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Primary Key Of The a different relation, understanding the principles of database design, especially
the roles of primary keys and foreign keys, is essential for creating efficient and consistent databases.
This article delves into the fundamental concepts of relational databases, exploring why foreign keys
are designed to reference primary keys, the significance of these relationships, and common
scenarios and exceptions. By the end of this comprehensive guide, you'll have a clear understanding
of how foreign key constraints function within relational databases and their importance in
maintaining data integrity.

Understanding Relational Database Concepts

What is a Relational Database?
A relational database organizes data into tables, also known as relations. Each table consists of rows
(records) and columns (attributes). This structure allows for efficient data storage, retrieval, and
management through the use of structured query language (SQL).

Primary Keys: The Unique Identifiers
- A primary key is a column or a set of columns that uniquely identifies each row in a table.
- It ensures that each record can be uniquely referenced and retrieved.
- Primary keys must be unique and not null.

Foreign Keys: Establishing Relationships Between Tables
- A foreign key is a column or a set of columns in one table that references the primary key of another
table.
- It creates a link between data in two tables, establishing relational integrity.
- Foreign keys can be null unless explicitly constrained otherwise.

The Role of Primary Keys and Foreign Keys in Database
Integrity



Ensuring Data Consistency
- Primary keys guarantee that each record is unique.
- Foreign keys ensure that references between tables are valid, preventing orphan records.
- Together, they maintain referential integrity, a key aspect of relational database design.

Referential Integrity Constraints
- These constraints restrict the actions that can be performed on related tables.
- Common constraints include:
- ON DELETE CASCADE: deleting a record in the parent table deletes related child records.
- ON UPDATE CASCADE: updates to the primary key propagate to foreign keys.
- SET NULL or SET DEFAULT: nullify or reset foreign key values upon parent deletion or update.

Why a Foreign Key Cannot Refer To A Non-Primary Key

The Principle of Referential Integrity
- By definition, a foreign key should reference the primary key of the related table because:
- The primary key uniquely identifies each record.
- Referencing non-unique columns can lead to ambiguity and inconsistency.
- This design enforces data integrity, ensuring that foreign key references always point to a single,
definitive record.

Limitations of Foreign Keys Referencing Non-Primary Unique
Keys
- While some database systems support foreign keys referencing unique constraints (alternative
keys), the standard practice and most relational models specify referencing primary keys.
- Referencing non-primary unique keys can be implemented, but it complicates the schema and may
introduce ambiguity.

Can a Foreign Key Refer To Other Candidate Keys?

Candidate Keys and Alternate Keys
- Candidate keys are columns or sets of columns that could serve as a primary key because they
uniquely identify records.
- One candidate key is selected as the primary key, but others are still unique.
- Foreign keys can, in some cases, reference these alternate unique keys, depending on the database
system.



Standard Practice and Constraints
- Most relational database systems enforce foreign key constraints only on primary keys or explicitly
defined unique constraints.
- Referencing other candidate keys requires explicit declaration of unique constraints on those
columns.

Exceptions and Special Cases

Foreign Keys Referencing Unique Constraints
- Some database systems (like SQL Server and PostgreSQL) allow foreign keys to reference columns
with unique constraints, not just primary keys.
- Example:
- Creating a unique constraint on a column or set of columns.
- Defining a foreign key that references this unique constraint.

Self-Referencing Tables
- A table can have a foreign key that references its own primary key.
- Example:
- Employee table with a manager_id column referencing the employee_id primary key.

Composite Keys and Complex Relationships
- Foreign keys can reference composite primary keys (consisting of multiple columns).
- Proper indexing and constraint definitions are essential to maintain integrity.

Practical Examples

Example 1: Basic Foreign Key Relationship
```sql
CREATE TABLE Departments (
department_id INT PRIMARY KEY,
department_name VARCHAR(100)
);

CREATE TABLE Employees (
employee_id INT PRIMARY KEY,
name VARCHAR(100),
department_id INT,
FOREIGN KEY (department_id) REFERENCES Departments(department_id)



);
```
- Here, `Employees.department_id` references `Departments.department_id`, which is the primary
key.

Example 2: Foreign Key Referencing a Unique Constraint
```sql
CREATE TABLE Suppliers (
supplier_code VARCHAR(10) UNIQUE,
name VARCHAR(100),
PRIMARY KEY (supplier_code)
);

CREATE TABLE Orders (
order_id INT PRIMARY KEY,
supplier_code VARCHAR(10),
FOREIGN KEY (supplier_code) REFERENCES Suppliers(supplier_code)
);
```
- The foreign key in `Orders` references a unique column `supplier_code` in `Suppliers`, not
necessarily the primary key.

Best Practices for Designing Foreign Keys

Align Foreign Keys with Primary Keys
- Always prefer foreign keys referencing primary keys unless there's a specific reason to reference a
unique constraint.
- Ensures clarity, simplicity, and maintainability.

Use Explicit Unique Constraints When Needed
- When foreign keys need to reference columns other than primary keys, define them as unique
constraints.

