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Bonblwmne naHHble (Big Data)

= bonbwue pgaHHble (Big Data) — cOBOKYNHOCTb METOA0B U MHCTPYMEHTOB pacripedesneHHOoU
06paboTkM 6oabwWux 06vEeMo8 OaHHbLIX B YCNOBUAX UX HEMPEPbIBHO20 y8enuvYeHUSA

* [MpnsHaKn 6onblIKX AaHHbIX («TPpU V»)
J 06bém (Volume) — 3HauMTEeNbHbIN GU3NYECKUI pa3Mep AaHHbIX

J CkopocTb (Velocity) — ckopocTb yBenmyeHua obbema gaHHbIX N UX
BbICOKOMNpPOMU3BoaUTEIbHasA 06paboTka

(J MHoroo6bpa3sue (Variety) — ogHoBpemeHHOe NpUCYTCTBME U BO3MOXHOCTb 06paboTKM
PA3/IMYHbIX TUNOB CTPYKTYPUPOBAHHbIX U MONYCTPYKTYPUPOBAHHbIX AAHHbIX

= [lpumepbl: AaHHbIE C USMEPUTENIbHbIX YCTPOMCTB, MOTOKU COOOLWEHNIN U3 COLMANBbHbIX
ceTen, MeTeoponorMyeckme AaHHble, NOTOKU AaHHbIX O MECTOHaxoKAeHUN abOHEeHTOoB
ceTen COTOBOM CBA3MU, YCTPOUCTB ayano- U BUAEOPErncTpaumm, ...



Bonblwmne naHHble (Big Data)

= Kommepueckue NpuUnoXKeHuA

O Web
—  OEeCATKM MUNNAPA0B CTPaHMUL, COTHU TepabanT TeKcTa
— Google MapReduce: 100 TB gaHHbIx B AeHb (2004), 20 PB (2008)

= CoumanbHble cetn

d Facebook — netabaliTbl nonb3oBaTENbCKMX AaHHbIX (15 TB/AeHb)

" [loBegeHUYecKmne aaHHble nonb3osatenen (business intelligence)

= HayuyHble NpuUnoXxKeHunsA

d dusmKa BbiICOKMX aHeprunii: bonbluon AapoHHbin Konnaaep — 15 PB/rog,
O ActpoHomuAa n acTpodumsunKa: Large Synoptic Survey Telescope (2015) — 1.28 PB/rop,
O BruounHpopmaTukKa: cekBeHnposaHue JHK, European Bioinformatics Institute — 5 PB (2009)



Web Search

= C60op pokymeHTOoB Web (crawling)
 offline, 3arpy3ska 6onblioro o6vema AaHHbIX, BbiIbopoyHOe o6HOBIEHME,
obHapyKeHue aybanKaToB

" [locTpoeHue UHBEPTUPOBAHHOIO UHAEKcaA (indexing)

 offline, nepuognyeckoe obHoBNeHMe, 06paboTKa bonbLLIOro o6bema AaHHbIX,
npeacKkasyemasn Harpyska

= PaH)XUpOBaHUE AOKYMEHTOB A1A OTBeTa Ha 3anpoc (retrieval)

 online, coTHM mnnnncekyHa, 60blIOE KON-BO K/IMEHTOB, MUKN Harpy3Ku

ANTOPHTMbI
HHTESVIEKTYATIBHOTD
HHTEPHETA

O Kpuctodep A. MaHHUHT, NMpabxakap ParxasaH, XaliHpux LLoTue.
BeegeHue B MUHPOPMaALMOHHDBIA NOUCK. — M.: Bunbamc, 2011.

0 Xapanamboc MapmaHuc, Amntpuii babeHko. AIropuTmbl UHTEeNNEeKTyanbHoro MHTepHerTa.
MNepeposble meToanKu cbopa, aHanmsa u obpabortkm aaHHbIX. — M.: Cumson-Natoc, 2011
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Mopaenb nporpammupoBaHnsa MapReduce

" 5a30BOM CTPYKTYPOM AaHHbIX ABAAIOTCA Napbl (KN4, 3HaYeHue)

= [[porpamma onucbiBaeTca nytem onpeaeneHmna pyHKLUM

— map: (keyl, valuel) -> [(key2, value2)]

— reduce: (key2, [value?2, value2, ...]) -> [(key3, value3)]

Reduce
(keyl, valuel) > \ (key2, value2) —_— (key3, value3)




