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1 Normalisation in Relational Databases

e functional dependencies (FDs) are major source for redundancies and
update anomalies (insertion and replacement of data)

e A relation schema R is in Boyce-Codd Normal Form (BCNF) wrt a
oiven set 2 of FDs on R iff every X — Y € X* is a key dependency
or a trivial dependency.

e Theorem (Codd, Bernstein, Goodman):
R is in BCONF wrt Y/ iff R is non-redundant wrt Y

e Theorem (Fagin, Vincent):
R is in BCNF wrt Y/ ift R does not have any insertion anomalies iff R
does not have replacement anomalies of type 1 or type 2.

e What about conceptual data models?
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2.1 HERM - Nested Attributes

e capture characteristics of objects in target database by attributes
o (U D,B, type : U — B, dom : B — D)

e typesystem t :=b | (ag:t1,...,an:tn) | {t}

e extend dom for B to Dom for T

e nested attributes NA(U, L):

. flat attributes U C N'A, null attribute N € NA

. tuple-valued attributes L(Ni,...,Npy) € NA for L € L,
Ny, ...,Np e NA

. set-valued attributes L{ N} € N'A whenever L € £ and N € NA

e extend type assignment type on U to Type on NA(U, L)
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2.2. HERM - Subattributes

= C NA x N A defined as smallest equivalence relation with

. L( ) = L(Nﬂ'(l)7 e 7N7r(m)) for all m € &,
.L(Nl,.. ) L(Ml,...,Mk) whenever Ni EMZ'
.L(Nl,... ,A)EL(Nl,...,Nm),

« L(A\) = X and

LN} =L{M} it N=M
e < C NA X NA defined as smallest partial order with

A< N forall N e NA,

e L(Ny,...,Ni) < L(Mjy, ..., M) whenever N; < M;, and

« L{N} < L{M} whenever N < M
e projection function Wﬁj\g : Dom(N) — Dom(M) for M < N
o X C,.. Vit X <Y forevery X € X and some Y € )
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2.3. HERM - Database Types

e database type: R = (Comp(R), attr(R),id(R)) of order 7 has

. finite set comp(R) = {ry : Ry,...,rn : Ry} with distinct r; and
R; of order j < ¢ (at least one of order ¢ — 1)

. finite set attr(R) of nested attributes

. key id(R) = comp'(R)UX, comp/'(R) C comp(R), X C,., attr(R)

e Entity types £ and Relationship types R correspond to nested at-
tributes Np and Np
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2.4. HERM - Schemata and Instances

e HERM Schema: finite, non-empty set S of database types with all
R’ € 8 whenever R € S and R’ € comp(R) holds

e Instance: 7 of S assigns to every R € S a finite set Z(R) C

Np / ey, 5\
Dom(Np) such that WR(T(NR’)K[(t) € Z(R") forall (r : R") € comp(R)
R

and all ¢ € Z(R) holds, and my™ |7y 1-to-1 for all X € N}];
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2.5. HERM - Running Example

e RIKISHI:

. Person(Heya, Name, Shikona, Birthday(Date,Place), Height,
Weight ), Won{Yusho}, Awards(Shukon-Sho,Kanto-Sho,Gino-Sho)
. Person(Shikona, Weight), Won{Yusho}, Awards(Shukon-Sho,

Kanto-Sho, Gino-Sho)

e BASHO:
. Name, Year, Participating{ Rikishis}
. Name, Year

e BOUT:

« Winner:RIKISHI, Loser:RIKISHI, at: BASHO

. Win(Rank, Yokozuna-since{Date}), Stats(Day, Kimarite, Bout-
Time)

« Winner: RIKISHI, Loser:RIKISHI, at: BASHO



13th European-Japanese Conference on Conceptual Modeling and Knowledge Bases, 03.06.2003

2.5. HERM - Running Example

Win(Rank, Yokozuna—since{Date})
Award(Shukon-Sho,

Kanto—Sho, Gino—Sho)
|

Won{Yusho}— Rikishi

Participating{Rikishis}
|
o »| Basho |—Year

Name

Winner

Loser

Person(Heya,Name,Shikona, |
Birthday(Date,Place),Height,Weight) Stats(Day, Kimarite, Bout—-Time)
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3.1 The Brouwerian Algebra of Subattributes

e Sub(N)={X e NA| X< N}hYUNZ YMNyZand Y= pNZ are:

