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L02: SQL Basics
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Announcements!

• Please pick up your name plates. Recall you find a template on our website
- I tend to cold call on those in the back of the class and/or without name plate

• SQLite is optional for this class. PostgreSQL mandatory.
- If you still have troubles, please ask Niklas for help during lecture

• Piazza: please be specific with your problem, so we can help you remotely. 
- Compare: "I can't install Jupyter Python. What should I do?" vs. "I get error message XYZ 

when I do ZYX following the tutorial slide 12. Here is a screenshot. What should I do?"
• Piazza: please feel free to post your lessons learned 
- e.g., "When I tried installing XYZ, I got error message YZX. Then I did ZXY and it worked"

• Poll results
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Polls
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SQL: A Few Details on Syntax

• SQL commands are case insensitive:

- SELECT = Select = select

- Product =  product, Category = category

• But values are not:

- Different: 'Gadgets',  'gadgets'

- (Notice: in general, but default settings will vary from DBMS to DBMS. E.g. MySQL is 
case insensitive. Just to be safe, always assume values to be case sensitive!)

• Use single quotes for constants:

- 'abc'  - yes

- "abc" - no        (except MySQL and SQLite)

WHERE LOWER(Category)='gadgets'
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Eliminating Duplicates

Category
Gadgets
Gadgets

Photography
Household

Category
Gadgets

Photography
Household

SELECT DISTINCT category
FROM Product

SELECT category
FROM Product

Set vs. Bag 
semantics

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
PowerGizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi

Product

302
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Ordering the Results

- Ties in attribute price broken by attribute pname
- Ordering is ascending by default. Descending:

SELECT pName, price, manufacturer
FROM Product
WHERE category='Gadgets' 

and price > 10
ORDER BY price, pName

... ORDER BY price ASC, pname DESC

302
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SELECT category
FROM Product
ORDER BY pName

SELECT DISTINCT category
FROM  Product
ORDER BY category

SELECT DISTINCT category
FROM Product
ORDER BY pName

?
?
?

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi

Product 302
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PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Category

Gadgets

Household

Photography

Category

Gadgets

Household

Gadgets

Photography

Syntax error on large more "principled" DBMSs 

(Oracle, PostgreSQL, SQL server) / 

unpredictable results on others(MySQL, SQLite)

SELECT category

FROM Product

ORDER BY pName

SELECT DISTINCT category

FROM  Product

ORDER BY category

SELECT DISTINCT category

FROM Product

ORDER BY pName

Product

"ORDER BY items must appear in the select list if SELECT DISTINCT is specified."

302
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Some history
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Some "birth-years"

• 2004: Facebook

• 1998: Google
• 1995: Java, Ruby
• 1993: World Wide Web
• 1991: Python

• 1985: Windows

• 1974: SQL
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SQL: Declarative Programming

SQL

Procedural Language: you have to specify exact 
steps to get the result.

Declarative Language: you say what you want 
without having to say how to do it. 
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SQL: was not the only Attempt

SQL

Source: http://en.wikipedia.org/wiki/QUEL_query_languages

QUEL

Commercially not used anymore since ~1980

http://en.wikipedia.org/wiki/QUEL_query_languages
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Disruptive Innovation • Disruptive innovations are generally 
not acceptable for the mass market 
when they are introduced. Only the 
fringes of the market pick up the 
innovation in the first iteration

• It performs worse in one or more 
areas, but is typically simpler, more 
reliable, or more convenient than 
existing technologies.

• It is less profitable than existing 
technologies. Leading firms' most 
profitable customers generally can't 
use it and don't want it.

• As the innovator continues to refine 
their product the utility value to the 
market increases

• Its performance trajectory is steeper 
than that of existing technologies.

• Large organizations are 
fundamentally incapable of 
successfully bringing it to market.

Source: Compiled from “The Innovator’s Dilemma” by Clayton Christensen, 1997.

Sustaining technology: Listen to customers
Disruptive technology: Not market-driven!

Performance
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most demanding customer
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iPhone: Disruptive Innovation or not?

