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Understanding relations on sets is a fundamental concept in mathematics,
particularly in the field of set theory and discrete mathematics. Relations
are used to describe how elements within a set relate to each other based on
specific rules or properties. In this article, we will explore how to find a
non-empty relation on the set A = {10, 20, 30} that satisfies particular
conditions. We will thoroughly analyze the properties such a relation must
have, methods to construct it, and its significance in mathematical
reasoning.

Introduction to Relations on Sets

Before delving into the specific problem, it is important to understand what
relations are and the various properties they can possess.

What Is a Relation?

A relation R on a set A is a subset of the Cartesian product A × A. In
simpler terms, R consists of ordered pairs where both elements are from A.
For example, if A = {10, 20, 30}, then A × A is:

- (10, 10), (10, 20), (10, 30)
- (20, 10), (20, 20), (20, 30)
- (30, 10), (30, 20), (30, 30)

A relation R on A is any collection of some of these pairs.

Types of Relations and Their Properties

Relations can possess various properties, including:

- Reflexivity: Every element relates to itself. For all a in A, (a, a) ∈ R.
- Symmetry: If a relates to b, then b relates to a. If (a, b) ∈ R, then (b,
a) ∈ R.
- Transitivity: If a relates to b, and b relates to c, then a relates to c.
If (a, b), (b, c) ∈ R, then (a, c) ∈ R.
- Anti-symmetry: If a relates to b and b relates to a, then a = b.

Understanding these properties helps in constructing relations that meet
specific conditions.

The Problem: Constructing a Non-Empty Relation on Set A

Given the set:

A = {10, 20, 30}

The task is to find one non-empty relation R on A such that it satisfies the
specified conditions. Although the conditions are not explicitly listed in
the initial prompt, typical conditions could include properties like



reflexivity, symmetry, transitivity, or anti-symmetry.

For the purpose of this discussion, let's assume the following common
conditions that are often part of such problems:

1. The relation R is reflexive.
2. The relation R is symmetric.
3. The relation R is non-empty.
4. The relation R is not necessarily transitive, unless specified.

Our goal is to construct a relation R on A that is non-empty and satisfies
the above conditions.

Step-by-Step Construction of the Relation

Step 1: Ensure Non-emptiness

The relation R must contain at least one ordered pair. The simplest way is to
include the pairs where elements relate to themselves, i.e., the diagonal
pairs:

- (10, 10)
- (20, 20)
- (30, 30)

Including these pairs guarantees reflexivity.

Step 2: Satisfy Reflexivity

For R to be reflexive on A, it must include all pairs of the form (a, a):

- (10, 10)
- (20, 20)
- (30, 30)

Step 3: Satisfy Symmetry

To make R symmetric, for every pair (a, b) in R, the pair (b, a) must also be
in R.

- If we include (10, 20), we must also include (20, 10).
- If we include (10, 30), we must also include (30, 10).
- If we include (20, 30), we must also include (30, 20).

Step 4: Constructing an Example Relation

Based on the above, one simple example of such a relation could be:

R = {

- (10, 10), (20, 20), (30, 30) // reflexivity
- (10, 20), (20, 10) // symmetric pair
- (20, 30), (30, 20) // symmetric pair

}

This relation is non-empty, reflexive, and symmetric.

Analyzing the Properties of the Constructed Relation



Let's verify whether the relation R meets the assumed conditions.

Is R Non-Empty?

Yes, it contains multiple pairs.

Is R Reflexive?

Yes, since all diagonal pairs are included.

Is R Symmetric?

Yes, for each pair (a, b), the pair (b, a) is included.

Is R Transitive?

Not necessarily. For transitivity, if (a, b) and (b, c) are in R, then (a, c)
must be in R. Let's check:

- (10, 20) and (20, 30) are in R, but (10, 30) is not in R. So, R is not
transitive.

If transitivity is a required condition, additional pairs would need to be
added.

Variations and Additional Conditions

Depending on the specific conditions, the relation can be modified.

1. Transitive Relation

To make R transitive, include all pairs needed to satisfy the transitive
property. For example, add (10, 30).

The relation becomes:

R = {

- (10, 10), (20, 20), (30, 30),
- (10, 20), (20, 10),
- (20, 30), (30, 20),
- (10, 30), (30, 10)

}

Now, R is reflexive, symmetric, and transitive.

2. Anti-symmetric Relation

If the relation must be anti-symmetric, then for pairs (a, b) and (b, a),
with a ≠ b, both cannot be in the relation simultaneously.

In our previous example, including both (10, 20) and (20, 10) violates anti-
symmetry unless a = b. To construct an anti-symmetric relation, include pairs
only in one direction:

R = {

- (10, 10), (20, 20), (30, 30),



- (10, 20),
- (20, 30)

}

This relation is:

- Non-empty,
- Reflexive,
- Not symmetric (since (20, 10) and (30, 20) are absent),
- Possibly transitive if we add (10, 30).

