment for primary key
• Could be easy to guess
• Consider API route: http://<your domain>/api/employees/5
• Might guess there are IDs 4 and 6 (and beyond)
• Adversary could try plugging in random values to see what 

they can find

Universally Unique Identifier UUID() function will generate a 128-bit 
value unique across tables, databases, and servers

• UUID values do not expose the information about your data so 
they are safer to use in a URL

• Allow you to merge rows from different databases or 
distribute databases across servers

• Can be generated offline
• Can update parent and subtype in one transaction

Source: https://mysqlserverteam.com/mysql-8-0-uuid-support/

http://localhost:3000/api/employees/5
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UUIDs are guaranteed to be unique, even if 
generated on different servers

Timestamp
MAC address
UUID version

Source: https://mysqlserverteam.com/mysql-8-0-uuid-support/

12345678-1234-5678-1234-567812345678UUID()

Time will never be the same again
No two computers will have the same MAC address
Therefore, no UUIDs will be the same

Output is 32-digit string of numbers 
plus four dashes, 36 characters total
Can use this as a primary key

Universally unique identifier (UUID)
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UUIDs have their downsides too: they are 
big and unordered!

Source: https://mysqlserverteam.com/mysql-8-0-uuid-support/

12345678-1234-5678-1234-567812345678UUID()

Downsides:
• Increased storage – 32 characters 

(plus 4 dashes) vs. Integer at 4 bytes
• Harder to debug:

SELECT * FROM Table 
WHERE ID = ‘12345678-1234-5678-
1234-567812345678’

• Performance issues: large key size and 
not ordered

Universally unique identifier (UUID)

Timestamp
MAC address
UUID version
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MySQL has commands that solve these 
problems

Source: https://mysqlserverteam.com/mysql-8-0-uuid-support/

Universally unique identifier (UUID)

Can store UUID as 16 bytes

UUID_TO_BIN converts 36-character 
UUID to 16-byte binary

BIN_TO_UUID converts binary back 
to 36-character string

NOTE: time elements on left, change most rapidly
Can reverse with UUID_TO_BIN(UUID(), true)
PK  then stored in ascending order
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Foreign keys constrain attribute values to 
primary keys of another relation

Foreign key (FK) constraint: attribute A for each tuple of relation r1 (dept_name 
in instructor) must contain the value of the primary key of some tuple in relation 
r2 (dept_name in department).  

Referential integrity constraint: value of attribute must be the value of any 
tuple’s attribute of another relation (not necessarily PK, but usually is in practice)

instructor table department table

FK PK

FK in one relation is PK in another
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NYC health inspections store the same data 
on restaurants for each inspection

Restaurants have ID (CAMIS), name (dba), boro, building, street, zip code, phone, 
cuisine description
This data is repeated each time a restaurant is inspected (inconsistencies could occur)

Each row is one health inspection violation for a restaurant

USE nyc_data;
SELECT * FROM restaurant_inspections;
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Make a Restaurants table to store data 
about each restaurant

DROP TABLE IF EXISTS Restaurants ;

CREATE TABLE Restaurants (
  RestaurantID INT NOT NULL,
  RestaurantName VARCHAR(100) NULL DEFAULT NULL,
  Boro VARCHAR(20) NULL DEFAULT NULL,
  Building VARCHAR(20) NULL DEFAULT NULL,
  Street VARCHAR(100) NULL DEFAULT NULL,
  ZipCode INT NULL DEFAULT NULL,
  Phone BIGINT NULL DEFAULT NULL,
  Latitude DOUBLE NULL DEFAULT NULL,
  Longitude DOUBLE NULL DEFAULT NULL,
  CuisineDescription VARCHAR(100) DEFAULT NULL,
  PRIMARY KEY (RestaurantID)
  );

DROP TABLE only if it exists (otherwise error if DROP TABLE and table does not exist)

Create attributes for:
• ID
• Name
• Boro
• Building
• Street
• ZipCode
• Phone
• Latitude
• Longitude
• CusineDescription

Set PRIMARY KEY to be RestaurantID
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Make a Restaurants table to store data 
about each restaurant

DROP TABLE IF EXISTS Restaurants ;

