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student enrolled

s.sid=e.sid

grade='A'

s.name,e.cid

⨝
s

p

student enrolled

s.sid=e.sid

grade='A'

s.name,e.cid

s
p

⨝

SELECT s.name, e.cid
FROM student AS s, enrolled AS e
WHERE s.sid = e.sid
AND e.grade = 'A'
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http://15445.courses.cs.cmu.edu/


σ ⋈

⋈ σ

SELECT s.name, e.cid
FROM student AS s, enrolled AS e
WHERE s.sid = e.sid
AND e.grade = 'A'

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

σ ∧ ∧ σ σ σ

→ (X=Y AND Y=3) → X=3 AND Y=3
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student enrolled

s.sid=e.sid

grade='A'

s.name,e.cid

⨝
s

p

student enrolled

s.sid=e.sid

grade='A'

s.name,e.cid

⨝

s

p

sid,cidpsid,namep

SELECT s.name, e.cid
FROM student AS s, enrolled AS e
WHERE s.sid = e.sid
AND e.grade = 'A'
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SELECT * FROM table WHERE 1 = 0

SELECT A1.*
FROM A AS A1 JOIN A AS A2
ON A1.id = A2.id

SELECT * FROM table WHERE 1 = 1

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/
https://blog.jooq.org/2017/09/28/10-cool-sql-optimisations-that-do-not-depend-on-the-cost-model/


SELECT * FROM A AS A1
WHERE EXISTS(SELECT * FROM A AS A2

WHERE A1.id = A2.id)

SELECT * FROM A
WHERE val BETWEEN 1 AND 100
AND val BETWEEN 50 AND 150

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/
https://blog.jooq.org/2017/09/28/10-cool-sql-optimisations-that-do-not-depend-on-the-cost-model/


→

R⋈S = S⋈R
(R⋈S)⋈T = R⋈(S⋈T)

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


≈4n
→
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http://en.wikipedia.org/wiki/Catalan_number
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→ ANALYZE
→ ANALYZE TABLE
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http://15445.courses.cs.cmu.edu/


R

→ NR
→ V(A,R)

A

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


SC(A,R)

A NR / V(A,R)

→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


SELECT * FROM A 
WHERE id = 123

SELECT * FROM A 
WHERE val > 1000

SELECT * FROM A 
WHERE age = 30
AND status = 'Lit'

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


sel P
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→
→
→
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sel P
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→
→
→
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V(age, people)
NR

A=constant
→ sel(A=constant) = SC(P) / V(A,R)

SELECT * FROM people 
WHERE age = 2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


V(age, people)
NR

A=constant
→ sel(A=constant) = SC(P) / V(A,R)
→ sel(age=2) =

SELECT * FROM people 
WHERE age = 2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


V(age, people)
NR

A=constant
→ sel(A=constant) = SC(P) / V(A,R)
→ sel(age=2) =

V(age,R)=5

SELECT * FROM people 
WHERE age = 2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


V(age, people)
NR

A=constant
→ sel(A=constant) = SC(P) / V(A,R)
→ sel(age=2) =

V(age,R)=5

SC(age=2)=1

SELECT * FROM people 
WHERE age = 2

1/5

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ sel(A>=a) = (Amax – a) / (Amax – Amin)
→ sel(age>=2) SELECT * FROM people 

WHERE age >= 2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ sel(A>=a) = (Amax – a) / (Amax – Amin)
→ sel(age>=2) = (4 – 2) / (4 – 0)

= 1/2

agemin = 0

SELECT * FROM people 
WHERE age >= 2

agemax = 4

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ sel(not P) = 1 – sel(P)
→ sel(age != 2) SELECT * FROM people 

WHERE age != 2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ sel(not P) = 1 – sel(P)
→ sel(age != 2)

SC(age=2)=1

SELECT * FROM people 
WHERE age != 2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ sel(not P) = 1 – sel(P)
→ sel(age != 2) = 1 – (1/5) = 4/5

SC(age!=2)=2 SC(age!=2)=2

SELECT * FROM people 
WHERE age != 2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ sel(P1 ⋀ P2) = sel(P1) ∙ sel(P2)
→ sel(age=2 ⋀ name LIKE 'A%') SELECT * FROM people 

WHERE age = 2
AND name LIKE 'A%'

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ sel(P1 ⋁ P2)
= sel(P1) + sel(P2) – sel(P1 ⋁ P2)
= sel(P1) + sel(P2) – sel(P1) ∙ sel(P2)

→ sel(age=2 OR name LIKE 'A%')

SELECT * FROM people 
WHERE age = 2

OR name LIKE 'A%'

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ sel(P1 ⋁ P2)
= sel(P1) + sel(P2) – sel(P1 ⋁ P2)
= sel(P1) + sel(P2) – sel(P1) ∙ sel(P2)

→ sel(age=2 OR name LIKE 'A%')

SELECT * FROM people 
WHERE age = 2

OR name LIKE 'A%'

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


R S

R
S

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


Rcols⋂Scols={A} A

→ R S
estSize ≈ NR ∙ NS / V(A,S)

→ S
estSize ≈ NR ∙ NS / V(A,R)

→ estSize ≈ NR ∙ NS / max({V(A,S), V(A,R)})

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


Distinct values of attribute

# of occurrences
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http://15445.courses.cs.cmu.edu/
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⋮

