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Modelling, Pipeline

Inpwt data | —> | Model [ — Analugis

Model: human consiruct +o alostractity feal-world Syttews | phenomena
Big Data Themes

\ Maww.ae very large amount of data (e apoge Sentth engyne)
d. Extvack value ond \mow\edﬁe (es'- fecommendodion  systew)

MACHINE TRANSLATION

* Troantlate from one langjage 1o another
Two approaches: tadinenal opproach ¢ big odata approach

TrodiHonal approach
- rule -bated
- uMers\-av\d'm% of Structure

. %iﬁ dato
-~ dowain \mow\eo\se not necessary
= potternt analgted wsing large omounks of data

=~ https:/www.google.co.infamp/s/www.wired.com/2008/06/pb-theory/amp

Dowmain knowledge required?
= https://towardsdatascience.com/machine-translation-a-short-overview-91343ff39c9f

= Pever Ncw'\s-, https://youtu.be/yvDCzhbjYWs




~ Domain nowledge needed fo check Validity of model

PITEALLS

1. S?uriOus (orrelahen

* COA 4 (AR ,does A-B
€a: sYerk population % human birth rate — wdden varioble: available

msﬂv\& area

2. (:\a\?s n the Dato-

* Due Yo Selection biag , covenience

Errer Chedking of Modelg

* Nore  Silvert boow i The S'\Svm\ ond the Noite: Why S0 Many fredicHeons
fail = out Some Don't — weather (—orecn.sﬁn% with human  adjustment

* B data: signal + noise
Tron on training set , estimate ervor on  Festing set

Puu‘eha empirieal estimation of errvvs



1BM — & Vs of Bia Dotmn

VERACITY
LNCERTAINTY OF 19414

https://www.sliceofbi.com/2015/09/basics-of-big-data.htm|?m=1

1. Volume

ETL: Extract, Transform, and Load

Data Marts
cubes

v g S

htrpe/feeww techbwidge solutions/home/solutions/solutions-ibm-apolica

concentrator-solution/

* Old ﬂa\e dato:
- fived format }Sc\nema
- dean data
- wnsistent data
T batth processing, not  real-time

© 4Ux increase from 004 ‘o 20A0

" Generated by finoncal services, eneryy, media ek



* BD: automated
2. \Iar'\ehb
- variety of fofmatt Cvideo, photo, text eke)
Stovic dotn s‘\'f&am'ma dato
+ Gvack Wnowledge — link vafiout sowctes ‘oog¥her
3. Vz\ocihés

So muwdtn doto genetated very fask

* Real-fime input ond retponse

202 This Is What Happens In An
Internet Minute

&. Uemr.i’rb

How Wut’:wwwa e dofn i o Ccurocy) of doto Clack
thereof ® due to Ms\r\\w&, T\Pos, obbreviations)



DATA FORMATY

). Stvuctured

© deseribed w00 woadrix/ dota  struciure  format
" velational dotabases (SQL)

2. Unctructured
+ no fixed strutture for iwe data
- dowumends, tweets, videod

3. Sewi- $tructured
© tombinohon of the 4wo

* emails,

XML

. )
Dota.  Prchitecture  Degian
\J
Layer 5 Datasets usages: Analytics (real-time, near
Data :"“‘ “:.":::’ BPs, Bis, knowledge | | real-time, scheduled batches),
consumption " . discovery reporting, visualization
Layer 4 Processing techn- Processing in real-
Data ology: MapReduce, time, scheduled sv::ﬂm” o
processing Hive, Pig, Spark batches or hybrid Y f ne
Considerations of types ) "
(historical or incremental), :‘ ( l:ud NoSQL data stores —
Layer 3 formats, compression, ;"m ’a::‘ Hbase, MongoD8B,
Data storage frequency of incoming self hl d"'""‘i"‘ ork. Cassandra, Graph
data, patterns of querying “Hating), 3 database
and data consumption Mesos or 53
2 Ingestion using Data semantics Pre-processing Ingestion of data
Layer (validation,
Extract Load (such as replace, from sources in
Data ingestion transformation or
and scaulsition and Transform | | append, aggregate, transcoding) batches or real
fuse) time
(ELT) compact, requirement
Layer 1 formats:
Identification Sources for d::t: m:‘ Data types for o '
. e structured, semi-
of internal and Ingestion of database, files,
sources for or unstructured
external data ingastion web or service for ingestion
sources of data

Tl




Dato Shwrauge for Trodlnional and %(e Oato

I Big Data Clusters (Million Byte to Peta byte) I

Hadoop Distributed File System Spark, Mesas, Big Data $
(HDFS), Ceph, 53
Operational Data Store
High-volume Billion or Tera Bytes, (O05) and Operational

Soclal Media Data, Messages, Pages, Systems
©e-Mails and Text files, Not Only SQL or
NoSQL MongaD8, Cassandra, Riak
(Million to Billion Bytes)

