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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. .. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

1. Who is the director of “The Imitation Game”?

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. .. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
1. Who is the director of “The Imitation Game”?

dya. Films("The Imitation Game",xp,ya)[xp]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. .. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
1. Who is the director of “The Imitation Game”?

dya. Films("The Imitation Game",xp,ya)[xp]

2. Which cinemas feature “The Imitation Game”?
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz .

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
1. Who is the director of “The Imitation Game”?

dya. Films("The Imitation Game",xp,ya)[xp]

2. Which cinemas feature “The Imitation Game”?

dyr. Program(xc, "The Imitation Game",y7)[xc]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

3. What are the address and phone number of “Schauburg”?

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. .. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. .. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
3. What are the address and phone number of “Schauburg”?

Venues("Schauburg", xa, xp)[Xa, Xp]
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Exercise 1

Exercise.

Solution.

3. What are the address and phone number of “Schauburg”?

Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Venues("Schauburg", xa, xp)[Xa, Xp]

4. Boolean query: Is a film directed by “Smith” playing in Dresden?
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

3. What are the address and phone number of “Schauburg”?

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Venues("Schauburg", xa, xp)[Xa, Xp]

4. Boolean query: Is a film directed by “Smith” playing in Dresden?

Ayr.ya, yc, zr- Films(yr, "Smith", ya) A Program(yc, yr, 1)
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

5. List the pairs of persons such that the first directed the second in a film, and vice versa.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
5. List the pairs of persons such that the first directed the second in a film, and vice versa.

Ay, zr. Films(yr, Xp, xa) A Films(z71, xa, Xp)[XD, XA]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
5. List the pairs of persons such that the first directed the second in a film, and vice versa.

Ay, zr. Films(yr, Xp, xa) A Films(z71, xa, Xp)[XD, XA]

6. List the names of directors who have acted in a film they directed.
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
5. List the pairs of persons such that the first directed the second in a film, and vice versa.

Ay, zr. Films(yr, Xp, xa) A Films(z71, xa, Xp)[XD, XA]

6. List the names of directors who have acted in a film they directed.

Jyr. Films(yr, xp, xp) [0
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

7. Always return {Title — "Apocalypse Now",Director — "Coppola"} as the answer.
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz .

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
7. Always return {Title — "Apocalypse Now",Director — "Coppola"} as the answer.

{DirectedBy("Apocalypse Now", "Coppola")]

Note: FO queries always use the unnamed perspective.
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

7. Always return {Title — "Apocalypse Now",Director — "Coppola"} as the answer.

Note: FO queries always use the unnamed perspective.

{DirectedBy("Apocalypse Now

8. Find the actors cast in at least one film by “Smith”.

non
B

Coppola")]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

7. Always return {Title — "Apocalypse Now",Director — "Coppola"} as the answer.

Note: FO queries always use the unnamed perspective.

{DirectedBy("Apocalypse Now

8. Find the actors cast in at least one film by “Smith”.

non
B

Coppola")]

Ayr. Films(yr, "Smith", xa)[xa]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

9. Find the actors cast in every film by “Smith.”

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30
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Exercise 1

Exercise.

Solution.

9. Find the actors cast in every film by “Smith.”

Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Ayr, yp- (Films(yr,yD,xA) AYzT,za. (Films(zr, "Smith", z4) — Films(z7, "Smith",xA)))[xA]
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Exercise 1

Exercise.

Solution.

9. Find the actors cast in every film by “Smith.”

10. Find the actors cast only in films by “Smith.”

Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

yr. yp. (Films(yr,yD,xA) AYzT,za. (Films(zr, "Smith", z4) — Films(z7, "Smith",xA)))[xA]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
9. Find the actors cast in every film by “Smith.”

yr. yp. (Films(yr,yD,xA) AYzT,za. (Films(zr, "Smith", z4) — Films(z7, "Smith",xA)))[xA]

10. Find the actors cast only in films by “Smith.”

Ayr, yp. (Films(yr,yD,xA) AVYzr. Azp. (Films(zr, zp, xa) > zp » "Smith"))[XA]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

11. Find all pairs of actors who act together in at least one film.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
11. Find all pairs of actors who act together in at least one film.

Ayr, yp. Films(yr, yp, xa) A Films(yr, yp, Xa') A Xa # Xa [Xa, Xa]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
11. Find all pairs of actors who act together in at least one film.

Ayr, yp. Films(yr, yp, xa) A Films(yr, yp, Xa') A Xa # Xa [Xa, Xa]

12. Find all pairs of actors cast in exactly the same films.
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
11. Find all pairs of actors who act together in at least one film.

Ayr, yp. Films(yr, yp, xa) A Films(yr, yp, Xa') A Xa # Xa [Xa, Xa]

12. Find all pairs of actors cast in exactly the same films.

Ayr, yp. (Films(yT,yD,xA) A Azr, zp. Films(z71, zp, xa ) AVYw, v. (Films(w, v, xa) © Films(w, v, XA/)))[XA,XA/]
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Solution.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ...

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

13. Find the directors such that every actor is cast in one of their films.
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Exercise 1

Exercise. Express the queries from Exercise 1.1 as domain-independent FO-queries.

Films Venues

Title Director Actor Cinema Address Phone
The Imitation Game Tyldum Cumberbatch UFA St. Petersburger Str. 24 4825825
The Imitation Game Tyldum Knightley Schauburg Konigsbricker Str. 55 8032185
CinemaxX Hiblerstr. 8 3158910
The Internet's Own Boy Knappenberger Swartz ..

The Internet's Own Boy Knappenberger Lessig

The Internet’s Own Boy Knappenberger Berners-Lee Program

.. . Cinema Title Time
Dogma Smith Damon Schauburg The Imitation Game 19:30
Dogma Smith Affleck Schauburg Dogma 20:45
Dogma Smith Morissette UFA The Imitation Game 22:45
Dogma Smith Smith CinemaxX The Imitation Game 19:30

Solution.
13. Find the directors such that every actor is cast in one of their films.

