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1 IMosicHuTeIbHAS 3aNIMCKA
1.1 eJub u 320244 AMCUUTJIMHBI
Lenp AMCHMIIIUHBL: U3yYE€HUE COBPEMEHHBIX METOJIOB 00pabOTKU CTPYKTYPHPOBAHHBIX
U HECTPYKTYPHUPOBAHHBIX MHOTOOOpA3HBIX JAHHBIX OTPOMHBIX OOBEMOB IS TOJYYCHUS
BOCITPUHUMAEMBIX YEJIOBEKOM PE3YyJIbTATOB.
3agaun:
" U3ydeHHe OCHOBHBIX TPHHIMIIOB U METOMOB XPAHEHHS H YIPABICHHS TaHHBIMH

(bopmara Big Data;

3HAKOMCTBO C METOJIJaMM OpTraHU3alluK U aHaju3a JaHHbIX (hopmaTa Big Data.

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

Komnerennus HNuaukaTopsl Pe3yabTaTnl 00yyeHus
(kom u KOMIIeTeHIIU I
HaNMCHOBAHHC) (KO 1 HANMCHOBAHHE)

IIK-2 [1K-2.1. Pa3zpabaTbiBaeT | 3namb: OCHOBBI CUCTEM HUCKYCCTBEHHOTO
Crniocoben MIPUIIOKEHUS CUCTEM MHTEIJIEKTA.
pa3pabarbeiBaTh U HCKYCCTBEHHOTO Ymemp: pazpabateiBaTh CUCTEMBI
TECTUPOBATH MHTEIJIeKTa HCKYCCTBEHHOT'O MHTEJIEKTA.
porpaMMHbIE Bnaoems: HaBbIKaMU pa3pabOTKU CHCTEM
KOMITOHEHTBI HCKYCCTBEHHOT'O MHTEJIEKTA.
penieHus 3aaad B
cucTemMax I1K-2.2 IIpoBoaut 3Hamb: OCHOBBI TECTUPOBAHUS CUCTEM
HCKYCCTBEHHOTO TECTUPOBAHUE CUCTEM HCKYCCTBEHHOTO MHTEJIJIEKTA.
MHTEIJIeKTa HCKYCCTBEHHOTO Ymems: TecTupoBath cucTemsl

WHTEJIEKTa HCKYCCTBEHHOT'O MHTEJIJIEKTA.

Bnaoems: naBbIKaMU TECTUPOBAHUS
CUCTEM MCKYCCTBEHHOTO MHTEJJICKTA.

K-7 ITIK-7.1. Pa3zpabatsiBaeT 3Hamb: OCHOBBI TPOTPAMMHBIX
Crniocoben porpaMMHbIe KOMITOHEHTOB U3BJICUCHHUS, XPAHCHMUS,
pa3pabaThIBaTh KOMITOHEHTBI MOATOTOBKU OOJIBIIMX JaHHBIX C YYETOM
KOMITOHEHTBI W3BJICUCHHUSI, XPAHEHUS, BapUAHTOB MCIOJIB30BaHUS OOIBIINUX

CHCTEM aHAJIN3a
OOJIBILIUX JTAHHBIX

IIOATOTOBKH OOJIBIINX
JAHHBIX C YYETOM
BapHaAHTOB
HCIIOIB30BaHUA OOIBIINX
JTaHHBIX, ONIPEACIICHUN,
CIIOBapey U 3TAIOHHOM
APXUTCKTYPBI OOJIBITHX
JTAHHBIX

[1K-7.2. PazpaGaTbiBaeT
OpOrpaMMHBIE

JTAHHBIX, OMPE/ICIICHUH, CIOBapen u
ATAIOHHOW apXUTEKTYPhI OOJBIIIX
JAHHBIX.

Ymemp: pazpabatbiBaTh IpOrpaMMHbIE
KOMITOHEHTHI U3BJICYEHUSI, XPAHEHHUS],
MOATOTOBKH OOJBIINX JaHHBIX C Y4ETOM
BapHaHTOB HCIOJIB30BaHUS OOIBIINUX
JTAHHBIX, ONPEICIICHUH, CII0Baper U
ATAJIOHHON apXUTEKTYPhl OOJIBIINX
JTAHHBIX.

Bnaoemy: HaBbIkamMu pa3pabOTKH
MIPOTrpaMMHBIX KOMIIOHEHTOB
W3BJICYCHHUS], XPAHEHUS, IOATOTOBKHU
OOJBIINX TAaHHBIX C YYETOM BaPHAHTOB
WCIIOJIb30BaHUs OOJBIINX JTaHHBIX,
OIIpENIEIICHUH, CIIOBApEN U ATAIIOHHON
aApPXUTEKTYphl OOJIBIINX JaHHbBIX.

3Hamb: OCHOBBI pa3pabOTKH




KOMITOHEHTbI 00paboTKH,
YIAJIECHHOM,

pacIpeneeHHON U
00BETMHEHHON
AHAJIUTHKHU,
HCIIOIL30BaHUs
pe3yNbTaToB aHaJm3a,
OTNHUCAHUSI W YIPABJICHH
Ka4eCTBOM U
JIOCTOBEPHOCTBIO

OOJIBIINX JAaHHBIX

MIPOrPaMMHBIX KOMIIOHEHTOB 00paboTKH,
yIaJE€HHOM, pacipeaeIeHHON 1
00bEeIMHCHHON aHAJIMTHKH,
UCIIOJIb30BaHUs PE3YyJIbTAaTOB aHAIN3A,
OIMHMCAHUS U YIIPABJICHUS KAa4eCTBOM H
JIOCTOBEPHOCTHIO OOJBIINX TAHHBIX.
Ymems: pazpabaTeiBaTh MPOrpaMMHEIE
KOMITOHEHTHI 00pabOTKH, YIaJICHHOM,
pacrpeneneHHol U 00beAMHEHHON
aHAJIMTUKU, UCTIOJIb30BaHUS PE3yJIbTaTOB
aHallM3a, OTMMCAHUS U YIIPaBICHUS
KauyeCTBOM U JJOCTOBEPHOCTHIO OOJIBIINX
JTAHHBIX.

Bnaoemyw: HaBbIKaMH pa3pabOTKH
MPOrPaMMHBIX KOMIIOHEHTOB 00paboTKH,
YJAJECHHOM, pacipeaeIeHHON 1
00beIMHCHHON aHAJIMTHKH,
WCIIOJIb30BaHUS PE3yJIbTAaTOB aHAIIH3a,
OIHMCAHUs U YIIPABJICHUS KAa4eCTBOM H
JIOCTOBEPHOCTHIO OOJIBIIIHMX JTAHHBIX.

IMK-10
CrniocobeH pemiaTh
3agaduu

npo¢eCCUOHATBHON

JICSATCIIBHOCTH B
MPOEKTHOM
dopmare ams
JOCTIKCHUS
3aJaHHOM 1IeIU U
CO3JIaHUs
YHUKAQJIBHOT'O
MPOAYKTa, yCIYTH
WJIU pe3yJibTara ¢
3aJJaHHBIM
KauyeCTBOM B
YCIIOBHSIX
OTpaHUYEHHOCTH
pecypcoB,
OCO3HaBas CBOIO
pOJIb U
OTBETCTBECHHOCTD B
MIPOCKTE

IIK-10.1. Pemraer 3amauun
npodeCcCuOHAIBHON
JIESITEIIbHOCTH B
MIPOEKTHOM popMate Jist
JIOCTUKEHUS 3aJJAaHHOM
LU U CO3aHUS
YHUKAJIBHOTO MPOIYKTA,
YCIIYTU WK PE3yJIbTaTa C
3aJJaHHBIM KaueCTBOM

I1K-10.2. Onpenenser
BO3MOJKHBIC OIrpaHUYCHUA
pECYpCOB B POEKTHOM

JIESITCIILHOCTH.
ITK-10.3. Omnpenensier
CBOIO poib u
OTBCTCTBCHHOCTH B

KOMaH/Ie MPU pean3aiuu
IIPOEKTA.

3namb: OCHOBHBIE IPUHIUIIBI PELLICHUS
3aj1a4 MpodeccuoHaIbHOMN 1eATeIbHOCTH
B IIPOEKTHOM (popmMate JUIst JOCTHXKEHUS
3aJIaHHOM LIEJIH U CO3aHUS YHUKAIBHOTO
MPOAYKTa, YCIyI'd UIIA pEe3yabTaTa ¢
3aJJaHHBIM Kauy€CTBOM.

Ymemp: pemiate 3anaun
npodeccroHaNbHOMN 1eATeNbHOCTH B
MIPOEKTHOM (popMaTe ISl TOCTHKEHUS
3aJIaHHOM LEJIH U CO3AaHUS YHUKAIBHOTO
MPOAYKTa, YCIyI'd UK pE3yabTaTa ¢
3aJJaHHBIM Kau€CTBOM.

Bnaoemy: HaBbIKaMu pellIeHUs 3a7a4
po¢eCCUOHAIBHON JEATETLHOCTH B
MIPOEKTHOM (popMaTe ISl TOCTHKEHUS
3aJJaHHOM 1IETW U CO3/IaHUSI YHUKAIBLHOTO
MPOYKTa, YCIIYTH WK PE3yJIbTaTa C
3aIaHHBIM KAaUYCCTBOM.

Ymems: onpenenars orpannueHus
pEeCypcoB B MPOEKTHOM AESATEIbHOCTH

3Hamp: CBOIO POJIb U OTBCTCTBCHHOCTH B
KOMaHJC IIpH pCain3alu IpOCKTa

1.3 MecTo IMCHUIUIMHBI CTPYKTYPE OCHOBHOM 00pa30BaTe/IbHON NPOrpaMMbl




HucuuiuinHa «AHanu3 OONBIIMX —JaHHBIX»  SBJISIETCS JAUCUHUILUIMHOM — YacTH,
dhopmupyeMoit ydyacTHUKaMu oOpa30oBaTeNbHBIX OTHOIIEHHWH Onoka b1 ydeOGHOro mimana mo
HampaBieHuto noArotoBku «llpuxiagHas wHpOpMaTHKa», HANPABICHHOCTb (MPOdUIb)
«lIpuknagHON NCKYCCTBEHHBIM HHTEIIIEKT.

2  CrpykKTypa IMCUMILIUHBI

OO6mmas TpyA0€MKOCTh TUCIUIUIMHBI COCTABIISIET S 3.€. WK 180 akageMUYeCcKruX 9acoB.
Bun utoroBoro KOHTpoIIsi — 3K3aMeH (5 cemecTp).

CTpykTypa AMCHMILIMHBI I 04HOH GopMbI 00ydeHHs

O6bemM aucUUIUIMHBL B ()OpME KOHTAKTHOW paboThl 00YUaIOIIMXCsl C MeIarornyecKuMH
paboTHUKaMu U (WIM) JIMLAMH,
pOrpaMMbl Ha MHBIX YCJIOBHUSX, IPU NPOBEIECHUH YUSOHbBIX 3aHATHIA:

MPUBJIEKAEMBIMU K pealu3aluu o00pa3oBaTelbHON

Cemectp | Tum ydeOHBIX 3aHATHI KonuuectBo
4acoB
5 Jlekuun 28
5 [TpakTHyeckue paboTHI 42
Bcero: 70

O0beM mUCHMIUIMHBI (MOYJisA) B (OpME CaMOCTOSITEIBHOW PabOThI 00yYaIOIIUXCS
cocTaBlsieT 92 akaJieMUUYECKUX Yaca, KOHTPOJb — 18 akaqeMHU4ecKiX 4acoB.
CamocrosTenbpHas padoTa BKITIOYALT:

- BBITIOJIHEHUE MHIMBUYyaTbHOTO TBOPUECKOT0 3aaHus B msitoM cemectpe (UT3);

- CaMOIIOATOTOBKA (TMPOpabOTKa M MOBTOPEHHUE JICKIIMOHHOTO MaTepualia U Marepuaia
y4eOHMKOB W Y4eOHBIX MOCOOMH, MpodeccHOHANbHBIX 0a3 JaHHBIX U HH(POPMAIIMOHHBIX
CIIPABOYHBIX CHUCTEM; MOJIOTOBKA K IMPAKTUYCCKUM 3aHATHUSM;, TOJITOTOBKA K TEKyIIEMY
KOHTPOJIIO U TPOMEXKYTOUYHOM aTTeCTaIUN ).

3 Copep:xkanue TUCHUNIMHBI

Ne | HaumeHoBaHue pa3aesia Conep:xanue
JTUCHUILINHBI
1 Bgenenue B 6obIne 1.1 IlpenmerHoe mnoJsie aucHMIUIMHBI. OCHOBHAsS II€Jb

JaHHBIC

n3ydeHust aucuuIuingsl B cTpykrype OOII BO. OcHoBHBIE
MOHATUS, 3HAHUS, YMEHUS U HABBIKH, IIOJIy4aeMble B XOJ1€
n3ydeHuss aucuuiuiMebl.  CTpyKTypa JAMCLUUIUIMHBL U

TeMaTUYECKUI TJIaH. Texymmit KOHTPOJIb u
MPOMEXYTOYHBIE  aTTECTallMHh. Y 4eOHO-METOJUYECKOe
obecrieueHne JTUCIUTIIMHBL  (MOJYJIs): OCHOBHasT M

JOTIOJIHUTENbHAs auTeparypa. [leproaunyeckue ugaHus u
WHTEPHET-PECYPCHI.
[Ipennoceuiku GOpMUPOBAHUS TPEH/IA OONBIINX TAHHBIX.
1.2 OcHOBHBIE B3I ALI Ha OOJIBIINE JaHHBIE.
1.3 OcHOBHBIE BBI30BHI OOJIBIIUX JaHHBIX (4V).
1.4 KayecTBO UCXOHBIX JTAHHBIX.
1.5 JIpaiiBepsl peinka Big Data.
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1.6 CTpyKTypHUpOBaHHOCTb.

1.7 Buptyanu3zamusi.

1.8 Ompenenenne TepMuHa «OOJbIINE TaHHBICY.

1.9 bazoroe npencrasnenue o Map Reduce u Hadoop.
1.10 IlpencraBienue o paboTe aHATUTHKA.

1.11 Big Data mpoeKTsI.

1.12 OTKPBITBIC IPOCKTHI.

BBenenune B KOTHUTUBHBIN
aHaJIN3 JaHHBIX

2.1 Ucropus UCKYCCTBEHHOTO WHTEIJICKTA.
WNuTennexryanbHas cucreMa. 3aJaud HMHTEJUIEKTYyalbHOMN
cuctembl. [Iporiecc mo3HaHusi. DMOUpUYECKas TUIOTE3a.
Qdanbcudukanys runore3. XapaKTepUCTHUKU TUIIOTES.

2.2 Knaccudukamus 3amgady. DyHKIHS KOHKYPEHTHOTO
CXOZCTBA. TpexBxonoBas Tabnuua. 3anaya
penakTHpoBaHMs.  3aJada  paclo3HaBaHWA.  3ajaya
kinactepusauuu.  [Ipomexxyrtounslii  ciayyail.  Boibop
IPU3HAKOB. 3arojiHEHUE MPOOETOB M MPOTHO3UPOBAHUE.
3amaun koMmOuHu-poBaHHOTO THmNa. Onrtonorust FRIS-
3amad. Ownromorus Data Mining. Metoasl aHanmza
naHHbIX. Mepsl cxoncTtBa. KonkypentHoe cxoactso. FRIS-
¢ynkius. OTHOCUTENbHBIE MEPBI CXO/ICTBA.

2.3 Pazpabotka anroputmMa Ha 0aze FRIS-dyHkmm.
OyHKIMS KOHKYPEHTHOTO CXOJCTBA — €AMHBIN 0a3uc Uit
pemeHust pa3nuyHbIX 3a71a4d Data Mining. Anroputm FRIS-
Stolp. Knaccudukarus MeToa0B TaKCOHOMHH. AJITOPUTM
FRIS-Tax. 3amaua gactuuHoro obyuenusi. TpeGoBaHus K
00o6menHol kmaccudpukanuu. Cxema anroputma FRIS-
TDR. DOddexr ot wucrnomp3oBaHus HHGOpMAUK U3
pacrno3HaBaeMoi BEIOOPKH.

2.4 WudopmatuBHOCTh M BBIOOp TNpu3HAKOB. C(Cxema
aJITOPUTMOB. dunpTpanus. Cenexuusl. Kannasie
anroput™Mel. UtepartuBueiii anroputm AdDel. Anroputm
FRiS-GRAD. Kpurtepun wundpopmaruBHOCTh. CpaBHEHHE
KpUTEpHUEB. Y CTOMYUBOCTD K IIOMEXAM.

2.5 OOGnapyxeHue OmMMUOOK W 3alMOJHEHUE NPOOEIOB B
kyOax naHHbIX. Asnroput™m FRIS-ZET. Ilpumenenue 3D-
ZET.

OcHOBBHI sA3bIKa R

3.1 O6mme cBenenus. Crtpykrypa s3bika. OCHOBHBIE
koHCTpyKuuu. Cunrakcuc. KoHcTtantsl.  OmnepaTopsl.
Boipaxkenus. Ympasmsitomue  CTpyKTypbl. CTpYKTYpbl
naHHblX. IIpuMuTuBHBIE THHBL.  BeKTOpbl, CHUCKH,
MAaTPHIbI, MACCUBBI. Ta0OaUIBI «OOBEKT-CBOWCTBOY.

WNuctpymentsl DATA
MINING

4.1 Weka. Bo3smoxnoctu. [IpenmyiecTBa U HEIOCTATKH.
Ob6nacTu npuMeHeHUsl.

4.2 Bwuzyanmuzanus. llenw, BO3MOXHOCTH, CpEICTBa.
[IpenmymecTBa u HegocTaTku. OOIACTH TPUMEHEHUS.

4.3 R xak unctpymeHnt Data Mining. XpaHeHnue u JOCTYII K
JTaHHBIM 1O cpencTBaM Data Frame. Umnopt u skcniopT.
4.4 R xak uHctpymeHT Data Mining. Kiaccuduxanms.
Kunacrepuzamus. Perpeccus. R u Hadoop.

4.5 R xak wuHctpymeHT Data Mining. Bo3moxxnoctu
6ubanorexku Pandas.

TexXHOI0IrUM XpaHEHUS

5.1 HoBple xpanmnuma maHHelXx. CBOKWCTBA OOJBIINX
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OO0JIBLLIUX JTAHHBIX

0a3el

JaHHBIX.

I'padoBrie

nanHbix u orpanuueHuss RDBMS. ACID TtpeboBanwus,
CAP-teopema, BASE apxutextypa. NoSQL. MapReduce.
Kitou-3nauenne. Kononounsie 6a3pl qaHHbIX. JJOKyMEHTO-
OpPUEHTUPOBAHHbBIC
JJAHHBIX.

