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Functional dependencies

- Al,Az, B '-/Ak s 817 82’ 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
attributes 10101 Srlr?lvas.an 65000 C(.)mp. Sci. Taylor 100000
58583 Califieri 62000 | History Painter 50000
Need d 83821 Brandt 92000 | Comp. Sci. | Taylor 100000
m Need not correspond to 15151 | Mozart | 40000 | Music Packard | 80000
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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Boyce-Codd Normal Form (BCNF)

m R is in BCNF if, for every o — 3 € F, one of the following holds

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

B« — (s trivial (i.e., 6 C «)

® « is a superkey for R

m To fix this, decompose R as

maUf
IR 7 ¥ 0°hm~u'h‘7

Madhavan Mukund Database Management Systems DBMS, Lecture 12, 27 Sep 2023



Dependency preservation

m Advisor(student_id,faculty_id,dept_name)

m Each faculty member is in only one department

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
m faculty_id — dept_name

m student_id,dept_name — faculty_id

m Need join to check second dependency

Madhavan Mukund Database Management Systems DBMS, Lecture 12, 27 Sep 2023 4/14



Third normal form (3NF)

m Ris in 3NF if, for every a — 3 € F T, one of the following holds

m o — Jis trivial (i.e., 3 C a) $|1~\, &(ﬂ Jﬁﬁ‘:

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
ehid depk -2 Paa

m Priorities
m Lossless decomposition 3 ? &04 b
m BCNF l\”\a’ ’ [
m Dependency preservation 4 “‘: _ l l “ I\ g.w'lbu
INF % RenP
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Computing the closure of a set of attributes

m lterative algorithm — o = {A1, As, ..., Ax}, check if B is in closure a"

Initialize o to {A1, Ao, ..., A} QMO M’U\

repeat
for each g — ~v in F d BB

if 5C at, add yto AT

end g‘d‘l\}ld‘lb MM
until no change in o™
o chere Bewt

m Need to establish correctness

m Soundness — if B is included in o™, then Ay, As, ..., Ax — B is indeed a functional
dependency _—
m Completeness — if A1, Ay, ..., Ax — B is a functional dependency, then B will be

added to o™
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Canonical basis

m Given functional dependecies F, closure F ' set of all implied dependencies
m For each subset of attributes ov, compute attribute closure o™

m Can split rules and combine right hand sides
a—B,Ciffa— B, a— C
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Canonical basis

m Given functional dependecies F, closure F ' set of all implied dependencies
m For each subset of attributes ov, compute attribute closure o™
m Can split rules and combine right hand sides

a—B,Ciffa— B, a— C

m Could have an alternative set of dependencies G such that G™ = F
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Canonical basis

m Given functional dependecies F, closure F ' set of all implied dependencies
m For each subset of attributes ov, compute attribute closure o™
m Can split rules and combine right hand sides
a—B,Ciffa— B, a— C

m Could have an alternative set of dependencies G such that G™ = F

m Canonical basis for F+ is G such that
m GT=Ft
m For any proper subset H C G, H" # F*
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Extraneous attributes

m Computing a canonical basis — eliminate redundant rules
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Extraneous attributes

m Computing a canonical basis — eliminate redundant rules

m Look for extraneous attributes
m Can A, B — C be replaced by A — C?
m Can A— C, D be replaced by A — C?
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Extraneous attributes

m Computing a canonical basis — eliminate redundant rules

m Look for extraneous attributes
m Can A, B — C be replaced by A — C?
m Can A— C, D be replaced by A — C?

m A — C is stronger than A,B — C

m Check that A — C is already in F* M Lf Ce A+
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Extraneous attributes

m Computing a canonical basis — eliminate redundant rules M_, *p‘—C

m Look for extraneous attributes
shd Jl.'\r-e fee

m Can A, B — C be replaced by A — C?
m Can A— C, D be replaced by A — C?

SA\ 4 - (£}
8% d1 =\ ¢

m A — C is stronger than A,B — C
m Check that A — C is already in FT

m A— Cis weaker than A — C,D
———

mlet G=(F\{A— C,D))U{A— C}
m Check that A— C,Disin G

A2ep

2}
@ s( — F

AT wt & ok D gl
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Dependency preservation, formally

m Given a set of dependencies F and a decomposition of R as Ry, Ro, ..., Rk
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Dependency preservation, formally

m Given a set of dependencies F and a decomposition of R as Ry, Ro, ..., Rk

m Can locally check a depeng'ncy a—fFinRifaUf CR;
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Dependency preservation, formally

m Given a set of dependencies F and a decomposition of R as Ry, Ro, ..., Rk

Can locally check a d — Bin R ifaup CR; -
m Can locally check a depenency @ — (G in R; if a U3 C F_ {A"B,B"C}
m Let F; be set of dependencies in F ' locally checkable in R;
A>C s EF

G=thc | asel

)¢ 4*"/‘:*-? %
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Dependency preservation, formally

m Given a set of dependencies F and a decomposition of R as Ry, Ro, ..., Rk
m Can locally check a depenency o« — [ in R if a U5 C R;
m Let F; be set of dependencies in F ' locally checkable in R;

mletG=FRUFRU---UF. IsGT =F*t
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Dependency preservation, formally

m Given a set of dependencies F and a decomposition of R as Ry, Ro, ..., Rk
A8
B¢

m Can locally check a depenency o« — [ in R if a U5 C R;

m Let F; be set of dependencies in F ' locally checkable in R; Aec

mletG=FRUFRU---UF. IsGT =F*t

m How do we compute F; for each R;? R‘ C
m Let R; have attributes A, Ao, ... . An
m For each subset o of Aj, A,, ..., A, compute o™ with respect a

m Foreach Be at N{A;,As,...,An}, add o — B to R; N‘.fl
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nd functional dependencies

m Suppose we collect emergency contact details for each students — phone and email

m At least two emergency contacts of each type
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Beyond functional dependencies

m Suppose we collect emergency contact details for each students — phone and email

m At least two emergency contacts of each type

m Consider a table Emergency(student id,phone,email) S‘d ) “)4 0 el
m Two phone numbers and two emails will generate four rows
SIA, ﬂ, el

Stk' '(‘z?.
ﬂA( fz’ &'
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Beyond functional dependencies

m Suppose we collect emergency contact details for each students — phone and email

m At least two emergency contacts of each type

m Consider a table Emergency(student id,phone,email)

m Two phone numbers and two emails will generate four rows

m This redundancy cannot be explained in terms of functional dependencies

Madhavan Mukund Database Management Systems DBMS, Lecture 12, 27 Sep 2023



Multivalued dependencies

m Closure under swaps r
‘s
' o b, c
/K b\ cl —_’) ‘
C .

\
R ¥ =R\~ (uu,b
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Multivalued dependencies

m Closure under swaps

m Every functional dependency is an MV
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Multivalued dependencies

m Closure under swaps
m Every functional dependency is an MVD

m Trivial MVD

No 7 - ‘ & j (@4;

i
YF R, wpeR
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4ANF

m Relational schema R, set D of functional and multivalued dependencies

m R is in 4NF if, for every & —+ 3 € DT, one of the following holds

m o — [is trivial (i.e.,, 8 C o)y d,UF QR

m « is a superkey for R
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4ANF

m Relational schema R, set D of functional and multivalued dependencies

m R is in 4NF if, for every & —+ 3 € DT, one of the following holds

m o — [is trivial (i.e., 5 C )

m o is a superkey for R \M\ “IW)(:\ W‘

m 4NF decomposition as usual /
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Dependencies and SQL
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