UH
i
a3 Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

CHAI

Humanities-Centered Al

Databases

Malte Luttermann - Institute for Humanities-Centered
Artificial Intelligence (CHAI)

October 30, 2025

Version from October 29, 2025



Topics for Today

B Recap: Functional dependencies
m Keys

® Relational algebra

m Attribute closure
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Recap: Functional Dependencies

= Schema: R = {A, B, C, D} .
® Instance R: Leta C R, B C R. It holds that o — 3 if and only
A B C D ifvr,se Rira=S.a=r.=S5.0.

a, by ¢ o Which of the following functional dependencies

ai b o d hold?

a by ¢ o

m {A} — {B
2 D 0 % - (00
as b2 Ca d3 l{C,D}—){B}

= {B} = {C}

= {B} = {A}
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Recap: Functional Dependencies

= Schema: R = {A, B, C, D} .
® Instance R: Leta C R, B C R. It holds that o — 3 if and only
A B C D ifvr,se Rira=S.a=r.=S5.0.

a, by ¢ o Which of the following functional dependencies

ai b o d hold?

a by ¢ o

m Al - {Bl/
% be G 0 -Ec},’o}i}{A}x
a3 b ¢ 05 = {C,D} > {B}/

® {B} —» {C} X

® {B} - {A} X
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Keys — Comprehension Questions |

Are the following statements correct?
m »|f {A} — {B} holds, then {B} — {A} also holds.«

B »For a super key «, it holds that oo —* R.«
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Keys — Comprehension Questions |

Are the following statements correct?

m »|f {A} — {B} holds, then {B} — {A} also holds.«
Incorrect. Counterexample: R(A, B) = {(ai, b1), (a2, b1)}.
B »For a super key «, it holds that oo —* R.«
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Keys — Comprehension Questions |

Are the following statements correct?

m »|f {A} — {B} holds, then {B} — {A} also holds.«
Incorrect. Counterexample: R(A, B) = {(ai, b1), (a2, b1)}.
B »For a super key «, it holds that oo —* R.«

Incorrect. Although a super key determines all attributes, it is not necessarily
minimal.
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Keys — Comprehension Questions Il

Are the following statements correct?
B »For a candidate key «, there exists no candidate key v with v C «a.«

® »For a candidate key «, there exists no candidate key v with oo C 7.«

B »For a candidate key «, there exists no candidate key g with || < |a|.«
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Are the following statements correct?

B »For a candidate key «, there exists no candidate key v with v C «a.«
Correct. This holds due to the minimality of « with regard to set inclusion.
B »For a candidate key «, there exists no candidate key ~ with o C .«

B »For a candidate key «, there exists no candidate key g with || < |a|.«
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B »For a candidate key «, there exists no candidate key v with v C «a.«
Correct. This holds due to the minimality of « with regard to set inclusion.

B »For a candidate key «, there exists no candidate key ~ with o C .«
Correct. Otherwise, the minimality of v would be violated.

B »For a candidate key «, there exists no candidate key g with || < |a|.«
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Keys — Comprehension Questions Il

Are the following statements correct?

B »For a candidate key «, there exists no candidate key v with v C «a.«

Correct. This holds due to the minimality of « with regard to set inclusion.

B »For a candidate key «, there exists no candidate key ~ with o C .«

Correct. Otherwise, the minimality of v would be violated.

B »For a candidate key «, there exists no candidate key g with || < |a|.«
Incorrect. Minimality refers only to set inclusion, not to the cardinality of the
attribute sets. Counterexample: R(A, B, C) = {(a1, b1, ¢1), (a1, b2, ¢2), (a2,
bi,c3)}. Both A— C and B — C do not hold, while A, B — C holds. It also
holds that C — R.
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Relational Algebra — Operators

Given the following relations R and S, specify the union (R U S), intersection
(RN S), and difference (R \ S) of the two relations.

ProjectlD Title Budget ProjectlD Title Budget
R 1 Project A 300.000 S 2 Project B 200.000

2 Project B 200.000 3 Project C  200.000

3 Project C  200.000 4 Project D 100.000
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Relational Algebra — Operators

ProjectlID Title Budget ProjectID Title Budget
R 1 Project A 300.000 S 2 Project B 200.000
2 Project B 200.000 3 Project C  200.000
3 Project C  200.000 4 Project D 100.000
ProjectlID Title Budget
1 Project A 300.000
RUS: 2 Project B 200.000
3 Project C  200.000
4 Project D 100.000
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Relational Algebra — Operators

ProjectiD Title Budget ProjectID Title Budget
R 1 Project A 300.000 S 2 Project B 200.000
2 Project B 200.000 3 Project C  200.000
3 Project C  200.000 4 Project D 100.000
ProjectlID Title Budget
RnS: o Project B 200.000
3 Project C  200.000
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Relational Algebra — Operators

ProjectiD Title Budget ProjectID Title Budget
R 1 Project A 300.000 S 2 Project B 200.000
2 Project B 200.000 3 Project C  200.000
3 Project C  200.000 4 Project D 100.000
ProjectID Title Budget
R\ S
1 Project A 300.000
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Relational Algebra — Operators

Given the following relations R and S, specify the Cartesian product R x S and the
join R M pnr—nr2 S of the two relations.