0a3el

4 OOpa3oBaTe/ibHbIC TEXHOJIOTHH

Jns mpoBeAeHUs y4ueOHBIX 3aHATUH 1O JUCHMIUIMHE HCHOJIb3YIOTCA pa3ndHbIe
oOpa3oBarenpHble TEXHOJOTMH. /[l opraHusanuu y4eOHOTO Ipolecca MOXKET OBITh

HCIIOJIB30BAaHO

QJICKTPOHHOC o6yquHe

TCXHOJIOTHH.

U (WIM) JUCTAHIIMOHHBIC

5 Ouenka IVIaHNPYeMbIX Pe3yJIbTATOB 00y4YeHHUs

5.1 CucreMa oleHHUBAHUA

06p330BaTeanLm

®opMa KOHTPOJIA

Makc. KoanuecTBo 0aiioB

3a ogHy Bcero
paboTy
TeKylmmii KOHTPOJIb:
- 3aIIUTa MPAKTHIECKUX pabOT 12 6ammoB 60 GammoB
[TpomexyTouHas aTTecTalus 40 6anos
(’K3aMeH)
Wroro 3a cemectp 100 6aymoB

[Tomy4ueHHBII COBOKYNHBIN PE3YIbTAT KOHBEPTUPYETCS B TPAAULMOHHYIO KAy OLICHOK U B
HIKary olieHoK EBpormelickoii cucteMsl nepenoca u HakoruieHus kpeautos (European Credit
Transfer System; ganee — ECTS) B cooTBeTcTBHHM ¢ TabIUIIEH:

100-6amnpHas R — Ikamna
HIKaJIa 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 Kpwurtepuu BbICTABJIECHUS OLEHKH 0 TUCUHUIIJIMHE

Basabl/ Ouenka no Kpurtepun oueHku pe3yJbTaToB 00y4eHUs 10O

Mkana AUCHMIIHHE AUCUHMIIUHE

ECTS

100-83/ «OTIIMIHOY/ BricTaBisiercst 00y4aromemycsi, €Cliu OH ITyOOKO U

A, B «3aYTEHO MIPOYHO YCBOWJ TEOPETUUYECKHH U MPAKTUUECKUI
(oTm4HO)»/ MaTepHall, MOXKET IMPOJAEMOHCTPUPOBATH 3TO Ha 3aHATHAX
«3aUTCHO» U B X0JI€ MPOMEXKYTOYHOH aTTECTALUH.
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Banany/
HIkanaa
ECTS

OueHka no
JUCHUILTMHE

Kpurtepun oneHkn pe3yjbTaToB 00y4eHHs 110
AUCLHMILIAHE

OO0yJaromMiics UCUEPITBIBAIOIIE U JJOTUYECKH CTPOHO
n3jaraeT yueOHblil MaTepua, yMEeT yBA3bIBaTh TEOPHIO C
MIPAKTUKOM, CIIPABIISIETCA C PELICHUEM 3ajay
npo¢eCcCHOHATBFHON HANIPAaBIEHHOCTH BHICOKOTO YPOBHS
CJI0KHOCTH, PaBUILHO 0OOCHOBBIBAET MPUHSITHIC
pelieHus.

CB0OOIHO OPHEHTUPYETCS B YYCOHOU 1
npodecCUOHATBLHOMN ITepaType.

Onenka no JUCHUILIMHE BBICTABISIOTCS 00y4daromeMycs ¢
y4E€TOM PE3YJIBTATOB TEKYIEH U TPOMEKYTOUHON
aTTeCTalUU.

Komnerenmuu, 3akpennéHuble 3a AUCUUIIINHOMN,
c(hOpMHUPOBAHbI HA YPOBHE — «BBICOKHIIY.

82-68/

«XOpOLIO»/
«3a4TCHO
(xopom10)»/
«3a4TCHO»

BricTaBisieTcst 00yJaromemycs, €Clid OH 3HaeT
TEOPETUYECKHUM U MPAKTUUECKUI MaTepuas, FpaMOTHO U IO
CYILIECTBY M3JIaraeT €ro Ha 3aHIATHUSIX U B XOJI€
MIPOMEXYTOUYHOM aTTeCTalluy, He AOIMYCKas CYIIECTBEHHBIX
HETOYHOCTEH.

OO0yuaronuiics MpaBUJIbLHO IPUMEHSET TEOPETHUECKUE
TMOJIOXKEHUS MPU PEIICHUU MTPAKTUUECKHUX 3a/1a4
npodeccroHalIbHOI HANPaBICHHOCTH PA3HOTO YPOBHS
CJIO)KHOCTH, BJIaJICET HEOOXOIUMBIMH JIJIsl 3TOTO HABBIKAMH
U OpUEMaMHU.

JlocTaTouHO XOPOIIIO OPHEHTUPYETCS B yUeOHOU U
npo¢eCCHOHANTBHON JTUTEPATYPE.

OreHka o JUCIUILTAHE BBICTABISIOTCS 00yJaromeMycst ¢
YYETOM PE3YIbTATOB TEKYIIEH U MPOMEKYTOUHOM
aTTECTaIUU.

Komniereniuu, 3akperni€éHnble 3a JUCHUTLTAHOMN,
c(hOpMHUPOBAHBI HA YPOBHE — «XOPOIIHIi).

67-50/
D,E

«yIIOBIICTBOPUTEIIH
HO»/

«3a4TEHO
(ynoBieTBOpUTEID
HO)»/

«3aUTCHO

BeictaBnsercsa oOyuatromemMycs, €Ciid OH 3HaeT Ha 6a30BOM
YPOBHE TEOPETUYECKUI U MTPAKTUUECKUI MaTepurall,
JIOIYyCKAET OTAEIbHbIE OIIMOKY MPH €ro U3JI0KEHNUHU Ha
3aHATHUAX U B XOJE IIPOMEXYTOYHOU aTTECTALNH.
OOyuaronuuiics UCTIBITHIBACT ONPEAEIEHHbIE 3aTPyAHEHUS
B IPUMEHEHHUH TEOPETUYECKUX IOJI0KEHUN IIPU PEILICHUU
MIPAKTUYECKHX 3a/1a4 NPO(HEeCCHOHAIBHONW HAPaBIEHHOCTH
CTaHJApPTHOI'O YPOBHS CJIIOKHOCTH, BJIAJICET
HEOO0XOAUMBIMHU JJIs1 3TOr0 0a30BBIMHM HABbIKAMU U
pUEMaMH.

JIeMOHCTpHUpYET TOCTATOYHBIN YPOBEHb 3HAHUS yUeOHOM
JIUTEPATYPBI 110 AUCLUIUIMHE.

OneHka 1o JUCHUIUIMHE BBICTABIIAIOTCS 00YUarOIEMyCs C
y4E€TOM PE3YJIBTATOB TEKYIIEH U TPOMEKYTOUHON
aTTECTALNN.

Komnerenmuu, 3akpennéHuble 3a AUCUUIIINHOMN,
c(OPMHPOBAHBI HA YPOBHE — «JJOCTATOYHBIHY.

49-0/
F, FX

«HEYIOBIIETBOPUTE
JIBHOY/

BricTaBnsiercs 00y4aromemMycsi, €Clii OH He 3HAeT Ha
0a30BOM YpOBHE TEOPETHUCCKHI M MPAKTHICCKUN
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Bbanasl/ Ounenka no Kpurtepun oneHkn pe3yjbTaToB 00y4eHHs 110

lxana AUCHUILINHE AUCHUILINHE
ECTS
HE 3a4TEHO MaTepual, JOMycKaeT rpyOblie OMUOKY IPU €ro
M3JI0KEHUU Ha 3aHATHUSIX U B X0JI€ IPOMEXKYTOUHOU
aTTeCTalluu.

OOyu4arouuiicst UCTIBITHIBACT CEPbEIHBIC 3aTPYAHECHUS B
IPUMEHEHNU TCOPETUYECKUX MOJI0KEHUH NIPU PELICHUH
MPAKTUYECKHX 33124 MPO(HEeCCHOHAIBHONW HAPABICHHOCTH
CTaHapTHOI'O YPOBHS CJIIO)KHOCTH, HE BIaIEeeT
HEOOXOAUMBIMU JIJISl 3TOTO HAaBBIKAMU U MIPHEMaMHU.
JleMoHCTpHpyeT hparMeHTapHbIE 3HAHUS YIEOHOM
JUTEPaTYphl [0 TUCLUILINHE.

OneHka 1o JUCHUIUIMHE BBICTABIIAIOTCS 00YYarOIEMyCs C
y4E€TOM PE3yJIbTATOB TEKYIIEH U TPOMEKYTOUHON
aTTECTALNN.

KomnereHiuu Ha ypoBHE «JOCTaTOUHBINY, 3aKPEIUIEHHBIE
3a AMCUUILUIMHON, HE COPMHUPOBAHBI.

[Tpu orieHMBAHUH 3aIMHUTHI MPAKTUICCKON PAOOTHI YUNTHIBACTCS

- TIOJHOTa BBITIOJIHEHHOW paboOThl (3a/J[aHHWE BBITIOJHEHO HE TOJHOCTHIO W/WIIN
JOTYIIEHBI IBe K 00Jiee ONTMOKH WIM TPU U OoJiee HETOUYHOCTH) — 1-5 Gaia;

- 000CHOBAaHHOCTB COJICPKAHMSI M BBIBOJIOB pa0OTHI (32/1aHKE BBITIOIHEHO MOJTHOCTBIO,
HO OOOCHOBAHHWE COJICP)KAaHUSA M BBIBOJOB HEJOCTATOYHBI, HO PACCYXICHHUS BEPHBbI) — 6-9
0asuIoB;

- paboTa BBINOJHEHA MMOJTHOCTBIO, B PACCYXICHUIX U 000OCHOBAHWHU HET MPOOETIOB HIIN
OIIMOOK, BO3MOKHA OJIHA HETOYHOCTh -10-12 0aios.

IIpomexyTouHas arTecTanus (IK3aMeH).

[Ipu npoBeaeHUM NPOMEKYTOUHOM aTTECTAMU CTYAEHT JOJDKEH OTBETUTh Ha 2
BOIIPOCA TEOPETHUUECKOTO XapakTepa JIMO0 MPONTH TECTUPOBAHHE.

[Ipu oneHMBaHUM OTBETA Ha BOIIPOC TEOPETHUECKOTO XapaKTepa yUUThIBACTCS:

- TEOPETHUECKOE CO/Iep’)KaHNe HE OCBOEHO, 3HAaHUE MaTepuaia HOCUT (pparMeHTapHbBII
XapakTep, Ham4uue TpyosIx ommoOok B otBeTe (1-10 6amioB);

- TEOPETHUYECKOE COJEepKaHWE OCBOEHO YAaCTHYHO, JOIMYIIEHO He Ooiee ABYX-Tpex
HegoueToB (11-20 6amoB);

- TEOPETUYECKOEe COJAEp)KaHHE OCBOEHO IOYTH TMOJHOCTHIO, JOMYLIEHO He Ooiee
OJIHOTO-JIBYX HEJIOYETOB, HO O0YYAIOIIMICS CMOT OBl UX MCIPABUTH camocTosATeabHO (21-30
0anoB);

- TEOpPETHYECKOE COJAEpkAaHHE OCBOEGHO IOJHOCTHbIO, OTBET TIOCTPOEH IO
cobctBeHHOMY TUTaHy (31-40 GasoB).

Tembl wHAMBUAYanbHBIX TBopueckux 3aHsaTuii (MUT3) B 5 cemectpe BbIaroTCs
npenoaaBaTejicM IO BapuaHTaM, COOTBCTCTBYIOIIIUM TEMaM Pa3aCioB

OueHnBa}me BbINNOJJHCHUA MHANBUAYAJIBHOI'0O TBOPYECKOI0 3a1aHUA

baaaey llxaza IToka3zarenn Kpurepun
ECTS
40...32/ 1. ITonHOTAa BBEIMOIHEHUS 3agaun ucciue0BaHus PEIICHBI
AB WHIUBUTy JIBHOTO CaMOCTOSITEIIBHO, TBOPUYECKH
TBOPYECKOI'0 3a/1aHus; npopaboran Matepuan. YETko u
2. CBOEBpPEMEHHOCTh MOCJIEIOBATEIHLHO MMOCTPOCH TOKIIA] 1
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Banapl/ Hlxkana
ECTS

Iloka3arenn

Kpurepuu

33...20/

19...10/
D, E

F, FX

BBITIOJIHEHHS 3a1aHU;
3. IlocnemoBaTenbHOCTD U
paIMoOHaTBHOCTh
BBITIOJIHEHHS 3a1aHU;

4. CaMOCTOSATENBHOCTh
pelieHus.

3aKJIFOUCHHE, M3JI0KEHBI TIOJIOKEHHS O
pelIeHNH OCTaBICHHBIX 3a1a4. [Ipu
9TOM COCTAaBJICH MPABIIBHBIN allTOPUTM
pELICHUS; B JIOTHYECKUX PACCYKICHUSIX
U pEIICHUH HET OMIMOOK, OTYyYEeHO
BEpHOE 3aKJII0YECHUE, 3a/1aHHE
BBITIOJTHEHO PAIlOHATIBHBIM CIIOCOOOM.

3asaum uccae10BaHus PELEHbBI C
HOMOIIBIO peniofaBaTens. He coBcem
YETKO M MOCIIE0BATEIHbHO OCTPOECH
JOKJIA]] U 3aKII0OUCHUE, N3JT0KEHBI
HOJIO’KEHHS O PEIICHNH OCTABICHHBIX
3agad. [Ipu a3ToM cocraBieH
IIPaBUJIbHBIN AJITOPUTM PEILIECHUS
3aJ]aHus, B JIOTHYECKOM PACCYXICHHU U
PELIEHUH HET CYIIECTBEHHBIX OLITHOOK;
€CTh OOBSICHEHUE PELICHUs, HO 3a/1aHHE
BBITIOJTHCHO HEpALIMOHAJIbHBIM
CIIOCOOOM, TIOJTyYEHO BEPHOE
3aKJIIOUCHHE.

3agaun uCCieI0BaHMs PELICHBI C
noJicka3zkamu npenozasarens. He uérko
¥ TIOCJIEI0BATENFHO TIOCTPOCH JOKIIaI U
3aKJIFOUCHHE, N3JI0KEHBI TIOJIOKEHHS O
pelLlIeHUH TOCTaBJIeHHbIX 3a1a4. [Ipu
9TOM 33/IaHUE MOHATO NMPABUIBHO, B
JOTUYECKOM PACCY>KICHUH HET
CYLIECTBEHHBIX OIINOOK, HO JIOMYIIIEHBI
CyULIECTBEHHBIE OIIMOKU B BBIOOpE
QITOPUTMA PEIICHUS; 3a1aHUE
BBITIOJTHEHO HE MOJTHOCTHIO HIIH B
o011eM BUe.

3amaun uccae0BaHMs HE PEIICHBI.

5.3 OueHouyHble cpeacTBa (MAaTEPHAJIbI) ISl TEKYLIEro KOHTPOJISl yCIIeBaeMOCTH,
NPOMEKYTOYHOM aTTecTAMU 00y4aoIIMXCs N0 JMCHUITIUHE (MOOY10)

CTOPOHY LIU(PPOBBIX?
1. 20 (uucmno)

Bonpocsl Kk Tekyuiei arrecTanuu

1. BOABIIMHCTBO NaHHBIX B MUPE B MOCIEAHUE TOAbI COACPIKATIOCH:
1. +B nudpoBom Buze
ii. B ananmoroBom BuIE

2. B xakom Beke Mpou30MIEN MepeBec 00HEMOB HAKOIUJICHHBIX YEJIOBEUECTBOM JAHHBIX B

3. O0BEM HAKOIMJICHHBIX Y€JI0BEYECTBOM LU POBBIX NaHHBIX Ha 2012 rox nu3mepsercs:

1. Ilerabaittamu
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ii. +3errabaiiTamu
1il. Ok3abaiitamu
iv. Morrabaiitamu
4. Cxonbko IlerabaiiT B 3erTabaiite?
i. 1024 (uucno)
5. Yxaxwure pakTop, CmoCOOCTBOBABIIHH MOSBICHUIO TPEH 1A OOJBITUX TAHHBIX
1. *MapKeTUHTOBble KaMIIAHUU KPYITHBIX KOPIIOpAIHii
il. +CHuXeHHe U3/Iep>KeK Ha XpaHEeHUe TaHHbIX
iii. TlosiBIeHME HOBBIX TEXHOJIOTHI 00PaOOTKM MOTOKOBBIX JAHHBIX
1v. Beimyck 0a3 jaHHbIX ¢ 00pabOTKOM TaHHBIX B TaMSTH
6. Kaxue BeposTHBIE pa3o4yapoBaHUs TpeHa OOJbIINX JaHHbIX ?
1. W3-3a yrpo3sl 6€30MacHOCTH JUYHOM KHU3HM (privacy) rpaxkaaH OyayT YCIOXKHEHbBI
IpoIelyphl cOOpa JAHHBIX, YTO MPUBEAET K MAJCHUIO LIEHHOCTH OOJBIINX JaHHBIX.
7. OTMeTbTE 3HaYUMBbIE COOBITHSI, MOBIUSBIINE HA (OPMUPOBAHUE TPEHIA
OOJBIINX JaHHBIX:
1. + Pa3pabotka Hadoop
ii. + M300perenue npunuuna MapReduce
1il. Pa3pabotka s3p1ka Pyhton
iv. Ilo6ena Deepblue B matue ¢ I'.KaciapoBbim.
8. BriOepute BepHbIi OTBET
1. bonbmve nanneie — 310 00paboTKa MM xpanenue 6oiaee 1 T6 nnpopmamu.
ii. +I[IpoGnema GOJBIIMX JAHHBIX — 3TO Takas MpoOiieMa, Korja MpH CYIIECTBYIOIIMX
TEXHOJIOTUSIX XpaHEHUsI U 00pabOTKU CYLTHOCTHass 0OpaOoTKa NaHHBIX 3aTpyJHEHA WIN
HEBO3MOXHA.
iii. bonbmme nanneie — 310 orpomMHas PR-akius KpynHbIX BEHAOPOB U He OoJiee Toro.
iv. bBornpimme maHHBIE — 3TO SBIEHHE, KOTJa IU(PPOBBIE TaHHBIE HAWOOJEE ITOJHO
MIPEJCTABISAIOT U3y4aeMblii O0BEKT.
9. Bribepute HEBEpHBIN OTBET:
1. +bonbure nanHele — 310 AaHHBIE 00BbEMa cBbIIe 1 TO

ii.  IIpobnema OoJBIIMX JaHHBIX — 3TO MpoOJieMa, KOrjJa MpHU CYIIECTBYIOIIMX
TEXHOJIOTUSIX XpaHeHUs U 00pabOTKU CYLTHOCTHas oOpaOoTKa JaHHBIX 3aTpyJHEHA WIN
HEBO3MOJKHA.

iii. bonpmme nanueie — 310 TpeHa B obmactu UT, momorpeBaemblii MapKETUHTOBBIMU
KaMIaHUSMU KPYITHBIX BEHJIOPOB.
iv. bonbline naHHble KaK MpaBUIIO HE CTPYKTYPUPOBAHEI.

