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1 TIlosicHuTeJbHas 3aNMMCKA
1.1 Ieab u 337294 AU CHUIITIMHBI

Lenv

OUCYUNTIUHDL:

HU3YUYCHUC

COBPCMCHHBIX

METOJI0B 00paboTKH

CTPYKTYpPHUPOBAHHBIX U HECTPYKTYPHUPOBAHHBIX MHOIOOOPA3HBIX TAHHBIX OTPOMHBIX 00BEMOB
JUIS TIOJIy4YE€HUs] BOCIIPUHUMAEMBIX YE€JIOBEKOM PE3yJIbTaTOB.

~S’a()alm:

N3YUCHUC OCHOBHBIX HNPUHOUIIOB U MCTOJAOB XPAHCHUSA U YIPABJICHUA NAHHBIMU

dbopmara Big Data;

3HaKOMCTBO C METOJJaMM OpraHU3alluy U aHalu3a JaHHbIX (hopmaTa Big Data.

1.2 IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00y4YeHHS MO0 JUCIUIIIHHE, COOTHECEHHBIX
¢ HHAUKATOPAMHU I0CTHKEHUS KOMIIeTeHIN i

Komnerenuus
(koA 1 HAMMEHOBaHUE)

Nupukaropsl
KOMIIETEHI[H i
(KOJ 1 HANMCHOBAHHE)

Pe3yabTarsl 00y4yeHus

MK-7

Crioco6eH oCylIeCTBISITh
pa3paboTKy U BelleHUE
0a3nl JaHHBIX, U
MOJIICPIKKY
nH()OPMAITHOHHOTO
obecrieyeHus: petIeHus
MPUKJIATHBIX 33124

IK-7.1.

3HaeT METOIOJIOTHIO
pa3paboTku
“H(pOPMAITMOHHOTO
obecrieueHus,
MIPOEKTUPOBAHMUS,
CO3MaHUS U TIOJICPKKU
0a3 JaHHBIX.

IK-7.2.

YMeeT oCcyIecTBIsATh
pa3-paboTKy U BeJCHHE
0a3 JaHHBIX B
3aBUCHMOCTH OT
KOHKPETHOT'O
Ha3HAYEHUS.

[K-7.3.

HNmeer npakTudeckui
OTIBIT Pa3pabOTKH 1
BEJICHUS IPOEKTa Oa3bl
JTAHBIX.

3namb: OCHOBHBIEC IPUHITUIIBI U
METOIBI XpaHEHUS, YIIPaBJICHUS,
00paboTKH, aHATN3a JTaHHBIX
dbopmara Big Data, meTomonoruto
pa3paboTku HHPOPMALTUOHHOTO
o0ecrieueHus, IPOCKTUPOBAHUS,
CO3JIaHUs U TOJIEPIKKH
XpaHWIUII JaHHBIX.

Ymemy: ctpouts monenu nis
JAHHBIX, XPAHAIINXCS B
pacnpesneneHHo (aiinoBoi
cucreme (Hadoop).

Bnaoemy: MeTonamu
MIPOTHO3HOT'O MOJICTUPOBAHHUS U
aHaJM3a JaHHBIX (anroput™M Map-
reduce).

IMK-8

Croco6eH mpuHUMATH
y4acTHUE B OpraHU3aLu
UT-undpactpykTypsl 1
yIIpaBJICHUU
nH(pOpMaAITMOHHOM
0€30MMacHOCThIO

IK-8.1.

3Haer CrocoObl
OpraHu3anuu UT-
HHPPACTPYK-TYPH,
METOJbl W TPUEMBI
yIpaBiIeHUs
UH(POPMAIIMOHHOM
0€301acCHOCTHIO.

IK-8.2.

YMeer oOpraHu3oBHIBATH

UT-undppactpykTypy
HPEATIPHUATHS ¥ TPOLECCHI

yIIpaBICHUS
HHGOPMAITMOHHON

3nams: ciocoObl OpraHU3aINH
OOJIBIIVX TaHHBIX, OPTaHU3AIUIO
UX UHPPACTPYKTYPHI, OCHOBHBIE
METOBI M CPEJICTBA yIPABICHUS
MH(POPMALIMOHHOM
0€301acHOCTBIO TIPH paboTE C
OOJIBIIMMU TaHHBIMHU.

Ymemps: opranuzoseiBats UT-
UHPPACTPYKTYPY MPEATIPUATHSL
IpH paboTe ¢ OOIBIIUMH
JAaHHBIMU, BEIOUPATh METOJIBI U
pas3pabarbIBaTh CpPECTBA 3aLIUTHI
uHpOpMaLuu npu padboTe ¢
OOJIBIIMMH JaHHBIMU
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0€30MacHOCTHIO. Bnaoemps: HaBbIKaMH y4acTHs B
I1K-8.3. opranuzanuu UT-

Brnaneer HaBBIKAaMH | HHQPACTPYKTYPHI U YIIPaBICHHS
opranuzanuu UT-undpa- | uHbOpMaIMOHHON O€30MTaCHOCTH
CTPYKTYpBI M YIpaBJICHHUS | IPU paboTe ¢ OOIBIIUMHU
MHPOPMAITMOHHOH JTAHHBIMH

0€30I1aCHOCTBIO.

1.3 MecTo IMCUMILIMHBI CTPYKTYPe OCHOBHOI 00pa30BaTe/JIbHOM MPOrpaMMbl

Hucuumuaa b.1.B.J13.09.01 «Texnomorun BIG DATA» sBasercss MUCIUTIIAHOM,
dbopmupyeMoii ydyacTHUKaMu 0O0pa3oBaTeIbHBIX OTHOIIEHWH Onoka bl 1o BeIOOpY
BapHMATHBHONW 4YacTH Y4YeOHOTro IUIaHA TI0 HaIMpaBieHUIO ToAroToBku «lIpuknagHas

nH(popMaTHKaY,

HaIpaBJIeHHOCTh  (MPOQHIIH) «HbOpMAITMOHHO-KOMMYHHUKAITHOHHBIC

TeXHOIOTHH nudpoBo TpaHchopmaumy.

2  Crpykrypa THCUHMILUIUHBI

OO6mmas TpyA0€MKOCTh JUCIUIUIMHBI COCTABIAET 3 3.€., 108 akameMuuecknx 4acos.
By uToroBoro KOHTpOJISI — 3a4€T ¢ OIEHKOM (8 cemecTp).

CTpyKTYypa AMCUHUILIMHBI

O6beM AuCUUIUIMHBL B ()OpME KOHTAKTHOW paboThl 00YUaIOIMXCs C MEIarornyecKUMH
paboTHuKaMu W (WIHM) JIUIAMH,
MPOrpaMMbl Ha UHBIX YCIIOBUSAX, IPU MPOBEICHUH YUSOHBIX 3aHATHIA:

MpUBJIEKAaEMbIMU K peaiu3alnuu 00pa3oBaTeIbHON

Cemectp | Tum yaeOHBIX 3aHATHI KommmuecTBo
4acoB
8 Jlexiun 14
8 [TpakTyeckue paboTHI 28
Bcero: 42

O0beM mUCHMIUIMHBI (MOIYJisA) B (OpME CaMOCTOSITEIBHOW PabOThI 00YyYaIOIMIUXCS
cocTaBisieT 66 akageMuyeckux yacoB. CamocTosiTenbHas paboTa BKIIOYAET:

- BBITMIOJTHEHUE UHANBUYyJIbBHOTO TBOPYECKOTO 3a/1aHus B BocbMoM cemecTpe (UT3);

- CaMOoIOAr0TOBKA (MpopaboTKa U MOBTOPEHHE JIEKIIMOHHOTO MaTepuala U MaTepuana
y4eOHUKOB U Y4YeOHBIX MOocoOmid, mpodeccHoHambHbIX 0a3 MaHHBIX W WH(OPMAIMOHHBIX
CIIPaBOYHBIX CHUCTEM; MOATOTOBKAa K MPAKTUYECKUM 3aHATHUSIM; IMOJArOTOBKA K TEKYLIEMY
KOHTPOJIIO U MMPOMEKYTOYHOU aTTECTAIINN).

3 Copep:xkanue JUCHUNIHHBI

Ne [ HaumeHoBaHme pa3jaesia Conep:xxanue
JUCIMILINHbBI

1 Bgenenue B 6osblme 1.1 TlpeametHoe mozne aucuMIUIMHBL. OCHOBHAs I1IEJb
JIaHHbBIE n3ydeHus: guciuiniael B cTpykType OOII BO. OcHoBHBIE
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NOHATUA, 3HAHWA, YMCHHA U HABBIKHU, ITOJTY4aCMBbIC B XOAC
HU3Y4YCHUA  AUCHUILIIMHBI. CprKTypa JUCHUIIIIMHBI H

TEMaTHYECKUI ILJIaH. Texymun KOHTPOJb U
IPOMEXYTOUHBbIE  aTTecTalUHu. Y4eOHO-METOANYECKOoe
obecrieueHne JUCLUIUIMHBL  (MOIyJisl): OCHOBHAas |

JOTIONIHUTENbHAs uTeparypa. [lepuoguueckue u3nanus u
HWHTEPHET-PECYPCHI.
[Tpennocbuiku GopMUPOBaHUS TPEH 1A OONBIINX TAHHBIX.
1.2 OCHOBHBIE B3Il Ha OOJIBIINE JJAHHBIE.
1.3 OcHOBHBIE BBI30BBI O0OIBIIHMX JaHHBIX (4V).
1.4 KauecTBO UCXOJIHBIX JAHHBIX.
1.5 JlpaiiBeps! poinka Big Data.
1.6 CTpyKTypHUpOBaHHOCTb.
1.7 Buptyanuzamusi.
1.8 Ompenenenne TepMuHa «OOJbIINE TaHHBIEY.
1.9 bazoroe npencrasnenue o Map Reduce u Hadoop.
1.10 IlpencraBienue o paboTe aHATUTHKA.
1.11 Big Data mpoeKxTsi.
1.12 OTKPBITHIC IPOSKTHI.

BgenecHue B KOTHUTHUBHBIN
aHaJIn3 JaHHBIX

2.1 HcTopus HCKYCCTBEHHOT'O UHTEJUIEKTA.
WHTennextyanbHas cucreMa. 3aJaud HMHTEJUIEKTYyalbHOMN
cucreMmsl. [Ipouecc moszHaHus. OMOupuyeckas TMIIOTE3a.
Qanbcudukanys runoTe3. XapaKTepUCTHUKU TUIIOTES.

2.2 Knaccudukanus 3agad. DyHKIHUS KOHKYPEHTHOTO
CXOZCTBA. TpexBxonoBast TadInua. 3anava
penaktupoBaHMs.  3ajada  pacHo3HaBaHUS.  3ajayda
kinactepuszauuu.  [IpomexyTtounslii  ciayyail.  Bbibop
NPU3HAKOB. 3arloJHEHUE MPOOENoB U MPOrHO3UPOBAHMUE.
3amaunn koMmOuHU-poBaHHOrOo Tumna. Ownromorums FRIS-
3amad. Ownromorust Data Mining. Mertoasl  aHanm3a
naHHbIX. Mepsl cxoncTtBa. KonkypentHoe cxoacto. FRIS-
¢yHkuua. OTHOCUTENNbHBIE MEPBI CXOCTBA.

2.3 Paspaborka anroputma Ha Oaze FRIS-¢yHkumn.
@DyHKIUSA KOHKYPEHTHOIO CXOJICTBA — €IMHBINA Oa3uc ams
pemeHust pa3nuyHbIX 3a1a4d Data Mining. Anroputm FRIS-
Stolp. Knaccudukarus MeTo10B TaKCOHOMHH. AJITOPUTM
FRIS-Tax. 3amaua yactuunoro odyuenusi. TpeGoBaHus K
00o6menHol knaccudpukanuu. Cxema anroputma FRIS-
TDR. DOddexr ot wucnomp3oBaHus HHGOpMAUN U3
pacro3HaBaeMoil BBIOOPKH.

2.4 WndopmaTUBHOCTH W BBIOOp mpu3HAKOB. Cxema
aJITOPUTMOB. dunpTpanus. Cenexuusl. Kannasie
anroput™Mel. UtepartuBueiii anroputm AdDel. Anroputm
FRiS-GRAD. Kpurepun wundpopmaruBHOCTh. CpaBHEHHE
KpUTEpHUEB. Y CTOMYUBOCTD K IIOMEXAM.

2.5 OOnapyxeHue OmMMOOK W 3aIlOJIHCHHE TPOOETIOB B
kyOax naHHbIX. Asnroput™M FRIS-ZET. Ilpumenenue 3D-
ZET.

OcHOBBHI sA3bIKa R

3.1 O6mme cBeaenus. Crpykrypa sizbika. OCHOBHBIE
koHCTpykimu. Cunrakcuc. KoHcTanTel. OnepaTopsl.
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Bolpaxkenus. Ympasmsitomue  CTpyKTypbl. CTpYKTYpbl
naHHblX. IlpuMuTuBHBIE THIBL.  BekTOpbl, CHUCKH,
MAaTPHIbI, MACCUBBI. Ta0aUIbl «O0BEKT-CBOUCTBOY.

4 | Uacrpymentsl DATA
MINING

4.1 Weka. Bo3amoxnoctu. [Ipenmyiiecta u He1IOCTaTKH.
Ob6nacTu npuMeHeHUs.

4.2 Busyamuzaupusa. Ilenn, BO3MOXKHOCTH, CpEICTBa.
[IpeumymiectBa u HegocTaTku. OOIACTH IPUMEHEHMS.

4.3 R kak uacTpyMeHT Data Mining. XpaHeHue u AOCTyTI
K JaHHBIM 110 cpeacTBaMm Data Frame. IMmopT u 3kcnopr.

4.4 R xak uHctpyMeHT Data Mining. Knaccuduxarms.
Knacrepuzamus. Perpeccus. R u Hadoop.

4.5 R xak wuHctpymeHT Data Mining. Bo3moxxHocTu
oubimoreku Pandas.

5 TexHomoruu XxpaHeHus
OONBIINX TAaHHBIX

5.1 Hosble xpanmnmuimia JaHHbIX. CBoiicTBa OOJBIIMX
naHHblx u orpannyeHuss RDBMS. ACID tpebGoBanus,
CAP-teopema, BASE apxutextypa. NoSQL. MapReduce.
Kitou-3nauenue. Kononounsle 6a3bl 1aHHBIX. JlOKyMeHTO-
OpHEHTUpPOBaHHbIE 0a3bl JaHHBIX. ['padoBbie  06a3bl
JTAHHBIX.

4 OOpa3oBaTe/ibHbIE TEXHOJIOTHH

I[J'I}I MMPOBCACHUA y‘IC6HBIX 3aHSATUN 110 AUCHUIUIMHEC HCIOJIB3YIOTCA pPa3JIMYHbIC
oOpasoBarenbHble TEeXHOJNOTHH. [lmsi opraHm3amuu y4eOHOro TIpolecca MOXKET OBITh

HCIIOJIb30BAHO  3JICKTPOHHOC
TCXHOJIOTHH.

oOyuenne W (WIM) JUCTAHIMOHHBIE O0Opa30BATEIbHbBIE

5 OueHka IJIaHUPYEMBIX Pe3yJbTATOB 00y4eHMsI

5.1 CucreMa oneHHUBAHHUSA

(3aueT ¢ OLIEHKOM)

dopma KOHTPOJIS Makc. KoJIM4ecTBO OaJIJIOB
3a ogHy Bcero
paboTy
Texkymui KOHTPOJIb:
- 3aI1UTa IPAKTUYECKUX paboT 12 6amnoB 60 6amioB
[IpomexxyTouyHas arrecTanus 40 G6amtoB

HTtoro 3a cemectp

100 0amoB

[Tomy4yeHHBIN COBOKYIHBIN PE3YIbTAT KOHBEPTUPYETCS B TPAAULMOHHYIO IIKAJIy OLICHOK U B
KTy oleHoK EBponeiickoil cucteMsl iepeHoca U HakoruieHus: kpeautos (European Credit
Transfer System; nanee — ECTS) B cooTBeTcTBHH ¢ TaOnuIeit:

| 100-6annpHas | TpaauirioHHas MIKaia | [xana




IKajia ECTS
95-100 A
2304 OTJIMYHO B

68 — 82 XOPOIIIO 3a4TEHO C

56 — 67 D
50_55 YAOBJIETBOPUTEIHHO E
20-49 FX
0-19 HEYJOBJIETBOPUTEIHHO HE 3a4TCHO F

5.2 KpwuTtepuu BbICTABJIECHHUS OLEHKH O TUCUHUIJIMHE

Banany/
Ikanaa
ECTS

OuneHka no
TUCHMUILINHE

Kpurtepun oueHku pe3yJbTaToB 00y4eHUs 10O
AUCUHMILINHE

100-83/
A, B

«OTIUYHOY/
«3a4TEeHO
(oTuyHO)»/
«3a4TEHOY»

BrictaBnsiercst oOydaromiemycsi, €ciii OH ri1y00Ko U
MPOYHO YCBOUJI TEOPETUUYECKUIN U MPAKTUIECKUIN
MaTepHuall, MOKET TIPOJIEMOHCTPUPOBATH ATO HA 3aHATHUSX
U B XOJIe POMEKYTOYHON aTTeCTalllH.

OO0yuaromuiicst HCUEPIBIBAIOIIE U JJOTUYECKU CTPOMHO
v3naraet yueOHbI MaTepuai, yMeeT YBA3bIBaTh TEOPHUIO C
MPAKTUKOH, CIIPABIISIETCS C PEIICHUEM 3a1ad
npo¢eCCHOHATLHON HANPAaBICHHOCTH BBICOKOTO YPOBHS
CJIO’KHOCTH, MPABIIILHO 00OCHOBBIBAET IIPHHSATHIC
peIIeHMSL.

CB00OIHO OpUEHTUPYETCS B yUeOHON U
npodeCCHOHATILHOM JINTepaType.

Onenka no JUCIHUILTMHE BBICTABISIOTCS 00y4JaromeMycs ¢
y4E€TOM PE3YJIBTATOB TEKYIIEH U TPOMEKYTOUHOM
aTTeCTalUu.

Kommniereniuu, 3akperiéHnble 3a JUCUUILITAHOM,
c(hOpMHUPOBAHbI HA YPOBHE — «BBICOKHIIY.

82-68/

«XOpOILIO»/
«3a4TEHO
(xoporro)»/
«3aUTCHO

BricTaBnsiercs 00y4aromemMycsi, €CiIi OH 3HaeT
TEOPETUYECKUN U IPAKTUYECKUIA MaTEpHas, FpaMOTHO U IO
- CYIIECTBY M3JaraeT ero Ha 3aHITHUSIX U B XOJI€
IIPOMEXYTOYHOH aTTeCTalH, HE JAOITyCKas CYLIECTBEHHBIX
HETOYHOCTEH.

OOyuarouuiics NpaBUIbHO PUMEHSET TEOPETHUECKHUE
MOJIOXKEHHUS MIPU PEIICHNN IPAKTUUECKUX 3a7a4
npo¢ecCHOHATLHON HANIPaBIEHHOCTH Pa3HOTO YPOBHS
CJI0KHOCTH, BJIaJIEET HEOOXOAUMBIMHU ISl 3TOTO HABBIKAMU
U OpUEMaMU.

JlocTaToOuyHO XOpOILIO OPUEHTUPYETCS B yUeOHOU U
npo¢ecCUOHATILHOM JInTepaType.

OrneHka 1o JUCHUTUTMHE BBICTABIISIOTCS 00YYArOIEMYCs C
Y4ETOM pe3ysIbTaTOB TEKYILEH U IPOMEKYTOYHON
aTTeCTallUU.

