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2.8 PARTITIONS

Let S be any nonempty set . A partition of S is a subdivision of S into nonoverlapping,

nonempty subsets.

Precisely a partition of S is collection {4;} of nonempty subsets of S such that:

(i) Each a in S belongs to one of the 4;

(ii) The sets of {4;}are mutually disjoint ; thatis, if A; # A; then A; N A; = @
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The subsets in partition are called cells . Figure 2-6
is Venn diagram of a partitions of the rectangular
set of points into five cells

el i€ oo Bl ahaidl) I

EXAMPLE 2.8 :Consider the following collections of subsets of S={1,2,..,8,9}

() {{1.3,5}1,{2,6},{4,8,9}}
(i){{1,3,5},{2,4,6,8},{5,7,9}}
(iii){{1,3,5),{2,4,6,8}.{7,9}}

Then (i) is not a partitions of S since 7 in S does not belong to any of the subsets.
Furthermore, (ii) is not a partition of S since {1,3,5} and {5,7,9} are not disjoint . on the
other hand, (iii) is a partition of S.

2.9EQUIVALENCE RELATIONS

A relation R on a set S is called an equivalence relation if R is reflexive , symmetrical
and transitive (see section 2.8). the general idea behind an equivalence relation is that
itis a classification of objects which are some way "alike " Example 2.7(b) shows that
equality is itself an equivalence relation. We list other equivalence relations in Example
2.9

(a) consider the set L of lines and the set T of triangles in the Euclidean plane . The
relation " is parallel to or equal to" is an equivalence relation on L. and congruence and
similarity are equivalence relations on T.

(b) the classifications of animals by species, that is, the relation" is of the same species
as " is an equivalence relation on the set of animals.

(c) The relation c of set inclusion is not an equivalence relation. It reflexive and
transitive, but it is not symmetric since ACB does not imply BCA

(d) Let m be a fixed positive integer . Tow integers a and b are said to be congruent
modulo m, written a = b(mod m)
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If m divides a-b . for example , for m=4 we have 11=3(mod 4)since 4 divides 11-3, and
22=6(mod 4) since 4 divides 22-6 . we prove in problem 2.16 that congruence modulo
m is an equivalence relation .

2.10 EQUIVALENCE RELATIONS AND PARTITIONS

Let R be an equivalence relation in a set A and , for each a € A4, let[a], called the
equivalence class of A, be the set of elements to which a is related :

la] = {x : (a,x) € R}

The collection of equivalence classes of A, denoted by A/R, is called the quotient of A
by R: A/R={[a] : a€ A}

The fundamental property of a quotient set is contained in the following theorem .

2.11PARTIAL ORDERING RELATIONS

We Define another important class of relations. A relation R on a set S is called partial
ordering on S if R is reflexive , anti-symmetric and transitive .

We shall study partial orderings in more detail in Chapter 10, so here we will simply
give some examples .

EXAMPLE2.11

(a) therelation c of setinclusion is a partial ordering on any collection of sets
since setinclusion has the three desired properties . thatis, (i)Ac A4, (ii)if
Ac Band B c Athen A =B ,and (iii)if Ac Band B c C then A c C.

(b) The relation < on the real numbers R is Reflexive , anti-symmetric and
transitive . Thus < is a partial ordering.

2.12 N-ARY RELATIONS

So far we have only discussed binary relations . An n-ary relation is a set of ordered
n-tuples. If S is a set, a subset of S™ is calld an n-ary relation on S . In particular ,a
subset of S3 is called a ternary relation on S
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