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Big Data

Mogens Map-Reduce

Apache Hadoop

Paspabotka Job(Java, Streaming, Hive)
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Data Explosion

Figure 1
Data is growing at a 40 p« d I rate, r hing nearly 45 ZB by 2020
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Data Explosion
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Three Vs
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Data at Rest Data in Motion Data in Many
Forms
Terabytes to Streaming data, Structured,
exabytes of existing milliseconds to unstructured, text,
seconds to respond multimedia

data to process

Data in Doubt

Uncertainty due to
data inconsistency
& incompleteness,
ambiguities, latency,
deception, model
approximations



Y70 Takoe BigData?

o K BigData MoXxHO OTHECTM TaKkne KOEKLUNN AAHHBIX pa3Mep
KOTOPLIX JIEXXUT 33 FPaHbio TOro, YTO MOTYT XPaHUTb,
obpabaTeiBaTh U aHanusuposath TunuyHsle CYB/]

@ JTO onpefenieHne MOXET BapbUPOBaTLCS B 3aBUCUMOCTU OT
Toro kakoe ucnonbsyetcs O n kakne pa3mepbl JaHHbIX
NPUHATBI B JaHHOI cpeae

o C pa3BnTUEM TEXHOJOTMI pa3mep AaHHbIX, KOTOPbIE MOXHO
onpegenuTb Kak BigData, Takxke mMeHsieTcs

e B 3zaBucumocTn ot storo pasmep BigData moxet
BapbUPOBATLCA OT AeCATKa TepailbaiiT g0 AECATKOB U COTeH
netabaiT
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MapReduce

MapReduce

TexHonorusi pacnpegeneHHasi 0bpabotkn 6onbworo obbema
AaHHbIX

e [ocraTouHo npocTa.
@ Jlerko macwabupyema.

o [lpyMeHMa ANA pelleHns LWMPOKOro Kpyra 3ajad.
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MapReduce

NcTopus

@ B 2003 rogy komnanus Google Bbinyctuna cratbto npo
distributed file systems, kak oHn xpaHsT y cebst BHYTpM
OaHHbIE W UHAEKChI, [aHHble O MOJIb30BATENSAX U MPOYee.

e B 2004 rogy komnanus Google Bbinyctuna craTbto, KoTopasi
onuncbIBaeT napaanrmy obpaboTkm Takoro obbema AaHHbIX,
KoTopas HasbiBaeTcss MapReduce.
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MapReduce

MapReduce Design Goals

@ MacwTtabunpyemoctb anst 60/bLNX 0OBEMOB AaHHbIX:
o ThicAYM MalUnH, JECATKN ThICAY ANCKOB
@ Cost-efficiency:
o Commodity clusters (0bbi4Hble cepBepa, Aelwero, HO
HEHaLEeXHO)
o Ob6bluas nokanbHasi ceTb
o Fault-tolerance «u3 kopobku» (MeHblle HaKO CMCAZAMUHOB)
o [pocrtoTa ncnonbsosaHns (MeHbLLEe NPOrPaMMMUCTOB).
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MapReduce

Commodity Clusters

© CraHpapTHas apxXUTEKTYpa BKJOYAET:

o Knactep u3 0bbivHbIX Linux MawwuH
o Certb - Gigabit ethernet interconnect

@ Kak opraHn3oBaTb BbIYUCAEHUS HA TaKOW apxuTekType?
o Hap,o CKpPbITb I'IpO6J'IeMbI «>Kenesa» oT nonb3oBaTesieli
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MapReduce

Cluster architecture

2-10 Gbps backbone between racks

1Gbps between
any pair of nodes
inarack

Switch

|, CPU CcPU

Disk

]
gl

Each rack contains 16-64 nodes
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MapReduce

Distributed File System

3agauu:
@ XpaHeHue 6onbLINX 06BEMOB AaHHbIX.
@ [lpo3payHoCTb.
o MacwTabupyemocTsb.

o HapexHocTb
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MapReduce

Distributed File System

@ Chunks:

o daiin nocnegoBaTeNbHO pa3buBaAETCA HA YaHKM, TUMMYHBINA
pasmep 64-512MB.

o Kaxablii yank pennuuymupyercs (0bbidHo 3x).

o Crapaemcs fepaTb penanku Ha pasHbix CTOlKaX.

o Master node

o ObcnyxuneaeT meTa-gaHHble daiinos.
o Pennukauns.

