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Relationa Modél

Table = relation.
Column headers = attributes.
Row = tuple name manf

WinterBrew | Pete's
BudLite A.B.

Beer s

Relation schema = name(attributes) + other structure info.,
e.d., keys, other constraints. Example: Beer s( nane, nanf)

O Order of attributesis arbitrary, but in practice we need to assume the
order given in the relation schema.

Relation instance is current set of rows for arelation schema.
Database schema = collection of relation schemas.
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Relational Data M odéel

Relation as table Set theoretic
Rows = tuples Domain — set of values
Columns = components like a data type
Names of columns = attributes Cartesian product (or product)
Set of attribute names = schema D1 xD2 % ... xDn
REL (AL,AZ2,...,An) n-tuples (V1,V2,...,Vn)
s.t.,,v10D1,Vv20D2,..,Vn Dn
ct A1 A2 A3 ... AN ~— ) b utes Relation-subset of cartesian product
of one or more domains
':‘ al a2 a3 an FINITE only; empty set allowed
d!| b1 b2 a3 cn \ Tuples = members of a relation inst.
i Tuple Arity = number of domains
n | @l c3lbdh b Components = values in a tuple
| \ Domains — corresp. with attributes
i Component  Cardinality = number of tuples
Yy v+ X1 v2d3 wn
Arity
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Relation: Example
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Relation
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Pat
Harry
Sally
Sally
Pat

Winter 2002

Relation Instance

Address

123 Main St
128 Main St
123 Main St
456 Main St
456 Main St
456 Main St
12 State St
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Telephone

555-1234
555-1235
555-1235
555-2221
555-2221
555-2223
555-1235
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About Relational Model

Order of tuples not important
Order of attributes not important (in theory)

Collection of relation schemas (intension)
Relational database schema

Corresponding relation instances (extension)
Relational database

Intension vs. extension
schema vs. data

metadata
Includes schema
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Why Relations?

* Very smple model.

* Often agood match for the way we think
about our data.

* Abstract model that underlies SQL, the
most Important language in DBM S’ s today.

O But SQL uses “bags’ while the abstract
relational moddl i1s set-oriented.
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Relational Design

Simplest approach (not always best): convert each E.S. to
arelation and each relationship to arelation.

Entity Set —» Relation
E.S. attributes become relational attributes.

=

Becomes:
Beer s( nane, nmanf)
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Keysin Relations

An attribute or set of attributes K isakey for a
relation R If we expect that in no instance of
R will two different tuples agree on all the
attributes of K.

* Indicate a key by underlining the key
attributes.

 Example: If nane isakey for Beer s:
Beer s( nane, nanf)
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E/R Relationships - Relations

Relation has attribute for key attributes of
each E.S. that participates in the
relationship.

* Add any attributes that belong to the
relationship itsalf.

* Renaming attributes OK.
O Essentia if multiplerolesfor an E.S.
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Li kes(drinker, beer)
Favorite(drinker, beer)
Marri ed( husband, w fe)
Buddi es( nhanel, nane?2)

* For one-onerdation Mar ri ed, we can
choose either husband or w f e askey.
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Combining Relations

Sometimes It makes sense to combine relations.

* Common case: Relation for an E.S. E plusthe relation for some
many-one relationship from E to another E.S.

Example

CombineDri nker (name, addr) with Favorite(drinker, beer)
toget Dri nker 1(nane, addr, favBeer).

* Danger in pushing thisideatoo far: redundancy.

* eg., combining Dri nker withLi kes causesthe drinker's
address to be repeated, viz.:

—hame addr beer
Sally 123 Maple Bud
Sally 123 Maple Miller

* Noticethedifference: Favorit e ISmany-one;
Li kes IS many-many.
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Weak Entity Sets, Relationships —
Relations

* Rdation for aweak E.S. must include its full
key (i.e., attributes of related entity sets) as well

as Its own attributes.
* A supporting (double-diamond) relationship

yields arelation that Is actually redundant and
should be deleted from the database schema.
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Example

Host s( host Nane)
Logi ns(|l ogi nNane, host Nane)

At (1. ogi nName, host Nane, host Nanme2)

* InAt, host Nane and host Nane2 must be the
same host, so delete one of them.

* Then, Logi ns and At become the same relation;
delete one of them.

* Inthiscase, Host s’ schemaisasubset of Logi ns’
schema. Delete Host s?
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Subclasses . Relations

Three approaches:

1. Object-oriented: each entity isin one class. Create arelation for
each class, with all the attributes for that class.

0 Don't forget inherited attributes.

2. E/R style: an entity isin anetwork of classes related by isa.
Create onerelation for each E.S.

0 An entity isrepresented in the relation for each subclass to
which it belongs.

0 Relation has only the attributes attached to that E.S. + key.

3. Use nulls. Create one relation for the root class or root E.S.,
with all attributes found anywhere in its network of subclasses.

0 Put NULL in attributes not relevant to a given entity.
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Example

Winter 2002 Arthur Keller — CS 180 3-16



Functional Dependencies

X — A = assertion about arelation R that
whenever two tuples agree on all the
attributes of X, then they must also agree on
attribute A.
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Example
Dri nkers(nane, addr, beersLiked,
manf, favoriteBeer)

* Reasonable FD's to assert:
1.nane — addr

2.nane — favoriteBeer
3. beersLi ked - manf
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* Shorthand: combine FD's with common left
side by concatenating their right sides.

* Sometimes, several attributes jointly
determine another attribute, although
nelither does by itself. Example:

beer bar - price
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Keys of Relations

Kisakeyfor relation Rif:

1. K — dl attributes of R. (Uniqueness)
2. For no proper subset of K is (1) true. (Minimality)
* |f Katleast satisfies (1), then K is asuperkey.

