MIHICTEPCTBO OCBITH I HAYKH YKPATHU
JIbBIBCHKHMI HAIIOHAJIbHUI yHiBepcuTeT iMeHi IBana @panka
DakyJbTeT NPUKJIATHOI MATEMATHKHU TA iHPOPMATHKH
Kadenpa 00uuncroBajibH0l MAaTEeMAaTHKH

3aTBepaKeHo
Ha 3acinansi
kadeapu 00UMCITIOBAILHOI MATEMAaTHK!
dakynpTeTy TPUKIAIHOI MaTEeMaTHKU Ta
iHpopMaTUKu
JIbBIBCBHKOTO HAIIOHAIBHOTO YHIBEPCUTETY
imeHi IBana ®@panka
(mpotokon Ne BiJl 20 p.)

3aBinyBau Kadenpu

Poman XAIIKO

Cuiia0yc 3 HaBYAJIBHOI JUCIHUTIIHA
«MopeJti rIIMOMHHOI0 MAIIMHHOIO HABYAHHS,
o Bukjaagaersca B Mmexax OIIII Ilpukinagna MaTremaTuka
APYroro (MarictepCcbKoro) piBHsi BUIIOI OCBIiTH 1is1 3100yBaviB 3

cneniagabHocTi F1 [lpukinagna matemaruka

JIbBiB 2025 p.



HazBa

Mopneai rTMOMHHOT0 MAIIMHHOTO HABYAHHS

JTUCHUILIIHUA

Anxpeca l'onosuwmii kopryc JIHY im. 1. @panka
BUKJIAIaAHHA M. JIbBIB, ByJ1. YHIBepcUTETChKA 1
JUCIHUILIIHA

daxyJabTeT TA
kadenpa, 3a
AKOI0
3aKpinjieHa
JUCIHUILIIHA

DakyabTeT NPUKIATHOI MATEMAaTHKH Ta IHPOPMATUKU
Kadenpa obuncntoBanbHOI MaTeMaTHKH

I'any3b 3HaHb,
mugp Ta Ha3Ba

F Indopmariiiini TexHosorii
F1 Ilpuknagna maremaTuka

CreniajabHOCTI
Buxaanaui My3uayk IOpiii AnaronmiioBuY, KaHAUAAT (I3UKO-MATEMATUYHUX HAayK,
AUCHUILTIHA JOTIEHT Kadenpu 0O0UnCIIOBAIBHOI MAaTEMAaTHKH,
l'apacum Sfpocnas CremaHoBuY, cTapiiuii BUKiIaaad kadeapu o0UUCIIOBAIBHOT
MaTeMaTHKH (J1a0OpaTOPHi 3aHATTS)
KonTakTHAa Yuriy.Muzychuk@Inu.edu.ua; https://ami.lnu.edu.ua/employee/muzychuk-yuriy
inpopmanis laroslav.Harasym(@]lnu.edu.ua; https://ami.lnu.edu.ua/employee/harasym
BUKJIAAYiB ["onoBuuii kopmyc JIHY im. 1. dpanka, kabd. 262.

M. JIbBiB, ByJI. YHIBEpCHUTETCHKA, |

Kouncyabramii 3

Kouncynpranii B eHb MPOBEISHHS JIEKI[ii1/1a00paTOpHUX 3aHATH (3a momnepe-

NUTAHb HBOIO JIOMOBJICHICTIO).
HABYAHHS 110
AMCHUIJTIHI
BiI0OYBalOTHCSA
Cropinka kypcey | https://ami.lnu.edu.ua/course/modeli-hlybynnoho-mashynnoho-navchannia-

prykladna-matematyka-1-9

Indopmanis npo
AUCHHUILIIHY

Jucoumnina “Mojeni TIHOMHHOTO MAaIIMHHOTO HAaBYaHHS € JUCIHILIIHOK Ha
BuOip 31 crneuianbHocti F1 [lpukiagna mateMaTuka Aas OCBITHBOI MPOrpaMu
“IIpukiagHa MaTeMaTuKa”, sika BHKJIQJA€Thcsl B 1-My cemecTpi B 00cs31 6-u
KpenuTiB (3a €sponeiicbkoro Kpeautno-Tpancdepnoro Cucremoro ECTS).

Koporka
aHoTAaIisA
JTACHHUILIIHA

Kypc “Mopeni rimmOUHHOTO MAIIMHHOTO HaBUYaHHS OXOIUIIOE TaKl PO3JIUIH:
OCHOBM MAIIMHHOTO HAaBYaHHS, 3TOPTKOBI HEWPOHHI Mepexi A 3amay
KOMIT'IOTEPHOTO 30py Ta MoOJenoBaHHs IOCHIIOBHOCTE B PEKYpPEHTHHUX
HepoHHUX Mepexkax. [Ipu po3risaal IMxX TeM OCHOBHA yBara 30CepeKy€eThes
Ha BCTaHOBJIEHHI HEOOXIJHOTO MAaTeMaTHYHOIO amapaTry JUlsl po3B’sS3yBaHHS
Cy4YacHUX 3aJad MalIMHHOI'O HaBYaHHSA, JOCIHIPKEHHI apXITEeKTyp HEHPOHHHX
MepeX JUId BIAMNOBIIHUX MNPAKTUYHUX 3a/7ad Ta BUKOPHUCTAHHI CydyacHHUX
6i101i0TeK Ta 3aco0iB AN MpOrpamMyBaHHS LUX aNropuTMiB. BuknaneHHs
MaTepiay 3/11HCHIOEThCS 3a IOIOMOT0OI0 CYy4aCHUX TEPMiHIB Ta MOHSATH 3 ray3i
iH(pOopMaIifHUX TEXHOJIOTIH.

Merta Ta wiJi

Memoro Kypcy € TpyHTOBHE O3HAMOMJIEHHS CTYJICHTIB 13 CYy4YaCHUMU 3aJa4aMu

JUCIMILTIHA MAIIMHHOTO HAaBYaHHS Ta aJrOpUTMaMd 1 TEXHOJOTISIMU [ iXHBOTO
pPO3B’A3yBaHHS.
3as0annam BUBYCHHS HABYAIBHO! JUCHUIUIIHK € (OpPMYyBaHHS Yy CTYJEHTIB
TEOPETHYHHUX 3HaHb B 00JIACTI MAIIMHHOTO HABYaHHS, 3M00yTTS CTyJACHTaAMH
MPAKTUYHUX HABUYOK JUTSI PO3B’S3YBaHHS MPUKIAJHUX 3a7a4d 32 JIOTIOMOTOIO
Mojienei rMOOKHUX HEUPOHHUX MEpEK.

JlirepaTypa nas OcHoBHa JiiTepaTypa
BUBYEHHS 1. Goodfellow 1. Deep Learning / Ian Goodfellow, Yoshua Bengio, Aaron
JUCIHUILIIHA Courville. — MIT Press, 2016. — WWW: http://www.deeplearningbook.org

2. Howard J. Deep Learning for coders with Fastai and PyTorch: Al



mailto:Yuriy.Muzychuk@lnu.edu.ua
https://ami.lnu.edu.ua/employee/muzychuk-yuriy
mailto:Iaroslav.Harasym@lnu.edu.ua
https://ami.lnu.edu.ua/employee/harasym
https://ami.lnu.edu.ua/course/modeli-hlybynnoho-mashynnoho-navchannia-prykladna-matematyka-1-9
https://ami.lnu.edu.ua/course/modeli-hlybynnoho-mashynnoho-navchannia-prykladna-matematyka-1-9
http://www.deeplearningbook.org/

applications without a PhD / Jeremy Howard, Sylvain Gugger. — O’Reilly
Media, 2020. - WWW: https://github.com/fastai/fastbook

3. Zhang A. Dive into Deep Learning / A.Zhang, Zachary C. Lipton, Mu Li,
Alexander J. Smola. — arXiv preprint arXiv:2106.11342, 2021. — WWW:
https://arxiv.org/abs/2106.11342

4. Buduma N. Fundamentals of Deep Learning. Designing Next-Generation
Machine Intelligence Algorithms. 2nd Edition / Nithin Buduma, Nikhil
Buduma, Joe Papa. — O’Reilly, 2022. — 388 p.

