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Review: In our NYC health inspections 
schema, we left off with two tables

Restaurants
• Each row is data about one 

restaurant
• Can change name, cuisine, or 

move to new address -> just 
update one row in this table

restaurant_inspections
• Each row is data about one 

violation in one inspection of 
a restaurant

• We removed the duplicate 
information about the 
restaurant’s name, address, 
cuisine

• We just keep the CAMIS (ID) 
integer for each restaurant in 
this inspections table

We can tie Restaurants with their inspections 
using RestaurantID = CAMIS
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Agenda

1. Views

2. Object-oriented data

3. Generated columns

4. Time variant data
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Views create virtual tables based on 
underlying database tables 

• In some cases, it is not desirable for all users to see the entire logical model (that 
is, all the actual relations stored in the database)

• Consider a person who needs to know an instructor’s name and department, but 
not the salary.  This person should see a relation described, in SQL, by 

SELECT ID, name, dept_name
FROM instructor

 

• A view can provide a mechanism to hide certain data from the view of certain users 

Format
CREATE VIEW v AS

SELECT A1, A2, ..., An

FROM r

Then
SELECT * FROM v

Views

• Why not just save data into a table?
• Database saves query but not data!
• That way if data in underlying tables 

changes, view is automatically up to date
• Can then query the view (or define other 

views) as if it were a relation
• An alternative is a Materialized View 

where data is actually stored, but MySQL 
does not support them
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Views can sometimes be used to modify 
underlying table
A SQL view can update (INSERT, UPDATE, DELETE) the underlying base table when all of the following 
conditions are met:

1. Single Base Table
The view must reference exactly one base table. Views built on joins across multiple tables are generally 
not updatable

2. No Aggregate Functions
The view cannot use aggregate functions (e.g., SUM(), COUNT(), AVG(), MIN(), MAX)

3. No GROUP BY or HAVING
The view cannot group rows together since there is no way to map a grouped result back to individual rows

4. No DISTINCT
The view cannot use DISTINCT since it eliminates duplicate rows and the database cannot determine which 
original row to update

5. No Generated / Derived Columns
The view should not contain computed expressions like Price * Quantity or CONCAT(Firstname, ', ', LastName) AS Name 

since these do not map directly to a single column in the base table

6. No Set Operations
The view cannot use UNION, INTERSECT, or EXCEPT since rows from multiple queries cannot be traced back 
to a single source

7. All NOT NULL Columns Included (for INSERT)
When inserting through a view, all columns in the base table that are NOT NULL and lack a default value 
must be included in the view
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Practice

Imagine you are creating a web site that provides health inspection results for cuisine 
LIKE %fruit% restaurants in Manhattan.  Each restaurant is displayed on a map and 
shows the average health inspection score.  Create a view for this map-based data:
• You are focused on Manhattan fruit and vegetable restaurants only
• You don’t need all the info in the Restaurants and Inspections tables
• Make a view for your map-based website called MapData that has attributes:

• RestaurantID
• RestaurantName
• Latitude
• Longitude 
• Average health inspection score (NULL if no inspections for this restaurant)
• Days since last inspection (use DATEDIFF, CURDATE, MAX(InspectionDate)

• Make sure you list the new restaurant you created yesterday (Tim’s Tasty Treats) 
listed, even though it has no health inspection reports yet (use NULL avg score, or 
for more challenge, make NULLs zero – Hint: use IF or COALESCE)

• Check your view works by querying it with a SELECT statement as if your view were 
a table

use nyc_data;
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Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map

https://www.google.com/mymaps
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Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map
3. Give new map a title and description then Save

https://www.google.com/mymaps
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Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map
3. Give new map a title and description then Save
4. Click Import under layer

https://www.google.com/mymaps
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Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map
3. Give new map a title and description then Save
4. Click Import under layer
5. Export data from MapData view as .csv (I called mine day6_fruitveg_map.csv)

https://www.google.com/mymaps
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Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map
3. Give new map a title and description then Save
4. Click Import under layer
5. Export data from MapData view as .csv (I called mine day6_fruitveg_map.csv)
6. Drop file onto Google Maps

