Lecture 3:
ConceptualD atabage D esign and

SchemaD esign
April12%,2004

Agenda

e Project: questions?
e How tomodeldata &R modeling)

e How to design a good schem a
thom alization) .

Building an A pplication w ith a
DBM S

® Reguirem entsm odeling (conceptual, pictures)
- D ecide w hatentities should be partof the application and
how they should be linked.
e Schem a design and in plem entation
— Decide on a setof tabls, attrbutes.
— Define the tabls In the database system .
— Populate database (nserttuples).
® W rite application program susing the DBM S

- way easiernow thatthe data m anagem ent is taken care of.

D atabase D esign

e W hy doweneed it?

— Agree on structure of the database before

deciding on a particular in plem entation.

e Considerissues such as:

- W hatentities tom odel

- How entities are related

— W hatconstraints exist in the dom ain

- How to achieve good designs

D atabase D esign Form align s

1.0bjectD efiniton Language ODL):
- Clseri spiritto objectorientad m odels
— Idon’tteach anymore.
2.EntityRelationshipmodel ER ):
- M ore rehtional in nature.

e Both can be tranglated (sem i-autom atically) to
relational schem as

e ODL t© 00 -schem a: direct transform ation € ++
orSm alltlalk based system ) .

2.Entty /Relationship D iagram s




Keys ER Diagram s

e Every entity setm usthave a key

W hatisaRelation ?
e A m athem atical definiton:

A xB

R={@a), e, BD)}

- ifA ,B are sets, then arelation R isa subsetof

e n={123}, B={aped}, _ ’

-m akes isa subsetof Productx C om pany':

M ultplicity of E R Relations

* aneone; *<>%
e o
y
o

® many-m any

el

M ulb-w ay R elationships

How do w e modela purchase relhtionship betw een buyers,
products and stores?

Can stdllm odelas am athem aticalset how ?)




ArnowsinM ultw ay
Relationships

Q :whatdoes the anow mean ?

A :if Tknow the store, person, voice, ITknow the
m ovie too

Arow s M ultiw ay
Relationships

Q :whatdo these annow mean ?

A : sore, person, Ivoice determ lnesm ovie and
store, Invoice, m ovie determ ines person

Arnows M ultiway
Relationships
Q :how do Isay: “Invoice determ Tnes store” ?
A :no good w ay; best approxin ation :

Q :W hy isthis incom plete ?

Roles n Relationships

W hat ifw e need an entity settw ice in one elhtionship?

A tributes on R elationships

Converting M ultd-w ay
Relationships to B nary




From ER Diagram s
to Relational Schem a
e Entity sest  relation
e Relationship whtion

Entity Setto Relation

gizmo gadgets $19.99

Relationships to Relations

M akes foroductnam e, product-cat com pany-nam e, year)
Productnam e| ProductCategory|Com pany-name | Starting-year

gizmo gadgets gizm oW orks 1963
fw atch out forattrbute nam e conflicts)

R elationships to R elations

Noneed forM akes. M odify Product:

name | category|] price | StartY ear| companyName

gizmo| gadgets | 1999 | 1963 gizm oW orks

M ultb-w ay R elationships to
Relations

3.Design Principles

W hat’swrong?

e | 4

R

M oral: be faihfiul!




D esign Principles:
W hat'sW rong?

M oral: pick the right
kind of entities.

M odeling Subclasses

The world is mherently hierarchical. Som e entities are
specilcases of others
W eneed anotion of subclass.
o This is supported naturally n objectoriented
form alism s.

Products
Soﬁx‘u";e Educational
products products
Understanding Subclasses
e Think in term s of records:
- Pmoduct feldl
feld2
— Softw areProduct Feldl
feliz
- EducationalProduct Berh
feldl
Field2
fieldd

D esign Principles:
W hat'sW rong?

M oral:don’t
com plicate life m ore
than italready is.

