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BigData Tools

m Data Analysis and Platforms
m Business Intelligence
m Document Store

m Twitter Case Study
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MapReduce flow
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Map Reduce

» Independent « Aggregate results frommap
record transformations phase
- And deletions and replications

« (K1,V1) = list(K2,V2) . (K2, list(V2)) = list(K3,V3)
Receives a key value pair Reduce all the key-pairs with key
And outputs a 0 or more K2 to a new reduced key-value pair
key-value pairs K3,V3

Framework

Schedules and re-runs tasks

Splits the input

Moves map outputs to reduce inputs

Receives the results

Majority of what Hadoop does..!



MapReduce Flow
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Example: Word Count

Radiwra I mR

Goal: Consider we have a list of books and we want to count
occurrences of ever word. Hadoop will distribute this task.



Example: Word Count

"The time hascome,” the Walrus said,
"To talk of many things:
Of shoes—and ships—and sealing-wax
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Reduce MAER

Here Key is byte offset in the file, Value is the text.



Example: Word Count

"The time has come,” the Walrus said,
"To talk of many things:
Of shoes—and ships—and sealing-wax

and, 1 \

Radiira | MABR

The map function tokenizes the input string and outputs key-value
pair for every word. Note here “and” shows twice.




Example: Word Count

"The time has come,"” the Walrus said,
"To talk of many things:
Of shoes—and ships—and sealing-wax
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Example: Word Count

"The time has come,"” the Walrus said,
"To talk of many things:
Of shoes—and ships—and sealing-wax

MAP
Reduce MAER

Reduce phase will sum the values to create a reduced representation.
Thus, multiple instances of same key are combined.



Example: Word Count

"The time has come,” the Walrus said,
"To talk of many things:
Of shoes—and ships—and sealing-wax

and, 4,2, 6]
come, [3,2,1]
has, [1,5,2]
the, [1,2,1]
time, [10,1,3]

and, 1 \
%p
Reduce MAER

Shuffle and Sort: Gather all instances of similar keys from all the tasks
In {and, [4, 2, 6]} the other values are from other books/tasks



Example: Word Count

"The time has come,"” the Walrus said,
"To talk of many things:
Of shoes—and ships—and sealing-wax

and,l4,2, 6]
come, [3,2,1]
has, [1,5,2]
the, [1,2,1]
, time, [10,1,3]

and, 12
come, 6
has, 8
the, 4
time, 14

Reduce

Compute final result and save to disk.




Variation: Multiple MapReduces

Example: Fraud Detection in User Transactions

Transaction
data

LDA scoring

2
G? score HBase /

MapR M7 Edition

Candidate events
for analyst review




MapReduce - word count example

function map(String name, String document) :
for each word w in document:

emit (w, 1)

function reduce (String word, Iterator partialCounts):
totalCount = 0
for each count in partialCounts:
totalCount += count

emit (word, totalCount)

Y
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MapReduce - Java AP

e Mapper:
volid map (WritableComparable key,
Writable wvalue,
OutputCollector output,
Reporter reporter)

* Reducer:
void reduce (WritableComparable key,
Iterator values,
OutputCollector output,
Reporter reporter)




What about failed tasks?

e Tasks will fall
o JT will retry failed tasks up to N attempts
e After N failed attempts for a task, job fails
e Some tasks are slower than other

e Speculative execution is JT starting up
multiple of the same task

® First one to complete wins, other is killed

, Credit: ' ' ' 27




MapReduce is not good for...

e Jobs that need shared state/coordination
¢ Tasks are shared-nothing
e Shared-state requires scalable state store
e | ow-latency jobs
* Jobs on small datasets
e Finding individual records



Hadoop Distributed File System

m Designed to hold large amounts of data and provide access
to this data to many clients across network

m Hadoop DFS is designed to handle data spread across
multiple machines

m Data redundancy: If individual machines fail, data still should
be available

m Provides fast and scalable access to this information. Can add
machines in the cluster while maintaining integrity of data

m Works well with Hadoop MapReduce framework



Trade-offs of HDFS

m Applications are assumed to perform long sequential streaming
reads from files

m Data will be written to the HDFS once and then read several
times; updates to files after they have already been closed is not
supported

m Does not provide mechanism for local caching: Just re-read the
data from disk

m Designed based on Google File System

m Cannot interact with files using normal Unix tools like: 1s, cp, mv.
It has a separate namespace

m The management information is handled by a single machine. It
has redundant information to protect it from failure of that
machine.



