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- HADOOP

d A Software framework allows for distributed

processing of large data set across cluster of
commodity computers using a simple programming
model

1 Open source implementation by

 Apache foundation

1 Written in java

1 Contains massive storage and

processing power
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HADOOP

1Created by Doug Cutting and Mike Carafella in 2005
JCutting named the program after his son's toy elephant
JUSES

* Data-intensive text processing

* Graph mining

* Machine learning and data mining

* Large scale social network analysis
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e HADOOP ARCHITECTURE

Apache Hadoop Ecosystem

Management & Monitoring

(Ambari)

Machine Learning

(Mahout)

(HBase)

Distributed Processing

(MapReduce)

NoSQL Database
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Data Integration
(Sqoop/REST/ODBC)

Distributed Storage
(HDFS)

Workflow & Scheduling
(Oozie)
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o HADOOP Ecosystem

Hadoop ®0)11111014 | *+ Contains Libraries and other modules

* Hadoop Distributed File System
- Write once, read-many access model

Hadoop YARN + Yet Another Resource Negotiator

Hadoop * A programming model for large scale
MapReduce data processing

MapReduce , Twister and Iterative

30.5.2024
MapReduce/Dr.N.Nandhini/AP/MCA/SNSCT

~ o
»

ST



o

dProgramming model for writing distributed

applications devised at Google for processing large
amount of data

dLarge cluster of commodity hardware in a reliable,
flexible manner
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o MAP REDUCE

J Software framework which supports parallel and distributed
computing on large data sets

 abstracts the data flow of running a parallel program on a
7 distributed computing system by providing two functions: Map

’ and Reduce
A  hides the implementation of all data flow steps such as data
partitioning, mapping, synchronization, communication, and

scheduling
1 two main functions (Map and Reduce) can be overridden by the

user to achieve specific objectives
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e HADOOP High level view

1 When data is loaded onto the system it is divided into
blocks

* Typically 64MB or 128 MB

1 Tasks are divided into two phases

* Map tasks which are done on small portions of data where
the data is stored

* Reduce tasks which combine data to produce the final output

1 A master program allocates work to individual nodes
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HADOOP Fault Tolerance

Failures are detected by the master program which reassigns

the work to a different node

Restarting a task does not affect the nodes working on other

portions of the data

If a failed node restarts, it is added back to the system and

assigned new tasks

The master can redundantly execute the same task to avoid slow

running nodes

MapReduce , Twister and Iterative
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DATA & CONTROL FLOW

Map
function

MapReduce
software
framework

User interfaces

_______________________________ ~Abstraction
> | Reduce layer
Flowoldala | 'Wneton
Control flow
MapReduce Library
Controller
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LOGICAL & DATA FLOW

J Input datais in the form of a (key, value) pair
1 The output is called intermediate (key, value) pairs

1 Here, the goal is to process all input (key, value) pairs to the
Map function in parallel

Reduce function

] Reduce function receives the intermediate (key, value) pairs in

the form of a group of intermediate values associated with one

intermediate key, (key, [set of values])
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LOGICAL & DATA FLOW

MapReduce Framework

 Groups by first sorting the intermediate (key, value) pairs and

then grouping values with the same key

1 Reduce function processes each (key, [set of values]) group and
produces a set of (key, value) pairs as output

] User overrides the Map and Reduce functions first, then

J MapReduce (Spec, & Results) function from the library to start
the flow of data
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MapReduce

1. Input

2. Map
2. Partition [Sort]

4. Shuffle

5. Merge Sort

6. Reduce

7. Output

Node 1

gyl

Mapping process

Node 2

NPT

Mapping process

Node 3

117771y

Mapping process

i I

Node 1

Reducing process

=

Node 2

L

Reducing process

==

Node 3

Reducing process

==
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- Shuffling Reducer
bad , 1 | | bad 1
Input Splits Mapping
Welcome .1 Class 1 —+| Class,1 Final
Weicome to Hadoop ~={ 10, 1 s
Hadoop , 1 Output
Input good,1 || 900d.1
Class , 1
Class Hadoop is —*| Hadoop , 1
Welcome to Hadoop s, 1
Class Hadoop is Hadoop , 1 bad 1
good Hadoop is bad Hadoop , 1 [+ Hadoop ,3 |—{ Class 1
good , 1 Hadoop , 1 good 1
good Hadoop is —»1 Hadoop , 1 Hadoop 3
is,1 is 2
.1 to1
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R LOGICAL & DATA FLOW

