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Guideline 1. Design a relation schema so that it is easy to
explain its meaning. Do not combine attributes from multiple
entity types and relationship types into a single relation.

2. Reducing redundant informotion i Fugles

' Sr\-mra Jpins leads 4o wpdate onowalies
() Tntertion awnowaolies
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Figure 14.3 (a)

Two relation schemas

suffering from update _EME'EEPL - P . —
anomalies. I Ename | Ssn [ Bdate [ Address ] Dnumber ‘ Dname ] Dmgr_ssn ‘
(a) EMP_DEPT and
(b) EMP_PROJ. + * + T T T

(b)

EMP_PROJ

| Ssn | Pnumber ] Hours ’ Ename ‘Pname ’ Plocation |

FD1 A T ‘ A

FD2| ’

Guideline 2. Design the base relation schemas so that no
insertion, deletion, or modification anomalies are present in the
relations. If any anomalies are present, note them clearly and
make sure that the programs that update the database will
operate correctly.

FD3 ’

k3 Reduo(% NULL valwes in fuples
for relahiong: When many oXtrioutes %roupu\ foge’«her

IE manp of dne otivibutes do 0ot apply o oW ne tuples,
there will be wany NULL values

Guideline 3. As far as possible, avoid placing attributes in a
base relation whose values may frequently be NULL. If NULLs
are unavoidable, make sure that they apply in exceptional
cases only and do not apply to a majority of tuples in the
relation.

Null vodio  Haretwold Ces-. (D)



4. Ditalow poscibility of generoting cpurious tupies

Guideline 4. Design relation schemas so that they can be
joined with equality conditions on attributes that are
appropriately related (primary key, foreign key) pairs in a way
that guarantees that no spurious tuples are generated. Avoid
relations that contain matching attributes that are not (foreign
key, primary key) combinations because joining on such
attributes may produce spurious tuples.

(a) Figure 14.5

EMP_LOCS Particularly poor design for the EMP_PROJ relation in

| — | Hlocaton | Figure 14.3(b). (a) The two relation schemas EMP_LOCS
| 1

and EMP_PROJ1. (b) The result ot projecting the

| extension of EMP_PROJ from Figurz 14.4 onto the
PK. relations EMP_LOCS and EMP_PROJ1

EMP_PROJ1
[@ | Pnumber I Hours | Pname | Plocation

PK.
(b)
EMP_LOCS EMP_PROJ1
Ename Plocation Ssn Pnumber | Hours Pname Plocation
Smith, John B. Bellaire 123456789 1 325 ProductX Bellaire
Smith, John B. Sugarland 123456789 2 75 ProductY Sugartand
Narayan, Ramesh K. | Houston 666884444 3 40,0 ProductZ Houston
English, Joyce A. Bellaire 453453453 1 20.0 ProductX Bellaire
English, Joyce A. Sugarland 453453453 2 20,0 ProductY Sugarand
Wang, Franklin T. Sugarland 3334455655 2 10.0 ProductY Sugariand
Wong, Franklin T. Houston 333445555 3 100 ProductZ Houstan
Wong, Franklin T. Stafford 333445555 10 10.0 Computerization | Stafford
Zelaya, Alicia J. Stafford 333445555 20 10.0 Reorganization Houston
Jabbar, Ahmad V. | Stafford | oooge7777 | 80 | 300 | Newbenefits | Stafford
Wallace, Jennifer S. | Stafford 999887777 10 10.0 Computerization | Stafford
Wallace, Jennifer S. | Houston 987987987 10 35,0 Computenzation Staftord
Borg, James E. Houston 987987987 30 5.0 Newbenefits Stafford
987654321 30 200 Newbenafits Stafford
987654321 20 15.0 Reorganization Houston
888665555 20 NULL Reorganization Houstan

© 3£ nofural join — gpurious tuples - lossy 30in
+ klse: lossless join
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. Kegs ore wsed Yo define  norwal foywe  for the relations
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Definition. A functional dependency, denoted by X — Y, between two sets of
attributes X and Y that are subsets of R specifies a constraint on the possible
tuples that can form a relation state r of R. The constraint is that, for any two
tuples ) and ¢, in r that have t,[X] = ,[X], they must also have #,[Y] = t,[Y].

X—>=Y £HY—=X

66: In em\)\o“ee todole

LN — ename

WX g -+
K, XS5R
(candidate wey)

Schema. designer ives funchional dependencies  (downain
lmow\edac , dota From oe)

F‘_ {FD|, FD,_, ) FDN}



Funttional  Depemdencies in  lompany DB
O Project relaxion
Pn\m\ber —> pname
(2 Employee
s$en — fname
(3 WeVlks -
SN, pnumber — hours

2°1 Ma_\ul\ exist

Figure 14.8 .
A relation R(A, B, C, D) A B & B
with its extension. al bl cl dl

al b2 c2 d2
a2 b2 c2 d3
a3 b3 c4 d3

E>C m exist
CoR mcua exist

Figure 14.8. Here, the following FDs @ay hold because the four tuples in the current
extension have no violation of these constraints: B=> @€ =B{A, B} = CH{A)BI=D;
andqC D} =B However, the following'de not hold because we already have viola-
tions of them in the given extension:"A = B (tuples 1 and 2 violate this constraint);
B — A (tuples 2 and 3 violate this constraint); D — C(tuples 3 and 4 violate it).