NameNode:
Stores metadata only

Hadoop Distributed File System |1

METADATA:
/user/aaron/foo =2 1, 2, 4
{user/aaron/bar -2 3, 5

DataNodes: Store blocks from files

DataNodes holding blocks of multiple files with a replication factor of 2.
The NameNode maps filenames into block ids.
This redundancy in information helps when individual nodes fail



HDFS - writes

................................................

Client § . Master .
; ; ; Note: Write path for a
File § —> NameNode = single block shown.
; 5 | 5 Client writes multiple
blocks in parallel.
block
"""""""""" Rack#1 !  Rack#2
"""" lavenode | | Slavenode i Slavenode

DataNode ——> DataNode —~——~> DataNode



HDFS - reads

................................................

Client § . Master
: : Client reads multiple blocks

File 3 . 3l NameNode | in parallel and re-assembles
' | ' into a file.

block N
block 1

.....................................................................

Slave node ~_: Slave node

DataNode DataNode DataNode
Block Block Block

24




What about DataNode failures?

® DNs check in with the NN to report health

e Upon failure NN orders DNSs to replicate under-
replicated blocks




Hadoop Map-Reduce and HDFS: Advantages

e Distribute data and computation
e Computation local to data avoids network overload
¢ Tasks are independent
e Easy to handle partial failures - entire nodes can fail and restart
¢ Avoid crawling horrors of failure-tolerant synchronous distributed systems
e Speculative execution to work around stragglers
¢ Linear scaling in the ideal case
* Designed for cheap, commodity hardware
¢ Simple programming model

¢ The “end-user” programmer only writes map-reduce tasks
y



+
Amazon ElasticMapReduce (EMR)

m Amazon comes to your rescue again
m Super easy to use. Generate keypair and you are good to go
m Can access API in multiple languages.

m You can start with a 10-node Hadoop cluster and scale your
application

m Similar web console for launching EMR



Pig

m Pig is a platform for analyzing large dataset

m Pig lets you specify a sequence of data
transformations such as merging data sets,
filtering them and applying functions to
records

m Purpose of Pig is to answer queries over
semi-structured data such as log files

m Pig is high-level language for writing
queries over this sort of data

m Programming language used to write Pig
queries is called Pig Latin




What is Pig?

* Pigis a scripting language
— No compiler
— Rapid prototyping
— Command line prompt (grunt shell)
* Pigis a domain specific language
— No control flow (no if/then/else)

— Specific to data flows
* Not for writing ray tracers
* For the distribution of a pre-existing ray tracer



Pig Latin Datatypes

m An atom is atomic value (e.qg.“fish”). (similar to string in
python)

m A tuple is a record of multiple values with fixed arity e.g.
(“dog”, “sparky”) (similar to tuple in python)

m A data bag is collection of arbitrary number of values
{(*dog”, “sparky”), (“fish”, “goldie”)} (similar to list in python
but with differences)

m A data map is collection with a lookup function translating to
keys and values e.g. [‘age’: 25] (similar to dictionary in
python)



Pig and MapReduce

- MapReduce requires programmers
— Must think in terms of map and reduce functions
— More than likely will require Java programmers

* Pig provides high-level language that can be
used by
— Analysts
— Data Scientists
— Statisticians
— Etc...

 Originally implemented at Yahoo! to allow
analysts to access data



Pig’s Features

- Join Datasets

« Sort Datasets

Filter

Data Types

Group By

User Defined Functions
 Etc..



