YHuBep3urert y beorpany

MaTreMmaTuuKku (PaKyaTeT

Wiki1
Q\ﬁ:‘ ’4’&_
>

S0y
s L3

Hemama BeskoBuh 1007/2012

IIpuka3 pa3BoOjHOr OKBUpa
Hadoop Map - Reduce Ha npuMepy
aHa/IM3e reHOMCKMX CeKBEeHIIM

Macrep pan

beorpan,
2017.



YHuBep3suret y beorpany

Mactep papn,
AyTop: Hemama BesskoBuh 1007/2012
Hacnos: [Tpuka3s pasBojHor okBupa Hadoop Map - Reduce

Ha IpuMepy aHain3e reHOMCKUX CeKBeHLUIU
MeHTOD: np Camra Mankos

Matematuuku pakynret, YHUBep3uTeT y beorpamy
YnaHnoBu komucuje: np Bragumup Gunmmnosuh

Matematuuku akynateT, YHUBep3uTeT Yy beorpamy

np JoBana KosaueBuh

Matematuuku akynareT, YHUBep3uTeT y beorpamy

IlaTym ogbpaHe:



Caapikaj

1 VBog

2 PasBojuu okBup Hadoop

2.1 HDEFS - Hadoop nucTpubyupaHu CUCTEM JATOTEKA . . . . « o v o o . . .
2.2 TIporpamcku Mofien pacnopehjuBambe-IpUKYI/bake . . . o o o . . . . .

23 YARN ........
2.4 Exocuctem Hadoop-a

2.5 TIpemnoctu u Hegoctauu Hadoop-a . . . . . . . . . . . . ... ... ...

3 T'eHOMCKe CeKBeHIIe

3.1 JOHK-OOIMITU HOJMOBM « « v v v v v v v e e e e e e e e e e e e e e e e e u

3.2 CekBeHuupamwe [IHK

4 TIIpernepn TexHOJOTHja
4.1 JaBa .. .......
4.2 Bash ckpunre . . . .
4.3 Apache Maven . . . .
44 Jlordj ........

5 AHaam3a reHOMCKMX CeKBEHIIV

5.1 3apatak .. .....

5.2 KopuntheHa Hadoop apXUTEKTYPA . « v v v v v v e v v e e e e e e e e e

5.3 CrpyKTypa mpojekra

6 Pesyaratu
7 3axk/byuak
Bbuonmuorpadmuja

18
18
18

22
22
23
24
25

26
26
26
27

34

39

41



I'maBa 1

YBOJ,

BpeMe y KojeM XKMBMMO MOXeMO Ha3BaTu AUTUTATHOM epoM. CBaKOAHEBHO Ce Ha pa-
3JIMUMTE HAUMMHe TIPOU3BOEe OTPOMHE KOJIMUMHE TT0JlaTaKa, KOje y BeJIMKOj Mepy OCTajy
HeoOpahene. Janujen IIpajc je rpolieHno aa je camo a0 Kpaja 2016. yKyIiHa KoJIMuMHa
nojaraka Ha Be6y, He ykbyuyjyhu Mpaunuu Be6!, Ha MiHTepHeT mocrassbeH 1.1 3eTa-
6ajT (27, 10%') [1]. TIpensuha ce ma he mo 2020. 6uTH ITPOU3BEIEHO YKYITHO 44 3eTabajTa
rnojaTaka.

M3Bopu Tux nojaraka cy pasnuuutu. Y HajBehe cmamajy LlepH, 6ep3e, ApyliTBeHe
Mpeske, 61MoMHOOPMaTUIKU MHCTUTYTH... Ca pa3BojeM MHTepHeTa cTBapu (eHT. Internet
of Things) malHe MOYNIbY Ja reHepUIlly MHOTO BUIlIe TToAaTaka ol OHMX KOjU CY Ha-
CTaju JbyJCKOM akTMBHOIIThy. YV TakBe MOAATKe CIajiajy pa3Hu JIOTOBU, UAeHTUDUKA-
uuje paguo-dpexenuuja (RFID), censopcke mpexke, GPS pyTe, MajonpogajHe TpaHC-
akiuje... O6MM jaBHO DOCTYITHMX MofaTaka rmosehasa ce cBake roguHe. 360T Tora op-
raHusalije ¥ KOMIlaHuje BuUIlle He Mopajy Aa obpalyyjy camo corcrBeHe momaTke. Y
oynyhHocTu he HUXOB ycIiexX y BeIMKOj Mepy 3aBUCUTHU O, CIIOCOOHOCTHU J1a M3BYKY

BPeAHOCTU U3 TToAaTaka Koje cy mpou3Besie gpyre opraHusaiiyuje uiau KoMmnaHuje.

Tako Be/MKy KOJIMYMHY TToiaTaka Huje Moryhe jeqHOCTaBHO 00paguTy Ha jeIHOj Ma-
IIMHY, ITO HAC HAaBOAM Ha IapasieIHy yIoTpeOy Bullle pagHuX cranuiia. [IpBu mpo-
6J71eM KOjM ce MOXKe jaBUTH jecTe OTKa3yUBarbe XapaBepCKMX IeJIOBA. JelaH of HauMHa
Ia ce 06e36emy 3alITUTA Of TYOUTKA IMoaTaKa ycie KBapa jecTe peruiMkalivja momia-
TaKa Ha BUIIe AMCKOBa. PenyHAaHTHe KOIMje MoAaTaka yyBajy ce Ha BuIlle MeCTa Y

"Mpaunn Be6 (enr. Deep Web) - neo Beba unju caapskaj Huje MHAEKCUMPAH CTaHAAPIHIM ITPEeTPaki-
BauMMa 13 GUJI0 KOT pasJiora.
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CUCTeMY, TaKo Ja je y CIydajy KBapa Ha pacrojarawy pe3epBHa Komuja. Ipyru mpo-
671eM MpeaCcTaB/bajy Op3MHa UMTaba ¥ KBAJIMTETHA 00paja TMX pa3acyTuX mojaTaka

12].

TakBu mogaiy, Koju ce mepe y TepabajTuma, merabajruma u Behum mepHUM jenviHMI-
11ama, TIoITy/IapHO ce Ha3uBajy BigData. 3a BMX0BY 00pay MOTPEOHO je KOMOMHOBabE
PasIMUUTHUX, TOOPO MO3HATUX TEXHOJIOIHja, Ka0 M HOBUX, Maibe MO3HATUX, PAIy J0-
6ujarba pesleBaHTHUX TTOJIaTaKa y pealTHOM BpeMeHy. HajromynapHuja TexHonoruja 3a
obpany BigData je Apache Hadoop. Hadoop je IpuIMYHO BeJMKa KojieKiuja copTBepa,
KOja YKJbyuyje joIll 1 AUCTpuOyrpaHu cucTeM JaToteka. IIpencraB/ba pa3BojHM OKBUP
Koju omoryhaBa OucTpubyMpaHo Ipoliecuparmbe BeIMKMUX CKYITOBa ITofaTaka Ha Kia-

CcTepMMa pauyHapa y3 Kopuilihemwe jeJHOCTaBHOT "TIporpaMckor mogena” [3].

IIpema jemHoj on meduumnimja, BigData ce 3acHMBa Ha 0coOMHaMa Koje Cy MCITpBa ojipe-
hene kao "Tpu B", a kKacHuje cy momare joir Heke [4]:

e Bonymen (eHr. Volume): Benuke KonumumHe rojgaraka, 00MYHO of Tepabajra g0

rerabajTa u mmpe

e Bp3una obpaze (eHr. Velocity): ITogaiy Koju ce cTBapajy Op3yuM TeMIIOM Tpebasio
61 1a ce aHAIM3MPAjy Y CKOPO pealTHOM BpeMeHY

e PasHoBpcHocCT (eHr. Variety): [Tomauy Mory OUTH CTPYKTYUpPaHu y pasHuM ¢dop-

MaTMUMa Win y 6azama IogaTtaka, ajau MOTy OUTH U TTOTITYHO HeCTPYKTypUpPaHU

e [Toy3manoct (eHr. Veracity): Tlogaiiy Mory OUTH HEJOBO/bHO TauHU, Tj. HEIOY-
3[1aHM, T1a je TTOTPeOHO Ha BpeMe Mpero3HaTH TakBe MoJaTKe U MPOUUCTUTH MU

X OTKIIOHUTU

e Bpennoct (enr. Value): Tlomauy Koju ce o6paljyjy moHOce opraHm3alyjyu HEKY
roBpaTHY MH(popMaIMjy 3HadyajHy 3a Ja/by pajl, MHaue cy 6eCKOPMCHU

e IToBe3anocrt (eHr. Valence): MoryhHoCT 1moBe3uBaba rogaTaka y rpadose, IomyT
aroMa. Kako mpexa pacre BpeMeHOM, Tako ce roBehasa 1 BpegHoCT TUX moja-

TaKa

Hadoop je moy3gaHa, ckajabuiHa raTdopma 3a ckiaauiiTemne u aHannsy. C o63u-
pPOM Ha TO [1a paay Ha pasJIMUUTIM BpCTaMa Xap[Bepa ¥ OTBOPEHOT je KoJa, BeoMa je
MPUCTyIIayHa U Kazia je ped o meHu. Map-Reduce ipefcTaB/ba IPOrpaMCcKyi MO KOjU
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ce KOPMCTHU 3a U3BpIlIaBambe IUCTPUOYyMpPaHUX orlepallnja Hajl IofalyMa CMeIlTeHUM
Ha Pa3IMYMUTUM CUCTeMMMa JaToTeka. IIpyska MoryhHOCT f1a ce 13 OrpoOMHe KOJIMUYMHE
rojaTaka, Koju Ccy HelperyegHM 3a 00pady M MpeTpaskiBambe 300T CBOje BeluunHe,
Ha OCHOBY ITapoBa KJby4/BpeIHOCT 13iBOje 3HauajHe nHdopmaiije. Y OCHOBM OKBUpaA
Hadoop Map-Reduce Hanasu ce cucTeM 3a ITaKeTHY 00pany (eHT. batch processing), Koju
HIje TIOTOaH 3a MHTEPAKTUBHY yIIOTPeOy. PesyaraTtyu ymuTa He MOTY Ce OUeKUBaTU
6p30. YIIUTH 06GMYHO TPajy HEKOIMKO MUHYTA, TAKO Ja Ce pe3y/ITaT He MOKe TOOUTH Y
peasHOM BpeMeHy. 3a 06pajy y peaJJHOM BpeMeHY I10CTOoje ApyTu anaTu, Koju he outu

OIIMCaHN Y OJa/be€M TEeKCTY.

McToBpeMeHO ca HaIIpeTKOM TeXHMKA 3a UCTpakuBakbe nogaTtaka Ha Map-Reduce cu-
cTeMMMa, y 6MOJIOTHjU Ce ycaBpIllaBajy TeEXHMKe CeKBeHIMpama. Kpajem ocamaeceTux
roJMHa MPOIJIOT BeKa 3aroyer je Oyr M MyKOTPIaH paj Ha MPOjeKTy CeKBEHLMpamba
JbyAcKor reHoma (eHr. Human Genome Project) ca im/beM OTKPMBamba M Malrypamwa CBUX
reHa (pyHkumoHanHux cermeHara [IHK) y jbynckom opranusmy. YV ToMe ce HallOKOH U
ycrieno 2003. roguHe. Y OKBUPY IIPOjeKTa je OTKPUBEHO Aa JbYyICKY TeHOM MMa MPeKo
TpU MUIMjapae 6asHMX MapoBa. ba3Hu mapoBu ce cacToje of reHa, 3a Koje ce mpolie-
wyje na nx uma usmehy 19.000 1 20.000. Papg Ha moky1iiajy pasymeBarmba HauMHa UCII0-
JbaBakba U MHTEpaKIivje OBUX reHa Tpaje u JaHac, uako je Beh gocra Tora mo3Hato. Ha
OoCHOBY aHanu3e Jpyackor JTHK MoskemMo ca3HaT¥ MHOTO TOra: YCTAHOBUTU MPEAUCIIO-
3UliMje 3a Hac/leJHa 000Jberba U MOoTeHIMjaHe 3ApaBCTBeHe pu3iKe, Kao U reHeaso-

IIIKe TIOIATKe O KOpeHuMa pamuinje.

LIn/b OBOT MacTep pajia je carieaBarmbe peaJHuX JOOUTY of IpMMeHe pa3BOjHOT OKBMpa
Hadoop Map-Reduce, ymecTo yo6uuajeHOT IIeHTPaJM30BaHOT IIPUCTYIIa pa3Bojy cod-
TBepa. YIa3HM ITOJaly pa3ByjaHe TecT-alIMKalije Cy TeHOMCKe CEeKBEeHIIe, a 3a/1aTaK
je rommcaTy ¥ IpebpojaTu cBe MOoACeKBeHIle gare nykuHe. IIpoiec je muctpubynpax
Ha BUIIIe YBOPOBA U JIeJI ce Ha ABe ¢ase: IIpBa je pacropehuBambe (Y Kojy je YK/byueHO
1 QUIATPUpPaIbe U COPTUPAEbE) CBMUX MOTyhiX MOICeKBEHIN, a Apyra o6paaa 1 mpedpo-

jaBarbe Tako cpehjeHuX MoICeKBEHIN.

