UNIT -2

Big Data Infrastructures
(Compute/Storage)

feedloack fcorrections: vibha @ pesu. pes. edu
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¢« https://www.facebook.com/hadoopers/photos/408924142550465

Hadoop Ecosystem
Ambari
Provisioning, Managing and Monitoring Hadoop Clusters
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HDFS
Hadoop Distributed File System

©

Qozie

Note: This is not an exhaustive list
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Rewommendation sutrem

Workflow

Pre- compure vecommendation, update over weewend

Too Yime- (.ov\summ%

Q.Duw\p dofaoas &

DB dation Daraset

S.Store in P"Od-
database

y CoN a recommendadins
xgs\'cm

Recommen- | Produchion

\




P\?o.dl\e Oozie

User Submiye worlflow o0g XML
+ Tomwt web oxw\\mim

Oozie  Waovikiow
Wovkblow (ownsiste of ockon nodes and contvol flow wnodes

AcHon Nodes: represents workklow fosks Cesy: move Files into  WOFS,
Tun MR, Pigg & HWE job, impork data using Sgqoop, run chell
Seripe of jowa prosfamd

Conirol- Flow Nodes: controls wovkflow exewdion berween ochions
o\owing conditional logyic

- Stard Noge: dcs'\anahs e stork of he worlklow b

— &nd Node: signak end of jobo

- Breer Node: detignotec occurvence of an ervor and Covvesponding
ervor wessase

Otner conwivo\ wnodes

= Fofk and Join (stary paralel Yosus —cowld be MR — awnd mere
parallel foew)

- Decision CWWE C's Switth trotements)



tad of woviblow, HTT? callback used loy Oozie +o update +ne
client with the workflow stotus

Collbock may olso be kﬁgﬁcred d\ui% enTy to  or exit from
N ockien wode

1) . .
e | np-agouce | Success Neti l.\:sn\'
PROGRMA - ™ (ol A cion

tAction Node) Node)

Ercer

\
Weu Client
iy ack
Coritvol | ackim
Node node)

AN

KL
Unsuetessful
rerminotion

Wot\flow

I A workflon opp consisks of WE  definirion and o\l associared
resources (MR jar files, pigy seripts exe) specified w & workflow.xm
file placed in WOFS

$ hadoop fs -put hadoop-examples/target/<name_of_ workflow dir>/<name_of_workflow.xml>

2. The oorie environment n feewe of whith Server Yo wee s specikied

$ export OOZIE_URL="http://localhost:11000/cozie”

3 The wb & run

$ oozie job -config ch05/src/main/resources/max-temp-workflow-properties -run

k. MTne whﬁ% files (onvraingt definiiens of paromerers in ¥ne  woriklow
xmL file

nameNode=hdfs://localhost:8020
jobTracker=localhost:8021
oozie.wf.application.path=${nameNode}/user/${user.name}/<name_of_workflow>



S Resulls of successfur wf  execurion can be viewed ag

$ hadoop fs -cat <location_of_result>

Pvwoar

* Open Source web-based wmanapement frameworl [too) £ex  Hadoop
clusters

Funchiont  Supp sxked

. Cluster provisisning
~ Simplified deploymenkt ocvose  platforme
= Wizard- driven cutter  inttal\
- CUoud, virfual ond  phwsical envivonmeny

Q. N\m&@wo Clnsver
= Cowntigtent contyold oacrots the Svack
- Singje poink fsv  duster opevations (stark, pop etc)
- Advownced confi gurations and otk contvols

3. Monvyor
- Visibility into Wey cluster metrics
- Dothboard for clutrer hWealth ond ¢atus
- Pre- conFi%urcd and Cuttomicable wetrics, notificotions awd olerks

Suppurts easy, efficient, vepeatable creation of clusters

* Supperts ¥he following Hadoop components ivn 3 layers
- Covre Hadoop: HOPS, M
- Esenhial wWadoop: Pig, Hive, Hcatolog, HBase, ZoolLeeper
~ WHodoop Suppsst: Oozie, Sqoop, “iawglia, Nagios



Components of Pwmbari

I- Pvwboart Web
Rung on clieny side

+ Callt Ambori QEST APl Yo occess clutker information oawnd
perform clutter operationg

2. Ambari Server

© Master procete Whith  communicates wWirh  Pbari  aoRWre
Hos D& wsed Yo waintain clwirer - celokred metradota
Provides Communication with ugzn\'s

3. Ambar\ h%evr\-
Twnstolled on eath node

Periodically sewds heawh stratws C+ different wetrics) Yo
waster ?

ACkiont driven “"6 e  waster

©® Pwboari Stocks

Coordinated and tested Set of Hodoop 2cotutrem components
to be ingtalled

€y Hadoop, it omponents and s structure

&) Ambart Blue prints

Clwtrer  definiion files C 2 TLON Hiles), owne %ev\evic tewplare

ond one Wt sere  specific  properties Yo launth the
deployment  process

* lowld include: Hoce nawme, Skack vevtion, security exe.

