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IIporpama HaBYAJIbHOI IV CHUILTIHA

1. Onmuc HAaBYAJBLHOI AUCHMILTIHYU, il MeTa, MpeIMeT BUBYAHHS TA Pe3yJIbTATH HABYAHHS

Mertoro qucuumiainu «O0po0JieHHS HaABeJIMKHX MACHBIB JaHUX B eHepreTuui» € HaOyTTs 3HaHb

Ta IPAKTUYHUX HABUYOK BUKOPUCTAHHS METO/IIB Ta aJITOPUTMIB OOPOOKH BEJIMKUX JaHUX JJI BUPIIICHHS
KOMILIEKCHUX 33/1a4 aHali3y Ha/IBEJIMKUX MAacHBIB JaHHX.

IIpenmerom aucnumiainu «O0po0JieHHS] HAIBEJIMKMX MAacHBIB JaHUX B eHepreTHui» € cepis
HiAXO0/IiB, IHCTPYMEHTIB 1 METOIB 0OPOOKH CTPYKTYPOBaHMX 1 HECTPYKTYPOBAHUX PI3HOMAHITHUX JAaHUX
BEJIMKHUX PO3MIPIB JUIsl OTPUMaHHS pe3yIbTATIB, SIKi JIETKO CIPUHMAIOTHCS JTFOAMHOO.

OcHOBHi 3aB1aHHSI KPEIUTHOT0 MOIY.JIS.

3riiHO 3 BUMOTaMH IMPOTpaMH HaBYAIBHOI JUCHUIUTIHA CTYACHTH ICIS 3aCBOEHHS KPETUTHOTO
MOJTyJIsl MalOTh IIPOJIEMOHCTPYBATH TaKi pe3yJbTaTH HaBYAHHS:

3arajabHi KOMIeTeHuii:

- 3IaTHICTh TPOBOJIMTHU JOCIIPKEHHS Ha BiAmoBigHomy piBHi (3K 3);

- 3IaTHICTh TeHepyBaTu HOBI i11ei (kpeatuBHicTh) (3K 5).

daxoBi KOMIIETEHTHOCTI:

- 3JaTHICTh TIPOEKTYBATH Ta PO3POOJIATH TPOTPaMHY CHUCTEMY 3 BHKOPHCTAHHSIM METO/IB
iHTeJIeKTyanbHOro anamizy nanux (OK-11);

- 3/IATHICTh TIPOEKTYBATH Ta PO3POOJISITH MporpamMue 3abe3neueHHs st podotu B xmapi (OK-14).

- 3[aTHICTh POEKTYBATH Ta MPOTPAMHO PeaTi30BYBaTH METOJ KOMIT I0TEpHOI 0OPOOKH HABEINKUX
3a 00cAroM JaHuX B iHGOpMalifHUX CepelOBUINAX PI3HOMAHITHOTO MPU3HAYEHHS, CUCTEM YIPaBIIiHHS
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Oi3Hec-TipoliecaMu, MepeX IHTepHeTy pedeld, CepBiC-OpIEHTOBAHUX CEPEJOBUII Ta CHCTEM
BUCOKOIPOAYKTHUBHHUX KJIACTEPHUX OOUMCIICHB;

- 3/IaTHICTh BHPINIYBaTH MAacCIITa0HI OOYMCIIOBAJBHI 3a7ay y PO3MOAUICHHX IHTENEKTyalbHUX
CepeIoBUINAX Ta KOHTPOJIIOBATH XiJ OOYHMCIEHb 3a JOIMOMOIOI0 CIEIiali30BaHOrO MPOTPAMHOTO
3a0e3IeUeHH;

- 3IATHICTh OOMpPATH aJIeKBaTHUX METOJM MAIMHHOTO HaBYAHHS, BKIIOYAKOUM METOJIU TIHUOOKOTO
HaBYaHHS, Ta BUKOPUCTOBYBATHU iX JUIsl HAJAINTYBAaHHS HEWPOHHHX MEPEX JUIs BUPIMICHHS KOHKPETHUX
3aJ1ay MPOTHO3YBaHHs, KEpyBaHHs, KJIacu(iKaIlii Ta IHTEIEKTYaIbHOTO aHATI3Y JaHUX.

3rimno 3 Bumoramu OIIIT/OHII ImkeHepiss mporpaMHOTO 3a0€3MEUYeHHs 1HTEICKTyaaIbHUX Kidep-
(GI3MYHUX CHCTEM B CGHEPreTHIll, CTYACHTH TIClIi 3aCBOEHHS HAaBYAIBHOI JUCHUIUIIHM MalOTh
IPOIEMOHCTPYBATH TaKi pe3yJbTaTH HaBYaHHSI.

[TporpamHi pe3ynbTaTH HABYAHHS:

- 30MpaTH, aHaJi3yBaTH, OLIHIOBATH HEOOXIIHY AJS PO3B’S3aHHS HAYKOBHUX 1 MPUKIATHUX 3a/1a4
iH(opMaIlio, BAKOPUCTOBYIOUM HaYKOBO-TEXHIYHY JIITEpaTypy, 6a3u nanux Ta iHmi mxepena (ITPH 17);

- BMITH TpOCKTYBaTH Ta pO3POOJISITH TMPOrpaMHI CHCTEMH 3 BHKOPHUCTAHHSM METOJIB
iHTeNnekTyanbHoro ananizy ganux (IIPH 19);

- BMITH [IPOEKTYBATHU Ta po3poOIIATH IporpamHue 3abe3nedenHs 1ia podotu B xmapi (ITPH 22).

- BUKOPHCTOBYBAaTH CYYacHI TEXHOJIOTIH OOpOOKM HaJBEIMKHX MAaCHBIB JaHHUX 3a JOIMOMOTOIO
1H(ppACTPYKTYpH IpOrpaMHUX pimens Spark;

- BUKOPHCTOBYBATH METOM MAIIIMHHOTO HABYAHHS JIJIsl BUPIIICHHS MPAKTHYHUX 3a7a4.

2. IIpepexkBi3uTH Ta MOCTPEKBI3UTH JUCHUILTIHU (MicIle B CTPYKTYPHO-JIOTiUHil cxemi
HABYAHHS 32 BiINOBiIHOI0 OCBITHLOK MPOrPaMoIo)

Jlucuruiina MICTUTb 1T’ ATh KPE/IHTIB.

BuBuUeHHS MUCHMIUIIHM CHOUPAETHCS HA 3HAHHS, OTPUMaHI 3a TPOTPaMOI0 TONEPEIHIX POKIB
HaBYaHHS 3a croerianbHicTio F2 [mxeHepis mporpamHoro 3abesmeueHHs. CTyIeHTH MaioTh JOCBII Y
IMIepaTUBHOMY, 00’ €KTHO-OPIEHTOBAHOMY 1 ()YHKIIIOHAJILHOMY ITPOrpaMyBaHH.