Mpumep: nogcyet BcTpedaemocTtu cnos (WordCount)

1: class MAPPER Boga, 1
2: method MAP(docid a,doc d) I, 4
Boaa, 1
3: for all term ¢ € doc d do :> 3emns, 1
4 EMIT(term ¢, count 1) Kor, 1
‘ Hocopor, 1
1: class REDUCER fles,
2 method REDUCE(term ¢, counts [cy, ¢a, .. .]) @
%: sum « 0
Boga, 2
4: for all count ¢ € counts [¢y, ¢a,...] do 3o 1
ks SUmM — sum + c :> Kor, 1
Jles, 2
6: EMIT(term £, count sum) Hocopor, 1

Jimmy Lin and Chris Dyer. Data-Intensive Text Processing with MapReduce. — University of Maryland, 2010



Peannsaumnmn MapReduce

= CUcTeMbl C pacnpegeneHHoM NamaATbIO (BblUMCIUTENbHDbIE KNacTepbl)

J Google MapReduce (C++, Python, Java)

1 Apache Hadoop (Java, Any)

 Disco (Erlang / Python)

J Skynet (Ruby)

d Holumbus-MapReduce (Haskell)

 FileMap: File-Based Map-Reduce

J Yandex YT (Yandex MapReduce, C++/any) // http://www.slideshare.net/yandex/yt-26753367

= Cuctembl ¢ obwen namatbio (SMP/NUMA-cepBepbil)
[ QtConcurrent (C++)
1 Phoenix (C, C++)

= GPU
J Mars: A MapReduce Framework on Graphics Processors


http://www.slideshare.net/yandex/yt-26753367

NHdpacTpyKTypa Google

= Knactepbl u3 6104KeTHbIX cepBepos

o | —

: : ~e=il]

— PC-class motherboards, low-end storage/networking = —-—r%
— GNU/Linux + cBoe nporpammHoe obecneyeHune ,: =l
— COTHM TbICAY MaLLUWNH = _,_11 |
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— OTKa3bl ABNAOTCA HOPMOU
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" PacnpegeneHHana pannosana cuctema GFS
— Nobno4yHoe xpaHeHne pannoB 60/bLLIOTO pa3mepa
— [NocnepoBaTenbHble YTEHUE M 3aMUCb B MOTOKOBOM pPEXKMME

— Write-once-read-many
— PennnKauyma, oTKa3oycTton4ymBoCTb
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= Y3/1bl KNaCTepa oAHOBPeMeHHO OTBeYaloT 3a XpaHeHue

U 06paboTKy AaHHbIX
v Jeff Dean. Handling Large Datasets at Google:
- I_Iepe,v\eu.LEHme BblMNCNEHUN .ﬂleLueBne nepeN\eLLLEHMﬂ .ﬂlaHHbIX Current Systems and Future Directions //

Data-Intensive Computing Symposium, 2008
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Apache Hadoop

 TiEElEEm

http://hadoop .apache .org



http://hadoop.apache.org/

Apache Hadoop

= Apache Hadoop — 310 oTKpbITaa peanmsayma MapReduce an5 0TKa30yCTONUYUBDIX,
MacLWTabupyembix pacnpeaeneHHbIX BbIYUCAEHUN

= JlnueHsua: Apache License 2.0
= Bepcuu: 2007 r. —Bepcma 0.15.1; 2008 r. — 0.19.0; ...; 2013 r.—2.2.0; 2016 r.— 2.7.X
= CocrtaB Apache Hadoop:

J Hadoop Common
(1 Hadoop Distributed File System (HDFS) — pacnpeaneneHHas paiinosasa cuctema
(1 Hadoop YARN — noacuctema ynpassieHMs 3a4aHUAMK U Pecypcamm KiacTepa

(1 Hadoop MapReduce — dpeinmBopK ana paspabotkm MapReduce-nporpamm



JJOKyMmeHTaumA

= Apache Online: http://hadoop.apache.org/docs/stable

= Tom Yairt. Hadoop. MNogpobHoe pykosoactso. - CM6.: Nutep, 2013.

= Tom White. Hadoop: The Definitive Guide, 3rd Edition, O'Reilly Media, 2012.

=" Yak Jlam. Hadoop B geucrteuu. - M.: MK Mpecc, 2012.

= Chuck Lam. Hadoop in Action. Manning Publications, 2010.