Documents, images, Videos

Data Warehouse and
Data Marts

Traditional RDBMS, SQL, Tables,
Oracle, Sybase, SQL Server,

Computing Logs, Web
DB2 (up to Billion rows) G0N

server, Enterprise server

[ Traditional Structured and Seml-structured Data (Million Bytes) l

Tl
Coge Stwdw: Working of (Gooale Searth Enaine
~J U U \V)

. Pouba fone: Sort pages loy relevance Cpopulaciw of poge
- wha\\\a Yook 5 dabs o omputre

* 1reats wWeb 0SS o am\a\n

< -
’Eg"%i:'s@“f  STORESTHE
( DISPLAY THE PRI (_INFORMATION INTO-
RESULTS FROM 1~ (" DATABASE
DATABASE e — X %

1\6 U‘“lf\*‘&@ ane computation

COPIES

H
INFORMATION
IN WEBSITES

rowll
Emf\“ (“" J arses for
mrub WeRNTES Wnke = inMﬁt\&

CRAWLE RS/ = /'- CRAWLS THE =
on WEB SPIDERS & . WEBSITE

R 06 of lnus R




Fle Gyplomy Y Dintibrsid FA1 Sypbiony

spindle
brack ¢ v P

Secfors
(i w8)

J
"mjmi P arm o.:smb\ws

Read Yime depends on
O Seet Yime (posiHon rfw head on track)
= depends on tavvent 4vode & next Hodk
= medoanieal
— dominating delay
— Scheduling aloyovithm defermines
@ rotoional \atenoy Cposition sector under head)
- ovpy: W full rovaHsnal  fime
@ blode ‘ransfer kime
— depends on elecironies - facr fixed

© Fle syckeme  shove wapping of  files fo blocks

DFS: MaRaneS fles on mump\e WA eS
- over LANt ond WiNe



Exercise

| Consider ot gou hove 7B of datn. Lompare the Fime
toento read dotx in  botn the cocet below:
M) Saple wmaching (& Yo dnownds, (00 mbpe each)
@ 10 machineg (eadh ko.\lina & 1/o dhannek, 100 mbps ench)

¢) \OB - -_|_°_‘f = a8 7\\03 = &500 secs = 4| min 4OSec
tx 10 4

. 4 3

G 1o = AD = &50 ses = k mins 10 sec
loxh.lo" &

HDFS—HM\OO? Dishribured File Sustem

HOFS inspired by (Google Rle Sysrem (GFS) — 2002
* HDRS & o DFS, Open Sowrce
Origin: Apache Nutch searth engine

HDFS i« DFS des‘\amd fox shoring very large files with ghreaming
doto. access podterns (for analprics), cunni ny on clusters of
tommodity hard ware

MBJLB|TE file sires, PB  clustere operational

write once, reod wmany wost efficient
% time to (ead whole dofaset wore imp Yaan lotenty +o read
ficet record
* eath analysis nvolves larpe jerkion of doraset

inexpensive hardwave
* ol servert CpreSent in CCBD)



Exercise

L TR yow want fo store o £le on disk, what conttitutes dotn ¢
meto data?

Dova: £ile contenys

Metadota: Owner, oreafion +ime, file size, modified 4Lme, ocess viohte,
location own dish

L Whot are their occecs pottemns? How often do you *aink eatin one
wowld be accested during o normal Ffile read?

Dota: Occested every ¥ime o fileis opened § o line & read
Metodara: Occested every kime o fle ie opened

3. How large are ¥aey, Comparitively? why s tais impertont?

Dota ypically larmer 0 tze tman  metadata ond iy actessed
wmore otren faan meradato

Metadata <
File Metadata | data

Keep on
separate
server -
Frequently NAMENODE

Accessed less

Distribute
File Data 7 Much larger, e aC;9SS
I requires parallel g machines -
access DATANODES




Cerviya)

NAME NOOE

Molter-Qave

DATA NODE DATA NODE DATA NODE

ClcKe,

© leale up: buy & new madhine with new Spect
* Scole owr: vepliate vretourtet Yo iwprove Speed

Comw\oo\H“ Servevs - (ssueg
ke\\'a‘o'\\'\\a s not very goeo\

- Solution: redundanty — data Stored on 3 machings (so HnoX
i one fails, one tan wake o topy Ond  anOtwer Can Serve)



Moagter- Slave hrehirecture

e

w |

Primary Secondary

T Master Master
’ | d Secondary
| Master | MameNode

l Job Tracker

\lﬂl

Siave Node

| TaskTacer |

[ Data Node l

E3|C

\ Wri’rm@ o €Cile

2 create

1: oeate Distributed »
@ "'. ............ .' 7: (ompl!‘e »
dient |3 »
By, Fsbatz namenode
client VM
client node
4 write packet 5: ack packet
v
4, ¥4
Pipeline of DataNode DataNode
datanodes (S
atanodes 5 5
datanode datanode datanode
4

ﬁs&ﬂ,

R3

* Write \asil\od pipeline — recurive request to mode (opies

* Difect write. iveraiive — requireS wore procesting, notr done
(neede o send muldgle  opied)