Subclasses N E R D lagram s

Subclasses to R elations

Category
gadget

photo

gadget

platform s

AgeGmoup

retired




M odeling UnionTypesW ih
Subclasses

FumiturePiece

Congny

Say : each piece of fumiture is ow ned either
by a person, orby a com pany

M odeling Union Typesw ih
Subclasses
Say: each piece of fumiture is owned eitherby a
per=on, orby a com pany
Solution 1.A cceptable, In perfect W hat’sw rong ?)

‘Pezson‘ ‘FummnePJece‘ Com pany

M odeling Union Typesw ih
Subclasses
Solution 2 : better, m ore Jaborious

P
Y [

Constants nER D lagram s
Finding constraints is part of the m odeling process.
Comm only used constraints:
K eys: social security num beruniquely dentifies a person.
Single-value constaints: a person can have only one father.

Referential ntegrity constraints: if you w ork fora com pany, it
mustexist in the database.

O ther constraits: peoples’ ages are betw een 0 and 150.

KeyshER D agram s

Underlne:

No fomalway
o specify multiple
keys nER diagram s

() Cme) (=)

Single V alue Constraints




R eferential ntegrity Constraints

e

O therC onstamts

W hatdoes thismean ?

W eak Entity Sets

Entity sets are w eak w hen theirkey com es from other
classes to which they are related.

S
\/

Handling W eak Entity Sets

Convertto a whtionalschema (in class)

The RelationalD am M odel

Dam Relational Physical
M odeling Schema " | storage
; : Complex
ER digmms Tabls: file organization
colmn names:attrbutes  gand index
oW S: tuples stuctures.

Relational Schem a D esign
ConceptualM odel: @ @
G=> G G
|
RehtionalM odel: e —

PLSFD ’s |

/
N om alization: E




Functional D ependencies Im portant Pont!
Defniton: A,,..A, B,,..B holsnR if: ¢ Functional dependencies are partof the
schem a!
"Lt R, (A,=tA; .. tA =UA_ =tB,=tB, .. tB =t'B_) ,
e They constrain the possble legaldaa
R ns@nces.
T T e Atany pointin tin e, the actualdatzbase
t m ay satisfy addibdonal FD ‘s.
t
J'ft;tia;:eehexe thent;ti:gmehele

Examples Fom aldefinition of a key

EmplD |[Name | Phone | Position ,
£0045 | Smith | 1234 | Clerk e A key isa setofattrbutesA ,, .., A, st.for

E1847 |John | 9876 | Salesrep any otherattrbue B ,A,, ..,A, B

E1111 | Smith | 9876 Salesrep
E9999 |Mary | 1234 Lawyer

e A m nin alkey isa setof attrbutes w hich

e EnpD — - Name, Phone, Position isakey and forwhich no subsetisa key

® Pogition —— Phone

e but Phone - Positi e Note:book callsthem superkey and key

ExamplesofKeys Finding the KeysofaRelation
* Pmductham e, price, category, ol G iven a rlation constructed fiom an E R diagram , w hat is s key?
name, category  price
category — color Rulkes:
© 4{ ) andan - 1. Ifthe rhtion comes fiom an entity set,
e name, cEen P the key of the 1elatin is the setof attrbutes w hich i the
key of the entity set.

e Enmwl ent(student, address, course, room , tim e)
student  address
wom ,tme  course

sudent, cowse  1oom , tine Person @ddress, nam e, ssn)

Keysare: [inclass]




Finding the Keys
Ruks:

2. Ifthe ®htion comes fiom am any-many ehtonship,
the key of the relation is the setof allattrbute keys n the
elations conesponding to the entity sets

buysam e, ssn, date)

Finding the Keys

Except: if there isan anow fiom the relationship © E, then
wedon’tneed the key of E aspartof the relation key .

Purchase fnam e , snam e, ssn, card-no)

Expressing D ependencies

Say: “the C rediC ard determ hes the Person”

Purchase (qam e , sham e, s, card-no)
cardno name

Finding the Keys

M ore mules in the book — please read !