Ayr.ya. (Films(yr,xD,yA) AYZT,2p, ZA. (Films(zr,zD,zA) - HWT.FiIms(WT,xD,zA)))[xD]

29/106



Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:
qlA, B] = (ra(R) > 78(R)) - (R > (68.4-48(R)))
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:

qlA, B] = (ra(R) > 78(R)) - (R > (68.4-48(R)))
Solution.
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:
qlA. B] = (ta(R) > 78(R)) - (R = (68.4-45(R)))
Solution.
Definition (Lecture 2, Slide 19/20, excerpt)

For an RA query qla, ..., an], let @g[Xa,, ..., Xa,] be the DI query defined as follows:
> If g = Rwith signature R[A1,..., An], then og = R(Xa,, ..., Xa,)[Xa; - Xa,];

> ifg= 651 ,,..,Bn—>A1,v..,Anq/1 then 0q = 3)’81 vy YBp- (XA1 X B, ) AN A (XAn =X _VB,,) AX'2% [yA1 seee

Assumption: Ay, ..., Anin 651 ..... Bp—Ay.,...An &€ written in attribute order; By, ..., Bp may be in arbitrary order.
> if g =ma,...A,(q") for asubquery q'[By, ..., Bn]
with {B1,‘..,Bm} = {A1,...,An}U {C1,...,Ck},then $q = HXC15‘--7XCK~ Pq
> if g = g1 > qe, then ¢g = pq, A ¢g,; and
> if g = g1 — g2, then pg = @g; A —¢gs,.

’)‘4n];
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:
qlA. B] = (ta(R) > 78(R)) - (R = (68.4-45(R)))
Solution.
Definition (Lecture 2, Slide 19/20, excerpt)

For an RA query qla, ..., an], let @g[Xa,, ..., Xa,] be the DI query defined as follows:
> If g = Rwith signature R[A1,..., An], then og = R(Xa,, ..., Xa,)[Xa; - Xa,];

> ifg= 651 ,,..,Bn—>A1,v..,Anq/1 then 0q = 3)’81 vy YBp- (XA1 X B, ) AN A (XAn =X _VB,,) AX'2% [yA1 seee

Assumption: Ay, ..., Anin 651 ..... Bp—Ay.,...An &€ written in attribute order; By, ..., Bp may be in arbitrary order.
> if g =ma,...A,(q") for asubquery q'[By, ..., Bn]
with {B1,‘..,Bm} = {A1,...,An}U {C1,...,Ck},then $q = HXC15‘--7XCK~ Pq
> if g = g1 > qe, then ¢g = pq, A ¢g,; and
> if g = g1 — g2, then pg = @g; A —¢gs,.

@ra(r)[Xal = Ays. R(xa, y8)[xa]

’)‘4n];
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:

qlA. B] = (ta(R) > 78(R)) - (R = (68.4-45(R)))

Solution.

Definition (Lecture 2, Slide 19/20, excerpt)

For an RA query qla, ..., an], let @g[Xa,, ..., Xa,] be the DI query defined as follows:
> If g = Rwith signature R[A1,..., An], then og = R(Xa,, ..., Xa,)[Xa; - Xa,];
> it g =08,...BiAr..An T s then @g = Ty, ¥B,- (Xa % ¥B) Ao A (Xay % ¥B,) A [Vays- - Yaals

Assumption: Ay, ..., Anin 651 ..... Bp—Ay.,...An &€ written in attribute order; By, ..., Bp may be in arbitrary order.
> if g =ma,...A,(q") for asubquery q'[By, ..., Bn]
with {B1,‘..,Bm} = {A1,...,An}U {C1,...,Ck},then $q = HXC15‘--7XCK~ Pq
> if g = g1 > qe, then ¢g = pq, A ¢g,; and
> if g = g1 — g2, then pg = ¢q, A —pq,.

ra(R)[xal = e R(Xa, y8)[Xa] @rg(R)[X8] = Jya. B(ya, x8)[xs]
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:

qlA. B] = (ta(R) > 78(R)) - (R = (68.4-45(R)))

Solution.

Definition (Lecture 2, Slide 19/20, excerpt)

For an RA query qla, ..., an], let @g[Xa,, ..., Xa,] be the DI query defined as follows:
> If g = Rwith signature R[A1,..., An], then og = R(Xa,, ..., Xa,)[Xa; - Xa,];
> it g =08,...BiAr..An T s then @g = Ty, ¥B,- (Xa % ¥B) Ao A (Xay % ¥B,) A [Vays- - Yaals

Assumption: Ay, ..., Anin 651 ..... Bp—Ay.,...An &€ written in attribute order; By, ..., Bp may be in arbitrary order.
> if g =ma,...A,(q") for asubquery q'[By, ..., Bn]
with {B1,‘..,Bm} = {A1,...,An}U {C1,...,Ck},then $q = HXC15‘--7XCK~ Pq
> if g = g1 > qe, then ¢g = pq, A ¢g,; and
> if g = g1 — qe, then oq = @q, A —¢q,.

era(r) [Xal = Aya. R(Xa, y8)[xa] @ag(r) 8] = Iya. R(ya. xa)[xs]

¢r[xa. x8] = R(xa, xg)[xa, x8]
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:

qlA. B] = (ta(R) > 78(R)) - (R = (68.4-45(R)))

Solution.

Definition (Lecture 2, Slide 19/20, excerpt)

For an RA query qla, ..., an], let @g[Xa,, ..., Xa,] be the DI query defined as follows:
> If g = Rwith signature R[A1,..., An], then og = R(Xa,, ..., Xa,)[Xa; - Xa,];
> it g =08,...BiAr..An T s then @g = Ty, ¥B,- (Xa % ¥B) Ao A (Xay % ¥B,) A [Vays- - Yaals

Assumption: Ay, ..., Anin 651 ..... Bp—Ay.,...An &€ written in attribute order; By, ..., Bp may be in arbitrary order.
> if g =ma,...A,(q") for asubquery q'[By, ..., Bn]
with {B1,‘..,Bm} = {A1,...,An}U {C1,...,Ck},then $q = HXC15‘--7XCK~ Pq
> if g = g1 > qe, then ¢g = pq, A ¢g,; and
> if g = g1 — qe, then oq = @q, A —¢q,.

era(r) [Xal = Aya. R(Xa, y8)[xa] @ag(r) 8] = Iya. R(ya. xa)[xs]

¢rlXa. xg] = R(xa. Xg)[xa. Xg] Cra(Rpang(R) XA XB] = @ra(R) N rg(R) [Xa: XB]
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:

qlA. B] = (ta(R) > 78(R)) - (R = (68.4-45(R)))

Solution.

