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Relational database design

m Set of attributes that one needs to keep track of

m Split into multiple tables to avoid duplication

®m Redundant storage
m Maintaining consistency — updates and insertion /deletion QV" Sowrle q
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Decomposition and information

m Decompose (customer name,regd phone,regd email) as
(customer_name,regd_phone) and (customer_name,regd_email)

A Palc
A Pz|c2

m Name is not unique — loss of information

m Recombining decomposed relation should not add tuples

m Lossless decomposition A PN — A D
m Decompose R as R; and R» A P L _>__< N €2
B Want R=R; < R
—_— 2 c Rl » RZ
m Decomposition is lossless if at least one of the following functional dependencies
hold

u leRz%Rl
u RlﬁRz—)Rz
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Functional dependencies

- A1’ Ag, . Ak s 817 827 o Bm ‘ D | name | salary | dept_name ‘ building budget
22222 | Einstein 95000 | Physics Watson 70000

m LHS atributes uniquely fix 12121 | Wu 90000 | Finance Painter | 120000

RHS attributes 32343 | El Said 60000 | History Painter 50000

45565 Katz 75000 Comp. Sci. | Taylor 100000

m Must hold for every instance 98345 | Kim 80000 | Elec. Eng. | Taylor 85000

— semantic property of 76766 Crick 72000 Biology Watson 90000

. 10101 Srinivasan 65000 | Comp. Sci. | Taylor 100000

attributes 58583 | Califieri 62000 | Flistory Painter 50000

83821 | Brandt 92000 | Comy i. Taylor 100000

= Need not correspond to 15151 | Mozart | 40000 1\‘71&1'3-‘3"1 Packard | 50000
superkeys 33456 | Gold 87000 | Physics Watson 70000
76543 Singh 80000 | Finance Painter 120000

m dept_name — building

m dept_name — budget

m Use to identify sources of
redundancy, guide decomposition
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Computing the closure of a set of attributes

m Given Ay, Ay, .. .,Akand B, does A1, Ao, ..., Ax — B?

F- { =B,
m lterative algorithm — check if B is in cIosur ’

oL —)F‘_
Initialize A to {A1, Az, ..., A} z )
A >C /(>8
repeat Ab ¢ .

for each g — v in F

if 3C AT, add v to AT
end d'ﬁ /W WQ

until no change in A" }H’wgv‘“
Rk - R

P 0‘—)},
Loy g B X075
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Ayhy, - Ap— g8, .- By GF

(tatn, ) ~ (bbb ] Wodd vislabe
(a4 > bk - bo)

-8, MA A > B

Ak AN Mo B, Ay - 2By - By
e(—;%\ i
— A'HA'\/ ”“A'N,'_) B""

K-> P“— Br. B



Boyce-Codd Normal Form (BCNF)

m Relational schema R, set of functional dependencies F

m R is in BCNF if, for every o — 3 € F, one of the following holds
m o — [is trivial (i.e., 5 C az)

m « is a superkey for R
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Boyce-Codd Normal Form (BCNF)

m Relational schema R, set of functional dependencies F

m R is in BCNF if, for every o — 3 € F, one of the following holds
m o — fis trivial (i.e., 7 C a)

m « is a superkey for R
m o — 3 € F' is a BCNF violation for R if neither of the following holds

m o — [is trivial (i.e., 5 C a)

® « is a superkey for R
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Boyce-Codd Normal Form (BCNF)

. . " .
m R is in BCNF if, for every &« — [ € F™, one of the following holds A‘l.“b-,hhg;

Relational schema R, set of functional dependencies F

m o — [is trivial (i.e., 5 C

m « is a superkey for R

m o — 3 € F' is a BCNF violation for R if neither of the following holds

m a— s trivial (e, 6 C « ==

® « is a superkey for R

To fix this, decompose R as é ’-91 ﬁe
R\ mlaUp ‘l {P\.‘) t j
Ry R\ (5\0)

ROR > & O
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Dependency preservation

m Advisor(student_id|faculty_id,dept_name)

m Each faculty member is in only one departinent

m Students can be across multiple departments

m Each student has at most one advisor in each department

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

m Functional dependencies R ~ (f\'t) Q(VF

m faculty_id — dept_name

[ (student,id,dept,name — faculty_id )

