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Class warm-up

e Last class summary
e Extra office hours with Grishma Alshi: 1-3pm on THU

e groupme.com (2010, 2011 Skype, 2011 MSN)
« Keep notes on feedback, esp. collaboration policy on homeworks

e SQL today: nested queries

« SQL next: Nulls, outer joins, "witnesses" (traditionally students find
this topic the conceptually most difficult)

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 235



https://northeastern-datalab.github.io/cs3200/

. Aggregates
2. Groupings
3. Having

NTps://nortneastern-aatalan.gitnhub.10/Ccs320U/
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From — Where — Group By — Select

Product

TotalQuantities

Bagel

40

Banana

20

product, sum(quantity) as TotalQuantities

Purchase
Product |Price |Quantity
Bagel |3 20 3
Bagel 2 20
—Banana—1 50
Banana |2 10
'Banana |4 10
SELECT
FROM Purchase
WHERE price > 1
GROUP BY product
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From — Where — Group By — Select

Purchase

Product |Price |Quantity Product | TotalQuantities

Bagel 3 20 j> f?

Bagel 2 20 =
—Banana—1 50

Banana |2 10

Banana (4 10

SELECT product, sum(quantity) as TotalQuantities
FROM Purchase

WHERE price > 1

GROUP BY product, quantity
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From — Where — Group By — Select

Purchase

Product |Price |Quantity Product | TotalQuantities
/B/agel\ 3 /26\ 3 Bagel |40

\B\agel/ 2 \Z(y Banana | 20
—Banana—1 50

Banana |2 |10,

SELECT product, sum(quantity) as TotalQuantities
FROM Purchase

WHERE price > 1

GROUP BY product, quantity

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ ¢
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From — Where — Group By — Select

Purchase

Product |Price |Quantity Product | TotalQuantities

Bagel 3 20 j> f?

Bagel 2 20 =
—Banana—1 50

Banana |2 10

Banana (4 10

SELECT product, sum(quantity) as TotalQuantities
FROM Purchase

WHERE price > 1

GROUP BY product, price
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From — Where — Group By — Select

Purchase

Product |Price |Quantity Product | TotalQuantities

Bagel (|3 |20 j> Bagel |20

Bagel \2/ |20 Bagel |20

—Banana—1 50 Banana |10

Banana /|2 10 Banana |10

Banana D 10
SELECT product, sum(quantity) as TotalQuantities
FROM Purchase

WHERE price > 1
GROUP BY product, price
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From — Where — Group By — Select

Purchase
Product |Price |Quantity
Bagel 3 20 j>
Bagel 2 20
—Banana—1 50
Banana |2 10
Banana |4 10
SELECT product, quantity-1
FROM Purchase
WHERE price > 1
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Product

TotalQuantities

?
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From — Where — Group By — Select

Purchase
Product |Price |Quantity
Bagel 3 20 :::i>
Bagel 2 20
—Banana—1 50
Banana |2 10
Banana |4 10
SELECT product, quantity-1
FROM Purchase
WHERE price > 1
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Product

TotalQuantities

Bagel

19

Bagel

19

Banana

9

Banana

9
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From — Where — Group By — Select

Purchase
Product |Price |Quantity
Bagel 3 20 j>
Bagel 2 20
—Banana—1 50
Banana |2 10
Banana |4 10
SELECT product, quantity--1
FROM Purchase
WHERE price > 1
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Product

TotalQuantities

?
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From — Where — Group By — Select

Purchase
Product |Price |Quantity
Bagel 3 20 :::i>
Bagel 2 20
—Banana—1 50
Banana |2 10
Banana |4 10
SELECT product, quantity--1
FROM Purchase
WHERE price > 1
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Product

TotalQuantities

Bagel

20

Bagel

20

Banana

10

Banana

10
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From — Where — Group By — Select

Purchase

Product

Price

Quantity

Bagel

3

20

Bagel

2

20

—Banana

1
|

C N
JYU

Banana

2

10

Banana

4

10

—

Twterpreted as comment,
contrast with "quantity-(-1)"

SELECT

FROM

WHERE

Screenshot from: https://dev.mysgl.com/doc/refman/8.0/en/ansi-diff-comments.html
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product, quantity
Purchase
price > 1

Product | TotalQuantities
Bagel |20

Bagel |20
Banana |10

Banana | 10

AN

Standard SQL uses “--" as a start-comment sequence. MySQL Server uses # as the

Also contrast with MySQL: My

start comment character. MySQL Server also supports a variant of the -- comment
style. That is, the -- start-comment sequence must be followed by a space (or by a
control character such as a newline). The space is required to prevent problems
with automatically generated SQL queries that use constructs such as the
following, where we automatically insert the value of the payment for payment:

UPDATE account SET creditzcredit—{ayment>

Consider about what happens if payment has a negative value such as -1:

UPDATE account SET creditzcredit-[l}
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https://dev.mysql.com/doc/refman/8.0/en/ansi-diff-comments.html

How to think about a query?
Step-by-step,
with intermediate results

https://northeastern-datalab.github.io/cs3200/
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Thinki Nng like SQL Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household Hitachi

SELECT cName

FROM  Product P, Company C

WHERE manufacturer = cName
and country = 'USA'

GROUP by cName

HAVING count(*) >= 2

Q: Find all US companies that manufacture at least two different products.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 247
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Thinking like SQL

Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

P

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

FROM

Product P, Company C

CName StockPrice | Country

GizmoWorks | 25 USA

Canon 65 Japan

Hitachi 15 Japan
PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 | Gadgets GizmoWorks GizmoWorks | 25 USA
Powergizmo | $29.99 | Gadgets GizmoWorks GizmoWorks | 25 USA
SingleTouch | $149.99 | Photography| Canon GizmoWorks | 25 USA
MultiTouch | $203.99 | Household | Hitachi GizmoWorks | 25 USA
Gizmo $19.99 | Gadgets GizmoWorks Canon 65 Japan
Powergizmo | $29.99 | Gadgets GizmoWorks Canon 65 Japan
SingleTouch | $149.99 | Photography| Canon Canon 65 Japan
MultiTouch | $203.99 | Household | Hitachi Canon 65 Japan
Gizmo $19.99 | Gadgets GizmoWorks Hitachi 15 Japan
Powergizmo | $29.99 | Gadgets GizmoWorks Hitachi 15 Japan
SingleTouch | $149.99 | Photography| Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi Hitachi 15 Japan

Q: Find all US companies that manufacture at least two different products.

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/



https://northeastern-datalab.github.io/cs3200/

Thinking like SQL

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

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks / GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks / Canon 65 Japan
SingleTouch | $149.99 Photography | Canon / Hitachi 15 Japan
MultiTouch $203.99 Household Hitachi
PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 | Gadgets GizmoWorks GizmoWorks |25 USA
FROM Product P Com an C Powergizmo | $29.99 | Gadgets GIZITTOVVOTRS GIZITTOVVOTRS ] 29 USA
b} p y SingleTouch | $149.99 | Photography| Canon GizmoWorks |25 USA
_ MultiTouch |$203.99 | Household gHitachi Gizma\lorks—25 USA
WHERE manUfaCtu rer — CName Gizmo $19.99 [ Gadgets GizmoWorks Canon 65 Japan
Powergizmo | $29.99 | Gadgets GIZIMOVVOTKS Canon 5 Japan
SingleTouch | $149.99 [ Photography| Canon Canon 65 Japan
MultiTouch |$203.99 | Household | Hitachi Canon 65 Japan
Gizmo $19.99 | Gadgets GizmoWorks Hitachi 15 Japan
Powergizmo | $29.99 | Gadgets GizmoWorks Hitachi 15 Japan
SingleTouch | $149.99 [ Photography| Canon Hitachi 15 Japan
MultiTouch |$203.99 | Household | Hitachi Hitachi 15 Japan

Q: Find all US companies that manufacture at least two different products.

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

249



https://northeastern-datalab.github.io/cs3200/

Thinking like SQL

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

P C

PName Price Category Manufacturer | CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
SingleTouch | $149.99 Photography | Canon Canon 65 Japan
MultiTouch $203.99 Household Hitachi Hitachi 15 Japan
FROM  Product P, Company C

WHERE manufacturer = cName

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Thinking like SQL

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

P C

PName Price Category Manufacturer | CName StockPrice | Country

Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA

Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
—~Simgretouchr—5449-89—Photography—TCaron Sarrom 65 SerpearT—
==MottiForchr—$269-99—rHousetrotd—HitactT et +5 JaparT— "

FROM  Product P, Company C

WHERE manu

facturer = cName

and country = 'USA'

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Thinki Nng like SQL Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

P c 1

PName Price Category Manufacturer | CName StockPrice | Country

Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA

Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
—~Simgretouchr—5449-89—Photography—TCaron Sarrom 65 SerpearT—
==MottiForchr—$269-99—rHousetrotd—HitactT et +5 JaparT— "

FROM  Product P, Company C
WHERE manufacturer = cName

and country = 'USA'
GROUP by cName

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 252
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Thinking like SQL

Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

P c 1

PName Price Category Manufacturer | CName StockPrice | Country

Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA

Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
—~Simgretouchr—5449-89—Photography—TCaron Sarrom 65 FerperT—
==MottiForchr—$269-99—rHousetrotd—HitactT et +5 JapeT—

FROM  Product P, Company C

WHERE manufacturer = cName

and country = 'USA'
GROUP by cName
HAVING count(*) >= 2

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

} count(*) >=2
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Thinki Nng like SQL Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

P c 1

PName Price Category Manufacturer | CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA s
; ; count(*) >=2
Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
==Sirmgtefouctr5149-99—rPhotography—Caron Sarron 65 JaparT—"
==otiFourctr—1$203-99—rHousehotd—Hitachi et +5 JaparT— "

SELECT cName

FROM  Product P, Company C

WHERE manufacturer = cName
and country = 'USA' $ Cname

GROUP by cName

HAVING count(*) >= 2

GizmoWorks

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 254
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How to think about a query?
Step-by-step,
with intermediate results
(a slight variant)

https://northeastern-datalab.github.io/cs3200/
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Thinki Nng like SQL Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household Hitachi

SELECT cName, category
FROM  Product P, Company C
WHERE manufacturer = cName

and country = 'USA'
GROUP by cName, category
HAVING count(*) >= 2

Q: Find all US companies that manufacture at least two different products in the same category.
Reture..Company.name:.aia.ca890 8 ab github.io/cs3200/ 257
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Thinking like SQL

Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

P

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

FROM

Product P, Company C

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

CName StockPrice | Country

GizmoWorks | 25 USA

Canon 65 Japan

Hitachi 15 Japan
PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 | Gadgets GizmoWorks GizmoWorks | 25 USA
Powergizmo | $29.99 | Gadgets GizmoWorks GizmoWorks | 25 USA
SingleTouch | $149.99 | Photography| Canon GizmoWorks | 25 USA
MultiTouch | $203.99 | Household | Hitachi GizmoWorks | 25 USA
Gizmo $19.99 | Gadgets GizmoWorks Canon 65 Japan
Powergizmo | $29.99 | Gadgets GizmoWorks Canon 65 Japan
SingleTouch | $149.99 | Photography| Canon Canon 65 Japan
MultiTouch | $203.99 | Household | Hitachi Canon 65 Japan
Gizmo $19.99 | Gadgets GizmoWorks Hitachi 15 Japan
Powergizmo | $29.99 | Gadgets GizmoWorks Hitachi 15 Japan
SingleTouch | $149.99 | Photography| Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi Hitachi 15 Japan
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Thinking like SQL

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

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks / GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks / Canon 65 Japan
SingleTouch | $149.99 Photography | Canon / Hitachi 15 Japan
MultiTouch $203.99 Household Hitachi
PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 | Gadgets GizmoWorks SizmoWorks | 25 USA
FROM PI’OdUCt P Com an C Powergizmo | $29.99 [ Gadgets GizmoWorks SizmoWorks | 25 USA
b} p y SingleTouch | $149.99 | Photography| Canon GizmoWorks |25 USA
_ MultiTouch | $203.99 | Household _ | Hitachi LGizmaWorks |25 USA
WHERE manufacturer = cName Gizmo ___[$19.99 |Gadgets | GizmoWorks | |Canon 65 Japan
Powergizmo | $29.99 | Gadgets GizmoWworks | | Canon 65 Japan
SingleTouch | $149.99 [ Photography| Canon on 65 Japan
MultiTouch |$203.99 | Household | Hitachi Canon 65 Japan
Gizmo $19.99 | Gadgets GizmoWorks Hitachi 15 Japan
Powergizmo | $29.99 | Gadgets GizmoWorks Hitachi 15 Japan
SingleTouch | $149.99 | Photography| Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi Hitachi 15 Japan

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Thinking like SQL

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

P C

PName Price Category Manufacturer | CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
SingleTouch | $149.99 Photography | Canon Canon 65 Japan
MultiTouch $203.99 Household Hitachi Hitachi 15 Japan
FROM  Product P, Company C

WHERE manufacturer = cName

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Thinking like SQL

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

P C

PName Price Category Manufacturer | CName StockPrice | Country

Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA

Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
—~Simgretouchr—5449-89—Photography—TCaron Sarrom 65 SerpearT—
==MottiForchr—$269-99—rHousetrotd—HitactT et +5 JaparT— "

FROM  Product P, Company C

WHERE manu

facturer = cName

and country = 'USA'

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Thinki Nng like SQL Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

P 24 c

PName Price Category Manufacturer | CName StockPrice | Country

Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA

Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
—~Simgretouchr—5449-89—Photography—TCaron Sarrom 65 SerpearT—
==MottiForchr—$269-99—rHousetrotd—HitactT et +5 JaparT— "

FROM  Product P, Company C

WHERE manufacturer = cName
and country = 'USA'

GROUP by cName, category

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 262
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Thinking like SQL

Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

P <L c 1

PName Price Category Manufacturer | CName StockPrice | Country

Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA

Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
—~Simgretouchr—5449-89—Photography—TCaron Sarrom 65 FerperT—
==MottiForchr—$269-99—rHousetrotd—HitactT et +5 JapeT—

FROM  Product P, Company C

WHERE manufacturer = cName

and country = 'USA'
GROUP by cName, category
HAVING count(*) >= 2

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

} count(*) >=2
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Thinki Nng like SQL Product (pName, price, category, manufacturer)

Company (cName, stockPrice, country)

P 24 c

PName Price Category Manufacturer | CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks | GizmoWorks | 25 USA s
; ; count(*) >=2
Powergizmo | $29.99 Gadgets GizmoWorks | GizmoWorks | 25 USA
==Sirmgtefouctr5149-99—rPhotography—Caron Sarron 65 JaparT—"
==otiFourctr—1$203-99—rHousehotd—Hitachi et +5 JaparT— "

SELECT cName, category
FROM  Product P, Company C
WHERE manufacturer = cName

and country = 'USA' ® Cname category
GROUP by CName, Category GizmoWorks | Gadgets
HAVING count(*) >= 2
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Nested queries
(Subqueries)

https://northeastern-datalab.github.io/cs3200/
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Subqgueries = Nested queries

Outer block Inner block
SELECT ... We focus mainly on nestings in the
\IjVIT_IOEI\éE e T (SELECT WHERE and HAVING clauses, which are
o the most expressive type of nesting.
HAVING ...«—  FROM .. P B ?
WHERE ...)