10. OTrMmeTbTe T U3 BapUAHTOB, B KOTOPBIX JaHHbIE CTPYKTYpPUPOBAHBI:
i. JlanHble 0 mpojaxkax KOMIAHHUH, MPEACTaBICHHBIE B BUIEC MOMECSYHBIX OTYETOB B
dbopmare MS Word.
ii. +Tabnuna ¢ exeIHEBHBIMH MMOKA3aHUAMU TeMIIepaTyphl OMEIIEHUS 3a o]l B (aiine
¢dbopmara csv.
iii. Tekct megarornyeckoit moamsl A.C. MakapeHko, npeacTtaBieHHblil B popmare PDF.
iv. bubmmorexka (QuIbMOB, MpencTaBIeHHBIX B (Qopmare mpegé4 Ha OTHOM KECTKOM
TIICKE.

11. TlepeuncnuTe yeThlpe OCHOBHBIX XapakTepuctuku Big Data:
1. Virtualization, Volume, Variability, Vehicle
ii. +Variety, Velocity, Volume, Value
iii. Verification, Volume, Velocity, Visualization
iv. Video, Value, Variety, Volume

12. BriGepure HEBEpHOE BHICKA3bIBAHHE:
i. +bonpmme 00BEMBI NAaHHBIX TPUBOIAT K CIa00M HMX CTPYKTYpPH3AIMH, MOITOMY
MOSIBJISIETCS TaKOE€ pa3HOOOpa3ue JaHHBIX.
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il. YBenu4uBIIAsCS MPOU3BOAUTEIHLHOCTD TEIEKOMMYHHKAIIMOHHBIX KaHAIIOB MPUBENA K
pocTy 00bEMOB MepeiaBaeMoi HH(pOpMaITUH.
iii. YpaemieBiieHHe CHCTEM XpaHEHHUs HAa €UHUILY MH(POPMALMU MPUBEJIO K POCTY PhIHKA
OOJBITNX JTAHHBIX.
iv. Bonbioe pasHooOpa3ne UCTOUHUKOB JTaHHBIX
13. OTmeThTe HEBepHOE TOHUMaHKUE Variety B KOHTEKCTe XapakTepucTuk Big Data:
1. +BbIcokas cKkOpoCTh T€HEPUPOBAHUS JTAHHBIX.
1. +Pa3Hbie TUITB JaHHBIX B KOJOHKAX TabmuIl pensauoHHbix CYB/I.
iii. +Pa3HooOpasue oTpaciei, IBIAIOMUXCA HICTOUHUKAMU JTAHHBIX.
iv.  Pa3HooOpa3ue THUIOB JaHHBIX, BKJIIOYAIOUIMX B Ce€0S CTPYKTYpUPOBaHHBIE,
MOy CTPYKTYPHUPOBAHHBIE U HECTPYKTYpPHUPOBAHHBIE.
14. TTpuamun MapReduce coctouT B TOM, 4TOOBI
i. +IIpon3BOANTH BEIYHMCICHUS HA y3JaX, TJe HHPOpMAIUsI H3HAYATBHO ObllIa COXpaHeHa
ii. +/cnonp30BaTh BHIYUCINUTENbHBIE MOLUTHOCTU CUCTEM XPaHEHUS
iii. Mcnonp3oBaTh GyHKIHMOHATIBHOE MPOrPAaMMHUPOBAHKE JJIS PEIIEHUS 3a/1a4 MAaCCUBHO-
napasuienbHol 00paboTku
15. BeiOepure ogHO HEBepHOE BhICKa3biBaHHe Ipo MapReduce:
1. +UuTepdeiic ana MaccoBo-mapayieIbHOM 00paOOTKU JaHHBIX, T/I€ BBIYMCICHHS
IIPOU3BOJIATCS Ha y3Jax, I1e MH(OopMaIHs U3HaYaIbHO ObLIa COXpaHEeHa
1. MapReduce — 310 1Be onepanuu: pacnpeneieHust U cOOpku JaHHbIX 1ii. +MapReduce
Obu1 IpuayMaH pa3padorunkamu Hadoop
iv. MapReduce 6511 aHOHCHpOBaH pa3zpadborunkamu Google
16. KakoB TeOpeTHMYECKHH NPUPOCT MPOU3BOAUTEIBHOCTU IPU IOACYETE YMUCIIA CJIOB B
Tekcre npu padbote MapReduce npu nepexojie OT OTHOTO y3J1a K ABYM:
1. 2
17. Kakue u3 cnenyrommux texHongoruii CYB/] ne ucnonp3yrot npunnun MapReduce
i. Hadoop
ii. Cassandra
iii. HDInsight
iv. +Redis
18. Kakume CVYBJl momHOCThIO TOJaraimTcs Ha OMEPATHUBHYIO MaMATh TMPH XpaHEHUU
UHPOpPMALINH:
1. +Oracle Exalytics
ii. +SAP HANA
iii. BigTable
iv. HBase
19. B uém npenmMy1uecTBo KOJIOHOYHO-OpueHTHpoBaHHBIX CYB/1?
i.  OHH TO3BOJSIOT BBITIOJNHATE OoJiee cioxHBIE SQL-3ampochl MO CPaBHCHHIO C
pensiuroHHbiMu CYB/]
ii. +OHU MO3BOJISAIOT JUHAMHUYECKH JIOTIONHATE COACP)KaHUE 3aIMCeil HOBBIMU TTOJISIMU
iii. OHM uMeroT 6oJee THOKUE BO3MOKHOCTH aHATTUTUKH.
iv. OHM MO3BOJSIOT A3PPEKTUBHO JIeTIaTh MEKKOJIOHOYHBIC CPAaBHEHUSI.
20. [Inst yero aHaJIMTUKY HEOOXOAMMA «TIECOYHHIIA» ?
i. +Jlns BBICOKOTIPOM3BOAMUTENBHOW AHAIUTHKHU 32 CYET UCIIONB30BAHUS ONEPATHBHON
namsat 1 inDB oneparnui.
ii. Jlna XpaHeHHsT BCeX MOJYYCHHBIX OT 3aKa3uuKa JaHHBIX. iii. J{iIs moctpoeHus
OTY€TOB O pe3ysbTaTax aHaIu3a
iv. +J171s1 CHU)KEHUS 3aTpaT, CBA3aHHBIX C PEIUTHMKAIMEH TaHHBIX
21. Kakue u3 clHeoylOIIMX CPEICTB pa3syMHO HCMOJIb30BaTh [UIA AaHalu3a JaHHBIX,
MPEICTABICHHBIX €IMHCTBEHHBIM CsV-(aitiioM pazmepa 6osee 100I°6:
i. +Hadoop
ii. Data Warehouse
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1. +dlecounura»
iv. +Python
22. Bribepute BepHOE YTBEP)KICHUE:
1. Data Warehouse co3maroTcst Juist IpOBEPKH THIIOTE3 MPH aHAIM3€ OOJBIIUX JTaHHBIX.
10
ii.  +«llecouynumna» WCHOMB3yeTCS JUISI CHIDKCHHS HArpy3kKd Ha OCHOBHOW Data
Warehouse.
i1i. Kaxnmerii Data Warehouse 1omkeH coiepKaTh «IIECOUHUITYY.
iv. «Ilecoununia» HEOOX0AMMA IS JTFOOOTO MPOLIEcCa AaHATTUTHKHY.
23. PaccraBbTe Mocaen0BaTEIbHOCTD ITANOB MPOEKTA aHAIUTUKU B cooTBeTCcTBUM ¢ CRISP-
DM.
1. [Tonumanue 6uzHeca (Business understanding)
ii. [Tonumanue nanubix (Data Understanding)
iii. IToaroroska ganubix (Data Preparation)
iv. Monenuposanue (Modeling)
v. Onenka (Evaluation)
vi. Buenpenue (Deployment)
24. Ha xaxom u3 sTanoB npoiecca CRISP-DM npoucxoaut nposepka rumnotes?
i. [Tonumanue OuzHeca (Business understanding)
ii. [lonumanue nanueix (Data Understanding)
iii. +*MonenupoBanue (Modeling)
iv. Onenka (Evaluation)
25. Bul sBiserech BIAJENbIeM W aHATUTHKOM B Kommanuu u3 10 4enoBek, B KOTOPOM
TpebyeTcs mpoaHaau3upoBaTh npoaaxu 3a 1 rox (1 mun. npoxax). Kakue uz sramoB CRISP-
DM MOXHO OITyCTHUTB:
1. +Ilonumanue OusHeca (Business understanding)
ii. ITogrotoBka nanueix (Data Preparation)
1il. Moaenupoanue (Modeling)
iv. Onenka (Evaluation)
26. Ilpumep OnaropasymHoro ucnonb3oBanust Hadoop
1. Anamus 10 I'6 gaHHEBIX.
ii. ExeqHeBHOE COXpaHEHHE JAHHBIX TEMIIEPATyphl, MOCTYIMAIONINX CO BCEX TOPOJIOB
Poccun (1o ogHOMY MOKa3aHHIO HAa TOPo/I, Bcero ropoaos 1100 mir).
iii. +IlocekyHIHOE COXpaHEHHE JAaHHBIX TEMIEPATYPhl, TOCTYIAIOIINX CO BCEX TOPOIOB
Poccun (o ogHOMY MOKa3aHHIO HAa TOPo/I, Bcero ropoaos 1100 mir).
iv. IlocTpoenue rpaduka mysiabca naueHTa B peaibHOM BPEMEHH.
27. HauuHas ¢ KakuxX pa3MepoB JaHHBIX 0OOCHOBaHHO MpHMeHeHue kinactepa Hadoop mis
XpaHEHUs JaHHbIX?
i. 100I'6
ii. 1T6
iii. +100T6
iv. +1I16
28. Hadoop — aT0:
i. +Habop yrtwimuT, W NpOrpaMMHBIN KapKac JUIS BBHITIOJHEHHS PacTpeeIEHHBIX
MporpaMM, pabOTAIOIIKX HA KIIACTEpax.
ii. Pacnpenenénnas CYB/l, mo3Bosstomnias o0padaTeiBaTh OOJIBIINAE JaHHBIC.
iii. SI3BIK BhINOJIHEHHUS 3aAaHuil B mapaaurme MapReduce.
iv. Pacnpenenénnas daiinoBas cucrema, NpeIHA3HAYCHHAs ISl XpaHeHHs (ailioB
00JIBII0T0 00BEMA.
Bomnpocs k 3k3aMeHy
1. Hcrtopus BO3HUKHOBEHUS TepMuHa «bobiine qaHHbIEY.
2. Hcrtounumku OONBIUX JaHHBIX.

14



i S R

11.
12.
13.
14.
15.
16.
17.
18.

0.

Pazpurtue Oonpimux naHHbiX. Lukin IapTHepa B pa3BUTHH MH(DOPMAITMOHHBIX
TEXHOJIOTHH.

Ocuossr Hadoop. bazossin Habop kommonentos Hadoop.

bazoBeie Mmoxynu dpperimMBopka Apache Framework.

daumnosas cucrema Hadoop Distributed File System (HDFS). HDFS u HDFS2.
MapReduce Framework 1 YARN.

Oxpyxenne Hadoop: YARN, Tez, Spark, HRS.

bazossie npunosxxenust Hadoop: Pig, HIVE, HBASE.

HBase — pacnipenenennas u macmradbupyemasi 6a3za JaHHBIX JJ1 paOOTHI C OOIBITUMHU
JTaHHBIMU

CpaBuenne HBase u HDFS.

Monens nanusix B HBase.

3akoHomepHoctu popmupoBanus BigTable.

OcoOenHoctu 0TOOpaxkeHMs BpeMeHHbIX MeTok B BigTable.

HIVE — xpanwiuiie 0osblInX JaHHBIX: ApXUTEKTYpa, paboTa ¢ JaHHBIMHU.
Amnamn3 ganueix ¢ noMmoinsio PIG. Komannser PIG.

JlorucTr4yeckuy aHau3 ¢ UCIoNIb30BaHueM Splunk.

Pa6ora ¢ nanubiMu ¢ nomouisio Spark DataFrames u Spark SQL.

19. OcHOBEI MAIITUHHOTO O6y‘{eHI/I${. «OcMEICTICHUE JaHHBIX» IJIs MAIIKHHOTO O6y‘-ICHI/ISI.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

Ocnossl KNIME.

Knaccudukanus HHCTpYMEHTOB, TEXHUK U aJlTOPUTMOB MAIIMHHOTO O0YYEHHUS.
AcconpaTtrBHbIE ITpaBUJIa.

KiactepHbin aHamms.

Kitacrepusanus 8 KNIME.

Knacrepuzanus B Spank.

CounainpHble ceTH U 0a3bl 3HAHUH KaK UCTOYHHKH OOJIBIINX JaHHBIX.
IMomxomp! kK 00paboTKe OONBIINX TAaHHBIX, CTPYKTYPUPOBAaHHBIX B BUE IpadoB.
Open Source-pemenus i 00pabOTKH OONBIINX 00bEMOB Ipa)OBBIX TaHHBIX.
Apache Giraph u GraphLab.

MapReduce u 00paboTka KpynmHOMacIITaOHbIX TpadoB.

MapReduce npotus Giraph.

6 VYdyeOHO-MeToaAMUYECKOE M NH(POPMALMOHHOE 0O0ecnieYeHUue TUCIHIINHBI
Cnmncoxk HCTOYHUKOB JIUTEPATYPbI

6.1

1.

OcHoBHasi IMTEpaTypa

[TapackeBoB, A. B. bonbuine ganneie : yauedHoe nmocobue / A. B. [lapackeBos, A. D.
Ceprees. - MockBa; Bonorna: Uadpa-Umxkenepus, 2024. - 148 c. - ISBN 978-5-
9729-2120-1. - Tekcrt: anexkTponnsii. - URL:
https://znanium.ru/catalog/product/2169699

3apoBa, E. B. Metoasl Data mining B 00pa0oTKe 1 aHaIn3€e CTaTUCTUYECKUX
naHHbIX (pemenus B R) : monorpagwus / 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

[Iporoapsikonos, A. B. Anroputmsl Data Science u ux mpakTudeckasi peanus3alus
Ha Python: yue6Hoe mocobme / A. B. Ilporompsikonos, II. A. IleutoB, B. E.
CanoBHukoB. - Mockga; Bonorna: Uudpa-Uuxenepus, 2022. - 392 ¢. - ISBN 978-
5-9729-1006-9. - Tekct: anexTpoHHbIN. - URL:

https://znanium.com/catalog/product/1902689

4. bnanyuna, B. . CounanbHO-3KOHOMHYECKOE PallOHHPOBAHHE B 3I0XY OOJIBIIUX

naHHbIX: Monorpadus / bnanymna B.U. - Mocksa: HUL] MH®PA-M, 2019. - 194 c.
(Hayuynast wmbicib) ISBN 978-5-16-013259-4. - Tekct: anekrponsbiii. - URL:

https://new.znanium.com/catalog/product/1014727
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5.

I'ypukoB, C. P. OcHOBBI ajaropuTMM3aldd M TNporpamMmupoBaHus Ha Python :
yuebnoe nmocodue / C.P. I'ypukoB. — Mocksa : UHOPA-M, 2023. — 343 ¢c. —
(Briciiee obOpazoBanue: bakanaBpuar). - ISBN 978-5-16-017142-5. - Tekct :
anektpoHHbId. - URL: https://znanium.ru/catalog/product/1913856

JdonmosiHuTe/IbHAS JIUTEPATypa

1.

Kymanues, A. II. Meroas! u cpeacTBa KOMIUIEKCHOTO CTaTHUCTHYECKOIO aHAIM3a
naHHBIX: yuyeOHoe mocobue / A.Il. KynawmueB. — 5-e uzn., mepepal. u jgom. —
MockBa: UHOPA-M, 2025. — 484 c. — (Boicmiee oOpazoBanue). — DOI
10.12737/25093. - ISBN 978-5-16-020053-8. - Tekct: snekrponHbid. - URL:
https://znanium.ru/catalog/product/2155997

Henbix, A. H. CoBpeMeHHBbIE METOIbl MPHUKJIAAHON HMHPOPMATUKU B 3ajaydax
aHaJM3a JaHHBIX: ydyeOHoe mocobue mo Kypcy "Meronbl HMHTEIEKTyalbHOTO
anamm3a nmaHHelXx" / A. H. Hemsix, A. A. Lensix, 3. M. Koros; HxHbIi
tdenepanbHblli  yHUBEpcUTET. - PocrtoB-Ha-Jlony; Taranpor: W3nmarenscTBO
IOxHoro ¢enepansuoro ynusepcutera,2021. - 130 c. - ISBN 978-5-9275-3783-9.
- Tekcr: anextponHsiit. - URL: https://znanium.com/catalog/product/1894428
XKyxkos, P. A. S3bik nporpammupoBanus Python: npaktukywm : yue6Hoe rocodue /
P.A. XKXykoB. — Mocksa : UHO®PA-M, 2026. — 216 c. + Jlon. marepuaibl
[Dnmexktponnbiii  pecypc]. —  (Beicmee  obpazoBanme). —  DOI
10.12737/textbook ScbSca35aaa7f5.89424805. - ISBN 978-5-16-018516-3. -
Texcr : anextponssbIil. - URL: https://znanium.ru/catalog/product/2241265
3onotaprok, A. B. f3bik u cpena nporpammupoBanus R : yue6Hoe mocobue / A.B.
3onorapiok. — Mocka : UHOPA-M, 2026. — 162 ¢. — (Bsicuiee oOpa3oBanue).
— DOI 10.12737/textbook 5b8fdb0bd795¢4.69435980. - ISBN 978-5-16-018723-
5. - Texcr : anextponHbIil. - URL: https://znanium.ru/catalog/product/2221665

6.2 Ilepedennb pecypcoB HHGPOPMANMOHHO-TEIEKOMMYHUKANMOHHOH ceTH « AHTepHET»

1.

(O8]

e

*®

10.
11.
12.

13

14.
15.
16.
17.
18.

DIEeKTPOHHO-0MOIMOTeYHAast cucTeMa «3HaHuym» - Pexxum goctyna: http://znanium.com
- Undopmarnmonnas cucrema «EquHOE OKHO JOCTYIHa K 00pa30BaTENIbHBIM PECypcam». -

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

Ownnaita-sHIMKIONIe M. - Pesxxum nocryma: http://encyclopedia.ru

DNEKTPOHHBIN cripaBouHUK «HPOPMUOY» AJs BBICIINX YUeOHBIX 3aBeeHUI. - Pexxum
nocrtyna: http:// www.informio.ru

Koncynperantllntoc. [IpaBoBas mognepxkka. - Pexxum noctyna: http://www.consultant.ru/
Hanmonanensiit oTkpbIThil yHUBEepeuTeT «AHTYUWTy. - Pesxxnm nocrymna:
https://www.intuit.ru/

Caiit Microsoft - Pexxum mocryna: https://msdn.microsoft.com/ru-ru/library/
Hayunas 6ubaunoreka PITY - Pesxxum goctymna: http://liber.rsuh.ru/

«CITFORUM»: Ananutrueckas nadopmanus B chepe IT. - Pexxum nocryma:
http://citforum.ru/

Haumonanwsnas snexrponnas oubdnuorexa (H3b) www.rusneb.ru
ELibrary.ru Hayuynas 3;1ekTponHas 6mb1uorexa www.elibrary.ru
OnexrponHas oubnmoreka Grebennikon.ru www.grebennikon.ru

. Cambridge University Press

ProQuest Dissertation & Theses Global

SAGE Journals

Taylor and Francis

JSTOR

http://znanium.com — DneKTPOHHO-OMOINOTEYHAS CHCTEMA.
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19. http://window.edu.ru - UndopmannonHas cucrema «EquHOE OKHO TOCTyIA K

00pa3oBaTeNILHBIM pecypcam.

