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" Big Data

2 Dataset
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4 International Data Corporation

5 Real- Time
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Near Real Time

You need Big
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40 ZETTABYTES

| 43 TRILLION GIGABYTES |

of data will be created by
2020, an increase of 300

It’s estimated that

2.5 QUINTILLION BYTES
[ 23 TRILLION GIGABYTES |

of data are created each day

times from 2005

6 BILLION

‘ PEOPLE
have cell

phones

Most companies in the
U.S. have at least

100 TERABYTES
| 100,000 GIGABYTES
of data stored

WORLD POPULATION: 7 BILLION
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As of 2011, the global size of By 2014, it's anticipated

dat,_a in healthcare was there will be
estimated to be 420 M|LL|UN
150 EXABYTES WEARABLE, WIRELESS

HEALTH MONITORS

| 161 BILLION GIGABYTES |

4 BILLION+
HOURS OF VIDED

are watched on
YouTube each month

30 BILLION
PIECES OF CONTENT

are shared on Facebook
every month
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400 MILLION TWEETS

are sent per day by about 200
million monthly active users
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Modern cars have close to

The New York Stock Exchange

captures 100 SENSORS

1 TB OF TRADE ®))) that monitor items such as
INFORMATION fuel level and tire pressure

during each trading session

Velocity

ANALYSIS OF
STREAMING DATA

By 2016, it is projected
there will be
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2 0 1 7 This Is What Happens In An
Internet Minute
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Planing One second rule
Get required information in real-time
6
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Big data includes structured 0

data, E-mail, Word file, picture, The DC latest digital universe research
chat record, video, music and report shows, the global data usage
other information will increase by 44 times, about 35.2ZB.
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' data acquisition

2 Storage

3 Management

4 Analysis

5 Data Representation

6 Redundancy Reduction and Data compression
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" Data Life Cycle Management
2 Analytic

3 In- memory

4 Data Confidentiality

5 Expendability and Scalability
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"customerid": "fc986e48cab”
"customer":
{
"firstname": "Pramod",
"lastname": "Sadalage",
"company"”: "ThoughtWorks"
"likes": [ "Biking", "Photography" ]
}
"billingaddress”:
{ "state": "AK",
"city": "DILLINGHAM",
"type": "R"
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HDFS Security

» Authentication to Hadoop

* Simple — insecure way of using OS username to determine hadoop identity
» Kerberos — authentication using kerberos ticket
* Set by hadoop.security.authentication=simple|kerberos

* File and Directory permissions are same like in POSIX
* read (r), write (w), and execute (x) permissions
* also has an owner, group and mode
* enabled by default (dfs.permissions.enabled=true)

* ACLs are used for implemention permissions that differ from

natural hierarchy of users and groups
* enabled by dfs.namenode.acls.enabled=true
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HDFS — Shell Commands

There are two types of shell commands

User Commands
hdfs dfs —runs filesystem commands on the HDFS
hdfs fsck —runs a HDFS filesystem checking command

Administration Commands
hdfs dfsadmin —runs HDFS administration commands

HDFS shell &ysiws glo! -V -1 K5

HDFS — User Commands (dfs)

List directory contents

hdfs dfs -1s
hdfs dfs -1s /
hdfs dfs -1s -R /var

Display the disk space used by files

hdfs dfs -du -h /

hdfs dfs -du /hbase/data/hbase/namespace/
hdfs dfs -du -h /hbase/data/hbase/namespace/
hdfs dfs -du -s /hbase/data/hbase/namespace/
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Here are some examples of HDFS shell commands:
cat Copies the file to standard output (stdout).

chmod Changes the permissions for reading and writing to a
given file or set of files.

chown Changes the owner of a given file or set of files.
copyFromLocal Copies a file from the local file system into HDFS.
copyToLocal  Copies a file from HDFS to the local file system.
cp Copies HDFS files from one directory to another.

expunge Empties all of the files that are in the trash. When you
delete an HDFS file, the data is not actually gone (think
of your MAC or Windows-based home computers, and
yvou'll get the point). Deleted HDFS files can be found in
the trash, which is automatically cleaned at some later
point in time. If you want to empty the trash

immediately, you can use the expunge argument.

1s Displays a listing of files in a given directory.

mkdir Creates a directory in HDFS.

mv Moves files from one directory to another.

rm Deletes a file and sends it to the trash. If you want to skip

the trash process and delete the file from HDFS on the
spot, you can use the -skiptrash option of the rm
command.

HDFS b0 5 dipos is -9 -1 IS5

HDFS — User Commands (dfs)

Copy data to HDFS

hdfs dfs -mkdir tdata

hdfs dfs -1s

hdfs dfs -copyFromLocal tutorials/data/geneva.csv tdata
hdfs dfs -1s -R

- il £l 1 1 i 1 |

cd tutorials/data/
hdfs dfs -copyToLocal tdata/geneva.csv geneva.csv.hdfs
md5sum geneva.csv geneva.csv.hdfs
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L = LOAD 'hdfs//node/tweet data’';
FL = FILTER L BY iso language code EQ 'en';
G = GROUP FL BY from user;

RT = FOREACH & GENERATE group, SUM|(retweets);
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CREATE TABLE Tweets (from user STRING, userid BIGINT, tweettext STRING,
retweets INT) B
COMMENT 'This is the Twitter feed table'
STORED AS SEQUENCEFILE;
LOAD DATA INPATH 'hdfs://node/tweetdata' INTO TAELE TWEETS;
SELECT from user, SUM(retweets)
FROM TWEETS
GROUFP BY from user;
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package hadoop;

import java.util.x*;

import java.io.IOException;

import java.io.IOException;

import org.apache.hadoop.fs.Path;
import org.apache.hadoop.conf.*;
import org.apache.hadoop.io.*;
import org.apache.hadoop.mapred.*;
import org.apache.hadoop.util.*;
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public class ProcessUnits

{

//Mapper class
public static class E _EMapper extends MapReduceBase implements
Mapper<LongWritable ,/*Input key Type */

Text, /*Input value Type*/
Text, /*Output key Type*/
IntWritable> /*Output value Type*/

{

//Map function
public void map (LongWritable key, Text value,
OutputCollector<Text, IntWritable> output,
Reporter reporter) throws IOException
{
String line = value.toString();
String lasttoken = null;
StringTokenizer s = new StringTokenizer (line,"\t");
String year = s.nextToken();

while (s.hasMoreTokens ())
{
lasttoken=s.nextToken () ;

}

int avgprice = Integer.parselnt (lasttoken);
output.collect (new Text (year), new IntWritable (avgprice));

//Reducer class
public static class E EReduce extends MapReduceBase implements

Reducer< Text, IntWritable, Text, IntWritable >
{

//Reduce function
public void reduce( Text key, Iterator <IntWritable> values,
OutputCollector<Text, IntWritable> output, Reporter reporter) throws

IOException

{
int maxavg=30;
int val=Integer.MIN VALUE;

while (values.hasNext ())
{

if ((val=values.next () .get ())>maxavqg)

{
output.collect (key, new IntWritable(val));
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//Main function
public static void main(String args[])throws Exception

{

JobConf conf = new JobConf (ProcessUnits.class);

conf.
conf.
conf.
conf.
conf.
conf.

conf

setJobName ("max eletricityunits");
setOutputKeyClass (Text.class) ;
setOutputValueClass (IntWritable.class);
setMapperClass (E_EMapper.class);
setCombinerClass (E_EReduce.class) ;
setReducerClass (E_EReduce.class) ;

.setInputFormat (TextInputFormat.class);
conf.

setOutputFormat (TextOutputFormat.class);

FileInputFormat.setInputPaths (conf, new Path(args[0]));
FileOutputFormat.setOutputPath (conf, new Path(args[l]));

JobClient.runJob (conf) ;
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commit 10g > cuMS cunlgs > Y- S5 4 dogi byl g S > iis Commit Log « .l . Data Directory
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oYL Gan gy daless bedly ide (gl ol Ko cpl Jg <)y dinlezs o il Wodly 5y alaB b Gxy (o3l yguny 3945 0 Ao
S Bgd 0 3ylgmemTable &, Commit 10g I laosls 1S o osnlie =Y+ —Y S5 13 &5 johailads puws bl oo (yiidgs s puo

& memTable e 4ol an Ll )3 g0 0 03> Acknowledge cioMS & als po oyl 5l dn 9 B9 0 03,5] MEMOrY &

18Ul o5 o FIUSH dls o ] 40 a8 W05 0 asgs (Kuwd) Data Directory s iy O g bodld dwp ailin] o

D13 0 455 Lo ye Cygum |y memTable claodly o5ilSe S5 b g S 0 odlizwl BigTable gl Cije cubls

Client writes to server

Write RowKey,Column
(id='pmcfadin’,
firstnare='Patrick’)

Cassandra Server

File System

Commit Log Data Directory

Data written to commit log

Client

Write RowKey,Column
(.c-'_:,--c.’-:‘c:r',

firstnare='Pazrick’)

Cassandra Server l
File System ‘

_Appendonlylog

d='pmcfadin’,
ffirstnane="Patrick’

Data written to memtable

fd='pmcfadin’,
irstnane='Patrick’

Server acknowledges to client
S

N Acknowledge
\‘

Memtable — Table = Users

(‘

Cassandra Server
File System

fide'pocfadin’,
izstname='Patcick’

Commit Log | Data Directory

Memtable flushed to disﬁk

Memtable - Table = Users

Cassandra Server
File System

firatname='Patzick’

Sequential Write

Data Directory

Gy s S S Lt S oy COMMIL 108 Sy 55500 oanlite b IS5 55 45 yshailod ual o3l Ui |y yap )3 (52ds Sigy JS el 3 2¥ o= IS5

A3l e esls ol e,33 ¢l Data Directory 4 .8 o
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50 1S oo sdaldie Lall- YA-Y S 0 &S jalailad il onds 00l i WS e I8 (6] ST slodly U 1jululS &S bg, VYT IS o

99y 4 031 ¢d oyl mYN=Y S ) el oads ey s NEWeET, Older loj yee bl (sly 48 3,5 339 ()65 pls Lod 5> aplise 03l

&S Ngd oo Ll yiuasdd claodly 95 0 ST s S By &S Ngd e pled] g i memTable > oo L merge sort
ol 04 031y L 5 5 2 YV-Y ola S

Dealing with duplicates | Compaction o
:?“em[:“-" djl o

Cassandra Server Cassandra Server /

firstname='Pac’
Tisestasp = Ol

Data Directory Data Directory

Compacted file written |[Clean up old files >

Cassandra Server

Data Directory Data Directory

e glalo; )0 (61,5 glaoald b Lhuslwls™ (0,8 4187 g, ¥V S
Jto (g3l 053 e Lol Ll o 03ly s YY-Y SS o cpl &S Canl s @95 MolS wiansas 1§ oyl SPOF 1,55Luls™ 5
2S5 2 031> g Dgus o 418 )T a3 1D i degesre S 50 0,5 s (gl g Lad o i S uloly ledld gd oy e b gelul

b Sy oS by 4 oyS ol o odly lis >-YY-Y S5 j0 &S jslailan bl 4l j,8 jom Lib gy 50 Juz_c“\fa)ﬁf@ By
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Fully distributed, no SPOF| Partitioning

Primary key determines placement*
g

f P “‘ E [Ilm age: 36 car: camaro gender: M
ﬁ'aa ﬁa
s ‘carol age: 37 car: subaru gender: F

Key Hashing The Token Ring

johnny age:12 gender: M

suzy age:10 gender: F

PK MDS5 Hash
jim 5¢02739678... MD5* hash
operation yields
carol 2920198010.. a 128-bit
johnny f4eb27cear... number'for keys
of any size.
suzy 78b421309.