Komnerenuu, 3akpeniéHuble 3a AUCLUIIIINHOM,
c(OpMHPOBAHBI HA YPOBHE — «XOPOIIHIAY.
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Bbanasl/ Ounenka no Kpurtepun oneHkn pe3yjbTaToB 00y4eHHs 110
IIkana AMCUHMILINHE AUCUHMILINHE
ECTS
67-50/ «YyIIOBJIETBOpUTENL | BhIcTaBisieTcss o0ydaromemMycsi, €Clid OH 3HaeT Ha 6a30BOM
D,E HO»/ YPOBHE TEOPETUUECKUI U IPAKTUYECKUNA MaTepual,
«3a4TEHO JIOTIYCKaeT OT/eNIbHbIE OMIMOKH MPH €T0 U3JI0KEHUU Ha
(yooBieTBOpUTEb | 3aHATHUIX U B XOZ€ IPOMEKYTOUHON aTTECTALMU.
HO)»/ OO0yuarmuiicss HICTIBITBIBACT ONPEICIEHHBIC 3aTPYTHCHUS
«3a4TEHO» B IPUMEHEHUH TEOPETUUECKUX TIOJIOKEHUI NPU PELLIEHUHN
NPaKTHYECKUX 3aa4 Mpo(dhecCHOHaNbHOM HallPaBIEHHOCTH
CTaH/IapTHOI'O YPOBHS CJIOKHOCTH, BJIAJIEET
HEO0OXOIUMBIMHU IS 3TOTO 0a30BBIMH HAaBBIKAMU U
MIpUEMaMH.
JIeMOHCTpHUpYET TOCTATOYHBIN YPOBEHb 3HAHUS yUeOHOM
JUTEPaATYpHl 110 TUCLUILINHE.
Onenka no JUCIHUILIMHE BBICTABISIOTCS 00y4daromeMycs ¢
y4E€TOM PE3yJIbTATOB TEKYILEH U TPOMEKYTOUHON
aTTeCTalUu.
Komnerenmuu, 3akpeninéHHble 3a AUCUUIIITNHOMN,
c(hOpMHUPOBAHBI HA YPOBHE — «JIOCTATOYHBII).
49-0/ «HEYIIOBIIETBOPHUTE | BricTaBisercs oOy4aromemMycs, €Ciii OH He 3HaeT Ha
F, FX JLHO»/ 0a30BOM ypOBHE TEOPETHUCCKHUH M MPAKTUICCKUI
HE 3a4TEHO MaTepHall, JI0IycKaeT rpyObie omrOKY Ipy ero

U3JI0’KEHUH Ha 3aHATHUSIX U B XO/1€ IPOMEXKYTOUHON
aTTeCTallUU.

OOyyaronuiics UCIIBITHIBAET CEPhEIHBIC 3aTPYAHECHUS B
MIPUMEHEHUH TEOPETUUECKUX TOJI0KEHUH NPU PELICHUU
MPaKTUYECKUX 3a7a4 MpodeccHnoHalIbHOM HalIPaBIEHHOCTH
CTaH/IapTHOI'O YPOBHS CJIO)KHOCTH, HE BJIa/I€eT
HEO0OXOIUMBIMHU ISl 5TOTO HaBBIKAMU U TIpUEMaMHU.
JleMoHCTpHpYET (pparMeHTapHbIe 3HAHUS YIeOHOH
JUTEPaATypPHI MO TUCIUTLINHE.

OreHka 1Mo JUCHUIUIMHE BBICTABIISIOTCS 00YYarOIEeMyCs C
YYETOM PE3YJIbTATOB TEKYIIEH U MPOMEKYTOUHOMN
aTTeCTallUN.

KomnereHium Ha ypoBHE «JOCTaTOUHBINY, 3aKPEIUIEHHbIE
3a AMCUMIUIMHON, HE C(HOPMHUPOBAHEI.

IIpu oneHMBaHUM 3aIUUTHI IPAKTUYECKON PaOOThI yUUTHIBAECTCS:

- TIOJHOT@ BBIMOJHEHHOW paboThl (3aJaHUE BBIMOJHEHO HE TOJHOCTHIO W/HIU
JIOMYIIEHBI J1BE U 00Jiee OIMOKH WK TpU U Oojiee HETOYHOCTH) — 1-5 Gaina;

- 000CHOBAaHHOCTb COZICPKAHMSI M BBIBOJIOB pa0OTHI (3a/1aHKE BBIIIOIHEHO MOJIHOCTHIO,
HO OOOCHOBaHUE COJIEpPKaHUs U BBIBOJOB HEIOCTATOYHBI, HO PACCYXICHUS BEPHBI) — 6-9

0aJIoB;

- paboTa BBHINIOJHEHA MMOTHOCTHIO, B PACCYXKICHUIX U OOOCHOBAHUHU HET MPOOETIOB HIIN
omnOOK, BO3MOKHA 0JHA HETOYHOCTE -10-12 Gamios.

[TpomexxyTouHas aTTecTamus (3a4eT ¢ OIEHKOMN).
IIpn npoBeneHMH NPOMEXYTOUHOM aTTECTallMM CTYAEHT JAOJKEH OTBETUTh Ha 2
BOIIPOCA TEOPETHUUECKOTO XapaKTepa JIM00 MPONTH TECTUPOBAHHE.
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[Tpu onleHUBaHMM OTBETA HA BONPOC TEOPETUUECKOT0 XapaKTepa YUUTHIBACTCS:

- TEOPETHUYECKOE CO/Iep’)KaHNe He OCBOCHO, 3HAHUE MaTepHaia HOCHT (pparMeHTapHBIH
XapakTep, HaJuuue rpyobix ombok B oteete (1-10 6ansos);

- TEOPETHUYECKOE COJEepKaHWE OCBOCHO YAaCTHYHO, JOIMYIIEHO HE OoJiee ABYX-TPEX
HenouetoB (11-20 Gamon);

- TEOpPETHYECKOEe COJCpPKaHHE OCBOEHO TOYTH TIOJHOCTHIO, JOMYIICHO He Ooiee
OJTHOT'O-/IBYX HEIOYETOB, HO O00ydYaromuiicst cMor Obl UX UCHIPaBUTh caMocToATeNbHO (21-30

0aJIoB);

-  TCEOPCTHYCCKOC

cofiepKaHue

coOcTBeHHOMY Iu1any (31-40 6aios).

OCBOCHO

MOJIHOCTBIO, OTBCT IIOCTPOCH 11O

Tembl wHAMBHUAYaNbHBIX TBOpueckux 3aHsaTHil (UT3) B 8 cemectpe BbIgaroTcs
IIpEenoAaBaTeieM 10 BapuaHTaM, COOTBETCTBYIOIIMM TEMaM pa3ieioB

OneHnBanue BbINMOJTHEHUS HHIAUBHUAYAJBHOI0 TBOPYECKOI0 3a/ilaHUA

Banapl/ Hlxkana
ECTS

ITokazarenu

Kputepuu

40...32/
A, B

33...20/

19...10/
D, E

1. ITotHOTA BBINOJIHEHUS
WHANBUIYATHHOTO
TBOPYECKOTO 3aJIaHMS;

2. CBOEBpPEMEHHOCTh
BBITIOJTHCHHMS 3aIaHUS;

3. IlocienoBaTeILHOCTD U
paIrMoHaTBHOCTh
BBITIOJIHCHHMS 3aIaHUS;

4. CaMOCTOSTEILHOCTD
perieHusl.

3ajauu MCCIEI0BAHUS PEIICHBI
CaMOCTOSITENILHO, TBOPUECKH
npopabotan marepuai. YéTko u
HI0CJIEI0BATENIBHO TOCTPOEH JIOKJIAJ U
3aKJIFOUYEHUE, U3JI0KEHBI TIOJIOKEHUS O
pelIeHny NoCcTaBIeHHbIX 3a1a4. [Ipu
9TOM COCTAaBJIEH NPABUJIbHBIN aJITOPUTM
peIIeHHs; B JOTHYECKUX PACCYKACHUAX
U PEUIEHUH HET OLIMOO0K, OIyYEHO
BEPHOE 3aKJIIOYEHUE, 3a/laHUe
BBINOJIHEHO PAIMOHAIBHBIM CLIOCOOOM.

3agaun uccae0BaHus PEIICHBI C
NIOMOIIIBIO TIpenoaBarens. He coBcem
YETKO U MOCIIE0BATEIHHO TIOCTPOCH
JIOKJIa/T ¥ 3aKJTF0UEHUE, U3JT0KECHBI
TIOJIOXKECHHUS O PEIICHUH TOCTaBJICH-HbBIX
3agad. [Ipu 3TOM cocraBieH
IIPaBUJIBHBIN AJITOPUTM PEIICHUS
3aJjaHusl, B JIOTHYECKOM PACcCYXICHUU U
PCIICHUH HET CYIICCTBCHHBIX OH_II/I6OK;
€cTh OOBSICHEHUE PEIICHUS, HO 3aJaHHe
BBITTOJIHEHO HEpaIlMOHATEHBIM
CHoco0OM, TIOTY4E€HO BEpHOE
3aKIIIOYCHHE.

3agauu uccaeoBaHus PEIICHbI C
MoJICKa3KaMu Ipenojasarens. He uérko
U MTOCJIEI0BATEIBLHO MOCTPOEH TOKIIA U
3aKJIIOYEHUE, U3JI0KEHBI TTOJIOKEHUS O
PCIICHNHU IMOCTABJICHHBIX 3aJ/1a4. HpI/I
OTOM 3aJIaHUC ITOHATO IMPaBHUJIBHO, B
JIOTUYECKOM PaCCYKJIECHUU HET
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banasl/ llIkana
ECTS IToxa3zarenu Kpurepun

CYIIECTBEHHBIX OUIMOOK, HO JJOMYIIEHbI
CylLIeCTBEHHBIE OIIMOKU B BBIOOpE
aJToOpUTMa PeIeHNUs; 3aaHIe
BBIIOJIHEHO HE MOJHOCTHIO HIIH B
00111eM BHJIE.

9...0/ 3aga4ym UCCIEOBAHMS HE PEIICHBI.

F, FX

5.3 OuneHouyHble cpeacTBa (MAaTEPHAJIbI) ISl TEKYLIEro KOHTPOJISl yCIIeBaeMOCTH,
NMPOMEKYTOYHOM aTTecTAUMU 00y4aroIIMXCS N0 JUCHUILTIUHE (MOOY10)

Bonpocsl Kk Tekyliei arrecTanuu
1. BOJBIIMHCTBO NaHHBIX B MUPE B MOCJIEHHUE TOAbI COAEPIKATIOCH:
1. +B nudpoBom Buze
ii. B ananoroBom Bue
2. B kakom Beke Mpou3omén mepeBec 00hEMOB HAKOIUICHHBIX YEJIOBEYECTBOM JIaHHBIX B
CTOPOHY LIU(PPOBBIX?
1. 20 (uucmno)
3. O0BEM HAKOIMJICHHBIX Y€JI0BEYeCTBOM LU POBBIX NaHHbIX Ha 2012 roa nu3mepsercs:
1. IlerabGaiitamu
il. +3errabaiitamu
111. Dx3abaiTamMu
iv. MorraGaiitamu
4. Cxonpko IlerabaiiT B 3eTTabaiite?
1. 1024 (yucno)
5. Ykaxure pakTop, CmoCOOCTBOBABIIHM MOSBICHUIO TPEH 1A OOJBIITUX TaHHBIX
1. +MapkeTHHTOBbIE KAMIIAHUH KPYITHBIX KOPIIOpauit
11. +CHuXeHHe U3JIep’KeK Ha XpaHEeHUE JTaHHBIX
iii. TlosiBIeHMEe HOBBIX TEXHOIOTHI 00PaOOTKH MOTOKOBBIX JAHHBIX
iv. Brimyck 6a3 maHHBIX ¢ 00pa0OTKOI TaHHBIX B TAMSATH
6. Kakue BeposiTHBIE pa3o4apoBaHUs TpeHAA OONBIINX JaHHBIX?
i. M3-3a yrpo3sl 0€30mMacHOCTH JIMYHOW KHU3HH (privacy) rpakaaH OyayT yCIOKHEHBI
MpOLEAYPBI COOpa NaHHBIX, YTO MPUBEAET K MAJCHUIO [ICHHOCTH OOJIBIINX JaHHBIX.
7. OTMeThTE 3HAYMMBbIC COOBITHS, MOBIUSABIINE HAa (OPMUPOBAHUE TPEHIA
OOJIBIINX TaHHBIX:
i. + Pa3paborka Hadoop
il. + M3o6perenue npunnuna MapReduce
iii. Pa3zpabotka si3p1ka Pyhton
iv. ITob6ena Deepblue B matue ¢ I'.KacmapoBbim.
8. BriOepute BepHbIN OTBET
1. bospmme nanHbie — 3T0 00paboTKa MM Xpanenue o6osee 1 TO nadopmarun.
ii. +IIpoGnema OONBIIMX MAHHBIX — 3TO TaKas MPOOJIeMa, KOTAa MPH CYIIECTBYIOIINX
TEXHOJIOTHSIX XpaHEHUs U 00pabOTKU CYIIHOCTHasi 00paboTKa JaHHBIX 3aTpyIHEHA WIH
HEBO3MOXHA.
iil. bompime nanHbie — 310 orpomHas PR-akius kpynmHbeIX BEHAOPOB U He OoJiee Toro.
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iv. bBonbiime aaHHble — 3TO SBICHHE, KOrjJa HU(POBBIE JaHHbIE HauOoJee IOJHO
MIPEJICTABISIOT H3Y9aeMbIid O0BEKT.

9. BriOepuTe HEBEPHBIH OTBET:

10.

11.

12.

13.

14.

15.

16.

1. +tbonbune gaHHbie — 3TO HaHHbIE 00BEMA cBhIlle 1 TO
ii. IlpoGmema OONBIIMX JaHHBIX — O3TO MpoOJieMa, KOrja MNpU CYIIECTBYIOIIMX
TEXHOJIOTUSIX XpaHEHUsS U 00pabOTKMU CyIIHOCTHas 0OpaboTKa JAaHHBIX 3aTpyIHEHA WU
HEBO3MOXHA.
iil. bonbmme nanuele — 310 Tpena B obnactu UT, momorpeBaembiii MapKeTHUHIOBBIMU
KaMITaHUSIMU KPYTTHBIX BEHIOPOB.
iv. Borpinme maHHBIE KaK MPaBUIIO HE CTPYKTYPUPOBAHBI.
OTMeThTe T€ U3 BAPHAHTOB, B KOTOPBIX JJAHHBIE CTPYKTYPUPOBAHBI:
i. JlamHBIe O Mpojakax KOMIIAHWH, MPEICTABICHHBIC B BUJIC IOMECIYHBIX OTYETOB B
¢dbopmare MS Word.
i1. +Tabnuna c exxeTHEBHBIMU TTOKA3aHUSIMHU TEMIIEPATYphl IOMEIICHUS 3a TOJ B (aiiie
¢dbopmara csv.
iii. Texer memarorudeckoit mosmel A.C. MakapeHko, npecTaBieHHbIi B popmare PDF.
iv. bubnuoreka ¢uIbMOB, TpEACTaBICHHBIX B ¢dopmaTe mpeg4 Ha OAHOM KECTKOM
IIFICKeE.
[lepeuncnute 4eThIpe OCHOBHBIX XapakTepucTuku Big Data:
1. Virtualization, Volume, Variability, Vehicle
il. +Variety, Velocity, Volume, Value
1. Verification, Volume, Velocity, Visualization
iv. Video, Value, Variety, Volume
Bribepure HEBepHOE BHICKA3bIBAHHE:
i. +bonbume 00BEMBI JaHHBIX MNPUBOAAT K CIA0OW HMX CTPYKTYpH3aIUH, MOSTOMY
MOSIBIISIETCS TAKOE Pa3HOOOpas3ue JaHHBIX.
il. YBenuuuBIIAascS MPOU3BOAUTEIHLHOCTh TEIEKOMMYHHUKAIIMOHHBIX KaHAIOB MPHUBENA K
pocTy 00bEMOB MepeaBaeMon HH(pOpMAITUH.
iil. Y[erieBieHrue CUCTEM XpaHEHHUs HA eUHUIly WH(POPMAIIMU MPUBEIO K POCTY PhIHKA
OOJBIITNX JTAHHBIX.
iv. bonbioe pa3HooOpa3re NCTOUHUKOB JaHHBIX
OTMmeThTe HEBEpHOE TTOHNMaHUe Variety B KOHTEKCTe XxapakTepucTuk Big Data:
i. +BbIcOKas CKOPOCTh TEHEPUPOBAHUS TAHHBIX.
il. +Pa3HbIe TUIIBI JAaHHBIX B KOJIOHKaX Ta0muIl pensiuonHbix CYB/I.
iil. +Pa3HooOpasue oTpacieil, SBIAIOMNXCSI HCTOYHUKAMH JTAHHBIX.
iv.  Pa3HoOoOpa3zue THIIOB MJaHHBIX, BKJIIOUYAIOMIMX B Ce0s CTPYKTYpPHpPOBaHHBIE,
MOJTyCTPYKTYPUPOBAHHBIE U HECTPYKTYPHUPOBAHHEIE.
[Tpunuun MapReduce coctout B ToM, 4TOOBI
1. +IIpon3BoANTH BEIYMCICHUS HA y3JaX, TJe HHPOpMAIUsI H3HAYATbHO ObliIa COXpaHeHa
ii. +Mcnonp30BaTh BEIYUCIUTENBHBIE MOIIIHOCTH CHCTEM XPaHEHUS
iil. Mcnonb3oBaTh PyHKIIMOHAIBHOE MPOTPAMMHUPOBAHUE JIJIS1 PELICHHS 3a/1a4 MAaCCHUBHO-
napaieNbHOi 00paboTKH
Bri6epute 01HO HeBepHOE BbIcKaszbiBaHuE po MapReduce:
i. +HWHTepdeiic s MaccoBo-mapauIenbHOW 00pabOTKM JAaHHBIX, TIE BBIYHCICHUS
MIPOU3BOJIATCS Ha y37aX, Iie HHPopMaIus H3HAYAIBHO ObLlIa COXpaHeHa
ii. MapReduce — 310 n1Be onepanuu: pacnpeaenaeHus U cOOpKU AaHHBIX iii. +MapReduce
ObL1 IpuayMaH pazpadorurkamu Hadoop
iv. MapReduce 6bu1 aHOHCHpOBaH pa3paborunkamu Google