TEACH
Teacher Course Text
Smith Data Structures Bartram
Smith Data Management | Martin
Hall Compilers Hoffman
Brown Data Structures Horowitz
PDs Depicked tn  Schema

X =Y : X LHS | ¥ig RHS

(a)

EMP_DEPT

Figure 14.7

A relation state of TEACH with a
possible functional dependency
TEXT — COURSE. However,
TEACHER — COURSE,

TEXT — TEACHER and
COURSE — TEXT are ruled out.

| Ename J Ssn | Bdate | Address | Dnumber I Dname | Dmgr_ssn ]

(b)

|4

i

EMP_PROJ

P

| Ssn | Pnumber | Hours | Ename aname | Plocation ]

FD1|
FD2|
FD3

| }

T

Movmaf forme

- Prime odtriewte. mewver of candidote keys

— FIRST NORMAL FORM

Domaiin  aktyiboues Musr be  atomic




* Disallow composite , mulivalued aribuies

- DitoMow nesred relariong

Figure 14.9

Normalization into 1NF, (g) A
relation schema that is not in
INF. (b) Sample state of
relation DEPARTMENT.

(c) 1NF version of the same
relation with redundancy.

© ek olutim: Separate table

(@
DEPARTMENT
I Dname | Dnumber | Dmgr_ssn | Dlocations |
T | too!
(b)
DEPARTMENT
Dname Dnumber Dmgr_ssn Dlocations ]
Research 5 333445555 | (Bellaire, Sugarland, Houston})
Administration 4 987654321 | {Stafford)
Headquarters 1 888665555 | {Houston}
(c)
DEPARTMENT
Dname Dnumber Dmgr_ssn | Dlocation
Research 5 333445555 | Bellaire
Research 5 383445555 | Sugarland
Research 5 333445555 | Houston
Administration 4 987654321 | Stafford
Headquarters 1 888665555 | Houston

OEPT. LOCATIONS with

no reo\w\danca



(a
EMP_PROJ

Projs
I Ssn I Ename | Pnumber [ Hours
(b)
EMP_PROJ
Ssn Ename Pnumber Hours
1234586789 Smith, John B. 1 325
____________________________ 2 __ .
| 900884444 _ | Narayan, Ramesh K| _ < A ... A
453453453 English, Joyce A, 1 20.0
__________________________ 2l 20 e
333445565 Waong, Franklin T. 2 10.0
3 10.0
10 10.0
_________________________ 20 100 |
999887777 Zelaya, Alicia J. 30 30.0
Figure 14.10 e l10 Jtoo
Normalizing nested 987987987 | Jabbar, Ahmad V. 10 35.0
relations into TNF. 30 5.0
(a) Schema of the oo e e e ey e e e e
EMP_PROJ relation with 987654321 Wallace, Jennifer S. 30 20.0
anested relation attribte |} | | .- 20" -4 80— ]
PROJS. (b) Sample 888665555 | Borg, James E. 20 NULL

extension of the
EMP_PRQJ relation
showing nested relations (c)

within each tuple. EMP_PROJ1

(c) Decomposition of

EMF’_PRO{’J into refations I_iin__I_E"a_Lne_]
EMP_PROJ1 and

EMP_PROJ2 by EMP_PROJ2

E;z?agaring the primary [ Sen l < = I Hours]

— CECOND NORMAL FORM

© full fanckional d.epeno\mu&
Y72
(¥-a1+4 2

: 28: Figure 14.3(b), {Ssn, Pnumber} — Hours is a full dependency (neither Ssn — Hours
nor Pnumber — Hours holds). However, the dependency {Ssn, Pnumber} — Ename is
partial because Ssn — Ename holds.

© vibha’s notes 202



Figure 14.3 (a)

Twa relation schemas

suffering from update EMP_DEPT

anomalies. [ Ename ] Ssn ] Bdate I Address [ Dnumber ] Dname | Dmgr_ssn I
(b)

(a) EMP_DEPT and * ’ 4 4
A
EMP_PROJ

(b) EMP_PROJ.
I Ssn | Pnumber I Hours | Ename [Pname l Plocation l

FD1 f T

FD2|
FD3 |

. e\mg nonprime  oftrilute A w Rt (‘m\\g (’und'imm\\&
dependent o PWL of &

(@)
EMP_PROJ
J Ssn |Pnumber |Hours |Ename IPname |F’Iocation

R

FD2|
FD3 |

2NF Normalization

EP1 EP2 EP3
| Ssn |Pnumbgr |Hours | | Ssn |Ename | |Pnumber | Pname ‘Plocation J

FD1| | A FD2 A FD3| A A

ANE  Definition. A relation schema R is in 2NF if every nonprime attribute A in R is

fully functionally dependent on the primary key of R.

evety wember of PK

ha’s notes 202



— THIRD NORMAL FORM

- No +trawnsitive dependencies unles A, is 6 tandidate

it

& DA, ond KRB,
A=A,y

. %.. SSN - OMGRSSN & +ranthve

The relation schema EMP_DEPT in Figure 14.3(a) is in 2NF, since no partial depen-
dencies on a key exist. However, EMP_DEPT is not in 3NF because of the transitive
dependency of Dmgr_ssn (and also Dname) on Ssn via Dnumber.