& Read'\c\g o Rle

T 1 Distributed 2: get block locations R
‘ [ > FileSystem '3 NameNode
dient

HDFS
‘ : > FSData namenode
InputStream
client JVM
client node =
gdi 5: read
i ‘
datanode datanode datanode

https://bradhedlund.com/2011/09/10/understanding-hadoop-clusters-and-the-network/

Client reading files from HDFS

Tell me the
block locations
of Results.txt

BlkB=8,1,2
BlkC=5,89

| Cmcaa s F
i SRS Name Node
[ ] ﬁ metadata
+ Results. txt=

a Data Nodes J sikA:
chs DN, DNS, DNG

%m Bke:
DN7, DN1, DN2

Data Node i
Data Node DNS, DN8,DND

e list for each block

* Client picks first Data Node for each block
* Client reads blocks sequentially

BRAD HEDLUND .com

avies firtk



HDFS  Pvrchitecture

https://hadoop.apache.org/docs/current/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html

HDFS Architecture

Y. Metadata (Name, replicas, ...):
Metadata ops’” Namenode ]" /homeffoo/data, 3, ...
nEd < A,

. Block ops

Ref'*d Datanodes Datanodes
-
‘ ~ {0
= a o Replication Lo %-
- \ y_| Blocks
; r.
b o 2 J
\\" \.\\ £ ,«”// A \"‘ %
Rack 1 \Write Rack 2

— Noawmenode
* Manages dicectsvies, fe sytkem namespace
" Accecs  fighhke vequintion
* Open, Uote , rename Files
* Mogping of ‘lotke Yo daka wodes
© Wowdlet Vove failure
+ Tconsackon \oa
© Meradotn in memery

https://hrouhani.org/hdfs-file-system/

Primary namenode

ite latest changes
Get/Read /nitial information from IAto logs
fsimage store in main memaory

n Disk Storage




FSIma
Serialised versim of file tysrem wee
Not updoted on everp wrie (avoids Yewpuing of doke)
Stores filename, occest kime, no. of blos, blotks

Coy \,065
Bvery wore Wrikken Yo edir |
Fluthed ond sxov\ced ofter e.vera XYOMS AR 6N

* Onw oappends allowed, wo modifies

Read combinec
dota from ootl
FSIma@e j K edﬂ-.\ma
directsry filel b
structure fled o
_j wmerged periodicall
esd or\l“ ) Q:?' new FS’D\MS“& }

— Namenode Wemory Requiements
Ruie of ¥Yauwb:. V6B fx | million Vods

s 200 node cluster, Al TR[node, 128™B WodL sie, veplicakion
focer 3, Spoces?

no. of Ylodkg = Q00 x A4 xa‘” = ~ 1% millign = 713,000 MR mewmsyy
148%?



Whwn & Bloth Site 128 NM\R)

Read Lme = seel Hme ¥ owntfer Hme + roranenql \ockency

Reduce seew +Hme iv improve performonice of vead ; \arger
bloty, sizes D  rvantfer xime 77 Seew tiwe

* CPUs became fatrer, beaan  waiting

S Hadoop Vi, blote thes HE My

seew time: Cogtliesy +ime

read tuch Yhat read time >> seek time

swikth Swikrth
243 on
Some radk
Rack\ Rock 2

coUn block stored in 2 loeationg (‘.cop‘\cd') 80 Yt if one

fais, one cn topy while the other serves



Nomenode Failute

when name node fails, no requetts can be handled

Solutione will wave ade-offs — based on use case

* One common Solwnion: A NNS — Rekive NN % S&-M\Ab\d NN
oot s\mr‘\wb o owwem  +HD

* WD Stores FeTmoge oand edit logt

¢ When clienr writes data Yo o DN, it communicates +o
born NNs

- 38 anNN  fails, SNN dhanges  skoke Ond  betomes  dctive CANN)
ond can  Staft updating  Swared WD

* Only e wrrently oacfive NN an wmake updotes to ¥he
twared WO

oLive stond by

uFMl‘\'CS
N

tient fimacy

wrie topd oy



vow does SNN realise Maayr ANN was failed?

* AN % SNN both Send periodic wearfoest messopes o o
Yhird  party Cealled 200 keeper)

" Tf 2o00keper does not receive cowntetuhive heartbeats from NN,
Yells SNN  to  fronsiion inyuv  ANN

100keeper
neoafy beak / \ hearYboeot
ockive stond by

um‘\'l S
\

wrike N —
ON ON -+ | DN

3 copies

Hearrbeay wo¥ veceived can be due tv problem ar source
or problem in  network

* Zookeeper cannvt determine wWheve e problem



* U problem s in the wnetwork and ANN W fine, bur 2U
hos told SNN Haat i i€ now ackive, twWo NNs Wi\ e
updoting the WD ok the tome  Yime

« Solwmkion: ewkerce Waok ovx\“ one NN coan Wrire 4o WD
- fenting: currently active NN v’\r'\'ua\\a Lownces vae WD Erom
Yhe ower NN b“ b\om% We wnedworke CSTONVTH- ghoot +he

othel node in ¥we wead)

- Whoat it ward dise fails?