KakoB Teopernyeckuii mpUpPOCT MPOU3BOJUTEILHOCTH MPHU MOACYETE 4YKCIa CIOB B

TekcTe npu pabore MapReduce npu nepexojie 0T 0JJHOTO y3Jia K IBYM:
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i 2
17. Kakue u3 cneayrommx texHomoruii CYB/] ne ucnonp3yrot npuaiun MapReduce
i. Hadoop
ii. Cassandra
iii. HDInsight
iv. +Redis
18. Kakume CVYBJl momHOCTHIO TOJAaramTcs Ha OMEPATHUBHYI MaMSATh TMPH XpaHEHUU
nH(popManuu:
1. +Oracle Exalytics
ii. +SAP HANA
iii. BigTable
iv. HBase
19. B uém npenmMy1ecTBo KOJIOHOYHO-OpueHTHpoBaHHBIX CYB/1?
1.  OHM MO3BOJIAIOT BBIMOMHATH Oosiee ciokHbie SQL-3ampochl MO CPaBHEHHUIO C
pensiuuonHbiMu CY B/
1. +OHM MO3BOJISIIOT IMHAMUYECKH JTONOJIHATh COAEpKaHUE 3aliCe HOBBIMU MOJIIMU
iii. OHM uMeroT 6oJee THOKUE BO3MOKHOCTH aHATTUTUKH.
1v. OHH MO3BOJIAIOT 3PHEKTUBHO €TaTh MEKKOJIOHOYHBIE CPABHEHHUS.
20. JIms 4ero aHANUTUKY HEOOXOUMAa «IIECOYHUIIa»?
1. +Jlas BBICOKOIPOM3BOAUTENBLHOM aHAIUTHUKHU 32 CUET MCHOJIb30BAaHUS ONEpPaTUBHON
namstu ¥ inDB oneparuii.
1. Jlng XpaHeHHMsl BCeX IOJIyYEHHBIX OT 3aKa3uMKa JaHHbIX. 1il. [ moctpoenus
OTY€TOB O pe3yibTaTax aHaIu3a
1v. +Jlyg cHUXKeHUs 3aTpaT, CBSI3aHHBIX C pEIUIMKAIMe JaHHBIX
21. Kakue wu3 cHeoymOIIMX CPEICTB pPa3syMHO WCMOJIb30BaTh Ui aHalu3a JaHHBIX,
MPEICTABICHHBIX AMHCTBEHHBIM CSV-(aitiioM pazmepa 6osee 100I°6:
i. +Hadoop
ii. Data Warehouse
1. +dlecounura»
iv. +Python
22. BeiOepure BepHOE YTBEPKICHHUE:
i. Data Warehouse co3nmatorcs sl pOBEPKH THUIIOTE3 NIPHU aHATM3e OOJBIINX JTAHHBIX.
10
il.  +«llecoununa» wuCHONB3yeTCs MJisi CHWXKEHUs Harpy3kd Ha OCHOBHou Data
Warehouse.
i1, Kaxnaeiii Data Warehouse 1oimkeH coepKaTh «IIECOUYHHUILYY.
iv. «Ilecoununa» HEOOX0oaAMMA I JTFOOOTO MPOLIecca aHATUTHKY.
23. PaccraBbTe 1OC/IE0BATEIBLHOCTD 3TANOB MPOEKTa aHAIUTUKH B cooTBeTCTBUM ¢ CRISP-
DM.
i. I[Tonnmanue 6m3Heca (Business understanding)
ii. [Tonumanue nanupix (Data Understanding)
iii. TTogroroBka nanueix (Data Preparation)
iv. Monenmuposanue (Modeling)
v. Ouenka (Evaluation)
vi. Buenpenue (Deployment)
24. Ha kaxom u3 stanoB npouecca CRISP-DM npoucxoaut nposepka rumnotes?
1. [Tonumanue 6uzHeca (Business understanding)
ii. INonnmanue nanneix (Data Understanding)
iil. +MogenupoBanue (Modeling)
iv. Onenka (Evaluation)
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25. Bpl sBisieTech BAJENbLEM M aHAIUTHUKOM B KommnaHuu u3 10 4denoBek, B KOTOpOH
TpebyeTcs mpoaHaau3upoBaTh npoaaxu 3a 1 rox (1 muH. npoxax). Kakue u3 atramoB CRISP-
DM MO0KHO OIyCTHUTB:
1. +Ilonumanue OusHeca (Business understanding)
ii. ITogrotoBka nanueix (Data Preparation)
iil. Mogaenupoanue (Modeling)
iv. Onenka (Evaluation)
26. Ilpumep 6maropazymHoro ucrnosbs3oBanus Hadoop
i. Anamu3 10 I'6 naHHBIX.
ii. ExemHeBHOe COXpaHEHHE JAaHHBIX TEMIIEPATYpHl, MOCTYHAIOIINX CO BCEX TOPOJIOB
Poccuu (1o ogHOMY MOKa3aHUIO Ha ropoj, Bcero ropoos 1100 ).
iii. +IlocekyHIHOE COXpaHEHHE JAaHHBIX TEMIEPATYPhl, TOCTYIAIOIINX CO BCEX TOPOIOB
Poccuu (1o ogHOMY MOKa3aHUIO Ha ropoj, Bcero ropoos 1100 mr).
iv. IlocTpoenue rpaduka mysabca maueHTa B peaibHOM BPEMEHH.
27. HauumHas ¢ KakMX pa3MepoB JaHHBIX 00OCHOBaHHO NMpuMeHeHue kinactepa Hadoop mns
XpaHEHUs JaHHbBIX?
1. 100I'6
ii. 1T6
iii. +100T6
iv. +1I16
28. Hadoop — 370!
i. +Habop yTwnuT, W TpPOTpaMMHBIA KapKac /IS BBITIOJIHEHUS paclpeneIEHHBIX
porpamm, paboTaroIKX Ha KIacTepax.
i1. Pacnpenenénnas CYB/], mo3Bonstomas 00padaTeiBaTh OOIBIINE TaHHBIC.
1ii. SI3bIK BBINOJIHEHU 3a1aHui B mapaaurme MapReduce.
iv. Pacnpenenénnas daiioBas cucrema, NpeJHa3HAuY€HHas Jid XpaHeHUs QailioB
60b1I0TO 00BEMA.
Bonpocsl k 3auery ¢ OLeHKOHI
HcTopust BO3HUKHOBEHUS TepMUHA «bojbline TaHHbIEY.
HcTounnku OONBIINX JaHHBIX.
Pa3Butne Oonbmnx ganubix. L{ukn [apTHepa B pa3BuTHH HH()OPMAIIMOHHBIX
TEXHOJIOTHH.
Ocuossl Hadoop. bazoBeir Habop kommonentos Hadoop.
bazoBeie Mmoaynu dpperimMBopka Apache Framework.
daumnosas cucrema Hadoop Distributed File System (HDFS). HDFS u HDFS2.
MapReduce Framework u YARN.
Oxpyxenne Hadoop: YARN, Tez, Spark, HRS.
bazosbie npunoxxenus Hadoop: Pig, HIVE, HBASE.
0. HBase — pacnpenenenHas u macmrabupyemasi 6aza JaHHBIX ISl pAOOTHI ¢ OOIBIIUMU
JTaHHBIMU
11. CpaBuenue HBase u HDFS.
12. Mopens nasaeix B HBase.
13. 3akxonomepnoctu ¢popmupoBanus BigTable.
14. OcobeHHocTH 0TOOpakeHHS BpeMeHHBIX MeTOK B BigTable.
15. HIVE — xpanunuie 0oabIINX JaHHBIX: apXUTEKTypa, paboTa ¢ TaHHBIMHU.
16. Amnanus naganix ¢ noMmomso PIG. Komanne! PIG.
17. JlorucTuyeckuu aHAIU3 C UCIOB30BaHueM Splunk.
18. Pabota ¢ nanasiMu ¢ momomsio Spark DataFrames u Spark SQL.
19. OcHoBBI MaIMHHOTO 00y4eHHsI. «OCMBICTICHHE JaHHBIX» I MAITMHHOTO 00yYeHHS.
20. OcuHoBsl KNIME.

el e

i S R
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21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

Knaccudukanus H”HCTpYMEHTOB, TEXHUK U aJITOPUTMOB MAIIMHHOTO O0YYECHHUS.
AcconpaTtrBHbIE ITpaBUJIa.

KnacrepHbin aHamms.

Knacrepuzanus B KNIME.

Knacrepuzamus B Spank.

CounainpHble ceTH U 0a3bl 3HAHUHM KaK UCTOYHHKH OOJIBIINX JaHHBIX.
[Toaxonpl k 00paboTKe 0ONBIINX JaHHBIX, CTPYKTYPUPOBAHHBIX B BHJIE TpadoB.
Open Source-penienus s 00padoTKu OOIBIINX 00HEMOB IpaOBBIX JaHHBIX.
Apache Giraph u GraphLab.

MapReduce u 00paboTka KpynmHOMacIITaOHbIX TpadoB.

MapReduce npotus Giraph.

6 YuyeOHO-MeTOaUUYECKOEe H MH(POPMALMOHHOE 00ecnevyeHne TUCHHITUHBI
CHHCOK HCTOYHUKOB JTUTEPATYPhI

OcHoBHasi IMTepaTypa
1.

6.1

[TapackeBoB, A. B. bosibiue nanssle: yue6Hoe nocodue / A. B. IlapackeBos, A. D.
Ceprees. - Mocksa; Bonorma: Uadpa-Umxkenepus, 2024. - 148 c. - ISBN 978-5-
9729-2120-1. - Tekcr: anekTponHsIi. - URL:
https://znanium.ru/catalog/product/2169699

3aposa, E. B. Metoas! Data mining B 00paboTKe 1 aHaJIN3€ CTAaTUCTUYECKUX
naHHbIX (pemeHust B R): monorpadwus / E.B. 3apoBa. — Mocksa: UHOPA-M, 2021.
— 232 c.: un. - ISBN 978-5-16-016814-2. - Tekcrt: anextponssiid. - URL:

https://znanium.com/catalog/product/1240276

. IIpotonpsikonos, A. B. Anroputmel Data Science u ux mpakTudeckas peaau3anus

Ha Python: yue6noe mocobme / A. B. Ilporomesikonos, II. A. IleutoB, B. E.
CanoBHuKkoB. - MockBa; Bosnoraa: Unadpa-Unxenepus, 2022. - 392 ¢. - ISBN 978-
5-9729-1006-9. - Tekct: anexkTpoHHbIN. - URL:
https://znanium.com/catalog/product/1902689

bnanyuna, B. M. ConuajibHO-35KOHOMHYECKOE palOHMPOBAHHE B AMOXY OOJIBIINX
naHHbIx: Monorpacdus / bianyna B.U. - Mocksa: HUL[ MH®PA-M, 2019. - 194 c.
(Hayunass wmbicib) ISBN 978-5-16-013259-4. - Tekct: anekrponsbiii. - URL:
https://new.znanium.com/catalog/product/1014727

I'ypukos, C. P. OcHOBBI ajdropuTMH3andud W TMporpamMmupoBanus Ha Python :
yuebnoe nocooue / C.P. I'ypukoB. — Mocksa : UH®PA-M, 2025. — 343 ¢. —
(Beiciiee obpazoBanue). - ISBN 978-5-16-020255-6. - TekcT : 3I€KTPOHHBIN. -

URL.: https://znanium.ru/catalog/product/2166199

JlonoHUTeIbLHAS JUTEpaTypa

1.

Kynauues, A. II. Meroasl 1 cpeacTBa KOMIUIEKCHOIO CTaTUCTHYECKOIO aHAIU3a
naHHbIX: yueOHoe mocooue / A.Il. KymanueB. — 5-¢ uznm., mepepab. u jom. —
MockBa: UTHOPA-M, 2025. — 484 c. — (Bricmee obpaszoBanue). — DOI
10.12737/25093. - ISBN 978-5-16-020053-8. - Tekct: asmektponnbii. - URL:
https://znanium.ru/catalog/product/2155997.

Hensix, A. H. CoBpeMeHHbIE METOIbI NMPHUKIATHON HHPOPMATHKH B 3a7adax
aHanmM3a JaHHBIX: y4eOHOoe mocobme mo Kypcy "MerToabl HMHTEUIEKTYaabHOTO
aHamm3a maHHeIX" / A. H. Hemsix, A. A. Iensix, 3. M. Koros; HIxHbIi
denepanpHBId  yHHBepcuTeT. - PocrtoB-Ha-Jlony; Tarampor: W3maTenbcTBo
OxHoro denepanbHoro yausepeurera,2021. - 130 ¢. - ISBN 978-5-9275-3783-9.
- Tekct: anextponnsiid. - URL: https://znanium.com/catalog/product/1894428

15


https://znanium.ru/catalog/product/2169699
https://znanium.com/catalog/product/1240276
https://znanium.com/catalog/product/1902689
https://new.znanium.com/catalog/product/1014727
https://znanium.ru/catalog/product/2166199
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3. XKyxos, P. A. S3bik nporpammupoBanus Python: npaktukym : yueOHoe nmocodue /
P.A. KykoB. — MockBa : UHOPA-M, 2026. — 216 c. + [lon. marepuaisl
[Onmexktponnblii  pecypc]. —  (Beicmee — obpazoBanme). —  DOI
10.12737/textbook Scb5ca35aaa7f5.89424805. - ISBN 978-5-16-018516-3. -
Texct : anexTpounnsiif. - URL: https://znanium.ru/catalog/product/2241265

4. 3onorapiok, A. B. f3bIk u cpena nporpammupoBanus R : yuebHoe nocobue / A.B.
3onortaprok. — Mocka : UHOPA-M, 2026. — 162 ¢. — (Bricuiee oOpa3oBanue).
— DOI 10.12737/textbook Sb8fdb0bd795c4.69435980. - ISBN 978-5-16-018723-
5. - Tekcer : anekrponnsbiil. - URL: https://znanium.ru/catalog/product/2221665

6.2 IlepeyeHb pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAMOHHOM ceTH « MHTEepHET»

1.

(98]

e

o

10.
11.
12.

DIeKTPOHHO-0MOIMOTeYHAast cucTeMa «3HaHuym» - Pesxxum goctyna: http://znanium.com
- Undopmarnmonnas cucrema «EquHOE OKHO JOCTYIa K 00pa30BaTENLHBIM PECypcam». =

Pexxum noctyna: http://window.edu.ru

Ownnaita-sHIIMKIONIe M. - Pesxxum noctyna: http://encyclopedia.ru

DNEKTPOHHBIN cripaBoYHUK «HPOPMUOY» AJis BBICIINX YUEOHBIX 3aBeIeHUH. - Pexxum
noctyna: http:/ www.informio.ru

Koncynerantllmtoc. [IpaBoBas mognepkka. - Pexxum noctyna: http://www.consultant.ru/
Haumonanehnseiil oTkpbiTeiil yHuBepeuteT «AHTYUWUT. - Pexxnm nocrymna:
https://www.intuit.ru/

Caiit Microsoft - Pexxum noctymna: https://msdn.microsoft.com/ru-ru/library/

Hayunas 6ubnaunoreka PITY - Pesxxum goctyma: http://liber.rsuh.ru/

«CITFORUM»: Ananutndaeckas nadopmarus B cepe IT. - Pesxxum noctyma:
http://citforum.ru/

Hammonanwsnas snexrponnas oubdnuorexa (HOb) www.rusneb.ru

ELibrary.ru Hayunas snekrponHast 6ubanorexka www.elibrary.ru
http://window.edu.ru - Uadopmarnmonnas cucrema «EnuHoe oKHO TOCTyma K
00pa3oBaTeNbHBIM PECYpPCam».

6.3 IlpodeccnonanbHbie 6a3bl JAHHBIX U MHGOPMALMOHHO-CIIPABOYHbIE CHCTEMBbI

7

Hoctyn k npodeccuonanbHbIM 0a3am gaHHBIX: https://liber.rsuh.ru/ru/bases
[TpodeccronanbHbIE MOJHOTEKCTOBBIE 0a3bl JAaHHBIX:

1. HamwmonanbHas 31ekTpoHHas oubimmoreka (HOB) www.rusneb.ru

2. ELibrary.ru Hayunas snekrponHas Oubmuorexka www.elibrary.ru

3. Dmnekrponnas oubmmoreka Grebennikon.ru www.grebennikon.ru

WHndopmanvoHHble CIIPaBOYHbIE CUCTEMBI:
1. Koncynbrant Ilmtoc
2. Tapant

MarepuajbHO-TEXHHYECKOE o0ecniedeHne JMCUUILTUHBI (M00Y/1:1)

I[J'ISI MaTCPHAJIbHO-TCXHUYCCKOI'O obecneyeHus AUCHUITIIMHBI H606XOI[I/IMBIZ

- OJ151 IeKYuUll.
* yueOHas ayTUTOPHS,
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J0CKa,
MPOEKTOp (CTallMOHAPHBIN WM IEPEHOCHON),
KOMITBIOTEP UM HOYTOYK,

nporpammHoe obecrieuenue (I110).

[Tepeuyens nmporpammuoro odecrieuenus (I10)

Nerr/n HaumenoBanue 110 Cnoco0 pacrpocTpaHeHHS
1 Microsoft Office 2010 Pro JIUIICH3UOHHOE
2 Windows 10 JIMLIEH3UOHHOE
3 Kaspersky Endpoint Security JUICH3MOHHOE
4 [Tnatdhopma ZOOM JIUIIEH3UOHHOE

- 0na npakmu4ecKkux 3auAMuUL.

¢ mabopatopusi,
® J0CKa,
® [POEKTOp (CTalMOHAPHBIN WU MEPEHOCHOI),
® KOMITBIOTEP WJIM HOYTOYK JUIsl PENOIaBaTeNs,
® KOMITBIOTEPHI JIJIS O0YUaAIOITIXCS,
¢ BwixoJ B HTEpHET,
* nporpammHoe obecnieuenue (I10).
[Tepeuyens nporpammuoro odecnieuenus (I10)
Hanmenosanue 110 Cnoco0d pacnpocTpaHeHust
Windows 10 JUIICH3UOHHOE
Microsoft Office 2010 Pro JINLIEH3UOHHOE
Mozilla Firefox CBOOOIHO PacIPOCTPAHIEMOE
Kaspersky Endpoint Security JIMIIEH3UOHHOE
Cloudera Manager Express OecruratHasi CBOOOHO pacrpocTpaHseMast
BepCHst
ITnarpopma ZOOM JINIISH3MOHHOE

8 Ooecneyenne 00pa3oBaTeIbHOIO NMpPoOLECCa VIS JIUL ¢ OTPAHNYCHHBIMH
BO3MOKHOCTSIMH 3/10POBbSI 1 HHBAJIN/I0B

B xonme peamuzanuMM OUCUUIUIMHBI HMCIOJB3YKOTCS CIEAYIONIME JOTOJHUTEIbHBIE
METOJbI OOy4YeHUs, TEKYIIEero KOHTPOIS YCHEBAEMOCTH M TMPOMEXKYTOYHOW aTTecTaruu
00ydJaronmxcs B 3aBUCUMOCTH OT UX MHIUBUAYaTbHBIX OCOOCHHOCTEH:

® NI CIENbIX W CHA0OBUISANIMX: JIEKIUH OQOPMIISIIOTCS B BHIAE JIIEKTPOHHOTO
JIOKYMEHTA, JOCTYIHOTO C MOMOIIBIO KOMIBIOTEPA CO CHEUATU3UPOBAHHBIM MMPOIPAMMHBIM
obecreyeHneM; MHUCHMEHHBIC 3aJaHus BBITTOTHSIIOTCS Ha KOMITBIOTEPE co
CIIEIMATU3UPOBAHHBIM MIPOTPAMMHBIM OOECTICUEHHEM WJIM MOTYT OBITh 3aMEHEHBI YCTHBIM
OTBETOM; obOecreynBaeTCsl MHAUBHUIyallbHOE paBHOMEpHOE ocBelleHue He MeHee 300 mrokc;
JUIS.  BBITIOJTHEHUS 3aJaHusi TPU HEOOXOJAMMOCTH TPEAOCTABISICTCS  YBEIMYHBAIOIICE
YCTPOMCTBO; BO3MOXHO TaK)K€ HCIOJIb30BaHHE COOCTBEHHBIX YBEIMUYMBAIOIIUX YCTPOWCTB;
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NUCbMEHHbBIE 3aJlaHusI OQOPMIISIFOTCS YBEIMUYSHHBIM IIPU(PTOM; IK3aMEeH U 3a4ET MPOBOAATCS
B YCTHOH (pOpME WIIH BBHITTOJTHSIOTCS B MIMCBMEHHOM (hopMe Ha KOMIIBIOTEpE.

® I TIIyXUX W cHa0OCTBIIIANIMX: JIEKUMH O(QOPMISIOTCS B BHUIE 3IIEKTPOHHOTO
JOKyMEHTa, JMOO TMpPeNoCTaBIsIeTCs 3BYKOYCHIIMBAIOMIAS amiaparypa WHIABUIYAIEHOTO
M0JIb30BAHMUS; MMCHbMEHHBIEC 3a/1aHUS BBINOJIHAIOTCS Ha KOMIIbIOTEpPE B MUCbMEHHOU (opme;
9K3aMeH W 3a4€T MPOBOAATCS B MUChbMEHHOH (hopMe Ha KOMITBIOTEPE; BOZMOXKHO TPOBEICHHE
B (hopMe TECTHPOBAHUSI.

® JIIs JIWII C HApYIICHUSIMHA OITOPHO-ABUTATEIFHOTO armapara: JeKIHa o(GopMIISIFOTCS B
BUJE  OJEKTPOHHOTO  JIOKyMEHTa, JIOCTYIHOTO C  IIOMOILIBI0  KOMIbIOTEpa  CO
CTHEMATM3UPOBAHHBIM TIPOTPAMMHBIM 00€CIIeYeHHEeM; MTUCHhMEHHBIC 3a/IaHUS BBITIOHSIOTCS
Ha KOMIIBIOTEPE CO CHEIHMAIM3UPOBAHHBIM MPOTrPAMMHBIM 0OeCIeueHUeM; 3K3aMeH M 3a4éT
MIPOBOJISATCS B YCTHOM (hOpMe HITH BBITIOJHSIOTCS B MUCHBMEHHOW (hopMe Ha KOMITBIOTEPE.

[Ipy HEOOXOOUMOCTH NpeIyCMATpUBACTCS YBEIMUYEHHE BpPEMEHH MJIs IOATOTOBKH
OTBETA.

[Iponenypa mpoBeaeHUsT MPOMEKYTOUHOM — arrecTaluu Ui OOy4aroOUIMXCs
YCTaHABJIMBACTCSI C YYETOM UX HWHAMBHIYAIBHBIX TMCHUXO(PH3MUECKUX OCOOCHHOCTEH.
[IpomerxyTouHas aTTecTalus MOXKET IPOBOIUTHCS B HECKOJIBKO ITAIOB.

[Ipu mpoBeaeHNU TPOIIETypPBI OLICHUBAHUS PE3YIBTaTOB OOYUYCHUS MPEIyCMaTPUBACTCS
UCIIOJIb30BaHUE TEXHUYECKHX CpEACTB, HEOOXOMUMBIX B CBA3M C HWHIMBUAYAIbHBIMU
0COOCHHOCTSIMU 00yYaromuxcsi. DTU CPEJCTBA MOTYT OBITh IPEJOCTABIEHbBl YHUBEPCUTETOM,
WA MOTYT MCIIOJIb30BaThCs COOCTBEHHBIE TEXHUUECKUE CPE/ICTBA.

[lpoBenenue mpolEAypbl OIICHWBAHUS PpE3yJIbTATOB OOY4YeHHs JOIYCKaeTcs ¢
UCIIOJIb30BaHUEM JIUCTAHIIMOHHBIX 00pPa30BaTEIbHBIX TEXHOIOTUH.

ObecnieunBaeTcs AOCTYI K HH(OOPMALIMOHHBIM U OUOIHOrpaduyecKuM pecypcam B CeTH
WnTepHer i kaxzaoro odbydarouierocs B ¢opmax, aJJaiTUPOBAHHBIX K OrpaHMYCHHUSIM HUX
3II0POBBSI U BOCTIPHATHS MHPOPMAIIUH:

® 17151 CJIETIBIX M CJIA0OBUISAIIMX: B IEUATHOM (hopMe yBEeTMUEHHBIM HIpUPTOM, B hopme
3JIEKTPOHHOTO JIOKYMEHTa, B (hopme aynuodaiia.