5. Patterson J. Deep Learning: A Practitioner's Approach / Josh Patterson,
Adam Gibson. — O’Reilly, 2017. — 352 p.

6. Burns S. Python Machine Learning: Machine Learning and Deep Learning
with Python, scikit-learn and Tensorflow / Samuel Burns. —2019. — 176 p.

7. Papa J. PyTorch Pocket Reference: Building and Deploying Deep Learning
Models / Joe Papa. — O’Reilly, 2021. — 307 p.

8. Falk K. Practical Recommender Systems / Kim Falk. — Manning, 2019. —
432 p.

HonarkoBa jgiteparypa

9. Ye A. Modern Deep Learning Design and Application Development /
Andre Ye. — Apress, 2022. — 451p.

10. Foster D. Generative Deep Learning: Teaching Machines to Paint, Write,
Compose, and Play / David Foster. — O’Reilly, 2019. — 330 p.

11. Hope T. Learning TensorFlow: A Guide to Building Deep Learning
Systems / Tom Hope, Yehezkel Resheff, Itay Lieder. — O’Reilly, 2017. —
242 p.

12. Harrison P. Deep Learning with Text / Patrick Harrison, Matthew Honnibal.
— O’Reilly, 2020. — 250 p.

13. Watson C. A Systematic Literature Review on the Use of Deep Learning in
Software Engineering Research / Cody Watson, Nathan Cooper, David
Nader Palacio, Kevin Moran, Denys Poshyvanyk. — arXic preprint
arXiv:2009.06520v2, 2021. — WWW: https://arxiv.org/pdf/2009.06520.pdf

14. Theobald O. Machine Learning: Make Your Own Recommender System /
Oliver Theobald. — Scatterplot Press, 2018. — 129 p.

Obcsar kypey 3aranpauii 06csar: 180 ronuH. AyTUTOpHUX 3aHsTh: 64 rol., 3 HUX 32 TOAUHH
nekiiit Ta 32 roguau J1aboparopaux pobit. CamoctiitHoi poboTu: 116 rog.
OuikyBani [Ticnst 3aBepiIeHHS IILOTO KypCy CTYIEHT Oyie:
pe3yabTaTu 3uamu:
HABYAHHSA - MareMaTH4He (pOPMYIIOBAHHS MOMIMPEHUX CYYACHHUX 33]a4 MAITUHHOTO
HaBYaHHS,

- HalOLIBII MPOAYKTUBHI PI3HOBUIM TIUOOKMX HEUPOHHMX MeEpex Ta
CHocoOU IXHBOTO 3aCTOCYBAHHS.
Bmimu:
- Ha OCHOBI ITOCTaBJICHUX BHMOT CIPOEKTYBaTH Ta peaii3yBaTd HEHPOHHY
MEpexy 3 BUKOPUCTAHHSM aKTyalbHOI 010J1I0TEeKH MAIIMHHOT'O HAaBYAHHS,
- OIIHWUTH Pe3yJbTaTh POOOTH MOOYA0OBAHOI MEPEXKI Ta 3alPOTIOHYBATH 171€1
JUIsl IOKpAIEHHS] TOYHOCTI OTPUMAaHUX PE3yJIbTaTiB.

Kiarouosi ciioBa

MarmmmnaHe HaBuYaHHs, TIMOOKI HEHPOHHI Mepexi, numpy, pandas, tensorflow,
pytorch, mxnet.

®opmar kypey | Ounuil.
[TpoBenenHs nekiiil, 1adopaTopHUX poOIT 1 KOHCYIbTAIIIH.
Temu [Tonano Huxkye y Tabnumi Cxema kypey “Mogeni rnOuHHOT0 MallIMHHOTO

HaBYaHHS

IincymkoBmii

Sanik



https://github.com/fastai/fastbook
https://arxiv.org/abs/2106.11342
https://arxiv.org/pdf/2009.06520.pdf

KOHTPOJIb,
¢popma

IIpepexBizuTn

J151s1 BUBYEHHS KypCY CTYACHTH MOTPeOYIOTh 0a30BUX 3HAHb 3
- OcHOB nporpaMyBaHHs
- IIporpamuoro 3a0e3ne4yeHHs
- Teopii iMOBIpHOCTI Ta MATEMATUYHOI CTATHCTUKH
- OCHOB MaIIMHHOT'O HABYAHHS

HagpuajabHi me-
TOJAM TA TEXHIKH,
SIKi Oy1yTh BH-
KOpPHCTOBYBa-
THCA IiJ yac
BHKJIAJaHHSA

Kypcy

[IpesenTaii, nekiii (JIKIisA-PO3MOBI b, JIEKIlisA-0eciaa), MOAYIbHUNA KOHTPOJIb.
JlomannHi Ta iHAUBITyalbHI 3aBIaHHS

HeoOxinne 00-
JAAHAHHA

Komm’torep 13 mporpamuum 3abesnedennsm Visual Studio Code, moctyn mo
Internet mepexi.

Kpwurepii oui-
HIOBaHHA (OK-
peMo Il KOXK-
HOI0 BH/JYy HAB-
YaJIbHOI JifJIbL-
HOCTI)

OninroBanHs MpoBouThes 32 100-6aIpHO0 MIKAJIOH.

Omninka 3a KaJ0K Omninka B | Oninka 3a HAiIOHAJILHOIO IIKAJIOI0
ECTS oanax Ex3amen,
nudepenniioBaHuii 3aJIK
3aJIK

A BiamigHO 100 - 90 BigMminHO 5

B Jlyxe nobpe 81- 89

¢ Jloope 71 -80 Ploore ! 3apaxoBaHoO
D 3a10BUILHO 61-70 3A10BIILHO 3 p

E JloctatHbo 51- 60 !

FX . . He

(F) He3zanoBiasHO 0-50 He3zanoBiabHO 2 3apaxoBaHo

BriponoBx cemectpy cTyaeHT Moxe oTpumaru 100 6amniB. 3 HUX:

- nomatuHi 3aBnaHHsA: 20% cemMecTpoBOi OLIIHKK; MaKCUMaJlbHA KUIbKICTb
6amniB 20 (4 3aBmanHs 1o 5 OaniB);

- iHguBinyanbHi 3aBmaHHsA: 50% ceMecTpoBOI OINIHKH; MaKCHMalbHa
KUTbKicTh OaniB 50 (2 3aBmanHs mo 25 6aiiB); 3aBAaHHSA 0(QOPMIIEHO Y
BUIJIAJI NpUBAaTHUX 3MaraHb Ha miargopmi Kaggle; nns koxHOro
3aBJJaHHS BCTAHOBJIEHO TEpMIHM 37adi. PoOoTH, ski 31al0ThCs 13
MOPYIIECHHSIM TEPMiHIB 0€3 MOBAKHUX MPHUUYUH, OIIHIOIOTHCS HA HIKIY
OLIIHKY (KOKHOTO J1a0OpaTOPHOIO 3aHATTS MicCis TepMiHy 371a4i Ha 2
0anu MeHIle);

- KOHTpOIbHI 3aMipu (Moaymi): 30% ceMecTpoBOi OLIIHKH; MaKCHMalbHA
kipkicTh OaniB 30 (3 TectoBi Moay:mi B cepeaoBuili MS Teams no 10
0amiB);

[TincymMKoBa MakcuMaibHa KiabKicTh 6aiiB 100.

