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Review: Database Design

» Requirements Analysis

— user needs; what must database do?
» Conceptual Design

— high level descr (often done w/ER. model)
» Logical Design

— translate ER into DEMS data model
» Schema Refinement

— consistency, normalization
» Physical Design - indexes, disk layout
» Security Design - who accesses what
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ﬁ The Evils of Redundancy

+ Redundancyis at the root of several problems

associated with relational schemas:
— redundant storage. insertydelete/update anomales

» Integrity constraints, in particular functiona/

depandancies can be used to identify schemas with
such problems and to suggest refinements.

+ Main refinement technigue: decomposition

— replacng ABCD with, say, A3 and BCD, ar ACD and ABD.

+ Decomposition should be used judiciously:

— Is there reason to decompose a relataon?
- 'What prablems [if any] does the decompasition cause?

Functional Dependencies (FDs)

+ A functional dependency X — ¥ holds over
relation schema R if, for every allowable
instance rof R:

fler 2 .’-'E-'ng?) = :EX[{!‘%
implies 7y (f) = 7(&
friiaree £ and 17 e fyolesX and ¥ ave sels of altributes)

+« In other words: ¥ — ¥ means

Given any twio tuples in « if the X values are the
same, then the Y values must also be the same.
(but mot vice versa)

+ Can read "—" as "determines”

ﬁ FD's Continued

« An FD is a statement about 2/ allowable
relations.
— Must be identified based on semantics of
application.
— Given some instance rf of R, we can check
it I violates some FD £ but we cannot
determine if  holds over R.

» Question: How related to keys?
» if "K — all attributes of R” then K is a

superkeyfor R
(do=s ot require K to be minimal)
» FDs are a generalization of keys.




.Example: Constraints on Entity Set

» Consider relation obtained from Hourly Emps:
Hourly Ermps (S0, mare of, rabing, mage oer N, Ivs per k)

v We somebmes denote a relation sdwama by listing the
attributes: &g, SRLREWH

v This is reslly the sof of abtribubes {5 ML R W, H}.

v Sometimes, we refer to the set of af aftntedes of & relation by
using Hhe relation name. ed., "Houdy_Emgs” for SNLRWH

What are some FD< on Hourly_Emps?

a7 S Hhe key: 5 — SMLEWH
ratigy determines wage oo i R W
i determmines of L — L Cvial™ depsndnency)

ﬁ Problems Dueto R - W
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« Lipdate snomaly. Can we modify W in only the 1st
tuple of SNLRWH?

employes and don't know the haurly wage for his or
her rating? (or we get it wrong?)

» Defetion anomaly: IF we delete all employees with
rating 5, we lose the information about the wage for
rating 5!

ﬁ Detecting Reduncancy
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0: Why was R — W problematie, but S—W not?

Decomposing a Relation

+ Redundancy can be removed by "chopping ™
the relation into pieces.
+ FD's are used to drive this process,

R —'W is causing the problems, 9o decomposs
SHLRWH inbd what relations?

3 M L R H

133-2Z-3pkh Alidhier £ E 40 W

23] -A-538K Sl 2 E 3 3 10
131243650 Somihed 35 5 30 g b

434263751 Ciuklu ¥ 5 3

E12-AT4138 Maliven 35 E 4D Wages

Hourhr Empsl

Fieﬁning an ER Diagram

= 15t diagrans beecomes:
Workers{5.N.L.D.5i]
C=partmnents] O, M, B
— Liis Fsocieiacl with

WOrkETT.

= Suppose all waorkers in
a dipt are assigned thie
sgame ot D—L

« Rodundancy; fimed byt
Workers2{ 5. M. 0,5
Dampt_ Lot IDLL)
Deparbments{ O, M. E]

= Can Fine-tune ths:
Workers2{5.N.0,5]
C=partments] D, M, BLL]

- Reasoning About FDs

+ Given some FDs, we can usually infer additional FDs:
Ik — Sl Star implies 0 — S and Gl — star
I — Stk and S — sfar implies  Gfle — Sfooher, S
fihe— shudn, st — star mplies  Be — sfar

But,
fike sfar — shado doess NOT necessarily imply that
il = Sfpeter or Hhat star — sfodfo
+ An FD Fis implied &y a et of FDs F if £ holds
whenever all FDs in F hold.

» F+ = closwre of F is the set of all FDs that are implied
by £ (includes “trivial dependencies™)

Fed



. Rules of Inference

» Armstrong’s Axioms () Y, £ are sets of attributes):
- Refapialy: IF XY, hen X =Y
— Avgrreabiver TF XY, then X2 =3 YZ foramy 2
— Tansindly IFX—=Y and Y272, then X —= 7

v These are sownd and corpfefe inference rules for FDs!

- i, using Ad you can compute all the FOs in F+ and anly
these FD<.

+ Some additional rules (that follow from AA&):
— UFwievr TFX =% Bl X =2, Ehem X —=3Y2
— Devmwnioosliovr IFX —=YZ, Hhen X =Y and X2 F

ﬁ Example

+ Contracts] o sid, fid, el e gty vaiue), and:
- CiEthe kay: C— CSIDPOV
— Proj purcheses each paet using single contrack: P —=C
— Depk purchases at most 1 part from a supglier: 50 =P
Problem: Prove that 5D is a key for Contracts
+ JP—=C, C— CSIDPQV imply 1P — CSIDPQYV
(Lry trancitivity) [shows that JP s 2 key)
SD—P implies SD1 — P [by augmentation)
00 =P, 1P — CSIDPQYV imply SD1— CSIDPQY
by transitivity) thus S0) & a kesy.
(): can you now infer that SD — CSDPQV (i.e.; drop
1 on both sides)?
Mo! PO imference is not ke anthmetic pltiplicabon

Attrihute Closure

+ Computing the closure of a set of FDs can be
expensive. (Size of closure is exponential in & atbrs?)
+ Typically, we just want to check if a given FD X — ¥is
in the closure of & st of FDs £ An efficient check:
— Compiuke sffrfnde ol ol X [denobed X=) wit £
i+ = Set of ol sttribites & sichithat X <A B n F
==K
= Fepeat unil no dhange: F there Einid U =+ ' in & sudh e U
ks i 5, them 3ol Y o e

— Chesk if ¥ iS in X+
— Appraach can also e wsed bo find the keys af a nelation.
= IF &l stbriiute< of B are in the dosure of X then X is 2
superkey far L
= () How to chedk if X B a "candidate key™

Attribute Closure (example)
* R={A,B,C,D,E}
+ F={B=CD,D=EB—+AE—=CAD—B}
+» IsSB=EinF- ? + Is AD a key for R?

B+=B A0 = AD
E* = BCD AD= = ABD and B i< a key, so
B~ = BODA e
B+ = BODAE ... Yies! * Is AD a candidale key
and B is 2 key for ool TOrR2
» Is D a key for R? Ax = A
O =D .. funot a key, 20 Yes!
O+ = DE v Is ADE & canaiolale key
O+ = DEC for R?
— .- No! AL is a key, so ADE s a
= : superkey, but not & cand. key

Mext Class...

= MNarmal fiormes and normalization
+ Table decompositions