Buknanenuii Marepian Moxe OyTH 1HCTPYMEHTAIBHOK OCHOBOKO JUISI MIATOTOBKU MAariCTEPChKHX
JUCepTallii.

MixaucuuruTiHapHi 3B’SI3KM  3a0€3MevyloThes AUCHUIUTIHAME: «AHANITHKa OOpOOKM JaHuX B
CCHCOpHUX Mepexkax», «BigData B enepretuii» «MareMaTudHi METOAM MOJCTIOBAHHS CHCTEM 3
po3noniIeHUMH TapameTpaMmu», «Po3poOka 3acTocyHkiB [HTepHeTy pedell Ta CEHCOPHUX MEpEX B
E€HEPTETHUIII».

3MicT HABYAJBLHOI JMCIUILIIHHA

Poznin 1. Konumenuis Beaukux panux. OCHOBHI KoHuenuii mporpaMHoi miargopmMu
po3noaijieHux gaHux Spark

Tema 1. IToHIATTA BEIUKHUX NAHUX.

OCHOBHI acCleKTH Ta CKJIa/I0Bl €IEMEHTH TPaKTyBaHHs MOHSATTA Benuki naHi. Cdepu 3acTocyBaHHS
HA/IBEJIMKMX MACHBIB JaHUX. XapaKTEepUCTUKH BeNUKUX nAaHuX. I[Ipobimema MmacmraOyBanHs. ba3osi
KOMITOHEHTH aHaJi3y JaHUX.

Tema 2. ba3zoBi nmporpaMHi 3aco01 poOOTH 3 HABEIIMKUMHU MacUBaMH JIaHUX.

[TousaTTss posmonineHoi ¢aitoBoi cuctemu. IIporpamui Mopeni Benukux ganux. Hadoop
exocucrema. Konnenuist MapReduce. 11a6nonu npoektyBanns 3 miaxonom MapReduce.

Tewma 3. [Iporpamua matdopma po3noaiIeHuXx qaHux Spark.

OcHoBHI KoHIenuii Ta apxitektypa Spark. [IporpamyBanns 3 RDD. Bukopuctanus RDD 3 mapamu
KJIIOY / 3Ha4YeHHsI. 3aBaHTaKEHHs 1 30epekenns nanux. Spark SQL, DataFrames, Datasets.

Po3ain 2. MamuHHe HABYAHHSA 3 BUKOpUCTaHHAM 0iosiorexn Spark MLIib

Tema 1. OcHOBH MalIMHHOTO HABYAHHS.



MainnHHe HaBYaHHS, HOro ICTOpUYHMIA pO3BUTOK 1 cyyacHui ctaH. [Ipobnema HaBuanus. [lpuknann
NPUKIIAJHUX 33/1a4, SKi BUKOPUCTOBYIOTh METOIM MAIIMHHOTO HaBYaHHs. OTJIs11 MOXKIIMBOCTEH 010,110TeKH
Spark Mllib.

Tema 2. Hapuanns 3 yaurenem (Supervised Learning).

Knacudikamis. Perpecis. [locranoBka 3amaui knacudikarii. [ToctanoBka 3amgaui perpecii. Jlepesa
pimeHb. AHcamOJieBl anropuT™Mu HaB4YaHHsS. HelponHi Mepexi. MeTo onmopHuX BEeKTOpiB. baeciBchbkuid
kiacudikarop.

Tewma 3. Hapuanns 6e3 Buutens (Unsupervised Learning).

AJNTOPUTMH 3HIKEHHS pO3MIpHOCTI. MeTOI OCHOBHMX KOMITOHEHT. MeTO 1 He3aJIe)KHIUX KOMITOHEHT.
ANTOpUTMH KIIacTepH3allii.

Tema 4. PekoMeHparliiitHi cucTeMu.

Bumn #i oGmacti 3acTocyBaHHS PEKOMEHAAIIMHUX CHUCTEM. THINHM PEKOMEHJAIIMHUX CHUCTEM.
Anroputm SVD (cuHrynsipHe mpeiactaBieHHS Marpuli). ba3oBi amroputmu. BumiproBaHHS SKOCTI
PEKOMEH/IAITIH.

Tema 5. IlepcniekTUBHI HampsSAMKH PO3BUTKY MPOTPaMHUX 3aC00iB 0OpOOKH HAJBENMKUX JaHHX 1
MAaIIUHHOTO HaBYaHHS.

MoxauBocTi MMUOMHHOTO HaBuaHHS 3 jnomomororo Spark. Iarerpamist 3 Tensorflow. IIprpamui
pilIeHHsT Ta cepBicoM Uit OOpOOKHM HAJIBEIMKUX JaHUX B Taly3i MamMHHOro HaB4yaHHA Bin Google,
Amazon, Facebook Ta iHImHX J1iIepiB pUHKY.

3. HaBuaabHi MaTepianm Ta pecypcu

ba3oBa siTeparypa
Miner, Donald, and Adam Shook. Mapreduce Design Patterns. Beijing: O’Reilly, 2022,
Lam, Chuck. Hadoop in Action. Greenwich, Conn: Manning Publications, 2021.
3. Matei Zaharia, Holden Karau, Andy Konwinski, Patrick Wendell Learning Spark Lightning-Fast
Big Data Analysis: O'Reilly Media, 2017, 276 p.
4. Holden Karau, Rachel Warren High Performance Spark: Best Practices for Scaling and Optimizing
Apache Spark : O'Reilly Media, 2017, 358 p.
5. Sandy Ryza, Uri Laserson, Josh Wills, Sean Owen Advanced Analytics with Spark, 2nd Edition
Patterns for Learning from Data at Scale, O'Reilly Media, 2017, 280p.
6. Stephen Marsland Machine Learning: An Algorithmic Perspective, Chapman & Hall/CRC, 2019m
390 p
JonaTkoBa Jjiteparypa
7. Holmes, Alex. Hadoop in Practice. Shelter Island, NY: Manning, 2022.
8. Alpaydin, Ethem. Introduction to Machine Learning., 2024.
9. Mobhri, Mehryar, Afshin Rostamizadeh, and Ameet Talwalkar. Foundations of Machine Learning.
Cambridge, MA: MIT Press, 2022.
10. Shalev-Shwartz, Shai, and Shai Ben-David. Understanding Machine Learning: From Theory to
Algorithms., 2024.
11. Tom White Hadoop: The Definitive Guide, 4th Edition O’Reilly Media. 2017 —756p.
12. Witten, | H, and Eibe Frank. Data Mining: Practical Machine Learning Tools and Techniques.
Amsterdam: Morgan Kaufman, 2018.
13. Cherkassky, Vladimir S, and Filip Mulier. Learning from Data: Concepts, Theory, and Methods.
Hoboken, N.J: IEEE Press, 2017.
14. Marsland, Stephen. Machine Learning: An Algorithmic Perspective. Boca Raton: CRC Press, 2019.
Print.
15. Harrington, Peter. Machine Learning in Action. Shelter Island, NY: Manning Publications, 2019.
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HaBuyajJbLHMii KOHTEHT