Intermediate (key, val) pairs

Line offset Line content Unique keys
ﬁ (key1. val)
Key | Value — (key8, val) (key1, val)
Key | Value ¥ (key2, val) (key, val)
' (key1, [val, val...]) (key, value)
v (key2va) S
e . 0
e G
(key8, val) (key8, [val, val...))
— (key8, val) (key8, val)
Key | Value " (key5, val) Output
~ (key1, val
Input L MapReduce
library
s ’ Reduce Functi o
(k(?_,\’;, \»’a[') Map Funumn> List (ke_\’z. "012) (keyz, LlSt (1,,(112)) educe Fune m;; Llst (valz)
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= EXAMPLE 2

- Most people Intermediate (key, val) pairs
ignore most poetry
| 2 (most, 1) (ignore, 1) Unique keys _
|  (people, 1) {ignores, 1)
ica s (ignore, 1) {most, 1) (lgnoee, 1) CEERE (ignore, 1)
 {most, 1) (most, 1) (ignores, 1) —pfi=m===s lignores, 1)
- (poetry, 1) (most, 1)
(most, 1) Sort (most, 1) Group v "1"'1” Leguce (most. 4
(poetry, 1) (people, 1) (peopie, 1.1) —Prasaszssz— | (people, 2)
(gnores, 1) (peopls, 1) (poetry, 1.1) == PAESSS= | (poetry, 2) |
. (most. 1) (poetry, 1) :
[ (people, 1) (poetry. 1)
v MapReduce
Most poetry library
ignores most people
2059024 MapReduce , Twister and Iterative
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corresponds to the number of map tasks !

distributes and starts them up on a number of available computation engih
picks idle workers, and assigns the map and reduce tasks to them
=¥;

ACTUAL DATA & CONTROL FLOW

Data partitioning: splits the input data intfo M pieces that also

Computation partitioning: user write program in the form of the Map &
Reduce functions. MapReduce library only generates copies of program,

Determining the master and workers : one of the copies of the user
program becomes the master and the rest become workers. The master

Reading the input data: Each map worker reads its corresponding input

data split, and sends it to its Map function
Map function: receives the input data split and produce .e’

intermediate(key. val) pairs

Combiner function: merges the local data of each map worker before
sending it over the network to effectively reduce its communication costs.
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Actual Data and control Flow

Partitioning function: intermediate pairs produced by each map worker are
partitioned into R regions, equal to the number of reduce tasks, by the
Partitioning function tfo guarantee that all (key, value) pairs with identical

<

keys are stored in the same region *}
Synchronization : applies a simple synchronization policy fo coordinate Map ||

workers with reduce workers, so communication between them starts when
all map tasks finish

Communication : Reduce worker i, already notified of the location of region
i of all map workers, uses a remote procedure call to read the data from the
respective region of all map workers

-

(Sorting and Grouping : When reading the input data is finalized by a

reduce worker, the data is initially buffered in the local disk of the reduce

=

worker. Then the reduce worker groups intermediate (key, value) pail

sorting the data based on their keys

J

<

Reduce function : reduce worker iterates over the grouped (key, value)
pairs, and for each unique key, it sends the key and corresponding values to
the Reduce function. Then this function processes its input data and stores
the output results in predetermined files in the user’s program

>4
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Twister: Iterative MapReduce

1 Twister is a lightweight MapReduce runtime
1 Features

L

Distinction on static and variable data

Configurable long running (cacheable) map/reduce tasks
Combine phase to collect all reduce outputs

Data access via local disks

Lightweight (~5600 lines of Java code)

Support for typical MapReduce computations

U000 0U

Tools to manage data
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Twister: Architecture

llerate

User

Conﬁgure () /"
‘

program

Map (key, value)

——— =

Reduce (key, list <value>)

=

Combine (key, list <value>)
|

v
Close ()
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Twister: Iterative MapReduce

configureMaps ()

-
configureReducers ()

v
for (condition) {

while |
-

runMapReduce ()

Iteratlons
@ Combine operation

. //update condition

}// end loop
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