Nr1  Title Budget
R 1 Project A 300.000

2 Project B 200.000

3 Project C  200.000

Malte Luttermann

Databases

Nr2

wn =

Note

ABC
XYZ
ABC
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Relational Algebra — Operators

Malte Luttermann

Nri  Title Budget Nr2
1 Project A 300.000 s 1
2 Project B 200.000 2
3 Project C  200.000 3
Nr1  Title Budget Nr2  Note
1 Project A 300.000 1 ABC
1 Project A 300.000 2 XYz
1 Project A 300.000 3 ABC
RxS: 2 Project B 200.000 1 ABC
2 ProjectB 200.000 2 XYz
2 Project B 200.000 3 ABC
3 Project C  200.000 1 ABC
3 Project C  200.000 2 XYz
3 Project C  200.000 3 ABC

Databases

Note

ABC
XYz
ABC
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Relational Algebra — Operators

Nr1 Title Budget
R 1 Project A 300.000

2 Project B 200.000

3 Project C  200.000

Malte Luttermann

R ™ nri=nr2 S:

Nr2 Note

s 1 ABC

2 XYZ

3 ABC
Nr1  Title Budget Note
1 Project A 300.000 ABC
2 Project B 200.000 XYZ
3 Project C 200.000 ABC

Databases
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Relational Algebra — Operators

Given the following relation R, specify the selection oydget=200.000(R) and the

projection 7(Tite, Budget) (R)-

Nr Title Budget
r: 1 Project A 300.000

2 ProjectB 200.000

3  Project C 200.000

Malte Luttermann
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Relational Algebra — Operators

Given the following relation R, specify the selection oydget=200.000(R) and the
projection 7(Tite, Budget) (R)-

Nr Title Budget Nr Title Budget

0 Budget>200.000( A):
g 1 ProjectA 300.000 voger-200.000(): 3 Project A 300.000

2 ProjectB 200.000
3  Project C 200.000
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Relational Algebra — Operators

Given the following relation R, specify the selection oydget=200.000(R) and the
projection 7(Tite, Budget) (R)-

Nr Title Budget Nr Title Budget
: 0 Budget>200.000( F): ,
Rr: 1 Project A 300.000 1 Project A 300.000
2 ProjectB 200.000
3  Project C 200.000 Title Budget
7 (7itte.Buget) (R): Project A 300.000

Project B 200.000
Project C  200.000
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Relational Algebra — Comprehension Questions
Which of the following equivalences hold?

op, (0p,(R)) = U(p1/\p2)(R)

op(aq(R)) = og(ap(R))

R U (Rz N Rg) = (R1 N Rz) U (R1 N R3)

Op (Upz(R)) = U(p1Vp2)(R)

Ri N (R2U R3) = (R1 N R2) U (R N As)

R1 X Rg = Rg X R-]
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?
" 0p(0p,(R)) = 9(pynps) (R)
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?

B op,(0p,(R)) = U(p1/\p2)(R)
Correct:

Toinpe)(R) ={re R|rk=piAp2}
={reR|rkpjandr = py}
={reR|ri=pi}n{reR|rEp}
={re{reR|rEpi}|rk p}
= op; (9p(R))-
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?
" op(0g(R)) = aq(op(R))
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?

B op5(0g(R)) = oq(op(R))
Correct:

op(oq(R)) = o(prg)(A) (shown in the previous equivalence statement)
= 9(gnp)(R)
= og(op(R)).
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?
B RU(RNR3)= (R NnR)U(R N ARy)
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?
" Ay U(R:NAs) = (RN AR)U(RNAs)
Incorrect. Counterexample: Let Ry = {ry, 2}, Ro = {r2, 13}, B3 = {r1, r3}.
RiU(R2N A3) = {r, 2} U({ra, 3y N {r1,r3})

={n,n}u{n}
={n,r,nm}
#{n,r2}
={rtu{n}
={n.}0{r,npH)U{n,r}N{n,rn})
=(R1 N R)U (RN ARy).
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?
" 0p(0p,(R)) = 9(pyvis) (R)
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?

