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Introduction

e Levels at which we can discuss goodness of relation
schemas
sansanansanliian relation schema avisalda lfan 2 sau Ae
Conceptual Level uaz Physical Level

— Logical (or conceptual) level: lu Level ﬁyﬁlgﬁz%m%u%fam@ﬁm’ﬂ%
(user) @vannsafiansainan mnuunaaes attribute winavumsngues
attribute faauazyinlii user dinlapanuunnaaesdeya lFdnauninan ugy
Azl User anuisnuaniayanfasniavanistanisannistioys viradayan

fasnsauAulfidaat uargniias
— Implementation (or physical storage) level
e Approaches to database design: wunisluniseanuuy
database lé 2 anmuy Aa
— Bottom-up
— Top-down



Informal Design Guidelines
for Relation Schemas

e Measures of quality
— Making sure attribute semantics are clear: 1siuiiladn

AuMNNaadusas attribute Lpnudaiau

— Reducing redundant information in tuples: anaau
dndauaasdiayalu tuples

— Reducing NULL values in tuples

— Disallowing possibility of generating spurious
(false) tuples: liaunmlitna spurious tuples aa tuples
NANaTA U hdayanuaInANTiuasauasaInIINdayaaInais
Table(m1319) vi3a Relation (5iaduw)



Imparting Clear Semantics to
Attributes in Relations

e Semantics of a relation

— Meaning resulting from interpretation of attribute
values in a tuple

mwwm&ﬁmﬁ@uﬁq relation NIAINNITHUAAITNNNABIAN
fnya attribute srenaglu tuple
e Easier to explain semantics of relation

— Indicates better schema design

arAasasunaANNigaas relation wsaz relation 1840y



Guideline 1

e Design relation schema so that it is easy to
explain its meaning

ﬁ‘ﬂﬁ‘ﬂ‘ﬂﬂLLUUiﬁZﬁ’WﬁJ’Wﬂ@%U’]Hﬂﬁ]’]ﬂ\lﬂfﬁ\l’]ﬂﬂ‘ﬂ\‘l FEIatiOn LLG]'ZQ?J
relation 144y

Do not combine attributes from multiple entity
types and relationship types into a single relation

Yadlisan attribute finnanuane domain 15l relation
LA1gIn
e Example of violating Guideline 1: Figure 15.3

A2 NNNARNULLITNNANATA LAAIAIFLN 15.3



Guideline 1 (cont’d.)

Figure 15.3

Two relation schemas
suffering from update
anomalies. (a)
EMP_DEPT and (b)
EMP_PROQJ.

(a)

EMP_DEPT

Ename Ssn | Bdate | Address | Dnumber | Dname | Dmgr_ssn
(b)

EMP_PROJ

Ssn | Pnumber | Hours | Ename | Pname | Plocation

FD1 . A

FD2

FD3




Redundant Information in Tuples and Update Anomalies

* Grouping attributes into relation schemas
— Significant effect on storage space
nisendayanuiainuane domain issiuinansenuinamnsannlii

Waeaileflunssaindess

e Storing natural joins of base relations leads to
update anomalies
mesafudayafiagsine domain feudiazfinnuduiusiulugnuns
natural joins Aauisiinldgdifounn update anomalies 14
(FeywmsdFudlyedieyaiivinliidenaianensRnUng)

 Types of update anomalies:
— Insertion

— Deletion
— Modification

Example of anomalies: http://en.wikipedia.org/wiki/Database normalization.




Guideline 2

e Design base relation schemas so that no
update anomalies are present in the relations

fasaanuuuliliifia update anomalies Tuusias
relation

e If any anomalies are present: &waniaaslslls
— Note them clearly: liiunnliliidnian

— Make sure that the programs that update the
database will operate correctly: Tuiladnldsunsuas

Uiudgedeyalugutieyalignsies



NULL Values in Tuples

e May group many attributes together into a
“fat” relation

— Can end up with many NULLs

nisendayaainuany domain unlisqeiuazdenaliildayanian
i NULL finulu relation

* Problems with NULLs: ffoysinnisaminest NULL v
1ne
— Wasted storage space: Lﬂﬁmﬁﬂmuﬂﬂﬁ’mLﬁu%H@

— Problems understanding meaning: nisiiudiayaniiluen
NULL a1aazdanalundlidaminumung visadnlapnunungléenn