6.3 IIpo¢eccuonasibHblie 6a3bl JAHHBIX H HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMBI

Hoctyn k mpodeccuonansHbiM 0a3am gaHHbIX: https://liber.rsuh.ru/ru/bases

WHupopMalinoHHbIE CTIPABOYHBIE CUCTEMBI:
1. Koncynsrant Ilmoc
2. Tapanr

7 MarepunanbHO-TeXHUYECKOe o0ecnedeHne JUCHUIIMHBL (M00Y1)
J1st MaTepranbHO-TEXHHYECKOTO 00eCIIeYeHUs JUCITUTUTMHBI HEOOXOUMBI:

- OJ151 IeKYuUlL.

yueOHast ay IuTopus,

JOCKa,

IPOEKTOP (CTAMOHAPHBII MM TIEPEHOCHOK ),
KOMITBIOTEP MJIH HOYTOYK,

nporpammuoe obecnieuenue (I10).

[Tepeuens nporpammuoro obecneuenus (I10)

Neri/im Haumenoanue 110 Crnioco0 pacrpocTpaHeHHUS
1 Microsoft Office 2010 Pro JIMIIEH3UOHHOE
2 Windows 10 JMIICH3UOHHOE
3 Kaspersky Endpoint Security JINIICH3HOHHOE
4 [Tnatdhopma ZOOM JIMLIEH3UOHHOE
- 018 NPAKMUYECKUX 3AHAMULL
nabopaTopus,
JTOCKa,

HPOEKTOP (CTALMOHAPHBIIN UM EPEHOCHOM),
KOMITBIOTEP WMJIM HOYTOYK JIJIS IPETIOIaBaTels,
KOMITBIOTEPHI 7151 00y4aroLuXxcs,

BbIX0J B IHTEpHET,

nporpamMHoe obecnieuenue (I10).

[Tepeuens nmporpammuoro obecneuenus (I10)

HaunmenoBanue I1O

Cnocod pacnpocTpaHeHus

Windows 10 JIMLIEH3UOHHOE
Microsoft Office 2010 Pro JIMIIEH3UOHHOC
Mozilla Firefox CBOOOIHO PACIPOCTPAHIECMOC
Kaspersky Endpoint Security JIUIIEH3MOHHOE

Cloudera Manager Express

OecrutatHasi CBOOOHO pacrpocTpaHsemMas
BepCUs

[Tnatdhopma ZOOM

JIMICH3MOHHOC
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[IpodeccnonanbHBIC TOJTHOTEKCTOBBIC Oa3bl JTAHHBIX:

HanmonanwsHas anexktponHas 6ubnnoreka (HOb) www.rusneb.ru
ELibrary.ru Hayunas snekrponnas 6udnuoreka www.elibrary.ru
OnexktponHas oubnuoreka Grebennikon.ru www.grebennikon.ru
Cambridge University Press

ProQuest Dissertation & Theses Global

SAGE Journals

Taylor and Francis

. JSTOR

WHdopmarmoHHbIe CIPaBOYHBIE CUCTEMBI:

1.  Koncynbrant Ilnroc

2. Tapanr

©NO U AW~

8 Ooecneyenne 00pa3oBaTeIbHOIO NMpoILECCa VIS JIUL ¢ OTPAHNYCHHBIMH
BO3MOKHOCTSIMH 3/10POBbSI 1 HHBAJIU/I0B

B xonme peanuzanuu IUCHUIUIMHBI HCIOJIB3YIOTCS CIEIYIOIIME JOMOJHUTEIbHbIE
METOAbl OOY4YeHMs, TEKYIIEro KOHTPOJs YCHEBAeMOCTH M IPOMEXKYTOYHOH aTTecTaluu
00y4aromuxcs B 3aBUCUMOCTH OT UX UHIUBUAYaIbHBIX OCOOEHHOCTEH:

® s CHENbIX M CIA0OBUASIIUX: JIEKUMHM OGOPMIISIOTCS B BHJAE 3IIEKTPOHHOTO
JIOKYMEHTA, JIOCTYITHOTO € TIOMOIIbIO KOMITBIOTEpPA CO CHELMATU3UPOBAHHBIM NPOTrPAMMHbBIM
o0ecrieyeHHeM;  NUCBMEHHbIE  3aJlaHUs  BBIIOJHSKOTCS ~ HAa  KOMIIBIOTEPE  CO
CHEMAM3UPOBAHHBIM MPOIPAMMHBIM OOECIEUYEHUEM WM MOTYT OBITh 3aMEHEHBI YCTHBIM
OTBETOM; oOecreunBaeTcss MHIAMBHIyaJbHOE paBHOMEpHOe ocBelleHne He MeHee 300 Jokc;
JUIsL  BBIIIOJIHEHUS 3aJaHMsl TPU HEOOXOAMMOCTH MPEAOCTAaBISIETCS yBEIMUMBAIOIEe
YCTPONCTBO; BO3MOKHO TaKXe MCIIOJb30BaHME COOCTBEHHBIX YBEIUYMBAIOLIMX YCTPOICTB;
NUCbMEHHBIE 3a/1aHUs 0DOPMIIAIOTCS YBETUYEHHBIM HIPU(TOM; SK3aMEH U 3a4€T MPOBOISATCS
B YCTHOM (pOpMe WIIM BBIMOJIHAIOTCS B MUCbMEHHOM (popMe Ha KoMIbrOTepe.

® U1 TIOYyXUX W CJIa0OCHBILIAIIMX: JIEKIMH OQOPMIISIIOTCS B BHJE 3JIEKTPOHHOTO
JIOKyYMEHTa, JMOO0 TMperoCTaBiseTcs 3BYKOYCHJIMBAIOIIAs anmnaparypa HWHIUBUAYaJIbHOTO
MI0JIb30BaHUs; MUCbMEHHBIE 3aJJaHUs BHIIOJHSIOTCS HAa KOMIIbIOTEpE B MUCBMEHHOU (opMme;
9K3aMeH U 3a4€T NMPOBOAATCS B MUCbMEHHOH (hopMe Ha KOMITBIOTEPE; BOZMOKHO IMPOBEICHHE
B (hopMe TECTUPOBAHUSI.

® 1S JIMIL C HapyIIEHUsIMHU OIOPHO-ABUraTeIbHOIO anmapara: JeKIuu oGopMIIsIoTcs B
BUJE  DJJEKTPOHHOIO  JIOKyMEHTa, JIOCTyIHOTO C  IIOMOLIBI0  KOMIBIOTEpA  CO
CHELMATU3UPOBAHHBIM MPOTPAMMHBIM 00€CIIeUeHUEeM; MUCbMEHHbBIE 3a/1aHUs BBIMOIHAIOTCS
Ha KOMIIBIOTEPE CO CHEIHATN3UPOBAHHBIM MPOTPAMMHBIM 00ECIIEUEHHEM; IK3aMEH M 3a4ET
HPOBOJATCS B YCTHOW (hOpME UM BHITIOIHSAIOTCS B MUCbMEHHOM (JOpMe Ha KOMIIBIOTEpE.

[Ipn HeoOXomMMOCTH NpPETyCMATPUBAETCS YBEIMUEHUE BPEMEHHU IJIs MOATOTOBKH
OTBETA.

[Ipouenypa nmpoBeneHuss NPOMEKYTOUHOW — aTrTecTaluud  JUisl  OOy4YaroIuXcst
YCTQHABJIMBAETCSI C YYETOM HUX HWHAMBUIYAIbHBIX HNCUXO(PU3MUECKUX OCOOEHHOCTEH.
[IpomexyTouHast aTTecTalysi MOXKET IPOBOJAUTHCS B HECKOJIBKO 3TaIlOB.

[Tpu mpoBeaeHNU NpoLeyphl OLIEHUBAHUS PE3YIbTaTOB O0YUYEHUS MPeyCMaTpUBACTCS
UCIIOJIb30BAaHUE TEXHUYECKUX CPEACTB, HEOOXOIMMBIX B CBSI3U C WHAMBHUAYAJIbHBIMHU
0COOEHHOCTSAMH 00yYaroIuxcs. DTH CPeACTBAa MOTYT ObITh IPEAOCTABIECHBl YHUBEPCUTETOM,
WJIM MOTYT UCIIOJIb30BaThCsl COOCTBEHHBIE TEXHUUECKHUE CPENICTBA.

[IpoBenenue mpoueaypbl OLICHHBAHUS pe3yJbTaTOB OOYy4YeHHs JOIYCKaeTcs ¢
UCIIOJIb30BaHUEM JIUCTAHIIMOHHBIX 00pa30BaTEIIbHBIX TEXHOIOT .
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ObecnieunBaeTcst JOCTYI K MHPOPMALMOHHBIM U OubIMOrpaduueckuM pecypcam B CETH
WuTepHer ans kaxzaoro odbydaromerocs B (Gopmax, aJalTHUPOBAHHBIX K OIPAaHUYEHUAM HX
3JI0pOBbsI U BOCIIPUATHUS MHPOPMALIUK:

® Ui CIENbIX U cIab0BUIAIIMX: B TIEUaTHOW opMe yBEIMYEHHBIM HIPUPTOM, B popMme
9JIEKTPOHHOI'0 JIOKyMEHTa, B (hopMe ayanodaiina.

® ISl TIyXUX M cjaabocibplliaiux: B MedaTHoil ¢opme, B (GopMe 3JIEKTPOHHOTO
JIOKYMEHTA.

® 151 00y4aroUMXxcs ¢ HapyIHIEHUSMH ONOPHO-IBUIATEILHOrO ammapara: B Me4yaTHOU
¢dopme, B hopMe 3IEKTPOHHOTO JJOKYMEHTA, B (popme ayauodaiina.

Y4eOHble ayIUTOPUU JUISI BCEX BHUIOB KOHTAKTHOW M CaMOCTOSITENbHON paboTHI,
HaydHas OWOIMOTEKa W WHBIC ITOMEINCHUS JUII OOYYCHHS OCHAIICHBI CIICIHATBHBIM
o0opyoBaHHEM U Y4EOHBIMU MECTaMU C TEXHUYECKHUMH CPEICTBAMU OOYUCHUS:

® JUIS CJICTIBIX M CTA0OBHISAIINX: YCTPOMCTBOM JIUISI CKAHMPOBAHKS W YTECHUS ¢ KaMepoi
SARA CE; nucrieeMm bpaitng PAC Mate 20; mpuatepom bpaiins EmBraille ViewPlus;

® IS TIYXUX W CIIA00CIBIIIAIINX: aBTOMAaTH3UPOBAHHBIM PAaO00YHM MECTOM IS JIFOICH
C HapyIIEHUEM CITyXa U CIIa0OCTBIIIAIINX; aKyCTHYECKUN YCUITUTENb U KOJIOHKH;

s OOydJalIuXcss ¢  HApyUICHHSMH  OTOPHO-ABUTATEIBHOIO  ammapara:
NEPEBKHBIMU, PEryIHpyeMbIMU 3proHomuueckumu maptamu CHU-1; xommbroTepHOI
TEXHHKOU CO CIICIUATBHBIM IIPOTPAMMHBIM 00€CIICUCHHEM.

B xope peanu3anuu IUCHUTUTMHBI HCTIOIB3YIOTCS CIEAYIONINE TONOTHUTEIbHbIE
METOJIbI O0YUICHHSI, TEKYIIIETO KOHTPOJIS YCIIEBAEMOCTH U TIPOMEKYTOUYHOU aTTECTAIHH
00y4Jaromuxcsi B 3aBUCUMOCTH OT UX UHIUBUAYATbHBIX OCOOCHHOCTEH:
® IS CJICTIBIX M CJIA0OBUISIINX:
- JeKuud OQOPMIISIFOTCS B BHUJAE IJIEKTPOHHOTO JOKYMEHTA, JOCTYIHOTO C IOMOIIBIO
KOMIIBIOTEPA CO CICIUATN3NPOBAHHBIM IPOTPAMMHBIM 00ECTICUCHUEM;
- TUChMEHHBIC 3aJ]aHMsI BBINOMHSIOTCS HAa KOMIBIOTEPE CO CHEIHATIM3HPOBAHHBIM
POrPaMMHBIM 00€CTIEYCHUEM, UITH MOTYT OBITh 3aMEHEHBI YCTHBIM OTBETOM,;
- obecrieunBaeTCsl MHAWBUyallbHOE paBHOMEpHOE ocBenieHne He meHee 300 IoKc;
- JUIA BBIIOJIHCHUS 3aJaHHsI TIPH HEOOXOJAMMOCTH MPEIOCTABIISICTCS YBEIUYHBAIOIICES
YCTPOMCTBO; BOZMOXKHO TaK)K€ UCIIOJIb30BaHUE COOCTBEHHBIX YBEITUUUBAIOIINX YCTPOUCTB;
- MUCbMEHHBIC 3a/IaHUsT OPOPMIISIFOTCS] YBEITUUICHHBIM MIPHPTOM;
- 9K3aMeH U 3a4€T MPOBOJIATCS B YCTHON (hOpMe WM BBIMOIHAIOTCS B TUCbMEHHON (hopme
Ha KOMIThIOTEPE.
® JUIA TIIYXUX U cTa0OCHbIIIAIIUX:
- JieknuH O(OPMIISIOTCS B BHUJE DJCKTPOHHOTO JIOKYMEHTa, JHUOO MPEIOCTABIISICTCS
3BYKOYCWJIMBAIOIIAS anmnaparypa WHANBUAYAIbHOTO TIOJIB30BaHUS;
- MACHMEHHBIC 3a/IaHUS BBITIOTHSIIOTCS HAa KOMITBIOTEpE B TUCHbMEHHOU (hopMe;
- 9K3aMEeH M 3a4€T MPOBOJATCS B MHCBMEHHON (QOpME Ha KOMIBIOTEPE; BO3MOXKHO
poBeJIcHHUE B (JOpMe TeCTUPOBAHUSI.
® Ui JUI C HAPYIICHUSIMH ONOPHO-JIBUTATEIILHOTO amapara:
- JeKIUA OPOPMIISIFOTCS B BHUJE IJICKTPOHHOIO JOKYMEHTA, JOCTYITHOTO C ITOMOIIBIO
KOMIIBIOTEPA CO CIEeHUATN3NPOBAHHBIM MMPOTPAMMHBIM 00ECIICUEHUEM;
- TMChMEHHBIC 3aJ[aHWsI BBITIOJNHSIOTCS HAa KOMIIBIOTEPE CO CHEIHAIM3HPOBAHHBIM
IPOrpaMMHBIM 00eCTIeYeHUEM;
- 9K3aMeH U 3a4€T MPOBOJISATCS B YCTHON (hOpME MITH BBITOJHSIOTCS B TUCHbMEHHOW (hopme
Ha KOMIIbIOTEpE.
[Ipn HE0OXOTUMOCTH TPEAYyCMATPHBACTCS YBEIWYCHHE BPEMEHH IS TIOJTOTOBKH
OTBeTA.
[Ipouenypa TpoBeCHHS TPOMEXKYTOYHOW  arTecTalluél I OOYYarolIMXcCs
YCTaHABIMBAETCS C YYETOM UX WHIUBUAYAIbHBIX TCHUXO(PU3NYECKUX OCOOEHHOCTEH.
[TpomMexyTodHas aTTECTAIHSI MOXKET ITPOBOIUTHCSI B HECKOJIBKO 3TAIOB.
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ITpn IIPOBEJICHUU POLEAYPBI OLICHUBAHHUS pe3ysIbTaToB o0yueHHs
MpelyCMaTpUBAETCsl HCIOIb30BAaHUE TEXHUYECKUX CPEICTB, HEOOXOAMMBIX B CBSI3H C
UHIUBUAYAIbHBIMA ~ OCOOCHHOCTSMM  OOydYalomuxcs. OTH  CpelcTBa MOTyT  OBITh
MIPEIOCTABIEHbl YHUBEPCUTETOM, WJIM MOTYT HCIIOJIb30BAThCA COOCTBEHHbBIE TEXHUYECKUE
CpEJICTBa.

[IpoBenenne mporenypbl OLIEHWBAHUS PE3yJbTaTOB OOy4YeHHUS JOIMYCKaeTcsl C
UCIIOJIb30BaHUEM JIUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTUH.

ObecnieunBaeTcs 10CTYI K HH()OPMALIMOHHBIM U OUOIHOrpaduyecKkuM pecypcam B CeTH
WntepHer s kaxaoro odbydaromierocs B (opmax, aJalTUPOBAHHBIX K OIpaHMYEHHUSIM HUX
3/10pOBbS U BOCTIPUSATHUS HHPOPMAIIH:

® I CIENbIX U cIa0oBUIAIINX:

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

- B popme ayauodaiina.

® I TIIyXUX U CNIAOOCIbIIAIINX:

- B IeyatHou popme;

- B (hopMe 3IEKTPOHHOTO JOKYMEHTA.

® Ui 00y4aroIIKXCs C HApYLUICHUSIMH OITOPHO-BUTATEILHOTO armnapara:
- B le4aTHoH ¢opme;

- B JopMe 3JEKTPOHHOTO IOKYMEHTA;

- B (hopme ayanodaiina.

YueOHbIE ayIUTOPUHM IS BCEX BUIOB KOHTAKTHOH M CaMOCTOSITEIIBHOW paloThI,
Hay4yHas OMOJIMOTEKa W MHbIE IOMEIICHUs s OOyYeHHUs OCHAILIEHBl CIEeHUaTIbHBIM
00opy10BaHrEM U y4€OHBIMU MECTaMU C TEXHUYECKUMHU CPEACTBAMHU OOYyUCHUS:

® 71 CcIenbIX ¥ cIa0oBUIALINX:

- YCTpOHCTBOM JuIsl ckaHupoBaHUs 1 uTeHust ¢ kamepoit SARA CE;

- nucrieeM bpaitns PAC Mate 20;

- npuHTepoM bpaiinsg EmBraille ViewPlus;

® I TIIyXUX U CJIA0OCIbIILAIINX:

- aBTOMAaTU3MPOBAHHBIM pabOYUM MECTOM Ui JIIOAEH ¢ HapylleHHeM ciyxXa |
C71a00CIIBIIIAIINX;

- aKyCTUYECKUH YCUIIMTEIb U KOJIOHKHU;

® 1715 00YyYaOLIMXCS C HApyIIEHUSIMH OTIOPHO-IBUTATEJILHOTO anmapara:
- IEpEABMKHBIMU, PETYIUPYEMBIMU 3proHoMuueckumu napramu CU-1;
- KOMIIBIOTEPHON TEXHUKOW CO CHEeMaIbHBIM IIPOrPaMMHBIM 00€CIICUEHUEM.

