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Normal Forms

Functional Dependency Theory

Algorithms for Decomposition using Functional
Dependencies

B Decomposition Using Multivalued Dependencies
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Overview of Normalization
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Features of Good Relational Designs

B Suppose we combine instructor and department into in_dep, which
represents the natural join on the relations instructor and

department
ID | name salary | dept_name | building | budget
22222 | Einstein | 95000 | Physics Watson 70000
12121 | Wu 90000 | Finance Painter | 120000
32343 | El Said 60000 | History Painter 50000
45565 | Katz 75000 | Comp. Sci. | Taylor 100000
08345 | Kim 80000 | Elec. Eng. | Taylor 85000
76766 | Crick 72000 | Biology Watson 90000

10101 | Srinivasan | 65000 | Comp. Sci. | Taylor 100000
58583 | Califieri | 62000 | History Painter 50000
83821 | Brandt 92000 | Comp. Sci. | Taylor 100000

15151 | Mozart 40000 | Music Packard 80000
33456 | Gold 87000 | Physics Watson 70000
76543 | Singh 80000 | Finance Painter 120000

B There is repetition of information

B Need to use null values (if we add a new department with no
instructors)
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¥ A Combined Schema Without Repetition

B Not all combined schemas result in repetition of information
® Consider combining relations
» sec_class(sec_id, building, room_number) and
» section(course_id, sec_id, semester, year)
into one relation

» section(course_id, sec_id, semester, year,
building, room_number)

e No repetition in this case
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Decomposition

B The only way to avoid the repetition-of-information problem in
the in_dep schema is to decompose it into two schemas —
instructor and department schemas.

B Not all decompositions are good. Suppose we decompose

employee(ID, name, street, city, salary)
into
employeel (ID, name)

employee2 (name, street, city, salary)

The problem arises when we have two employees with the same
name

B The next slide shows how we lose information -- we cannot
reconstruct the original employee relation -- and so, this is a
lossy decomposition.
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A Lossy Decomposition

Database System Concepts — 7t" Edition

ID name | street city salary

57766 | Kim | Main | Perryridge | 75000

98776 | Kim | North | Hampton 67000

employee

Y Y
ID name name | street city salary
57766 | Kim Kim | Main Perryridge | 75000
98776 | Kim Kim | North | Hampton 67000

\ natural join /

ID name | street city salary

57766 | Kim | Main Perryridge | 75000

57766 | Kim | North | Hampton 67000

98776 | Kim | Main | Perryridge | 75000

98776 | Kim | North | Hampton 67000

1.7
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Lossless Decomposition

Let R be a relation schema and let R, and R, form a
decomposition of R. Thatis R=R;, UR,

We say that the decomposition is a lossless decomposition if
there is no loss of information by replacing R with the two
relation schemas R, U R,

® Formally,
HRI (r) X HR2 (r)=r
B And, conversely a decomposition is lossy if

r C HRl(r)N HRZ(I')=”
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Example of Lossless Decomposition

B Decomposition of R = (4, B, C)
R,=(4,B) R,=(B, ()

A|B|C A|B B G
al1|A al 1 1 A
p12]|8B Bl 2 2 | B
r [145(n 1g,c(r)
A|B|C
[, ) > 115 (1)
a | 1A
S 12|B
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Reflexivity (_-\S!)
Transitivity (481 5 L cuw)
Augmentation (| ;91)
Decomposition (4 ;>v)
Union (S5 )
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Functional Dependencies

Dependencies for H

B G D E F this relation:

bl |cl |dl  |el |f1

bl cl di e? £3 A—>B e

bl c2 |d3 |e2 [f3 A—>D e

b2 c3 |d4 |[e3 |f2 B,C > EJF o

bl |c3 |d3 |e4 |f4

]

bl  lcl  |d5 lel |fi Do they all hold

in this instance of
the relation R?

* Functional dependencies are specified by the database
programmer based on the intended meaning of the
attributes.
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Normal Forms

Database System Concepts — 7t Edition 1.19 WAA - golos oo byl pudd 9 4o



INF alaf,

wols Cao a S el INF o), —Ca o
Ui;“s Ol @ sl (o, luancS « L o s o1
AL W gl Cas

b byl adoes ol daly gt Jie b LS &Il s
szed TNF

Database System Concepts — 7th Edition 1.20 WWAA - (golos (oo bawgs' yudi 9 4oz i



2NF
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2NF & INF Jbus

Studentid Courseld Dept Grade

12 CS101 IE B-

12 CS102 IE C+

12 IE201 IE C-

7 CS102 CS A

7 CS352 CS D
Studentid Courseld | Grade Studentld Dept
12 CS101 B- 12 E
12 CS102 C+ Z cs
12 IE201 C-
7 CS102 A
7 CS352 D
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3NF