= Alex Holmes. Hadoop in Practice. Manning Publications, 2012.
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http://hadoop.apache.org/docs/stable/
http://www.ozon.ru/context/detail/id/21207254/
http://shop.oreilly.com/product/0636920021773.do
http://www.ozon.ru/context/detail/id/7631420/
http://www.manning.com/lam/
http://www.manning.com/holmes/

Apxuntektypa HDFS (Hadoop Distributed File System)

= Hadoop Distributed File System (HDFS) — pacnpeaenenHasa ¢annoBasa cmctema
(oTKasoycTonumBan, ropusoHTaIbHO MacwTabupyemasn, npocTas)

= Mopaenb "write-once-read-many"
= ApxuTtektypa Master/Slave
= HDFS-knactep: 1 NameNode + N DataNode (Ha Kaxkaom y3ne)

= NameNode — cepBep meTagaHHbIx (file system namespace, KoHTpoAb AocTyna K parnam,
onepauun open, close, rename)

= DataNode — cepBep ynpaBaeHUA JIOKa/IbHbIM XPaHUANLLEM
(0bpabaTbiBaeT 3anpochl Ha YTeHME/3aNNCb K IOKAZIbHOMY XPaHUNLLLY)

= dann pazbmsBaeTca Ha 61OKN PUKCUPOBAHHOIO pasmepa U pacnpeaensaeTca no HECKObKUM
DataNode

= Pasmep panna B HDFS morKeT npeBbillaTb pa3mep XKeCcTKoro Ancka ogHoro y3nal!



Apxuntektypa HDFS (Hadoop Distributed File System)

HDFS Architecture
Metadata (Name, replicas, ...):
Metadata,ops”{ Namenode /home/foo/data, 3, ...
Block ops
Read Datanodes Datanodes

Em| © ] ]
] = Blocks
~ J
N Y
Rack 1 Rack 2




Pennnkauua gaHHbix (Data replication)

= dann pazbmsaeTca Ha 61O0KM 0ANHAKOBOTO pa3mepa
(3a ncknoueHmem nocnegHero, no ymondaHumto 128 MiB)

= OTKa3oyCcToM4unBoCTb

J nns kKaxkporo 6/10Ka co34aeTca HECKObKO PEenJIMK Ha pasHbIX y3/1axX
(HacTpamnBaembIn NapameTp A8 Kaxaoro ¢aiina, no ymondaHuio 3)

(d NameNode nepuoaunyeckm npuHmmaet ot DataNode nHdpopmanmio o Ux COCTOAHUM
(BK/ItO4as cnncok 6/10KOB KaxKaoro y3na)

d YTeHune ocyliecTBaseTca ¢ banxKalnen penamkm

" LLenoCcTHOCTb AQHHbIX: ANA KaXKA0ro 6/10Ka paccumMTbiBaeTCA KOHTPO/IbHAA CYMMa,
OHa npoBepsAeTca Npu YTeHnn 610Ka (ecnm He coBnasa MOXKHO NPOYUTATb C APYron PenanKin)

" Ecnm gobaBuin HOBbIN Y3eN UK Ha AUCKe y3/1a OCTAaN0Cb Mano MecCTa,
3anyckaeTca npoueaypa nepepacnpeaeneHuna 6nokos (rebalancing)



Apxuntektypa HDFS (Hadoop Distributed File System)

Block Replication

{/’
Namenode (Filename, numReplicas, block-ids, ...)
/users/sameerp/data/part-0, r:2, {1,3}, ...
/users/sameerp/data/part-1, r:3, {2,4,5}, ...

.

Datanodes




Apache YARN (Yet Another Resource Negotiator)

= Apache YARN — noacmncrema ynpaBaeHmA BbIMUC/IUTEIbHbIMU PeCypCcamm
Hadoop-Knactepa un npoueccom BbinonHeHMA MapReduce-nporpamm

= [nob6anbHbIM ResourceManager — ynpaBnaeT pecypcamu Kiactepa
(Scheduler, ApplicationsManager)

= Ha kaxkgom y3ne NodeManager

MapReduce Status ———»
Job Submission ------ -

Mode Status ey -

Resource Request --........qp
>




Pa3paboTka MapReduce-nporpamm ana Hadoop

= Java

— CTtaHpapTHbIN Java API
— http://hadoop.apache.org/docs/current/api/index.html

— Java-naket org.apache.hadoop.mapred

= Jliobble A3bIKM U CKPUNTbI

— Hadoop Streaming

= C++ (n gpyrme a3biKku yepes SWIG)

— Hadoop Pipes



http://hadoop.apache.org/docs/current/api/index.html

Obuwasna ctpykTtypa MapReduce-nporpammbl

= Peanunsaumnm Mapper u Reducer (Partitioner, Combiner...)