4. Metoauka OnaHyBAHHSI HABYAJIbHOI IUCHUILTIHU (OCBITHHOI0 KOMIIOHEHTA)

Jlekuiiini 3aHgaTTH

3/

Ha3Ba Temu sekuii Ta nepenik OCHOBHUX MUTaHb

[TonsrTsa Benukux nanux. [Iporpamuwnii 3aci6 Hadoop

OCHOBHI aCIEKTH Ta CKJIAIOBI €JIEMEHTH TpaKTyBaHHS MOHATTS Benuki mani. Chepu
3aCTOCYBAaHHS HAJBEIIMKUX MACHBIB JaHUX. XapaKTEPUCTHKHU BEIUKHUX NaHuX. [Ipodiema
MacmtaOyBaHHs. ba3oBi koMmmoHeHTH aHami3y naHuX. [ToHATTS posmosaiieHoi daitmoBoi
cucremu. I[Iporpamui wmomeni Benukux pganux. Hadoop exocucrema. Konmermiis
MapReduce.

[la6nonu npoekryBanas MapReduce

[labnonu migcymoByBaHHs (summarization). [la6nonu dinsrpamii (filtering). [1labnonu
opranizamii  nanux. Illabmonu oO’emHanp  (join). Merama6nonu. [llabGiaonu
BBO/1y/BUBE/ICHHSI.

OcnoBu Spark

[lepenymoBu ctBOpenHs. OcHOBHI KoHIenmii Ta apxitektypa Spark. Ilpu3nauenHst ta
Bukopuctanaa SparkContext. IIporpamysanus 3 RDD. Bukopucranas RDD 3 mapamu
KITI0Y / 3HA4eHHS. 3aBaHTaXCHHs Ta 30epexenHs aanux. Partitioning ta Shuffling.

Spark SQL. DataFrames. DataSet.

CrtpykrypoBaHi Ta HecTpyKTypoBaHi Aani. Ormsa Spark SQL. bibmioreku Spark SQL.
3anut 13 BukopucranusaMm Spark SQL. JlogaBanus cxemu 10 RDDs. RDDs sk Relations.
Buxopuctanns Spark SQL nns ananizy ganux.

OcHoBu MammHHOTro HaByaHHs. Spark Mllib

MamvHHe HaByaHHS, MOro ICTOPUYHMHA PO3BUTOK 1 cywyacHui crad. Iligxomam 1o
BHU3HAUEHHS MOHATTS MAIIMHHOTO HaBYaHHs. THUIM MallIMHHOTO HaB4yaHHsA. OCHOBHI KJIacH
3ama4. Orns anropuTMIB MalIMHHOTO HaBuyaHHS. [Ipuknaau npukinagHux 3ajad, sKi
BUKOPHUCTOBYIOTh METOAM MAIIMHHOIO HaBYaHHA. Etamu po3poOku Mojeni MaldHHOTO
HaByaHHs. Oy 616mioreku Spark MIlib.

O06pobka TekcToBOi iHpopMalii Ta MPOEKTyBaHHS O3HAK 3acobamu Spark

OcHoBu nornepeHboi 06pooku nanux. Hopmanizamis. MacmrabyBanss. CTangapTu3ariis
yrCa0BUX JaHux. TokeHizamis TekctoBux ganux. TF-IDF. Word2Vec/ Spark MLIib Tunu
nanux. Transformer/ Estimator/ Pipeline API 610miorexu Mllib.

Hapuanns 3 yunrenem

ITocraHoBka 3a1a4i HaB4aHHA 3 yuuteneM. OCHOBHI Ki1acH 3ajiad. 3agava perpecii JIiniiiHa
perpecis. ['pamienTHuil cmyck. MeTtoi HOpMalbHUX pIBHSHB. 3agada Kiacugikarii.
Jlorictu4Ha perpecis.

JlepeBa pilieHb

binapHni nepesa pimens. HaBuanus aepes pimnens. BXiiHi napaMeTpu npo CTBOPEHH1 1EpeB
pilieHb Ta paHAOMHUX JiciB. EexT Bia HamamTyBaHHS celu(piYHUX MapaMeTpiB JepeB
pimenb. Bagging (Bootstrap Aggregation). Random Forests Ta Gradient-Boosted Trees.

Knacudixarop baeca. Meron onopHux BEKTOpIB.

Generative Probabilistic moneni. IlpuHIMI MakcUMyMy amnocTepiOpHOi BipOT'iTHOCTI.
O1iHIOBaHHA IJIOTHOCTI PO3MOJUTY: TPHM OCHOBHUX miaxoau. HaiBHuii GaiiecoBChKHit
knacudikarop. Metox onopHuX BekTopiB. OmNTHManbHa pO3JUTIOBAbHA TiMEpPILIONIA.




[TonaTTs 3a30pa Mixk Kiacamu (margin). Bunaaku niHiiHOT po3aiIbHOCTI Ta 11 BIZICYTHOCTI.
[TonsarTs onopHux BekTopiB. @ynkuia sapa (kernel functions).

10 | Heiiponsni mepexi. OCHOBHI OHSATTS

bionoriunmii HeitpoH, Moaenp Makkamtok-IIurrca sk nminiHUN kinacudikarop. OyHKIi
aktuBauii. [Ipo6iemMa noBHOTU. 3aBIaHHS BUKIIOYHOrO a0o. TUmM HEHPOHHUX MEPEX.
Kiacu 3amau. Cdepu 3acTocyBaHHS.

11 HapuaHHs HEMPOHHUX MEPEX

ANTOpUTM 3BOPOTHBOTO POLIMPEHHS MOXHOKU. [IpoGiieMu HaBYaHHA HEMPOHHUX MEPEX.
Tunu ontumizaropis. IIBuAKI METOAM CTOXaCTUYHOTO TpajieHTa. MeToa BUMAIKOBUX
BiJIKIItoueHb HelpoHiB (Dropout). [aTepnperamnii Dropout.

12 Hapuanns 6e3 yuutens. 3HWKEHHS PO3MIPHOCTI
[TocranoBka 3a1aui HaBYaHHS 0e3 yuuTels. 3ajada 3HUKEHHS po3MipHOCTI. CUHTYISIpHUIMA
po3kian MaTpuili. Metos rojgoBHuX KomnoHeHT. T-SNE anropurm.