« We can nest queries because SQL is

dare represented dS

— Subqueries also return relations; thus the output of one query can thus be

used as the input to another ( )

e This is extremely powerful (think in terms of input/output)

« A complication: subqueries can be (not just in-/output)

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Subqgueries

e A is a SQL query nested inside a larger query
e Such inner-outer queries are called

e A subguery may occur in a:

— SELECT clause not recommended
— FROM clause
— WHERE clause - "table subgueries”

— HAVING clause

e Rule of thumb: avoid writing nested queries when possible; keep in
mind that sometimes it’s impossible

/

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 270
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Subqueries in

SELECT clause (vot recommended)

NTps://nortneastern-aatalan.gitnhub.10/Ccs320U/
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Subqueries in SELECT (not recommended)

Product (pName, price, category, ci

Company (cid, cname, stockprice, countﬂ

S

Q: For each product return the city where it is manufactured

?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Subqueries in SELECT (not recommended)

Product (pName, price, category, ci

Company (cid, cname, stockprice, countﬂ

-

Q: For each product return the city where it is manufactured

SELECT P.pname, (SELECT C.city
FROM Company C
WHERE C.cid = P.cid)
FROM  Product P

IR

What happens if the subquery returns more than one city ?

?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Subqueries in SELECT (not recommended)

Product (pName, price, category, cid)

Company (cid, cname, stockprice, country)

Q: For each product return the city where it is manufactured

SELECT P.pname, (SELECT C.city
FROM Company C
WHERE C.cid = P.cid)
FROM  Product P

IR

What happens if the subquery returns more than one city ?

Runtime error ®

— "Scalar subquery": returns exactly one row with one column. See e.g.:
https://www.postgresql.org/docs/current/sqgl-expressions.htmI#SQL-SYNTAX-SCALAR-SUBQUERIES

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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https://www.postgresql.org/docs/current/sql-expressions.html

Subqueries in SELECT (not recommended)

Product (pName, price, category, cid)

Company (cid, cname, stockprice, country)

Q: For each product return the city where it is manufactured

SELECT P.pname, (SELECT C.city
FROM Company C
WHERE C.cid = P.cid)
FROM  Product P

@ Can you "unnest" the query?

?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Subqueries in SELECT (not recommended)

Product (pName, price, category, cid)
Company (cid, cname, stockprice, country)

Q: For each product return the city where it is manufactured

SELECT P.pname, (SELECT C.city
FROM Company C
WHERE C.cid = P.cid)
FROM  Product P

@ "unnesting the query”

SELECT P.pname, C.city

FROM Product P, Company C \d/\(/)r:l?tnuesvee;g(s)tsescljbleu’eries
WHERE C.cid = P.cid .
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Subqueries in SELECT (not recommended)

Product (pName, price, category, cid)

Company (cid, cname, stockprice, country)

Q. Compute the number of products made by each company

?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

¢


https://northeastern-datalab.github.io/cs3200/

Subqueries in SELECT (not recommended)

Product (pName, price, category, cid)

Company (cid, cname, stockprice, country)

Q. Compute the number of products made by each company

SELECT C.cname, ( SELECTcount (*)
FROM Product P
WHERE P.cid = C.cid)
FROM Company C

S

Can you "unnest" ?
the query?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Subqueries in SELECT (not recommended)

Product (pName, price, category, cid)
Company (cid, cname, stockprice, country)

Q. Compute the number of products made by each company

SELECT C.cname, ( SELECTcount (*)
FROM Product P
WHERE P.cid = C.cid)
FROM Company C

S

SELECT C.cname, count(®) * We can unnest by using GROUP
FROM Company C, Product P BY: that's more elegant ©
WHERE C.cid=P.cid * Notice the "C.cid" in the GROUP

GROUP BY C.cname, C.cid BY. Do we need it?
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Subqueries in

FROM clause (also called "derived tables")
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Subqgueries in FROM clause

-
)

Q: Find all products whose prices are > 20 and < 30!

SELECT X.pname
FROM ( SELECT *
FROM ProductasP
WHERE price >20 ) as X
WHERE X.price <30

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Product
PName Price |Category cid
Gizmo 19.99 |Gadgets GizmoWorks

Powergizmo |29.99

Gadgets

GizmoWorks

SingleTouch |149.99

Photography

Canon

MultiTouch |203.99

Household

Hitachi
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Subqgueries in FROM clause

Composition: Think of a workflow
("data flow"): input / output

Q: Find all products whose prices are > 20 and < 30!

SELECT X.pname
FROM |( SELECT *
FROM Productas P
WHERE price >20 ) as X
WHERE [ X:price < 30 |

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Product

PName Price |Category cid

Stz +9-99—C=dgets Sizmotvorks
Powergizmo |29.99 |Gadgets GizmoWorks
SingleTouch |149.99 | Photography | Canon
MultiTouch ]203.99 |Household |Hitachi

X

PName Price |Category cid
Powergizmo |29.99 |Gadgets GizmoWorks
Singltetouch—145-95-PhotegraphyCanen
iattiFouchr—12093-99-Housetrotd—Hitach
PName

Powergizmo
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Subqgueries in FROM clause

Q: Find all products whose prices are > 20 and < 30!

SELECT *
FROM Productas P
WHERE price >20

SELECT
FROM X

X.phname

Composition: Think of a workflow
("data flow"): input / output

Product

PName Price |Category cid

Stz +9-99—C=dgets Sizmotvorks

Powergizmo |29.99 |Gadgets GizmoWorks

SingleTouch |149.99 | Photography | Canon

MultiTouch ]203.99 |Household |Hitachi
—>

X

PName Price |Category cid

Powergizmo |29.99 |Gadgets GizmoWorks

Singltetouch—145-95-PhotegraphyCanen

Al

P-V-V-W-V-\ll I

A
vidia rouvcti

UUUUUU

P
lllllllllll

L L.
rracin

WHERE

X.price < 30
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PName

Powergizmo
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Subqgueries in FROM clause

Product (pname, price, cid)
Company (cid, cname, city)

Q: Find all products whose prices are > 20 and < 30!