= Koa dopMMpoBaHUA M 3aMyCcKa 3aaaHuUA

* O)KupaHue pesynbraTa UK BbIXos,




Apache Hadoop Dataflow

The shuffle is the heart of MapReduce

“‘g:; da33 Sthﬂe and is where the “magic” happen
..______... ____________ E
: ! output
o HDFS_
merge |
,I '.E - part0 > HDFS
) I - ¢ replication

: HDFS
. replication

Tom White. Hadoop: The Definitive Guide,3rd Edition, O'Reilly Media, 2012.




Apache Hadoop: input

BxoaHble gaHHble pa3busatorca
Ha YacTtu splitO, splitl, ..., split M- 1

Kaxxapi split obpabaTbiBaeTca
OTAENbHOM Map-3a4ayen

ANrOpuUTM Bbl4MUCNEHMA
split size peannsoBaH B
InputFormat.computeSplitSize()

Ecnn dannbl “maneHbkue” ans Kaxxaoro
byaeT co3gaHa cBoA map-3aaya

replication

= 3pPpekTnBHEee 0b6pabaTbiBaTb HECKO/IbKO
6onbwmnx ¢pannos

Tom White. Hadoop: The Definitive Guide,
3rd Edition, O'Reilly Media, 2012.

// FilelInputFormat.java [1]
long computeSplitSize(long blockSize, long minSize, long maxSize) {
return Math.max(minSize, Math.min(maxSize, blockSize));

}

[1] hadoop-src/hadoop-mapreduce-project/hadoop-mapreduce-client/hadoop-mapreduce-client-core/src/main/java/org/apache/hadoop/mapreduce/lib/input




Apache Hadoop: input

output
N—— |
N D g
. . replication

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

~— HDFS
. replication

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

Mpumep
Tpebyetca obpaborartb 1 GiB AaHHbIX

= [l1aHHble B ¢paiine 1 GiB
dann pasbmsaeTcs Ha 8 yacten
no 128 MiB => 8 map-3aaay

= 1024 ¢avina no 1 MiB
1024 yactert no 1 MiB =>
1024 map-3agau
(HaknaaHble pacxodbl Ha 3amnycK 3a4a4
O6yayT 3HaUYUTENIbHbIMN)

= 3pPpekTnBHee obpabarbiBaTh
HeCKO/1IbKo 6onbwinx ¢ainos

=" Hadoop moxeT 06beaANHUTD
ManeHbKue ¢panabl B oguH split —
knacc CombineFilelnputFormat




Apache Hadoop: map

map(k1, vl1) -> (k2, v2)

= Split — 3T0 cOBOKYNHOCTb 3anucen
(records)

' . replication » MeTog, RecordReader.nextKeyValue()

: peanm3ye-|- yTeHume Spllt u BO3Ban.||aeT
(k1, v1), oHX nepeaatoTca B map

— i = * : :rp_l-——» HDFS

g - - : . replication = [10 ymON4YaHUIO NCNO/Ib3yeTCA

3 L ’ LineRecordReader.nextKeyValue() —
ynTtaeTt Gpanna No CTPoKaMm:

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

o k1 - cmelieHne nepBOro CMMBOA

R ! cTpoku B panne (offset)
Split (yacTtb daiina) (k1, v1) :

o vl —cTtpokKa (line)

Jlogka nabina no Boge.
ConHue cToANno BbICOKO. @ >

(0, Noaka nAablna no soae.)
(21, ConHue cToaN0 BbICOKO.)




Apache Hadoop: map

map(k1, vl) -> (k2, v2)

» Ka)kgas map-3agaya 3anucbiBaeT napbl
(k2, v2) B cBOM LUKAKMUYecKkun bydpep
B namaTtn (100 MB, io.sort.mb)