Relational Schem aD esign
(orLogical D esign)
M aln idea:
e Startw ith som e relational schem a
e FindoutisFD ’s
- Im portantalso to look at infenred FD ‘s.

e U= them to design a betterrelational
schem a

Inference Rules forFD ’s

Ao By ByBye By Splitting rule
. and
Is equivalentto .
= Combngrule
A A,. A — B
A A,. A — B
A A,. A — By




Inference Rules forFD 's

Inference Rules forFD ’s

(continued)
T ransitive C losureRule
hid .
BB . B B,B,.. B _
and B,B,.B — C,C_..,C
172 m 172 p
then BB, AT CLCo.C
W hy ?

(contnued)
A ,A,.A — A TrivialRule
1 2 n i
wherei=1,2,..,n
Al Am
W hy?
Al Am Bl Bm C C

¢ Enwlim ent(student, m ajor, course, room , tm e)
sudent mapr
majpr, course  1oom
course  tine

W hatelee canwe nfer? [n clss]

C losure of a setof A ttributes

G iven a setofattrbutes {A1,.. ,An}and a setofdependenciesS.

Problem : find allattrbutes B such that:
any re=lation w hich satisfies S also satisfies:
Al,.. ,An — B

The closure of {A1,.. ,An},denoted {A1,... ,An}*,
s the setof all such attrbutes B

The closure tells us everything we can infer from A1,.. ,An.

C Josure A gorithm

Startw thX ={A1,.. ,An}.
RepeatuntilX doesn’tchange do:

ifB ,B_,. B.—— C isiS,and
1’72 n

B,B,. B areallinX ,and
12 n

C isnotmm X
then

addC oX.

10



RABCDEF) Exa]_'np]e

A B C
A D E
B D

A F—B

Cbsueof{AB}: X ={a,B, }

Cosueof {A,F}: X ={a,F, }

W hy Is the A orithm Conect?

e Show the follow ing by Induction:
- ForeveryB nX:
eAl,..,An B

e TitallyX = {Af.,, ,An} —holds
e Tnduction step:B1,.. ,Bm InX
- Inples Al,.. ,An Bl,..,Bm
- W ealoohaveBl,.. ,Bm— C
- BytensitiviywehaveAl,.. An C
e This show s that the algorithm is sound; need t show itis
complete

Relational Schem a D esign
(orLogicalD esign)
M ain idea:
e Startw ith som e relational schem a
e FindoutisFD’s
e U them to design a betterrelational

Relational Schem a D esign

Recall setattrbutes (persons w ith severalphones) :

Name SSN PhoneNumber | City
Fred 123456789 206-555-1234 Seattle
Fred 123456789 206-555-6543 Seattle
Joe 987654321 9085552121 W estfield
Joe 987-65-4321 908-555-1234 W estfield

SSN Name,Ciy, butnotSSN PhoneN um ber

Anom alies:

® R edundancy = 1epeatdata

e Update anom alies = Fred m oves to “Bellvue”

e D eletion anom alies = Fred diops allphone num bers:
whatishiscity ?

schem a
R elation D ecom pOSZItIOl’l
Break the relation into two:
Name SSN City
Fred 123456789 Seattle
Joe 987654321 W estfield
SSN. PhonelN um ber

123456789 206-555-1234

123456789 2065556543

987654321 908-555-2121

987-65-4321 908-555-1234

Relational Schem a D esign

Gl
ConceptualM odel: G

RehtionalM odel: e —

PLSFD ’s |

S
N om alization: E
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D ecom positions in G eneral
RA, ..A))

Create wo ®htonsR1 B1, ..., Bm)andR2(C1, ..,Cp)

such that:B1, ..., Bm " C1,..,Cp =Al,..,An

Thoonect D ecom position

e Som etdm es it is lnconrect:

Name Price | Category
Gimo 1999 Gadget.
OneC lick 2499 Camem
DoubleClick | 2999 Camem