SELECT X.pname

FROM |( SELECT *

FROM ProductasP
WHERE price >20 ) as X

WHERE [ X:price < 30 |

Can ou rewrite the duery
withont nestings?
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Product

PName Price |Category cid

Sizro +9-99—1C=cgets Sizmotvorks
Powergizmo |29.99 |Gadgets GizmoWorks
SingleTouch |149.99 | Photography | Canon
MultiTouch ]203.99 |Household |Hitachi

X

PName Price |Category cid
Powergizmo |29.99 |Gadgets GizmoWorks
Singltetouch—145-95-PhotegraphyCanen
iattiFouchr—12093-99-Housetrotd—Hitach
PName

Powergizmo
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Subqgueries in FROM clause

Product (pname, price, cid)
Company (cid, cname, city)

Q: Find all products whose prices are > 20 and < 30!

SELECT X.pname
FROM |( SELECT *
FROM Productas P
WHERE price >20 ) as X
WHERE [ X:price < 30 |

No need to write this query as vested duery either ©

SELECT pname
FROM  Product
WHERE price > 20 and price < 30
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Product

PName Price |Category cid

Sizrmmo +9-99—1C=cgets Sizmotvorks
Powergizmo |29.99 |Gadgets GizmoWorks
SingleTouch |149.99 | Photography | Canon
MultiTouch ]203.99 |Household |Hitachi

X

PName Price |Category cid
Powergizmo |29.99 |Gadgets GizmoWorks
Singltetouch—145-95-PhotegraphyCanen
iattiFouchr—12093-99-Housetrotd—Hitach
PName

Powergizmo
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Subqueries in

FROM clause (also called "derived tables")

NTps://nortneastern-aatalan.gitnhub.10/Ccs320U/



https://northeastern-datalab.github.io/cs3200/

Subqgueries in FROM clause = Derived tables

Purchase

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

2

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

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Subqgueries in FROM clause = Derived tables

Purchase

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

—

Q1: For each product, find total

quantities (sum of dquantities) purchased.

? in SQL

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Product

TQ

Bagel

40

Banana

70
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Subqgueries in FROM clause = Derived tables

Purchase

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

—

Q1: For each product, find total

quantities (sum of dquantities) purchased.

SELECT product, SUM(quantity) as TQ

FROM Purchase

GROUP BY product

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Product | TQ > ?

Bagel |40 =

Banana | 70

Q2. Find the maximal total qguantities
purchased across all products (MTQ]
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Subqgueries in FROM clause = Derived tables

Purchase

Product | Price | Quantity >

Bagel |3 20

Bagel |2 20
Banana | 1 50
Banana | 2 10
Banana | 4 10

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

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

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

X

Product

TQ

Bagel

40

Banana

70

Q2. Find the maximal total qguantities
purchased across all products (MTQ]

—

? in SQL
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Subqgueries in FROM clause = Derived tables

Purchase

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

—

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

SELECT product, SUM(quantity) as TQ
FROM Purchase

GROUP BY product

) X

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

X

Product

TQ

Bagel

40

Banana

70

Q2. Find the maximal total qguantities
purchased across all products.

SELECT MAX(TQ) as MTQ
FROM X

—
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Subqgueries in FROM clause = Derived tables
Purchase

Product | Price | Quantity j> MTQ
Bagel |3 |20 SELECT MAX(TQ) as MTQ -
Ba FROM (SELECT product, SUM(quantity) as TQ
gel |2 20
Banana | 1 50 FROM Purchase
Banana | 2 10 GROUP BY product) X
Banana | 4 10 /
Q1: For eac product, find total Q2. Fivd the maximal total quantities

AnantiFes (sum of quantities) purchased. purchased across all products.

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

SELECT MAX(TQ) as MTQ
FROM X
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s the Having Clause really necessary?

Purchase

Product | Price | Quantity
Bagel |3 20
Bagel |2 20
Banana | 1 50
Banana | 2 10
Banana | 4 10
SELECT  product,

FROM

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

—

sum(quantity) as SumQ,

max(price) as MaxP

Purchase
GROUP BY product

Product |SumQ | MaxP
Banana |? ?
Bagel ? ?
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s the Having Clause really necessary?

Purchase

Product | Price | Quantity
Bagel |3 20
Bagel |2 20
Banana | 1 50
Banana | 2 10
Banana | 4 10
SELECT  product,

FROM

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

—

sum(quantity) as SumQ,

max(price) as MaxP

Purchase
GROUP BY product

Product |SumQ | MaxP
Banana |70 4
Bagel 40 3
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s the Having Clause really necessary?

Purchase

Product | Price | Quantity Product |SumQ |MaxP
Bagel |3 20 j> Banana |70 4
Bagel |2 20 Bagel 40 3
Banana | 1 50

Banana | 2 10

Banana | 4 10

SELECT  product,
sum(quantity) as SumQ,
max(price) as MaxP
FROM Purchase
GROUP BY product
HAVING | sum(quantity) > 50 | ?
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s the Having Clause really necessary?

