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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

Iepiinyn

To wpoypappariotikd povréro Map Reduce npotdbnke and v Google 1o 2004. xomog
tov eivon va eneéepyaleron peyaio dedopEva €16000V Kol VO TTOPAYEl T O£dopEVE EEOOOL
PN OYOTOIOVTAG VO GUVOAD OO SoLVOEdEHEVOLG VIOAOY1GTES (cluster) mapariinAilovrag
OUTOUOTO TNV EKTEAEST] TNG EPYACIOG TAVE GE QVTO TO IKTVO VTOAOYICTOV.

Y10 miaiclo avtng ™¢ Aumloupotikne Epyociog 6o aoyolnfd pe o cLyKekpiuévn
VAOTOINGT TOL TPOYpPUUUHATIoTIKOD povtéhov MapReduce, 1o Hadoop, pwg viomoinong
avoLTol KMOKA Ypouuévn oe Java. Xpnoywonoihvtog TV TpoypPoUpaTioTikn derwaen (API)
tov Hadoop 0o vioromowm Eva akyopiBpo yia co-clustering eyypaowv.

To co-clustering &yel pehetnOel Ko ypnowonombei oe didpopa. cvotiuate 6nmg e£0pvén
YvOoNg omd Keipevo, Plominpogopikn, cvothuate gonyfosmv ko e£0puéng dedopévov omd
ypaenuato. AOY® TOU PEYAAOL OYKOU 0S00UEVOV OV ypetdleTal va. enelepyacToOUe TOANEG
QOpEC Oev elvat duvath 1 eQapuroyn Tov co-clustering ce peyaAovg Tivakeg (LEPIKA EKATOUUDPLOL
YPUUUES) Yoo avTd Ypnoonowdvtag to Hadoop pmopodue vor opodomomcovpe KoTovepnuéve.
UEYAAO OYKO OEOOUEVMV.

[Tio GLYKEKPIHEVO GTO GTABI0 TNG APYIKOTOMONG Ta Eypaga avarvovtal pe Paon Tig AEEeis
KOt TV ovyvotnta mov epgovilovral o€ autd. v ocuveyeln ue Bdon avt v mAnpogopio
yivetat TavTdypova opadoroinon T0c0 yio T1g Ypuppes (AE€eig) 6oo Kat yo T otnieg (Gvoua
apyeiov 1 devbuvon otov mayKoouio 1610) (co-clustering) pe Baon v opod T GLVNIiTOVOL
(cosine similarity) 1] kKGmoo GAlo Kprtplo amdoTacnC. e avrifeon pe v amA opadonroinon
(clustering), opadomoinon povo pe Paon Tig ypoupés N uévo pe Paon 1ig othrec, Ppiokovpue
VOTIVOKES TTOV £YOVV KOWVES 110TNTEC.

Zmv cuvéyetn Oa kavo kdmoto mepduate Kol 0o TapovcIiom YPUPIKG TO UTOTEAEGUOTOL.
TENOC cuYKPIVOVTOG TO OMOTEAECUOTO OVTO TOPOVLCIAL® TO GUUMEPACLOTO HOL KOl TOUG
HEALOVTIKOUG GTOYOVG Y10 TV OWAMUATIKT EPyQLGict LOV.

O@EMATIKH ITEPIOXH: E£6puén yvdrong

AEEZEIZ KAEIAIA: Hadoop, MapReduce, co-clustering, opodonoinon eyypaonv

Avdpéac Matmraddoulog — AEM: 600 4



OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

[TEPIEXOMENA

INEPIEXOMENA 5
EIZATQI'H
KINHTPO ..o 7
TOTIPOIPAMMATIZTIKO MONTEAO MAP REDUCE ..o o ssssvssrvsssmassis b
Haptaeral: WOrdCOURL i e 8
Hopaoerspuids INVErIER THABE «samammsmmammss i s s s s s s s s s ss 9
TTePIOOOTEPOL TIOPOOEIPUOT ..ottt ettt v et ba e ese st ebaasseseabaabaasaassaseesen 10
B RO T I H AT ONOR, s s 5 o 0 0 e e o S B R oA PR SRR SRR S S S s 10
Hadoop Distributed File System — HDES ..........coooiiiieeeeeeieeeeesseesieesesesseasessesesessanens 10
G niyoviauoe o0 Map Redlios i 12
Erioxonnon s extéleons piog Map Reduce gpYOGIOG ...........couvccourcrcinciniiiiirecccnrcneanne 13
XPHOEIS TOU HACAOOP ...ttt vt a ettt ba s st asaebaannas 14
NSRS EUIME TR e 0 S A B DO A O 15
1) 2B o . 15
HADOOP 16

CO-CLUSTERING EITPA®QN 20
CO-CLUSTERING ETTPADON ...ttt ittt ettt ettt abe et st es st es et s ettt e ene 20
FRIFIAREE AATOPIOMOR COSCEUSTHRING EETPARBEIN . oiwuriunssis i s sk s 20

Apyicomoinon — YTOAOPIGUOG TIVOKO YEITVIUTHG. .......oveveueieeeeereeerese e 20
ARVPOPIOC sivissimimmimminpsnpisummmmspsmsRnssasheR TR RR TR sRREs 20

CO-CLUSTERING ETTPA®QN ME MAP REDUCE KAI HADOOP 21

AATOPIOMOX CO-CLUSTERING EITPA®ON ME MAP REDUCE...........c.coviiviiicieieei e 21
Apyixorinon — YroloYiouOG TIVOKOL PEITVIGIONG. ..vusiiississssissassssssssssssssrssssssnssnsisssrssasssasssssssassnssn 21
B8 107 o ——— 22
THOR T JO TV RIDOIKLL wisiiinvieissniiminvismismiviinis i S G S G v G s 24

ATNIOTEAEEMATA INEIPAMATQN 25

ANOTBARRNIATATIERAMATEIN . i s mmimins s s r a e SOEaB Er epasn 25
AROREAETHEBDTEO BORMOIY. L scsnmmmmmnsamsasmasis s s s s s A S sa Saasits 26
ATOTELETUOTO OTEO TODALOVE] 2 .ot eie s e s aa s asaeaa s essasaebaassestasaebaassessasaasaasaas 27
AROTEAEOUCTOLOTOO BOANGYI 3 s.ciisciisivisinssisisiismmismisnaii i oo e e 28
ATOTELETUOTO OTIO GUVALOVI F .ottt sttt ettt sebebaseaabasenes 29

LRI AW TE AR TEI i i ros  B  E BB e e 30

ZYMIIEPAZMATA KAI MEAAONTIKH EPTAXIA 33

Avdpéac Matmraddoulog — AEM: 600 5



OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

Y MITEPAIMATA oottt e ettt e et e et e et e et e et e e e e e 33
MEARORTTRE BBTASTR . oimms i s s i oo i s 33
BIBAIOTPA®IA 35
MAPAPTHMA A — KOAIKAY. TAPAAEITMATON 36

KOQAIKAT TTAPAAETMATOE 1 — WORD COUNT ...covviiiteeee ettt eeseeeeeraeesineeereasseisseesnseenn 30
KQAIKAY. TTAPAAEITMATOE 2 —INVERTED INDEX ..ottt 3T
IMMAPAPTHMA B - ENTOAEX XPHXHX HADOOP 39
D L G e 11T T T— 39
BNTeOARE RTINS < L BER COMBAMNES « novmvmmmmsmmnsnsisesss s s s AL}
AECHINE v i v e S R e S S S S S s s 40
TR s s S S SR AR A R AR A B AR A SRRV 40

S ettt e s b etk sa e b et e A bbb e R sa e b et ek e ba e R et e s e et e e R e e e Rs e st e ra e e enserteraaree 40
T n— 43

[ | R R 44
JOB i i i s i i i i R B i R B B R R B A B B R B R R R R 44
TR it S S S R R A RN AR 45
QUEC..........veeereeieeaseeesee e e st e s e s e s s et e et s e s e ea e e s e e s e s e e e e sme e st e s st e rst e bt e e et e raa e e nn e e e e baenrnearne 45
) ey 45
CLASSNAMIE ...ttt ese e estesssessees s ese s eseaasersaseebaateestesterasensaraeerseraeessanseertanses 45
ENTOAEE AIAXEIPIETON = ADMINISTRATION COMMANDS ..o 46
DIEETQIICRY s s msimsimasimasimasvassoas i i 054305455 A A A S A A S A 46
AACTNONIO ...ttt s ettt et e e e e et e st ese e e e st e st eseabaesaasaasaabaensasaan 46
T T 46
e e 46
JODU TP i i i i i i i i A B B R R S S S s 47
FUETOTIREIE . s 5 s v insinasasvassmas i i 403 05 465503 5 4 A A A A A S A s b A 47
SCCONAANYIAMECIIOTE ..ottt sttt sttt sttt et e e bnebasenabassnarese 47
TSP OPEEE s cvivmmnmnmariarariaramaReaarsasrsRTe eI 47
IMAPAPTHMA I' - HADOOP STREAMING 48
PRACTICAL HELP.... oo e e et e et aee e 49
Avdpéac Matmraddoulog — AEM: 600 6



OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

EIZATQI'H

KINHTPO

H paydaio avantuén Tov toykOGHION 16TOD £XEL SNUIOVPYNGEL TV GVAYKT THG YPYOPNS
Kot amodotTiknG enelepyaciog peydhov oykov dedouévmv (to Google enelepyaletar kabnuepva
nepimov 20 petabytes dedopévmv). o v anapaitnm eneéepyacio oev eivar TAEov duvat M
¥PNON EVOS 0ol VITOAOYIGTT] KO Y100 TO AGY0 0vTd EXOLUE 0dNYNOel otV avamdPELKTH Xp1ion
ocvotuatwv moivenelepyactmv (clusters). Avtd ta cvotiuote cuvnbwg amotehovvTal Omo
OPKETOVG O10.GVVOEOEUEVOVS VITOAOYIGTEG.

H 16y0¢ ka1 amodotikdTTe. TOV GUCTNUATOV ouTOV olyovpa eival évo Betikd ctoyeio
aAMG Oev etval emapknc TToAAEG @opég einoote OVOYKOGUEVOL VO LEIMCOVHE TOV OYKO
SeOUEVOV KOl VO VAOTOU|COVHE 0modoTIKOUG oAyopiBuovg ywo v entivon twv S1igopmy
mpofAnudrtov mov tapovsidlovral kadnuepva. ‘Evag 1pomog va. kdvovpe TV enelepyacio mov
fElovpe o ypryopa, maipvovtag To. ida omoteréopata, eival ) opadoroinon (clustering).

H opadomnoinen eivor va torobeticovpe 1o dedopéva mov BElovue vo eneepyacTovpe
oe opadeg kol akohoVBMC va. enefepyacTobie GUTEC TIG OHAEG LEWDVOVTUG £TCL KOTO HeYGAo
Babuod tov ypdvo mov ypewdleror yw v enelepyocio 1epdoTiov cuvormv dedoutvav. H
opadonomon (clustering) yiveron pe emefepyocio pdévo g pia ddotaong evog mivako (LOvo
YPOUUES 1] ndvo oTNAEC) pe aryopiBupovg omwg o K-means, QT kAn. Zto clustering épyerat va
npoctebel 10 co-clustering. To co-clustering eivar m tavtdypovn opadonoinecn tOG0 TGV
YPOUUMV 060 Kol TV GTNAMDY £vOg Ttivaka (ouadoroinen ce 600 S10GTUGELS) UE OTOTEAEGUA VO,
EYOLUE TOAD LIKPOTEPOL OYKOL dedopéva va. eneéepyactobue. To co-clustering éyel peretBet
Kot ypnoomonbel oe  Sdgpopo  cvotnuote  omwg  e€0puvén  yvaong omd  KeEIUEVO,
BromAnpogopikn}, cuetipata glonyoemv Kot eE0puEng 0eS0UEVMV amd YPoLQN Lot KAT.

210, mAoiclo. auThG NG epyociag Bo aoyoinb® pe v viomoinon kot a&loroynon evog
aryopBuov co-clustering ypnowonoiwvrag to Hadoop, éva Aoyiopikd avoiyroh KOdIKA mov
TOPEYEL L0 VAOTTOIN G TOL TPOYPOUUATIGTIKOD poviéhov Map Reduce.