Definition (Lecture 2, Slide 19/20, excerpt)

For an RA query qla, ..., an], let @g[Xa,, ..., Xa,] be the DI query defined as follows:
> If g = Rwith signature R[A1,..., An], then og = R(Xa,, ..., Xa,)[Xa; - Xa,];
> it g =08,...BiAr..An T s then @g = Ty, ¥B,- (Xa % ¥B) Ao A (Xay % ¥B,) A [Vays- - Yaals

Assumption: Ay, ..., Anin 651 ..... Bp—Ay.,...An &€ written in attribute order; By, ..., Bp may be in arbitrary order.
> if g =ma,...A,(q") for asubquery q'[By, ..., Bn]
with {B1,‘..,Bm} = {A1,...,An}U {C1,...,Ck},then $q = HXC15‘--7XCK~ Pq
> if g = g1 > qe, then ¢g = pq, A ¢g,; and
> if g = g1 — qe, then oq = @q, A —¢q,.

Pra(r)[xa] = Ays. R(xa, y8)[xa] @rg(R)[X8] = ya. R(ya, x8)[Xg]
¢rlXa. xg] = R(xa. Xg)[xa. Xg] Cra(Rpang(R) XA XB] = @ra(R) N rg(R) [Xa: XB]
Ppans(R) XA x8] = Fys, ya. (xa = y8) A (X8 ~ ya)

A R(ya. yB)[xa, x8]
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:

qlA. B] = (ta(R) > 78(R)) - (R = (68.4-45(R)))

Solution.

Definition (Lecture 2, Slide 19/20, excerpt)

For an RA query qla, ..., an], let @g[Xa,, ..., Xa,] be the DI query defined as follows:
> If g = Rwith signature R[A1,..., An], then og = R(Xa,, ..., Xa,)[Xa; - Xa,];
> it g =08,...BiAr..An T s then @g = Ty, ¥B,- (Xa % ¥B) Ao A (Xay % ¥B,) A [Vays- - Yaals

Assumption: Ay, ..., Anin 651 ..... Bp—Ay.,...An &€ written in attribute order; By, ..., Bp may be in arbitrary order.
> if g =ma,...A,(q") for asubquery q'[By, ..., Bn]
with {B1,‘..,Bm} = {A1,...,An}U {C1,...,Ck},then $q = HXC15‘--7XCK~ Pq
> if g = g1 > qe, then ¢g = pq, A ¢g,; and
> if g = g1 — qe, then oq = @q, A —¢q,.

@ra(R)[Xal = Aya. R(xa, y8)[xa] erg(m)[X8] = ya. R(ya, x8)[x8]
¢rlXa. xg] = R(xa. Xg)[xa. Xg] Cra(Rpang(R) XA XB] = @ra(R) N rg(R) [Xa: XB]
P(omaa8(R) XA X8] = Ay, ya. (Xa = y8) A (X8 ~ ya) PRoe(65.400n.58(R)) [XAs XB] = OB A @(55 4, 4 5(R)) [XAs XB]

A R(ya. yB)[xa, x8]
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Exercise 2
Exercise. Let R[A, B] be a table. Express the following RAnamed query as a Dlynnamed query:

qlA. B] = (ta(R) > 78(R)) - (R = (68.4-45(R)))

Solution.

Definition (Lecture 2, Slide 19/20, excerpt)

For an RA query qla, ..., an], let @g[Xa,, ..., Xa,] be the DI query defined as follows:
> If g = Rwith signature R[A1,..., An], then og = R(Xa,, ..., Xa,)[Xa; - Xa,];
> it g =08,...BiAr..An T s then @g = Ty, ¥B,- (Xa % ¥B) Ao A (Xay % ¥B,) A [Vays- - Yaals

Assumption: Ay, ..., Anin 651 ..... Bp—Ay.,...An &€ written in attribute order; By, ..., Bp may be in arbitrary order.
> if g =ma,...A,(q") for asubquery q'[By, ..., Bn]
with {B1,‘..,Bm} = {A1,...,An}U {C1,...,Ck},then $q = HXC15‘--7XCK~ Pq
> if g = g1 > qe, then ¢g = pq, A ¢g,; and
> if g = g1 — qe, then oq = @q, A —¢q,.

@ra(R)[Xal = Aya. R(xa, y8)[xa] erg(m)[X8] = ya. R(ya, x8)[x8]
¢rlXa. xg] = R(xa. Xg)[xa. Xg] Cra(Rpang(R) XA XB] = @ra(R) N rg(R) [Xa: XB]
P(omaa8(R) XA X8] = Ay, ya. (Xa = y8) A (X8 ~ ya) PRoe(65.400n.58(R)) [XAs XB] = OB A @(55 4, 4 5(R)) [XAs XB]

A R(ya. yB)[xa, x8]

¢qa8 X, X8] = @ry(R) A Cxg(R) A = (08 A @(og 4 (R))) [X4: X5]
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Exercise 3

Exercise. It was stated in the lecture (Lecture 2, slide 17) that query mappings under named perspective can be
translated into query mappings under unnamed perspective. Specify this translation.
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Exercise 3

Exercise. It was stated in the lecture (Lecture 2, slide 17) that query mappings under named perspective can be
translated into query mappings under unnamed perspective. Specify this translation.
Solution.

41/106



Exercise 3

Exercise. It was stated in the lecture (Lecture 2, slide 17) that query mappings under named perspective can be
translated into query mappings under unnamed perspective. Specify this translation.
Solution.
> Let D, and Dy, be the sets of all database instances over a named and an unnamed perspective, respectively, and
let T,, and T, be the sets of all database tables over a named and an unnamed perspective.
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Exercise 3

Exercise. It was stated in the lecture (Lecture 2, slide 17) that query mappings under named perspective can be
translated into query mappings under unnamed perspective. Specify this translation.
Solution.

> Let D, and Dy, be the sets of all database instances over a named and an unnamed perspective, respectively, and
let T,, and T, be the sets of all database tables over a named and an unnamed perspective.