Adding (10, 30) makes it transitive without violating anti-symmetry.

Relevance and Applications of Relations

Relations are fundamental in various fields such as computer science, logic,
and mathematics. They model relationships like:

- Equality and inequality
- Parent-child relationships
- Precedence relations
- Equivalence relations
- Orders (partial or total)

Constructing specific relations with desired properties helps in designing
databases, understanding hierarchies, and formal logic systems.

Summary and Key Takeaways

- A relation on a set is a subset of the Cartesian product.
- To construct a relation that satisfies specific properties, start with the
minimal set satisfying those properties.
- For the set A = {10, 20, 30}, relations can be constructed to be reflexive,
symmetric, transitive, or anti-symmetric depending on the conditions.
- Relations are crucial in modeling real-world relationships and in
theoretical computer science.

Conclusion

In conclusion, finding a non-empty relation on the set A = {10, 20, 30} that
meets particular conditions involves understanding the properties of
relations and methodically including pairs to satisfy these properties.
Whether the goal is to create a reflexive, symmetric, transitive, or anti-
symmetric relation, the process involves carefully selecting pairs and
verifying properties at each step. Mastery of relations enhances
comprehension of fundamental mathematical concepts and their applications
across disciplines.

---
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Frequently Asked Questions

What is a relation on a set, and how do we verify if
it meets specific conditions?

A relation on a set is a subset of the Cartesian product of the set with
itself. To verify if it meets specific conditions, we check if the relation
satisfies properties like reflexivity, symmetry, transitivity, etc., based on
the given criteria.

Given the set A = {10, 20, 30}, how can we define a
non-empty relation that satisfies a particular
condition, such as reflexivity?

To define a non-empty relation that is reflexive, include all pairs where
each element relates to itself, e.g., R = {(10,10), (20,20), (30,30)}. You
can add additional pairs as long as the relation remains non-empty and meets
the condition.

What are some common conditions that relations on set
A might need to satisfy?

Common conditions include reflexivity (each element relates to itself),
symmetry (if a relates to b, then b relates to a), transitivity (if a relates
to b and b relates to c, then a relates to c), and antisymmetry (if a relates
to b and b relates to a, then a = b).

Can you provide an example of a non-empty relation on
set A = {10, 20, 30} that is neither symmetric nor
transitive?

Yes, for example, R = {(10,20), (20,30)} is non-empty and not symmetric
(since (20,10) is missing) nor transitive (since (10,30) is missing),
satisfying the conditions.

How do you ensure that a relation on set A satisfies
multiple conditions simultaneously?

To ensure multiple conditions, define the relation carefully by including
pairs that satisfy all the properties. For example, for reflexivity and
symmetry, include all pairs (a,a) and (a,b) with their counterparts (b,a).
Check each condition after defining the relation to confirm compliance.

Additional Resources
Let A {10, 20, 30}. Find One Non-empty Relation On Set A Such That All The
Given Conditions Are Met And

---

Introduction: Setting the Stage for Relations on Sets



In the realm of mathematics, especially in set theory and discrete
mathematics, the concept of relations plays a pivotal role in understanding
how elements within a set interact with each other. When working with a
finite set such as A = {10, 20, 30}, exploring the various relations that can
be defined on this set not only deepens our understanding of the structure
but also lays foundational knowledge for more advanced topics like functions,
equivalence relations, and orderings.

The task at hand involves identifying a single, non-empty relation on the set
A that satisfies specific conditions. While the problem statement mentions
"all the given conditions," it is typical in such contexts that these
conditions pertain to properties like reflexivity, symmetry, transitivity,
antisymmetry, or other relational attributes. Understanding these properties
is crucial because they determine the nature and behavior of the relation.

In this article, we will delve into the process of constructing such a
relation, explore the properties it must satisfy, and demonstrate how to
verify that the relation meets all the stipulated conditions. This
comprehensive exploration aims to serve both as an educational guide and a
practical example of working with relations on finite sets.

---

Understanding Relations: Fundamental Concepts

Before diving into the specifics, it is essential to grasp what a relation on
a set entails.

- Definition of a Relation:
A relation R on a set A is a subset of the Cartesian product A × A. That is,
it consists of ordered pairs (a, b) where both a and b are elements of A, and
the pair indicates a relationship between a and b.

- Non-empty Relation:
For a relation to be non-empty, it must contain at least one ordered pair.

- Properties of Relations:
Relations can exhibit various properties, which are often used to
characterize or classify them:

- Reflexive: Every element relates to itself; for all a in A, (a, a) ∈ R.
- Symmetric: If (a, b) ∈ R, then (b, a) ∈ R.
- Transitive: If (a, b) ∈ R and (b, c) ∈ R, then (a, c) ∈ R.
- Antisymmetric: If (a, b) ∈ R and (b, a) ∈ R, then a = b.

Understanding these properties allows us to craft relations that fit specific
criteria, which is vital for this problem.

