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Critério de avaliacao: um experimento por aula, pesos iguais



Computacao em Nuvem

O que vocé associa ao termo computagdo em nuvem?

» Pontos positivos?
» Pontos negativos?

Fonte: https://upload.wikimedia.org/wikipedia/commons/thumb/1/12/Cloud_computing_icon.svg


https://upload.wikimedia.org/wikipedia/commons/thumb/1/12/Cloud_computing_icon.svg

Computacao em Nuvem e Big Data

» Foco da aula de hoje:
Processamento de grandes massas de dados na nuvem

Fonte: https://blog.jejualan.com/wp-content/uploads/2018/03/cloud-computing-1924338_1280.png


https://blog.jejualan.com/wp-content/uploads/2018/03/cloud-computing-1924338_1280.png

Hadoop e a importancia de um framework

Exemplo retirado do livro
Hadoop—The Definitive Guide

» Achar a temperatura
maxima por ano em um
conjunto de arquivos texto

» Codificar todo o trabalho
em Unix...

The Definitive Guide

STORAGE AND ANALYSIS AT INTERNET SCALE

Tom White



Weather dataset

Dados crus, comentarios ilustrativos

0057

332130 # USAF weather station identifier
99999 # WBAN weather station identifier
19500101 # observation date

0300 # observation time

4

+51317  # latitude (degrees x 1000)
+028783 # longitude (degrees x 1000)
FM-12

+0171 # elevation (meters)

99999

V020

320 # wind direction (degrees)

1 # quality code

N

0072

1

00450  # sky ceiling height (meters)

1 # quality code

C

N

010000 # visibility distance (meters)

1 # quality code

N

9

-0128 # air temperature (degrees Celsius x 10)
1 # quality code

-0139 # dew point temperature (degrees Celsius x 10)

Fonte: Hadoop—The Definitive Guide, Tom White



Weather dataset

Organizagao dos arquivos

% ls raw/1990 | head
010010-99999-1990.gz
010014-99999-1990.gz
010015-99999-1990.gz
010016-99999-1990.8z
010017-99999-1990.gz
010030-99999-1990.8z
010040-99999-1990.8z
010080-99999-1990.8z
010100-99999-1990.gz
010150-99999-1990.8z

Fonte: Hadoop—The Definitive Guide, Tom White



Weather dataset

Codigo em awk e saida

#1/usr/bin/env bash
for year in all/*
do
echo -ne “basename $year .gz "\t"
gunzip -c $year | \
awk '{ temp = substr($o, 88, 5) + 0;
q = substr($o, 93, 1);
if (temp !=9999 8& q ~ /[01459]/ 8& temp > max) max = temp }
END { print max }'
done

% ./max_temperature.sh

1901 317
1902 244
1903 289
1904 256

1905 283

Fonte: Hadoop—The Definitive Guide, Tom White



Weather dataset
Como paralelizar?

v

Multiplas threads e multiplos computadores?
» Um computador ou thread por ano?

Como atribuir trabalho igual para todos?
Como juntar os resultados parcias?

Como lidar com as falhas?

v

v

v



Weather dataset

Como paralelizar de maneira mais simples?

» Criar uma infraestrutura que gerencie
» distribuicao
» escalabilidade
» tolerancia a falhas
» Criar um modelo genérico para big data

» Conjuntos chave-valor
» Operacdes map e reduce



Weather dataset

Dados crus e conjuntos chave-valor

0067011990999991950051507004. .
0043011990999991950051512004. .
0043011990999991950051518004. .
0043012650999991949032412004. .
0043012650999991949032418004. .

+9999999N9+00001+99999999999. . .
+9999999N9+00221+99999999999. . .
.9999999N9-00111+99999999999. . .
.0500001N9+01111+99999999999. . .
.0500001N9+00781+99999999999. . .

(0, 0067011990999991950051507004. . .9999999N9+00001+99999999999. . .)

(106, 0043011990999991950051512004. . .9999999N9+00221+99999999999. . . )
(212, 0043011990999991950051518004. ..9999999N9-00111+99999999999. . .)
(318, 0043012650999991949032412004. . .0500001N9+01111+99999999999. . . )
(424, 0043012650999991949032418004. . .0500001N9+00781+99999999999. .. )

Fonte: Hadoop—The Definitive Guide, Tom White



Weather dataset

Fungao map

(0, 0067011990999991950051507004. . .9999999N9+00001+99999999999. . .)

(106, 0043011990999991950051512004. . .9999999N9+00221+99999999999. . .
(212, 0043011990999991950051518004. . .9999999N9-00111+99999999999. . .
(318, 0043012650999991949032412004. . .0500001N9+01111+99999999999. . .
(424, 0043012650999991949032418004. . .0500001N9+00781+99999999999. . .

