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PRELIMINARY

https://northeastern-datalab.github.io/cs7240/


4

Outline: T1-U1: SQL

• SQL
– Schema, keys, referential integrity
– Joins
– Aggregates and grouping
– Nested queries (Subqueries)
– Theta Joins
– Nulls & Outer joins
– Top-k
– [Recursion: moved to T1-U4: Datalog]
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Structured Query Language: SQL

• Influenced by relational calculus (= First Order Logic)

• SQL is a declarative query language
- We say what we want to get
- We don’t say how we should get it ("separation of concerns")

https://northeastern-datalab.github.io/cs7240/
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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. 

https://northeastern-datalab.github.io/cs7240/
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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

https://northeastern-datalab.github.io/cs7240/
http://en.wikipedia.org/wiki/QUEL_query_languages
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Why PostgreSQL instead of MariaDB (or MySQL)

Source: https://db-engines.com/en/ranking_trend

https://northeastern-datalab.github.io/cs7240/
https://db-engines.com/en/ranking_trend
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Why PostgreSQL instead of MariaDB (or MySQL)

Source: https://www.theguardian.com/info/2018/nov/30/bye-bye-mongo-hello-postgres

I also prefer PostgreSQL over MySQL because it has a more principled 
interpretation of SQL (and a powerful EXPLAIN command)

Source: https://db-engines.com/en/ranking_trend

https://northeastern-datalab.github.io/cs7240/
https://www.theguardian.com/info/2018/nov/30/bye-bye-mongo-hello-postgres
https://db-engines.com/en/ranking_trend
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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

Product

302

SELECT pName, price
FROM Product
WHERE price > 100

?

Our friend here shows that you can follow along in Postgres. 
Just install the database from the text file "302 - ..." 
available in our sql folder from our course web page

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Simple SQL Query
Product

302

SELECT pName, price
FROM Product
WHERE price > 100

Our friend here shows that you can follow along in Postgres. 
Just install the database from the text file "302 - ..." 
available in our sql folder from our course web page

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

PName Price
SingleTouch $149.99
MultiTouch $203.99

Selection
& Projection

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

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Selection vs. Projection

PName Price
SingleTouch $149.99
MultiTouch $203.99

Product

302

SELECT pName, price
FROM Product
WHERE price > 100

Where does the
selection happen? ?

Selection
& Projection

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

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

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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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

Selection vs. Projection
Product

One selects certain 
entires=tuples (rows)
-> happens in the 
WHERE clause
-> acts like a filter

302

SELECT pName, price
FROM Product
WHERE price > 100

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

PName Price
SingleTouch $149.99
MultiTouch $203.99

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql


14Wolfgang Gatterbauer. Principles of scalable data management: https://northeastern-datalab.github.io/cs7240/

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

Selection vs. Projection
Product

One projects onto
some attributes
(columns)
-> happens in the
SELECT clause

One selects certain 
entires=tuples (rows)
-> happens in the 
WHERE clause
-> acts like a filter

302

SELECT pName, price
FROM Product
WHERE price > 100

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

PName Price
SingleTouch $149.99
MultiTouch $203.99

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Eliminating Duplicates 302

?SELECT category
FROM Product

Product

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

Our colorful hands
represent "team 
exercises"

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

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Eliminating Duplicates

Category
Gadgets
Gadgets

Photography
Household

Set vs. Bag 
semantics

302

?
Category
Gadgets

Photography
Household

SELECT category
FROM Product

Product

Think of a 
dictionary: 
keys mapping to
# of occurences

Gadgets : 2
Photography : 1
Houshold : 1

underlying set also
called the "support" 
of the bag

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

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

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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SELECT DISTINCT category
FROM Product

Eliminating Duplicates 302

SELECT category
FROM Product

Set vs. Bag 
semantics

Product

Think of a 
dictionary: 
keys mapping to
# of occurences

Gadgets : 2
Photography : 1
Houshold : 1

underlying set also
called the "support" 
of the bag

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

Category
Gadgets
Gadgets

Photography
Household

Category
Gadgets

Photography
Household

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

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Outline: T1-U1: SQL

• SQL
– Schema, keys, referential integrity
– Joins
– Aggregates and grouping
– Nested queries (Subqueries)
– Theta Joins
– Nulls & Outer joins
– Top-k
– [Recursion: moved to T1-U4: Datalog]
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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 here 
a key vs. 

a foreign key?