---

Step 1: Clarifying the Conditions

In typical problems of this nature, the "given conditions" often include some
or all of the following:

- The relation should be reflexive (each element relates to itself).
- The relation should be symmetric.
- The relation should be transitive.
- The relation should be antisymmetric.



- The relation may be required to be equivalence relation (reflexive,
symmetric, transitive).
- Or perhaps it must satisfy certain combinations of these properties.

Since the problem statement does not specify the exact conditions, we'll
proceed by assuming common constraints that such problems often involve:

1. The relation must be non-empty.
2. The relation should be reflexive (a common requirement).
3. The relation should be symmetric (another frequent condition).
4. The relation should be transitive (to form an equivalence relation).

Given these, our goal is to construct a relation R on A = {10, 20, 30} such
that all these properties are satisfied simultaneously.

---

Step 2: Conceptualizing the Relation

To satisfy all three properties—reflexive, symmetric, and transitive—we aim
to form an equivalence relation. An equivalence relation partitions a set
into equivalence classes where each element in a class is related to every
other element in that class, and no relation exists between different
classes.

Key insight:

- Equivalence relations are characterized by their property that they are
reflexive, symmetric, and transitive.
- Every equivalence relation corresponds to a partition of the set into
disjoint subsets called equivalence classes.

Thus, constructing such a relation involves choosing an appropriate partition
of the set A.

---

Step 3: Constructing the Relation

Given the above, let's proceed step-by-step:

Step 3.1: Choose an equivalence class partition

For set A = {10, 20, 30}, possible partitions include:

- All elements in a single class: {10, 20, 30}
- Each element in its own class: {10}, {20}, {30}
- Two elements together, one separate: {10, 20}, {30}; {10, 30}, {20}; {20,
30}, {10}

Let's pick a partition to demonstrate the construction:

- Partition: {10, 20} and {30}

Step 3.2: Define the relation based on the partition

- Elements in the same class are related.
- Elements in different classes are not related.



Therefore, the relation R includes:

- All pairs where both elements are in {10, 20}:
- (10, 10), (20, 20), (10, 20), (20, 10)
- All pairs where both elements are in {30}:
- (30, 30)
- No pairs between elements of different classes:
- (10, 30), (30, 10), (20, 30), (30, 20) are not included.

Step 3.3: Write the relation explicitly

R = { (10, 10), (20, 20), (10, 20), (20, 10), (30, 30) }

---

Step 4: Verifying the Conditions

Now, let's verify whether the constructed relation R meets the typical
conditions:

1. Non-empty:
Yes, R contains multiple pairs, so it is non-empty.

2. Reflexivity:
- For each element in A:
- (10, 10) ∈ R
- (20, 20) ∈ R
- (30, 30) ∈ R
All elements relate to themselves, so R is reflexive.

3. Symmetry:
- For each (a, b) ∈ R:
- (10, 20) and (20, 10) are both in R.
- Self-relations like (10, 10), (20, 20), (30, 30) are symmetric by default.
- The relation is symmetric.

4. Transitivity:
- Check all chains:
- (10, 20) and (20, 10) → (10, 10) ∈ R
- (10, 20) and (20, 20) → (10, 20) ∈ R
- (20, 10) and (10, 20) → (20, 20) ∈ R
- (10, 10) and (10, 20) → (10, 20) ∈ R
- Similarly, other pairs within the class satisfy transitivity.
- Between classes, no cross-relations exist, so transitivity holds vacuously.

Conclusion:
The relation R is an equivalence relation (reflexive, symmetric, transitive)
on the set A, satisfying the typical conditions.

---

Step 5: Generalizations and Variations

While the above example demonstrates how to construct a relation satisfying
common properties, other relations can be crafted depending on the specific
conditions:

- Reflexive but not symmetric: For example, R = { (10, 10), (20, 20), (30,
30), (10, 20) }.



- Symmetric but not reflexive: R = { (10, 20), (20, 10) } (not including all
(a, a)), which is non-reflexive.
- Transitive but not symmetric: R = { (10, 10), (10, 20), (20, 20) }.

The key is to understand the properties you want the relation to satisfy and
then carefully select the pairs accordingly.

---

Final Remarks: Practical Implications and Applications

Understanding how to construct relations on finite sets like A = {10, 20, 30}
has broad implications. For instance:

- Equivalence relations underpin classification problems, such as grouping
similar elements.
- Order relations, such as less than or equal relations, help organize data
hierarchically.
- Symmetric relations model mutual relationships like friendship in social
networks.

In educational settings, exercises like these foster critical thinking about
the structure and properties of relations, which are fundamental in computer
science, logic, and mathematics.

---

Conclusion

To sum up, identifying a non-empty relation on the set A = {10, 20, 30} that
meets certain conditions involves understanding the properties you desire—be
it reflexivity, symmetry, transitivity, or combinations thereof. The approach
often involves partitioning the set into equivalence classes, then defining
the relation based on these classes.

In our example, we constructed an equivalence relation by grouping elements
into classes {10,
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