V nornassby 2 OIucaH je ekocucrem Hadoop-a, 1eroBe OCHOBHE KOMIIOHEHTe, YeCTo
KopuitheHM anaTu, IPeIHOCTU U HefocTallu. 3aTUM CY Y MOIVIaB/by 3 OMMCaHM HEKMU
0J1 OCHOBHMX IT0jMOBa reHeTuke, monyt [IHK, cekBeHunpamwa JITHK u hopmara 3a 3anu-

cuBatbe reHOMCKUX cekBeHIM FASTQ. ITornaBibe 4 caapsku OIMC TEXHOJIOTHja U ajaTa
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Koju cy KopuitheHM y pajy, a Koju He Ipumnajajy pa3BojHom okBupy Hadoop. Y niorna-
BJ/bY 5 6uhe onncan Hadoop Map-Reduce Tipojekat HammcaH y JaBu, y KOjeM ce IpuKa-

3yje Kako MmojecuTy 3aaaTtak 3a Map-Reduce.
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Pa3Bojuu okBup Hadoop

Uneja Hadoop-a je ma ymecTo IITO MOJaTKe MpuiarohaBamo uspauyyHaBamwy — MU3pa-
yyHaBamwe IpwiaroaumMo mnogaiuma. C TMM y Be3U HHje IMOTPeOdHO IMPBOOUTHO (pui-
TpUpame IojaTaka, Beh ce M3pauyHaBaibe BpPIM Ha YMTABOM CKYIy mofgaTaka. Cam
eKOCHUCTEM je Tofie/beH Ha HEKOJIMKO He3aBUCHUX eJIoBa Paiyt 6psker OropaBka HAaKOH
XapaBepckux rpemaka. Caapsky YeTUpy OCHOBHE KOMITOHEHTe Ha Koje ce HaZoBe3yjy

IomaTHu ajiatu [2]:

e Hadoop Common - cagpsku 6MOIMOTEKe U yCITyTe KOje Cy TOTpeGHe IPYyTUM MOJY-
aMa

e HDFS (Hadoop Distributed File System) - gucTpuOyupaHy CUCTEM JaTOTEKA KOju
CKIAUIITY ITOAATKe Ha CTaHIapIHUM MalllHaMa, TIpy>kajyhu Bp/io BUCOKY YKYTTHY
"MpOMyCHOCT" (eHT. bandwith) ipeko 1ieJior Kji1acTepa

e Map-Reduce - ckajabuaaH IporpaMcky Mojies Koju menu obpaay mopaTtaka Ha
MHOTO pa3JIMYUTHUX Mpolieca

e YARN (Yet Another Resource Negotiator) - mnatdopma 3a yIpaBbaibe pecypcuma,
OITOBOPHA 3a yIpaB/balbe PauyHApPCKUM pecypcuMa y KjaacTepuma, Koja BpIn

pacnopehjuBambe KOpUCHMKA U aTlIMKalMja.

Ha oBe ocHOBHe KOMITIOHEHTe Ha/I0Be3yjy ce ocTaje aluiMKaliuje, ynja je HajBakHMja
0cobuHa moy3aaHoCT nmojgaTtaka. OHe ce MOTY KOPUCTUTHU U He3aBMUCHO, Y OIHOCY Ha
rotpebe 1 3Haba KopucHMKa. TakBe armkanuje cy Apache PIG, Apache Hive, HBase...
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Fbuma ce npuctyna nyrem Map-Reduce 3amaTaka, KOju ce MOTy MMCATU y MPOTrpam-
CKuM jesuniuma JaBa wiau IlajToH. 3aTuM ce 3a CBaky Off OBUX alliMKaluja KOPUCTU
beH crenududaH Mporpamcku je3uk, oyt SQL-a 'y Hive wnu Pig Latin, unMe ce Kpaj-
UM KOPUCHUIIMMA, Hajuelllhe aHa/IMTUUapuMa 1ojaaTaka, omoryhasa npernename y

’Bb¥Ma MorogHom dhopmary.

Cnuka 2.1: Hadoop noro

IIpojekat Hadoop 3armoueo je [ar Katunr (Doug Cutting), Koju je TBopall ¥ MO3HATe
O6ubOMMOTeKe 3a MpeTpakuBatbe TeKcTa Apache Lucene. VIHTepecaHTHO je na je Hadoop
610 MMe Urpauke CJIOHA HErOBOT CMHA, Te ojaT/ie MOTHYe Kiaeja 3a HA3UB U JIOTO
arnkaiuje (cimuka 2.1). Apache Hadoop Byde KopeHe M3 MalllMHe 3a mpeTpary Be6-
a, Koja je meo mpojexkrta Apache Nutch.

I'yrioBu umskerbepu cy 2003. 06jaBMIM YaHAK O CUCTEMY JATOTEKA KOjU CY OHM KOPU-
CTUJU U KOju je mocTao y3op 3a HDFS [5]. HapenHe roguHe 06jaBibyjy jolll jefaH uia-
HaK, KOju IpecTaB/ba pBU 3anuc o Map-Reduce koHLenTy [6]. BehuHy rmaBHUX anro-
pUTaMa MHXemepH yCKOpo ycneBajy na npunaroge 3a Nutch, kopucrehu Map-Reduce
1 HDFS. HakoH yCIlelHOT MMIIEMeHTHpaha y IMPOoayKIMOHOj Bep3uju, hopmupa ce

He3aBMCHM IIpojekaT noa umeHoM Hadoop.

2.1 HDFS - Hadoop nucTpubyupaHu CUCTEM JaTOTeKa

HDFS je nuctpubyupaHu, CKaJlabWIHM U TIPeHOCHM CUCTeM AaToTeKa IMucaH y JaBu y
LMJbY TIOAPIIKe 3a pa3BojHU OkBUP Hadoop. CBaka MHCTaHIIa YBOpa MMa jeaH MMeH-
cku yBop (eHI. NameNode) u KiacTep 4yBopoBa nojaartaka (eHr. DataNode) Koju ¢op-

mupajy HDFS xnactep [2, 3]. HDFS MmoXe [a CKIaQAUILTY BeJMKe KOJIMYMHE JaTOTeKa,
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00MYHO Yy pacroHy of rurabajra Ao merabajra, Ha Buile MaiiMHa. OCHOBHM KOHIIEIT
Iou3ajHa je ma kopuctehyu MyHO YBOpOBa BPUIMMO Mpoliecupame y paHujuM ¢asama
TaKo IITO JATOTEKe MeJIMMO Y CUTHHUje 6I0KOBe Koju ce pacriopelyyjy rmo usopoBuma,
KOjX MOXe OGUTH M Ha CTOTMHE Xusbaja. Ty UYBOPOBM OOMYHO HUCY CKYIIM, TaKo Aa
HacTaje CKajiabuaaH M He Tako CKYI CUCTeM. Yja3Ha AaToTeKa mMosxke 6uTu Beha off

HajBeher OUCKa y KiaCTepy, aJim TO He ITpeaCTaB/ba CMETHY, jep ce JeJyim Ha 6J10KOBe.

OBaj cucreM gaToTeka je BeOMa OTIIOPAH Ha Ipellke M HUje XapABepCKM 3aXTeBaH.
Kako je HamemeH 3a cepBepe, TaUHMje 3a CTOTMHE WV YaK XU/baJe cepBepa Koju uMajy
pas3auMuuTe KOMIIOHEHTe 1 3a Koje mocToju ogpehieHa BepoBaTHOha OTKa3MBamwa, IMIaBHU
b apxuTekType HDFES je na 6p30 OTKpHje Tpellike 1 Aa UX ayToOMaTCKy OTKJIOHU. Vima
jeIHOCTaBaH MOZAeN 3a IIPUCTYII AaTOTeKaMa — YIIUIIU jeIHOM, unTaj Buile ryta. HDFS
HIje HaMelbeH 3a MHTepaKIyjy ca KOpUCHUKOM, Beh je Buille OKpeHYT HeCMeTaHOj 00-
paayu mogaTaka ofi CTpaHe Apyrux anara. HDFS je nu3ajHMpaH Tako Ja MMa apXUTeK-
Typy maBHU/IoApehenn (eHr. master/slave). OBme 6U TO 3HAYMJIO JIa jeIaH KacTep
Hadoop vma jenaH 1 camMo jeiaH MMEHCKM YBOP M BUIlle YBOPOBa MogaTaka. O6MYHO je
jemaH cepBep IVIaBHM U HA HbeMy Ce MHCTa/IMpa MMEHCKM YBOP, a Ha OCTaauMa Ce UH-
CTaJMpajy YBOPOBU MojgaTaka. [J1aBHM cepBep Ha KOjeM je MHCTaAMPaH MMEHCKM YBOP
KOHTPOJIMIIE ITPUCTYII AaTOTeKaMa M yIpaBjba MMeHCKMUM IIpocTopom (eHr. The File
System Namespace), Koju mogpkaBa TpaguLMOHAIHY xujepapxujy. KopucHuk ynpassba
IaTOTeKaMa Ha [NIaBHOM CepBepy, BUAM IMPEeKTOpujyme u fatoreke. Jlabe ce naToTexke
nene y 6JIOKOBe U CKJIaIMIITe Ha OCTajie cepBepe Ha KOjuMa je MHCTaIMpaH YBop 1Moja-
TaKa KOjy CIYXKM 3a CKJIaAUIITehe 6JI0KOBA M 103BO/baBa Kpeuparbe 6JI0KOBa, Opucame

" ITIOHABJbalbe.

CymupaHo, MMeHCKM YBOP UyBa MeTarogaTke 6JI0KOBa 1 KpajkhUM KOPUCHULIMMA TTpU-
Ka3yje caMy IaTOTeKY, a He 6JI0KOBe KOju KOPMCHUIIMMA HUCY UNT/BUBU, TOK YBOP I10-
naraka 4yyBa nogatke. OBO OM ce MOIJIO ITOCMAaTpaTH Kao Aa ce y MUME@HCKOM YBOpY
yyBajy agpece 6JI0KOBa, uMe 1 6poj konuja. HDFS uma Ty MmoryhHOCT fa ce 6I0KOBU
yrucyjy Buiile myta. OBo cMambyje pU3MK Off T'yo/betba romaTaka. [lompasymeBaHu 6poj
KOIuja je Tpu, IITo 3HauM 1a he ce cBaku 6s10K KonmpaTyu Tpu nyta. Konuje He Mopajy
6uTHK Ha jeIHOM cepBepy, Beh Mory fa ce cmecTe Ha CBe cepBepe y KJlacTepy Ha Kojuma
je MHCTaMMpaH YBOP nogaraka. Tako ce cMambyje pu3uK off Ty6/berba nojgataka. Komy-
HMKaiuja nsmehy cepsepa y kiactepy oasuja ce momohy nporokosna TCP/IP, ma camum
TUM ¥ MMEHCKM YBOp KOMYHMIIMpa Ca YBOpPOBMMA mopaTtaka. [lopen Tora, YBOpoBuU
rojiaTaka rmepMoaANYHO /by CUTHAI MMEHCKOM UBOPY, IITO 03HAaYaBa [1a je YBOP >KUB.

Kama UYBOPOBM IIO4AaTaKa HE IIa/by CUTHAJI TO je 3HaK Ja je AOLLJIO 40 OTKa3a " HOTpE6HO
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je 3ameHNUTHM UYBOp. Taj cUTHaAJI ce Ha3MBa OTKYI1IAj cpuia (eHr. Heartbeat) v 1iokasyje ga
cBe GYHKIMOHMIIE Y HajoorseM peny. [TocToju MmoryhHOCT KomMpara IJIaBHOT cepBepa,
OIHOCHO MOCTOjU U CEKYHIapHU MMEHCKM YBOP, KOjU je aKTUMBaH MCTOBPEMEHO ca Ipu-
MapHMM, I1a ce y oapeheHUM nHTEpBaauma hopmMupa CaMKa pacriopena rmogataka Ha

NpMMapHOM UM KOIIMpa Ha CEKYHOAPHM MMEHCKN YBODP.

ITogpa3ymeBaHa BeJMuKMHa 6/I0Ka IoJaTaka y YBOpy rojgaTaka M3Hocu 64MB, a uecto
ce roBehaBa u Ha 128MB. IlepdopmaHce 3aBuce oI TOra KOJIMKO je BejlMKa JaToTeka
Koja ce o6palyyje, ako je JOBO/bHO BeJIMKa, OHJIA Ce€ KOPUCTU OTNITMMAasaH 6poj 6;10K0Ba,
jep je Hadoop nipensuhjeH 3a TakBe ciayuyajeBe. Y JIy4ajy Ja je JaToTeKka Marba, U Be-
nuMyMHa OJI0KOBA je Mama M TO MOKe JOBeCTH 10 Ipobiema (Malnupame ce BpIIN 10
610Ky, a 11/0 omnepatiuje cy criope). la 61 ce TO IpeBa3uIilio, Makbe JaTOTeke 1mpe Io-

craB/barba y HDES Tpeba cIojuTy Wi HaJloBe3aTy Ha Buille Behux.

IToctoju Buiiie mpuctyma HDFS cuctemy natoreka: Web Rest Api, Java Api ipeKo Kjace
FileSystem, C/libhdfs u mytem HDFS KOoH3071e, KOja KOPMCTM KOMaH/e CJINYHe CTaHaap/-
HUM UNIX KomMaHZaMa.

2.2 IIporpamcku moaen pacnopehuBame-npukymnbame

PacnopehjuBame-npukyrbame (eHr. Map-Reduce) mpencTaBba MPOrpaMCcKy MOAE 3a
Tpolecuparbe BeTMKUX KOJIMYMHA MoAAaTaKka Koju IMoYnBa Ha AUCTPUOYMpPaIby 1e/10Ba
M3pauyHaBaka Ha pasjuMuuTe YBOPOBE M 3aTUM Ha HMXOBOM I1apajeJlHOM M3BpIlIa-
Bamby. [IpBU 33/1aTaK je [a ce U3BPIIN Ae/belbe MofaTaka y napunhe (eHr. chunks) xoju
ce 3aTuM pacriopeljyjy, copTupajy 1 Ha Kpajy 006jeIunbyjy.

Mopen ce MosKe mocMaTpaTH ¥ Kao ABe O/IBOjeHe HeInHe, 1eo 3a pacnopehuBaibe 1 1e0
3a MpUKyIUbabe [7]. PacnopeljuBatbe ce cacToju of: unTatba 3ammca, pacrnopehpama,
KOMOMHOBAaha M MapTUIIMOHMCaba 0JI0KoBa. [IpuKyIbaibe ce Takohe Moske pa3aBo-
jUTY Ha MOC/IOBE Melllatba, COPTUpPatba, CyMupamwa 1 popMmaTupama usnasa. Ha cauim

2.2 je mpMKa3aHO Kako M3Iieaa TOK MojaTaka.

[TocTymak uMTarba 3amyca CBOIM Ce Ha MpeBohjerbe yaa3HuX MoaTaka y oarosapajyhe

3amyce oroaHe 3a pacropehuBatbe. [Togatu ce mpociehyjy y dopmu Kibyd/BpeqHOCT.