© AwWbart Views
« VUl



Ao
Web

s

{

Amoari
Blweprinks

Y

Awbari AP\

e— Awoart

Seyver

Java —| Stocus

{

Ambari Ambari
Views Stacs
Stack Co ey |
dekinition | T "—““P‘.'s:‘\"‘:\ ® || Bueper
Buepeint | DI | aerer
Disadvantoojes of MR

© Too low-level for dota analykics Cseries of map and reduce sroge)

. Nri’m\s ode requires training

* Rodvaction WIL be welpful (ingurs n  highh-level scripting \anouoge

\\ 4

Avwoori
Aoeny

PAthon

conwevred 4o MR) — u.s'ma Apadne p“‘{) ond Pia LoXin

« 80U like obdrachon  also 3000\ — Hive



P16
Aoshvachion  over MR

Suppsrts O\ Linds of dota Cstruchured, wnstrutiured) awd  stoves in
HDFS

Prontecture of Plh

1. PisLo\Hn
- Savr-\ive high-level \anguage
© Supperts  complex Aot Foavwadians
Opevations: join , group, Filter , limit evt.
Suppritt  awfomoaric optimitotion

Supperic  vunning of fumctions written n other lomgyaages
Cey: Javod

& Pl Server
Run¥ime env for PigLatin

(¢

- Grunt
. Pi& shell

waumn Suriprs  are wonverted o MR Joot in\-ema\\\s
(reaYed o¥ Yawnoo

P\b Latin Scriph MR Process
\ 3 & M2 Tob
v N
runy 1) Exewntion
Shell Secve €nojne
L 4 7 MR (ode
\ 4
S 6
Parser —!lo‘v\im'mr Compiler




mawv\p\e Ooxnn PIM\S’Q'CS Tols

Find the top 10 most popular IPL matches in each venue.

Visits MatchInfo
R e b 2
RajnikKan Match 108 Chennai f
RajniKan Match 201 5:00 Match 201 Bengaluru RCB
Superman  Match 2 1005 Matchd2  Kobats  DC
Spiderman Match 108 13:03 Match 400 Mumbai RCB
. -
= .
- .

Visits

by matchld

 matchid
count

Matchinfo

on matchld

" 'venue
top10 matchlds



Compilation into Map-Reduce

Grou'p by matchld

Reduce,

" Foreach matchld —————
generate count

Inin an matehid’

Reduce,
C_ e - Map,
- N U Uy velibe
== ... Reduce,

generate topl0(matchlds)

In Ab Liin

visits = load /ipldata/visits as (user,matchid, time);
gMatches = group visits by matchId;
matchPopularity = foreach gMatches generate matchId, count(visits);

matchInfo = load /ipldata/matchInfo as (url, venue, winner);
venueCounts = join gMatches by matchId, matchInfo by matchId;
gVenues = group venueCounts by venue;

topMatches = foreach gVenues generate top(matchPopularity,10);

store topMatches into /data/topMatches;



Saoor

SBL -+o-Hadoop (Apadne)

Suppic buW impory owd expwt of date into ond out of
HOFS

From Structured DBs lie RDBMS, NosaL et (defines scwewma
foc impert)

* Datra m'\Qram‘m tool bated on Connectuy architedture
Ao\van‘\n&e of M\%(‘M\nb Yo HDPL: siearing data  mctecs

Suppsrit  plupint fox  dodo  ourtes

* https://blogs.apache.org/sqoop/entry/apache sqoop_overview

Roems
(MpSar, ovac\e,
foskpresL, 081)

Twmpery Expory

HOPS, Hive,Hekse




IMPORT @ SAL 4o HDFS

$ sqoop import --connect jdbc:mysql://localhost/acmedb \
--table ORDERS --username test --password ****

*  cownecr o.rbvw\ewf s used Yo wvnedt to e datnbose
* Yavle ar«au.men\' specifies +ade wowme

STter 1

© Twspect 08 +o g0xner renwired werodato, on daro beir\%
impored

STtePa

© Teanthers  doto
- Mop-onwy YHodoop jyob Sqoop submits Yo Uuster
= Impevted dofo stored in HDES directory
= LSV by defoudt

(2} Submit Map-Only Jot
r-— .—* = s TS ="
- Sqoop Job HDFS Storage 1
% (1) Gather | Map >

Metadata

IO

https://blogs.apache.org/sqoop/entry/apache_sqoop_overview




EXPORT : HDFS Yo 3@L

$ sqoop export --connect jdbc:mysql://localhost/acmedb \
--table ORDERS --username test —--password #**¥* \
--export-dir /user/<name>/ORDERS

* cownnecr urovxmev\* s used Yo wvned to e datobose

* toble argument specifies tade name to e populated
©expork-dic avpument (s Alr from which data & exported

STevr 1

* Twnspet 08 +o o0dner regwifed werodaro, on dowo beir\%
expored

STera

© Codh Wop kot pecforms thais transfer over many tvavitachion
- Minimal  vesource , Mo throughpuy

(2) Submit Map-Only Jok

Sqoop Export r—’ J — it Gt (—
- Sqgoop Job HDFS Storage

_ | —
% (1) Gather Map | |
Metadata I I

| /2
e melle |
ORDERS — I
Map |l |
I

D
Map ||« |

I

I
L Hadoop Cluster )

https://blogs.apache.org/sqoop/entry/apache_sqoop_overview




FLUME

BD from various dodn sources Capp servers, soual net sites, clowd
Sevvevs, ewrerprise  tervers) WSing Hodoop will \ue \"'M“"""% l°6
files owmd events