Maintain Data Integrity with Proper Indexing
- Index foreign key columns for performance.
- Ensure that the referenced columns are indexed to optimize lookup and referential integrity
enforcement.



Common Pitfalls and How to Avoid Them

Referencing Non-Unique Columns
- Leads to ambiguous relationships and potential data inconsistencies.
- Avoid unless explicitly supported and necessary.

Ignoring Constraints
- Forgetting to define foreign key constraints can result in orphaned records.
- Always enforce constraints to maintain data integrity.

Neglecting Cascading Actions
- Failing to specify delete or update behaviors can cause orphan records or data anomalies.
- Use cascading options judiciously to maintain consistency.

Conclusion

Understanding the relationship between primary keys and foreign keys is fundamental to designing
robust relational databases. In standard relational database theory and practice, a foreign key in one
relation (table) references the primary key of another relation to establish a clear and unambiguous
relationship. While some database systems support foreign keys referencing other unique constraints,
the primary and most reliable approach is for foreign keys to directly reference primary keys.

This design principle ensures data consistency, simplifies maintenance, and maintains referential
integrity across the database. By adhering to these standards and best practices, database designers
and developers can create systems that are both efficient and reliable, minimizing data anomalies
and ensuring accurate data retrieval.

---

Summary of Key Points:
- Foreign keys should reference primary keys to maintain referential integrity.
- Referencing other candidate or unique keys is possible but less common and requires explicit
constraints.
- Designing with clear relationships enhances database consistency and performance.
- Proper constraint enforcement and indexing are crucial for maintaining data integrity.

By mastering these core concepts, you can design relational databases that are both logically sound
and performant, supporting scalable and reliable data management systems.



Frequently Asked Questions

Can a foreign key in a relation ever reference a non-primary
key attribute?
In a relational database, a foreign key typically references the primary key of another relation;
however, it can also reference a unique key attribute, not necessarily the primary key.

Why is it not possible for a foreign key to refer to a non-
unique attribute?
Because foreign keys must uniquely identify a record in the referenced relation, they must reference
a primary key or a unique key to ensure referential integrity.

What happens if a foreign key references a relation without a
primary key?
Referencing a relation without a primary or unique key violates relational database principles, leading
to potential data inconsistencies and integrity issues.

Is it mandatory for a foreign key to reference the primary key
of another relation?
No, a foreign key can reference any attribute or set of attributes that have a unique constraint, not
necessarily the primary key, but it must be unique for referential integrity.

Can a foreign key reference a relation's candidate key?
Yes, a foreign key can reference a candidate key (a set of attributes with a unique constraint) in
another relation, not just the primary key.

Why is referencing the primary key important in relational
databases?
Referencing the primary key ensures each record is uniquely identified, maintaining data integrity and
enabling accurate relationships between tables.

Is it possible for a foreign key to reference a relation's non-
unique attribute?
No, a foreign key must reference a unique attribute (primary or candidate key) to ensure that each
foreign key value points to a single, well-defined record.



Additional Resources
In A Relational Database Model, A Foreign Key Of A Relation A Cannot Refer To The Primary Key Of
The
Understanding the fundamentals of relational databases is essential for database designers,
developers, and anyone involved in data management. One of the core principles underpinning the
relational model is the concept of referential integrity, which is primarily maintained through the use
of primary keys and foreign keys. The statement "In a relational database model, a foreign key of a
relation A cannot refer to the primary key of the" touches on a critical aspect of relational design,
specifically involving the constraints and limitations around foreign key references. This article aims
to clarify this statement, explore the intricacies of foreign key relationships, and examine the broader
implications for database design and integrity.

---

Understanding the Fundamentals: Primary Keys and
Foreign Keys

Before delving into the assertion, it is essential to understand what primary keys and foreign keys are,
their roles in relational databases, and how they interact.

Primary Keys
- Definition: A primary key uniquely identifies each record within a table (relation). It must be unique
and not null.
- Features:
- Ensures entity integrity.
- Can be a single attribute (simple key) or a combination of attributes (composite key).
- Serves as the main reference point for other tables.

Foreign Keys
- Definition: A foreign key is an attribute (or set of attributes) in one table that references the primary
key of another table.
- Purpose:
- Establishes and enforces referential integrity between data in different tables.
- Facilitates the creation of relationships (one-to-one, one-to-many, many-to-many).

The Core Statement: "A Foreign Key of A Relation A
Cannot Refer To The Primary Key Of The"
At first glance, the statement appears to suggest a restriction that does not align with standard
relational principles. Typically, in relational database design, foreign keys are explicitly designed to
refer to primary keys or candidate keys in other tables. The phrase seems incomplete but generally



implies that a foreign key in relation A cannot reference the primary key of relation B, or perhaps that
there are certain limitations or conditions under which such references are invalid or not permitted.

Key clarification:
In standard relational database design, a foreign key in one relation can refer to the primary key of
another relation, provided that referential integrity is maintained. The statement may stem from a
misconception or from specific constraints imposed in certain contexts or database systems.