Source: http://www.youtube.com/watch?v=eywi0h_Y5_U , http://www.asymco.com/2012/01/16/apple-is-the-top-personal-computer-vendor/

2: Laptops1: "Business Phones"
Microsoft in 2007

http://www.youtube.com/watch?v=eywi0h_Y5_U
http://www.asymco.com/2012/01/16/apple-is-the-top-personal-computer-vendor/
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What keyboards without keys can do...

Sources: https://en.wikipedia.org/wiki/Swype, https://en.wikipedia.org/wiki/SwiftKey

In Feb 2016, 
SwiftKey was 
purchased by 
Microsoft, for 
250 M$

https://en.wikipedia.org/wiki/Swype
https://en.wikipedia.org/wiki/SwiftKey
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The keyboard of the future?

Sources: http://www.wired.com/2014/06/siri_ai/

http://www.wired.com/2014/06/siri_ai/
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Keyboards? Do we need text to communicate?

Sources: http://www.buzzfeed.com/benrosen/how-to-snapchat-like-the-teens (2/2016)

http://www.buzzfeed.com/benrosen/how-to-snapchat-like-the-teens
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What is this?

Source: http://pluggedin.kodak.com/pluggedin/post/?id=687843

(1975)

http://pluggedin.kodak.com/pluggedin/post/?id=687843
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SQL: some history

• Dr. Edgar Codd (IBM)
- CACM June 1970: "A Relational Model of 

Data for Large Shared Data Banks"
http://seas.upenn.edu/~zives/03f/cis550/codd.pdf

• Standardized
- 1986  by ANSI: SQL1
- 1992: Revised: SQL2

• Approx 580 page document describing syntax and semantics
- Revised: 1999, 2003, 2008, ...

• Players
- Oracle (Relational Software), Microsoft, IBM, ….

• Every vendor has a slightly different version of SQL
• But the main commands are standardized

http://seas.upenn.edu/~zives/03f/cis550/codd.pdf
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Codd's (disruptive ?) 
innovation

Source: EF Codd, "A Relational Model of Data for Large Shared Data Banks"
https://scholar.google.com/scholar?cluster=1624408330930846885

https://scholar.google.com/scholar?cluster=1624408330930846885
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SQL and the relational model as standard

Source: "Information Systems: A Manager’s Guide to Harnessing Technology (book v1.4)," p.185, Gallaugher, 2012.
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Databases we are using
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Client/Server Architecture

• There is a single server that stores the database (called DBMS or 
RDBMS):
- Could be a beefy system in the cloud (e.g. SQL Azure, or any DBMS on EC2)
- But can be your own desktop…
- … or a huge cluster running a parallel DBMS

• Many clients run apps and connect to DBMS
- E.g. PGAdmin
- More realistically some Java, Python, or C++ program

• Clients “talk” to server using some protocol
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DBMSs we discuss in this class

• SQLite (Optional)
- most widely deployed database engine
- in particular with embedded systems, browsers, etc., e.g., Microsoft's 

Windows Phone 8, Apple's iOS, Skype, Firefox
• PostgreSQL (Required)
- popular and powerful open source database

Notice that SQLite setup is not required but recommended (adding to 
your maturity in setting up different databases).
We prefer PostgreSQL over MySQL because it has a more principled 
interpretation of SQL (and a powerful EXPLAIN command)
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SQLite vs. PostgreSQL

SQLlite
• open source & cross-platform
• easy to install
• has no server ("embedded")
• ideal for single-user application; has 

limitations when it comes to concurrency 
/ simultaneous transactions (one writer at 
a time)

• does not allow partitioning; everything is 
stored in one single file

• extra functions are written in C/C++

PostgreSQL
• open source & cross-platform
• takes a bit longer to install
• uses a server
• ideal for shared repository; allows 

concurrency (many simultaneous 
transactions), locking and fine-grained 
access control

• scales to >GB easily; allows partitioning 
(distributing) the data across several files 
/ nodes

• supports user-defined functions
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SQL overview
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Key constraints

• A key is an implicit constraint on which tuples can be in the relation
- i.e. if two tuples agree on the values of the key, then they must be the same tuple!

