Relational Algebra Operators Using MapReduce

Relational Algebra is a set of operations used to manipulate and query data in a relational
database. When we map these operators to MapReduce, we adapt the operations so they can be
executed in a parallel, distributed manner. I'll go over each of the common relational algebra
operators and explain how they would be implemented using MapReduce.

1. Selection (o) - Filter Rows

« Relational Algebra:
The Selection operator is used to filter rows based on a given condition. For example, if we
have a relation R and we want to select rows where the age column is greater than 30, we
would use:

e 0_age>30(R)
« MapReduce:

o Map: Each row in the relation is processed by the map function. The map function
checks if the condition (age > 30) is true for the current row.

o Reduce: There's no need for a reduce phase in the case of selection since it just
filters rows, but we can still use the reduce phase for aggregating or returning results
if necessary.

Example: Let's say we have a list of employee records and we want to select employees with age >
30.

Input:
("E1", 35), ("E2", 28), ("E3", 40)
Map Phase:
o For ("E1", 35), the condition is True (35 > 30), so the output will be ("E1", 35).
o For ("E2", 28), the condition is False (28 > 30), so no output.
o For ("E3", 40), the condition is True (40 > 30), so the output will be ("E3", 40).
Final Output (after Selection):

("E1", 35), ("E3", 40)

2. Projection (1) - Select Columns

« Relational Algebra:
The Projection operator is used to select certain columns from a relation. For example, if
you have a relation R with columns name, age, and department, and you want to project just
the name and age columns:

e 7_name, age(R)
o« MapReduce:

o Map: For each row in the input relation, the map function selects the specified
columns and emits them as key-value pairs.

o Reduce: In the case of projection, the reduce phase is not required unless you need
additional aggregation or deduplication (e.g., eliminating duplicate values).



Example: Given employee records, we want to project only the name and age columns.
Input:
("E1", 35, "HR"), ("E2", 28, "IT"), ("E3", 40, "Finance")
Map Phase:
o For ("E1", 35, "HR"), the output will be ("E1", 35).
o For ("E2", 28, "IT"), the output will be ("E2", 28).
o For ("E3", 40, "Finance"), the output will be ("E3", 40).
Final Output (after Projection):
("E1", 35), ("E2", 28), ("E3", 40)

3. Join (<) - Combine Relations

o Relational Algebra:
The Join operator combines two relations based on a common attribute. For example, if we
have two relations, Employee and Department, and we want to join them based on the
department_id, we would use:

o Employee <1 Department

Here, the department_id is common in both relations, and we want to combine them where
Employee.department_id = Department.department_id.

« MapReduce:

o Map: Both input relations are processed in parallel by the map function. The map
function will emit key-value pairs where the key is the department_id, and the value
is the relevant information from each relation.

o Shuffle and Sort: After the map phase, the MapReduce framework will shuffle and
sort the data by department_id, grouping together all records with the same key.

o Reduce: The reduce function combines the values from the two relations based on
the common department_id. It will emit the joined records.

Example: We have two relations:
o Employee: ("E1", 35, "HR"), ("E2", 28, "IT")
o Department: ("HR", "Human Resources"), ("IT", "Information Technology")
Map Phase:
o Employee Map:
o ("HR", ("E1", 35)), ("IT", ("E2", 28))
o Department Map:
o ("HR", "Human Resources"), ("IT", "Information Technology")
Shuffle and Sort Phase: Group by department_id:
("HR", [("E1", 35), "Human Resources"]), ("IT", [("E2", 28), "Information Technology"])



Reduce Phase:
The reducer will join the records based on the department_id, producing:

("E1", 35, "HR", "Human Resources"), ("E2", 28, "IT", "Information Technology")

4. Union (V) - Combine Relations

o Relational Algebra:
The Union operator combines two relations that have the same schema (same columns).
The resulting relation contains all rows from both relations, with duplicates removed.

For example:
RuS
« MapReduce:
o Map: Each row from the two input relations is emitted by the map function.

o Reduce: In the reduce phase, you can filter out duplicates if necessary (using a set
or distinct operation).

Example: We have two relations, R and S:

o R:("E1", 35), ("E2", 28)

o S:("E2",28), ("E3", 40)
Map Phase:

o For R, the output is:

o ("E1",35), ("E2", 28)

o For S, the output is:

o ("E2",28), ("E3", 40)
Shuffle and Sort Phase: No sorting needed in this case, just combining all rows:
("E1", 35), ("E2", 28), ("E2", 28), ("E3", 40)
Reduce Phase: We remove duplicates and return:

("E1", 35), ("E2", 28), ("E3", 40)

5. Difference (-) - Subtract Relations

o Relational Algebra:
The Difference operator returns the rows that are in one relation but not in another. For
example, to get the rows in R but not in S, we use:

e R-S
« MapReduce:

o Map: Each row is emitted by the map function with the key as the primary key and
the value as the entire row.

o Reduce: The reducer checks for rows in R that do not appear in S and emits only
those rows.



Example:

o R:("E1", 35), ("E2", 28)
o S:("E2",28), ("E3", 40)

Map Phase:

o For R, the output is:
o ("E1",35), ("E2", 28)
o For S, the output is:
o ("E2",28), ("E3", 40)

Shuffle and Sort Phase: The system groups all rows by key:
("E1", [35D), ("E2", [28, 28]), ("E3", [40])

Reduce Phase: The reducer emits rows from R that do not appear in S:

("E1", 35)

Summary of Relational Algebra Operations in MapReduce:

1.

LA S

Selection (0): Use a map function to filter rows based on conditions.

Projection (o): Select specific columns in the map function.

Join (): Use map functions to group by keys and then join based on common attributes.
Union (U): Emit all rows from both relations and remove duplicates in the reduce phase.

Difference (-): Emit rows from one relation that are not in another, filtering them in the
reduce phase.