V dasu pacriopehjuBarba Ha cBaKOM ITapy K/by4/BpeaHOCT M3BpilaBa ce hyHKIMja Map(),
KOja TIpou3BOAM IMapoBe MocpegHMKe. BaxkHO je Mpeln3HO ofgpeanuTy rapose, jep of,
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Cnuka 2.2: TIportec pacriopehuBama 1 nmpuKkyIbarma

TOTa 3aBMCU e(pMKACHOCT HapeIHUX Kopaka. Kibyu 3aBucu of Tora Kako he ce mame
TpymucaTyi TapoBH, AOK je BpeaHOCT MH(popMaliyja 3HavajHa 3a aHanu3y y asu mpu-

KyTl/batha.

Komb6umHaATOp 1pencTaB/ba JOKATHN IIPUKYIUbAU KOjU Ce MOKe KOPUCTUTH Y da3u pa-
criopehjuBama 3a KOHKpeTHM uBOp. Hberosa cBpxa je ga cMamby 6poj mapoBa Iocpes-
HMKa KOju ce HaKOH pacriopehjuBama mpocielyyjy octasium uBopoBuma. Yecto Mory
IoCTa yHampeauTu rnepdopmaHce, ¢ TUM IIITO HUje CUTYPHO Aa he ce M3BPIIUTH JIO-

KaJIHO pacrnopehjBame.

Kop maptuiinoHucama HacTajy rnmapunhyu of mapoBa IocpegHMKa, OOMYHO Tapue Io
MPUKYIJ/bauy. 3a CBAKO Iapue ce OApeAy xell Kof, Hajuelllhe 10 anroputmy md5sum.
3aTuM ce 3a CBaKO OfI lbUX 00aBJba oIepaliyja MOIyJ Mo 6pojy MPUKYI/baya, IITO y3PO-
Kyje [1a ce K/byuyeBU IMCTPpUOyMpajy paBHOMEPHO Ha IIPUKYI/baue [0 METOAM CJIy4ajHOT
y30pKa, ajii ce UMak ocurypana ia he kbyueBu ca MUCTOM BpenHOIINY ca pasauIuTUX

pacriopehuBaua 6uTHu pacropehjeHr Ha UCTOM MPUKYT/bAYY.

da3za npuKyIbamwka MoYMmbe KopaluyuMa Mellaka U copTupamwa. [IpBo ce Bpuiu Ipe-
HOILlIee M3JIa3HUX JaTOTeKa Ha JIOKAJIHY MalllMHY, 3aTUM Ce TU MOjeAMHAYHU [eI0BU
coptupajy y Behy amcty. CBpxa copTMparmba je rpymnucame UIeHTUYHNX K/byuyeBa KaKko
61 ce MOIJIO JIaKille UTepupaTu Kpo3 BpegHoCcTH y kKacHujuM dasama. CBe pajie ce
BpIlle ayTOMAaTCKM, TaKo Ja Huje Moryha 3HavyajHuja M3MeHa IJlaHa Melllakha U COPTU-
pawa. EBeHTya/IHO ce MOsKe MpOoC/IeAUTI KOMIIapaTop Ha OCHOBY Kojer he ce BpIIUTHU

COpTUpabe.

V dhasu 0bjenubaBarma MPUKYIJbay M3BpIIaBa PyHKIINjYy IPUKYII/batha KPO3 IaTe IrpyIie.
[Tomaiu ce Taja cakyrvbajy, Guitpupajy u KoMouHyjy. Pesynarar paga je Hyna muau
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BHUIIIe TTApPOBa KJby4/BPeIHOCT Koju ce mpociielyyjy y 3aBpiiny oopamy. Ha kpajy ce dop-
MMpaHM MapoBy 3anmcyjy Hasam Ha HDFS, mpu yemy caMm ¢opMart 3armca Moxe 6UTu

pas3InNUnT.

IIperiopyka je ma ce KOpUCTHU jedaH pacnopehjuBad 1o IMCKY, JOK jeJaH IIPUKYIbad J0-
J1a3M Ha jeHO MPOIIecCOPCKO je3rpo. OmTuMajaH 6poj 3aBUCK U OfI BeJIMUMHe 0JI0Ka Y
caMoOM 3aJaTKy. bosbe je uMaTy Buille M31a3HUX JATOTEKA, ajii Tpeba BOAUTH padyyHa
M [ja ce TIOCJIOBM He M3BPIlIaBajy mpeayro. JemaH NMpuUKyIybay 1o je3rpy ocurypahe ma-
pajiesiHO u3BplilaBame. Takohe He Tpeba KOMIUIMKOBATH Y Be3U BpeJHOCTU KJby4a, 1a
ce TIperopyuyje aa To Oyze JorMuHa BpeJHOCT Koja he onakinaTu nabe Mellame, rpy-

TCcatbe U COpTUpatbe Koje Bpiu cam Hadoop.

Kibyu MOske OUTM ¥ KOMITO3MTHM, aKO je TakaB 3ajaTak. Hekaga Moske OMTHU KOPUCHO
HaIpaBUTY CEKBEHIy HAaM3MEHNYHMX ITOCI0Ba pacropehuBama 1 MpuKymbarma, Kako
61 ce y6p3asio 1 o/IaKIlalo U3BpIlliaBakbe. Pe3yTaTt MpuKyIybakba ce gajbe mpociehyje
pacriopehuBauy, Koju cama pagu apyrauuje pacrnopehBaibe, 1 Tako BuIle myTa. Bpen-
HOCT MOKe cafpyKaTy ¥ HeKe MeTaroaTKe KOju HUCY CaZipkaHM Y CMPOBUM IMOaIMa,

HIIp. pelHU 6po;j.

Kao 1 y penanmonum 6a3ama IogaTaka, BpJio 6MTHA omepaliyja jecte cliajame Tabesna
(enr. JOIN) [8]. Y Hadoop-y ce crajame BpIM Ha OCHOBY K/byua, TaKo Jia je OUTHO
no6po ogpenuTyu oarosapajyhm kbyu y neny pacnopehuBama, a ako MMa HEKUX CyBU-
IIHUX TI0JjaTaKa, bUX Tpeba mpedbauTy y BpeqHOCT. [IporpaMcku Mofien je TorogaH
3a orepaiiyje MHOXemba MaTpulla, Koje ce JoCTa KOPUCTe Y MaIlMHCKOM YUerby, MC-
TpaXkuBaby MojaTaka  CTaTUCTUUKUM aHaMM3ama. Hajoosbe paiy Kaja cy 3afaly pa-
criopehjuBama 1 MPUKYIUbakka jaCHO pa3aBOjeHy 1 He3aBucHU. PacrnopehuBaun Buge
caMo TojeuHe AesioBe rogaraka. To 06MUYHO MOKe OUTHM BPJIO KOPUCHO OTpaHNYErbe,

aJiu MMa U cJlyyajeBa Kajia je To HegoCTaTak.

2.3 YARN

YARN je cucTeMm 3a yIipaB/baibe U3BpIllaBabeM AMCTpUOyMpaHuX arinKaiuja. InaBHa
dyukimja YARN-a je yripaB/batbe pecypcumMa yHyTap kiacrepa. CacToju ce ofi iBe KOM-
ToHeHTe: TaHepa (eHr. Scheduler) n yripaB/baya aruiMkaiujama (eHr. Applications
Manager). OBe KOMIIOHEHTe Cy AeJI0BU yIIpaB/bada pecypcuma (eHr. Resource Manager).
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[lnaHep je KOMIIOHEHTA KOja OpuHe 0 ajoKaIMjyu pecypca ariMKaiuja Koje ce u3Bpiia-
Bajy. BUTHO je HAalTOMeHYTH Jia je MOTPeOHO BOAUTHM payyHa caMo O pecypcuma, OIHO-
CHO He OpuHe ce 0 TOMe KaKaB je CTaTyC aIllyiMKallyije Koja ce M3BpllaBa; He MpaTu ce
pap arutnkaiuje. Kako ce 6prHe camo 0 ajoKaluju pecypca, He Mopa ce BOAUTHU pa-
YyHa 0 TOMe J1a JIX je AOIILJIO 0 TPeliKe VM je KO JIOII, IITO 3Hauu Aa he pecypcy 6uTu
Iofe/beHM HeKOj alIMKalMjy JOK rojl lheH pajl He IpeKHe KOPUCHUK UM HeKa Jipyra
KOMIIOHeHTa. YIpaB/bau alIMKalliMjaMa pyKyje aruiMkaiujaMma nucanum 3a Hadoop.
HberoBa cBpxa je Ja mpuxBaTy 3a7aTak, MCIIMTA pecypce U JoHece 3aK/byJak IiTa Tpeba
TMIPBO J1a ce U3BpIN. YIIpaB/bay aliMKalyjama je Takohje 3aaykeH 1 Jja pecrapTyje 3a-

maTak, OMHOCHO aTlIMKaIujy, ako qohe mo Heke rpemike [9].

I'maBHa komrioHeHTa YARN-a je yrpaB/bau pecypcuma, Koja yrpaBjba CBUM JOCTYITHUM
pecypcuMa KjacTepa ¥ Ha Taj HAUMH TOMaxke y yIpaBbakby OUCTPUOYMPAHUX aTlin-
Kaluja Koje page Ha cucteMy YARN. Vpass/bau pecypcuMa paay 3ajeJHO Ca KOMIIO-
HeHTaMa Koje cy nomate YARN-y. Ty cnamajy Hag30pHUK aruiMkaiuje (eHr. A per-
application ApplicationMaster), yripaB/bad uBopa (eHT. A per-node slave NodeManager)
1 KOHTejHep uBopa (eHT. A per-application Container running on a NodeManager). Han-
30pHMK aluIMKalivje je 3ay>KeH [1a y capaiby ca yIpaB/baueM pecypca rmperosapa o
pecypcuMa 1 pajiy 3ajeTHO ca YIIpaB/baueM YBOpa KaKo O MPaTUIu M U3BPIINAIN HEKU
3afaTak. YIpaBsbau YBOpa je Taj KOju IperoBapa o U3BpIlleby 3aaTaka U 1a/be U3Be-
mITaje yrupassbauy pecypca. Kama miadep “ysme” pecypce KOjyu Cy MOTPeOHM 3a HEKY
aIUIMKAIMjy, OH X “CTaB/ba” Y KOHTEjHEp.

HonpuHocu cuctema YARN:

e CKa/yaGMITHOCT — KaKo MOh ITpoliecuparba ¥ KOJM4MHa pecypca KOHCTaHTHO pa-
CTY y LIeHTpuMa 3a 06pagy nmoxartaka, moryhHoctu YARN-a cy mo6pomoriie. ITo-
CTOjalbe KOMIIOHEHTe IJIaHepa YMHOTOMe OJIaKIlIaBa yIpaBjbatbe Benkum Hadoop

KimacTepmmMa.

e KommnaTtubmmHocT ca mozmenom Map-Reduce — Beh HammcaHe ariMkalyje Mory fa
pase Ha YARN-y, Koju je y HOBUjUM Bep3ujaMa MoCcTaB/beH Kao mehyycioj usmehy
Map-Reduce-a v HDFS-a.

e ITo6o/piaHa McKOpUITheHOCT KaacTepa — y MpeTxofgHoj Bep3uju Hadoop-a mo-
CTOjasIy Cy MMEHOBaHM CJIOTOBM 3a cBaku Map-Reduce mpoiiec, KaCHHUje je TO U3-

0aueHo U caMo pe3epBlCarhe pecypca je J0BelIO 40 BeIMKOr oJaKinama. MHOro
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je 6o/be MMaTM KOHTejHep KOj| je TapaHTOBAaH y OJJHOCY Ha MOTpebe, HETO MMe-

HOBaHU CJIOT KOju 6amI 1 Huje (rexcnbuiaH.

e MoryhHocT o6pajie momaTaka y peajHoOM BpemeHY — ca YARN-om je moryhe nu-
caTy arviMkalyje 1Mo CUCcTeMy mpoiecupama rpadoBa M UTEpaTMBHOM MOIENTy
Koju ce KOMOUHYjy ca Map-Reduce-om. CTuue ce yTUCaK J1a ce pe3yjaTaTu HeKe
obpame mo6Mjajy CKOpO y peaTHOM BpeMEHY.

e [TonpskaHa je arMITHOCT, IIITO je IToce6HO TOO6PO IpU Miucakby arimkaiuja 3a Hadoop.

2.4 Exocuctrem Hadoop-a

Exocucrem Hadoop-a je CKyTl ajiaTa, OGHOCHO TpojeKaTa Koju MOTY Ja paje Ha IaT-
dopmu Hadoop. VY Te anate cnianajy u HDFS n Map-Reduce, Koju Cy ¥ Iel0BU TIaT-
dbopme, anu ce Bofe 1 Kao Apache mipojektu. Ako Hadoop rinegaMo Kao jeqHy IeInHy,
Ha mera je moryhe mogaTy BeJiMKy Opoj pasHUX ajaTa, BeJIMKOM BehMHOM pa3BujeHuX
on Apache ¢oupmauuje. Tu anaTt cy cmocoOHM Ia KOMYHUIIMPAjy ca Hadoop Kommo-
HeHTaMa U HBUXOB pajl Moxe 1a Oyae He3aBUCTaH, a HEKM OfI ’bMX CY IpaB/beHU CaMO
3a Hadoop [10]. Ty cniapajy:

e IUCTpUOYyMpaHM cuUcTeM JaToTeka - HDFS

e aJyiaTy 3a IUCTpUOyMpaHo mporpaMmmpabe - Map-Reduce, Apache Pig, Apache Tez

e NoSql 6a3e nomaTtaka - Apache HBase, Apache Accumulo

e SQL 6a3e nomaTaka - Apache Hive, Apache HCatalog

e aJiaTy 3a yHOlIewe nogataka - Apache Flume, Apache Sqoop, Apache Storm

e ajIaTy 3a Mporpamupae ceppuca - Apache Zookeeper

e anaTu 3a panopehuBame (eHI. scheduling) - Apache Oozie u Apache Falcon

e aJIaTy 3a MAIlIMHCKO yueme - Apache Mahout

e QJIaTU KOjy OJIaKIlIaBajy MHCTAIAIM]y KOMIIOHEHTU - Apache Ambari, HUE

e Oe3bemHocHM anatul - Apache Knox
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Cimmka 2.3: Ekocucrem Hadoop-a

