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1 Functional Dependencies (40 points)

1. Considerthefollowing tablesandfunctionaldependencies.

R(A1,B1,C1,D1)

(a) A1
� B1C1D1

(b) C1
� A1B1

S(A2,B2,C2,D2,E2,F2,G2)

(a) A2
� B2C2

(b) A2B2C2
� D2

T(A3,B3,C3,D3,E3,F3)

(a) A3
� B3C3

(b) A3C3
� D3E3F3

(c) F3
� A3B3

For eachof thetablesR, S,andT, answerthefollowing questions:

(a) List all of thecandidatekeys. (3x3points)

R: A, C

S: AEFG

T: A, F

(b) Give theminimal cover of thesetof functionaldependencies.(3x5points)

(Decomposesothatthereis only oneattributeon theright sideof these)

R: A � BCD, C � A

S: A � BCD

T: A � BCDEF, F � A

2. Recallthefollowing axioms:

Reflexivity: If Y � X, thenX � Y.

Augmentation:If X � Y, thenXW � YW.

Transitivity: If X � Y andY � Z, thenX � Z.

Union: If X � Y andX � Z, thenX � YZ.
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Decomposition:If X � YZ, thenX � Y andX � Z.

Pseudotransitivity: If X � Y andWY � Z, thenXW � Z.

Setaccumulation:If X � YZ andZ � W, thenX � YZW.

Fromthefollowing setof four functionaldependencies,derive (a), (b), and(c). Labeleachstepwith
therule from theabove axioms.

1. A � B

2. C � B

3. D � ABC

4. AC � D

(a) D � ABCD (3 points)

1. D � ABC - Given

2. D � D - Reflexivity

3. D � ABCD - Union,1, 2

(b) AC � BD (5 points)

1. A � B - Given

2. AC � D - Given

3. AC � BC - Augmentation,1

4. AC � B - Decomposition,3

5. AC � BD - Union,2, 4

(c) AC � ABCD (8 points)

1. AC � BD - Givenfrom above

2. AC � AC - Reflexivity

3. AC � ABCD - Union,1, 2

2 Decompositions (35 points)

1. DecomposethetableSfrom thelastquestioninto two tables,S1andS2,sothatthey areall in BCNF,
with a losslessanddependency-preserving decomposition.(10points)

Decomposeto ABCD, andAEFG.

2. ConsiderthetableU(A4,B4,C4,D4,E4,F4), with thefollowing functionaldependencies.

(a) B4C4
� D4

(b) D4E4
� A4F4

(c) B4C4
� E4

DecomposeU into two tables,U1 andU2, suchthat the decompositionis losslessanddependency
preserving,andU1 andU2 arein BCNF. (10points)

Decomposeto ADEF, andBCDE

3. Supposewe have a relationalschemaV(A5,B5,C5), with theonly functionaldependency beingA �
B. Supposealsothat we decideto decomposethis schemainto V1(A5,B5) andV2(B5,C5). Give an
exampleof aninstanceof relationV whoseprojectionontoV1 andV2 andsubsequentrejoiningdoes
not yield thesamerelationinstance.(15points)

Any instancethatis not1 to 1.
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3 Normal Forms (25 points)

1. ConsiderthetableX(A,B,C). Give a pair of functionaldependenciesfor X thatwould put it in 3NF,
but notBCNF. (5 points)

AB � C, andC � A

2. For eachof thetablesR, S,T, andU above,answerthefollowing questions.

(a) Is thetablein 3NF?(4x3points)

R: Yes

S: No

T: Yes

U: No

(b) Is thetablein BCNF?(4x2points)

R: Yes

S: No

T: Yes

U: No
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