Purchase

Product | Price | Quantity Product |SumQ |MaxP

Bagel |3 20 j> Banana |70 4

Bagel |2 20 —Bagel 40 3

Banana | 1 50 .

Y—— P~ Can ou rewrite the query f?
without the HAVING clanse?

Banana | 4 10 -

SELECT  product,
sum(quantity) as SumQ,
max(price) as MaxP
FROM Purchase
GROUP BY product
HAVING | sum(quantity) > 50 |
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s the Having Clause really necessary?

Purchase X

Product | Price | Quantity Product |SumQ |MaxP

Bagel |3 20 j> Banana |70 4

Bagel |2 20 —Bage! 48 3

Banana | 1 50 .

Y—— P~ Can ou rewrite the query f?
without the HAVING clanse?

Banana | 4 10 -
SELECT *
FROM X

SELECT  product,
sum(quantity) as SumQ,
max(price) as MaxP
FROM Purchase
GROUP BY product
HAVING | sum(quantity) > 50 |

WHERE| SumQ > 50 |

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 300



https://northeastern-datalab.github.io/cs3200/

s the Having Clause really necessary?

Purchase
Product | Price | Quantity Product |SumQ |MaxP
Bagel |3 20 j> Banana |70 4
Bagel |2 20 —Bagel 40 3
Banana | 1 50 .
Sy 0 Can ou rewrite the dquery f?
without the HAVING clanse?
Banana | 4 10 -
SELECT *
FROM
SELECT  product, ( SELECT  product,
sum(quantity) as SumQ, sum(quantity) as SumQ,
max(price) as MaxP max(price) as MaxP
FROM Purchase FROM Purchase
GROUP BY product GROUP BY product
HAVING | sum(quantity) > 50 | ) as X

WHERE| SumQ > 50 |
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Subqueries in

WHERE clause  (including IN, ANY, ALL)

NTps://nortneastern-aatalan.gitnhub.10/Ccs320U/



https://northeastern-datalab.github.io/cs3200/

Subqgueries in WHERE clause

What do these queries return? Z:&

N(—|o [

SELECT a

FROM R j> ~

WHERE a N -
(SELECT a FROM W)

SELECT a

FROM R j> ~

WHERE a <ANY -
(SELECT a FROM W)

SELECT a

FROM R j> ~

WHERE a<ALL -

(SELECT a FROM W)
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Subqgueries in WHERE clause R W
a alb
What do these queries return? ; 2 8
40
SELECT a
FROM R j> a| Since 2is in the set (bag)
WHERE aIN 2| (2,3,4)
(SELECT a FROM W)
SELECT a
FROM R jl> f?
WHERE a <ANY -
(SELECT a FROM W)
SELECT a
FROM R jl> f?
WHERE a<ALL g

(SELECT a FROM W)
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Subqgueries in WHERE clause

What do these queries return?

SELECT a
FROM R
WHERE a N
(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)

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

N (= o | A
hwmmé

©O|OC|O|T

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

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

What do these queries return?

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

SELECT a
FROM R
WHERE a N
[(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)

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

U

U

W

2|
3
4.

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

N(—|o [

Lo’oocr

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

Since 1is < than
each ("all") of 2, 3,
and 4
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Something tricléy about Nested Queries

—_

/ Product (oName, price, category, manufacturer)
< | \ o) P Cl Companj(cName;-s'rockl-’rlce, country)

Purchase (pname, buyer, pudate)

Are thes + P
SELECT C.country SELECT C.country
FROM  Company C FROM  Company C,
WHERE C.cname IN ( Product P,
SELECT P.manufacturer Purchase PU
FROM Purchase PU, Product P WHERE C.cname = P.manufacturer
WHERE P.pname = PU.pname AND P.pname = PU.pname
AND PU.buyer = 'Joe B') AND PU.buyer = '"Joe B'

Notice that "equivalent” means give the same results over any database!
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Something tricky about Nested Queries

Product (oName, price, category, manufacturer)
Companj(cNamerstuckl-’rlce, country)

Purchase (pname, buyer, pudate)

Are these queries edquivalent 2 Beware of duplicates!

SELECT C.country SELECT C.country

FROM  Company C FROM  Company C,

WHERE C.cname IN ( Product P,

SELECT P.manufacturer Purchase PU

FROM Purchase PU, Product P WHERE C.cname = P.manufacturer
WHERE P.pname = PU.pname AND P.pname = PU.pname

AND PU.buyer = 'Joe B') AND PU.buyer = '"Joe B'
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Something tricky about Nested Queries

- Product (oName, price, category, manufacturer)
G Companj(cNamerstuckHrlce, country)
?1 S Purchase (pname, buyer, pudate)

Are they vow equivalent P

SELECT C.country SELECT DISTINCT C.country

FROM  Company C FROM  Company C,

WHERE C.cname IN ( Product P,

SELECT P.manufacturer Purchase PU

FROM Purchase PU, Product P WHERE C.cname = P.manufacturer
WHERE P.pname = PU.pname AND P.pname = PU.pname

AND PU.buyer = 'Joe B') AND PU.buyer = '"Joe B'
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Something tricky about Nested Queries

323

Product (oName, price, category, manufacturer)
Companj(cNamerstuckHrlce, country)