https://www.google.com/mymaps


12

Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map
3. Give new map a title and description then Save
4. Click Import under layer
5. Export data from MapData view as .csv (I called mine day6_fruitveg_map.csv)
6. Drop file onto Google Maps
7. Choose columns for lat/long

https://www.google.com/mymaps
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Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map
3. Give new map a title and description then Save
4. Click Import under layer
5. Export data from MapData view as .csv (I called mine day6_fruitveg_map.csv)
6. Drop file onto Google Maps
7. Choose columns for lat/long
8. Choose title for pins

https://www.google.com/mymaps
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Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map
3. Give new map a title and description then Save
4. Click Import under layer
5. Export data from MapData view as .csv (I called mine day6_fruitveg_map.csv)
6. Drop file onto Google Maps
7. Choose columns for lat/long
8. Choose title for pins
9. Zoom in to Manhattan and                

click pin

https://www.google.com/mymaps


15

Plot your data on a map

1. Go to https://www.google.com/mymaps
2. Create new map
3. Give new map a title and description then Save
4. Click Import under layer
5. Export data from MapData view as .csv (I called mine day6_fruitveg_map.csv)
6. Drop file onto Google Maps
7. Choose columns for lat/long
8. Choose title for pins
9. Zoom in to Manhattan and                

click pin
10. Refresh data with

SELECT * FROM MapData;

Then must re-drop data 
onto Map here but your 
own app could refresh itself.

https://www.google.com/mymaps
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Agenda

1. Views

2. Object-oriented data

3. Generated columns

4. Time variant data
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Object-oriented data

DartAir airline has employees who are either:

All employees have common attributes:
• First name, last name, middle initial, date of hire

Each type of employee (other than ‘other’) have additional job-related 
attributes as shown above

Pilots
• License type
• Flight hours
• Medical type

Mechanics
• Certification
• Last safety 

training

Accountants
• Title
• CPA date

Other



CREATE TABLE EmployeesBigTable (
-- Common attributes
  EmployeeID int NOT NULL AUTO_INCREMENT,
  FullName varchar(100) NOT NULL,
  Salary decimal(10,2) DEFAULT NULL,
  HireDate date DEFAULT NULL,
  EmployeeType enum('Pilot','Mechanic','Accountant','Other') NOT NULL,
-- Pilot attributes
  LicenseType varchar(50) DEFAULT NULL,
  FlightHours int DEFAULT '0',
  MedicalType varchar(50) DEFAULT NULL,
-- Mechanic attributes
  CertificationType varchar(50) DEFAULT NULL,
  LastSafetyTraining date DEFAULT NULL,
-- Accountant attributes
  Title varchar(50) DEFAULT NULL,
  CPADate date DEFAULT NULL,
  PRIMARY KEY (EmployeeID))
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We *could* create one large table and use 
NULL for irrelevant attributes

EmployeeType is an enumeration of 
‘Pilot’, ‘Mechanic’, ’Accountant’, or 
‘Other’)

Use DEFAULT NULL (or maybe 0) for 
attributes that may not pertain to 
an employee category
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We *could* create one large table and use 
NULL for irrelevant attributes

INSERT INTO EmployeesBigTable (FullName, Salary, HireDate, EmployeeType, LicenseType, FlightHours, MedicalType) 

VALUES ('Chuck Yeager', 100000, '1960-6-1', ‘Pilot', 'ATP', '5000', 'III’); -- Pilot

INSERT INTO EmployeesBigTable (FullName, Salary, HireDate, EmployeeType, CertificationType, LastSafetyTraining) 

VALUES ('Snuffy Smith', 70000, '1992-7-15', 'Mechanic', 'A&P', '2026-01-02’); -- Mechanic

INSERT INTO EmployeesBigTable (FullName, Salary, HireDate, EmployeeType, Title, CPADate) 

VALUES ('Scrooge McDuck’, 350000, '2023-5-17', 'Accountant', 'CPA Accountant', '2021-10-11’); -- Accountant

INSERT INTO EmployeesBigTable (FullName, Salary, HireDate, EmployeeType) 

VALUES ('Nobody Special', 45000, '2026-2-27', 'Other’); -- Other

Lots of NULLs
Kind of gross, but 
people do this!