KpuTepii oniHiOBaHHS1 JOMANIHIX 3aB/IaHb:

5 6axiB — CTyICHT MOBHICTIO BUKOHAB YMOBH 3aBJaHHS; aITOPUTM peai3oBaHO
MPaBUIBHO; TPOJEMOHCTPOBAHO TPUKIAAA BUKOPUCTAHHS, O(OPMIIEHO
HAJIEXKHUM YHMHOM 3a jomnomoror Jupyter Notebook 3 koMmeHTapsimMu Ta
BI3yasi3alisMH;

3-4 6aam — 3aBAaHHS peaNi30BaHO MOBHICTIO, e 3 HE3HAYHUMHU MMOMIIKAMH;
obopmIIeHO HE B TIOBHIM BIAMOBIAHOCTI /0 BHUMOT: YacTKOBO BIJCYTHI
Bizyautizanii abo KOMeHTapi;

1-2 6aqm — 3aBJaHHS peayli30BaHO YaCTKOBO a00 13 3HAYHWMH TOMHJIKAMU,




BIJICYTHI IPUKJIAIN BUKOPUCTAHHS; 0()OPMIICHO HEHAIC)KHUM YHHOM;
0 0aJsiB - CTY/IEHT HE BUKOHAB 3aB/JIaHHS.

Kpurtepii oniHoBanHs iHAUBIAyaJIbHUX 3aB1AHb:

25 ©OagiB — CTyJCGHT TMIOBHICTIO BHKOHaB YyMOBH 3aBJaHHS; IPOBEIACHO
nornepeaHiil aHamiz maHux Ta moOynoBaHO Bi3yaumiszamii; 37ificHeHO BHOIp Ta
MOPIBHSHHS apXITEKTyp IJIsl pO3B’sI3yBaHHs 3aBAaHHS; MiAIOpaHO ONTUMAaJIbHI
rinepnapamMeTpu s QITOPUTMY; TPOBEIEHO aHali3 Ta Bi3yami3aliio
pe3yNbTaTiB; OCTaTOYHA MOJIENb IOKa3ye Kpamluid pe3ysbraT, Hik 0a3oBa
MOJIeJTh, HaBeJICHA y 3aBIaHHi; oopMIiIeHO 3a moroMororo Jupyter Notebook Ta
30epexeHo B cucteMi KoHTpoJto Bepeiid GitHub a6o na mmatdopmi Kaggle;
20-24 6a;1m — CTY/ICHT NOBHICTIO BUKOHAB YMOBH 3aBJaHHS, ajie 3 HE3HAYHUMU
MOMMJIKAMH 200 3ayBaXCHHIMHU 1110710 OhopMIIeHHS poOOTH;

15-19 6amiB — CTyJeHT BHKOHAB 3aBJaHHSA YaCTKOBO, aje MpPU IbOMY 3Mir
noOyayBaTH KiHLIEBY MO/JIEJb, SIKa MIOKa3y€e BUCOKHI pe3ynbTar; BIICYTHIA OJUH
3 000B’SI3KOBHX ITyHKTIB pOOOTH: JOCIIHKCHHS Ta Bi3yami3allii TaHuX, miaoopy
rineprapameTpiB aropuTMy ado aHaii3y pe3yibTaris;

10-14 6amiB — CTyICHT BUKOHAB 3aBJIaHHS YaCTKOBO; aJIFTOPUTM PEaTi30BaHO 3
MOMHUJIKAMM;, KIHIIEBA MOJENIb XapaKTePU3YEThCS HUBBKUM PE3yJIbTaTOM
TOYHOCTI; MPOITYIICHI /1Ba a00 OUIbIIE eTamiB poOoTH;

5-9 6aniB — cCTyAeHT BHUKOHAaB 3aBJaHHS YacTKOBO, IPOBEJCHO IIUIIE
3aBaHTAKEHHS JIAHUX Ta iX IMOBEPXHEBE JIOCIIHKCHHS; He MO0y I0BaHa KiHIIEBA
MoJiesb IS 3aaui;

1-4 0anmm — CTYJIEHT BUKOHAB 3aBJIaHHS YAaCTKOBO 3 IPyOMMM IOMUJIKAMHU;
NPUCYTHI TOMMIKM BHKOHAHHS TMPOTPaMH; BIACYTHS KIiHIIEBA MOJENb s
3ajaui;

0 0as1iB — CTYJIEHT HE BUKOHAB 3aB/IAHHS.

KpuTepii oniHIOBAHHSI KOHTPOJIbLHHUX 3aMipiB (MOy.1iB):
1 ©6aja — BIANOBIAL HA 3aMUTAHHS MPABUIIbHA,
0 6aniB — BiAMOBI/Ab HA 3aBJJaHHS HEMPABUIIbHA.

Hedopmanabna ocBita: JlogaTkoBi 6any 3a AUCHUIUIIHY MOKHa OTPUMATH,
MPOUIIOBIIN OAUH a00 OLIbIIE KypCIB 32 JAHOK TEMATHKOI Ha IMOMYJIIPHUX
OHJalH 1uiaTdopmax. 3ampornoHOBaHI KypcH Ha BHOIp (iHIII KypCH MOXJIMBI
JIUTIIE TICIIS MATBEPKEHHS B1JI JIEKTOPA):
- https://www.deeplearning.ai/courses/tensorflow-developer-professional-
certificate/
- https://www.deeplearning.ai/courses/tensorflow-advanced-techniques-
specialization/
- https://www.deeplearning.ai/courses/deep-learning-specialization/
- https://www.edx.org/professional-certificate/deep-learning
- https://www.udacity.com/course/deep-learning-nanodegree--nd101
- https://www.pluralsight.com/paths/deep-learning-literacy-practical-
application
- https://www.coursera.org/learn/probabilistic-deep-learning-with-
tensorflow?2
B takoMy Bunanky KoXHHMI Kypc oliHIOBaTUMEThCs 110 30 6aJtiB.
HeoO0xiaHi BUMOTH U1l OTPUMAaHHS J10JJATKOBUX OalliB:
1. Kypc 3aBepiieHo ycminrHo (3 pe3ysbTatoM Outbiie, Hik 80%);
2. JoctynHuil iMeHHUH cepTu(ikaT Mpo 3aBepIeHHS;
3. IIpomeMOHCTpPOBAaHO KOPOTKY TPE3EHTAIlIF0-3BIT TPO MPOXOHKEHHS
KypcCy Ha JJabOpaTOpHOMY 3aHATTI.
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https://www.udacity.com/course/deep-learning-nanodegree--nd101
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AxkanemiuHa go0pouecHicTb: OUIKyeTbCs, MO POOOTH CTYIAEHTIB OYIyTh iX
OpUTIHAIBHUMH JTOCITI/PKEHHSAMHU YU MipKyBaHHSIMHU. BifcyTHICTh mocuiaHb Ha
BUKOPUCTaHI JpKepena, (aOpuKyBaHHS JDKEpEN, CIUCYBaHHS, BTPYYaHHS B
poOOTYy IHIIMX CTYJIEHTIB CTAHOBIISATh, aJlc HE OOMEXKYIOTh, MPUKIAAA MOXKIIU-
BOi aKaJIeMIYHOI HeIoOpodecHOCTi. BUsABIICGHHs O3HAK akajaeMidyHOi HemoOpo-
YEeCHOCTI B NMHUCHMOBIH pPOOOTI CTyJAEHTa € MiACTaBOIO JJs i He3apaxyBaHHS
BHKJIa/IaueM, He3aJIe)KHO BiJl MacIITa0iB Iiariaty 4u oOMaHy.

