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Introduction

Understanding database keys is fundamental to designing efficient and reliable database
schemas. When dealing with a relation R and its associated functional dependencies,
identifying the candidate key(s) ensures data integrity, eliminates redundancy, and
optimizes query performance. In this article, we will analyze the relation R, examine its
functional dependencies, and methodically determine its key. This comprehensive approach
provides clarity for database designers and students alike, emphasizing the importance of
proper key selection in relational databases.

Understanding the Relation R and Its Attributes

Attributes of Relation R

The relation R is defined with the following attributes:
-A

-B

-CR

-DR

While the attribute names may seem a bit unusual due to the notation "C R" and "D R," for
clarity, we will interpret them as:

-A

-B

-CR

-DR

It is important to clarify whether "C R" and "D R" are composite attributes or if they
represent attributes C and D with some relation indicator. For the purpose of this analysis,
we assume that:

- R has four attributes: A, B, C, D

- The notation "C R" and "D R" might be a formatting artifact, and the actual attributes are
A, B, C, D.

If the exact attribute names are different, please adjust accordingly. The key concept
remains the same.



Assumption of Functional Dependencies

To find the key, we need to analyze the given functional dependencies (FDs). Since the
problem statement does not specify the FDs explicitly, we will assume typical dependencies
that might be present in such a relation or derive them based on common database design
principles.

Suppose the functional dependencies are:
-A-B
-B->C
-C-D

Alternatively, if other dependencies are provided, they should be incorporated accordingly.
For this analysis, we will proceed with the above assumptions, which are common in such
contexts.

Understanding Functional Dependencies

What Are Functional Dependencies?

In relational databases, a functional dependency (FD) expresses a relationship where one
set of attributes uniquely determines another. Formally:

- Given a relation R, an FD X = Y indicates that for any two tuples in R, if they agree on all
attributes in X, they must also agree on all attributes in Y.

Implications of the Assumed Functional Dependencies

Based on the assumed FDs:

- A - B: Attribute A determines B.
- B = C: Attribute B determines C.
- C - D: Attribute C determines D.

By chaining these dependencies, we can derive additional dependencies:
-A-B->C-D
- Therefore, A —» D as well, via transitive dependency.

This chain indicates that attribute A has a significant determining power over all other
attributes.

Determining Candidate Keys for Relation R

What Is a Candidate Key?

A candidate key is a minimal set of attributes that uniquely identifies each tuple in the



relation. To find candidate keys:

- The set must functionally determine all other attributes.

- It must be minimal; removing any attribute from the set means it no longer determines all
attributes.

Methodology for Finding the Key

The process involves:
1. Computing the attribute closure for various attribute sets.
2. Identifying the minimal attribute set(s) whose closure includes all attributes.

Let's proceed step-by-step:

Step 1: Compute attribute closure of individual
attributes

- Closure of A: A+

- From A: A - B (given)

-B: B - C (given)

-C: C- D (given)

- Therefore, A+ = {A, B, C, D}
- Closure of B: B+

-B->C

-C-D

-B+ = {B, C, D}

- Closure of C: C+

-C-D

-C+ = {C, D}

- Closure of D: D+

- No dependencies from D alone
-D+ = {D}

Step 2: Determine candidate key(s)

- Since A+ = {A, B, C, D}, Ais a candidate key because its closure includes all attributes.
- B+ = {B, C, D} does not include A, so B alone isn't a key.

- C+ = {C, D} does not include A or B.

- D+ = {D} only.

Thus, A can determine all other attributes, making A a candidate key.

Step 3: Check for minimality

- Is A minimal? Yes, because removing any attribute from A would make it empty, so A is
minimal.

Are there other candidate keys?



- Consider B: B+ = {B, C, D} (not all attributes), so B alone isn't a key.

- Consider combinations like {A, B}: closure of {A, B} is the same as A alone, which is {A,
B, C, D} (since A alone already determines all). Therefore, {A, B} is not minimal because A
alone suffices.

- Similarly, other combinations including A will not be minimal because A alone is sufficient.

Conclusion: The only candidate key identified is A.

Summary of Key Findings

- The attribute A alone determines all other attributes via functional dependencies.
- Therefore, A is the candidate key for relation R.

Implications of the Candidate Key

Understanding that A is the key:

- Ensures data integrity: No two tuples can have the same value for A if they are different
tuples.

- Facilitates normalization: Relations can be organized to minimize redundancy.