All updates to edit
logs happens on Standby receives all
active node only requests, but does
not update edit logs

Active Name Standby Name
Node Node

Data Node

//
Journal N m /’l

Edit logs Fsimage



Wn‘.&x@ Noavenosds

© Primary NN can focue on serving reauests

. Sewndavg NN 4osked With mergmh \'fsm\wbz with  e2dids

. Set.ov\o\ar“ NN weeps a  wpy of ?ﬁmaf& NN metodato

Primary Namenode Secondary Namenode

N\
edits_inprogress_1

[\
fsimage_0

edits_inprogress_20

4. Transfer checkpoint to primary

5.Rename
fsimage.ckpt

fsimage_19




Exawx\)\e W WOES

edits_0000000000000000001 -
edits_0000000000000000003-
edits_0000000000000000308-
edits_0000000000000000310-
edits_0000000000000000312-
edits_0000000000000000314-
edits_0000000000000000315-
edits_0000000000000000316
edits_0000000000000000871
edits_0000000000000001282-
edits_0000000000000001284-
edits_0000000000000001286-
edits_0000000000000001370-

0000000000000000002
0000000000000000307
0000000000000000309
0000000000000000311
0000000000000000313
0000000000000000314
0000000000000000315

-0000000000000000870
-0000000000000001281

0000000000000001283
0000000000000001285
0000000000000001369
0000000000000001453

$1
edits_0000000000000001613-
edits_0000000000000001750-
edits_0000000000000001790-
edits_0000000000000001834-
edits_0000000000000002333-
edits_0000000000000002377-
edits_0000000000000002465-
edits_0000000000000002511
edits_0000000000000002635-
edits_0000000000000002637 -
edits_0000000000000002639-

0000000000000001749
0000000000000001789
0000000000000001833
0000000000000002332
0000000000000002376
0000000000000002464
0000000000000002510

-0000000000000002634

0000000000000002636
0000000000000002638
0000000000000002640

edits_0000000000000001454-0000000000000001455
edits_0000000000000001456-0000000000000001457
edits_0000000000000001458-0000000000000001459
edits_0000000000000001460-0000000000000001461
edits_0000000000000001462-0000000000000001463
edits_0000000000000001464-0000000000000001465
edits_0000000000000001466-0000000000000001467
edits_0000000000000001468-0000000000000001604
edits_0000000000000001605-0000000000000001610
edits_0000000000000001611-0000000000000001612

BLOCLS IN HDFS

© Fle sues vary Cean be \orper dan o stagle

nerwoY )

*© Replication of \lodws

* %hadoop fsck -files —blocks

Kle in ¥ae filetysrem

edits_0000000000000002641-0000000000000002642
edits_0000000000000002643-0000000000000002644
edits_0000000000000002645-0000000000000002758
edits_0000000000000002759-0000000000000002798
edits_0000000000000002799-0000000000000003147
edits_inprogress_0000000000000003148

fsimage 0000000000000002798
fsimage_0000000000000002798.md5
fsimage_0000000000000003147
fsimage_0000000000000003147.md5

seen_txid

VERSION

AL n ¥ne

liske bvlotke Yatr wale wp o



vavxy\e-.
Seel = 10 me
vowntfer rote= (00 MRPS

We need Yo wake Seel Hme = 1] of irontfer time (~100
MB)

- Hadoop vl defautt — b4 b
- Hadoop VvV defaut — 128 MB

MAP RTDUE PROGRAMMING NMODEL

Fundamental woyy Yo proess lorge  amounts o} doton

* Goople , 0SDI ‘o (Operating Suskem Design and  Tmplementation)

¢ Runs on \omhe set of ommoditu wathingt in o Aisivibuted
wmownner, With onecks  foy  Lailuves (Nﬂ\r\ avoix\o.bi\im)

+ (onsideyr very \owge ox f\e dishtvibured over two wadhines
and we weed v search for wovd *e,;bbm“ n e Ble

“BigData”

/

Filel Spread across the
two disks




.h?

wovre efficient

proach 4: run  seaccth n vam\\e\ N oot  mathWnes —

* Approach A use % machine Yo Lopy, £ile Cmﬂge? and  run
ep — involves lavae netwak rrovister
Jrep A

Diskrilosred Grep  Solukienn

« Lless 1o Arownefer over wnetnwerw

' orep executed o AW wmadnines merged together and ¥he

resuin Qe

Very
big
data

Split data
Split data
Split data

Split data

AP

——>

S over Mae  netwolh

redwee

] —» All
matches

ey Find We nuamber  of restawvants ﬁ(‘er’mpé eadn iYewy

Menu 1
Idli  Vada

Pizza

Menu 2

Dosa Pizza
Burger

Merged

results
Burger 1
Dosa it
Idli 1
Pizza 2
Vada 1



© Map: convery input Yo ‘ey-value poire

- Reduce: wevaes intermedinte  key-value paift +v  fevm Kna\
\L%—vo\uc ‘m'\ts

* Yow fo paralielise e weroe proloem?
- Assipn wews to 0 parudar macdhine based on rules
- eq: A-M o one wathing and N-L in awnoraec (¢ QN
Paf'h"ﬁ ms)
Whidn reducer showd veceive which weys
Defoult Hodoop: Hath Pacritioning L= no.of veducers)
- Rane poctti ninn tuffere fromi  Ceewness provieme