BinBiganHsi 3aHATH € BaOXJIMBOI CKJIQJ0BOIO HaBuaHHS. OYiKyeThCs, IO BCi
CTYJICHTH BIJBIJIalOTh YCI JIeKIii Ta yrabopatopHi 3alHATTS Kypcy. CTyaeHTH
NOBHMHHI 1H(QOpMYyBaTH BHKJIaZaya MpPO HEMOXIIUBICTh BIABIAATH 3aHATTA. Y
OyIlb-IKOMY BHUIIQJIKy CTYJIEHTH 3000B’s3aH1 JOTPUMYBATHCS TEPMIHIB BH3-
HAYCHUX IS BHUKOHAaHHS JIOMAIllHIX Ta IHIUBIAyalbHUX 3aBJaHb,
nepeadaueHuX KypcoM.

Jlitepatypa. Ycs miteparypa, sIKy CTYJSHTH HE 3MOXKYTh 3HAWTH CaMOCTIIHO,
Oyle Ha/JlaHa BUKJIaJladeM BUKIIOYHO B OCBITHIX HUIIX Oe3 mpaBa ii mepemadi
TpeTiM ocobaM. CTyHEeHTH 3a0XOYYIOThCS O BHUKOPHCTAHHS TaKOX W IHIIOL
JTepaTypu Ta JKepen, SKMX HEMA€E cepell PeKOMEHI0OBaHHX.

IMosiTuka BHUcTaBJeHHS OamiB. BpaxoByroTbcs Oanm, HaOpaHi Ha
71a00paTOPHUX 3aHATTAX (37a4a JOMAIIHIX Ta 1HJAMBIAyaJbHUX 3aBJIaHb) Ta ITiJI
4ac KOHTPOJILHHX 3aMipiB. [Ipu 1bOMy OOOB’S3KOBO BPaXOBYIOTHCS
MPUCYTHICTh Ha 3aHATTSIX Ta AKTUBHICTh CTYJEHTa MiJ 4ac J1abopaTopHOro
3QHSTTS, HEIOMYCTUMICTh MPOITYCKIB Ta 3alli3HEHb HA 3aHSATTS, KOPUCTYBAHHS
MOOUTBPHUM Tee(OHOM, TUTAHIIIETOM UM THITMMH MOOUTBHUMU MPUCTPOSIMH ITi]T
4yac 3aHATTSA B IUISX HE TOB’S3aHUX 3 HABYAHHSM; CIIMCYBaHHS Ta IUIariar,
HECBOE€YACHE BUKOHAHHSI TOCTABIICEHOTO 3aBJaHHS 1 T. 1H.

XKomHi popmu mopyIIeHHS aKaAEMIYHO1 TOOPOYECHOCTI HE TOJIEPYIOTHCSL.

IMuranus 1o 1. Jliniiina anre6pa. Tenzopu. Onepaiiii 3 TEH30pamH.
KOHTPOJIbHUX 2. Bumankosi BenmuunHU. O4iKyBaHHS.
3aMipiB 3. I'panmienT. ABTOMaTHuUHE TU(EPEHIIIOBAaHHS.
4. 3apaui perpecii. JliniiiHa perpecis.
5. binapna knacudikauis. Jlorictuuna perpecis.
6. bararomaposuii nepuentpod. Heliponu ta mapu. ®yHkuii akTuBarii.
HTpadnua Gynkuis. [Ipsme Ta 3BOPOTHE MOMIUPEHHS.
7. Onrtumizaiiis Ta perysspusailis poOoTH HEHPOHHUX MEPEK.
8. 3ropTkoBi HelpoHHI Mepexi. 3ropTka. Biactyn ta kpok. O6’eanyrounit
map.
9. CyuacHi 3aj1adi KOMIT'IOTEPHOTO 30py Ta apXiTeKTypH 3rOpPTKOBUX
MEpEK.
10. PexypenTHi Mepexi. Buau ta apxiTekTypa.
11. CyuacHi pexypentsi mepexi. LSTM, GRU, Encoder-decoder.
12. [IpencraBneHHs TEKCTY AJIs1 pOOOTH 3 PEKYPEHTHUMH MEpEkKaMHU.
13. Mexani3m yBaru. Tpancpopmepu. BERT.
14. 'enepaTuBHiI Mepexi i3 CYNIEPHUKOM.
OnuryBaHHs AHKETY-OIlIHKY 3 METOIO0 OIIIHIOBAaHHS SIKOCTI Kypcy Oyze HaJaHO IO 3aBep-
IIEHHIO KYpPCY.
Cxema kypcy “Modeni 2nudunno20 MawuHHo20 Ha84anna”
Jlitepar
ypa,
Tuk . .d)opMa . Pecype Tepmin
1eH Tema, mi1an, KOpOTKi Te3H AisIbHOCTI B 3aBaaHH1, ro. B KOHAHHS
(3aHATTH) inTepne
Ti




Tema 1. Beryn (O3uauenus Jlexmisg [1], [3-| OmnpamroBanns | 1 TUxKIEHDb
MawunHo20 HasuyauHA. Tunu (2 ron.) 51, [13] JEKIHIHOrO
MAWUHHO20 HABUAHHS. MaTepiay
IpuknaoHni 3adaui) (2 ron.)
Tema 1. OOpoOka pnanux. | Jlabopatopue | [4],[6] Bukonanus 3 TWXHI
(bibniomexu Numpy, Pandas, (2 ron.) 3aBanHs Nel
MatPlotLib, Seaborn, (4 ron.)
PyCaret)
Jomamne 3aBaanHs Nel.
Po3p’a3atu mMozienbHy 3agaqy
kiacudikarmii TEKCTY
3aco0aMu 610ioTeKn
PyCaret.
Tema 2. MaremaTuune Jlekmis [1], [3] OnpamtoBanHsa | 1 THKaeHb
iIPYHTS MaIIMHHOTO (2 ron.) JEKIIMHOrO
HaBYaHHS (Heobxioni Marepiay
enemenmu 3 Kypcie: Jliniina 2 ron.)
aneebpa, Mamemamuynutl '
ananiz, Teopis imosipnocmetl
ma Mamemamuyna
CMamucmuxa)
Tema 2. Aptomaruune | JlaGoparopue | [3] OmnpamroBanHs | | THXKIEHb
T epeHIIFOBAaHHS (2 ron.) JEKIIMHOrO
(bibriomexu 2NUOUHHO2O Marepiay
HABYAHMHSL (bI'H): 2 ron)
TensorFlow, PyTorch, )
MXNet)
Tema 3. JliniiiHa perpecis Jlexuis [1], 3] OmnpaimroBanHs | 1 THXKIIEHb
(Ilocmanosxa 3adaui. Bubip (2 ron.) JIEKIIMHOTO
wmpaguoi @yHxyii. MaTepiany
I'padienmnuii CnycK. 2
Pezynapuszayis) (2 ron.)
yaspusay
Tema 3. Peanizamis | JlaGoparopue | [3], [7], | OmnpamtoBanusa | 1 THxaeHb
ITOpUTMY JiHINHHOI perpecii (2 rom.) [11] JEKIIHHOTO
3acobamu BI'H matepiany
(Buxopucmannsa TensorFlow 2 ron)
ma PyTorch ons '
PO38’53Y8aHHA 3a0aui
pezpecii i3 bacamvma
SMIHHUMU)
Tema 4. Jlorictuuna perpecis Jlexis [1],13] OnpamtoBanHsa | | THxaeHB
(Illocmanosxa 3aoaui. Bubip (2 rom.) JEKIIHHOTO
wmpaghnoi @DyHKyii. MaTepiay
I'padienmuuii CRYCK. 6
Peeynspuzayis) (6ron)
yaapuzay
Tema 4. Peanizamis | JlaGoparopue | [3], [7], Bukonanus 2 THXHI
ANrOpPUTMY JIOTICTUYHOT (2on.) [11] 3aBmaHHs N2
perpecii  3acobamm  BI'H (4 Tom.)
(Buxopucmanns TensorFlow
ma PyTorch ons
PO38 A3Y8aHHS 3a0aui

binaproi kiacughikayii)




3maua
3apaanuga Nel.