Another approach is to create separate 
tables for each employee category and just 
repeat the base class attributes in each table

Also gross, but people do that too…
Why?
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Another idea: Employee base table plus 
specialty tables

EmployeeType is an enumeration 
of ‘Pilot’, ‘Mechanic’,’Accountant’, 
or ‘Other’)CREATE TABLE Employees (

  EmployeeID INT NOT NULL AUTO_INCREMENT,
  FullName VARCHAR(100) NOT NULL,
  Salary DECIMAL(10,2) DEFAULT NULL,
  HireDate DATE DEFAULT NULL,
  EmployeeType ENUM('Pilot','Mechanic','Accountant','Other') NOT NULL DEFAULT 'Other',
  PRIMARY KEY (EmployeeID)
) 

All Employees have these attributes
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Pilot table has specialty info relevant to 
pilots (not others)

CREATE TABLE Pilots (

  EmployeeID INT NOT NULL,
  LicenseType VARCHAR(50) DEFAULT NULL,
  FlightHours INT DEFAULT '0',

  MedicalType VARCHAR(50) DEFAULT NULL,
  PRIMARY KEY (EmployeeID),
  CONSTRAINT `pilots_ibfk_1` FOREIGN KEY (EmployeeID) REFERENCES Employees (EmployeeID) 

 ON DELETE CASCADE)

Set EmployeeID to be a foreign 
key on Employees.EmployeeID
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Mechanics table has specialty info relevant 
to mechanics (not others)

CREATE TABLE Mechanics (

  EmployeeID INT NOT NULL,
  CertificationType VARCHAR(50) DEFAULT NULL,
  LastSafetyTraining DATE DEFAULT NULL,

  PRIMARY KEY (EmployeeID),
  CONSTRAINT `mechanics_ibfk_1` FOREIGN KEY (EmployeeID) REFERENCES Employees (EmployeeID)  

ON DELETE CASCADE)

Set EmployeeID to be a foreign 
key on Employees.EmployeeID
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Accountants table has specialty info 
relevant to accountants (not others)

CREATE TABLE Accountants (

  EmployeeID INT NOT NULL,
  Title VARCHAR(50) DEFAULT NULL,
  CPADate DATE DEFAULT NULL,

  PRIMARY KEY (EmployeeID),
  CONSTRAINT `accountants_ibfk_1` FOREIGN KEY 

(EmployeeID) REFERENCES Employees (EmployeeID) 

 ON DELETE CASCADE) 

Set EmployeeID to be a foreign 
key on Employees.EmployeeID
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What should we do about the ‘Other’ 
category?

‘Other’ category can use the 
base table
No need for another table 
that has no extra attributes
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JOIN specialty tables to base table to get 
details for employee categories

SELECT e.*, p.*

FROM Employees e
JOIN Pilots p USING (EmployeeID);

SELECT e.*, m.*

FROM Employees e 
JOIN Mechanics m USING (EmployeeID);

SELECT e.*, a.*

FROM Employees e 
JOIN Accountants a USING (EmployeeID);

SELECT e.*

FROM Employees e 

List all employees

List specialty 
details
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Employee base table plus specialty tables 
for pilots, mechanics, accountants

SELECT e.*

FROM Employees e 

Common attributes Pilot attributes

How can we get rid of 
EmployeeID appearing twice?
Don’t use SELECT *
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Practice

Run day6_dartair.sql from today’s web page to create tables for base 
employees, pilots, mechanics, and accountants
• Add a new employee in a two-step process:

1. Insert new employee into Employee table 
2. Then insert into appropriate specialty table (pilot, mechanic, 

accountant, other)
When inserting into a specialty table, you’ll need the 
EmployeeID of the last insert

Could query for MAX EmployeeID of the base table (and 
hope others don’t insert between your queries!) 
or better,
Can use LAST_INSERT_ID() – session safe!