¢

Mgk Burger 1
Idli  Vada Dosa 1
Pizza Idli 1
Dosa Pizza Pizza 2
Burger Vada 1

How do we know that all
the “pizza" keys must be
aggregated in server 27

Mogpers acept input kfv poif ond et iatermediate
Ly poirs

* AU wappers wave same partifigning function

* Codn veducer peve o partition



Ensures that all similar keys
are aggregated at the same
reducer. Each mapper has the
same partition function

= —— l /T R
B E
%: M | | Partitioning b
A Function Y
[ P c
— E
¢ ] "
* Map: * Reduce :
* Accepts input * Accepts intermediate
key/value pair key/value* pair
* Emits intermediate * Emits output
key/value pair key/value pair

8: Swow wap-veduce for  word count  Ceage-insensitive)

Menu 1

To be or R-M
Menu 2
Not to be N-2

¢ A-M in first reducer
* N-Z in second reducer

Note: if M4 wat “ 40 be of t6"  Yae wmap looke live
to -0, be-CY, or-01]



* Con 0dd vedwcer code con ve guthed to  eadn wapper oS
& towbiner C(ceparate function)

Lombiner WOYLS &0 mapper e o wint veducer on ne

wagper |
- e can convett idli-(01,1] o idli-[2)

+ Por e count use wate, inrermediate WLy will Wave o \ist
of 15, bur it is dependent on e opplitation

Cach veducer wust e responside for o certain kew (every
osSioned o o veducer, reducer can be vespmside for
multiple \ceyd

© Tapwt Yo vedwedf — pira 0,0 (drom A diff wachinesd

Map Reduce (’ro%mw\m’m% Model
© Map: (Kir Vi) =list(K, ./ Viy)

Reduce: (K;“\—r liSt(V_m_\_))—)liSt(Ko“*, VOUA')

Mopper f5r  Word (ouny

public static class TokenizerMapper
extends Mapper<Object, Text, Text, IntWritable>{

private final static IntWritable one = new IntWritable(1);
private Text word = new Text(); (Key,, value)
public void map(Object key, Text value, Context context
) throws IOException, InterruptedException {
StringTokenizer itr = new StringTokenizer(value.toString());
while (itr.hasMoreTokens()) {
word.set(itr.nextToken()); -~ List {Key ,value)
context.write(word, one);
}
}
}




Reducer for word ouny

public static class IntSumReducer

extends Reducer<Text,IntWritable,Text,IntWritable> {
private IntWritable result = new IntWritable();

Key ,List (value)
public void reduce(Text key,ﬁ}terable<Intwritable> values))
Context context >4
) throws IOException, InterruptedException {

int sum = @;
for (IntWritable val : values) {
sum += val.get();
}
result.set(sum); List (Key ,value)
context.write(key, result);

- MR fromewol (Hadoop) implemented +o do aw
v\env%lif'h‘nﬁ

— Driver Pro%mm

can have
cowoines
nere

public static void main(String[] args) throws Exception {
Configuration conf = new Configuration();
String[] otherArgs = new GenericOptionsParser(conf, args).
getRemainingArgs();
if (otherArgs.length < 2) {
System.err.println("Usage: wordcount <in> [<in>...] <out>");
System.exit(2);
}
Job job = new Job(conf, "word count");
job.setJarByClass(WordCount.class);

job.setMapperClass(TokenizerMapper.class); . Set Mapper
and
job.setReducerClass(IntSumReducer.class); — Reducer class

job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);
for (int i = @; i < otherArgs.length - 1; ++i) {
FileInputFormat.addInputPath(job, new Path(otherArgs(i]));
}
FileOutputFormat.setOutputPath(job,
new Path(otherArgs[otherArgs.length - 1]));
System.exit(job.waitForCompletion(true) ? @ : 1);

e



8: wWhar will be mopper owmd reducer? Wwak wil be weys?
Trput: file.(\mel\!um\oef) ing) cecords  Ond portern
Outrput: Wines watrching & aiven  posrecn
Magp: for \ine n file:

W& line watrches ?a’f’fem:
Weire \\ne Yo  (onvext

Reducer: no Yol o identity funtion
V-UGS: ?Oc\“\’QTY\

8: Sovr funchon: magpper? ceducer? parfiHon
Tapwt = (Ley valwe) vecords

Outpwt: tawme vecoyds Covted bxﬁ weyy

Mop:  denhty Coutpwt  of  mapper alwove Sotted by wey)

RQedwcer: '\MV\\’iM Cconear over wulbiple reducers)

Porriion: pik  pl) such  Hak () & pl) iF W ek,

ant, bee
Rediee
ol

aardvark
ant

bee

oW

elephant

‘et
aardvar 2

g

sheep
“sheep, yak yak

zebra




HMOO\? How

* User Submitt yob
- ingwr dotn, MR program . wniin info (# of Teduers, mem
Yo ve allocatred)