@ YTeHume knueHTa nayT Hanpsmyto us slave nodes.
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MapReduce

Map-Reduce Framework

|
|
666

—_—
Input
e
Mapper Sort Reducer VYalues
. Input: Key-value pairs
IO“E:’;:ﬁtlhﬁi;F\I/:me pairs Qutput: Sorted Key-value pairs Input: Sorted KV-pairs

Output: Avalue
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MapReduce

Mpumep npunoxerusi: WordCount

o Bonblume daiinbl ¢ gokymeHTamu (TeKCTbI)
e [MoacuntaTb YNCIO BXOXAEHUN KaXAOro coBa B daiine

o ®daiin Ha ANCKE - CINWLIKOM MHOrOo pasJIndHbIX CQIOB AJ1A TOro,
4yTObbLI BCE YMECTUTb B NaMATN.
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MapReduce

WordCount Ha Map-Reduce

map (key, value):
// key: doc name; value: text of doc
for each word w in value: emit(w, 1);

reduce (key, values):
// key: a word; values: list of counts
result = 0;
for (each count v in wvalues)
result += v;
emit (key, result);
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MapReduce

WordCount Ha Map-Reduce

@ [Mporpamma eeinonHsieT fork master npouecca n MHOXecCTBa
worker npoueccos.

@ Bsog pasbusaetcs Ha HekoTopoe 4uncio splits.

@ Worker npouecc HasHavaeTcs gnst BbINOJHEHUST b0 DyHKLMUN
Map ucnonssys split uan dyrnkumn Reduce gns HekoToporo
Habopa NMPOMEXYTOUHbBIX JAHHBbIX.
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MapReduce

Distributed Execution Overview

fork forki ‘\\fork
l,a'ssign/"x\ as‘ﬁgn
omaps “reduce

Input Data

read,
sort
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MapReduce

3a yTo oTBeyvaeT Master

© Haznauaet Tacku Map n Reduce Bopkepam
@ [lpoBepsieT, HTO HUKTO U3 BOPKEPOB HE YMep

© Pacnpenensiet pesynstathl dassl Map Ha Reduce
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MapReduce

Bsaunmogericteue mexay Map n Reduce

@ BuibpaTs uncno R reduce Tackos.

@ Pacnpegenutb npomexyTouHble katoun B R rpynn (Hanpumep,
no xewuy).

© Kaxablii Tack Map cosgaet Ha cBoeii cTopoHe R dhaiinos
npoMexyTo4Hbix nap key-value, no ogHoMy a5t Kaxaoro
Tacka Reduce.
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MapReduce

Failures

@ Ecnn npouecc sopkepa nagaer, To BCe ero Tackm
nepeHa3Ha4aloTCs Ha [Apyrue BOPKepbI.
o Master failure:

e 3apayva Map-Reduce 3aBepiaercs ¢ owunbkoii u otnpaensieTcs
YBeZOMJIEHNE KIINEHTY
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MapReduce

Combiners

@ Yacto ogun Tack Map reveput mHoro nap (k, v1), (k, v2), ...
[OJ1S1 OQHOro 1 TOoro »xe k

o [Npumep: yacto BcTpevaemble cnosa B 3agade Word-Count
@ llcnonb3yem npe-arperauuto B Map
e Wcrnonbsyem dyHkumio Reduce Ha wacTu ganHbix oT Map
Tacka
@ Pabotaet Tonbko B cnydae, ecnu byHkums Reduce
KOMMYTaTWBHas 1 acCoLMaTUBHAS
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MapReduce

Map-Reduce Flow
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@ Open-source peanusauus Map-Reduce Ha Java.

e http://hadoop.apache.org/
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Hadoop, 3auem?

Hago obpabateiBate MultiPetabyte Datasets

CnoXHO 1 [OpOoro peasin3oBaTh 3TO B CBOEM MPUJIOKEHNN.

Failed Nodes npoucxogut kakablii geHb

o Failure oxxugaemsl, 370 He [O/KHO BbITb HEOXKNAAHHOCTBIO.
e Yucno Hog B knactepe HEMOCTOSIHHO.

