Relations - review

A binary relation on A is a subset of AxA
(set of ordered pairs of elements from A)

a b ¢ d e

° Examp|e: a 1 1 0 0 0
A ={a,b,c,d,e} b g (1) L 00
c O 0 1

R={(a,a)(ab)bb)be), | |
(Cle)l(dla)l(dlc)l(elb)} e 0 1 0 0 0

A binary relation between A and B is a subset of AxB
(a set of pairs (a,b) where acA and beB)



Types of relations

* reflexive (a,a)eR for all acA
* symmetricif (a,b)eR, then (b,a)eR
 transitive if (a,b)eR and (b,c)eR, then (a,c)eR

reflexive §&
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Types of relations

 reflexive (a,a)eR for all aeA

* symmetricif (a,b)eR, then (b,a)eR
 transitive if (a,b)eR and (b,c)eR, then (a,c)eR
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Types of relations

* reflexive (a,a)eR for all acA
* symmetricif (a,b)eR, then (b,a)eR
 transitive if (a,b)eR and (b,c)eR, then (a,c)eR

a b ¢ e
a |1 @ ﬁ? 0 reflexive §&
b 11 1 (D )% symmetric@
c|o (e o
i | @—o—1© o transitive 3@
el0 1 1 0 o




Question #1

Number of relations on a set of n elements ?

symmetric a b ¢ d

reflexive

symmetric and reflexive
symmetric and not reflexive
irreflexive

asymmetric

n Q o T Q
J

irreflexive (a,a)¢R for all acA
asymmetric if (a,b)eR, then (b,a)¢R
antisymmetric if (a,b)eR and (b,a)eR, then a=b



Question #2

 equivalence relation = reflexive symmetric transitive
“equivalence” of objects e.g., “X has the same age as Y”

e partial order = reflexive transitive
“order” of objects e.g., “X is a subset of Y”

e strict partial order = ireflexive asymmetric transitive
“strict order” of objects e.g., “X is older than Y”

* total (linear) order = p.o. + every pair comparable:
(a,b)eR or (b,a)eR for all a,bcA
e.g., “Xis a subset of Y” is a partial but not a total order



Question #2

equivalence relation = reflexive symmetric transitive
partial order = reflexive transitive
strict partial order = ireflexive asymmetric transitive

total (linear) order = p.o. + every pair comparable:
(a,b)eR or (b,a)eR for all a,beA

If R and S are relations on the same set A:

— isRNSalsoa relation ?

— isRuU Salsoa relation ?

— isPcRalsoa relation ?

— isP>Ralsoa relation ?

reflexive equivalence relation partial order

symmetric ireflexive strict partial order total order



Question #3

e prove Multinomial Theorem
— by induction on k — by induction on n
— using Binomial Theorem

* simplify

(1) > (")
2) > (k)
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