Heku on uenrthe kopunrhenux anara u3 ekocucrema Hadoop-a cy:

e Apache HCatalog je anat Koju omoryhaBa JiaKkiie yrpassbatbe Tabenama 1 CKia-
OUIlTea nojgaTtaka Ha Hadoop-y, ITO KOpUCHUIIMMA pa3HUX ajaTa mpyxka Mo-
ryhHocCT 3a aHanM3y nojgataka 1 omoryhyje MM a jakiiie YnTajy 1 MUl rmojgaTKe.
HCatalog je cnoj Ha Hadoop-y xoju omoryhaBa mpe3eHTOBambe rogataka ca HDFS-
a y Buay Tabena u ocmobaha kopucHuke 6pura o Tome rme cy 1 y Kojem dop-
MaTy cauyBaHM nogauu. HCatalog moske [a MpuKaxe MogaTke U3 TEeKCTyaTHUX
dajnosa, koju cy y dopmaty RCFile i CSV, 1 cBe ux npukasyje y TabesapHoM

00/IUKY.

e Apache Hive je nHpacTpyKTypa 3a CKJIaAuIITemhe mogaTaka usrpaheHa Ha riar-
dopmu Hadoop. Cry>kui 3a 00paay rmomaTaka u rpeicTas/ba ogpasyMeBaHy CTaH-
napp 3a SQL yruTe Haj BeIMKMUM KOoAMYMHaMa nmogaTtaka, OoqHOCHO BigData. Hive
Mpy>ka IMporpaMcKku je3uk Bpio candad SQL-y, moxa HasuBoM HiveQL. Kopuctu ce
Ila OJIaKIlla OPTaHM30Babe U CKIAAUIITEehe BeIMKUX KOMUUMHA PA3INIUTUX T10-
maTaka M3 pasamumMTux usBopa. I[Ipyka MoryhHOCT KOpUCHUIIMMA A TIpeTpaxke,
CTPYKTYMpajy 1 aHa/IM3MPajy MoJaTKe 3a MOCJIOBHY MHTeUTeHLIN]y (eHT. business

intelligence). HauuH paja je BeoMa CIMYaH pejialiiOHOM MOJEINy, Tabesie Cy CIMYHe
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Tabesiama 13 pealoHOT MOJiena, a MoJaly Cy OpraHUM30BaHM y TIOPETKY Off Be-
hux ka mawuMm jenuHuiaMa. base cy caunmbeHe of Tabesna, a Tabene of MapT-
1uja. [Mogamyma ce MpUCTYIIa Ha OCHOBY YITUTA KOju Cy CKOpO uaeHTuYHM SQL-y,

ajv je pasyinka y ToMme 1mto Hive He mogpikaBa 6pycarbe U aXKypuparbe MogaTaka.

e Apache HBase je HepenaiuoHa (eHT. NoSql), nuctpubymupaHa 6a3a rojgaTaka Ha-
MycaHa y mporpaMcKoM je3uky JaBa. [Ipencras/ba Hagorpaawy ['yrioBor mpo-
jekTta Bigtable. OBa 6a3a mopmaTaka je npensuhena ga pagu Ha Hadoop-y, Tau-
Huje Ha HDFS-y. HBase je 6a3a mojatraka opujeHTHCaHa Ha KOJIOHe U BeoMa je
OTIIOpHA Ha OTKa3¥Baiha. JeHa Ofl HajOMTHUjUX 0COOMHA joj je 6p3 IMPUCTY MO-
IaiymMa Kojyu Ccy pauiTpKaHM, IITO je of Belyke nmomohu ako ce o6pahyje Heko-
JUKO TepabajTa nmojgaraka, OJHOCHO HEKOJIMKO MWINjapayu pefoBa, a MOTpeoHo
je Ha mpumep 10 HajBehux BpemHoCTU U3 Hene Tabene. HBase Hyou U TpaHCaK-
LIMOHe oIlepalluje KOPMUCHUIIMMA, TIOMYT aXypupama, JoAaBama win opucama
rogaTaka, ajiu UIak He MOXKe Jla ce KOPMCTHM Kao MOTIyHa 3aMeHa 3a Tpaguiiuo-
HaJTHe TpaHCaKIMoHe 6a3e rmomaTaka. OCHOBHe ITPeIHOCTU KOje JOHOCHU Cy duiek-
CUMOWIHM MOZEeJ MofaTaka, KBaJuTeTHa MOAPIIKA Y TPOrpaMcKoM je3uKy JaBa u
obpapa rojaTaka y peaTHoM BpeMeHy. Tabese oBe 6a3e MOry Jia C/Tyske Kao yias
MM Kao M37a3 3a 3amaTke u3 Map-Reduce, mito Moske na 6yme M3y3eTHO Mpak-

TUYHO U ITPMMEHJbUBO.

e Apache Sqoop je anaT Koju CTykiu 3a IMpeHOC mojaTaka u3 u y kinacrep Hadoop.
HberoBa rmoce6Ha HaMeHa je [a paay ca peaalyMoHUM 6a3ama momaTtaka. Ocum
TpaHcdepa nomataka y HDFS, Sqoop Moske OUpeKTHO na paau ca Hive-om wnu
HBase-om. IIpegHocT Sqoop-a ornena ce y 6p3oM IpeHoCy rmojgaTtaka yuytap HDFS-
a.

e Apache Spark je mpojekaT OTBOPEHOT KoOjla KOju ce pa3Buja I0J MOKPOBUTE/b-
ctBoM (poHpaluje Apache, a YMHM anat 3a 6p3y 1 epukacHy 06paay BeIMKUX KO-
JINYMHA TofaTaKa " jefaH je Of HajJlaKIIMX ajaTa 3a yuyewe u pa3Boj BigData.
[IpencraBsba jeIMHCTBEHM ajaT 3a pa3Boj arviMKaluja 3a 0opaay rnogaTtaka, 6miao
Ila ce paay O MaKeTHOj, MMPOTOYHO] WJIM MHTepaKTMBHOj 0Opaayu rojgaTaka. Pa-
3BOj je BPJIO JIaK jep ce KOpUCTe pa3sHOBPCHU U jeqHOCTaBHU MHTepdejcu, Koju
3Ha4ajHO ONTUMMK3Yjy nepdopmaHce. JIako ce MHTerpuilie y pa3anunuTe CUCTEMe
3a YyBame MoJaTaka, Mako Cy IipeMellITame MnogaTtaka usMel)y cucrema u MHTe-

rpaiyja ca pa3JiMuMTUM KOMIIOHEHTaMa CKyTle orepaiiuje.
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Spark omoryhasa kopuithetre PAM Memopuje KjiacTepa payyHapa 3a M3BpIla-
Bake KOMIUIEKCHUX U 3aXTeBHUX MTOCI0Ba IpU paay ca rojanyma. Beoma je mako
MIPOUIMPUTH YKYITHE KamaluTeTe Kiacrepa y Spark-y jefIHOCTaBHUM [10JaBatheM
PAM meMopuje win fomaBakbeM HOBe MalllvHe y Kiaactep. [lomaTke rnpeacTasba
KpO3 CBOje b6oraTe CTpyKType IofaTaka, Kao IITO Cy CKYIIOBY IMOaTaka OTIIOPHU
Ha AucTpubyTUBHOCT (eHT. Resilient Distributed Datasets - RDD), okBuUpM TIOfa-
Taka (eHr. DataFrames) u ckynoBu nogataka (eHr. DataSets). Ilopen memopuije,
MoJaly ce MOTy CKIaAUIITUTH M Ha AUCKY, a Ta OAJTyKa je MpemyuTeHa nporpa-
Mepy. [Ipu o6paau rogaTaka oBe CTPYKType ce MOTY UyBaTH y PafHOj MEMOPHjH,
ITO 3HavajHo roBehaBa mepdopmance obpame. CTpyKType romaraka y Spark-

y Cy HeIIPOMEHJ/bMBE, 1A TAKO CBaKa oIepaliyja HaJ, HEKOM CTPYKTYpPOM CTBapa
HOBY CTPYKTYDY.

I'pelika Koja ce yecTo IpaBM Kaja je ped o no3unuju Spark-a y BigData chepu
jecte ma ce Spark cmatpa 3ameHoM 3a Hadoop. YKOIMKO je TOTPeO6HO askypupaTu
rojaTKe y Hekoj Tabenu, Spark He TipeAcTaBsba mobap uszbop. Y okBupy Spark
SQL-a He nocToju Hapenba 3a Mematbe rogataka. Popmatu dajnosa ca Kojuma
Spark najuenthe pagy HUCY OIITMMM30BaHM 3a OIlepaliyije Mekbatba IoIaTaKa, jep
je moTpebHO HajIIpe 0OpMcaT cTape 3amuce 1 3aTUM A0IaTH HOBe, IIITO MOKe Ja
MpoM3Beie BEJIMKY KOMMYMHY Mainx dajnoBa. [[obpa mpakca MpUIMKOM paja
ca Spark-om jecte usberaBabe paza ca MaJuM JaToTeKkama, jep TakBa CUTyalluja
noliie yTuue Ha repdopmaHce. Spark HemMa CBOje CKIaAUIIITe ITofaTaka 1 JoCTa ce
ocnama Ha HDFES, a MosKke 1a KOPUCTM Kao M3BOpe U HepejaloHe 6ase IogaTaka,
MIpU YeMy ce uecTo Kkopuctu Apache Cassandra.

e MRUnit je anat 3a TeCTUpambe jeIMHNUIIA KOJIa, TTOCeOHO TIpuIaroheH TecTuparmby
Map-Reduce 3amaTaka, Koju yMHOrome onakinasa paf, [11]. Hadoop o6uuHo paau
y IMCTpUOYMpPaHOM OKPY3KekbY, Ha BUIIIe KjIacTepa U BuIlle JaBa BUPTYeTHUX Ma-
IIIMHA, TaKO Jla TeCTOBM UMHE pa3BOj jeIHOCTaBHUjUM, jep omoryhaBajy ma ce
TeCTUpaHU Cy4aj U30iyje KOIUKO Tof je Mmoryhe. JegaH MpUCTYI je Tpaguim-
OHA/IHU: ofpedy ce yna3, IIOKpeHe ce Mocao Wau jelaH oapeheHu meo rmocia u
yriopehyyje ce ma nu je u3nas jegHak ouekMBaHoOM. IIpoBepe (eHT. assertions) ce
NUITy pydHo. JIpyru MPUCTYII je Ja ce YHampe[ oApene M yias U u3jia3 U Aa ce
pPa3sBOjHOM OKBUPY IIPeyCTH 1a CBe caM OAPaJin.
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2.5 IIpemnoctu u Hepoctany Hadoop-a

[Tporpamcku mopnen Map-Reduce ce Hajoosbe TOKa3ao0 y aruiMkalmjama koje ce 6aBe 06-
paZioM JIOrOBa, IMpeTpakMBamkeM U MHOEKCHpameM Ha VIHTepHeTy, 3aTUM HbUXOBOM
aHAJIM30M, KJIacTepoBameM U KinacudukoBameM. Takohe yecTo ce KOPUCTU y MaIlIMH-
CKOM yU€HY, 3a IIpaB/beibe CUCTEeMA 3a ITPEIopyIMBambe, y 0MoHGOPMAaTUIIN U aHATIU3 U

reHoma [12].

Bpsio BaxkHO mpaBuiio y Map-Reduce je TpaBuiIoO HeJleJbMBOCTHU, ILITO 3HAUM JIa CYy CBU
parnopehuBaun Mel)yco6HO He3aBMCHM, a Kajia ce 3aBpiy pacropehnusarme, 3amounibe
dasza npukymbamwa. Msamehy bux He ITOCTOjU Aesbetbe HUTU MofaTaka, HUTU KPUTUY-
HUX PErMoHa, jep 61 TO yCropwuio AUCTpubOyupaHo u3pavyHaBambe. [IpaBuio Heebu-
BOCTM 3HAUajHO oOjiaKilnaBa mnucamwe GyHkiuja Map() u Reduce() u omoryhasa eduka-
CHMjy TapayiesiM3alnjy rnocjiiopa. YKOJIMKO je MoTpebHo, moryhe je meduHmcaT Heke

HeITpoMeHJbMBe CTPYKType MojaTaka, Koje 6u ce rpocieljpane nsmel)y mociona.

Hepocrarak mopena Hadoop Map-Reduce je ga ce mpoiiec Mmopa rogeanTu Ha ¢asy pa-
criopehuBama u dhaszy NpuKym/bama, ITO Ce He MOXe YBeK IPUMEHUTH, HIIp. Kaja ce
Tpebajy CIIOjUTU Pa3JIMUMUTH CKYIIOBM ITogaTaka. Kog MHOTMX ajiropuTaMa je off KJbyd-
HOT 3Hauaja [oCcTojarme IMTObaTHMUX CTPYKTYpa ca Ae/bUBUM IIPUCTYIIOM TOKOM U3pady-
HaBama, IITO je BPJIO TelIKO MMILIeMeHTupaT y Map-Reduce, jep cy dyHkinje Map()
1 Reduce() mehyycobHO He3aBucHe. Takohe, mocoBu pacropehjuBama 1 MPUKYIUbakba
MMajy ofipehjeHM TpoIlIaK Py MOKpeTamwy rpoiieca. To je mpuxBaT/bUBO, jep Y BehuHu
CJIyJajeBa je Taj TPOIIaK aMOPTM30BaH TOKOM 00pajie MHOT'MX ITapoBa KJby4/BPeIHOCT.
MehyTum, 3a Maje CKymoBe mojaTaka Taj TPOIIaK Py MOKpeTay ce He MOosKe Toje-
pucatu. AITepHaTHBA je 1a ce He KOPUCTe IJI00aTHa CTarba 1 1A ce IeJIOBY aJIfTOPUTMa
M3BIIaBajy MapajesHo, Ha Pa3IMYMUTUM [eoBMMa nojartaka. KoHauyHO pelleme ce
nobuja criajarbeM IojeauMHaYHUX pe3yaraTta. Map-Reduce ce 3aCHMBA Ha YMUTalby I10-
maTaka ca xapp AMcKa, IITO BP0 YecTo ycIopaBa repdopmMmaHce. 3a HeKe CJIOKeHMje
omepaiiuje ce mpernopyuyje pany JaBu. Octanm je3utiyn Mory 6uTu HeemKacHM, IIOTO-

TOBY dKO Ce€ HE€ paan Ca TEKCTOM HETr'O HIIP. 6p0jeBI/IMa Yy AeIMMa/JTHOM 3aIIncy.