TO IPOTPAMMATIETIKO MONTEAO MAP REDUCE

To Map Reduce eivat éva povtéro mpoypaupoaticpol yio v exeéepyacio Kot mopaymyn
ueydhmv cuvolmv dedOUEVMV TTOV® 68 Eva BIKTLO VITOAOYICT®V (cluster) TOV apPyIKG TPOTABNKE
and to Google to 2004. To povtého eivar apkeTd amhd oTn ¥prHon Kol evpéng dwdedopévo. To
Google £xet viomomoel wavm omd 10000 mpoypappoto Kol Katd HEGo Opo Kabe pépa TPEXOLV
ota clusters Tov Google 1000 Eeymprotég epyacieg Map Reduce mov cuvohikd enefepydlovrat
mave amd 20 petabytes d0edopEVAV.

H 15éa tov MapReduce givar va ntaipvel cav eicodo éva chvoro amd Cgvydpua <kheldi
g10000V — TWA> Kol vo opdyel oy €60060 £&va ohvoro and Cevydpua <kiedi e£odov —
anotéreopo™. O mpoypapupatiotis ek@pdler/vionolel Tov aiydppo cav V0 GuvapTNoELS/
uebddove, v map ko v reduce.

Avdpéac Matmraddoulog — AEM: 600 7



OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

H cuvaptmon map 6éxetor ooy £icodo éva (evyog kKAedi-Tiun kot mapdyet cov 6000 éva
Cevyoc khedi-tiun. H é€odog g cuvapmnong map, tavopnuévn pe Paon 1o KAedi, eivar n
£16000¢G TG cuvaptnong reduce.

H cvvdpmon reduce naipvel cav €icodo v €£000 ¢ Guvaptnong map oty Hopen
KAedi-evdidpeoeg Tiég kan v emelepyaletal. Tuvibwg Yo kdbe kKheldi Eyovpe pio Tiun oty
£€odo.

Mo v enihvon kamoov npoPfinuartog pe to Map Reduce, o mpoypoupoatiotic tpénet vo.
VAOTON|GEL TOVAAYIGTOV TNV cuvaptnon map. Kamoleg amhéc epyacieg umopovv va vAoTomOovy
HOVO e TV (p1|OT) TG CLVAPTNONG map.

E

s g
: =9 :
: N 3 :
=2 E
= = k]
(=] o =]

Yona 1. Avarapictacr Map Reduce svvaprijosov
ITAPAAEITMATA

ITAPAAEII'MAT1: WORDCOUNT

To mopdderypo avtd moipvel oy 16000 S1APopa apyeio. KEWEVOL Kot HETPE TNG
eppavioetg kabe AEENG pEca o OAoL TO apyeia TOL ExEL TAPEL GUV E16000.

H map, a@ov napet o apyeia, divel o kGBe epeavion pog AEENG [ TPOSOPIVI TN
ion pe éva. Otav N map TeEAeIOGEL TNV EKTEAEON NG KOl OMGEL TO. AMOTEAEGLATO. TG GTNV
redice, tote 1 reduce Bo. abpoicel TG AVTEC TNG TPOCMPIVEG HETAPANTEG Y10, KAOe povadikn A&én
Kot 0o TG OMGEL TGM GOV ATOTEAEGUO TOV OPIOUO EPPAVIONG TNG KAOE pLovadikng AEENG pEoa
oT0. apyeia.
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

Map Reduce
Input: a document Input: key=word values=list of values (1)
Output: key=word value=1 Output: key=word value=occurrences
(SumOfinputValues)
Map(void *input) { Reduce(String key. Iterator values) §{
for each word w in input int result = 0;
EmitIntermediate(w. 1); for each v in values
} result +=v;
Emit(w , result);
h
Iivakag 1. Peodowdduwas WordCount

Am6 tov yevdokmOka BAETOVHE TOGO amAO givarl Vo AOGOVUE TOPAAANAL TO TTIO TOVED
npoPAnpe. Mmropovv mapdAinio v TPEXOVV TOGEC map GLVOPTNGELS Ocw £ival Kot T apyeia
KEWEVOL IOV £YOLUE, 1) UKOUO KOl OGEC £ivol Ot YPUUUEC o8 OAO TOL OpPYEldt HE HOVUOIKO
TEPLOPIGHO TO VAKO Tov dtaberovpe. Tapdpota pumopodv va. TpExovy TapdAinia. TOCEC reduce
ocvvaptnoel; 6o kKot to KAEwWh &££0dov twv map ovvapmoemv (Aéfeig). To Hadoop
TOPOANALOTOIEL TNV EPYOCTL YMPIG O TPOYPUUUATIOTNC VA avnoLyel Tog Ba yivel 1) ektéreon.

ITAPAAEII'MAZ2: INVERTED INDEX

210 mopddetypo avtd Ba. 00VUE MG HTOopoLHE EVKOAL pE yprion Tov Map Reduce va
Katookevaoovue éva inverted index. Xov €i60d0 £yovpe Kot oA o, GLAAOYY EYYPAPOV GTO.
onoia OEAovpE Vo KTicov e TO EVPETNHPLO, INrad oe ol apyeia Ppioketar kaOe AEEN.

Map Reduce
Input: a document Input: key=word value=list of values(filenames)
Output: key=word value=filename Output: key=word value=files

Map(void *input) { Reduce(String key. Iterator values) {

55 String files="";
for each word w in input £ : :
. X for each v in values
EmitIntermediate(w, filename); 5.8
. files += v+7-";
e Emit(w . files):
)
Iivakag 2. Pevioka@dwas Inverted Index

To mopdderypo avtd pmopei eOkoho vo emektabel OVTOC (MOTE GTO ELPETNPIO VO
CLUUTEPIAAPOVUE KOl TOCEG POPES ep@avileTar | kabe AEEN oto kabe apyeio. Avtd umopet va
Yivel pe eEAd 1ot EMITAEOV BOVALLL OTNV GuvApTNoT reduce. 1o Tapddery o avto av pia A&EN
enaviCeror 600 N meprocdTEPEG POPES 6TO 1810 apyeio Tote oV €€0d0 Ba éxovpe otV TIUN
(files) 60 M meprocdTEPEG Popes TV 1O evddpeon Ty (6o apyeio). Apa amhé HETPOVTAS
TOCEG POPES EXOVUE TO 1010 apyEl0-EVOIAUEST TIU UTOPOVUE VAL BPOULE Kol TOCEG POPEG 1) KAOE
AeEN epgavileton oto KEOe apyeio.
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

[IEPIZZOTEPA ITAPAAEITMATA

Map

Rediice

Distributed Grep

Eav pio ypopy) oo Ty €icod0 toupldlet pe
10 TpdTLTO (pattern) tote diver oty £E0do
TV GUYKEKPLHEVT] YPapT).

Avuypagel v £€o0do ¢ map.
Mamopei va tapadng0ei edv dev
0&hovpe Taévoumpévn £€odo.

Count of URL Access Frequency

Mo k@de eyypugr] (rpdofucn oe KGmolo
celidn) oto apyeio 1otopikov(logs) divel
€ooo <URL. 1>

[Mpochétel Oheg Tic TIPEC Ko Sivel
£E€odo <URL. total count>

Reverse Web-Link Graph

Mo kébe oHvdespo and pic oerido (source
URL) mpoc e dhin oehida (target URL)
oivel £0do <target. source™>

Mo kabe kheadi (target) diver oy
€€0d0 TV MoTo amo T GELIdEG
OV EOVV GUVIEGILO TPOC cvTH
<target. list(source)>

Distributed Sort

INa kdbe eyypagr] Ppickel To kKAeLSl Kot divel
£¢ooo <key. record>

Atver oy £€0d0 6ha ta Levym
OV TPE CUV €1G050.

Mivakag 3. Nepoairepa apadsiypote

ENIZKOIMHZH HADOOP

To Hadoop eival évo AOYIGHIKO OvOLXTOU KMOIKO, 7OV LAOCSTNPIfEl KOTOVEUNHEVN

enelepyacio peydhov 6ykov dedopévav (petabytes) kat mapéyet po. viomoinon tov MapReduce.
To Hadoop Paciotnke oto Google Map Reduce framework ka1 1o Google File System (GFS).
Eivatl éva épyo touv Apache Software Foundation mov avamtboocetre Kol ypnoyuonoiEite ond
avOpOmoug amrd OAO TOV KOO0 Kot Kupimg Ty Yahoo!.

‘HADOOP DISTRIBUTED FILE SYSTEM - HDFS

To HDFS eivan éva xkotavepunpévo cbotnuo apyeiov yo arodhikevon peydAov apyeiov
(bovikd peyébovg morlamidacio tov 64Mb) mapopowo pe 1o Google File System(GFES).
Emtvyydver va eivar afiomioto omobnkevovrag to  dedouéva. 6 MEPIGCOTEPOVS Umd Eval
KéuPove. O kdéuPot emkotvavoiy HeTa&L Toug Yo eE160oppOTN ot TOV SESOUEVOV, AVTLYPUPN N
petakivnon Tmv dedopEvay, yio vo kpatn el ynid o Adyog avrypagns (replication).

To cvompa apyeiov HDES ypnowonotei Eva kevipiko koppo, tov name node, o omoiog
elva ko To povediko onueio amotvyiag (single point of failure), Tov kpatd TIg TANPOPOPIES YL
10 Tov Ppioketon kabe dedopévo oto HDFS. Av avtdg dev eivar dwabéocipog tote dev vmdpyet
npocPfaon oto cvotnue apyeiov. EmmAiéov ypnowomoel okoéua éva akopo kopBo, Ttov
Secondary Namenode, o onolog kputd snapshots tov gokéiwmv Tov name node kot pali pe ta
apyeio wotopikoL (logs) Tov name node enava@épel 1O cVOTNHA opyeimV peTd amd amotuyia. Ot
vrorool kouPotl ovopdlovrot datanodes kot omhd amrodnkevovy 0e00UEVA.
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OpadoTroinon Eyypaewv pe Map Reduce kai Hadoop

master slave

task task
tracker tracker

-

-
MapReduce job
layer tracker

I AR R AR RN RERRERNER!] RERENENENENNNDR] SRS EESEESESEEEEERSEEEEEN
HDFS name
layer node
E_____
! H_\- T ——
data data
node node
multi-node cluster
Zyua 2. Apprskpovia] Hadoop Cluster
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

O MHXANIEZEMOX TOY MAP REDUCE

Input

Map Map Map Map Map

Groups by key

Reduce Reduce

B

Yoqpa 3. Magzaviopos MapReduce

O unyavioudg tov Map Reduce axohovbel to povrého apyitektovikng master/slave. O
KeVIpikOg master server, jobtracker, avohopfdvel Tov OWUEPICUO TOV EPYOUCIOV GTOVG
vrorowtovg kouPoug, slave servers — tasktrackers. O ypiotng otéhvel Tig map kot reduce
epyociec Tov otov jobtracker, o omoiog pe moirriky FIFO (First In First Out) Tig otéhvel 6Toug
tasktrackers yio extéheon. Or tasktrackers amhé. exteholv TG epyocieg mov Tov avabétel o
jobtracker. Ilpwv amo tnv éxdoon 0.21 eav évag tasktracker amotvyyave TOTe M avrictoym
epyacio Enpene vo exTeAecTEL 0O TV APYN.

Master Slave

MapReduce | jobtracker | tasktracker
HDFS namenode | datanode

Hivaxag 4. Master/Slave - MapReduce ko DFS
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

EINIZKOITHZH THXY EKTEAEXZHYE MIAY MAP REDUCE EPI'AXIAX

Apykd 1 elcooog popdletor o M KOUUATIOL TOV UTOPoLV va. enelepyacTolV TupdAANALL,
KOs évo amod T omoia B mher o Eeymprotn map depyacia. Ta evdidpeca kAedd popalovro
otoug R Reducers pe yprion xémowog cuvaptnong kotakeppatiopov (w.y. hash (key) mod R). H
OAN ekTéLEST] TOPOVGIALETON GTO O KATW G LA KO O1 EVEPYEIEG YivovTau pE THV eENG GEPAL:

|

2.

H Biprwobnikn Map Reduce dwond v €icodo oe M koupdrio, cvvinbog peyéboug 16-
64Mb, kot EeKval 0PKETA OVTIYPALPO TOV TPOYPEUUATOS GTOVS KOUBOUG.

O master node - jobtracker avahappdavet va Bpet Tovg avevepyoug koupoug, tasktrackers,
Ko va Toug avabéoet o, epyacio map 1) reduce.