Lol .ol oas 03l> L Call-¥Y=Y IS 50 opl 45 208 0 001y s i S ST bl 00l o (gl g i diely S 0)S o (gl
C oS 5 culple 250 B C oS i 03gaome 13 9 Al 0 B o i Cos Jgl o8 &5 bl oo (i (6o JIM iy o &5 polaslen
Aol azdg o)l )3 g cd)S salys 15D 6)5 b edgame 1 45 Wil 0 @ o Caows b8y b L ghyls Carol usmes 05 anlgs 0,5
Replication 5,5 L $cé,5 walg )15 468 LI, bl .cé,5 xalg 1,5 Co)S ysuzy g Ass plohnny jhien b
o ajhe canr D 0)S pl S 0 )5 D 0,5 3 Carol aSul @ as g b g cunl s edly jlis oYY S > oS factor=3
5 o¥ls Jos a gl ()85l Sog aalgs i CONSIStENCY waw Lol 3,5 aalgs 0,33 AB (slao)S o 1) o 51 oS 93 celw
s 2b SO 6yl 591 &S W e cants oy 6,85k JElus a5l Replication factor=n 31 ..sb o adas b oyies
288 5 > (QUOTOM) il s Sy 1l sllas (5l (sl bl el I, S, gl Jlazio Acknowledge b ol
e oS, 70V oS cul Sl wglles LOcal-Quorom Ll .aus sub |y g Joo IS, 70Y &8 cul o) Gollas Glaiis
S5l yiSTus ¥ sie @ ] walal g 53 a5 il e Lgllae aaul sae ¥ slae 1K) dae dw (gl Ay Al il SO o

D9 g 165 Sy § g Lol W oo Cuny

Log ) Lol Wi so adly e oo, 4Ll 5 Cbis plSin 55 (cilbme gloo,S ol w395 o o0l (gjlre (sloo,S ) galisls Jto o Lusluls’ )5

ol 505 01> L5 ZTY=Y SIS )3 Wg, ol w5yl 51,8 gelyls it Jlsie jslas (gjlme (sloo,S ol
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s end IV Replication N s
] ]

0e2000000N0 1 On 4000000 O
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450198010,

peniie Consistency?

More on that later
750421309
Virtual Nodes z

. Without vnodes With vnodes

Llols' )3 sjlxe 0)5 5 (o5 «02)5 i Hlis Lo Y=Y IS
S oo axgio ¥ 0,8 amd 0 ¥ 0)5 4 uiled Cunled > CaMS &S WS o sdalie WHYF-Y IS (5 i )llS 4 ailes Jos
0,5 g 4l 9,5 VY 3l dm ¥ 0,5 ailig o & 5l sy V 0,5 S5 a3 o Lol @0 1y cawlgd )3 5 15,15 51,8 Y=Y=Y (clao )5 3 Lmedls
155 551516 & Aty goly S23L (355 (slooS dad gly it ¥ 0,5 Ll canlogtyl Jlpw S50 sl ¥ o5 & by Sn B 5 s ¥
01530 ¥ 0,5 Zuwly 5 dgu oo 0310 CuMS &y aglig e VYl dmy Frwoly Y=Y SS Bl g sl oid a8 )T las 50 g0 byl oS !

Dy o 43S

Coordinated reads QUORUM and availability

Client

Client

+ Copy of 1
\o= g
Node 3

+Copyof1

LbolS )3 (jlgs Jas VF-Y IS5
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CQL=Cassandra Query Language 1,05Wsl5 59> 9w o3b;

ol zykae INSEIt jgmus CYO-Y IS5 55 sl 0ad gylas )] IS ksl il YO-Y S5 5 .l o 3yxe CQL YO-Y IS5 5
byl jamwd JSb 3=V S 50 b daled il was e b (L8 alie glaodld xy sl jeiwd Lawsisy (gaulS aiSS g cl
ool Jyl o &5 LS oo pasetio o | S (slaiil (loj oSl T sl by ] (sudlS 4S5 oS S oo otnliia |y bty Jgix
Jor Yo 3w oS cusl oad sloml oy Yo Jolao TTL joe b2 loj bl 9o 4235 )3 5 loj ol Jo53 g (s 453 5

) anlgs oy il Jad>

CQL Tables I CQL Inserts =

« List of columns
» No sizes?

« First item in PRMARY KEY is the
partition key

« Insert will always overwrite

CQL Tables e Advanced Data Models °

CREATE TABLE user_activity (
username varchar, ’
time ti

id

» List of columns
* No sizes?

« First item in PRMARY KEY is the
partition key

‘activity code varchar,

detail varchar,

PRIMARY KEY (username, interaction_time)
) WITH CLUSTERING ORDER BY {interaction_time DESC);

Reverse order based on imestamp

INSERT INTO user_ activity

( ion_time,activity_code,detail)
VALUES ('pmcfadin’,OD1454E0-
D202-11E2-8B8B-0800200CIA66, ' 100", 'Normal login')
USING TTL 2592000;

Expire after 30 days

CAL 1,5LulS (g9 9 o by Y-y S5
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031> WS Ly by (S(L5 9 (551381 05 (1 A 1) lor Juad

buwg b ol ol Y Sy 03,5es g by L) G 5 sl o Scalable Language caiswe ()L pl :SCALA 4L;

owile 69y Ll (sl YISl .l 03,5 S 5 1) (03,Shas 5 1,5 = 0 (sla )by sla Sy ooy 4 YISl .3 sbw) Martin Odersky
crasgs CalilB b 5lod S geigm YISl & il lols & disly olinlaylS a8 (ool (slocS 15 295 e ool VM lyls (gjlona
i dguts 1y Gl IS laelsl cubls 5 (g3 wlids

oS oo o 1y 055 b Sl B aias dawgs sl bl YISl sl sud cely a5 1) (sulST IS pdm byl o

i Aled 00l el dsldl 40 &S Wad o Loy

es) 53 by ol o S e o 5 Canl Jle Sy @b o & el 93, 5kes b S pritmad YISl 1] (63 ,Sdos YS!
bl oo 5B o @6

oMbl Lo 4 3,5 il C,Pascal, Rust,... o 15,0 bl glyl & lail; pls BM ; YS! 1aisly o by YISl s glgi
A8 1SSy )l 5l g S iy g9 5 g5l Mol SVl ST 55 Las S walyd go5 (glp g8

scala jgu g a1 ‘sCala’ j5ws buwg L5 o § 355 o0 40> 5 Java Byte Code « YISul :dgui 0 151 VM (g9, YS!
S o Ll ] o0 LlolS (eYISl oS &S il o AV j5id dens

L;Lmu»)'{f Oed g 38 ealawl 1 Java SDK d[mu»)’if wsolod J.lfun B 1) s YIS WS ‘)?" ') '51? K] ..\3'93‘50 YS!

1) g (slyle sloojoy o1y bogs

UL‘) );ya Lf“)ﬁ) @ ‘) wydml;); Lflg ‘_sLmsi.” ABD o)l>1 Lo LY YIS :..\.hbun 'DL'?ES‘ ‘) dsﬂn& 9 -\39)0@ ‘)3)"5’4 Y&M
Silge 9 Ngpen (slynl &S g immutable iy, 4 ) jboless amd e ojlsl Lad 40 )] .amd o ialS 1) S bglas slass )] .S

S o S 1y

daly itn 55 glsil don 5l a5 le Ll 1 o ol Sglise s b LS &S 3l ola Shs YS! Hgla b duanlio 4> YIS

SBgyen Sluudy daClosure da 5355 DSL slo )b 5l Sluids citun ¢ 5 2lg 5 35 ©lgs g9
YS! sbasl

oS Cund ol el o YISl o (oMol glas o ione D90 Salgd o0lus Lo (gl YISl (650 oS Wy lodag S o5 4l ol s |3
b e ol ks slesl po

oS oo et ) YISl s ol oglis aolsl )3 1S oo Sls3 1,5 1) (S50, ot by 4 0l oo oL 5] glassaze YISl asliyy Sy o

" Hybrid functional language
2 States and behaviors
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D g iy bl YL )ld) iy 5 (sl PN Sy: NS @

odly gl oo didgs by glaio ladie ;0 bl atdly (ol sladio Ll o (WS S Al o0 Hldy S [IRI RS S ilbae @
Hgd e 2l b Jos don g 9 o (5500

4 oad ooy olaid! polie b s b S clls Wb oo oapel Wl a5 3l 1) (5055 4 pasie piie (5SS s b ya ilaals @
Do o dbul laals

Sl o @l zylB ) odd iy puiie X b G jlade 4 danly ol S 5b lade wunl wlb K closure S :Closure o

2,8 odliwl @lgs y3 1y lsl lgs oo Ll S 5 b aS 0,5 o o 1y Waald ¢ lase <y Trait o :Traits @
VISl acksyy sl
o5 1ol script mode ginteractice we 93 ) 1) YIS 4ok 6 wuilgs 0 Lo

2 salgs Lz 1y Hello Scalal sl Scala>printin(“Hello, scala”); g Mo spus g 1, YISl el ygiand

cbject HelloWorld {
/* This is my first java program.
* This will print 'Hello World' as the output
*/
def main(args: Array[String]) {
println("Hello, world!™) // prints Hello World

s5wd b s 138 bLelS SCAlAC jgm0n L 1l 151 HelloWorld.scala b 4 o 035 g notepad ;5 599 a8 oyuidg b Mio

tpj Oyga S |l SCala

‘\»scalac HelloWorld.scala

‘\»scala HelloWorld

Dgr wplgs 15 Ojgar (o)

Hello, World!

:Basic Syntax
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Cawl 04 zylas YISw! wwgidoly (gl SYNtAX 5 5o

) glite Slee YISl 13 3l 5 50 5,8 hello L Hello awlis gx cunl wlas Gy 4y YISl 18 dy il @

2 Jgl B Wb odlisl NS Sy ()ISeL (sl aalSin STl S5l B gl (WIS B el NS QU @
MyFirstScalaClass : Jze 1L S5 1L s s

3 aalS a gl B g ookl die pU (gly dalS Min ST .00 £apb SooS By bl bsie slapl dcn Xo oL @
def myMethodName() : Jio a2l 5,5 b

VISl 43S 83)38" 03liol |y 55 pb b 16 0,53 wge il ardly gollas o o b L 1535 Wb asby pb 2aolipy B oL @
A5 0,53 HelloWorld.scala pb b 598 s Mio .ail .SCaAla bl bl gy (cowl gy 4 ol

ol by ol Gisu 4 D5 o £o,0 MAIN Ao jl YISl asbp i, :def main(args: Array[String]) e

J.)yu‘-;a odlazwl u‘9>|)3 ‘_glmml.w 9 (PR 9 llb)M cl.md)% ‘;L.wl LS])’ ‘_;ol.w‘ A fl: J..\A)‘.:J YIS ¢|)>‘ dod :YlS.w‘ dlﬁmw
) S e Sy |y awlis go Hlan YISl s By 4 wlas awlis § 340 odliul pul olgie 4 Wlg o keyword &
g oS+, 2,V Lols Shoe gladwlis -V 348 odlitwl awlid lgis 4 L1550 9 Canl 0dd 95,0 ) (edie— b slaawlii
literal sl awlis -¥ .myvar_= sunary_+ Jio oS5 laawlia-Y +, ++, 11, <?>, 1> (o g 0dlit] WSlg5 o (S 5

DpS o yy8 L G A Cunl olgsds ol andy Jolis &5

B¢ 0dlatul (6,505 wal lgie 4 w15 i g Cunl ol ) 50 YISl 0SS Scala Keywords

abstract case catch Class
def do else extends
false final finally For
forSome if implicit import
lazy match new Mull
object override package private
protected return zealed super
this throw trait Try
true type val Var
while with yield
- = ==
<- < <% =
# @

3 oS Gl 0ld mjg g g oS 10ad 1) 0ss 0,35 (claodls wigSs m il o leMbl il y caluy; Spark

05313 RAM (5 15 aodls .asl yims o ol lmos ol S MapReduce b awolio )3 Mio 0 o ) (YU ey SPark (sblze

Adbge o3y @pmd sl (295 Rl g ) oyt (S i A5 e

s¥ 03l (DS )y 093> R\ SYR I L v K



What is Spark?