= Ecnu 6ydep 3anonHeH Ha
BE/IMYMHY NOPOroBOro 3Ha4eHus
(80%, io.sort.spill.percent) cospgaetca
$GOHOBbIN NOTOK, KOTOPbIN:

o partition: pacnpegenaet napbl NO
noamHoxectBam: hash(k2) % nreduces

replication

H -r---“-.---

; O Sort: copTupyeT B KaxXg0m
i1 split2 }

NO4MHOXeCTBe napbl NO KAto4am k2

o combine: echv yKasaH combiner oH
3anycKaeTca Ans pesysibTata COpTUPOBKMU

_________________________________________________________________

o pe3ynbratbl cobpacwiBatoTca (spill) Ha anck
B spill-pann

= Spill-parnnbl chmsatoTca B ognH
(c cobnogeHnem pacnpegeneHunsa nap
no reduce-3agayam)




Apache Hadoop: map (WordCount)

_______________________________________________

Split (qaCTb ¢aﬁna) | i— ____________________________________________ i 1) Partition i (KMT, 1)’ (pb|L’|V|T, 1)' (Tl,“-p’ 1)'

 (kur, 1), (nnasaer 1), hash(k2) % 2 (kuT, 1), (KuT, 1),

\ (nes, 1), (pbiuwmr, 1), ,
- (turp, 1), (xuwHnk, 1) i (mnekonutatowue, 1),
. b 7 \ (rpusoit, 1)

\ (kuT, 1), (6onbwoi, 1), (kur, 1),
' (n, 1), (choH, 1),
(mnekonutatouwue, 1),

(nes, 1), (c, 1), (rpusois, 1),
(cnoH, 1), (nnasaer, 1)

KuT nnasaer.
JleB pbIyuT. map(k1, v1)
TUrp XULWHKK.
Kut 6onbLuon.
KnT 1 cnoH maekonutatowme.
JleB c rpuBoOMN.
CnoH nnasaerT.

(nnasaet 1), (nes, 1),

i (xnwHuk, 1), (6onbwon, 1),

' (n, 1), (cnoH, 1), (nes, 1), (c, 1),
(cnhon, 1), (nnasaer, 1)

1
1
----------------------- l----------------------- 1

_____________________________________________

| reducel . (cnoH, 1), (cnow, 1), (xnwHuk, 1)

(cnon, 1), (cnhoH, 1), (XMLWHKK, 1)

| KonbueBow byde :

i N ybep 2) Sort each partition by k2

Spill file (partitioned) : R 3 :

T T E 100 MB T i
. (rpusow, 1), (kur, 1), (kuT, 1), | ! ( ) . (rpmson, 1), (kur, 1), (kuT, 1), o
| (kuT, 1), (MnekonuTaowpe, 1), | reduce0 | | (kuT, 1), (Mnekonutaoume, 1), |
" (pbruu, 1), (vrp, 1) . spill | 3) OnuuonanbHo: Combine, compression | (pbiuu, 1), (Tvrp, 1) B
mmmmmtmTmsmossososooooocococoooooooooooooooig I 7T TnTTTTTmmmmmonmeseeemsoonn e :
| (6onbwoi, 1), (u, 1), (nes, 1), ’ |  (6onbwoi, 1), (n, 1), (nes, 1), i
(nes, 1), (nnasaer, 1), (c, 1), E . (nes, 1), (nnasaer, 1), (c, 1), | i




Apache Hadoop: reduce

Copy phase

1 = Reduce-3agaya obpallaeTca K y3nam

5 map-3aaay 1 konupyet no cetu (HTTP)
) J-------- cooTBeTcTBYHOLWME YacTu spill-pannos
e —— : l_"ﬂo_}"_:p ':l':::m (Ha AMCK nnm B namaATb)

L spl '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. Sort phase (merge)

= 3arpyeHHble Yactu spill-pannos
CNMBAIOTCA 33 HECKOJIbKO payHA0B
(merge factor)

= HDFS
. replication

H -r---“-----

| split2 '

= B KoHuUge ¢a3bl sort nmeetcs
merge factor ¢pannos
(10, mapreduce.task.io.sort.factor)

_________________________________________________________________

= Pe3ynbTaTbl PMHANBHOIO payHaa
nepepatoTca B PyHKUUIO reduce

= Pe3ynbraTbl 3anucbiBatoTca B HDFS




Apache Hadoop: reduce (WordCount)