Guideline 3

* Avoid placing attributes in a base relation
whose values may frequently be NULL

waniaganigaany attribute nilantassiuat NULL
ANUIUNINT

e |f NULLs are unavoidable: usavaniazelals

— Make sure that they apply in exceptional cases
only, not to a majority of tuples

aaliiilunsmianiy adnlidlunsiiacwlun visanstiia bl



Generation of Spurious Tuples

e Figure 15.5(a)
— Relation schemas EMP_LOCS and EMP_PROIJ1

1% 15.5 uanssiaatinaniaiia Spurious Tuples

* NATURALJOIN

— Result produces many more tuples than the
original set of tuples in EMP_PROJ

— Called spurious tuples
nnsndiaya (relation) niaauduwudiu usiinan attribute niflu
AN ANANALS lmunzan aznn iR spurious tuples

— Represent spurious information that is not valid:
ﬂ’W?‘V]ﬁJGIJ‘ﬂﬂ\I@ SpUFIOUS mmu uuifiﬁﬂﬂﬂﬂl’}&l’ﬂ eemmuimnmm



(a)
EMP_LOCS

Ename | Flocation

Figure 15.5

Particularly poor design for the EMP_PROU relation in
Figure 15.3(b). (a) The two relation schemas EMP_LOCS
and EMP_PROJ1. (b} The result of projecting the exten-
sion of EMP_PROCJ from Figure 15.4 onto the relations

PK EMP_LOCS and EMP_PROJI.
EMP_PROH
Ssn | Prumber | Hours | Pname | Plocation Update Plocation ann “Stafford” \ilu “Standford” fias Update‘ﬁl Record?
| Update Plocation a7n “Bellaire” 1l “Houston” yn Record ifiezlsiu? wnfiasdieanis
PK. Update u@ Plocation 494 Smith
(b)
EMP_LOCS EMP_PROM
Ename Plocation Ssn Pnumber | Hours Pname Plocation
Smith, John B. Bellaire 123456789 1 32.5 ProductX Bellaire
Smith, John B. Sugarland 123456789 2 7.5 Product Sugarland
Marayan, Ramesh K. | Houston GEE6R84444 3 40.0 ProductZ Houston
English, Joyce A Bellaira 453453463 1 20.0 Product Bellaire
English, Joyce A Sugarland 453453463 2 20.0 ProductY Sugarland
Wong, Franklin T. Sugarland 333445565 2 10.0 Product Sugarland
Wong, Franklin T. Houston 333445566 3 10.0 ProductZ Houston
| Wong, Franklin T. | Stafford | 333445565 10 10.0 Computerization | Stafford
Zelaya, Alicia J. Stafford 3334455655 20 10.0 Reorganization Houston
Jabbar, Ahmad V. | Stafford (999887777 | 30 | 300 | Mewbenefts | Stafford |
Wallace, Jennifer 5. | Stafford 999887777 10 10.0 Computerization | Stafford
Wallace, Jennifer S. | Houston 087087987 10 35.0 Computerization | Stafford
Borg, Jamas E. Houston 087087387 a0 5.0 MNewbenefits Stafford
987654321 20 20.0 Mewbenefits Staffored
887654321 20 15.0 Reorganization Houston
Pnumber Pname Plocation BEBEERREE 20 MULL Reorganization Houstaon
1 ProductX Bellaire
2 ProductY Sugarland
13




Guideline 4

e Design relation schemas to be joined with equality
conditions on attributes that are appropriately
related

— Guarantees that no spurious tuples are generated
fasaanuuulii relation ‘ﬁlﬁmimm%@gmwﬂ relation au (Join)
lnaden attribute fHuwmnzas %qm?@aﬂué’mﬂmz equi join aznn
liildine spurious tuples

e Avoid relations that contain matching attributes that
are not (foreign key, primary key) combinations

Tivaniaeennsin attribute nldld foreign key sisa primary
key wilu siamanlas szuwine 2 relation



Summary and Discussion of Design

Guidelines

Anomalies cause redundant work to be done
Waste of storage space due to NULLs

Difficulty of performing operations and joins
due to NULL values

Generation of invalid and spurious data during
joins



Functional Dependencies

Formal tool for analysis of relational schemas

Enables us to detect and describe some of the
above-mentioned problems in precise terms
Theory of functional dependency: Constraint
between two sets of attributes from the database

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 t, in r that have #, [ X] = #,[ X], they must also have 7 [Y] = £,[ Y].

