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PRELIMINARY
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Outline: T1-U1: SQL

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

https://northeastern-datalab.github.io/cs7575/sp26/
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Source: https://spectrum.ieee.org/top-programming-languages-2022 

https://northeastern-datalab.github.io/cs7575/sp26/
https://spectrum.ieee.org/top-programming-languages-2022
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Source: https://spectrum.ieee.org/top-programming-languages-2024 , Text on the right: https://spectrum.ieee.org/top-programming-languages-2022

https://northeastern-datalab.github.io/cs7575/sp26/
https://spectrum.ieee.org/top-programming-languages-2024
https://spectrum.ieee.org/top-programming-languages-2022
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Source: https://spectrum.ieee.org/top-programming-languages-2025 

https://northeastern-datalab.github.io/cs7575/sp26/
https://spectrum.ieee.org/top-programming-languages-2025
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Fun question: What is the most popular PL?

?

https://northeastern-datalab.github.io/cs7575/sp26/


10Wolfgang Gatterbauer. A seminar on relational language design: https://northeastern-datalab.github.io/cs7575/sp26/  

Fun question: What is the most popular PL?

Source: https://www.microsoft.com/en-us/research/blog/lambda-the-ultimatae-excel-worksheet-function/ 

Possibly interesting 
class scribe: Why is Excel 
Turing-complete?

https://northeastern-datalab.github.io/cs7575/sp26/
https://www.microsoft.com/en-us/research/blog/lambda-the-ultimatae-excel-worksheet-function/
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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/cs7575/sp26/
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SQL: was not the only Attempt

SQL

reading order:
3

1
2

select (e.salary / (e.age-18)) as comp
from   employee as e
where  e.name='Jones'

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/cs7575/sp26/
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SQL: was not the only Attempt

SQL

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

QUEL

Commercially not used
anymore since ~1980

reading order:
3

1
2

3
1

2

select (e.salary / (e.age-18)) as comp
from   employee as e
where  e.name='Jones'

range of e is employee
retrieve (comp = e.salary / (e.age-18))
where  e.name="Jones"

https://northeastern-datalab.github.io/cs7575/sp26/
http://en.wikipedia.org/wiki/QUEL_query_languages
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SQL: was not the only Attempt

SQL

QUEL: http://en.wikipedia.org/wiki/QUEL_query_languages , [Shute+'24] SQL Has Problems. We Can Fix Them: Pipe Syntax In SQL, VLDB 2024, https://doi.org/10.14778/3685800.3685826 

QUEL

Commercially not used
anymore since ~1980

reading order:
3

1
2

3
1

2

select (e.salary / (e.age-18)) as comp
from   employee as e
where  e.name='Jones'

range of e is employee
retrieve (comp = e.salary / (e.age-18))
where  e.name="Jones"

from   employee as e
|> where  e.name='Jones'
|> select (e.salary / (e.age-18)) as comp3

1
2Google's Pipe syntax

https://northeastern-datalab.github.io/cs7575/sp26/
http://en.wikipedia.org/wiki/QUEL_query_languages
https://doi.org/10.14778/3685800.3685826
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Source: Donald Chamberlin, 50 years of queries, CACM 2024. https://doi.org/10.1145/3649887  

https://northeastern-datalab.github.io/cs7575/sp26/
https://doi.org/10.1145/3649887
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Why PostgreSQL instead of MariaDB (or MySQL)

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

SQLite likely has the most number of installations: its is an 
embedded serverless database (not a server-client databas)

https://northeastern-datalab.github.io/cs7575/sp26/
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/cs7575/sp26/
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/cs7575/sp26/
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/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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How to install PostgreSQL? As always: if you find something that does
not work, PLEASE let me know to fix it!

https://northeastern-datalab.github.io/cs7575/sp26/
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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/cs7575/sp26/
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/cs7575/sp26/
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 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/cs7575/sp26/
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  

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/cs7575/sp26/
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 : 
1Houshold : 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/cs7575/sp26/
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 : 
1Houshold : 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/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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SELECT DISTINCT category,
 manufacturer
FROM Product