CREATE TABLE Restaurants (
  RestaurantID INT NOT NULL,
  RestaurantName VARCHAR(100) NULL DEFAULT NULL,
  Boro VARCHAR(20) NULL DEFAULT NULL,
  Building VARCHAR(20) NULL DEFAULT NULL,
  Street VARCHAR(100) NULL DEFAULT NULL,
  ZipCode INT NULL DEFAULT NULL,
  Phone BIGINT NULL DEFAULT NULL,
  Latitude DOUBLE NULL DEFAULT NULL,
  Longitude DOUBLE NULL DEFAULT NULL,
  CuisineDescription VARCHAR(100) DEFAULT NULL,
  PRIMARY KEY (RestaurantID)
  );

DROP TABLE only if it exists (otherwise error if DROP TABLE and table does not exist)

Set PRIMARY KEY to be RestaurantID
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First find distinct restaurants; some have 
been inspected many times

DISTINCT removes duplicates
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Now use previous query to fill the 
Restaurants table

Now we can alter restaurant_inspections 
so we don’t need to duplicate name, boro, 
street, … for each inspection

We can use CAMIS 
to look up 
Restaurant info

NOTE: CAMIS in restaurant_inspections is 
called RestauantID in Restaurants
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Now we have two tables, where 
RestauantID = CAMIS

RestaurantID in Restaurants = CAMIS in restaurant_inspections

One row in restaurant_inspections is one 
inspection violation of a restaurant

Each row, however, repeats the 
restaurant name, boro, building, street…

Now we store each 
restaurant’s name, boro, 
building, street… one time 
in Restaurants Because RestaurantID = CAMIS, we 

can look up the Restaurant’s details 
based on CAMIS when needed

So we will keep CAMIS in  
restaurant_ inspections, but delete 
the other redundant attributes

Now if a restaurant changes 
name or moves, we don’t 
have to update multiple rows 
in restaurant_inspections
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Remove unneeded info from 
restaurant_inspections

ALTER TABLE restaurant_inspections 
DROP COLUMN `CUISINE DESCRIPTION`,
DROP COLUMN PHONE,
DROP COLUMN Latitude,
DROP COLUMN Longitude,
DROP COLUMN ZIPCODE,
DROP COLUMN STREET,
DROP COLUMN BUILDING,
DROP COLUMN BORO,
DROP COLUMN DBA,
DROP COLUMN `Community board`,
DROP COLUMN `Council district`,
DROP COLUMN `Census tract`,
DROP COLUMN `BIN`,
DROP COLUMN `BBL`,
DROP COLUMN `NTA`,
DROP COLUMN `Location`
;

Restaurants has data about restaurants
Restaurant_inspections has data about each inspection
RestaurantID and CAMIS tie them together
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Use CAMIS = RestaurantID to get 
restaurant details for each inspection

From Restaurants From restaurant_inspections

Original data restored



48

Now if a restaurant moves or changes 
name, just update one row in one table

Pick a Restaurant

Juicy Lucy’s inspected one time, 
violation code 03I
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Now if a restaurant moves or changes 
name, just update one row in one table

Previous data

Change scandalous name and move 
building in Restaurant table (keep 
same RestaurantID)

Inspection table unchanged
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Now if a restaurant moves or changes 
name, just update one row in one table

Same restaurant with new name, Non-Juicy Lucy’s, keeps 
old inspection results, violation code 03I due to same 
RestaurantID (and CAMIS in restaurant_inspections)

Previous data
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Agenda

1. Creating tables and their attributes

2. Inserting, deleting, and updating rows

3. Keys

4. Integrity constraints
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Integrity constrains ensure the data is 
consistent with our expectations
Integrity constraints guard against accidental damage to the database, by ensuring 
that authorized changes to the database do not result in a loss of data consistency

We can ensure:
• A checking account must have a balance greater than $10,000
• The salary of an employee must be at least $15.00 an hour
• A customer must have a unique phone number

Example:
CREATE TABLE Employees (
 EmployeeID INT NOT NULL AUTO_INCREMENT,
 Name VARCHAR(20) NOT NULL,
 Phone INT UNIQUE,
 Salary INT,
 PRIMARY KEY (EmployeeID),
 CHECK (Salary > 0)
);

EmployeeID set as PRIMARY KEY (can not be NULL) 
and auto_increment
 Name is not NULL

New constraints:
• Phone must be unique (e.g., multiple people 

cannot have the same phone number)
• CHECK on Salary ensures Salary is greater than 0, 

but NULL is accepted! (can also check when Salary 
declared)

INSERT and UPDATE queries fail if constraints not met

Note: MySQL versions before 8 
ignored check statements!



