Chapter 6

Database Systems

An Application-Oriented Approach

| Database Design
with the Relational

Normalization

1 Theory
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Limitations of E-R Designs

» Provides a set of guidelines, does not resul
in a unique database schema

» Does not provide a way of evaluating
alternative schemas

« Normalization theory provides a mechanisn
for analyzing and refining the schema
produced by an E-R design
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Redundancy

« Dependencies between attributes cause
redundancy

— Ex. All addresses in the same town have the
same zip code

Redundancy and Other Problem

.+ Setvalued attributes in the E-R diagram result in
N multiple rows in corresponding table

« ExamplePerson $SN, Name, Address, Hobbies

— A person entity with multiple hobbies yields mpik
rows in tablePerson
« Hence, the association betwedéameandAddressgor the

vJ

SSN_Name Town Zip same .
Redundanc person is stored redundantly
}ég‘l‘ ‘;AO; ;?:y:r fglf 111179 0 — SSNis key of entity set, buSSN, Hobbyis key of
5454  Tom Stony Brook corresponding relation
Y « The relationPerson can't describe people without hobbies
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Examp|e Anoma“es
\, ER Model » Redundancy leads to anomalies:
Li‘ SSN__Name Address Hobby — Update anomaly A change inPAddressmust be made
1111 Joe 123 Main  {biking, hiking in several places

Relational Model

SSN___Name Address Hobby
1111 Joe 123 Majin  biking
1111 Joe 123 Main  hiking

Redundan
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— Deletion anomaly Suppose a person gives up all
hobbies. Do we:
« Set Hobby attribute to null?_NsinceHobbyis part of key
« Delete the entire row? Nsince we lose other information in
the row
— Insertion anomaly: Hobbyvalue must be supplied for
any inserted row sinddobbyis part of key
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Decomposition Normalization Theory

« Solution: use two relations to stoRerson * Result of E-R analysis need further
N information Za refinement
— Person1$SN, Name, Addréss

) \ » Appropriate decomposition can solve
— Hobbies 6SN, Hobby ¥ prob'ems

* The decomposition is more general: people with
hobbies can now be described

* No update anomalies:
— Name and address stored once
— A hobby can be separately supplied or deletefl

» The underlying theory is referred to as
normalization theonand is based on
functional dependencie&@nd other kinds,
like multivalueddependencigs
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Functional Dependencies Functional Dependencies
« Definition: A functional dependendyD) on a ¢ Address- ZipCode
~ relation schem®& is a constraink - Y, whereX - — Stony Brook’s ZIP is 11733

andY are subsets of attributes Rf

» Definition: An FDX - Y is satisfiedin an instance
r of R if for everypair of tuplest and s: ift and
sagree on all attributes Kthen they must agree
on all attributes iry
— Key constraint is a special kind of functional

dependency: all attributes of relation occur anright-
hand side of the FD:
+ SSN- SSN, Name, Address

* ArtistName- BirthYear

— Picasso was born in 1881
» Autobrand- Manufacturer Engine type

— Pontiac is built by General Motors with gasolimgiee
* Author, Title PublDate

— Shakespeare’s Hamlet published in 1600
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Functional Dependency - Example Entailment, Closure, Equivalence
« Consider a brokerage firm that allows multiple clignts « Definition: If F is a set of FDs on scherRaandf
N to share an account, but each account is managefl ~ is another FD ofRr, thenF entails f if every

from a single office and a client can have no morg
than one account in an office
— HasAccount AcctNum, Clientld, Office)d
« keys areClientld, Officeld, (AcctNum, Cliently
— Client, Officeld— AcctNum
— AcctNum-. Officeld

 Thus, attribute values need not depend only on key
values

instance of R that satisfies every FD iR also
satisfiesf
—ExF={A - B,B- Clandf isA - C
« If Town - Zip andZip - AreaCodehenTown - AreaCode
« Definition: Theclosureof F, denoted-*, is the
set of all FDs entailed by
» Definition: F andG areequivalentf F entailsG
andG entailsF
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Entailment (cont’d)

« Satisfaction, entailment, and equivalencesamantic
concepts — defined in terms of the actual relatinrtee
“real world.”
— They definewhat these notions areot how to compute them
» How to check ifF entailsf or if F andG are equivalent?
— Apply the respective definitions for all possibéations?
« Bad idea might be infinite number for infinite domains
« Even for finite domains, we have to look at relationalbérities
— Solution: find algorithmic syntacticways to compute these notions