Eliminating Duplicates 302

Set vs. Bag 
semantics

Product

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

Category Manufacturer
Gadgets GizmoWorks
Gadgets GizmoWorks
Photography Canon
Household Hitachi

Category Manufacturer
Gadgets GizmoWorks
Photography Canon
Household 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

SELECT category,
      manufacturer
FROM Product

https://northeastern-datalab.github.io/cs7575/sp26/
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)
– Union and Theta Joins
– Nulls & Outer joins
– Window Functions
– Top-k
– [Recursion: moved to T1-U4: Datalog]

https://northeastern-datalab.github.io/cs7575/sp26/
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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/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql


32Wolfgang Gatterbauer. A seminar on relational language design: https://northeastern-datalab.github.io/cs7575/sp26/  

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

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  

Keys

https://northeastern-datalab.github.io/cs7575/sp26/
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

Keys

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 

[𝑍]

𝑍

𝑍

𝑍

𝑍
𝑍

https://northeastern-datalab.github.io/cs7575/sp26/
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 

... Z ...

... 1 ...

... 2 ...

... 2 ...

... 3 ...

... 4 ...

S

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

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

[𝑍]

𝑍

𝑍

𝑍

𝑍
𝑍

https://northeastern-datalab.github.io/cs7575/sp26/
https://doi.org/10.1007/978-1-4614-8265-9_980
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Integrity constraints

• Primary Keys (PKs) are special cases of function dependencies (FDs)
• Foreign keys (FKs) are special cases of inclusion dependencies (IDs = 

referential integrity constraints)
• In SQL, UNIQUE specifies candidate keys (CKs = sets of attributes that can 

uniquely identify a tuple); A PK is a chosen CK
• SQL FKs may reference CKs (not only PKs)
• SQL has no general declarative mechanism to enforce arbitrary FDs or IDs; 

instead, there are two more powerful formalisms:
- General triggers: widely supported (though syntax/behavior varies between databases); 

procedural and local (database just needs to understand "run this code now")
- Assertion constraints: in the SQL standard, but not implemented in practice; declarative 

and global (difficult for database to enforce efficiently)

https://northeastern-datalab.github.io/cs7575/sp26/
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Referential Integrity
Product Company

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/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Referential Integrity
Product Company

Gizmo $14.99 Gadgets Hitachi

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

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/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Referential Integrity
Product Company

Gizmo $14.99 Gadgets Hitachi

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

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/cs7575/sp26/
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

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

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/cs7575/sp26/
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

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/cs7575/sp26/
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

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  

Insert into Product values ('SuperTouch', 249.99, 'Computer', null);
However, what is allowed by default is to add a null value:

https://northeastern-datalab.github.io/cs7575/sp26/
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  

Insert into Product values ('SuperTouch', 249.99, 'Computer', null);
However, what is allowed by default is to add a null value: ?

https://northeastern-datalab.github.io/cs7575/sp26/
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  

Insert into Product values ('SuperTouch', 249.99, 'Computer', null);
However, what is allowed by default is to add a null value:

https://northeastern-datalab.github.io/cs7575/sp26/
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

you can change the default behavior by appending instructions, e.g. 
"foreign key (manufacturer) references company (cname) on delete set null;"

https://northeastern-datalab.github.io/cs7575/sp26/
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)
– Union and Theta Joins
– Nulls & Outer joins
– Window Functions
– Top-k
– [Recursion: moved to T1-U4: Datalog]

https://northeastern-datalab.github.io/cs7575/sp26/
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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/cs7575/sp26/
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
(also called "join predicate)

PName Price

SingleTouch $149.99

302

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

"selection predicates"

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Pre-class conversations

• Last class summary
• Admin
- Already installed Postgres? Already on Piazza? 
- 2 example past mini projects from other classes posted on Canvas
- Next week THU online

• Part 2 topics

• Today: 
- SQL continued

https://northeastern-datalab.github.io/cs7575/sp26/
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https://northeastern-datalab.github.io/cs7575/sp26/
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https://northeastern-datalab.github.io/cs7575/sp26/
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Parameterized queries 606

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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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 (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

302

CName StockPrice Country

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

Product Company

SELECT *
FROM Product, Company
WHERE manufacturer=cName ?