Figure 14.3 (a)
Two relation schemas
suffering from update EMP_DEPT
anomalies. rEname I Ssn | Bdate | Address | Dnumber | Dname l Dmgr_ssn |
(a) EMP_DEPT and
(b) EMP_PROJ. 4 l A i T T T

(b)

EMP_PROJ

I Ssn I Pnumber l Hours I Ename IPname | Plocation I

FD1 9 T

FD2|

FD3 |

Convert

(b)
EMP_DEPT
l Ename I Ssn ]Bdate IAddress I Dnumber IDname IDmgr_ssn ]

4 | 4 A T T T

3NF Normalization

ED1 ED2
I Ename ]§m IBdate [Address | Dnumber l | Dnumber aname ] Dmgr_ssn l

I Y ] | SR




INF  Definition. A relation schema R is in third normal form (3NF) if, whenever a
nontrivial functional dependency X — A holds in R, either (a) X is a superkey
of R, or (b) A is a prime attribute of R."*

Figure 14.12

Normalization into 2NF and 3NF. (a) The LOTS relation with its functional dependencies

FD1 through FD4. (b) Decomposing into the 2NF relations LOTS1 and LOTS2,

(c) Decomposing LOTS1 into the 3NF relations LOTS1A and LOTS18. (d) Progressive
normalization of LOTS into a 3NF design.

(@)

(b)

(©

(d)

Candidate Key

LOTS [ '

Property_id# | County_name Lot# | Area | Price | Tax_rate

Fo1 | t L S
F2 | | ¢+ ¢+ ¢
FD3 [ )
FD4 | 4
LOTS1 LOTS2
| Property_id# | County_name | Lot# | Area | Price | County_name | Tax_rate
1| i A }
o2} | | ¢+
FD4 \_f
LOTS1A LOTS1B
[ Property_id# I County_name l Lot# I Area I m
Fo1 | } t a4
Fo2 4 | | 4

LOTS1A

LOTS1

LOTS

LOTS1B

LOTS2

LOTS2

1NF

2NF

3NF

© vibha’s

notes 202



Table 14.1 Summary of Normal Forms Based on Primary Keys and Corresponding Normalization

Normal Form
First (INF)

Second (2NF)

Third (3NF)

Test

Relation should have no multivalued
attributes or nested relations.

For relations where primary key
contains multiple attributes, no nonkey
attribute should be functionally
dependent on a part of the primary key.

Relation should not have a nonkey
attribute functionally determined by
another nonkey attribute (or by a set of
nonkey attributes), That is, there should
be no transitive dependency of a nonkey
attribute on the primary key.

Remedy (Normalization)

Form new relations for each multivalued
attribute or nested relation.

Decompose and set up a new relation
for each partial key with its dependent
attribute(s). Make sure to keep a relation
with the original primary key and any
attributes that are fully functionally
dependent on it.

Decompose and set up a relation that
includes the nonkey attribute(s) that
functionally determine(s) other nonkey
attribute(s).

— ROYCE - CODD NORMAL FORM

-+ Skrictec Maon ONF

BUNF Definition. A relation schema R is in BCNF if whenever a nontrivial functional

dependency X — A holds in R, then X is a superkey of R.

Non-Trivial
frivial €D .

FD:
€lse , non-4vivial FD

i X—=Y ik omn O and X C VY W iea

(a) LOTS1A
l Property_id# | County_name [Eat# [ Arai J
o1 | : |
Foz 4 | |4
FDs 4 ]
BCNF Normalization
LOTS1AX LOTS1AY
I Property_id# ] Area ILol#I [Aﬂ ] County_name
Figure 14,13
Boyee-Codd normal form, (a) BONI
normalization of LOTS!A with the (b) R

funchiona’ dependency FD2 being

lost in the decomposiicn. (b) A E
scrematic relation with FDs; (s in FD1 }
NI, bul not n BCNI due Lo Lhe i

FD2

fd C—= 8



?roper’ries of BCNF Normalised Relotione

I Non odditive join /locs\ecs join  property
T N0 Spurious Auples  upon  joining  decomposed relariene
- urikical

a Devm&ev\c}% preser votien ?royer’%
- eath ¢ reyreszn\'cc\ in  Some ndividual re\axien fzsv\\h‘no
after decomposition
- desivoble bwr tomehmes Sacrificed

