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Abstract: The fundamental set of operations for the relational model is known as the relational algebra. These operations permit a user to 

specify basic retrieval requirements. The result of retrieval is a new relation, which may have been formed from one or more relations. The 

algebra operations thus produce new relations, which can be further manipulated using operations of the same algebra. A sequence of 

relational algebra operations forms a relational algebra expression, whose result will also be a relation that represents the result of a 

database query (or retrieval request). A language based on operators and a domain of values operators map values taken from the domain 

into other domain values hence, an expression involving operators and arguments produces a value in the field when the domain is a set of 

all relations. The operators are project, union, set difference, Cartesian product, select, rename, set intersection, natural join, and 

assignment, to generate and get the relational algebra.  We refer to the expression as a query and the value produced as the query result. 
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I. INTRODUCTION  

Relational Algebra is an off- shoot of first-order logic. In 1970 E.F. Codd while working for IBM proposed how Relational Algebra 

can be used as a basis for database query language. Since then Relational Algebra has find extensive use in the development of query 

languages, the most popular of them being Structural Query Language (SQL). The beauty of Relational Algebra is that each of its 

operators takes as input one or more relational tables and outputs a relational table as result, which can again act as an input to another 

operator. 

This unique characteristic makes it simple to construct complex queries using the relational operators. SQL being based on 

relational algebra follows a similar approach when building query. Relational algebra is a notation for specifying queries about the 

contents of relations. The relational algebra is a procedural query language that consists of a set of operations that take one or two 

relations as input and produce a new relation as their result.  

The fundamental operations in the relational algebra are select, project, union, set difference, Cartesian product, and rename. In 

addition to the fundamental operations, there are several other operations—namely, set intersection, natural join, and assignment. The 

select, project, and rename operations are called unary operations, because they operate on one relation. The other three operations 

operate on pairs of relations and are, therefore, called binary operations. 

 

II. BACKGROUND STUDIES 

A relational system is a system in which, the data is perceived by the user as tables and the operators available to the user are 

operators that derive "new" tables from "old" ones.  When Codd (1970) introduced his relational model of data, he formulated it 

mathematical analysis in terms of domains, tuples, and relations. It   original interest was on data independence, not query languages.  

Two years later, Codd (1972) gave a detailed definition of Relational Algebra (RA) in a collection of eight unary and binary operations 

(restriction, projection, product, join, division, union, intersection, and difference) that can be performed on relations. In a survey of 

database educators, Robbert and Ricardo (2003) reported that only 70% included RA in their courses. Elmasri and Navathe (2006), 

Silberschatz, Korth, and Sudarshan (2006), and Ullman and Widom (2008) all define RA concepts in mathematical terms. There are 

several problems with the mathematical representation of RA queries. Most database students are uncomfortable with mathematics in 

general, and with the math notation used in RA queries in particular. RA math expressions in textbooks employ symbols from other 

languages, subscripts, and both prefix and infix operators in unfamiliar and potentially confusing ways. Several operations are often 

combined into a single expression to make the query language appear more "algebraic". This practice disguises the order of separate 

query operations, and hides the procedural nature of RA. 
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III. THE SELECT OPERATION 

The select operation selects tuples that satisfy a given predicate. We use the lowercase Greek letter sigma   α  to denote selection. 

The predicate appears as a subscript to the input. The argument relation is in parentheses after the output. Thus, to select those tuples of 

the instructor relation where the instructor is in the “Physics” department, we write:  If the instructor relation is as shown in Figure 1 

then the relation that results from the preceding query is as shown in Figure 2. 

 

 

Figure 1 

 

 

 

Figure 2 

 The select operation allows us to retrieve some rows of a relation (by “some” I mean anywhere from none of them to all of them) 

 

 
Figure 3 



Scientific Research Journal (SCIRJ), Volume V, Issue IX, September 2017        16 
ISSN 2201-2796 

 

IV. THE PROJECT OPERATION 

A unary operation is used to select particular columns of a table. Written as   (R), where a1;------ an corresponds to 

a set of attribute names, the Project operator produces tuples in R which are restricted to the columns  a1------------:an . 

Suppose we want to list all instructors’ ID, name, and salary, but do not care about the dept name. The project operation allows us to 

produce this relation. The project operation is a unary operation that returns its argument relation, with certain attributes left out. Since a 

relation is a set, any duplicate rows are eliminated. Projection is denoted by the uppercase Greek letter pi (  ). We list those attributes 

that we wish to appear in the result as a subscript to. The argument relation follows in parentheses. We write the query to produce such 

a list as:  

 
 The project operation allows us to retrieve some columns of a relation (by “some” It means anywhere from none of them to all of 

them) Here columns A and C have been retrieved from figure 1 to give figure 4.  

 

 

Figure 4 

Another example to further explain the Project operator is show below. 