B op,(0p,(R)) = U(p1Vp2)(R)
Incorrect. Counterexample: Let R = {ay, b1} with schema R = {A, B}.

0A=a,(0B=b,(R)) = 0a=a,(0B=b,({a1, b1}))
=op=a,({b1})
=0
#{ay, by}
= 0(A=a,vB=b,)({a1, b1})

= 0(A=a,vB=b;)(R)-
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?
B RiN(RUR3)= (R NR)U(R N ARy)
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?

B RiN(RUR3)= (R NR)U(R N ARy)
Correct. This follows directly from the distributive law of N over U (stemming
from the distributive law of A over V).
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?
B R xR=R xRy
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Relational Algebra — Comprehension Questions

Which of the following equivalences hold?
B R x R =R x Ry
Incorrect. Counterexample: Let Ry = {r1} and Ro = {r>}.
Ri » Ro = {(n,r2)}

#{(r,n)}
= Hg X R1.
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Attribute Closure

Let the following functional dependencies be given:
® Functional dependencies: F = {A — B,B — C,C — AD}
Determine the attribute closure o™ for the attribute set a = {A}.

attributeClosure (F, «)

result := «; result' := (
while result' # result do
result' := result

foreach f—>~vy€F do
if S C result then
result := result U v
return result
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Attribute Closure

(1) Initialize: result := {A}, result’ := {}

Malte Luttermann

attributeClosure (F, «)

result := «; result' := ()
while result' # result do
result' := result

foreach f—~v€F do
if S C result then
result := result U v
return result

m F={A—-BB— C,C— AD}
= o= {A)

Databases 23/23



Attribute Closure

(1) Initialize: result := {A}, result’ := {}

(2) result’ = {} # result = {A}:

Malte Luttermann

result’ := {A}
A — B: result :=result U {B}

Databases

attributeClosure (F, «)

result := «; result' :=
while result' # result do
result' := result

foreach f—~v€F do
if S C result then
result := result U v
return result

m F={A—-BB— C,C— AD}
= o= {4}
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Attribute Closure attributeClosure (F, «)

result := «; result' :=
(1) Initialize: result := {A}, result’ := {} while result' # result do
(2) result’ = {} # result = {A}: result' := result
result’ := {A} foreach f—+~y€F do
A — B: result := result U {B} if S C result then
(3) result’ = {A} # result = {A, B}: result := result Uy
result’ := {A, B} return result

B — C: result :=result U {C} F={A-BB-C,C— AD
B F={A—>BB—-+C(C,C—

= o={A)
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Attribute Closure

(1) Initialize: result := {A}, result’ := {}
(2) result’ = {} # result = {A}:

result’ := {A}

A — B: result :=result U {B}
(3) result’ = {A} # result = {A, B}:

result’ := {A, B}

B — C: result ;= result U {C}
(4) result’ = {A, B} # result = {A, B, C}:

result’ := {A, B, C}

C — AD: result :=result U {A, D}

Malte Luttermann
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attributeClosure (F, «)

result := «; result' :=
while result' # result do
result' := result

foreach f—~v€F do
if S C result then
result := result U v
return result

m F={A—-B,B— C,C— AD}
= o= {A}
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Attribute Closure attributeClosure (F, «)
result := «; result' :=
(1) Initialize: result := {A}, result’ := {} while result' # result do
(2) result’ = {} # result = {A}: result' := result
result’ .= {A} foreach f—~y€F do
A — B: result := result U {B} if S C result then
(3) result’ = {A} # result = {A, B}: result := result Uy
result’ := {A, B} return result

B — C: result ;= result U {C}

(4) result’ = {A, B} # result = {A, B, C}:
result’ := {A, B, C}
C — AD: result :=result U {A, D}

(5) result’ = {A, B, C} #result = {A, B, C,D}:
result’ := {A, B, C, D}

m F={A—-B,B— C,C— AD}
= o= {A}
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Attribute Closure attributeClosure (F, «)
result := «; result' :=
(1) Initialize: result := {A}, result’ := {} while result' # result do
(2) result’ = {} # result = {A}: result' := result
result’ .= {A} foreach f—>~y€F do
A — B: result := result U {B} if S C result then
(3) result’ = {A} # result = {A, B}: result := result Uy
result’ := {A, B} return result

B — C: result ;= result U {C}

(4) result’ = {A, B} # result = {A, B, C}:
result’ := {A, B, C}
C — AD: result :=result U {A, D}

(5) result’ = {A,B,C} #result = {A,B, C, D}:
result’ := {A, B, C, D}

(6) returnresult={A, B, C,D}
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m F={A—-B,B— C,C— AD}
= o= {A}
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