Example:
         CREATE TABLE instructor (
               ID                    CHAR(5),
               name              VARCHAR(20) NOT NULL
               dept_name   VARCHAR(20),
               salary             NUMERIC(8,2),
               PRIMARY KEY (ID),
               FOREIGN KEY(dept_name) REFERENCES department(dept_name));
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Integrity constrains ensure attributes have 
values we expect; set when creating table
Integrity constraints

• Some integrity constraints

o PRIMARY KEY(A1, ..., An )

o FOREIGN KEY(Ai …,Aj) REFERENCES r(Ak …,Al)

o NOT NULL

• SQL prevents any update to the database that violates an integrity 
constraint

name can’t be null

Attribute value must be a 
primary key in relation rAttribute cannot be null

Instructor is uniquely identified 
by Primary Key ID

Instructor’s dept_name must be value 
of a primary key in department table

Must be non-null and unique for 
each tuple (no duplicates)

If update 
violates any 
constraint, 
SQL will 
reject 
command

Can use auto_increment to create an 
increasing ID if numeric (INT or BIGINT)
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Health inspection questions

Does it make sense to have an inspection of a restaurant that is not in 
the Restaurants table?

How can we make sure every inspection is for a valid Restaurant?

What should we do with inspections if we delete a row in the 
Restaurants table?
• If we don’t track the restaurant any longer, perhaps we should delete 

all inspections in restaurant_inspections
• Perhaps we should keep the inspection records, but maybe we 

should set the CAMIS to null
• Maybe we should set CAMIS to another default value
• (What we would probably do is add a column to Restaurants called 

Active or similar, and set to False if Restaurant goes out of business, 
then we can keep inspection results in restaurant_inspections)
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Add a foreign key constraint to an existing 
table with the ALTER TABLE command
Create a foreign key constraint

• Add foreign key constraint

ALTER TABLE r1 

    ADD FOREIGN KEY (A1) REFERENCES r2(A2)

        

Table r1 getting FK

Attribute holding FK 
in table getting FK

Referenced table r2

Attribute in referenced table 
that serves as FK constraint

Values for attribute A1 in table r1 must 
be a primary key value in table r2
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Add a foreign key constraint to an existing 
table with the ALTER TABLE command
Create a foreign key constraint

• Add foreign key constraint

ALTER TABLE r1 

    ADD FOREIGN KEY (A1) REFERENCES r2(A2)

        ON DELETE CASCADE

        ON UDPATE CASCADE; If referenced table 
changes, cascade 
same action (delete 
or update) to table 
getting foreign key
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Add a foreign key constraint to an existing 
table with the ALTER TABLE command
Create a foreign key constraint

ALTER TABLE restaurant_inspections
 ADD FOREIGN KEY(CAMIS) REFERENCES Restaurants(RestaurantID)
  ON DELETE CASCADE
         ON UPDATE CASCADE; If Restaurants table row is deleted, delete the 

row in restaurant_inspections with CAMIS = 
RestaurantID

If Restaurants table RestaurantID is updated, 
change CAMIS in restaurant_inspections

Other choices instead of CASCADE:
• SET NULL
• NO ACTION 
• RESTRICT (prevent parent table 

changes if child table has rows with 
foreign key matching parent key)

Each CAMIS value in restaurant_inspections 
must be in a row in Restaurants



INSERT INTO restaurant_inspections 
 (CAMIS, `inspection date`) 
 VALUES (100, '4/1/2026');
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Each inspection CAMIS must reference an 
existing restaurant RestaurantID

Database will reject an 
insert into 
restaurant_inspections 
that has a CAMIS not 
in RestaurantIs

Error Code: 1452. Cannot add or update a 
child row: a foreign key constraint fails

No Restaurant has RestaurantID = 100

Line 
indicates 
foreign key 
relationship



59

Changes to Restaurants table cascades to 
restaurant_inspections table with FK

NON-JUICY LUCY’S has 
RestaurantID=CAMIS=40758684
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Changes to Restaurants table cascades to 
restaurant_inspections table with FK

Update NON-JUICY LUCY’S RestaurantID=1 in Restaurants
      Recall we set ON UPDATE to CASCADE
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Changes to Restaurants table cascades to 
restaurant_inspections table with FK

Change of RestaurantID cascaded to 
restaurant_inspections CAMIS due to Foreign Key 
constraint set to CASCADE changes



62

Deletes to Restaurants table cascades to 
restaurant_inspections table with FK

Delete Lucy’s from Restaurant and confirm deleted
ON DELETE of Foreign Key set to CASCADE

Entries for Lucy’s in restaurant_inspections also deleted 
due to Foreign Key delete cascade
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