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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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

CName StockPrice Country

GizmoWorks 25 USA

GizmoWorks 25 USA

Canon 65 Japan

Hitachi 15 Japan

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

302

SELECT *
FROM Product, Company
WHERE manufacturer=cName 

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Meaning (Semantics) of SELECT-FROM-WHERE queries

Answer = {}
for x1 in R1 do
      for x2 in R2 do
           …..
                for xn in Rn do
                       if Conditions
                             then Answer = Answer È {(a1,…,ak)}
return Answer

SELECT a1, a2, …, ak
FROM  R1 as x1, R2 as x2, …, Rn as xn
WHERE Conditions

Conceptual evaluation strategy (nested for loops):

Also called Select-Project-Join (SPJ) queries

https://northeastern-datalab.github.io/cs7575/sp26/
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Meaning (Semantics) of SELECT-FROM-WHERE queries

Answer = {}
for x1 in R1 do
      for x2 in R2 do
           …..
                for xn in Rn do
                       if Conditions
                             then Answer = Answer È {(a1,…,ak)}
return Answer

att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

R1
att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

R2
att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

R3

Conceptual evaluation strategy (nested for loops):

Also called Select-Project-Join (SPJ) queries

https://northeastern-datalab.github.io/cs7575/sp26/
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Meaning (Semantics) of SELECT-FROM-WHERE queries

Answer = {}
for x1 in R1 do
      for x2 in R2 do
           …..
                for xn in Rn do
                       if Conditions
                             then Answer = Answer È {(a1,…,ak)}
return Answer

R1 R2 R3
att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

Notice the conceptual evaluation strategy for 
SPJ-queries implies that all SPJ-queries are 
"monotone": whenever we add tuples to the 
input, the output can never decrease:
     if 𝑅! ⊆ 𝑅!" , 𝑅# ⊆ 𝑅#" , 𝑅$ ⊆ 𝑅$"
     then 𝑄 𝑅!, 𝑅#, 𝑅$ ⊆ 𝑄 𝑅!" , 𝑅#" , 𝑅$"

Also called Select-Project-Join (SPJ) queries

https://northeastern-datalab.github.io/cs7575/sp26/
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Meaning (Semantics) of conjunctive SQL Queries
R1 R2 R3
att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

att1 att2 ... attk
... ... ... ...

... ... ... ...

... ... ... ...

... ... ... ...

DEFINITION: A function f(x) is "monotone" 
(or better "monotonically increasing") if:
      if 𝑥! ≤ 𝑥#
      then 𝑓(𝑥!) ≤ 𝑓(𝑥#)

Notice the conceptual evaluation strategy for 
SPJ-queries implies that all SPJ-queries are 
"monotone": whenever we add tuples to the 
input, the output can never decrease:
     if 𝑅! ⊆ 𝑅!" , 𝑅# ⊆ 𝑅#" , 𝑅$ ⊆ 𝑅$"
     then 𝑄 𝑅!, 𝑅#, 𝑅$ ⊆ 𝑄 𝑅!" , 𝑅#" , 𝑅$"

Also called Select-Project-Join (SPJ) queries

𝑥

𝑓(𝑦)

𝑥! 𝑥"

https://northeastern-datalab.github.io/cs7575/sp26/
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Conceptual Evaluation Strategy

• Semantics of an SQL query defined in terms of the following conceptual 
evaluation strategy:
- FROM: Compute the cross-product of the relations. This is a new set of larger tuples.
- WHERE: Only keep the tuples that pass the qualifications ("selection", filter)
- SELECT: Delete attributes that are not in listed attributes
- If DISTINCT is specified, eliminate duplicate rows.

• This strategy is probably the least efficient way to compute a query!  An 
optimizer will find (algebraically equivalent but) more efficient strategies to 
compute the same answers.

• We say “semantics” not “execution order”. Why?

?

https://northeastern-datalab.github.io/cs7575/sp26/
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Conceptual Evaluation Strategy

• Semantics of an SQL query defined in terms of the following conceptual 
evaluation strategy:
- FROM: Compute the cross-product of the relations. This is a new set of larger tuples.
- WHERE: Only keep the tuples that pass the qualifications ("selection", filter)
- SELECT: Delete attributes that are not in listed attributes
- If DISTINCT is specified, eliminate duplicate rows.