= 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 —» Up to 100x faster
- General computation graphs
= Improves usability through:
- Rich APlIs in Java, Scala, Python

— Often 2-10x less code
- Interactive shell

ol oggloxe s o 9 3,5 ) Skl J )3 0l (o o 5 |2l 05l8T S L 1M S )3k igeeels S 3 ol (o |y Sl
2,5 oolazwl
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Wl Golds o CJT Sl 4 Cons 5 Cund w12l i foreach 2 (Jy Gt ppo Ll sy for 5 foreach 9 For c.’.o,l.é:
o oo |2l i 05 0 5> Jg 095 (oo 2] iy 4 053 112! (thread) & S i) 5]

Cavyd MAX, MIN & gol) 40i8 ol i f ddogi g Bgd ze> v b dgzg Oygw 1 (X,Y) 24 9 List.reduce((x,y)=>x+y)
dgus 0adigi S (£ygb Wb s wree S Tas JBlis (0 Jg Cand e i (360kes 50 (498 G Cawyd AVETAGE 4 pal) Lol .
3L e i 5 &S

> N gl o b LS piie 9 @l mel YISl sl o F(X)=XH2 aus g st on 2o ClOSUTE 350 aen ) S )
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‘Scala Cheat Sheet

Variables:

var x: Int = 7
var x = 7 /I type inferred

val y = “hi® // read-only

Functions:

def square(x: Int): Int = x*x

def square(x: Int): Int = {
x*w  /f last line returned

H

il 5 ygea ClOSUre I oslazl ;I Il

Collections and closures:
val nums = Array(1l, 2, 3)
nums.map( (x: Int) =» x + 2) // =» Array(3, 4, &)

nums.map({x =» x + 2) J/ =» same
nums.mapi{_ + 2) // => same

nums.reduce((x, y) => x + y) // => 6
nums.reduce(  + ) ff=>6

Java interop:
More details:

import java.net.URL
scala-lang.org

new URL{“http://cnn.com™).openStream()

A
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Other Collection Methods

Scala collections provide many other functional
methods; for example, Google for “Scala Seq”

map(f: T = U): Seq[U] Pass each element through ¢ |
flavmap(F: T = seq(U]): seg[u] One-to-many map - “’
filter(f: T = Boolean): seq(T] Keep elemenupazsmgl\'
ex1sts(f: T = Boolean): goolean Trua if one o:‘.c:mentpas:e:\l
forall(f: T => 8colean): Boolean True if all elements pass "
reduce(f: (T, T) = T): T Merge elements using f \%.
lgroupsy(fi T = K): Map(K,List[T]] Group elements by f(elemenu“:'
[sortay(f: T = K): Seq[T) Sort elements by flelement) ;‘
e o ‘i\
—_——

.flat map: one to many ;Map: one to one

Key Idea

= Work with distributed collections as you would with local ones

= Concept: resilient distributed datasets (RDDs)

- Immutable collections of objects spread across a cluster
- Built through parallel transformations (map, filter, etc)
- Automatically rebuilt on failure

- Controllable persistence (e.g. caching in RAM)

oS qan 1y s g3 )31 Moo amd o plosil o p3¥ oS (lilind s 3T )3 1) )y sty 035 e S 1A2Y 50,5 ) mepes gyt Syl

@b el i i e plxl cus i ST ol ain L Con ol Bua S 08 ger 1y dhisl iy (loj B S Sy e

sl sl sl
Ly ol Oy o)y 4 cwl immutable ;4 immutable o resilient w» cul ond gj5 wn 45 sl clodld acgee RDD
Cawyd Bl o 0)bgd 39 LIS ST 348 o5 Ol 3 &S ch> Jx ReSIlient )l dgsg osls Cilisee (sla astns dlivs 5,8 @595

elplo ool osis W (6,555 (RDD 4 il g 55 0 W55 (535 4> IRDD a5 s pglro 3,15 4ol 0)5ns G RDD pa 545

£4
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L B 5ol 4y 4 sl e el iy S5 RDD 5,8 il Lol b g5, 511 o olgiise RDD Sy oy oF oy 3
odd o3y lis b RDD o sla (Sily 5 JSK5 )3 g o0 punds ShArd cpais 4 s RDD Lol ilises slapiims 40 03,5
<l oxs Map 3o shard aw b ;55 RDD & & el shard aw Jols < RDD & narrow dependency s .cul
shard 5 .8 o Jel shard ol 41, map 5)ls 1, shard <G a5 ¢ 5guels o .ol sdd )5 wb (9y5 Cunl 00D )55 (3959
Eoeme y3 &S .15l 03,)8 Wi |y was shard 5 sl el plsl lidgs slashard (oo, 1) I8 ol g don 45 395 0 Mg (ghd>
9y 4L 3yl )18 old SaelS 59y 45 Mt 045 @55 SleMbl sla dtws (5o RDD 395 0 155 1505 00 565 RDD &
Pl il g5y dnolons 45 L3 cloRDD iien Lol 0,53 L5 5 3,5 113 1o wiawss RAM )3 5 Conl 005 mj55 yigmeld (6 puy
Al ok @i g M piamw S )3 o3l Shard a5 xl s RDD < o2 L RDD g5 UNION > st lisls po sl o3

Aizwn LRDD (yen SPArk ;o cluwle (slus

RDD Dependencies

Each box Is an RDD, with partitions shown as shaded
rectangles

Wl oas 03> U5 o34 [aZy 9 RDD pgpde pj JSib 5
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Example: Mining Console Logs
= Load error messages from a log into memory, then interactively search for patterns

"Base RDD |

lines = spark.textFile("hdfs://...")
errors = lines.filter(lambda s: s.startswith(“ERROR™))
messages = errors.map{lambda s: s.split{“\t?)[2])

messages.cache()

messages.filter(lambda s: “foo®™ in s).count()

messages.filter(lambda s: “bar” in s).count()

Result: scaled to 1 TB data in 5-7 sec
(vs 170 sec for on-disk data)

35) 35 J13 Fanels Gy lshard ja a8 5g anlss RDD G jidg5 lines bl p 040 0 5L lines & Ll &G Jgl ks

Count g5 o5 ploul gl dlne o el b .aiiwn transform & #lis” ,a filter, map,cache bgbs (el 50l b «

Cund cuslio (i @Ction count ly cache Jos (132y) 355 0 plxil Jos g 34 00 £9p8 Jos b3 oyl 13 ¢ cunl ACtiON

Operations

= Transformations (e.g. map, filter, groupBy, join)

- Lazy operations to build RDDs from other RDDs
= Actions (e.g. count, collect, save)

- Return a result or write it to storage

Al o 2L B oss ls RDD siws (L3 cla RDD 45" bl :RDD Fault tolerance
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RDD Fault Tolerance

RDDs track the transformations used to build them (their /ineage) to recompute lost data

E.g:

messages = textFile(...).filter(lambda s: s.contains("ERROR™))
.map{lambda s: s.split(“\t*)[2])

HadoopRDD FilteredRDD MappedRDD
path = hdfs://__. func = contains(_..) func = split(...)

Creating RDDs

# Turn a local collection into an RDD
sc.parallelize([1, 2, 3])

# Load text file from local FS, HDFS, or S3
sc.textFile(“file.txt™)
sc.textFile(“directory/*.txt™)

sc.textFile(“hdfs://namenode:9800/path/file™)

# Use any existing Hadoop InputFormat
sc.hadoopFile(keyClass, valClass, inputFmt, conf)

val textFile = sc.textFile("hdfs://...")

val counts = textFile.flatMap(line => Tine.split(" "))
.map (word => (word, 1))
.reduceByKey(_ + _)

counts.saveAsTextFile("hdfs://...")

val count = sc.parallelize(l to NUM_SAMPLES).filter { _
val x = math.random

val yv = math.random
X*¥ + y*y < 1
+.count()

printin(s"Pi is roughly ${4.0 * count / NUM_SAMPLES /")

==

\Al
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oS o0 s JUo diged Wi a1y Lows an g5 dald]
g 5 ol 4 b 45 39y aals RDD S textFile 55 jomss 5
val textFile=sc.textFile(“README.md")
Sl dalgs i Gioled aio )3 1) Jlb bghas 55 g0
textFile.collect().foreach(printin)
s salgd ioles 1y b6 b (gl 5 gt
textFile.first()
Silad oo |y Con SPArK aals ol o 1) Lok filter L 5 s
textFile.filter(line=>line.contains(“Spark”)).count()
A wnlgs )L linesWithSpark 4 s Spark ads” Jols a5 Joghas 55 jgwd
val linesWithSpark=textFile.filter(line=>line.contains(“Spark”))
A inlgd ooly slis s linesWithSpark ;s a5 Lol 15 9t )
linesWithSpark.collect().foreach(printin)

Dyl 1y aelS slaws oy g 45T WS oy 1y (golaw lelS Dlaw 45 etwd

o u

textFile.map(line=>line.split(“ “).size).reduce((a,b)=>if (a>b) a else b)

LS e ply BB clelS Sl y 5 Hewd

o o

textFile.map(line=>line.split(“ “).size).reduce((a,b)=>(a+b))
Dy 1y aels slaws oy g a5 WS o g 1y (ool lelS Slaws 45 etwd
textFile.map(line=>line.split(“ “).size).reduce((a,b)=>Math.max(a,b))

2,5 1,3 wordCounts > (word, count) < jgas sla Cose zg5 don pj jgiwd ,

val wordCounts=textFile.flatMap(line=>line.split(“ “)).map(word=>(word,1)). reduceByKey
((a,b)=>a+b)

L9 o 0303 HLES s 9 3,5 o0 )5 WOrdCounts s (word, count) o g sla Ciye zg5 dad yj 5w )

" u

val wordCounts=textFile.flatMap(line=>line.split(
((a,b)=>a+b).collect().foreach(printin)

)).map(word=>(word,1)). reduceByKey

2,8 ool 1} yeiwd | g o ol dalS G s 5 iled (6l
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textFile.flatMap(line=>line.split(“ “)).filter(_=="myword”).map(word=>(word,1)). reduceByKey
((a,b)=>a+b).collect().foreach(printin)

Scala Implementation

val links = // RDD of (url, neighbors) pairs
// RDD of (url, rank) pairs

var ranks

for (i <- 1 to ITERATIONS) {
val contribs = links.join(ranks).flatMap {
case (url, (links, rank)) =>»
links.map(dest => (dest, rank/links.size))

¥

ranks = contribs.reduceByKey( + )
.mapValues(©.15 + @.85 * )

¥

ranks.savelAsTextFile(...)