> Consider a query mapping M[q] : D, — Thp.
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Exercise 3

Exercise. It was stated in the lecture (Lecture 2, slide 17) that query mappings under named perspective can be
translated into query mappings under unnamed perspective. Specify this translation.
Solution.
> Let D, and Dy, be the sets of all database instances over a named and an unnamed perspective, respectively, and
let T,, and T, be the sets of all database tables over a named and an unnamed perspective.
> Consider a query mapping M[q] : D, — Thp.
> Define v : T, — Ty as the function taking named database tables R[A, ..., A,] to unnamed database tables R,
such that attribute A; is mapped to column i:

W(RY) = {(r(A1).....r(A))| (r : { Ar..... Ay} > dom) € R |
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Exercise 3

Exercise. It was stated in the lecture (Lecture 2, slide 17) that query mappings under named perspective can be
translated into query mappings under unnamed perspective. Specify this translation.
Solution.
> Let D, and Dy, be the sets of all database instances over a named and an unnamed perspective, respectively, and
let T,, and T, be the sets of all database tables over a named and an unnamed perspective.
> Consider a query mapping M[q] : D, — Thp.
> Define v : T, — Ty as the function taking named database tables R[A, ..., A,] to unnamed database tables R,
such that attribute A; is mapped to column i:

W(RY) = {(r(A1).....r(A))| (r : { Ar..... Ay} > dom) € R |

> Conversely, let u : D, — D, be the function taking unnamed database instances J to named database instances
T, by mapping each table R to a named table taking attribute A; from column i:

/l(j):{{{f% Ha1,...,AnHan}|<a1,...,an>eRJHFf’ej}
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Exercise 3

Exercise. It was stated in the lecture (Lecture 2, slide 17) that query mappings under named perspective can be
translated into query mappings under unnamed perspective. Specify this translation.
Solution.

>

Let D, and D, be the sets of all database instances over a named and an unnamed perspective, respectively, and
let T,, and T, be the sets of all database tables over a named and an unnamed perspective.

Consider a query mapping M[q] : D, — Th.
Define v : T, — T, as the function taking named database tables R[A1, ..., An] to unnamed database tables R,
such that attribute A; is mapped to column i:

W(RY) = {(r(A1).....r(A))| (r : { Ar..... Ay} > dom) € R |

Conversely, let u : D, — D, be the function taking unnamed database instances J to named database instances
T, by mapping each table R to a named table taking attribute A; from column i:

/l(j):{{{f% Ha1,...,AnHan}|<a1,...,an>eRJHFf’ej}

Then vo M[qg] o 1 : D, — Ty is the required translation of M[q] : D, — Tp.

Miq]
Dp —— Th

”T voM[g]op l"

Dy ——— Ty
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then oq = R(Xa,, ..., Xa,)-
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(71).
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Exercise 4
Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to

adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{a1 — c}}, then og = (x5 =~ C).
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to

adom({ R? }) c adom(T). Equivalent, since I |= R(c1.,...,cn) iff {a1 — C1,..., a0+ cn} € M[q](T).
> If g = {{ay > c}}, then pg = (X5 = ¢). DI, since ¢ € adom(q).
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to

adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.

> If g =0a=c(q'), then g = gy A (X3 = C).

56/106



Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> It g =0a=4(q"), then g = ¢g A (X3 ~ Xg)).
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to

adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.

> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.

> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> £ q=0bi..brar...an s then g = by, Yoy (Xay = Yoy ) Ao A (Xay = Yo, ) A g (Vs VBy]-
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd ¢q is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xz, ..., Xa,.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

f|:<pq/(CB1,...,CBn).
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

f|:<pq/(CB1,...,CBn).
> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then

0g = Ixey, - Xey- Pq -
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

T E¢q(csy-..,CB,)-
> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
¢q = Xy, ..., Xe,- pg- DI, since all x; occur in ¢, which is DI.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff
IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.

> If g = g1 > g, then pg = @q, A ¢q,-
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.
Solution. We show domain independence and equivalence by induction on the structure of the RA query q.
> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).
> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.
> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.
> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff
IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.

> If g = gy > g2, then gg = @q, A ¢g,- DI, since all variables occur in ¢q, or ¢g,, which are DI by induction.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).

> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.

> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.

> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.

> If g = gy > g2, then gg = @q, A ¢g,- DI, since all variables occur in ¢q, or ¢g,, which are DI by induction.
Equivalent, since any answer to g contains answers to g; and go.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).

> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.

> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.

> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.

> If g = gy > g2, then gg = @q, A ¢g,- DI, since all variables occur in ¢q, or ¢g,, which are DI by induction.
Equivalent, since any answer to g contains answers to g; and go.

> If g = g1 Uqe, then oq = ¢q, V ¢q,.-
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).

> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.

> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.

> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.

> If g = gy > g2, then gg = @q, A ¢g,- DI, since all variables occur in ¢q, or ¢g,, which are DI by induction.
Equivalent, since any answer to g contains answers to g; and go.

> If g = g1 U qge, then pq = ¢q, V ¢q,. DI, since all variables occur in ¢q, .
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).

> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.

> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.

> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.

> If g = gy > g2, then gg = @q, A ¢g,- DI, since all variables occur in ¢q, or ¢g,, which are DI by induction.
Equivalent, since any answer to g contains answers to g; and go.

> If g = g1 U e, then oq = ¢q, V ¢qg,- DI, since all variables occur in ¢4, . Clearly equivalent.
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).

> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.

> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.

> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.

> If g = gy > g2, then gg = @q, A ¢g,- DI, since all variables occur in ¢q, or ¢g,, which are DI by induction.
Equivalent, since any answer to g contains answers to g; and go.

> If g = g1 U e, then oq = ¢q, V ¢qg,- DI, since all variables occur in ¢4, . Clearly equivalent.

If g = g1 — g, then pg = @g; A =¢qs.

v
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Exercise 4

Exercise. Complete the proof that RAnamed T Dlunnamed by showing that the results of the transformation are (a)
domain independent and (b) equivalent to the input query. In each case, show that the claimed property holds true for
each case of the recursive construction under the assumption (induction hypothesis) that it has been established for all
subqueries. Use the mappings from the previous exercise to compare named and unnamed results.

Solution. We show domain independence and equivalence by induction on the structure of the RA query q.

> If g = R with signature Rlay, ..., an], then ¢qg = R(Xa,, ..., Xa,). DI, since the values of x5, belong to
adom({ R’ }) c adom(I). Equivalent, since 7 = R(c1,...,cp) iff {ar = c1,...,an = cn} € M[g](Z).

> If g = {{ay  c}}, then g = (x4 =~ c). DI, since ¢ € adom(q). Equivalent, since {(c)} is the only result.

> If g =04=c(q"), then o5 = ¢y A (X5 = ¢). DI, since ¢ € adom(q), and x; occurs in ¢y, which is DI by the
induction hypotheses. Equivalent, since g’ and ¢, are equivalent and x5, = ¢ for all answers.