Property of semantics or meaning of the attributes

Legal relation states

— Satisfy the functional dependency constraints
Relation azagluanuzngniieygnng wacudenuua FD




Definition of Functional Dependency

* Given a populated relation
— Cannot determine which FDs hold and which do not
— Unless meaning of and relationships among
attributes known

ez liannggan Relation usiaz Relation azinudaniinusuas FD
vira llaundazinumiiaaas Attribute uarmaudusiugszngng
Attribute 35navinlisrasfiasaasandaatinediayaaeusiaz Relation

— Can state that FD does not hold if there are tuples
that show violation of such an FD

nasanisdayausq vinnwuudius 1 Record/Tuple nazidindanivue
199 FD azhadn lunudaninuenes FD dsnann



Normal Forms Based on Primary Keys

* Normalization process: Approaches for relational
schema design

— Perform a conceptual schema design using a
conceptual model then map conceptual design
into a set of relations
- Mapping

— Design relations based on external knowledge
derived from existing implementation of files or
forms or reports

-2 Mdlaygaanuuune i iU



Normalization of Relations

* Takes a relation schema through a series of tests
— Certify whether it satisfies a certain normal form
— Proceeds in a top-down fashion

-2 nagauusiaz Relation dneeflugiuuuiifluussingrwisaly
(Normal Form) yvinluansous uuasans Guann First Normal
Form

e Normal form tests

Definition. The normal form of a relation refers to the highest normal form
condition that it meets, and hence indicates the degree to which it has been nor-
malized.

* mmegeuzliuuuing uresisiar Relation wunens suuuudugeani
Relation viw thuieulanmeaay




Normalization of Relations (cont’d.)

* Properties that the relational schemas should have:
AouaatRTusias Relation ansasi

 Nonadditive join property, which guarantees that the
spurious tuple generation problem does not occur with
respect to the relation schemas created after decomposition.
> e Fassuisetuinazldiia spurious tuple (tuple fianann vide
uwlandaau) MaaNT decompose (uan Relation annavqunns
Normalization)
— Extremely critical 2 ﬂmmuumummmmmLﬂu@m\‘im

 Dependency preservation property, which ensures that each
functional dependency is represented in some individual
relation resulting after decomposition
9 AR mmmu%m WERY FD NAULAZIAAIANNLEN RElathn V]Lﬂﬂ@’]ﬂ“ﬂ‘].lﬁ)uﬂ’]?
Normalization tisasas)

— Desirable but sometimes sacrificed (asaugaaz) for other
factors




Practical Use of Normal Forms

 Normalization carried out in practice
— Resulting designs are of high quality and meet the

desirable properties stated previously
9 WLIUNIT Normallzatlon ZNN@EL‘VIﬂ’]?‘ﬂﬂﬂLL‘]JUNﬂMﬂ’]WZN LL@JL@?‘LI‘VN

2 @mmumwnmqmm@wm

— Pays particular attention to normalization only up to

3NF, BCNF, or at most 4NF
> nssinauaunts Normalization Tnennfassindedud 3 (3NF) BCNF
viraasaungnfi 4NF
* Do not need to normalize to the highest p055|ble normal

form = mqmqnimwLﬂummmﬁnmumi Normalization mmumam‘w

AN 1A sLummmmmma‘mmmﬁlumiﬂivm@mmmg@ faufludinai

Denormalization ﬁ@ﬂ@uﬁ%ﬁugﬁm@eﬁ?%@uﬁLﬁmmﬂmimm (Join)

fpyaanuanemnae wazaiaiumelud zluuuresussinguduningy

Definition. Denormalization is the process of storing the join of higher nor-
mal form relations as a base relation, which is in a lower normal form.




Definitions of Keys and Attributes
Participating in Keys

e Definition of superkey and key
 Candidate key

— If more than one key in a relation schema
* One is primary key
e Others are secondary keys

Definition. An attribute of relation schema R is called a prime attribute of R if
it is a member of some candidate key of R. An attribute is called nonprime if it
1s not a prime attribute—that is, if it 1s not a member of any candidate key.

— Prime Attribute #a Attribute #.fluan@naas Candidate Key

— Nonprime Attribute 7a Attribute #l:il4a:1En221 Candidate
Key



First Normal Form

e Part of the formal definition of a relation in the basic
(flat) relational model

e Only attribute values permitted are single atomic (or
indivisible) values

- Relation azaglugil INF Asaiiann Attribute 1u
Relation aglusid Atomic Values (Adayalsianansauntisdas

AdLADN

 Techniques to achieve first normal form
— Remove attribute and place in separate relation

— Expand the key

— Use several atomic attributes
=2 waliafiazinlifaglugd INF lunsdifife nuvileu Mapping step 6



First Normal Form (cont’d.)

e Does not allow nested relations

— Each tuple can have a relation within it

- @n 1 anwuzde ey alid Nested Relations (Relation #
nan Relation dauaglu Attribute 119sin)

e To change to 1NF: nailasuliieslug INF

— Remove nested relation attributes into a new
relation

— Propagate the primary key into it

-2 ynwmileu Mapping Step 6

— Unnest relation into a set of 1NF relations
- g Slide wiindaly



Figure 15.9

Normalization into 1NF. (a) A
relation schema that is not in
1NF. (b) Sample state of
relation DEPARTMENT. (c)
1NF version of the same
relation with redundancy.

