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Control flow implementation of MapReduce.
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[Courtesy of Yahoo! Pig Tutonal [54])




Example: Document Indexing

o |Input: Set of documents
- Map

— Parse document into terms

— Produces (key, value) pairs
« Reduce
— Receives list of (key, value) pairs for term

— Emits single (key, value) pair
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MapReduce in Google

Easy to use. Library hides complexity.

Mar, ‘05 Mar, ‘06 Sep. '07

Number of jobs 72K
Average time (seconds) 034
Machine years used 981
Input data read (TB) 12,571
Intermediate data (TB) 2,756
Output data written (ITB) 941
Average worker machines 232
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874 395
2,002 11,081
52,254 403,152
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MapReduce and MapReduce++

MapReduce and other
patterns

Croople Apache Microsolt Twister Azure
MapReduce Hadoop [23] Drvad [26] [28] Twister [31]
[30]
Program- MapReduce MapReduce DAG execution, [terative Currently just
ming Maodel Extensible to MapReduce MapReduce-- will

extend vo [terative
MapReduce

transfer
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Logical Data Flow in 5 Processing

Steps In MapReduce Process

Intermediate (key, val) pairs
Line offsat  Line comtant i
_ frey, val) Unique keys
ey | Value — (keyd, val) (key 1, val)
Key [ value _pE ___.\., = (key2, val) (ke 1, val) \ .
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Key | Value l:“t ~ |Eg}15 -.-"1:| / Output
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library

(Key, Value) Pairs are generated by the Map function over multiple &
Workers (VM instances). These pairs are then sorted and group

Different key-groups are then processed by multiple Reduce Work
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A Word Counting Example on

<Key, Count> Distribution
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Linking the Map Workers and

Reduce Workers by Key Matching
in Partitioning Functions

Map worker
~ Partitioning ™, ~ Partiioning ™, ~ Partiioning ™, ~ Partiioning ™,
S function S function S function S function
11213 11213 11213 11213

Reduce worker

FIGURE 6.4

MapReduce partitioning function.
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MapReduce Execution

Shuffle and Sort

Redu ,eetask‘l/ Redu ce task 2

Go gle

(Courtesy of Jeffrey Dea
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Example 2: MapReduce Skyline
Composition of Web Service
In Inter-Cloud Applications
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Reduction of Web Service Composition Time
from 929 ms to 220 ms using fewer Skyline representatives
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H d d 00 p . A software platform originally developed by Yahoo to enable

users write and run applications over vast distributed data. ™

Attractive Features in Hadoop :

B Scalable : can easily scale to store and process_petabytest
data in the Web space -

m Economical : An open-source MapReduce mini mizesith
overheads in task spawning and massive dai

m Efficient: Processing data with high-d
across a large number of commodity no

B Reliable : Automatically maintains multip
facilitate redeployment of computing tasks o
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Apache Hadoop Architecture
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Cluster

: Fack 1 . p Fack 2 :
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FIGURE 6.11

HOFS and MapReduce architecture in Hadoop.
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Secure Query Processing with

Hadoop/MapReduce

Query Rewriting and Optimization Principles defined and implemented for

two types of data

(1) Relational data: Secure query processing with HIVE

(i) RDF Data: Secure query processing with SPARQL

Demonstrated with XACML Policies (content, temporal, association)

Joint demonstration with Kings College and U. of Insubria
* First demo (2010): Each party submits their data and policies
* Our cloud will manage the data and policies

* Second demo (2011): Multiple clouds

Copyright © 2012, Elsevier Inc. All rights reserved. 1.1



Table 6.7: Comparison of High Level Data Analysis Languages

sawzall Pig Latin DryadLINQ
Origin (30008 Yahoo Microsoft
Data Model (Google Protocol Atom, Tuple, Partition File
Buffer or basic Hag,Map
Typing Static Dynamic Static
Category Interpreted Compiled Compiled
Programming Style | Imperative Procedural: sequence of | Imperative and
declarative steps Declarative
Similarity to SQL Least Moderate A lot!
Extensibility (User | No Yes Yes
defined functions)
Control Structures | Yes No Yes
Execution Model Record Operations Sequence of Directed Acyclic
+ fixed aggregations MapHeduce operations | Graphs
Target Runtime (s00gle MapReduce Hadoop (Pig) Dryad
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MapReduce and Extensions

Table 6.11 Comparison of MapReduce++ Subcategories along with the Loosely Synchronous Category used in MPI

Map-Only

* [Document conversion
[2.0., POF-=HTML)

« [Brute force ssarchas in
cryptography

* Paramestiric sweeps

*  (32ne assembly

o PolariGnd Matlab data

analysis (www.polargrid.org)

Classic MapReduce
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imput

]
.3
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LS o -
I \
Ot yreduce()
L

A

output

High-enargy physics
(HEF} histograms
Diztributed ssarch
Distributed sort
Information retrieval
Calculation of pairwise
distances for seguences
[BLAST)

Domain of MapReduce and lterative Extensions

Iterative MapReduce

Expectation maximization

algorithms

Linear algebra

Data mining including

*  Clustering

*  K-means

» Detemninistic anneaaling
clustering

= Nultidimensional
sealing (MDS)

Loosely Synchronous

MP

B “ ! .

.T
Aa—F |
h

Many MFP| scientific
applications utilizing a
wide variety of
communication constructs
including local interactions
Solving differential
equations and particle
dynamics with short-rangs
forces
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Next Generation Infrastructure

Truly global systems to span all our datacenters

« Global namespace with many replicas of data worldwide
« Support both consistent and inconsistent operations

« Continued operation even with datacenter partitions

- Users specify high-level desires:

“99%ile latency for accessing this data should be <60ms™
“Store this data on at least 2 disks in EU, 2in U.S. & 1 in Asia”

— Increased utilization through automation
— Automatic migration, growing and shrinking of services
— Lower end-user latency

— Provide high-level programming model for data-intensive
iInteractive services
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