Eﬁ: Rela¥on  ‘vn 3NF and not ‘wm BONF

TEACH Figure 14.14
A relation TEACH that is in

Student Course Instructor

Narayan | Database Mark AN RO R BN
Smith Database Navathe

Smith Operating Systems | Ammar

Smith Theory Schulman

Wallace | Database Mark

{Student, Course} — Instructor
Instructor — Course

s prime atr

Wallace | Operating Systems | Ahamad

Wong Database Omiecinski

Zelaya Database Navathe

Narayan | Operating Systems | Ammar

Testing Binary Detompositione fox Lostlese Toin CNon- Additive Toin) Peoperty

NJB (Nonadditive Join Test for Binary Decompositions). A decomposition
D = {Ry, R,} of R has the lossless (nonadditive) join property with respect to a
set of functional dependencies F on R if and only if either
® The FD ((R; " Ry) = (R, — R,)) is in F'°, or
® The FD ((R, " R,) = (R, —R;)) isin F"



1%The notation F* refers to the cover of the set of functional dependencies and includes all f.dis implied
by F. It is discussed in detail in Section 15.1. Here, it is enough to make sure that one of the two f.d's
actually holds for the nonadditive decomposition into R and Ry to pass this test.

2 Possible Decompositions for  TERLH

1. R1 (Student, Instructor} and R2(Student, Course) QL NR2 Shudent
2. R1 (Course, Instructor) and R2(Course, Student) ) N RL - (ourte
3. R1 (Instructor, Course) and R2(Instructor, Student) @\ 4 R1 * TwdrucroY

L Shwdent — Twehvuthsy X
Yden- —  Course X

2. Course — Shwdent K
Couvse —2 TmONwLher X

3. TasiNweker = Shwdeny X ’]K 3000\ '
Tagdnuthee = lourse CompoSitiun

AL 2 lose  {srudent, coursed — instruckor

AM\LVU\& BONF

Let R be the relation not in BCNF, let X € R, and let X > A be the FD that
causes a violation of BCNF. R may be decomposed into two relations:

©» Q-A
A XVA

If either R —A or XA. is not in BCNF, repeat the process.



Tn prev e, FD ot violaked BONF:

intivuchey — ourte

BLNE  decomposition
O shwdent; indvuckor  and  Ineivuctac, cource

MULTIVALVED DEPENDENLY

X =Y, ¢ on R ond kwo tuples &, awd +, exist in v

6 &, (x]= £,0x] |, then fwo tuples &, owd &, musk alo
exisy im v tuth Waad  (we use Z= (R-CXVUYD)

I £, IXI2 £, O] = &,[x7) = +,[X)
Note: %,,%,,

2. 4-,3[){39 £ (Y] and 'E,ff,\i']‘— £, Y] q ¥y may
not be dithnct

3 5,027: 4,020 ond §.027] = 4, (2]

An MVD X —> Y & colled 4rivial W
W Y €X oY
(L) Xvy=R

X — Y: X mulHdetrermines Y

X Y =5 X = 2 0ond & a\to Written a8 X = Y12



(b)

EMP_PROJECTS

Ename

Ppame |} | Ename | Dname

Smith

X Smith

Smith

Smith

(d R,
Sname | Part name
Smith Bolt
Smith Nut
Adamsky Bolt
Walton Nut
Adamsky Nail
Figure 14.15

Fourth and fifth normal forms.
he EMP relation with two MVDs: Ename —» Pname and Ename —» Dname.

b) Decomposing the EMP relation into two 4NF relations EMP_PROJECTS and =
EMP_DEPENDENTS. — 4vivial

(c) The relation SUPPLY with no MVDs is in 4NF but not in BNF if it has the JD(R1, Ra, Ra).
(d) Decomposing the relation SUPPLY into the 5NF relations Ry, Ra, Ra.

(o ename —> name

X= ename
Y= Panoame

2= R-(XVUY) = Dname

(c) SUPPLY
Sname Part_ name | Proj name
Smith Bolt ProjX
Smith Nut Pro)Y
Adamsky Bolt ProjY
Walton Nut ProjZ
Adamsky Nail ProjX
| Adamsky | Bolt | ProX |
EMP_DEPENDENTS Smith Bolt ProjY
John
Anna
Ry Ry
Sname | Proj name Part name | Proj name
Smith ProjX Bolt ProjX
Smith ProjY Nut ProjY
Adamsky ProjY Bolt ProjY
Walton ProjZ Nut ProjZ
Adamsky ProjX Nail ProjX

taome — faame
1 Arivial

vibha’s notes 202



o

et 60, 4220, % =0, =0
O b, 0¥% £y 0x3= 4 )= £, Cx] v~
@0 £,0¥3= £ 0¥ and £ 0¥3=%.0Y) 7

@ £,027 = ¢, (22 oand &, (2)-= k,'C'z,’.\ v

— FOURTH  NORMAL FORM

Reloariong wn*a‘m‘me MVD +end Yo  be all- ey celations

Definition. A relation schema R is in 4NF with respect to a set of dependencies
F (that includes functional dependencies and multivalued dependencies) if, for
every nontrivial multivalued dependency X —»> Yin F',*! X is a superkey for R.