> lfg= rra,:a/(q’), then og = @g A (Xg = xa/.). Analogous.

> If g =0b,,. broar,..an@ > then g = Fybe, ..., Yo, (Xay = Yoy ) Ao A (Xa, = Yb,) Ao [yB,,- ., ¥8,]- DI, since
{Vbys-- s Yoo} = {¥Bys---. ¥B,), @nd g is DI by induction. Thus, the values of yy, , ..., ys, are DI, which restrict the
values of Xa,, ..., Xa,. Equivalent, since g’ and ¢4 are equivalent by induction, and I = ¢q(Ca, . . ., Ca,) iff

IE= <pq/(CB1,...,CBn).

> If g =na,,..a,(q") for a subquery q’[by, ..., bm] With {b1,...,bm} = {a1,...,an} U {cy,...,ck}, then
@q = 3xe,,..., Xe,. ¢q - DI, since all x;; occur in ¢, which is DI. Equivalent, since g’ and ¢4 are equivalent by
inductionand {ay,...,an} ={b1,....,bm}\{C1,...,Ck }.

> If g = gy > g2, then gg = @q, A ¢g,- DI, since all variables occur in ¢q, or ¢g,, which are DI by induction.
Equivalent, since any answer to g contains answers to g; and go.

> If g = g1 U e, then oq = ¢q, V ¢qg,- DI, since all variables occur in ¢4, . Clearly equivalent.

If g = g1 — g2, then g = @q, A ~¢q,. Analogous.

v
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Exercise 5

Exercise. Consider a binary predicate R and the ADynnamed query

¢l y] = ~(R(x.y) A R(y, x)).

Use the construction from the lecture to express it as an RAnamed query.
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Exercise 5
Exercise. Consider a binary predicate R and the ADynnamed query
elx.y] = =(R(x.y) A R(y.X)).

Use the construction from the lecture to express it as an RAnamed query.
Solution.
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Exercise 5

Exercise. Consider a binary predicate R and the ADynnamed query

¢l y] = ~(R(x.y) A R(y, x)).

Use the construction from the lecture to express it as an RAnamed query.
Solution.

Definition (Lecture 2, Slide 22/23, excerpt)

Consider an AD query q = ¢[x1, ..., Xn]. For every attribute name a, there is an RA expression E agom With
Ez adom(Z) = {{a — cllc e adom(7, q)}. For every variable x, we use a fresh, distinct attribute name ay.

> If o= R(t,...,tn) with signature R[ay, ..., an], variables x; = t,,,..., X, = t,, and constants
Ct = tw,-->Ck = tw, then Ega = 53V1 <8y —axy -xp (0'21W1 =cy ( -+ Tay, =c (R) .. )),

> if o = -y, then E, = (Ea)(1 adom >4 ... >< Eamadom) - Ey;and

> if o =1 Ao, then E, = E,, = Ey,.
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Exercise 5

Exercise. Consider a binary predicate R and the ADynnamed query

¢l y] = ~(R(x.y) A R(y, x)).

Use the construction from the lecture to express it as an RAnamed query.
Solution.

Definition (Lecture 2, Slide 22/23, excerpt)

Consider an AD query q = ¢[x1, ..., Xn]. For every attribute name a, there is an RA expression E agom With
Ez adom(Z) = {{a — cllc e adom(7, q)}. For every variable x, we use a fresh, distinct attribute name ay.

> If o= R(t,...,tn) with signature R[ay, ..., an], variables x; = t,,,..., X, = t,, and constants
C1 = twy, ..., Ck = bwy, then B, = ba,, ..ay,>ay, ..ax, (Taw, =c (- - - Tay, = (R) ..));

> if o = -y, then E, = (Ea)(1 adom >4 ... >< Eamadom) - Ey;and
> if o =1 Ao, then E, = E,, = Ey,.

¢lx,y] = =(R(x.y) A R(y, x))
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Exercise 5

Exercise. Consider a binary predicate R and the ADynnamed query

¢l y] = ~(R(x.y) A R(y, x)).

Use the construction from the lecture to express it as an RAnamed query.
Solution.

Definition (Lecture 2, Slide 22/23, excerpt)

Consider an AD query q = ¢[x1, ..., Xn]. For every attribute name a, there is an RA expression E agom With
Ez adom(Z) = {{a — cllc e adom(7, q)}. For every variable x, we use a fresh, distinct attribute name ay.

> If o= R(t,...,tn) with signature R[ay, ..., an], variables x; = t,,,..., X, = t,, and constants
C1 = twy, ..., Ck = bwy, then B, = ba,, ..ay,>ay, ..ax, (Taw, =c (- - - Tay, = (R) ..));

> if o = -y, then E, = (Ea)(1 adom >4 ... >< Eamadom) - Ey;and
> if o =1 Ao, then E, = E,, = Ey,.

¢lx,y] = =(R(x.y) A R(y, x))
= (Eax,adom o an,adom) - EH(x.y)AFl(y,x)
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Exercise 5

Exercise. Consider a binary predicate R and the ADynnamed query

¢l y] = ~(R(x.y) A R(y, x)).

Use the construction from the lecture to express it as an RAnamed query.
Solution.

Definition (Lecture 2, Slide 22/23, excerpt)

Consider an AD query q = ¢[x1, ..., Xn]. For every attribute name a, there is an RA expression E agom With
Ez adom(Z) = {{a — cllc e adom(7, q)}. For every variable x, we use a fresh, distinct attribute name ay.

> If o= R(t,...,tn) with signature R[ay, ..., an], variables x; = t,,,..., X, = t,, and constants
C1 = twy, ..., Ck = bwy, then B, = ba,, ..ay,>ay, ..ax, (Taw, =c (- - - Tay, = (R) ..));

> if o = -y, then E, = (Ea)(1 adom >4 ... >< Eamadom) - Ey;and
> if o =1 Ao, then E, = E,, = Ey,.

¢lx,y] = =(R(x.y) A R(y, x))
= (Eax,adom o an,adom) - EH(x.y)AFl(y,x)

= (Ea,,adom >< an,adom) - (ER(x,y) > ER(y,x))
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Exercise 5

Exercise. Consider a binary predicate R and the ADynnamed query

¢l y] = ~(R(x.y) A R(y, x)).

Use the construction from the lecture to express it as an RAnamed query.
Solution.