5 lacgamo g 1l o by claaY ok S s Stack < ools (M cou > il o S Ll o3kl ¢l Stack < :SMAK
wosly o313y (sl g puS ookl [hSlwlS 51 ol 0ald (g5l 0055 (4l Mo A3b o ol 5515, g 030 ML LIS (el 5L 3,90 (sla ol
Asb . Spark, Mesos, Akka, Cassandra, Kafka Jols SMAK .08 ool Ll 5|

Al ge Sysmsliie )3 03l iy el (o905 5 e sige o S sl
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| e '
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e IYM 5y 08 (08 ilie VM (g5 igp0m 5 005 g S playm bl slod,)l8 oo gl oSy S :AKka
S SaS (g ¥igpen g Olge flae Cupde g and el ) S

Sl o gl s )3 3L 00l lie o e (gl YU Lo yied cuilB b osd gjo5 o3 oKL K, :Cassandra
2 Mo Cawl oS b sz swosls 3959 Cu pde slp o Wil oo oS 30 YL Sllee ul9’ bodd @597 ply i S5 :Kafka
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Al e
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Storage Layer: Cassandra

Sl
@< - 0\ @"\_\ . ::,ualér:nzed for heavy write
[' B n:._? @-«y\G * configurable CA (CAP)
) @ Q i) @ e scalable
< 0N Q * XDCR support
\O OCN Q ' ® easycluster 1esizing ang

O @ inter-DC data migration

oS oS jelailan Al 03> sy Jlaid] & B Jad 3 g il YU (gpdy e yied CublB b oS ol (gile 0p3d &Y il ailwlS
Syl Sl ystos Wb 5,8 syl Jga cepmy o] 13 9 5,5 sy KeYSPACE ol (el lgise g ail e oyt 03lgils pololyy uiLsls
M3 oS jalaslen Cowl ot olitw! Clygiws cpl 5l w5 JSKS 0 Jle laie &m0l s |y Halwls o sy (geoxiun ¢ 250 ¢ Jod>

S e oolizwl CQL=Cassandra Query language ;! | jxwls puas

vo Lo (guourw Loy ouscs anys Sobe 58 slwl



Cassandra Data Mode|

CREATE TABLE campaign(
FLEeT nested soned map
year int,
ek ine shouldbeopt[mized for
davitac read quernes
views bigine,
T data (s distnbuted across

PRIMARY KEY ( /
! (1d, year, month, day) nodes bypanmonkey

INSERT INTO campaign(id
g I\ (]
VALUES(48b88953-a_ 2815 syz ;emujgég 3’3 GELIEk)

SELECT views, clicks FROM c
S » €l ampaign
AHERE 1d=40b88953-5_ and year=2015 and month»8:

Spark/Cassandra Example

TABLE event(

K s caleulate total VIews per
¢ uuid, o

o510 wind, Campaign for giv
oy given month

b, forall campaigns
PRIMARY KEY(1d)

4 14+
a2_14: Wip Camalon: WID, ts: Lang, “type : &y
P ring)

ent](“Reyrpace”, event®)
iy iew u:hxi":r'.n:e.un

b bl s ond sl Jgis 399 JSi 55 .a3b 0 Spark/Cassandra la oblg 5 b cubls jl lojen ookl SMAK ¢y
51 ookl i cublB opl sl osi ploul Wl (o9, Map/reduce Jlasl g ol oni ool olojen jgkay oa L Spark context
sy b & ol CamPpaign s Jie .olojer jskay Luslols eV gilooydd cubl 5 bl ool U3jloy oYU Slles oy
o L5k 003 arjel FesslS Vor )3 Jsda Mo ST 5 cuwl FUNCLIONA] MlS 05 45 o (] 353 3 Cujo -3)led oo |, Mizius ViEW
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Spark Core
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don i Sl b 4 land spark-SQL ;5 Bl ples 53 SAL slags 5 oy Silesl b 18 oo S8 Los 4 :Spark-SQL
NETRE 3N Hive , Plg )‘ odliiwl Juo gl 0 I).'>| e P s oo
plosl 53135 Wl gy madlyd oo g 3,3 D939 B 5l 09u] ©ygar 9 cawl DALCh & jgus Waodly a3y 2x :Spark-Streaming

g9 cpl 5 JOT (layguinsr jl (639y9 (slaodly Jio B9 5315, 1L g 0sd 3,1y (ST & yguns g Miads 1 yiaol ©ygums Wodld 215 Lol . gutnd
3,8 ool Koy yiwhS Ll 51 g5 o nodls

A plul Slys o 1, deep learning Jio ola)lS g cwl machine learning ;usle (¢,530 la )3l Jols o5 :Spark-ML

u:b)l.))) ‘_51).» 9 (GIS Lgl.ho.)‘.) e lg‘) ‘_;GLM>| dl.lbég.«.& LY) Joy).o Lghbo.)l.) J:A Rbvove.Y &_9‘).? Oy aosls é.‘!‘,a e :Gl’aphx
03> £95 ol (gl 0yl (Sl dn g Cands Cangd Ha5 Wi 1 5,8 K &S0 Mt b o Lo yS g b b oy bl (8,8 b 13 aiejls
Oloj 48 Cawd 3b5 W JU g b 0,5 sl JuiT wuiS 033 Jodx L SQL &yguns |y b o3l ol (5155 exlizl GraphX I lgs oo o

2,8 ool GBS L gadate cslaylpl 5 b Yl ol 53 g salyss wgd ] Gl

A8 o oaaliie |) SPArK-SAL L sss adgs 15 51 gl wgas 05 S 5

Naive Lamhda example with Spark SQL

e ]
Caxe clasy Cz;aan‘eucru 1d:

String, views: Lomg, clicks: Long)

sql{" " "SELECT caspaign.id as (4, Campaign.viess ay

Capaign.clicks ay
FRON campaign
JOIN event OM caspaign, {d
“).rdd
grouply( rom «» row geths[Strimg|(*1d°))
=pi case (1d, rows) =
a2l views = rews.hend getAs [Lang|(*views *)
val clichy » rcn,hud.pclh[wm]('cu;u')

views,
clicks, event,type 23 type

* event, compaign

val res = rowg Srouply( row =» row

. getAsiString( tyne”
e o W1 type’))

manValues(_ size)
Viens » rea( vien"), clicks = clicks o res(“elick))

saveToCassandra( ‘keyzpace’, ‘¢ mpaign_repore’)

3l opl sl o ooliul .. g MAP )bl lygzod 51 o 51 s g ol osd 03l SQL jgiwd 5l 1l (5 45 395 0 sdalie 18 oyl )
sl L3l cal )3 2895 sl 0 plxil ) SAL (slag 9 oy o0 5398 12l 00l @555 &5 o Slgi (o0 & Canl s I3l s
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ails W95 0 Ll mo)S cpl 69y 1Bl =S )bl lyginnd 15,1 SllolS oo sl oo o ,S 4065 0 Cassandra-analytics
A oo bl 1) (g5l 0,33 351K 5 15,1 1)Ll Lads s 05 g5 Cassandra write-heavy f 4 5 co oo
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Architecture of Spark/Cassandra Clusters

Separate Write & Analyties

*  ANTS contsing addition
daty an i process g result

G sl X
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& 50 eny ane oC

To My facdtate Spark v cannector data localry Jmarenesy,
Spark workers shoukd be col 0Gted with Cassandra nodey
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What is a Stream?

» Think of a stream as an unbounded, continuous real-time flow of records

- You don't need to explicitly request new records, you just receive them

» Records are key-value pairs

- - KEY | VALVE 3 KEY | VALUE | [ KEY [VALE - KEY [VALUE]— -

p— s

DATA

What Is the Kafka Streams API?

= The Kafka Streams API transforms and enriches data
- Supports per-record stream processing with millisecond latency

- Supports stateless processing, stateful processing, windowing operations

= Write standard Java applications and microservices to process your data in real time
- No separate processing cluster required
- Develop on Mac, Linux, Windows
- Elastic, highly scalable, fault-tolerant
- Deploy to containers, VMs, bare metal, cloud, on prem
- Equally viable for small, medium, and large use cases
- Fully integrated with Kafka security

- Supports exactly-once semantics as of 0.11.0

= The Kafka Streams API is part of the open-source Apache Kafka project

va
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Using the Kafka Streams API

= Call the Kafka Streams API from your Java or Scala applications
- The Kafka Streams APl interacts with a Kafka cluster

- The application does not run directly on Kafka brokers

Your App Your App Your App

Streams Streams Streams
API API API

Kafka
Cluster

2BlOg dtwgy jolo 45 wuil ALBl> (gm0 ol o Mo o )ls Sios yiwl sl (55155 4 b5 Byl a5 :Spark-streaming
b oS o5l 2909 pame 4 1y Coles J5I HLA 1 dtugy &gy Mo b S (35133 1y o 08 ol aogey ok wedliss Lo g 43S 0)g5 |,

A Jalgd tape Kinos il (53105 e 1S i i [OT do pa .0 (55155 399 (e 4 1 byt (slaodld

F’zz HDFS

Kafka

Flume

HDFS/S3 Sp Q _ Databases |
Kinesis Stfeam’ng | Dashboards ]

Twitter

Sglite 3p,8" wluly a5 .ib e latency, throughput o (ol sless 8,5 )15 a5 s Wb &S (63,150 5 (S0 Kisou yiul )
ostdS 45 polaslan S o (53130 5 w3 o S sl 4y g S po ankad dabad 1) 2ol «Sipn ol Slisl 08 il ]y o] g (0 g ol
(discrete) auws lassly a1y dgn o3l )by Koo yiuol iy oo diwgn jokas & ol olaodly I 1S g0 (ol ddy Sisa yino]
S ool A 69y Staos il ol 13l o dtwge (sloodls JUT g o5 BB L 55155 SO ooyl o310y ASS oyt D305 (sl
(data ools 59,5 .08 o dstd payio] cloodls (el s s oo 5 Vb Slles 315 b opudy oo iy oKy o5 0 alsl Yoy
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ksl Wgd 0 e Map, reduce,join, Window (YU sdow gy b a5 59 plol oduoms (lagi 63! 51 edlatol b blgs oo

Dy oo ool 15 JSS Syguar ol (B Jos Xigd hgr 055 (olmd90bd b 03> (slmolSol ¢ bl i 4 Alg3 oo 00 3515 slaosl
spark 5 bwg bbatCh ) K4s 0 peds slabatch 4 spark streaming lowg § Kgs o cdl)d wlj (5349 slaodls

input data batches of batches of
stream Spark input data Spark processed data
Streaming Engine L[|

wsb o glaodly I Sbys sms ol oS wsb . Spark DStream L Discretized Stream )Ll (oLl 55 Ko yiwl 2
Skl o5 il 5l g 395 0 el 45 05lors a3l Spark RDD ¢y, laDstream .uloas pewds Soo5 clabatch 4 o«
Kafka, o aliseo plio 1) Siadgyg S canl olaodly 5 atwss b ,> Dstream .8 eslal o] ¢l Spark SQL s MLIib .
Jols Dstream ;> RDD ,a .13l 0 RDD jl aiwgo Sb > Dstream .us . cél s Flume, Kinesis, or TCP sockets

9 oo Jlos! 55 itz sl RDD den (54, 355 0 plosl DStream <G (g5, 48 os o sl o pols Sloj slaojl ;I oledl

@™ Apache Spark DStream
S§E§m batch batch Spark ng%::ed

me 1to 2 ime2to 3| Engine Ll o

¥ ¥
osteamo0s |WINE| [NEEN IIIII

= EIEIEEN EEEE EaEE

Stored in memory
asan RDD

Representing a
Stream of data

import org.apache. spark._
amport org.apache. spark. streamng. _

import org.apache. spark. streamng. StreamingContext._ 7 not necessary since Spark 1.3

¥ Create a Tocal StreamingContext with two working thread and batch interval of 1 second.