Edv oto xouPo, tasktracker, éxer avorebel wa epyoacio map tote dwfalel To kopupdr
£16000V0 7OV TOV OVTICTOWEL Kol TO OWHOPPMVEL MG KASWOI-Tu Kot 70 divel ®¢
TAPAUETPO o1V cvvdptnon map. To evOldpeso amOTEAEGUATO KPOTOUVTOL GTIV [V HT).
Me Bdon v cuvapTnoN KOTAKEPUOTICUOU TO. EVOLOUESH OTOTEAECHOTA YPAPOVTUL OTO
tonikd dioko (oe R pépn). O Béoeg Twv amoterecpudtov ctéhvovtol 6Tov master -
jobtracker o onoiog elvau veevOLVOC va Ti¢ dropolpdoetl otovg R reducers - tasktrackers.

. Orav kamowog reducer gwworombetl yioo awtég T1¢ Tonobesieg O10Pfalel amOUUKPLGHEVA. TO

dedopéva amd 10 OioKo TOL ovticToov mapper. A@ov SwPdoet OAx To. dedopéva Ta
taévopel pe Pdon 10 KAE01 Kot OpadOmOlEl TIHEC TOV AVTICTOOLY oTO 1010 KAEWl. Edv
TO. OS0OMEVH, OEV YWPAVE O©TNV UVIUN TOTE YPNOWONOEITOL KAMOW0G aAyOPOUOg
ewtepikng Taévounong.

Ta ta&wvopnpéva eVOIAUESH. OTOTEAEGUOTO TEPVIOVVTOL TNV cuvaptnon reduce vy vo.
nmapoyBel n 1ehKN £E000C 1 omoio. YPAPETUL 0TO TEAOG £vOG apyeiov Yo v €000 NG
CUYKEKPIUEVN G OOLUEPIONG.

Aol teleidoovy OleG ot gpyocieg otoug tasktrackers (map wot reduce) o master -
jobtracker emiotpé@et kot 1 extéleon cuveyiletat amd TOV KOJIK TOV PN OTH.

210 KaTdAoyo 7OV €xel opiobel v v £Eodo vmdpyovv R apyelo (va v kébe reducer).
Zuvnbog avtd ypnoomolobvtal ooy £icodog oe kamoww GAAn Map Reduce epyacio kot dev
ypelaletal vo cuyywvevtody. Ta ovopato tov apyeiov, o apBuoc tov reducers kabmg Kal o
Sopeplopdc G 16060V UTOPOVY VO OPIGTOVY OO TOV ¥PNOTN. Ze OAEC TIG QPUOEIS EKTEAEITE
Swyeilpion ceuiudtov Kot og mepintoon amotvyiag to Hadoop pmopel vo emavekkivioet v
EPYUGIO TTOV OMETVYE GE KOTOW0 GAAO KOUPO 1 VO OVOKALWEL KO VO GUVEYIGEL TNV EKTEAEDT
(hadoop v0.21) pe pwpo overhead. To hadoop emurvyydver karo load balancing Adym tov
peyaiov apBpov tasktrackers.
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OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

(1) fork . . ., (1) fork
' (:fork
2 . (2
assign assign
_-Tmap reduce

split 0 | \}\ output
split 1 5) Tead file 0

(4) local write

(3) read

T

split 2
split 3
oulput
split 4 / file 1
Input Map Intermediate files Reduce Output
files phasr (on local disks) phase files

Imna 4. ©aceg extéleons g spyacias MapReduce

| XPHZEIE TOY HADOOP

To Hadoop onuepo eivor 1 7wo owoedoouévn viomoimon tov MapReduce ot
LPNOWOTOLEITAL Y10 SIOUKTIKOVG GKOTOVG GE OPKETO MOVETICTIHIC TOV KOGHOV, OAAL KOl GE
UEYEAOVG OPYOVIGUOUE GVE TO TOYKOGHIO Yio TNV eneéepyacio peydhmv dedopevav €16650v.
Kdmowot amd 1oug opyavicpovg, mov dwnpovv clusters yw extédeon Hadoop epyaciov eivar:
Yahoo!, Amazon, AOL, Alibaba, Comell University Web Lab, ETH Zurich Systems Group,
Facebook, Google, IBM, New York Times «.a.
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

CO-CLUSTERING

To co-clustering eivon pilo teyvikn e£0pvéng yvdong mov opadomolel Tovtdypova TIg
YPOUHES KO TIG OTNAEG VOGS mivaka. Zuykekpiéva. S00EVTog evog ivako mxn €vag ahyopBuog
co-clustering oivetl otV ££000 OUAOES YPUUUOV OV £XOVV TOPOUOLN YULPUKTPLIOTIKA OE KATO0
VTOGUVOAD GTNAMV KU1 AVTIGTPOQOL.

To wpoPinua aviker otnv kotnyopic NP-Complete yio avtd ywoo v exilvon tov
OTTOUTEITOL HEYOA VOAOYIOTIKY] 10Y0G KaUM ¥PNON KAMOWG EVPETIKNG CLUVAPTNONG HE HIKPO
SPAALO Y10, EXICTIEVGT) TOV VIOAOYIGUADV.

To co-clustering avagépetar omv PProypagic kot pe tovg Opovg biclustering,
biodimentional clustering, xot subspace clustering. I v eriAvon tov co-clustering
TpoTabnKav apketol aiyopipol pepikoi amd Toug omoiovg eivan ot axoiovbor: Block clustering,
CTWC, ITWC, &-bicluster, 6-pCluster, d-pattern, FLOC, OPC, Plaid Model, OPSMs, Gibbs,
SAMBA, Robust Biclustering Algorithm (RoBA), Crossing Minimization, cMonkey, PRMs,
DCC, LEB(Localize and Extract Biclusters), QBUIC(QUalitative BIClustering) ka1 BCCA(Bi-
Correlation Clustering Algorithm).

O1 o mhve ahyopOpov Sivouv S1apOPETIKA OOTEAEGHOTA KOl APKETEG POPES OEV Elvau
vieteppviotikol.  Adym  EAdewymg evog mpotbmov kol Ady® TGy emPAETOUEVNG
Katnyoplomoinong dev eipoote og BEon va kpivovpe Katd mOG0 To amotéheoo eivol aS10meTo.
Mo AVon oto TpofAnue avto eivol vo TpEEovpe apkeToLs olyopiBuovs Kot va. emhééovpe o
KOAOTEPO AMOTEAEGLLLL.

IMopdha avtd to co-clustering xel pueretnOel Ko ypnoponombel oe S10.popo cCLGTHUATO
onmg e£0pvén yvoong amd Keipevo, PomAnpo@opik, cvotipate elonynoemv Kot e£0puéng
dedoUEVOIV KAT.

OPIANQXH

210 emdpevo Ke@aAoio mapovotalovial Pacikég eviorég yioo v xpnon tov Hadoop
KoOOGC kot odnyieg ywo v obvradn evog TPOYPAUMOTOS. LTV GUVEXELD OTO KEQGAMO 3
nopovctdletar pa Aeon oto mpdfinua tov co-clustering pe ogprakd aiyopilBuo Kot ©to
Keparao 4 axorovBel pio Abon Pociopévn oto punyoavicpd Map Reduce kot Hadoop.
AxorovBwg oto KepdAiao S mapotifevral To. amOTEAECHOTO OO TEPUUATIKEG HETPNOELS OV
gywav Kal TEAOG OTO KEQPAANIO 6 TopovG1dlovTal To CUUTEPACLOTO KOl Ol HEAAOVTIKOL GTOYO1
™G TOPOVGUC EPYOCING.
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OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

HADOOP

BAXIKEX ENTOAEX XPHXHX HADOOP

INa to yepiopd tov Hadoop 0Aeg o1 evIoAEG ekTEAOVVTUL GTOV KEVIPIKO KOpPO (master
node). X outod TO TUAHO TAPOVSIALOVTAL O1 BUGCIKEG EVTOAEG TTOV TTBAVOV VO. YPELCTOVY Y10 TNV
Aerrovpyio Tov. Oheg 01 eVIOAEG eKTEAOVVTOL OO TOV KATGAOYO eyKatdotacng tov Hadoop.

Evtoin

Amotéhespa Ko oyOki0

bin/hadoop namenode -format

Iveton format to ovotpa apyeiov. [pénel va exteheotel apéowc petd my
gykardotaon yio vo apykorombel To namenode. Agv mpénel vo extereoTel Eova.
yiotd Bo yobovy 6ha to dedopéva and o file system.

bin/start-all.sh

Exkiviion wov Hadoop oo cluster. ITpénetl vo eKTELeaTEL 0DTOIC MOTE VL UpYicovy
va Tpérouy 610t ot suotatikoi kopfot tov Hadoop (namenode. datanode,
jobtracker ko tasktracker).

bin/hadoop dfs —copyFromLocal
[source dir] [destination dir]

Avtiypagi] dedopévev omd o Tomkd cvomua apyeiov oto HDFS. Avuypaget o
[source dir] oo To ToMIKO GVOTNHA UpyEi®V 6TO oot apyeimv Tov Hadoop
(HDFS) otov katdhioyo [destination dir].

bin/hadoop dfs —copyToLocal
[source dir] [destination dir]

Avaypug dedopévav and 10 HDFES 610 Tomikd cvompa apyeiov. Aviypdpel to
[source dir] omd o HDFS 6to tomikéd chomue apyeiov otov kerdloyo
[destination dir].

bin/hadoop dfs -Is

Ipopoin nepeyopévay HDFS. Mropei va ypnoiporombet akpipag dmmen
evtor Is twv Unix pe emnhéov mapauerpo 1o dvoua evoc gakélov ov HDFS.

bin/hadoop jar [hadoop program]|
[input] [output]

Extéheon mpoypapuporog Hadoop. H evtohi) vt tpéyet to [hadoop program]
néve oto Hadoop kot ypnoiponoiel cav £i60d0 tov Kutdhoyo [input] ko £€0do
Tov Kotdhoyo [output]. Kot ot dbo katdhoyot Bpickoviot oto HDFS.

bin/hadoop dfs —cat [path to file]

ITpoPoir| apyeimv. H evroir) auti| umopel va gpnoipomoindei yio va el Kuveic
npocPuct 6T TEPIEXOUEVO EVOC apyEiov o Ppicketm péca ato HDFS. 'Eyel
ioto Aettovpyia pe v evroit] cat twv Unix.

bin/hadoop dfs —rmr [directory]

Awaypagic evoc katdhoyov and o HDFS. H cuykekpipévn evioin] daypaget tov
kardhoyo [directory] amd o HDFS gite givon ddeiog site o71.

Iivaxas 5, Baokic svrolic ypions Hadoop

[T png 0dnydg eviolav tov Hadoop Bpioketar oto Mopapmpua B.
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

MQYX NA TPAYETE ENA IPOT'PAMMA HADOOP

Av kot to Hadoop givat ypappévo ce Java, 1o TpoypaLoto 10 0Toio TPEYOVUE GE 0UTO
dev mpémet kaTd avaykmn va elvat Kot outd ypopuéva oe Java. Mo epappoyn Hadoop pmopel va
etvon ypoppévn extdg and Java oe yAwooeg omwg Python M CH++ (omd v ékdoon 0.14.1 xon
UeTd). Xto mopddetypo mov Bo meptypdy® o Katw Bo eENynom nid¢ Vo YPAYOULE TO O1KO LG
npoypoppc Word Count, oe yAdooa Python, to omoio kavet ypnon tov HadoopStreaming API,
Y10. VoL oG EmTpEYEL Vo tepvovpe dedopéva petalh Tov mapper kot Tov reducer KEvVovTog ypnon
tov STDIN (standard input) kot STDOUT (standard output).

