Relational Database Design Theory
FPart 1

cP51le
Introduction to Database Systems

Announcements (Seprember 11)

% Homework #1 due in one week

% Details of the course project and a list of suggested
ideas will be available this Thu.tad:a.}-'

Motivation
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% How do we tell if 2 design x bad, =.5.,
StadentErvall (51D, mame, CID?

= This design bas rodundancy, because the name of a stodent is
rccarded multipde Bmecs, anoc for cach course the studont is akang

# How about a systematic appeoach to detecting and
ramoving redundancy in designs?
® Derpondencics, doccompositions, and noemal forms

Functional dependencies

% A funcrional dependency (FD) has the form X — ¥,
where X and ¥ are sets of attributes in a relation B
4 X — ¥ means that whenever two tuples in K agres

on all the attributes in X, they must also agree on
all attributes in ¥

Mustbo b came | __ ... Could bc anfthing

FD examples

Addvers (reveer addeecs, city, state, Fif)
& stwest_gedyess, city, stale —r Tip
& T —F city, Shade
% Teh, riafe — ib?
® This is a tervial FD
" Towml FD: LHS ) RHS
% T — slaie, TIp?
" This 1z noa-torvial, but not completely noa-toal
" Completely non-towal FD: LHS M RHS = 2

Keys redefined using FD's

A set of attributes K is a key for a celation R if

& K — all {other) atrributes of B
® That iz, E is a “super key™

% No proper subset of K sarisfies the above condition
" That iz, X iz mintmal




Reasoning with FD's

Given a relation K and a set of FD)'s F

4 Does another FD follow from 7?2

" Are some of the FD¥'s in F redundant (1.2, ther followr
froem the oters)?

% Is Ka key of B?
" What are all the kevs of K?

Atrribute closure

& Giren R, a set of FD's JF that held in B, and a set of
acttributes Z in K:
The closure of Z (denoted Z7) with respect to F is
the set of all attributes {A,. A.. ...} functionally
determuned by Z (thatis, Z =+ A4, A4, ..}

% Algorithm for computing the closure

® Start with clesure = 2

BTN 5 VYisin Fand Xis |:|l|.'-:|:|.-|:|.3.r st the closure, then
also add ¥ to the closure

¥ Rapaat untl no more attributes can be addad

A more complex example
Studewtcrade (SID. wame, emad, CID, grade)
& SID — mame, emasl

& emagil — 5ID
S 5D CID — gmﬂ'.'e

(Not a good design, and we will see why later)

Example of computing closure

# Finclodes:

B G — pawer, smmay
" rmap —+ 10
= IO, CID — prads
# { CID, smadd }T =2
& amad — SID
= Add 3T cosare is now | CID, smail, STD ¥
& SID — mawes, zeeadd
® Add mawe smezd clasuace is now 1 OI0, emeasd, SID), mowe
& SID, CID — grads
= Add prads; dosore is now all the attribubes in Stsdemirrads
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Using artribute closure

Given a relation K and set of FD's JF

4 Does another FD! X — ¥ follow from JF?
" Compute X with cespact to JF
" IfY¥Y C X7, then X — ¥ follow from JF
% Is Ka key of R?
" Compute KT with respect to JF
m K contains all the attsibates of B, K i o super key
= 5eill mead to vecfy thar KX is miimal (how?)

Rules of FID's

& Armstrong’s axioms
" Reflerivity: ¥ C X, then X — ¥
" Augmentaticn: If X —3 ¥, then XZ —3 ¥Z for any Z
" Teansibvaty: IfF X = Yand Y = Z. then X = 2
< Rules derived from axdoms
" Splittng: EX =2 YZ, then X 2 Yand X = Z
" Combining: X =2 VYand X = Z, thea X =5 ¥Z




Using rules of FI's

Given a relation K and set of FD's JF

¢ Does another FD X — ¥ follow from JF?

¥ Use the rules to come up with o procf

n Exnm]_:lfei
s Findudcs:
SID — mawr, emeadl; smxn! —+ SID; SID, CID — prads
" CID, omearil — prad?
apeasit —3 SID (given in F)
I, emeasd — CID), ST {angmncntation)
SID, CID —» grade (given in 5
CTD, email — greads {teansitivity)

Non-key FD's

& Consider a non-trivial FD X — Y where X isnot a

super key

¥ Since X 15 not a super key, there are some artobutes (say
Z) that are not functionally de=termined by X
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That % 15 always assooated with & 15 recorded by multple rows:
redundancy, update anomaly, del=tion anomaly

Example of redundancy

& StudentGrade (SID, name, emaidl, CID, grads)
4 51D — name, email
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cmane | -
1m | Emers | hmre@fes, oo | coszea | e
11 | Milkowna | mAlkownalfar_ row | OFEIDE | B
Br |Liam 1 ianlfex. cam CPEum | 2+
BT | Lisn 1 saniox. com (=2
'_u: |mupk | rapestorcem | omimc
Iy
Unnecessary decomposition
i =) ===
153 | marg BB, com
1a3 F‘i'ln:--ri'lm.r.ﬂ
BT | Lian Tiaelam, sz
199 | Falbpk Tl phlfox . oo
182 | mard — = LD | bari@fizcoe
123 | W7 o 15l | w1 hzaasdfox. com
|m [Liaa 257 | Tissdee com
e | g 102 | mplpeddin. e
|-_ i= Sal=

% Fine: joun returns the n:iginﬂl relation

% Unnecessary: no redundancy is removed, and now
SID is stored twice!

i
Decomposition
ﬁ e
113 | Bart Bartifox. oom ids | OPELLE | E-
133 ®iTrzaas | e rzaedtfoz.cov Il | CPaLL | B
BEF | Liaw 1 fanlfoex. com Eil | CPELLA | =+
o4 | Fatph Tl phlfox. cam i CPELla | A
= = = 7 | FE13G | aw
138 | OPELLA | C
% Eliminates redundancy S
4 To get back to the original relation: b
15

Bad decomposition
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% Association between CID and grade is lost

% Join returns more rows than the original relation