¥ The master requires 2 cores to prevent from a starvation scenario.

val conf = new SparkConf().setMaster (“local [2]").setAppName ("NetworkWordCount™)
val ssc = new StreamngContext(conf, Seconds(1))
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L (localhost) ;Lo pb L TCP gie 5 5l Kises yinol (sloodls sdimd lis a5 a8 sl DStream & wuilys oo dgime ol b
Al e (AA33) & 5

‘_'- eate a .L--"-"-"-"' am that wit /1l connect to hostrname:port, f1ke lfocall g #]

val lines = ssc.socketTextStream("localhost™, 9999)

Al o e s S ream ;! 0 Do, oo Bl o3l 5 aS" aisb, o 00y 51 b > saias Lis Lines ream
lJL;O e Ja> ggq DSt u}l 0990y )!b 99 (P .l.’) I D9 )1 45 Lg;" ‘ )1 u_’l.»)> ul.w; L DSt
oSty SlalS 4 Space by bk wanlgs o e

= L &ac FTRe TATO WoOras

val words = lines.flatMap(_.split(" "))

DStream gzie 555, 5l wds 555, cpais bl b uis DStream K o5 wisb o s> 4 S DStream  Joe & Flatmap
s ol 003 030> jLis words DStream L 4 54 oo 4t SlalS lys )3 4alS cpais 4 s o el ol 3 08 o A

import org.apache. spark.streaming. StreamingContext. not necessary since Spark 1.3

Fif batch

e =T Ta s ord 7 e h C

val pairs = words.map{word => (word, 1))

val wordCounts = pairs.reduceBykey(_ + _)

wordCounts. print()
2 L oldS 1SS uils 5 b a9 o redUce yuw o5 045 map (word,1) zo; DStream < 4 words DStream
LS o Ol | B9 o g 4l ja 5 a5 SLlS sl wordCounts.print() (s .3 cusss batch ol

&yl a5 gopd ABly bidp e g 1S o wabats 1) Gluwle Spark Streaming wigs o 1yl Lok ol By 4ol a5

oS oo S8 1) 5 Olygies K08 plas atransformation ace «Sul jl s (5jls, g9,

ssc.start() Start the computation
ssC. awaitTermination() Wart for the computation to te are
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package org.apache.spark.examples.streaming
import org.apache.spark.SparkConf
import org.apache.spark.storage.StorageLevel
import org.apache.spark.streaming.{Seconds, StreamingContext}
object NetworkWordCount {
def main(args: Array[String]) {
if (args.length < 2) {
System.err.printIn("Usage: NetworkWordCount <hostname> <port>")
System.exit(1)
}
StreamingExamples.setStreaminglLoglevels()
// Create the context with a 1 second batch size
val sparkConf = new SparkConf().setAppName("NetworkWordCount")
val ssc = new StreamingContext(sparkConf, Seconds(1))
// Create a socket stream on target ip:port and count the
// words in input stream of \n delimited text (eg. generated by 'nc')
// Note that no duplication in storage level only for running locally.

// Replication necessary in distributed scenario for fault tolerance.

val lines = ssc.socketTextStream(args(0), args(1).tolnt, StorageLevel. MEMORY_AND_DISK_SER)

val words = lines.flatMap(_.split(" "))
val wordCounts = words.map(x => (x, 1)).reduceByKey(_+ _)
wordCounts.print()
ssc.start()
ssc.awaitTermination()
}
}

// scalastyle:on println

5y Apache Spark us S g (6,5 Gl p5 4 pI5 ljgis bl 5 10,8 W b oS SO 30 S )l coad (SNigSs
A8 iy 1y Woaly g uiS HIS S bl b siled o Lo A plad cuns (B9 oudd oo grudgs |y (ably an\S din ST S

AY L (s L oiiS 4t
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@Qat‘g How to Install Apache Spark
on Multi-Node Cluster

E = =

S mmm -t

WS JWid 1)y Jolpo ad Sals gulS S (895 S )l cuad gy

Al duogi slapyd cdy -
Ubunto laslg e led 95 Sty 3,08 5 drsgs p)8 s G lsis 4y (oS5 s Jole o @
5 CentOS, Redhat Jio la wSsi ads jl anly o laud) 1S odlisl (sam (slaascus b 14.04/16.04
D5 e Sbaiiy dev platform glsis 4 wa joaug (45 eslil 5 0y
Apache Spark 2.x Spark e
I, Amazon AWS wlg e led b quuiads 0,5 i diojls Lo can )5 six adgd 5 (59, APache Spark cuas ¢l
L3S SSVMWare Jie gilme o pyb ey g9y cuns slalaialy L 28" oslizl
Master s, Sl cans =Y
WS Gl B (639)9 don il @
Sudo nano /etc/hosts
A8 5)lg |y master, Slave (claedg,9

MASTER-IP master
SLAVEG1-IP slavefl
SLAVEB2-IP slaveB2

(3¢5 00 4oy Oracle Java ) aus cuas |, Y lgls @

sudo apt-get install python-software-properties
sudo add-apt-repository ppa:webupddteam/java
sudo apt-get update

sudo apt-get install oracle-java/-installer

LS e [y YW @
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sudo apt-get install scala
28 5L 1, SSH Server-Client |l

sudo apt-get install openssh-server openssh-client
S 395 1y WS g e

ssh-keygen -t rsa -P ""
A8 S .ssh/authorized_keys « 1, (master ;)).ssh/id_rsa.pub g .S can 180 1, o, o9 SSH
A8 S SSH L) s slave aos
ssh slaveBl
ssh slaveB2
http://spark.apache.org/downloads.html. 1, Sl a5es op 3] asles oo lod S )bl cos @
tar xzf spark-2.0.0-bin-hadoop2.6.t8z 1S 5L 1, ol s .08 d4bils

DS Galpg 1y bashre oS o las 1) gun Sy g @

export JAVA HOME=<path-of-Java-installation:» (eg: /fusr/lib
Jijvm/java-7-oracle/)
export 5PARK_HOME=<path-to-the-root-of-your-spark-
installation® (eg: /home/dataflair/spark-2.8.8-bin-
hadoop2.6/)
export PATH=EPATH:$SPARK_HOME/bin
S webati 1) 55 slayel,b o (Sspark_hone/conf) oS s 1, Spark-env.sh

D s 1y ol g ags spark-env.sh 5l S S
cp spark-env.sh.template spark-env.sh

export JAVA HOME=<path-of-lava-installation:> (eg: /fusr/lib
Jjvm/java-7-oracle/)
export SPARK_WORKER_CORES=8

S ALl 1) 15 slasss,g o (SSpark_home/conf/) ass sbx! ) leslave o Sy b oS adlsl | WSlave

slaveBl
slaveB?2

oy S laslave e jo |, Sl bl suls cuas Master o coidge L Apache Spark 451

Slave ;s &Ll coas =Y
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http://spark.apache.org/downloads.html
http://spark.apache.org/downloads.html

(worker sla o5 L) Slave ase ;o cuai sl 5L5 i

e “1.1. Add Entries in hosts file”
o “1.2. Install Java 7”
e “1.3. Install Scala”

S S lslave aas 4 master ||, lacuas

a. Create tarball of configured setup

tar czf spark.tar.gz spark-2.8.8-bin-hadoop2.6
NOTE: Run this command on Master
b. Copy the configured tarball on all the slaves

scp spark.tar.gz slaveBl:~

NOTE: Run this command on Master

scp spark.tar.gz slaveB2:~

NOTE: Run this command on Master

o

ass un-tar | eslave ase ,o ool san S sl ol

tar xzf spark.tar.gz

€979 1y S )lewl LS 0S8 g5,0 IS jo |, daemons Jl> .ol sals cuai leSlave aas (o apache Spark >

I. Start Spark Services

sbin/start-all.sh

Note: Run this command on Master

II. Check whether services have been started

a. Check daemons on Master

ips
Master
b. Check daemons on Slaves

jps
Worker

AF 03l (DS )y 093>
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Spark Web UI
I. Spark Master UI

Browse the Spark UI to know about worker nodes, running application,
cluster resources.

http://MASTER-IP: 8080/
I1. Spark application UI
http://MASTER-IP:4040/

2.6. Stop the Cluster
I. Stop Spark Services

Once all the applications have finished, you can stop the spark services
(master and slaves daemons) running on the cluster

sbin/stop-all.sh

Note: Run this command on Master

:Elastic Search, Logstash, Kibana :ELK Software stack
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Indexer steps

Term Doc #

- Sequence of (Modified token, Document ID) pairs. L

Doc 1 Doc 2 - —y

| did enact Julius So let it be with :?tn

Caesar | was killed Caesar. The noble the
i' the Capitol; Brutus hath told you
Brutus killed me. Caesar was ambitious hath

caesar

=
R A S R R SN AN SRR SRS SIS 3 Y g g JEep A R S PR PR PR JER g pur iy

ambitious
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Tem Doc # Term Doc #
S t b t I 1 ambitious 2
did 1 be 2
ort by terms. ad_ 1 be _ 2
julius 1 brutus 2
caesar 1 capitol 1
I 1 cassar 1
Was 1 caesar 2
killed 1 caesar 2
i 1 did 1
the 1 enact 1
capitol 1 hath 1
brutus 1 1 1
Killed 1 I 1
me 1 I 1
S0 2 it 2
let 2 julius 1
it 2 killed 1
be 2 Killed 1
with 2 let 2
caesar 2 me 1
the 2 nohle 2
noble 2 S0 2
brutus 2 the 1
hath 2 the 2
told 2 told 2
you 2 Wyou 2
caesar 2 Wwas 1
was 2 was 2
ambitious 2 with 2
. R . Term Doc # Term Doc # Freq
Multiple term entries in a ambitos 2 ambitious 2 i
. be 2 1
single document are merged. s 1 brutus 1 i
brutus 2 brutus 2 1
1 1 T capitol 1 i
Frequency information is capfol ! capitol ! !
caesar 2 cassar
added- caesar 2 did 3 f
did 1 enact 1 1
enact ! hath 2 1
hath 1
[ 1 2
I 1 —)y 1 1
! 1 it 2 1
> ; julius 1 1
L killed 1 2
ﬁg : et 2 1
Killed i e ; :
o ———
nohle 2 :m ; :
. f told 2 1
the 2 you 2 !
told 2 was 1 1
was 2 1
you 2 =
Sas F with 2 1
was 2
with 2

q.
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- The result is split into a Dictionary file and a
Postings file.

Term Doc # Freq
ambitious
be

brutus
brutus
capitol
cassar
cassar
did

enact
hath

|

0

it

julius
killed

let

[ IS R L S D B BRSNS N e B L D ] = D e D i )
I I I I R e e I s A R O L s

Term N docs | Tot Freq

ambitious
be
brutus
capitol
caesar
did
enact
hath

I

i

it
Julius
killed
let

me
noble
so

the
told
you
was
with

JEENY 1 PV PR N ) TV PR RN RN W R T RN PR Y I BN R Y R Y

Doc # Freq

I

|

|

|

4
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# parts of your configuration.
input {

filter {

output {

¥

# This is a comment. You should use comments to describe

2Ol 0 a5 1y omlie 040 oo 0l lOgStash lawgs a5 cunl cols s G saiiS o iNpUt plugin o459 s

zogs 5l il oo ools i ) Jgaz ,0 aods jeka ] 0550 dix a5 At b jleas 0,5 Gan Sy 5 i iSu oyl
S as>,e https://www.elastic.co/guide/en/logstash/5.6/input-plugins.html & i

Plugin
beats
cloudwatch

elasticsearch

Description
Receives events from the Elastic Beats framework

Pulls events from the Amazon Web Services CloudWatch API

Reads query results from an Elasticsearch cluster

Github repository
logstash-input-beats

logstash-input-cloudwatch

logstash-input-elasticsearch

eventlog Pulls events from the Windows Event Log logstash-input-eventlog
exec Captures the output of a shell command as an event logstash-input-exec
file Streams events from files logstash-input-file
ganglia Reads Ganglia packets over UDP logstash-input-ganglia
gelf Reads GELF-format messages from Graylog?2 as events logstash-input-gelf
kafka Reads events from a Kafka topic logstash-input-kafka
Kinesis Receives events through an AWS Kinesis stream logstash-input-kinesis
pipe Streams events from a long-running command pipe logstash-input-pipe
redis Reads events from a Redis instance logstash-input-redis
relp Receives RELP events over a TCP socket logstash-input-relp

rss Captures the output of command line tools as an event logstash-input-rss

s3 Streams events from files in a S3 bucket logstash-input-s3

stdin Reads events from standard input logstash-input-stdin
tcp Reads events from a TCP socket logstash-input-tcp
twitter Reads events from the Twitter Streaming API logstash-input-twitter
udp Reads events over UDP logstash-input-udp
unix Reads events over a UNIX socket logstash-input-unix

v oold o}lf Q¥I0 09> o‘,@' olidle


https://www.elastic.co/guide/en/logstash/5.6/input-plugins.html
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-beats.html
https://github.com/logstash-plugins/logstash-input-beats
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-cloudwatch.html
https://github.com/logstash-plugins/logstash-input-cloudwatch
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-elasticsearch.html
https://github.com/logstash-plugins/logstash-input-elasticsearch
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-eventlog.html
https://github.com/logstash-plugins/logstash-input-eventlog
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-exec.html
https://github.com/logstash-plugins/logstash-input-exec
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-file.html
https://github.com/logstash-plugins/logstash-input-file
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-ganglia.html
https://github.com/logstash-plugins/logstash-input-ganglia
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-gelf.html
https://github.com/logstash-plugins/logstash-input-gelf
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-kafka.html
https://github.com/logstash-plugins/logstash-input-kafka
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-kinesis.html
https://github.com/logstash-plugins/logstash-input-kinesis
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-pipe.html
https://github.com/logstash-plugins/logstash-input-pipe
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-redis.html
https://github.com/logstash-plugins/logstash-input-redis
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-relp.html
https://github.com/logstash-plugins/logstash-input-relp
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-rss.html
https://github.com/logstash-plugins/logstash-input-rss
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-s3.html
https://github.com/logstash-plugins/logstash-input-s3
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-stdin.html
https://github.com/logstash-plugins/logstash-input-stdin
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-tcp.html
https://github.com/logstash-plugins/logstash-input-tcp
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-twitter.html
https://github.com/logstash-plugins/logstash-input-twitter
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-udp.html
https://github.com/logstash-plugins/logstash-input-udp
https://www.elastic.co/guide/en/logstash/5.6/plugins-inputs-unix.html
https://github.com/logstash-plugins/logstash-input-unix

auly a5 B9 oo Jloel (b i ok o b jild ams e pll 1) olas; O (59, (5,98 bjle  filter plugin G -l s
@ S dlee esalie ln ml el LA ny Jgax 0 Ty ) Sy wip a5 wBlee Sl S sl SRy
S anxl 0 https://www.elastic.co/guide/en/logstash/5.6/filter-plugins.html