SELECT AVG(age)
FROM people 
WHERE age > 50

id name age status

1001 Obama 56 Rested

1002 Kanye 40 Weird

1003 Tupac 25 Dead

1004 Bieber 23 Crunk

1005 Andy 36 Lit

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


⋮
= 1/3

sel(age>50) =

SELECT AVG(age)
FROM people 
WHERE age > 50

id name age status

1001 Obama 56 Rested

1002 Kanye 40 Weird

1003 Tupac 25 Dead

1004 Bieber 23 Crunk

1005 Andy 36 Lit

1001 Obama 56 Rested

1003 Tupac 25 Dead

1005 Andy 36 Lit
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⨝

⨝
⨝

A B

C

D

⨝

⨝
⨝

A B

C

D

⨝⨝

⨝

A BC D
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⨝

⨝
⨝

A B

C

D

⨝

⨝
⨝

A B

C

D

⨝⨝

⨝

A BC DX X
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R
S
T

R ⨝ S
T

T ⨝ S
R

R ⨝ S ⨝ T

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


R
S
T

SortMerge Join
R.a=S.a

SortMerge Join
T.b=S.b

Hash Join
T.b=S.b

R ⨝ S
T

T ⨝ S
R

R ⨝ S ⨝ T

Hash Join
R.a=S.a

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


R
S
T

Hash Join
T.b=S.b

R ⨝ S
T

T ⨝ S
R

R ⨝ S ⨝ T

Hash Join
R.a=S.a

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


R
S
T

Hash Join
T.b=S.b

R ⨝ S
T

T ⨝ S
R

R ⨝ S ⨝ T

Hash Join
R.a=S.a Hash Join

S.b=T.b

SortMerge Join
S.b=T.b

SortMerge Join
S.a=R.a

Hash Join
S.a=R.a

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


R
S
T

Hash Join
T.b=S.b

R ⨝ S
T

T ⨝ S
R

R ⨝ S ⨝ T

Hash Join
R.a=S.a Hash Join

S.b=T.b

SortMerge Join
S.a=R.a

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


R
S
T

Hash Join
T.b=S.b

R ⨝ S
T

T ⨝ S
R

R ⨝ S ⨝ T
SortMerge Join

S.a=R.a

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→
→

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


⨝

⨝

T R

S ⨝

⨝

S T

R ×

⨝

R S

T

⨝

⨝

R S

T

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

⨝

⨝

S R

T ×

⨝

S T

R

Prune plans with 
cross-products 
immediately!
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⨝

⨝

T R

S ⨝

⨝

S T

R ×

⨝

R S

T

⨝

⨝

R S

T

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

⨝

⨝

S R

T ×

⨝

S T

R

X

X
Prune plans with 
cross-products 
immediately!
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⨝

⨝

T R

S ⨝

⨝

S T

R ×

⨝

R S

T

⨝

⨝

R S

T

SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

⨝

⨝

S R

T ×

⨝

S T

R

X

X
Prune plans with 
cross-products 
immediately!
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SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

⨝

⨝

R S

T

Do this for the 
other plans. 

R S

T

R S

T

R S

T

R S

T
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SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

⨝

⨝

R S

T

Do this for the 
other plans. 

R S

T

R S

T

R S

T

R S

T
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SELECT * FROM R, S, T
WHERE R.a = S.a
AND S.b = T.b

R S

T

Do this for the 
other plans. 
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SELECT name FROM sailors AS S
WHERE EXISTS (

SELECT * FROM reserves AS R
WHERE S.sid = R.sid

AND R.day = '2017-10-11'
)

SELECT name
FROM sailors AS S, reserves AS R
WHERE S.sid = R.sid
AND R.day = '2017-10-11'

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


SELECT S.sid, MIN(R.day)
FROM sailors S, reserves R, boats B
WHERE S.sid = R.sid
AND R.bid = B.bid
AND B.color = 'red'
AND S.rating = (SELECT MAX(S2.rating)

FROM sailors S2)
GROUP BY S.sid

HAVING COUNT(*) > 1
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SELECT S.sid, MIN(R.day)
FROM sailors S, reserves R, boats B
WHERE S.sid = R.sid
AND R.bid = B.bid
AND B.color = 'red'
AND S.rating = (SELECT MAX(S2.rating)

FROM sailors S2)
GROUP BY S.sid

HAVING COUNT(*) > 1
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SELECT S.sid, MIN(R.day)
FROM sailors S, reserves R, boats B
WHERE S.sid = R.sid
AND R.bid = B.bid
AND B.color = 'red'
AND S.rating = (SELECT MAX(S2.rating)

FROM sailors S2)
GROUP BY S.sid

HAVING COUNT(*) > 1

SELECT MAX(rating) FROM sailors
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SELECT S.sid, MIN(R.day)
FROM sailors S, reserves R, boats B
WHERE S.sid = R.sid
AND R.bid = B.bid
AND B.color = 'red'
AND S.rating = (SELECT MAX(S2.rating)

FROM sailors S2)
GROUP BY S.sid

HAVING COUNT(*) > 1

SELECT MAX(rating) FROM sailors

###
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SELECT S.sid, MIN(R.day)
FROM sailors S, reserves R, boats B
WHERE S.sid = R.sid
AND R.bid = B.bid
AND B.color = 'red'
AND S.rating = (SELECT MAX(S2.rating)

FROM sailors S2)
GROUP BY S.sid

HAVING COUNT(*) > 1

SELECT MAX(rating) FROM sailors

###
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