Pig’s Use Cases

- Extract Transform Load (ETL)

— Ex: Processing large amounts of log data
+ clean bad entries, join with other data-sets

* Research of “raw” information
— Ex. User Audit Logs
— Schema maybe unknown or inconsistent

— Data Scientists and Analysts may like Pig’s data
transformation paradigm



Pig Components

* Pig Latin
— Command based language
— Designed specifically for data transformation and flow
expression
« Execution Environment
— The environment in which Pig Latin commands are executed
— Currently there 1s support for Local and Hadoop modes

« Pig compiler converts Pig Latin to MapReduce
— Compiler strives to optimize execution

~ You automatically get optimization improvements with Pig
updates



Execution Modes —

* Local
— Executes 1n a single JVM
— Works exclusively with local file system
— Great for development, experimentation and prototyping

« Hadoop Mode
— Also known as MapReduce mode

— Pig renders Pig Latin into MapReduce jobs and executes
them on the cluster

— Can execute against semi-distributed or fully-distributed
hadoop 1nstallation



Hadoop Mode

1: Load text Intoa bag, whene arow 5 a lne of

bt
Bres = LOAD Mmining' playdreaham lettxf AS
(Bne:charamay);

2: Tokenze the provded e
tokens = FOREACH ines GENERATE
faten (TOKENIZE(ine)) AS %o ken xxhaseray,

PigLatin.pig

Parse Pig script and
compile into a set of
MapReduce jobs

Environment

\

Pig
Hadoop
Execution

J

o 4 3 5y
Execute on
Hadoop Cluster \ y J
Monitor/Report
Hadoop

Cluster




==
Loading Data in Pi1g

User provided parsing function

gueries = LOAD 'quory»léz;ffg;———”””’i
USING myLoad()

AS (userlId, gueryString, timestamp)

The user defined function need not be provided. A default (PigStorage() ) exists, but
Pig provides you an option if you want to use it.



"I Pig Latin — Diagnostic Tools

 Display the structure of the Bag

— grunt> DESCRIBE <bag_name>;

 Display Execution Plan

— Produces Various reports

* Logical Plan
+ MapReduce Plan

— grunt> EXPLAIN <bag_name>;

* lllustrate how Pig engine transforms the
data
— grunt> ILLUSTRATE <bag_name>;




+ Business Intelligence Tools

m Lots of them
m Jaspersoft, Excel,Talend, Penthao, RapidMiner, KNIME, etc.

m Application software designed to retrieve, analyze and report
data

m Mostly visual. Geared towards enterprise applications

m Many domain specific/application specific/proprietary
Business Intelligence

_~" Reporting
u Data Warehouse

Ad-hoc

_ Datamarts
ETL Process‘ ' g (BN .
‘ reporting

OLAP
™~ Analysis



Features of Business Intelligence
Tools

m Data management strategy
m Analytics, Reporting, scorecard and strategy management

m Highly advanced/specialized calculation engines, business
user experience

m “What-if”’ analysis to develop applications that can forecast
business performance

m Can operate of thousands of simultaneous users and
terabytes of information

m GUI based interface



% Talend Open Studio |
Fie Edt Diagram Window Hep

! ) g @ C 0- Q- /d } — v -3:_-;_:-:,- -
G Learn Ko ask T oaade
{3} Reposkory &3 %5 Navigatewr = O {5 2obPorders 0.1 d) *Model sBusinesstodel
e AC
= |17 Business Models A Business Model i a non technical view of a business need in data flow management
18 sBusinessModel 0.1 The Business Modeler 5 at the core of the Top/Down approach: it dlows any of the key players to take part to the project design,
2 % Job Designs BMs offer a macroscopic view of the project
# [ 01 _Compo
@ [ t0z_Concatening i <=
L t03_DemoRoutines
© [ t04_Context X database Talend Jobs e
_o beforeRunlobs 0.1
41 POrders 0.1
Jo .
40 priorTest 0.1
_’f)n readme 0.1 /
# 2 Contexts
= Code terminal dend
* _f SQL Templates h s o .
® i Metadata I assigned Metadata
* |}- Documentation B porders (Job)
3 Recycle bin
S*uam,wmﬂamwwopmﬂsmtedm(wd:)ﬁ
£ Businesstod £33 Contexts(lob | <+ Component | (B> Run (dob POr | [2. Problems | 7. Modues | s Talend Excha | 10 Scheduer | f¢ Job Herarch
£ aBusinessModel 0.1
o 02 - (B = [ Appearance Type Name Coenment
o= Outhne 2 LJ Code Viewer h; e . £ J0b POrders
E i h