Plugin Description Github repository
aggregate |Aggregates information from several events originating with a single task  |logstash-filter-aggregate
alter Performs general alterations to fields that the mutate filter does not logstash-filter-alter
handle
anonymize |Replaces field values with a consistent hash logstash-filter-anonymize
cidr Checks IP addresses against a list of network blocks logstash-filter-cidr
cipher Applies or removes a cipher to an event logstash-filter-cipher
clone Duplicates events logstash-filter-clone
collate Collates events by time or count logstash-filter-collate
csv Parses comma-separated value data into individual fields logstash-filter-csv
date Parses dates from fields to use as the Logstash timestamp for an event logstash-filter-date
de_dot Computationally expensive filter that removes dots from a field name logstash-filter-de_dot

sz anil e olas, Wyl L Ll ale e b oz gy i ool e 4 |, Laslas, output plugin : 5,5 i

&

Plugin
boundary
circonus
cloudwatch
csv

datadog
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Description

Github repository

Sends annotations to Boundary based on Logstash events |logstash-output-boundary

Sends annotations to Circonus based on Logstash events  |logstash-output-circonus

Aggregates and sends metric data to AWS CloudWatch  |logstash-output-cloudwatch

Writes events to disk in a delimited format logstash-output-csv

Sends events to DataDogHQ based on Logstash events logstash-output-datadog

datadog_metrics |Sends metrics to DataDogHQ based on Logstash events  |logstash-output-datadog_metrics

elasticsearch

Stores logs in Elasticsearch

logstash-output-elasticsearch

email Sends email to a specified address when output is received |logstash-output-email
exec Runs a command for a matching event logstash-output-exec
file Writes events to files on disk logstash-output-file
el 5 &9 SYSIOE 5l s sols 84,5 sl lOgstash sow ;So aiges S
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https://www.elastic.co/guide/en/logstash/5.6/filter-plugins.html
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-aggregate.html
https://github.com/logstash-plugins/logstash-filter-aggregate
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-alter.html
https://github.com/logstash-plugins/logstash-filter-alter
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-anonymize.html
https://github.com/logstash-plugins/logstash-filter-anonymize
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-cidr.html
https://github.com/logstash-plugins/logstash-filter-cidr
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-cipher.html
https://github.com/logstash-plugins/logstash-filter-cipher
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-clone.html
https://github.com/logstash-plugins/logstash-filter-clone
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-collate.html
https://github.com/logstash-plugins/logstash-filter-collate
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-csv.html
https://github.com/logstash-plugins/logstash-filter-csv
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-date.html
https://github.com/logstash-plugins/logstash-filter-date
https://www.elastic.co/guide/en/logstash/5.6/plugins-filters-de_dot.html
https://github.com/logstash-plugins/logstash-filter-de_dot
https://www.elastic.co/guide/en/logstash/5.6/output-plugins.html
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-boundary.html
https://github.com/logstash-plugins/logstash-output-boundary
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-circonus.html
https://github.com/logstash-plugins/logstash-output-circonus
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-cloudwatch.html
https://github.com/logstash-plugins/logstash-output-cloudwatch
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-csv.html
https://github.com/logstash-plugins/logstash-output-csv
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-datadog.html
https://github.com/logstash-plugins/logstash-output-datadog
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-datadog_metrics.html
https://github.com/logstash-plugins/logstash-output-datadog_metrics
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-elasticsearch.html
https://github.com/logstash-plugins/logstash-output-elasticsearch
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-email.html
https://github.com/logstash-plugins/logstash-output-email
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-exec.html
https://github.com/logstash-plugins/logstash-output-exec
https://www.elastic.co/guide/en/logstash/5.6/plugins-outputs-file.html
https://github.com/logstash-plugins/logstash-output-file

Adding the ‘syslog’ input
input {
beats {
port => 5044
h
syslog {
type => syslog
port => 5514
b
L
output {
stdout { }
elasticsearch { }
)
el ) e lOgstash 5 Koo so S aiges SO
Configuration [~ A
file {
Multiple inouts of path => "/tmp/access_log"
differ';nt ty[::les : start_position =» "beginning"
}
— !
filter {
if [path] =~ "access" {
Conditionally mutate { replace =»> { "type" => "apache_access" } }
filter and grok {

transform data;
some common
formats are
already known

Forward to
multiple outputs

—

e

}

}

match => { "message”
}
¥
date {
match => [ “timestamp"” , “dd/MMM/yyyy:HH:mm:ss Z" ]

}

> "%{COMBINEDAPACHELOG}" }

= putput {

elasticsearch {
host => localhost

Hy
stdout { codec => rubydebug }

a¥
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Console output processing apache log files

Run logstash with: bin/logstash -f logstash.conf

{
'"message" => "127.0.0.1 - - [11/Dec/2013:00:01:45 -0800] \"GET
/xampp/status.php HTTP/1.1\" 200 3891 \"http://cadenza/xampp/navi.php\"
\"Mozilla/5.0 (Macintosh; Intel Mac 0S X 10.9; rv:25.0) Gecko/20100101
Firefox/25.0\"",
"@timestamp" => "2013-12-11T08:01:45.000Z",
"@version" => "1",
"host" => "cadenza",
"clientip" => "127.0.0.1",
"ident" => "=-"
IFauth” => n_mn C
"timestamp" => "11/Dec/2013:00:01:45 -0800",
"wverb" => "GET",
"request" => "/xampp/status.php",
"httpversion" => "1.1",
"response" => "200",
"bytes" => "3891",
"referrer" => "\"http://cadenza/xampp/navi.php\"",
"agent" => "\"Mozilla/5.0 (Macintosh; Intel Mac 0S X 10.9; rv:25.0)
Gecko/20100101 Firefox/25.0\""
}

Bl g Oyga Alg o0 g0, 6,500 9

input {

tep { - s =
et Configuration for parsing syslog messages
type => syslog : : :

} Input filter receives messages directly

udp { from tcp and udp ports
port => 5000
type => syslog s A .

} Filter splits messages and adds fields

}

filter {
if [type] == "syslog" {
grok {
match => { "message" => "%{SYSLOGTIMESTAMP:syslog_timestamp} %{SYSLOGHOST:syslog_h
_program}(?:\[%{POSINT:syslog_pid}\])?: %{GREEDYDATA:syslog_message}" }
add_field => [ "received_at", "%{@timestamp}" ]
add_field => [ "received_from", "%{host}" ]

}
syslog_pri { }
date {
match => [ "syslog_timestamp", "MMM d HH:mm:ss", "MMM dd HH:mm:ss" ]
}
}
}
output {

elasticsearch { host => localhost }
stdout { codec => rubydebug }
}
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Console output processing syslog messages

Run logstash with: bin/logstash -f logstash.conf

"message" => "Dec 23 14:30:01 louis CRON[619]: (www-data) CMD
/usr/share/cacti/site/poller.php >/dev/null
2>/var/log/cacti/poller-error.log)",

"2013-12-23T22:30:01.0002",
wyiw,
"syslog" 7

"0:0:0:0:0:0:0:1:52617",
"Dec 23 14:30:01",
"louis",

"CRON",

"e1L9",

" (www-data) CMD (php /usr/share/cacti/site/poller

>/dev/null 2>/var/log/cacti/poller-error.log)",

{
"@timestamp" =>
"@version" =>
"type" =>
"host" =>
"syslog_timestamp" =>
"syslog_hostname" =>
"syslog_program'" =>
"syslog_pid" =>
"syslog_message" =>
"received at" =>
"received from" =>
"syslog_severity code" =>
"syslog_facility_ code" =>
"syslog_facility" =>
"syslog_severity" =>

}

"2013-12-23 22:49:22 UTC",
"0:0:0:0:0:0:0:1:52617",
5/

ll

"user-level",

"notice"

(php

-php

(g 0,8 Wiz o 1) o>s,5 logstash s oy

Logstash Indexing Instance

Multiple
node
writes

Elasticsearch
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File and UDP Twitter and RSS
Source Source
h 4 v

Logstash Shipping Instance Logstash S‘hbping Instance Logstash Shipping Instance

Message
Queue
Output

plugin

\ .‘ Message Queue

J

Message
Queue
Output

plugin

Logstash Indexing Instance

Input Fiter Output] M:cl,t:i’ge
plugin plugin plugin J e

Elasticsearch

A

YvYyY

Elasticsearch

m Server environment for storing large scale structured index
entries and query them
= Written in Java
= Based on Apache Lucene
= Uses Lucene for index creation and management

= Document-oriented (structured) index entries which can (but must
not) be associated with a schema

= Combines “full text"-oriented search options for text fields with more

precise search options for other types of fields, like date + time
fields, geolocation fields, etc.

= Near real-time search and analysis capabilities
m Provides Restful APl as JSON over HTTP

qy Lo guourw Loy ouscsS anys Sobe 58 slwl



Scalability of Elasticsearch

a Elasticsearch can run as one integrated application on
multiple nodes of a cluster
m Indexes are stored in Lucene instances called “Shards”
which can be distributed over several nodes
m There a two types of “Shards”
= Primary Shards
= Replica
a Replicas of "Primary Shards” provide

= Failure tolerance and therefore protect data
= Make queries (search faster) faster

Lucene Flow
Index document
Analyze I
document Search Ul
Build document / \
Index Build Render
query results

Acquire content \ /

—> Run query

elasticsearch sluo b (uSonl G 5lawsS oo pasein o 5o Lad g ap0 oo 8,50l o Lo 4 a5 ol 5,15 S :Kibana
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Kibana

Web-based application for exploring and visualizing data
Modern Browser-based interface (HTMLS + JavaScript)
Ships with its own web server for easy setup

@
B
@
m Seamless integration with Elasticsearch
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Create a visualization
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Different types of visualizations

I Discover Visualize Dashboard Settings

Create a new visualization

|@a Areachart

@ Data table
|[#” Line chart
<[> Markdown widget
f Metric
G Pie chart
Q@ Tilemap

il Vertical bar chart

Great for stacked timelines in which the total of all series is more important than comparing any two or more series. Less
useful for assessing the relative change of unrelated data points as changes in a series lower down the stack will have a
difficult to gauge effect on the series above it.

The data table provides a detailed breakdown, in tabular format, of the results of a composed aggregation. Tip, a data
table is available from many other charts by clicking grey bar at the bottom of the chart.

Often the best chart for high density time series. Great for comparing one series to another. Be careful with sparse sets as
the connection between points can be misleading.