* Job split wid smaler wmap tosks  ond veduce tagks

© Job HIE P doda i gwaller thunks @lled  splits

* One wap Yot per split 3 Qavallelitarion

L. Sins\e Reducel Task

input tM\’fQK‘\‘
HOFS 3 tert by
vey

L,—,.E ...... .D__,E,D

Figure 2-3. MapReduce data flow with a single reduce task

0 &——p HDFS
=== replication




d. N\u.\HP\e Reducere

—
§ split2 }---»n::z:‘.ﬁ

Figure 2-4. MapReduce data flow with multiple reduce tasks

MR S?\H— $ine C(onsideroh one

Swaller Splits = wore mro\\\e\\'cm

-+ Sl gpiit  ce  advantanes
- large # of splac
- increased paroMelism
- increased lood balancing

© Small gpliy e die aw\van\rmges

replication

input eoch bucked
e / dedicated ‘o ceducel
i output
on HDES
g
;'fJ—’

- overhead of manarng

5\)\'\&& Ond  Waap Hasw weeoahion

- eSS Hme o execute b (s dowil naded)

© Dphimal CPir she =

WDFS Vot Size (128 MB on v2)



Split == Block size Split != block size

* All data required for » Data transfer across
Map multiple nodes
* In the same node * Impacts performance

* No inter-node data
transfer is required

Teadiional  (ompute

Compute Cluster

DFS Block 1 DFS Blo

Data

data data data da
data data data data data
data data data data data ~1

data data data data data
data data data data dats =
data dota dats data data

Ay s dvns Sty
AWy ta vy 23ty
-—’ AW s dwe Tty
AWy s Ay Saty
awa e dvy Sae
dwa s dvy sata
Ao ara oy ety
s cta dwts Suta
A s dvey T

data data data data data
data data data daca data
dats data dats data data

data data data data data
data data dats dats data
b reaspriioie renly o
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Mop Output
- Written i local disk, not 4o RHDES
© Low\ dota

Foailure of Map Tagw
- T8 node faile wwWle performing wop and  oofore sending

dofa YO veduce, it it Ve«un  on  onother wap wode

Reduce Togws

- 0JP stored in WHDES
+ Sevted wap  0[Ps have v  Arpwneler  over networke

| topy ttored on vedue wode where reduce task wappens
+ (oples &tvred on off-rack wodes

\'\(6\1\ Level View

Node 1 Node 2 Eode 3

T D) ey | | i

[ Mapping process | | | [ Mapping process | | | [ Mapping process|
Intermediate data éﬁ‘”‘i’]i}é [ﬁﬁ]ﬁﬁ‘j ....

diat
from mappers
Values exchanged
by shuffle process
Node 3

Node 1 Node 2

nss | aeve | | meeeee | | Srees

generates outputs
Reduclng process Reducmg process l Reducing process ]

Qutputs stored
locally




Snunff ling  example

Input Splitting Mapping Shuffling Reducing Output

KKR CSK RCB

KKR CSK RCB
DD DD RCB
KKR DD CSK

DD DD RCB

KKR DD CSK

The overall Map-Reduce word count Process

(loser LooW o N\o\\>

Shuffle

* Move map output to
reducers

| » Setup map task

* Store map output to
in memory buffer.

* Partition the keys to

different files

* Run map() function
for each record

Task time Task
Start Finish
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Block 1

(A 12D
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(8.3)

(8.1

Block 2

8288

CEE82C|SEEEEE
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g
:
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Interrmadiate (k. v) pairs Inermediate (k, v) pairs
Cambiner Camtalrer

Substiute intermediate (k, v)
pais

Substjuge niermedate (k. v)
palrs

Partitioner Partitioner
e (SRS
Intermediamw (k, v)




Q. Suwose,
- We hWave a ALR file
- s?\\‘\— Sire ik DL MY
- We \Wave U aises
0) How manyy SpWYe ofe  ¥aere)

ax loau/pg = 2' /2 =2
=1k sph¥s
(") How wany  gplivs  per  dit)
o4~ & eplivs) dise
@) VoW vang wap rasusd lb

@) VoW wany wap tasut pex nwode)
W) Mow  many veduce +acks) user  Specified

Q' Far out in the uncharted
backwaters of the unfashionable
end of the Western Spiral arm of
the Galaxy lies a small unregarded
yellow sun. Orbiting this at a
distance of roughly ninety-eight

miles is an utterly
insignificant little blue-green
planet whose ape-descended life
forms are so amazingly primitive
that they still think digital watches
are a pretty neat idea

- N0, wofd & Spi¥r  ocrost  Lodks  Cmilien)



Ficer § lask WEFAS O0re  isswe

Erom Sewond  \olodk, stoet r.owxwﬁms Nom  tewnd wovd
LEOR  sepafntee)

© Moy \ E;ow«es lack word  of  Fitk ot Ueillion) by
loo\«,‘mO end-of-recerd (EDR) teporayer

Each split further broken into
records

In this case the records would
look like

* Far

* Out

* in. ..

