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Relational model

* history
* concepts

Overview

e Formal query languages
— relational algebra
—rel. tuple calculus
— rel. domain calculus
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before: records, pointers, sets etc
introduced by E.F. Codd in 1970
* revolutionary!
« first systems: 1977-8 (System R; Ingres)
e Turing award in 1981

Concepts

» Database: a set of relations (= tables)

e rows: tuples

« columns: attributes (or keys)
« superkey, candidate key, primary key
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Example
Database:
STUDENT ssN |
Ssn Name Address 12315-413 A
123 smith main str 234 15-413 B
234 jones forbes ave

Example: cont’d

k-th attribute
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Database:
(Dk domain)
STUDENT .
Ssn Name Address rel. schema (attr+domains)
123 smith main str | < tuple
234 jones forbes ave
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Example: cont’d Example: cont’d

Di: thedomain of the I-th attribute (eg., char(10)

*Formally: an instanceisa subset of (D1 x D2 x ...x Dn)

STUDENT . STUDENT .
Ssn Name  Address rel. schema (attr +domains) Ssn Name _ Address rel. schema (attr+domains)
123 smith main str ) 123 smith main str )
234 jones forbes ave I instance 234 jones forbes ave I instance

Example: cont’d Overview

« superkey (eg., ‘ssn, name'): determines * history

record « concepts
+ cand. key (eg., "ssn’, or “st#'): minimal « Formal query languages

superkey — relational algebra
e primary key: one of the cand. keys —rel. tuple calculus

— rel. domain calculus
Formal query languages Relational operators

» How do we collect information? ..
* Eg., find ssn’'s of peoplein 415 ..
* (recal: everything is a set!) ..
» One solution: Rel. algebra, ie., set operators * set union U
¢ Q1: Which ones?? * set difference ‘-’
e Q2: what isaminimal set of operators?
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Example: Observations:

* two tables are ‘union compatible’ if they
have the same attributes (‘ domains')

¢ Q: how about intersection N

e Q: find all students (part or full time)
e A: PT-STUDENT union FT-STUDENT

FT-STUDENT PT-STUDENT
Ssn Name Ssn Name Address
129 peters  main str 123 smith main str
239 |lee 5th ave 234 jones forbes ave
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Observations: Relational operators
* A: redundant: ..
* STUDENT intersection STAFF = ..
STUDENT - (STUDENT - STAFF) ..
e set union u
STUDENT @) STAFF « set difference ‘-’
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Other operators? Other operators?

« gg, find al students on ‘Main street’
o A:‘selection’

aaddrﬁ'n‘ainstr' (SI—UDENT)
STUDENT
Ssn Name Address

123 smith main str
234 jones forbes ave
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 Notice: selection (and rest of operators)
expect tables, and produce tables (-> can be
cascaded!!)

* For selection, in general:

o (RELATION)

condition

CarnegieMellon 15-415 - C. Faloutsos 18
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Selection - examples
 Find al * Smiths on ‘Forbes Ave'

o (STUDENT)

name="'Smith' (] address="Forbes ave'

‘condition’ can be any boolean combination of ‘=",
D T
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Relational operators

¢ weCtlon condition (R)

e set union RuS

* set difference R-S
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Relational operators

« selection picks rows - how about columns?
* A:‘projection’ -eg.: 71 (STUDENT)

finds al the ‘ssn’ - removing duplicates

STUDENT

Ssn Name Address
123[smith main str
234|jones forbes ave
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Relational operators

Cascading: ‘find ssn of students on ‘forbes

ave

nsn (Uaddrw'forbsave' (SI—U DENT ))
STUDENT
Ssn Name Address

[ 123[smith main str_|
234|jones forbes ave
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Relational operators

‘ %I a:tl on acondilion ( R)

* pro] a:tlon natt—list (R)

* set union RuS

* set difference R-S
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Relational operators

Are we done yet?
Q: Give aquery we can not answer yet!
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Relational operators

A: any query across two or more tables,
eg., ‘find names of studentsin 15-415
Q: what extra operator do we need??
A: surprisingly, cartesian product is enough!