1. Which would you select as a key?
2. Is a key always guaranteed to exist?
3. Can we have more than one key?

A key is a minimal subset of attributes that acts as a 
unique identifier for tuples in a relation

Students(sid:string, name:string, gpa: float)
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NULL and NOT NULL

• To say “don’t know the value” we use NULL
- NULL has (sometimes painful) semantics, more details later

sid name gpa
123 Alice 3.9
143 Bob NULL Say, Bob just enrolled in his first class. 

In SQL, we may constrain a column to be NOT NULL, e.g., “name” in this table

Students(sid:string, name:string, gpa: float)

Can a column with NULLs be a key?
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General Constraints

• We can actually specify arbitrary assertions
- E.g. “There cannot be 25 people in the DB class”

• In practice, we don’t specify many such constraints. Why?
- Performance!

Whenever we do something ugly (or avoid doing something 
convenient) it’s for the sake of performance
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Summary of Schema Information

• Schema and Constraints are how databases understand the semantics 
(meaning) of data

• They are also useful for optimization

• SQL supports general constraints: 
- Keys and foreign keys are most important
- We’ll give you a chance to write the others
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Basic SQL
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Simple SQL Query

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

SELECT pName

FROM Product

WHERE manufacturer in ('Canon','Hitachi')

Product

302
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Simple SQL Query

PName

SingleTouch

MultiTouch

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

SELECT pName

FROM Product

WHERE manufacturer in ('Canon','Hitachi')

Product

Selection

& Projection

302
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WHERE ... IN (...)          cp. to Excel

Assume that there is 
a range defined for
A10:C18 called
"NameRange"

JFYI
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WHERE ... IN (...)          cp. to Excel

Assume that there is 
a range defined for 
A10:C18 called 
"NameRange"

JFYI
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LIKE
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LIKE: Simple String Pattern Matching

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi

SELECT pName
FROM Product
WHERE pname LIKE '%izmo'

Product

More details: https://www.w3schools.com/sql/sql_wildcards.asp

302

https://www.w3schools.com/sql/sql_wildcards.asp
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LIKE: Simple String Pattern Matching

PName
Gizmo
Powergizmo

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi

SELECT pName
FROM Product
WHERE pname LIKE '%izmo'

Product

% is a wildcard for any sequence of zero or more characters. 

More details: https://www.w3schools.com/sql/sql_wildcards.asp

302

https://www.w3schools.com/sql/sql_wildcards.asp
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LIKE: Simple String Pattern Matching

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi

SELECT pName
FROM Product
WHERE pname LIKE '_izmo'

Product

302

More details: https://www.w3schools.com/sql/sql_wildcards.asp

https://www.w3schools.com/sql/sql_wildcards.asp
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LIKE: Simple String Pattern Matching

PName
Gizmo

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi

SELECT pName
FROM Product
WHERE pname LIKE '_izmo'

Product

_ is a wildcard for exactly one character. 

302

More details: https://www.w3schools.com/sql/sql_wildcards.asp

https://www.w3schools.com/sql/sql_wildcards.asp
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Table selection using comparison predicates

= equal to
< smaler than
<= smaller or equal to
> greater than
>= greater or equal to
<> unequal to

Simple 
comparators

Complex 
comparators

Comparators that 
work across 
types

IN (value1, value2, …) any values within the given set
IS NULL has no value
IS NOT NULL has a value

Numbers

BETWEEN value1 AND value2
any values within the range

Text / Strings

= equal to (exact string)

LIKE equal to (pattern)
'S%' string starting with S
'%S' string ending with S
'%S%' string containing an S
'S_S' string with S at both ends 
and any character in the middle

Note: Combinations of multiple predicates with AND & OR (use brackets)
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Joins
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Keys and Foreign Keys

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi

Product

Company
CName StockPrice Country
GizmoWorks 25 USA
Canon 65 Japan
Hitachi 15 Japan

What is a 
foreign key vs. 

a key here?