How to handle incomplete
records?
* Mapper 1 will process million
* By looking for EOR separator.

| 2013-doc Jog |
513MB
-~ Files stored in HOFS as data blocks
Data Blocks / / \ \ \
(Physical - HOFS) ) | a | b | c | 4 le]
128 M8 128 MB 128 MB 128M8 1MB

—

(™ Data block boundaries

| |
Mu,::.’,“:‘s,':::du“,“ [1]2}af « [s] 6] 2] [s]10]1shzfralsa] 15 ||} ulu[a[zv[n[llean[a[aHH

Files processed as input splits, which are composed of records

map: (K1, V1) —= listiK2, V2)
reduce: (K2, list{V2)) —»- list(K3, V3)



JOB MANAGEMENT

* How Yo olocate wanchines for wap & vedute +ogus?
* Who olocakes and monvors  tasus)

sir;?e point
nMmotter failure

node

wevher weltker weker | wetuer
node node node node

HadooP Lo Tob N\anaaemerr\'
© Job tracker (mostec- Qave)

© Qient suomits yob Yo Job  ivadeer, job tvatwer sends  wapper
oand redwer \ob¢ +o availoble wodes

Nodes nave %osw Avockert Ywatr can  veceive Yasks from  twe
ob  tvockes

TaskTracker

/ Map |nsk] Reduce task

y,
| Chent }-.. £ \
e Job
; Tracker \ TaskTracker ...
L

[' Cient |

[ Clent }~ \ Reduce task .
- . - Runs map and
\\ reduce tasks
N\ ] - Reports (o the

o \ TaskTracker JobTracker
- Schadules job submitted by clients
- Keeps track of ve TaskTrackers and Map task | | Map task

available map and reduce slots
- Monitors jobs and tasks exacution

on the cluster




£oiluves

Tob iotker wondles fawr +toleramce, clutter vesouvce
monagement  ond sdf\edu.\i“Q A awailakility
Vatowtion

— Yy
I Lini¥s  scalability Con\\\_») 4oOD wodes per cluster)
2. l\va'\\ab'\\im - sh\&\e poink of failure

3. Resource vrilisation ?rob\ems
4. Limirohon  n f\mvﬁv\g 0“\5 MR o.w\'\mﬁms

YARN

Yet Pwnotner Retource N%oﬁa\w
* MR and  o¥ner tasee can  wse YARN for  vesources

Data Processing Engines Run Natively IN Hadoop
B Mo GSaS

BATCH ONUNE GRAPH OTHERS
e,
ivtapReduce Ter Hllose Storm Shacl eE HASK, (R
r y 1
L L/ L
g Coperating systemm: custer (et fnatgeren]

VARN  Arcwtredure

ResourceManager (RM)

‘ NodeManager (NM)
- Keeps track of live NodeManagers - Provides computational resources
and avallable resources in form of containers
- Allocates available resources to NodeManager ~ i
appropriate applications and tasks /l I g‘oft‘;%‘:z processes running in
- Monitors application masters
MR app Giraﬁ
master

tasks within its application

- manager |y
e - Asks for appropriate resource
2 Mﬂ containers o run tasks
Giraph

client

- ApplicationMaster (AM)
“mea, ey Resource NodeManager - Coordmates‘the exacution of all

Containers

\1 NodeManager |

Client - Can run different types of
tasks (also Application
- Can submit any type thar:th gs Rf&f‘f’ Masters)

of application - Has different sizes e.g. RAM,
supported by YARN CPU




* hpplicotion wastec  wanppgs jobs from  witkin node

* Node VRANORE! MONASPES wode (oW ‘atwe on o wode)

Resource
Manager

Node Manager

Container

YARN W erking
U

system

scheduler

1. Run

([Cctent }—seemten

= Per machine slave
* Responsible for launching application containers
* Monitors resource usage

= Arbitrates resources amongst all applications of the

* Negotiate appropriate resource containers from the

 Track and monitor the progress of the containers

= Unit of allocation incorporating resources such as -
memory, CPU, disk

Resource requests
Resource {Priority Location Resources #Containers |
- % L1 host 16Belcoe 2 .
{ Priofity Location Rescurces #Containers
Lo.2. . rack2 2CBdeore ...
3. Negotiate ”
resources Task | Container
Task | Container
Node manager
[host1, rack1)
4. Launch
tasks In the
containers
M| Task |Container
Node r
[hostA, rack2]




@ "=n e e o o= o " P o . o o o o .- o - "
1 ! ! ]
! | Application | ! .4 !
1 + + [(eMaﬂage '
] dient 1 1:submit 1 fiesos 1
- | YARN ) .
1 dientnode y application 1 resource manager node
o - ———— 4 b - - lk----‘
2a: start container
I ]
H 1 |3: allocate resources (heartbeat)
| NodeManager 1
| |
| 2b:launch -
| 1
] Container H St ae T 1
: Mool + 1 |
pplication | Nod |
| : leManager
' process - da;start 1 i i
container ! :
i i 1 4b:launch :
1 node manager node | A 1 :
------------ - Container -
| 1
! Application :
1 process 1
] 1
| 1
: node manager node :
El

