MIHICTEPCTBO OCBITU I HAYKU YKPATHU
AbBBIBCBKHI HAIlIOHAABHUH VHiBepcuTeT iMeHi IBana ®@panka
DaKyAbTET IPUKAAAHOI MATEMATUKHU Ta iH(DOpPMATHKH
Kadeapa o6uncaroBaAbHOT MaTeMAaTHKH

3aTBepaKeHo
Ha 3acizanni
Kadeapu 00UUCITIOBAIBHOT MaTeMaTHKH
(akynbTeTy NPHKIAQJIHOI MaTreMaTHKU Ta
iHpopMaTHKH
JIbBIBCHKOIrO HAllIOHAILHOTO YHIBEPCHTETY
imeHi [Bana ®@panka
(nporokos Ne _1_Bin 29 cepnusi 2023 p.)

Cuaadyc 3 HABYAJIBHOT IUCUHHMILIIHH
“MojeJti r/IMOMHHOIO MAIIHHHOIO HABYAHHSA ",
o BuKIaaaerbest B mexkax OINIT [pukiaaana marematuka
APYroro (MaricrepcbKoro) piBHsi BUIIOT OCBITH /151 3100yBayiB 3

crneuiaabHocTi 113 — npuk/1agHa MmaTeMaTHKA

JIbBiB 2023 p.



Ha3sBa

MopeJi rITMOMHHOr0 MAIMMHHOIO HABYAHHSA

AUCHHILTIHU

Anpeca ["onouuit kopryc JIHY im. 1. ®panka
BUKJIA/JIaHHA M. JIbBiB, Byn. YHiBepcuTeTChKa 1
AUCHMILTIHU

dDaxyJabTeT Ta
Kkadenpa, 3a
SAIKOI0
3aKpinJieHa
JTUCIHHUILIIHA

®daxyabTeT NPUKIAAHOT MAaTEMAaTUKH Ta 1HHOPMaTUKU
Kadenpa o6unciroBaabHOi MaTeMaTHKH

I'amy3sb 3HaHDb,
mu¢gp Ta Ha3Ba

11 — maTeMaTHKa Ta CTATUCTUKA
113 — npuknanHa MaTeMaTuKa

cneniaJbHOCTI
Buxaanaui My3uuyk FOpiit  AnatoniiioBuu, kaHauaatr (i3uKO-MaTeMaTHYHUX HayK,
AUCUUIJIIHA JOTICHT Kadeapu 009nCIIOBaIbHOI MATEMATHKH,
I"apacum Spociap CrenmaHoBHY, cTapuinii BUKIaaa4 Kadeapu o0uncIoBaIbHOT
MaTeMaTHKU (J1aOopaTOpHi 3aHATTSI)
KonTakTHAa Yuriy.Muzychuk@Inu.edu.ua; https://ami.lnu.edu.ua/employee/muzychuk-yuriy
indopmanis laroslav.Harasym@Inu.edu.ua; https://ami.lnu.edu.ua/employee/harasym
BHKJIAAAYiB I'onoBuuii kopiryc JIHY im. 1. ®dpanka, kabd. 262.

M. JIbBiB, By/1. YHIBEpCUTETChKA, 1

Koncyabraunii 3

KoncynbTarii B JeHb IPOBECHHS JICKIIii/T1a00paTOpHUX 3aHATH (32 MOMepe-

NUTaHb HBOIO JJTOMOBJICHICTIO).
HABYAHHA 110
AUCHUILTiHI
Bi0yBalOThCS
Cropinka kypey | https://ami.Inu.edu.ua/en/course/deep-learning-models
Indopmanis npo | Aucuumutina “Mogneni TTHOMHHOTO MAIIMHHOTO HAaBYaHHS € AMCIUILUTIHOIO Ha
AUCHUILTIHY BUOIp 31 crienianibHOCTI 113 — mpukiiagHa MaTeMaTuka Ui OCBITHBOI MPOrpaMu
“IlpukinamHa MatemMaTHka’, sika BHKJIATaeThCsl B 1-My cemecTpi B 00cs3i 6-u
KpenuTiB (3a €Bponelicskoro Kpeautno-Tpancgeproro Cucremoro ECTS).
Koporka Kypc “Mopeni riaMOMHHOrO MAaIIMHHOTO HAaBYaHHS OXOIUIIOE TaKli PO3IUIH:
aHoTauis OcCHOBM MAaIIMHHOTO HaBYaHHS, 3TOPTKOBI HEMPOHHI Mepexi Ui 3amad
AU CHUILTIHU KOMIT'FOTEPHOTO0 30py Ta MoJenoBaHHs TOCTIJOBHOCTEH B PEKYPEHTHHUX