[poto Tpénet vo. vAomomcovpe TNV HEBodo map, 1) oroio Bo LETPE TIG EUPAVIGELS TNG
KB AEENG oTo cbvoro e166dov. H map, n onoia Bo puiayBel oe Egymwpiotd apyeio (m.y map.py),
Ba ypapetl Ta amoteréopara ¢ oto STDOUT.

map .py
i#l/usr/bin/env python
import sys
# input comes from STDIN (standard input)
for ling in sys.stdin:
# remove leading and trailing whitespace
line = line.strip()
# split the line into words
words = line split()
it increase counters
for word in words:
i write the results to STDOUT (standard output);
# what we output here will be the input for the
# Reduce step, i.e. the input for reducer.py
# tab-delimited; the trivial word count is 1
print '%s\t%s' %o (word, 1)

Iivexag 6. Kddikag Tig suvapriens map 7w 1o mepadsvypae WordCount o Python

Ymv ovvéxew. Bo viomomoovue 11 péBodo reduce, m omola Ba wbpoiler v Kkébe
ep@avion ¢ kabe AEEnc xat Bo mopovotdlel Ta teMkd aroteréoparta. H reduce, 1 onoia 6o
euAuyBel oe Eeympioto apyeio (m.y reduce.py), Oo maipver Ty gicodo g axd To STDIN.
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OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

reduce.py

#l/usr/bin/env python
import sys
word2count = {}

for line in sys.stdin:

from operator import itemgetter
i# maps words to their counts

# input comes from STDIN

# remove leading and trailing whitespace
line = line.strip()
# parse the input we got from mapper.py
word, count = line.split('\t', 1)
# convert count (currently a string) to int
try:
count = int(count)
word2count[word] = word2count. get(word, 0) + count
except ValueError:
# count was not a number, so silently
# ignore/discard this line
pass
# sort the words lexigraphically;
# this step is NOT required, we just do it so that our
# final output will look more like the official Hadoop

# word count examples

sorted_word2count = sorted(word2count.items(). key=itemgetter(())

# write the results to STDOUT (standard output)
for word. count in sorted word2count:
print '%s\t%s"" (word, count)

Hivakaeg 7. Kodikas 1z ovvipriens reduce e 1o nupidcrypae WordCount os Python

A@o? amobnkedoovpe ta apyeic map.py kai reduce.py 6Tov KatdAoyo mov £xovpe
gykatoaotjoet To Hadoop, pmopolpe vo 00KIUAGOUE TO TPOY PO HLOG LE TNV EVIOM]

bin/hadoop jar contrib/streaming/hadoop-0.19.1-streaming jar —mapper mapper.py -
reducer reducer.py -input [input directory] -output [output directory]

ITApng 0dnydg v To Hadoop Streaming API Bpioketot oto Mapapmpua I

QX NA TPEZETE ENA IPOTPAMMA HADOOP

Mo va. tpééete éva mpoypappe. Hadoop mpénet mpmto v eyKaTaoTOETE i £K600T TOV
Hadoop ot éva. @dxero g emhoyng cog. Ene1dn oha o dedopéva £160800 mpémEL va Eival 6TO
HDEFS npénet va. ta. avetypayete omd T0 TOTIKO GUGTILO APYEIMV TOV AEITOVPYIKOD GUG.
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OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

[Tporo tpénet vo Eexvnoovpe to Hadoop tpéyoviag, amd Tov QAKELD OV TO EYKUTUCTI|CULE,
TNV EVIOM]:

bin/start-all .sh
Avtn 1 evioM) Oa Eexvioet ta Namenode, Datanode, Jobtracker kon Tasktracker.

Me Vv evtoA:
bin/hadoop dfs -copyFromLocal [source dir] [destination dir]
avTypagete to dedouéva £16050v oto HDFS.

INo va exkteléceTe TO TPOYPUUUN TPEEETE TNV EVTOAN:

bin/hadoop jar [program] [input] [output]
Eruthéov mopdpeTpot yio. TV cLYKEKPIHEVN ekTéleon umopolv vao TorobetnBovv mpv amd 10
ovopa. Tov mpoypdappatog (my. bin/hadoop jar -Dmapred.task.timeout=0 [program] [input]
[output] )
INo vo peropépere 1o amoteAéopata and to HDFS o100 tomikd cvomuo oapyeimv Tou
AETOLPYIKOV GOG EKTEAEITE TNV EVIOM):

bin/hadoop dfs —copyToLocal [source dir] [destination dir]

Ta omoteAéopoTo PTOPOLY VO TUPOVCIUCTOVV YMPIC VO avTlypa@ody G6TO TOTIKO GUGTH O
aPYEIV E TNV EVIOM]:

bin/hadoop dfs —cat [dir]/*
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

CO-CLUSTERING EITPA®QN

CO-CLUSTERING ETTPA®QN

Mo 1o co-clustering eyypa@mV 1 GLUAAOYT AVOTOPICTOTOL TNV HopPN Tivake D Tov
omoiov ot ypapuég opilovv Tig Aekeig kan ot omheg ta £yypaga. To otoyeio Dy dnidvel moceg
@opég N A€ 1 epgaviletar 610 £yyYpu@o j. XV GUVEXEWN EPUPUOLETUL KATO10G CAYOPIOLOG Y10
vo. Bpebolv o1 opddeg EYYPUP®Y TTOL TEPIEYOLV TIG 1018C OpAdEC AEEEMV.

ZEIPIAKOXZ AATOPIOMOX CO-CLUSTERING EITPA®QON

APXIKOITOIHZH - YIIOAOI'IEMOZX ITINAKA I'EITNIAXHZ

10 6TA010 TNG OPYIKOTOINoNG TO £ypago avamapicTavtal pe 6vo mivakes. To mwivaka D
KO TOV 0vaeTpo@o Tov. O YevdokMOKaS Y10 TOV VIOAOYIGUO TOL Tivaka D etvat:

For each word w in the collection of documents
For each document d in the collection

Count occurrence of win d
Print “w [occurrences]”

| AATOPIOMOX

O yevdokddikag yio Tov ceplako aryopbuo co-clustering eyypagov etvat o eéng:

1. Given a partition, calculate the “prototype™ of each row cluster.

2. Assign each row x to its nearest cluster.

3. Update the probabilities based on the new row clusters and then compute new
column cluster “prototype”.

5. Assign each column y to its nearest cluster.

6. Update the probabilities based on the new column clusters and then compute
new row cluster “prototype™.

8. If converge, stop. Otherwise go to Step 2.
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OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

CO-CLUSTERING EI'TPA®QN ME MAP REDUCE KAI HADOOP

AATOPIOMOX CO-CLUSTERING EITTPA®QN ME MAP REDUCE

APXIKOITIHXH — YIIOAOT'IZEMOZX ITINAKA T'EITNIAXHZ

210 otdd10 NG apyonoinong vaoroyilovue tov mivake D kot tov avastpogo tov. O
nivokog D mepiéyet pia ypappn yo kébe Aeén (w) mov epgaviletal 6t GLAAOYY EYYPAE®Y Kot
pia omAn o kdOe eyypago (d) Tng cviroync. To croyeio oty 6o D avrictoyel oto ndceg
QopEC eppoviCeton n AN 1 6To EYYPOYO j.

H apywxonoinon, niad 0 voAoyiopHog Tov ivake D kabdg Kol Tov ovTicTpoeov Tov,
umopel vo yivel pe ypron tov punyovicpob Map Reduce. Topokdto nopotiBetol 0 YeudokmIKOS
Y10 TI cuvapTnoelg map Kot reduce yio Tov VLOAOYIGHO TOL Tivaka D mov maipvel cav gicodo
TNV GLUAAOYT YYPAP®V OV BEAOVLIE.

Map Reduce
Input: Any document Output: For each input output a vector
of occurrences in documents
For each word w in input for each input key
EmitIntermediate( w. 1-filename) Sum values per filename
output word_id — [occurrences]

Hivaxoes 8. PevdokOoKas Y1a vrolopiopon Tov Tivaka yaitviacis ps Map Reduce

H cuvvapmon map mpoorehdlel Oha o apyeio. 6TV cLAAOYN Kot Yo Kabe A&En Oivel
£€000 10 Levyog <AEEM, 1-Ovopa apyelov>. H tiun 1 divetarl oty €000 oVTmC MoTe Vo eivat
duvath 1 xpron wo kAo tomov combiner yio. ueimon Tov OyKov dedopévav mov 0o 6TaAolV
nave and 1o diktvo. Kabe reducer maipver 6ha ta (evyn <Agln, epgavicelg — apyeio™ yo po
AEEN Ko €yovTog Hio. avTioTOlyton Yo Ta apyeio o aplBupois diver oty €€odo 10 (evyog <
ap1Bpoc Tov avrictoyel oty AEEN(KAE161) - Evo apatd S1GVLGHOL LE TIG EUPAVIGEIS TNG AEENC oTa
gyypaga>. H ypfon apoidv S10vucpaToV HEIOVEL CHOVTIKG TOV 0YKO dgdopévav oty 5060
Kobhg o Agén pmopet va epgaviletonr povo oe modd Atya apyeio. Ta éyypaga kabhg Kot ot
reéeic avriotoyilovron og axépatovg ap1Bpovc. Etot dev ypetdletal vo HETAPEPOVUE OAOKAN P
mv A&EN M OROKAN PO TO VO EVOC EYYPAPOL GAAL EVaV aKEPOLO APIOUO.

Mo tov vmoloyiopd TOL  QvTicTPOQOL  WivOKo D' UTOPOVHE Kol TOAL Vo
ypnoonomeovpe tov punyavicnd Map Reduce. Mmopovpe Vo OVIIGTPEWYOVHE TOV O AV
TIVOKO YOPIC vo elvol amopoitnTn 1 yVOON OTOlNGONTOTE TANPOPOPINS Yo THV GLAAOYT
eYypaemv mov BEAovpe va opadoromacovpe. O mo KATO YELSOKMIKUG TRLiPVEL GV EI6000 POVO
tov wivaka D ov Ba avticTpéyoupe.
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

Map Reduce
Input: D Output: D'
for each input key
output ¢ — [values ordered by r]

for each record r in input
foreach elemente inr
EmitIntermediate( Index Of e. r Index-value)

ITivaxaes 9. Psvdokadukes vroloiopod Tov avricTpopon mivaka yerrviaons ps Map Reduce

KdaBe map maipvetl cav €i16080 va Koppdtt tov nivoka D. T'a ka6e ypapun oto wivaxo 1
cvvaptnon map divel omv €060 10 (evyog < omAn ctoyeiov , ypopun otoreiov — T
otoyyeiov™>. X1 ouvvéyewn o kabe reducer Ba maper OAo TO. GTOWEIN MOV AVNKOLY TNV 1O
omAn. Me Baon v ypapp mov epgavifetal To 6Toyeio 610 apyo mivaka to Taéivopel kot
dtver ££000 10 Cevyoc <othin — apatd ddvuopo pe TIHEG>. Me ypron KatdAAnAng doung dev
etvar aapait n tadvounon pe Paon tov aplBuod ypouung .y, Evog tivokeg mov otig BEoeig r
gxel TNV TN ov T pe oav eicodo kat 0 airov. Kabe reducer mopdyet 1o apaid Sidvocua Yo
k@O ypapp Tov apykol mivako Kot TEAo¢ OAo poll 6lvouv TOV avTICTPOQPO TOL OPYIKOL
TVOKQ.

AATOPIOMOZX

Kotd 10 Tpdro otdio eKTEAEONC TPENEL VAL VIOAOYIGTOVV KOO OPYIKG KEVIPOU T
omoio. B Ta&vounBolv 1o dedopéva. O aplBpog TOV OPYIKOV KEVIPOV ETIAEYETAL MO TOV
APNOTN OAAG O TEAKOG ap1OUOG opadwy pmopet va. Sraépet omd avtdv. o T0 VEOAOYIGUO TOV
OPYIKOV KEVIPWOV YPNCILOTOIEITAL O 710 KATM KOSKAG.

Map Reduce
Input: records (1) (sparse vectors) of matrix D Output: Initial Cluster Centers
Init: Number of initial cluster centers (k) Init: Number of initial cluster centers (k)
Cluster Centers - C = {}
If (C.size I=k) { Create a new ClusterDescriptor cd from values
For any center ¢ in C If (key==k) {
If (r.cos_similarity(c) > 0.5) { Split cd using first element as center
Emit(c id.r) For any new ClusterDescriptor ned {
Return Output(key+i.ncd.centroid)
} Transpose ncd
C += {(new id.1)} Output2 (key+ILned.centroid)
Emit(r id.r) }
H }
else §{ else {
For any center cin C Output(key,cd.centroid)
If (r.cos_similarity(c) > 0.5) { Transpose cd
Emit(c id.r) Ouptut2(key.cd.centroid)
Return; }
h
Emit(k.r)
b
Iivakas 10. Yeviokordkes appnkoroinons CoClustering pe Map Reduce
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OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

To ohvoro C, mov mepiéyet ta PEYPL oTIY G KEVTPO TV VEOV clusters, eival kowd Yo
OAovg Tovg mappers. KaBe mapper tpooneddlel Eva uépog omd tov mivaxo D kot torobetel kabe
véa gyypaen (apoatd divuoua) tov aivaka oto cluster mov Bpiokel 611 &gl opordoTTa (cosine
similarity) peyaiitepn and éva kardeAil (0.5). Edv 1o civoro C oev eivar peyéboug k tote 0
gyypagn mpootifetal oto cuvoro mpv TV €€odo. Edv to suvoro C eival peyéboug k kot o
eyypaen dev £yel oporotnTa peyordrepn and 10 KaTdeA (610 KOduca 0.5) tote 10 KA1 €lvat 0
apBuoc k. Ta evdrdpesa anoteréopota tasvopovvral pe Baon to kA&l (id cluster) xon KoAeite
n ovvaptnon reduce.