© Pointse

® An all-key relation is always in BCNF since it has no FDs.

® An all-key relation such as the EMP relation in Figure 14.15(a), which has no
FDs but has the MVD Ename —> Pname | Dname, is not in 4NF.

® A relation that is not in 4NF due to a nontrivial MVD must be decomposed
to convert it into a set of relations in 4NF.

® The decomposition removes the redundancy caused by the MVD.



— FIFTH NORMAL FORM

Join Dependency

Definition. A join dependency (JD), denoted by JD(Ry, Rs, ..., R,), specified
on relation schema R, specifies a constraint on the states r of R. The constraint
states that every legal state r of R should have a nonadditive join decomposition
into Ry, Ry, ..., R,,. Hence, for every such r we have

* (mg, (7), TtRZ("), ea TR (1)) =7

* MVD s & Special case of o ID where n=2

© Trivial TD: if one of the Schemag R; in IDLRYy Ry .-, R
i emal to R

Definition. A relation schema R is in fifth normal form (5NF) (or project-join
normal form (PJNF)) with respect to a set F of functional, multivalued, and
join dependencies if, for every nontrivial join dependency JD(Ry, Ry, ..., R,) in
F* (that is, implied by F),” every R; is a superkey of R.

22pgain, F refers to the cover of functional dependencies F, or all dependencies that are implied by £,
This is defined in Section 15.1.



Tnference Rules

Definition: AnFD X — Yis inferred from or implied by a set of dependencies
F specified on R if X — Y holds in every legal relation state r of R; that is, when-
ever r satisfies all the dependencies in F, X — Y also holds in r.

Pwms’rrm{\)'s Axigme

IR1 (reflexive rule)®: If X © Y, then X —Y.
IR2 (augmentation rule)®: {X - Y} |=XZ — YZ.
IR3 (transitive rule): {X - Y, Y - Z} |=X — Z.

Prooks

Proof of IR1. Suppose that X D Y and that two tuples t; and £, exist in some rela-
tion instance r of R such that t; [X] =, [X]. Then ;[ Y] = t;[ Y] because XD Y;
hence, X — Y must hold in r.

Proof of IR2 (by contradiction). Assume that X — Y holds in a relation instance
r of R but that XZ — YZ does not hold. Then there must exist two tuples #,
and t, in r such that (1) ¢t [X] = #; [X], (2) t; [Y] = t; [ Y], (3) t; [XZ] = t, [XZ],
and (4) t; [YZ] # t; [YZ]. This is not possible because from (1) and (3) we
deduce (5) t, [Z] = £, [Z], and from (2) and (5) we deduce (6) t| [YZ] = t, [YZ],
contradicting (4).

Proof of IR3. Assume that (1) X = Y and (2) Y — Z both hold in a relation r.
Then for any two tuples #; and t; in 7 such that t; [X] = t, [X], we must have (3)
t, [ Y] = t; [ Y], from assumption (1); hence we must also have (4) ¢, [Z] = t, [Z]
from (3) and assumption (2); thus X — Z must hold in r.

Addihonal  Ruleg

IR4 (decomposition, or projective, rule): {X — YZ} |=X —> Y.
IRS (union, or additive, rule): {X > Y, X > Z} |=X - YZ.
IR6 (pseudotransitive rule): {X —» Y, WY = Z} |=WX - Z.



CLOSURE of F

Definition. Formally, the set of all dependencies that include ¥ as well as all
dependencies that can be inferred from F is called the closure of £; it is denoted
by F'.

The closure F™ of F is the set of all functional dependencies that can be inferred
from F. To determine a systematic way to infer dependencies, we must discover a
set of inference rules that can be used to infer new dependencies from a given set of
dependencies. We consider some of these inference rules next. We use the notation
F|=X — Y to denote that the functional dependency X — Y is inferred from the set
of functional dependencies F.

CLOSURE of X

Definition. For each such set of attributes X, we determine the set X* of attri-
butes that are functionally determined by X based on F; X™ is called the closure
of X under F.

P‘l&mrm\m 4o Caleculonde x*

Algorithm 15.1. Determining X", the Closure of X under F

Input: A set F of FDs on a relation schema R, and a set of attributes X, which is
a subset of R.
X=X
repeat

oldX* := X*;

for each functional dependency Y — Zin F do

if X" o Ythen Xt := Xt U Z;
until (X" = oldX™);



!Zxawxp_\a
Sonema

CLASS (Classid, Course#, Instr name, Credit hrs, Text,
Publisher, Classroom, Capacity).