• This strategy is probably the least efficient way to compute a query!  An 
optimizer will find (algebraically equivalent but) more efficient strategies to 
compute the same answers.

• We say “semantics” not “execution order”. Why?
- The preceding slides show what a join means (semantics = meaning): "the logic"
- Not actually how the DBMS actually executes it (separation of concerns): algebra

https://northeastern-datalab.github.io/cs7575/sp26/
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Person (pName, address, works_for)
University (uName, address)

312

SELECT DISTINCT pName, address
FROM Person, University
WHERE works_for = uName ?What will this

query return

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Table Alias (Tuple Variables)

SELECT DISTINCT pName, address
FROM Person, University
WHERE works_for = uName

SELECT DISTINCT pName, University.address
FROM Person, University
WHERE Person.works_for = University.uName

SELECT DISTINCT X.pName, Y.address
FROM Person as X, University Y
WHERE X.works_for = Y.uName

which address?
Error!

Notice that the use of "as" is not necessary, it is optional !!

Person (pName, address, works_for)
University (uName, address)

312

https://northeastern-datalab.github.io/cs7575/sp26/
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Using the Formal Semantics

SELECT R.a
FROM   R, S, T
WHERE R.a=S.a   
         or R.a=T.a

What do these queries compute?

SELECT R.a
FROM R, S
WHERE R.a=S.a

T
a

2

305

R
a

1

2

S
a

1

R(a), S(a), T(a)

?

?
Example originally proposed in Garcia-Molina, Ullman, Widom. Database Systems. 2001. Ch. 6.2.4 Interpreting Multirelation Queries. http://infolab.stanford.edu/~ullman/dscb.html 
SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

https://northeastern-datalab.github.io/cs7575/sp26/
http://infolab.stanford.edu/~ullman/dscb.html
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Using the Formal Semantics

SELECT R.a
FROM   R, S, T
WHERE R.a=S.a   
         or R.a=T.a

What do these queries compute?

SELECT R.a
FROM R, S
WHERE R.a=S.a

Returns R Ç S
(intersection)

T

a

1

305

R S

R(a), S(a), T(a)

?
Example originally proposed in Garcia-Molina, Ullman, Widom. Database Systems. 2001. Ch. 6.2.4 Interpreting Multirelation Queries. http://infolab.stanford.edu/~ullman/dscb.html 
SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

a

2

a

1

2

a

1

https://northeastern-datalab.github.io/cs7575/sp26/
http://infolab.stanford.edu/~ullman/dscb.html
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Using the Formal Semantics

SELECT R.a
FROM   R, S, T
WHERE R.a=S.a   
         or R.a=T.a

Returns R Ç (S È T)
if S ≠ ∅ and T ≠ ∅

What do these queries compute?

SELECT R.a
FROM R, S
WHERE R.a=S.a

Returns R Ç S
(intersection)

T

a

1

2

305

R S

R(a), S(a), T(a)

Example originally proposed in Garcia-Molina, Ullman, Widom. Database Systems. 2001. Ch. 6.2.4 Interpreting Multirelation Queries. http://infolab.stanford.edu/~ullman/dscb.html 
SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

a

2

a

1

2

a

1

a

1

https://northeastern-datalab.github.io/cs7575/sp26/
http://infolab.stanford.edu/~ullman/dscb.html
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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a

1

2

a

1

a

2

a

1

2

a

1

Using the Formal Semantics

Returns R Ç (S È T)
if S ≠ ∅ and T ≠ ∅

What do these queries compute?

SELECT R.a
FROM R, S
WHERE R.a=S.a

Returns R Ç S
(intersection)

T2

305

R S

R(a), S(a), T2(a)

?

?