Useful for displaying explanations or instructions for dashboards.
One big number for all of your one big number needs. Perfect for show a count of hits, or the exact average a numeric
field.

Pie charts are ideal for displaying the parts of some whole. For example, sales percentages by department.Pro Tip: Pie
charts are best used sparingly, and with no more than 7 slices per pie.

Your source for geographic maps. Requires an elasticsearch geo_point field. More specifically, a field that is mapped as
type:geo_point with latitude and longitude coordinates.

The goto chart for oh-so-many needs. Great for time and non-time data. Stacked or grouped, exact numbers or
percentages. If you are not sure which chart your need, you could do worse than to start here.
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Some use cases of the ELK stack

a Log data management and analysis

m Monitor systems and / or applications and notify operators

about critical events

m Collect and analyze other (mass) data
= i.e. business data for business analytics
= Energy management data or event data from smart grids
= Environmental data
a Use the ELK stack for search driven access to mass data

in web based information systems
Log data management and analysis

a Many different types of logs
= Application logs
= Operating system logs
= Network traffic logs from routers, etc.
m Different goals for analysis
= Detect errors at runtime or while testing applications
= Find and analyze security threats

= Aggregate statistical data / metrics
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Problems of log data analysis

= No centralization
= Log data could be everywhere
= on different servers and different places within the same server
m Accessibility Problems
= Logs can be difficult to find
Access to server / device is often difficult for analyst
High expertise for accessing logs on different platforms necessary
= Logs can be big and therefore difficult to copy
= SSH access and grep on logs doesn’t scale or reach
= No Consistency
= Structure of log entries is different for each app, system, or device
= Specific knowledge is necessary for interpreting different log types

= Variation in formats makes it challenging to search
= Many different types of time formats

The ELK stack provides solutions

m Logstash allows to collect all log entries at a central place (e.g. Elasticsearch)
s End users don’t need to know where the log files are located
s Big log files will be transferred continuously in smaller chunks

Logstash-forwarder

S Logstash-forwarder ==

Shipper Key-Value Store Indexer Log DB User Interface
s tlogslfsh} (Redis) (logstash) (elasticsearch) (kibana)
'\‘.:; Logstash-forwarde
(-]
=

m Log file entries can be transformed into harmonized event objects
m Easy access for end users via Browser based interfaces (e.g. Kibana)

m Elasticsearch / Kibana provide advanced functionality for analyzing and visualizing

the log data
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Monitoring

m The ELK stack also provides good solutions for monitoring
data and alerting users

a Logstash can check conditions on log file entries and even
aggregated metrics

» And conditionally sent notification events to certain output plugins if
monitoring criteria are met

s E.g. forward notification event to email output plugin for notifying user
(e.g. operators) about the condition

= Forwarding notification event to a dedicated monitoring application

» Elasticsearch in combination with Watcher (another product of
Elastic)

s Can instrument arbitrary Elasticsearch queries to produce alerts and
notifications

s These queries can be run at certain time intervals

s When the watch condition happens, actions can be taken (sent an
email or forwarding an event to another system)

aladl> 4y dgaze ciam Wl Codgazme 95 ke Lo slab3lo p wuiiS LB a5 jghailan ! M 55310 4 b 0818 NS dunas ko
fo diejli yidon 03l S o 510 5 0 Tlbls )l s sgamte (san (5510 4 dgame cans /O 4 sgase Lam i
Jlso sl a5 50 o o0l 1053 0530 a5 portiand 0010 LIS 5 (605, clmosls a qus s g 0318 (ol 5 (5551
S a5 jghailen S o s 1) 138 G 4 Lo 5l (S 095l e o 00l &y s (5310 ake 3l iy HPC"
b baspe Jlos (sl g s conlin Lo Sgnals g 5l osliiul jiion aiited @ (L slabilo sl o5 (Dilao 1

REGUOW- WLAA LQ).».H»L».;.) Lw Q“’BLQ’)ﬁ wL\M (_QLQ:)J}».».AIS ).».m.u osls u>_>L7L>l.>
13,5 o’ Joo diz 5 1y LT (195 oo Wl o )0 (o yiws BB Slslge 98 Llod 516 3lg0 wlawlxo gl Juo gl
Ll @ a8 Wgd o Jlosl o0y yaie iz 4 Glojer joka poline Olygiws Sljlse g55 cpl 50 00ls mhaw Sljlse @
kg5 o SIMDY
MIMD? QT G aS Wl oo Jlasl Sglaie slaosls (59, p Dglate Ol ygiws Sljlae g45 0l jo «(task) N b oljlge @
g8 (o0
oS oo SPMD” (] b a8 ol 00 sgazme Jos g G (59, Slslge «ljlge g9 cpl jo t00ls cpaim aslipy S @
&S adss SPMD S ilgs o MIMD asls s jo 92 sl o MIMD Jsleo SPMD

" Big Data Vs Big Process

2 Memory bound, I/0 bound, compute Bound, Communication Bound
3 High Performance Computing

4 Single Instruction Stream Multiple Data Stream

5 Multiple instruction Stream Multiple Data Stream

6 Single program multiple data.
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fold o jad alidls L) SIMD | g lanafis)

Shared
Memaory

CU=Control unit
PU=Processing unit
Mu=Memory unit
Is=Instruction stream
Ds=Data stream
PE=Processing Element
LM=Local Memory

IS
(5 st alsits L) MIMD g laxo z)
1S
1
[cu | | cua | cu,
Memory |5l 15 15
(Program and U PU PU
data) Ds"l LI Ds” 2] DS g
ijor % Ds
(Sl LI MISD (g ylanaf3)
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For(i=0;i<1000;i++)

{Cli]=Ali]+B[i];}

" Message Passing interconnection (MPI)

S ks o)
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for(i=0;i<256;i++)

{
Cli*4]=A[i*4]+B[i*4];

C[i*4+1]=A[i*4+1]+B[i*4+1];
Cl[i*4+2]=A[i*4+2]+B[i*4+2];
Cl[i*4+3]=A[i*4+3]+B[i*4+3];

}

Silse ssh Jos (nl g ol walys planil pozr wxly SG ) jsiws ;0 a5 Wgd oo |2l @ox jgiws Loz adl> gl )L s 0o

2153 SIMD & jsms asli s syl 5o (6l § Loy e o tal3l sy ol o clss 2l )L YOF dils aiy 5 955 oo pln]
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atlosls L 15 US55 00iiS mez wly ¥ L SIMD b aslie 13 SISD il oSy (55, |, 4l Sy sly>! 51 gleiges
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84 o0 Sluiiy Solaris Studio, Intel C Compiler (icc), Microsoft Visual C++ since version 2005
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) asl, L5 g, a5 ol oo compiler #pragmas ;i slacgome Jols OpenMp :C++ ,0 OpenMp  p glaoaio
A1y Cayd 513, o e el iS5 Slatia | T JLLLS 31 > oS wlowds >,k 5,5k Pragmas oS’ o J s
105 o oolaznl OpenMp i as oo oo Ll 1y ool deb g el jo .3l3lge (yauy Lol wisls

thread wz) sjlpe sk Jpor S o oo o Jlo

Slade |y Jea 5l sadu (thread) &, aigi o 1,21 (5lae Hohay 45 (S o el F08 iz @ 1y Joo (20,0de 05 ()

#include <cmath=
int main()

const int size = 256;
double sinTable[size]:

#pragma omp parallel for
for(int n=0; n<size; ++n)
sinTable[n] = std::sin(2 * M_PT * n / size);

/7 the table is now initialized

}

AlbulsS 5l eolawl OpenMp 4.0 51 slocias aiejls aseus ! :SIMD, & 0) (s5lse jshay Joo S 20 lade 1L
il oo Intel SVML L AMD ACML (55lg0 y5bls juce

#include <cmath>
int main()

const int size = 256;
double sinTable[size];

#pragma omp simd
for(int n=0; n<size; ++n)
sinTable[n] = std::sin(2 * M_PI * n / size);

A/ the table 15 now initialized

}

GPU o S aiws &5, 6,135,651 0OpenMP 4.0 (Ko aiws g9,y &8 wiz) Joo S 4 (2o Hlade @ ke
single thread processing multiple data ol sg> g0 asl o G 50 Ol5lge pehaw ds wlgs o ol plis . 0iS oo Sl

multiple devices running same program 4 multiple threads running simultaneously

simultaneously

#include <cmath>
int main()

const int size = 256;
double sinTable[size];

#pragma omp target teams distribute parallel for map(from:sinTable[0:2561)
for(int n=0; n<size; ++n)
sinTable[n] = std::sin(2 * M_PI * n / size);

/Y the table 7s now initialized

}

2,5 Ol 1y Glge 95 ibg by Ol oo Dljlge €5 9 398 slalie 4 azgi b
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Ll oles 5o N aS) wiS o oloul &5 N 5log 5 G T 090 0 slowl Pragma iiss b s5lse Sl G rs5loe Sob sl
Ngd oo hod & Se & o Sl 5l o wiS o 12

#pragma omp parallel
{

/" Code inside this region runs in parallel.
printf("Hello!\n");

gl o JOIN 75 S5 s bo g5 { 51 o (adl o 35T (55050 y5kas PPN e
e 1,5 bl (bt O e Ollge yeiws 5o if S le ols L3 L Glgise |, Shilge df L b5 &ljlge

extern int parallelism_enabled:
#pragma omp parallel for if(parallelism enabled)
for(int c=0; c=n; ++c)

handle(c);

S ddgad 3,5 diplys >l 1) abl> 45 05,5 10 lags olaws wils 5 ,as laie parallelism_enabled 51 cil> ol jo

DS 1zl ) ddls Sl Galizee i SO gyl 05,5 50 & 0 4 sk wiS e |, fOr dil> S for :Loop condtruct for

#praagma omp for
for(int n=0: n<10: ++n)

printf (" %d", n);
printf(".\n");

0567182 e glyic 4 o2gy> 5395 Lzl olas sy il sKas Lol i o ole [, A b+ Jae dran dil>
295349

39d o0 el b Jolbee 1o jolay 348 dal> (A5l jgla

int this_thread = omp_get_thread_num(), num_threads = omp_get_num_threads();
int my_start = (this_thread ) * 10 / num_threads;
int my_end = (this_thread+1) * 10 / num_threads;
for(int n=my_start; n<my_end; ++n)
printf (" #%d", n);

S o |2 Bilye b1y g (slosisn 5 S on |y il Sslite i S 85 0 (il
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num_threads ;i oolaiwl b auS aseie |) wsd adsi 09,5 10 b aS Slbag slass by o auiles o Lads

#pragma omp parallel num threads(3)

/7 This code will be executed by three threads.

/7 Chunks of this Toop will be divided amongst
/7 the (three) threads of the current team.