—

(1950, 0)

(1950, 22)
(1950, -11)
(1949, 111)
(1949, 78)

Fonte: Hadoop—The Definitive Guide, Tom White



Weather dataset

Pré-processamento e fungao reduce

(1949, [111, 78])
(1950, [0, 22, -11])

(1949, 111)
(1950, 22)

Fonte: Hadoop—The Definitive Guide, Tom White



Weather dataset

Fluxo de dados

input | map | shuffle | reduce output
0067011990... (0, 0067011990..) (1950, 0)
0043011990.. (106, 0043011990...) (1950, 22)
0043011990.. |---p{ (212, 0043011990..) p--p (1950, -11) - 83‘;3’ o E;”:m; Eig‘;g' 1;; 13‘;2’;:1
0043012650.. (318, 0043012650..) (1949, 111) £ Loe e 2 >
0043012650.. (424, 0043012650..) (1949, 78)

cat * | map.xrb | sort | reduce.rb > output

Fonte: Hadoop—The Definitive Guide, Tom White



Projeto Apache Hadoop

» Sistema real! Software livre!
» Big Data: Volume, Velocity, Variety, Veracity
» Computacao distribuida escalavel e confiavel

Altamente relevante: usado por empresas como Amazon,
Facebook, LinkedIn e Yahoo! Veja mais em
Powered by Apache Hadoop?

v



http://hadoop.apache.org
http://wiki.apache.org/hadoop/PoweredBy

Um pouco da histéria do projeto Hadoop

» 2002-2004: Doug Cutting e Mike Cafarella trabalham no
projeto Nutch.

» Nutch deveria indexar a web e permitir buscas
» Alternativa livre ao Google

» 2003-2004: Google publica artigo sobre o Google File
System e MapReduce

» 2004: Doug Cutting adiciona o DFS e MapReduce ao
projeto Nutch

» 2006: Doug Cutting comeca a trabalhar no Yahoo!
» 2008: Hadoop se torna um projeto Apache



Arquitetura do HDFS

( HDFS )

compute E I
o | [Toommrre )
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Fonte: http://www.glennklockwood.com/data-intensive/hadoop/overview.html


http://www.glennklockwood.com/data-intensive/hadoop/overview.html

Arquitetura do HDFS

HDFS Architecture
Metadata (Name, replicas, ...):
Metadata ,ops" /homeffoo/data, 3, ...

Block ops
Read Datanodes Datanodes
' | \
OO - = Replication B e =
m O u Blocks
™~ ) Y
Rack 1 Wite Rack 2

Fonte: http://hadoop.apache.org


http://hadoop.apache.org

HDFS e réplicas

Block Replication

Namenode (Filename, numReplicas, block-ids, ...)
lusers/sameerp/data/part-0, r:2, {1,3}, ...
lusers/sameerp/data/part-1, r:3, {2,4,5}, ...

Datanodes

2
. EE B E

m B B = 4

Fonte: http://hadoop.apache.org


http://hadoop.apache.org

HDFS

Leitura de arquivo

: Distributed 2: get block locations 8
HDFS g FileSystem g NameNode
client

FSData namenode
InputStream _

client JVM

client node

4:read

v

DataNode DataNode

DataNode

datanode datanode datanode

Fonte: Hadoop—The Definitive Guide, Tom White



HDFS

Escrita em arquivo

NameNode

vV

2: creat
1 Distributed Bl
HDFS Mag  FileSystem 7: complete
dlient 3
. N

FSData namenode
OutputStream
clientJVM ry
client node
4: write packet 5:ack packet
v
. N
Pipeline of DataNode DataNode DataNode
datanodes 5
datanode datanode datanode

Fonte: Hadoop—The Definitive Guide, Tom White



HDFS

Pipeline

| | | node |
| | | |
[ | [ |
|=--ri=} » = |
| | | |
[ | [ |
rack
data center

Fonte: Hadoop—The Definitive Guide, Tom White



HDFS
Tolerancia a falhas

Heartbeats

Block reports

Alta disponibilidade do NameNode
Réplicas ou Erasure Coding?

Arquivo:
Réplicas simples:| A || A |[B || B |

Erasure coding: | A || B || A+B || A+2"B |

v

v

v

v




Testando o HDFS

» Hadoop: Setting up a Single Node Cluster
» Interface web: http://<ip>:50070/
» Alguns comandos

$ bin/hdfs namenode -format

sbin/start-dfs.sh

bin/hdfs dfs -put <arquivo_local> <arquivo_no_hdfs>
bin/hdfs dfs -get <arquivo_no_hdfs> <arquivo_local>
bin/hdfs dfs -1ls <diretorio_no_hdfs>

bin/hdfs dfs -rm <arquivo_no_hdfs>

bin/hdfs dfs -rm -r <diretorio_no_hdfs>
sbin/stop-dfs.sh

P H P P PH P P


http://hadoop.apache.org/docs/r2.8.4/hadoop-project-dist/hadoop-common/SingleCluster.html
http://<ip>:50070/

