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Relational database design

Set of attributes that one needs to keep track of

Split into multiple tables to avoid duplication

Redundant storage

Maintaining consistency — updates and insertion/deletion
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One source is
"truth"



Decomposition and information

Decompose (customer name,regd phone,regd email) as

(customer name,regd phone) and (customer name,regd email)

Name is not unique — loss of information

Recombining decomposed relation should not add tuples

Lossless decomposition

Decompose R as R1 and R2

Want R = R1 ./ R2

Decomposition is lossless if at least one of the following functional dependencies

hold

R1 \ R2 ! R1

R1 \ R2 ! R2
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Functional dependencies

A1,A2, . . . ,Ak ! B1,B2, . . .Bm

LHS atributes uniquely fix

RHS attributes

Must hold for every instance

— semantic property of

attributes

Need not correspond to

superkeys

dept name ! building

dept name ! budget

Use to identify sources of

redundancy, guide decomposition
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Computing the closure of a set of attributes

Given A1,A2, . . . ,A2 and B, does A1,A2, . . . ,Ak ! B?

Iterative algorithm — check if B is in closure A+

Initialize A+
to {A1,A2, . . . ,Ak}

repeat
for each � ! � in F

if � ✓ A+
, add � to A+

end
until no change in A+
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Boyce-Codd Normal Form (BCNF)

Relational schema R , set of functional dependencies F

R is in BCNF if, for every ↵ ! � 2 F+
, one of the following holds

↵ ! � is trivial (i.e., � ✓ ↵

↵ is a superkey for R

↵ ! � 2 F+
is a BCNF violation for R if neither of the following holds

↵ ! � is trivial (i.e., � ✓ ↵

↵ is a superkey for R

To fix this, decompose R as

↵ [ �

R \ (� \ ↵)
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Dependency preservation

Advisor(student id,faculty id,dept name)

Each faculty member is in only one department

Students can be across multiple departments

Each student has at most one advisor in each department

BCNF decomposition is (student id,faculty id), (faculty id,dept name)

Functional dependencies

faculty id ! dept name

student id,dept name ! faculty id

Need join to check second dependency
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Third normal form (3NF)

R is in 3NF if, for every ↵ ! � 2 F+
, one of the following holds

↵ ! � is trivial (i.e., � ✓ ↵

↵ is a superkey for R

Each attribute A in � \ ↵ is contained in some candidate key for R

BCNF is a stricter condition than 3NF

Priorities

Lossless decomposition

BCNF

Dependency preservation
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Computing the closure of a set of attributes — correctness

Iterative algorithm — check if B is in closure A+

Initialize A+
to {A1,A2, . . . ,Ak}

repeat
for each � ! � in F

if � ✓ A+
, add � to A+

end
until no change in A+
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Canonical basis, extraneous attributes

Madhavan Mukund Database Management Systems DBMS, Lecture 11, 22 Sep 2023 10 / 14

When populating a database, need to
check constraints

Constrants are functional dependence
F
,
need to check

all constrants in F (closure & F)
F At

A+ B E A-> CO ***B C

I need mit
I

check ->
check enforce

this A c



Canonical basis, extraneous attributes
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Canonical basis, extraneous attributes
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Canonical basis, extraneous attributes
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Remove extraneous attributes -> minimal set of
dependencies that
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Dependency preservation, formally
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Dependency preservation, formally
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Dependency preservation, formally
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Dependency preservation, formally
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Beyond functional dependencies
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