® UIs TIOYXMX M CclabocCiblIaliiX: B Te4yaTHOM ¢opme, B ¢GopMe 3IIEKTPOHHOTO
JOKYMEHTA.

® 11 00y4aloIIMXCsl ¢ HapyIIEHUSIMU OMOPHO-IABUIaTeNbHOIO ammapara: B IeyaTHON
¢dbopme, B hopMe IIEKTPOHHOTO JIOKYMEHTa, B (hopme ayanodaiina.

YyeOHbIE ayIUTOPUHM IS BCEX BUIOB KOHTAKTHOW M CaMOCTOSITEIIbHOW paloThI,
HayyHass OMONMOTEKa W WHBIE TOMEIIEHUS Al OOyuYeHHUs OCHAIIEHBI CIHEIUAIbHBIM
000pyIOBaHNEM U yUYEOHBIMHA MECTaMH C TEXHUYECKUMH CPEICTBAMH OOyYeHUS:

® IS CIIETIBIX W CIA0OBUASAIINX: YCTPOMCTBOM JIJIsi CKAHMPOBAHUS U UTEHHUS ¢ KaMepoi
SARA CE; nucrineem bpaiinsg PAC Mate 20; npunatepom bpaiis EmBraille ViewPlus;

® Ui TIYyXUX W cNa0OCHBIIIAIINX: aBTOMAaTU3UPOBAHHBIM PaboYrM MECTOM ISl JItoIei
C HapyIICHUEM CIIyXa U CIA0OCIIBIIAIINX; aKyCTHYECKHI YCUITUTENb U KOJIOHKH;

s oOydaloluxcsi ¢  HApyHIGHUSMH  OMOPHO-ABUTaTENbHOTO  ammapara:
NEPEIBIKHBIMU, PpEryIupyeMbIMU 3proHomuueckumu napramu CH-1; xommnbroTepHOR
TEXHHUKOMW CO CIEUATbHBIM IPOTPAMMHBIM 00€CIICYCHHEM.

B xone peanuzanuu JUCHUIUIMHBI UCIIOJIB3YIOTCS CIAEAYIOIINE TOMOTHUTEIbHbBIC
METOJIbl 00YUYEHHsI, TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTeCTalllu
00ydJaroumxcsi B 3aBUCUMOCTH OT UX MHIUBUAYaJIbHBIX OCOOCHHOCTEH:

® IS CJIETBIX U CIA00BUIAILIMUX:
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- JeKUMH O(QOPMIISIOTCS B BHJE 3IJIEKTPOHHOTO JOKYMEHTA, JOCTYIHOTO C TOMOIIbIO
KOMIIBIOTEpA CO CIIEIHNATN3UPOBAHHBIM ITPOTPAMMHBIM 00€CIIeUeHUEM;

- THMCbMEHHBIC 3aJlaHMs BBINOJHSIOTCS Ha KOMIIBIOTEPE CO CIEHUATU3UPOBAHHBIM
MPOrPaMMHBIM 00eCTIeUeHHEM, HITH MOTYT OBITh 3aMEHEHBI YCTHBIM OTBETOM;

- o0ecrieunBaeTCsl MHIMBUIyallbHOE paBHOMEpHOE ocBenieHne He meHee 300 JoKc;

- s BBITMIOJIHEHUS 3aJaHdsl MPH HEOOXOTUMOCTH TPEIOCTABISIETCS YBEIHMYUBAIOIICE
YCTPOHCTBO; BO3MOXHO TAK)K€ MCII0JIb30BaHHE COOCTBEHHBIX YBEIMUUBAIOIINX YCTPOUCTB;

- MMCHMEHHBIC 33JaHUsT OPOPMIISIOTCS YBEIIMICHHBIM MIPUPTOM;

- 9K3aMEH U 3a4€T MPOBOJATCS B YCTHON ()OpME MM BHIMOIHAIOTCS B MUCBMEHHOU (hopme
Ha KOMIIbIOTEpE.

® I TIIyXUX U CIA0OCIIbIIAIINX:

- JIeKIMH O(OPMIISIOTCS B BHUJAE BJIEKTPOHHOTO JOKYMEHTa, JUOO MpPEeroCTaBIsSETCS
3BYKOYCWJIMBAIOLIAsl armapaTypa WHAUBUYaTbHOTO M0JIb30BaHMUS;

- MMCHMEHHBIC 33JJaHHS BHITIOJHSAIOTCS Ha KOMITBIOTEPE B MUCHbMEHHOM (hopMe;

- DK3aMEH M 3a4€T NPOBOAATCA B IMUCBMEHHOH (hopMe Ha KOMIIBIOTEPE; BO3MOXKHO
npoBeieHue B (hOpMe TeCTHPOBAHUS.

® IS UL C HApYLICHUSMHU ONIOPHO-ABUraTeIbHOIO anmapara:

- JeKIUU OQOPMIISIIOTCSI B BHUJAE JIEKTPOHHOIO JOKYMEHTA, JOCTYIIHOTO C IOMOIIBIO
KOMITbIOTEpA CO CHEIMATN3UPOBAHHBIM ITPOrPaMMHBIM 00€CIIeUeHUEM;

- THMCHMEHHBIC 3aJlaHWs BBIMOJHSIOTCS HAa KOMIIBIOTEPE CO CICIUATU3UPOBAHHBIM
IPOrpaMMHBIM 00ECTIEUCHUEM;

- 9K3aMEH W 3a4€T MPOBOJIATCS B YCTHON ()OPME MIIH BBITIOIHSAIOTCS B MUCHbMEHHOM (hopme
Ha KOMIIbIOTEpE.

[Ipy HEOOXOAMMOCTH TPETyCMATPHBACTCS YBEIMYCHHWE BPEMEHH JUIS TOATOTOBKU
OTBETA.

[Iponienrypa mpoBeneHHsT TMPOMEXKYTOYHOH — aTrTecTaldéd s OOYyYaromuxcs
YCTAHABJIMBAETCS C YYETOM UX HWHAMBUIYAIbHBIX HNCUXO(PU3MUECKUX OCOOEHHOCTEH.
[IpomesxyTouHast aTTeCTanus MOXET MPOBOIUTHCS B HECKOJIBKO ITAIOB.

[Tpu IIPOBEACHUU HpoLETyphl OLIEHUBaHMS pe3yabTaToB o0yueHus
NpeayCMaTpUBAETCsS HCIIOJBb30BAaHHE TEXHHUYECKUX CPEJICTB, HEOOXOJAWMBIX B CBSI3U C
UHIUBUAYAIbHBIMA ~ OCOOCHHOCTSIMHM  OOydaromuxcs. OTH  CcpeicTBa MOryT  OBITh
NPEJOCTABIICHBl YHUBEPCHUTETOM, WJIM MOTYT HCIOJB30BATHCS COOCTBEHHBIC TEXHUYECKHE
CpelCTBa.

[IpoBeneHne mpoueaypbl OIEHUBAHUS pPE3YJNbTATOB OOyUYEHHs JOIyCKAaeTcs C
UCIIOJIb30BaHUEM JUCTAHIIMOHHBIX 00pPa30BaTEIbHBIX TEXHOIOTUH.

ObecnieunBaeTcst JOCTYT K MHPOPMAMOHHBIM U OMOIHOrpaduIeckuM pecypcam B CETH
WntepHer s kaxzaoro odOydaromierocs B ¢opmax, aJJalTUPOBAHHBIX K OrpaHMYEHHMSIM HUX
3II0OPOBBSI U BOCTIPHATHS MHPOPMALIUH:

® 71 CIeNbIX ¥ cIa0oBUIALINX:

- B MeyaTHOU (hopMe yBEJIMYEHHBIM HIPUPTOM;
- B (hopMe 3IEKTPOHHOTO JOKYMEHTA;

- B popme ayauodaiina.

® I TIIyXUX U CJIA0OCIbILIAIINX:

- B IeyaTHou popme;

- B (hopMe 3IEKTPOHHOTO JOKYMEHTA.

® 115 0OYYAOLINXCS C HAPYIICHUSIMH OTIOPHO-IBUTATEIILHOTO amnapaTra:
- B le4aTHoi popme;

- B JOpMeE 3IEKTPOHHOTO IOKYMEHTA;

- B popme ayaunodaiina.
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Y4eOHbIE ayIUTOPUU JUIsI BCEX BUJOB KOHTAKTHOW M CaMOCTOSITENILHON paboTHl,
Hay4yHasi OWOMMOTEKa W WHBIC TOMEINICHUs JUIsi OOYy4YeHHS OCHAIICHBI CIIeIHATbHBIM
o0opyoBaHNEM U Y4EeOHBIMH MECTaMU C TEXHUYECKHUMH CPEICTBAMU OOYUCHUS:

® IS CIIETBIX M CJIa0OBHUSMIINX:

- YCTPOMCTBOM JJisl CKaHUpOBaHUs U uTeHus ¢ kamepoid SARA CE;

- nucreeM bpaitnsg PAC Mate 20;

- npunTepoM bpaitng EmBraille ViewPlus;

® IS TIyXHUX U CIa0OCTBIIIAIINX

- aBTOMAaTU3UPOBAHHBIM pPAa0OYUM MECTOM Ui JIOACH ¢ HapylleHHeM Cclyxa |
¢J1a00CIIBIIIAIINX;

- AaKyCTUYECKUN YCHIUTEINb U KOJIOHKHU;

® 17151 OOYyYarONIUXCsl C HAPYIICHUSIMU OTIOPHO-/IBUTATEILHOTO amnmapara:
- IePEIBUKHBIMU, PETYIHPYEMBIMU 3proHoMuueckumu napramu CU-1;
- KOMIIBIOTEPHON TEXHUKOM CO CIIEUAIbHBIM TPOTrPAMMHBIM 00ECTIEYECHUEM.

9 Mertoauyeckne MaTepHAJIbI
9.1 IliaHbI NPAKTHYECKUX 3aHATHI

IpakTuueckas: padora Ne 1 [IpuHuunbel paboTel ¢ OONBIIMMH JaHHBIMH, MapajurMa
MapReduce
Lenv pabomwl
PaccMoTpeTh MpHUHIMIBI PabOThl C OOJNBIIMMHU JAHHBIMH M TO3HAKOMHUTBCS C
napaaurmoit mapReduce.

3aoauu

- M3yuuts Teopernueckue ceeaenus o Big Data;

- PaccMoTpeTs OCHOBHBIE IPUHLUIIBL, KOTOPBIM CIELYIOT BCE CPEICTBA U NApaIUrMbl
paboTHI C OOJTBIIMMU JTAHHBIMH,

- Paccmotperts mapagurmy MapReduce u pa3o0paTe HECKOJIBKO 33a4, B KOTOPOil oHa
MOJKET OBITh IPUMEHEHA.

Xoo Pabomul
Teopernueckue cBeeHUs
HcTopus Bonpoca U onpeseeHne TepMuHa
Tepmun Big Data mosiBuncs cpaBHuTenbHO HemaBHO. Google Trends mokasbiBaeT
HayaJo aKTHBHOTO pOCTa yHnoTpebyieHus cioBocodetanus HaunHas ¢ 2011 roxa :
[Ipu »TOM yXe ceiiyac TEPMUH HCMONb3yeTcs oYeHb 4acTo. OCOOEHHO 4acTo HE MO
JIeTy TEpMUH UCIOJIB3YIOT MapKeTosioru. Tak uro xe takoe Big Data na camom nene?
Berpeuarotces pazHble onpeaeneHus:
Big Data — 310 korma maHHBIX Oombine, wem 10016 (50016, 1Th, xomy uro
HPaBUTCS)
- Big Data — 3T0 Takue maHHbIe, KOTOPBIE HEBO3MOKHO 00pabaTsiBaTh B Excel
Big Data — 5T0 Takue AaHHbBIE, KOTOphIE HEBO3MOKHO 00paboTaTh HAa OJHOM
KOMIIBIOTEPE
W naxxe Takue:
- Big Data — 310 BooOI111€ JTF00BIE JaHHBIE.
- Big Data He cy1iecTByeT, ee IpuIyMaid MapKEeTOIOTH.

Omnpenenenue ¢ wikipedia:
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Bonbme nanseie (aHri. big data) — cepusi MOAXO0J0B, HHCTPYMEHTOB U METO/I0B
00paboOTKH CTPYKTYPHUPOBAHHBIX M HECTPYKTYPHUPOBAHHBIX JIaHHBIX OIPOMHBIX OOBEMOB M
3HAYUTEIBHOTO MHOT000pa3us JUIs MOJY4YeHHs BOCIPHUHUMAEMbIX YEJIOBEKOM pe3yJIbTaToB,
3¢ (eKTUBHBIX B YCIOBUAX HEMPEPHIBHOTO MPUPOCTA, paclpeiesieHus] 10 MHOTOYHUCICHHBIM
y3J1aM BBIYHMCIMTENBHOM ceTu, chopmupoBaBiuxcs B KoHie 2000-x ro10B, albTepHATUBHBIX
TPaJMLIMOHHBIM CHCTEMaM YIpaBieHHs Oa3aMH JaHHBIX M pelIeHusM Kiacca Business
Intelligence.

Taxum oOpazom mox Big Data moHumaTcs He Kako-TO KOHKPETHBI 00BhEM JaHHBIX U
Ja)ke HEe CaMM JaHHbIe, a METO/Abl WX OO0pabOTKM, KOTOphIE MO3BOJSIIOT pPACHpenieHo
oOpabaTeiBaTh HHPOpPMALIUIO. DTH METOABI MOXXHO MPUMEHUTh KaK K OTPOMHBIM MacCHBaM
JTAHHBIX (TaKUM KaK COJiepKaHHe BCeX CTPAHMIl B MHTEPHETE), TaK U K MAJIEHbKUM.

Heckonbko mpuMepoB TOro, YTO MOXET ObITh MCTOYHUKOM JaHHBIX, JJIS KOTOPBIX
HE0OXOIMMBbI METO/1bI pabOTHI C OOIBIIUMH JaHHBIMH:

- Jlorn moBeieHUS NOJIB30BATENEN B MHTEPHETE

- GPS-curnans! oT aBTOMOOMIIEH JUIsl TPAHCIIOPTHOIN KOMIIAaHUU

- JlaHHbBIE, CHUMaeMbI€ C JaTYUKOB B OOJIBIIOM aIpOHHOM KoJUlaiiepe

- Onudposannslie kHuru B Poccuiickoit I'ocynapcrBennoii bubnuoreke

- Undopmanus o TpaH3aKLKAX BCEX KIMEHTOB OaHKa

- Undopmanus o Bcex NOKyIKax B KPYITHOU PUTEIIT ceTu  T. .

KonnuecTBO MCTOYHMKOB JaHHBIX CTPEMHUTEIBHO PACTET, a 3HAUYUT TEXHOJOTMH HX
00pabOTKH CTaHOBSATCA BCE Ooiee BOCTPEOOBAHHBIMH.

[TpuHIUnB! paboOTH! C GOIBIIUMU JTAHHBIMU

Ucxons u3z ompenenenust Big Data, MoxHO chopMynpoBaTh OCHOBHBIE MPUHIUIIBI
paboThI ¢ TAKUMHM JAHHBIMU:

1. TopuzonTasnpbHasg MacimtabupyemocTb. I1oCKOIbKY IJaHHBIX MOXKET OBITH CKOJIb
YyroJIHO MHOTO — JIf00asi cucrema, KoTopas Mojpa3yMmMeBaeT 0O0paboTKy OOJBIIMX JAaHHBIX,
JOJKHA OBITh paciiupsieMoil. B 1Ba pa3a BbIpoc 00bEM JaHHBIX — B JIBa pa3a YBEJIWYMWIN
BO3MOXHOCTH alnapaTHON 4yacTH B KJacTepe, U CUCTEMa MPOoJI0JKHUIIa paboTaTh.

2. OrkazoycroiiunBocTh.  IIpMHIMII ~ TOPU3OHTAIBHON  MacIITaOMpPyEeMOCTU
HoJpa3yMeBaeT, YToO MallliH B KjacTepe MoxkeT ObITh MHOro. Hampumep, Hadoop-knacrep
Yahoo umeer 6onee 42000 MamuH (110 3TOM CChUIKE MOXKHO TOCMOTPETh pa3Mepbl KiacTepa B
pasHBIX OpraHu3alnuAx). DTO O3HayaeT, YTO 4YacTh ATUX MaIlMH OyAeT rapaHTHUPOBAHHO
BBIXOJUTh W3 CTPOA. MeTonasl paboOThl C OOJBIIMMH JaHHBIMH JOJDKHBI YYHTHIBATH
BO3MOXHOCTb TAaKUX COOEB U MEPEKUBATh UX 0€3 KaKUX-T1M00 3HAUMMBbIX MOCIECTBUMA.

3. JlokanpHOCTh JaHHBIX. B OonpImIMX pachpenen€HHbIX CHUCTEMaxX JaHHbIE
pacripesiesieHbl 10 OONBLIIOMY KOJMYECTBY MalMH. Eciu gaHHble QU3MUEcKH HaXoIsATCs Ha
OJIHOM cepBepe, a o0pabaThIBalOTCA Ha APYrOM — PacxoJlbl Ha Tepefady JaHHBIX MOTYT
NPEBBICUTh pacXoJbl Ha camy o0paboTky. [lo3ToMy OIHUM M3 BaXXHEWIIMX MPHUHLUIIOB
npoekTupoBanus BigData-pemeHuii sSBISETCS NPUHIUN JIOKAIBHOCTH JTaHHBIX — 10
BO3MOXHOCTH 00pa0aThIBaeM JJaHHbBIE Ha TOM K€ MAalllMHE, HA KOTOPOH MX XPaHUM.

Bce coBpeMeHHBIE cpecTBa pabOThl ¢ OOJNIBIIMMHU JaHHBIMU TaK WM MHAYE CIEAYIOT
TUM TpEM npuHIUNIaM. J[is Toro, 4ToObI UM cJIe10BaTh — HEOOXOAMMO MPUAYMbIBATh KaKUe-
TO METOJbI, CIIOCOOBI M MapagurMbl pa3pabOTKU CPEICTB pa3padOTKH JaHHBIX. OOuH U3
caMbIX KJIACCHYECKHX METOJIOB U pa3depeM B 3Toil padore.

MapReduce

MapReduce — 310 Momenb pacmpeneieHHON 0oO0paOOTKHM JaHHBIX, MPEITOKESHHAS
komnanueit Google ans o0paboTku O60dbIIUX OOBEMOB JaHHBIX Ha KOMIIBIOTEPHBIX
kiacrepax. MapReduce HemIoxo WTIOCTpUpPYETCs CASAYIOMIEH KapTHHKOM:
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https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/w/index.php?title=%D0%9D%D0%B5%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D0%B5&amp;action=edit&amp;redlink=1
https://ru.wikipedia.org/wiki/2000-%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/Business_Intelligence
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F_%D0%B1%D0%B0%D0%B7%D0%B0%D0%BC%D0%B8_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/wiki/Business_Intelligence
http://www.hadoopwizard.com/which-big-data-company-has-the-worlds-biggest-hadoop-cluster/
http://www.hadoopwizard.com/which-big-data-company-has-the-worlds-biggest-hadoop-cluster/

How MapReduce Works?
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MapReduce npearnonaraer, 9To JTaHHBIE OPTaHU30BAHBI B BUJIE HEKOTOPBIX 3aITUCEH.
O06paboTka JaHHBIX TPOUCXOJIUT B TPU CTAHH:

1. Cragus Map. Ha »Toif craguu naHHble npenoOpaldaThIBAIOTCS HpPU MOMOIIU
(GyHKIMH map, KOTOPYIO ONpenessieT Mojib3oBaTenb. PaboTa 3Tol cTaaMu 3akiodaercs B
npenoOpaboTtke W (QuibTpanuu AaHHBIX. PaboTa odeHp TOXOXka Ha OIEpanyio map B
(YHKIMOHATIBHBIX SI3BIKAX MPOTrPaMMHUPOBAHMS — MOJIb30BaTENbCKast (PYHKUIUS NPUMEHSIETCS
K Ka)KIIOM BXOJHOM 3aITHCH.

@OyHKIMSA map, NIPUMEHEHHasi K OJHOM BXOJHOM 3alMCH M BbIIAET MHOXKECTBO Map
KITIOY-3HaYeHnEe. MHOKECTBO — T.€. MOXKET BBIIaTh TOJBKO OJIHY 3aIlliCh, MOKET HE BBIIATH
HHUYETO0, a MOXKET BhIJIaTh HECKOJIBKO Tap KiIrou-3HaueHue. Uto OyneT HaxoquTcs B KIIIOYE U B
3HaYCHWW — peIIaTh IMOJB30BATEII0, HO KIIOY — OYeHb BakKHAs BElIb, TaK KaK JaHHBIC C
OJTHUM KJIFOYOM B OyTyIeM MomnaayT B OJUH SK3eMIULIp GpyHKUIuH reduce.