Studentid S _Name Dept DeptID

12 Ali IE 1

13 Reza IE 1 DeptID > Dept

14 Behrooz IE 1

7 Reza CS 2

8 Zahra CS 2
Studentid S_Name DeptID DeotlD Dept
12 Ali 1

1 IE

13 Reza 1 5 cs
14 Behrooz 1
7 Reza 2
8 Zahra 2

Database System Concepts — 7t" Edition

1.25

IWAA - solos g bawgi juudi g dos 5



SE— b Jbo b © 90
Boyce-Codd Normal Form
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Boyce-Codd Normal Form
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Boyce-Codd Normal Form

B A relation schema R is in BCNF with respect to a set F of
functional dependencies if for all functional dependencies in F*
of the form

oa—>pf
where a < R and S c R, at least one of the following holds:
® o — f is trivial (i.e., S o)

® (o is a superkey for R
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Boyce-Codd Normal Form (Cont.)

B Example schema thatis not in BCNF:
in_dep (ID, name, salary, dept_name, building, budget )

because :
® dept name— building, budget
» holds on in_dep
» but
® dept name is not a superkey
B When decompose in_dept into instructor and department
® instructor is in BCNF

® department is in BCNF
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Decomposing a Schema into BCNF

B Let Rbeaschema R thatis notin BCNF. Let o —>/f be the
FD that causes a violation of BCNF.

B We decompose R into:

(@UB)
(R-(f-a))
B In our example of in_dep,
® o =dept name
® (= building, budget
and in_dep is replaced by
e (aUP)=(dept name, building, budget )
® (R-(f-a))=(ID, name, dept name, salary )
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Example

m R=(A, B, C)
F={4A—->B,B—> ()

® R, =(A4,B), R,=(B, ()
® Lossless-join decomposition:
R,N"R,={B} and B—> BC
e Dependency preserving
®m R,=(A4,B), R,=(A, ()
® Lossless-join decomposition:
R, N"R,={A} and A > AB

® Not dependency preserving X
(cannot check B — C without computing R, R,)
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Third Normal Form

B A relation schema R is in third normal form (3NF) if for all:
o— fin F'
at least one of the following holds:
e o — fis trivial (i.e., f € o)
® (o is a superkey for R

e Each attribute 4 in f— a is contained in a candidate key for
R.

(NOTE: each attribute may be in a different candidate key)

H If a relation is in BCNF it is in 3NF (since in BCNF one of the
first two conditions above must hold).

B Third condition is a minimal relaxation of BCNF to ensure
dependency preservation (will see why later).
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3NF Example

Consider a schema:
dept _advisor(s _ID, i ID, dept name)

With function dependencies:

i ID — dept name
s _ID, dept name — i ID
B Two candidate keys = {s ID, dept name}, {s ID,i ID }
B We have seen before that dept_advisor is not in BCNF
B R, however, isin 3NF
® s ID,dept name is a superkey
® i ID — dept name and i ID is NOT a superkey, but:
» { dept_ name} — {i ID} = {dept name } and

» dept_name is contained in a candidate key
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Redundancy in 3NF

Consider the schema R below, whichisin 3NF ®
R=(J K L)
F={/K—> L, L—>K}
And an instance table:

JOEC
h |l |k
Ja |1 | K
Js ||k
null| 15 | ks

= What is wrong with the table?

Repetition of information
Need to use null values (e.g., to represent the relationship /,, k,

where there is no corresponding value for J) .

IWAA - solos g bawgi juudi g dos 5
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Comparison of BCNF and 3NF

B Advantages to 3NF over BCNF. Itis always possible to obtain a
3NF design without sacrificing losslessness or dependency
preservation.

B Disadvantages to 3NF.

® We may have to use null values to represent some of the
possible meaningful relationships among data items.

® There is the problem of repetition of information.
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Higher Normal Forms

B Itis better to decompose inst_info into:

® inst_child: D child name

99999 David
99999 William

® inst ph :
inst_ phone D Dhone

99999 | 512-555-1234
99999 | 512-555-4321

B This suggests the need for higher normal forms, such as
Fourth Normal Form (4NF), which we shall see later
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Multivalued Dependencies
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Multivalued Dependencies (MVDs)

instructors:
® inst _child(ID, child name)
e inst phone(ID, phone number)
® If we were to combine these schemas to get
e inst info(ID, child name, phone number)

e Example data:
(99999, David, 512-555-1234)
(99999, David, 512-555-4321)
(99999, William, 512-555-1234)
(99999, William, 512-555-4321)

B This relation is in BCNF
¢ Why?