9 MeToauyeckne MaTepHAJIbI
9.1 IliaHbl NPAKTHYECKUX 3aHATHI

IIpakTnuyeckas padora Ne 1 IIpunuunel paGoTbl ¢ OOJBIIMMU JAaHHBIMHU, Hapagurma
MapReduce
Lenv pabomul
PaccmoTpers npuHUMIIBI paOOThl € OOJBIIMMHM JIAHHBIMM M IO3HAKOMUTBCS C
napaaurmoit mapReduce.

3aoauu

- U3yuuts Teopetnyeckue cBeaenus o Big Data;

- PaccMoTpeTh OCHOBHBIE PUHLUIIBI, KOTOPBIM CIEAYIOT BCE CPEJICTBA U MApaIUrMbl
paboThI ¢ OOIBIIUMU JAHHBIMU;

- Paccmotperts mapamurmy MapReduce u pa3o0path HECKOIBKO 33134, B KOTOPOil OHa
MOJKET OBbITh IPUMEHEHA.
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Xoo Pabomui
TeopeTnyeckue CBeICHUS
Hctopus Bompoca 1 onpeiesieHne TepMUHA
Tepmun Big Data mosiBuiics cpaBHuTenbHO HenaBHO. Google Trends mokasbiBaer
Hayajo aKTUBHOTO pocTa ynorpebyieHus cioBocodeTanust HaunHas ¢ 2011 roxa :
[Tpu sTOM yXe ceifyac TEPMHUH HCIIOJIB3YEeTCS O4eHb 4acTo. OCOOEHHO 4acTo HE 0
Jielly TEpPMUH MCIIONB3YIOT MapkeTosoru. Tak uro ke Takoe Big Data Ha camom nene?
BcerpeuaroTes pa3Hble onpeaeneHus:
Big Data — »10 Kkorma manHbIx Oombine, wem 10016 (50016, 1Th, xomy urto
HpaBUTCS)
- Big Data — 370 Takue naHHbIe, KOTOpbIE HEBO3MOXKHO 00pabaTsiBaTh B Excel
Big Data — 310 Takue naHHBIE, KOTOpPHIE HEBO3MOXXHO 00pabOTaTh Ha OJHOM
KOMITbIOTEpE
U nmaxe Takme:
- Big Data — 3710 BooO111€ 1100BIE JaHHBIE.
- Big Data He cy1iecTByeT, ee IpuIyMaad MapKETOIOTH.

Onpenenenue ¢ wikipedia:

Bbonpmue nansele (aHria. big data) — cepust MOAXOJOB, HHCTPYMEHTOB U METO/0B
00pabOTKH CTPYKTYPUPOBAHHBIX U HECTPYKTYPHUPOBAHHBIX JIaHHBIX OIPOMHBIX OOBEMOB M
3HAYUTEIBHOTO MHOT000pa3us Ul MOJY4YeHUs BOCIPUHUMAEMbIX YEJIOBEKOM pe3yJIbTaTOB,
3¢ (}eKTUBHBIX B YCIOBUAX HEMPEPHIBHOIO MPUPOCTA, paclpeiesieHUus] 10 MHOTOYHUCICHHBIM
y37aM BBIYUCIUTENBHOU ceTH, copmupoBaBmuxcs B koHie 2000-X rogoB, aabTepHATUBHBIX
TPaJMLIMOHHBIM CHUCTEMaM YIpaBjieHMs Oa3aMHM JaHHBIX U pelIeHusM Kiacca Business
Intelligence.

Taxum oOpazom noj Big Data monumarcs He KakKo-TO KOHKPETHBIA 00BbEM JaHHBIX U
Jla)ke HE CaMM JIaHHbIE, a METO/Abl UX OO0paOOTKM, KOTOpBIE MO3BOJISIIOT PACHpPEnEeHO
oOpabaTeiBaTh UHPOPMALIUIO. DTU METOABI MOXXHO MPUMEHUTh KaK K OTPOMHBIM MacCHBaM
JaHHBIX (TAaKUM KaK COJepKaHUe BCEX CTPaHUI] B MHTEPHETE), TaK U K MAJICHbKHM.

Heckonbko mprMepoB TOro, YTO MOXET ObITh MCTOYHUKOM JaHHBIX, JJISI KOTOPBIX
HEOOXOMMBI METOJIbI PAOOTHI C OONBIINMU TAHHBIMHU:

- Jlorn noBeieHNS OJIB30BATENICH B UHTEPHETE

- GPS-curnanel oT aBTOMOOUIIEH 7151 TPAHCHOPTHON KOMIIAHUH

- JlaHHbIe, CHUMaeMbI€ C JATYMKOB B OOJIBIIIOM aJIpOHHOM KOJUTalaepe

- Onudposannslie kHuru B Poccuiickoit I'ocynapctBenHoii bubnuoreke

- UHopManus o TpaH3aKIUAX BCEX KITMEHTOB OaHKa

- Mudopmarnius o Bcex MOKYIKax B KPYIMHON pUTEIIT CeTH U T.1.

KonnuecTBoO MCTOYHMKOB JAaHHBIX CTPEMMTEIBHO PACTET, a 3HAUYUT TEXHOJOTMHM HX
00paboOTKHU CTaHOBSATCS BCE OoJiee BOCTPEOOBAHHBIMH.

[TpuHIUMIB pabOTHI C GOIBIIUMU JTAHHBIMU

Hcxons u3 onpenenenust Big Data, MoxHO c(hopMyTMpoBaTh OCHOBHBIE MPHHIIUIIBI
paboThI ¢ TAKUMHM JAHHBIMU:

1. TopuzonTampHas MacmTaOupyeMocTh. [IOCKOJIBKY NAaHHBIX MOXET OBITh CKOJb
YyroJIHO MHOTO — JIf00asi cucreMa, KoTopas MoJpa3yMeBaeT 0OpaboTKy OOJBIIMX JAaHHBIX,
JoJDKHA OBITH pacmmpsieMoil. B aBa pasa BbIpoc 00BEM MaHHBIX — B JIBa pa3a yBEITUYMIH
BO3MOXHOCTH allapaTHON 4yacTH B KJacTepe, U CUCTEMa IPOo10JK1iIa paboTath.

2. OrkazoycroiiunBocTh.  IIpMHLIMII ~ TOPU3OHTAIBHON  MacIITaOUPyEMOCTU
HoJpa3yMeBaeT, YTO MallluH B KjacTepe MokeT OblTh MHOro. Hampumep, Hadoop-knacrep
Yahoo umeer 6onee 42000 MamuH (110 3TOM CChUIKE MOXKHO TOCMOTPETh pa3Mepbl KiacTepa B
pasHbIX OpraHu3alnuAx). JDTO O3HayaeT, YTO 4YacThb ATUX MallMH OyAeT rapaHTHUPOBAHHO
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https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D1%8C%D1%88%D0%B8%D0%B5_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D0%B5
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/

BBIXOJUTbL U3 CTPOs. MCTOIILI pa60TBI C 6OJILH_II/IMI/I AAaHHBIMU JOJIKHBI YYUTBIBATH
BO3MOYKHOCTE Takux cOO€EB U MNEPCIKUBATH UX 0e3 Kaknux-1100 3HAYNMBIX HOCHC}ICTBI/Iﬁ.

3. JlokanpHOCTH JaHHBIX. B OONBIIMX pachpelenéHHBIX CHCTEMaxX JaHHbBIS
pacrpeeseHsl Mo 0oJIBIIOMY KOJUYEeCTBY MamuH. Ecnu gaHHbIe QU3WYECKH HAXOMSTCS Ha
OJIHOM cepBepe, a 00pabaThIBAIOTCA HA JPYrOM — pPacXojbl HAa Mepeaady JaHHBIX MOTYT
MPEBBICUTh pacxoibl Ha camy o0paboTky. [loaTomMy OOHUM K3 Ba)KHEMIIMX HPUHILIMIIOB
npoektupoBanust BigData-pemienunii  gBiseTcs NPUHIUI JOKATHHOCTH JaHHBIX — II0
BO3MOXXHOCTH 00pabaThiBaeM JaHHBIC Ha TOH jke MaIllMHEe, Ha KOTOPOH MX XpaHUM.

Bce coBpeMenHBIe cpecTBa paObOThI ¢ OONBITUMHI JaHHBIMU TaK WU MHAYE CIEAYIOT
3TUM TpeM IIPpUHIHIIAM. HJ’IS[ TOrO, 4TOOBI UM CcJIea0BaThb — HeO6XO}II/IMO MPpUAYMBIBATb KaKHEC-
TO METOJBI, CIIOCOOBI M TapagurMbl pa3pabOTKU CPEICTB pa3paboTku HaHHBIX. OouH H3
CaMbIX KJIACCHYECKUX METOJIOB M pa3dbepeM B 3Toi padoTe.

MapReduce

MapReduce — 310 Momenp pacmpeneneHHON o0paOOTKH NaHHBIX, MPEATOKEHHAsS
kommanueit Google mist o0paboTkM OOJBIIMX OO0BEMOB MAHHBIX HA KOMITBIOTEPHBIX
knactepax. MapReduce HEMI0X0 WILTIOCTPUPYETCS CIENYIOIIEeH KapTUHKOM:

How MapReduce Works?

= —illl

[]]]]

I I L

MI"I" Bhuffie Roducel| hep Velog sqlauthegioy. com

MapReduce npeamnosaraer, 4To JaHHbIE OPraHU30BAHBI B BUJI€ HEKOTOPBIX 3aIUCEH.
O6paboTka TaHHBIX MPOUCXOIUT B TPH CTAIUU:

1. Cragus Map. Ha 370l cragum naHHble NpenoOpabaThIBalOTCS HpPU MOMOIIU
(GyHKIMU map, KOTOPYIO OIpeneNsieT mojib3oBaTenb. PaboTa 3Toll cTaauu 3akitodaercs B
npenodpaboTke M GUIbTpaluu JAaHHBIX. Pabora oueHb MOXOXKa Ha OMNEpalyi0 map B
(YyHKIMOHATBHBIX S3bIKaX MPOrPaMMHUPOBAHUS — I0JIb30BATEIbCKAsA (DYHKIIMS MPUMEHSETCS
K Ka)XJ10M BXOJIHOM 3aIlUCH.

@yHKIMA map, NPUMEHEHHAs: K OJHOM BXOJHOMW 3alMCH W BBIJAET MHOXKECTBO Iap
KIIIOY-3HaUYeHHE. MHOXECTBO — T.€. MOXKET BBIIATh TOJILKO OJHY 3aIllCh, MOKET HE BBIAATH
HUYEro, a MOXKET BbIJaTh HECKOJIBKO Nap KItou-3HadeHue. YTo OyAeT HaxoauTCs B KIIIOYE U B
3HAUEHUU — pEeLIaTh IOJb30BATENI0, HO KU — OYEHb Ba)kKHAsl BEllb, TAK KaK JAHHBIE C
OJTHUM KJTFOYOM B OyIyIIeM MOMaayT B OJMH SK3eMIUIIp pyHKIuH reduce.
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2. Cragust Shuffle. [Ipoxoaut He3aMeTHO IS MOJB30BaTeNA. B 3TOW cTaguy BHIBOJ
GyHKIIME map «pa3dupaeTcss Mo KOp3MHAM» — KaK[ash KOp3WHA COOTBETCTBYET OJHOMY
KJIIOYYy BBIBOJIA CTaJMM map. B nanpHeiiem 3Tu KOp3uHBI OCITYXaT BX0A0M Juts reduce.

3. Cragus Reduce. Kaxxnas «kop3uHa» co 3HaueHUSAMH, chopMHUpOBaHHASI HA CTalUU
shuffle, momanaer Ha Bxon ¢yHkiuu reduce.

Oynkuus reduce 3aga€rcs MOIB30BATENIEM M BBIYUCISIET (PUHAIBHBIN pe3yabTaT AJs
OTJeNIbHONH «KOpP3MHBDY. MHOXECTBO BCeX 3HAUYEHUH, BO3BpalEHHbIX (yHKuueil reduce(),
aBIsieTcsl GUHANBHBIM pe3yibTaroM MapReduce-3anaun.

Heckonbko nononHuTenbHbIX (akToB mpo MapReduce:

1) Bce 3anycku ¢yHKImE map paboTalOT HE3aBUCHMO M MOTYT padoTaTh
napajuleIbHO, B TOM YHMCJIE HA Pa3HbIX MallMHAX KJIacTepa.

2) Bce 3amyckum ¢yHknuu reduce paboTalOT HE3aBUCMMO U MOTYT paloTaTh
napaJuleJbHO, B TOM YHUCJIE HA Pa3HbIX MallMHAX KIacTepa.

3) Shuffle BHyTpHu cebst mpeacTaBisieT mapaIeTbHYI0 COPTHPOBKY, MOAITOMY TaKKe
MOXeT palboTaTh Ha pa3HbIX MamMHax kiuactepa. [IyHKTBI 1-3 MO3BOJSIOT BBIOJHHUTH
HNPUHLIKI TOPU3OHTAILHOW MacIITa0UPyEMOCTH.

4) ®OyHkuus map, Kak NpaBWIIO, NMPUMEHSETCS Ha TOW e MallhHe, Ha KOTOpOH
XpaHATCSA JaHHbIE — OTO TO3BOJSET CHU3UTH Iepefayy JMAaHHbIX MO ceTd (IPUHLHUIT
JIOKQJIbHOCTH JJAHHBIX ).

5) MapReduce — 310 Bcerzia mojiHOE CKaHUPOBAHUE JTAHHBIX, HUKAKUX HHICKCOB HET.
3Ot0 03Hauaet, uTo MapReduce minoxo npuMeHnM, KOrja oTBeT TpeOyeTcst 0ueHb ObICTPO.

IIpakTHYeckas 4acThb

[Ipumeps! 3anay, 3 pexTUBHO pemaeMbix npu nomou MapReduce

Word Count

Kinaccuueckas 3agaua — Word Count. 3amaua ¢popMynupyeTcsi CIeayomuM o0pa3oMm:
umeercsi OOJBIION KOpPITyC AOKYMEHTOB. 3ajaua — JUIsd KaXJOro cjioBa, XOTs Obl OAMH pa3
BCTPEYAIOMIETOCSI B KOpITyce, IOCYHTAaTh CyMMapHOE KOJMYECTBO pa3, KOTOpPOE OHO
BCTPETHIIOCH B KOPITyCE.

Pemenne:

Pa3 umeeM OoibIION KOpIyC AOKYMEHTOB — MYCTh OAMH JIOKYMEHT OyJeT OJHOM
BXOAHOH 3amuchio ansi MapRreduce—3amaun. B MapReduce MbI MOkeM TOJIBKO 3aJaBaThb
nojb30BaTeNbckue (QYHKIMH, 4YTO Mbl M caenaeM (Oyzem wucnonb3oBaTh python-like
TICEBIIOKO/):

def map(doc):

for word in doc:

yield word, 1

def reduce(word, values):

yield word, sum(values)

@OyHKIMS map IMpeBpallaeT BXOJHOW JOKYMEHT B Habop map (cioBo, 1), shuffle
MPO3pavyHo JUIsl HAC MpeBpalaeT 3To B mapsl (cioso, [1,1,1,1,1,1]), reduce cymmupyer 3t
€IMHUYKH, BO3Bpamiasi (UHANBHBIA OTBET /IS CJIOBA.

O06paboTka JOroB peKIaMHON CUCTEMBI

Bropoii mpumep - u3 peansHoi npaktuku Data-Centric Alliance.

3amava: UMEeTCs CSV-JIOT PEKJIaMHOM CHUCTEMBbI BUJIA!

<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

Heo6xoaumo paccuuTaTh CpEeTHIOI CTOMMOCTD MOKa3a peKaMbl 1o ropoaam Poccun.
Pemienue:
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http://datacentric.ru/

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 mpoBepseT, HyXKHA JIM HaM JaHHAs 3alliCh — U €CIIM HY’>KHA, OCTaBIISET
TONILKO HYXHYIO HH(popmamuio (ropon u paszmep riarexka). OyHkmus reduce BBIYUCISET
(uHaNBHBIN OTBET IO FOPOJLY, UMEsl CIIUCOK BCEX IUIaTeX el B 3TOM ropo/ie.

IIpakTnyeckas padora Ne 2-3 Hadoop

Lens paboTs
[ToznakomuTthcs ¢ dppeiimBopkom Hadoop m MapReduce

3anaumn

- U3yuuts Teopernueckue ceenenus o Hadoop u MapReduce;
- YCTaHOBHUTH M HACTPOUTH OJIHOY3J10BOM Kitactep Hadoop;

- [lo3nakoMuThCs ¢ npuinoxenuemM Ha ocHoBe MapReduce;

- Hayuutbcs 3anyckats nporpammel MapReduce na Hadoop.

Xoxa Paboter

TeopeTnyeckue CBeIeHUS

Kaxk m3Bectro napanurmy MapReduce npemnoxuna kommanust Google B 2004 rony B
coeit  cratbe  MapReduce: Simplified Data Processing on Large Clusters.  ITockonbky
NpeUIO’KEHHAs CTaThsl COZEpIKaa OMMCaHHWe TapaJuTMbl, HO pealn3anusi OTCYTCTBOBAIA —
HECKOJIBKO MPOrpaMMUCTOB K3 Yahoo MpeuIoKuiIn CBOIO peau3alfio B paMKax padoT Hal
web-kpaynepom nutch.

N3nauvansHo Hadoop ObL1, B mepByto o4yepeib, HHCTPYMEHTOM JUISL XpaHEHHUs JaHHBIX
u 3amycka MapReduce-3amau, ceituac ke Hadoop mnpeacraBnsier coOol OOJBIIONH CTEK
TEXHOJIOTHH, TaK WJIM WHAYe CBSI3aHHBIX C 00pabOTKOW OONBHIMX JaHHBIX (HE TOJBKO IMPH
nomoni MapReduce).

OcHoBHBIMU (core) koMmnoneHTamu Hadoop siBnstroTcst:

. Hadoop Distributed File System (HDFS) — pacnpenenénnas aiinoBas
cucTeMa, MO3BOJISIONIAS XPAaHUTh HHPOPMALIUIO IPAKTUIECKH HEOTPAaHHUEHHOTO 00bEMA.

. Hadoop YARN - ¢peliMmBopk uIsi ympaBlieHHsT pecypcaMu Kiactepa H
MEHEDKMEHTA 3aJ1a4, B TOM YHuclie BKiIroudaeT ppeiimBopk MapReduce.

. Hadoop common

Taxoke cymecTByeT OOJBIIOE KOJIMYECTBO MPOSKTOB HEMOCPEACTBEHHO CBS3aHHBIX C
Hadoop, Ho He Bxomsmmx B Hadoop core:

. Hive — wunctpyment mnsa SQL-like 3ampocoB Haj OONbUIMMH JaHHBIMU
(mpeBpamaer SQL-3anpock! B cepuro MapReduce—3anay);
. Pig — s13bIK mporpaMMUpOBaHMs IS aHAIW3a JaHHBIX Ha BBICOKOM YpPOBHE.