JOMAIITHHOT'0

Jdomamne 3aBaanHs Ne2,

Po3p’s3ati MojienbHY 3aauy

Kkiacudikamii TEKCTY

3acobamu ChatGPT.

Tema 5. bararomapoBuit Jlekmis [1], [3] OnpamtoBanusa | 1 THxaeHb
nepuentpon (Apximexkmypa. (2 ron.) JEKIIMHOTO

Hetiponu ma wapu. Bacu ma Matepiany

axmueayitni Gyukyii. Ipsve (6 ron.)

ma 360pOMHE  NOWUPEHHS

NOXUOKU. LImpaghna

Qynryis)

Tema 5. OcobnuBocti | Jlaboparopue | [3], [7], | OmnpamroBanns | 1 TXXIEHB
MPOEKTYBaHHS HEUPOHHUX (2 ron.) [11] JEKIIHHOrO

Mepex (Bubip ma peanizayisn maTepiaiy

apximexmypu HM 3acobamu (4 ron.)

PyTorch. Tlobyoosa '

MPEHY8aNbHO20 YUKTTY.

Mooenvni 3a0aui)

Tema 6. Onrumizamis Ta Jlexis [1],13] OmpairoBannst | 1 THXIIeHb
perymsipusauist (Onmumizayis (2 ron.) JEKLIHHOrO

ma peaynapuzayis. MaTepiamy

Tnobanvuuit. ma  noxanvHuil (4 ron)

MinimMym.  3anuxaroui  ma

8UOYX08i epadienmu.

Cmoxacmuunuu I'C.  Aoam.

IInanysanmns weuoxkocmi

HABYAHHSL)

Tema 6. Po6orta 3 | JlabGopatopue | [3], [6], | OmnpamtoBanus | 1 TxIeHb
TaOJIUYHUMU JTAaHUMU (2 ron.) [7],[11] JEKIIHHOrO
(Tpancgopmayii oanux Ons MaTepiaiy

BUKOPUCMAHHS 8 AJI2OPUMMAX 2 ron)

MAWUHHO20 HABYAHHSL)

3naua AOMAIIHbOI'0

3aBaaHHs Ne2.

Tema 7. ApxiTekTypa Jlexuis [3] OmnpaimroBanHs | 1 THXIIEHb
3TOPTKOBUX HEUPOHHUX (2 rom.) JEKIIHHOrO

Mepex (3zopmka. Biocmyn MaTepiay

ma xkpok. O6’eOnyrouuil wap. (4 ron.)

Mnootcunni 6xioni ma 8uxioui '

KaHau)

Tema 7. Peamizauisa | JlaGoparopue | [2-3], BuxonanHs 3 THXHI
3TOPTKOBUX HEUPOHHUX (2 Tom.) [6], [7], | zaBmamms Ne3

Mepex 3acobamu BI'H [11] (4 o)

(Bukopucmanns  6ibniomexu
PyTorch ona npoexmysanns
320PMKOBUX HetpOHHUX
mepeorc)

KonTtpoJuabHuii 3amip Nel.




Jomamue 3aBaanHs Ne3.
3ropTKOBI MEpexi I 3a7adi
po3mi3HaBaHHS 00IUYYsI.

8 Tema 8. CyuacHi 3ropTKOBi Jlekmis [3] OmpairoBanHst | 1 THOKIIEHB
MepexKi (Apximexmypa (2 ron.) JEKIIMHOTO
mepedic AlexNet, VGG, MaTepiay
GoogLeNet, ResNet) (4 ron)

Tema 8. 3roprkoBi HeliponHi | Jlabopatopue | [2-3], [TinroryBatu | 4 THXHI
Mepexi Ha MPUKIIaIax (2 rom.) [61, 7], JIOTIOB1/Th
HabopiB manmx MNIST Ta (iHaUBigyaBEHE
FashionMNIST (/lopieusanns 3aBaaHHsA Nel)
Ppe3yIbmamueHoCmi  pi3HUX (8 ron)
apximexkmyp HeUpOHHUX

mepeorc)

InpuBinyanbHe  3aBAaHHS

Nel. Posp’si3atu 3aaqy

knacudikamii 300pakeHp Ha

wiardopmi Kaggle. /lonosins

PO pe3yJIbTATH.

9 Tema 9. 3amaui Jlexist [3], [9-| OmnpamroBanus | 1 TuxIaeHb
KOMIT FOTEPHOTO 30py (2 ron.) 11] JEKIIMHOrO
(Knacugpixayis  306padicens. Marepiay
Posniznasanusn 06 ’exkmisg) 2 ron)

Tema 9. Knacudikamis | Jlabopatopue | [2-3], Bukonanus 4 TrKHI
300pakeHb (Mooudgpixayia (2 ronm.) [7], [9-| s3aBmamms Ned
300pasicens. Ilepenecenns 11] (8 Ton)

pe3yibmamis Ha84UaHHs1)

Jomamne 3aBaaHHs Ned.

Monenb YOLO JUTSE

po3mi3HaBaHHA 00’€KTIB Ha

300pakeHHI.

10 Tema 10.  Apxitekrypa Jlexuis [3], [9-| OmpamtoBanHsa | | TmxkzaeHb
PEKYpPEHTHHUX HEUPOHHUX (2 Ton.) 11] JEKLIHHOrO
MEpPEK (360pommue Matepiany
nowlupentsi NnoxubKu uepes (4 ron)

4aqc)




Tema 10. Peanizamis | JlaGoparopue | [3], [6], | IlimroryBatu | 5 THXHIB
PEKYpPEHTHUX HEUPOHHUX (2 ron.) [9-11] JIOTIOBiTh
Mepex 3aco0aMu bI'H (IrauBiTyaJIbHE
(Buxopucmanns  6ibniomexu 3aBaaHHs Ne2)
TensorFlow onst (10 ron)
NPOEKMYBAHHS  PEKYPEHMHUX

HEeUPOHHUX MEPeAC)

3paua JIOMAIIHbLOIO

3aBaaHHs Ne3.

InpuBinyanbHe  3aBAaHHSA

Ne2. Posp’s3atu 3a1a4y

knacudikamii  Tekcty  Ha

mnatdopmi Kaggle. JonoBias

IIPO PE3YJIbTATH.

11 Tema 11. CyuacHi Jlekuis 2], [3] OmnpamroBanHs | 1 THXKIEHb
PEeKypeHTHI Mepexi (2 Ton.) JEKIIMHOrO
(Apximexmypa mepexc GRU, Matepiaiy
LSTM, Encoder-decoder) (4 ron)

Tema 11. I'muGoki | JlaGopatopue | [3], [6], | OnpamroBanus | 1 THkKIeHb
PEKypEeHTHI HEHpPOHHI (2 rom.) [9-11] JEKIIMHOrO

MEpEeKi. ([{sonanpsmneni maTepiaiy

DEKYDEHMHI HeUpPOHHI 2 rom)

Mmepedxct)

KonTtpoabnuii 3amip Ne2.

3naua iHauBinyaJbHOTO

3aBaaHHs Nel.