Let F, the set of functional dependencies for the above relation include the

following f.d.s:

FD1: Classid — Course#, Instr_name, Credit_hrs, Text, Publisher,
Classroom, Capacity;

FD2: Course# — Credit_hrs;

ED3: {Course#, Instr_name} — Text, Classroom;

FD4: Text — Publisher

FDS5: Classroom — Capacity

{ Classid } * = { Classid , Course#, Instr_name, Credit_hrs, Text, Publisher,

Classroom, Capacity } = CLASS
{ Course#} ¥ = { Course#, Credit_hrs}
{ Course#, Instr_name } " = { Course#, Credit_hrs, Text, Publisher,

Classroom, Capacity }



Equivalence of Sek of FDg

2 sekc of FDs ave eguivolent if
- [ covere F Cevery FD in F CAn be inferved from )

- F covevt § Ceveva D in b tan ve inferved from B)
- . af = 6

8:  RCA,(D,EH)

F=1{ k¢, AL>D, EAD, €—-H]
b=t PoD, € AHY

Are F ¢ & equivalent?

F wovey G

I om\% G, ©wmpate At awd ¢t

2. Ush\% F) (.oM\)V\*‘Q a" awd ¢!

. A*=3mepd
£t = {epnopy
2. at= {acpn}

e {eapucy



L USiay F,  Lompute pt, A, ES

2. Utingy G, compure i \ act €'

|- A* = {Pcuﬁ
nct = {AcD)
et- {enDHcl

2. at = {pcd?d
act = [aenl
et = {emdeny

S FT= 67 and PGl ore  eguivalend



Moorithm o Derermine Wey of o Relafien

Algorithm 15.2(a). Finding a Key K for R Given a Set F of Functional Depen-
dencies

Input: A relation R and a set of functional dependencies F on the attributes
of R.

Set K:=R.
2. For each attribute A in K
{compute (K — A)" with respect to F;
if (K — A)* contains all the attributes in R, then set K:= K - {A} };

Procedure Yo Find e  candidate wey foy e velarion R
oA FD ey  F

1. Bind  Ofribubee Aok oxe wneither on e LHS wor on Yae
RHE of any tD

9. Cind ¥ae oXvribures Waar are oy on e RHMS of e FPFDs
3. Find  ¥e oxtvibures Maot Ove m\“ on Mie LUl of Mae €Ds

k. Combine ottribures from O ¥ ® owd tur o dosure
TF closuve gives al aktvibubet, © @® wwvined is  CC

S Else, ombine Oriribures wot in ) % onesm @ + get Aiffevent
tombinahone of Cke oawd resk  for  doture
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Definition. A minimal cover of a set of functional dependencies E is a mini-
mal set of dependencies (in the standard canonical form® and without redun-
dancy) that is equivalent to E. We can always find at least one minimal cover F
for any set of dependencies E using Algorithm 15.2.

%It is possible to use the inference rule IRB and combine the FDs with the same left-hand side into a
single FD in the minimum cover in a nonstandard form. The resulting set is still a minimum cover, as
illustrated in the example.

- Condihone for winiwal Forma

1. Every dependency in F has a single attribute for
its right-hand side.

2. We cannot replace any dependency X - A in F with a
dependency Y - A, where Y is a proper subset of X,
and still have a set of dependencies that is
equivalent to F.

3. We cannot remove any dependency from F and still
have a set of dependencies that is equivalent to F.



N@N'\W\W\ (Treeducible equivalent)

Algorithm 15.2. Finding a Minimal Cover F for a Set of Functional Depen-
dencies E

Input: A set of functional dependencies E.

Note: Explanatory comments are given at the end of some of the steps. They
follow the format: (*comment+).

1.
2,

Set F:=E.

Replace each functional dependency X — {A}, A, ..., A,} in F by the n
functional dependencies X —A |, X =A,, ..., X — A,,. (*This places the FDs
in a canonical form for subsequent testing)

. For each functional dependency X - A in F

for each attribute B that is an element of X
if {{F-{X— A} }U{(X-{B})—> A} } is equivalent to F
then replace X — A with (X - {B} ) > Ain F.

(*This constitutes removal of an extraneous attribute B contained in the left-
hand side X of a functional dependency X — A when possiblex)

. For each remaining functional dependency X — A in F

if {F—{X — A} } is equivalent to F,

then remove X — A from F. (*This constitutes removal of a redundant func-
tional dependency X — A from F when possible*)

€-1g-2n, 0an, we- D3

Mceady  canoni wl
Dot PBD0 wave extyanmeous oty
B=>A S LM ond AEOD S ¢->D

ARD Capn be re?\N.eA with D
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Properties of Relational Decomposition

I Relaxional Decomposition and Tasulficiency ok Noevwal Formg
L1 Univertal Relohon  Schewma

Relnrion stnema R = LA Ags oo 5 AnY Maak  includes ol
attyiomres of ‘e DR

1.2 Univevea\ Celation Asw\m?ﬁm
. E\Izr& oXribwke nawme i unigwne
13 Dewm?osihm

© Decomposing univertal relafimn sonema R ‘into a set of
reloion  sthemas 0= {RI,R2,...,Rm}

0= relatinal DB sthema = decomposihom of R
L4 Adbrivute  Preservotion  Condvhiom
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Ri W ine dewmpositm O of &

No atfributes left out
™M
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1=\
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A Dependency Preservotion  fropecty of  Oecomposition