Hy>xxHa obuwiasi uHdpacTpykTypa
o JdppekTusHas, HagexHasi, Open Source Apache License
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Hadoop, uctopus

@ 2004 Oyr Kattuur n Maiik Kadapenna cosgatoT nepsble
peann3ayun Toro, 4to no3gHee ctaHet HDFS n Mapr-Reduce.

@ 2005 — Nutch ncnonbsyetr MapReduce. Hadoop HagexHo
pabotaer Ha 20 y3nax.

o Pespanb 2006 — Nutch cranosuTca nognpoektom Lucene.

@ Maii 2006 - Yahoo! paseepTbiBaeT uccnegosatenbckuii
knactep Hadoop us 300 yznos.

@ Anpenb 2007 — Yahoo! na 1000-node knactepe.
@ Jul 2008 — 4000 node test cluster
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Hadoop

Hadoop, kto ncnonssyer?
o
o
o
o
o
o
o
(]
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Amazon
Facebook
Google
IBM
Last.fm
Yahoo!
Yandex
Mail.ru



[ noccapwuii

@ Job - «roTosas nporpammay, Bkntoyatowas B cebs Mapper un
Reducer

@ Task - «4acTb nporpammbly, BKtoYatowast nbo Map uan
Reduce npouecc
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Hadoop architecture

Job submission node

Linux file system

‘gg ..

Linux file system

gy ..

Linux file system

gg ..

slave node
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3apgaun HDFS

Ouenb bonbwas Distributed File System
e 10K nodes, 100 million files, 10 PB
Moapasymesaer Commodity Hardware

o Daiinbl penanuupyoTcs ANs TOro, 4Tobbl CNPaBAATLCS C
hardware failure
o Onpegenats failures n ymeTb BoccTaHaBNMBaATBLCA NOCAE HUX

o Ontumusaums gns Batch Processing

e PacnonoxeHne gaHHbIX Takoe, YTO KOZ NepeMeLLaeTcst K
JaHHbIM, a He HaobopoT
o [NpepocTaBnsieT BLICOKYKO MPOMYCKHYIO CMOCODHOCTb.

User Space, 3anyckaetcst Ha pasnudHbix OS
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Single Namespace ans Bcero knacrepa

Data Coherency
o Write-once-read-many access model
o KNueHT MOXeT TONIbKO JONUCHIBATL K CYLLECTBYHOLLNM
daiinam

®Daliinbl pasbusatoTcs Ha 6aOKK

e O6biuHo 128 MB block size
e Bnok pennununpyetcs Ha Heckonbko DataNode

Intelligent Client

o KrneHT moxeT y3HaTh pacnonoxeHue 610koB
o KnueHT umeet goctyn K gaHubim npsmo ¢ DataNode
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HDFS architecture

HDFS Architecture

Metadata (Name, replicas, ...):
fhomeffoo/data, 3, ...

Metadata ops~ | Namenode
Block\ops
Read| Datancdes Datanodes
L g - Replication 2 = =
O ,D Blocks
' 7 — —/
N T \ Y
Rack 1 \ it Rack 2
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Hadoop

NameNode, Meta-gaHHbie

@ Bce meta-gaHHble B namaTy

@ Twunbl meta-gaHHbIX

Cnucok daiinos

Cnncok 6110koB st Kaxgoro daiina

Cnucok DataNode ans kaxxgoro 6noka

Ddaiinosble aTpubyTbl, HanpuMep BpeMsi, haKTOp penimKauum

@ Transaction Log
e 3anucu o co3gaHuu unn yganesnm daiina
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DataNode

o Block Server

o XpaHnT faHHble B JIOKaNbHOI haiinosoii cucteme (Hanp. ext3)
o XpaHnT meta-gaHHble 6oka (Hanp. CRC)
o OTpaet gaHHble U meta-gaHHbIe KIWEHTAM

@ Block Report

o [Mepnoanyeckn oTnpaensieT oT4HeT O CBOMX B10OKa Ha
NameNode

@ Pipelining of Data
o [lepenanpaensiet ganHble Ha gpyrue DataNode'si
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PasmeleHne 610koB

@ Knaccuyeckasi ctpaterus

OpHa pennuka Ha foKanbHOW Hoge

Bropasi pensiinka Ha yganeHHoii croiike (rack)

TpeTbs pennuka Ha TOi »Xe CTOliKe

,D'OHOHHVITeanbIe PENINKN Pa3MeLLatoTCA NPON3BOJIBHO

o KnueHTt untaer c bavxaiiweli penanku
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KoppeKkTHOCTb AaHHbIX