13 MeTtoau kinacrepu3saitii

3amaua kmactepusainii. Tumm MeTomi Kiacrepusaiii. AJTOPUTM K-CepeiHiX. 3MIiIIeHi
Mmozeni. Mkenmizanisi oupkyBanHs. lepapxiuHa kinacrepusamis. 3aCTOCYBaHHS METOJIIB
KJIaCTepHr3aIlii.

14 Kaptu camoopranizartii.
OcnoBui konuenuii. KonkypenTHe HaBuaHHS. ApxiTekTypa. Tomomorisa. AJroputM
HaByaHHs. [linxoau 10 BU3HAYEHHS BijcTaHell. 3acTOCyBaHHS.

15 ba3oBi migxoau 10 CTBOPEHHS PEKOMEHIAIIIHHIX CUCTEM

Bunawm if o6acti 3acTocyBaHHS peKOMeHIaiitaux cucteM. OTJIsiL HiAXOMIB 0 CTBOPEHHS
pexoMeHaaniiHux cucreM. Anroput™m SVD. BumiproBaHHs SIKOCTI peKOMeHaaIii. 3anaqa
K0J1a00paTUBHOT (iIbTpaIii.

IIpakTny4Hi 3aHATTA

OcCHOBHI 3aBHaHHS IUKIY MPAaKTHYHUX 3aHATHh MOJATAIOTh Y HAOYTTI CTyAEHTaMH MPAKTHYHUX
HAaBUYOK 3 BUKOPUCTAHHS CIEI1aTi30BaHOTO MPOrPaMHOT0 3abe3neueHHs 00pOOKH HAJBEIMKUX MAacHBIB
JaHUX Ta peani3allii airTOpUTMIB MAIIMHHOTO HaBYAHHS
Ne
3/

HasBa Temu 3aH4TTS

1 | Buxopucranss ma6iaoHiB npoekTyBaHHs MapReduce B cucteMax eHEeproMeHeIKMEHTY

2 | actocyBanHs SparkSQL, po6ota 3 nanumu 3 BukopuctanHsm Dataframes Tta DataSet B
cucTeMax 30upaHHs JaHHUX 3 JIYUIHLHUKIB

3 | O6pobka TekcToBoOi iH(OpMAaIlii Ta MPOSKTYBaHHS O3HAK 3acobamm Spark mist cuctem
CHCPTOMCHCPKMCHTY

4 | 3agaui knacudikaiii 3 BUKOPUCTaHHAM Oi0iioTekH MamuMHHOrO HaB4yaHHs MLIb ams
cucrem MicroGrid

5 | 3amaui perpecii 3 BUKOpucTaHHSAM 0101i0TekH MamuHHOTO HaB4YaHHsI MLIib nns cucrem
MicroGrid

JlepeBa pitmieHb Ta ancaMOJIeB1 aTOPUTMHU HaBUaHHS J71s1 cucteM MicroGrid

AnroputMu knactepusauii 1y cucteM MicroGrid

ANTopUTMHU 3HMKEHHS po3MipHOCTi st cucteM MicroGrid

O©| 0 Nl O

CTBOpeHHsI peKOMeHnaliiiHux cucreM 3acobamu Spark  MLIib. Memory-Based
Collaborative Filtering

10 | Peamizariss pekomenmariiiinoi cucremu 3acobamu Spark. Model-based Collaborative
Filtering.
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ApXiTeKkTypa peKoMeHJaliiiHoi cuctemu. Ekcrpakmis ganux. HauanHs Moperni.
3acTocyBaHHS OTPUMAHOTO MPOTPAMHOTO PilICHHS

12 | IlepcrieKTUBHI HANPSIMKK PO3BHUTKY MPOrPaMHUX 3aC00iB 00pOOKH HAJABETHKUX JaHUX 1
MAaIIMHHOTO HaBYAHHS.

13 | CyuacHi HanpsMKH B MalllMHHOMY HaBuaHHI. Automated machine learning. Generative
Adversarial Networks.

14 | CroeuianizoBane amapathe 3a0e3meuenHs. Cloud Object Storage.

15 | IIporpamHi pimeHHs 0OPOOKM HAJABEIMKHUX JAHUX B 33/1a4aX MAITUHHOTO HABYaHHS Bij

migepiB puHKY (Amazon, Google, Facebook)

5. CamocriiiHa poGoTa cTyaeHTa/acnipaHTa

Ne
3/11

Ha3Bu Tem i nuTaHp, 1110 BUHOCUTHCS HA CAMOCTIHHE ONPAIIOBAaHHS Ta IOCHJIAHHS Ha
HaBYAIbHY JIITEpaTypy

IMougarra “Benukux gaHux’’
TexHomorii BENMUKUX JaHUX Ha cydacHe rnporpamue 3abe3nedeHns [11]. [Iporpamna
peaizairis mabsoHiB npoektyBanHs Mapreduce [1].

ba3oBi nporpamHi 3aco0u poOOTH 3 HAIBETUKUMH MaCHBAMH JTAHUX.

[Tporpamua exocucrema Hadoop. [Ipaktuune 3actocyBanHs Hadoop B 3amauax Data
Science. Ornsan HiveQL, Pig, Yarn, Hbase. Ananitrka qanux 3 BUKOpUCTaHHSIM Spark.
[2,4,5,7].

[Tporpamua rutatopma po3noaiieHux ganux Spark

Monens napanensHux odumnciens Spark. Spark Job Scheduling. DataFrame API.
[IpencraBnenns nanux B DataFrames and Datasets. Core Spark Joins. EdextusHi
Tpanchopmarii [5].

OCHOBY MAaIlIMHHOTO HABYAHHS

Teopetnuni 3acaau mammHHOro HaBuaHHs [9]. KogyBanus ta miarotoBka nanux Mllib.
MacmraOyBanns Ta Bubip xapakrepuctuk. MLIib Model Training. Ouinka moseni
MaITMHHOTO HaBYaHHs [5].

Hapuanns 3 yuurtenem (Supervised Learning).

Merton croxactuunoro rpajienta SG. Jlorictuuna perpecis. [IpuHumn Makcumymy
NPaBJOINOIOHOCTI 1 JorapudmiuHa QyHKIisA BTpaT. MeToa CTOXaCTUYHOIO IpaieHTa A
norapudmidyHO0 QYHKINT BTpaT. MaTeMaTH4H1 OCHOBU METOY ONTIOPHUX BEKTOPIB.
3aBaHHs KBaJIpaTUYHOTO MPOrpaMyBaHHs 1 1BoicTa 3aaaya. [ToOynoBa siaep ans MeTory
onopHux BekTopiB. Kpurepii sikocTi kiacudikamii: 4yTauBicTs 1 cnenudiunicts, ROC-
kpuBa i AUC, tounicts i moBaota, AUC-PR [6, 9, 13, 15].