#pragma omp for
for(int n=0; n<10; ++n) printf(" %d", n);

Dgd oo J S cewd Oy fOr ail> 6l saisle o651 i(scheduling) soils;

#pragma omp for schedule(static)
for(int n=0; n<10; ++n) printf(" %d", n);
printf(".\n");

13,8 54>4 scheduling modifier ¢4 4. 4 static, dynamic, guided, auto, runtime:s,ls sg>¢ ol £45
.monotonic, nonmonotonic, simd

raLxS o),,fsa RO J.D.u.u.n )914_3 & aal> 4 39,9 U,QL,.J JYpn W ool QLM b 59 aS Sl = J.s g 643-:-3&} Static
(o2l dynamic soisle) uiomen oS oslsn Wb il ) adl> zsy
#pragma omp for schedule(dynamic)

for(int n=0; n<10; +n) printf (" %d", n);
printf(".\n");

GBulS 5l & o 0,05 092y calitee slo i a abls olie plaisl o st JB w5 4sS e dynamic sasl; ,o
stz gzl slo o il alide sla,l S5 aST 28y L 0gh oS 5 ordered oyle b ST og valss Sasde ol oy
o2 als 1) Aol a Lo Sl )8 slaws B pusS (pnd | (ChUNK) ankad o3lasl oilgs co (izan .05 5

#pragma omp for schedule(dynamic, 3)

for(int n=0; n<10; ++n) printf(" %d", n);
printf(".\n");

A3l 5 Jolee 3l jelay wiled o 398 adls> SIS jahay aiS co sl o 1) ddls ol > I Y A e Jle ol jo

int a.b:
if(GOMP_loop_dynamic_start(0,10,1, 3, &a.&b))

{
do {
for(int n=a; n<b; ++n) printf(" %d", n);
} while(GOMP_Tloop_dynamic_next(&a,&b));
¥
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ordered o,le ;| solaiwl b oil casin iy @ aalip lal cus 5 a5 wiS

#ipragma omp for ordered schedule(dynamic)
for(int n=0: n<100: ++n)

files[n].compress();

#pragma omp ordered
send(files[n]):
L

g Jlo )l JU s oo 5 4 b b aS aas o linebsl Lol caiS g0 00,28 (55lee jobay |, LB Ve o adl>

oo Jloyl 5l L8 28 il eais Jlu )l je0e £ LB 5l ouls ools plais] gilw 00,28 GV ojleds LB &G 4 S
D23 o anass |y 1S o)leil slo,lS 4 5,10 059 75 G Lais 45 as o yuens OFdered o jle oS salss

Ol Gl 5 6,0 @B o oS 5 058 0 bl (Slae Holay (o5l 00,88 Lol 39 so Jlu )l g 00,08 LSS Lasd LB e

S5l 8ezg @l Le

S5 iz ) o b oS eolaul collapse o le 5l aslss o way)ls 55,055 sl ddl> Lais 84 :COllapse o )Le
Mo 0S5 Jlael 435,045
#pragma omp parallel for collapse(2)

for(int y=0; y<25; ++y)
for(int x=0; x<80; ++x)

) tick(x,y):
}

I, ails il glo ) ,S5 jyolie a5 oS 0y (0F B e 5w LLLALS & a5 col ol sloxal, S, sreduction o Le
Slie.asS (@ccumulate) g ol 55 @ e b

#pragma omp parallel for collapse(2)
for(int y=0; y<25; ++y)
for(int »=0: x<B0: ++x)

E.

L tick(x,y):
¥

onl pedas sl Sections Maisd x>l (g5lge jehay ailes o cpl g cpl " Mie 45 oS atiine mely> oo 25 :Sections

Mo Sl Sy940
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#pragma omp sections

{ work1l(); &
#pragma omp section
{ work2();

work3(); 1}
#pragma omp section
{ workd(); }

4wl work3 g work2 Ll wgis 1,51 (55150 ek asilss o WOrk1, work2+work3, work4 45 oS e (s 05 (0l

g o Lyl JLSs aid LIS 51 olaS Ja g Lol i

550 g ool (IS 50 15 SuisS sed eolaiwl Sllge (pl SIIVM Jie o jgige cdams Slilae SUG! ()l 0929 b |y :aiSS
u.u)b).i Sy uM-l‘)s‘ 9 u.u)‘.))_v J."L.u.o 4 (oo eosls L\ )155 ‘_g)‘;\f)l.j 9 oﬁ.">:>

M,519 G310 5 b Ao )0 1,500 slabjlo
et 2oz 4 Sdle @S £9p0 labads Sl g [ (S5l
A wles 555 9 5 g 0ad it Uas cpl aidly el Uas G 1zt o ST:0 S1g islo s

Jlail ax ;0 b aslis £95 510,85 (6oL dlaws 1 i gualS jygus ;0 4S5 wl 00ls ed i DB o yiiwlino b aslie jo b SgalS g
Gl oS LT VL3 oo g e cdoebans A 45Ul ccaSe (398 « )9 Jio (colB (5905095 g Siloads Juate o2 40 YU (5 s
I8 &S ygar yigmalS g jo ol ool sl sielags 31 (gl Agad il ol b YL ey b L3ls 5 Blaal gl sin s

0,15 3529 15

' Convergent Vs divergent computation
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Finding Out About the
Environment

e Two important questions that arise early in a
parallel program are:

¢ How many processes are participating in this
computation?

¢ Which one am I?

e MPI provides functions to answer these
questions:
¢ MPI Comm size reports the number of processes.

¢ MPI Comm rank reports the rank, a number
between 0 and size-1, identifying the calling
process

Simple Program in C

#includse “mpi.h"
int main(int argc, char *argv[])

int rank, size, i, provided

float A(10)

MPT Init thread(&argc, &argv, MPI THREARD SINGLE,
B B sprovided) ;

MPI Comm size (MPI_COMM WORLD, &size);

MPI Comm rank (MPI COMM WORLD, &rank);

for (1=0; 1<10; 14++)
A[i] = 1 * rank;

printf ("My rank %d of %d\n”, rank, size );

printf (“Here are my wvaluss for A\n");

for (i=0; i<10; i++) printf(“%f ™, A[i]):

printf (“\n");

MPI Finalize();
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MPI Basic Send/Receive

e We need to fill in the details in

Process 0 Process 1

Send(data) T

Receive(data)

e Things that need specifying:
¢+ How will “data” be described?
¢+ How will processes be identified?

+ How will the receiver recognize/screen
messages?

¢ What will it mean for these operations to
complete?

Some Basic Concepts

* Processes can be collected into groups.

e Each message is sent in a context, and
must be received in the same context.

e A group and context together form a
communicator.

e A process is identified by its rank in the
group associated with a communicator.

e There is a default communicator whose
group contains all initial processes,
called MPI COMM WORLD.

1Y oold o}lf 90 095> ol;.@a" P Cawe K



MPI Tags

e Messages are sent with an accompanying
user-defined integer tag, to assist the
receiving process in identifying the message.

e Messages can be screened at the receiving end
by specifying a specific tag, or not screened by
specifying MPI_ANY_TAG as the tag in a
receive.

¢ Some non-MPI message-passing systems have

called tags "message types”. MPI calls them
tags to avoid confusion with datatypes.

MPI Basic (Blocking) Send

MPI_SEND (start, count, datatype, dest, tag, comm)

e The message buffer is described by (start,
count, datatype).

e The target process is specified by dest, which is
the rank of the target process in the communicator
specified by comm.

* When this function returns, the data has been
delivered to the system and the buffer can be
reused. The message may not have been received
by the target process.
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MPI Basic (Blocking) Receive

MPI_RECV(start, count, datatype, source, tag,
comm, status)

e Waits until a matching (on source and tag)
message is received from the system, and the
buffer can be used.

e source is rank in communicator specified by
comm, or MPI_ANY_SOURCE.

¢ status contains further information

¢ Receiving fewer than count occurrences of
datatype is OK, but receiving more is an error.

Send-Receive Summary

e Send to matching

Receive
B(20)
M}PI_Send{ A, 10, MPI_DOUBLE, 1, MPI_Recv( B, 20, MPI_DOUBLE,
0, ..
e Datatype |

¢+ Basic for heterogeneity

¢ Derived for non-contiguous
e Contexts

¢+ Message safety for libraries
e Buffering

¢+ Robustness and correctness
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Retrieving Further
Information

int reecvd tag, recvd from, recvd count;

MPT Status status;

MPI Recv(..., MPI_ANY SOURCE, MPI ANY TAG, ..., &status )
recvd tag = status.MPI TAG;

recvd from = status.MPI_SOURCE;

MPI Get count( &status, datatype, &recvd count );

¢ In Fortran:

integer recvd tag, recvd from, recvd count

integer status (MPL_STATUS SIZE)

call MPI_RECV (..., MPI_ANY SOURCE, MPI_ANY TAG, .. status,

tag_recvd = status(MPI_TAG)
recvd from = status (MPI_SOURCE)
call MPI GET COUNT (status, datatype, recvd count, ierr)

Adding Communication

» Status is a data structure allocated in the user’' s program.
e InC:

ierr)

¢ Test yourself here. Take our original program
and change it to do the following:

e Process 0 (i.e., the process with rank 0 from
MPI_Comm_rank) sets the elements of A[i] to
i, using a loop.

e Process 0 sends A to all other processes, one
process at a time, using MPI_Send. The other
processes receive A, using MPI_Recv.

+ The MPI datatype for “float” is MPI_FLOAT
+ You can ignore the status return in an MPI_Recv with
MPI_STATUS_IGNORE

e The program prints rank, size, and the values

of A on each process

"y
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One Answer to the Question
in C (part 1)

#include “mpi.h”
int main{int argc, char *argv[])

int rank, size, 1, providsd

float A(10)

MPI Init thread(&argc, &argv, MPI THREAD SINGLE,
sprovided) ;

MPI Comm size (MPI COMM WORLD, &size);

MPI Comm rank (MPI_COMM WORLD, srank);

One Answer to the Question

in C (part 2)

1f (rank == 0) {
for (1=0; 1<10; i++)
a[i] = 1i;

for (1=1, i1<size; 1++)
MPI Send(z, 10, MPI FLOAT, i, U,
o MPT COMM WORLD) ;

} 2lse | - -

MPI Recv(Z, 10, MPI FLOAT, 0, 0, MPI COMM WORLD,

MPI_STATUS_IGNORE);

}
printf (*My rank %d of %d\n”, rank, size );
printf (“Here are my values for 2\n");
for (i=0; i<1l0; i+4) printf(“%sf *, R[i]):
printf (“\n");

MPI Finalize();

Timing MPI Programs

¢ The elapsed (wall-clock) time between two points in an
MPI program can be computed using MPI_Wtime:
double t1, t2;
tl = MPI_Wtime() ;

t2 = MPI_Wtime() ;
printf( “time is 3d\n", t2 - £1 );
¢ The value returned by a single call to MPI_Wtime has
little value.
¢ The resolution of the timer is returned by MPI_wWtick
¢ Times in general are local, but an implementation might
offer synchronized times.

+ For advanced users: see the MPI attribute
MPI WTIME IS GLOBAL.

A
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Buffers

e When you send data, where does it
go? One possibility is:

Process 0 Process 1

User data

Local buffer

the network

Local buffer

User data

Avoiding Buffering

e It is better to avoid copies:

Process 0 Process 1

the network

This requires that MPI_Send wait on delivery, or
that MPI_Recv return before transfer is complete,
and we wait later.

User data
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Blocking and Non-blocking
Communication

e So far we have been using
blocking communication:

¢ MPI Recv does not complete until the
buffer is full (available for use).

¢ MPI Send does not complete until the
buffer is empty (available for use).

e Completion depends on size of
message and amount of system
buffering.

Sources of Deadlocks

e Send a large message from process 0 to
process 1

+ If there is insufficient storage at the destination, the
send must wait for the user to provide the memory
space (through a receive)

¢ What happens with this code?

Process O Process 1
Send (1) Send (0)
Recv(l) Recv (0)

e This is called “unsafe” because it depends on
the availability of system buffers
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Solutions to the “safety”
Problem

Order the operations more carefully
Supply receive buffer at same time as
send (MPI_Sendrecv)

Supply own buffer space (MPI_Bsend)

Use non-blocking operations
+ Safe, but

+ not necessarily asynchronous
+ not necessarily concurrent

+ not necessarily faster

MPI's Non-blocking
Operations

e Non-blocking operations return
(immediately) “request handles” that

can be tested and waited on.
MPI Request request;

MPI Isend(start, count, datatype,
dest, tag, comm, &request);

MPI Irecv(start, count, datatype,
dest, tag, comm, &request);

MPI Wait(&request, &status);

e One can also test without waiting:
MPI Test(&request, &flag, &status);
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The yin and the yang of AI and blockchain

Artificial intelligenee (“yin™) Blockehains (“yang™)

Probabilistic Deterministic

Changing Permanent

Algorithms and cryptography to

Algorithms to guess at reality record reality

The Yin & Yang

Al is about machines doing
educated guesswork for us
Machines “learn” by processing
training datasets

Probabilistic methods that head in

the direction of most likely reality
Al algorithms are central to goals
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