OnHa cCTpoYka KOJa HAa ITOM SI3BIKE MOXKET IPEBPATUTHCA B TOCIEIOBATEIHHOCTH
MapReduce-3anay;

. Hbase — kononouHast 6a3a naHHBIX, peanu3yomias napaaurmy BigTable;

. Cassandra — BBICOKONIPOM3BOJUTEIbHAS paclpesesicHHas key-value 06a3za
JaHHBIX;

. ZooKeeper — cepBUC Ui paclpeleéHHOTr0 XpaHEHHUs KOH(HUTrypanud u

CHUHXPOHH3AIMY U3MEHEHNUH 3TOW KOH(PUTYpaIiH;
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http://research.google.com/archive/mapreduce.html
http://nutch.apache.org/
http://hadoop.apache.org/docs/r1.2.1/hdfs_design.html
http://hadoop.apache.org/docs/current/hadoop-yarn/hadoop-yarn-site/YARN.html
https://hive.apache.org/
https://pig.apache.org/
https://ru.wikipedia.org/wiki/BigTable
http://hbase.apache.org/
http://cassandra.apache.org/
https://zookeeper.apache.org/

. Mahout — 6ubIMOTEKa U ABMKOK MAIIMHHOTO O0y4YeHUs Ha OONBIINX JaHHBIX.

OTtnenbHO XOTeNnoCh ObI OTMETUTHh NMpoeKT Apache Spark, koTopelil mpeacraBiseT
co0OM IBMKOK IS pactipeneniéHHon 00paboTku naHHbIX. Apache Spark oObyHO HcHONB3yeET
kommoHeHThl Hadoop, takme xak HDFS m YARN mis cBoeit paboThl, mpu 3TOM caMm B
nocieaHee BpeMs cTal nomnyispraee, yem Hadoop:

CpaBHMTb MouckoBble 3anpocsl v

apache spark

MowuckoBblii 3anpoc

apache hadoop

MowuckoBbiii 3anpoc

OuHamuka nonynspHoOCTHA

v TMowmek no HOBOCTAM Mportoa

IIpakTHyeckas 4acTh

VYcranoBka Hadoop Ha kimacrep npu momorniu Cloudera Manager

Panpme ycranoBka Hadoop mpencraBisiima co0ol TOCTaTOYHO TSKENOE 3aHATHE —
HYXXHO OBUIO TIO OTIEIIBHOCTH KOH(PHUTYPUPOBATh KKIYIO MAIIMHY B KJIAacTepe, CICAUTH 32
TEM, YTO HHYEro He 3a0bITO, AaKKypaTHO HacTpauBaTb MOHHTOpUHTH. C pocTrom
nonyisspaoctTd Hadoop mosiBunmuchk kommanuu (takue kak Cloudera, Hortonworks, MapR),
KOTOpBIC TPENOCTaBISAIOT coOcTBeHHbIe cOopku Hadoop u MomiHbIE cpencTBa IS
ynpasienusi Hadoop-kinacrepom. B Hamem nukie marepuanoB Mbl OyJeM IOJIb30BaThCS
coopxoit Hadoop ot kommanuu Cloudera.

Juist Toro uToObl yecraHoBuTh Hadoop Ha cBOI Ki1acTep, HYXKHO MPOAETIaTh HECKOJIBKO
MIPOCTHIX MIATrOB:

1 Ckauath Cloudera Manager Express Ha oJHYy W3 MalIuH CBOETO Kiacrepa
0TCI013;

2 [IpucBouTh mpaBa Ha BHIOJHEHHUE U 3aITyCTHUTD;

3 CrnenoBaTh UHCTPYKLUSAM YCTaHOBKH.

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

ITocae yCTaHOBKH BBI IMOJYYUTE KOHCOJb YIPABICHHS KIACTEPOM, TJI€ MOXHO
CMOTpPETh YCTAaHOBJICHHBIC CEPBHUCHI, MTO0ABIATH/yAISITh CEPBUCHI, CICAUTH 3a COCTOSHHEM
KJacTepa, peAakKTHPOBaTh KOH(DUTypalnio KiaacTepa:
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http://mahout.apache.org/
http://spark.apache.org/
https://www.mapr.com/
http://hortonworks.com/
http://www.cloudera.com/content/cloudera/en/home.html
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cloudera M3N3QEr Home Clusters - Hosts Diagnostics ~ Audits Charts - Backup - Administration - s[5} _Suppcn' A admin ~

1.5 hours preceding April 23, 2015, 11:39 PM PDT

Home status Al Health issues [}  Configuration 2l ~  All Recent Commands Add Cluster
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Cloudera Management Service

© [Acioudera Mana.. -

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 nokaxem, kak 3anyctuts MapReduce-3anauy Ha Hadoop. B xauectBe 3amaun
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

Camprii  mpoctoit cmoco6 3amyctuth MapReduce-nporpammy wa Hadoop -—
BOCTIOJIB30BaThCs  streaming-untepdeiicom Hadoop. Streaming-untepdeiic mpenmnomnaraer,
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4yT0 map u reduce peann3oBaHbl B BUJE NMPOrpaMM, KOTOpbIE NPUHUMAIOT JaHHbIE ¢ stdin u
BBIJIAIOT pe3yJibTaT Ha stdout.

[Iporpamma, koTopast McHoyiHsAeT (YHKIMIO map Ha3biBaeTcs mapper. [Iporpamma,
KOTOpast BEITTONTHSAET reduce, Ha3bIBaeTCs, COOTBETCTBEHHO, reducer.

Streaming uHTepdeiic mpeanoagaraeT Mo yMOIYaHHUIO, YTO OJHA BXOJSIIAs CTPOKA B
mapper mwi reducer COOTBETCTBYET OJHOHM BXOJISIICH 3aITUCH TSI map.

BriBog mapper’a nonaznaer Ha Bxoj reducer’y B Buje nap (K04, 3HA4E€HHUE), TpU
9TOM BCE Mapbl COOTBETCTBYIOIINE OJTHOMY KITIOUY:

. I"apantupoBanHo OyayT 006paboTaHbl OTHUM 3amyckoM reducer’a;

. BbyayTt nongansl Ha BXoa moapsi (To ecTh eciu oauH reducer oOpabaThiBaeT
HECKOJIbKO Pa3HbIX KIH0Uel — BX0J OyIeT CrpyNIUpOBaH M0 KUY ).

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, xotopsie Oymer obOpabareiBath Hadoop momxubl xpanuthest Ha HDFS.
3arpy3uM Haiu ctaThd U nosiokuM Ha HDFS. J[s 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

hadoop fs -put lenta_articles

Yruura hadoop fs mogepxuBaet 60JIbIIOS KOJIMYSCTBO METOAOB JIJISi MAHUITYJISIIAN
¢ (haiiJIOBOM CHCTEMOI, MHOTHE M3 KOTOPBIX OJMH B OJIMH MOBTOPSIOT CTAHJAPTHBIE YTUIUTHI
linux. ITogpoOHee ¢ €€ BO3MOKHOCTAMHU MOKHO 03HAKOMHTBCS 110 CCHUIKE.
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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 YIpaBlI€HUS Pa3lTUYHBIMU MPUIOKEHUSIMU (B
tom umciie map-reduce based) ma kmactepe. Hadoop-streaming.jar — 3170 kKak pa3 oaWH W3
MPUMEPOB TAKOTO yarn-mpuIoKeHUsI.

Jlanble uayT mapaMeTpsl 3aIycKa:

. input — mamka ¢ UCXOAHBIMU JaHHBIMU Ha hdfs;

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

. file — ¢aiinbl, KOTOpBIE HYXKHBI B ITpoliecce padoTel map-reduce 3a1auu;

. mapper — KOHCOJIbHasi KOMaHJa, KOoTopas OyJeT HCIOJb30BAaThCS U map-
CTaJuH;

. reduce — KOHCONBHAsI KOMaHa, KOTOpas OyAeT MCIOoJb30BaThes g reduce-
CTaJUH.

[Tocne 3amycka B KOHCOJM MOXHO OyA€T YBHJIETh NMPOTPECC BBHINOIHEHMS 3a1adyd U
URL nns npocmotpa 6os1ee AeTanbHOM nHpopMaly o 3a1aue.

& Applications Places System & && o) @™ g, 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 |~
.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
15/16/63 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:20

15/16/63 ©1:28:17 INFO mapreduce.JobSubmitter: Submitting tokens for job: job 1443859552117 06062

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

15/10/63 01:28:17 INFO mapreduce.lob: 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

I

@ src- OneDrive - Mozill... | @ Software Update @ cloudera@quickstart:... [ |
B unrepdeiice nocrynHom no 3romy URL MoxHO y3HaTh OoJiee AeTalbHBINA cTaTyc

BBITIOJIHEHUSI 33/1a4H, IOCMOTPETH JIOTH KaXKI0r0 Mamrmepa u peapiocepa (4TO OYeHb MOJIE3HO
B CJIy4ae yHaBIIMUX 3a7ay).
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MapReduce Job job_144... x | <
€ @ quickstart.cloudera 3 v Sex wBa 3+ & 8 =

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

q Vﬁ'lll[_ fa{a(ﬂ{ﬂ’ NiapmtuuLte JUJ JUU_ 149490090J7994111 UUUL A

» 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 (]
Reduce 1 (1] 1 0
Attempt Type New Running Failed Killed successful
Maps 9 -3 ] 0 6
Reduces 0 AL 0 0 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
koman bl «hadoop fs -Is lenta wordcounty.

Cam pe3ysbTaT MOKHO TOJYYHUTh CICAYIOUIM 00pa3oM:

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

c 41
YTO 43
Ha 82
31 111
B 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 {

public static class TokenizerMapper
extends Mapper<Object, Text, Text, IntWritable>{
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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();
h
result.set(sum);
context.write(key, result);

}
}

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);

j
}

JToT KiIacc aenaer abCOMIOTHO TO K€ camoe, 4To Ham npumep Ha Python. Mer
co3maém kiaccel TokenizerMapper u IntSumReducer, Hacinenys ux oT kjgaccoB Mapper u
Reducer coorBercBenno. Kiaccel, mepemaBaeMble B KadyecTBe MapaMeTpoB MIabJoHa,
YKa3bIBalOT THUIIbl BXOJHBIX M BBIXOAHBIX 3HaueHWil. HatuBubiii APl moagpa3zymeBaer, uro
¢byHKIMKM map Ha BXOJ moja€res mapa Kiod-3HadeHue. [10ckobKy B HalieM ciiydae K4
MyCTOI — B KayecTBe TUIIA KIF04Ya MbI orpesensieM npocto Object.
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B merozne Main mbl 3aBouM mapreduce-3aiauy U onpezensieM e€ napaMmeTpbl — UMs,
mapper u reducer, myts B HDFS, rne maxonsrcs BXomHbBIE MaHHBIE W KyAa TOJIOKHUTH
pe3yibTar.

Jlnst kommutsiiuu Ham notpedyroTest hadoop-oBckue OubnroTeku. S ucmonb3yro ais
cobopku Maven, aiis kotoporo y cloudera ects peno3utopuii. IHCTpYKIIMH 1O €r0 HACTPOMKE
MOHO HAWTH 1O cCchlIKe. B mrore ¢aiinm pom.xmp (KOTOPHIA MCMOIB3YETCS maven’ oM st
OTMHCaHUsI COOPKHU MPOEKTA) Y MEHS MOTYYHIICS CIIETyFOIIHA):

<?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:schemal ocation="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>

<groupld>org.dca.examples</groupld>

<artifactld>wordcount</artifactld>

<version>1.0-SNAPSHOT</version>
</project>
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Cobepém MpOoeKT B jar-nmaker:

mvn clean package

[Tocne cOopku mpoekTa B jar-aiin 3amyck MPOMCXOAUT MOXOKUM 00pa3oM, Kak U B
ciydae streaming-untepderica:

yarn jar wordcount-1.0-SNAPSHOT jar WordCount

JloxxumaeMcs BBITOTHEHUSI U TIPOBEPSIEM PE3yJIbTaT:

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

C 41
YTO 43
Ha 82
31 111
B 194

Kak HeTpynHO noranaThCsi, pe3ysibTaT BBIOJHCHUS HAIIETO HATUBHOTO MPUIIOKCHUS
COBMAJIaeT C PE3yJbTaTOM streaming-MpHIOKEHUs, KOTOPOE Mbl 3aIlyCTUIU MPEAbLAYLIIM
Ccoco0oM.

Pesrome

Mg pacemoTtpenu Hadoop — nmporpaMMHbIi cTek 175t paboThl ¢ OONBIIUMU TaHHBIMU,
onucanu npouecc ycranoBku Hadoop Ha mpumepe muctpuOytuBa cloudera, mokasanu, Kak
nucatb mapreduce-nporpamMmsbl, HCHONb3ysl streaming-uHTtepdeiic u HaTuBHBIM  API
Hadoop’a.

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

Lens paboThl

PaccmoTtpeTh pa3nuuHbie MpUEMBI, KOTOPbIE MO3BOJSIIOT 3((EKTUBHO HCIIOJIB30BAThH
MapReduce myist pemeHus NMpakTHUECKUX 3a7a4, a TAKKE U3YUUTh HEKOTOPHIE OCOOCHHOCTH
Hadoop, koTopeie TMO3BOJNSIOT YNPOCTUTH pPa3pabOTKy WU CYIIECTBEHHO YCKOPUTH
BeimosiHeHne MapReduce-3aiaun Ha Kitactepe.

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

Xon PaboTter

Map only job

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

. @Gunprpanus gaHHbIX (Hanpumep, «Hawtm Bce 3ammcen ¢ [P-ampeca
123.123.123.123» B norax web-cepsepa);

. [IpeobpazoBanue naHHBIX («YAATUTH KOJIOHKY B CSV-JIOTax»);

. 3arpy3ka M BBITpy3Ka JaHHBIX W3 BHENIHEro HcTouyHMka («BcraBuTh Bce

3aIMCH U3 JIoTra B 0a3y JaHHBIX)).
Taxue 3agaun pematorcs npu nomoiu Map-Only. [Ipu co3nanuun Map-Only 3anaun B
Hadoop Hy>xHO yKka3aTh HyJIeBOe KOIH4YecTBO reducer’oB:
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Map Only Job

[Tpumep koHburypauuu map-only 3agauu Ha hadoop:

Native interface

Hadoop Streaming Interface

VYkazarh HyJIeBO€ KOJIMYECTBO PEABIOCEPOB MPU KOHPUTYpaIHH job’a:

job.setNumReduceTasks(0);

bonee pa3BépHyTHIN IPUMED MO CCHUIKE.

He yka3biBaem penbrocep U yKa3blBaeM HYJIEBOE KOJIMYECTBO penbrocepoB [Ipumep:

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 camom pnene MOryT OBITh OYeHb MoOJe3HbIMH. Hampumep, B
wiatpopme Facetz.DCA st BBISIBICHUS] XapaKTEPUCTUK IOJIB30BATENICH 1O UX TIOBEICHHUIO
UCTIONIBb3YETCsl UMEHHO OJMH O0JbIIoil map-only, Kax/blii Manmep KOTOPOTo NMPUHUMAET Ha
BXOJI ITOJIb30BATENS M HA BBIXO OTIAET €r0 XapaKTePUCTUKH.

Combine

OObIuHO camas Tspkénas ctaiusi pu BeIodHeHHH Map-Reduce 3amaun — 3To cramus
shuffle. ITpoucxomuT 3TO MOTOMY, YTO MPOMEKYTOUHBIE PE3yJNbTaThl (BBIXOJ mapper’a)
3alMCBIBAIOTCS HA JHMCK, COPTUPYIOTCS M Tiepeaatorcs mo cetu. OHaKo CyIIeCTBYIOT 3a/auH,
B KOTOPBIX TaKo€ MOBEJCHHE KAXKETCS HE OUeHb pa3yMHbIM. Hampumep, B TOil ke 3amaue
nojcuéra CIOB B JOKYMEHTaX MOXHO MpPEIBAPUTEILHO IPENarperupoBaTh pe3ysbTaThl
BBIXOJIOB HECKOJIbKMX mapper’oB Ha OJHOM y3jie map-reduce 3ajgauu, W InepenaBaTh Ha
reducer yxe mpoCyMMHUpPOBaHHBIC 3HAYCHHS 110 KAXKI0 MaIllliHE.
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Combine.

B hadoop 1151 3T0r0 MO’XKHO ONpeAeTUTh KOMOMHUPYIOIIYIO (DYHKIINIO, KOTOpas OyaeT
oOpabaTeiBaTh BBIXOJ YacTh mapper-oB. KomOunmpyromas (yHKIMS O4YeHb IMOXO0Xa Ha
reduce — oHa MpUHUMAeT Ha BXOJ BBIXOJ YAaCTH Mmapper'oB M BBIAAET arperupOBaHHBIN
pe3yabTaT s 3THX Mapper’oB, MO3TOMY O4YeHb 4acTo reducer MCHOIB3YIOT U KaK combiner.
Baxnoe ortnuune ot reduce — Ha KOMOMHUPYIONIYIO (YHKIIMIO MOMAJAI0T HE BCE 3HAYCHUS,
COOTBETCTBYIOIIUE OJTHOMY KITFOUY.

Bonee toro, hadoop He rapantupyer TOro, 4ro KOMOMHUpYIOIIAs (YHKLIUS BOOOIIE
OyzeTr BBIOJHEHA Ui BhIXxoga mapper’a. [losToMy komOuHUMpYyomas (QyHKIHS HE BCernaa
IpUMEHNMa, HallpuMep, B CiIydae MOMCKa MEJIMAaHHOI0 3HAaYeHHUs 10 Kitouy. TeMm He MeHee, B
TeX 3ajadax, Tae KOMOWHHpYIomas (QyHKIUS NpPUMEHHUMa, €€ KCIIOJIb30BaHHE MO3BOJISET
JOOHUTHCS CYLIECTBEHHOT'O IIPUPOCTA K CKOpOCTH BhinonHeHus MapReduce-3anaun.

HcnonszoBanne Combiner’a Ha hadoop:

Native Interface

Hadoop streaming

ITpu xondurypauun job-a ykaszare knacc-Combiner. Kak mpaBuio, oH coBnajmaer ¢
Reducer:

job.setMapperClass(TokenizerMapper.class);

job.setCombinerClass(IntSumReducer.class);

job.setReducerClass(IntSumReducer.class);

B mapamerpax koMaHIHOM CTpPOKHM yKa3aTb KOMaHIy -combiner. Kak mpaBuio, 3Ta
KOMaHJ1a CoBIaiaeT ¢ komanaoi 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"\

emouku MapReduce-3amau

beiBatoT cutyauuu, Koria s pemieHus 3agadd onHuM MapReduce He 0OOHTHCS.
Hampumep, paccmMoTpum HeMHOro Buiou3MeHeHHyI0 3amady WordCount: umeetcst Habop
TEKCTOBBIX JOKYMEHTOB, HEOOXOAUMO MMOCYUTATh, CKOJIBKO CJIOB BeTpeTmwiioch oT 1 1o 1000
pa3 B Habope, ckosbko ciioB oT 1001 go 2000, ckonbko ot 2001 mo 3000 u Tak manee.