Connoy put o HDRS &‘i\e-—\m&-&'\e

Apathe Flume: ingesion  mechanism for effectively collecting,
apreppting and moving larpe awounts of data

Smo\min& dorn Plows fov w\\ec’ﬂv\& \awbe amounts of s’tfeaming
doxa o o tewdvalized $tuve
- fom evenrs
- '("'rm\ \ocbs
frchitecture

\- A%en\-s

© receive Aume evewdt from dato g)ehem’ms and tYore wn  centrolized
ttove (WDFS, HRose)

individual doaewn procecs cwvw
2. Source
part of oan opent

receive Flume eventt fram datn oeneraltit and ivonifere i +o
one or move oaownels in Ywe furm of  FHlume evente



3. Flume event
bosic uniy of data Arawmtker inside Flume

onraine 0 payload of bure orvoy fo e rraniperted o
source fo oegt with MYae stywcture

Header | Bure Payjoad

g Sink

* veceives dotn  OnA steves ino cewdYolized steYes  CHDFS, WBase)

consumes  datan from  vaannels ond deliveve Yo ne
deshinahion

Flume

v G
doe 1 @E | |

(Ocnem-hY W
S. Uhanwnels

ownedt souvees Yo Sinw

-« Iyowmsient stove Maak veceives evewds fyom Sourte awd  ubfewe
Yaewr A\ ey ave toniumesd \0\0 SIAWLS

bridoe \etween source § Sink

* IDRC dnanme] , File Sustum (hannel



MAP-REQULE RALLORITHMS — MATR\R  MULTIPLI CATION

— Veckovs

* Ovdeved Wir of wuwmbers
Site ¢ direcion
Operations = Oddifim, scalar  mulvplication

() (3) - (%)

. Qedunau\o\r array) of elemends

© AXM N oWe  and W tolumnt

* Vecttvt wnybe towsidered at vow (1xn) o columm Cnx)
nOAYices
Represented In memmiy 08 row- majl & Column- majer Form
0S MuWi-dimensional array
- Row wayer: C/C++ | fyxhon, Jove ete.
= lolumn  waaipr: Forivan
Represented on disk

Matriz Mulﬁ?\tcmﬁm

Qu Gy - - Oy b - by Cy - - Cip

By 0y Oy % ba "7 bae - Cay --- Cap

Oy Qng - 0 Onm by bwme Cny - 7 Cap nxp
N xmwm mxp

144}

ey = g SR



Modvix Representoien of wWww

Model WWW 08 o diredred gropn
Pogye | Paoye 2
u“l‘b un\‘-ﬁ )
2
3
4 4
Pogg 2 Page &
Linkg to Linkg to
4 \
\ 2
Directed 3m\>\m
2
_
Ae M&acem& WYX
Source
0 \ 1 \
Desy | 1 O o |\
| 1 o ©
(o} \ | o



Representing 08 powse Marix

fow, o), val disw
Po? P P &
pavalle)
F't—-e P° — web
. orow\ers
f° - Ps e— will no¥ bve Styred
sepnentially o Hle

- Store non-zero volues in ¢V file on HOPS
< oW number, olumn number, volue>

A MOW\\S eniyies a8 \inwg

1, 2,
Source '\, 3,

Lo 3 Hit,)

tfo 1+ v 50,0
Degy 2|V © o Ak,
2|0 | o © 31,0
“*Lo + U o 3,2,)
b2, \

4,3\

Q: exevcise: '\Yb so«v‘m& W wm oo file ond \omiiv\b ¥ onYo
YO#Q



aiyix- Veckor W\\A\\'i?\'\u\’n'm with MR

n
A ° ZA Oy XV
3=

A s sParsv.
AW o lombc. MWMOAX Shoved 0L on HDES file

Case |: me\p*h‘ms

Atsume vector Vv aan £+ in mem

Atswme Vedty v shoaved by a\l  waadnineg

Agsuwme N\;-) i Stoved ac o €SV file on HMDFES and ¢ diskvibured
Otross  muttiple nodes

Mag

Computes ?ar’ria\ Pmduc-\-
Lse \Lexé as L = index n +av-g5e\- vectoy

Reducer

Sum o\ pariial 1‘>ro:>\un e



Mapper 1 | Mapper 2

Mag:
Magper | NMagper &
1 1*3=3 1 1*4=4
2 1*5=5 1 1%*2=2
3 1*5=5 2 1*2=2
3 1*3=3 4 1*4=4
4 1*3=3
Reduce:
Reducer Input Reducer output
3 234 1 9
2 2,5 1 7
3 3.9 2 8
4 3,4 4 7




Q: Astume Row), Qow 3 W ONA awd R %y i ONa&

Snow  inpurjowtpur  of MG L

Node \:
(1,3, — O,
G,4,8) — 0,%)
€3,2,10) —> (3,20)

Node 2:
(22,0 — QW)
3,3, — (.19
thy)ys) ™ (4o
Wy, — C, %)
Reducer:
Q,35)
Cay2b)
(3,20

(4, 2)