Allows application integration,
cloud integration

=0

(= business @
& Decision
O Action
() Terminal
£ vata
[ pocumen:
(o
Bust

B patasource

$ Actor

Qetpse

Q Gear

/ Relationship

/" Directicadl Relationship
/" Bidrectional Relationship

sony Allanz@ g, %EI;%



% Talend Data Quality
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* Document Store

m Document oriented database is a computer program designed for storing, retrieving
and managing document oriented information

m E.g.formats: XML, YAML, JSON, BSON
m Allows structured queries and retrieval. Makes storing and retrieving data easier.
m Lots of packages available for reading such documents

m Keys: Documents are addressed in the database via a unique key that represents that
document. Database retains an index on the key to speed up document retrieval

m Retrieval: Database offers an API or query language
m E.g. Cassandra, CouchDB, MongoDB, Lotus Notes etc.

m RDBMS/Flat File Systems cannot handle big data. Cannot handle horizontal scalability.
Hence, NoSQL databases



vaster  Horizontal Scalability

New nodes could be added
NoSQL databases

=3

Keep on adding more computers as you need more compute power i,e.
Performance is linearly proportional to no. of computers.
Relational Databases cannot handle horizontal scalability
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Structured Documents

J ® personal.xml x|

4 v £personnel> N
5 <person 1d="Big.Boss">

6 <name r
7 <family>Boss</fanily>

8 Lgiven>Bigd /givens,

9 < /name>

10 <email>chieffoxygenxml. con</enail>

11 £link subordinates="one.worker"/>

12 < /person =
13+ <person id="one.worker">

14 = <name

15 <fanily>Worker< /family>

16 LgivensOne< /givens

17 < /name>

18 <email>onefoxygenxnl. con< /enail> _
19 €link manager="Big.Boss"/>

20 </persorn-

21 v <person id="two.worker">

22 7 <name-

XML
Extensible Markup Language

1
2
3
4
5
5]
7
g
9

10
11
12
13
14
15
16
17
18
19

-

4 B JOpersonaI.json x|

4 b B

{"personnel™: {"person”: [

{

e

"id": "Big.Boss",

"name™: {
"family™: "Boss",
"given'™: "Big"™
ba
"email™: "chieffoxygenxml.con”

"link™: {"subordinates”: "one.worker™}

"id": "one.worker",
"name™: {
"family™: "Worker™,
"given”: "One"
s
"email™: "onefoxygenxml.con”,
"link™: {"manager”: "Big.Boss"

JSON

4

¥

N

m

JavaScript Object Notation



MongoDB

¢ Humongous
¢ Document oriented database using JSON document syntax
¢ Features:

& Flexibilty

& Power

& Scaling

& Ease of Use

& Built-in Javascript

® Clientele: Crai , , , age, and T



==
MongoDB

m A record in MongoDB is a document, which is a data structure
composed of field and value pairs

m MongoDB documents are similar to JSON objects.Itis a
NoSQL database

m Advantages:

m Documents (i.e. objects) correspond to native data-types in many
programming languages

m Embedded documents and arrays reduce need for expensive
joins

m Allows Map-Reduce programming model. Written in C++ and
open-source. Uses replication to maintain data consistency/

availabilgty
name: "sue”, <+— field: value
age: 26, <«— field: value
status: "A", <«— field: value

groups: [ "news”, "sports” ] <—— field: value



Document

" _Id": Objectid("2jk48d2b7d284dad101e4bc9”),
"First Narhe": "Hasan",

"Last Name". "Mir",

"Department”: "20"

" _Id": Objectid("2jk48d2b7d284dad101e4bc7"),

"First Name": "BilIF,

"Last Name". "Gates", ZeroToProTraining.cor
} Hasan Mir
{

" _id": Objectid("2jk48d2b7d284dad101e8912")

"First Name": "Larry”,

“Last Name". "Ellison”,
"Department”: "20"

"Date Joined™; "01-01-2013"




Object Record Coversion

Covert records
intro objects

No conversion
required

Works with Java, JavaScript, Python, Ruby, C#, PHP, C++ etc.
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MongoDB Operations |.