Hapuanns 6e3 Buntens (Unsupervised Learning).

[TocranoBka 3aBnanHs kinactepusaii. [locraHoBka 3aBnanHs Semisupervised Learning,
NpUKIaau 3acTocyBaHHs. Anroputm k-cepeanix 1 EM-anroputm ans noainy ["aycoBckoi
cymimn. Anroput™ Jlanca-BinbesMmca Ta floro okpemi BUNajku. AIropuTM o0y 10BH
neHaporpamu. BuzHauenHs uncia kiactepiB. CHHTYISAPHHUA PO3KIIaA B 337a4i 3HIDKEHHS
po3mipHocTi. Alternating Least Squares 3 Bukopuctanusm Spark [6, 9, 13, 14, 15].

PexoMenmariiiini CHCTEMHU.
3aBnaHHs KoabopaTuBHOI (PibTpalliil, TpaH3aKIiiHI JaHi 1 MaTpHULA Cy0'€eKTH-00'€KTH.
Collaborative Filtering and Recommendation [5, 3, 9, 13].

[TepcniekTHBHI HaIPSIMKM PO3BUTKY MPOrPaMHUX 3ac001B 0OPOOKM HaJIBEIUKHX JIaHUX 1
MaIIMHHOTO HaBYAHHS.

Pu3uku, noB’s3aH1 3 3aCTOCYBaHHAM HaJBeNUKUX JaHUX. [Ipobiema KoHpiaeHIIHHOCTI.
Harudikamis [11].




IMoniTHka Ta KOHTPOJIb
6. IMosiTMKa HABYAJIBLHOI AMCHHUILTIHN (OCBITHHOI0 KOMIIOHEHTA)

3aCTOCOBYIOTBCS CTpATETii aKTHBHOTO 1 KOJICKTHBHOTO HaBYAHHS, SIKI BU3HAYAIOTHCS HACTYITHUMU
METOJIaMH 1 TEXHOJIOT1IMHU:

1) meromu mnpoOieMHOr0 HaBYaHHS (TPOOJEMHUI BHKIAJ, YaCTKOBO-TIONTYKOBHH (€BpUCTUYHA
Oeciza) 1 TOCIiTHUIIBKUAN METO/);

2) 0COOMCTICHO-OpIEHTOBAHI (PO3BHBAIOU1) TEXHOJIOTI, 3aCHOBaHI Ha aKTUBHUX (opmax 1 MeToJax
HaBYaHHSA ( «MO3KOBUH IITypM», «aHAJI13 CUTYaIlii» AUCKYCis, EKCIpec-KOHPEPEHITis);

3) iHbopMaIiiiHO-KOMYHIKAIlIiMHI TEXHOJOTIi, Mo 3a0e3medyloTh MPOOIEMHO-A0CTITHUIIBKII
XapakTep MpoIecy HaBYaHHs Ta aKTHBI3alliF0 CaMOCTIHHOT pOOOTH CTYACHTIB (€JIEKTPOHHI Mpe3eHTAI1 115
JIEKIIHUX 3aHATh, BUKOPUCTAHHSA ay/i0-, B1I€O-TIIATPUMKH HaBUYAJIbHUX 3aHSATB).

4) nexiliHi Ta JabopaTopHi 3aHATTS BIIHOCATHCS 10 ayAUTOPHUX 3aHATh. BiABiIyBaHHS ayAUTOPHUX
3aHATh € 000B’I3KOBHUM,

5) MpaBUJjIa MOBEIIHKY Ha 3aHATTSAX. aKTUBHICTB, MATOTOBKA KOPOTKUX JOTIOBIICH YU TEKCTIB,
BIJIKITIOUCHHS Tele()OHIB, BHUKOPUCTAHHS 3ac00iB 3B’S3Ky JUIS IOIIYKY iHGOpMaIlii Ha TYII-IUCKY
BHKJIa/1aya Y¥ B IHTEPHETI TOIIO;

6) IpaBWJia 3axXUCTy JabopaTtopHux poOit. Ha abopaTopHHX 3aHATTAX CTYACHTH IIiJ
KEepPIBHUILITBOM BHKJIaJjaya BHBYAIOTh METOJUKY EKCIIEPUMEHTAIBHUX JochimkeHb. Ha koxHil
n1abopaTopHii poOOTi CTYACHTH 0(hOPMIISIOTH 3BIT Y MUCEMOBOMY BHIJIsIL. [{0 3BiTY 3aHOCHTHCS TIepeoir
JIOCTiAy, MOro pe3yinbTaTH 1 JaloThCs MOSCHEHHS OTPUMAHUX PE3YNbTaTiB 3 ypaxXyBaHHSM MOXHOOK
EKCIIEPUMECHTY.

7) iHOMBimyanbHi  3aBmaHHS 3 guciMiunind - (pedepatH,  po3paxyHKOBOi,  rpadiusi,
TOIIO)  BHUAAOTHCS CTyJeHTaM B  TepMiHHW,  TiependadeHi  BHIIUM  HaBYAIBHHUM
3aKJIaJIOM. [nnuBinyansHi 3aB/IaHHA BUKOHYIOTBCS CTYIEHTOM CaMOCTIHHO
IpH KOHCYJIBTYBaHHI BUKJIa1aueM. J[0IyCKarOThCs BUITAIKH BUKOHAHHS KOMIUIEKCHOI TEMAaTUKH KiIbKOMa
CTYJICHTAMH.

8) MpaBWJia TPU3HAYCHHS 3a0XOUyBAIBHUX OaiB: CBO€YAaCHE BHUKOHAHHS Ta 3/a4a
1ab0paTOpHUX, IHIUBITyallbHUX 3aBJAaHb, HECTAHIAPTHHM MiIX11 A0 BUPIIIEHHS IEBHOTO 3aBIaHHS,

IpaBuUJia IpU3HAUYEHHs MTpapHUX OaliB: HECBOEYACHE BUKOHAHHS J1a0OpaTOPHUX Ta
IHIUBIAyaTbHUX 3aBJIaHb, a TaKOXX KOPHUCTYBaHHS JOMOMDKHUMHU 3aco0amMu (HampUKIan, MOOLTbHHN
TeneoH, KOHCIEKT JIeKIIii) M Yac BUKOHAHHS KOHTPOJIBbHOI pOOOTH.

9) MOJIITUKA AeNJIaifHIB Ta MepeckiaaHb: HEBUACHO BUKOHAHI Ta 3/1aHi J1abopaTopHi pobOTH
OLIIHIOIOTHCS HIDKYOI0 OLIHKOIO (-10-15% Bin 3aranbHOT i ICYMKOBOT OIIHKH).
10) MOJIITUKA MIOJ0 aKaJeMIYHOI JOOPOYECHOCTI: MUCbMOBI POOOTH MOXYTh MEPEBIPATUCSA HA

HASBHICTH IUIATIaTy 1 IOMYCKAITHCS JO0 3aXHCTY 13 KOPEKTHUMH TEKCTOBHUMH 3alI03UYEHHIMH HE Oible
40%. CnucyBaHHS 11 Yac KOHTPOJBHUX POOIT Ta €K3aMEHIB 3a00pOHEHI.