Jns perienust HaMm notpedyercs 2 MapReduce job’a:

1 Bunonsmenénnbiii wordcount, KOTOpBIA I KaKIOTO CJIOBa PACCUUTACT, B
KaKOH M3 MHTEPBAJIOB OHO I0MAJIO;
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2 MapReduce, mocuuThIBaONINi, CKOJIBKO pa3 B BeIxoae nepsoro MapReduce
BCTPETHJICS KaX/IBIH M3 MHTEPBAJIOB.

Pemenue Ha niceBnokoze:

#mapl

def map(doc):

for word in doc:

yield word, 1

#reducel

def reduce(word, values):

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

#map?2

def map(doc):

interval, cnt = doc.split()

yield interval, cnt

#reduce?2

def reduce(interval, values):

yield interval*1000, sum(values)

st Toro, uyToOBI BBIOJHUTH MOcieaoBarenbHOCcTh MapReduce-3amau na hadoop,
JOCTaTOYHO MPOCTO B KayeCTBE BXOJHBIX JAaHHBIX A BTOPOM 3aqauyd yKa3aTh MArKy,
KOTOpas ObLTa yKa3aHa B Ka4eCTBE output i IEPBOM U 3aIIyCTUTh UX IO OYCPEIH.

Ha mpaktuke nenouku MapReduce-3agau MoryT mpeacTaBisTh cCOOOM JAOCTATOYHO
CJIOXHBIE TIOCIICIOBATEIIBHOCTH, B KOTOPBIX MapReduce-3a1aun MOTYT OBITH ITOAKITFOYCHBI
KaK MOCJIeI0BaTeNIbHO, TaK U MapajlieNbHO APYT Apyry. s ymnpoiieHus: ynpaBieHus] TAKUMHI
IJIJaHAMH BBITIOJTHEHUS 3aJ1a4 CYIIECTBYIOT OT/ICJIbHBIC HHCTPYMEHTHI THIIA 00Zzie 1 luigl.

MapReduce 1 -| MapReduce 4

MapReduce 3 | MapReduce 6

MapReduce 2 ‘| MapReduce 5

Ilpumep yenouxu MapReduce-3adau.

Distributed cache

Baxapim mexanm3zmom B Hadoop sBnsercs Distributed Cache. Distributed Cache
NO3BOJISIET 00aBiATh (painpl (HampuMep, TEKCTOBBIE (hailyibl, apXuBBI, jar-Qaiiasl) K
OKpY’KEHHIO, B KOTOPOM BhINonHseTcss MapReduce-3anaya.

MoxHo no0aBisaTh ¢aitnel, xpansmmecs Ha HDFS, nokanbubie ¢aiinel (JIokanbHbIe
JUISL TOM MAIlluHBI, ¢ KOTOPOW BBITIOJHSIETCS 3aIyCK 3a/aun). Yike ObLJIO HESBHO IOKa3aHo,
Kak ucmonb3oBaTh Distributed Cache Bmecte ¢ hadoop streaming: mo6aBisiss yepe3 OMIUIO -
file daiter mapper.py u reducer.py. Ha camom nene MoxHO 100aBIsATh HE TOJBLKO Mapper.py
u reducer.py, a BOoOIEe MPOU3BOJIbHBIE (DAaiiIbl, U TIOTOM MOJB30BATHCA UMM KaK OyJITO OHU
HaXOJISATCS B JIOKAJIHHOH IMaItke.

Hcnons3oBanue Distributed Cache:

Native API

//koughueypayus Job’a

JobConf job = new JobConf();

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

job);
DistributedCache.addCacheArchive(new URI("/myapp/map.zip", job);
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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 UCnonb308aHUs 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 Kauuposamnuvlie 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 {
// ucnonv3zyem OaHHble mym
/...
/...
output.collect(k, v);

h
}

Hadoop Streaming

#nepeuucnseM Qailnbl, KoTOpble HeoOxoaumo no0aBuTh B distributed cache B
napametpe —files. [Tapamerp —files nomken uaru nepea IpyruMu rnapameTpamu.

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' \

MIPUMEP UCTIOTH30BAHUS:

import sys

#npocto yntaeM (aii U3 JOKATbHOHN Marku

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

for line in sys.stdin()

#processing input

#use data here

Reduce Join

Te, kT0 TpUBBIK pabOTaTh C PESIMMOHHBIMH 0a3aMH, YacTO TIOJIB3YIOTCS OYEHBb
ynoOHoii omepanmelt Join, MO3BOJISIOMIEH COBMECTHO 00pabOTaTh COAEpIKaHHUE HEKOTOPBIX
TaOJuIl, OOBEAMHUB UX MO HEKOTOpPOMY Kirouy. [Ipu pabore ¢ OONBIIMMU JaHHBIMU TaKas
3aJada TOKe WHOT/Ia BO3HUKAET. PaccMOTpUM cienyromuii mpumep:

WmeroTcest moru IByX web-cepBepOoB, KaxIblii JIOT UMEET CIICTYFOIIUI BHU/I:

\tht.

[Tpumep 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
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1446792139 226.74.123.135 /phanerite.php
1446792139 157.109.106.104 /bisonant.css

Heo6xoaumo nocunrtaTh /Ui kaxaoro IP-agpeca Ha kakoit U3 2-X cepBepoB OH yalle

3axoaui. Pe3ynbrar qoimkeH OBITh MPEACTaBJICH B BUIE:
\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 coxanennio, B OTIHYME OT PEISIHUOHHBIX 0a3 JaHHBIX, B OOIIEM clydae
o0BeIMHEeHNE BYX JIOTOB TI0 KIIIOUY (B JaHHOM ciydae — o [P-angpecy) npeacrasinser coboit
JIOCTAaTOYHO TSDKETYIO OINepanuio U pemraercs npu nomomu 3-x MapReduce m marrepna

Reduce Join:

first_input second_input

\/ \]

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

S

Mr 3, Map: identical
reduce:

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

res ult

Obwas cxema Reduceoin
Reduceloin paboTaeT ciemyronum oO6pazom:

Ha kaxnmeiii w3 BXOIHBIX JIOTOB 3amyckaeTcs otnenbHbli MapReduce (Map only),

npeoOpasyroNInii BXOJHBIE JaHHbIC K CICAYIOIEMY BUIY:
key -> (type, value)

I'me key — 3T0O KJII04Y, 10 KOTOPOMY HYXKHO OOBEIAUHATH TaONHUILI, Type — THIT TaOJIUIbI
(first mmu second B HamieM ciydae), a Value — 3T0 nr0ObIe JOMOJHUTEIBHBIC NaHHBIC,

ITPUBA3aHHBIC K KIIIOYY.

Brrxoasr 06oux MapReduce nonatores Ha Bxon 3-my MapReduce, koTopsiii, cOOCTBEHHO,
U BBIMOJHSAET OO0BbeauHeHHe. DToT MapReduce comepxut mycroit Mapper, KOTOpBIi
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IIPOCTO KOMUPYET BXOAHbIE AaHHbIe. [lanbmie shuffle packinaapiBaeT naHHBIC 10 KIIFOYaM U
nmomaéT Ha BXOJI peIbiocepy B BUJIE:
key -> [(type, value)]

BaxxHO, 9TO B 3TOT MOMEHT Ha peabplocep MOIMaIaroT 3alucy U3 000HX JIOTOB U TIpU
TOM MO0 MO0 type MOXHO HICHTU(UIMPOBATh, U3 KAKOIO W3 JABYX JIOTOB IOMAJIO
KOHKPETHOE 3HAa4YeHWe. 3HAYUT JaHHBIX JOCTaTOYHO, YTOOBI PEUINTh MCXOIHYIO 3amady. B
HameMm ciyyae reducere MpoCTO JOJDKEH MOCUUTATh Ul KaKAOTro KJIHoYa 3alucel, ¢ KaKuM
type BCTPETHIIOCH OOJIBIIE U BBIBECTH JTOT type.

MaplJoin

[Tarrepn Reduceloin onuceiBaeT oOmuii cioydail 00beAMHEHHUS IBYX JIOTOB 10 KITIOYY.
OpHako ecTb YaCTHBIM Cilydail, IpU KOTOPOM 3a/ady MOXKHO CYLIECTBEHHO YHPOCTUTh U
YCKOPHTB. DTO CITydail, Ipu KOTOPOM OJIMH U3 JIOTOB MMEET pa3Mep CYIIECTBEHHO MEHBIIIETO
pa3mepa, yem Ipyroil. PaccmoTtpum cneaytonyto 3aaaqy:

Nwmerorcs 2 nora. IlepBblit jor conmepxut jor web-cepBepa (Takod ke Kak B
npeabayIiel 3aaade), BTopoil ¢aitn (pazmepom B 100k0) conmepxkut coorBerctBue URL->
Tematuka. [Ipumep 2-ro (daiina:

/toyota.php  auto

/football/spartak.html sport

/cars  auto

/finances/money business

Hns kaxporo IP-agpeca HeoOXOIMMO paccuMTaTh CTPAHUIBI KAKOM KaTeropuu ¢
nanHoro [P-agpeca 3arpyxanuce yamnie BCero.

B sTOM ciydae Ham Toke HE0OX0IMMO BHINOIHUTH Join 2-X joros no URL. OxHako B
3TOM cllydae HaM He 00si3aTenbHO 3amyckaTh 3 MapReduce, Tak kak BTOPO JIOT MOJTHOCTHIO
BJ€3eT B mamsATh. s Toro, 4yroObl pemuTh 3afady npu nomomu 1-ro MapReduce, mbl
MOXKeM 3arpy3uTh BTopoi jor B Distributed Cache, a mpu naunmanuzamnumn Mapper’a mpocTo
CUHTATh €r0 B I1aMsATh, [TOJIOKUB €r0 B CIOBaph -> topic.

Jlanee 3amayda pemraercs ciaeIyoInuM 00pa3oM:

Map:

# HaxoJIMM TEeMaTUKY Ka)KJOW U3 CTPAHUL IEPBOIO Jora</em>

input_line -> [ip, topic]

Reduce:

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

Reduce momyvaer Ha BXOJ ip M CITUCOK BCEX TEMATHK, MPOCTO BBIUMCIACT, KaKas U3
TEMAaTUK BCTPETHJIACh Yalle Bcero. TakuMm oOpa3oM 3ajmada peiieHa MNPy MOMOIIU 1-ro
MapReduce, a cobcTBeHHO Join BOOOIIE MPOUCXOAWUT BHYTPH map (MO3TOMY eciii Obl He
Hy>KHa ObLIa JOMOJHUTENbHAS arperanus Mo KIHdy — MOKHO Obuto Obl o0oitucs MapOnly
job-om):
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Cxema pabomwt MapJoin

Pesrome

Mpbl paccMOTpeNrd HECKOJIbKO MATTEPHOB M MPUEMOB pEHICHMs 3aJad MPHU MTOMOIIU
MapReduce, mokazanu, kak o0bequHATF MapReduce-3amaun B EMOYKH U jOIN-UTh JIOTH 10
KITIOUYy.

IIpakTnyeckas padora Ne 5 Hbase

[ens paboThI
N3yunts naCTpyMeHT Hbase u ucronp30BaTh €ro B Ka4eCTBE OCHOBHOTO XPAaHUIIHIIA
CBIPBIX JaHHBIX.

3agaun

- U3yunts Moznens nanusix Hbase;

- PaccmoTpeTs nmoaiepKuBaeMble Onepaiy U apXuTeKTypy
- U3yunts xoHuenmuio BigTable.

Xonx Pabotsr
Kro u 3auem npugyman Hbase ?
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Kak u MHorme apyrue mnpoektbl u3 obmactu Big Data, Hbase 3apomunace u3
KOHIENINH, KoTopas Oblia pazpaboTtana B komnanuu Google.

OObryHbBIe (ailsibl JOBOJIHHO HETIOXO MOAXOMAT AJS MaKETHONW 00pabOTKH JaHHBIX, C
WCIIONBb30BaHueM mapaaurmbl MapReduce.

C napyroit cropoHbl, WHGOPMAIIMIO XpaHANIYIOCcs B (aiiiax JOBOJBHO HEYI0OHO
OOHOBIISITH; Dailyibl TaK)Ke JIMIIEHBI BO3MOXKHOCTH MPOU3BOJIBHOIO A0CTyma. s OpicTpoii u
yn00HOH paboThl ¢ MPOU3BOJIBHBIM JOCTYIIOM €CTh Kiacc nosql-cuctem Ttuma key-value
storage, Takux kak Aerospike, Redis, Couchbase, Memcached. OnHako B 0OBIYHO B ITHX
CHUCTeMaX O4YeHb HeyJoOHa makeTHas oOpaboTka naHHbIX. Hbase mpencraBmsier u3 ceds
MOMBITKY OOBEAMHEHUS YIO0O0CTBAa MAKETHOM o00paboTKM U ynoOcTBa OOHOBIEHUS U
MIPOU3BOJIBHOTO JOCTYIIA.

[lakeTHaa 06paboTKa Vs NPOU3BO/bHbIN AOCTY

Key-Value g redis

XPaHHIHIILA
AERQOSPIKE -

oo

5 = ARPACHE

2 8 HBRASE

E =

S B

= o

F

5

E E Daiine
EI 3. ) 1.“;:.
= =] %»«

Vnobereo nakernoit odpaborkn

Mopens JaHHBIX

Hbase — sT0 pacnpezneneHHasi, KOJOHOYHO-OPUEHTUPOBAHHASI, MYJIbTUBEPCHOHHAS
0a3a TUMA «KJIIOY-3HAUCHHUEY.

JlaHHbIE OpraHrW30BaHbl B TaOJMIIbI, NMPOUHJIEKCHPOBAHHBIE MEPBUYHBIM KIIOUOM,
koTopsblii B Hbase Ha3piBaeTcst RowKey.

s kaxxmoro RowKey kimroua MOXET XpaHUTHCS HEOTPaHUUEHHBI Ha0Op aTpulyTOB
(M KOJIOHOK).

KonoHnku opranm3zoBaHHBl B Ipynmbl KOJOHOK, HasbiBaeMmble Column Family. Kax
npaBuwio B ogHy Column Family 00beqUHSIOT KOJIOHKH, A7 KOTOPBIX OJMHAKOBBI HNATTEPH
WCIIOJIb30BAaHUS U XPaHEHMUS.

Jlist Kakaoro arTpubyTa MOKET XpaHUThCS HECKOJIBKO pa3iM4HbIX Bepcuil. PasHble
BEpPCHM UMEIOT pa3HbIi timestamp.

3anucu (uzndecku XpaHarcs B orcopTupoBaHHoM 1o RowKey nopsaxe. Ilpu stom
JaHHBIe cOOoTBeTCTBYIONIME pasHeiM Column Family xpaHsTcs oTaenpHO, 9TO TO3BOJISET MPH
HEOOXOIMMOCTH YUTATh JIaHHBIE TOJIBKO U3 HY’KHOTO CEMEICTBA KOJIOHOK.

[Tpu ypanennn onpenenéHHOro atpudyTa GU3MUECKH OH cpa3y He yHalseTcs, a JHIIb
MapKHUpyeTcsl CrHeuuanbHbIM — QuaxkkoM tombstone. @dusnueckoe yAajgeHHE JaHHBIX
IPOU30MIET TO3KE, TIPH BBITIOHEHUH onepannu Major Compaction.

ATpubyThl, MpUHAUIEkKAIUE OAHON IpylIe KOJIOHOK U COOTBETCTBYIOLIUE OJHOMY
K09y, (U3UYECKH XpaHATCS KaK OTCOPTUPOBAaHHBIA cHHCcOK. JIroOoil arpmOyr Moxer
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OTCYTCTBOBAaTh WM TPUCYTCTBOBATh JJSi KaXIOTrO KIOYa, MPH ITOM €cCld aTpuodyT
OTCYTCTBYET — 3TO HE BBI3bIBAET HAKJIAJIHBIX PACXOJI0B HA XpPaHEHHUE MYyCThIX 3HAYCHUH.

Crucok ¥ Ha3BaHUS TPYNI KOJIOHOK (DUKCHPOBAH U UMEET YeTKyro cxemy. Ha ypoBHe
TPYIIBI KOJOHOK 3aJar0TCs Takue mapameTrpbl kak time to live (TTL) m makcumanmbHOE
KOJIMYECTBO XpaHUMBIX Bepcuid. Eciin paznuma Mexy timestamp aiisi onpesieieHHO BEpCUU U
TekymuM BpemeHeMm Oonbiie TTL — 3anmuck momewaercss kK yaaneHuro. Ecim konmnuecTBo
BEepCHUil Ui OmNpenenéHHOro aTpudyTa MPEeBBICHIO MAKCUMAIbHOE KOJIHYECTBO BEPCHA —
3aMMch TakKe oMevaeTcs K yAaJleHUIO.

ColumnFamily1 ColumnFamily2

Monens nanubsix Hbase M0OXHO 3alTOMHHTB, KaK COOTBETCTBHE KIIFOY 3HAUCHHE:

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

[TonnepxuBaemblie onepanuu

Crnucok mojzepkuBaeMbIx omepauuii B hbase Becbma mpoct. IlommepkuBatorcst 4
OCHOBHBIE ONIEpaLIUu:

— Put: no6aButh HOBYIO 3amuchk B hbase. Timestamp 3Toi 3amucu MOXeT OBITh 3aaH
pykKamu, B IPOTUBHOM clly4ae OH OyJIeT YCTaHOBJIEH aBTOMATUYECKU KaK TEKYyIlee BpeMsl.

— Get: monmyuyuth JaHHbIe 1O omnpeneneHHoMy RowKey. Moxno ykazars Column
Family, u3 xotopoii 6ynem OpaTh JaHHBIC U KOJTUYECTBO BEPCHM, KOTOPHIC XOTUM IPOYHUTATh.

— Scan: yuTaTh 3aMUCH MO ouepenu. MOXHO yKa3aTh 3alHCh, C KOTOPOW HauWHAEM
YUTaTh, 3alUCh 10 KOTOPOW YMUTaTh, KOJUYECTBO 3alHUCEHl, KOTOphIE HEOOXOJUMO CUMTATh,
Column Family u3 xoTopoii OyaeT mpou3BOAMTHCS YTCHHWE U MAKCUMAJIBHOE KOJIHUYECTBO
BEPCUH ISl KOKJIOW 3aIMCH.

— Delete: momeTuTh OnpeAeNeHHY0 BepCHIO K yaaneHuio. Ou3nyeckoro yaaneHus
MPU ATOM HE MPOU3OUIET, OHO OyJeT OTJIOKEHO N0 cienyromero Major Compaction (cwm.
HUXKE).