Copy Yacrtu spill-¢paiinos
phase (va amncke || B namaTu)
http://hostA (rpusown, 1), (kuT, 1), (kuT, 1), ) Pe3ynbrat camaHma Pesynbrart pegyKuum
> (kuT, 1), (MnekonuTaowme, 1), | (k2, [v2]) (k3, v3)
' (pblumT, 1), (Tnrp, 1) | FrmTmmmmmmsmsssossssssooooooo O T T ——
Sort phase ' (rpusow, 1, 1, 1, 1) Reduce ' (rpuBoii, 4)
T § (merge)  \(r11,1,1,11,1) | (k2,[v2]) | (kur )
http://hostC i, Al L dlp (0 10) i (k2, v2) " (MnekonuTatowwe, 1) . (mnekonuTatowme, 1)
v (kuT, 1), (pernT, 1), (turp, 1), > > (pblumT, 1, 1, 1) | > (pbiumT, 3)
(e ), e 1) (tarp, 1,1, 1) | ' (vrp, 3)
S : ' (ak, 1,1, 1, 1) i  (ax, 4) ,
http://hostB (rpusown, 1), (rpusoi, 1), S
» (rpusoi, 1), (pbluurT, 1), ; 1
| (aK, 1), (ak, 1), (ak, 1) )

HDFS files:

o reduceO file
o reducel file



OrpaHunyeHmna MapReduce

= “¥ectkaa” moaenb napannesibHbIX BbIYNCIEHNM

=" CMHXPOHM3AUMA MeXAY 3aa4amMm ToNbKo B dpa3e Shuffle
(reduce-3agaumn XKayT AaHHblEe Map-3a43a4)

= OrpaHMYeHHbIM KOHTPOAb Haj TeM, rae, Korga u Kakme AaHHble byaet obpabaTtbiBaTh
KOHKpeTHanA 3a4a4ya

.......................
e bea

'Tbv\.__

%-‘—P HDFS

. replication

part] £——p HDFS
. replication

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

~——
T~———
H ~——
H ~——a
_____

CUHXpOHM3aUMA —

i reduce-3agaum KAyT AaHHbIE
| oT map-3agay




Knacc Mapper<KEYIN, VALUEIN, KEYOUT, VALUEOUT>

= org.apache.hadoop.mapreduce.Mapper

= MeToapbl

 void setup(Mapper.Context context)
Called once at the beginning of the task

 void run(Mapper.Context context)

J void map(K1 key, V1 value, Mapper.Context context)
Called once for each key/value pair in the input split

1 void cleanup(Mapper.Context context)
Called once at the end of the task




Peannsayma no ymonyaHuio

protected void map(KEYIN key, VALUEIN value, Context context)
throws IOException, InterruptedException {
context.write( (KEYOUT)key, (VALUEOUT)value);

}

protected void cleanup(Context context) throws IOException, InterruptedException {
// NOTHING

}

public void run(Context context) throws IOException, InterruptedException {
setup(context);
try {
while (context.nextKeyValue()) {
map(context.getCurrentKey(), context.getCurrentValue(), context);

}
} finally {

cleanup(context);

}
}



WordCount: Mapper

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

private final static IntWritable one = new IntWritable(1);
private Text word = new Text();

public void map(Object key, Text value, Context context)
throws IOException, InterruptedException {
StringTokenizer itr = new StringTokenizer(value.toString());
// UMKn no csoBaMu CTPOKMWU
while (itr.hasMoreTokens()) {
word.set(itr.nextToken());
context.write(word, one);




Knacc Reducer<KEYIN, VALUEIN, KEYOUT, VALUEOUT>

= org.apache.hadoop.mapreduce.Reducer

= MeToapbl
1 void setup(Reducer.Context context)
1 void run(Reducer.Context context)

1 void reduce(K2 key, Iterable<V2> values, Reducer.Context context)
This method is called once for each key

1 void cleanup(Reducer.Context context)




Peannsayma no ymonyaHuio

protected void reduce(KEYIN key, Iterable<VALUEIN> values, Context context)
throws IOException, InterruptedException {
for (VALUEIN value : values) {
context.write((KEYOUT)key, (VALUEOUT)value);

}

}

public void run(Context context) throws IOException, InterruptedException {
setup(context);
try {

while (context.nextKey()) {
reduce(context.getCurrentkKey(), context.getValues(), context);
// If a back up store is used, reset it
Iterator<VALUEIN> iter = context.getValues().iterator();
if (iter instanceof ReduceContext.ValueIterator) {

((ReduceContext.Valuelterator<VALUEIN>)iter).resetBackupStore();

}

}

} finally {
cleanup(context);

}
}



WordCount: Reducer

public static class IntSumReducer

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

public void reduce(Text key, Iterable<IntWritable> values, Context context)
throws IOException, InterruptedException {
int sum = ©;
for (IntWritable val : values) {
sum += val.get();