HEUPOHHUX Mepexax. [Ipu po3risal mux TeM OCHOBHA yBara 30CEPEIKYEThCS
HA BCTaHOBIIEHHI HEOOXIJTHOTO MAaTeMaTUYHOTO amapary s po3B’s3yBaHHSI
Cy4yaCHHUX 3a/lad MAIIMHHOTO HaBYaHHSI, JOCIIIKEHHI apXITEKTyp HEHMpPOHHUX
MEpeX IS BIATMOBIIHUX TPAKTUYHUX 3a]ad Ta BHUKOPUCTAHHI CYYacHHX
010mi0oTek Ta 3aco0iB A MpOrpamMyBaHHS IMX aJIropuTMiB. Buxmanenus
MaTepiany 3[1HCHIOETHCS 3a JOMOMOTOI0 Cy4aCHUX TEPMiHIB Ta MOHSTH 3 Taly3i
1H(pOpMaLITHUX TEXHOJIOT1i.

Merta Ta i

Memoro Kypcy € TpyHTOBHE O3HAHOMJICHHS CTYJICHTIB 13 Cy4YaCHHUMHM 3aJadyaMU

JUCIHHUILTIHA MAIlIMHHOTO HABYaHHSI Ta alTOPUTMAaMU 1 TEXHOJOTISIMH I iXHBOTO
PO3B’sI3yBaHHS.
3agé0annam BUBYCHHS HAaBUAIBHOI TUCIHMIUIIHM € (DOPMYBAaHHS y CTYACHTIB
TEOPETUYHHUX 3HAaHb B 00JIACTI MAIIMHHOTO HaBYaHHS, 3J00yTTS CTyAEHTaMHU
IIPAKTUYHUX HABUYOK JUIsl PO3B’SA3YBaHHS IMPHUKIAJHUX 3a7ad 3a JIOIOMOIOIO
Mojieniel rTHO0KUX HEUPOHHUX MEPEK.

Jlitepatypa nis OcHoBHa JiiTepaTypa
BUBYEHHS 1. Goodfellow I. Deep Learning / lan Goodfellow, Yoshua Bengio, Aaron
JTHCIHILTIHH 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
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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.

Jonarkosa Jiiteparypa

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.

O0csar kypey | 3aranbHuii o6car: 180 ronuH. AyIuTOpHUX 3aHATh: 64 T0A., 3 HUX 32 TFOAUHU
nekuii Ta 32 roguHan 1abopartopHux poobiT. CamoctiiiHoi podoTtu: 116 rog.
OuikyBani [Ticns 3aBepIIeHHs IHOTO KYPCY CTYAEHT Oyne:
pe3yJbTaTu 3namu:
HABYAHHSA - MaTteMmatudHe (HOPMYITIOBAHHS MOIMIMPEHUX CYYaCHHX 3a]a4 MAIIMHHOTO
HaBYaHHS,

- HalOUIbII MPOAYKTUBHI PI3HOBUIAM TJIMOOKHMX HEHPOHHUX MEpex Ta
CHocoOu IXHBOT'O 3aCTOCYBAHHS.
Bmimu:
- Ha OCHOBI MOCTaBJIEHUX BUMOT CIPOEKTYBaTH Ta peayi3yBaTH HEUPOHHY
MEpEXKY 3 BAKOPUCTAHHAM aKTyaabHOI 010J110TEKH MAIIMHHOT'O HaBYaHHSI,
- OLIHUTH pe3yabTaTu poOOTH NOOYI0BaHOI MEPEXKI Ta 3alPOIIOHYBATH 1€l
JUISl TOKPAIICHHS TOYHOCTI OTPUMAHUX Pe3yJIbTaTiB.

Kuaro4dosi ciioBa

MamuHHe HaBYaHHs, TTHOOKI HEMpOHHI Mepexi, numpy, pandas, tensorflow,
pytorch, mxnet.

