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Questions about data stored in
relational databases can be Josed
precisely using the language of relations .

SQL (structured query language)

Bet The product of two sets

A
, B is

AxB = <(a , b) : a + A - b + B3
M

lists/tuples /arrays - order matters



-

IRXR = 2d plane , Cartesian plane
Ered , blue3 x [1 , 2 ,33= [Cred , 1) , Cred , 2) ,
Cred , 3) , (blue , 1) , (blue , 2) , <blue , 3))

&
what is lAXBI ? 1A1

, IBI

/Al IB 1RXR = IR2
RXRXR = IR3

Det A relation R on Sets A , B is

a subset RCAXB .

We write (x
,y)ER as xRy

(x
,y) AR as x Ry

examples
⑪ R , "is (blood) related to "is a binary

relation on people .

let P be the set of all people
"is blood related to "is

E(x , y) : x = P yzP x is related
to 33



/Serena Williams
,
Venus Williams) ER ,

/Lucy Williams , Serena Williams) #R ,

② < on A = 21 , 2 , 3 , 43
> = E (1 , 2) ,

(1 , 3)
, (1 , 4) , (2 , 3) , (2 ,4) ,

(3 ,4)3
1 but 342

③ Let f : At B be a function

((a , f(a)) :

at A3 < A x B
/

50 it is

↑
a relation

& Is the converse true
?
Let R

iin i
Pre

=> f : At B st . f(x) = y
is a function



⑭ Let A = months
,
B number of days

Relation : month
,
its #days

2 /Jan , 31) , /Feb , 28) , /Feb , 29) ,
(Mar

, 31) ... 3
Jan 31
Feb 28 Jan - 31

-Feb 29 Teb
=29Mar 31 mar

i : :
·

⑤ A = 31 ,
2

,
3

,
4
, 53 I

(1 , 17 (R2 R28↳ e(2 , 4) = R2

(3 ,27 4 R2 ⑧]&
s

esof relations

Let R = AXA , So R is a relation of
R :

a -ac
↳> as



R is xive if FacA : a Ra

all nodes have self-loops

R is eexive if FatA : aRa
no nodes have self-loops

R is mmmetric if

Fa , 9 ztA : a , Raz
= az Ra

,

-aiasayal
I -

unenever we have a forward edge , we
have the backward edge . Sla

,
b)
,
(b
,
c)
,
(c,a

R is Asymmetric if

Xa
,
azEA : (a , Raz ~azRa , ) = a

,

=

a2

a b- ca

an A
, -az
5

never have backwards edges , but self-loopsokay .



& is tive if
I #

Va 1 b, A : (aRb1 bR) = (aRc)- -

aiRaz1acRa ,
a,Ra ,

a+ b-c shortcut edges always
- exist

-Q IS a
,
az transitive

?
a fac

- i

Let a
=

al alt
-

b =

az ·
y

C =

a
,
-

S
① Is a transitive ?

T

[a ,Ra , a,Ra ,) => (a, 1)



tionsreview
(a ,b) R

Let A
, B be sets .

aRb

RCAXB is a binary relation

often , we are concerned with
relations over a single sef

:

RCSXS "R is a relation on S"

properties of relations on single
sets

· reflexive : faCA : aRa
a

· irreflexive : FacA : aDa
· symmetric

: Vai
, aztA : a ,Raz=> acRa ,

a faz
· anti-symmetric

: Fai
, aztA :

S (a ,Raz nazRai) =>a , = aa az
E

· transitive :

Fa ,92 ,a BA
: (a , Raz naz Raz)=7 a , Ras



symmetric
a b anti-symmetric

A = 2a ,b) By
AxA

B < People x People
/Lucy , Butney Spears) -B

Lucy B Britney spears
Lucy B Braeden

> I RXR
23 1 . 5

242



*
no-disproof by counterexample .

&

> relation <on 2 :

· reflexive ?

it2 . 141
· irreflexive ? Yes .

FazZ
: a Ra .

Let a tZ . a/a because no integer is
,less tan itself .

symmetric
disproof by counterexample

:

1 2 but 2 K1 .

· antisymmetric
? Va
, azEA

:

(a , Raz 1qzRai) = a,
=

a)

let a ,, a2 +2 . Assume a , <a2 and as<91 .

Since no a , as satisfy a , ca2 and az Lai,
(a,a21azca ,) = 7 a

+
= 92 iS

vacuously true .



· transitive ?

Fa
, a 2 , 93 A

: (a , Raz 192 Ray) =7 a , Ras

Roof Assume a , 92 , 93 2 and

a , <az and az as . By the
def . of <

, a , <as



Let A binary relation R is an

elencerelation if it is

reflexive , symmetric , and transitive .

ab a-b- c

-

consider A = E-1 , 1 , 2 ,
3
, 43

=13(- 1 ,
- 1) ER , ~ [1] = 313

(1 , -134R , L [2] = 323
-

-1 = j 1
, 133

same =[1] = [3]

parity get [2] = 22 , 43 = [4]levenness
, Y

oddness)-A S [- 1] = [ - 13

and

·

Of [1] = 31 , 33 = [3]
same sign // -same party [23 = 22 , 43 = [4]



Bet For an equivalence relation R

on set A , the ne class of
acA is

[a] is [xGA :

x Ra]

"the equivalence
class of a "

Another relation :

Con P(20 , 13)
P(20 , 13) = 20 , 203 , [13 , 30 , 133

R

S
-> 303-> 1
-> 50 , 13-a3-

vo
AR B if A B

OREOS ?

30
, 13 R [0 , 13 50 , 13 =30 , 13



Ret A binary relation R on Set A is :

- a order if R is

· reflexive
,

· transitive
,

· anti-symmetric

- a Erartialorder if R is

· irreflexive ,

· transitive ,
· anti-symmetric

Let A partial order istoorder if
all pairs of different elements
from A are comparable .

G Va ,be A : (afb) = 7
(aRb v bRa)

A strict eartial order is a totalI
order if all pairs of diff . eltS .

-

are comparable .



subset

y/

N

Nrayo,
e

relation

N Y

Y N N

total order N N N

strict total N
N

order Y

30]* 30
, 13