}

result.set(sum);
context.write(key, result);




KoHpurypauma n 3anyck 3agaHus

public class WordCount {
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> <out>");
System.exit(2);
}
Job job = new Job(conf, "word count");
job.setJarByClass(WordCount.class);
job.setMapperClass(TokenizerMapper.class);
job.setCombinerClass(IntSumReducer.class);
job.setReducerClass(IntSumReducer.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);
FileInputFormat.addInputPath(job, new Path(otherArgs[0]));
FileOutputFormat.setOutputPath(job, new Path(otherArgs[1]));
System.exit(job.waitForCompletion(true) ? @ : 1);



BxoaHble 1 BbIXOAHbIe AaHHblE

= (input) - (k1, vl) - map - (k2, v2) -
combine - (k2, v2) - reduce - (k3, v3) = (output)

= ba3oBble nHTepdeunchbl

(J BxoaHble aaHHble: InputFormat

J BbixoaHble gaHHble: OutputFormat

d Kntoun: WritableComparable

1 3HaueHua: Writable




Tunbl AaHHbIX (ONTUMM3UPOBAHbBI ANA cepuanmnlaLnmn)

= [MaKert org.apache.hadoop.io
= Text

= BooleanWritable

= |ntWritable

= LongWritable

= FloatWritable

= DoubleWritable

= BytesWritable

= ArrayWritable

= MapWritable
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Knacc InputFormat<k, V>

= Pa3buBaeT BXxoAHble ¢pansibl Ha iornyeckmne 6a1okum InputSplit

= TextinputFormat (no ymonyaHuio)

1 <LongWritable, Text> = <byte_offset, line>
= KeyValueTextinputFormat
d <Text, Text>
J TekcToBbili paiin co ctpokamm Buaa: key [tab] value

= SequenceFileInputFormat<K, V>

J ABonuHbIi dopmaT ¢ noaaepKKoi cxkaTusa




Knacc OutputFormat<kK, V>

= TextOutputFormat<K, V>

1 TekcToBblit dain co ctpokamum Buaa: key [tab] value

= SequenceFileOutputFormat




3anycK npumepa Ha Knacrepe

= Komnunmnpyem u cospgaem JAR-pann

= Konupyem JAR u ncxogHbole gaHHble B AOMALLHIOK AUPEKTOPUIO Ha KnacTepe no SCP
= 3axo4auMm Ha Knactep no SSH

= 3arpykaem ncxoaHole aaHHble B HDFS

= 3anyckaem MapReduce-3apaHue

= Bbirpykaem pesynbratbl n3 HDFS




HacTpanBaem nepemeHHble cpeabl OKpy*KeHuna (Knactep Jet)




Komnmnnnpyem WordCount.java
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3arpy3Ka aAaHHbIXx B HDFS

= hdfs dfs -put <local_dir> <hdfs_dir>

# Co3paeMm B HDFS kaTanor

# Konupyem ¢ann B HDFS

= dann input bygeTt pa3but Ha 610KKM 1 pacnpeaeneH No y3nam Knacrtepa

= Kaxkabi 610K byget penanmumpoBaH Ha HECKO/IbKO Y3/10B
(mno ymonyaHuio 3 aKk3emnasapa Kaxaoro 6,10Ka)

21 anpena 2016 .




Pennnku 6nokoB danna input

File information - input
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Block Pool 1D: BP-1841363859-91.196.245.219-1395478548333
Generation Stamp: 1021
Size: 3291641

Availability: o .
®ann input

pa36but Ha 1 610K
(128 MB) 1 penanuyupoBaH
Ha 3 y3na cn9, cn3, cnl6

« cn9.cluster.local
* cn3_clusterlocal
+ cni6.cluster.local




$ hadoop jar ./wordcount.jar parprog.mapreduce.WordCount \
-D mapred.reduce.tasks=1 \
./wordcount/input ./wordcount/output

16/04/20 21:01:05 INFO mapreduce.JobSubmitter: number of splits:1

16/04/20 21:01:05 INFO mapreduce.JobSubmitter: Submitting tokens for job: job local851587375 0001

16/04/20 21:01:05 INFO mapreduce.Job: The url to track the job: http://localhost:8080/

16/04/20 21:01:05 INFO mapreduce.Job: Running job: job local851587375 0001

16/04/20 21:01:05 INFO mapred.LocalJobRunner: Starting task: attempt local851587375 0001 m 000000 ©