HDFS + MapReduce

HDFS
Big
Data
A —>
| copyFromlocal MAP ’\ REDUCE'\ copyToLocal

v

Fonte: http://www.glennklockwood.com/data-intensive/hadoop/overview.html


http://www.glennklockwood.com/data-intensive/hadoop/overview.html

MapReduce

Processamento deve ficar perto dos dados...

node

=
[ mm|

rack

[ Map task

[ HDFS block data center

Fonte: Hadoop—The Definitive Guide, Tom White



MapReduce

Visao colorida

Map Shuffle Reduce
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http://www.cs.uml.edu/~jlul/doc/source/report/MapReduce.html


http://www.cs.uml.edu/~jlu1/doc/source/report/MapReduce.html

Mapreduce

Varias fases
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Input data
Input data

Output data
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\/ \/

SequenceFile SequenceFile SequenceFile

Input to Output from Output from Input to Output from
Job 1 Job 1 Job 2 last job last job

HDFS

Carol McDonald: An Overview of Apache Spark



Word Count

The overall MapReduce word count process

Input Splitting Mapping Shuffling Reducing Final result
Bear, 1 Bear, 2
Deer, 1 Bear, 1
River, 1
Car, 1
Car, 1 Car, 3 Bear, 2
Deer Bear River Car, 1 Car, 1 = Car, 3
Car Car River Car, 1 Deer, 2
Deer Car Bear River, 1 ‘ ‘ River, 2
Deer, 1 ‘ Deer, 2 ‘
Deer, 1
Deer, 1
Deer Car Bear Car, 1
Bear, 1 River, 1 River, 2
River, 1

http://www.cs.uml.edu/~jlul/doc/source/report/img/MapReduceExample.png


http://www.cs.uml.edu/~jlu1/doc/source/report/img/MapReduceExample.png

Combiners
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Learning Big Data with Amazon Elastic MapReduce, Vijay Rayapati and Amarkant Singh




Testando o MapReduce

Pacote de exemplos prontos.

$ bin/hadoop dfs -put <dir_local_input> <dir_hdfs_input>

$ bin/hadoop jar \
share/hadoop/mapreduce/hadoop-mapreduce-examples-2.8.4.jar \
wordcount <dir_hdfs_input> <dir_hdfs_output>

$ bin/hadoop dfs -get <dir_hdfs_output> <dir_local_output>



Hadoop Streaming

cat input.txt | ./mapper.py | sort | ./reducer.py > output.txt

Input
Format

Output

7{ <key,value> l,| Mapper |_ <key,[valuel,valuel. ] }--| Reducer |—| <key,value> H Forret
\ 4 T ' /

(Keysvaiue) pair
(Keysvakie) pair

| ¥

Map Job Reduce Job

Fonte: https://acadgild.com/blog/writing-mapreduce-in-python-using-hadoop-streaming/

$ bin/hdfs dfs -put input /input
$ bin/hadoop jar \

share/hadoop/tools/lib/hadoop-streaming-2.8.4. jar \
-mapper ../wc-python/mapper.py \

-reducer ../wc-python/reducer.py \
—-input input.txt -output output


https://acadgild.com/blog/writing-mapreduce-in-python-using-hadoop-streaming/

Experimento

Familiarizagao com o ambiente Hadoop

Descricao detalhada em http://www.ic.unicamp.br/~islene/
2018-inf550/explorando-mapreduce.html

>

Parte fixa: (i) instanciar maquina virtual com o Hadoop (ii)
testar HDFS e a Hadoop Streaming com Python.

Parte livre: procurar um tema para a base de dados
(futebol, musica, etc), fazer uma pequena alteragao no
mapper e/ou reducer.

Escrever um relatorio sobre o experimento, comentando
resultados e eventuais dificuldades encontradas.

O trabalho pode ser feito em duplas; apenas uma pessoa
precisa entrega-lo via Moodle.

Em caso de fraude, podera ser atribuida nota zero a
disciplina.


http://www.ic.unicamp.br/~islene/2018-inf550/explorando-mapreduce.html
http://www.ic.unicamp.br/~islene/2018-inf550/explorando-mapreduce.html

Conclusao

» MapReduce

» Grande revolugao
» Pontos fracos foram surgindo

» Spark: busca por melhor desempenho
» Necessidade de camadas mais altas de abstracao



Principais referéncias

» Projeto Apache Hadoop

» Hadoop: The Definitive Guide, Tom White, 4th Edition,
O’Reilly Media



http://hadoop.apache.org
http://shop.oreilly.com/product/0636920033448.do
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