[TpoTOYHM aITOPUTMM (€HT. Streaming) TIpeACTaB/bajy alTePHATUBHYM IPOTrPaMCKU MO-
Ies Koju ce 6aBy BeIMKUM KOJIMIMHAMa ojiaTaka ca orpaHMueHMM pauyHCKMM U CKJIa-
OUIIHUM pecypcuma. OBaj Mozesl MPeTIoCcTaB/ba 4a Cy NoJaly MpefCTaB/beHU aliro-
PUTMY Kao jedaH My BUIle TOKOBA y/Iasa Koju ce obpahyjy mo pemy u camo jemHOM.

3Bopu TOKOBA IoaTaka MOTy OUTY JaTOTeKe y AUCTPUOyrpaHoM dajit cucremy, aam
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M oAl U3 CIIOJbHUX M3BOpa WJIM HEKOT Ipyror ypehaja 3a MpuKyIbaibe MogaTaKa.
Moske ce KOPUCTUTH 3a paJi ca BpeMEeHCKMUM cepujama (HIIp. BECTU, TBUTOBU, IOTOBM Ca
ceH3opa). [IomTo Cy MPOTOUYHM AJITOPUTMM PeIaTUBHO jeTHOCTaBHU OHM YeCTO MOTY
MCKOPUCTUTU TIPETHOCT MOJepHMX IpadUIKMNX KapTuiia, Koje Mmajy Beamku 6poj pe-
JTATUBHO jeTHOCTaBHUX MPOLIECOPCKUX jeIMHUIIA.



I'maBa 3

I'eHOMCKe CexBeHIle

3.1 JHK - ot nmojMoBM

IOHK - Jle30KcupuOOHYKIEMHCKA KucenmHa (eHr. DNA) MOJIeKy/ je KOju Komgupa re-
HETUYKe MHCTPYKIIMje Koje ce KOpUCTe 3a pas3Boj M GYHKIMOHMCAKhEe CBUX MO3HATUX
SKMBUX opraHmsama M mHorux Bupyca. I[Topen PHK u nipoteuna, [IHK je jegan og Tpu
I7lTaBHA MaKpOMOJIeKy/ia HeOTmXoAHa CBUM Mo3HaTuUM obiauiyma kuora. JJHK ce ca-
CTOjM O AYTUX, CIIMPATHUX JIaHAaIla YMje KapuKe UMHe TTapoByU YeTupu 6ase: ajeHnHa
(A) u TumuHa (T), ogHocHo uuto3uHa (L) u ryauuna (T'), kao u mehepa gesokcupn6b03e
u pocdarHe rpyne (cmka 3.1). JHK je kox /bynu y jenpuma henuja oprannsoBan y 23
rapa Koju ce Has3uBajy xpoMmo3omu. OBO eTepPMMHUCTUYKO yrapuBambe omMmoryhasa
"MexaHM3aM KoIupamwa': ABocTpyKa crupasia [JHK ce ommoTaBa u 1ojaBibyjy ce KOM-

IJieMeHTapHM 6a3HM IMapoBy, cTBapajyhy nBe TauHe Konuje, opurnHanHe JJHK naHiry.

3.2 CexkBeHnuupamwe [1HK

CexBeHuupame JHK npeacrassba yMTame y30pKa KpBY NaiyujeHTa (yaasHu nogann) 1
cTBapame BapujaHTu 3a ysopak JHK (n3naszuu nmogaum). ®opmanHo, JHK cekBeH1IM-
pambe je npoliec ogpehuBama Mpery3HoTr MopeTka HyKaeoTuaa yuytap mosekysna JTHK.
HykieoTun je ocHOBHa jenuHuila rpahe u ¢pyHKIIMje HYKJIeMHCKUX KucennHa. CacToju

ce of jemHor mehepa, Heke of 6a3a 1 docdaTHe rpyne. YKbydyje 6110 KOju MEeTOI MU

18
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TeXHOJIOTHMjy KOja ce KOPUCTU 3a ofpeljuBame mopetka uetupu 6ase 13 Halller reHOMa
- afeHuH (A), ryauuH (I'), purosmu (1) u TumuH (T) [8].

AneHu

TUMWUH

F'yaHwH

LLMTO3KUH

Cnuka 3.1: Usrnen IHK cninpaine

V BpeMe Kaf je Map-Reduce anroputam 06jaB/beH TPOIIAK CEKBEHIMpatbha reHoMa M3-
HocKo je 20 MWIMOHA Iojapa ¥ OuIo je MOTpe6GHO HEKOIMKO Mecely paja ma ou ce
mobuia reHOMCKa ceKBeHIA. JlaHac CeKBEeHIMpamke reHoMa KOIITa caMO HEKOJIMKO
CTOTMHA Jojlapa U Tpaje camMo HeKOIMKO JaHa. 3a OTKpPMBake MPBOT JbYACKOT reHoMa
6une cy notpebHe AelieHMje, OOK je MpolieHa Aa je camo y 2014. roauHM CeKBeHIM-
paHo 228.000 reHOMa LIMPOM CBeTa, LITO MpecTaB/ba KomnunHy of, 20 metabajta (PB).
I'paduKOH HampeTKa y CeKBEeHIMpalby reHOMa opraHusaliuja koje kopucre Hadoop 3a
CeKBeHIMpamwe y 3aBUCHOCTHU Ofi pa3Boja Hadoop-a mpukasaH je Ha Ciauuu 3.2.

JenaH of aBHMX LMJbeBa cekBeHIMpawa [IHK jecTe mpoHaiakewe BapujaHTH, IMOIITO
je BehmnHa Hammx JTHK uaeHTHMYHa, a caMo ce y MaJIOM TIPOLIeHTYy pasiukyjy. Takohe
je BaxkHa ¥ uAeHTUdMKALMja TeHETCKMX BapujaHTH Kao IITO Cy jeIHOHYKIeOTUIHMU
nonumopdusmu i ckpaheHo cHuroBu (eHr. single nucleotide polymorphisms), 1To

Mo/ipa3yMeBa I10jaBy 3aMeHe MeCTa jeJHOT HyKJIe0TUAa HEKUM JPYTUM HYKJI€OTUIOM.
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Ha nipumep, YKOIMKO je TocMaTpaHa CeKBeHIla Ha HEKOj JIOKAIMjU reHa Y HeKoj 610-
JIOIIKOj BPCTU cacTaBsbeHa of, Hu3a Hykineotuaa AAGCCTA 1 yKOIMKO je AOIIIO 0 re-
HeTcke monvdukamuje y AAGCTTA, cienu na ce ceKBeHIle pasjinKyjyy jeIHOM HYKJIeO-
Tuay. Taga ce roBOpM O TI0jaBy jeIHOHYK/IEOTUIHOT ronumopdusma. [Tocnenuiia Tora
je ma ce ycuien oBe MyTallyje jaB/ba pa3JIMUUT OOJIMK ITOCMaTpaHOT reHoMa. MmeHTu-
dukaija u U3aBajakbe CHUITOBA M3 CUPOBUX F€HETUUKUX CEKBEHIIM YK/byUuyje MHOTe
aJropuUTMe U MpUMeHYy pa3HOBPCHOT CKyTia ajnarta. [lopaBHame ceKBeHIM je yropehu-
Bame AaBa wiu Buile [JHK man nmpoTreMHCKMX ceKBeHIM. I71aBHA CBpxa MOpaBHaBambha

CeKBEeHII} je Ia UCTaKHe CIMYHOCTU Mehy BbuMa.

Pesonyumnja ase TexHosorunje

$100,000,000

. © LeHa o reHomy
MpBa nojaBa mMeToAe 3a

2008: ceKBeHUparbe
"Cnepeha reHepauuja"

$10,000,000

2014

lllumina npouetrvyje Aa je
KpeunpaHo 228000 reHoma Ha
cBeTy

2003:
MpojekaT /by AcKkor reHoma
objaBuo nNpeu KomnieTaH
JbYACKW FreHOM

$1,000,000

$100,000

2004: 2005: 2009:

Google o6jasno KpevpaH Ha Bepknujy 3anoveT
Map - Reduce ~ Apache Hadoop npojekaT Spark
LOKyMeHT

$10,000

$1,000
Sep1,2001  Jan1,2004  Apr1,2005  Jul1,2006  Oct1,2007  Jan1,2009  Apr1,2010  Jul1,2011  Oct1,2012  Jan1,2014
Source: NIH National Genome Research Institute (genome.gov)

Cnuka 3.2: OgHOC pa3Boja TeXHOIOTH]ja

[MonynapHu ¢opmar 3a 3amnucubambe ckeHupaHux genoa ITHK cekBeHin je FASTQ.
®opmat FASTQ je TekcTtyasHu ¢GopMaT 3a UYyBarbe KaKo OMOJIONIKE CEKBEHIle, TAKO U
IbeHe olleHe KBajuTeTa. 3a gaTy patoTteky FASTQ jenHa cekBeHia JJHK je mpexacra-

BJb€HA Ca yeTUpu JuHuje (imka 3.3). CBaka of, JiMHMja MMa CBOjY YJIOTY:
e [IpBa nMMHMja TTOUMIbe 3HAKOM "@" U MpeAcTaB/ba UAEHTUGUKATOP CEKBEHIIE U
OIMIMOHAIHM OITUC

e [Ipyra nuHuja npencrasba cekBeHy ciaoBa (A, T, L, I, win H 3a Hemo3HATO) U

HOCMIall je reHeTcKe uHdopMaiiije

e Tpeha nuHMja TouMbe 3HAKOM ’+’ 1 HajaB/byje Ja ce y HapegHOM pedy Hajasu

OIMMC KBAJINTETa CEKBEHIIe Ca JaTM I/I,Z[EHTI/I(bI/IKaTOI)OM
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e UeTBpTa MMHMja KOAMPA BPEIHOCTM KBaJIMTETA 3a CEKBEHIYy Y IPYTOM peny U

MoOpa caapsKaTu UCTU 6poj cumMO0Ia Kao CI0Ba Y HU3Y

@NCYC361-11a03.qlk bases 1 to 1576
GCGTGCCCGAAAAAATGCTTTTGGAGCCGCGCGTGAAAT. ..
+NCYC361-11a03.q1k bases 1 to 1576
13000 )tk (OO L CCCCR (CCH 36 (( (ot =

Cnuka 3.3: [Ipumep 3amnnca reHoma y dopmaty FASTQ

3amaTak OBOT MacTep pajia je IommcaT 1 IpebpojaT CBe MOICEKBEHIIE JaTe y>KMHE.
VnasHu mofaly pa3BujaHe TeCT-aruiMKalyje cy TeHOMCKe ceKBeHIle 3amnmcaHe y pop-
MaTty FASTQ. Y oBOM mpuMepy je OMTHA jeAMHO Apyra JMHKja KOja TpeCcTaB/ba Ce-
KBeHIy cioBa (A, I, T, T, wiin H 3a Hemo3HaTO) U HOCUJIAIL je reHeTcke MHopMaliuje,
IIOK Ce OCTajie 3aHeMapyjy.

[TocToju Buile M3a30Ba MPUINKOM ceKBeHLMpamwa JTHK:
e [locTOju HEKOIMKO TeXHMKA 3a reHepucamwe gaToteka FASTQ, jep ce my>kuHa [IHK
CeKBEHII pasJiiKyje y 3aBUCHOCTU Of, TEXHOJIOTHje CeKBEeHILMpaba

e BenmuuHa ynasHuX momaTaka Moxke 6MTM OrpoMHa. BenuumHa y3opka mojemn-

HauyHe cekBeHI1le JTHK moske 6uty o 200GB

e JemHOM CHa)XHOM cepBepy IMOTpe6HO je mo 80 caTu Ja 06paay y30pakK rmogaTaka

" 100Mje CHUIIOBE

e IlocToje MHOIM aJIrOPUTMM M KOpaly 3a cekBeHupamwe THK, ma omabup ogrosa-
pajyhux komb6uHaiMja ajnata Koju ¢y 06MUHO OTBOPEHOT Kojia IpeJicTaB/ba 0301-

JbaH 13a30B

e CxaylabMIHOCT, jep Tpeba oNnTMMM30BaTH 6poj pacrnopehuBava u npukymbava
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IIpernen TexHo/ioruja

4.1 JaBa

JaBa (eHr. Java) ripefcTaB/ba MPOrPaMCKM je3UK OINIITe HAMeHe KOju je KOHKYpPeHTaH,
KJIaCHO 3aCHOBaH, 00jeKTHO-OpMjeHTHCaH U ofl Bep3uje JaBa 8 GyHKIMOHAJIAH MPO-
IpaMCKM je3UK, CelyjaJHo qMu3ajHUpPaH a MMa IITo je Moryhe Mame MMIIJIeMeHTal-
OHe 3aBMcHOCTU. KoMmajinpaHu JaBa Kog MosKe [1a ce mokpehe Ha cBUM miaTdhopmama
KOje TIoApKaBajy JaBy 6e3 moTpebe 3a peKOMIMajamMpameM, OGHOCHO je3UK (QYHKIMO-
HUIIIe TI0 IPUHLMITY "TIUIIN jeIHOM, TIOKpeHM 6110 Tae”. JaBa aluiMKaliyje ce IpeBoje
Ha 6ajTKof, Koju ce rokpehe Ha 6110 KOjoj JaBa BUPTyeIHOj MatuHu (eHr. JVM), 6e3
003Mpa Ha apxXMTEKTypy pauyHapa. JaBa je jemaH of HAjIOITyJIapHUjUX MPOTPAMCKUX
jesuka y IpuMeH!, KOPUCTU Ce Y pa3HUM TUIIOBMMa aruiMKalyja rmomyTt Bed, Moomi-

HUX, &JIM M OTPOMHMX CepBepCKuX aruimkanuja [13].

JaBy je pa3Buo Ilejmc T'ocmuur 1995. roguHe y komnanuju Sun Microsystems, Koja je
KacHMje 1moctaia geo Koprnopaiyje Oracle. CuHTakca BeIMKUM AeJI0M TOThuYe U3 je-
3uka C u C++, anu 3a pas3inky of, lbuxX uMa o06jeKkTe HUCKOT HuBoa. [Iporpamcku Mopesn
Map-Reduce je n3BOpHO HamucaH y JaBu, kao 1 BehuHa anarta y Hadoop exocuctemy.
Ianac ce mocta kopucte u [1ajToH (eHr. Python) u Ckana (eHr. Scala), mehyytum, JaBa u
nasbe Mma 60sby MOAPIIKY U Behy yrory y ekocucremy Hadoop-a.