Next, we are 
removing the 
input tuple 
"(2)"

SELECT R.a
FROM   R, S, T2 as T
WHERE R.a=S.a   
         or R.a=T.a

Example originally proposed in Garcia-Molina, Ullman, Widom. Database Systems. 2001. Ch. 6.2.4 Interpreting Multirelation Queries. http://infolab.stanford.edu/~ullman/dscb.html 
SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

Our colorful hands
represent "team 
exercises" If we are
online, please make a 
screenshot!

https://northeastern-datalab.github.io/cs7575/sp26/
http://infolab.stanford.edu/~ullman/dscb.html
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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a

1

2

Using the Formal Semantics

Returns R Ç (S È T)
if S ≠ ∅ and T ≠ ∅

What do these queries compute?

SELECT R.a
FROM R, S
WHERE R.a=S.a

Returns R Ç S
(intersection)

305R(a), S(a), T2(a)

?

Next, we are 
removing the 
input tuple 
"(2)"

SELECT R.a
FROM   R, S, T2 as T
WHERE R.a=S.a   
         or R.a=T.a

Example originally proposed in Garcia-Molina, Ullman, Widom. Database Systems. 2001. Ch. 6.2.4 Interpreting Multirelation Queries. http://infolab.stanford.edu/~ullman/dscb.html 
SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

a

2

a

1

2

a

1

T2R S

a

1

https://northeastern-datalab.github.io/cs7575/sp26/
http://infolab.stanford.edu/~ullman/dscb.html
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Using the Formal Semantics

What do these queries compute?

SELECT R.a
FROM R, S
WHERE R.a=S.a

Returns R Ç S
(intersection)

305R(a), S(a), T2(a)

Next, we are 
removing the 
input tuple 
"(2)"

Returns ∅
if S = ∅ or T = ∅

Can seem counterintuitive! But remember conceptual evaluation
strategy: Nested loops. If one table is empty -> no looping

a
SELECT R.a
FROM   R, S, T2 as T
WHERE R.a=S.a   
         or R.a=T.a

Example originally proposed in Garcia-Molina, Ullman, Widom. Database Systems. 2001. Ch. 6.2.4 Interpreting Multirelation Queries. http://infolab.stanford.edu/~ullman/dscb.html 
SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

a

2

a

1

2

a

1

T2R S

a

1

https://northeastern-datalab.github.io/cs7575/sp26/
http://infolab.stanford.edu/~ullman/dscb.html
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Illustration with Python

The comparison gets never evaluated

306

"Premature optimization
is the root of all evil."
Donald Knuth (1974)

"When you are diagnosing 
problems, don’t think about 
how you will solve them—just 
diagnose them. Blurring the 
steps leads to suboptimal 
outcomes because it 
interferes with uncovering 
the true problems."
Ray Dalio (Principles, 2017)

Python file

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Quiz

SELECT DISTINCT cName
FROM 
WHERE

                                  

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

Q: Find all US companies that manufacture both a product 
below $20 and a product above $25.

302Our colorful hands represent "team exercises"
If we are online, please make a screenshot!

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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SELECT DISTINCT cName
FROM Product as P, Company
WHERE country = 'USA'
       and P.price < 20
       and P.price > 25
       and P.manufacturer = cName  

Quiz: Answer 1

Q: Find all US companies that manufacture both a product 
below $20 and a product above $25.

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

What about this query?

302

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Quiz: Answer 1

Q: Find all US companies that manufacture both a product 
below $20 and a product above $25.

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

SELECT DISTINCT cName
FROM Product as P, Company
WHERE country = 'USA'
       and P.price < 20
       and P.price > 25
       and P.manufacturer = cName  

Wrong! Gives empty
result: There is no 
product with price
<20 and >25

302

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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SELECT DISTINCT cName
FROM Product as P, Company
WHERE country = 'USA'
       and (P.price < 20
       or P.price > 25)
       and P.manufacturer = cName  

Quiz: Answer 2

Q: Find all US companies that manufacture both a product 
below $20 and a product above $25.

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

302

What about this query?

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Quiz: Answer 2

Q: Find all US companies that manufacture both a product 
below $20 and a product above $25.

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

SELECT DISTINCT cName
FROM Product as P, Company
WHERE country = 'USA'
       and (P.price < 20
       or P.price > 25)
       and P.manufacturer = cName  

Returns companies
with single product
w/price (<20 or >25)

P.price<20 or
P.price>25

C

P

302

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Quiz: Problem with Answers 1 & 2

P.price < 20 and / or
P.price > 25

Q: Find all US companies that manufacture both a product 
below $20 and a product above $25.