12 Tema 12. VYBara Ta Jlexist [1], [3], | OmnpamtoBannst | 1 THXKIEHB
TpaHcopmepu (Mexanizm (2 Tom.) [12] JEKIIHHOTO
yeazu. Apximexmypa MaTepiaiy
mpawncgopmepis.) (4 ro)

Tema 12. Bukopucranus | Jlaboparopue | [3],[12] | OmpamroBanus | 1 THXAEHD
TpaHcopMmepiB B 3ajayax (2Ton.) JEKIIHHOTO

PO3YMiHHS NPUPOJIHIX MOB Ta Matepiany

KOMIT FOTEPHOTO 30Dy . 2 ron)

13 Tema  13. PobGora 13 Jlexis [3],[12] | OmnpamroBannst | 1 THXKIEHB
MIPUPOTHIMH MOBaMH (2 ron.) JEKIIHHOrO
(Ilpeocmasnenus mexcmy. MaTepiay
Word2vec, GloVe. BERT) (4 ro)

Tema 13. TpenyBanus moaeni | Jlaboparopue | [3],[12] | OmpamroBanus | | THXAECHD
MOBH (2Ton.) JEKIIHHOTO

MaTepiainy
3naua AOMAIIHBOIO 2 ron)

3aBaaHHA Ned.




14 Tema 14. Ilpuknagui 3amadi Jlexmisg [3],[12] | OmnpamroBannst | 1 THXKIEHB
PO3YMIHHS TMPHUPOJHIX MOB (2 ron.) JEKIIMHOrO
(Knacugixayis mexcmy. MaTepiay
Busnauennss cymmnocmei 6 (4 ron)
meKcmi. 1Tiocymosyearnns '

MeKcmie)
Tema 14. 3mnaiiomctBo 13| Jlabopatopue | [2], [6- | OmnpamroBanns | 1 THXKIEHB
6i6miorexkoro HuggingFace (2 Tonm.) 7] JEKIIHHOTO
MaTtepiary
(2 ron.)

15 Tema 15. I'enepaTuBHi Jlexuis [10] OmpairoBannst | 1 THXIIeHb
HEUPOHHI Mepexi (2 rom.) JIEKIIHHOTO
(I'enepamop ma Matepiaiy
OUCKpUMIHAMOP. Linvosa (4 ro)

PynKyis. Tuboki '
2EHEPAMUBHI MepediCi)
Tema 15. Jlemoncrpamis | Jlaboparopue | [2], [6- | OmnpamroBanus | | THXICHB
pOOOTH TEHEPATUBHUX MEPEK. (2 ron.) 71, [10] JEKIIHHOTO
3 . . marepiany
aaqa inaguBinyaJbHOrO
3aBaaHHsa Ne2. ' (2 ron.)

16 Tema 16. Pexomenpauiiini Jlexist [8], [14] | OmnpamroBanns | 1 TUXIEHDb
CHUCTEMH (@axkmopuszayis (2 ron.) JEKIIMHOrO
mampuys. Ilepeobauenns Marepiay
petimuneis.) 2 ron)

Tema 16. PamxyBanns | Jlabopatopue | [8], [14]
NEPCOHATI30BAHUX (2 ron.)
pe3yNbTatiB y

peKOMeHHaHiﬁHHX CUCTCMax

KonTtpouabHuii 3amip Ne3.




Discipline name

Deep machine learning models

Address where
the discipline is

The main building of Ivan Franko National University of Lviv
1, Universytetska st., Lviv

taught
The faculty and | Faculty of Applied Mathematics and Informatics
department Department of Computational Mathematics

under which the
discipline is
established

Field of
knowledge, code
and name of
specialty

F Informational technologies
F1 Applied mathematics

Teachers of the

Muzychuk Yurii Anatoliyovych, Candidate of Physical and Mathematical

discipline Sciences, Associate Professor of the Department of Computational
Mathematics,
Harasym Yaroslav Stepanovych, Senior Lecturer of the Department of
Computational Mathematics (laboratory classes)
Contact Yuriy.Muzychuk@Inu.edu.ua; https://ami.lnu.edu.ua/employee/muzychuk-yuriy
information of laroslav.Harasym@Inu.edu.ua; https://ami.lnu.edu.ua/employee/harasym
teachers Room 2.62’ g . . . .

The main building of Ivan Franko National University of Lviv,
1, Universytetska st., Lviv

Consultations | Consultations on the day of lectures/laboratory sessions (by prior agreement).

on issues of
training in the
discipline are

taking place

Course page

https://ami.lnu.edu.ua/en/course/deep-learning-models-applied-mathematics-
19

Information
about the
discipline

The discipline "Models of deep machine learning" is a discipline -of choice
from specialty F1 Applied mathematics for the educational program "Applied
Mathematics", which is taught in the 1st semester in the amount of 6 credits
(according to the European Credit Transfer System ECTS).

Brief abstract of
the discipline

The course "Deep machine learning models" covers the following sections:
Basics of machine learning, Convolutional neural networks for computer
vision problems, and Modeling sequences with recurrent neural networks.
When considering these topics, the main focus is on establishing the
necessary mathematical apparatus for solving modern machine learning
problems, researching neural network architectures for relevant practical
problems, and using modern libraries and tools for programming of these
algorithms. The presentation of the material is carried out using modern
terms and concepts from the field of information technologies.

Goal and
objectives of the
discipline

The goal of the course is to familiarize students with modern machine
learning problems; algorithms and technologies for solving them.
The objectives of studying the academic discipline is the formation of
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students' theoretical knowledge in the field of machine learning; students'
acquisition of practical skills for solving applied problems using models of
deep neural networks.

Literature for
the discipline

Basic literature

1. Goodfellow I. Deep Learning / Ian Goodfellow, Yoshua Bengio, Aaron
Courville. - MIT Press, 2016. - WWW:
http://www.deeplearningbook.org

2. Howard J. Deep Learning for coders with Fastai and PyTorch: Al
applications without a PhD / Jeremy Howard, Sylvain Gugger. — O’Reilly
Media, 2020. - WWW: https://github.com/fastai/fastbook

3. Zhang A. Dive into Deep Learning / A.Zhang, Zachary C. Lipton, Mu Li,
Alexander J. Smola. — arXiv preprint arXiv:2106.11342, 2021. - WWW:
https://arxiv.org/abs/2106.11342

4. Buduma N. Fundamentals of Deep Learning. Designing Next-Generation
Machine Intelligence Algorithms. 2nd Edition / Nithin Buduma, Nikhil
Buduma, Joe Papa. — O’Reilly, 2022. — 388 p.

5. Patterson J. Deep Learning: A Practitioner's Approach / Josh Patterson,
Adam Gibson. — O’Reilly, 2017. — 352 p.

6. Burns S. Python Machine Learning: Machine Learning and Deep
Learning with Python, scikit-learn and Tensorflow / Samuel Burns. —
2019.-176 p.

7. Papa J. PyTorch Pocket Reference: Building and Deploying Deep
Learning Models / Joe Papa. — O’Reilly, 2021. — 307 p.

8. Falk K. Practical Recommender Systems / Kim Falk. — Manning, 2019. —
432 p.

Additional literature

9. Ye A. Modern Deep Learning Design and Application Development /
Andre Ye. — Apress, 2022. —451p.

10. Foster D. Generative Deep Learning: Teaching Machines to Paint, Write,
Compose, and Play / David Foster. — O’Reilly, 2019. — 330 p.

11. Hope T. Learning TensorFlow: A Guide to Building Deep Learning
Systems / Tom Hope, Yehezkel Resheff, Itay Lieder. — O’Reilly, 2017. —
242 p.