Database System Concepts — 7t" Edition 1.47
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Multivalued Dependencies

B Let R be a relation schema and let o c R and 3 c R. The
multivalued dependency

oa—->—>f

holds on R if in any legal relation r(R), for all pairs for tuples
t,and ¢, in r such that ¢,[a] =7, [a], there exist tuples #; and 7,
in r such that:

tlol=tla]l =t o] =2 ]a]

A8 = 1, [Pl
LIR - Bl = R - P]
t, [B] = b[B]

LIR — Bl = 4,[R —B]
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MVD -- Tabular representation

® Tabular representation of o >— f3

a & R-a-p
tl ai...d; a;+1 a] a]-+1...an
tz ar...d; b1'+1 b] bj+1"'bn
t3 ai...d; a;+1 a] bj+1°"bn
ty | ay...a iy gaenlly | #oqeselly
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MVD (Cont.)

B Let R be a relation schema with a set of attributes that are
partitioned into 3 nonempty subsets.

Y,Z, w

B We say that Y >— Z (Y multidetermines Z)
if and only if for all possible relations r (R )

<Vpipw;>crand <y, 5, w,>cr
then
<Vplpw,>ecrand <y, 5, w;>cr

B Note that since the behavior of Z and W are identical it follows
that

Yoo Zift Yo W
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Example

H In our example:

ID —— child name
ID —— phone_number

B The above formal definition is supposed to formalize the notion
that given a particular value of Y (ID) it has associated with it a
set of values of Z (child name) and a set of values of W
(phone_number), and these two sets are in some sense
independent of each other.

B Note:
o IfY—>Z then Y>> 7

® Indeed we have (in above notation) Z;, = Z,
The claim follows.
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Use of Multivalued Dependencies

B We use multivalued dependencies in two ways:

1. To test relations to determine whether they are legal under a
given set of functional and multivalued dependencies

2. To specifty constraints on the set of legal relations. We shall
concern ourselves only with relations that satisfy a given set of
functional and multivalued dependencies.

H If a relation r fails to satisfy a given multivalued dependency, we
can construct a relations r” that does satisfy the multivalued
dependency by adding tuples to .
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Theory of MVDs

following rule:
o Ifa — 3, thena »>— f3

That is, every functional dependency is also a multivalued
dependency

B The closure D" of D is the set of all functional and multivalued
dependencies logically implied by D.
® We can compute D' from D, using the formal definitions of
functional dependencies and multivalued dependencies.

® We can manage with such reasoning for very simple
multivalued dependencies, which seem to be most common in
practice

e For complex dependencies, it is better to reason about sets of
dependencies using a system of inference rules (Appendix C).

B From the definition of multivalued dependency, we can derive the
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Fourth Normal Form

B A relation schema R is in 4NF with respect to a set D of functional
and multivalued dependencies if for all multivalued dependencies
in D" of the form oo >— [3, where a — R and 3 — R, at least one of
the following hold:

o a—>—>Pistrivial i.e,fcaora U =R)
® (o is a superkey for schema R
m If a relation is in 4NF it is in BCNF
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Restriction of Multivalued Dependencies

B The restriction of D to R, is the set D, consisting of
e All functional dependencies in D™ that include only attributes of R,
e All multivalued dependencies of the form
a—->—>(BNR)

where o c R, and o >— B isin D*
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4NF Decomposition Algorithm

result: = {R};
done := false;
compute D™

Let D, denote the restriction of D™ to R,
while (not done)

if (there is a schema R, in result that is not in 4NF) then
begin

let o >— 3 be a nontrivial multivalued dependency that holds
on R, such that a — R, is not in D,, and anB=0¢;

result :== (result- R) U (R;- ) L (a, P);

end

else done:= true;

Note: each R, is in 4NF, and decomposition is lossless-join

1.56
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Example

®m R=(A4,B,C G, HI
F={A—>—>B
B —>— HI
CG-H>—>H}

B Ris notin 4NF since 4 ->— B and A4 is not a superkey for R
B Decomposition

a) R, = (A, B) (R, is in 4NF)
b)R,=(4, C G, H,I) (R, is not in 4NF, decompose into R; and R,)
¢)R;,=(C, G, H) (R; is in 4NF)
dR,=(4,C G, (R, is not in 4NF, decompose into R; and Ry)

® A—>— Band B—>— HI 9 A —>— HI, MVD transitivity), and
e and hence A >— I (MVD restriction to R )

e)R;=(4, 1) (R; is in 4NF)

DR, = (A, C, G) (Rqisin 4NF)
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Employee—> > SKkill | Language

Employee |Skill Language
ali Cook Turkish
Ali Cook French

Ali Cook English

ali Driver Turkish

ali Driver French

ali Driver English
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table to 2NF