(ose 2: V does not fix n memeYy

* Parkition ™M inYo  stripes

Matrix M Vector v

Figure 2.4: Division of a matrix and vector into five stripes

R\

© Muldiple Staaes of MR

/‘L&WE/V\(Q}M\J MM

Seareh for & termn 5 lookup On inverted
index: maps every term

€y “Big Dot

Yo dotumenis Yot
ontain Yhe rerm

5 Sort pagyet based

on '\mpm'\owe




Inverted 1Index

10 Term Document
Coronavirus 1,2
|12 worldwide
m P S . 3 infectious
JiSeAse CaL9ad by BOVRTE ACUS TRSDIFIIDTY  =— 4 disease 123
Mncroe 5 severa
;8 syndrome 1
lo frm :
mﬂ\edlsemuuiedmmmmiﬁmuﬁm I > ,t -
workwide — |10 2019 2
|11 |dentified ?
|12 Wuhan 2
| China 2
|14 killed 3
| million 3
source: Medium
Trwerted Index ve Ferwovd  Index
Inverted Index Forward Index
Maps words or texts to documents Maps documents to words
Indexing is slower since a check needs to Indexing is faster since the addition of texts/
validate if the word exists words can be append only

Searching or information retrieval is faster Searching or information retrieval is slower

PAGE RANK

© Cannot use ferw  frequency
* Comnot stmply use no. of intoming linkg
Tedanlque: story from o vandow poae ond  stark tvoversing -

probabilivy of reac\r\‘ma o jage fvom & randowm pone “‘i"ﬁ
lins  trandow  sucfer)



(onverting Adiacentn  Maix  fo  Trawmtitieyn  Madvix
U U

Sourte
2_ ° ° [
e °lo \ \ \
e Desy |V o0 o
/ o1 | o ©
*LO \ | o

¢ vowndow surfer stor¥e ot 4 awd follows links ouk
- Qo to | T2

Atsume equal  probolbility of 4ravtihon Yo eitver wnode
- Plivantiien ok wode ¥) = \/ Cno.of ourinkes)

PLorantitbion ar &) = V)2

tolumn  Vedty of probabilities of directly wamiﬁming Xo
everyy other pone

0 \3
2 o
2 i Vs
o | 2 V)
\Iq_ V2
0] > 4 Yz
o o

\|2 o



TeawmSiion  Madrin Sowrce

o V3 \a V2

M= Dest [y o o Y%
2 A kS o} (o]
. o \13 \Ig, (o]

Rondom Surfer — Tnialitation

Random tuffer romdm\\“ chootet o H‘ﬂf‘ﬁh& wode (eath
node wat equal ?robo\v‘s\'\ho of beingy o s’mniv\o node)

* Veuwr Vv called e impaxrtomce vectsr - vepresente relafive
importonce of eath wode

Vedoy v wnitolised 4o v, (fox the %m?h above)

\/q.
Vo= | Y4
\Iu
/4

- For eadn wode, compute  probobility of ending up mn Haak
node bated on previous node

© Mulkiply ™ ovd v (v telle importomce of node and M
s probovility  of  Avavcivon)

‘|l o |3 \,q_ \|2 \/z‘, \I&
o o q\x |va| |y
o Y» © o Vg S|y

Ll o Y3 Yo o Vg slay

M Vo Vi



kepeoﬂ' Oﬂo\in

lo s Yo M2 V2 7[ay
Y2 0o o Yrpx V& | = | 1348
| Yo Y2 o o 5’9J-|- o
L o Y3 \» o Slay 3/1b
M v, Vy

. S\'op when Mv~v ey MV=V
¢V & the eipenvecter of ™\

Pope Romk — MR Implementohim

* Mappel Stope oukpuks (V) poirt  wheve key is wame of
Yae Poge Lindex in vedwr V) and Vo2 is ¥ne kvamsitim
proboloility x Yhe initia\ vawe w v

* Performed with o damgping focksy F
(VI éMUC—I + (l-p)e
n
ombiner com be used Yo veduce wnexwolw tvatfic

6. Lompure foge Rank
Ady matrix

g — 0 O —%H

G

A F WV P~
_.ooac,a

O 6 —— 0 ~



Trontihon  Madvix

L3 & ¢ VA
Lo 0 V5o Y2 s
L lfp0 \B l[,, o \{S
329 0 Yo Y§
* o 00 o ‘/1_ \/g
So 3o o Vs
Mapper Owrpuy Reducer Ouipuy
(\ \(\s) Q. Ye)
5 Y1) (2, 4/is)
ca Vo) sz, Vo
7 \hs) (% o)
(:2, Vo) s : %))
€3, Yio)
(3 Y/10)
th Vo)
Y]
CY " \is)

where is Mae Comparisom Done?

v, and Vi annot be compared W ¥he mopper &  the
reducer

Where Yhe wie & written
do §

Vg = MR(VY)
1 white Oy, 1= W)



RELATIONAL OPERATIONS

Relotiong
* Taloles
Set of cowe| tuples

olumng are Oktribures

Re\ahma\ Operodevrs
Seleckion : 5 LR ¢: condition
Projection: T\ () $:swoset of akiribwres
Union: U
Turersedion: N
Differente : -
Join = ™
Group

© Ragregption
Q: Table PLAYERS

ﬂ_ﬂ-

Virat Kohli Captain
2 Gautham Gambhir Captain KKR
3 Anil Kumble Coach Ml
4 Virender Sehwag Coach KXIP