22
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4.2 Bash ckpumnre

Bash (Bourne-again shell) je uHTepmpeTep U MporpaMcKu je3uK y 061Ky KOMaHIHe
nuHuje Koju je Hammcao bpajan ®okc (Brian Fox) 1987. roguHe 3a npojekat I'HY (eHTr.
GNU’s not Unix). [IpencraBsba rogpasymMeBaHyu MHTepnpetep Ha Behunau Jinnykca. Ca-
IP>KM COTICTBEHM CKPUIITHU je3UK, IIOMORQY Kojer je Mmoryhe ocTBapuTH BMCOK HUBO ay-
TOMaTu3aluje rocaoBa jep moapxasa IeT/be, TpaHawba, IPOMEH/bMBE U YIIPAB/babe
BUXOBUM BpeHOCTMMaA Y3 OMOh peryaapHux uspasa. [logpskaBa apuTMeTHUUKe Orie-
paiuje, ypaBjbakbe CTaHIAPAHUM YIa30M, M3J1a30M U 13J1a30M 3a IPeLIKe U IpeycMe-
paBambe y JaToTeke. Bpiio KoprcHe GYHKIMOHAIHOCTY Cy ayTOMAaTCKO 3aBplliaBarbe
KOMaHIM U MMeHa JaToTeKa U AUPEKTOPUjyMa, UCTOPHja IIPETXOAHUX KOMaHAU U ype-
huBame komaHgHe nMHKje [14]. CBaka cCKpUIITa MOUMbe KOMaHI0M Koja oapeljyje Tum

KOMaHAHOT MHTeprpeTepa:
#! /bin/sh

[Tomto ce mnatdopma Hadoop ociama Ha JIMHYKC TTOTPeGHO je OCHOBHO 3Hamhe KO-
MaHy 3a CBaKOAHEBHMU paf, y okpykemy. Takohe, komaH e 3a pan Ha cuctemy HDFS
Cy HampaBJ/beHe 110 y30py Ha Bash. Heke ofil 0OCHOBHMX KOMaHIM IIpMKa3aHe Cy y Mpu-

mepy 4.1

#! /bin/sh

#napravi novi direktorijum input

hdfs dfs -mkdir /input

#izlistaj sadrzaj direktorijuma input

hdfs dfs -ls /input

#kopiraj na HDFS iz lokalnog direktorijuma
hdfs dfs -copyFromLocal /user/tmpl.txt input/
#ispis meta podataka: broj blokova, ispravnost...
hdfs dfs -copyToLocal /user input/tmpl.txt
#kopiraj sa HDFS-a na lokalni direktorijum
hdfs fsck /input

#dodela svih prava direktorijumu input

hdfs dfs -chmod 777 /input

[Tpumep koma 4.1: Omnuc yecto kopunrhennx HDFS komanan
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4.3 Apache Maven

Apache Maven je copTBepcKy anarT 3a yIIpaB/barbe U U3rpaby IpojekTa. [lomohy oBor
ajlaTa ce MO)ke IIPUIIPeMUTH KO, 3a nuctpuoyuujy. Takohe, y3 momoh Maven-a y mipo-
jekaT MOXKeMO Ha JIaK HauMH YK/bYUYUTH JaBa 616IMOTeKe (EHT. jars) Koje cy HaM I0-
Tpe6He. CBa mpaBmia gedMHUIIIEMO Y JaTOTel pom.xml, Koja Mopa cajipskaTy TPyILy,
rpeaMeT 3a yIoTpeOy, Bep3ujy 1 Ha3MB IpojekTa. Y UCTOj gaTtorelyu aedbuHUIIEMO U
HauYMH [TaKOBatba, Aa jau he 6utu jar (eHr. Java Application Arhive) unu war (eHr. Web
Application Arhive). Y dependencies neny pom.xml-a gepuHuiry ce 6ubanoTeke Koje cy
notpebHe mmpojekTty. be3 Maven-a ce cBe 616/1MOTEKe MOPAjy IMTOCTaBUTH pydHO [15].

[TocToju HekonuKo dasa KMBOTHOT IIMKIyCa U3Tpajibe MpojeKkTa: Baauiaiuja mpo-
jexTa, KOMITMIaLMja M3BOPHOT KOZa, IIpK YeMy ce KO CMeIITa y IMPeKTOpUjyM target'y
IIPOjeKTy, IaKoBambhe IMe ce KOMIIajaupaH KO U3 target IUpeKTopujyMma mnakyje y pop-
MaT 3a OUCTPUOYLIMjy, Ha TIpMUMep, jar. 3aTUM ce HallpaB/beHM MaKeT MHCTaIMpa Ha
JIOKaJTHOM perno3uTopujymy fia 61 rmpojekaT Morao Jia ce KOPUCTU JIOKAIHO Y IPYTUM
NpojekTuMa Kao 3aBUCHOCT. [locienmwa dasa je pacriopehjuBame. Y oBoj dhasu ce na-
KeT KOIMpa Ha yAa/beHU PeIro3UTOPUjyM M Ha Taj HAUMH MOCTaje JOCTYIaH OCTaJIuM
Pa3BOjHMM MHXXEHhepMMa M MPOjeKTHMa. JOIll jeJHa YecTo KopuiiheHa oIlyja je um-
nrtheme (eHr. clean). Target qupeKkTOpMjyM ce Mpa3Hy Ipe U3BplllaBama IaBHe Maven

KOMaH/ie, Tj. IIpe ITOHOBHE KOMITU/IaLuje KOaa.

<dependencies>
<dependency>
<groupId>org.apache.hadoop</groupld>
<artifactId>hadoop-mapreduce-client-core</artifactId>
<version>2.8.0</version>
</dependency>

<dependency>
<groupld>org.apache.hadoop</groupIld>
<artifactId>hadoop-common</artifactId>
<version>2.8.0</version>
</dependency>
</dependencies>

[Tpumep xona 4.2: [IpuMep yK/byurBarmba NOTpe6GHNMX 6M6/IMOTEKa Y TPojeKaT
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4.4 Jlor4j

[Tomto ce Map-Reduce 13BpiiiaBa rmapajjeaHo, BeoMa je TeIIKO KBaJIUTeTHO flebaroBaTu
3a/1aTKe HamucaHe 3a Map-Reduce. 360r Tora je GUTHO J1a ce HaTrpaBu A,00PO JIoTUpame
M3BIlIaBaa arvIMKalmje, Kako 61 ce Jiakiie MpoHaiiao npobaeM 1 MpUIMKOM pa3Boja,
a 1oce6HO TMpU Ofp>KaBamy aljiMKaliije y TOKY M3BplliaBama. Y JaBa cBeTy Hajlo3Ha-
TUjU anaT 3a jorupaibe je Jlor4j (enr. Log4j). ductpubynpa ce mop auiieHIIoM Apache
Software [16]. Jlor4j ce Moxe KOHPUrypuUcaTU MPeKO eKCTEPHMUX KOHPUTYPaLMOHUX
IaToTeKa y TOKY M3BplaBama, 00MuHO Kao .xml unu .properties dopmat. Hapnrnenma
TMpoliec JIoTMpama y CMUCTy AedrHMCakha HMBOA TIpUMOpUTETa U HYIOM MexaHu3Me 3a
ycMepaBambe nHpopMaliuja 0 eBUAeHIMj1 00 BeJIUKOr 6poja JecTuHaluja, Kao 1To Cy
6a3a rojaraka, JaTOTeKa, KOH30J1a, CUCTEMCKM JIOTOBU, UTH. KopucTu Bullle HUBOA, Y
Koje 1o npuoputety criagajy: ALL, TRACE, DEBUG, INFO, WARN, ERROR, FATAL.

Llog4]j.rootLogger=INFO, file, stdout
log4j.appender.file=org.apache.log4j.RollingFileAppender
log4j.appender.file.File=/home/nemanja/Downloads/logging.log
log4]j.appender.file.MaxFileSize=10MB
Log4]j.appender.file.MaxBackupIndex=10
log4j.appender.file.layout=org.apache.log4j.PatternLayout
log4]j.appender.file.layout.ConversionPattern=%d{yyyy-MM-dd HH:mm:ss}

[Ipumep xopa 4.3: [Ipumep Kako ce mofeliaBa yIuc JIOTOBA y JATOTEKY
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AHanun3a reHOMCKUX CeKBEHIIU

5.1 3azarak

3ajaTak OBOT MacTep pajia je MommcaTy U pedbpojaTyl CBe MO CeKBEHIIE JaTe TyKMHE.
Vna3Hu nofaly pa3BujaHe TecT-arinKaluje cy reHoMcKe cekBeHlile. CeKkBeHIle Cy 3a-
nmycaHe y paHuje onmcaHom popmarty FASTQ u Hanase ce y gaToTenu fastq.txt. 3amuc
jelHe CeKBeHIIe ce CacToju oA, 4 TMHMje, Of, KOjuX CBaka MMa CBOjy yory. Y OBOM Ipu-
Mepy je GUTHA jeqMHO ApyTa JIMHMja Koja MpecTaB/ba ceKBeHIry wioBa (A, I, I, T, uan
H 3a Hemo3HaTO) M HOCHUJAILL je reHeTcKe MHopMaliuje, TOK ce OCTajie 3aHEMapyjy.
IIpotiec ce menu Ha ABe (ase: mpBa je pacrnopehBamwe cBUX Moryhux moacekBeHIu, a
npyra ¢dasa je oopazga u rmpebpojaBarbe Tako cpehjeHNX MToICEKBEHITN.

5.2 Kopumihena Hadoop apxurektypa

[Tnatdopma Hadoop ce moske 6ecruiaTHO Tipey3eTu ca Beb crpaHe Apache donpanuje
http://hadoop.apache.org/, Tne ce Hanase 1 YIIyTCTBA 32 MHCTAIAIINU]y HA OIIePaTUBHUM

cucremuma JInHyke v Bunpoys. Iloctoje Tpu HauMHa 3a MHCTAJIALN]Y:
e JlokanHu pexxuM paga (eHr. Standalone Mode) - vHCTa/ialja Ha jeJHOM pauy-

Hapy, [Py YeMy Ce KJIacTep CacToju Of, camMo jeHOT uBopa. KopucHo 3a yuyeme u

OTKpMBabe Tpeliaka y Komay.

26
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e Ilceymo-muctpubyupanu peskum pana (eHr. Pseudo-Distributed Mode) - cumyna-
1IMja Kj1acTepa of HEKOJIMKO YBOpOBa cucteMa Hadoop Ha jemHOM pauyHapy. YIiaB-

HOM Ce KOPUCTHU 33 YUEIbe U UCTPAKMUBAIHE.

e IlornyHO-mucTpuOyMpanu pexxum pana (eHr. Fully-Distributed Mode) - knactep
KOju ce cactoju of Beher 6poja uBopoBa. PauyHapu cy mope/beHu y Tpyle Ha
OCHOBY M31MUKe yIa/beHOCTU Y Mpeske pauyHapa (eHT. Rack). OBaj HauUuH je mpu-

K/IaJIaH 3a YIIoTpeOy y MPOayKINjN.

ITocToje KomITaHMje KOje pa3Bujajy corcTBeHe aucTpubyiiuje Hadoop-a v umje cy I1aBHe

MpeqHOCTY OJlaKIllaHa MHCTaNalja U CUCTeM KOPUCHMYKe oA pIiike. Y MO3HaTHje cra-
ajy:

e Cloudera Distribution Hadoop (CDH)

e Hortonworks Data Platform (HDP)

e MapR

e Microsoft Azure HDInsight: Hadoop in the Azure cloud

e IBM Biglnsights

e Amazon Web Services: Amazon Elastic MapReduce (Amazon EMR)
HaBegneHe ruiaTdhopMe Mpyskajy MIMPOKY MaleTy YOIyTa, Ol KOjuX Cy HeKe OecriiaTHe.
Cazpske 1 HeKe mofaTHe aIlIMKallMje KOje O/aKkilaBajy ofpsKaBakbe UM Mperien pana
cucrema Hadoop. Y oBoM pagy KopuiirtheHa je ocHOBHa KoMmItoHeHTa Apache Hadoop
KOja je MHCTaJMpaHa Ha jellTHOM pauyyHapy Y JJOKaTHOM pexkuMy paza (jep je 3a rceyio-

IUCTpUOYMpaHy MOTPeGHO BUIlle paJHe MeMOpuje pauyHapa), aau ce TeHepasHO 3a

MPOAYKIMOHY YIIOTpeOy Mpernopydyje HeKa o rope HaBeeHUX AUCTPUOYyIIMja.

5.3 CrpyKTypa npojekra

3a moTpebe memoHcTpaiuje cucrtema Hadoop Map-Reduce namnpaBsbeH je Maven JaBa
npojekart. I[Tpojekar je pasBujeH y okpyxewy Intelli] IDEA Community edition 2016.3.
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Kopumrhenu cy JaBa 8, Apache Hadoop 2.8.0, Maven 3a moBjiauerbe MOTpeOHUX 616Im-
oTeka, Kao 1 Jlor4j 3a jorupare. AKIleHaT ce CTaB/ba Ha IVIaBHe JeJI0Be, a TO Cy QYHK-
1uje pacropehuBama 1 MPUKyI/bakba, KAa0 ¥ MHULIMjATHO YMTalbe TeHeTCKUX IMojIa-
taka y popmary FASTQ. llesoKyIiaH M3BOPHM KO, aruiMKaliyje JOCTYTaH je Ha aJipecu:
https://github.com/munjaza/fastq.

CrpyKTypa mpojekTa je ciegeha:

e src¢/main/java/fastq

[MogpasymeBanu unutau y Hadoop-y unTa yia3He nojgaTke JMHU}Y 10 JIVHU]Y, alnu
3a (popmat FASTQ ce 3amuc jemHe reHOMCKe CEeKBEHIIe CaCcTOjy Ol YeTUPH peJa.
Kiace 3a pan ca popmaTtom gatoreka FASTQ nipeyseTe cy o mpogecopa Maxmya
[TapcuaHa 1 jaBHO Cy LOCTYITHEe Ha afpecu:
https://github.com/mahmoudparsian/data-algorithms-book.