« Important The syntactic solution must be “correct” with respect to thi
semantic definitions

« Correctness has two aspessundnesandcompleteness see later
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Armstrong’s Axioms for FDs

« This is thesyntacticway of computing/testing the
various properties of FDs

* Reflexivity: If YO XthenX - Y (trivial FD)
— Name, Address, Name

e Augmentation: If X - Y then X Z- YZ
— If Town - ZipthenTown, Name- Zip, Name

e Transitivity : If X - Y andY - Zthen X - Z
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Soundness

» Axioms aresound If an FD f: X Y can be derived from a
set of FDsF using the axioms, thef holds in every
relation that satisfies every FD fn

» Example: GivenX- Y and X— Z then

X - XY  Augmentation by X
YX - YZ Augmentation by Y
X - YZ  Transitivity

— Thus, X- Y Z is satisfied in every relation where both. Y and
X- Z are satisfied
« Therefore, we have derived theion rulefor FDs: we can take the
union of the RHSs of FDs that have the same LHS

Completeness

« Axioms arecompletelf F entailsf , thenf
can be derived fronF using the axioms

« A consequence of completeness is the
following (naive) algorithm to determining
if F entailsf:

— Algorithm: Use the axioms in all possible ways
to generaté&* (the set of possible FD’s is finite
so this can be done) and sed ifs in F*

"Z\M”;' ¢ 4
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Correctness Generating=*
» The notions oboundnesandcompleteness =

link the syntax (Armstrong’s axioms) with
semantics (the definitions in terms of
relational instances)

e This is a precise way of saying that the
algorithm for entailment based on the
axioms is “correct” with respect to the
definitions
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Thus,AB- BD, AB - BCD, AB- BCDE,andAB - CDE
are all elements d¥*
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Attribute Closure

e Calculatingattribute closurdeads to a more
efficient way of checking entailment

» Theattribute closureof a set of attributesX, with
respect to a set of functional dependendtes,
(denotedX*;) is the set of all attributesd, such
thatX - A
— X *g, is not necessarily the sameXas;, if F1zF2

« Attribute closure and entailment

— Algorithm: Given a set of FD$;, thenX - Y if and
onlyif X' 0OY
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|}

R

Example - Computing
Attribute Closure

X X
F:AB - C A {A, D, E}
A-D AB {A, B, C, D, E}
D-E (HenceABis a key)
AC- B B 8}
D {D, E}

Is AB - E entailed byF? Yes
Is D- C entailed byF? No

Result X.* allows us to determine FDs
of the formX - Y entailed byF
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Computation of Attribute Closuré&* .

Example: Computation of
Attribute Closure

closure = X; // since X Xte Problem: Compute the attribute closure AB with
repeat ~¢  respecttothe setof FDs ag_ c (a)

old := closure; g - 'E 8

if there is an FDZ - Vin F such that AC- B (d)

Z [0 closureand V [1 closure Solution:
then closure := closured V Initially closure = {AB}

ntil old = cl r Using (a)closure = {ABC}
until old = closure Using (b)closure = {ABCD}
— If TO closurethenX — T is entailed byF Using (c)closure = {ABCDE}
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Normal Forms BCNF

» Each normal form is a set of conditions on a schema
that guarantees certain properties (relating to
redundancy and update anomalies)
First normal form (1NF) is the same as the definitjon
of relational model (relations = sets of tuples; each
tuple = sequence of atomic values)
¢ Second normal form (2NF) — a research lab accident;
has no practical or theoretical value —won't discugs
¢ The two commonly used normal forms &nird
normal form(3NF) andBoyceCoddnormal form
(BCNF)
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« Definition: A relation schem®& is in BCNF if
for every FDX- Y associated withR either

-Y0O X (i.e., the FD is trivial) or
— Xis a superkey dR
e Example: Personl$SN, Name, Addréss
— The only FD isSSSN-. Name, Address
— SinceSSNis a key,Personl is in BCNF
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(non) BCNF Examples

¢ Person §SN, Name, Address, Hobpby
— The FD SSN- Name, Addressloes not
satisfy requirements of BCNF
* since the key isYSN, Hobby
¢ HasAccount AcctNum, Clientld, Office)d
— The FDAcctNum- Officeld does nosatisfy
BCNF requirements

« since keys areQlientld, Officeld and @cctNum,
Clientld); notAcctNum
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Redundancy

