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Διάλεξη 21: Υπολογιστικές Στοίβες 
Μεγάλων Δεδομένων 

Δημήτρης Ζεϊναλιπούρ

ΕΠΛ421 - Προγραμματισμός Συστημάτων
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Lecture Outline

• Introduction to "Big-Data" Analytics
– Example Scenarios and Architectures.

• Map-Reduce Programming Model
– Other Map Reduce Data Processing Stacks

– Map-Reduce Counting Problem

• Map-Reduce Architecture
– Hadoop JobTracker, Tasktrackers and data-nodes

– Failure Management

• Map-Reduce Optimizations
– Combiners, Compression, In-Memory Shuffling, Speculative 

Execution

• Programming Map-Reduce
– With Languages, PIG and in-the-cloud



21-3
ΕΠΛ 421 – Προγραμματισμός Συστημάτων, Παν. Κύπρου - Δημήτρης Ζεϊναλιπούρ ©

Big-data Analytics
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Big-data Analytics
(Example)

• We have a large file of words, one word to a line.
– e.g., analyze web server logs for popular IPs
154.16.20.4

14.16.20.4

154.16.20.4

11.23.54.11

• Count the number of times each distinct word 
appears in the file
– sort datafile | uniq –c | sort –nk 2
154.16.20.4 2

14.16.20.4 1

11.23.54.11 1

Scenario captures essence of MapReduce

Great thing is it is naturally parallelizable!
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Big-data Analytics
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Distributed Process 
Management in UNIX 

cat  hostnames.txt 
b103ws1.in.cs.ucy.ac.cy
b103ws2.in.cs.ucy.ac.cy
b103ws3.in.cs.ucy.ac.cy
b103ws4.in.cs.ucy.ac.cy
b103ws5.in.cs.ucy.ac.cy
b103ws6.in.cs.ucy.ac.cy
b103ws7.in.cs.ucy.ac.cy
b103ws8.in.cs.ucy.ac.cy
b103ws9.in.cs.ucy.ac.cy
b103ws10.in.cs.ucy.ac.cy
b103ws11.in.cs.ucy.ac.cy
b103ws12.in.cs.ucy.ac.cy
b103ws13.in.cs.ucy.ac.cy
b103ws14.in.cs.ucy.ac.cy
b103ws15.in.cs.ucy.ac.cy
b103ws16.in.cs.ucy.ac.cy

#!/bin/bash
COMMAND="ps -ef”
echo "Running $COMMAND"
for i in `cat hostnames.txt`
do

# echo -n " $i"
# assuming public/private key has been established
ssh $i "$COMMAND > /tmp/file " & 
# echo "...Done"

done

echo "Waiting"
sleep 1 

echo "Collecting Data" 
for i in `cat hostnames.txt`
do

# echo -n " $i”
ssh $i "cat /tmp/file " &
#echo "...Done"

done | awk -F" " '{print $1}' | sort | uniq

Drawbacks L: No I/O Optimizations, 
No Monitoring of Failures => No Fault Tolerance! 
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Map-Reduce Programming Model
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Map-Reduce Programming Model
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Map-Reduce Programming Model
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Map-Reduce Problem

Count the distinct words in all documents
cat *.txt | sort | uniq -c

1 TB on 1 PC = 2 hours!!!
1TB on 100 PCs = 1min!!!
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Map-Reduce Example

Example uses 1 mapper / 1 reduce only!
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Map-Reduce Programming Model

(hashing / sorting)

(grouping)

(dumping)
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Map-Reduce Architecture
(e.g., in Hadoop)

HFDS blocks
(64MB containing documents)

Local 
Shuffling
(of terms)

HDFS 
Reading

Remote 
Write 

Standard 
Output (e.g., 

socket)

HDFS 
Writing

Hashing

Namenode

Datanode
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Map-Reduce Architecture
(e.g., in Hadoop)
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Map-Reduce Architecture
(Processing Remarks)
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Map-Reduce Architecture
(Failure Management)

"ZooKeeper: Wait-free coordination for Internet-scale systems", Hunt et al., 
USENIX 2010, http://static.usenix.org/event/usenix10/tech/full_papers/Hunt.pdf