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

m Ris in 3NF if, for every a — 3 € F T, one of the following holds
R m o — [is trivial (i.e., 5 C a)
m « is a superkey for R

m Each attribute A in 8\ « is contained in some candidate key for R

m BCNF is a stricter condition than 3NF M L*“Al PaL ,d‘fb)

m Priorities

m Lossless decomposition &thf};

chd, A_Lf(—*/-wlu.
k«(
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C m Dependency preservation




NF = W«’]
s4 [F1 ™M
S 1 H P
St FI




Computing the closure of a set of attributes — correctness

Iterati Igorithm — check if B is in cl AT

m lterative algorithm — check if B is in closure awm F
Initialize A" to {A1, Az, ... A} AN otknlubes M lva Al-r Ag
repeat

for each § — v in F a—w7

if 3C AT, add v to AT

end -No ”"’3 O&M Lo cdded

until no change in A"
4 N

i AY
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Computing the closure of a set of attributes — correctness

m lterative algorithm — check if B is in closure A™

Initialize A" to {A1, Ao, ... Ak} W

—

repeat . ‘
for each § — v in F % |wdmb|"ﬂw
+ L4
} Mer O ilerabhune

if BC AT, add v to A

R

until no change in A™

MA@’)M—’F g:_“ﬁ.,"

P—'w ¢F A‘"’”""sc',"’%
D Tamsholy b b s p —7¢
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Computing the closure of a set of attributes — correctness

m lterative algorithm — check if B is in closure A™

Initialize A* to {A1, Ao, ..., A} W"'"""

repf(:::'teachﬁﬁvinF ivbb B %‘M L:] b e A
if 3C A", add v to AT
o 7t If & ¢ W hew it dn vary

until no change in AT l‘ "W a M/m ‘M“ Sﬁhgqab a“,
q F bk doeo WV bhawe A,. 'Au‘*e

M&W Swide & deble
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Computing the closure of a set of attributes — correctness

m lterative algorithm — check if B is in closure A™ AY Dhe Minbuice
Initialize A” to {A1. A2, A) AgAp < My~ Cm B -- - -
repeat

for each 5 — v in F Ao - C Cn O - 0'
if 3C AT, add v to AT _ | —
end Al - - Ca m

until no change in AT
Q»ﬂm. piwgp.-, Devsmehralee ok k4,-A\.,7éi
Viilded 1 dine HHblL Bk doco - meet aAll fd- m F!
=3 poD v vakid  DEATD N wao T, g pt

Hoaeo P ww,bw&Ww 2 yrs ~ be Prs
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Canonical basis, extraneous attributes




Canonical basis, extraneous attributes

Find o “mmnal” 91’3) rhee b dhede <t ald %F-I-

v Uveaed
Extvaneone alinbtes Cre © lo voumed ?
bSB —Cpb (e | dorve

J“"’X" A— CD

Soppsr: k> P b F 7
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Canonical basis, extraneous attributes

AR— (D

‘J, | aw.t

ooy e F (resed)
' + AB—>C

Age =P

Preswu«o F+
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Canonical basis, extraneous attributes

lourove, trancone bk — mrn.wLM—Q
deperdenie ot
Fe{macd,  {->>, e dume closure

A—B G A G, + . p
B /3| E’DCK' FT e md\m.(.

\\
AB-5CD |, ddnmnde c? Ple2 @
Ase, B3c = A->C
M->D

e (pR)* ﬁd..u c?
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Dependency preservation, formally

R Re R




Dependency preservation, formally

(st fac, dep) stk digt > Jxc

fod ) (b degt)
Ry — NMnbhes X4, %Xy
FraRy 7 Toke ade Y& S0
(F'V'Ja, YV FY
Rebawns, ol MMMSI‘M’ vin R
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Dependency preservation, formally

X hgq’ A | g | Cﬁ‘x,,x;’f‘)“'
| | | l vy po7 S Fe(,)*
| bjaM v (D7
*3 -2 Eg 28' > ¥4 C%}‘“}(@?})-} o (XQ,X.S) 2,
7;!" ’ﬁ)o M %, ~» Ky

= F*n R
Wy, = %e FroRs
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Dependency preservation, formally

Ry - Ru
/ / AR NE
4 F. CF, VR V-F,
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Beyond functional dependencies
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