- More information can be found from the MongoDB Tutorial
C D CJ e C e N t r [: m gﬂ%/ozggxemcb!r‘zeozs Pilleofe‘t @ http://blog.codecentric.de/en/2012/12/mongodb-tutorial/
About this Cheat Sheet Basic Information
The idea behind this is to have all (well, most) information from the above Download MongoDB  http://www.mongodb.org/downloads
mentioned Tutorial immediately available in a very compact format. All commands JSON Specification http://www.json.org/
can be used on a small data basis created in the insert-section. All information in BSON Specification http://bsonspec.org/
this sheet comes without the slightest warranty for correctness. Use at your own Java Tutorial http://www.mongodb.org/display/DOCS/Java+Tutorial
risk. Have fun ®@!

Inserting Documents

db.ships.insert({name:'USS Enterprise-D',operatcr:'Starfleet',type: 'Explcrer',class:'Galaxy',crew:750,ccdes: [10,11,12]})
db.ships.insert({name:'USS Prometheus',cperator:'Starfleet',class:'Prometheus',crew:4,ccdes:(1,14,17]})
db.ships.insert({name:'USS Defiant',operator:'Starfleet',class:'Defiant',crew:50,ccdes: (10,17,12]1})
db.ships.insert({name:'IKS Buruk',cperatecr:' Klingcn Empire',class:'Warship',crew:40,ccdes:(100,110,120]})
db.ships.insert({name:'IKS Somraw',cperatcr:' Klingcn Empire',class:'Raptor',crew:50,ccdes:(101,111,120]})
db.ships.insert({name:'Scimitar',operater:'Rcmulan Star Empire', type:'Warbird',class:'Warbird',6 crew:25,ccdes: (201,211,220]})
db.ships.insert({name: 'Narada',operatcor:'Romulan Star Empire',6 type:'Warbird',class:'Warbird', crew:65,ccdes: [251,251,220]})
Finding Documents Basic Concepts & Shell Commands
db.ships.findOne () Finds one arbitrary document db.ships.<command> | db —implicit handle to the used database
ships —name of the used collection
db.ships.find () .prettyPrint() Finds all documents and using nice use <database> Switch to another database
formatting
db.ships.find{({}, {name:true, id:false}) | Shows onlythe names of the ships show ccllecticns Lists the available collections
db.ships.findOne ({ 'name':'USS Defiant'}) Finds one document by attribute help Prints available commands and help
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MongoDB Operations

codecentric

MongoDB - Cheat Sheet

Version 1.0 / 27" December 2012 / Page 2 of 4

More information can be found from the MongoDB Tutorial
@ http://blog.codecentric.de/en/2012/12/mongodb-tutorial/

Updating Documents

db.ships.update ({name

'USS Prcmetheus'},

{name

'USS Something'}) | Replaces the whole document

db.ships.update ({name

'USS Scmething'},

sets / changes certain attributes

{$set {operator 'Starfleet', class 'Prometheus'}}) of a given document
db.ships.update ({name 'USS Something'}, removes an attribute from a
{Sunset {operator : 1}}) given document

Removing Documents

db.ships.remove ({name

'USS Prcmetheus'})

removes the document

db.ships.remove ({name:{$regex:’ "USS\\sSE’ } })

removes using operator

Each individual document removal is atomic with respect to a concurrent reader or writer. No client will see a document half

mongoDB

ENE

removed. G+ Community Page:
https://plus.google.com/u/0/communities/
115421122548465808444

Working with Indexes

Creating an index db.ships.ensureIndex({name : 1})

Dropping an index db.ships.droplIndex({name : 1})

Creating a compound index db.ships.ensurelIndex({name : 1, operator : 1, class 0})

Dropping a compound index db.ships.drcpIndex({name : 1, operator 1, class 01)

Creating a unique compound index db.ships.ensurelndex({name : 1, operator : 1, class 0}, {unigue true})
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Its is Fast..!

