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Principles of Databases

Normal Form Review \
Key

FDs F on schema R, K< R
1. K=R KR
2. No proper subset of K has this property

Can be multiple keys

An attribute A is prime if it is in some
key K

W

Superkey: Just Part 1. above

ﬁ
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/

Example
\(
ol Nf 7
{DC -> N, DN - C, ODCT - RP,
P > D, QRT > DC}
QRT* = QRTDCNP
R = R | .
QT = ar ‘lﬁ \F W’“L\OC V;:-?"
RT* = RT o
Qt = & ) ¢
R = & 4——%”‘ art
T+ = | MC"
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Principles of Databases \
More Examples \

{DC > N, DN > C, QDCT - RP, P => D,

W

QRT > DC}
QCPT* = acprpmwk J i =l
CPT* = ¢PTDN
QPT+ = @fT D
QCT* = @cT
QCP* = @cPDN

What about QRPT
QRPTY Q&KFTDC/\) Saployy woh @ by

but @LTC QRFT

—
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Different Example \

FLight Date Pilot Gate
{LD > PG, L > G}
LD isakey,soL, D are prime

P, G are not prime - ot pact of
oy 1

(
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Principles of Databases \
Third Normal Form (3NF) \

Schema R with FDs F is in third normal
form if for any nontrivial FD X > A,

J,LMY\SAJWL‘% o R o A & prime
Last example was not in 3NF
Consider L > G,

le' PI‘IW\L
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Another Example bt ANF

FLight Date PilotID PilotName

{LD>IN, I >N, NI}
-
o TAvied
T_] IN] Mk’ Swfklw‘l)
‘C) /\) WDL FPKW\L

O/‘Enw..l\ bf\{ X, oA, AEXY

LD—?I)J_‘/?LB> LQNJ ,-L
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Principles of Databases \
Aside: Boyce-Codd Normal Form (BCNF) \

Schema R with FDs F is in Boyce-Codd
normal form if for any nontrivial FD
XD A, X mab bea wpe fey 6o R

y
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Principles of Databases \
BCNF Example \

Airport Company BillTo
{AC~>B, B> C}
This schema is in 3NF

Olt- (C is prime
This schema is not in BCNF

R—=C
R wet a suparb-}
AR BC
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Principles of Databases \
Normalization through Decomposition \

If R not in 3NF for FDs F, find an FD
Y>ZinF where Y is not a key:; split
into T is wiprime

R- ot X2
FLight Date PilotID PilotName

{LD>IN, 1 >N, N> I}
I«?{\) N—=T

LD T ™ | L0 T

—

.

Principles of Databases \
Problems with Decomposition \

1. Figuring out non-prime attributes
can be hard

2. Might end up with more relations
than you need

3. Might not be able to enforce FDs

id Maier Jlo
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Principles of Databases \
Decomposition Example \

R=ABCDE

{AB > CDE, AC > BDE, B > C,
C>B,C>D, B>E}

AB, AC are keys,soC > D isa
problem

DecomposeonC > D
A RCE D

B > E/s A\Problem, decompose again
ARC  BE

»C m 3AF d\'t"zY 2 reldbovs
/=

Principles of Databases \
Enforcing FDs Example \

=ABCDE
{A%BCDE, CD > E, CE > B}

A is the only key,soCD > E isa
problem

Decompose onCD > E

ARCD |, COE

How do you enforce CE > B?
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Principles of Databases \
Normalization through Synthesis \

Start with schema R and FDs F

Generate database schema
R1, R2, .., Rn such that

» Every relation schema is in 3NF
» Can enforce F
* Avoid extra relation schemas

* Have a lossless decomposition from R onto
RL,RZ, ., Rn. = _ pxfet 02 |

W

Depends on a cover for F of a certain
form
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Principles of Databases \
What's a Cover? \

A set of FDs G is a cover for a set of
FDsFif Ft=ct

G is a non-redundant cover if you
cannot eliminate FDs and still be a
cover

F{A>B,B>C, A>C}
S iA:"Bi 6—3(.,3 & VM’V(-M&M"AM\‘\' e .Cr F

Can test FDs one by one to see if any can be
left out
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Principles of Databases \
Minimum Cover \

A minimum cover is one with fewest
possible FDs

Non-redundant, but not minimum:
{A > BC, B> A, AD> E, BD - 1}

TA=8C, B2 A, AD et

AN

W
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Principles of Databases \
Finding a Minimum Cover \

Replace every FD X = Y in F with
X = X*, then find a non-redundant
cover
{A > BC, B> A, AD> E, BD > I}
A-> ABC | B ABC, Ab.vmcbejjsba%wez

A Ake, 3-2ABC, Ad—=> ABCDFT 3
pMnimum

(
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Principles of Databases \
Reduced Covers \

Are there extraneous attributes?

Can appear on the right side or the
left
{AB > C, A > B}
{A > B¢, B > C}

F
How to remove? /
F’
,:

W

?
EX=Y

!” -

FZIr:' >£A ?ij%se J Sx>13
For X Y858 1x m ?
;—’—\/—/—//

F'=X=>8
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Principles of Databases \\
Reduce Left Sides First \

= {A > C, AB > DE,
AB > CDI, AC > J}

Reduce left sides
G7 = [A>C, ARDIF ) Ak= Col AT

Reduce right sides

v $ A—>(C AR—E -A& =Dl A‘DSZ\
G - Lr\ Ly Al
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Principles of Databases

Synthesis Algorithm \

Start with FDs F

Find G = minimum cover for F

Find H = reduced cover for G

For each X 2 Y in H, add a schema XY

W
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Synthesis Example \

F={A> BC, B> A,
AD > E, BD > I}

F’\': iA —> A8C ) B2ARC, /H)»)A,gc_b\fjj) ngzi
G- DA fhey 8oAf, A0SR
i - i/"t"?%C_) 324 Abatfzg

R\ = (ABCY s (AB)  R3: (ADE )

\/
i (A B <)
Nergs 3A, %3

1

(
N
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f Principles of Databases \
[ Lossless Decomposition \

If none of the FDs represents a key
for all the attributes, need to add
one more relation to get a lossless
decomposition

R = ABCDE
F={A> B, C> D}
W
H

R (A8) ez (ed)
wid @3 (ACE)
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