16/04/20 21:01:05 INFO output.FileOutputCommitter: File Output Committer Algorithm version is 1

16/04/20 21:01:05 INFO mapred.Task: Using ResourceCalculatorProcessTree : [ ]

16/04/20 21:01:05 INFO mapred.MapTask: Processing split:
hdfs://frontend:50075/user/mkurnosov/wordcount/input:0+3291641

16/04/20 21:01:07 INFO mapreduce.Job: map 100% reduce 0%

16/04/20 21:01:07 INFO mapred.Task: Task:attempt local851587375 0001 r 000000 © is done. And is in the process of
committing

16/04/20 21:01:07 INFO mapred.LocalJobRunner: 1 / 1 copied.

16/04/20 21:01:07 INFO mapred.Task: Task attempt local851587375 0001 r 000000 © is allowed to commit now
16/04/20 21:01:07 INFO output.FileOutputCommitter: Saved output of task 'attempt local851587375 0001 r 000000 O'
to hdfs://frontend:50075/user/mkurnosov/wordcount/output/ temporary/0/task local851587375 0001 r 000000
16/04/20 21:01:07 INFO mapred.LocalJobRunner: reduce > reduce

16/04/20 21:01:07 INFO mapred.Task: Task 'attempt local851587375 0001 r 000000 ©' done.
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KoannyecTtBo 3aaau

= Maps

J Onpegensetca Konnyectsom 6/10KOB BO BXOAHbIX hannax, pasamepom 610Ka,
napameTpammn mapred.min(max).split.size, peannzauymen InputFormat

= Reduces
1 Mo ymonuaHuio 1 (Ha Knactepe nepeonpenesneHo)
1 Onuua «-D mapred.reduce.tasks=N» nnm metog «job.setNumReduceTasks(int)»
[ O6bluHO NoadMpaeTca OnNbITHbIM NYTEM

J Bpems BbinonHeHUA reduce A0NXKHO ObITb HE MEHEE MUHYTbI

1 0, ecnn dpasa Reduce He HyXKHa




Bbirpyaem aaHHble U3 HDFS B NOKanbHYt0 GanNoBYIO cUCTEMY

= hdfs dfs -get <hdfs_src> <local_dst>

$ hdfs dfs -1s ./wordcount/output

Found 2 items
-PW-r--r-- 3 mkurnosov supergroup © 2014-03-25 11:29 wordcount/output/ SUCCESS
-rW-r--r-- 3 mkurnosov supergroup 467841 2014-03-25 11:29 wordcount/output/part-r-00000

$ hdfs dfs -get ./wordcount/output/part* result

$ hdfs dfs -cat ./wordcount/output/part*

Come

1
"'Dieu 1
"'Dio 1
""From 1
"'Grant 1
"'T 4
"'No 1
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KoannyecTtBo 3aaau

= Maps

1 Onpepensetcsa KonnvectBom 6/10K0B BO BXOAHbIX painax, paamepom 610Ka, NapameTpamm
mapred.min(max).split.size, peanusaymen InputFormat

O enatenbHo Bpemsa BbINOAHEHUA map >= 1 MUH.
d 10-100 maps per node

= Reduces
O Mo ymonuanuio 1 (Ha Knactepe nepeonpeaeneHo)
O Onumsa «-D mapred.reduce.tasks=N» nnam metopa «job.setNumReduceTasks(int)»
d O6bluHO NoagbupaeTca onbITHbIM NyTEM
L Bpemsa BbinosnHeHUA reduce xenatenbHo >= 1 MUH.
1 0, ecnn pa3a Reduce He HyKHa

J Konwuuectso reduce: nodes * 0.95 unm nodes * 1.75



[1TOBTOPHbIN 3anycK

= [lepen KaxKabiM 3anyckom Haao yaanate n3 HDFS output-amnpeKToputo
$ hdfs dfs -rm -r ./wordcount/output

" Inn KaxKabl pa3 yKasblBaTb HOBYIO output-AnNpPeKToOpUIo

= Ecam paHHble 60onblue He HYXKHbl yaanaite nx ns HDFS!




= Paspabotamte MapReduce-nporpammy TopWord copTUpPOBKM CIOB MO KONNYECTBY UX
BXOXAEHNA B TEKCT (ynopaaountb pe3ynbraTt pabotbl WordCount)

" 33aaHuMe cneayeT BbINOMHATL Ha KnacTepe Jet