®opmar kypey | Ounuii.
[TpoBeneHHs ek, 17ab0paTOPHUX POOIT 1 KOHCYJIbTAITIH.
Temu [Tonano Hux4e y Tabnuui Cxema kypey “Mogeni UOMHHOT0 MalTMHHOTO
HaBYaHHA"
IMincymkoBuii | 3amik

KOHTPOJIb,
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(¢popma

IIpepexsBizutu

Jlns BUBYEHHS KYpCy CTYIAEHTH NOTpeOyIoTh 0a30BUX 3HAHB 3
- OcHOB nporpaMyBaHHsI
- IIporpamnoro 3a0e3neueHHs
- Teopii IMOBIpHOCTI Ta MaTEMaTUYHOT CTATUCTUKU
- OCHOB MalIMHHOTO HaBYAHHS

HaBuajabHi me-
TOJAH TA TEXHIKH,
sIKi Oy1yTh BU-
KOpPHCTOBYBAa-
THCH IiJg yac
BHKJIaJaHHA

Kypcy

[Ipe3enTaii, nekiii (JIEKIis-PO3MOBI b, JIEKITisA-0eciaa), MOAYIAbHUNA KOHTPOJIb.
JlomaiHi Ta iHIMBIya bHI 3aBJaHHS

Heo0xigne 00-
JagHAHHSA

Komm’rorep i3 mporpamunm 3abe3neuennsm Visual Studio Code.

Kpurepii omi-
HIOBaHHS (OK-
peMo 1JISl KOXK-
HOT'0 By HaB-
JJILHOI JifJIb-
HOCTI)

OmintoBanHs TPoBoAUTHECS 32 100-0ayibHOIO mIKaor. bamu HapaxoByOThCS 3a
HACTYITHUM CIH1BBITHOLIEHHSIM:

* nomarHi 3aBanHs : 20% ceMecTpoBOi OIIHKHM; MaKCUMalbHa KUIBKICTh OaiiB
20 (4 3aBnanHs 1o 5 6amiB);

* iHAMBIAYyanbHI 3aBaaHHs : 50% ceMecTpoBOi OIIHKH; MAaKCUMaJIbHAa KUIBKICTh
6amniB 50 (2 3aBnanHs o 25 6ainiB);

* KOHTPOJBHI 3amipu (Moayii): 30% ceMecTpoBOi OILIHKK; MaKCUMajbHa KiJIb-
kicth 0aniB 30 (3 TectoBi Moayii B cepenoBuiui MS Teams no 10 6aniB);
3aranom npotsroM cemectpy 100 Oais.

AxanemiyHa 100pouyecHicTb: OuikyeTbes, 10 POOOTH CTYIEHTIB OyayTh ix
OpPUTTHAJIBHUMU JOCTIDKEHHSIMHU YU MIpKyBaHHSIMU. BiJCyTHICTh MOCHIaHb Ha
BUKOPHCTaHI JKepena, (GaOpuKyBaHHS JKepes, CIUCYBaHHS, BTPy4YaHHS B
poOOTYy IHIIUX CTYACHTIB CTAHOBIISTH, i€ HE OOMEXYIOTh, TIPUKIIATN MO KITH-
BOI akageMi4HOi HeZoOpoYecHOCTI. BUsABICHHS O3HAK akajgeMidHOI HemoOpo-
YECHOCTI B MHCHMOBIM POOOTI CTyAEHTa € MIJACTaBOO I 1i He3apaxyBaHHHS
BUKJIaJ[aueM, He3aJIeKHO Bijl MAacIITa0lB TuiariaTy 4 oOMaHy.

BinBinanHsi 3aHSITh € BOXJIMBOIO CKJIAJ0BOIO HaBuaHHsS. OUiKyeTbCs, MO BCI
CTYACHTH BiJIBIJIAIOTh YCi JIeKwii Ta jJabopaTopHi 3aiHATTS Kypcy. CTyaeHTH
MOBUHHI 1H(QOpPMYBaTH BHKJIAJadya MPO HEMOXJIMBICTH BIJBINATH 3aHIATTI. Y
OyAb-IKOMY BHWITaJIKy CTYIEHTH 3000B’si3aHI TOTPUMYBATHUCS TEPMiHIB BH3-
HAYeHUX JUIs BUKOHAHHS JIOMAIIHIX Ta  IHAWBIAYaJIbHHX  3aBJllaHb,
nepe0adeHnx KypCoM.

Jliteparypa. Yca nmitepatypa, Ky CTyICHTH HE 3MOXYTh 3HAHUTH CaMOCTIIHO,
Oyzne HaJaHa BHKIJIaJaueM BUKIIOUHO B OCBITHIX IUIAX Oe3 mpasa ii mepenadi
TpeTiM ocobaM. CTyneHTH 3a0XOYYHOThCS JO BHKOPUCTAHHS TaKOX W 1HIION
JTEpaTypu Ta JKEpe, SKUX HEMA€E cepe/l PEKOMEHI0BAaHUX.