» SupposdR has a FDA - B, and A is not a superkeyf.an
instance has 2 rows with same valué\,jitheymustalso
have same value B (=> redundancy, if the Aalue
repeats twice)

SSN- Name, Address
iredundanc;}} SSN__Name Address Hobby
1111 Joe 123 Main stamps
1111 Jo 123 Main coing

(

» If Ais a superkey, there cannot be two rows with same
value ofA
— Hence, BCNF eliminates redundancy
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Third Normal Form

* A relational schem® is in 3NF if for
every FD X- Y associated witlR either:
/ —YO X (i.e., the FD is trivial); (9

| . S |
—=Xisasuperkey dR; or 7 i

— EveryAO Yis part of some key d&®

* 3NF is weaker than BCNF (every schema
that is in BCNF is also in 3NF)
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3NF Example

« HasAccount AcctNum, Clientld, Officeld
— Clientld, Officeld - AcctNum
* OK since LHS contains a key
— AcctNum-. Officeld
* OK since RHS is part of a key
« HasAccount is in 3NF but it might still contain
redundant information due fecctNum> Officeld
(which is not allowed by BCNF)
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3NF (Non) Example

< Person §SN, Name, Address, Hopby
— (SSN, Hobbyis the only key.

—SSN-. Name violates 3NF conditions
sinceNameis not part of a key an8SN
is not a superkey
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Decompositions

e Goal: Eliminate redundancy by
decomposing a relation into several
relations in a higher normal form

» Decomposition must blesslessit must be
possible to reconstruct the original relation

from the relations in the decomposition
* We will see why
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Decomposition

e SchemaR = (R,F)
— Ris set a of attributes
— Fis a set of functional dependencies oRer
« Each key is described by a FD
» Thedecompositiomf schemaR is a collection of schemas
R;= (R, F;) where
— R=0;R foralli (no new attributes
— F,is a set of functional dependences involving otttijlautes of

— F entailsF, for alli (no new FD§

» Thedecomposition of an instanae of R is a set of
relationsr; = 7g(r) for alli
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Example Decomposition

SchemaR, F) where
R ={SSN, Name, Address, Hobby
F = {SSN- Name, Addre3s

can be decomposed into
R, = {SSN, Name, Addrgss
F,={SSN- Name, Addregs

and
R, = {SSN, Hobby
F={}
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Lossless Schema Decompositior
« A decomposition should not lose information
» A decompositionRj,...,R,) of a schemaR,

is losslessf every valid instance,, of R can
be reconstructed from its components:

r=r, X r, X ... > T,

» where eachr; = Ti(r)
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Lossy Decomposition

The following is always the cag@hink why?)

N ror, >or, o Xor,

But the following is not always true

rory A r, 1 T,
Example Iz ry r,
SSN_ Name Addregs SSN  Name Name essddr
1111 Joe 1 Pine 1111 Joe| e Jo 1 Pine|
2222 Alice 2 Oak 2222 Alksgr Alice2 Oak
3333 Alice 3 Pine 3333 Alice  Alice3 Pine

The tuples(2222, Alice, 3 Pineand(3333, Alice, 2 Oak)are in the join,
but not in the original
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Lossy Decompositions:
What is Actually Lo$t

« In the previous example, the tuples (2222, Alice, 3
Pine) and (3333, Alice, 2 Oak) wegained not
lost!

— Why do we say that the decomposition was lossy?

* What was lost information
— That 2222 lives at 2 Oaltn the decomposition, 2222
can live at either 2 Oak or 3 Pine
— That 3333 lives at 3 Pinén the decomposition, 3333
can live at either 2 Oak or 3 Pine
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Testing for Losslessness

* A (binary) decomposition oR = (R, F)

z intoR, = (R, F)) andR, = (R,, F,) is

losslessf and only if:
— either the FD
*(RRNR) - R, isin F*
— or the FD
*(RRNR,) - R, isin F*
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Example

SchemaR, B where
R ={SSN, Name, Address, Hobby
F = {SSN-. Name, Addregs
can be decomposed into
R, = {SSN, Name, Addrgss
F, = {SSN- Name, Addregs
and
R, = {SSN, Hobby
Fo={}
SinceR, n R, = SSNandSSN- R, the
decomposition is lossless
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Intuition Behind the Test for

Losslessness

* Suppos&®’; n R, - R,. Then arow of, can
combine with exactlyne row ofr, in the natural
join (since inr, a particular set of values for the
attributes inR; n R, defines a unique row)