ApXUTEKTYypa
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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 3amuch. Tak kak gannele Xxpansrcs B HFile d
OTCOPTUPOBaHHOM Tmopsiake — oOHOBIATH, HFile Ha kaxnayro 3amuch JOBOJBHO OPOTO.
BmecTo 3TOrO JaHHbBIe MPH 3alMCH MONAJA0T B CIIEHUANbHYIO 00jacTh namsatd MemStore,
I7Ie HaKaluIMBalOTCs Hekoropoe Bpems. Ilpm HamonHenun MemStore 10 HEKOTOpPOro
KPUTHUYECKOTO 3HAUCHUS JaHHbIe 3anucbiBatoTcs B HoBbIN HFile.

.

. BlockCache — ka1 Ha uytenue. [103BoJseT CyIIECTBEHHO SKOHOMUTH BpEMs
Ha JIaHHBIX KOTOPbIE YUTAIOTCS YaCTO.

.

. Write Ahead Log(WAL). Tak kak gaHHbIE IIpU 3alKCH MONAAAI0T B memstore,
CYLIECTBYeT HEKOTOpBIH PHUCK MOTEPH IaHHBIX M3-3a cOos. i Toro 4troObl 3TOro He
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IPOM30LIIO BCE ONEpaluy Nepes; COOCTBEHHO OCYILECTBIEHHE MaHUMYJSIIMNA MOMAAaT B
CHEeHANBHBIN J0T-(haiiir. TO MO3BOJISIET BOCCTAHOBUTH JTAHHBIE ITOCIIE JIF0O0TO COOSI.

2. Master Server — TrnaBHBI cepBep B kiactepe hbase. Master ympasiser
pacnpeneneHueM peroHoB Mo Region Server’am, BeneT peecTp PEruoHOB, YIPaBIIsSIET
3aIyCKaMM PETYJIIPHBIX 3a/1a4 U JIeaeT APYTYIo MOJIe3HYI0 padoTy.

Jnst  xoopauHanMu  aedcTBUM  Mexay cepBucamu  Hbase wucmonszyer Apache
ZooKeeper, cienuanbHbIi cepBHC, NTpeIHa3HAUYEHHBIN 175 YIPaBIeHUS KOHQUTYPALUIMH U
CUHXPOHHU3AIMEN CEPBUCOB.

[Ipu yBenmMueHUH KOJIMYECTBA JAHHBIX B PETHOHE M JOCTHXKEHUHM UM OIPEeIEHHOTO
pasmepa Hbase 3amyckaet split, onepamuto, pazouBamoIyt0 perion Ha 2. JIJis TOro 4ToObI
n30eKaTh MOCTOSHHBIX JIICHUI PETHOHOB — MOXKHO 3apaHee 3aJaTh IPAaHUIbl PETHOHOB U
YBEIMYNATH NX MAKCHMAJBHBIA pa3mep.

Tak kxak AaHHBIE MO OJHOMY PErHMOHY MOTYT XpaHHTbcs B Heckoibkux HFile, mms
yckopenusi pabotsl Hbase mepuonnyecku ux ciauBaeT BoeauHo. Jta omepauuss B Hbase
Ha3bIBaeTcs compaction. Compaction’sl ObIBAIOT IBYX BHJIOB:

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

.

. Major Compaction. 3amyckaercss pykKaMd WJIM IO  HACTYIUICHHUIO
cpalbaThIBAHUIO OIPENEICHHbIX TPUITEpOB(HAaIpuMep 1o Taiimepy). lmeer BbICOKUit
HNPUOPUTET U MOXKET CYIIECTBEHHO 3aMeUINTh paboTy Kiactepa. Major Compaction’sl Jryuriie
JieNiaTh BO BpeMsl KOrja Harpys3ka Ha kimactep HebOosbinas. Bo Bpemss Major Compaction
TaKXke MPOUCXOIUT (pu3nuecKoe yajieHue JaHHbIX, paHe TIOMEYEHHbIX METKOM tombstone.

Crnioco6s1 padoTsl ¢ Hbase

Hbase Shell

Camblil npocTtoit ciocod Hayath padboty ¢ Hbase — Bocnonb3oBaThes yTuinuToi hbase
shell. Ona goctynHa cpa3y nocie ycraHoBkH hbase Ha 11000i1 Hozte kinactepa hbase.

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

| [root@ed4b35558546@ 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, r4de7d45cb593f98ae5d020080cbc7116d3e9d9a@, 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:@> I

Hbase shell mpencrasiser u3z ceds jruby-KOHCONb ¢ BCTPOSHHOW TMOJICPKKON BCEx
OCHOBHBIX orepanuii mo pabote ¢ Hbase. Hmke mpuBenén npumMep co3maHns TaOIUIIBI USETS €
nByMs column family, BeIoHEHMST HEKOTOPBIX MAHUITYJISALUHN C HEl U yiaieHue Tabauibl B
KoHIle 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 JJis s3bike java. Native APl moBonpHO Hemmoxo
3aJJOKYMEHTHPOBaH Ha o(puIHaIbHOM caiite. Bot mpumep ucnonszoBanus 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

Kaxnp1ii Tun GaxkToB 0 mojbp3oBaTene XpaHUTCS B OTAENbHOU KoioHke. Hampumep B
konoHke Data: v xpanmarcas URL, mnocemeHHsle moab30BaTelleM, a B KOJOHKE
LongData:gender — noun nosnb3oBarens.
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B kauectBe timestamp XpaHuTCS Bpems perucrpauuu 3toro (axra. Hampumep B
KoJioHke Data: v — B KadecTBe timestamp HCTONB3yeTCS BpeMs 3axXoja IMOJIb30BaTEIeM Ha
onpexaeneHubii URL.

Takast cTpykTypa XpaHEHHS I0JIb30BATEIbCKUX JAHHBIX OYEHb XOPOILIO JOXKHUTCS Ha
Halll AaTTepPH MCIOJIb30BaHMUSA U IMO3BOJSET OBICTPO OOHOBIATH JAaHHBIE O IOJIb30BATENAX,
OBICTPO JIOCTaBaTh BCIO HEOOXOAUMYIO HWH(GOPMAIUIO O TOJH30BATENAX, U, HCIOJIb3Ys
MapReduce, 6picTpo 06pabaThIBaTh JaHHBIE O BCEX MOJIB30BATENSIX Cpa3y.

AnpTepHaTUBBI

Hbase n1oBosIbHO C10HA B aAMUHUCTPUPOBAHUU U HCIIOJIb30BAaHUH, TOITOMY MPEXKIE,
YeM HCIoNIb30BaTh hbase ecTb CMbICT 00paTUTh BHUMAHUE HA albTEpHATUBBL:

. Pensiunonnsie 6a3pl gaHHbIX. O4yeHb HEIUIOXas albTepHATHBA, OCOOEHHO B
cilydae, KOr/ia JaHHbIE BJI€3al0T Ha OJIHY MalluHy. Takke B MEPBYIO OYEPEeb O PENIALIMOHHBIX
0a3ax JaHHBIX CTOUT MOAYMAaTh B Cly4yae, KOTJa BaXXHbI TPAH3aKIMH MHIEKCHI OTIUYHBIE OT
MIEPBUYHOTO.

. Key-Value xpanmnmumia. Takue xpanunuma kak Redis u Aerospike myuiue
HOJXOJAT KOrja HeoOXoAuMa MHMHMMHK3alMs latency u MeHee BakHa MakeTHasi oOpaboTka
JTAHHBIX.

. @aitnel 1 ux obpaborka mpu nomomu MapReduce. Ecinu naHHble TOJIBKO
N00aBIISIOTCS, U PEeKO OOHOBIISAIOTCS/U3MEHSIOTCS, TO JIydlle He ucrnoib3oBaTh Hbase, a
IPOCTO XpaHUTh JaHHble B (¢ainax. Jng ynpomeHuss paOoTel ¢ ¢ailaMu MOXHO
BOCIIOJIb30BaThCs TAKUMU UHCTpyMeHTamu kak Hive, Pig u Impala.

Ucnonws3zoBanne Hbase onpaBnano xorma:

— JlaHHBIX MHOTO ¥ OHU HE BJIE3AIOT HA OJIMH KOMIIBIOTED

— JlaHHbIe 4acTO OOHOBISAIOTCA U YIAJISIFOTCS

— B J1aHHBIX IPUCYTCTBYET SBHBIM «KIHOU» MO K KOTOPOMY YAOOHO NPUBS3HIBATH BCE
OCTaJbHOE

— Hy»Ha naketHast 00paOoTKa JaHHbBIX

— Hy>keH npou3BoabHBINA JOCTYM K JAHHBIM IO ONPEIETICHHBIM KII0YaM

3akiroueHmue

B nannoit pabore paccmotpenu Hbase — MomrHoe cpencTBO ANl XpaHEHUs U
OOHOBJICHHSI JTaHHBIX B J3KocucrteMe hadoop, moka3amm wmojenb gaHHbIXx Hbase, e€
ApPXUTEKTYPy U OCOOEHHOCTH pabOTHI C HEH.

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

OT4er mo npojieTaHHoN paboTe AOKEH ObITh U3JIOKEH C COOJIIOIEHUEM YCTAHOBJICHHBIX
TpeboBanmii. [Ipu 3TOM OTpaskaemble pe3ynbTaThl TOMKHBI ObITh HH(OPMATUBHBIMHU, TE€3UCHOTO
nopsaka. B otyer BXogiT criemytomiye 00s3aTeIbHbIC pa3Iebl:

1. TuTynpHBIA JMCT C TOJNHBIM yKa3aHWeM Ha3BaHus BY3a, mHcTtuTyTa, (hakynbrera,

kadeaprl. YKa3bIBaeTCs MOJTHOE Ha3BaHUE TUCIIMIUTMHBI U JTabopaTtopHO# padboTsl, @.1.0.

oOyyaroierocsi, IOArOTOBHUBILET0 OTYET O pe3ylbTarax mpojenanHoi padortsr, ©.H1.0.,

JOJDKHOCTB TIPETIONIABATENs, OCYIIECTBISIONIETO TPOBEPKY M OLIEHMBAHHME MOTYYEHHBIX

pe3yIbTaTOB.

2. CopeprkaHue 3aJjaHUs Ha IPAKTUUECKOE 3aHSTHE.

3. Lenp 1 3a7a4M MPAKTUIECKOTO 3aHSATHSL.

4. Meroasl W TpOrpaMMHBIE CPEACTBA, TMPHUMEHSEMBIC U PEIICHHUS ITOCTaBICHHBIX

3aa4.

5. BoiBoabI 1o pabore.

6. Ilpunoxxenus.
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Odopmienre oTdeTa BBIOIHSAETCS C UCIOIBb30BaHMEM TEKCTOBOro pemakropa WORD.
Otuer coxpaHsieTcsl U MpeJCTaBIsieTCs Ui MPOBEpKH B BUJE oTaensHoro pdf daitna. B umenn
(aiina ykaspiBaeTcs paMuIus CTyA€HTa U HOMEP MTPAKTHUECKOTO 3aHSTHSL.

9.3 MeToauyeckue peKOMeHIalMHU 1O MOATr0oTOBKe 0TUeToB o UT3

NunuBunyansueie TBOpueckue 3ananus (MT3) BeimonHstores B S5 cemecTtpe U
SBIISIIOTCS. MHTEPAKTHBHON (opmoii oOyuenus. OOycnaBiuBaioT (HOpMUPOBAHHE YpPOBHS
KOMITETCHIINM «BIJIAJIEThY.

Obyuarommecs BoinonHAlT WT3  camocrosiTensHO W MHIMBUIYaJbHO, JHOO
KOJUIEKTUBHO, pa3OuBasch Ha rpynmsl o 3...4 yenoBek. [lo 3amaHusiM, coryiacoBaHHBIM C
IpernoAaBaTesieM UM BBIHOCMMBIM Ha  CaMOCTOSATENBHOE  H3YYCHHME,  BBIIOJIHACTCS
uccieoBaTenabckas paboTa ¢ IOCTAaHOBKOHM 3anad, (OpMYJIMPOBKOW LENH, BBIACICHUEM
0o0bEKTa W TpeAMeTa HcCileNoBaHUsA. B mepBoM pasnene mpuBOAMTCS 0030p M aHAIU3
npeabAyIIuX paboT B AaHHOW 00JacTH, BO-BTOPOM — (OPMYJIMPOBKAa HWHHOBALMOHHOTO
HOJX0/1a K PacKpbITHIO T€Mbl, CAMOCTOSATENIbHAs TPAKTOBKa MojoxeHuil. Paboty 3aBepiiaer
3aKJIFOUYEHHUE.

ITo BeImosHEHHOM paboTe 00yyaromuiics WM TBOpYECKas MOArpyNIa JenaeT JOKa
C Ipe3eHTaluell B NMPUCYTCTBUU IPENOAaBaTeNsl U COKYPCHUKOB, OTBEUAET Ha BOIPOCHI U
3aMevaHus. [maBHas 1enb — OOOCHOBAaTh IYCTh CaMyl0 MPOCTYIO, HO CaMOCTOSITEIBHYIO
u7ero, o0JaaaroNlyo TBopueckoi HoBu3HOU. O0béM UT3 15...25 cTpanull MalImHOMKCHOTO
tekcTta. [Ipe3enTanus - 1o 15 cnaiinos.
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[punoxenue 1

AHHOTAIIMA PABOYEN NPOT'PAMMBI JTUCHUILIUHBI

Llenv  Oucyunaumvl: U3y4eHHE METOAOB OOPaOOTKHM CTPYKTYPUPOBAHHBIX H
HECTPYKTYPUPOBAHHBIX MHOTOOOpa3HbIX JaHHBIX OIPOMHBIX OOBEMOB MJsi MOIYYEHHS
BOCIIPUHUMAEMBIX YEJIOBEKOM PE3YJILTATOB.

3aoauu:

U3y4EHHE OCHOBHBIX IPUHIMUIIOB M METOAOB XPAaHEHUS U YNPaBICHUS
naHHbIMU opMmata Big Data;
3HAaKOMCTBO C METOJJaMM OpTraHU3alluM U aHaliu3a JaHHbIX (hopmaTa Big Data.

B pesynbTare 0CBOSHHS AUCIMIUIMHBI 00YYAIOIINUCS JOJKCH:

3HATh OCHOBBI CHCTEM HCKYCCTBEHHOI'O MHTEJUIEKTA; OCHOBBI TECTUPOBAHUSA CHCTEM
MCKYCCTBEHHOI'O MHTEJIEKTa; OCHOBBI IIPOTPAMMHBIX KOMIIOHEHTOB M3BJIEUEHUS, XpPaHEHUS,
HOJArOTOBKM OOJIBIIMX JAHHBIX C YYE€TOM BAPUAHTOB HCIOJIb30BAHUS OOJBIIMX JAHHBIX,
OTIpeieNIeHuHl, CIoBapel M ITAJIOHHOM apXUTEKTYphbl OOJBIINX AAHHBIX; OCHOBBI pa3pabOTKU
MPOrPaMMHBIX KOMITOHEHTOB 0O0paOOTKM, YJAJCHHOW, pachpeneeHHONW W OO0BeIMHEHHOMN
AQHAJIUTUKH, HUCIIOJIB30BAHMS PE3YJIbTaTOB AaHAIW3a, ONMCAHMS M YNPABICHUS KAuyeCTBOM M
JOCTOBEPHOCTbIO ~ OOJBIIMX  JAHHBIX;  OCHOBHbIE  IPHUHUMUIBI  pEIIeHUs  3aj1ad
npoeCCUOHATBLHON AEATENBHOCTH B IPOSKTHOM (opmare AJisl JOCTHKEHHS 3aJaHHOM eI 1
CO3aHHs YHUKAJIbHOIO INPOILYKTa, YCIYI'M WM PE3yJbTaTa C 3aJaHHBIM Kadye€CTBOM; CBOKO
POJIb M OTBETCTBEHHOCTh B KOMAH/E IIPH pealu3aliu IIPOEKTa.

YMertb pazpabaTeiBaTh CUCTEMBI HCKYCCTBEHHOIO MHTEIUIEKTA; TECTUPOBATh CUCTEMBI
HCKYCCTBEHHOI'O HHTEIUIEKTa; pa3palaTbiBaTh MPOTrpaMMHBIE KOMIIOHEHTHI W3BIICUEHUS,
XpaHEHusl, MOATOTOBKM OOJBIIMX JaHHBIX C Y4€TOM BapUAHTOB HCHOJIb30BaHUS OOJBIIMX
JAHHBIX, OIpENeJICHUI, CcIoBapel M OSTAJOHHON AapXUTEKTyphl OOJBIIMX JIAHHBIX;
pa3pabarbiBaTh MpPOTpaMMHBIE KOMIIOHEHTHI OOpaOOTKH, YIalIeHHOM, pachlpeielieHHOW Hu
00BbETMHEHHOW aHAIMTUKH, MCIIOJIb30BAaHUs PE3yJIbTaTOB aHAJIW3a, ONMCAHUS U YIpPaBJICHUS
KauecTBOM U JOCTOBEPHOCTHIO OOJIBIIMX JAHHBIX; pellaTh 3aJauyd MNpoQecCHOHATbHON
JeSITeIbHOCTH B TPOEKTHOM (opMare A AOCTHKEHHSA 3aJaHHOM IIed M CO3JaHMA
YHHUKAJIbHOTO TMPOJYKTa, YCIYTM WIM pe3yjibTaTa C 3aJaHHBIM KaueCTBOM; OIPEAEIATh
OTpaHUUYEHUS PECYPCOB B IIPOEKTHOM JEATEIBHOCTH.

Banapers HaBbIKaMH pa3pabOTKHU CHCTEM MCKYCCTBEHHOTO MHTEIJIEKTA; TECTUPOBAHUS
CHCTEM HCKYCCTBEHHOTO MHTEJUIEKTa; Pa3paOOTKU MPOrpaMMHBIX KOMIIOHEHTOB U3BJICUCHMS,
XpaHEHusl, MOATOTOBKH OOJBIIMX JaHHBIX C Y4€TOM BapUAHTOB HCHOJIb30BaHUS OOJBIIMX
JIAHHBIX, OTIPe/IeIeHUH, clIoBapeil M ATaJOHHON apXUTEKTYpbl OOJIBIINX JTAaHHBIX; pa3pabOTKH
MPOrpaMMHBIX KOMIIOHEHTOB 0OpaOOTKH, yAajJeHHOW, pacHpelesIeHHONM U 00beIUHEHHON
AQHAJINTUKH, MCIIOJIB30BAHMS PE3YJIbTAaTOB AaHAIM3a, ONMCAHMS M YNPABICHUS KAuyeCTBOM M
JIOCTOBEPHOCTBIO OOJIBIIUX JAHHBIX; PELICHUs 3a1ad Mpo(ecCHOHATbHOM AEsITeNbHOCTH B
OPOEKTHOM (opmare Al AOCTHKEHHS 3aJJaHHOM IeT M CO3JaHUsl YHUKAJIbHOTIO MPOJIYKTa,
YCIIyTH WM PE3yJIbTaTa C 3a/1aHHbIM Kaue€CTBOM.
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