Purchase (pname, buyer, pudate)

What about viow? Are they now equivalent 2

SELECT DISTINCT C.country

FROM  Company C

WHERE C.cname IN (

SELECT P.manufacturer

FROM

WHERE P.pname =
AND PU.buyer =

PU. pname
'Joe B')

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Purchase PU, Product P

SELECT DISTINCT C.country

FROM  Company C,
Product P,
Purchase PU
WHERE C.cname = P.manufacturer
AND P.pname = PU.pname
AND PU.buyer = "'Joe B'
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Something tricky about Nested Queries

Now they are equivalent:

SELECT DISTINCT C.country

FROM  Company C

WHERE C.cname IN (

SELECT P.manufacturer

FROM

WHERE P.pname =
AND PU.buyer =

PU. pname
'Joe B')

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

323

e, price, category, manufacturer)

Product (pNam
Companj(cNamerstuckl-’rlce, country

Purchase (pname, buyer, pudate)

)

Purchase PU, Product P

SELECT DISTINCT C.country

FROM

WHERE
AND
AND

Company C,

Product P,

Purchase PU

C.cname = P.manufacturer
P.pname = PU.pname
PU.buyer = 'Joe B’
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Correlated subqueries
(in WHERE clause)
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Correlated subqueries

e |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 (input/output)
— This is no longer the case for

« 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 )
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Correlated subquery (existential 3)
Product Company /‘
PName Price Category cid cid [ CName StockPrice | Country 5[|6[/]-H\,{
Gizmo $19.99 Gadgets 1 1 GizmoWorks | 25 USA di‘F'FCY' ent
Powergizmo | $29.99 Gadgets 1 2 | Canon 65 Japan
SingleTouch | $14.99 Photography | 2 3 Hitachi 15 Japan PI"OdMO"'
MultiTouch | $203.99 | Household | 3 database!
Q4: Find all companies that make some product(s) with price < 25
Using IN:
SELECT DISTINCT C.cname
FROM — Company C | Ts this a correlated f?
WHERE C.cid IN ( SELECT P.cid wested query
FROM ProductP -

WHERE P.price < 25)
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Correlated subquery (exi

Product

PName Price Category cid
Gizmo $19.99 Gadgets 1
Powergizmo | $29.99 Gadgets 1
SingleTouch | $14.99 Photography | 2
MultiTouch | $203.99 | Household 3

stent

ial d)

Company

cid | CName StockPrice | Country
1 GizmoWorks | 25 USA

2 Canon 65 Japan

3 Hitachi 15 Japan

Q4: Find all companies that make some product(s) with price < 25

Using IN:

SELECT DISTINCT C.cname
FROM Company C
WHERE C.cid IN (/SELECT P.ci

FROM

N

roduct P
WHERE P.price < 25

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

slightly /
different
product
databasel

Not a correlated nested duery!

SELECT DISTINCT C.cname

FROM Company C

WHERE C.cid IN (1,2)

Twner duery does not reference
outer query! You could first

evaluate the iwer query by itself.
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Correlated subquery (existential 3)
Product Company
PName Price Category cid cid [ CName StockPrice | Country
Gizmo $19.99 Gadgets 1 1 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets 1 2 | Canon 65 Japan
SingleTouch | $14.99 Photography | 2 3 Hitachi 15 Japan
MultiTouch | $203.99 | Household 3

Q4: Find all companies that make some product(s) with price < 25

Using EXISTS: iIf the subquery's result is

SELECT DISTINCT C.cname

FROM Ts this a correlated ?
WHERE EXISTS ( SELECT * nested query
FROM Product P -
WHERE P.cid = C.cid

and P.price < 25)
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Correlated subquery (existential 3)
Product Company
PName Price Category cid cid [ CName StockPrice | Country
Gizmo $19.99 Gadgets 1 - 1 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets 1 2 | Canon 65 Japan
SingleTouch | $14.99 Photography | 2 3 Hitachi 15 Japan
MultiTouch | $203.99 | Household 3

Q4: Find all companies that make some product(s) with price < 25

Using EXISTS: iIf the subquery's result is
SELECT DISTINCT C.cname This is a correlated nested query!
FROM Notice the additional join condition
WHERE EXISTS ( SELECT * /@f@ramcimg a relation from the
FROM Product P outer duery.

WHERE |P.cid = C.cid
and P.price < 25)

Recall our conceptual evaluation
strateqy!
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Correlated subquery (existential 3)
Product Company
PName Price Category cid cid [ CName StockPrice | Country
Gizmo $19.99 | Gadgets 1 'T:,> 1 | GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets 1 2 | Canon 65 Japan
SingleTouch | $14.99 Photography | 2 3 Hitachi 15 Japan
MultiTouch | $203.99 | Household 3

Q4: Find all companies that make some product(s) with price < 25

Using ANY (also SOME): again

SELECT DISTINCT C.cname

FROM
WHERE 25 > ANY ( SELECT price But do we really need
FROM Product P to write this query as
WHERE P.cid = C.cid) wested auery -

SQLlite does not support "ANY" ®
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Correlated subquery (ex
Product
PName Price Category cid
Gizmo $19.99 Gadgets 1
Powergizmo | $29.99 Gadgets 1
SingleTouch | $14.99 Photography | 2
MultiTouch | $203.99 | Household 3

Istent

ial d)