@ lcnonb3oeanne checksums ans nposepku AaHHbIX
e Wcnonbsyerca CRC32
o CospaHue dpaiina
o KnueHT cuntbiBaeT checksums Ha kaxgble 512 baiit
e DataNode xpanut a1 checksums
e [Joctyn k cpaiiny
o Krvent 3anpawwueaer gartble n checksums ot DataNode
o Ecnun nposepka He nowna, To KAWEHT AenaeT 3anpoc Ha

APYryro penanmky
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NameNode Failure

e [lo nocnepHein Bepcun - Single point of failure (EgnHas Touka
0TKaza)

@ Transaction Log xpaHuUTCsl Ha KaXkgoii Hoae

o [JononHntensHas NameNode, koTopasi xpaHuT konuu
MeTafaHHbIX.
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NameNode Failure

o Knuent 3anpawwueaet cnucok DataNodes Ha koTopbix bygyT
HaxoanTcs penauku bioka

o KnueHT 3anuceisaet 6ok Ha nepeyto DataNode

o [Nepeas DataNode nepenpaensieT gaHHble Ha creaytoLLyto
DataNode 8 pipeline n T.4. (B 3aBUCMMOCTM OT KO/I-Ba PennK)

o Korpga Bce pennukun 3anncaHbl KAMEHT NEPEXOANT K 3anuncu
cnenytoutero bnoka daiina
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Hadoop

Fault Tolerance 8 MapReduce

Ecnn Tack napaer:
o [lepesanyck Ha gpyroii Hoge
e OK gns map notomy uto HeT 3aBucumoctein n input 8 HDFS
o OK gns reduce notomy 4TO output OT map Ha JIOKaibHOM
AncKe
o Ecnn ogun un TOT Xe Tack noctosiHHo nagaet, To job failed nan
NTHOPMPYeM 3TOT BIOK BXOAHbIX AaHHbLIX (OnpeaensieTcs
nosib30BaTesNEM)
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Hadoop

Fault Tolerance 8 MapReduce

Ecnn nagaet Hopa:

o [lepesanycTuTh 3anyLeHHbIe Ha Hell TaCcKW Ha APYrux HOAax

@ [NepesanycTnTb BCe map-Tacku, KoTopble oTpaboTann Ha 3Toik
HoOe
e JTo 06s3aTeNbHO NOTOMY YTO MX output dhalinbl bl
noTepsiHbl NOC/E NafeHUsi CaMoii HOAb
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Hadoop

Fault Tolerance 8 MapReduce

Ecnn Tack gonro seinosnHsieTcs (straggler):

@ 3anycTuTb KOMMIO Tacka Ha apyroii Hoge (“speculative
execution”)

@ Mcnonb3sosath output Toro Tacka, koTopblii beicTpee
BbINOJAHUTCS, U YOUTb MeaNeHHbIl

o MepaneHHble nan 3aBuCLUNE TacKK NOSBASIOTCA AOBOJIbHO
4acTo n3-3a npobaem c xenesoM, ownbok B koae, npobnem
KOHdUrypauum v T.4.

o OavH eANHCTBEHHbIN MeANeHHbIN TaCK MOXET 3aMefNNTb BCO
3apayy
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o [loctounHcTea:

o [napgkast macwTabupyemoctb( A5 2X NPON3BOANTENBHOCTH
[OCTaToO4HO 2x obopygoBaHus (noyuTn))

e OpenSource

e VYpnobeH gns research-sapav
@ HepocraTkn:

("] BbICOKaﬂ CTOMMOCTb NOoAAEPXKKN N aMUHUNCTPUPOBAHNA
Heobxogum wraT kBanudgunumposaHHbix developer'os
HectabunsHocTtb
Hunskas ckopocTs,

He real-time
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PaspaboTtka Map-Reduce npunoxxenuii

VToru

@ Java kog. Mpunoxernne WordCount
o Hadoop streaming. Mpunoxenune WordCount

@ Hive Query Language. Mpumepbl 3anpocos
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PaspaboTtka Map-Reduce npunoxxenuii