Definition (Lecture 2, Slide 22/23, excerpt)

Consider an AD query q = ¢[x1, ..., Xn]. For every attribute name a, there is an RA expression E agom With
Ez adom(Z) = {{a — cllc e adom(7, q)}. For every variable x, we use a fresh, distinct attribute name ay.

> If o= R(t,...,tn) with signature R[ay, ..., an], variables x; = t,,,..., X, = t,, and constants
C1 = twy, ..., Ck = bwy, then B, = ba,, ..ay,>ay, ..ax, (Taw, =c (- - - Tay, = (R) ..));

> if o = -y, then E, = (Ea)(1 adom >4 ... >< Eamadom) - Ey;and
> if o =1 Ao, then E, = E,, = Ey,.

¢lx,y] = =(R(x.y) A R(y, x))
= (Eax,adom o an,adom) - EH(x.y)AFl(y,x)
= (Ea,,adom >< an,adom) - (ER(x,y) > ER(y,x))

= (Eax,adom o an,adom) - (5a1¢a2—>ax,ay(Fl’) s 531,,32—»ay,ax(n))
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).

2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).
2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
Solution.
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).
2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
Solution.
1. Assume that the database schema consists of tables Ry, ..., Ry with table schemata R,'[aq e a\iH,-\]' Let g be the
query and define
¢ |Ril

Ez adom = [U Uéajﬁa(ﬂa}(ﬁi))] U{{ar c}|ceadom(q)|.

i=1j=1
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).
2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
Solution.
1. Assume that the database schema consists of tables Ry, ..., Ry with table schemata R,'[aq e a\iH,-\]' Let g be the
query and define
¢ |Ril

Ez adom = [U Uéajﬁa(ﬂa}(ﬁi))] U{{ar c}|ceadom(q)|.

i=1j=1

Epiver = Eo(mpynngs)
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).
2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
Solution.
1. Assume that the database schema consists of tables Ry, ..., Ry with table schemata R,'[aq e a\iH,-\]' Let g be the
query and define
¢ |Ril

Ez adom = [U Uéajﬁa(ﬂa}(ﬁi))] U{{ar c}|ceadom(q)|.

i=1j=1

EWW Vg = E“(—\w A=) EVy_ v = E—Ely_ i
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).
2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
Solution.
1. Assume that the database schema consists of tables Ry, ..., Ry with table schemata R,'[aq Vet

query and define

‘F”] Let g be the

¢ Rl

Ez adom = [U Uéa,qa a/(Ff, )] {tar c}|c e adom(q)].

i=1j=

2.
Ew Vo — E“(“W A=p2) EVy_ v = E—Ely_ -
3. Assume ¢ has free variables x1,...,xp with {x1,...,Xp} ={y1,....¥e }U{Z,..., 2}, Wwhere yq, ..., yr are the
free variables of ¢ and zy, ..., zx are the free variables of .
Egivp, =
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).
2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
Solution.
1. Assume that the database schema consists of tables Ry, ..., Ry with table schemata R,'[aq Vet

query and define

‘F”] Let g be the

¢ |Rjl

Ez adom = [U Uéa,qa a/(Ff, )] {tar c}|c e adom(q)].

i=1j=

2.
Epivp, = E-‘(-\w A=p2) Evy.y=Eay
3. Assume ¢ has free variables x1,...,xp with {x1,...,Xp} ={y1,....¥e }U{Z,..., 2}, Wwhere yq, ..., yr are the
free variables of ¢ and zy, ..., zx are the free variables of .

Ew Vep = Ea)q.adom o Eax,,,adom - Ewm A=
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).
2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
Solution.
1. Assume that the database schema consists of tables Ry, ..., Ry with table schemata R,'[aq Vet

query and define

‘F”] Let g be the

¢ |Rjl

Ez adom = [U Uéa,qa a/(Ff, )] {tar c}|c e adom(q)].

i=1j=

2.
Epivp, = E-‘(-\w A=p2) Evy.y=Eay
3. Assume ¢ has free variables x1,...,xp with {x1,...,Xp} ={y1,....¥e }U{Z,..., 2}, Wwhere yq, ..., yr are the
free variables of ¢ and zy, ..., zx are the free variables of .

Ew Vep = Ea)q.adom o Eax,,,adom - Ewm A=

= Ea)q.adom ol Eax,,,adom - (E“<P1 > _“Pz)
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Exercise 6

Exercise. Complete the constructions for the proof of AD C RA given in the lecture.
1. Define the relational algebra expression Eg adom, such that E; adom(Z) = {{a ¢} | ¢ € adom(Z, q)} (assume
that the query and the database schema are known).
2. Define the expressions E, for ¢ = ¢1 V ¢2 and ¢ = Vy.yr in terms of expressions that have already been defined
in the lecture.
3. Give a direct definition for the expression E,, for ¢ = @1 V g2 = =(—p1 A =¢2).
Solution.
1. Assume that the database schema consists of tables Ry, ..., Ry with table schemata R,'[aq Vet

query and define

‘F”] Let g be the

¢ Rl

Ez adom = [U Uéa,qa a/(Ff, )] {tar c}|c e adom(q)].

i=1j=

2.
Epivp, = E-‘(-\w A=p2) Evy.y=Eay
3. Assume ¢ has free variables x1,...,xp with {x1,...,Xp} ={y1,....¥e }U{Z,..., 2}, Wwhere yq, ..., yr are the
free variables of ¢ and zy, ..., zx are the free variables of .

Ew Vep = Ea)q.adom o Eax,,,adom - Ewm A=
= Ea)q.adom ol Eax,,,adom - (E“<P1 > _“Pz)

= Ea)q,adcm o Eax,,,adom - ((anw,adom o an[,adom - E<P1 ) > (Eaz1‘adom o R Eazkﬁadam - E«Fz))
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @4 =Vy. p(x,y)[x]
5. ¢5 = Ax. (((p(x) = a(¢)) = p(x)) = p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. @1 = ysip. ¥stop: ¥To- (StOPS(¥sip- Ysiop: "true) A Connect(ysip. ¥ro, Xine) ) [XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @4 =Vy. p(x,y)[x]
5. ¢5 = Ax. (((p(x) = a(¢)) = p(x)) = p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @4 =Vy. p(x,y)[x]
5. ¢5 = Ax. (((p(x) = a(¢)) = p(x)) = p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

Definition (Lecture 2, Slide 26)