Figure 4-2. How YARN runs an application

Dodo. Localivw in  Map Reduce

© Best i wop ‘o vuns on Same node Oe the inpwt data's
location G VADFS)

© T8 ol nodes wosting ingut dota ore ‘ouwsy, looks for 0 Syee
wmop Slof on A wode W the fame vaw 0S one of e
blocus

. Occmsicmo.\\\a , nfer-rock netwsyw trawncler re,q,u'wed Coff -vack
node)



* Peom R

node
<2l b
]
rack
-r;;::d data center

Figure 2-2. Data-local (a), rack-local (b), and off-rack (¢) map tasks

Achdmdiong. w YARN

- U
- tarlier versiont — FIFO  sonedu\er
- eath yob used enbire  cmtter
- Jobs hod fo woait  for furn
* Bolance etween produckion Cperiodid) jobt oand ad-hoc
'\\o‘os
Lovkigured i config file

. PAIR ScHeDULER

" Jobs placed in pools

utilization
L

1 1
|t 3 quene B
| (fair sharel
|2
Jd o
|
|
i
1
1

(R3)

quets
1 {tair share)

'
1 "
T # time

oy
phl | bl
stbmitted 1 submitted
job2
submitted

Figure 4-1, Fair sharing belween wser queves



tadh wser gert own  pool Cdefault)
Siv\a\e b — full  cwster

fee fosk slott given to Yobs in o fair way (eadn user
oers fair share)

Longy 4 Shovr ploc

Sdneduley enfures Hat o sivxa\e weter  does not hooy ¥ne
clutker ‘03 subm‘ﬂ-\—u\% Yoo mow\\6 ot

Custom poole: quaravteed winimum opacities with map/ceduce
slovg

Fair SUneduler swppsrts preemption

2. CAPACITY SCHEDVLER

Cerrain number of queues Clike pook in Foir Scheduler)
- allocated capacity Ceg: wax 3079

- wn be hierarchio)

- HFO wWidn each queune

®  https://www.slideshare.net/Hadoop_Summit/w-525hall1shenv2

Capacity Scheduler

Apps Apps Apps

20%



© Cownotr use free spare capacity even W exiske

© Breal wp clusters Yo gwaller  clugtere

um\u:\& Fon\ures

© Whot can £
- Yot\
~ Opp Manager
T resource maamagef
~ wnode Manoner

1. Tosw fFoilure

BIVER R FT0ld01 =8 « 1M reports error back to parent
except ions application master

= Progress updates not happening for 10 mins
= Timeout value can be set.

Hanging tasks

Killed tasks « Speculative duplicates can be killed

Recovery = AM tries restarting task on a different node

a. RW\im’ﬁm Waster Foiluvre

When Lan * Due to hardware or netwark failures
failure occur?

OVRLCR Sl » AM sends periodic heartbeats to
for failures? Resource Manager

Max-attempts to restart application
Restart o . RS
s Default = 2




3. Node Mwwaer foil

When can * Hardware, crashing, slow
failure occur? [ELELELS

plo Ao e CI=ladl » When a heartbeat is not received
for failures? by RM for 10mins

= Tasks of incomplete jobs will be
rerun — maybe on different node

Restart

4. Resource N\m\ag)er Fonlure

VAT ENINEN o Active Standby configuration
handled?

Impact * More serious as all tasks fail

* Handled by failover
controller

Restart

« 2o00\eeper: MO ( dwtrer Ccoordinarion \D[W WOotWines 5
dighribured lotkiney, heartoeats)

© RM: wikhin  clugrer , allocates cesourtes

2. Fail-over if the Active RM fails
(fail-over can be done by auto/manual)

Active | __ ol Standby
ResourceManager ResourceManager

1. Active RM writes its states
into ZooKeeper

1
[ ZooKeeper ] [ ZooKeeper J [ZooKeepev ]

ZooKeeper Cluster

*  htips://hadoop.apache.org/docs/current/hadoop- yarn/hadoop-yarn-site/ResourceManagerHA.html




Benehkk of YARN

YARN MARAKeS  Very \owae dutrer a¥  Yawoo
- Scalable

- Flexible (Hadoop, $Yom, Spark in Same clutker using YARN)

Reod

https://www.techrepublic.com/article/why-the-worlds-largest-hadoop-installation-may-soon-become-the-norm/

8:A 1000 node YARN cluster has no jobs running.
Two pools are configured with max of 50% of
the resources. A new job requiring 600 nodes
is submitted and on starting consumes all 600
nodes. Which YARN scheduler is active?

FIF0 schedwler o fair Schedwler
- Lan  use ewnre cwmcrer

& Will the failure of task result in failure

of the entire job?
No it will be restorved
O: What are speculative duplicates?

© Tatwe  S¥arfed when KM deverminet +hat +were 1S

o. Slow
mvm'ms tosw



S?ecu\u’cwe Duplicores

M, ™
M # M AT Tt
Ma A X M L
2%
time
™ 03
Speculative
Aupliate

© Nonitor M, &M, . If M, ik wot processing fask enougih
M, created

© TE M) does veder, M, ‘'« \illed

I M, doec better, M, & Willed