• Create a view for Pilots that returns all employee and pilot-specific 
attributes, test your view by querying for all Pilots
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One more approach: use JSON for 
category-specific attributes  

CREATE TABLE Employees2 (
    EmployeeID INT PRIMARY KEY AUTO_INCREMENT,
    FullName VARCHAR(100) NOT NULL,
    Salary DECIMAL(10, 2),
    HireDate DATE,
    EmployeeType ENUM('Pilot', 'Mechanic', 'Accountant', 'Other') NOT NULL,
    Properties JSON DEFAULT NULL
);

Store base 
attributes as 
usual

Add field for JSON name:value 
text to store category-specific 
attributes such as FlightHours for 
pilots or CPADate for accountants
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Insert category-specific data in a JSON 
name:value pair string

CREATE TABLE Employees2 (
    EmployeeID INT PRIMARY KEY AUTO_INCREMENT,
    FullName VARCHAR(100) NOT NULL,
    Salary DECIMAL(10, 2),
    HireDate DATE,
    EmployeeType ENUM('Pilot', 'Mechanic', 'Accountant', 'Other') NOT NULL,
    Properties JSON DEFAULT NULL
);

-- insert pilot

INSERT INTO Employees2 (FullName, Salary, HireDate, EmployeeType, Properties)
VALUES ("Ace Pilot", 110000, '2026-4-11', 'Pilot','{"LicenseType":"ATP", "FlightHours":2222, "MedicalType":"II"}');
-- insert mechanic

INSERT INTO Employees2 (FullName, Salary, HireDate, EmployeeType, Properties)
VALUES("Joe Mechanic", 77000, '2026-4-2','Mechanic','{"CertificationType":"A&P", "LastSafetyTraining":"2026-4-2"}');
-- insert accountant

INSERT INTO Employees2 (FullName, Salary, HireDate, EmployeeType, Properties)
VALUES("Alice Accountant", 123000, '2026-4-5','Accountant','{"Title":"CPA Accountant", "CPADate":"2026-4-5"}');
-- insert other

INSERT INTO Employees2 (FullName, Salary, HireDate, EmployeeType, Properties)
VALUES("Random Dude", 33000, '2026-4-6','Other');

-- check that it worked, should see JSON attribute called Properties
SELECT * FROM Employees2;

Use JSON name:value pairs for other 
category-specific attributes in JSON 
field (called Properties here)

Store base attributes as usual

We will see at the end of the term 
that NoSQL database work like this!
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Retrieve category-specific data with 
JSON_EXTRACT

CREATE TABLE Employees2 (
    EmployeeID INT PRIMARY KEY AUTO_INCREMENT,
    FullName VARCHAR(100) NOT NULL,
    Salary DECIMAL(10, 2),
    HireDate DATE,
    EmployeeType ENUM('Pilot', 'Mechanic', 'Accountant', 'Other') NOT NULL,
    Properties JSON DEFAULT NULL
);

-- insert pilot

INSERT INTO Employees2 (FullName, Salary, HireDate, EmployeeType, Properties)
VALUES ("Ace Pilot", 110000, '2026-4-11', 'Pilot','{"LicenseType":"ATP", "FlightHours":2222, "MedicalType":"II"}');

Extract JSON name:value pairs from 
Properties attribute using 
JSON_EXTRACT

Retrieve base attributes as usual

Use UNQUOTE to remove quotes

Non-existent fields returned as NULL
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Agenda

1. Views

2. Object-oriented data

3. Generated columns

4. Time variant data
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Generated columns are computed based 
on row data

CREATE TABLE table_name (
    Col1 DATATYPE,
    Col2 DATETYPE,
    GeneratedCol DATATYPE [GENERATED ALWAYS] AS (expression) [VIRTUAL | STORED]
);