 

 

Figure 5 

 

V. THE UNION OPERATION 

 

Consider a query to find the set of all courses taught in the Fall 2009 semester, the Spring 2010 semester, or both. The information 

is contained in the section relation to find the set of all courses taught in the fall 2009 
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To find the set of all courses taught in the Spring 2010 semester, we write 

 
To answer the query, we need the union of these two sets; that is, we need all section IDs that appear in either or both of the two 

relations. We find these data  

 

Figure 6 

by the binary operation union, denoted, as in set theory, by ∪ . So the expression needed is: 

 
Figure 7 

 
Figure 8 

The union operation also concatenates two relations, and removes duplicate rows (since relations are sets). Here there are two rows 

with A = α and B = 2. So one was discarded 
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Figure 9 

 

VI. THE SET-DIFFERENCE OPERATION 

The set-difference operation, denoted by −, allows us to find tuples that are in one relation but are not in another. The expression  

r − s produces a relation containing those tuples in r but not in s. 

We can find all the courses taught in the Fall 2009 semester but not in Spring 2010 semester by writing: 

 
Figure 10 

 
Figure 11 

Another example to illustrate this operator is shown below. 

 

 
Figure 12 
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Figure 13 

 

VII. RENAMING 

The renaming operator ρ changes the name of one or more attributes.  It changes the schema, but not the instance of a relation  

 

 
Figure 14 

The Cartesian product operation 

Output all pairs of rows from the two input relations (regardless of whether or not they have the same values on common attributes) 

The Cartesian-product operation, denoted by a cross (×), allows us to combine information from any two relations. We write the 

Cartesian product of relations 

U and V as U × V.   =   M  

As shown in the table  below respectivily  

For example: 
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U 

A B C 

1 2 3 

 6 7 8 

   9 7 8 

       Figure 15 

V 

B C D 

2 3  4  

2  3  5  

7  8  10  

Figure 16 

M 

 

A U.B U.C V.B V.C D 

1 2 3 2 3 4 

1 2 3 2 3 5 

1 2 3 7 8 10 

6 7 8 2 3 4 

6 7 8 2 3 5 

6 7 8 7 8 10 

9 7 8 2 3 4 

9 7 8 2 3 5 

9 7 8 7 8 10 

Figure 17  

 

VIII. THE NATURAL JOIN 

This is a binary operation that allows us to combine certain selections and a Cartesian product into one operation. It is denoted by 

the join symbol. The natural-join operation forms a Cartesian product of its two arguments, performs a selection forcing equality on 

those attributes that appear in both relation schemas, and finally removes duplicate attributes. 

U and V must have a corresponding element before it can be possible. 

 

For example: 

U ∞  A < D   V  

A U.B U.C V.B V.C D 

1 2 3 2 3 4 

1 2 3 2 3 5 

6 7 8 7 8 10 

9 7 8 7 8 10 

1 2 3 7 8 10 
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Figure 18 

 

IX. SUMMERY 

SQL is based on a mathematical body of knowledge, Relational algebra (RA), which serves as an intermediate language for the 

DBMS. Essentially, when a declarative SQL statement is received, and parsed, it will be translated into an expression in RA. Such an 

expression is then analyzed and optimized by a query optimizer to become an equivalent but more efficient algorithm, or, a query 

execution plan. Such a plan is then converted to a piece of executable code. The mathematical nature of the relational algebra makes 

such analysis and optimization and proof of equivalence possible. Thus, RA is a key to understand the internal working of SQL 

statements, and is also helpful to design SQL statements. A relational algebraic expression consists of a combination of some simple 

operators. There are two groups of operators, some basic ones such as Select, Project, Union, Difference, Intersection, and Cartesian 

product; together with several derived ones: Join, and Division. We use a combination of these operators to come up with a data access 

program. 

 

 

 
 

X. RECOMMENDATION 

The huge success of relational databases has inspired the development of Structured Query Language (SQL) - a query language 

designed for interaction with relational databases. Over the past two decades, SQL has gradually evolved from its first commercial use 



Scientific Research Journal (SCIRJ), Volume V, Issue IX, September 2017        22 
ISSN 2201-2796 

 

into a computer product. SQL has been accepted as the industry standard for database programming language. It is used in systems of 

various sizes - from mainframes to personal computers and even handheld devices.  

 

XI. CONTRIBUTION TO KNOWLEDGE 

SQL is built on the concept of Relational Algebra. Relational Algebra can be seen as the mathematics which underpins the SQL 

operations and acts as a formal description on the behaviour of relational databases.  It bears resemblance to normal algebra (as in x3 + 

y2) but uses relations as values instead of numbers. The inner, lower-level operations of relational databases are, or are similar to, 

Relational Algebra operations. Gaining expertise in Relational Algebra is the foundation needed for the student to effectively craft 

queries in any commercially available languages. 
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