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

C

P

302

country='USA'

?
What do we actually want?

not possible!
→ Empty result

https://northeastern-datalab.github.io/cs7575/sp26/
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Quiz: Answer 1 vs. what we actually want

P.price < 20 and / or
P.price > 25

Q: Find all US companies that manufacture both a product 
below $20 and a product above $25.

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

C

P P.price < 20

C

P1

P2 P.price > 25

302

country='USA' country='USA'

not possible!
→ Empty result

https://northeastern-datalab.github.io/cs7575/sp26/
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SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

Quiz answer: we need "self-joins" (table aliases)!

Q: Find all US companies that manufacture both a product 
below $20 and a product above $25.

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

302

P.price < 20

C

P1

P2 P.price > 25

country='USA'

SELECT DISTINCT cName
FROM Product as P1, Product as P2, Company
WHERE country = 'USA'
       and P1.price < 20
       and P2.price > 25
       and P1.manufacturer = cName  
       and P2.manufacturer = cName

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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CName StockPrice Country
GizmoWorks 25 USA
Canon 65 Japan
Hitachi 15 Japan

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

Quiz answer: we need "self-joins" (table aliases)! 302
P1

Company

P2

SELECT DISTINCT cName
FROM Product as P1, Product as P2, Company
WHERE country = 'USA'
       and P1.price < 20
       and P2.price > 25
       and P1.manufacturer = cName  
       and P2.manufacturer = cName

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

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

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

Quiz answer: we need "self-joins" (table aliases)! 302

SELECT DISTINCT cName
FROM Product as P1, Product as P2, Company
WHERE country = 'USA'
       and P1.price < 20
       and P2.price > 25
       and P1.manufacturer = cName  
       and P2.manufacturer = cName

CName
GizmoWorks

P1

Company

P2

https://northeastern-datalab.github.io/cs7575/sp26/
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)
– Union and Theta Joins
– Nulls & Outer joins
– Window Functions
– Top-k
– [Recursion: moved to T1-U4: Datalog]

https://northeastern-datalab.github.io/cs7575/sp26/
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Grouping and Aggregation

Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

Q: For each product, find Total Quantities (TQ = sum of quantities) purchased, 
for all products with price >1.

Purchase
308

?

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Grouping and Aggregation

Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

Purchase
308

Q: For each product, find Total Quantities (TQ = sum of quantities) purchased, 
for all products with price >1.

Product TQ
Bagel ? 
Banana ?

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Grouping and Aggregation

Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

Purchase
308

Q: For each product, find Total Quantities (TQ = sum of quantities) purchased, 
for all products with price >1.

Product TQ
Bagel 40 
Banana 20

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Product TQ
Bagel 40 
Banana 20

From ® Where ® Group By ® Select

SELECT product, sum(quantity) as TQ
FROM Purchase
WHERE price > 1
GROUP BY product

Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

1
2
3

4

Select contains
• grouped attributes 
• and aggregates

Purchase
308

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

Tuples grouped together 
need to share the same 
value for attribute "product"

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Groupings illustrated with colored shapes

SELECT color,
 avg(numc) anc
FROM Shapes
GROUP BY color

group by color

SELECT numc
FROM Shapes
GROUP BY numc

? ?

group by numc (# of corners)

https://northeastern-datalab.github.io/cs7575/sp26/
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Groupings illustrated with colored shapes

SELECT color,
 avg(numc) anc
FROM Shapes
GROUP BY color

group by color

SELECT numc
FROM Shapes
GROUP BY numc

??

group by numc (# of corners)
color numc
blue 3
blue 4
blue 5
orange 4
orange 5
orange 6

https://northeastern-datalab.github.io/cs7575/sp26/
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Groupings illustrated with colored shapes

SELECT color,
 avg(numc) anc
FROM Shapes
GROUP BY color

group by color

color anc
blue 4
orange 5

SELECT numc
FROM Shapes
GROUP BY numc

?