---

Common Misinterpretations and Clarifications

Is it true that a foreign key cannot refer to a primary key?
No, in standard relational database theory:
- A foreign key can refer to a primary key of another relation.
- This is a fundamental aspect of relational schema design, enabling relationships and integrity
constraints across tables.

Why might such a statement be made?
- Misinterpretation of constraints: Sometimes, database schemas restrict foreign keys to refer only to
certain unique or candidate keys, not necessarily the primary key.
- Design limitations or specific database system constraints: Some systems or design approaches may
impose restrictions.
- Context-specific rules: In certain specialized models or in the presence of complex constraints, some
references might be limited.

In summary: The statement is generally inaccurate or incomplete in the context of standard relational
models.

---

Foreign Keys and Their Referencing Capabilities in
Relational Models

Standard Behavior
In relational databases conforming to the relational model:
- A foreign key must reference a candidate key (usually the primary key) in another relation.
- This ensures data consistency, integrity, and unambiguous relationships.

Constraints and Variations
- Referencing non-primary candidate keys: Foreign keys can sometimes reference candidate keys
other than the primary key if explicitly defined.
- Composite keys: Foreign keys can refer to composite primary keys, involving multiple attributes.
- Nullable foreign keys: Foreign keys can be nullable, allowing for optional relationships.

Examples



Suppose we have two tables:
- Employees with `EmployeeID` as primary key.
- Departments with `DepartmentID` as primary key.

A foreign key in Employees referencing Departments would look like:
```sql
ALTER TABLE Employees
ADD CONSTRAINT fk_department
FOREIGN KEY (DepartmentID)
REFERENCES Departments(DepartmentID);
```
This is a direct reference to the primary key of the Departments table, which is standard practice.

---

When Can a Foreign Key Not Refer to a Primary Key?
While in theory and most practical implementations, foreign keys do refer to primary keys, certain
scenarios or design choices may limit or restrict this.

Situations where foreign keys might not refer to primary keys:
- Referencing Unique Constraints: Foreign keys can reference columns with unique constraints, not
necessarily primary keys.
- Lack of defined candidate keys: If a table does not have a candidate key, foreign keys cannot
reference it meaningfully.
- Design restrictions: Some database normalization forms or constraints may restrict foreign key
references to maintain data integrity.
- Legacy systems: Older or proprietary database systems may impose restrictions on foreign key
references.

Example of referencing a non-primary key:
```sql
CREATE TABLE Employees (
EmployeeID INT PRIMARY KEY,
Name VARCHAR(100),
DepartmentCode VARCHAR(10),
UNIQUE (DepartmentCode)
);

CREATE TABLE Departments (
DepartmentID INT PRIMARY KEY,
DepartmentCode VARCHAR(10),
DepartmentName VARCHAR(100)
);

-- Foreign key referencing the unique DepartmentCode
ALTER TABLE Employees
ADD CONSTRAINT fk_department_code
FOREIGN KEY (DepartmentCode)
REFERENCES Departments(DepartmentCode);



```
In this case, the foreign key in Employees refers to a unique constraint (DepartmentCode) in
Departments, not the primary key.

---

Implications for Database Design

Pros of Proper Foreign Key References
- Ensures data integrity: Prevents orphaned records and maintains consistent relationships.
- Supports normalization: Enables efficient data storage and reduces redundancy.
- Facilitates complex queries: Enables joins and relational queries that depend on established
relationships.
- Enforces business rules: Encapsulates real-world constraints directly into the database schema.

Cons and Challenges
- Performance overhead: Maintaining referential integrity can impact write performance.
- Complexity in schema design: Properly defining candidate keys and relationships requires careful
planning.
- Potential for cyclic dependencies: Circular references can complicate data insertion and deletion.

Best Practices
- Always define primary keys and candidate keys clearly.
- Use foreign keys to reference primary or candidate keys for clarity and integrity.
- Avoid unnecessary foreign key constraints if they do not add value or if they impair performance.
- Validate foreign key constraints during database design to prevent invalid references.

---

Conclusion and Final Thoughts

The statement "In a relational database model, a foreign key of a relation A cannot refer to the
primary key of the" appears to be a misunderstanding or misstatement of the fundamental principles
of relational schema design. In standard relational databases, foreign keys are explicitly designed to
refer to primary keys (or candidate keys) in other relations to maintain referential integrity and
facilitate meaningful relationships across data.

While there are scenarios where foreign keys might refer to other unique constraints rather than
primary keys, the core concept remains that foreign keys are integral to establishing valid,
enforceable links between tables. These relationships are foundational for ensuring data consistency,
supporting normalization, and enabling complex data operations.

Key takeaways:
- Foreign keys do refer to primary keys in most cases.
- Restrictions on foreign key references are typically related to schema design choices, constraint
definitions, or specific system limitations.



- Proper understanding and application of foreign keys are crucial for robust, reliable, and efficient
relational database systems.

By grasping these principles, database professionals can design schemas that maximize data
integrity, optimize performance, and align with business requirements.
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