Basic Queries (smaller is better)

30

25

20

15

10

msQL

= Mongo

23000

17250

11500

5750 -

21179

HBase Cassandra

W nsert mResad mBead & Update

MongoDB



Twitter Analytics
and Hadoop



Sarah Silverman

When ur relatives drive you crazy jus! close your eyes
& pretend it's dialogue in a woody allen movie

mia farrow WFollow A~

¢ SarahKSilverman tried that. Didn't work
RT When ur relatives drive u crazy just close
vr eyes & pretend its dialogue in a woody
allen movie

& Reply T3 Retwaat Wy Favorite

e 2. BPHEER S0

BV HAT IS TWITTERS



TVWITTER STATS

Twitter usage over time

% of internet users who use Twitter

40% A
20% -
15%
13% 12%
8%
5% 8%
4% o
0% - 2
November 2010 May 2011 August 2011 February 2012

ETypicalday ' Total

Source: Pew Research Center's Internet & American Life Project Winter 2012 Tracking Survey, January 20-
February 19, 2012. N=2,253 adults age 18 and older, including 901 cell phone interviews. Interviews
conducted in English and Spanish. Margin of error is +/-2.7 percentage points for internet users (n=1,729).




About Twitter

Y

¢ The fastest, simplest way to communicate

® More than 140M active users
e Majority (also) mobile; 60% out of U.S.
e More than 400M twitter.com visitors
e More than 400M tweets/day (peak: 25K/sec)

e 1,000 employees (majority in San Francisco)
¢ 50% engineers



Twitter data: text

- Caleb Howe ©CascHone o
8 Glase tubes recovered from Sclyndra have been furned into an art

axhint at Berkeley, RECYCLING “Now' | feel ike it was money ’
well spent.

Expand

Todd Kincannon © 1ood<ncannon an
What a bunch of mizogynists! RT @JoaWilard And those folke at

UC Berkeley - Completely Anti-Women! ’
scencedaiy comvreleases/2009/. ..
B Expenc War anvd Fos

Cal 7Ca n
The irony of Tedd Akin bit.ly/PEutxF #cal

[} Expend e

MISS TOPNOTCHSKILLZ © 0P80 i
@EarPeaceRecords presents END O :'."::‘;;..::.t:.:‘ S
Berkeley. Performing Live Kansha Ku et i
@PatienceSFC, & More pic.twitter.cor

=R 3

M s, t-i-vw nn;n-u val,
AL Sauny,
pryite
Ken Goldberg ©«en poicherg — .
i_‘ Suggest a question for Wiliam Gibson . “Cuimec Ty, o .
5 mguge SQpY 2 opinion.bm.edu gt b -A)‘lum Teittar pays of G Meveert.

[® Expend rmaded_sht T Jam 33 Jis3leCH +B088 20007,

We_atIme -1wer,
“Pecifio Time [T & Canede)’,
' niem,

Carlie Mazzucco « Culazmcooll
We get t.. Everyone not irom Barkele|
party... Now stop.

Expand

richlyons “rohyons
Berkeley among the 10p S university I

.
Prcd

[ Expenc

UroToda/.oom Lentoday

Beyond the Abstract - N-acety krans(d
and preetate cancer ... BERKELEY,
bitly/SiTErq L

.




Twitter data; time series

& #Euro2012

A summary for the action on Twitter during the European football tournament. W Tweet|; 1.762

The Streamgraph below shows volume of Tweets during the #Eura2012 period, Click on a team's name to see dotails,

Countdown to Super Tuesday
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Combined: the pulse of the world

#answer

09:20pm - Santorum
and Romney square
off over felons voting.

plans to release it in
April.

10:09pm - 10:25pm -
Hamnav dimativ Ramnav talke

Paul Ryan: How the Conversation Took Off
Tweets referencing Rep. Paul Ryan (R-Wisc.) — August 10to 11, 2012
gov for it g - R~

Q29AM 3745 TPM @

"o a .