Kiace KOje Ce KOpUCTe 3a YUUTaBakhe€ T€HOMCKE CEKBEHIIE!:

- BaseComparator - neduHuIe HAUMH KaKO ce Topeie MoAceKBeHIe. Y 0BOM

CITyuajy ce KOpucTH Jiekcukorpadcko rmopeherne.

- BasePartitioner - neduHuIIe Kako he ce BpIIMTY NapTULIMOHMCAbe 6I0KOBa

rpe ¢ase IpUKyIUbaiba.

- FastqInputFormat - momohHa Kjaca Koja MHUIIMpa HOBM 06jeKaT 3a YMTatbe

3ammca FastqRecordReader.

- FastqRecordReader - meduHuiie npernakMBame Ha HAUMH 1A Ce YeTUPH JIU-
HUje Koje UMHe jefJaH 3amuc Crajajy y jeqHy u melycobHo pasnBajajy 3Ha-
KoBMuMa ",;,". HakoH Tora je Bpjio jeJHOCTaBHO y MeTO/IM 3a paciiopeljuBamwe
Mapper() U3BpPIINTU MOMENTYy HMUCKE ¥ U3BYhM OpPyrM WiaH HU3aA Kao IITO je

MPUKAa3aHO Y CKPUIITH 5.2.
e src¢/main/java/impl
[TakeT y KojeM cy neduHMUcaHe OCHOBHE KJace 3a IpuKa3s Mojena Map-Reduce. Ty

Cramajy:

- FastqCountSubsequences - OCHOBHa KJjiaca y K0joj ¢y nedbuHucaHu pacrope-
huBau, npuKkyrbay, JaToTeka ca yJla3HUM IoAalMMa 1 gaToTeka rae he ce

reHepucaTy U3Jia3HM MOAALIM TIpMKa3aHa y CKpumtu 5.1.


https://github.com/munjaza/fastq
https://github.com/mahmoudparsian/data-algorithms-book
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- FastqMapper - Ki1aca Koja Cy>ku 3a pacropehuBare, pukasaHa y CKpUIITH
5.2.

— FastqReducer - kj1aca Koja CJIy>KM 32 IPUKYTUbatbe, MpUKa3aHa y CKpUIITH 5.3.

Tpeba HarnmacuTu ga ce nmokpehy aBa 3amatka 3a Map-Reduce xoju unHe jegaH
npoiiec paga (eHr. workflow) Kako 6u ce ;o610 131a3 COPTUPAH II0 OpOjy Ioja-
B/bMBaMba MOJCEKBEHIIM y onafajyhem penocieny. Hamvme, mpBu 3aaTak BpIn
dbopMuparbe rnoAceKBeHIIM AaTe Ty>kKMHe U BbUX0BO IpebpojaBame. Kao pesyarar
nobuja ce HecopTupaHu u3sas. [Ipyru 3aaTak BpIly caMo COPTUpatbe U Ty Huje
Harjacak Ha MeToiaMa 3a pacrnopehjuBame 1 objenuibaBaibe, Beh Ha MeTomaMa

3a mopeheme 1 copTupame.

V knacu FastqCountSubsequences meToga Koja IipumMa aprymeHTe KOMaHAHe JIi-
Huje int run(String [] args) nokpehe 3amaTtak 3a Map-Reduce v u3Beurrasa ia jiu je
3aJaTak ycrnemnrHo u3spiieH. Kao ynasHu nopgauy maspy ce Ha3MBU YJIa3HOT M-
peKkTopujyma u gupeKTopujyma rie he ce mocraBuTH pesyiaraT u3BpliaBamba, Kao
1 ITapameTap Koju ogpehyje nyskunHy TpaskeHe rogcekBeHile. [IoTpebHo je medu-
HMCaTH yAa3HU U u3jia3Hu Gopmar rogaTaka, Kao 1 Koje he ce kiace KOpucTuTu
3a BUX0BO Mapcupame. OCHOBHO je 1a ce neduHuUIy Kiiace 3a pacropehjuBame
(Mapper) v mpukyTbambe (Reducer), Koje ce pa3iaMKyjy y 3aBUCHOCTM Of 3a71aTKa.
VY npBOM 3a7aTKy je AedrHMCaHO [1a yIoTy KOMOMHATOPA, Tj. JTOKAJIHOT MPUKY-
1Jbaua, rpeysme kinaca FastqReducer. Takohe, Moxke ce BUIeTH J1a Cy Y 3aaluMa
mckopuiiitheHe pa3auMunuTe Kjiace 3a MapTULIMOHMCAbE U Topehjeme Tpu COPTU-
pamy U rpymnucamwy. BUTHO je HAIOMEHYTH /1A je Y APYroM 3aAaTKy Ae(pMHMCAHO
Ila ce KOPMCTM CaMo jelaH MPUKYI/bay, KaKo OM pe3yiaTaT O1mia jeqHa JaToTeKa

Ca COPTUPAHUM CaZp>KajeM.

public int run(String [] args) throws Exception {
String INPUT_PATH = args[@];
String TMP_PATH = args[1];
String OUTPUT_PATH = args[2];

logger.info("run(): input args[@]=" + INPUT_PATH);
logger.info("run(): tmp args[1]=" + TMP_PATH);
logger.info("run(): output args[2]=" + OUTPUT_PATH);

Configuration conf = new Configuration();
if(args.length == 4) {
conf.set("length", args[3]);
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Job job = Job.getInstance(conf, "Fastqg count");
job.setJarByClass(FastgCountSubsequences.class);
job.setInputFormatClass(FastgInputFormat.class);
job.setOutputFormatClass(TextOutputFormat.class);
job.setSortComparatorClass(BaseComparator.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);
job.setMapperClass(FastqMapper.class);
job.setCombinerClass(FastgReducer.class);
job.setReducerClass(FastgReducer.class);

FileInputFormat.setInputPaths(job, new Path(INPUT_PATH));

if(TMP_PATH.equals("output/")) {
FileSystem.get(getConf()).delete(new Path(TMP_PATH), true);
TextOutputFormat.setOutputPath(job, new Path(TMP_PATH));

boolean status = job.waitForCompletion(true);

if(status) {
Job jobl = Job.getInstance(conf, "Fastq sort");
jobl.setJarByClass(FastgCountSubsequences.class);
jobl.setInputFormatClass(KeyValueTextInputFormat.class);
jobl.setOutputKeyClass(SequencePair.class);
jobl.setOutputValueClass(NullWritable.class);
jobl.setMapperClass(SortingMapper.class);
jobl.setPartitionerClass(SequencePartitioner.class);
jobl.setSortComparatorClass(SequenceComparator.class);
jobl.setGroupingComparatorClass(GroupComparator.class);
jobl.setReducerClass(SortingReducer.class);
jobl.setNumReduceTasks(1);
jobl.setOutputFormatClass(TextOutputFormat.class);

FileInputFormat.setInputPaths(jobl, new Path(TMP_PATH));

if (OUTPUT_PATH.equals("outputSort/")) {
FileSystem.get(getConf()).delete(new Path(OUTPUT_PATH), true);
TextOutputFormat.setOutputPath(jobl, new Path(OUTPUT_PATH));

jobl.setOutputFormatClass(TextOutputFormat.class);
status = jobl.waitForCompletion(true);
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Llogger.info("run(): status='"+status);
return status ? 0 : 1;

ITpumep koma 5.1: 3agarak 3a Map - Reduce

V knacu FastqMapper, Koja cJTysku 3a pacriopehjuBambe, IOTpeoHO je rpeneduHn-
caT¥ MeTomy map() Ha HauMH KOju OATOBapa ciay4ajy Koju ce oopalyyje. Ilormrro
je ymasuu dopmat FASTQ, Tvn yaasHe BpegHOCTM 6uhe craHapaHa Kiaca Text 3a
pasBojuu okBup Hadoop. Kibyu ce y 0BOM citydajy He KOpUCTHU, T1a he 6uTHu Tnna
Object. PesynTat paja je map K/by4/BpegHOCT, Tj. ITOACEKBeHIa 1 O6poj IojaB/bu-
Baba y pefly, LITO je mpuKazaHo y Mmetoau void cleanup(Context context). Jloruka
KaKo ce paJy je [a je yla3Ha CeKBeHIla Iofie/beHa Ha MO/ICEeKBeHIIe AaTe AYXXIHeE,
KOje ce UyBajy y TUCTU. YKOJIMKO Ce HeKa MoACeKBeH11a [10jaBy BUIIIe ITyTa Y jeTHOj

cexBeHIIM yBehaBa ce BpeIHOCT 6pojayda, MHaUe ce IMOCTaB/ba Ha BPEIHOCT je/IaH.

public class FastgMapper extends Mapper<Object,Text,Text,IntWritable>{

private Map<String, Integer> dnaBaseCounter = null;
private IntWritable counter = new IntWritable();
private Text base = new Text();

protected void setup(Context context) throws IOException,
InterruptedException {
dnaBaseCounter = new HashMap<String, Integer>();

protected void cleanup(Context context) throws IOException,
InterruptedException {
for (Map.Entry<String, Integer> entry : dnaBaseCounter.entrySet())
{
base.set(entry.getKey());
counter.set(entry.getValue());
context.write(base, counter);

public void map(Object key, Text value, Context context) throws
IOException, InterruptedException {
String fastgqRecord = value.toString();

String[] lines = fastqRecord.split(",;,");
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String sequence = lines[1].toUpperCase();
List<String> subSequences = nmew ArraylList<String>();

Configuration conf = context.getConfiguration();
Integer length;
if(conf.get("length") != null) {

length = Integer.valueOf(conf.get("length"));

for (int i = @; i <= sequence.length() - length; i++) {
String s sequence.substring(i, i + length);
if (s.matches("[a-zA-Z]+")) {
subSequences.add(s);

by

for (String s : subSequences) {
Integer count = dnaBaseCounter.get(s);
if (count == null) {
dnaBaseCounter.put(s, 1);
} else {
dnaBaseCounter.put(s, count + 1);

ITpumep koma 5.2: Kiaca koja ciy>ku 3a pacriopehjuBambe

V knacu FastqReducer, Koja CTy>ku 3a 00jeaumbaBaibe, IIOTPEOHO je TpemedHM-
caTu MeTony reduce() Ha HAUMH KOju OfroBapa ciyuajy kKoju ce obpahyje. Ynasuu
rapaMeTpy CYy TMOJICEeKBEHIIA IaTe AYKMHE U O6poj lheHMX I0jaB/byBamba y MHU-
1[MjasHOj cekBeHIIM. TIOIITO Cy ce Mpe MoO3MBa OBe Kjiace u3Bpimie dase pacro-
pehuBama 1 MapTULIMOHMCAha, TTOICEKBEHIIE Cy TPYIMCAaHEe HA MICTe YBOPOBE U

cajia ce BpIIIM caMo IIpOCTO cabuparbe pesyaTtara u3 ¢ase pacrnopehupama.

public class FastgReducer extends Reducer<Text, IntWritable, Text,
IntWritable> {
public void reduce(Text key, Iterable<IntWritable> values, Context
context) throws IOException, InterruptedException {
Integer total = 0;
for(IntWritable val: values){
total += val.get();
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context.write(key, new IntWritable(total));

ITpumep koma 5.3: Kitaca Koja CIy>ku 3a IPUKYI/baibe

e src¢/main/java/impl

[TakeT y KojeM cy geduHMcaHe Ki1ace Koje ce KOPUCTe 3a COPTUPAILE Pe3y/ITarTa y
Opyrom 3amaTky 3a Map-Reduce. Kibyute dase y 0BOM IIpoliecy Cy COpTUpabe U

MapTULIMOHNMCae, IJe Ce OBMja caB M0Cao OBOT 3aAaTKa.
Cacroju ce of Kiaca:
— SequencePair - Kjlaca Kojy uMHe MOJICeKBeHIIa 1 beH Opojau. Campsku mpe-

neduHucany MeTony 3a HauuH nopeherma Mo BpegHoCTH 6pojava:
int compareTo(SequencePair sequencePair).

- SequenceComparator - onpeljyje ma ce nmopeheme Bpim y onagajyhem pemo-
ciemny.
- GroupComparator - neduHMIIIE 1A Ce IPyIMCcatbe BPIIN I10 IMOACeKBeHIIaMa.

- SequencePartitioner - geuHNIIE HAUMH KaKO Ce BPIINM ITapTUIMOHMCAIbE.

- SortingMapper - knaca 3a pacropehjBaibe Koja Kao K/byd Bpaha nap (rozce-
KBeHIIa/0poj ojaB/bMBamba), a Kao BpeaHOCT mpenedumumcany kinacy Null Writable
13 pa3BojHOT okBMpa Hadoop.

- SortingReducer - kiaca 3a MPUKYIUbalbe, KOja He paay HUIITA HOBO, CAMO

niposiefjyje Ha 137143 OHO IIITO je CTUIJIO KAao pe3y/ITaT COpTHpatba.
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PesyiraTu

Kao rpumMep aHain3e reHOMCKMX cekBeHIM y dopmaTty FASTQ kopuiiiheHa je maToTeka
BesimumHe 5.2MB, Koja ce cacToju ox 65532 munuje, Tj. 16383 reHOMCKIUX CEKBEHIIN, jep
je cBaka cekBeHIIa oapeheHa ca ueTupu iuHuje, mpema hopmarty FASTQ.