Java ko

public static class Map extends MapReduceBase implements
Mapper<LongWritable, Text, Text, IntWritable> {
private final static IntWritable one = new
IntWritable(1);
private Text word = new Text();

public void map(LongWritable key, Text value,
OutputCollector<Text, IntWritable> output, Reporter
reporter) throws |OException {
String line = value.toString();
StringTokenizer tokenizer = new
StringTokenizer(line);
while (tokenizer.hasMoreTokens()) {
word . set (tokenizer.nextToken())
output.collect (word, one);
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PaspaboTtka Map-Reduce npunoxxenuii

Java ko

public static class Reduce extends MapReduceBase implements
Reducer<Text, IntWritable, Text, IntWritable> {

public void reduce(Text key, lterator<IntWritable>
values, OutputCollector<Text, IntWritable> output,
Reporter reporter) throws IOException {
int sum = 0;
while (values.hasNext()) {
sum += values.next().get();
}

output.collect (key, new IntWritable(sum));
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PaspaboTtka Map-Reduce npunoxxenuii

Java ko

public static void main(String[] args) throws Exception {
JobConf conf = new JobConf(WordCount. class);
conf.setJobName("wordcount");

conf.setOutputKeyClass(Text.class);
conf.setOutputValueClass(IntWritable.class);

conf.setMapperClass(Map. class);
conf.setCombinerClass(Reduce.class);

conf.setReducerClass (Reduce. class);

conf.setlnputFormat (TextlnputFormat.class);
conf.setOutputFormat( TextOutputFormat.class);

FilelnputFormat.setlnputPaths(conf, new Path(args[0]));
FileOutputFormat.setOutputPath(conf, new Path(args[1]));

JobClient.runJob(conf);
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PaspaboTtka Map-Reduce npunoxxenuii

Hadoop Streaming

@ TexHonorust paspaborkn MR Job ne Ha Java.

e Ha kaxgom cepsepe knactepa ycTaHaBAUBaeTCs
nuTepnpetatop sisbika(Python, Perl, Ruby, ...).

@ OTtpenbHo nuwem Map, otaensHo Reduce.
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PaspaboTtka Map-Reduce npunoxxenuii

Hadoop Streaming(Mapper)

import sys

for line in sys.stdin:
line = line.strip()
unpacked = line.split(",")
stadium , capacity , expanded, location, surface, turf,
team, opened, weather, roof, elevation = line.split(
ll’ll)
results = [turf, "1"]

print("\t".join(results))

Ocraney, AHgpeit OcobeHHocTun paboTkl ¢ 6onbwMN 06BEMaMMN AaHHBIX



PaspaboTtka Map-Reduce npunoxxenuii

Hadoop Streaming(Shuffle)

# Example input (ordered by key)
# FALSE 1

# FALSE 1

# TRUE 1

# TRUE 1

# UNKNOWN 1

# UNKNOWN 1

# keys come grouped together

# so we need to keep track of state a little bit

# thus when the key changes (turf), we need to reset

# our counter, and write out the count we've accumulated
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PaspaboTtka Map-Reduce npunoxxenuii

Hadoop Streaming(Reducer)

last turf = None

turf _count =0

for line in sys.stdin:
line = line.strip()
turf, count = line.split("\t")
count = int(count)

# if this is the first iteration
if not last turf:

last turf = turf
# if they 're the same, log it
if turf = last_turf:

turf count 4= count
else: # state change (previous

is k=y)
result = [last_turf, turf count]

print("\t".join(str(v) for v in result))
last turf = turf
turf _count =1

print ("\t".join(str(v) for v
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line was k=x, this line

in [last turf, turf count]))



PaspaboTtka Map-Reduce npunoxxenuii

Hadoop Streaming

o [lntochbl:
o [MpoctoTta paspaboTku.
o VYnobcTBo oTnaku.
o Jlioboii uHTepnpeTnpyemblii A3bIK.
o MuHycbl:
e He Bce BoamoxHocTu Hadoop.
o 3amepgnenune npumepro 15 %.
(] CJ'IO)KHOCTVI C 6V|HaprIMVI AAHHbIMW.
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PaspaboTtka Map-Reduce npunoxxenuii

Hive

®pelimeopk Ha 6ase Apache Hadoop

Tpancnupyet SQL 3anpockl B8 MapReduce jobs
Vicnonbayetcs kak ocHosHolt R&D uncTpyment B Facebook
http://demo.gethue.com/
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