. Write SQL queries Yo \igt
@ AU details fov coatmes
) Only Yhe names of 4he coacnes
@ Total no. of oaches

2. Wk dwpe of velatisnal opevotion i beinny wied?
I (@) SELECT % FROM PLAYERS WHERE Role= ‘Coath’

(0) SELELT NAME FROM PLAYERS WHERE Role= ‘Coalh’
() Select coUNT(X) PRoM PLAYERS WWERE Role = ‘loach'



2. o Selechion
(o Projechion ¢ selechion
w A&nﬁaﬁm

Bl DATA PERSPECTIVE

Tn Mewm‘a

4 ast b8 — iotal=28k lykes

Owrvowy of
Sirieures
\D NOWL flole “Team
+ Offgetrs :
- \b:0
- nawe: ¢
- fole : AbL
- Team: Q16

If thwed n Shuctured OB on dity, an  convery vy of opes
Yo orraw of shuctures eadly

© Assume data n eV on HOFS
Records  Stored  seqmentially

Cawnot vead in We  Sawme wu&

1, Virat Kohli, Captain, RCB
2, Gautham Gambhir, Captain, KKR

3, Anil Kumble, Coach, M|
4, Virender Sehwag, Coach, KXIP




SELECT (N MAP-REDUCE

Query: SELELT » PROM  PLAYERS WHERE  Role= ‘toalh’

Map
<“3, Anil Kumble, Coach, MI",”3, Anil Kumble, Coach, MI">
<“4, Vlirender Sehwag, Coach,KXIP”,“4, Virender Sehwag, Coach,KXIP">

3, Anil Kumble, Coach, MI
4, Virender Sehwag, Coach, KXIP
Mop

© Reod eadh Yow t of +toble
Unede ik iy Stoxithies conditien C
1€ 80, owrpwr (t,4)
Ton oko be (PR, & Lk, nuiD)
Reducer or Launl\, x) ete
Idevmha

PROJECT IN MRP- REDULE

Q"““A" SELELT NAME FROM PLAYERS WHERE Role= ‘Coalh -

Map
<"Anil Kumble”,” Anil Kumble”>
<"Virender Sehwag”,"Virender Sehwag”>

Mop

Read eadn yow t of +oble
Coltulare  Subeet of artYibutes ¢
Owtput Lt')x")




© Eliminore dupiicares (mulrple rows with Sowe £ield)
L, [, 0D > e

UNVWON W MAP-REDULE

RUS: R ond S Wave We sawme Sonema

© 2 nput files — 1 output file

L wappers for & input files

Inpur Input
Filel Rie 2
Magper| Mapper 2

N\
e

owt pat

* Read eadh vow £ of table &
Ourput Ck,t)

© Read eatn vow £t of +table $
¢ Oubputr C4,¢)

* Eliminate duplicntes
Lk, Ce, ¢ —» (4,0



Q: Given the following input for two Show (for the Union algorithm)
files Input and output of mapper 1
File 1 Input and output of mapper 2

Input and output of reducer

File 2

A

E

F

C

Mapper 4 Mapper 2 Reducer

A = C(A,M Ao (AR (A,CARD) — A
B 2 (g8 ¢ - (e.e) e, -8
¢ T,y £ LR (e,l6ed) » ¢
D = (D)D) - e, 0 ®,0) =D
€ &) - ¢
(¢,6) > ¢

INTERSECTION 1N MAP-REDVCE

RNS:Roand § have Same schewa

Inpur Input
Filel Rle 2
Magper | Mapper 2

Ged

Oukrwt



Mger\

* Read eadh vrow t of table &
OIA\'?OA" L‘t)t)

Maggev Q
* Read eath vow £t of tavle $
Owtrput Lk, t)

Redwcer
Outpur owly, dwplicates
Ct, e &) = ,0)

DIFFERENCE IN MAP-REDULE

R-S
Inpur Fnpwy
Fitel Fle 2
Magper| Mapper 2
Ou\rwt
M per|

* Read eadh yow & of table &
Output (£,

Magper ]
* Read eath vow £ of table §

Outrput (+,8)



* Outputr only those wn R
e, LR = (¢,0)

6: Pecform tet  difference usivgy MR, Swow VP and ofp ok
WMop & veduce ewds

\PL aoto \PL 204\

Ly D¢

A4 el

wx \P CSw

QR e

0D

[§ D \ 3

N\m MM
N\l M'L i
RLe — CRLS,0.0(O D) bc — (D¢, 20al)
et = (kR wio) RLH — Ak, 20a))
WX\P —  cwx\f,a0l0) CSWw - (Csu, aoa))
ARie — (R, 200) RR — (AR, aon)

0p — LDD,&LO\O')
Reducer

wov, a0 ) —

Lo, 2031 —7

(op, 2010 — 0P
(R, 20100 — W&
(wxip, 2010) —> KXIP
(RLB, (2010,200]) —
(R, [ 2010, 20200) —>



NATURAL JoIN IN MAP-REDUCE

Join R omd § on oOXribure &

A.C are Yhe oMer ottribwres n R,S

RL(A,B) $C8,0)
Input Input
filel s

eead Ca o) 1 l Read Cl,l)
Magper| Mapper 2
(b, (R, Lo, (s, CM
C“ b) b ,c—‘)
Output