YARN brings real failure management to the Hadoop 2 ecosystem 
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Map-Reduce Optimizations
(Combiners)

Distributive: COUNT, MIN, MAX, SUM
Won’t work with Holistic functions: MEDIAN, RANK (all are necessary)

*
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Map-Reduce Optimizations
(Compression)

*
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Map-Reduce Optimizations
(Shuffling in Memory)

*
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Map-Reduce Optimizations
(Speculative Execution)

*
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MapReduce in Hadoop
(MR => HADOOP => HBASE)

• Map-Reduce: a programming model for processing 
large data sets. 
• Invented by Google! "MapReduce: Simplified Data Processing 

on Large Clusters, Jeffrey Dean and Sanjay Ghemawat, 
OSDI'04: Sixth Symposium on Operating System Design and 
Implementation,San Francisco, CA, December, 2004."

• Can be implemented in any language (recall javascript Map-
Reduce we used in the context of CouchDB).

• Hadoop: Apache's open-source software framework 
that supports data-intensive distributed applications
• Derived from Google's MapReduce + Google File System 

(GFS) papers.
• Enables applications to work with thousands of computation-

independent computers and petabytes of data.
• Download: http://hadoop.apache.org/

(Input by Yahoo!, Facebook, etc.)

http://hadoop.apache.org/
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MapReduce in Hadoop
(Who is driving Hadoop?)

https://hadoop.apache.org/who.html
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MapReduce in Hadoop
(MR => HADOOP => HBASE)

• Hadoop Project  Modules:
• Hadoop Common: The common utilities that support the other Hadoop modules.
• Hadoop Distributed File System (HDFS™): A distributed file system that provides high-

throughput access to application data.
• Hadoop YARN (Yet Another Resource Negotiator): A framework for job scheduling and 

cluster resource management.
• Hadoop MapReduce (MapReduce v2.0): A YARN-based system for parallel processing of 

large data sets.

• Other Hadoop-related projects at Apache include:
– Ambari™: A web-based tool for provisioning, managing, and monitoring Apache Hadoop clusters 

Avro™: A data serialization system.

– Cassandra™: A scalable multi-master database with no single points of failure.

– Chukwa™: A data collection system for managing large distributed systems.

– HBase™: A scalable, distributed database that supports structured data storage for large tables.

– Hive™: A data warehouse infrastructure that provides data summarization and ad hoc querying.

– Mahout™: A Scalable machine learning and data mining library.

– Pig™: A high-level data-flow language and execution framework for parallel computation.

– Spark™: A fast and general compute engine for Hadoop data. 

– Tez™: A generalized data-flow programming framework, built on Hadoop YARN, 

– ZooKeeper™: A high-performance coordination service for distributed applications.

http://incubator.apache.org/ambari/
http://avro.apache.org/
http://cassandra.apache.org/
http://incubator.apache.org/chukwa/
http://hbase.apache.org/
http://hive.apache.org/
http://mahout.apache.org/
http://pig.apache.org/
http://spark.incubator.apache.org/
http://tez.incubator.apache.org/
http://zookeeper.apache.org/
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Programming with Hadoop
(with Languages)

*
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Programming with Hadoop
(in the Cloud!)

*

Our Focus!
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Hadoop Cloud Issues & Costs

• The public cloud storage & deep storage might 
not be an option if legislative barriers exists 
(e.g., privacy & security concerns)

• A Hadoop Cluster using between 125-250 
nodes is projected to cost ~1M USD per year to 
be operational!

• The amount of storage doubles every year but 
the storage media only decline at a rate of less 
than 1/5 per year.
– We need ways to decay large volumes of data
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Modern Data Processing Stacks
Herodotou, 2013

Apache TU Berlin 
=>Apache

UCI & UCR UC Berkeley => 
Apache
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• Fast, expressive cluster computing system compatible 
with Apache Hadoop
– Works with any Hadoop-supported storage system (HDFS, S3, 

Avro, …)
• Improves efficiency through:

– In-memory computing primitives
– General computation graphs

• Improves usability through:
– Rich APIs in Java, Scala, Python
– Interactive shell

Up to 100� faster

Often 2-10� less code

What is Spark?