- Aids in query optimization: Since A uniquely identifies tuples, queries based on A are
efficient.

Additional Considerations

Multiple Candidate Keys

If other dependencies or attributes are introduced, there might be additional candidate
keys. For example:

- If A is composite, such as {A, B} with some dependencies, the key determination might
differ.

- The presence of other dependencies could lead to alternative keys.

Designing the Relation Based on the Key

Knowing the key influences:

- Index creation: Indexing on A optimizes retrieval.

- Normal forms: Achieving Boyce-Codd Normal Form (BCNF) ensures the relation is free
from redundancy related to dependencies.

Conclusion

In this comprehensive analysis, we've established that the primary key of relation R, given
the assumed functional dependencies, is attribute A. This conclusion is based on calculating



attribute closures and verifying minimality, fundamental steps in database key
determination. Proper identification of keys supports robust database design, ensuring data
integrity and efficiency.

Final Remarks

Always verify your functional dependencies before determining keys, as assumptions can
lead to incorrect conclusions. In real-world scenarios, dependencies are often derived from
the domain knowledge or explicitly provided by the database schema. Regularly performing
closure calculations and minimality checks is essential to accurately identify candidate keys
and design effective relational databases.

Note: If the actual functional dependencies differ from the assumptions made here, please
provide the specific dependencies for a tailored analysis.

Frequently Asked Questions

What is the relation R given in the problem?

The relation R has attributes A, B, C, R, and D, as specified in the problem.

What are the functional dependencies provided for
relation R?

The problem states that there are certain functional dependencies for R, but they are not
explicitly listed in the prompt.

How do functional dependencies help in identifying the
key of relation R?

Functional dependencies indicate which attributes determine others, helping to identify the
minimal set of attributes (key) that can determine all attributes in R.

Given the relation R(A, B, C, R, D), what is the process
to find its key?

To find the key, analyze the functional dependencies to determine the minimal attribute set
that functionally determines all other attributes in R.

Are there any assumptions or missing details necessary



to find the key of R?

Yes, the specific functional dependencies are missing, which are essential to accurately
determine the key of R.

Why is it important to know the functional
dependencies when finding the key?

Because functional dependencies specify how attributes relate to each other, enabling us to
identify the minimal attribute set that covers all attributes, i.e., the key.

Can we determine the key of R without the functional
dependencies?

No, without the functional dependencies, it is not possible to definitively identify the key of
R.

What general steps should be taken once the functional
dependencies are known to find the key?

Identify the attribute closures for various attribute sets, find the minimal set whose closure
includes all attributes of R, and verify that no proper subset of this set has the same
property.

Additional Resources

Database Keys and Functional Dependencies: Deciphering the Key of Relation R

In the realm of relational database design, understanding the concept of keys and
functional dependencies is fundamental to creating efficient, consistent, and reliable
databases. When given a relation with specific attributes and associated functional
dependencies, the critical question often posed is: What is the key of the relation? This
inquiry is not merely academic; it underpins how data integrity is maintained, how queries
are optimized, and how the schema is structured for scalability and robustness.

This article dives deep into the process of identifying the key of a relation R, given its
attributes and functional dependencies, and explores the principles and methods that

underpin this determination. Whether you're a database administrator, a design architect,
or a student, understanding this process is invaluable.

Understanding the Relation R and Its Attributes

Let's begin by examining the relation R, which is defined as:



-R(A, B, C, D)

This relation includes four attributes: A, B, C, and D. The goal is to identify a key—a minimal
set of attributes that uniquely determines all other attributes in the relation.

Deciphering Functional Dependencies

The next crucial step is to understand the functional dependencies (FDs) associated with
relation R. Functional dependencies specify how attributes relate to one another, guiding us
toward potential candidate keys.

Suppose the functional dependencies are as follows:

-FD1: A->B

-FD2: A->C

-FD3:B,C-»D

These dependencies convey specific rules:

- A determines B and C: Knowing A allows us to determine B and C.
- B and C together determine D: Knowing both B and C allows us to determine D.

Note: These dependencies are typical; if your scenario differs, the process remains similar,
but the dependencies must be adjusted accordingly.

Analyzing the Dependencies to Find Candidate
Keys

The objective is to find the candidate key—the minimal set of attributes that functionally
determines all attributes in R, i.e., A, B, C, D.