12. Harrison P. Deep Learning with Text / Patrick Harrison, Matthew
Honnibal. — O’Reilly, 2020. — 250 p.

13. Watson C. A Systematic Literature Review on the Use of Deep Learning
in Software Engineering Research / Cody Watson, Nathan Cooper, David
Nader Palacio, Kevin Moran, Denys Poshyvanyk. — arXic preprint
arXiv:2009.06520v2, 2021. - WWW:
https://arxiv.org/pdt/2009.06520.pdf

14. Theobald O. Machine Learning: Make Your Own Recommender System
/ Oliver Theobald. — Scatterplot Press, 2018. — 129 p.

Scope of the
course

Total volume: 180 hours. Classroom classes: 64 hours, including 32 hours of
lectures and 32 hours of laboratory work. Independent work: 116 hours.

Expected
learning
outcomes

Upon completion of this course, the student will:
Know :
- mathematical formulation of common modern machine learning
problems,
- the most productive types of deep neural networks and methods of
their application.
Be able to :
- on the basis of the set requirements, design and implement a neural
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network using a specialized machine learning library,
- evaluate the results of the constructed network and propose ideas for
improvement of the accuracy of the obtained results.

Keywords

Machine learning, deep neural networks, numpy, pandas, tensorflow,
pytorch, mxnet.

Course format

Face-to-face
Conducting lectures, laboratory sessions and consultations.

Topics See below in the table Scheme of the course "Deep machine learning models"
Final control, | Test
form
Prerequisites | To study the course, students need basic knowledge of
- Fundamentals of programming
- Software development
- Probability theory and mathematical statistics
- Basics of machine learning
Teaching Presentations, lectures, modular control.
methods -and Homework and individual tasks.
techniques that
will be used
during the
teaching of the
course
Required Computer with software: Visual Studio Code; internet access.
equipment
Evaluation The assessment is carried out on a 100-point scale.
criteria Evaluation on the ECTSScore in[Evaluation on a national scale
-(separately for | [scale points Exam, differentiatedSetoff
each type of setoff
educational A Excellent 100-90 [Excellent 5
activity) B Very good 81-89 n
Good 4
C Good 71-80 counted
D Satisfactory 61 -70 Satisfactory 3
E Enough 51-60
FX . .
(F) Unsatisfactory |0 - 50 Unsatisfactory |2 not counted

During the semester, a student can get 100 points. Of them:

- homework: 20% of the semester grade; the maximum number of
points is 20 (4 tasks of 5 points each);

- individual tasks: 50% of the semester grade; the maximum number of
points is 50 (2 tasks of 25 points each); the task is designed as a
private competition on the Kaggle platform; deadlines are set for each
task. Students’ works that are submitted late without valid reasons are




evaluated at a lower grade (2 points less for each laboratory session
after the submission deadline);

- control measures (modules): 30% of the semester grade; the
maximum number of points is 30 (3 test modules in the MS Teams
environment, 10 points each);

The final maximum number of points is 100.

Evaluation criteria for homework tasks:

5 points — the student fully fulfilled the conditions of the assignment; the
algorithm is implemented correctly; examples of use are demonstrated; styled
properly using Jupyter Notebook with comments and visualizations;

3-4 points — the task is fully implemented, but with minor errors; is not
designed in full accordance with the requirements: visualizations or
comments are partially missing;

1-2 points — the task is implemented partially or with significant errors; no
examples of use; improperly executed;

0 points - the student did not complete the task.

Evaluation criteria for individual tasks:

25 points — the student fully fulfilled the conditions of the task; preliminary
data analysis was carried out and visualizations were built; the selection and
comparison of architectures for solving the task was carried out; optimal
hyperparameters for the algorithm were selected; results were analyzed and
visualized; the final model shows a better result than the base model given in
the task; executed as a Jupyter Notebook and stored in the GitHub version
control system or on the Kaggle platform;

20-24 points — the student has fully fulfilled the conditions of the task, but
with minor errors or comments regarding the design of the work;

15-19 points - the student completed the task partially, but at the same time
was able to build a final model that shows a high result; one of the mandatory
points of work is missing: research and visualization of data, selection of
hyperparameters of the algorithm or analysis of results;

10-14 points — the student completed the task partially; the algorithm is
implemented with errors; the final model is characterized by a low accuracy
result; two or more stages of work are missing;

5-9 points — the student completed the task partially; only data loading and
their superficial research were carried out; the final model for the problem is
not built;

1-4 points — the student partially completed the task with gross errors;
program execution errors are present; there is no final model for the problem;

0 points - the student did not complete the task.

Evaluation criteria of control measurements (modules):
1 point — the answer to the question is correct;

0 points - the answer to the task is incorrect.

Non-Formal Education:




Students may earn additional credit points for this discipline by successfully
completing one or more thematically related courses offered on well-known
online platforms.

Approved course options include (other courses may be considered with prior
lecturer approval):

- https://www.deeplearning.ai/courses/tensorflow-developer-
professional-certificate/

- https:// www.deeplearning.ai/courses/tensorflow-advanced-
techniques-specialization/

- https://www.deeplearning.ai/courses/deep-learning-specialization/

- https:// www.edx.org/professional-certificate/deep-learning

- https://www.udacity.com/course/deep-learning-nanodegree--nd101

- https://www.pluralsight.com/paths/deep-learning-literacy-practical-
application

- https://www.coursera.org/learn/probabilistic-deep-learning-with-
tensorflow?2

Each completed course is valued at 30 points.
To qualify for additional credit, students must:
1. Successfully complete the course with a final score above 80%;
2. Provide a named certificate of completion;
3. Deliver a short presentation-report summarizing the course during a
laboratory session.

Academic Integrity: Students' works are expected to be their own original
research or reasoning. Lack of references to used sources, fabrication of
sources, plagiarism, interference in the work of other students are, but are not
limited to, examples of possible -academic dishonesty. The detection of signs
of academic dishonesty in a student-'s written work is a reason for its
rejection by -the teacher, regardless of the scale of plagiarism or deception.
Attending classes is an important part of learning. All students are expected
to attend all lectures and laboratory sessions of the course. Students must
inform the teacher about the impossibility to attend classes. In any case,
students are obliged to adhere to the deadlines -set for homework and
individual assignments provided by the course.

Literature. All literature that students cannot find on their own will be
provided by the teacher for educational purposes only, without the right to
transfer it to third parties. Students are also encouraged to use other literature
and sources that are not among the recommended ones.

Scoring policy. Points scored on laboratory classes (homeworks and
individual tasks) and during testing are taken into account. At the same time,
attendance of classes and the student's activity during practical sessions must
be taken into account; inadmissibility of absences and lateness to classes;
using a mobile phone, tablet or other mobile -devices during class for
purposes not related to education; plagiarism; untimely performance of the
assigned task, etc.