‘OXot o1 reducers yvopilovv amd mpv Tov apBuod k mov £xel kabopicet o gpnome. ‘Etoto
reducer mov maipvel ta evdrdueca amoteAéopata pe kKAWL = k yvwpilel 611 ovtd dev pmopodv va
Bpiokovtar oto 1010 cluster ywri efvor avtd mov dev elyav opoldtnTa. peyohidrepn amd T0
Kot pe Kavéve vrapyov cluster. ‘Etol ta tomobetel oe éva véo cluster 1o omoio oty
oLVEXELD PLOPALEL BE®POVTAS MG KEVIPO TO TPDTO cToyeio. I'a kabe véo cluster mov vroroyilet
Bpiokel 1o Kévrpo kat to diver oy £E0do. Ta vrdhoma KAEA £YOVV GTOEIN LE OUOIOTNTO.
peyaibrepn amd 10 KOTOPAL GE GYEOT UE TO TPOTO otoryeio. 'Etol amd avtd vroloyiletat to
TPOUYHOTIKO KEVTPO TOL cluster To omoio didetan Kot oty £€60d0. Emimhéov yio kdbe kEvTpo mov
dtdeTat otV €000 VToAoyileTot Kot TO KEVTPO Y10, TO avtictoyo cluster tov oTnAbV.

O 1o nove KOOKAG Topovctdlel Eva. amhd Kol E0KOAO TPOTO Y10, TOV VITOAOYICHO TMV
apykov kévipov. Edv o ypiotg emBouel pmopel va. opicel ovtdg to apyikd kévrpo (Kot vo
amo@eLyOel 0 VIOAOYIGHOG CVTOG) 1| VO YPNCIUOTOMCEL KATowo GAA péBodo (m.y. canopy) yio
TOV VIOAOYIGUO TOVG.

A@ov vmoloylotohv 1O apykd kévipa TV clusters o okyopiOuog exteheiton
EMOVOANTITIKG UEYPL VO, SLYKAIVEL 10 TNV cUYKAIGN UTOPOVUE VO OPICOVUE GOV KPITNPIO OTAV
kavéva cluster oev petafdiretor ) étayv ta véa clusters mov vroroyilovtat aréyovy pKpoOTEPT
andoToon amd Evo KaTOEAL e Kabe emavaAinym o yevdok®okas eivat o e&ig:

Map Reduce
Input: records (r) (sparse vectors) of matrix D or D' | Output: New Cluster Centers
Init: Centroids from previous iteration C Init: Number of cluster centers from previous iteration (k)
For any center ¢ in C Create a new ClusterDescriptor cd from values
If (r.similarity(c) > 0.5) { If (key == k) {
Emit(c id.r) Split cd using first element as center
Return; For any new ClusterDescriptor ncd {
} Output(key+i.ncd.centroid)
Emit(k,r) Transpose ncd
Output2(key+i,ncd.centroid)
)
}
else §
Output(key.cd.centroid)
Transpose cd
Ouptut2(key.cd.centroid)
1
J

Mivaxkag 11. Yrvéokddukas CoClustering pe Map Reduce
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210 KOOWK(, ovTd ot KAOe emavainym yxpedleTol o1 mappers vo TposneAd.covy OAO TOV
nivako Dy vroloyioud tov clusters yio T1g YpOUUES TOV TIVOKO 1) OAO TOV TIVOKO D' Yo
VTOAOYIGUO TV clusters TV 6TNAGOY TOV TIVOKAL.

O koowkag e cvuvaptnong reduce eivat o 010G pe TO GTAOO TNG UPYIKOTTOinoNG CALG O
KOG TG cuvaptnong map dev voroyilet Eava ta apyikd. KEVTpa oALG. Taipvel ooy £16050 To
KEVTPQ oo TNV €000 TNG TPOTYOVUEVIG EXAVAAYTG.

|ZXOAIA I'IA TON KQAIK A

Inuewverat 0Tl 0 TEMKOC apBuos Twv clusters dev etvat 10106 pe Tov apyko apBud k
ov kobopilerar amd tov ¥pNnotn Ko propel vo eivor peyohvtepog N pikpdtepog. O xpnomng
umopel vo emthélel TO KOTOQAL Y100 TV oOoTOoN oToEinv amd to kévrpo tov cluster, tov
apBUO TOV UPYIKOV KEVIPOV KOBMS KOt TO KPITHPLO TEPUATIGHOV TOV aAyopiBpov.
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AITOTEAEXMATA INIEIPAMATQN

HNAAT®OPMEX EKTEAEXZHX

Mo v exTédeon TOV TEWPAUATOV YPNCILOTOMONKE EVAG VTOAOYIGTNG OV OOTEAEITOL
and 4 4-mopnvovug enelepyactés Quad-Core AMD Opteron(tm) Processor 8350 kat 16Gb RAM.
H yopnrtwomro tov cvemuorog HDFS eivar 200GB. To Aerrovpykd cvompua eivar SUSE
Linux Enterprise Server 10 (x86_64) ue éxdoon mupfiva 2.6.16.21-0.8-smp. To Hadoop eiye
puOotet og pseudo distributed mode ka1 ékdoon 0.18.3. O vrokoyiomg dwpopaleton Kat pe
GAAOVG PN OTEC.

[0, TV eKTEAEDT] TOV TEPAUATOV, HETO amd TPOXEIPES UETPNOELS, O aplOudc Twv map
tasks tébnke icog pe 16 kot reduce tasks téOnke icog pe 12.

ATTOTEAEEMATA NNEIPAMATQON

INo 1o mepduata ypnoorombnkay cvrroyéc apyeiov kewévov (txt) amd v
otocelido. www textfiles.com. Xto w0 KGT® wivoko goivovtol To peyétn Tmv cLAoyY®V Kabmhg
K0l 01 O10L0TAGELS TOV TIVOKO, YEITVIOOTG. ZNUEIOVETOL OTL O apIOUOS TV GTNAMV givat 0 10106 pe
TOV 0pOUd TOV EYYPAP®V 6TV KGOE GLALOYY.

Méyeloc (Megabytes) | Ipoppéc | Emjrec | Mn undevikd croysio
Toiioym 1 20.2 153078 46 262243
Zoikoyn 2 438 152213 43 468476
Zvhhoym 3 74 4 152213 68 839463
Zvkhoy 4 156.7 152213 156 1678926
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|AHOTEAEZMATA ATIO XYAAOTH 1

Time - Iterations
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Awaypappa 2. Zovoiikos Xpovos Exréleons Aviypappa 3. ApiOpos Cluster
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|AHOTEAEZMATA ATIO XYAAOTIH 2

500

Time - Iterations

400

m K=50

300

mK=100
mK=150

200

100 -

mK=200

1 2 3 4 5 6 7

8 9 10 11 12 13 14

Avvypappa 4. Xpovog skrédeons ava eravadnyn ne K=50,100,150,200

Clusters

100

90

80

70

60: =K-50

600

200

800 -

400 -+

Total Time (sec)
&

2200 B

2000 -+

1800

1600 A
mE=50

1400 =K-100

1200 A mK=150

1000 = K=200
® Calculate D

® Transpose D

50 4

30 4
20

10

Column Clusters

Row Clusters

BRK=100
BK=150
= K=200

Awrypuppae S, Tovoiakos Xpovos Extélsons

Awrypappa 6. ApOpos Cluster

Avdpéac Matmraddoulog — AEM: 600

27



OupadoTroinon Eyypdewyv pe Map Reduce kai Hadoop

ATIOTEAEEZMATA ATIO XYAAOTH 3
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|AHOTEAEZMATA ATIO XYAAOTH 4
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ZYI'KPIZH ATIOTEAEEMATON

100%
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Init Time - Cluster Time
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® Transpose D
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(20.2MB) (38.8MB) (74.4MB) (156.7MB)

Avypappa 13. Xpovos apyikoroinens s mpos Tov 1pivo opadowoinens

Amo 10 010y poppe. Gaivetol 0Tt 0 ¥POVOGS Y10 TOV VIOAOYIGHO ToL Tivaka D kot Tov avricTpogov
TOL &ivol MOAD MIKPOTEPOG Gmd TOV YPOVO OV YPelolOUUCTE Y10 VO OHOOOTOU|GOVUE TNV
cLAAOYT. ZTIG 6VO TPATEG GLAAOYEC TO GTAAI0 NG apyKonoinong xpedotnke nepinov to 15%
TOV GUVOMKOU ¥pOVOL €V ©TIC VO TEAEVLTOIEC, TOV NTAV UPKETO PEYUADTEPES, YPEIGOTNKE
UOMES 10 5% TOL GLVOMKOV YPOVOL.

25000
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Total Time - K
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Collection 3 (74.4MB)
s Collection 4 (156.7MB)
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A7 10 70 AV S16y PO TUPATPOVUE OTL 1) ETAOYT TOV apyikol aplBuov cluster (k)
UTOPEL VO EMNPEACEL OPKETEL TOV YPOVO EKTEAEOTC, E0IKA €0V 1| GUAAOYN HaG €ivol GYETIKA
peyain.

Row Clusters - K Column Clusters - K
200 12
180
160 7/ _ L _
/ === {Collection 1 = Collection 1
140 (20.2MB) 8 (20.2MB)
120 i e Collection 2 = Collection 2
100 (38.8MB) 6 (38.8MB)
80 % Collection 3 P e Collection 3
60 (74.4MB) (74.4MB)
40 s C 0] lection 4 2 Collection 4
20 (156.7MB) (156.7MB)
U T T T 1 0 T T T 1
50 100 150 200 50 100 150 200
Avrypappa 15, Apipog cluster ypappovy g apog K Avrypappa 16. Apripog cluster stnhov s tpoc K

Y10 ddypoppo avto BrETOLLE OTL 0 apBUOS TV cluster 6e KOTOEG TEPIMTOGELS GAAALEL
avaAOYO e TNV EMA0YN TOL apykol aptfuol K. Ta t1g ypoppég o telkog opBuds eivat koved
otov apBud K orhd v t1g othheg vadpyet peydin dragopd. Avtd ogeideTor 6To YEyovog OTL 68
OAEC TIC GLAROYEG OV PN GIOTOMONKOY 0 aplBUdC TOV YPOUUOV NTaV TAENE HEYOAUTEPOS OO
1OV ap1BUd TV GTHAMV Kol 6 UPKETEC TEPITTMGELS O apy kOGS op1Bpog K fray peyokivtepog omd
TOV GUVOAKO apBUd oAV oto ivaka D.

Iterations - K Iterations - Size (Mb)
25 25

. \ ) /‘\
\ e Collection 1 /
L (20.2MB) S~
15 15 e— 50
\— s Collection 2 /
(38.8MDB) 5 s | (}()

10 — Collection 3 10 150
(74.4MB) —_—200
5 = Collection 4 5
(156.7MB)
0 : ‘ 0 e ——

50 100 150 200 0 20 40 60 80 100120 140 160

Aviypappa 17. Appés sravabiyzov os mpos K Avrypeppa 18, ApiOpos sravaliyeny g mpos to péyedog

And 10 aproTepd 010y poLLLpLo TopaT POVKE OTL 0 apyIkOg apBpoc K emnpealet kot tov
apBud eravoA ey Tov B ¥PELGTOLY Y10, VO GLYKALVEL 0 ahyopBuog. Ze avtibeon pe to K,
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and 10 deé1d ddrypopua, To puéyeog g GLALOYNG Ogv emnped el ToV apBud TV EROVIAYEDY
7oL Ba. yperaotovy. Paivetor 6Tt KaBME TO PEYEBOC TG GLAROYNC AVEAVEL VITAPYEL 10 LIKPN
ueimon otov aplBud tov exavoryemy Tov yperdlovrat

Ye kapio tEPInTmon dev ¥PENCTKAY TEPIGCOTEPES 0d 23 EMAVUANYELS AVEEAPTNTA OO
70 péyebog g GLALOYTG.