Definition. Given a set of dependencies F on R, the projection of F on R;
denoted by mig (F) where R; is a subset of R, is the set of dependencies X — Yin
F* such that the attributes in X U Yare all contained in R;. Hence, the projection
of F on each relation schema R; in the decomposition D is the set of functional
dependencies in F', the closure of F, such that all the left- and right-hand-side
attributes of those dependencies are in R;. We say that a decomposition
D = {R;, Ry, ..., R,;} of R is dependency-preserving with respect to F if the
union of the projections of F on each R; in D is equivalent to F; that is,
(g, (F) UKL (mg (F)))"=F"

3. Non- Additive or Lossless  Join Propeﬂb

Definition. Formally, a decomposition D = {R}, Ry, ... , R} of R has the
lossless (nonadditive) join property with respect to the set of dependencies
F on R if, for every relation state r of R that satisfies F, the following holds,
where # is the NATURAL JOIN of all the relations in D: *(‘ITRI(T), s an(r)) =7,



Teshing  for  Lossless Toin  Propertyy  in n-aru Decompositisn

Algorithm 15.3. Testing for Nonadditive Join Property

Input: A universal relation R, a decomposition D = {Ry, R, ... , R} of R,and a
set F of functional dependencies.

Note: Explanatory comments are given at the end of some of the steps. They
follow the format: (xcomment+).

1. Create an initial matrix § with one row i for each relation R; in D, and one
column j for each attribute A; in R.

2. Set 8(i, j): = bj; for all matrix entries. (+Each bj; is a distinct symbol associated
with indices (i, j)*)
3. For each row i representing relation schema R;
{for each column j representing attribute A;
{if (relation R; includes attribute A;) then set S(i, j): = a;}}; (*Each g; is
a distinct symbol associated with index (j)*)

4. Repeat the following loop until a complete loop execution results in no
changesto S
{for each functional dependency X — Yin F
{for all rows in S that have the same symbols in the columns corresponding
to attributes in X
{make the symbols in each column that correspond to an attribute
in Y be the same in all these rows as follows: If any of the rows has
an a symbol for the column, set the other rows to that same a symbol
in the column. If no a symbol exists for the attribute in any of the
rows, choose one of the b symbols that appears in one of the rows for
the attribute and set the other rows to that same b symbol in the
column 3} ; } ;1
5. If a row is made up entirely of a symbols, then the decomposition has the
nonadditive join property; otherwise, it does not.



Figure 15.1
Nonadditive join test for n-ary decompositions. (a) Case 1: Decomposition of EMP_PROJ into EMP_PROJ1
and EMP_LOCS fails test. (b) A decomposition of EMP_PROQJ that has the lossless join property.
(c) Case 2: Decomposition of EMP_PROJ into EMP, PROJECT, and WORKS_ON satisfies test.

(a)

(b)

(c)

R,
R,
Ry

R = {Ssn, Ename, Pnumber, Pname, Plocation, Hours}

R,=EMP_LOCS = {Ename, Plocation}
R,=EMP_PROJ1 = {Ssn, Pnumber, Hours, Pname, Plocation}

F = {Ssn »Ename; Pnumber -+ {Pname, Plocation}; {Ssn, Pnumber} -»Hours}

Ssn | Ename | Pnumber | Pname | Plocation | Hours
by, ds by by, as byg
a, by a3 ay 3 as

(No changes to matrix after applying functional dependencies)

EMP

PROJECT

D= (’?h i?2)

ISsn lEname I

| Pnumber

Pname ] Plocation |

| Ssn I Pnumber IHoursl

R ={Ssn, Ename, Pnumber, Pname, Plocation, Hours}

R; = EMP = {Ssn, Ename}

R,= PROJ = {Pnumber, Pname, Plocation}

R, =WORKS_ON = (Ssn, Pnumber, Hours)}

F = {Ssn -»Ename; Pnumber #{Pname, Plocation}; {Ssn, Pnumber} *Hours}

Ssn | Ename |Pnumber | Pname | Plocation | Hours
a, ay bys bya bys byg
by, by, a, a, ag bys
a, by a, by, bas ag

(Original matrix S at start of algorithm)

Ssn | Ename |Pnumber | Pname | Plocation | Hours
a ap by3 bys bys byg
by, by, a, ay as byg
ay by, @, ) Dy as byg aq dg

(Matrix S after applying the first two functional dependencies;
last row is all “a" symbols so we stop)

D={R,, R, Ry}

© vibha's

notes 202



5. Successive Non- Addikive Join Dzwmposi’ﬂovx

Claim 2 (Preservation of Nonadditivity in Successive Decompositions). If a
decomposition D = {Ry, R,, ..., R} of R has the nonadditive (lossless) join
property with respect to a set of functional dependencies F on R, and if a decom-
position D; = {Qy, Q,, ... , Q} of R; has the nonadditive join property with
respect to the projection of F on R;, then the decomposition D, = {R}, R, ...,
Ri_1, Q) Qy .oy Qs Riyys ... 5 Ry} of R has the nonadditive join property with
respect to F.