11) 1HIII BUMOTH, 1[0 HE CylepedaTh 3aKOHOJABCTBY YKpaiHM Ta HOPMATHUBHUM JIOKYMEHTaM
VHiBepcuTery:

® TOJIITHMKA IOJI0 BiJBiAYBAaHHS: BiIBIyBaHHS 3aHATH € 000B’I3KOBUM KOMIIOHEHTOM OIIIHFOBAaHHS,
3a sIK€ HapaxoBYIOThCS Oanu. 3a 00 €KTUBHUX MPUYMH (MIATBEPKEHUX JOKYMEHTAJIBHO) JT03BOJISETHCS
nepecKIagaHHs IPOIYIIEHUX TeM KypCy.

® MOJITUKA MIOJI0 BUKOHAHHS 3aBJaHb. MO3UTHBHO OIIIHIOETHCS BiAMOBIIAIBHICTH, CTAPaHHICTB,
KpEaTUBHICTh, PYHAAMEHTAJIbHICTb.

7. Buau KOHTPOJIIO Ta PEHTHHIOBA CHCTeMa OLIHIOBaHHA pe3yabTarTiB HaBYaHHsa (PCO)

1. OmiHka 3 JIUCHMIUTIHM BHCTaBIAETHCS 3a 0araToO0aJbHOIO CHUCTEMOIO, 3  IOAAJBIIUM
nepepaxyBaHHIM y 4-0anbHy.

2. MakcuManbHa KiUTbKICTh 6amiB 3 qucuuiuiing aopisHioe 100.

3. HapaxyBaHHs 6aJ1iB 0 OKpEMHX BHUIaX POOIT:

PeliTuHT cTyneHTa 3 KpeIUTHOTO MOJYJISl CKIIaJa€ThCs 3 OaliB, 1110 BiH OTpPUMAB 3a:

- BUKOHAHHS MPAKTUYHHUX POOIT;
- HamMcaHHS KOHTposbHOI pobotu (MKP).



Cucrema peiiTUHroOBUX (BaroBux) 0aJiiB Ta KpUTepil OLiHIOBAHHS
1. BukoHaHHS NPAaKTUYHUX POOIT
Ouinrorotsest 15 po6iT, nepenbaueHnx podouoro mporpamoro. Makcumansnuil Barouit 6ain rllp =75
Cyma BaroBux 0aJiiB IpakKTUYHHUX POOIT:

Makcumanb
N 1. . HUU
Hasa npaktuynoi po6otu .
p. BaroBUi
Oan
1 Bukopucranns mabiaoHiB mpoektyBanHs MapReduce B cucremax )
C€HEPTOMEHEPKMEHTY
5 3acrocyBanns SparkSQL, pobora 3 AaHMMH 3 BHKOPUCTAHHSIM 5
Dataframes ta DataSet B cucremax 30upaHHs JaHUX 3 JIYMIIBHUKIB
3 O6pobOka TexcToBO1 iH(POpMaIIii Ta MPOESKTYBaHHS 03HAK 3ac00aMH 5
Spark st cucteM eHeproMeHeHKMEHTY
4 3amaui knacudikamii 3 BHKOPUCTaHHSAM O0i0JIIOTEKH MaIIMHHOTO )
HaBuanHs MLIib qiis cucrem MicroGrid
5 3amaui  perpecii 3 BHUKOPUCTaHHSM OIONIOTEKM MAIIUHHOTO 5
naBuyauHsa MLIib g1a cuctem MicroGrid
5 JlepeBa pimieHb Ta aHcaMmOJIeBI aITOPUTMH HaBYaHHS JIJISI CHCTEM 5
MicroGrid
7 Anroputmu knacrepusanii ast cucteM MicroGrid )
8 ANropuT™MHU 3HWKEHHS po3MipHOCTi s cucteM MicroGrid )
9 CtBOpeHHsT pekoMeHJaliiiHux cucrem 3acobamu Spark MLIib. 5
Memory-Based Collaborative Filtering
10 Peamizamis pekoMeHaaiiiinoi cucremu 3acobamu Spark. Model- 5
based Collaborative Filtering.
11 | ApxiTekTypa pekoMeHaaliiHOi cucreMu. ExcTpakiis naHux. 5
Hapuanns wmopeni. 3acToCyBaHHS OTPUMAHOTO IPOTPAMHOTO
piIIeHHS
12 | IlepcnekTUBHI HAIPSIMKK PO3BUTKY MPOrPaMHMX 3ac00iB 00poOKH 5
HAJBEJIUKUX JAaHUX 1 MAIIMHHOTO HaBUAHHS.
13 | CyuacHi HanpsMKH B MallMHHOMY HaB4YaHHI. Automated machine 5
learning. Generative Adversarial Networks.
14 | CnemianizoBane amapathe 3a0e3nedens. Cloud Object Storage. 5
15 | Ilporpamui pimeHHs OOpOoOKM HaJBEIUKHUX J@HUX B 3ajadax 3)
MAIIMHHOTO HaBYaHHS BiJ JifepiB puHKY (Amazon, Google,
Facebook)
Pazom 75

OuiHIOBaHHS MPAKTUYHUX POOIT:

—sKII0 po0OTa BHKOHAHA HeBYacHO 3HIMaeTbes 10-15% Bim MakcHMalbHOI KUTBKOCTI OaliB
(KUTBKICTh MPOIEHTIB 3AJIEKUTH Bl TEPMIHY 3aIli3HEHHS);

—sKIIO0 po0OOTa BUKOHAHA HE CAMOCTIMHO Ta MPOCTEXKYEThCS HE 1HAWBITyaIbHE BHKOHAHHS TO
3HiMaeThesa 50% Big MaKCUMAIbHOI KIJTBKOCTI OaiB;

—sKIIO B MporpamMi HE BHUTPUMaHI OCHOBHI IpaBHJIa CTBOPEHHS MPOrpaMHUX MPOAYKTIiB
(MOyNBHICTD, APYKHiH iHTEpdelic, HassBHICTP KOMEHTApIB Ta T.I1.) 3HIMaeThCs 5%.
2. MonynbHUN KOHTPOJIb

Ha ogHoMy 3 JeKIIMHMX 3aHATH MPOBOJUTHCS MOJYJbHA KOHTPOJbHA poboTa: MakcuMallbHUR

parosuii 0aix rMKP = 10.