* Read G, of R, output (b, (R,a))
© Read Cby) of & output U, €5, M

For eath pair (b, (RN Ond  Coy(S,cD) | outpur  (4,b,0)



9: Given the following input for two files

Table Employee E(Name, age) Table Dept D(Name, Dept)

Gabbar 35
Viru 37
Jai 33
Baldev 44
Basanti 31

Gabbar Bandit
Viru Hero

Jai Hero
Baldev Police
Basanti Heroine

Show (for the Natural Join algorithm)

1. Input and output of mapper 1
2. Input and output of mapper 2
3. Input and output of reducer

(\3\

(bavbar, (€,25)
LView, (€,37)
(Sai, Ce,3)
(.Ba\dev) e uy)
CBasanF\, (.E)?:D

Q

ML

(halear, (D, Bandit)
( view , (O He\ro7)
()Xt , CD mwm

(Raldev(h, Po\ice))
CRasanti, (_D, Heroine))

(Badev, [LE,44),(0,P0\cdD) —3 (Raldev, ky, Police)
L?:asom Lee,3, (b, Heroined)) — CBamV\’n s\,\—\erome)
(havdoar, [Le,25), CD tondit))) —  Chavba, 35, Bawndit)
Gad CCE,?&D) CD,\f\emﬂ) — (7Jai, 3%, Hero)

(V\m LLEZ), (O, Her)Y) — c\r\m %‘l Heco)



GUOUPING AND  AGLREGATION

© for relaon RUNG,0 group by B ond pprreppte oy funcrion
£(e)

R(A,B,0)

Input
Filel

cA}b) C)

.

Mapper|

Q0,0 - (s, Coirba, '03 .. ‘.D

(a, FCbisby 00

Owt pat

For each line (a,b,0) oufpur (a,b)

hagregpte (A, Lbiyba, by .o ,bad) inte (@, 06,00y, ... sbn))



&: Given the following input file
Table Dept D(Name, Dept)

Gabbar Bandit
Viru Hero

Jai Hero
Baldev Police
Basanti Heroine

Determine number of employees in each department.
1. Show mapper output
2. Show reducer input/output

Mapper Reducer
(Bandit, Godoar) (Bandit, Godoad — (bandit,
(Mevo, Vivw) (Mevo, [Virw, Jai]) — LHevo, 2)
(Hevo, Tou) (Heroing, Basanti) — (Hevoine, 1)
(Police ,Bardev) (Police ,Badev) — (Police, 1)

LHeroine, Bosanti)

HIVE

- S&L— WDFg
- (onverted 4o MK jobs
SBL-live queries: WAL

Strvope = £xb, @LFile, WBase



- Comnot wawndle real-hime dato

« Connor handle OLTP — ivawvtachone swowld ve o‘hm\ico\\%
exewted

* Hive quevies wontain  \okenty

Aronitecture

USER HIVE COMMAND

Hive QL Process Engine

Execution Engine

MAP REDUCE

- Mera Stove - sheres Sthewa — WMoge  tolming Yo csv

https://ieeexplore.ieee.org/document/5447738 -~ ?a‘aer




HivE Components

Thrift JDBC ODBC _
Server Driver Driver Hive

\ l / Client
— HiveServ:r/{, WebUI/CU‘."‘
\ compiler )\ L S—d

. Driver .
. Seria\ise, deserialise
—— -. ____ Hive
\\ metastore —3 Execution |«——= SerDe | Services
—— ME cient)
|
MapReduce | Processing
-~ & Resource
— } Management
y

Distributed
HDFS Storage

On WDFS: can oe Stoved in (W, XML, TN, Binary

+ SerDe: Serializotion | Deserialization
- drivert fow eacw fovmot
- fov s{-cvimbl acessing filler in WOFS



Hive Oata. Mode)

+ Shored o8  WDES fileg

cm-eboﬁzeo\ wro  ¥avee %mm\ar \evels

I
®) Tables
>
% 8 Partitions
o
Q
=
T
DB HDFS

Toble
Table wopped Yo HOPFS directsry
Like tavle w ROBMS
OperaXions : frer project, Pin, wnien
Tables divided w0 wwuatiple filet and directevies

Parhtion

HOFS subdired-or&
Tobles orgav\ised ‘wito  partitions based ™M  column /‘“"‘6



Rutket

© Suwedivision of partitien
Divided boased on wah functin of  specified column
Enhance query  efficiencies

Partitions (Sub-Directory)

ﬁ Buckets (Files)

HIVE (owmpilation €xawple

http://www.vidb.org/pvidb/vol2/vidb09-938.pdf

FROM (SELECT a.status, b.school, b.gender
FROM status updates a JOIN profiles b
ON (a.userid = b.userid and
a.ds='2009-03-20" )
) subql
INSERT OVERWRITE TABLE gender_ summary
PARTITION(ds='2009-03-20")
SELECT subgl.gender, COUNT(1l) GROUP BY subgl.gender
INSERT OVERWRITE TABLE school summary
PARTITION(ds='2009-03-20")
SELECT subgl.school, COUNT(1l) GROUP BY subqgl.school



b

%M

o
Srokue (ackive, awayy)

ee
oo\

SOWrce: hitps://ieeexplore.ieee.org/document/5447738




COLUMN AR OATRBASES - MOTIVATION

HOFS- pood for  boteh  processing

HDFS - No¥ ppod fov

- tewsrd  lookup

- inccemental addifion of small bakdnes
- updatres

HWE no¥ %ooo\ for

- ftewsyd lookup

- inccemental addifion of small oatdnes
- u\>o\a\\'es

- watructured | semi-stvadured dovs

Hbose and Castondra

https://static.googleusercontent.com/media/research.google.com/en//archive/bigtable-0sdi06.pdf