VIRTUAL: computed on demand

STORED: Stored on disk“GENERATED ALWAYS” optional

Virtual Stored

Values computed on the fly, 
NOT stored on disk

Values stored on disk
Compute when a row is inserted 
or updated

Disk storage None Yes

Read speed Slower Faster

Write speed Faster Slower

Use case Infrequent reads, saves space Frequent reads, complex 
expressions

Cannot reference other tables in expression, 
can only reference attributes in this table
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Use case: Calculate a generated total value

CREATE TABLE Products (
    Price DECIMAL(10,2),
    Quantity INT,
    TotalCost DECIMAL(10,2) GENERATED ALWAYS AS (Price * Quantity) VIRTUAL
);

INSERT INTO Products (Price, Quantity) VALUES (10.50, 3);

SELECT * FROM Products;
-- price: 10.50, quantity: 3, total_cost: 31.50

TotalCost computed on demand
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Use case: Calculate a generated total value

CREATE TABLE Products (
    Price DECIMAL(10,2),
    Quantity INT,
    TotalCost DECIMAL(10,2) GENERATED ALWAYS AS (Price * Quantity) VIRTUAL
);

INSERT INTO Products (Price, Quantity) VALUES (10.50, 3);

SELECT * FROM Products;

TotalCost computed on demand
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Use case: Add a generated InspectionYear 
column to restaurant_inspections
USE nyc_data;
ALTER TABLE restaurant_inspections
 ADD COLUMN InspectionYear INT
  GENERATED ALWAYS AS (YEAR(InspectionDate)) VIRTUAL;
    
SELECT * 
 FROM restaurant_inspections
    WHERE InspectionDate <> '1900-01-01';

YEAR is a DateTime function to 
extract the year from a DATE

InspectionYear holds the year 
calculated from InspectionDate

Now can query for Inspections in 
a particular year
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Use case: Extract JSON fields from DartAir

CREATE TABLE Employees3 (
    EmployeeID INT PRIMARY KEY AUTO_INCREMENT,
    FullName VARCHAR(100) NOT NULL,
    Salary DECIMAL(10, 2),
    HireDate DATE,
    EmployeeType ENUM('Pilot', 'Mechanic', 'Accountant', 'Other') NOT NULL,
    Properties JSON DEFAULT NULL,
    FlightHours INT AS (JSON_UNQUOTE(Properties->'$.FlightHours')) STORED
);

Note: “GENERATED” is optional, but recommended!

Flight hours returned for pilots, others are NULL
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Agenda

1. Views

2. Object-oriented data

3. Generated columns

4. Time variant data
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Updates overwrite data, but sometimes we 
want to know how things change over time

Chuck Yeager makes $100,000

Updating salary looses old salary
Sometimes we want to know 
how things change over time

See current salary, but have no idea of previous salary
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We can use a history table to see how data 
changes over time

EmployeeID is a foreign key on Employees

New salary

FromDate is effective date, ToDate NULL

When a new employee is hired:
• Insert an entry with their starting salary 
• FromDate = HireDate 
• Leave ToDate NULL
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Updating salary requires three queries

Set variables for convenience

Set ToDate to finish old Salary for Chuck in 
EmployeeSalaryHistory table

Make new entry with FromDate set to the 
effective date of salary and NULL ToDate

Update Employees table with current salary
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We can use a history table to see how data 
changes over time

Employees

EmployeeSalaryHistory

Chuck has $125K salary as of 2026-04-16!
From 1960 to 2026 his salary was $120K

Preview: what happens if all three queries 
do not complete?
Transaction can keep data consistent!
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Practice

Use nyc_data
Create a Grade History table for Restaurants
• Make RestaurantID a foreign key referencing Restaurants
• Ensure that Restaurants cannot be deleted if there are entries in 

the history table for the restaurant to be deleted, cascade updates
• Fill the history table with the most recent grade for each restaurant 

(hint: use a correlated subquery)
• When a new inspection grade is posted for an inspection (e.g., 

where Grade <> ‘’)
• Close the prior grade date range in the history table
• Make a new entry in the history table starting with the 

inspection date and the current grade (leave ending date NULL)
• Test that your solution works
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