2. Cranusa Shuffle. [IpoxoauT He3ameTHO AJiA ToJb30BaTeNsl. B 3TOM cTamuu BHIBOX
GyHKIMH map «pa3z0HupaeTcs MO KOp3MHAM» — KaxJaas KOp3MHAa COOTBETCTBYET OJHOMY
KITIOYY BBIBOJIa CTaIUK map. B nanpHeieM 3TH KOp3WHBI IOCITYKAT BX0A0M Jutst reduce.

3. Cranus Reduce. Kaxxnas «xop3uHa» co 3HaYeHUAMH, cHOPMUPOBAHHAS Ha CTaUU
shuffle, nomamgaer na Bxox ¢pynkiuu reduce.

@Oynkius reduce 3agaéres Moab30BaTEIeM M BBIYMCIACT (QUHATIBHBIN pe3ysbTaT A
OTJIETTbHON «KOp3WHBD»Y. MHOXECTBO BCeX 3HAYeHHWH, BO3BpaméHHBIX ¢yHKuuen reduce(),
aBisieTcs puHaNIBHBIM pe3ynbTaToM MapReduce-3agaun.

Heckonbko monomuurensHbIX (pakToB mpo MapReduce:

1) Bce 3amycku ¢yHKuM map paboTar0T HE3aBUCUMO H  MOTyT palboTaTrh
napasuieIbHO, B TOM YMCIIE Ha Pa3HbIX MalIMHAX KacTepa.

2) Bce 3zamycku ¢yHkuun reduce paboTalOT HE3aBUCUMO M MOTYT paboTarh
napajuieIbHO, B TOM YMCIIE Ha Pa3HbIX MaIIMHAX KacTepa.

3) Shuffle BHyTpHu cebst mpeacTaBisSeT NmapajielibHYyI0 COPTHUPOBKY, MO3TOMY TaKKe
MOXKET paboTaTh Ha pa3HBIX MamIMHAX Kiactepa. [IyHKTHI 1-3 TMO3BOJNSIOT BBITOIHHUTH
HPUHIMI TOPU30HTAIBHONH MacIITaOUPyEeMOCTH.
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4) ®dynkuus map, Kak IpaBUIIO, NPUMEHSETCS HA TOM )K€ MalllMHE, Ha KOTOPOM
XpaHATCS JlaHHbIE — OTO TIO3BOJISIET CHU3UTH Iepefady JAaHHbIX MO ceTd (IpUHLHUIT
JIOKQJIbHOCTH JAHHBIX ).

5) MapReduce — 3T0 Bcerza mojaHOe CKaHUPOBAHHUE JAHHBIX, HUKAKUX WHJIEKCOB HET.
3Oto 03Hauaet, uTro MapReduce mioxo npuMeHNM, KOTJja OTBET TpeOyeTcst 0ueHb ObICTPO.

IIpakTHYeckas 4acThb

[Ipumeps! 3anay4, 3 pexTHBHO pemaeMbix npu nomou MapReduce

Word Count

Kiaccnueckas 3agaua — Word Count. 3amaua ¢popMynupyeTcsi CIeayommuM o0pa3oM:
uMeeTcsi OOJBIION KOpITyC AOKYMEHTOB. 3ajaya — JUIsd KaXJOro cJioBa, XOTs Obl OAMH pa3
BCTPEYAOMIETOCSI B KOPITyCE, IOCYHTATh CyMMapHOE KOJMYECTBO pa3, KOTOpPOE OHO
BCTPETHIIOCH B KOPITyCE.

Pemrenne:

Paz umeeM OoibIION KOPIyC JOKYMEHTOB — IMYCTh OAMH JOKYMEHT OyJeT OJHON
BXOJIHOM 3amuceio s MapRreduce—3anaun. B MapReduce Mbl MOkeM TOJNBKO 3aJaBaTh
HoJb30BaTeNbckue (QYHKIMH, 4YTO Mbl M caenaeMm (Oynem wucmonb3oBaTh python-like
TICEBIIOKO/):

def map(doc):

for word in doc:

yield word, 1

def reduce

(word, values):

yield word, sum(values)

@OyHKIMS map IMpeBpallaeT BXOAHOM JOKyMeHT B Habop map (cioBo, 1), shuffle
MPO3pavHoO Il HAC MpeBpamaer 3To B mapsl (cioso, [1,1,1,1,1,1]), reduce cymmupyer 3t
€IMHUYKH, BO3Bpallas (pUHANbHBIA OTBET JJIS CIOBA.

O6paboTKa JTOTOB PEKIAMHOMN CUCTEMBI

Bropoii npumep - u3 peansHoii npaktuku Data-Centric Alliance.

3amada: ©IMEeTCs CSV-JIOT PEKJIAMHOM CHCTEMBI BHJIA:

<user id>,<country>,<city>,<campaign_ id>,<creative id>,<payment></p>

11111, RU, Moscow,2,4,0.3

22222, RU, Voronezh,2,3,0.2

13413, UA, Kiev,4,11,0.7

Heo6xoaumMo paccunTaTh CpEIHIOI CTOMMOCTD TI0Ka3a peKsiaMbl 1o TopoaaM Poccun.

Pemenue:

def map(record):

user_id, country, city, campaign_id, creative id, payment = record.split(",")

payment=float(payment)

if country == "RU":

yield city, payment

def reduce (city, payments):

yield city, sum(payments)/len(payments)

@OyHKIMS map NpoBepseT, HyXKHA JIM HaM JlaHHAs 3alliCh — U €CJIM HY>KHA, OCTaBJISCT
TOJILKO HYXHYIO HH(popmammio (Topoq u pasmep riarexka). OyHkmus reduce BBIYUCISCT
(UHATBHBINA OTBET [0 TOPOJTY, UMEsI CITMCOK BCEX TUIATEIKEH B 3TOM TOpOIe.
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IIpakTnyeckas padora Ne 2-3 Hadoop

Lens paboTsI
[ToznakomuTthcs ¢ ¢ppeiimBopkom Hadoop mu MapReduce

3agaun

- U3yunts Teopernueckue ceenenus o Hadoop u MapReduce;
- YCTaHOBHUTH M HACTPOUTH OJIHOY3J10BOM Kitactep Hadoop;

- [lo3nakoMuThCs ¢ puioxenuemM Ha ocHoBe MapReduce;

- Hayuutbcs 3anyckats nporpammel MapReduce na Hadoop.

Xox PaGoter

TeopeTnyeckue CBeIeHUS

Kaxk m3BectHo mapanurmy MapReduce npemnoxuna kommanus Google B 2004 roxy B
coeit  cratbe  MapReduce: Simplified Data Processing on Large Clusters.  ITockonbky
NpeUIO’KEHHAs CTaThsl COZEpIKaa ONMMCaHHWe TapaJuTMbl, HO pealn3anusi OTCYyTCTBOBAIa —
HECKOJIBKO MPOrpaMMUCTOB K3 Yahoo MpeUIoKuiIN CBOIO peau3alfio B paMKax padoT Hal
web-kpaynepom nutch.

N3navansno Hadoop Obu1, B IepByI0 ouepeib, MHCTPYMEHTOM JUIsl XpPaHEHUS! JaHHBIX
u 3amycka MapReduce-3amau, ceituac xe Hadoop mpexacraBmsier co0oit OOJBIION CTEK
TEXHOJIOTHH, TaK WJIM HMHA4e CBS3aHHBIX C 00pabOTKOW OONBLIMX JAaHHBIX (HE TOJBKO IPH
nomomu MapReduce).

OcHoBHbIMHE (core) komnoneHTamu Hadoop siBnsitoTest:

. Hadoop Distributed File System (HDFS) — pacnpenenénnas daiinoBas
cucTeMa, Mo3BOJISAIONIAs XPaHUTh HHPOPMALIMIO IPAKTUYECKU HEOTPAaHMUEHHOI0 00bEMa.

. Hadoop YARN — ¢peiimBopk sl ynopaBiieHUst pecypcaMu KjacTepa H
MEHE/DKMEHTA 3aJ1a4, B TOM YHuclie BKiIodaeT ppeiimBopk MapReduce.

. Hadoop common

Taxoke cymecTByeT 60JIbIIOE KOJIMYECTBO MPOEKTOB HEMOCPEACTBEHHO CBA3AHHBIX C
Hadoop, Ho He Bxoasmux B Hadoop core:

. Hive — wunctpyment mis SQL-like 3ampocoB Haj OONbIIMMH JaHHBIMU
(mpeBpamaer SQL-3anpock! B cepuro MapReduce—3anay);
. Pig — s3bIk mporpamMMHupoOBaHUS AJIS aHANIM3a JaHHBIX HAa BBICOKOM YPOBHE.

OnHa CTpoYka KOJa HAa JTOM S3BIKE MOXKET TMPEBPATUTHCA B TOCIEIOBATEIHHOCTH
MapReduce-3anau;

. Hbase — konoHnouHast 6a3a TaHHBIX, peanu3yromias napaaurmy BigTable;

. Cassandra — BBICOKOTIPOM3BOAMUTEIbHAS pacHpeneneHHas key-value 06aza
JIAHHBIX

. ZooKeeper — cepBUC Ui paclpeleiI€HHOr0 XpaHEHHUs KOH(HTrypanud u
CHHXPOHH3AIMY U3MEHEHNUH 3TOW KOH(PUTYpaIH;

. Mahout — 6ubaHOTEKa U ABMKOK MAIIMHHOTO O0y4YeHUs Ha OONBIINX JaHHbIX.

OtnenbHO XOTenoch Obl OTMETUTH MpoekT Apache Spark, koTopslii mpencraBiser
co00i1 ABMKOK [Tl pactiipenenéHHon 00paboTku nanHbeix. Apache Spark oObr4HO UCTONB3YET
komrnoneHTel Hadoop, Takme kak HDFS m YARN s cBoeit paboThl, ipu 3TOM caM B
noclneaHee BpeMs ctal nomynspHee, yem Hadoop:
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CpaBHMTb MowckoBbIe 3anpocsl v

apache spark

MowuckoBblii 3anpoc

apache hadoop

MowuckoBbiii 3anpoc

OuHamuka nonynspHOCTHA

v/ TMowmek no HOBOCTAM Mportoa

IIpakTuyeckas 4acThb

VYcranoBka Hadoop Ha kimacrep npu momoru Cloudera Manager

Panpme ycranoBka Hadoop mpencraBisima coOOW TOCTaTOYHO TSKENOE 3aHATHE —
HY)XHO OBUIO TIO OTIEIIBHOCTH KOH(HUTYPUPOBATh KKIYIO MAIIMHY B KJIacTepe, CICAHUTH 32
TEM, UYTO HHYEro He 3a0bITO, AaKKypaTHO HacTpauBaTb MOHHTOpUHTH. C pocTroMm
nonyisspHocTd Hadoop mosiBunmuch kommanuu (Takue kak Cloudera, Hortonworks, MapR),
KOTOpBIE TPENOCTaBISAIOT coOcTBeHHbIe cOopku Hadoop u MomiHBIE cpencTBa IS
ynpasienusi Hadoop-kinacrepom. B Hamem nukie marepuanoB Mbl OyJeM IOJIb30BAThCS
coopxoit Hadoop ot kommanuu Cloudera.

Jiist Toro uToObl yecraHoBuTh Hadoop Ha cBOI Ki1acTep, HYXKHO MPOAETIaTh HECKOJIBKO
MPOCTHIX MIATOB:

1 Ckauath Cloudera Manager Express Ha oJHYy W3 MalIuH CBOETO Kiacrepa
0TCIO013;

2 [IpucBouTh mpaBa Ha BHIIOJHEHHUE U 3aITyCTHUTD;

3 CrnenoBaTh UHCTPYKLUSAM YCTaHOBKH.

Knacrep momken paboTaTh Ha OJHOM W3 MOJAEPKUBAEMBIX OIEPALMOHHBIX CHCTEM
cemeiictBa linux: RHEL, Oracle Enterprise linux, SLES, Debian, Ubuntu.

ITocae ycTaHOBKH BBl IOJYYUTE KOHCOJIb YIPABICHHS KIACTEPOM, IJI€ MOXHO
CMOTpPETh YCTAaHOBJICHHBIC CEPBHUCHI, [00ABIIATH/yIAISATh CEPBUCHI, CICAUTH 3a COCTOSHHEM
KJacTepa, peAaKTHPOBaTh KOH(DUTypaLnio KaacTepa:
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bonee moapo6Ho ¢ mporeccom ycranoBku Hadoop Ha kiactep nmpu momoiu cloudera
manager MO>KHO 03HaKOMHUTBCS 110 cchlIke B pazaene Quick Start.

Eciu xe Hadoop mmanupyeTcsi MCIONB30BaTh AJsl «MOMPOOOBATH» — MOMKHO HE
3aMOpAYMBATLCS C MPUOOPETEHHEM JOpPOroro jxeuesa M HacTpoilkoii Hadoop Ha HéEM, a
MPOCTO CKauyaTh MPETHACTPOCHHYIO BHUPTYaJIbHYIO MAalIMHY IO CCBUIKE W IOJb30BaThCS
HacTpoeHHbIM hadoop’om.

3anmyck MapReduce nporpamm Ha Hadoop

Teneps nokaxkem kak 3amyctuth MapReduce-3anauy na Hadoop. B kauectBe 3amauun
BOCroyib3yemcsi  kiaccudeckuMm  npumepom  WordCount, koTopelid ObLT  pa3oOpaH B
npensiaymei padore. J{ng Toro, 4TroOBl SKCHEPUMEHTHPOBATh Ha pEAJbHBIX JAHHBIX,
MOATOTOMM apXWMB W3 Cly4aillHbIX HOBocTel c caifta lenta.ru. CkayaTb apXWB MOXKHO I10
CCBLIKE.

Hanomuum dopmynupoBky 3amauu: umeercs Habop ToKymeHTOB. HeoOxoaumo amst
KaX/JI0r0 CJIOBa, BCTPEYAlOIIerocs B Ha0Ope [OKYMEHTOB, IOCYMTaTh, CKOJBKO pa3
BCTpEUaeTCs CJI0OBO B Habope.

Pemenue:
Map pa30OuBaeT JOKYMEHT Ha CJI0Ba M BO3BpalllaeT MHOKECTBO map (word, 1).
Reduce cymmupyeT BXOKICHHS KaXI0TO CI0Ba:
def map(doc):
for word in doc.split():
yield word, 1
def reduce(word, values):
yield word, sum(values)
Terepp 3amaua 3amporpaMMUpOBaTh 3TO pEIIEHHE B BUIC KOAA, KOTOPBIA MOMHO
Oyzaer ucnosHuTh Ha Hadoop u 3amycTHTh.

Crnoco6 Nel. Hadoop Streaming
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Cambrii  mpocroit  cmoco6  3amyctuth  MapReduce-nporpammy  Ha  Hadoop
— BOCIOJIB30BaThCA streaming-uHTepdeiicom Hadoop. Streaming-unTepdeiic npenmonaraer,
4yT0 map u reduce peann3oBaHbl B BUJE MPOrpaMM, KOTOpbIe IPUHUMAIOT JaHHbIe ¢ stdin u
BBIJIAIOT pe3yJibTaT Ha stdout.

IIporpamma, koTopast McmoyiHsAeT (YHKIMIO map Ha3biBaeTcs mapper. [Iporpamma,
KOTOpast BEITIONTHSAET reduce, Ha3bIBaeTCs, COOTBETCTBEHHO, reducer.

Streaming uHTepdeiic mpeanoaaraeT Mo yMOIYaHHUIO, YTO OFHA BXOJSAIIAs CTPOKA B
mapper win reducer COOTBETCTBYET OJHOM BXOJISIICH 3aITUCH IUTsT map.

BriBog mapper’a nonaznaer Ha Bxoj reducer’y B Buje nap (K04, 3HA4Y€HHUE), TpU
9TOM BCE Mapbl COOTBETCTBYIOIINE OJHOMY KITIOUY:

. I"apantupoBanHo OyayT 0O6paboTaHbl OTHUM 3ammyckoM reducer’a;

. Bbyayt nonansl Ha BXoa moapsp (To ecTh eciu oauH reducer oOpabaThiBaeT
HECKOJIBKO Pa3HbIX KIH04Yel — BX0J OyJIeT CrpyNIupOBaH Mo KI0Yy).

Urak, peanuzyeM mapper u reducer Ha python:

#mapper.py
import sys

def do_map(doc):
for word in doc.split():
yield word.lower(), 1

for line in sys.stdin:
for key, value in do_map(line):
print(key + "\t" + str(value))
#reducer.py
import sys

def do_reduce(word, values):
return word, sum(values)

prev_key = None
values =[]

for line in sys.stdin:

key, value = line.split("\t")

if key !=prev_key and prev_key is not None:
result_key, result value = do_reduce(prev_key, values)
print(result_key + "\t" + str(result_value))
values = []

prev_key = key

values.append(int(value))

if prev_key is not None:
result_key, result value = do_reduce(prev_key, values)
print(result_key + "\t" + str(result_value))

Jlanneie, xotopeie Oymer oOpabareiBath Hadoop momxubl xpanuthest Ha HDFS.
3arpy3uM Haiu ctaThd U nosiokuM Ha HDFS. /{5 3Toro Hy»kHO BOCHOJIb30BaThCsl KOMaH 101
hadoop fs:

wget https:/www.dropbox.com/s/oppSpsidix3jt41/lenta_articles.tar.gz

tar xzvf lenta_articles.tar.gz
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hadoop fs -put lenta_articles

Yrunuta hadoop fs mognepkuBaet 60IBITOEC KOJTHUESCTBO METOIOB JIJISI MAHHUITYJISIIANA
¢ (haliJIOBOM CHCTEMOIA, MHOTHE M3 KOTOPBIX OJIMH B OJIMH MOBTOPSIOT CTAHIAAPTHBIC YTUIUTHI
linux. [TogpoOHee ¢ €€ BO3BMOKHOCTAMHU MOKHO 03HAaKOMUTHCS IO CCBHIIKE.

Teneps 3amycTum streaming-3agady:

yarn jar /ust/lib/hadoop-mapreduce/hadoop-streaming.jar\

-input lenta_articles\

-output lenta_ wordcount\

-file mapper.py\

-file reducer.py\

-mapper "python mapper.py"\

-reducer "python reducer.py"

YTunura yarn CIyXHUT JUIsS 3allyCKa M YIpPaBICHUS Pa3IUYHBIMU MPUIOKEHUSIMU (B
tom umciie map-reduce based) ma kmactepe. Hadoop-streaming.jar — 3170 Kak pa3 oavH W3
MPUMEPOB TAKOTO yarn-mpuIoKeHUsI.

Jlanbie uyT mapaMeTpsl 3aIycKa:

. input — mamka ¢ UCXOAHBIMU JaHHBIMU Ha hdfs;

. output — namnka Ha hdfs, Kyna Hy>)XHO MOJOXKUTH PE3yNbTaT;

. file — ¢paiinbl, KOTOpBIE HYXKHBI B ITpoliecce paboTel map-reduce 3a1auu;

. mapper — KOHCOJIbHAasi KOMaH[Ja, KoTopas OyIeT HMCIOJBb30BAThCSA LIS map-
CTaJuH;

. reduce — KOHCOJIbHAsI KOMaHIa KOTopas OyJeT MCIOoiab30BaThbes aisi reduce-
CTaJUH.

[locne 3amycka B KOHCOJM MOXHO OyA€T YBHJIETh NMPOTPECC BBHINOIHEHMS 3a1adyd U
URL nns npocmotpa 6osiee AeTanbHOM nH(pOopMaIMy o 3a1aue.