#! /bin/sh

cd /home/hadoop/fastq/

hdfs dfs -rm -r /user/hadoop/input/* /user/hadoop/output/* /user/hadoop/
outputSort/*

hdfs dfs -mkdir -p /user/hadoop/input /user/hadoop/output /user/hadoop/
outputSort

hdfs dfs -copyFromLocal /home/hadoop/fastqg/input/fastq.txt /user/hadoop/
input

hadoop jar fastqg.jar impl.FastqCountSubsequences -Dmapreduce.map.memory.mb
=8192 -Dmapreduce.reduce.memory.mb=8192 -Dmapreduce.job.maps=11 input/
output/ outputSort/ 15

rm -rf outputSort/part-r-00000 outputSort/ SUCCESS
hdfs dfs -copyTolLocal /user/hadoop/outputSort /home/hadoop/fastq/

[Tpumep koma 6.1: CKpumta Kojom ce rokpehe 3amaTak 13 KOMaHIHe JTMHMje

V ckpuntu 6.1 gedmHMCaH je HAUMH KAaKO Cce 13 KOMaHIHe JIMHMje OIepaTUBHOT CH-
creMa JIMHYKC, Ha KOMe je MHCTanupaHa ratdopma Hadoop, mokpehe 3amatak. Ilo-
TpebHO je ma Ha myTawu /home/hadoop/fastq/input/ mocToju maToTeka fastq.txt. Y CKpUIITHU

34



Pesynmamu 35

je omMcaH HAUMH Kako ce laToTeka rpebailyje Ha cuctem gatoreka HDFS KoMaHIOM
-copyFromLocal, 3aTum Kako ce nokpehe arnnukaiiyja 3a moacekBeHiie gykmHe 15, Ha
OCHOBY (popmupaHe MU3BPIlIHE JaTOTeKe fastq.jar, a JorMpame ce IpeycMepasa y 1aTo-
TeKy joboutput. Ha Kpajy ce Kpajibu pe3ysTar rpebailyje Ha JIOKaJTHU CUCTEM AaTOTeKa
KoMaHzoMm -copyToLocal.

Ckpurra ce MOKe ITOKPEeHYTM HeorpaHU4eH Opoj MmyTa, jep cy MMILIEeMeHTMpaHe Io-
TpeOHe omnepalyje 6pucara 1 IpaB/berba HOBUX JaToTeka. [Ipumep Kako u3riena yias
y bopmary FASTQ npuka3saH je y ckpuirtu 6.2. Kao pesynrar Hacraje gatroreka SUCCESS,
KOja CJIY>KM Kao ITpoBepa J1a i je 3aJaTak yCIelrHo u3BpiieH. Y 3aBMCHOCTH of, 6poja
MPUKYII/baua MOKe OUTYM BUIIIE JaTOTEKAa ca TPaKeHMM M3pauyHaBameM. [IpBa mma
Ha3uB part-r-00000 n Moske ce BUAETU Y CKPUNTU 6.3. Y MpUKa3aHO] aluIMKaALUjU Y
IpyroM 3amaTKy 3a Map-Reduce je nebuHucano ga he ce KopucTuTH jemaH MPUKYIbayd
na Ou pe3ynTaT 6miia jemHa JaToOTeKa ca COPTMpPAHUM cajpxkajeMm. Y caydajy ma Hema
(daze npuKyIsbamwa Taja je popMupaHa gaToTeKa rnoj Hasusom part-m-00000, HacTana
Kao pesy/aTaT ¢ase pacrnopehupama.

Anukanyja je 3a morpebe TecTupama IMOKPeHyTa Ha JiBe pas3jinuuTe pauyHapcKe KOH-
durypauuje. Y mpBom ciydajy kopuiirtheH je KyhHu pauyHap Ha KOMe je ¥ pa3BujeHa
ariMkanuja. YKyImHO BpeMe Tpajarba U3BpllaBama 3afaTka OuiIo je oko 5 MUHYTA.
Ipyru crydaj mpeAcTaB/ba KJacTep Of TPU BUPTYeIHe MallliHe, TIOJUTHYTe Y 06/1aKy
ca gocta jaunM nepdopmancama. Taga je 3amaTak ompaljeH 3a HEIITO Makbe Off jeTHOT

MMHYTAa, IITO YIIPaBO MpeCTaB/ba MpaBy cHary cucrema Hadoop.

@ILLUMINA-GA_62844AAXX:2:1:1001:4564#0/1
NATCACTCGGCCTTGTTGACTCAGCATCTGAAGCGTATGAAAGACAGTGGCCAACTCGATATGGT
+ILLUMINA-GA_62844AAXX:2:1:1001:4564#0/1
BMONOUXUVW\ ]]AA0VVYY_AX_~BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBER
@ILLUMINA-GA_62844AAXX:2:1:1001:12442#0/1
NACGAACACGACCATTCTTACGTCGACCTACAAGTTGAGAAAAAGCTTCATCTTGAGCAGCAGGG
+ILLUMINA-GA_62844AAXX:2:1:1001:12442#0/1
BSTSSXWVVUZ__A \\[XX[V[[ZWXWWW_‘V]A\IX[[[XMNNAAKAA A BBBBBBBBBBBB
@ILLUMINA-GA_62844AAXX:2:1:1001:17295#0/1
NTCTAGGAGAGTTCCAATTTTCCTGTGTCTTATTCACTGCAGTTTTAGAGAATGCTTGCCGTGAG
+ILLUMINA-GA_62844AAXX:2:1:1001:17295#0/1
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBRER

[Tpumep koma 6.2: IIpBMUX HEKOJIMKO JIMHMja yaa3He maToTeke y popmary FASTQ
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TTTTTTTTTTTTTTT 2438
CCCCCCCCCcceecece 1660
AAAAAAAAAAAAAAA 268
GATCGGAAGAGCGGT 211
CGGAAGAGCGGTTCA 207
ATCGGAAGAGCGGTT 207
TCGGAAGAGCGGTTC 205
GGAAGAGCGGTTCAG 205
GAGCGGTTCAGCAGG 205
GAAGAGCGGTTCAGC 204
AGCGGTTCAGCAGGA 202

[Tpumep kona 6.3: IIpBMX HEKOIMKO JIMHMja JOOMjeHOT pe3yiTaTa

IlobujeHa maToTeka je BenuumHe 25.5MB, raoe cy npukasaHe reHOMCKe CEKBEHIIEe Cop-
TUpaHe IIpeMa Opojy MojaB/bMBama onagajyhe. Y cKkpuilti 6.4 mpuKasaH je U3BelITaj
0 yCHeurHo u3BpiieHoM 3anatky Hadoop Map-Reduce. V13BenrTaj puKasyje KOJIMKO je
6WII0 ya3HUX CeKBEHIIM, 3aTMM HaKOH (dase pacriopehuBama KOIMKO je mapoBa dop-
MMpPaHO, KaKo je U3BPIleHO Melllalbe, COPTUparbe 1 MapTULIMOHMCAbe U Ha KPajy KO-

JIVKO je TTapoBa A00MjeHo Kao pe3yaTaT ¢gase MpUKyIbakha MmoJaTaka.

7/08/31 09:42:56 INFO input.FileInputFormat: Total input paths to process:1

17/08/31 09:42:56 INFO mapreduce.JobSubmitter: number of splits:1

17/08/31 09:42:56 INFO mapreduce.JobSubmitter: Submitting tokens for job:
job_1504163382128 0011

17/08/31 ©09:42:57 INFO impl.YarnClientImpl: Submitted application
application_1504163382128 0011

17/08/31 ©09:42:57 INFO mapreduce.Job: The url to track the job: http://
nemanjaDataNode : 8088 /proxy/application 1504163382128 0011/

17/08/31 09:42:57 INFO mapreduce.Job: Running job: job_1504163382128 0011

17/08/31 09:43:03 INFO mapreduce.Job: Job job_1504163382128 0011 running in
uber mode : false

17/08/31 09:43:03 INFO mapreduce.Job: map 0% reduce 0%

17/08/31 09:43:19 INFO mapreduce.Job: map 67% reduce 0%

17/08/31 09:43:33 INFO mapreduce.Job: map 100% reduce 0%

17/08/31 09:43:43 INFO mapreduce.Job: map 100% reduce 100%

17/08/31 09:43:44 INFO mapreduce.Job: Job job_1504163382128 0011 completed
successfully

17/08/31 09:43:44 INFO mapreduce.Job: Counters: 49

File System Counters

FILE: Number of bytes read=9572040
FILE: Number of bytes written=19539218
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FILE:
FILE:
FILE:
HDFS:
HDFS:
HDFS:
HDFS:
HDFS:

Number of read operations=0

Number of large read operations=0

Number of write operations=0
Number of bytes read=5195164
Number of bytes written=25505224
Number of read operations=9

Number of large read operations=0

Number of write operations=4

Job Counters

Launched map tasks=1

Launched reduce tasks=2

Data-local

Total
Total
Total
Total
Total
Total
Total
Total

time
time
time
time

map tasks=1
spent by all
spent by all
spent by all
spent by all

maps in occupied slots (ms)=28387
reduces in occupied slots (ms)=13531
map tasks (ms)=28387

reduce tasks (ms)=13531

vcore-milliseconds taken by all map tasks=28387

vcore-milliseconds taken by all reduce tasks=13531

megabyte-milliseconds taken by all map tasks=29068288

megabyte-milliseconds taken by all reduce tasks=13855744

Map-Reduce Framework

Map input records=16383

Map output records=1416859

Map output bytes=28337180

Map output materialized bytes=9572032
Input split bytes=118
Combine input records=1416859
Combine output records=1416859
Reduce input groups=1416859
Reduce shuffle bytes=9572032
Reduce input records=1416859
Reduce output records=1416859

Spilled Records=2833718

Shuffled Maps =2

Failed Shuffles=0

Merged Map outputs=2

GC time elapsed (ms)=2404

CPU time spent (ms)=44160

Physical memory (bytes) snapshot=1617965056

Virtual memory (bytes) snapshot=4795645952

Total committed heap usage (bytes)=1650458624
Shuffle Errors

BAD_ID=0
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CONNECTION=0
I0_ERROR=0
WRONG_LENGTH=0
WRONG_MAP=0
WRONG_REDUCE=0

File Input Format Counters
Bytes Read=5195046

File Output Format Counters
Bytes Written=25505224

[Tpumep koma 6.4: [leo yior jaToreke joboutput




I'maBa 7

3aK/by4aK

VY oBOM pajy mpukasaHe Cy Heke o KOMIIOHeHTU eKocucTeMa Hadoop v Kako ce MOry
MIPUMEHUTH Ha 00paZy BeJIMKUX KOJIMUYMHA TTofaTaKa, MOIMyT mpedpojaBarba reHOM-
CKUX ceKBeHIM. HajBuille maskibe je mocBeheHo craHmapaHOM ajJirOpUTMY 3a 00pamy
BeMKUX KOJIMYMHA ITofaTaka pacnopehjusame-ob6jenumabame (eHr. Map-Reduce), koju
omMoryhaBa f1a ce Ha peJlaTMBHO JIaK HAUMH 00pa/ie BeJrKe KOJIMUMHe IoiaTaka Ha jed-
TUHUM XapIBepCKUM KOMIIOHeHTaMa. Y 3aBUCHOCTH Off ITIoTpeba KOpMUCHMKA CUCTemMa
BPJIO JIAKO Ce MOXKe KOMOMHOBATH Ca OCTa/JIMM ajaTuMa 13 exkocucrema Hadoop. Kao
Mporpamcky je3uk KopuiitheHa je JaBa, 13 pasjora IITO je caM aJiaT MMCAH y JaBU U
IITO Ce ayTOp pajia y TPEHYTKY Mycamba 6aB1mo JaBa rporpamupameM. Yecto KopuirheH
IIPOrpaMcKy je3uK 3a oBy IuiaTgopmy jecte u [1ajTOH, KOju je CBe BuIle Y YIIOTPeOU y

nmocdjieqme Bpeme, IIOroToBO y obacTu NCTpa’kKMBaka I1ogaTaka.

[IpuiukoM pajga 6miIo je ToTpe6HO OCMUCTUTY eUKACHY ITofeny 3agaraka. OCHOBHE
KOMIIOHEHTE CHMCTeMa, Kjlace 3a MPUKYIUbalbe U 00jemubaBabe, M3BPIIaBajy [eI0KY-
nmaH mocao. PasBojuu okBup Hadoop Map-Reduce omoryhaBa a ce HajBuille Maxkibe
IIpU pa3Bojy aIUIMKaIMje yCMepy YIIpaBo Ha OBe eIoBe, 6e3 MHOTO HAIlopa OKO KOMY-
HUKaIMje y IucTpubynpaHoM OKpykemy. Ha Kpajy je, paau jemnier mpukasa, U3Bp-
IIIEHO COPTUpPabe pesyiiTaTa 1 TUMe IpuKa3aHa Jo6pa mpakca KOMOMHOBakha BUIIE 3a-
nmaTaka 3a Map-Reduce. JeqHa o MaHa jecTe IIITO Op3uHa 1oOMjarba MHQOpMallyja Huje
Ha 3aBMJHOM HMBOY, jep ce mojaly Hajla3e Ha AMCKOBMMA pauyyHapa, LITO MpeacTa-
BJba YCKO I'pJio. Y CBPXY IpeBasujaskermha Tora Moxe ce KOpUCTUTH rnatdopma Apache
Spark xoja GYHKIMOHMUIIIE TI0 CAMYHOM IIPUHLIMITY, ajy ce TIOAALM UyBajy y pauyHap-
ckoj meMopuju. To moBonu mo rnmoeharba lieHe U3padyHaBama, IITO IIPeCcTaB/ba jelaH

Ol T'TaBHUX YCJIOBaA ITPUJIMKOM OOJIydMBakha KOjI/I CUCTEM KOPUCTUTHU.

39
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3akbyuaxk je ma Hadoop Map-Reduce tipeficTaBsba jemHy 3peiy miaTdopmy 3a oopamy
BEJIMKMX KOJIMUMHA MT0IaTaKa, Ha PeJIATUBHO jeTMHUM pauyyHapCKUM KOHUTrypaim-
jama. He 61 Tpebaso ga ce KOPMUCTHU Kao 3aMeHa 3a Heke CTaHJapaHe CUCTeMe 3a 00-
pany mojaTaka, omyT pejalMoHuX 6a3a rogaraka, jep ce OHU Ty HMKaKO He MOT'Y TaK-
Mmuunt. Mehytum, Kaga cy penainoHe 6a3e rogataka HemohHe ga Ha ogroapajyhu
HauuH o0Opajie mare rmojaTke, Ty Tpeba TpaxkuTu ynory 3a Hadoop. Tlpemopyka je ma
ce KOpPUCTH Kaja je moryhe mapanenu3oBaTu MOCJIOBe U MPUIMKOM 00pajie BeIMKUX
naTtoTeka. To je ympaBo cdepa 6uomHDOpMaTHKe, 3aTUM UCTPAKMBakba IMoJaTaka Ha-
CTaJMX TOKOM TeJeKOMYHMKALIMOHUX Orepalyja, ajin U y MpeTpakuBamby KOPUCHUX
MHpOopMaluja ca IPyIITBEHUX MpexKa.
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