Average Time (sec)/Iteration
- Size (Mb)

1600
1400 o
1200 //
1000 —

800

600 // Average Time/Tteration

400 /

0 T
0 20 40 60 80 100 120 140 160

Avaypappa 19. Mécos zpovos ava sravakyn o pos o péyebos Ts sviioys

Total Time (sec) - Size (Mb)
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f} T T T T T
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Aurypappa 20, Zuvolakog gpovos sktiheons o mpos To péyebog Tns ovikoyis ava K

Amo o, dvo TerevTaio Swypappoto emBefainveral 0T 1 exXAoyY TOL pykoD ap1Bpod K umopet
vo. emnpedoel eErdyloto Tov gpdvo ektéreons. EmmAiov PAEmovpe 611 oty devtepn cvAhoyn,
opOho 1oV Exet Sumhdoto péyebog amd TV TPAOTN, 0 YPOVOG TOL YPEWUCTNKE Efval PIKPOTEPOG.
Avtd ogeihetal oto yeyovog Ot 1 deltepn cvAloyn mepieiye AMydtepa apyeio peyohdTEpOL
ueyéboug ko mepimov 1000 Aééeic Mydrepeg (ta un undevikd ototyeio oV mepimov dimhdoio
otV devtepn ocviroyn). To mo onuavtikd mov PAEROLUE GE QUTG To. SloyPAUUOTe Evol T
YPOULUIKT] CUUTEPIPOPU TOV TTPOY PAUHUATOG.
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LYMIIEPAXMATA KAI MEAAONTIKH EPTI'AXIA

LYMIEPAXMATA

Ta mo whve AEPOUOTO  KPIVOVTOL TKOVOTOMTIKG Y10 VO, KATOANEOLUE ©F KATO
CLUTEPAOHOTO OGO APOPO. TOV ¥POVO EKTEAEONG, TO MEYEDOC TG GLAAOYNG, TOV GPIBUO TOV
cluster kot tov apyko apOuo kévipov (K) mov endéyetor and Tov ypnot.

Onomg ovagépinke Kol GTO TPONYOUUEVO KEPAAOIO, OMO T OMOTEAECUOTO TOV
TMEPUUATOV LTOPOVLE VO GUUTEPAVOLE Ta. €N

- O apBudc tov eravolyewy dev gival YvmoTog K TV TPOTEPMV Kot e€apTdTol 0o
MV enAOYN, KABOG Kol TOV aplOpod, TV OPYIKOV KEVIPV.

- O apBude Towv eravoinyemy dev eivor peydrog (mepimov 15) kon dev exnpedleton
0md 1O HEYEDOG TV OEOOUEVOV.

- O tehikog ap1Bpog Twv clusters eéaptdrol amd v emhoyn, Kabmg kot tov apduo,
TOV APYIKOV KEVIPOV.

- O ypdvog apykomoinong (vroroyicpov tov wivaxae D kot tov avtiotpo@ov Tov) eivat
TOAD  HIKPOTEPOG Omd TOV  ¥pOvo mov  ypewletar Yy NV opoadomoinon
KoToropBavovtag, Katd peso 0po, To 10% Tov GLVOALKOD YPOVOU.

- O ypovog extéreong emmpedletor Mol and 11§ daotdoelg tov wivaka D. Oco mio
TETPUYOVIKOG eivar OG0 AyOTeEpOg ¥povog ypetaletal aveédptnta amd Tov apdud
TV U1 UNOEVIKOV OTO(EImV.

- O olyépBpog KMUOKMOVEL YPOUMIKE ®C 7TPoc 1O uEYEBOC TV OedOHEVOV
(onuewwveron 6t To Hadoop ntav e pseudo-distributed mode).

Enumhéov and 115 extehéoelg mapoatnpndnke 01l 0 ypovog mov ypetdlovrar ot reducers eival
apKkeTd peyadrepog amd tov ypdvo mov yperalovral ot mappers. Evrovtoig mepiocodtepot
reducers dev £0160v HIKPOTEPO YPOVO EKTEAEONC KOOMDEC 0 GLVOMKOS ¥POVOG NTAV TAVTA. 160G LE
70 Ypovo 1oL YperaloTav o o apyos amd aLTOG.

MEAAONTIKH EPTAXIA

Eivatr BéBoaio O0t1 1 Bektictomoinon kol ovamtvén toV o TAve OeV omoppimTeTaL
[Toapdro mOL 0 MO TAVD KOSIKOG Eival TANPNG, Kot 8idel 6WOTA UMOTEAEGUATO, VIGPYOVV
duvatotteg Tov Hadoop mov dev Exovv ypnoonombel ovtmg dote vo eA&yOn edv pe avTéc TIC
SUVATOTNTEG UTOPOVLE VO ETITVYOVHE KOO KUADTEPOLS XpOvoug ektéleons. I mapaderypo
UTOPOVLE VO KAVOULLE YPTIOT) KATO00 KMSIKO GLUUTIESN G TOV OEG0UEVMY 0VTMG MOTE VUL EYOVLE
YOLMAOTEPT, ¥PNOT TOPWV TOL SIKTLOV 1| VO ¥PTCILOTOGOVUE KATOES EToues PiAodnkec
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(mx.GNU Trove), mov Bo &€xouvv @O OmOOOTIKO KMOIKO, Y10 TNV OWYEIPION TOV OpUIDdV
dovuouiToy.

Mo emmAéov enéktoon Oo NTOV Vo PTOPOVCHUE VO, (VOVEDGOVUE TO OTOTEAEGLOTO
XOPIg va. ypetdletal VIOAOYICHOG artd TV apy Otav mpootebel N agaipedel KGO0 Eyypugo
oV GVAAOYY.

Mmopodue eniong Vo ¥PNGILOTOGOVLE TO IO TEVE® 0VTMS MOTE VoL BPovpe 101 £Ypapa.
o€ GLAMOYEG oLYKpivovTag HETaEL TOLG Ta £yypoga o eivar ota b1 clusters (kabmg 600 o
apyeia Oa Bplokovrar otnv 1010 opdda.).
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[TAPAPTHMA A — KQAIKAYX I[TAPAAEII'MATQN

KQAIKAY HAPAAEITMATOZX 1 — WORD COUNT

import java.io.IOException;
import java.util.*;

import org.apache.hadoop.fs.Path;
import org.apache.hadoop.io.*;
import org.apache.hadoop.mapred.*;

public class WOEACOUNE |

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

public void map (LongWritable key, Text value, OutputCollector<Text,
IntWritable> output, Reporter reporter) throws IOException ({
String line = value.toString();

StringTokenizer tokenizer = new StringTokenizer(line);
while (tokenizer.hasMoreTokens()) |
word.set (tokenizer.nextToken () ) ;

output.collect (word, one);

}

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

public void reduce(Text key, Iterator<IntWritable> wvalues,
QutputCollector<Text, IntWritable> output, Reporter reporter) throws

IOException f{
int sum = 0;
while (values.hasNext()) {

sum += values.next().get();

)
output.ccocllect (key, new IntWritable(sum));

}

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

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

conf.setMapperClass (Map.class) ;

Avdpéac Matmraddoulog — AEM: 600 36



OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

conf.setCombinerClass (Reduce.class) ;
conf.setReducerClass (Reduce.class) ;

conf.setInputFormat (TextInputFormat.class);
conf.setOutputFormat (TextOutputFormat.class);

FileInputFormat.setInputPaths(conf, new Path("input"));
FileOutputFormat.setOutputPath(conf, new Path("output")):;

try {
JobClient. runJdob(conf) ;
} ecatch (Exception e} ({
e.printStackTrace(};

}

KQAIKAYL MAPAAEITMATOX 2 — INVERTED INDEX

import java.io.IOException;
import java.util.Iterator;
import java.util.StringTokenizer;

import org.apache.hadoop.fs.Path;

import org.apache.hadoop.io.LongWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapred.FileInputFormat;
import org.apache.hadoop.mapred.FileQutputFormat;
import org.apache.hadoop.mapred.FileSplit;
import org.apache.hadoop.mapred.JobClient;
import org.apache.hadoop.mapred.JobConf;

import org.apache.hadoop.mapred.MapReduceBase;
import org.apache.hadoop.mapred.Mapper;

import org.apache.hadoop.mapred.OutputCollector;
import org.apache.hadoop.mapred.Reducer;

import org.apache.hadoop.mapred.Reporter;

public class InvertedIndex {

public static class InvertedIndexMapper extends MapReduceBase
implements Mapper<LongWritable, Text, Text, Text> {

private final static Text word = new Text();
private final statiec Text location = new Text();

public void map (LongWritable key, Text wval,
QutputCollector<Text, Text> output, Reporter reporter)
throws IOException ({

Filesplit fileSplit = (FileSplit)reporter.getInputSplit();

String fileName = fileSplit.getPath().getName();
location.set (fileName) ;
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String line = wval.toString();
StringTokenizer itr = new StringTokenizer (line.toLowerCase())
while (itr.hasMoreTokens()) {
word.set (itr.nextToken () ):
output.collect (word, location);
}

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

public void reduce (Text key, Iterator<Text> values,
OutputCollector<Text, Text> output, Reporter reporter)
throws IOException {

boolean first = true;
StringBuilder toReturn = new StringBuilder();
while (values.hasNext()){

if (!first)

toReturn.append(", ");:

first=false;

toReturn.append(values.next().toString()):
}

output.collect (key, new Text (toReturn.toString())):
}

public static void main(String[] args) f{
JobConf conf = new JobConf (InvertedIndex.class);

conf.setJobName ("InvertedIndex") ;

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

FileInputFormat.addInputPath({conf, new Path("input"));
FileOQutputFormat.setOutputPath(conf, new Path("output"));

conf.setMapperClass (InvertedIndexMapper.class) ;
conf.setReducerClass (InvertedIndexReducer.class) ;

try {
JobClient. runJob(conf) ;
} ecatch (Exception e) {
e.printStackTrace();

}
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ITAPAPTHMA B - ENTOAEX XPHXEHX HADOOP

ENIZKONIZH

Oheg o1 evrorég exterovvtat and To bin/hadoop script. Edv exteAécovpe o hadoop script
KOPIC TAPUUETPOVE PAETOVLE TNV TEPTYPUPT) OLLV TOV EVIOADV.

Xpnon: hadoop [--config confdir] [COMMAND] [GENERIC OPTIONS]

[COMMAND OPTIONS]

Hadoop has an option parsing framework that employs parsing generic options as well as

running classes.

COMMAND OPTION [eprypaoen

--config confdir

Addéler to phkeho pe g pubuiceic ond ${HADOOP_HOME}/conf ce confdir.

GENERIC_OPTIONS

Zovnbiopéveg evtoléc mov vrootmpilovion amd Toike eVIoiic,

COMMAND
COMMAND_OPTIONS

ALGpope; eVTIOLES TOV TTEPLYPAPOVTOL 10 KT, Ot eviorég yopilovto o
«Evtoléc Xpiom» ko «Evioléc Awayepiot».

I'ENIKEX EITIAOI'EX - GENERIC OPTIONS

O1 o kétw enthoyég vrootnpilovrat amo dfsadmin, fs, fsck kat job. Ot epappoyéc Tpénet
vo. viorotovy v demapn Tool yuo va vrootpi&ovy yevikég enthoyég (GenericOptions).

GENERIC OPTION

Heprypagi

-conf <configuration file>

Kafopilel 10 apyeio pe Tic pulpicelg wac epappoyic.

-D <property=value>

Alaler v Ty peg 1810 tag (property).

-fs <locallnamenode:port>

Kafopilel éva namenode.

-jt <local|jobtracker:port>

Kabopilel éva job tracker. Eouppodletm pdvo oe job.

-files <comma separated list of files>

Kabopilel kédnowa apyeia, yopiopéva pe koppa, o va
avypogoy oto cluster. EQapudlerar pévo o job.

-libjars <comma separated list of jars>

Kabopilel kémowa apyeia jar, yopropéva pe Koo,
yio va cvpmeptin@botv oto classpath. Egapuéleton povo oe job.