T 44 AM 3128 TPM

Tweets per Minute (TPM)

st 10, 2012 Time (EDT) August 11, 2012




+ Examples of Analytic Tasks
Ads

Tweets > | Results for SFGiants o
People Results for fidelity E =2
() - Top people - View all
s e-a e =T
—— Official Twitter home of the 2010 Worid Cham. Top people - View al
— VI AGT
Tweets top/ Al / Peopie you folow *‘ Fm"'y Investments a F\CC\I(‘,’
M At Fidelity, we offer a full range of products to ..
40 new Tweets Fidslity
America's Cup “amercascup 100 yieldthough‘ =
Do you think we are going to see any capsizes today? famericascup i So | swapped my MacBook Pro for an iPad+Linode for a month
pic.twitter.com/nBquPs| Tweets Top/ All/ Peopleyou follow tmblr.co/ZOd49y BPX9z
& Promoted by Americ: <LDdadyBFAIZO
18 View proto )
‘Trends - Change PR MLB Fan Cave oi/L8fanCave 21 Aug z FXCM =rxCi
sColabratend D Promotod Fowes o Pyl ar ol t i bessbalsgned by Al #forex trading strategies, including scalpi ‘
@ iants great Juan Marichal. #| FXCm
::::::::::;‘::1‘:”"“*° i FXCM's MT4 platform bit.ly/zVx0Kq iandstewart
by San Francisco Giants ©5-Garts a7m & Promoted by FXCN Kinda freaked out about trainindwith a 7th degree black belt next
Mila Kunis g
! #SFGiants now lead 8-2 in the Bth inning. Expand \
6o Expand week.
Narma Drama
FamilySearch
&t‘ Tired of typing? This #RootsTech (LuanaD will teach you how to
ReCO end a_t io nS “talk” your way through writing that tough #FamilyHistory.
Who 1 ollow e e at OppenheimerFunds & @OppFunds W Follow || L~
0 to follow - Refresh - View ) ,
Lonareads Global is more than an asset class. It's a
grea ongreads ) ) .
TS omsetes - Derspective. http://globalizeyourthinking.com
Follow o) tard
EJ Promoted

Adam Sharp © Ada > Tweets
Followed by Ana-Maria | Wnat's happening now, tallored for you.
v ) Follow ”

George Takei Geo!
’ Followed by St.o.:\, L. Jax RS i) e Economist [ Fotowing I3 A . S
L= Follow R n-tl _ pann
Browse categories - Find friends Indiam.: has seen a quiet whirlwind of
education reform econ.st/0679tS
4 Repy T3 Retweet W Favorite

Extreme couponing
et et % Jan Jones WFollow X~
esmae JanJones1727

Tweet to @JanJones1727

get free sample viagra | Add or remove from lists...
EXTRA LOW PRICES .  siock @sandonest727

e 2 viagra > Save Your Mol
bit.ly/OUaEzM

4~ Reply 13 Retweet W Favorite

N — | T L

10:06 PM - 22 Aug 12 via SoclaFlow - Detals

v B

5:07 PM - 22 Aug 12 via twitterfeed - Embed this T




X

What's happening?

i'm speaking at @cal! — “real-time delivery architecture at @twitter”

What happens when you “Tweet” this message?



ROUTING PRESENTATION LOGIC STORAGE & .
RETRIEVAL

T-Bird

T-Flock +
Haplo

Monorail

2009

DAY

Darkwing

Flock(s)

Older Twitter Model.:
Based on Ruby on Rails. Everything was being written on a big monolithic
stack. Doesn’t scale, 400 engineers work on same code base, no independence
to team, too much time spent in co-ordination



what are the goals?

-+ evolve from being solely a web stack

-+ [solate responsibilities and concerns
-+ Site speed and reliability
-» developer innovation speed

Everything has to happen in Real-Time.
Event driven programming model to understand when a Tweet
was posted, when someone replied etc.




This is needed to ‘ Write AP! | Use Write API to
Push tweets in user’s Write tweet in DB
timeline. The timeline ; , S
is replicated three times. ‘ | Fan out 1s delivering the
Fanout Tweet to every single person
who is following that person

Not saved to disk..!