Decomposeon : Name, Category and Price, Category

and:
R, = propctonofR onB,, ..., B,
R, = profctonofR onCy, ..., C,
Name Category Price Category
Gimo Gadget 1999 Gadget
OneC Iick Camem i><f 2499 Camem
D oublkeC lick Camem -~ 2999 Camem
Name Price | Category
Gimo 1999 Gadget
W henweputitback: OneClick | 2499 | Camem
OneC ick 2999 Camem
Cannotrecover Inform ation | powkcick | 2499 | camem
D oubkC lick 2999 Camem

Nom alFomm s

FirstNorm alForm = allatirbutes are atom ic
Second Norm alForm N F) = old and cbsokte
Third Norm alForm @GNF) = this lecture

Boyce Codd Nom alForm BCNF) = this cture

Boyce-Codd N orm al Form

A sinple condition forrem oving anom alies from reltions:

A rhtonR s BCNF if:

W heneverthere is a nontrivialdependency A, ..,A, B

nR, {a,.,A} isakeyforR

TnEnglish (though a bitvague):

W henevera setof attrbutes of R is determ ining anotherattribute,
should determ fne all the attrbutes ofR .

O thers...
Example
Name SSN PhoneNumber | City
Fred 123456789 206-555-1234 Seattle
Fred 123456789 2065556543 Seattle
Joe 987-65-4321 9085552121 W estfield
Joe 987654321 908-555-1234 W estfield

W hatare the dependencies?
SSN Name,Ciy
W hatare the keys?
{SSN , PhoneN um ber}
IstinBCNF?

12



Summary of BCNF

D ecom position
Find a dependency thatviolates the BCN F condition :
Al'A2"" Ang' Bl'Bz"" B

m

H eurdstics: choose B1 , B2 . Bm “as large as possibe”

D ecompose:
Continue until
O thers there are no
Istherea BCNF viohtbns
2-attrbute et
elhtion thatis
notmBCNF ? R1 R2

Decompose tnto BCNF

Name SSN City .
Fred 123456789 Seattle SSN Name’ Clty
Joe 987654321 W estfield

SSN. PhoneN um ber

123456789 206-555-1234

123456789 2065556543

987654321 9085552121

987654321 908-555-1234

Exam ple D ecom position

Person fnam e, SSN , age, hairC olor, phoneN um ber)
SSN name, age
age haiColbr

Decompose NnBCNF (nclss):

Step 1: find allkeys

Step 2:now decom pose

O therExample

*RABCDP) A—B, B—C

eKey: A,D

e Violationsof BCNF: A—~B, A—~C, A—BC

e Pick A—BC: glitinto R1@® BC) R2A D)
e W hathappens fwepick A—B first?

C orrect D ecom positions

A decom position is lossless ifw e can recover:
RABC)

R1AB) R2AC)

R'ABC) shoujdbethe--Re"O"E’r

RABC)

R’ ishgenemllmgerthanR . M ustensure R’ = R

Conect D ecom positions

e GivenR A BC)st.A B, the
decom position noR1A B),R2@ C) is
Jossless

13



3NF:A Problem wihBCNF

Unit Product

Company
[

\ \
FD's: Unitfi Company; Company, Productfi Unit
So, there isa BCN F viblation, and w e decom pose.

So W hat/s the Problem ?

Unit Com pany Unit Product
G akga99 uw Gakgad9 databases
Bingo uw Bingo databases

Nopmwbln so far.ATllocalFD ’s are satisfied .
Let's putall the data back into a single @ble again:

Unit Com pany Product
Galga’9 Uw databases
Bingo uw databases

V iolates the dependency: com pany, product - unit!

Unit Com parr
| Unitfi Company
Unit | Product
‘ No FDs
Solution: 3rd N orm al Fomm
GBNF)

A sinple conditon forrem oving anom alies from reltions:

A rhtionR ish3mdnomalfom if:

W heneverthere is a nontrivialdependency A, ,A,, .., A fi B
forR ,then {A,A,, ..,A, } asuperkey forR,
orB ispartofakey.
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