O1iHIOBaHHS MOJIYJIbHOT KOHTPOJIBHOT pOOOTH BUKOHYETHCS HACTYITHUM YHHOM:

—sIKII[O Ha BCI MHUTAHHS JaHl MOBHI Ta YiTKO apryMEHTOBAaHI BiJIOBi/i, KOHTPOJbHA BUKOHAHA
0XaiHo, 3 TOTPUMaHHSI OCHOBHHX MPABUII, TO BUCTABISIETbC 9 - 10 Oaitis;

—SIKII0O METOJMKa BHKOHAHHS 3alPOTIOHOBAHOTO 3aBIaHHS PO3pOOJEHa BIPHO, aje JOMYIIeHI
HETPUHIIMITOB] IIOMIJIKU Y TEOPETHYHOMY OIMHUCI 200 PO3paxyHKax, TO BUCTABISEThCS 6 - 8 0OaliB;

—Big 3 mo S5 OanmiB HAapaxXxOBYEThCS, SKIIO METOAWKA BUKOHAHHS 3aBIaHHS pO3pOOJcHAa B
OCHOBHOMY BipHO, aJI€ IOTMYIIEH] JEsKi 3 HACTYITHUX MOMUJIOK: IIOMIJIKHU Y TIPE/ICTABIICHI BUX1THUX TAHKX,
HE OOrpYHTOBaHI TEOPETUYHI PillIEHHS, TOMUJIKH Y METOJIUII PO3PaXyHKIB;

—HWk4e 3 0alliB HAPaXOBYETHCS, SKIO 3aBAAHHS HE BUKOHAHE a00 JIOMYIIEeHI rpy0i MOMUIIKH.

3. Ex3zamen

Ex3amen BinOyBaeTbcsl y MUChbMOBIH Gopmi. MakcumarnbHa oliHKa 3a ek3ameH ckianae rEK = 15

OaiiB.
YMo0BH N03UTHBHOI MPOMIZKHOI aTecTamil

Jljis oTpUMaHHS ,,3apax0BaHO’” 3 TEPIIOi MPOMIXKHOT aTecTallii CTYJACHT MOBUHEH MaTH HE MEHIIIE,
HDK 12 GamiB (3a yMOBH, 110 32 8 THIKHIB 3T1/IHO 3 KAJICHIAPHUM TUTAHOM KOHTPOJBHUX 3aXOJiB CTYJIEHT
MMOBUHEH OTpUMatu 24 0aim).

Jliia oTpuMaHHS ,,3apaxoBaHO’ 3 APYroi MPOMIKHOI aTecTallii CTy/IeHT MOBUHEH MaTH HE MEHIIIE,
Hix 40 6amniB (3a yMOBH, 110 32 14 THXKHIB 3TIHO 3 KaJIEHAAPHUM TJIAHOM KOHTPOJIBHUX 3aXO/IiB CTYACHT
MOBHHEH OTpuMaTH 76 6aiiB).

Pozpaxynok mkanu (R) peiitunry:
Cyma BaroBux 0ajiB KOHTPOJIBHUX 3aXOIB MPOTITOM CEMECTPY CKIIAJIAE:
R=63 +10+27 = 100 6anis

TakuM 4MHOM, pEHTHUHTOBA IlIKaJla 3 KpeAUTHOTO Moayis ckianae 100 Gamis.

YMOBH AOIYCKY JI0 ICIUTY: 3apaxyBaHHs BCiX J1a00paTOpHUX POOIT, a TAKOXK CTAPTOBUN PEUTHHT T
> 40 6auiB.

s orpumanHs cryneHToM BianoBigHux oniHok (ECTS ta Tpaauuiiinux) Horo peMTHHIOBa OIIHKA
RD nepeBonuThes 3rigHO TaOIMIII:

Tabmu1s BIAMOBIIHOCTI pEUTHHIOBUX 0alliB OI[IHKAaM 32 YHIBEPCUTETCHKOIO IIKAIOIO:

Kinvkicmo 6anie Ouyinka
100-95 Bigminao
94-85 Jyxe nobpe
84-75 Hobpe
74-65 3a10BIIBLHO
64-60 JlocTaTtHpo
Mentire 60 He3anoBinpHO
He BuKOHaHI yMOBHU JOIYCKY He nonymeno

8. JlomaTkoBa indopmanisi 3 AUCHUNIIIHA (OCBITHHOT0 KOMIIOHEHTA)

MeToanuHi pexomMeHaanii

JlJig Kpamioro 3acBO€HHS MaTepialy AUCLUUILIIIHU PEKOMEHAYEThCSI BUKOPUCTOBYBATH Ha JIEKIIISIX
MYJIbTUMEiHHI 3ac00M HaBYaHHS, SIKi JO3BOJIAIOTH IHTEHCU(IKYBAaTH HaBYAJIbHUI MpOLIEC, CTUMYJIIOBATH
PO3BUTOK MHCJICHHS Ta YSBU CTYJEHTIB, 30UIbLIYBAaTH OOCAT HAaBYAJILHOI'O MaTepiaiay Jjs TBOPYOIO
3aCBOEHHS 1 BUKOPUCTAHHS HOTO CTYJAEHTaMH, BUKJIMKATH 3alIKaBJICHICTh Ta MO3UTHUBHE CTABJICHHA 10
HaBYaHHS.

Metoauka moOymoBaHa TakuM YHMHOM, IO MarTepian MaiXe KOXKHOI JIEKIl 3aKpIIUTIOEThCS
BUKOHAHHSM 3aBJIaHHSI KOMII IOTEPHOTO NMPAKTUKYMY. 3aBJIaHHS CTYJEHTH OTPUMYIOThH 3a3daJierisib 1 Ha
ayTUTOPHOMY 3aHSTTI MiJ KEpPIBHULTBOM BHKJIaJauya BUIPABIAIOTH MOMUJIKM B pa3l iX HasgBHOCTI Ta
BIJIMOB1/Iaf0Th Ha 3alUTAHHS 100 TPOTrPaMHOI peaizailii Ta TEOPETUIHHX 3acaa poOOTH.

SIKiCTh caMOCTIHOT pOOOTH MEPEBIPAETHCS HA 3aHATTAX KOMIT IOTEPHOTO MPAKTUKYMY.