(a)

DEPARTMENT
Dname Dnumber Dmgr_ssn | Dlocations
A A A
(b)
DEPARTMENT
Dname Dnumber Dmgr_ssn Dlocations
Research 9] 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 333445555 | Sugarland
Research 5 333445555 | Houston
Administration 4 987654321 | Stafford
Headquarters 1 888665555 | Houston

25



Second and Third Normal Form

Second Normal Form

Based on concept of full functional dependency
— Versus partial dependency

Definition. A relation schema R 1s in 2NF if every nonprime attribute A in R is
fully functionally dependent on the primary key of R.

Second normalize into a number of 2NF relations

— Nonprime attributes are associated only with part of primary key on
which they are fully functionally dependent

Third Normal Form

Based on concept of transitive dependency

Definition. According to Codd’s original definition, a relation schema R is in
3NF if it satisfies 2NF and no nonprime attribute of R is transitively dependent
on the primary key.

Problematic FD

— Left-hand side is part of primary key
— Left-hand side is a nonkey attribute 26




General Definitions of Second

Table 15.1

and Third Normal Forms

Summary of Normal Forms Based on Primary Keys and Corresponding Mormalization

Normal Form

First (1NF)

Second (2NF)

Third (3NF)

Test

Relation should have no multivalued
attributes or nested relations.

For relations where primary key con-
tains 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 non-
key 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 attrib-
ute(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 func-
tionally determine(s) other nonkey attrib-
ute(s).

27



General Definitions of Second
and Third Normal Forms (cont’d.)

 Prime attribute
— Part of any candidate key will be considered as
prime
e Consider partial, full functional, and transitive
dependencies with respect to all candidate
keys of a relation



General Definition of Second
Normal Form

Definition. A relation schema R is in second normal form (2NF) if every non-
prime attribute A in R is not partially dependent on any key of R.!!

Figure 15.12

Normalization into 2NF and 3NF. (a) The LOTS relation with its functional dependencies
FD1 through FDA4. (b) Decomposing into the 2NF relations LOTS1 and LOTS2. (c)
Decomposing LOTS1 into the 3NF relations LOTS1A and LOTS1B. (d) Summary of the
progressive normalization of LOTS.

Candidate Key
(@) |
LOTS | |

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

o1 | i R S
o2 | | I S |

FD3 i

FD4 }




(b)

(c)

(d)

LOTS1
Property_id# County_name Lot# | Area | Price
o1 | f |
o2 | | I
FD4 T
LOTS1A
Property_id# | County_name Lot# | Area
o1 | t I
2 4 | -
LOTS
LOTS1 LOTS2
LOTS1A LOTS1B LO"I'SZ

LOTS2

County_name

Tax_rate

FD3

!

LOTS1B

Area Price

FD4 s

1NF

2NF

3NF

30



General Definition of Third Normal
Form

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 1s a prime attribute of R.

Alternative Definition. A relation schema R is in 3NF if every nonprime attribute
of R meets both of the following conditions:

® It is fully functionally dependent on every key of R.

B It is nontransitively dependent on every key of R.

31



Boyce-Codd Normal Form

e Every relation in BCNF is also in 3NF
— Relation in 3NF is not necessarily in BCNF

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.

e Difference:
— Condition which allows A to be prime is absent

from BCNF
e Most relation schemas that are in 3NF are also

in BCNF




(a) LOTS1A Figure 15.13

Property_id# | County name | Lot# | Area Boyce-Codd normal form. (a) BCNF
= — normalization of LOTS1A with the func-

FD1 | * * * tional dependency FD2 being lost in
FD?2 * | | * the decomposition. (b) A schematic
relation with FDs; it is in 3NF, but not
FD5 4 | in BCNF.

BCNF Normalization

LOTS1AX LOTS1AY
Property_id# | Area |Lot# Area | County_name
(b) R
Al B|C
FD1 *

FD2 { |



Properties of Relational Decompositions (1)

Testing Binary Decompositions for Lossless Join
Property:

= Binary Decomposition: decomposition of a relation R into
two relations.

= PROPERTY LJ1 (lossless join test for binary
decompositions): A decomposition D = {R;, R,} of R has
the lossless join property with respect to a set of functional
dependencies F on R if and only if either

= The FD (RN R,) @ (R;-R,)) Isin F*, or
= The FD (R, N R,) = (R,-R))) isin F".