302

?
SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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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

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

Keys and Foreign Keys

Product

Company

Foreign
key

Key

Key

302

Keys and foreign keys 
are special cases of 
more general 
constraints. Which? ?

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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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

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

Keys and Foreign Keys

Product

Company
Foreign key

302

Key

Screenshots from: Deutsch. FOL Modeling of Integrity Constraints (Dependencies). Encyclopedia of Database Systems, 2018. https://doi.org/10.1007/978-1-4614-8265-9_980

https://northeastern-datalab.github.io/cs7240/
https://doi.org/10.1007/978-1-4614-8265-9_980
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... X Y ...

... 1 7 ...

... 1 7 ...

... 2 5 ...

... 3 7 ...

Keys and Foreign Keys

R

Screenshots from: Deutsch. FOL Modeling of Integrity Constraints (Dependencies). Encyclopedia of Database Systems, 2018. https://doi.org/10.1007/978-1-4614-8265-9_980

... Y ...

... 1 ...

... 2 ...

... 2 ...

... 3 ...

... 4 ...

S

R[X] functionally determines R[Y]: 
Y = f(X)

R[X] is included in S[Y]: 
R[Y] ⊆ S[Y]

https://northeastern-datalab.github.io/cs7240/
https://doi.org/10.1007/978-1-4614-8265-9_980
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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 attributes of 
a relation is a unique identifier for a tuple.

Foreign key: attribute in a relational table that 
matches a candidate key of another table

302

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Referential Integrity
Product Company

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

302

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

Foreign key: attribute in a relational table that 
matches a candidate key of another table

Gizmo $14.99 Gadgets Hitachi

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Referential Integrity
Product Company

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

tuple violates key constraint

302

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

Foreign key: attribute in a relational table that 
matches a candidate key of another table

Gizmo $14.99 Gadgets Hitachi

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Referential Integrity
Product Company

?

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

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

tuple violates key constraint

302

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

Foreign key: attribute in a relational table that 
matches a candidate key of another table

Gizmo $14.99 Gadgets Hitachi

SuperTouch $249.99 Computer NewCom

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Referential Integrity
Product Company

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

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

tuple violates key constraint

tuple violates
foreign key constraint

302

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

Foreign key: attribute in a relational table that 
matches a candidate key of another table

Gizmo $14.99 Gadgets Hitachi

SuperTouch $249.99 Computer NewCom

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Referential Integrity
Product Company

?Delete from Company 
where CName = 'Canon';

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

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

tuple violates key constraint

tuple violates
foreign key constraint

302

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

Foreign key: attribute in a relational table that 
matches a candidate key of another table

Gizmo $14.99 Gadgets Hitachi

SuperTouch $249.99 Computer NewCom

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Referential Integrity
Product Company

Gizmo $14.99 Gadgets Hitachi

SuperTouch $249.99 Computer NewCom
Delete from Company 
where CName = 'Canon';

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

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

tuple violates key constraint

tuple violates
foreign key constraint

302

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

Foreign key: attribute in a relational table that 
matches a candidate key of another table

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Schema specification in SQL 302

Example SQL code and database: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Outline: T1-U1: SQL

• SQL
– Schema, keys, referential integrity
– Joins
– Aggregates and grouping
– Nested queries (Subqueries)
– Theta Joins
– Nulls & Outer joins
– Top-k
– [Recursion: moved to T1-U4: Datalog]
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Joins

Product Company

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

302

?
SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo $29.99 Gadgets GizmoWorks

SingleTouch $149.99 Photography Canon

MultiTouch $203.99 Household Hitachi

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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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

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Joins

Product Company

SELECT pName, price 
FROM Product, Company
WHERE manufacturer=cName

and country='Japan'
and price <= 200

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

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