Cartesian product

* €g., dog-breeding: MALE x FEMALE
« givesall possible couples

MALE FEMALE M.name F.name
jname  ylname = = [spike lassie
spike X lassie spike shiba
spot ~—{shiba spot lassie

spot shiba
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TAKES
ST DEMT ssn|
Ssn Name Address 123 15-413 A
123 smith main str 234 15.413 B
234 jones forbes ave
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so what?
 Eg., how do we find names of students taking
4157
TAKES
S DENT Ssn |
Ssn Name Address 123 15-413 A
123 smith main str 234 15-413 B
234 jones forbes ave

CarnegieMellon
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Cartesian product

o A"
AL O e e o (STUDENT X TAKES)
Ssn  Name Address |ssn [cid grade
123 smith main str 123/15-413 A
234 joes—furbesave 123154134
123 SIII;lh lllﬂill ST 234 15'413 B
234 jones forbes ave | 234 15-413 B

CarnegieMellon
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Cartesian product

-0 oid:157415(0-(STUDENT.S\:TAKES.SS\ (STUDENT XTAKES)))

Ssn Name Address |ssn [cid grade

120 k. H i 122 10 4190 A
F23-SHRHR—RaH-SH +23-45-433A

O jUIICb fUI IUCb avt IZS5 IO HISHA
1549 N ot 294 ac a1a o
F23-smith—mai st 34154138
224 0 £ b 224 10 412 D
234fonres—orbes-ay 234454338
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nnane(
g cid:15—415(0(SrUDENT.m:TAKES.m (SFUDENT XTAKES)))
Ssn |Name |Address |ssn [cid grade
122 . H 3 122 10 412 A
FAITSFRHR—RaH-SH +23-45-433A
OH] jUIICb fUI IUCb avt IZS5 IO HIS A
100 N ot 294 ac a1a o
F23rsmith—mai st 34154138
2241 £ 1= 224 10 412 D
234HoRres—forbes—ay 234454338
CarnegieMellon 15-415 - C. Faloutsos 30
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Relational ops

« Surprisingly, they are enough, to help us
answer almost any query we want!!

« derived operators, for convenience
— set intersection
—join (thetajoin, equi-join, natural join) <]
— ‘rename’ operator Pe(R)
—divison R+S
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FUNDAMENTAL
Relational operators
* %I eCtI on condition ( R)
* projection N ()
« cartesian product MALE x FEMALE
e set union RuS
« set difference R-S
Joins

e Equijoin; RD<t Ra=Sb S = UR.a:S.b(Rx S)
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Cartesian product

oo i et o (STUDENT X TAKES)

Ssn  Name Address |ssn [cid grade

123 smith main str 123 15-413 A
234 jores —forbesave 12815413~
o e : oagleraaalc
LTZOSTIaT LLLEZ UL ZOH T 510D

234 jones forbes ave | 234 15-413 B
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Joins

* Equijoin: Rt Ra=Sb S = aR.a:S_b(Rx S)

* theta-joins: RP>, S
generalization of equi-join - any condition &

CarnegieMellon 15-415 - C. Faloutsos 35
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Joins

« very popular: natural join: RpqS

« like equi-join, but it drops duplicate
columns:

STUDENT(ssn, name, address)
TAKES(ssn, cid, grade)

CarnegieMellon 15-415 - C. Faloutsos 36
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Joins

« nat. join has5 attributes STUDENT P<ITAKES

>

Ssn Name Address |ssn cid grade
123 smith _main str 123 15-413 A
234 jones forbes ave | 123 15-413 A
123 smith _main str 234 15-413 B
234 jones forbes ave | 234 15-413 B

equi-join: 6  STUDENT P TAKES

STUDENT .ssn=TAKES.ssn
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Natural Joins - nit-picking

« if no attributes in common between R, S:
* nat. join -> cartesian product:

CarnegieMellon 15-415 - C. Faloutsos
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Overview - rel. algebra

« fundamental operators
« derived operators
—joinsetc
— rename
—division
e examples

CarnegieMellon 15-415 - C. Faloutsos 39

rename op.

* Q:why?  p __ (BEFORE)
 A: shorthand; self-jains; ...