302
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Keys and Foreign Keys

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi

Product

Company
CName StockPrice Country
GizmoWorks 25 USA
Canon 65 Japan
Hitachi 15 Japan

Foreign
key

Key

Key

What is a 
foreign key vs. 

a key here?

302
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Referential Integrity
PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Key constraint: minimal subset of the fields of a 
relation is a unique identifier for a tuple.

Foreign key: must match field in a relational table 
that matches a candidate key of another table
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Referential Integrity
PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Gizmo $14.99 Gadgets Hitachi

Key constraint: minimal subset of the fields of a 
relation is a unique identifier for a tuple.
Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Foreign key: must match field in a relational table 
that matches a candidate key of another table
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Referential Integrity
PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Gizmo $14.99 Gadgets Hitachi

violates Key constraint

Key constraint: minimal subset of the fields of a 
relation is a unique identifier for a tuple.
Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Foreign key: must match field in a relational table 
that matches a candidate key of another table
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Referential Integrity
PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Gizmo $14.99 Gadgets Hitachi

SuperTouch $249.99 Computer NewCom

violates Key constraint

Key constraint: minimal subset of the fields of a 
relation is a unique identifier for a tuple.

Foreign key: must match field in a relational table 
that matches a candidate key of another table

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Insert into Product values ('SuperTouch', 249.99, 'Computer', 'NewCom');
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Referential Integrity
PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Gizmo $14.99 Gadgets Hitachi

SuperTouch $249.99 Computer NewCom

violates Key constraint

violate Foreign
Key constraint

Key constraint: minimal subset of the fields of a 
relation is a unique identifier for a tuple.

Foreign key: must match field in a relational table 
that matches a candidate key of another table

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Insert into Product values ('SuperTouch', 249.99, 'Computer', 'NewCom');
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Referential Integrity
PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Gizmo $14.99 Gadgets Hitachi

SuperTouch $249.99 Computer NewCom

violates Key constraint

violate Foreign

Key constraint

Key constraint: minimal subset of the fields of a 

relation is a unique identifier for a tuple.

Delete from Company 

where CName = 'Canon';

Foreign key: must match field in a relational table 

that matches a candidate key of another table

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Insert into Product values ('SuperTouch', 249.99, 'Computer', 'NewCom');
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Referential Integrity
PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Gizmo $14.99 Gadgets Hitachi

SuperTouch $249.99 Computer NewCom

violates Key constraint

violate Foreign

Key constraint

Key constraint: minimal subset of the fields of a 

relation is a unique identifier for a tuple.

Delete from Company 

where CName = 'Canon';

Foreign key: must match field in a relational table 

that matches a candidate key of another table

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Insert into Product values ('SuperTouch', 249.99, 'Computer', 'NewCom');
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(Relational Database) Schema

Product
PName
Price
Category
Manufacturer

Company
Cname
Stockprice
Country

Product(pname, price, category, manufacturer)
Company(cname, stockprice, country)

Product.manufacturer is FK to Company

"Schema": describes the 
structure of data in terms of 
the relational data model.

A schema includes tables, 
columns, PKs, FKs, and other 
constraints
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Joins

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

Q: Find all products under $200 manufactured in Japan;
return their names and prices!

302
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Joins

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

SELECT pName, price 

FROM Product, Company

WHERE manufacturer=cName

and country='Japan'

and price <= 200

Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

Q: Find all products under $200 manufactured in Japan;
return their names and prices!

Join b/w Product 
and Company

PName Price

SingleTouch $149.99

302
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SELECT pName, StockPrice
FROM Product, Company
WHERE manufacturer=cName

and country = 'USA'

Quiz

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

What does the query below return?

302
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SELECT pName, StockPrice
FROM Product, Company
WHERE manufacturer=cName

and country = 'USA'

Quiz

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

Product Company
CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

What does the query below return?

PName StockPrice

Gizmo 25

Powergizmo 25

302