R nR
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Proof of Lossless Condition

e r[d r, <t r, —thisistrue for any decomposition

e rfdr, 1,
If R n R, - R, then

card(r, <1 I,) =card(r,)
(since each row of , rjoins with exactly one row of,)r

Butcard (r) = card (r,) (sincer, is a projection ofr)
and thereforeard (r) = card (r,><Ir,)

Hencer =r, < 1,
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Dependency Preservation

« Consider a decomposition Bf= (R,F) intoR, = (R, F,)
andR, = (R,, F,)
— AnFDX - Yof FrisinF; iff XOYOR
— An FD, f OF* may be in neitheF,, norF,, nor evenF,
OF,)"
« Checking thatf is true inry orr, is (relatively) easy
« Checkingf in rIN r, is harder — requires a join
« ldeally: want to check FDs locallyn r, andr,, and have a
guarantee that evefyIF holds inr, D%]rz
« The decomposition idependency preserviriif) the setsF
andF, O F, are equivalentF* = (F, O F,)*
— Then checking all FDs iR, asr, andr,are updated, can be done b
checkingF, inr, andF,inr,
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Dependency Preservation

 If fisan FD inF, butf is notinF, O F,,
there are two possibilities:
-0 F, 0F)*
« If the constraints inF, andF, are maintainedf
will be maintained automatically.

—fO0 (F,OF)*
« f can be checked only by first taking the joirr pf
andr,. This is costly.
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Example

SchemaR, F) where
R ={SSN, Name, Address, Hobby
F = {SSN- Name, Addregs
can be decomposed into
R, = {SSN, Name, Addrgss
F, = {SSN- Name, Addregs
and
R, = {SSN, Hobby
Fo={}
SinceF = F, O F, the decomposition is
dependency preserving
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Example

* Schema:ABC; B, F={A>B,B>C, G B}
» Decomposition:
- (AC Fy, F,={A>C}
+ Note: ACUOF, butinF*
- (BC,Fy), F,={B>C, C>B}

*« A>BO(F,OF,), but A>BO(F, OF)"
— So F*=(F, O F,)* and thus the decompositions is still
dependency preserving
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Example

* HasAccount AcctNum, Clientld, Office)d
f,: AcctNum- Officeld
f,: Clientld, Officeld— AcctNum
» Decomposition:
R, = (AcctNum, Officeld {AcctNum - Officeld})
R, = (AcctNum Clientd; {})
« Decomposition igossless:
R, n R= {AcctNun) and AcctNum - Officeld
« InBCNF
< Notdependency preserving; [ (F, 0 F,)*
« HasAccountdoes nohave BCNF decompositions that are both
lossless and dependency preservi(@heck, eg, by enumeration)
* Hence: BCNF+lossless+dependency preserving decomposiians
not always achievable!
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BCNF Decomposition Algorithm

Inputt R=(R; F)

Decomp=R

while there isS= (S;F’ ) 0 Decompand Snot in BCNF do
FindX - Y JF’' thatviolates BCNF /K isn't a superkey i%
ReplaceSin Decompwith S;= (XY;F,), S,= (S -(Y - X; Fy)
/I Fy=all FDs of F’ involving only attributes of XY
/I F,=all FDs of F’ involving only attributes of S - (Y - X)

end
return Decomp
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Simple Example
¢ HasAccount :
(Clientld, Officeld, AcctNum)  Clientid,Officeld - AcctNum

AcctNum- Officeld

« Decompose usin@cctNum- Officeld:

(Officeld, AcctNum) (Clientld , AcctNum)

BCNF: AcctNumis key
FD: AcctNum- Officeld

BCNF (only trivial FDs)
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A Larger Example

Given: R = (R;F) whereR= ABCDEGHK and
F={ABH- C, A~ DE, BGH- K, K- ADH, BH- GE}
step 1: Find a FD that violates BCNF
NotABH - C since(ABH)" includes all attributes
(BHis a key)
A - DE violates BCNF sincd is not a superkeyAf =ADE)
step 2: SplitR into:
R, = (ADE,F,={A~ DE})
R, = (ABCGHK;F,={ABH-C, BGH-K, K- AH, BH-G})
Note 1: R, is in BCNF
Note 2: Decomposition ifosslesssinceAis a key ofR;
Note 3: FDK - DandBH - Eare notinF, orF,. But
both can be derived frof,J F,
(E.g., K-~ A andA- DimpliesKk- D)
Hence, decompositias dependency preserving
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Example (con't)

Given: R, = (ABCGHK;{ABH- C, BGH- K, K- AH, BH- G})
step 1: Find a FD that violates BCNF.