Composite
primary key

TempStaffAllocation (Not 2INF)

staffiNo branchNo branchAddress name position hoursPerWeek
S4555 BOOZ2 City Center Plaza, Seattle, WA 98122 Ellen Layman Assistant 16
S4555 BOO4 16 — 14th Avenue, Seattle, WA 98128 Ellen Layvman Assistant 9
S4612 BOOZ2 City Center Plaza, Seattle, WA 98122 Dave Sinclair Assistant 14
S4612 BOO4 16 — 14th Avenue, Seattle, WA 98128 Dave Sinclair Assistant 10
Take copy of Take copy of Mowve branchAddress Mowve name Mowve position
staffNo branchNo column to new table column to column to
column to column to new table new table
new table to new table to
become become
primary key primary key

Branch (2ZINF) TempStaff (2INF)

branchNo branchAddress stafflNo name position
BOOZ2 City Center Plaza, Seattle, WA 98122 S4555 Ellen Layman Assistant
BOO4 16 — 14th Avenue, Seattle, WA 98128 S4612 Dave Sinclair Assistant
Becomes Becomes

primary key

primary key

TempStaffAllocation (2ZINF)

staffiNo branchNo hoursPerWeek
S4555 BOO2 16
S4555 BOO4 9o
S4612 BOO2 14
S4612 BOO4 10
Becom{s( |_|_' \ Becomes
foreign key Composite foreign key

primary key Ehasd



StaffBranch table is not in 3NF

StaffBranch (Not 3NF)

staffNo [ name position salary branchNo branchAddress telNo
S1500 Tom Daniels Manager 46000 B0OO1 8 Jefferson Way, Portland, OR 97201 503-555-3618
S0003 Sally Adams Assistant 30000 B0OO1 8 Jefferson Way, Portland, OR 97201 |[503-555-3618
S0010 Mary Martinez | Manager 50000 B0OO2 City Center Plaza, Seattle, WA 98122 [206-555-6756
53250 Robert Chin Supervisor | 32000 B0OO2 City Center Plaza, Seattle, WA 98122 [206-555-6756
§2250 Sally Stern Manager 48000 B0O04 16 — 14th Avenue, Seattle, WA 98128 [206-555-3131
S0415 Art Peters Manager 41000 B0OO03 14 — 8th Avenue, New York, NY 10012 |212-371-3000
szar‘y 1 : 1 1 1 1 : 1
key Values in all non-primary-key columns can be worked out from the primary key, staffNo

Values in branchAddress and telNo columns can be 1 A
worked out from branchNo, so table not in 3NF

Values in branchNo and telNo columns can be A A
worked out from branchAddress, so table not in 3NF

Values in branchNo and branchAddress columns can A t
be worked out from telNo, so table not in 3NF




onverting the StaffBranch table to 3NF

StaffBranch (Not 3INF)

staffiNo name position salary branchNo branch Address telNo
S1500 Tom Daniels Manager 46000 BOO1 8 Jefferson Way, Portland, OR 97201 503-555-3618
SO003 Sally Adams Assistant 30000 BOO1 8 Jefferson Way, Portland, OR 97201 503-555-3618
SO010 Mary Martinez Manager 50000 BOO2 City Center Plaza, Seattle, WA 98122 206-555-6756
S3250 Robert Chin Supervisor 32000 BOOZ2 City Center Plaza, Seattle, WA 98122 206-555-6756
S2250 Sally Stern Manager 48000 BOO4 16 — 14th Avenue, Seattle, WA 98128 206-555-3131
S0415 Art Peters Manager 41000 BOO3 14 — 8th Avenue, New York, NY 10012 212-371-3000
I I Take copy of Mowve branchAddress Move telNo
branchNo column to column to new table column to new
new table to table
become primary key
Branch (3INF)
branchNo branchAddress telNo
BOO1 8 Jefferson Way, Portland, OR 97201 503-555-3618
BOO2 City Center Plaza, Seattle, WA 98122 206-555-6756
BOO3 14 — 8th Avenue, New York, NY 10012 212-371-3000
BOO4 16 — 14th Avenue, Seattle, WA 98128 206-555-3131
Bec+ornes Bec+omes B:cornes
primary key candidate key candidate key
\
Staff (3INF)
staffINo name position salary branchNo
S1500 Tom Daniels Manager 46000 BOO1
SO003 Sally Adams Assistant 30000 BOO1
S0010 Mary Martinez Manager S0000 BOOZ2
S3250 Robert Chin Supervisor 32000 BOO2
52250 Sally Stern Manager 48000 BOO4
50415 Art Peters Manager 41000 BOO3
Primary key Becomes

foreign key




Normailization
BCNF to ANF Relations

Branch Staff Client relation

Branch No | SName CName

B3 Ann Beech | Aline Stewart
B3 David Ford | Aline Stewart
B3 Ann Beech | Mike Richie
B3 David Ford | Mike Richie

Branch Staff relation Branch Client relation

Branch No | SName

Branch No | CName

B3 Ann Beech B3 Aline Stewart
B3 David Ford B3 Mike Richie
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