IMoniTuka BHcTaBJeHHs1 OauiB. BpaxoByroTbes 0Oanu, HaOpaHi Ha
1ab0opaTOpHHUX 3aHATTIX (3/a4a TOMAIIHIX Ta 1HIWBITyadbHUX 3aBJaHb) Ta ITi]T
yac KOHTpoibHUX 3aMipiB. [Ipu 1pbOoMy 0OOB’SI3KOBO BpaxOBYIOTHCS
MPUCYTHICTh HA 3aHATTSAX Ta AKTUBHICTh CTYACHTA IIiJ{ 9ac J1abopaTOPHOTO
3aHATTA; HEJOMYCTUMICTh MPOMYCKIB Ta 3aMi3HEHb HA 3aHSATTS; KOPUCTYBAHHS
MOOUTBHUM Tese()OHOM, TUIAHIIETOM YH iHITUMH MOOUIBHUMH TPUCTPOSIMH TTiJ|
Yyac 3aHATTA B LUISAX HE MOB’S3aHMX 3 HABYaHHSIM; CIHCYBaHHS Ta IUIariar;
HECBO€YACHE BUKOHAHHS TOCTABJICHOTO 3aBJaHHS 1 T. iH.

JKomni hopmu nopyiieHHs akaaeMigyHOT T0OpOYECHOCTI HE TOJIEPYIOTHCS.

ITuTannsa go
KOHTPOJbHUX
3amipiB

1. Jliniiina anre6pa. Tenzopu. Onepariii 3 TEH30paMu.
2. Bumankosi BenmmumaA. O9iKyBaHHS.

3. TI'pamient. ABToMaTHy4He 1U(EPEHIIFOBAHHS.

4. 3apnaui perpecii. JIiniliHa perpecis.




o

~

9.

10.
11.

binapna knacudikamnis. Jlorictuuna perpecis.

bararomaposuii nepuentpon. Heifponn ta mapu. OyHKIIT akTHBaLii.
tpadnua ¢pynkiis. [Ipsme Ta 3BOPOTHE MOMIUPEHHS.

Onrtumizanis Ta peryispu3salis poOoTH HEMPOHHUX MEPEeX.

3ropTkoBi HEMpOHHI Mepexi. 3ropTka. Bincryn ta kpok. O6’eqnyrounit
mIap.

CyuacHl 3agadi KOMITIOTEPHOTO 30py Ta apXITEKTYpH 3TOPTKOBUX
MEpexK.

PexypentHi mepesxi. Buau ta apxitekrypa.

CyuacHi pexypenTHi mepexi. LSTM, GRU, Encoder-decoder.

12. IlpeacraBieHHS TEKCTY ISl pOOOTH 3 PEKYPEHTHUMHU MEPEKaMHU.
13. Mexani3m yBaru. Tpancdopmepu. BERT.
14. 'enepaTuBH1 Mepexki 13 CYNIEPHUKOM.

OnutyBaHHs | AHKETY-OI[IHKY 3 METOI0 OIIIHIOBaHHS SIKOCTI Kypcy Oyae HaJlaHO MO 3aBep-
IICHHIO KYpCY.
Cxema kypcy “Mooeni 2nubunnozo Maumunno20 Haguanua”
Jlitepar
ypa,
Tk . .(I)opMa . Pecype Tepmin
- Tema, ni1an, KOPoTKi Te3m NiSTBHOCTI B 3aBaaHHs, 1O, BHKOHAHHS
(3aHATTS) inTepne
Ti
1 Tema 1. Beryn (Osuauenms Jlekiris [1], [3-| OmnpamroBanns | 1 THKICHB
MAWUHHO20 HaewauHs. Tunu (2ron.) 5], [13] JEKIIHHOTO
MAUUHHO20 _ HasuanH. matepiany
Ipuxnaoui 3a0aui) 2 ron)
Tema 1. OOpoOka nanux. | JlaGopatopue | [4], [6] BukoHaHHs 3 THxHI
(hibniomexu Numpy, Pandas, (2 ron.) 3apmaHHg Nel
MatPlotLib, Seaborn, (4 ror)
PyCaret)
Jdomammne 3aaanns Nel,
Po3B’s13atu MozenbHy 3a1auy
Kiacudikarii TEKCTY
3acobamu 6i0mioTeku
PyCaret.
2 Tema 2. MaremaTtnaHe Jlexrist [1], [3] OmnparroBansst | | THOKICHD
HiIPYHTS MAIMHHOTO (2 ron.) JIEKILIMHOrO
HaBYaHHS (Heobxioni matepiany
enemenmu 3 Kypcig: Jlinitna (2 rox)
aneeopa, Mamemamuunuii )
ananiz, Teopis imosipnocmeti
ma MamemamuyHa
CMamucmuxa)
Tema 2.  Asromaruune | Jlabopatopue | [3] OnparrfoBansst | | THOKIEHD
nudepeHIiroBaHHs (2rom.) JEKIIHHOTO
(hibriomexu 2NIUOUHHO2O MaTepiany
HABYAHHS (PI'H): 2 ron)
TensorFlow, PyTorch, '
MXNet)