NotABH -~ C orBGH - K, sinceBH s a key ofR,

K- AH violates BCNF sinc& is not a superkeyK( =AH)
step 2: Split R,into:

Ry, = (KAH, Fp={K — AH})

Ry, = (BCGK;F,={})

Note 1: BothR,, andR,, are in BCNF.
Note 2: The decomposition lissslesgsinceK is a key ofR,;)
Note 3: FDsABH- C, BGH- K, BH- G are notinF,,
or F,,, and they can’t be derived from, 0 F,; O F,,.
Hence the decompositionrist dependency-preserving

Copyright © 2005 Pearson Addison-Wesley. All fights reserved. 6-48




Properties of BCNF Decomposition
Algorithm

LetX - Yviolate BCNF inR = (RF) andR, = (R,,F,),
R, = (R, F,) is the resulting decomposition. Then:
* There ardewer violationof BCNF inR, andR, than there
were inR
— X - Y impliesXis a key ofR;
— HenceX - YOF, does not violate BCNF iR, and, since X - Y
0F,, does not violate BCNF iR, either
— Supposé is X’ Y’ and f O F doesn't violate BCNF iR. If f O

F,orF, it does not violate BCNF iR, or R, either sinceX” is a
superkey oR and hence also &, andR, .
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Properties of BCNF Decomposition
Algorithm

« A BCNF decomposition iaot necessarily
dependency preserving
« Butalwayslossless:
sinceR, n R,=X, X-Y,and R =XY
* BCNF+lossless+dependency preserving is
sometimes unachievable (reddlsAccount)
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Third Normal Form

e Compromise — Not all redundancy
removed, but dependency preserving
decompositions are alwapsssible (and, of
course, lossless)

« 3NF decomposition is based oménimal
cover
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Minimal Cover

* A minimal coverf a set of dependencids, is a
set of dependenciel, such that:
— Uis equivalenttd= (F* = U*)
— All FDs inU have the fornX — AwhereAis a
single attribute
— Itis not possible to make smaller (while preserving
equivalence) by
« Deleting an FD
« Deleting an attribute from an FD (either from LIHERHS)

— FDs and attributes that can be deleted in thisavay
calledredundant
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Computing Minimal Cover

» Example: F={ABH - CK,A~ D,C - E,
BGH - L,L -~ AD,E~ L,BH - E}
» step I Make RHS of each FD into a single attribute
— Algorithm Use the decomposition inference rule for FDs
— ExampleL - AD replaced by -~ A,L- D; ABH - CK by
ABH -.C, ABH -K
 step 2 Eliminate redundant attributes from LHS.
— Algorithm If FD XB - AOF (whereBis a single attribute) and
X - Ais entailed byF, thenB was unnecessary
— Example: Can an attribute be deleted fidBH - C ?
« ComputeAB* ¢, AH', BH .
« SinceC O (BH)*. , BH — C is entailed by andA is redundant in
ABH - C
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Computing Minimal Cover (con’t)

 step 3 Delete redundant FDs frofm

— Algorithm If F —{f} entails f, then f is redundant
« If fisX -~ Athen check if ATX" ¢y

— Example:BGH - L is entailed by - L, BH - E,
so it is redundant

* Note The order of steps 2 and 3 cannot be
interchanged!! See the textbook for a
counterexample
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Synthesizing a 3NF Schema

Starting with a schem = (R, F)

e step I Compute a minimal coved, of F. The
decomposition is based &h but sinceJ* = F*
the same functional dependencies will hold

— A minimal cover for
F={ABH-CK, A~D, C-E, BGH-L, L~ AD,
E- L, BH- E}
is
U={BH-C, BH-K, A~D,C-E, L-A E-L}
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Synthesizing a 3NF schema
(con’t)

* step 2 PartitionU into setsJ,, U,, ...U,
such that the LHS of all elementsldfare the
same
-U;={BH - C,BH- K}, U,={A - D},

U;={C- E},U,={L - A}, Us={E - L}
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Synthesizing a 3NF schema
(con't)