YUy Z=ZiffY<ZifiYTNnZ=Y

T=nA=Z and Z <Y iff Z=nY = A

Jif N = L{B}, Y = L{C}, Z = L{D} with C, D < B, then

Yoy Z=L{Cog D} foroe {Un}
and if Z LY, then Z=Y = L{D—-pgC'}
‘N=L(Ay,... Ay).Y = L(By,...,By), Z = L(CY, ...,Cy):
YonyZ=L(Bioy, C1,...,Bpoy, Cp) foroe{l,n, ~}

o (Sub(N),<,Upn,My,=n,N) is a Brouwerian Algebra
e define Brouwerian Complement Y]\Cf = N—=-pnY
o (Sub(N), <,Upn, My, ()]CV, A, N) is not boolean
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3.2 Example - Brouwerian Algebra

Basho(Name, Y ear, Participating{Rikishis})

P

Basho(Name, Year, Participating{ A}) Basho(Name, Participating{Rikishis}) Basho(Y ear, Participating{Rikishis})

SN T

Basho(Name, Year) Basho(Name, Participating{\ }) Basho(Y ear ,Participating{A})  Basho(Participating{Rikishis})

N

Basho(Name) Basho(Year) Basho(Participating{ A})
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4.1 Functional Dependencies in HERM

e functional dependency on nested attribute NV is
X —Y with X,Y C Sub(N) non-empty
e finite r C Dom(N) satisfies X — Y on N (= X — )) ift
¥ (t) = T (t) VX € X implies 7 (t) =mir () VY €Y

e Theorem [Hartmann, Link]:
The generalized Armstrong Axioms for FDs

X =)
{X} = {Y} o X -V V> Z
XTI > {X Uy Y] X, Ysemi-disjoint, Yz

form a sound and complete set of inference rules

11
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4.2 Example - Fds in HERM

e BouT(Winner NRIKISHI); Loser(NRIKISHI>7 at(NBASHO)> — NBour

(
e BouT(Winner(Rik1isHI(Person(Shikona))))—
BouT(Winner(RikisHI(Person(Heya,Name,Shikona, Birthday(Date,Place),Height))))
(

e BouT(Win(Rank)) — BouT(Win(Yokozuna-since{A}))

e BouT(Winner(RiIkisHI(Person(Shikona))),at( Npasho) ) —

(
(
(
e BouT(Winner(RiIkisHI(Person(Shikona))), Stats(Day), at(INBasuo)) = NBour
(
(
BouT(Win(Rank,Yokozuna-since{Date}))
(

e BouT(at(BAsHO(Name, Year))) — BouT(at(Ngasuo))

e BouT(Winner(RikisHI(Person(Shikona, Weight), Won{Yusho}, Awards(Shukon-
Sho, Kanto-Sho, Gino-Sho)))) — BouT(Winner(Ngkisui))

e BouT(Loser(RikisHI(Person(Shikona, Weight), Won{Yusho}, Awards(Shukon-
Sho, Kanto-Sho, Gino-Sho)))) — BouT(Loser(Nm))
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4.3 Keys and Trivial Dependencies
o X C Sub(N) is superkey for N wrt X iff ) = X — N holds

e superkey X is minimal key for NV wrt X iff A is < antichain and
there is no superkey X’ with X’ Coen X and X' £ X

{BouT(Winner(RikI1sHI(Person(Shikona)))),BouT(Stats(Day)),
BouT(at(BAsHO(Name))),BouT(at(BAsHO(Year)))}

o X - Y € Y7 is key dependency on subcomponent of R iff
Y = {R(r1(R1(--- (rn(Ng,))---))} with r; : R; € comp(R;_1) for
1=1,...,nand Ry =R and X C,, Y

BouT(at(BAsHO(Name, Year))) — BouT(at(Ngasuo))

o X = Y trivial iff Y C X" with X" ={Z : X - {Z} € 01}
BouT(Win(Yokozuna-since{Date})) — BouT(Win(Yokozuna-since{\}))
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5.1 Nasty Functional Dependencies

e Bour(Win(Rank)) — BouT(Win(Yokozuna-since{\})) satisfied,
but BouT(Win(Rank)) — BouT(Win(Yokozuna-since{Date})) isn’t

e information in BouT(Win(Yokozuna-since{A})) cannot be separated
from BouT(Win(Yokozuna-since{Date}))

e key dependencies on subcomponents do not cause redundancies

e Y setof FDson N: )T C YT setofall ¥ = € X7 where

nasty
.Y C X" holds or
. Y = {Y'} with a non-maximal basis attribute Y of N or
. X — ) is a key dependency on a subcomponent of NV

e closure Ej;sty of X .y 1s called set of nasty functional dependencies

on N with respect to Y/
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5.2 Redundancies in HERM
¢ R redundant wrt X' iff there is some r C Dom(Npg) with

o =r X
e t1,t9 € r with t1 # t9 and W?R(tl) = W?R(tg) forall Z e X UY
. X — )V € X is not nasty on Np wrt X/

e R redundant wrt X* iff there is some r C Dom/(Np) with

o = XF
11,1y € 7 with #] # tg and 7wy R(ty) = 7 B(ty) for all Z € X UY
. X — Y € Y*isnot nasty on Np wrt X*

e Theorem:

R redundant wrt X iff R redundant wrt X*

15
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5.3 The Higher-Level Normal Form

e R in Boyce-Codd Normal Form (BCNF) iff every X — Y €
2* is trivial or a key dependency on Np

e a database type in BCNF is non-redundant, but there are non-
redundant database types not in BCNF

e Risin Higher Level Normal Form (HLNF) iff every X — ) €
3* is a key dependency on Np or a nasty dependency on Np with
respect to 2

e BCNF for database types implies HLNF

e Theorem:

R 1s non-redundant with respect to X i1ff R 1s in HLNF
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5.4 HLNF - Example Schema
e RikisHl = ({Heya, Name, Shikona, Birthday(Date, Place),
Height},{Shikona}),
e BASHO = ({Name, Year, Part{Rikishis}}, {Name, Year}),

e STATISTICS = ({of : RIKISHI}, {Weight, Won{Yusho},
Awards(Shukon-Sho, Kanto-Sho, Gino-Sho)}, {of : RikisHI, Weight,
Won{Yusho}, Awards(Shukon-Sho, Kanto-Sho, Gino-Sho)}),

e PARTICIPANT = ({is : RIKISHI, in : BASHO}, {Rank, Yokozuna-
since{Date}}, {is : RIKISHI, in : BASHO}})

e BouT = ({Winner : PARTICIPANT, Loser : RIKiSHI},{Day, Ki-
marite, Bout-Time}, {Winner : PARTICIPANT, Loser : RIKISHI}).
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5.5 HLNF - Example Diagram

Bout-Time

Day
Kimarite

Yokozuna-since{Date} o
Part{Rikishis}

. |
Rikishi Participant>-e > Basho

l I
Ran k N ame Yeal’

Birthday(Date,Place)
Name —

|
Shikona

— Awards(Shukon—Sho, Kanto—Sho, Gino—Sho)

Won{Yusho
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5.6 HLNF - Example FDs

o BOUT(Wlnner(NPARTICIPANT) Loser(NRIKISHI)) — NBour

e BouT(Winner(PARTICIPANT (is( NRrixismt), IN(NVBasno))), Day) = Npour

e BouT(Winner(PARTICIPANT (is( R1KISHI(Shikona)))))—
BouT(Winner(PARTICIPANT(is( NVRikisui))) )

e BouT(Loser(RikisHI(Shikona))) — BouT(Loser( Nrixisui))

e BouT(Winner(PARTICIPANT(is( Vrixisur),in(NBasno))) ) —
BouT(Winner(Npagrricipant))

e BouT(Winner(PARTICIPANT(in(BASHO(Name,Year)))))—
BouT(Winner(PARTICIPANT(in(/NBsno))))

e STATISTICS(of(R1KISHI(Shikona))) — STATISTICS(0f( NRixisui))

e STATISTICS(0f( NRrixisur), Weight, Won{Yusho}, Award(Shukon-Sho, Kanto-Sho,
GinO‘ShO)) — Nsrarisrics

e BouT(Winner(PARTICIPANT(Rank))) —
BouT(Winner(PARTICIPANT(Yokozuna-since{A})))

e all database types are in HLNF
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6.1 Update Anomalies

e Y., € 27 be the set of key dependencies on R

e R has strong insertion anomaly iff there is some r C Dom(Np)
with |:r,« 2 and some ¢ ¢ r with IZTU{t} ey U UXT  but I7£7“U{t} 2.

nasty?’

e R has a strong replacement anomaly :

e of type 1 iff there is some r C Dom(NR) with =, X and some t € r
and t' € Dom(Np) with W%R( t) = 7TK f(t) for all K € K of some
superkey K on R and ):fr—{t}U{t’} ey U Zj;sty and i#fr—{t}U{t’} 2
hold

e of type 2 iff there is some r C Dom(NR) with }=, X and some t € r
and t' € Dom(Np) with 7TNR( t) = 7TK Rt for all K € K of some
primary key K on R and IZT—{t}U{t’} Dy U EI:‘;sty and I#r—{t}U{t’} 2
hold



6.2 Another semantic justification for HLNF

e Theorem:

Let R be a database type and 2’ a set of functional dependencies on
R. Then

(i) R tsin HLNF iff R does not have any strong insertion
anomaly

(ii) R s tn HLNF iff R does not have any strong replace-
ment anomaly of type 1 and 2

21



