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→
→ NULL
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→
→ NULL

Artist(name, year, country)

name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA
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Artist(name, year, country)

name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA
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→
→
→
→

Artist(name, year, country)

name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA

name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA

Ice Cube 2017 India
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Artist(name, year, country)

name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA

name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA

Ice Cube 2017 India

Ice Cube 2017 USA
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Artist(name, year, country)

name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA

name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA

Ice Cube 2017 India

Ice Cube 2017 USA

Ice Cube 2017 USA
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name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA

id name year country

101 Wu Tang Clan 1992 USA

102 Notorious B.I.G. 1992 USA

103 Ice Cube 1989 USA

104 Ice Cube 2017 India

105 Ice Cube 2017 USA

106 Ice Cube 2017 USA

Artist(id, name, year, country)

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


name year country

Wu Tang Clan 1992 USA

Notorious B.I.G. 1992 USA

Ice Cube 1989 USA

id name year country

101 Wu Tang Clan 1992 USA

102 Notorious B.I.G. 1992 USA

103 Ice Cube 1989 USA

104 Ice Cube 2017 India

105 Ice Cube 2017 USA

106 Ice Cube 2017 USA

Artist(id, name, year, country)

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


Artist(id, name, year, country)

Album(id, name, artists, year)

id name artists year

11 Enter the Wu Tang 101 1993

22 St.Ides Mix Tape ??? 1994

id name year country

101 Wu Tang Clan 1992 USA

102 Notorious B.I.G. 1992 USA

103 Ice Cube 1989 USA

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/
https://www.youtube.com/watch?v=pJk0p-98Xzc
https://www.youtube.com/watch?v=swLJyjk-OGI


Artist(id, name, year, country)

id name year country

101 Wu Tang Clan 1992 USA

102 Notorious B.I.G. 1992 USA

103 Ice Cube 1989 USAArtistAlbum(artist_id, album_id)

artist_id album_id

101 11

101 22

103 22

Album(id, name, year)

id name year

11 Enter the Wu Tang 1993

22 St.Ides Mix Tape 1994

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/
https://www.youtube.com/watch?v=pJk0p-98Xzc
https://www.youtube.com/watch?v=swLJyjk-OGI
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σ

∪

∩

⋈
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→

→

σ

σa_id='a2'∧ b_id>102(R)

a_id b_id

a1 101

a2 102

a2 103

a3 104

R(a_id,b_id)

a_id b_id

a2 103

σa_id='a2'(R)
a_id b_id

a2 102

a2 103

SELECT * FROM R
WHERE a_id='a2' AND b_id>102;
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→
→

Πb_id-100,a_id(σa_id='a2'(R))

a_id b_id

a1 101

a2 102

a2 103

a3 104

R(a_id,b_id)

b_id-100 a_id

2 a2

3 a2

SELECT b_id-100, a_id
FROM R WHERE a_id = 'a2';
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∪

a_id b_id

a1 101

a2 102

a3 103

R(a_id,b_id) S(a_id,b_id)
a_id b_id

a3 103

a4 104

a5 105

(R ∪ S)
a_id b_id

a1 101

a2 102

a3 103

a3 103

a4 104

a5 105

(SELECT * FROM R)
UNION

(SELECT * FROM S);
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∩

a_id b_id

a1 101

a2 102

a3 103

R(a_id,b_id) S(a_id,b_id)
a_id b_id

a3 103

a4 104

a5 105

(R ∩ S)
a_id b_id

a3 103

(SELECT * FROM R)
INTERSECT

(SELECT * FROM S);

http://db.cs.cmu.edu/
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a_id b_id

a1 101

a2 102

a3 103

R(a_id,b_id) S(a_id,b_id)
a_id b_id

a3 103

a4 104

a5 105

(R – S)
a_id b_id

a1 101

a2 102

(SELECT * FROM R)
EXCEPT

(SELECT * FROM S);

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


a_id b_id

a1 101

a2 102

a3 103

R(a_id,b_id) S(a_id,b_id)
a_id b_id

a3 103

a4 104

a5 105

(R × S)
R.a_id R.b_id S.a_id S.b_id

a1 101 a3 103

a1 101 a4 104

a1 101 a5 105

a2 102 a3 103

a2 102 a4 104

a2 102 a5 105

a3 103 a3 103

a3 103 a4 104

a3 103 a5 105

SELECT * FROM R CROSS JOIN S;