group by numc (# of corners)
color numc
blue 3
blue 4
blue 5
orange 4
orange 5
orange 6

https://northeastern-datalab.github.io/cs7575/sp26/
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Groupings illustrated with colored shapes

SELECT color,
 avg(numc) anc
FROM Shapes
GROUP BY color

group by color

color anc
blue 4
orange 5

SELECT numc
FROM Shapes
GROUP BY numc

numc
3
4
5
6

group by numc (# of corners)
color numc
blue 3
blue 4
blue 5
orange 4
orange 5
orange 6

Without group by?

https://northeastern-datalab.github.io/cs7575/sp26/
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Groupings illustrated with colored shapes

SELECT DISTINCT numc
FROM Shapes

Same as:

color numc
blue 3
blue 4
blue 5
orange 4
orange 5
orange 6

SELECT color,
 avg(numc) anc
FROM Shapes
GROUP BY color

group by color group by numc (# of corners)

color anc
blue 4
orange 5

SELECT numc
FROM Shapes
GROUP BY numc

numc
3
4
5
6

Without group by!

https://northeastern-datalab.github.io/cs7575/sp26/
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Outline: T1-U1: SQL

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

https://northeastern-datalab.github.io/cs7575/sp26/
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Subqueries = Nested queries

• We can nest queries because SQL is compositional:
- Input & Output are represented as relations (multisets)
- Subqueries also return relations; thus the output of one query can thus be 

used as the input to another (nesting)
• This is extremely powerful (think in terms of input/output)
• A complication: subqueries can be correlated (not just in-/output)

We focus mainly on nestings in 
the WHERE clause, which are the 
most expressive type of nesting. 

SELECT ...
FROM ...
WHERE ... 
HAVING ... 

(SELECT ...
 FROM ... 
 WHERE ... )

Outer block Inner block

https://northeastern-datalab.github.io/cs7575/sp26/
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Subqueries in 
  SELECT clause
  FROM clause
  WHERE clause
  HAVING clause

(also called "derived tables")

https://northeastern-datalab.github.io/cs7575/sp26/
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Product TQ
Bagel 40 
Banana 70

Subqueries in FROM clause = Derived tables

SELECT product, SUM(quantity) as TQ
FROM Purchase
GROUP BY product

Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

Purchase
308

Q1: For each product, find total 
quantities (sum of quantities) purchased. 

MTQ
70

Q2: Find the maximal total quantities 
purchased across all products.

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Subqueries in FROM clause = Derived tables

SELECT product, SUM(quantity) as TQ
FROM Purchase
GROUP BY product

Purchase
308

Q1: For each product, find total 
quantities (sum of quantities) purchased. 

Q2: Find the maximal total quantities 
purchased across all products.

?

X
Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

MTQ
70

Product TQ
Bagel 40 
Banana 70

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql


105Wolfgang Gatterbauer. A seminar on relational language design: https://northeastern-datalab.github.io/cs7575/sp26/  

Subqueries in FROM clause = Derived tables

SELECT product, SUM(quantity) as TQ
FROM Purchase
GROUP BY product

308

Q1: For each product, find total 
quantities (sum of quantities) purchased. 

Q2: Find the maximal total quantities 
purchased across all products.

SELECT MAX(TQ) as MTQ
FROM X

Purchase X
Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

MTQ
70

Product TQ
Bagel 40 
Banana 70

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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SELECT MAX(TQ) as MTQ
FROM (SELECT product, SUM(quantity) as TQ
 FROM Purchase
 GROUP BY product) X

Subqueries in FROM clause = Derived tables

SELECT product, SUM(quantity) as TQ
FROM Purchase
GROUP BY product

Purchase
308

Q1: For each product, find total 
quantities (sum of quantities) purchased. 

Q2: Find the maximal total quantities 
purchased across all products.

