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Annotation. In relational databases, relationships define how data in one
table is associated with data in other tables. These relationships are fundamental for
ensuring data integrity, reducing redundancy, and enabling complex queries. The
three primary types of relationships in relational databases are one-to-one, one-to-
many, and many-to-many, each of which serves to link records in different tables
based on common attributes. Relationships are established through keys, such as
primary keys and foreign keys, which ensure the consistency and accuracy of data.
Understanding and implementing these relationships is essential for effective
database design, as they help maintain a logical structure and improve the efficiency
of data retrieval. This article explores the different types of relationships in relational
databases, their role in database design, and their applications across various
industries, including e-commerce, healthcare, and education.
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Armomauuﬂ. Bpejl}lLﬁ/lOHHblx bazax OaHHbIX OMHOUIEHUS onpec)eﬂmom, KdK
Oanmble 8 00HOU MabIUYe C8A3AHBL C OAHHBIMU 8 OPY2UX MAOAUYAX. My OMHOUEeHUS
umerom oOCHoeononazaruiee 3Haverue o151 obecnevenus yeirocmuHocmu OaHHblx,
CHUDICEHUSL UBOBIMOYHOCIU U 0OeCneyeHUs CIOINCHBIX 3anpocoes. Tpu OCHOGB6HbIX munda
OMHOUWLEHUU 8 PENSIYUOHHBIX 0a3aX OAHHBLIX — 2MO «OOUH K OOHOMY», «OOUH KO
MHO2UM» U «KMHO2UE KO MHO2UM, KAHCObIUL U3 Komopbslx Cityacum O/151 CBA3bIBAHUS
3anucell 8 pAasHbIX MadaUYax Ha OcHose obwux ampudymos. OmuouleHus

ycmaHasauearoncsia ¢ NOMOoulbro K]lfOllelj, maxKkux KAaxK nepeuydHsle Karndu U 6HEeULHUue
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Klo4u, Komopbvle obecneyusaiom Cco2iaco6aHHOCMb U MOYHOCMb OAHHBIX.
Honumanue u peanuzayus 3mux OMHOWEHUU HeoOX00umMbl Ol 3hhekmuenozo
npoeKmupoeaHusl oas aaHHblx, NOCKOJIbKY OHU nomocairom noddepz)fcueamb
JIO2UYECKVIO CIMPYKMYPY U NO8bIams d¢)hexmusHocms noucka 0auuvix. B smotl
cmanibve paccmampusaromcs pa3ludHsvle nunsl OMHOWEHUIL 8 PEIAYUOHHBIX bazax
aaHHblx, ux pojib 6 npoeKmupoearHuu 06az OaHHbIX U UX NpUMeHerue 6 pasjluvdHvlx
ompaciix, KIUas 91E€EKMPOHHYI0O KOMMEPYUIO, 3dpa600xpaHeHue u 06pa306aHue.

Knrwouesvie cnosa. pensyuonnvie 6azvl OAHHLIX, C853U OAHHBIX, «OOUH K
OaHOMy)), «OOUH KO MHOSUMY, «(MHO2UE KO MHO2UMY», NEPBUYUHbLIE KIIIOYU, BHEUHUE
KIOYUY, YeloCmHOCHb OAHHbLX, npoekmuposanue 6a3 oauuvix, SQL, ynpasnenue
OAHHBbIMU.

Relational databases rely on mathematical foundations to structure and
manage data efficiently. Two key components that underpin the querying and
manipulation of data in relational databases are Relational Algebra and Relational
Calculus. These are formal systems used to represent and compute queries on
relational databases. While they are rooted in the same underlying principles, they
differ in their approach to querying data. Relational algebra is procedural, focusing
on the steps to retrieve data, while relational calculus is non-procedural, specifying
what data to retrieve without describing how to retrieve it. Together, these two
elements provide the foundation for Structured Query Language (SQL), the most
widely used language for querying relational databases.

This article delves into the fundamental elements of relational algebra and
relational calculus, their differences, and their applications in the realm of database
management.

Overview of Relational Algebra

Relational algebra is a formal query language that is procedural in nature. It
consists of a set of operations that take one or more relations as input and produce a
new relation as output. Relational algebra focuses on the "how" of data manipulation,

specifying the operations that should be performed to obtain the desired result. These
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operations can be combined to form complex queries, and they serve as the basis for
SQL queries.
The primary operations in relational algebra are:
Basic Operations in Relational Algebra
Selection (0):
Selection is an operation that retrieves rows (tuples) from a relation that satisfy
a given condition. It is similar to the "WHERE"' clause in SQL.
Syntax:
o(condition)(Relation)
Example:
o(age > 30)(Employees)
This operation selects all rows from the Employees table where the age is greater
than 30.
Projection (r):
Projection selects specific columns from a relation. It is used to eliminate
unnecessary attributes and focus only on the desired columns, much like the
"SELECT" clause in SQL.
Syntax:
n(attributel, attribute2,...)(Relation)
Example:
n(name, age)(Employees)
This operation selects only the name and age columns from the Employees table.
Union (V):
The union operation combines the results of two relations and returns all unique
tuples from both relations. The relations involved must have the same set of
attributes.
Syntax:
Relationl U Relation2
Example:

Employees U Contractors
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This operation combines the Employees and Contractors relations, returning all
unique rows from both tables.
Difference (—):
The difference operation returns the tuples that exist in one relation but not in
another. It is similar to the "EXCEPT" or "MINUS" clause in SQL.
Syntax:
Relation1 — Relation2
Employees — Contractors
This operation returns the rows from the Employees table that do not appear in the
Contractors table.
Cartesian Product (x):
The Cartesian product operation returns all possible combinations of rows between
two relations. Each tuple from the first relation is paired with each tuple from the
second relation.
Syntax:
Relationl x Relation2
Example:
Employees x Departments
This operation produces a relation containing every possible combination of
Employee and Department.
1. Rename (p):
The rename operation is used to rename a relation or its attributes, allowing for
more clarity or preventing ambiguity when performing operations like joins.
Syntax:
p(new_relation_name)(Relation)
p(Emp)(Employees)
This operation renames the Employees relation to Emp.
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Join Operation in Relational Algebra

One of the most important operations in relational algebra is join, which
combines two relations based on a related attribute. There are several types of joins,
but the most common are:

« Natural Join (p<): A natural join combines two relations by matching
all attributes with the same name, eliminating duplicates.

« Theta Join (P<0): A theta join combines two relations based on a
condition or predicate (not necessarily equality).

« Equi Join: This is a specific case of a theta join where the condition is
equality between attributes.

Suppose we have two relations: Employees(EmployeelD, Name,
DepartmentID) and Departments(DepartmentID, DepartmentName). To retrieve the
names of employees and their departments, we would perform an equi join based on
the DepartmentID attribute:

Employees D<i0(Employees.DepartmentlD = Departments.DepartmentID)
Departments

This operation combines the Employees and Departments relations, matching
tuples where DepartmentID is equal in both relations.

Relational calculus, unlike relational algebra, is a non-procedural query
language. It focuses on specifying what data is required without describing the steps
to retrieve it. The user expresses the desired results in terms of logical formulas, and
the system determines the most efficient way to compute the results. Relational
calculus is based on mathematical logic and set theory.

There are two main types of relational calculus:

2.1. Tuple Relational Calculus (TRC)

Tuple relational calculus allows users to describe queries using variables that
range over tuples (rows). A query is expressed as a formula, which is essentially a
condition on the tuples in a relation. The tuple variables are bound by the relation
name.

Syntax:
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{TIP(M}
Where:
« Tisatuple variable,

P(T) is a predicate or condition on the tuple.

To retrieve the names of employees who work in the "HR" department, the
query in tuple relational calculus would be:

{ T.Name | 3 D (Employees(T) A Departments(D) A T.DepartmentlD =
D.DepartmentID A D.DepartmentName = "HR") }

In this example, the formula specifies that for each tuple T in the Employees
relation, there must exist a tuple D in the Departments relation such that the
DepartmentlD matches and the DepartmentName is "HR."

2.2. Domain Relational Calculus (DRC)

Domain relational calculus operates on individual attributes or domains, rather
than entire tuples. A domain variable is used to specify values from particular
attributes in the relation.

Syntax:

{D1,D2,..,Dn|P(D1,D2,..,Dn)}

Where:

. D1,D2,.., Dn are domain variables representing attributes in the
relation,

. P(D1, D2,...,Dn) is a predicate or condition on the domain variables.

To retrieve the names of employees who work in the "HR" department, the
query in domain relational calculus would be:

{ Name | 3 EmployeelD, DepartmentIiD (Employees(EmployeelD, Name,
DepartmentlD) A DepartmentName = "HR"™ A Employees.DepartmentlD =
Departments.DepartmentID) }

Here, the query specifies that the Name of employees is retrieved where the
DepartmentName is "HR," and a valid DepartmentID relationship exists between the

Employees and Departments tables.
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Although relational algebra and relational calculus serve similar purposes,
their approaches differ significantly:

Procedural and focuses on the steps or operations needed to retrieve data. It is
more direct in terms of operations, such as selections, projections, and joins.

Non-procedural and focuses on the description of the result of a query,
specifying what is to be retrieved rather than how to retrieve it. It is more expressive
and closer to SQL's declarative style.

While relational algebra has a more operational focus, relational calculus is
more flexible and formal, allowing for a more expressive specification of queries.

Both relational algebra and relational calculus form the theoretical foundation
of SQL, the most widely used language for managing relational databases. SQL
incorporates operations derived from relational algebra, such as SELECT, JOIN, and
WHERE, but also incorporates elements of relational calculus, such as declarative
query syntax.

SQL's set of operations, such as SELECT, JOIN, UNION, and INTERSECT,
corresponds closely to relational algebra operations. Understanding relational algebra
can improve one’s ability to optimize SQL queries and design efficient databases.

The declarative nature of SQL is based on relational calculus. SQL queries
specify what data is needed (like relational calculus) and leave the optimization and
execution details to the database management system.

Relational algebra and relational calculus are both critical in understanding
the theory behind relational database management systems. They provide the
foundation for querying data, with relational algebra focusing on the procedural
aspects and relational calculus offering a more declarative approach. These two
elements together have influenced the development of SQL, which has become the
standard language for managing relational databases. A deep understanding of
relational algebra and calculus is essential for anyone looking to become proficient in

relational database design and optimization.
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