Buitr on Bigrable wode\

bood  £of

- fasx rewovd \ookwp

~ Yecord \evel wgecrion

- u\?da\’rcx (Hbage — tveates new  verting
- unsivuctured | Semi- Siuetuted  dodo



gt -

« HDFS
* Unstructured data

* Writes: no updates, only appends
* Read entire file and analyse
* Hive ‘
* Structured data
* Analytics via SQL

* HBase/Cassandra

* Unstructured data
= Arbitrary writes

* Analytics

8: Which of these could be stored in HDFS, Hive or Hbase?

1. Parsed transaction logs of user activity in a website where
relevant fields from the log have been extracted

2. Unparsed transaction logs of user activity

3. Database of users and friends at a social website, which is
periodically analyzed for social networking analysis

L Hive — strauved Crelevant feld ) o upantes
Teguived
a. HDFS - untivutiured (unparsed)

3. Hoose — tonstant  wpdortes



olumnar  Stovyoae

Info height School House | School:sports

HarryPotter  4.5ft Gryffindor Quidditch
Voldemort 7t 50 Slytherin

fow storasg: DR Sirge Gile, one vow ger line Ctvansockiono)

+ Column s\'om&e: eadn cdumn Stored s separate fle , one vawe
per line (avalyficsd

* €oth load veguires Yo Yo be performed

8: Which method does less I/O for

1. Analyzing the relationship between age and earnings

olumrn
2. Adding a new row or read a row

YowW

Aowaduned Ve Unabruetuned  Doto

* How Yo wandle uwnttyuctured data i R0R?

[customer id | Vistid |Date |

2-Oct 2017

m

Chest pain
Headache



How +o handle untiructured dora in  unsywctured 0B?

| customerid | Visitid [info |
Date: {2-Oct 2017}

Symptoms: {Chest pain,
Headache}

— Hbase

*© Distribwred column oriented OB on Yop of WORS
* Dofo loacally:. vows[columne of o Yable

—— (assandcro

Distyibured D®- P2P (facebook)
' Tnepired by va\amo oR

Hbaste | Catsand ra
© Both wse same data wodel ingpifed by Bigrable

DATA MODEL * TERMINDLOG1ES q{ CONCEPTS

Column Families: Each row
divided into column families

Row Key |
Name Info:height

Infoiage School:House |Schoolisports
HarryPotter  4.5ft 11@2011 Gryffindor Quidditch

Voldemort 7ft 50 Slytherin

Each column family
divided onto tolumns



Column  Families

* VHbase Schema: Several Yav\es
« €oth toble: ser of column familieg

* olumnt ot pocy ot Stwews
* WHoase: dbmmic wlumns

+ lo\lumn nawmes ewwoded nside cel\s

HarryPotter Info:{height:"4.5ft”, age: “11@2011"}
School:{House:"Gryffindor”, Sports:”Quidditch”}
Voldemort Info:{height:"7ft”, age: “50"}

School:{House:"Syltherin”, Role:”Prefect”}

HBoase Doto. Model

« Sewi-shructured

* Data partitioned (nto Simpler componevts and spread  atross

c\srer
Cell
Table
- 1 | VTS
Rowid _Colun ] | Column Family Column Family Column Family T mmnprs
colf | col2 cold ] colf col2 col3 goll col2 col3 colf col2 col3 Wpevagesy

B | |

3 ] | ]

Table: Data represented as a collection of rows sorted on RowID

Row: Collection of column families identified by RowlD (Row Key), a byte array, serving as the primary key for the
table and is indexed for fast lookup

Column: Collection of key-value pairs — represented by ColumnFamilyName:ColumnName

Column family: Collection of variable number columns

Cell: Stores data and is a combination of {row key, column, timestamp/version} tuple as a byte array

Timestamp (System timestamp) or any other unique version number within a Rowld, for the cell



Moaster- Slave  Aychitecruce

* Note: W’r \inks %o MApY Ao no¥ woYL 4% HPL Was taken oveyr

Monitors region Client
servers

— _— create, delete table

zookeeper m : HMaster

Assigns regions to
region servers
Region Region
Server Region Region Server Region Region
Key | com | eeic Key | com | conc =3
m w wl m val wl - s v v
Bl e w Bl = w oo w o
I.  MagterServer

Assiong reﬁ‘\m Yo reaion Server
Derects foiluve wsingy ~Zookeeper
Monixsvs Res\mSewers ond \0od ‘oolances Yeq\ons

Supports odmin Funclions — schema  cnanges, creation of oles,
tolumn  fomilies

Similar Yo NameNode of HOFS

2 Reaien Sevvers
© - Lontain regyons
© lommunicates with cdient and moanages  dara-velated operations
Serves dota for veod/wewe for reaims under i Luting log)
Decides ¢ i S1e
Similar +v  OoxaNodes of HDFS