ALGORITHMS  for RELATIONAL DATABASE SCHEMA 0ESIGN

. Relational S%M\nes'\s into 3N¢

Algorithm 15.4 Relational Synthesis into 3NF with Dependency Preservation
and Nonadditive Join Property

Input: A universal relation R and a set of functional dependencies F on the
attributes of R.

1. Find a minimal cover G for F (use Algorithm 15.2).

2. For each left-hand-side X of a functional dependency that appears in G, create
a relation schema in D with attributes {X U {A} U {A,} ... U {A}} }, where
X—A,X—>A, ..., X— Agare the only dependencies in G with X as left-
hand side (X is the key of this relation).

3. If none of the relation schemas in D contains a key of R, then create one
more relation schema in D that contains attributes that form a key of R.
(Algorithm 15.2(a) may be used to find a key.)

4. Eliminate redundant relations from the resulting set of relations in the rela-
tional database schema. A relation R is considered redundant if R is a projec-
tion of another relation S in the schema; alternately, R is subsumed by ./

"Note that there is an additional type of dependency: R is a projection of the join of two or more relations
in the schema. This type of redundancy is considered join dependency, as we discussed in Section 16.7.
Hence, technically, it may continue fo exist without disturbing the 3NF status for the schema.



Ga :

Example 1 of Algorithm 15.4. Consider the following universal relation:
U (Emp_ssn, Pno, Esal, Ephone, Dno, Pname, Plocation)

Emp_ssn, Esal, and Ephone refer to the Social Security number, salary, and phone
number of the employee. Pno, Pname, and Plocation refer to the number, name, and
location of the project. Dno is the department number.

The following dependencies are present:

FD1: Emp_ssn — {Esal, Ephone, Dno}
FD2: Pno — { Pname, Plocation}
FD3: Emp_ssn, Pno — {Esal, Ephone, Dno, Pname, Plocation}
By virtue of FD3, the attribute set {Emp_ssn, Pno} represents a key of the universal

relation. Hence F, the set of given FDs, includes {Emp_ssn — Esal, Ephone, Dno;
Pno — Pname, Plocation; Emp_ssn, Pno — Esal, Ephone, Dno, Pname, Plocation}.

By applying the minimal cover Algorithm 15.2, in step 3 we see that Pno is an extra-
neous attribute in Emp_ssn, Pno — Esal, Ephone, Dno. Moreover, Emp_ssn is extrane-
ous in Emp_ssn, Pno — Pname, Plocation. Hence the minimal cover consists of FD1
and FD2 only (FD3 being completely redundant) as follows (if we group attributes
with the same left-hand side into one FD):

Minimal cover G: {Emp_ssn — Esal, Ephone, Dno; Pno — Pname, Plocation)
The second step of Algorithm 15.4 produces relations R, and R, as:

R, (Emp_ssn, Esal, Ephone, Dno)
R, (Pno, Pname, Plocation)

In step 3, we generate a relation corresponding to the key {Emp_ssn, Pno} of U.
Hence, the resulting design contains:

R, (Emp_ssn, Esal, Ephone, Dno)

R, (Pno, Pname, Plocation)

R; (Emp_ssn, Pno)

This design achieves both the desirable properties of dependency preservation and
nonadditive join.



&: Consider relaxion VP, L, AY

#D1: P> {L¢AY
FDa: LC— {a,P}
#3: p- fel

The universal relation with abbreviated attributes is U (P, C, L, A). If we apply the
minimal cover Algorithm 15.2 to F, (in step 2) we first represent the set F as

FFP—-LP—-CP—-AILC—AILC—>PA—C}

In the set F, P — A can be inferred from P — LC and LC — A; hence P — A by tran-
sitivity and is therefore redundant. Thus, one possible minimal cover is

Minimal cover GX: (P — LC, LC — AP, A — C)

In step 2 of Algorithm 15.4, we produce design X (before removing redundant rela-
tions) using the above minimal cover as

Design X: R, (B L, C), Ry (L, C, A, P), and R; (A, C)

In step 4 of the algorithm, we find that R; is subsumed by R, (that is, R, is always a
projection of R, and R; is a projection of R, as well). Hence both of those relations
are redundant. Thus the 3NF schema that achieves both of the desirable properties
is (after removing redundant relations)

Design X: R, (L, C, A, P).

or, in other words it is identical to the relation LOTS1A (Property_id, Lot#, County,
Area) that we had determined to be in 3NF in Section 14.4.2.

2. Re\anionol DewM\)os‘\h'm o BCNF

Algorithm 15.5. Relational Decomposition into BCNF with Nonadditive
Join Property

Input: A universal relation R and a set of functional dependencies F on the
attributes of R.
1. Set D:={R};
2. While there is a relation schema Q in D that is not in BCNF do
{
choose a relation schema Q in D that is not in BCNF;
find a functional dependency X — Yin Q that violates BONT;
replace Q in D by two relation schemas (Q — Y) and (X w Y);
¥
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