SELECT * FROM R, S;
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⋈

a_id b_id

a1 101

a2 102

a3 103

R(a_id,b_id) S(a_id,b_id)
a_id b_id

a3 103

a4 104

a5 105

(R ⋈ S)

SELECT * FROM R NATURAL JOIN S;

a_id b_id

a3 103
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⋈
→

⋈θ
→

θ

→ θ
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⋈
→

⋈θ
→

θ

→ θ

(R ⋈ S)

(R ⋈(R.a_id=S.a_id ∧ R.b_id=S.b_id) S)

R.a_id R.b_id S.a_id S.b_id

a3 103 a3 103

a_id b_id

a3 103

SELECT * FROM R INNER JOIN S
ON R.a_id = S.a_id
AND R.b_id = S.b_id;
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⋈
→

⋈θ
→

θ

→ θ

(R ⋈ S)

(R ⋈(R.a_id=S.a_id ∧ R.b_id=S.b_id) S)

R.a_id R.b_id S.a_id S.b_id

a3 103 a3 103

a_id b_id

a3 103

SELECT * FROM R INNER JOIN S
ON R.a_id = S.a_id
AND R.b_id = S.b_id;
SELECT * FROM R JOIN S

ON R.a_id = S.a_id
AND R.b_id = S.b_id;
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⋈
→

⋈θ
→

θ

→ θ

(R ⋈ S)

(R ⋈(R.a_id=S.a_id ∧ R.b_id=S.b_id) S)

R.a_id R.b_id S.a_id S.b_id

a3 103 a3 103

a_id b_id

a3 103

SELECT * FROM R INNER JOIN S
ON R.a_id = S.a_id
AND R.b_id = S.b_id;
SELECT * FROM R JOIN S

ON R.a_id = S.a_id
AND R.b_id = S.b_id;
SELECT * FROM R, S
WHERE R.a_id = S.a_id
AND R.b_id = S.b_id;
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⋉
→

→

▷
→

(R ⋉ S)
R.a_id R.b_id

a3 103

(R ▷ S)
R.a_id R.b_id

a1 101

a2 102

SELECT R.* FROM R
WHERE EXISTS(
SELECT * FROM S
WHERE R.a_id = S.a_id
AND R.b_id = S.b_id);

SELECT R.* FROM R
WHERE NOT EXISTS(
SELECT * FROM S
WHERE R.a_id = S.a_id
AND R.b_id = S.b_id);
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⟕
→

⟖
→

⟗
→

(R ⟕ S)

SELECT *
FROM R LEFT OUTER JOIN S
ON R.a_id = S.a_id
AND R.b_id = S.b_id;

R.a_id R.b_id S.a_id S.b_id

a1 101 NULL NULL

a2 102 NULL NULL

a3 103 a3 103
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ρ

δ

γ

τ

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


→ σ ⋈ ⋈ σ

→
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→

→

σa_id='a2'∧ b_id>102(R)

{t | t ∈ R ∧ t.a_id='a2' ∧ t.b_id>102} 

{<a_id,b_id> | <a_id,b_id>∈ R
∧ a_id='a2'
∧ b_id>102} 
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Artist: name→(year,country)

Wu Tang Clan 1992,"USA"

Notorious BIG 1992,"USA"

Ice Cube 1989,"USA"
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→

→

Artist(name, year, country)
Album(name, year)

Wu Tang Clan
»type: artist
»year: 1992
»country: USA

St.Ides Mix Tape
»type: album
»year: 1994

Enter the Wu Tang
»type: album
»year: 1992

CREATES CREATES

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/
https://en.wikipedia.org/wiki/SPARQL
https://en.wikipedia.org/wiki/Gremlin_(programming_language)
https://en.wikipedia.org/wiki/Cypher_Query_Language


{
"name":    "Wu Tang Clan",
"year":    1992,
"country": "USA"

}

{
"name":    "Ice Cube",
"year":    1989,
"country": "USA",
"city":    "Los Angeles"

}

http://db.cs.cmu.edu/
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→

{
"name":    "Wu Tang Clan",
"year":    1992,
"country": "USA",
"albums": [
{ "name": "Enter the Wu Tang",
"year": 1993,
"tracks": [

"Bring da Ruckus",
"Shame on a *****",
"Clan in da Front",
⋮

] }
]

}

http://db.cs.cmu.edu/
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Ice Cube
year

1992

country

USA

city

Los Angeles

Wu Tang Clan
year country

1992 USA
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