* step 3 For eachJ; form schem&,; = (R, U;),
whereR, is the set of all attributes mentionedun
— Each FD o will be in someR;. Hence the
decomposition islependency preserving
— R, = (BHCK; BH-C, BH- K), R,=(AD; A-D),
R,;=(CE; C- E), R,=(AL; L-A),
Rs=(EL; E~ L)
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Synthesizing a 3NF schema
(con't)

» step 4 IfnoR is a superkey dR, add schem®& = (R,,{})
whereR, is a key ofR.
- Ry=(BGH.{})
* R, might be needed when not all attributes are necessarily contained
ROR,...0R,
— Amissing attributeA, must be part of all keys
(since it's not in any FD dfl, deriving a key constraint frot
involves the augmentation axiom)
* R, might be needed even if all attributes are accounted RyiR,
.0

— Example: ABCD, {A>B, C>D}).
Step 3 decompositiol®, = (AB; {A>B}), R,=(CD;{C->D}).
Lossy! Need to add (AC; {}), for losslessness
— Step 4 guarantees lossless decomposition.
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BCNF Design Strategy

* The resulting decompositioRy, Ry, ... R, is
— Dependency preserving (since every Fiis a FD of
some schema)
— Lossless (although this is not obvious)
— In 3NF (although this is not obvious)
« Strategy for decomposing a relation
— Use 3NF decomposition first to get lossless,
dependency preserving decomposition
— If any resulting schema is not in BCNF, splitsing
the BCNF algorithm (but this may yield a non-
dependency preserving result)
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Normalization Drawbacks

« By limiting redundancy, normalization helps
maintain consistency and saves space

« But performance of querying can suffer because
related information that was stored in a single
relation is now distributed among several

« Example: A join is required to get the names and
grades of all students taking CS305 in S2002.

SELECT SName T.Grade
FROM Student STranscript T
WHERE Sld = T.Studld AND
T.CrsCode= ‘CS305’ AND T.Semester ‘S2002’

Copyright © 2005 Pearson Addison-Wesley. All fights reserved. 6-60




Denormalization

» Tradeoff: Judiciouslyintroduce redundancy to improve
performance of certain queries

» Example: Add attributeNameto Transcript

SELECT T.Name T.Grade
FROM Transcript T
WHERE T.CrsCode= ‘CS305’ AND T.Semester ‘S2002’

— Join is avoided

— If queries are asked more frequently tAaanscript is
modified, added redundancy might improve average
performance

— But, Transcriptis no longer in BCNF since key is
(Studld, CrsCode, SemegtandStudld —~ Name
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Fourth Normal Form

SSN PhoneN ChildSS

7111111 12344440 222222
‘111111 4 333333 Person
A 1111117 3215555, 222222
111111 3215555 333333
2222229876666 444444
222222 7777777 444444
| 222222, 987-6666 . 555555
| 222222 7777777 555555

« Relation has redundant data
* Yetitis in BCNF (since there are no non-triids)

+ Redundancy is due to set valued attributes (irEtfesense), not
because of the FDs
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Multi-Valued Dependency

« Problem: multi-valued (or binary join) dependency

— Definition: If every instance of schenfkacan be (losslesq]!
decomposed using attribute seéXs ) such that:

<

r= 1y (r) DI my(r)
then amulti-valued dependency
R=my(R) X 71y (R)
holds inr

EX. PersofF /gy phone(Person) D mrsey chiss{Person)
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Fourth Normal Form (4NF)

e A schema is ifiourth normal form(4NF) if for
every multi-valued dependency
R=XX Y
in that schema, either:

-X0OYorYOX (trivial case); or
-Xn Yis a superkey aR (i.e., Xn Y- R)
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Fourth Normal Form (Cont'd)

* Intuition: if X n Y- R,there is a unique row
in relationr for each value oK n Y (hence
no redundancy)
— Ex: SSNdoes not uniquely determirihoneNor
ChildSSNthusPerson is not in 4NF.
« Solution Decompos& into X andY
— Decomposition is lossless — but not necessarily

dependency preserving (since 4NF implies BCNF
— next)
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ANF Implies BCNF

¢ SupposdRis in 4NF andX - Yis an FD.
— R1=XY, R2=R-¥ alossless decomposition Bf
— Thus R has the multi-valued dependency:
R=R xR,
— SinceRis in 4NF, one of the following must hold :
— XYOR =Y (an impossibility)
— R-=YO XY (i.e.,, R=XYandXis a superkey)
- XYnR=Y (=X) isa superkey
—HenceX - Y satisfies BCNF condition
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