-archives <comma separated list of archives>

Kabopilel ko copmespéva apyeic, yopiopéva e koppua,
yio ve amosvumiestotv. Eeapuéleral uévo oe job.
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ENTOAEXZ XPHETQN - USER COMMANDS

Evtolég mov ypnopomoovvtal od OA0LG Toug ypnotes evog hadoop cluster.

ARCHIVE
Anpovpyia evog cvpmiespgvov apyeiov hadoop.
Xpnon: hadoop archive -archiveName NAME <src>* <dest>

-archiveName NAME | Ovopo tov copmespévou apyeiov oo Oo onpovpynbei.
SIC Awadpopn o Kémota apyeic. AovieDEl Kot HE KOVOVIKEC EKQPAGELC.
dest Ddxeloc mov Do amobnkevtel to vEo apyeio.

DISTCP

AVTIYPAQEL OVAOPOUTIKA OPYEID 1] QUKEAOVC.
Xpnon: hadoop distcp <srcurl> <desturl>

srcurl Source Utrl
desturl | Destination Url

IFS

[IpooPaon oto cvomuo oapyeiov. Okeg ot eviOrAEG TOUpVOLY TOPUUETPOVS OLUOPOHES NG
scheme://autority/path. T'a. 1o HDFS 1o scheme eivau Adfs, kot ywo to tomikd cOomue apyeiov
eivar file. To scheme xot to authority dev eival vroypewtikd. Ot 7O TOAAEG EVIOAEC
cLumEPIPEPOVTOL OT®WG Kot Ot avtiotoyes evtorés oe Unix. ITAnpogopieg yio o@dipato
Ypagovtal 6To siderr ko1 1 ££080¢ 610 stdout.

Xprion: hadoop fs [GENERIC OPTIONS] [COMMAND_OPTIONS]
Toa COMMAND OPTIONS civor:

i CAT
Xprion: hadoop fs -cat URI [URI ..]
Avtiypaget oto stdout ta apyeio mov kabopilovrar amod to. URIs.

' CHGRP

Xphon: hadeoop fs —-chgrp [-R] GROUP URI [URI ..]

Alhoyn TG opadog mov £xovv mpocPaocn oto apyeic. Me TV mAPUUETPO —R, Ol GAAXYEG
e@appolovrot avadpopkd. O xpnoTng TPENEL VO, VoL O 1O10KTITNG TOV PYEIGV 1) Super-user.

'CHMOD
Xpfion: hadoop fs -chmod [-R] <MODE[,MODE]... | OCTALMODE> URI
[URI ..]
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Alhoyf) tov dikouopudtov mpoécPacng ota apyeio. Me v mopdpetpo -R, ot oArayEg
epoppolovror ovadpopkd. O xpnotng TPEREL Va. Eival 0 1O10KTNTIG TV OPYEIMV 1| super-user.

. CHOWN

Xphon: hadoop fs -chown [-R] [OWNER] [:[GROUP]] URI [URI ]

Aldoyn Tov BoKTTN TOV apyxeiov. Me v mopduetpo -R, o1 oAhoyEg epappolovot
avadpopkd. O ypnotg TpEmel va eivol super-user.

éCOPYFROhdLOCAL
Xprion: hadeoop fs -copyFromLocal <localsrc> URI
[Mapopoia pe v put, ue TV dPoPA OTL TO SIC TPENEL VO, EIVAL GTO TOTIKO GUGTNUA UPYEIDV.

. COPYTOLOCAL
Xprion: hadoop fs -copyToLocal [-ignorecrc] [-crc] URI <localdst>
[Tapopola pe tnv get, pe v d1ogopd 0Tt To dst TPEmEL Vo EIVOLL GTO TOMIKO CLUCTNUA APYEI®V.

. COUNT

Xphon: hadoop fs -count [-g] <paths>

Metpd Tov aplfuo tov @okéimy, apyeiov kot ta bytes otig dwwdpouéc mov kabopilovrar oto
paths. Or otAeg €€0d0L eivat:

DIR COUNT, FILE COUNT, CONTENT SIZE FILE NAME.

Me v mappueTpo —q ot otreg €000V elvat:

QUOTA, REMAINING QUATA, SPACE QUOTA, REMAINING SPACE QUOTA,

DIR COUNT, FILE COUNT, CONTENT SIZE, FILE NAME.

CP
Xpnon: hadoop fs -cp URI [URI ..] <dest>
Avtrypagn apyeiov and to. URIs oto dest. o moird URI to dest mpénet va. eivat gaxeroc.

DU
Xphion: hadocop fs —-du URI [URI ..]
[Tapovcialel 1o cuvoMko pEyefog Tmv apyeimv.

‘DUS
Xpnon: hadoop fs -dus <args>
[Mapovcidlel cuvorTiKd 10 pEYEfog TV apyeinv.

'EXPUNGE
Xpnon: hadoop fs -expunge
Aderoopa ToV KaAGBov aypNoTOV.

. GET
Xpnon: hadoop fs -get [-ignorecrc] [-crc] <src> <localdst>
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Avtiypogn apyeiov oto tomkd cvotnuo apyeiny. Edv ta apyeiov arotdyouvv tov éheyyo CRC
UTOPOVV VoL AVTYPUQODY LE TNV ¥PNON TNE TOPAUETPOL —ignorecrc. Me v nopaueTpo -
crc aviypagovrat o apyeio kot to. CRCs.

' GETMERGE

Xprion: hadoop fs —-getmerge <src> <localdst> [addnl]

Ola to. apyeion 6TO SIC EVOTMOOVVTAL Kol aviypdgovtal oto apyeio localdst. Me tnv emioyn
addnl oto téhog kGbe apyeiov mpootibetat o yopuknpag newline.

Xpfion: hadoop fs -1s <args>

Edv 1o args kaBopilel kdmowo apyeio n €€odog eivor oToTIGTIKA Y100 0WTO TO apyeio ¢ eéng
HOPPNG:

permissions number of replicas userid groupid filesize
modification date modification_time filename

Edv 1o args kobBopilel kbmolo @dkero 10TE emoTPEPeTOL I AMdotal pe 1O apyeio. 68 qVTO TO
eaxkero. H €€0d0g eivat Tng pLopeng:

permissions userid groupid modification date modification_time
dirname

'LSR
Xpnon: hadoop fs -1lsr <args>
Avadpopkn Is. Tow pe v 1s —R tov Unix.

' MKDIR
Xphfion: hadoop fs -mkdir <paths>
Anuovpyio axérov. 10w pe ty mkdir —p tov Unix.

' MOVEFROMLOCAL
Xprion: dfs -moveFromLocal <localsrc> <dst>
[Mapdpota pe v put, pe TV d1a@opd 6t170 localsrc SypaQeETaL LETA TV AVTLYPOQY.

 MOVETOLOCAL
Xphon: hadoop fs -moveToLocal [-crc] <src> <dst>
[Tapovoialet to pnvopoe "Not implemented yet".

MV

Xpnon: hadoop fs -mv URI [URI ..] <dest>

Metagopa apyeiov and ta URIs ot0 dest. Aev vroompiler petogopd petald S1opopeTikmv
GLUOTNUATOV aPYEI®V.

PUT

Xphon: hadoop fs -put <localsrc> ... <dst>

Avtrypaet o apyeio omd To TomKO choTnua apyeimv oto dst. Mropet va dwfdcet eicodo amod
to stdinny. hadoop fs -put - hdfs://nn.example.com/hadoop/hadoopfile

Avdpéac Matmraddoulog — AEM: 600 42



OpadoTroinon Eyypdewv pe Map Reduce kai Hadoop

‘RM
Xpfion: hadoop fs -rm URI [URI ..]
Ay po@r) apyeimv 1 KEVOV QUKEAWDV.

RMR
Xprion: hadoop fs -rmr URI [URI ..]
Avadpopikt) rm 1o o1y pa@r] Oyl KEVOV QUKEADV.

' SETRE
Xphon: hadoop fs -setrep [-R] <path>
ANMGCer To replication factor evog apyeiov. Me v mopdpetpo -R epapproletat avadpouikda.

i STAT
Xphon: hadoop fs -stat URI [URI ..]
Emotpéget maAnpogopieg ya to. URIS.

' TAIL

Xprion: hadoop fs -tail [-f] URI

Emotpégel to tehevtaio kilobyte Tov apyeiov oto stdout. H mapdaperpog -f eivor idio pe v
evtom) oto Unix.

'TEST
Xpnon: hadoop fs -test -[ezd] URI
Enthoyég:
-¢ | Emotpéper 0 edv to apyeio vdpyeL
-z | Emotpéoel 0 eGv o apyeio sivon undevikov peyédovg.
-d | Emotpéoet | etv 10 apyeio sivon @axehog oriame 0.
TEXT

Xphion: hadoop fs -text <src>
[Taipver cav eicodo apyeio tng popeng zip N TextRecordInputStream wot diver v €€odo ot
Kelpevo txt.

' TOUCH
Xpfiocn: hadoop fs -touchz URI [URI ..]
Anuovpyio undevikov peyéboug apyeio.

|FSCK

‘Eheyyog tov cuompatoc apyeiov HDFS.

Xpnon: hadoop fsck [GENERIC OPTIONS] <path> [-move | -delete | -openforwrite] [-files [-
blocks [-locations | -racks]]]
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<path> Exkivnon tov £heyyov amd ontd To path.

-move Metagpopd Twv corrupted apyeiwv oto /lost+found
-delete Awaypogn corrupted apyeimv.

-openforwrite | TonGvel moa apyeio EIVOL OVOIKTA V1O EYYPUOT.

-files Tordvel mowa apyeio eLeyyovTal.

-blocks Torwvel avogopd yio to blocks.

-locations Torwver v Torobecio kabe block.

-racks Tormvel TV Tomoioyio Tov dikTOOD Y1a Tovg data-nodes.

JAR

Extéleon evog apyeiov jar.
Xpnon: hadoop jar <jar> [mainClass] args...

Xpnotuonoieitat yioo v ektérect mpoypapudtov. EmmAéov yio eKTEAECT TPOYPUUUGT®V TTOV
ypnowonowvy to Hadoop Streaming APIL T mepiocotepa oyetikd pe to Hadoop Streaming
API BAéne TTopaptnua I

|JOB

AlMAeniopaon pe 116 epyasies Map Reduce.
Xpnon: hadoop job [GENERIC OPTIONS] [-submit <job-file>] | [-status <job-id>] | [-counter
<job-id> <group-name> <counter-name>] | [-kill <job-id>] | [-events <job-id> <from-event-#>
<#-of-events™>] | [-history [all] <jobOutputDir>] | [-list [all]] | [-kill-task <task-id>] | [-fail-task
<task-1d>] | [-set-priority <job-id> <priority>]

-submit <job-file>

Tomofémon Jwog epyasiog ya ektéheon

-status <job-id>

Tondvel 10 1060610 0AOKApmONS TV Map kot reduce kadng
Ko OA0VC TOVG HETPNTES,

-counter <job-id> <group-name>
<counter-name>

Tordvel v Ty Tov petpnm).

-Kill <job-id>

ZKOTMVEL TV EPYUCIC.

-events <job-id> <from-event-#>
<#-of-events>

Tormvel LETTOPEPEIEC Y10 TOL eVents oL T pe o jobtracker oto
glpoc mov Sidetal.

-history <jobOutputDir>
-history [all] <jobOutputDir>

Tormvel Lentopépeieg Yo Tic amotuymuévec (failed. killed) map
Kon reduce diepyaciec.

Me myv emioy [all] rapovcidlovrar Thnpoopiec kat yio.

TIC EMITVYNHEVEC OlEPYUTIEC.

-list
-list [all]

-list TapovGIGLel TIC EpYUGieC OV OEV £XOVV OKONM TELEUDGEL
-list all Tapovodler 6hec TIC epyaocise.

-kill-task <task-id>

TepporiCel mv cvykekpiévn dlepyacio. Asy cupumEPLUpPAvETOL
oTIC ootV HEveC tpoodbeiee (failed attempts).

-fail-task <task-id>

Teppatilel v ovykekpyévn digpyaoio. Zvurephappaveton otic
amotuymuévee npoondbeie (failed attempts).

-set-priority <job-id> <priority>

Alkoy| NG TPOTEPUIOTITUS TG CUYKEKPIUEVTG EPYUOIUG,
Ot emutpendpeveg TIpéC eivon:
VERY HIGH, HIGH, NORMAL.LOW. VERY LOW
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| PIPES

Extéleon pog epyasciog pe coiveg (pipes job).