Ilepenik nuTaHb, IKi BAHOCATHCS HA CEMECTPOBHUII KOHTPOJIb:
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[ToustTs Bemukux ganux. [Iporpamunii 3acio Hadoop

MeTtou 1 TexHiIKa aHANTI3y BETUKUX TaHUX

Haiire Bu3snauenns MapReduce

Haiite Bu3nauenus Apache Spark

Apxitektypa po3nojiineroro goaarky Spark. Kom’rotepuuii kinacrep. Byzon
OcuogHni xonuentii Spark. RDD Ta rpad nepeTBopeHs

OcHoBHI eTanu 00poOKH JaHUX

3arpy3ka IaHuX 13 30BHIIIHBOTO CXOBHUIIA

3MiHa PO3MIIICHHS JaHUX Ta KUTBKOCTI MapTHIIIMA

. SIx BinOyBaeThcst 0OUUCIEeHHs Haa JaHUMU B Spark
. PosramyxeHns ta irepatuBHi 00YHCICHHS

. Shuffle mexanizm

. Ynuparminas namsatTio B Apache Spark

DataFrame API ta Spark SQL. {atadpeitmu

. Pobota 3 DataFrame API B pamkax nmodymoBu ciieHapiiB 00poOku nanux Ha Spark

. Bukopucrannsa ¢pynkuiii kopucrysaudis(UDF)

. OyHKIIIT KOpUCTYBauiB arperaiiii B Spark

. CTBOpeHHs, HAJIAIITYBaHHA Ta 3amyck Spark mpoekty. HanamryBaHHS OTOYEHHS

. CTBOpEeHHSsI HOBOTO TMPOEKTY B Spark

. OcHoBu MammmHHOTO HaB4yaHHs. Spark Mllib

. 3aranbHi BiTOMOCTI TIpO K1acu(iKaIlito Ta JIOTICTUIHY PEerpecio

. CtBOpeHHs nonaTky MammHHOro HaBuaHHs Apache Spark MLIib. CTBopeHHSs BXiTHOTO KaJipy

JaHUX
CTBOpEHHS MOJIEII JIOTICTHYHOI perpecii

HaBuanHs Mojeni J0ricTUYHOI perpecii

CTBOpEHHS Bi3yallbHOT'O MPE/ICTABICHHS IPOTrHO3Y

O06pobka TekcToBOi iH(popMallii Ta MPOEKTyBaHHS 03HAK 3acobamu Spark

JInist aHATITUKY BEJIMKHUX JTAHUX BUKOPUCTOBYIOThCS KOMITOHEHTH: ® MLLIb — MammHHe HaB4aHHS,
e GraphX — pobora 3 rpadamu, ® Spark-SQL — intepdeiic, ® SparkStreaming — mortokoBa
aHamiThKa. /laliTe BU3BHAYCHHS [IUX KOMITOHCHT

Moga nporpamysanns Scala. [IpusHaueHHs.

Anroput™ “nepeBo pilieHs .

3acTocyBaHHS BUIIAIKOBUX JIICIB /Ui Kiacudikamii JaHuX

Sk mpamtorots ancam6:i. Ctrexinr. berrinr. byctinr

AnroputMu knactepu3zaiii. 3ajaya kinacrepusanii. Tunu MeToiB KilacTepusarii.

lepapxiuna xkiactepusaiiis. 3aCTOCyBaHHSI METO/IIB KJIacTepHU3allii.

AJTOpUTMHU 3HUKEHHS PO3MIPHOCTI

Kaptu camoopranizariii. OCHOBHI KOHIIETIIIII.

Konkypentne HaBuanHs. Apxitekrypa. Tomosoris. Anroput™ HaB4aHHA. [1i1xoqu 10 BU3HAUEHHS
BiZicTaHell. 3acToCyBaHHS.

CTtBOpeHHs peKoMeHaliiHuX cucteM 3acobamu Spark MLIib

[lepcnekTUBHI HampsMKH PO3BUTKY IPOrpaMHUX 3aco0iB OOpOOKM HaJIBENMKHX JaHUX 1
MaIIMHHOTO HaBYaHHS.

CyuyacHi HanpsIMKH B MalTMHHOMY HaB4YaHHi. Automated machine learning. Generative Adversarial
Networks. CriertianizoBane anapartse 3abe3neuenns. Cloud Object Storage.

[IporpamHi pimeHHs: 0OpOoOKM HAIBENMKUX JaHUX B 3a/ladyaX MAIIUHHOTO HABYAHHS BiJ JiJEpiB
puHky (Amazon, Google, Facebook). Ilmar¢popmu nis MammMHHOTO HaBYaHHSA Ta POOOTH 3
HAJBEIIMKUMH JaHUMH. MalluHHE HaBuaHHS sK cepBic. Mammnane HaB4yanHs Ha AWS. Azure
Machine Learning Packages. Google Cloud ML Engine. IBM Data Science Experience. FBLearner.
HazBatu OCHOBHI IIPUYKHHU, 32 IKUMHU CEPBICH 3aCTOCOBYIOTh CUCTEMH PEKOMEHAAIIIH.

Ha3BaTtu cyTT€eBi. XapaKTepUCTUKH PEKOMEHIAIIIMHIX CUCTEM.



43. HaBecTH NpHKIaa SBHOTO 1 HESIBHOTO 300py IaHUX PO KOPUCTyBaya.

44. HaBecTH MpHKJIAAM TNOMYJISPHUX PECYPCIB, [ CIIOCTEPIra€ThCs BIUTUB PEKOMEHAALINHOI CHCTeMHU
Ha 3alUTH KOPUCTYBaya.

45. Ha sxi (hakTopu CripaeThesi cucrema pekomenanii YouTube?

46. Ha3Baru 1iiHHOCTI, 5IKi TOKJIaZae Ha CBOiX KopucTyBauiB Facebook.

47. SIxi (akTOpH CYTTEBO BIUIMBAIOTh Ha (OpMYBaHHs cTpiuku HOBHMH Facebook mns xoHkpeTHOrO
KopucTyBaua?

48. Ha3Batu ¢opmatu B3aeMO/Iii KOPUCTYyBaya 3 OTOYCHHSIM Ta iX BaroMiCTh JJIsl pAaH)KUPYBAHHS.

49. 3a sxuM npuHIMIOM Tpaioe anroput™ Facebook miis pexomennartii apy3is?

50. SIxi QaxTopu CyTTE€BO BIUIMBAIOTH Ha (POPMYBAHHS CTPIUYKM HOBUH Instagram 1jisi KOHKPETHOTO
KopucTyBaya?

PoOouy mnporpamy HaBYAJBHOI AUCHHMIUIIHM (cmiaalyc): «OOpoOeHHsI HAABEJIMKHUX MACHBIB JaHMX B
eHepreTuii»:

Cruaaneno npopecopom kadenpu II13E, 1.1.H., npod. Denopororo Haramiero BonoaumupiHoro
Yxsaseno kadenaporo III3E (mpotokon Ne 41 Bix 18.06.2025 p.)

Ioroasxeno Metoauunoro KoMmiciero dpakymbrery! (mporokon Ne 8 Big 20.06.2025 p.)

MetogmnuHoto pagoto yHiBepeUTETY — 419 3araNbHOYHIBEPCUTETCHKMX AUCLLAMAIH.