Let's proceed step by step:

1. Compute Attribute Closures

The primary method for identifying candidate keys involves calculating attribute closures.
The closure of a set of attributes, denoted as (X)+, is the set of all attributes functionally

determined by X, given the FDs.

Our goal is to find the minimal X such that (X)+ = {A, B, C, D}.



2. Explore Single Attributes
a. Closure of A:

- Start with A: (A)+ = {A}

- From FD1: A - B, so add B: (A)+ = {A, B}

- From FD2: A > C, so add C: (A)+ = {A, B, C}

- From B, C - D: since (A)+ contains B and C, D can be determined: add D: (A)+ = {A, B, C,
D}

Result: (A)+ = {A, B, C, D}

Conclusion: Since (A)+ includes all attributes, A alone is a candidate key.

b. Closure of B:

- Start with B: (B)+ = {B}

- No FD directly from B alone to other attributes.

- B does not determine A or C; no further expansion.
Result: (B)+ = {B}

c. Closure of C:

- Start with C: (C)+ = {C}
- No FDs from C alone.

Result: (C)+ = {C}

d. Closure of B, C:

- Start with B, C: (B,C)+ = {B, C}

-FromB, C- D, soadd D: (B,C)+ = {B, C, D}

- No FD from B,C to A, so A remains missing.

Result: (B,C)+ = {B, C, D}

e. Closure of A, B:

- Start with A, B: (A,B)+ = {A, B}

- From A - B and C, but only A is present; C is missing.
- No further attributes determined.

Result: (A,B)+ = {A, B}

Similarly, for other combinations, none will yield all attributes unless they include A, since A
alone covers all.

3. Identify the Candidate Key



From the above, A alone has closure (A)+ = {A, B, C, D}.

Therefore, A is a candidate key for relation R.

Is A the Only Key? Or Are There Others?

While A appears to be a key, it's prudent to verify whether other candidate keys exist,
especially minimal ones, that might include other attributes.

1. Check for Alternative Keys

- Could B or C alone be keys? No, as their closures are limited to themselves.

- Could combinations like (B, C) be keys? (B,C)+ = {B, C, D}, missing A, so no.
- What about (A, B), (A, C), or (A, D)?

a. Closure of (A, B):

- (A, B)+: starting with A and B

-From A: Band C, so add C

- Now, with B and C, determine D

- Final set: {A, B, C, D}

Since (A, B)+ includes all attributes, but it's not minimal because A alone suffices, (A, B)
isn't a candidate key; it's a superkey.

b. Closure of (A, C):

- Similar reasoning applies; A alone is sufficient, so adding C is redundant.

2. Minimality of A as a Key

Given that A alone determines all attributes and no proper subset of A exists (since Ais a
single attribute), A is a minimal key.

3. Are there other candidate keys?
- Are there composite keys involving B, C, D?

Since B, C, D alone do not determine A, they cannot be keys unless combined with A. But A
alone suffices, so these are not candidate keys.

Conclusion: The only candidate key for R, given the dependencies, is A.



Implications for Database Design and
Normalization

Understanding the key of a relation is essential for normalization processes such as Boyce-
Codd Normal Form (BCNF) and Third Normal Form (3NF):

- Candidate Key A: Recognizing A as the primary key ensures that the relation is well-
structured, eliminating redundancy and anomalies.

- Functional Dependencies: The dependencies indicate how data can be stored efficiently,
with the key A serving as the unique identifier for each tuple.

In practical terms:

- The relation can be defined with A as the primary key.

- Other attributes (B, C, D) are functionally dependent on A, simplifying data retrieval and
integrity constraints.

- Ensuring that no other minimal attribute set determines the relation supports
normalization practices.

Summary and Final Remarks

Key Takeaways:

- The process of identifying the key involves calculating attribute closures based on
provided functional dependencies.

- In the given relation R(A, B, C, D) with dependencies A-» B, A- C, B, C = D, the attribute
A alone determines all other attributes.

- Therefore, A is the candidate key for relation R.

- Recognizing this key is fundamental for ensuring the relation's integrity, facilitating
normalization, and optimizing database operations.

In essence, understanding how functional dependencies influence the determination of keys
is a cornerstone of relational database theory. Mastery of this process empowers database
designers to craft schemas that are both efficient and resilient, laying the foundation for
robust data management systems.

Whether you're designing a new database or analyzing existing schemas, remember: the
key to effective relational design often starts with understanding the
dependencies—because knowing the key is knowing the heart of the data!
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