Company

cid | CName StockPrice | Country
1 GizmoWorks | 25 USA

2 Canon 65 Japan

3 Hitachi 15 Japan

Q4: Find all companies that make some product(s) with price < 25

SELECT DISTINCT C.cname
FROM Company C, Product P

WHERE C.cid = P.cid

and

P.price < 25

We did wot weed +o write nested gueries;

we can "umest" i+l

Existential quantifiers are easy ©
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Correlated subquery (universal V)

Product Company

PName Price Category cid cid [ CName StockPrice | Country
Gizmo $19.99 Gadgets 1 1 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets 1 2 | Canon 65 Japan
SingleTouch | $14.99 Photography | 2 3 Hitachi 15 Japan
MultiTouch | $203.99 | Household 3

Q.. Find-al s that mal ucts) withpr o

Q,: Find all companies that make only products with price < 25
= Q,: Find all companies for which all products have price < 25
= Q,: Find all companies that do not have any product with price >= 25

Universal duantifiers are wore complicated | @
(Think about the companies that should ot be returvned)

All three formulations are equivalent: a company with wo product will be returned!
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Correlated subquery (universal ¥V = not exists A)

Q,: Find all companies that make only products with price < 25
Step 1: Q,": Find the other companies that make some product(s) with price = 25

SELECT DISTINCT C.cname

FROM Company C First think about the
WHERE C.cid IN ( SELECT P.cid companies that should
FROM Product P not be returved!

WHERE P.price >= 25)

Step 2: Q,: Find all companies that make no products with price = 25

SELECT DISTINCT C.cname

FROM Company C

WHERE C.cid NOT IN ( SELECT P.cid
FROM Product P
WHERE P.price >= 25)
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Correlated subquery (universal ¥V = not exists A)

Q,: Find all companies that make only products with price < 25
Step 1: Q,": Find the other companies that make some product(s) with price = 25

SELECT DISTINCT C.cname

FROM First think about the
WHERE EXISTS ( SELECT ~* companies that should
FROM Product P not be returved!

WHERE C.cid = P.cid
and P.price >= 25)

Step 2: Q,: Find all companies that make no products with price = 25

SELECT DISTINCT C.cname

FROM

WHERE NOT EXISTS ( SELECT *
FROM Product P
WHERE C.cid = P.cid
and P.price >= 25)
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Correlated subquery (universal ¥V = not exists A)

Q,: Find all companies that make only products with price < 25
Step 1: Q,": Find the other companies that make some product(s) with price = 25

SELECT DISTINCT C.cname

FROM First think about the
WHERE 25 <=ANY (SELECT P.price companies that should
FROM Product P not be returved!

WHERE C.cid = P.cid)

Step 2: Q,: Find all companies that make no products with price = 25

SELECT DISTINCT C.cname

FROM

WHERE 25 > ALL ( SELECT P.price
FROM Product P
WHERE C.cid = P.cid)
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A natural guestion
Q,: Find all companies that make only products with price < 25

« How can we unnest (no GROUP BY) the universal quantifier query ?

SELECT ...
FROM .. ?
WHERE ... o

Source: Dan Suciu
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Queries that must be nested

1. Definition: A query Q is if:
— Whenever we add tuples to one or more of the tables...

— ... the answer to the query cannot contain fewer tuples ™
2. Fact: all unnested queries are monotone

— Proof: using the "nested for loops" semantics

3. Fact: Query with IS not monotone
— Add one tuple violating the condition. Then "all" returns fewer tuples

4. Consequence: we cannot unnest a query with a universal quantifier

Source: Dan Suciu
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The person/bar/drinks example (formerly
drinkers/bars/beers, courtesy Jeff Ullman)

Likes(person, drink) o .
Frequents(person, bar) Challenge: write these in SQL. ?

Serves(bar, drink)

Find persons that frequent some bar that serves some drink they like.

Find persons that frequent only bars that serve some drink they like.

Find persons that frequent some bar that serves only drinks they like.

Find persons that frequent only bars that serve only drinks they like.
(= Find persons who like all drinks that are served in all the bars they visit.)
(= Find persons for which there does not exist a bar they frequent that serves a drink they do not like.)
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The person/bar/drinks example (formerly
drinkers/bars/beers, courtesy Jeff Ullman)

Likes(person, drink)
Frequents(person, bar)
Serves(bar, drink)

Challenge: write these in SQL.
Solutions: http://demo.queryvis.com
Tip: SQL based on First-Order Logic (FOL)
Find persons that frequent some bar that serves some drink they like.

x: 3y. 3z. Frequents(x, y)aServes(y,z)ALikes(x,z)

Find persons that frequent only bars that serve some drink they like.
X: VYy. Frequents(x, y)= (3z. Serves(y,z)ALikes(x,z))

Find persons that frequent some bar that serves only drinks they like.
x: 3y. Frequents(x, y)AVz.(Serves(y,z) = Likes(x,z))

Find persons that frequent only bars that serve only drinks they like.

(= Find persons who like all drinks that are served in all the bars they visit.)
(= Find persons for which there does not exist a bar they frequent that serves a drink they do not like.)
x: VYy. Frequents(x, y)= Vz.(Serves(y,z) = Likes(x,z))

x: Ay. Frequents(x, y) A (3z.Serves(y,z) A Az2. Likes(x,2z) )
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