The set rr(¢) of range-restricted variables of ¢ in Safe-Range Normal Form is defined recursively:

rr(R(ty,....th)) = {x | x is a variable among the ti,..., t,} r(x ~ a) = {x}

_ e Uiyt e = (xxy)andix.ypnm(e) #0  m(xxy) =0
(et A gz) = {rr(tm) urr(g2) otherwise

rr(y) \ {y} if y € rr(y) rr(p1 V @2) = rr(p1) Nrr(p2)

dy.y) = . . )
"(3y-¥) {throw new NotSafeException() if y ¢ rr(y) rr(—y) =0 if rr(y) is defined

93/106



Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:

1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]

2. ¢p = -Lines(x, "bus")[x]

3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]

4. @4 =Vy. p(x,y)[x]

5. ¢5 = Ax. (((p(x) = a(¢)) = p(x)) = p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

(1) = { XLine }

Definition (Lecture 2, Slide 26)

The set rr(¢) of range-restricted variables of ¢ in Safe-Range Normal Form is defined recursively:

rr(R(ty,....th)) = {x | x is a variable among the ti,..., t,} r(x ~ a) = {x}

_ e Uiyt e = (xxy)andix.ypnm(e) #0  m(xxy) =0
(et A gz) = {rr(tm) urr(g2) otherwise

rr(y) \ {y} if y € rr(y) rr(p1 V @2) = rr(p1) Nrr(p2)

dy.y) = . . )
"(3y-¥) {throw new NotSafeException() if y ¢ rr(y) rr(—y) =0 if rr(y) is defined
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:

1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]

2. ¢p = -Lines(x, "bus")[x]

3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]

4. @4 =Vy. p(x,y)[x]

5. ¢5 = Ax. (((p(x) = a(¢)) = p(x)) = p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

(1) = { XLine } m(p2) =0

Definition (Lecture 2, Slide 26)

The set rr(¢) of range-restricted variables of ¢ in Safe-Range Normal Form is defined recursively:

rr(R(ty,....th)) = {x | x is a variable among the ti,..., t,} r(x ~ a) = {x}

_ e Uiyt e = (xxy)andix.ypnm(e) #0  m(xxy) =0
(et A gz) = {rr(tm) urr(g2) otherwise

rr(y) \ {y} if y € rr(y) rr(p1 V @2) = rr(p1) Nrr(p2)

dy.y) = . . )
"(3y-¥) {throw new NotSafeException() if y ¢ rr(y) rr(—y) =0 if rr(y) is defined

95/106



Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:

1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]

2. ¢p = -Lines(x, "bus")[x]

3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]

4. @4 =Vy. p(x,y)[x]

5. ¢5 = Ax. (((p(x) = a(¢)) = p(x)) = p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

(1) = { Xine } r(g2) =0 rmes) =0

Definition (Lecture 2, Slide 26)

The set rr(¢) of range-restricted variables of ¢ in Safe-Range Normal Form is defined recursively:

rr(R(ty,....th)) = {x | x is a variable among the ti,..., t,} r(x ~ a) = {x}

_ e Uiyt e = (xxy)andix.ypnm(e) #0  m(xxy) =0
(et A gz) = {rr(tm) urr(g2) otherwise

rr(y) \ {y} if y € rr(y) rr(p1 V @2) = rr(p1) Nrr(p2)

dy.y) = . . )
"(3y-¥) {throw new NotSafeException() if y ¢ rr(y) rr(—y) =0 if rr(y) is defined
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:

1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]

2. ¢p = -Lines(x, "bus")[x]

3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]

4. @4 =Yy. p(x,y)[x] = =3y. =p(x, y)[x]

5. ¢5 = Ax. (((p(x) = a(¢)) = p(x)) = p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

(1) = { Xine } r(g2) =0 rmes) =0

Definition (Lecture 2, Slide 26)

The set rr(¢) of range-restricted variables of ¢ in Safe-Range Normal Form is defined recursively:

rr(R(ty,....th)) = {x | x is a variable among the ti,..., t,} r(x ~ a) = {x}

_ e Uiyt e = (xxy)andix.ypnm(e) #0  m(xxy) =0
(et A gz) = {rr(tm) urr(g2) otherwise

rr(y) \ {y} if y € rr(y) rr(p1 V @2) = rr(p1) Nrr(p2)

dy.y) = . . )
"(3y-¥) {throw new NotSafeException() if y ¢ rr(y) rr(—y) =0 if rr(y) is defined
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:

1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]

2. ¢p = -Lines(x, "bus")[x]

3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]

4. @4 =Yy. p(x,y)[x] = =3y. =p(x, y)[x]

5. ¢5 = Ax. (((p(x) = a(¢)) = p(x)) = p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

rr(e1) = { Xine } rm(g2) =0 rr(gs) =0 rr(SNRF(¢4)) = Exception

Definition (Lecture 2, Slide 26)

The set rr(¢) of range-restricted variables of ¢ in Safe-Range Normal Form is defined recursively:

rr(R(ty,....th)) = {x | x is a variable among the ti,..., t,} r(x ~ a) = {x}

_ e Uiyt e = (xxy)andix.ypnm(e) #0  m(xxy) =0
(et A gz) = {rr(tm) urr(g2) otherwise

rr(y) \ {y} if y € rr(y) rr(p1 V @2) = rr(p1) Nrr(p2)

dy.y) = . . )
"(3y-¥) {throw new NotSafeException() if y ¢ rr(y) rr(—y) =0 if rr(y) is defined
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:

1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]

2. ¢p = -Lines(x, "bus")[x]

3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]

4. @4 =Yy. p(x,y)[x] = =3y. =p(x, y)[x]

5. ¢5 = Ax. (((p(x) = q(c)) = p(x)) = p(x)) = Ax. (((=p(x) v q(¢)) A =p(x)) v p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

rr(e1) = { Xine } rm(g2) =0 rr(gs) =0 rr(SNRF(¢4)) = Exception

Definition (Lecture 2, Slide 26)

The set rr(¢) of range-restricted variables of ¢ in Safe-Range Normal Form is defined recursively:

rr(R(ty,....th)) = {x | x is a variable among the ti,..., t,} r(x ~ a) = {x}

_ e Uiyt ifee = (xxy)andix.ynm(e) #0  m(xxy) =0
(et A gz) = {rr(tm) urr(gz2) otherwise

rr(y) \ {y} if y € rr(y) rr(p1 V @2) = rr(p1) N rr(p2)

dy.y) = . . )
"(3y-¥) {throw new NotSafeException() if y ¢ rr(y) rr(—y) =0 if rr(y) is defined
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:

1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]

2. ¢p = -Lines(x, "bus")[x]

3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]

4. @4 =Yy. p(x,y)[x] = =3y. =p(x, y)[x]

5. ¢5 = Ax. (((p(x) = q(c)) = p(x)) = p(x)) = Ax. (((=p(x) v q(¢)) A =p(x)) v p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

rr(¢1) = { XLine } m(g2) =0 m(es) =0 rr(SNRF(¢4)) = Exception rr(SNRF(¢s)) = Exception

Definition (Lecture 2, Slide 26)

The set rr(¢) of range-restricted variables of ¢ in Safe-Range Normal Form is defined recursively:

rr(R(ty,....th)) = {x | x is a variable among the ti,..., t,} r(x ~ a) = {x}

_ e Uiyt ifee = (xxy)andix.ynm(e) #0  m(xxy) =0
(et A gz) = {rr(tm) urr(gz2) otherwise

rr(y) \ {y} if y € rr(y) rr(p1 V @2) = rr(p1) N rr(p2)

dy.y) = . . )
"(3y-¥) {throw new NotSafeException() if y ¢ rr(y) rr(—y) =0 if rr(y) is defined
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. @1 = ysip. ¥stop: ¥To- (StOPS(¥sip- Ysiop: "true) A Connect(ysip. ¥ro, Xine) ) [XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @4 =Yy. p(x,y)[x] = =3y. =p(x, y)[x]
5. ¢5 = Ax. (((p(x) = q(c)) = p(x)) = p(x)) = Ax. (((=p(x) v q(¢)) A =p(x)) v p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.

rr(¢1) = { XLine } r(p2) =0 m(e3) =0 rr(SNRF(¢4)) = Exception rr(SNRF(¢s)) = Exception

Definition (Lecture 2, Slide 27)
An FO query q = ¢[x1,..., Xs] is a safe-range query if rr(SRNF(¢)) = { X1, ..., Xn }.
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. ¢1 = YsiD, Ystop> ¥To- (StOPS(¥siD, Ystop, " true™) A Connect(ysin, 7o, Xine)) [XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @4 =Yy. p(x,y)[x] = =3y. =p(x, y)[x]
5. ¢5 = Ax. (((p(x) = q(c)) = p(x)) = p(x)) = Ax. (((=p(x) v q(¢)) A =p(x)) v p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.
rr(¢1) = { XLine } r(p2) =0 m(e3) =0 rr(SNRF(¢4)) = Exception rr(SNRF(¢s)) = Exception
SR, DI

Definition (Lecture 2, Slide 27)
An FO query q = ¢[x1,..., Xs] is a safe-range query if rr(SRNF(¢)) = { X1, ..., Xn }.
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. 1 = 3ysiD; Ystops ¥To- (StOPS(YSIDs }/Stopv”true") A Connect(ysip, ¥To, XLine))[XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @a=Vy. p(x,y)[x] = ~3y. ~p(x, y)[x]
5. ¢5 = 3x. (((p(x) — g(c)) - p(x)) = p(x)) = Ix. (((~p(x) v 4(c)) A ~p(x)) v p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.
rr(¢1) = { XLine } m(g2) =0 m(es) =0 rr(SNRF(¢4)) = Exception rr(SNRF(¢s)) = Exception
SR, DI not SR, not DI

Definition (Lecture 2, Slide 27)
An FO query q = ¢[x1,..., Xs] is a safe-range query if rr(SRNF(¢)) = { X1, ..., Xn }.
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. 1 = 3ysiD; Ystops ¥To- (StOPS(YSIDs }/Stopv”true") A Connect(ysip, ¥To, XLine))[XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @a=Vy. p(x,y)[x] = ~3y. ~p(x, y)[x]
5. ¢5 = 3x. (((p(x) — g(c)) - p(x)) = p(x)) = Ix. (((~p(x) v 4(c)) A ~p(x)) v p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.
rr(¢1) = { XLine } m(g2) =0 m(es) =0 rr(SNRF(¢4)) = Exception rr(SNRF(¢s)) = Exception
SR, DI not SR, not DI not SR, not DI

Definition (Lecture 2, Slide 27)
An FO query q = ¢[x1,..., Xs] is a safe-range query if rr(SRNF(¢)) = { X1, ..., Xn }.
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. 1 = 3ysiD; Ystops ¥To- (StOPS(YSIDs }/Stopv”true") A Connect(ysip, ¥To, XLine))[XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @4 =Yy. p(x,y)[x] = =3y. =p(x, y)[x]
5. ¢5 = Ax. (((p(x) = q(c)) = p(x)) = p(x)) = Ax. (((=p(x) v q(¢)) A =p(x)) v p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.
rr(¢1) = { XLine } m(g2) =0 m(es) =0 rr(SNRF(¢4)) = Exception rr(SNRF(¢s)) = Exception
SR, DI not SR, not DI not SR, not DI not SR, not DI

Definition (Lecture 2, Slide 27)
An FO query q = ¢[x1,..., Xs] is a safe-range query if rr(SRNF(¢)) = { X1, ..., Xn }.
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Exercise 7

Exercise. Use the function rr from the lecture to compute the set of range-restricted variables for the following queries:
1. 1 = 3ysiD; Ystops ¥To- (StOPS(YSIDs }/Stopv”true") A Connect(ysip, ¥To, XLine))[XLine]
2. ¢p = -Lines(x, "bus")[x]
3. 3= (Connect(x1, "42","85") v Connect("57", xo, "85"))[x1,xz]
4. @4 =Yy. p(x,y)[x] = =3y. =p(x, y)[x]
5. ¢5 = Ax. (((p(x) = q(c)) = p(x)) = p(x)) = Ax. (((=p(x) v q(¢)) A =p(x)) v p(x))
Which of these queries is a safe-range query? Which of the queries is domain independent?
Solution.
rr(¢1) = { XLine } m(g2) =0 m(es) =0 rr(SNRF(¢4)) = Exception rr(SNRF(¢s)) = Exception
SR, DI not SR, not DI not SR, not DI not SR, not DI not SR, DI

Definition (Lecture 2, Slide 27)
An FO query q = ¢[x1,..., Xs] is a safe-range query if rr(SRNF(¢)) = { X1, ..., Xn }.
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