Any form of breach of academic integrity will not be tolerated.
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Questions for | 1. Linear algebra. Tensors. Operations on tensors.
control 2. Random variables. Expectation.
measurements | 3. Gradient. Automatic differentiation.
4. Regression problems. Linear regression.
5. Binary classification. Logistic regression.
6. Multilayer perceptron. Neurons and layers. Activation functions. Penalty
function. Forward and reverse propagation.
7. Optimization and regularization of neural networks.
8. Convolutional neural networks. Padding and stride. Pooling layer.
9. Modern problems of computer vision and architecture of convolutional
networks.
10. Recurrent networks. Views and architecture.
11. Modern recurrent networks. LSTM, GRU, Encoder-decoder.
12. Text representation in recurrent networks.
13. Attention mechanism. Transformers. BERT.
14. Generative adversarial networks.
Poll An evaluation questionnaire for the purpose of assessing the quality of the
course will be provided upon completion -of the course.
Scheme of the course ""Deep machine learning models"’
Form of Literature, Assignme
Week Topic, plan, short theses .. Internet Deadline
activity (class) nt, hours
resources
1 Topic 1. Introduction Lecture [1],  [3-5], | Processing | 1 week
(Definition  of  machine (2 hours) [13] of lecture
learning. Types of machine material
learning. Applied problems) (2 hours)
Topic 1. Data processing. Laboratory [4], [6] Completio | 3 weeks
(Libraries Numpy, Pandas, (2 hours) n of task
MatPlotLib, Seaborn, Nel
PyCaret) (4 hours)
Homework Ne 1. Solve the
model problem of text
classification  using  the
toolset of the PyCaret
library.
2 Topic 2. Mathematical basis Lecture [13] Processing | 1 week
of machine learning (2 hours) of lecture
(Necessary elements from material
the courses: Linear algebra, (2 hours)
Mathematical analysis,
Probability  theory  and
mathematical statistics)




Topic 2. Automatic Laboratory [3] Processing | 1 week
differentiation (Deep (2 hours) of lecture

learning libraries: material
TensorFlow, PyTorch, (2 hours)

MXNet)

Topic 3. Linear regression Lecture [13] Processing | 1 week
(Problem statement. Choice (2 hours) of lecture

of penalty function. Gradient material

descent. Regularization) (2 hours)

Topic 3. Implementation of | Laboratory [3],[7],[11] | Processing | 1 week
the linear regression (2 hours) of lecture

algorithm by means of DLL material

(Using  TensorFlow and (2 hours)

PyTorch to solve the

regression  problem  with

many variables)

Topic 4. Logistic regression Lecture [13] Processing | 1 week
(Problem formulation. (2 hours) of lecture

Choice of penalty function. material

Gradient descent. (6 hours)
Regularization)

Topic 4. Implementation of | Laboratory (2 | [3],[7], [11] | Completio |2 weeks
the  logistic  regression hours) n of task

algorithm using DLL (Using Ne 2

TensorFlow and PyTorch to (4 hours)

solve the problem of binary

classification)

Submission of homework

Ne 1.

Homework Ne 2. Solve the

model problem of text

classification using

ChatGPT.

Topic 5. Multilayer Lecture [13] Processing | 1 week
perceptron (Architecture. (2 hours) of lecture

Neurons and layers. Weights material

and activation  functions. (6 hours)

Forward and  backward

propagation of  error.

Penalty function)

Topic 5. Peculiarities of | Laboratory (2 | [3],[7], [11] | Processing | 1 week
designing neural networks hours) of lecture
(Selection and material
implementation of the NN (4 hours)




architecture using PyTorch.
Building a training cycle.
Model problems)

Topic 6. Optimization and Lecture [13] Processing | 1 week
regularization (Optimization (2 hours) of lecture

and regularization. Global material

and local minimum. (4 hours)

Decaying and  explosive

gradients.  Stochastic GD.

Adam. Learning rate

planning)

Topic 6. Working with | Laboratory (2 |[3], [6], [7], | Processing | 1 week
tabular data (Data hours) [11] of lecture
transformations for use in material

machine learning (2 hours)
algorithms)

Submission of homework

Ne 2.

Topic 7. Architecture of Lecture [3] Processing | 1 week
convolutional neural (2 hours) of lecture

networks (Convolution. material

Offset and stride. Pooling (4 hours)

layer. Multiple input and

output channels)

Topic 7. Implementation of | Laboratory (2 |[[2-3], [6], | Completio |3 weeks
convolutional neural hours) [7],[11] n of task

networks by means of DLL Ne 3

(Using the PyTorch library (4 hours)

for designing convolutional

neural networks)

Control measurement Ne

1.

Homework Ne3.

Convolutional networks for

face recognition.

Topic 8. Modern Lecture [3] Processing | 1 week
convolutional networks (2 hours) of lecture

(AlexNet, VGG, GoogLeNet, material

ResNet network architecture) (4 hours)

Topic 8. Convolutional | Laboratory (2 |[2-3], [6],| Preparea |4 weeks
neural networks on the hours) [7], report

examples of MNIST and (individual

FashionMNIST datasets

task Ne 1)




(Comparison of
performances of different
neural network
architectures)

Individual task Nel. Solve
the problem of image
classification on the Kaggle
platform. Report on the

(8 hours)

results.

9 Topic 9. Computer vision Lecture [3], [9-11] Processing | 1 week
tasks (Image classification. (2 hours) of lecture
Object recognition) material

(2 hours)
Topic 9. Classification of | Laboratory (2 |[[2-3], [7], | Completio |4 weeks
images (Modification of hours) [9-11] n of task
images. Transfer of learning Ne 4
results) (8 hours)
Homework Ne 4. The
YOLO model for image
object detection.

10 Topic 10. Architecture of Lecture [3], [9-11] Processing | 1 week
recurrent neural networks (2 hours) of lecture
(Backpropagation of error material
through time) (4 hours)

Topic 10. Implementation of | Laboratory (2 | [3], [6], [9-| Preparea [ 5 weeks
recurrent neural networks hours) 11] report
using BGN (Using the (individual
TensorFlow  library  for task Ne 2)
designing recurrent neural (10 hours)
networks)

Submission of homework

Ne 3.

Individual task Ne 2. Solve

the  problem  of  text

classification on the Kaggle

platform. Report on the

results.

11 Topic 11. Modern recurrent Lecture [2], [3] Processing | 1 week
networks (Architecture of (2 hours) of lecture
GRU, LSTM, Encoder- material
decoder networks) (4 hours)




Topic 11. Deep recurrent | Laboratory (2 |[3], [6], [9-| Processing | 1 week
neural networks. hours) 11] of lecture
(Bidirectional recurrent material

neural networks) (2 hours)

Control measurement #2.

Submission of individual

task Ne 1.

12 Topic 12. Attention and Lecture [1], [3], [12] | Processing | 1 week
transformers (Mechanism of (2 hours) of lecture
attention.  Architecture of material
transformers.) (4 hours)

Topic 12. The wuse of| Laboratory (2 | [3],[12] Processing | 1 week
transformers in tasks of hours) of lecture
understanding natural material

languages and computer (2 hours)

vision.

13 Topic 13. Working with Lecture [3],[12] Processing | 1 week
natural  languages  (7ext (2 hours) of lecture
representation.  Word2vec, material
GloVe. BERT) (4 hours)

Topic 13. Training the | Laboratory (2 | [3],[12] Processing | 1 week
language model hours) of lecture

material
Submission of homework (2 hours)
Ne 4.,

14 Topic 14. Applied tasks of Lecture [3], [12] Processing | 1 week
understanding natural (2 hours) of lecture
languages (Classification of material
the text. Definition of (4 hours)
essences in  the  text.

Summarization of the texts)
Topic 14. Getting to know | Laboratory (2 | [2], [6-7] Processing | 1 week
the HuggingFace library hours) of lecture

material

(2 hours)

15 Topic 15. Generative neural Lecture [10] Processing | 1 week
networks (Generator and (2 hours) of lecture
discriminator. Objective material
function. Deep generative (4 hours)

networks)




Topic 15. Demonstration of | Laboratory (2 [ [2], [6-7], | Processing | 1 week
generative networks. hours) [10] of lecture
material
Submission of individual (2 hours)
task Ne 2.
16 Topic 16. Recommender Lecture [8], [14] Processing | 1 week
systems (Factorization of (2 hours) of lecture
matrices.  Prediction  of material
ratings.) (2 hours)
Topic 16. Ranking of | Laboratory (2 | [8],[14]
personalized  results in hours)

recommender systems

Control measurement Ne 3.