SELECT MAX(TQ) as MTQ
FROM X

Purchase
Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

MTQ
70

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Common Table Expressions (CTE): WITH clause
Purchase

308

SELECT MAX(TQ) as MTQ
FROM (SELECT product, SUM(quantity) as TQ
 FROM Purchase
 GROUP BY product) X

Purchase
Product Price Quantity
Bagel 3 20
Bagel 2 20
Banana 1 50
Banana 2 10
Banana 4 10

MTQ
70

CTE (Common 
Table Expression)

Query using CTE

WITH X as
 (SELECT product, SUM(quantity) as TQ
 FROM Purchase
 GROUP BY product) 
SELECT MAX(TQ) as MTQ
FROM X

The WITH clause defines a temporary 
relation that is available only to the query 
in which it occurs. Sometimes easier to 
read. Very useful for queries that need to 
access the same intermediate result 
multiple times. Required for recursive 
queries (we discuss later with Datalog)SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql  

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Subqueries in 
  SELECT clause
  FROM clause
  WHERE clause
  HAVING clause

(including IN, ANY, ALL)

https://northeastern-datalab.github.io/cs7575/sp26/
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Subqueries in WHERE clause
What do these queries return?

SELECT a
FROM R
WHERE a IN 
 (SELECT a FROM W)

?

305R
a
1
2

SELECT a
FROM R
WHERE a < ANY 
 (SELECT a FROM W)

SELECT a
FROM R
WHERE a < ALL 
 (SELECT a FROM W)

W
a b
2 0
3 0
4 0

?

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Subqueries in WHERE clause

Since 2 is in the set (bag)
(2, 3, 4)

a
2

R 305

?

?

a
1
2

a b
2 0
3 0
4 0

W

What do these queries return?

SELECT a
FROM R
WHERE a IN 
 (SELECT a FROM W)

SELECT a
FROM R
WHERE a < ANY 
 (SELECT a FROM W)

SELECT a
FROM R
WHERE a < ALL 
 (SELECT a FROM W)

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Subqueries in WHERE clause

Since 2 is in the set (bag)
(2, 3, 4)

R

a
1
2

Since 1 and 2 are <
than at least one 
("any") of 2, 3 or 4

305

?

a
1
2

a b
2 0
3 0
4 0

W

a
2

What do these queries return?

SELECT a
FROM R
WHERE a IN 
 (SELECT a FROM W)

SELECT a
FROM R
WHERE a < ANY 
 (SELECT a FROM W)

SELECT a
FROM R
WHERE a < ALL 
 (SELECT a FROM W)

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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a
1
2

a b
2 0
3 0
4 0

Subqueries in WHERE clause

Since 2 is in the set (bag)
(2, 3, 4)

R

a
1

Since 1 and 2 are <
than at least one 
("any") of 2, 3 or 4

Since 1 is < than 
each ("all") of 2, 3, 
and 4

305W

a
1
2

a
2

What do these queries return?

SELECT a
FROM R
WHERE a IN 
 (SELECT a FROM W)

SELECT a
FROM R
WHERE a < ANY 
 (SELECT a FROM W)

SELECT a
FROM R
WHERE a < ALL 
 (SELECT a FROM W)

SQLlite does not support "ANY" or "ALL" L

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Correlated subqueries

• In all previous cases, the nested subquery in the inner select block 
could be entirely evaluated before processing the outer select block.  
- Recall the "compositional" nature of relational queries
- This is no longer the case for correlated nested queries.  

• Whenever a condition in the WHERE clause of a nested query 
references some column of a table declared in the outer query, the 
two queries are said to be correlated.  
- The nested query is then evaluated once for each tuple (or combination of 

tuples) in the outer query (that's the conceptual evaluation strategy)

https://northeastern-datalab.github.io/cs7575/sp26/
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Correlated subquery (existential $)

Using IN: Set / Bag membership

SELECT DISTINCT C.cname 
FROM Company C
WHERE C.cid IN ( SELECT P.cid
  FROM Product P
  WHERE P.price < 25)

316

Q1: Find all companies that make some product(s) with price < 25

PName Price Category cid

Gizmo $19.99 Gadgets 1

Powergizmo $29.99 Gadgets 1

SingleTouch $14.99 Photography 2

MultiTouch $203.99 Household 3

Product Company
cid CName StockPrice Country

1 GizmoWorks 25 USA

2 Canon 65 Japan

3 Hitachi 15 Japan

slightly 
different 
product 
database!

Is this a correlated 
nested query ?

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

https://northeastern-datalab.github.io/cs7575/sp26/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