Stored in RAM, Allows

fast recovery: 45 ms

Only active users in past

28 days (LRU) stored in RAM.
Rest goes on Disk.

Redis Cluster: user-id = key,
Tweet = value...!

(Map part of)

Map Reduce Programming

Gizmoduck ge"z"'c": TweetyPie Timeline Service
800 tweets per figures out where person’s

home timeline. Timeline lies in Redis cluster

Rest is stored on - (Reduce part of Map-Reduce
Data-centers

T The goal is avoid
E hitting the disk as much as

T —— Possible..!



Insert

-» keyed off
“recipient”

-» pipelined 4k
“destinations”
at a time

-» replicated



s
l Write API |

Fanout

Tweet ID User ID Bits

using redis

-3 native list

. Tweet ID User ID Bits Tweet ID
Redis

Tweet ID User ID Bits

Tweet ID User ID Bits

Stru Ctu & TweetlD | UserlD | Bits | TweetID
) RPUSHX tO TweetlD | UserID | Bits

Tweet ID User ID Bits

Only add to TweetID | UserIiD | Bits | TweetID
CaChed TweetlD | UserlD | Bits

Tweet ID User ID Bits

Wi




+ Anatomy of a User

i4: 6253282,

id_str: "62532827,

name: “"Twitter API",

screen_name: “twitterapi®,

location: "San Francisco, CA",

url: “http://dev.twittex.con”,

description: "The Real Twitter API. I tweet about API changes, service issues and happily answer questions about Twitter
protected: false,

followers_count: 1217031,

frionds_count: 11,

listed_count: 10784,

created_at: “Wed May 23 06:01:13 +0000 2007",
favourites_count: 25,

ute_offgset: -28800,

tine_zone: "Pacific Time (US & Canada)”,
geo_enabled: true,

verified: true,

statusos_count: 31336,

lang: "en”,

status: {

created at: "Thu Seo 06 17:55:54 +0000 2012".
contributors_enabled: true,

is_translator: false,
profile_background_color: "CODEED",

profile_background_image_url: "http://al.twimg.com/images/themes/themel/ba.png”,
profile_background image_url https: "h 3 i

profile_background_tile: false,

profile_image_url: "

profile_image_url https:

profile_banner_url:
profile_link_color: “0084m4°,

profile_sidebar_border_color: "CODEED",

profile_sidebar_£fill_color: "DDEEFE",

profile_text_color: "333333",

profile_use_background_image: true,

show_all_inline_media: false,

default_profile: true, twltterapl Twitter API Q

default_profile_image: false, 1 The Real Twitter APL I tweet about API changes, service issues
following: null,

follow_request_sent: null,
notifications: null

21 hoann ’ y 239 ) T y { - AP ] s
and napj J answrer gue stions about Twitter and our API. Don't
getanan erZ Its on my website

http://dev twitter.com

Followers 988,982 Following 33

EHEOE Qo0&




I Write API l
Ingester I |
This architecture

Allows to blend in
copied/followed tweets Ea"yb"d Redis

into respective
| mellne
Blender I . l

200-700ms

wsers timeline

i

-
[+
£
-
-
o=
eii.




Read Path: when
you are trying to
search for a tweet

Analyze
influence

u om

> & B W00

Search Operation Regular tweet Access via web/mobile



Twitter Analytics data flow  seversis

production to handle
| d 4 . ' v incoming traffic

Production Hosts

Log Application
events ) Data
Scribe
Aggregators
Third Party O — .
> weets
O . Gizzard * jser profiles
Distributed Analysts
Staging Hadoop Cluster Engineers
_____ PMs
-——=— == " o Crane Crane Sales

fﬁsve/g

T Oink II=
ase — Analytics
I e
Crane .
Monetize
Crane
Crane

e ——
 J .



Analyzing Machine Generated
Data

m Searching, monitoring and analyzing machine generated big
data via web interface

m Allows real-time response model when servers/clusters fail
m Allows trend detection/understanding unpredicted events

m Widely used in web-analytics