& Applications Places System & && o) @ [g1, satOct 3, 1:28 AM cloudera

cloudera@quickstart:~/Downloads

File Edit View Search Terminal Help

[cloudera@quickstart Downloads]$ yarn jar /usr/lib/hadoop-mapreduce/hadoop-streaming.jar -input lenta articles -output lenta wordcount -file mapper |2
.py -file reducer.py -mapper “"python mapper.py" -reducer “python reducer.py"

15/10/03 01:28:11 WARN streaming.StreamJob: -file option is deprecated, please use generic option -files instead.

packageJoblar: [mapper.py, reducer.py] [/usr/jars/hadoop-streaming-2.6.0-cdh5.4.2.jar] /tmp/streamjob4927104235339879050.jar tmpDir=null
15/10/63 01:28:14 INFO client.RMProxy: Connecting to ResourceManager at /0.0.0.0:8032

15/10/63 01:28:14 INFO client.RMProxy: Connecting to ResourceManager at /0.0.0.0:8032

15/10/63 01:28:16 INFO mapred.FileInputFormat: Total input paths to process : 20

15/10/03 01:28:16 INFO mapreduce.JobSubmitter: number of splits:2e

15/16/63 ©1:28:17 INFO mapreduce.JobSubmitter: Submitting tokens for job: job 1443859552117 06002

15/10/03 01:28:17 INFO impl.YarnClientImpl: Submitted application application 1443859552117 0002

15/10/63 01:28:17 INFO mapreduce.Job: The url to track the job: http://quickstart.cloudera:8088/proxy/application_ 1443859552117 0002/
15/10/03 01:28:17 INFO mapreduce.Jlob: Running job: job 1443859552117 0002 /V

URL ona
TPEeKWUHra

"

@ src- OneDrive - Mozill... | @ Software Update @ cloudera@quickstart:... =
B wunrepdetice, noctynmHom mo manHomy URL MokHO y3HaTh Oosee neTanbHBINA

CTAaTyC BBIIIOJIHCHUSA 3aa4H, ITIOCMOTPECTh JIOTH KAXAOTO Malllepa U peAbroccpa ('—ITO OYCHb
ITOJIC3HO B CJIy4ac yIaBIIHUX 38.,[[3‘1).
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MapReduce Job job_144...

& quickstart.cloudera

x\ %
v e[ se: *“8 3+ A ® =

_Cloudera [ Hue [JHadoopv [dJHBasev [Jimpalav [QJSparkv iSolr Oozie | :Cloudera Manager | :Getting Started

q "ﬁ"lll[_ fa{a(ﬂ{a’ NiapmtuuLte JUJ JUU_ 149490090J7994111 UUUL []

+ Cluster Job Overview
» Application Job Name: streamjob4927104235339879050.jar
+ Job State: RUNNING
Overview Uberized: false
Counters. Started: Sat Oct 03 01:28:28 PDT 2015
Configuration Elapsed: 1mins, 18sec
Map tasks
Reduce tasks ApplicationMaster
AM Logs Attempt Number Start Time Node Logs
» Tools 1 Sat Oct 03 01:28:20 PDT 2015 quickstart.cloudera:8042 logs 2
Task Type Progress Total Pending Running Complete
Map 20 9 3 5]
Reduce 1 (1] 1 0
Attempt Type New Running Failed Killed successful
Maps 9 5 0 [} 6
Reduces 0 Al 0 [} ]
@ MapReduce Job job_14... | @ Software Update cloudera@quickstart:... @ .

Pesynbrar paboThl mocie ycnenrHoro BoIMONMHEHUs ckiaabiBaeTcss Ha HDFS B manky,
KOTOPYIO MbI yKa3anu B mosie output. [IpocMoTpers €€ copepikaHHEe MOXKHO IMPH MOMOIIU
koMaH bl «hadoop fs -1s lenta_ wordcounty.

Cam pe3ysbTaT MOKHO TOJYYHUTh CICAYIOUIM 00pa3oM:

hadoop fs -text lenta_wordcount/* | sort -n -k2,2 | tail -n5

C
4qTo
Ha
u

B

41
43
82
111
194

Komannma «hadoop fs -text» BBImA€r comepkMMO€ TamnKd B TEKCTOBOM BHJE.
OTtcoptupyem pe3ynbTar 110 KOJUYECTBY BXOXkKAeHUH cioB. Kak 1 oxuanoch, camble 4acTble
CIJIOBA B SI3BIKE — IPEJIOTH.

Crnioco0 Ne2

Cam 1o cebe hadoop nanucan Ha java, u HaTUBHBINA uHTEep(deiic y hadoop-a Toxe java-
based. [TokaxxeMm, Kak BBITJISIUT HATHBHOE java-TIpHIoKeHHe A1t wordcount:

import java.io.IOException;

import java.util.StringTokenizer;

import org.apache.hadoop.conf.Configuration;

import org.apache.hadoop.fs.Path;

import org.apache.hadoop.io.IntWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapreduce.Job;

import org.apache.hadoop.mapreduce.Mapper;

import org.apache.hadoop.mapreduce.Reducer;

import org.apache.hadoop.mapreduce.lib.input.FileInputFormat;
import org.apache.hadoop.mapreduce.lib.output.FileOutputFormat;

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

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

public void map(Object key, Text value, Context context
) throws IOException, InterruptedException {
StringTokenizer itr = new StringTokenizer(value.toString());
while (itr.hasMoreTokens()) {
word.set(itr.nextToken());
context.write(word, one);

}
}
}

public static class IntSumReducer
extends Reducer<Text,IntWritable, Text,IntWritable> {
private IntWritable result = new IntWritable();

public void reduce (Text key, Iterable<IntWritable> values,
Context context
) throws IOException, InterruptedException {
it sum = 0;
for (IntWritable val : values) {
sum += val.get();
§
result.set(sum);
context.write(key, result);

j
}

public static void main(String[] args) throws Exception {
Configuration conf = new Configuration();
Job job = Job.getInstance(conf, "word count");
job.setJarByClass(WordCount.class);
job.setMapperClass(TokenizerMapper.class);
job.setReducerClass(IntSumReducer.class);
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);

FileInputFormat.addInputPath(job, new
Path("hdfs://localhost/user/cloudera/lenta_articles"));
FileOutputFormat.setOutputPath(job, new

Path("hdfs://localhost/user/cloudera/lenta wordcount"));
System.exit(job.waitForCompletion(true) ? 0: 1);
}
}
JToT Kiacc aenaer abCOMIOTHO TO K€ camoe, 4To Ham npumep Ha Python. Mer

co3maém kiaccel TokenizerMapper u IntSumReducer, Hacinenys ux oT kigaccoB Mapper u
Reducer coorBercBenno. Kiaccel, mepemaBaeMble B KayecTBe MapaMeTpoB MIabioHa,
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YKa3bIBalOT THUIIBI BXOJIHBIX M BBIXOAHBbIX 3HaueHuWi. HaruHbiii API nmoppaszymeBaer, uto
(GyHKIMM map Ha BXOX MoJa€res mapa Kiod-3HadeHrne. [10CKoNbKy B HAllleM cllydae K4
MyCTON — B Ka4ecTBE THIIA KJII0Ua MBI orpesesnsieM npocto Object.

B Merone Main mb1 3aBoiuM mapreduce-3agady u onpenessieM e€ mapaMeTpbl — UM,
mapper u reducer, nmytb B HDFS, rne HaxonsTcss BXOAHBIE JaHHbIE M KyJa MOJOXHTb
pe3ynbTar.

Jlns komnuisuuu HaM notpedyrorcest hadoop-oBckue OubanoTeku. S ucnonb3yro s
coopku Maven, g kotoporo y cloudera ects peno3utopuii. IHCTpYyKIMK 1O €ro HacCTpoOMKe
MOYKHO HailTu 1o cceuike. B utore ¢aiin pom.xmp (KOTOpbIM HCHOIB3yeTCs maven’ oM s
OTIMCaHUsI COOPKH MPOEKTA) Y MEHS TOTYUHIICS CIICTYFOIIHN):

<?xml version="1.0" encoding="UTF-8"7>

<project xmlns="http://maven.apache.org/POM/4.0.0"

xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://maven.apache.org/POM/4.0.0
http://maven.apache.org/xsd/maven-4.0.0.xsd">
<modelVersion>4.0.0</modelVersion>

<repositories>
<repository>
<id>cloudera</id>
<url>https://repository.cloudera.com/artifactory/cloudera-repos/</url>
</repository>
</repositories>

<dependencies>
<dependency>
<groupld>org.apache.hadoop</groupld>
<artifactld>hadoop-common</artifactld>
<version>2.6.0-cdh5.4.2</version>
</dependency>

<dependency>
<groupld>org.apache.hadoop</groupld>
<artifactld>hadoop-auth</artifactld>
<version>2.6.0-cdh5.4.2</version>
</dependency>

<dependency>
<groupld>org.apache.hadoop</groupld>
<artifactld>hadoop-hdfs</artifactld>
<version>2.6.0-cdh5.4.2</version>
</dependency>

<dependency>
<groupld>org.apache.hadoop</groupld>
<artifactld>hadoop-mapreduce-client-app</artifactld>
<version>2.6.0-cdh5.4.2</version>

</dependency>

</dependencies>
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<groupld>org.dca.examples</groupld>
<artifactld>wordcount</artifactld>
<version>1.0-SNAPSHOT</version>

</project>

Cob6epém mpoeKT B jar-makerT:

mvn clean package

[Tocne cOopku mpoekTa B jar-(haiis1 3amyCcK MPOUCXOIUT MOXO0XKUM 00pa3oM, Kak U B

ciydae streaming-uHTepdeiica:

yarn jar wordcount-1.0-SNAPSHOT .jar WordCount

JloxxumaeMcs BBITIOTHEHUS U IPOBEPsIEM Pe3yIbTaT:

hadoop fs -text lenta_ wordcount/* | sort -n -k2,2 | tail -n5

c 41
qTOo 43
Ha 82
51 111
B 194

KaK HeTPYJIHO Jaoraaatrbces, pe3ynLTaT BBIITOJIHCHU HAIICTO HATHUBHOTO HpI/IHO}KCHI/Iﬂ
COBMAJIaeT C pPe3yJbTaTOM streaming-MpHIOKEHHUS, KOTOPOE Mbl 3alyCTHIU MPEABLAYIIIM
CIIOCOOOM.

Pesrome

Mg paccmotpenu Hadoop — mporpaMMHBIil cTek a7t paboThl ¢ OONBIIUMU TaHHBIMH,
onucanu mporecc ycranoBku Hadoop nHa mpumepe muctpubyrtuBa cloudera, mokasanu, Kak
nucath mapreduce-mporpamMmbl, HCHONB3ys streaming-uHTepderic u HaTuBHBIA API
Hadoop’a.

IIpakTnueckass padora Ne 4 Ilpuembl u cTpaterun paspabotku MapReduce-
IIPWIOKEHU N

ens paboTel

PaccmoTtpeTs pa3nuuHbie TpUEMBI, KOTOPHIE MO3BONSIIOT 3((HEKTUBHO HCIOJIB30BATh
MapReduce ans pemeHuss MpakTHYECKUX 337a4, & TAaK)KE U3YYUTh HEKOTOPBIE OCOOESHHOCTH
Hadoop, koTopeie TMO3BOJNSIOT YNPOCTUTH pPa3pabOTKy WU CYIIECTBEHHO YCKOPHUTH
BeimosiHeHne MapReduce-3aaun Ha Kitactepe.

3agaun
- paccMOTpeTh NAaTTEPHBI M IPUEMBI pelleHns 3a7ad npu nomou MapReduce,
- I3YYHUTH, KaK 00beanHAT, MapReduce-3agaun B ETIOYKH U jOIN-UTH JIOTH IO KITIOUY.

Xon Pabotsr

Map only job

Kak mb1 momamM, MapReduce cocroutr u3 craamii Map, Shuffle m Reduce. Kax
IpaBUJIO, B MMPAKTUYECKUX 3a/laduax caMoi TshkENoi okaspiBaercs craaus Shuffle, Tak kak Ha
9TOH CTa UM MPOUCXOJUT COPTHPOBKA JaHHBIX. Ha camom jene cyiiecTByeT psj 3aiady, B
KOTOPBIX MOXXHO 00OMTHUCH TOJBKO cTaaueit Map. Bot npumeps! Takux 3amad:

. @Gunprpanmus  gaHHbIX (Hampumep, «Hawtm Bce 3ammcn ¢ [P-ampeca
123.123.123.123» B norax web-cepsepa);
. [IpeobpazoBanue naHHBIX («YAATUTH KOJIOHKY B CSV-JIOTax»);
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. 3arpy3ka M BbIIpy3Ka JaHHBIX M3 BHEIIHEro MCTO4YHMKa («BcraBuTh Bee
3aMUCH U3 Jiora B 0a3y JaHHBIX).

Takwue 3amaun pemarorcs npu nomornu Map-Only. [Ipu cozganuu Map-Only 3agauu B
Hadoop HyxHO yka3aTh HyJeBoe KOJIM4YecTBO reducer’oB:

map()

t

map()
map()

map()

NP U
Output

map()

Map Only Job

[Tpumep koHuUrypau map-only 3agaun Ha hadoop:

Native interface

Hadoop Streaming Interface

VYkazaTb HyJeBO€ KOJIMYECTBO PEAbIOCEPOB MpU KOHGUTYpaluu job’a:

job.setNumReduceTasks(0);

Bbonee pa3BEépHyThIil MpUMeEp MO CCHUIKE.

He yka3piBaem penprocep U yKa3bIBaeM HYJIEBOE KOJIMYECTBO penbrocepoB [pumep:

hadoop jar hadoop-streaming.jar \

-D mapred.reduce.tasks=0\

-input input_dir\

-output output_dir\

-mapper "python mapper.py"\

-file "mapper.py"

Map Only jobs Ha camoMm Jnene MOTYT OBITH OYEHBb IOJIE3HBIMH. Hampumep, B
iatpopme Facetz.DCA st BBISIBICHUS XapaKTEPUCTUK ITOJIb30BATENICH MO UX TOBEICHUIO
UCIIOJNIB3YETCSl IMEHHO OJIMH 00JbII0oN map-only, KaXKIplii Manmep KOTOPOTro NPUHHUMAET Ha
BXOJI [TOJIb30BATENS M HAa BBIXOJ OTAAET €ro XapaKTePUCTHKH.

Combine

OOb1uHO camas Tspkénas ctafus npu BeiodHeHnn Map-Reduce 3amaun — 3To cragus
shuffle. IIpoucxoautr 3TO MOTOMY, YTO MPOMEKYTOUYHBIC PE3yJNbTAThl (BBIXOJ mapper’a)
3aMMCBIBAIOTCS HA JHCK, COPTUPYIOTCS M Iepeaatorcs mo cetu. OHaKo CyIIecTBYIOT 3aauH,
B KOTOPBIX Takoe IMOBEJCHHE KaKeTCs He O4YeHb pa3syMHbIM. Hampumep, B Tol ke 3amaue
nojcuéra CIOB B JOKYMEHTaX MOXHO MpPEIBApUTENFHO IpelarperupoBaTh pe3yibTaThl
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BBIXOJIOB HECKOJBKMX mapper’oB Ha OJHOM y3le map-reduce 3amauu, W TepeqaBaTh Ha
reducer y>xe MPOCYMMHPOBAHHBIC 3HAUCHHUS 110 KAXKI0N MallInHE.

(hB) B ] |
(A.C) c.n (B,2)
= |&p e | T |
= Eg:: L, on (ED) ::E]?}]h
1 E.I ] "
Q *  Shuffle (C, (1)
o ((CD) (o0 | B 122D
g |(Ch (A1) (D.2) (E. [
e ((DA) (A1 (A2} o
{EC) ol (€. (cn |
(E.B) BT (BT}
{E.D) (0.
Combine.

B hadoop ass aToro MoxHO onpenenuTh KOMOUMHUPYIONTYIO (YHKIIHIO, KOTopas OyaeT
oOpabaTbIBaTh BBIXOJ 4acTh mapper-oB. KomOuHHMpyomas (yHKIUS OYeHb IOXOKa Ha
reduce — OHa MPHHUMAET Ha BXOJ BBIXOJ YaCTH Mapper'oB W BBHIAAET arperdpOBAHHBIN
pe3yNbTaT AJs 3TUX mapper’oB, MOITOMY OUYEHBb 4acTo reducer HCMONB3YIOT U Kak combiner.
Baxxnoe otnmune ot reduce — Ha KOMOMHUPYIONIYIO (YHKIMIO TOTAIAl0T HE BCE 3HAUYCHUS,
COOTBETCTBYIOIUE OJHOMY KIIIOUY.

Bbonee toro, hadoop He rapanTupyeT TOro, 4ro KOMOMHHpYIomas (GYyHKIHS BOOOIIE
Oyzer BBINOJMHEHA Ui BhIXxoJa mapper’a. [lostomy komOuHupytomas (yHKIMS HE Bcerjaa
MpUMEHNMa, HAaIlpUMeEp, B CIIydae MOVMCKa MEJIMaHHOTO 3HAYCHHUS 10 Kiitody. TeMm He MeHee, B
TeX 3aJayax, r7ie KOMOMHHpYIOMas (YHKIHS MPUMEHUMa, €€ HCIOJIb30BaHUE MO3BOJISET
TOOUTHCSI CYIIIECTBEHHOTO MMPUPOCTA K CKOPOCTH BhInosiHeHuss MapReduce-3anaqm.

Hcnons3oBanne Combiner’a Ha hadoop:

Native Interface

Hadoop streaming

[Ipu xonpurypamum job-a ykazate kinacc-Combiner. Kak mpaBuio, oH coBmajgaeT ¢
Reducer:

job.setMapperClass(TokenizerMapper.class);

job.setCombinerClass(IntSumReducer.class);

job.setReducerClass(IntSumReducer.class);

B mapameTpax KOMaHIHOW CTPOKH yKa3aTh KOMaHAy -combiner. Kak mpaBuio, 3Ta
KOMaHJ1a COBIaaeT ¢ komauaoi reducer’a. [Ipumep:

hadoop jar hadoop-streaming.jar \

-input input_dir\

-output output dir\

-mapper "python mapper.py"\

-reducer "python reducer.py"\

-combiner "python reducer.py"\

-file "mapper.py"\

-file "reducer.py"\

enoukn MapReduce-3agau

briBaroT curyanuu, xorjga Ui pemieHus 3agadn onHuM MapReduce He 000WTHCH.
Hampumep, paccMoTpuM HEMHOro Buiou3MeHeHHYyI0 3amady WordCount: umeetcss Habop
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TEKCTOBBIX JOKYMEHTOB, HEOOXOJIMMO MOCYHTATh, CKOJIBKO CJIOB BCTpeTwiioch ot 1 mo 1000
pa3 B Habope, ckosibko citoB oT 1001 go 2000, ckonbko ot 2001 mo 3000 u Tak manee.
Jns perienust HaMm notpedyercs 2 MapReduce job’a:

1 Bunonsmenénnpiii wordcount, KOTOpBIA I KaKJIOTO CJIOBa PAacCUUTAET, B
KaKO# M3 UHTEPBAJIOB OHO MOMAJIO;
2 MapReduce, moacunThiBaronuii, CKOJIBKO pa3 B BeIxoze nepsoro MapReduce

BCTPETUJIICS KaX/IbII M3 HHTEPBAJIOB.

Pemenue Ha niceBnokoze:

#map 1

def map(doc):

for word in doc:

yield word, 1

#reducel

def reduce(word, values):

yield int(sum(values)/1000), 1

#map2

def map(doc):

interval, cnt = doc.split()

yield interval, cnt

#reduce?

def reduce(interval, values):

yield interval*1000, sum(values)

s Toro, 4ToOBI BHINOTHUTH mMocienoBaTenbHOcTh MapReduce-3agau Ha hadoop,
JIOCTaTOYHO IPOCTO B Ka4yeCTBE BXOJHBIX JAHHBIX IS BTOPOW 3aJavyd yKa3aTh IAIKY,
KOTOpas ObLIa yKa3aHa B KauyeCTBE output AJisi IEpPBOM U 3aIyCTUTh UX MO OYEPEIH.

Ha npaktuke nenouku MapReduce-3agau Moryt mpeactaBisTh co0OM JAOCTATOYHO
CJIOXKHBIE TIOCTIEIOBATEIBHOCTH, B KOTOpbIX MapReduce-3agaun MOTyT OBITh MOAKITIOYEHBI
KaK TOCJIeI0OBATEIIBHO, TaK M MAPAILICIBHO APYT ApyTy. s yrnpoieHus ynpaBieHUs] TAKUMHU
TUTAHAMU BBITIONHEHUS 3a7]ad CYIIECTBYIOT OT/ENbHBIE MHCTPYMEHTHI THMa oozie u luigi

MapReduce 1 | MapReduce 4
MapReduce 3 | MapReduce 6

MapReduce 2 ‘| MapReduce 5

Ipumep yenouxu MapReduce-3a0au.

Distributed cache

Baxusim mexanmsmom B Hadoop sBisercs Distributed Cache. Distributed Cache
MO3BOJISIET J100aBIATh (Qaiinbl (HampuMep, TEKCTOBBIC (haiiibl, apXuBbl, jar-(ailyibl) K
OKpY’KEHHIO, B KOTOpOM BhInonHseTcs MapReduce-3anaya.

