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Big data: architectures and
data analytics

Hadoop implementation of
MapReduce
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MapReduce and Hadoop

Designers/Developers focus on the definition of
the Map and Reduce functions (i.e., m and r)
No need to manage the distributed execution of the
map, shuffle and sort, and reduce phases
The Hadoop framework coordinates the
execution of the MapReduce program
Parallel execution of the map and reduce phases
Execution of the shuffle and sort phase
Scheduling of the subtasks
Synchronization

MapReduce programs

The programming language is Java
A Hadoop MapReduce program consists of
three main parts

Driver

Mapper

Reducer
Each partis “implemented” by means of a
specific class
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Terminology

Driver class

The class containing the method/code that coordinates the
configuration of the job and the “workflow” of the application
Mapper class
A class “implementing” the map function
Reducer class

A class “implementing” the reduce function

Driver

Instance of the Driver class (i.e., an object)
Mapper

Instance of the Mapper class (i.e., an object)
Reducer

Instance of the Reducer class (i.e., an object)

Terminology

(Hadoop) Job

Execution/run of a MapReduce code over a data set

Task

Execution/run of a Mapper (Map task) or a Reducer
(Reduce task) on a slice of data
Many tasks for each job
Input split
Fixed-size piece of the input data

Usually each split as approximately the same size of a HDFS
block/chuck
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Driver

The Driver

Is characterized by the main() method, which
accepts arguments from the command line
i.e., itis the entry point of the application
Configures the job
Submits the job to the Hadoop Cluster
“Coordinates” the work flow of the application
Runs on the client machine
i.e., it does not run on the cluster

Mapper

The Mapper
Is an instance of the Mapper class
“Implements” the map phase

Is characterized by the map(...) method

Processes the (key, value) pairs of the input file and
emits (key, value) pairs

Runs on the cluster




Reducer

The Reducer
Is an instance of the Reduce class
“Implements” the reduce phase
Is characterized by the reduce(...) method

Processes (key, [list of values]) pairs and emits (key,
value) pairs

Runs on the cluster

Hadoop implementation of the

MapReduce phases

Input key-value pairs are read from the HDFS file
system
The map method of the Mapper
Is invoked over each input key-value pair
Emits a set of intermediate key-value pairs that are
stored in the local file system of the computing server
(they are not stored in HDFS)
Intermediate results
Are aggregated by means of a shuffle and sort
procedure
A set of <key, [list of values]> pairs are generated
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Hadoop implementation of the

MapReduce phases

The reduce method of the Reduder

Is applied over each intermediate <key, [list of
values]> pair

Emits a set of key-value pairs that are stored in
HDFS (the final result of the MapReduce
application)

Intermediate key-value pairs are transient:
They are not stored on the distributed files system

They are stored locally to the node producing or
processing them

Hadoop implementation of the

MapReduce phases

In order to parallelize the work/the job,
Hadoop executes a set of tasks in parallel
It instances one Mapper (Task) for each input split

And a user-specified number of Reducers
Each reducer is associated with a set of keys

It receives and processes all the key-value pairs associated with
its set of keys

Mappers and Reducers are executed on the
nodes/servers of the clusters
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MapReduce data flow with a single

reducer

Output
File o

MapReduce data flow with a single

reducer

read

Split o
read Output

Splita File o
read

Split 2
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MapReduce data flow with a single

reducer

local

- read write
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read write
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MapReduce data flow with a single

reducer

local

- read write
mapper

local

read write
mapper

local

- read write
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send data
onthe
network

Output
File o
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MapReduce data flow with a single

reducer
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MapReduce data flow with a single

reducer
Temporary files
(local file system)
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MapReduce data flow with multiple

reducers
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MapReduce data flow with multiple

reducers

Each key is assigned
to/managed by one reducer
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MapReduce data flow with multiple

reducers

Each key is assigned
to/managed by one reducer
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Potentially, all mappers send
data (a set of (key,value) pairs)

to all reducers
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MapReduce programs - Driver

The Driver class extends the
org.apache.hadoop.conf.Configured class
and implements the
org.apache.hadoop.util.Tool interface
You can write a Driver class that does not extend
Configured and does not implement Tool

However, you need to manage some low level details
related to some command line parameters in that case

The designer/developer implements the
(...) and (...) methods

23

MapReduce programs - Driver

The run(...) method

Configures the job
Name of the Job
Job Input format
Job Output format

Mapper class
Name of the class
Type of its input (key, value) pairs
Type of its output (key, value) pairs

24

12



MapReduce programs - Driver

Reducer class
Name of the class
Type of its input (key, value) pairs
Type of its output (key, value) pairs
Number of reducers

MapReduce programs - Mapper

The Mapper [N

The designer/developer implements the
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