Note: F*is the (complete) set of all dependencies (functional or multivalued) that
will hold in every relation state r of R that satisfies F. It is also called the

closure of F.

34



Properties of Relational Decompositions (2)

An example of testing Binary Decompositions for Lossless Join

Property  TEACH

STUDENT COURSE INSTRUCTOR |
MNarayan Database Mark

Smith Database Mavathe

Smith Operating Systems Armmar

Smith Theory Schulman

Wallace Database Mark

Wallace Operating Systems Ahamad

Wong Database Omiecinski

Zelaya Database MNavathe

Three possible decompositions for relation TEACH
{student, instructor} and {student, course}

{course, instructor } and {course, student}

{instructor, course } and {instructor, student}

35



Properties of Relational Decompositions (3)

An example of testing Binary Decompositions for Lossless Join
Property (Cont’d.)

Decomposition #1
{student, instructor} and {student, course}

Student | Instructor Student Course Student | Instructor Course
Narayan | Mark Narayan | Database Narayan] Mark | Database . . .
Smith | Navathe | | smith | Database | | Smith | Navathe | Database
Smith | Ammar | | smith | Operating Systems| |.>Mith | Navathe | Operating Systems
Smith | Schulman | | Smith | Theory Join | Smith | Navathe |Theory . .
‘Wallace | Mark || Wallace | Database E==) | Smith | Ammar | Database
‘Wallace | Ahamad | | Wallace | Operating Systems Smith | Ammar | Operating Systems
‘Wong | Omiecinski | | Wong | Database | | Smith | Ammar | Theory
Zelaya | Navathe | | Zelaya | Database | | Smith | Schulman | Database
Smith | Schulman | Operating Systems
student A instructor, student 2 course Smith | Schulman | Theory
Wallace | Mark | Database
: Wallace | Mark Operating Systems
Sither Wallace | Ahamad | Database
= TheFD ((Ry NRy) = (R-Ry))isin F*, or ‘Wallace | Ahamad | Operating Systems

I Wong Omiecinski | Database

- The FD ((Rl N Rz) - (R2 _ Rl)) isin F+. ZeIaya ...... Navathe ...... Database ..............

Spurious Tuples are generated



An example of testing Binary Decompositions for Lossless Join

Property (Cont’d.)

Decomposition #2

{course, instructor } and {course, student}

Course Instructor Course Student
Database | Mark | Database | Narayan
Database Navathe Database Smith

Database

course » instructor, course 2 student

Either

n The FD ((R; N"R,) = (R-R,)) isin F*, or
n The FD (R, NR,) = (R,-R,)) isin F*.

Join

Properties of Relational Decompositions (4)

Course

Instructor

Student

Database

Narayan

Spurious Tuples are generated




Properties of Relational Decompositions (5)

An example of testing Binary Decompositions for Lossless Join

Property

(Cont’d.)

Decomposition #3

{instructor, course } and {instructor, student}

Instructor = course, instructor » student

Either

Instructor Course Instructor | Student
Mark | Database | Mark | Narayan
Navathe |Database =~ Navathe  |smith
Ammar |Operating Systems | |Ammar Smith
Schulman [Theory Schulman  Smith
Ahamad _|Operating Systems| |Mark Wallace
Omiecinski [Database Ahamad  Wallace
Omiecinski (Wong
Navathe Zelaya

Join

n The FD ((Rl N RZ) - (R;' Rz)) Isin F*, or

«  TheFD((R,NR,) = (R,- R,)isin F*.

Instructor Course Student
Mark Database | Narayan
Mark Database Wallace -
Navathe  |Database  |Smith
Navathe  |Database Zelaya
Ammar  |Operating Systems _ [Smith
Schulman [Theory ~  [Smith
Ahamad  |Operating Systems  |Wallace -
Omiecinski [Database Wong

No Spurious Tuples

38



Properties of Relational
Decompositions (6)

* Lossless (Non-additive) Join Property of a
Decomposition:
— Definition: Lossless join property: a decomposition
D ={R1, R2, ..., Rm} of R has the lossless (non-additive)
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:

(T aq(r), oo Togml)) = 1
— Note: The word loss in lossless refers to loss of
information, not to loss of tuples. In fact, for “loss of

information” a better term is “addition of spurious
information”



Summary

e Informal guidelines for good design
 Functional dependency
— Basic tool for analyzing relational schemas

* Normalization:
— 1INF, 2NF, 3NF, BCNF
— Lossless Join
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