MoskHo no0aBnath (aitbl, xpansmmecs Ha HDFS, nokanpHblie (aiiinbl (JOKaIbHBIC
JUI TOM MallMHBI, ¢ KOTOPOW BBITIOJHSIETCS 3allyCK 3aJaur). Yike ObLJIO HESBHO INOKAa3aHo,
kak ucrnosnb3oBath Distributed Cache Bmecte ¢ hadoop streaming: qo0aBissi yepes OMNIHUIO -
file gaiinsr mapper.py u reducer.py. Ha camom nesne MoxHO 100aBISATh HE TOIBKO mMapper.py
u reducer.py, a BooOI1e MPOU3BOJIbHBIE (aillibl, U MOTOM MOJB30BATHCS UMHU Kak OyJITO OHU
HaxOoAATCA B JIOKAJIbHOM NAaIIKe.
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Hcnonws3oBanue Distributed Cache:

Native API

//koHgueypayus Job’a

JobConf job = new JobConf();

DistributedCache.addCacheFile(new URI("/myapp/lookup.dat#lookup.dat"),
job);

DistributedCache.addCacheArchive(new URI("/myapp/map.zip", job);

DistributedCache.addFileToClassPath(new Path("/myapp/mylib.jar"), job);

DistributedCache.addCacheArchive(new URI("/myapp/mytar.tar", job);

DistributedCache.addCacheArchive(new URI("/myapp/mytgz.tgz", job);

//npumep UCnonb3068aHuUs 8 mapper-e:

public static class MapClass extends MapReduceBase

implements Mapper<K, V, K, V> {

private Path[] localArchives;

private Path[] localFiles;

public void configure(JobConf job) {
// noayuaem K2uuUposanuvle OAHHblE U3 APXUBOS
File f = new File("./map.zip/some/file/in/zip.txt");

}

public void map(K key, V value,
OutputCollector<K, V> output, Reporter reporter)
throws IOException {
// ucnonv3yem oanuvie mym
/...
/...
output.collect(k, v);

}
j

Hadoop Streaming

#nepeuncnsieMm Qaitnel, KoTopble HeoOxoaumMo no0aBuTh B distributed cache B
napametpe —files. [Tapametp —files momkeH uATH TIepe APYTUMH MTapaMETPaMH.

yarn hadoop-streaming.jar\

-files mapper.py,reducer.py,some cached data.txt\

-input '/some/input/path’ \

-output '/some/output/path' \

-mapper 'python mapper.py' \

-reducer 'python reducer.py' \

IpUMEpP UCTIOTH30BAHUS:

import sys

#npocto untaeM (ailyn U3 JIOKaJTbHON ANk

data = open('some cached_data.txt").read()

for line in sys.stdin()

#processing input

#use data here

Reduce Join

Te, xT0 TpUBBIK pabOTaTh C PEISMMOHHBIMH 0a3aMH, YacTO TIIOJB3YIOTCS OYEHBb
ynoOHo# omeparmel Join, MO3BOJISIFOIIEH COBMECTHO 00padOTaTh COJACPIKAHUE HEKOTOPBIX
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Tabaui, 0ObeAMHUB UX MO HEKOTOpoMy Kirouy. Ilpu paGore ¢ OONBIIMMHU JaHHBIMHU TaKas
3aJada TOKe WHOT/Ia BO3HUKAET. PaccMOTpHUM ciieyronuii mpumep:

HmeroTcst 0rH IBYX wWeb-cepBepoB, Kax/Iblii JOT UMEET CIIEeAYIONINI BUI:

\tht.

ITpumep kycouka Jiora:

1446792139 178.78.82.1  /sphingosine/unhurrying.css

1446792139 126.31.163.222 /accentually.js

1446792139 154.164.149.83 /pyroacid/unkemptly.jpg
1446792139 202.27.13.181 /Chawia.js

1446792139 67.123.248.174 /morphographical/dismain.css
1446792139 226.74.123.135 /phanerite.php

1446792139 157.109.106.104 /bisonant.css
Heobxomumo mocuutaTh 11t kaxkaoro [P-anpeca Ha kakoit U3 2-X cepBepoB OH yallle
3axoaui. Pe3ynbTaT MoJDKeH OBITh MPEICTABIICH B BUJIC:

\t. [Ipumep vacTu pe3yabTara:
178.78.82.1  first

126.31.163.222 second
154.164.149.83 second
226.74.123.135 first

K coxanennto, B OTIMYME OT pENSAIHOHHBIX 0a3 JMaHHBIX, B OOIIEM cCiydae
o0beIMHEHHE JABYX JIOTOB 110 K04y (B JaHHOM citydae — 1o [P-aapecy) npencrasnser coboit
JOCTAaTOYHO TSDKEMYIO Olepanuio W pemraercss npu momomu 3-x MapReduce m martepHa
Reduce Join:

Obwas cxema Reduceoin

ReduceJoin paGoraer cienyromum oOpa3zom:

Ha xaxnaplii u3 BXOIHBIX JIOTOB 3amyckaercs otaeiabHbii MapReduce (Map only),
npeoOpa3yroLfii BXOJHbIE JAaHHBIE K CIeIyIOIEeMY BUIY:

key -> (type, value)

['ne key — 370 K104, 110 KOTOPOMY HYKHO OOBEIUHATH TaOIMLIbI, Type — THUN TaOIUILBI
(first umu second B Hamiem ciydae), a Value — »To nr00BI€ JOMOJHHUTENbHBIC JTaHHBIE,
NIPUBSI3aHHBIC K KITFOUY.

Brerxoger o0omx MapReduce momarorcss Ha Bxonm 3-my MapReduce, koTopsii,
COOCTBEHHO, M BBINOJHACT oObenuHeHue. ItoT MapReduce comepxkut mycroit Mapper,
KOTOPBI TPOCTO KomupyeT BXoaHble naHHble. Jlampme shuffle packimaapiBaer naHHbIE TIO
KJIFOYaM M MMOIaET Ha BXOJ PEIIOCEPY B BHIE:

key > [(type, value)]
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first_input second_input

\/ \]

Mr 1, Map only Mr 2, Map only
input_line -> input_line ->
key -> ("first", value) key -> ("second”, value)

S o

Mr 3, Map: identical

reduce:
key -=[( type, value)] ->
result record

res ult

BaxxHo, 4TO B 3TOT MOMEHT Ha peJplocep MOMaIaroT 3allkiCH U3 00OUX JIOTOB W MpHU
9TOM MO TONI0 type MOXHO HICHTU(UIMPOBATh, M3 KAKOTO W3 JABYX JIOTOB IIOMAJO
KOHKPETHOE 3Ha4yeHHe. 3HAYUT JaHHBIX JOCTATOYHO, YTOOBI PEIIUTh MCXOJIHYIO 3ajady. B
HamieMm ciydae reducere MpoCTO JOJDKEH IMOCUUTATh JUIA KaKAOTrOo KIIF0Ya 3aIlMcel, ¢ KaKuM
type BCTPETUIIOCH OOJIBIIIE U BEIBECTH ITOT type.

MaplJoin

[Tarrepn Reduceloin onuceiBaeT oOmuii ciydail 00beAMHEHHUS IBYX JIOTOB TI0 KJTHOYY.
OpHako ecThb YacTHBIM ciy4ail, IpU KOTOPOM 3aJadyy MOXKHO CYIIECTBEHHO YHPOCTHTH U
YCKOPUTH. DTO CiIy4ail, Ipyu KOTOPOM OJMH M3 JIOTOB UMEET pa3Mep CYUIECTBEHHO MEHBIIETO
pasMepa, yeM apyrou. PaccMoTpum cieayromyo 3anaqy:

Nmerorcss 2 mora. IlepBwIid JIOr coAepKUT JIOT web-cepBepa (Takoil ke Kak B
npenpiyiel 3agade), Bropoi ¢aitn (pasmepom B 100x0) comepxkur coorBerctBue URL->
Tematuka. IIpumep 2-ro daiina:

/toyota.php  auto

/football/spartak.html sport

/cars  auto

/finances/money business

Hus xaxmoro IP-agpeca HeoOXoIUMO paccUUTaTh CTPAHUIBI KAaKOW KaTerOpuu ¢
nanHoro [P-anpeca 3arpy»anuce yaiie BCero.

B sTOM citydae Ham Toke HEOOX0IMMO BBIMOIHUTE Join 2-x joroB mo URL. Oxnako B
3TOM cllydae HaM He 00si3aTesibHO 3amyckaTh 3 MapReduce, Tak kak BTOpOIl JIOT MOJHOCTBIO
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BJe3eT B mamsTh. [y Toro, 4roObl pemmTh 3amady npu nomomu 1-ro MapReduce, mbl
MOJKeM 3arpy3uTh BTopoi jor B Distributed Cache, a mpu mHMIIMamM3amm Mapper’a mpocTto
CUUTATH €T0 B MAMSITh, IOJIOXKHB €r0 B CIOBAPh -> tOpic.

Janee 3aa4a pemaercst CIeAyOIHIM 00pa3oM:

Map:

# HaxoqUM TEMaTUKy KaXXI0U U3 CTpaHMUI] IepBOro nora</em>

input_line -> [ip, topic]

Reduce:

Ip -> [topics] -> [ip, most_popular_topic]

Reduce momyvaer Ha BXOJX ip M CITUCOK BCEX TEMAaTHK, MPOCTO BBIYMCIISAET, Kakas U3
TEMaTUK BCTpeTHJach dalle Bcero. TakuM o0Opa3oM 3ajaya pelieHa Npu MoMomM 1-ro
MapReduce, a cooctBeHHO Join BOOOIIE MPOUCXOIUT BHYTPH map (MO3TOMY €clii OBl He
HYy>kKHa Obla JONMOJHHUTEIbHAS arperamys no Kidy — MOXKHO OblIo Ob1 06oiiTuce MapOnly
job-om):

Cxema pabomwt MapJoin

Pestome
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MBI paccMOTpenu HECKOJIbKO MAaTTEPHOB U IPUEMOB PELICHUS 3a4ad IPU MTOMOILHU
MapReduce, nokazanu, kak o0seauHATh MapReduce-3a1aun B 11€MOYKH U jOIN-UTH JIOTH TI0
KJIIOYY.

IIpakTnyeckas padora Ne 5 Hbase

[enn paboThI
W3yunth mHCTpyMEeHT Hbase u ucmonp30BaTh €ro B Ka4eCTBE OCHOBHOTO XPAaHUJIHUINA
CBIPBIX JIaHHBIX.

3anaun

- Uzyunts Monens nanubix Hbase;

- PaccmoTpeTs nogiep;kuBaeMble ONepaliy U apXUuTeKTypy
- M3yunuts xonuenuuto BigTable.

Xona Pabotel

Kto u 3auem mpunyman Hbase ?

Kak m MHorue npyrue npoextol u3 obnactu Big Data, Hbase 3aponunace u3
KOHIIEMINH, KoTopasi Obl1a pazpaboTtana B komnanuu Google.

OObrunbIe (aityibl JOBOJIBHO HEIIOXO MOJIXOJAT JJIA MaKEeTHOM 00pabOTKH JTaHHBIX, C
WCIoNIb30BaHKeM napaaurmMel MapReduce.

C npyro#i cTtopoHbl HH(POpPMALUIO XpaHSIIYyIOCS B (Qaiiax IOBOJBHO HEYIO0OHO
O0OHOBIISITH; Dailyibl TakKe JIUIICHBI BO3MOXKHOCTH MPOU3BOIBHOTO A0OCTYyMA. s OpicTpoii u
yA00HO! paboThl ¢ MPOM3BOJBHBIM JOCTYIIOM €CTh Kjacc nosql-cucrem tuma key-value
storage, Takux kak Aerospike, Redis, Couchbase, Memcached. OgHako B OOBIYHO B 3THUX
CHUCTEMax O4YeHb HeyJoOHa makeTHas oOpaboTka maHHbIX. Hbase mpencraBiser u3 cedst
MOMBITKY OOBEAMHEHUS YAOOCTBAa TakKeTHOW o00paboTku u yaoOcTBa OOHOBJICHHS U
MMPOU3BOILHOIO JJOCTYIIA.

[TakeTHas 06paboTKa Vs NPOMU3BONbHbIN L4OCTYI

Key-Value g redis

XPEHHJIHIILA
<EROSPIKE -

Y nobereo 0DHOBJIEHHA H
[IPOH3BOJILHOTO JOCTYIIA

Vnobereo narernoit odpaborkn

Moaens naHHBIX
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Hbase — sT0 pacnpezencHHas, KOJIOHOYHO-OPHUEHTUPOBAHHAS, MYJIbTUBEPCUOHHAS
0a3za THUIA «KIHOY-3HAUCHUEY.

JlaHHBIE OpPraHU30BaHbl B TAOJMIIBI, MPOUHIEKCUPOBAHHBIC IMEPBHUYHBIM KIIOUOM,
kotopslii B Hbase HazpiBaeTcst RowKey.

Hns kaxnoro RowKey kimroua MOXeT XpaHUThCS HEOTpaHWYEHHBI HaOOp aTprOyTOB
(MJIM KOJIOHOK).

KosoHkn opraHu3oBaHHBI B TPYIIBI KOJOHOK, Ha3biBaemble Column Family. Kak
npaBuiio B ogHy Column Family oObequHSIOT KOJOHKH, I KOTOPHIX OJWHAKOBBI MAaTTEPH
UCIIOJI30BAaHUS U XPAHCHMUS.

Jlyig kaxaoro arrpudyTa MOKET XpaHUTHCS HECKOJIBKO Pa3lM4yHBIX Bepcuil. PasHble
BEPCUHU UMEIOT Pa3HbIi timestamp.

3anucu GuU3NYECKU XpaHITcs B oTcopTUpoBaHHOM 1o RowKey mopsiake. [Ipu stom
JaHHbIe cooTBeTCTBYIOUIME pa3HbiM Column Family xpaHstcs oTaenbHO, 4TO MO3BOMISET MPU
HE0OXOIMMOCTH YUTATh JaHHbBIE TOJIBKO U3 HYKHOI'O CEMENCTBA KOJIOHOK.

[Tpu ypanenun onpenenéHHOro arpudyra GU3MUECKH OH cpa3y He yAalseTcs, a JHUIIb
MapKupyeTcsi chenuanbHbIM  (raxkkom tombstone. ®dusnueckoe yaaneHue JaHHBIX
NPOM30UIET MO3KeE, IPH BBINOIHEHUH onepanuu Major Compaction.

ATpuOyTbl, IpUHAJIEKAIINE OJHOM TpyIIe KOJIOHOK M COOTBETCTBYIOIIUE OJIHOMY
K04y (PU3MUYECKH XpaHATCS KaK OTCOPTHUPOBaHHbIM cnucok. JIo6oi arpulyr Moxer
OTCYTCTBOBAaTh WJIM THPUCYTCTBOBATh JJSi KaXJIOro KIo4a, P ITOM €clid aTpuodyT
OTCYTCTBYET — 3TO HE BBI3bIBACT HAKJIAAHBIX PACXOA0B Ha XPAHCHUE IIyCThIX 3HAYCHUM.

Crircok ¥ Ha3BaHUS IPyNI KOJIOHOK (PUKCHpPOBaH U UMeeT 4eTKyro cxemy. Ha ypoBHe
IpyNIbl KOJOHOK 3aJaroTcst Takue mapaMerpbl kak time to live (TTL) u makcumanbHOe
KOJIMYECTBO XpaHUMbIX Bepcuil. Eciiu pasHuia Mexxay timestamp 175 onpeaesieHHO BEpCUU U
TeKyIuM BpemeHeM Oonbiie TTL — 3anuch momewaercs K yjaneHuto. Eciu xomuuecTBo
BEpCUMl Al ompenie€HHOro arpudyTa MPEeBBICHIO MAKCUMaJIbHOE KOJIMYECTBO BEpPCHM —
3aIUCh TAK)KE [TIOMEYACTCs K yAAICHHUIO.
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ColumnFamily1

ColumnFamily2

Mogens JaHHBIX Hbase moxHO 3allOMHHTDH, KaK COOTBCTCTBUC KJIIHOY 3HAYCHHC!:

<table, RowKey, Column Family, Column, timestamp> -> Value

HO)II[Cp)KI/IBaCMBIC onepanun

Cnucok nojaepxkuBaembix omnepauuii B hbase Becbma npoct. Ilonnepxkuatorcs 4

OCHOBHBIC OIICpalu:

— Put: n1o6aBuTh HOBYIO 3anuck B hbase. Timestamp 3To# 3anucu MOXeT ObITh 3a7]aH
pYyKaMu, B IPOTUBHOM ClTydae OH OyJIeT yCTaHOBJIEH aBTOMAaTUYECKH KaK TEKYIee BpeMsl.

— Get: momyuuth JaHHble 1o omnpeneneHHoMy RowKey. Moxno ykazats Column
Family, u3 xotopoii 6yseM OpaTh JaHHbBIE U KOTUYECTBO BEPCUI, KOTOPBIE XOTUM IPOUYUTATb.

— Scan: yuTaTh 3anMcu Mo odepenn. MoXHO ykas3aTh 3allMCh ¢ KOTOPOH HauMHaeM
YHUTaTh, 3aUCh J0 KOTOPOH YUTATh, KOJUYECTBO 3aMUCEH KOTOpBbIE HEOOXOIUMO CUHUTATh,
Column Family u3 xoTtopoil Oyaer Npou3BOAMTHCA YTEHHE U MAKCUMAJIBHOE KOJUYECTBO

BEPCUH JUIS KaXIOU 3aIUCH.

— Delete: moMeTuTh ONpeAETIeHHYI0 BEPCUIO K yaaneHno. OU3NIecKoro yaaaeHus
MIPH 3TOM HE MPOU3OUIET, OHO OYyIeT OTIOXKEeHO A0 ciemyromiero Major Compaction (cM.

HIKE).
Apxurektypa
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Java Client APIs External APIs (Thrift, Avro, REST)

e N

Region Server ( Write-Ahead Log (WAL) J e

MemStore

[ HFile ]

MemStore

[ HFile ]

MemStore

[ HFile |

Hadoop FileSystem API ZooKeeper

Hadoop Distributed FileSystem (HDFS)
—

Hbase sBnsercs pacmpeneneHHOW 0a30l aHHBIX, KOTOpas MOXKET paboTaTh Ha
JIeCATKaxX M COTHAX (PU3MUECKUX cepBepoB, obecreunBas OecriepeOoiiHyro paboTy aaxe Mmpu
BBIXOJIE M3 CTPOsi HEKOTOphIX M3 HUX. IloaToMy apxurekTypa hbase moBospHa ci0XHa 1O
CPaBHEHHIO C KJIACCHYECKUMHU PEISILIMOHHBIMH 0a3aMH JaHHBIX.

Hbase st cBoeit paGoThI MCITONB3YET IBAa OCHOBHBIX MPOIlEcca:

1. Region Server — o0ciayXHBaeT OJMH WJIM HECKOJBKO PEruoHOB. Permon — 3T0
JIMana3oH 3aluceil, COOTBETCTBYIOIIMX ONPEAEICHHOMY JMana3oHy MOAPSA HUAYIIUX
RowKey. Kaxxplii pernoH conepxur:

. Persistent Storage — ocHoBHOe xpaHwmme AaHHBIX B Hbase. Jlanubie
¢usnuecku xpansatces Ha HDFS, B cnienmansnom popmate HFile. lannsie B HFile xpansites B
orcoptupoBanHoM 10 RowKey mopsnke. Opnoit mape (perwoH, column family)
COOTBETCTBYeT Kak MuHMMYM oauH HFIle.

. MemStore — Oydep Ha 3ammuch. Tak kak ganHbeie xpanstca B HFile d
OTCOPTHPOBAHHOM Tmopsiake — oOHOBIATH HFile Ha kaxkmyro 3ammch JOBOJIBHO JIOPOTO.
BmecTo 3TOrO naHHble NMpH 3alMCU MONAJAIOT B CEHUANIbHYI0 00JacTh namsatd MemStore,
I7Ie HaKaluIMBalOTCs Hekoropoe Bpems. llpm Hamomnenun MemStore 10 HEKOTOPOTO
KPUTHYECKOTO 3HAUCHUS JaHHBIC 3anuckiBatoTcs B HOBbINM HFile.

. BlockCache — ka1 Ha uytenue. [103BoJseT CyIIECTBEHHO SKOHOMHUTH BpEeMs
Ha JAHHBIX KOTOPBIE YUTAIOTCS YacTo.
. Write Ahead Log(WAL). Tak kak gaHHBIE IIPU 3allMCH MONAJAI0T B memstore,

CYIIECTBYET HEKOTOPBIA PHUCK IMOTEPH JAaHHBIX H3-3a cO00s. s Toro 4ToOBI 3TOrO HE
MPOU30IIIO BCE OMEpaIfy mepes COOCTBEHHO OCYIIECTBICHHWE MAHUMYJISAIUI MOMagaroT B
CrieNUaIbHBIN JIOT-(ailyl. DTO MO3BOJISET BOCCTAHOBUTH JaHHBIE MOCJIE JIFOOOTO cOOs.
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2. Master Server — rnaBHBIM cepBep B kiactepe hbase. Master ympasiser
pacnpeneneHueM pervoHoB Mo Region Server’am, BeneT peecTp PEruoHOB, YIPaBIISIET
3aIyCcKaMM PeTyJISIpHBIX 3a/1a4 U JIeaeT APYTYIo MOJIe3HYI0 padoTy.