3. Reawons
. Qv\i\— parys of Yables sqrmd Qatvoss wéuv\ Seyver
Subser of o fol\e’s vowe
P\u’romo\h'co‘\\g aone



le{jm Servers

Region Servers - Physical Layout

Rows [ Region Server 1 Region Server 2 Region Server 3
2 —+»  Keys:[T-2)
meto, +
Yoole! Keys: [I-M)
\Leeps g’ H—H
teow of % 5 Keys: [F-1)
\’2.6\0\!\5 : =
2 > Keys:[A-()
9 Keys: [M-T)
R »  Keys: [C-F)

https://www.oreilly.com/library/view/hbase-the-definitive/9781449314682/ch01.html

© Mark widh single repon % moo\ieua dbnum(l;u\la

Read /write Operahions

¥ Region Server 3
Vg \
waeww. semee Redd Cache,LRU evicted
FY. | Shared across Reglons for &
gy Region Server
Meta table location —c— -
Meta Cache Client C = J— I'Write Cache, sorted map of
Ask for Meta table ldcation T 5 Yvalugs o memory
7 AN ‘ Sgecific for every Region
3 Get Region server forrow key from meta - ‘ —
2 L Lol .
- [« | N =
Put ot Get Row = y } = ‘ [ || &
Region Region [ At NG
WnleAﬁnag.ic‘g HDFS Data Node wﬂﬂeﬂ
Server Server on disk used for T Glues on
Data Node Data Node Sy [

1




Write-Anead Loo

A

© Refure writing 4o DB

© tan restart from WAL € problem  occurs
© Blocktathe oA Mewtise i RN

* Hfilee and WAL in WIS

Read Cache. |
LRY evicted
Region Server
BlockCache

Region Wits Cache, sored
map of KeyValues in

Region
Mo aboca Maminbmva mamany:
Memstore Memstore
HFila

Wiite ahead log on IO Uain NOGH
disk- Used for recovery Hfile=sorted KeyValues on disk

(ompimewts, of Wbase

Master

Regionserver Regionserver Regionserver

Figure 20-2. HBase cluster members




Cassondra
Origynoies from Ligrable and Pvozent  Opnawo DB
Openn Souvte  olumnar  NOSRL DB Similar fo Woase
PP  (nox  wanther-g\ave)

© Suppevis elasric sm\a\o\\i\'\b Collows wo.of nodes n clutrer +o
inwrease)

Prevents follure wivn ceplication

*© CGan o\ﬁmmm\\“ accomopdate c)aawses

= =

Comakiog SSTable




+ Ooka w&m‘\aed i parditong
Partition: \ew, wluwmn wames

Hboase Vsooe

. (rente toble ‘able name

hbase(main):001:0> create 'test', 'data'
0 row(s) in 0.9810 seconds (Y

column
Fa«w&wBVVR““C

2. Tmtery values

hbase(main):003:0> put 'test', 'rowl', 'data:1', 'valuel'
hbase(main):004:0> put 'test', 'row2', 'data:2', 'value2'
hbase(main):005:0> put 'test', 'row3', 'data:3', 'value3'

o
| 0 )
row \ey  Column value
name

3. Reirieve Volwmes

/ specific vow

hbase(main):006:0> get 'test', 'rowl'
COLUMN CELL

data:1 timestamp=1414927084811, value=valuel
1 row(s) in 0.0240 seconds
hbase(main):007:0> scan 'test'
ROW COLUMN+CELL

rowl qr column=data:1, timestamp=1414927084811, value=valuel

o\\ Cow¢



QUESTIONS

Q: (ombiners vy MR eéxewmte

© Map node (o) Redwie

G Nehnwow @ Node MONASEY

8. Secw\dwb NNe

O ore wsed as backup fov Pekive NN

o are wsed by 2L to help Switth en o foukr

(© used Yo ccreake €Stree owmd volieve ANN of Ahig tatw
@ wsed 4o load alance regnets fo NN

6: SN NEMNE KDDRELS  PrOH PR
drudendC. cav gn ADES

KOO AAR vacc (N ATioN  STATUS
voceskadme. csv oy HOE G

find no. of  ShwAentt voclinatred

© Wrive ML peendotode
(& Lepw 0x 0]f o wapper?



DV A AN
Q: (ombiners vy MR exewmte

© Map wode (o) Redwie
o Nehwe @Y Node mMmanaser

8. Ser,w\d.arb NNe

O ore wsed as backuwp fov Pekive NN
o oare wused \0\5 2L to help Switth on o four
(© uted Yo creake ©Stree owd valieve AWN of Aaig tatw

@ wed 1o lond ‘volawnce reguetty o NN
8 SN NEMME KDDRELS  POH PR
Srudendl. cdv  gn \OES

PO ARR veee (N ATioN  STATUS
vocestatwe. csy oy HOFC

(Y]
* Read (RAOMKAR, S&N) of stwdewts) o)f CRRDHP\P:K’CSW,SRN))

© Reod (AROWKAR, SEN) of vttine | o]f CXADHARR  stodut)
onlyif Tewe

© For each pair, increment  cownt