« for example, find the grand-parents of
‘Tom’, given PC(parent-id, child-id)

CarnegieMellon 15-415 - C. Faloutsos
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rename op.

« PC(parent-id, child-id) ~ PCD<|PC

PC PC

p-id c-id p-id c-id

Mary Tom Mary im

Peter Mary — Peter 5ry

John Tom John  (Tom)
CarnegieMellon 15-415 - C. Faloutsos 41
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rename op.

« first, WRONG attempt:

P
¢ (why? how many columns?)

» Second WRONG attempt:
PC .c-id=PCp—+ PC

CarnegieMellon 15-415 - C. Faloutsos
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rename op. Overview - rel. algebra
» we clearly need two different names for the « fundamental operators
same table - hence, the ‘rename’ op. « derived operators
—joinsetc
— rename
pPCl(PC)NPCLc—id:PC.p—id PC —division
e examples
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Division Division
» Rarely used, but powerful. SHIPMENT
» Example: find suspicious suppliers, ie., ﬁ—%— ABOMB BAD_S
suppliers that supplied all the partsin 52 ppl = [@j‘: = s
A_BOMB s1 p2 b ot
- s3 pl
s5 p3
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Division Division
» Observations. ~reverse of cartesian product e Answer:
* It can be derived from the 5 fundamental
operators (1) [ +S=T7lgs (- n(R—S)[(n(R—S) (r)yxs)-r]
* How?
CarnegieMellon 15-415 - C. Faloutsos 47 CarnegieMellon 15-415 - C. Faloutsos
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Overview - rel. algebra Sample schema
find names of students that take 15-415
« fundamental operators STUDENT CLASS
 derived operators Ssn Name Address \w c-name units |
o 123 smith main str 15-413 s.e. 2
—joinsetc 234 jones forbes ave| 15-412 o.s. 2
— rename
—division TAKES
[SSN  [c-id  [grade]
* examples 12315-413 A
234/15-413 B
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Examples Sample schema
find course names of ‘smith’
« find names of students that take 15-415 STUDENT CLASS
Ssn Name Address [csid  c-name lunits |
123 smith main str 15-413 s.e. 2
234 jones forbes ave 15-412 o.s. 2
7, [0, isus (STUDENT <t TAKES)]
. < > TAKES
- g 123 15-413 A
234/15-413 B
CarnegieMellon 15-415 - C. Faloutsos 51 CarnegieMellon 15-415 - C. Faloutsos 52
Examples Examples

« find course names of ‘smith’

« find ssn of ‘overworked’ students, ie., that

take 412, 413, 415
7

C*FIE\ITE[

g

name="smith’ (

STUDENTDXt TAKES<t CLASS
)] < ”

CarnegieMellon 15-415 - C. Faloutsos
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Examples

« find ssn of ‘overworked’ students, ie., that
take 412, 413, 415: almost correct answer:

CarnegieMellon 15-415 - C. Faloutsos
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Examples

« find ssn of ‘overworked’ students, ie., that
take 412, 413, 415 - Correct answer:

T, [0 c-name=412 (I-AK ES)] ﬂ
T [ F s (TAK ES)]

Examples

« find ssn of students that work at least as
hard as ssn=123 (ie., they take al the
courses of ssn=123, and maybe more

CarnegieMellon 15-415 - C. Faloutsos
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Examples
« find ssn of students that work at least as
hard as ssn=123 (ie,, they take all the
courses of ssn=123, and maybe more

[nm,cfid (TAKES)] - ncfid [a$n:123 (TAKES)]

CarnegieMellon 15-415 - C. Faloutsos
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Tlenl Foraremais (TAKES)]
CarnegieMellon 15-415 - C. Faloutsos 56
Sample schema
STUDENT CLASS
Ssn Name Address [csid  c-name lunits |
123 smith main str 15-413 s.e. 2
234 jones forbes ave 15-412 o.s. 2
TAKES
[sSN_Jcid [grade]
123 15-413 A
234/15-413 B
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Conclusions

« Relational model: only tables (‘relations’)

« relational algebra: powerful, minimal: 5
operators can handle almost any query!

* most non-trivial op.: join
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