Jnst  xoopauHanuu  aedcTBUM  Mexay cepBucamu  Hbase wucmonszyer Apache
ZooKeeper, crienuanbHbI CEpBUC NMPEIHA3HAYEHHBIA JUISL YIIpaBlIeHUs] KOHQUTYpalusIMUA U
CHUHXPOHHU3AIMEN CEPBUCOB.

[Ipu yBenuueHNH KOJIMYECTBA JAHHBIX B PETHOHE M JOCTH)KEHUHM UM OIPEeIEHHOTO
pasmepa Hbase 3amyckaer split, onmeparuto pazOuBaronryro peruoH Ha 2. [[js Toro 4toObI
n30eKaTh MOCTOSHHBIX JIeIEHUI PETHOHOB — MOXKHO 3apaHee 3aJaTh IPAaHUIbl PETHOHOB U
YBEIMYNATH NX MAKCUMAJBHBIA pa3mep.

Tak kak AaHHBIE MO OJHOMY PErHMOHY MOTYT XpaHHTbcs B Heckoibkux HFile, mms
yckopenusi pabotsl Hbase mepuonnyecku ux ciamBaeT BoeauHo. Jta omepauusi B Hbase
Ha3bIBaeTcsi compaction. Compaction’sl ObIBAIOT IBYX BH/IOB:

. Minor Compaction. 3amyckaercs aBTOMaTHYECKH, BBIMOJHSAETCS B (POHOBOM
pexxume. MimeeT HU3KUI NPUOPUTET 110 CPAaBHEHHUIO € IpyruMu ornepauusimu Hbase.

.

. Major Compaction. 3amyckaercss pykaMH WJIM 1O  HACTYIUICHHUIO
cpalbaThIBAHUIO OIpPEAEICHHBIX TPUITEPOB (Hampumep, Mo Taiimepy). Mmeer BblcOKUit
HOPUOPHUTET U MOXKET CYIIECTBEHHO 3aMeUINTh paboTy kiaactepa. Major Compaction’sl Jryuriie
JienaTh BO BpeMsl KOT/Ia Harpy3ka Ha kiactep HeOosbmas. Bopems Major Compaction Takxe
OPOMCXOIUT (hU3NYecKoe yJaleHHe JaHHbIX, paHe IOMEUEHHBIX METKOI tombstone.

Crnioco6s1 paboTsl ¢ Hbase

Hbase Shell

Cawmpblii ipocToii crocod Hauatk padoty ¢ Hbase — Bocmonbs3oBatbest yrunuToil hbase
shell. Ona noctymnHa cpa3y nocie ycraHoBkH hbase Ha 11000i1 Hozte kinactepa hbase.

1. @e4b355585460:/opt/hbase-1.1.0.1/bin (ssh)

| [root@e4b35558546@ bin]# hbase shell
2016-03-27 15:51:27,492 WARN [main] util.NativeCodelLoader: Unable to load native-hadoop library for your platform...
using builtin-java classes where applicable
HBase Shell; enter 'help<RETURN>' for list of supported commands.
Type "exit<RETURN>" to leave the HBase Shell
Version 1.1.0.1, r4de7d45cb593f98ae5d020080cbc7116d3e9d9%a@, Sun May 17 12:52:10 PDT 2015

hbase(main):001:@> create 'users', {NAME => 'user_profile', VERSIONS => 5}, {NAME => 'user_posts"', VERSIONS =»> 123123
1231}
@ row(s) in 1,345@ seconds

=> Hbase::Table - users
hbase(main):002:@> put 'users', 'idl', 'user_profile:name', 'alexander’
@ row(s) in 0.0780@ seconds

hbase(main):003:@> put 'users', 'idl', 'user_profile:second_name', 'ivanov'

@ row(s) in 0.0060 seconds

hbase(main):004:0> get 'users', 'idl'

COLUMN CELL

user_profile:name timestamp=1459093901986, value=alexander
user_profile:second_name timestamp=1459093913588, value=ivanov

2 row(s) in 0.023@ seconds

hbase(main):005:e> I

Hbase shell mpencraBnsier u3 ceds jruby-KOHCONb ¢ BCTPOSHHOW MOJICPKKON BCEeX
OCHOBHBIX orepanuii mo padote ¢ Hbase. Hmwke nmpuBeaén npumMep co3maHns TaOIUIIBI USETS C
nByMs column family, BeIOIHEHUST HEKOTOPBIX MAHUITYJIALUHN C HEll U yiaieHue Tabauibl B
KoOHIle Ha A3bIKe hbase shell:
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[IpocTeins kona

Native Api

Kak u OGonpmmucTBO npyrux hadoop-related mpoekros hbase peanuzoBan Ha s3bIke
java, MOATOMY W HATHUBHBIN api JOCTyIEH A s3bika java. Native APl moBonpHO Hemimoxo
3aJIOKyMEHTHPOBaH Ha o(ullManbHOM caiite. Botr npumep ucnons3oBanus Hbase API B3sThIit
OTTy/1a XKe:

[IpocTeins kona

Thrift, REST u nonnepxka Apyrux si3pIKOB MIPOrpaMMHpPOBAHUSI.

Jlnst paboThl U3 APYTHX sA3bIKOB IporpamMMupoBanust Hbase npenocrasnser Thrift API
n Rest API. Ha ©0a3e HuX ™OCTpOEHBI KIHMEHTHl I BCE€X OCHOBHBIX SI3bIKOB
nporpammupoBanus: python, PHP, Java Script u Ta.

Hekotopsie ocobenHoctu padotsl ¢ HBase

1. Hbase «u3 xopoOku» unterpupyercs ¢ MapReduce, 1 MokeT ObITh HCIIOIB30BaHA B
KauecTBE BXOJHBIX M BBIXOJHBIX JAHHBIX C MOMOIUIbI0 crenuanbHbiX TablelnputFormat u
TableOutputFormat.

2. Ouenp BaxxHO mnpaBWiIbHO BbIOpaTh RowKey. RowKey nomken oGecneunBathb
XOpollEee PAaBHOMEPHOE pacCHpElelICHUe MO0 PEruoHaM, B NPOTHUBHOM CIlydae €CThb PHUCK
BO3HUKHOBEHHUS TaK Ha3bIBAEMBIX «TOPSIYUX PETHOHOB» — PETHOHOB, KOTOpbIE
UCTIONB3YIOTCS  TOpa3l0  dalle OCTaJbHBIX, YTO MPHUBOAUT K HEdPPEeKTUBHOMY
UCIIOJIb30BAHUIO PECYPCOB CUCTEMBI.

3. Ecnu nanHble 3amuBaroTCs HE €IMHUYHO, a cpaszy Ooibliumu nmaukamu — Hbase
noj/iep )kuBaeT crenuanbabiii Mexanu3M BulklLoad, xoTopsiif mo3BosisieT 3aiuBaTh JaHHBIC
HaMHOTO ObIcTpee yeMm ucnonb3ys enuHuuHble Put’sl. BulkLoad mo cytu mpencrasnser u3
ce0st IByXIIaroBYyIO OIlepaluio:

—  ®@opmupoBanne HFile 0e3 ywactus put’oB Npu MNOMOIIM CIELUATBHOTO
MapReduce job’a

— INoaknaneiBanue 3TuX ¢aitnukoB Hampsimyto B Hbase.

4. Hbase moanepxuBaeT BBIBOJI CBOMX METPUK B cepBep MoHuTopuHra Ganglia. 9to
MOXET OBITh OYEHb IOJE3HO INpU aaMUHMCTpUpoBaHuM Hbase g noHuUMaHMS CyTH
npoucxoasamux ¢ hbase npoGiem.

ITpumep

B kauecTBe nmprMepa MOKEM PacCMOTPETh OCHOBHYIO TAaOJHILy C TaHHBIMHU, KOTOpas y
Hac B Data-Centric Aliance wucnons3yerca ans XpaHeHMs HHGOpPMalUU O MOBEICHUU
M0JIb30BaTENIE B UHTEPHETE.

RowKey

B kauectBe RowKey wucnonb3yercs uaeHTHGUKATOp MOJIb30BaTENs, B KauecTBE
kotoporo wucnonsdyercs GUUID, cTpouka chenuagbHO TeHepupyeMas TakuM 00pa3oM,
yT0OBI OBITh YHUKaIbHOW BO BceM mupe. GUUID’b1 pacnpeneneHbl paBHOMEPHO, UYTO JAET
XOpollee pacipeielieHUe JaHHbIX 110 CEpBEpaM.

Column Family

B Hamewm xpanunuiie ucnons3yrorcs Ase column family:

— Data. B 3T0i rpynme KOJOHOK XpaHATCS JaHHBIE, KOTOPBIE TEPSAIOT CBOIO
aKTyaJbHOCTh JUIS PEKIAMHBIX IleJiel, Takue Kak (akTbhl IOCEIIEHUs I0Jb30BaTEIEM
ompenenenHbix URL. TTL na sty Column Family ycranoBmen B pa3smepe 2 Mecsia,
orpaHuyeHue no koauyectry Bepcuit — 2000.

— LongData. B 370l rpyIme KOJOHOK XpaHATCA JaHHbIE, KOTOPBIE HE TEPSIOT CBOIO
aKTyaJIbHOCTb B TEUYEHHME JAOJITOr0 BPEMEHM, TAKUE KaK IIOJI, JaTa POXKACHUA WU JApyrue
«BEYHBIE» XAPAKTEPUCTUKH I10JIb30BaTENS

Kononku
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Kaxnplif Tun GaxkToB 0 mojb3oBaresne XpaHUTCA B OTIENbHOU KojloHke. Hampuwmep B
kosonke Data: v xpanarcs URL, mnocemieHHble mOJb30BaTENEM, a B  KOJOHKE
LongData:gender — mo:x nons3oBatessi.

B kauectBe timestamp XpaHHUTCS BpeMs perucrpanuu 3toro ¢akra. Hampumep B
KosloHke Data: v — B KauecTBe timestamp HCIIOJIb3yeTCs BpEMs 3aX0/1a IMOJb30BaTeIeM Ha
onpexaeneHubiii URL.

Takass cTpyKTypa XpaHEHHs IOJIb30BATEIbCKUX JAHHBIX OUEHb XOPOILIO JIOXKHUTCS Ha
Hall NaTTepH HCHOJb30BaHUS U IO3BOJISIET ObICTPO OOHOBIIATH JTaHHBIE O IMOJIb30BATENX,
OBICTPO JI0CTaBaTh BCIO HEOOXOOUMYIO HMH(OpPMAIMIO O TMOJb30BATENAX, U, HUCIONb3YS
MapReduce, 6picTpo 00pabaThiBaTh JaHHBIE O BCEX MOJIB30BATEIISAX Cpa3y.

AnbTEpHAaTUBBI

Hbase 10BosIbHO ClI0KHA B aIMUHUCTPUPOBAHUU U UCIIOJIB30BAHUH, IOITOMY, MPEXK/IE
4yeM HUCIOoJIb30BaTh hbase ecTb cMbICI 00paTUTh BHUMAaHUE HA aJIbTEPHATHUBBI:

. Pensumonnbie 0a3bl gaHHbIX. OYeHb HEIJIOXas albTepHATHBA, OCOOCHHO B
Clly4ae KOrja JaHHBIE BJIE€3a0T HAa OJHY MalIMHYy. Takke B IEPBYIO OUEPENDb O PENIALIMOHHBIX
0a3ax JaHHBIX CTOMT MOAYyMaTh B Clyyae, KOTJa Ba)KHbI TPaH3aKLUWU MHAEKCHl OTJIMYHBIE OT
NEPBUYHOTO.

. Key-Value xpanmnumia. Takwe xpanwmma kak Redis u Aerospike myudine
HOJXOAAT KOrja HeoOXoAuMa MHHHMMU3aAIUs latency M MeHee BajkHa MakeTHas oOpaboTka
JTAHHBIX.

. @aiinsl 1 ux obpaborka mpu nomomu MapReduce. Ecnu naHHbIE TOJIBKO
TOOABIISIFOTCS, M PEAKO OOHOBIISIIOTCS/M3MEHSIOTCS, TO JIydllle He ucmojib3oBaTh Hbase, a
OpOCTO XpaHUTh JaHHble B (ainax. [lig ynpomeHus paboTel ¢ QaillaMu  MOKHO
BOCIIOJIb30BaThCs TAKUMU MHCTpyMeHTamu Kak Hive, Pig u Impala.

Hcnonb3oBanue Hbase onpaBaano xoraa:

— JlaHHBIX MHOTO, ¥ OHU HE BJI€3aI0T HA OJIUH KOMIBIOTED

— JlaHHBIE 4aCTO OOHOBIISIOTCS U YJANISIOTCS

— B fgaHHBIX IPUCYTCTBYET SIBHBIM «KIIIOY» 110 K KOTOPOMY YIOOHO NMPUBS3BIBATH BCE
OCTaJbHOE

— Hy>xna naketHas 00paboTKka JaHHBIX

— Hy>keH nmpon3BoabHBINA JOCTYM K JAaHHBIM 10 OIIPEIEICHHBIM KIH04YaM

3akJroueHue

B nmannoit paGore paccmotpenu Hbase — MomiHOe cpencTBO MJisi XpaHEHUS U
OOHOBJIEHHS JaHHBIX B »JkocucteMe hadoop, mokazanu wmojenb nAaHHbix Hbase, eé
APXUTEKTYpy U 0COOEHHOCTH pabOTHI C HEH.

9.2 MeToaunueckue PE€KOMEHIAIUHA IO MOATOTOBKE OTYECTOB IO MPAKTUYICCKUM 3aHATHUA

Ot4er no npojienaHHoi paboTe AOKEH ObITh U3JI0KEH C COOJIIOIEHUEM YCTAHOBJICHHBIX
TpeboBanmii. [Ipu 5TOM OoTpaskaemble pe3ynbTaThl TOMKHBI ObITh HH(OPMATUBHBIMU, TE€3UCHOTO
nopsaka. B otyer BXomsT cremyromiye o0s3aTeIbHbIC pa3Ieibl:

1. TuTynpHBIA JUCT C TOJNHBIM yKa3aHueM Ha3BaHusi BY3a, mHcTtuTyTa, (hakynbrera,

Kadeapel. YKa3pIBaeTCS NMOJTHOE Ha3BaHUE TUCIMIUTHHBI U JTabopaTtopHOi padboTsl, @.1.0.

o0yyaroierocsi, IOArOTOBHUBILET0 OTYET O pe3ylbTarax mpojenanHoi padotsl, ©.H1.O.,

JOJDKHOCTB TIPETIONIABATENs, OCYIIECTBIIONIETO MPOBEPKY M OLIEHMBAHHE MOTYYSHHBIX

pe3yJbTaTOB.

2. CopeprkaHue 3a7jaHUs Ha IPAKTUUECKOE 3aHSTHE.
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3. Lens 1 33724 MIPAKTUIECKOTO 3aHSATHSL.

4. MeToapl W TIPOrpaMMHBIC CpEACTBA, NMPHMEHSIEMBIC U PEIICHUS TOCTABJICHHBIX
3a1ay.

5. BeIBombI o pabore.

6. Ilpunoxxenus.

Odopmienre oTdeTa BBIOIHSAETCS C UCIOIb30BaHMEM TEKCTOBOro pemakropa WORD.
Otuer coxpaHsieTcsl U MpeCTaBIseTCs Ui MPoBEpKH B BUJE otaensHoro pdf daitna. B umenn
(aiina ykazpiBaeTcs paMuIIus CTYAEHTa U HOMEpP MTPAKTHUECKOTO 3aHSTHSL.

9.3 MeToauyeckue peKOMeHIAlMHU 1O MOATr0oTOBKe 0TUeToB o UT3

NunuBunyansueie TBOpueckue 3ananus (MT3) BeimonHstorcs B 8 ceMmecTpe U
SABIISIIOTCS. MHTEPAKTHBHON (opmoii oOyueHus. OOycnaBiuBaioT (HOpPMUPOBAHHE YpPOBHS
KOMIIETCHIINM «BJIAZIEThY.

Obyuatomuecs BboinonHAT WT3  camocTosTeENbHO YW MHIMBUIAYaJIbHO, JHOO
KOJUIEKTUBHO, pa3OuBasch Ha rpynmbl o 3...4 yenoBek. [lo 3amaHusiM, coriiacoBaHHBIM C
IpernoAaBaTeleM W BBIHOCUMBIM Ha  CaMOCTOSATENBHOE  H3Y4YCHHME,  BBIIOJIHACTCS
UccieioBaTenbckasi paboTa ¢ IOCTAaHOBKOHM 3aznad, (OpMYJIMPOBKOW LENH, BBIACICHUEM
0o0BbEKTa W TMpeAMeTa HccieqoBaHusA. B mepBoM pasnene npuBOAMTCS 0030p M aHAIU3
OpeabAyIIuX paboT B JaHHOW 00JaCTH, BO-BTOPOM — (DOPMYJIMPOBKAa HWHHOBALMOHHOTO
HOJX0/1a K PacKpbITHIO T€Mbl, CAMOCTOSTENIbHAS TPAKTOBKa MosoxeHuil. Paboty 3aBepiiaer
3aKJIFOUYEHHUE.

ITo BeImosHEHHOM paboTe 00yyaromUiics UM TBOpYECKas MOATpyNIa JenaeT AoKal
C Ipe3eHTaluell B NMPUCYTCTBUU IIPENOAaBaTeNsi U COKYPCHUKOB, OTBEUAET HAa BOIPOCHI U
3aMevaHus. [maBHas 1enb — OOOCHOBAaTh IYCTh CaMyl0 MPOCTYIO, HO CaMOCTOSITEIBHYIO
u7ero, o0JaaaroNlyo TBopueckoi HoBu3HOU. O0béM UT3 15...25 crpanull MalmmHOMKCHOTO
tekcTta. [Ipesenranus - 1o 15 cnaiinos.
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[punoxenue 1
AHHOTAIIAS PABOYEM ITPOT'PAMMBI JIUCITUTIIUHBI

Llenv  Oucyunaumvl: W3yYEHUE METOJNOB OOpabOTKM CTPYKTYPUPOBAHHBIX H
HECTPYKTYPUPOBAHHBIX MHOTOOOPA3HBIX JaHHBIX OTPOMHBIX OOBEMOB [UIS TOIYYECHUS
BOCTIPHHUMAEMBIX YEJIOBEKOM PE3YJIbTATOB.

3adauu:

W3yYeHHE OCHOBHBIX TPUHIMIIOB M METOJOB XpAaHEHHUS U YIPABICHHA
naHHbIMH opmara Big Data;
3HaKOMCTBO C METOJJaMH OpTaHM3allMK U aHalu3a JaHHbIX (hopmaTa Big Data.

B pe3ynbTare OCBOCHHS AUCIMIUIAHBI 00YYAIOIIUUCS JOJKCH:

3HaTh OCHOBHBIEC MPUHIIMIIBI U METOJIbl XpaHEHHUs, YIIPaBIeHUs, 00pabOTKH, aHAIN3a
nanubix (opmarta Big Data, meromonmoruio pa3paboTku WHOOPMAIMOHHOTO OOECTIeYeHHUS,
NPOEKTUPOBAHUSA, CO3AAHUS M TOJJIEPKKM XPaHWJIMIL JIAHHBIX, CIIOCOOBI OpraHU3aluu
OOJNBIINX JAaHHBIX, OPTaHM3ALUI0 WX HHQPACTPYKTYPHI, OCHOBHBIE METOIBI W CpPEACTBA
ynpaBieHus: HHPOPMAMOHHOM 0€30MacHOCTBIO MPH PabOTe ¢ OOIBIIMMHU TAaHHBIMU.

YMeTh CTPOWTH MOJETH JJISi AHHBIX, XPAHSIIMXCS B pacrpeneieHHOH (ailiioBoi
cucreme (Hadoop), opranuzossiBath UT-uHdpactpykTypy mnpennpustuss npu padote ¢
OONBIIMMH TAaHHBIMH, BBIOMPATh METOIBI U Pa3padaThiBaTh CPEICTBA 3AIMUTHI WHPOPMAIIUN
npu paboTe ¢ OOTBIINMU JaHHBIMHU.

Buaners MeTomamMu MPOTHO3HOTO MOJEIMPOBAHUS M aHAIHM3a JAHHBIX (JITOPHTM
Map-reduce), HaBblkamMu ywacTusi B opranuzanmu WT- uHOpacTpyKTypsl W ympaBieHHS
MH(POPMALMOHHON 0€30MacHOCTH MpH paboTe ¢ OOJIBIIUMHU TAHHBIMH.
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