Conventions

* Pick one key; underline key attributesin the
relation schema.

* X, €lc., represent sets of attributes; A etc.,
represent single attributes.

* Nosetformersin FD’s, e.g., ABC instead of
{A B, C}.
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Example

Dri nker s(nane, addr, beerslLi ked, manf,

favoriteBeer)
* {nane, beersLi ked} FD’sall attributes, as seen.

0 shows{name, beersLi ked} isasuperkey.
* nanme — beersLi ked isfalse, so nane not asuperkey.
beersLi ked — nane asofalse sobeersLi ked nota
superkey.
* Thus, {nane, beersLi ked} isakey.

* No other keysinthis example.

0 Neither nane nor beer sLi ked ison theright of any observed
FD, so they must be part of any superkey.
* Important point: “key” in arelation refersto tuples, not the
entities they represent. If an entity is represented by several
tuples, then entity-key will not be the same as relation-key.
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Example 2

Lasthname Firstname Student ID Major
- / \ J
e Y
Key Key
(2 attributes) - ~N o
Superkey

Note: There are alternate keys

* Keysare{Lastname, Firstname} and
{St udent | D}
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Who Determines Keys/FD’ s?

* Wecould assert akey K.

U Thenthe only FD’s asserted arethat K — A for every attribute A.

O No surprise: K isthen the only key for those FD’ s, according to
the formal definition of “key.”

* Or, we could assert some FD’ s and deduce one or more
keys by the formal definition.

0 E/R diagram implies FD’ s by key declarations and many-one
relationship declarations.

* Rule of thumb: FD’s either come from keyness, many-1
relationship, or from physics.

0 E.g., “no two courses can meet in the same room at the same time”
yildsroomti ne - course.
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Functional Dependencies (FD’s)
and Many-One Relationsnips

* Consider R(AL,..., An) and Xisakey
then X - Y for any attributes Y in Al,..., An
even if they overlap with X. Why?
* Suppose Risused to represent amany - one relationship:
El entity set . E2 entity set
where X key for E1, Y key for E2,

Then, X - Y holds,
AndY - X doesnot hold unless the relationship is one-one.

* What about many-many relationships?
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Inferring FD'’ s

And thisis important because ...

* When we talk about improving relational designs, we often
need to ask “doesthis FD hold in thisrelation?’

Given FD's X1 Al, X2 - A2,...,Xn - An,doesFD Y - B
necessarily hold in the same relation?

e Start by assuming two tuplesagreein Y. Use given FD’sto
infer other attributes on which they must agree. If Bis
among them, then yes, else no.
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Algorithm

Define Y+ = closure of Y = set of attributes
functionally determined by Y-

e Basis: Y =Y.

* Induction: If X Y*, and X - Alisagiven
FD, then add A to Y*.

* End when Y* cannot be changed.
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Example

A - B,BC - D.

+ A" =AB.

+ C=C.

» (AC)* = ABCD.
B
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Given Versus Implied FD'’ s

Typicaly, we state afew FD’ s that are known
to hold for arelation R.

* Other FD’s may follow logically from the
given FD’s; these are implied FD’s.
* \We are free to choose any basis for the

FD’sof R—aset of FD'sthat imply all the
FD’sthat hold for R.
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Finding All Implied FD’s

Motivation: Suppose we have arelation
ABCD with some FD’s F. If we decideto
decompose ABCD into ABC and AD, what
arethe FD’sfor ABC, AD?

* Examplee F=AB - C,C - D,D - Al lt
looks like just AB —» C holdsin ABC, but Iin

fact C — Afollowsfrom F and appliesto
relation ABC.

* Problem is exponential in worst case.
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Algorithm

For each set of attributes X compute X.
0 But skip X =1, X=adll attributes.

0 Add X - Aforeach Ain X*=X.

Drop XY - Aif X -~ Aholds.

[0 Consequence: If X+ isall attributes, then there is no point
INn computing closure of supersets of X.

Finally, project the FD’ s by selecting only those

FD’sthat involve only the attributes of the

projection.

0 Notice that after we project the discovered FD’ s onto

some relation, the eliminated FD’ s can be inferred in the
projected relation.
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Example

F=AB - C,C - D,D - A What FD’sfollow?

* A*=A; B=B (nothing).

e C'=ACD (addC - A).

* D*=AD (nothing new).

* (AB)*=ABCD (add AB - D; skip all supersets of AB).
* (BC)*=ABCD (nothing new; skip all supersets of BC).
* (BD)*=ABCD (add BD - C; skip all supersets of BD).
* (AC)*=ACD; (AD)*=AD; (CD)*=ACD (nothing new).

* (ACD)™=ACD (nothing new).

* All other sets contain AB, BC, or BD, so skip.

* Thus, the only interesting FD’ s that follow from F are:
C-AAB-D,BD - C.
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Example 2

e Setof FD'sin ABCGHI:

A-B
A-C
CG - H
CG - |
B - H

* Compute (CG)*, (BG)*, (AG)*

Winter 2002 Arthur Keller — CS 180 3-32



Example 3

In ABCwith FD'’sA - B, B - C, project onto AC.

L T oA

A= ABC; yieldsA - B, A - C.

B*=BC, yieldsB - C.

AB* = ABC; yields AB - C; drop infavor of A — C.
AC*= ABCyieldsAC - B; dropinfavor of A - B.
C* = C and BC* = BC; adds nothing.

ResultingFD’'s. A - B,A - C,B - C.

Projection onto AC: A - C.
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