Xpnon: hadoop pipes [-conf <path>] [-jobconf <key=value>, <key=value>, ...] [-input <path>]
[-output <path>] [-ar <jar file>] [-inputformat <class>] [-map <class>] [-partitioner <class>] [-
reduce <class>] [-writer <class>] [-program <executable>] [-reduces <num>]

-conf <path> Pobpiceic yio my epyasio
-jobconf <key=value>. <key=value>. ... | IIpocOnkn/override pvOuicemv yio mv epyasio.
-input <path> Ddxelog e6do0V.

-output <path> Dakeloc €600V

-jar <jar file> Ovopa tov apyeiov Jar
-inputformat <class> InputFormat class

-map <class> Java Map class
-partitioner <class> Java Partitioner

-reduce <class> Java Reduce class

-writer <class> Java RecordWriter
-program <executable> Executable URI

-reduces <num> Number of reduces

|QUEUE
AN AETIOpa.ON KO ELPAVIOT TANPOPOPLOV LE TNV OLPA TV EPYATIDV.
Usage : hadoop queue [-list] | [-info <job-queue-name> [-showJobs]]

-list [Moapovotdleton 1) MoTU e TIC QVPES EPYUCLOV
TOVEYOLV PLOULGTEL 6TO CUCTIIU.

-info <job-queue-name> [-showlJobs] | [Thnpogopieg yio mv ovpd epyoacudy.

Me myv emthoy] -showJobs nupovcialetot

e AMoTo JIE TV EPYOCIEC GTNV CUYKEKPLUEVT) OVPE.

VERSION
Exturdver v £ékdoon tov hadoop.
Xpnon: hadoop version

CLASSNAME

To hadoop scriptunopei vo. xpnoiporomBet Yo vo. p1GILOTOM GEL OTO1UONTOTE KALCT.
Xpnon: hadoop CLASSNAME

Tpéyer v kAdon pe 6vopa CLASSNAME.
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ENTOAEXZ ATAXEIPIZETQN

- ADMINISTRATION COMMANDS

Evtorég mov ypnoiomolobvrol amd tovg dwayeiptotég evog Hadoop cluster.

BALANCER

Extéheon mg diepyosiog yo e&icopponnon oto cluster. O Swyeprotig Umopel vo. GTOUOTGEL
mv diepyacio eiooppdmnong pe o anktpa Ctrl-C.
Xpnon: hadoop balancer [-threshold <threshold>]

| -threshold <threshold> | Koath@il 10606T00 ¥p1611L0moineng Tov 6icKov.

DAEMONLOG

Avayvoon/eypagn ToV EXTEOL 16TOPIKOV Yo KAOE doiptova.
Xpnon: hadoop daemonlog -getlevel <host:port> <name>
Xpnon: hadoop daemonlog -setlevel <host:port> <name> <level>

-getlevel <host:port> <name>

Extinmon tov enmédov 16topiko o daipove oto <host:port>,
Ecwtepikd cuvdéetan oo http://<host:port>/logLevel 2log=<name>

-setlevel <host:port> <name> <level>

Eyypaon tov emmédov 16topLcov tov daipova oto <host:port>,
Ecwtepikd cvvdéetor oto hitp://<host:port>/logLevel 2log=<name>

DATANODE
Extéheon evog HDFS datanode.

Xpnon: hadoop datanode [-rollback]

-rollback | Enavogopd tov datanode oe mpornyoduevn ekdoon. [Mpénet vo yproipomombet
aob otopamoet 0 datanode kot dtovepnbel n wodad ékdoon Tov hadoop.

IDFSADMIN

Extéleon evog HDFS dfsadmin client.

Xpnon: hadoop dfsadmin [GENERIC OPTIONS] [-report] [-safemode enter | leave | get | wait]
[-refreshNodes] [-finalizeUpgrade] [-upgradeProgress status | details | force] [-metasave
filename] [-setQuota <quota> <dimame>..<dirname>] [-clrQuota <dirname>.. <dimame>] [-

help [emd]]

-report Avogopd Booikv TANPOPOPIOV KUl GTUTIGTIKGV Y. TO GUGTI|UO
apyeimv.

-safemode enter | leave | get | wait Awayeipion tov Safe mode. Safe mode eiver n kutdotaon omy omoiu
&voc Namenode:

1. dev déyeTon EVTOLEC ChlayT)C GTO Name space.

2. dev aviypager/dtaypdpet blocks.

H kotdotaon Safe mode evepyomoteiton avtdpora 6tav évac Namenode
EKKIVEL, Kou omevepyomoleiton Otav 10 pubpiopévo ehdyloto mocootd
blocks tkavomotel ) ouvvbikn tov ehdylotov opBpov replication. H
Kardotoon Safe mode pmopet vo evepyomombel pe eviohn orré T0TE
OIEVEPYOTIOLEITOL LOVO LE EVIOAT).

-refreshNodes

Eavadiofaler Toug hosts kot avavedmvel 10 ovvoro tov Datanodes mov
umopovy vo cuvdehoiv pe tov Namenode.
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-finalizeUpgrade

Teppomiopdc avapabucng tov HDFS. O Datanodes dwaypdgpouvv v
mpornyovpevt) ékdoan twv working directories, KUl 6TV GLVEYELN TO 1010
yviveton oand tov Namenode. Avté olokinpiwer v Swdikacio
ovaf a0 monc.

-upgradeProgress status | details | force

Katdotaon ko Tinpopopiec via v dwadikacio ovapaduonc. Mrdpet
va yivel e€ovoyKaoog e SludIKaGiug VO TPOYWPIGEL

-metasave filename

Amofikevon towv dopwv dedopévay Tov kKevipukoy Namenode oto
<filename>. O kordhoyoc kabopileton omd v 16160t hadoop.log.dir.
To <filename> o mepiéyel o ypopp no kade:

1. Datanodes ov pkovv pe tov Namenode.

2. Blocks mov mepiptévouy va avTiypapovy.

3. Blocks mov avtrypagpovtal.

4. Blocks o mepiévouy va S1oypagoy.

-setQuota <quota> <dirname>
.<dirname>

POOuon mg avoroyiog yia kdde <dirname>. H ovohoyio elvon évag
peydhoc oxépoog (long integer) mov Paler éva opo otov oppd
OVOUATOV OTO BEVEPO KATUAOYOV.

-clrQuota <dirname>...<dirname>

Awaypugn me avedoyiog o kafe <dirname>.

-help [cmd]

Extinwon Ponbetoc yia kébe evioin.

|JOBTRACKER

Extéheon evog kopPov oe katdotaon jobtracker.

Xpnon: hadoop jobtracker

INAMENODE
Extéheon tov namenode.

Xpnon: hadoop namenode [-format] | [-upgrade] | [-rollback] | [-finalize] | [-importCheckpoint]

-format Formats namenode. Exxiwvel Tov namenode. tov kdvel format kot tov KAEIVEL
-upgrade Xpnotpomoteiton petd v dtavo ] o véag ékdoong hadoop.
-rollback Enavagopd Tov namenode og mponyovpevn £Ko0o1).
-finalize Awaypopn GLov TOV TPONYOVUEVOV KUTUGTAGEMY TOV GUGTILUTOC Upyeiev.
Metd mv yprion ™c dev pmopei va ypnoiponomei n —rollback.
-importCheckpoint | Avéyvmon ond 1o f5.checkpoint.dir evog ckeckpoint ket emobijkevon oto péywv checkpoint.

SECONDARYNAMENODE

Extéheon evog devtepevov HDFS namenode.
Xpnon: hadoop secondarynamenode [-checkpoint [force]] | [-geteditsize]

-checkpoint [force] | Eyypoagi] evog checkpoint edv EditLog size >= fs.checkpoint.size.
Me mv emkoyn -force e€avaykdleton 1) eyypuer] Tov checkpoint
aveapmta ano 1o péyebog Tov apyeiov ahlaydv (EditLog).

-geteditsize Extimmon tov peyébovg tov apyeiov chhayav (EditLog).

TASKTRACKER

Extéleon evog kouPov oe katdotaon taskTracker.

Xpnon: hadoop tasktracker
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ITAPAPTHMA I' - HADOOP STREAMING

To Hadoop Streaming eivai évo epyaieio oV emMTPETEL TV YPTON OTOOVINTOTE EKTEAECIOV
apyeiov cav mapper 1i/kat reducer.

Xprfion: $HADOOP HOME/bin/hadoop jar build/hadoop-streaming.jar [options]

Options:
-input <path> DFS input file(s) for the Map step.
Globing on <path> is supported and can have multiple -input
-output <path> DES output directory for the Reduce step
-mapper <cmd|JavaClassName> The streaming command to run
-combiner <JavaClassName> Combiner has to be a Java class
-reducer <cmd|JavaClassName> The streaming command to run
-file <file> File/dir to be shipped in the Job jar file
-dfs <h:p>|local Optional. Override DFS configuration
-jt <h:p>|local Optional. Override JobTracker configuration
-additionalconfspec specfile Optional.
-inputformat Optional. Default Map input format: a line is a record in UTF-8.
TextInputFormat(default)| Every line must end with an 'end of line' delimiter. The key part
SequenceFile AsTextInputFormat| | ends at first TAB, the rest of the line is the value.
JavaClassName
-outputformat Optional.
TextOutputFormat(default)|
JavaClassName
-partitioner JavaClassName Optional.
-numReduceTasks <num> Optional.
-inputreader <spec> Optional.

Custom Map input format:
-inputreader package MyRecordReader.n=v.n=v
comma-separated name-values can be specified to
configure the InputFormat
Example:
-inputreader 'StreamXmlRecordReader.begin=<doc>.end=</doc>'
-jobconf <n>=<v> Optional. Add or override a JobConf property.
To set the number of reduce tasks (num. of output files):
-jobconf mapred.reduce.tasks=10
To change the local temp directory:
-jobconf dfs.data.dir=/tmp
Additional local temp directories with -cluster local:
-jobconf mapred.local.dir=/tmp/local
-jobconf mapred.system.dir=/tmp/system
-jobconf mapred.temp.dir=/tmp/temp
-cmdeny <n>=<v> Optional. Pass env.var to streaming commands
To set an environment variable in a streaming command:
-cmdenv EXAMPLE DIR=/home/example dir/

-cacheFile fileNameURI
-cacheArchive fileNameURI

-verbose
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PRACTICAL HELP

Using the streaming system you can develop working hadoop jobs with EXTREMELY limited
knowledge of Java. At it's simplest your development task is to write two shell scripts that work
well together, let's call them shellMapper.sh and shellReducer.sh. On a machine that doesn't
even have hadoop installed you can get first drafts of these working by writing them to work in
this way:

cat someInputFile | shellMapper.sh | shellReducer.sh > someOutputFile

With streaming, Hadoop basically becomes a system for making pipes from shell-scripting work
(with some fudging) on a cluster. There's a strong logical correspondence between the unix shell
scripting environment and hadoop streaming jobs. The above example with Hadoop has
somewhat less elegant syntax, but this is what it looks like:

stream —input /dfsInputDir/someInputData —-file shellMapper.sh -mapper
"shellMapper.sh" -file shellReducer.sh —-reducer "shellReducer.sh" -output
/dfsOutputDir/myResults

The real place the logical correspondence breaks down is that in a one machine scripting
environment shellMapper.sh and shellReducer.sh will each run as a single process and data will
flow directly from one process to the other. With Hadoop the shellMapper.sh file will be sent to
every machine on the cluster that has data chunks and each such machine will run it's own chunk
through the shellMapper.sh process on each machine. The output from those scripts DOESN'T
run a reduce on each of those machines. Instead the output is sorted so that different lines from
various mapping jobs are streamed across the network to different machines (Hadoop defaults to
four machines) where the reduce(s) can be performed.

Here are practical tips for getting things working well:

* Use shell scripts rather than commands - The "-file shellMapper.sh" part isn't entirely
necessary. You can simply use a clause like "-mapper 'sed | grep | awk'" or some such but
complicated quoting is can introduce bugs. Wrapping the job in a shell script eliminates some of
these issues.

* Don't expect shebangs to work - If you're going to run other scripts from inside your shell
script, don't expect a line like #!/bin/python to work. To be certain that things will work, run the
script directly like "grep somethinglnteresting | perl PERLSCRIPT | sort | uniq -¢"
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