Tema 3. Jliniiina perpecis Jlekuist [1], [3] OmpamtoBansst | 1 THXIEHb
(ITocmanosxka 3adaui. Bubip (2rom.) JEKILIHHOrO

wmpagHoi @DyHKyii. MaTepiay

I'padienmnuti CRYCK. 2 ron)

Pecynapuzayis) ’

Tema 3. Peamizanist | Jlabopatopue | [3], [7], | OmpamroBanns | 1 THXICHB
AITOPUTMY JTHIHHOT perpecii (2 ron.) [11] JEKIIHHOTO

3acobamu bI'H matepiany
(Buxopucmannus  TensorFlow 2 ron)

ma PyTorch ons '

PO36 'A3)Y6aHHA 3a0aui

pezpecii i3 bacamvma

S3MIHHUMUL)

Tema 4. JlorictuuHa perpecis Jlexuis [1], [3] OnparmtoBands | 1 TIOKIEHB
(ITocmanoexka 3aoaui. Bubip (2 ron.) JIEKIIMHOTO

wmpagHoi @yuKyii. MaTepiamy

I'padienmnuti CHYCK. (6 ro)

Pecynspusayis) ]

Tema 4. Peamizamis | Jlabopatopue | [3], [7], BukonanHs 2 TYOKHI
AIITOPUTMY JOTiCTHYHOT (2 rox.) [11] sappanHs Ne2

perpecii  3acobamu  BI'H (4 ron.)

(Buxopucmanus  TensorFlow

ma PyTorch ons

PO36 A3Y8AHHS 3a0aui

binapHoi knacughixayii)

3naua JAOMAIIHbBOT0

3apaanuga Nel.

Jdomamne 3aBaanus Ne2,

Po3B’si3ati MojenbHY 3a7a4y

knacudikamii TEKCTY

3acobamu ChatGPT.

Tema 5. bararomapoBwuii Jlekrrist [1], [3] OnparrfoBansst | | THOKICHD
nepuentpon (Apximexmypa. (2rom.) JIEKLIHOrO

Heuiponu ma wapu. Baeu ma MaTepiay

axmusayitni ¢yukyii. Ilpsmve (6 ron.)

ma  360pOMHE  NOWUPEHHS.

NOXUOKU. UImpagna

pynxyis)

Tema 5. Ocob6muBocti | Jlaboparopue | [3], [7], | OnpamroBanust | 1 THXIEHD
MPOCKTYBAaHHS  HEHPOHHUX (2 ron.) [11] JEKIIHHOTO

Mepex (Bubip ma peanizayis matepiany

apximexmypu HM 3acobamu (4 ron.)

PyTorch. Ilobyoosa '

MPEeHy8aAIbHO2O YUKTLY.

Mooenvni 3a0aui)

Tema 6. Omnrmumizamiga Ta Jlexuis [1], [3] OmnparroBansst | 1 THOKICHB
perymspusanist (Onmumizayis (2 ron.) JIEKILIMHOrO

ma peaynsipusayisi. marepiaiay

Inobanvnuti ma noxkanbHull (4 Ton)

MiHIMyM.  3anukaoui — ma
8UOYX08I epaodicHmu.
Cmoxacmuynuti I'C.  Aoam.




ITnanysanus weuoKocmi
HABYAHHSL)
Tema 6. Poborta 3| Jlabopatopue | [3], [6], | OmpamroBanus | 1 THXIeHB
TaOJIUIHUMHU JTaHUMHU (2 ron.) [71, [11] JeKIIHHOTO
(Tpancopmayii danux ons marepiary
BUKOPUCIMAHHS 8 ANOPUMMAX 2 ron)
MAUWUHHO20 HABYUAHHS)
3maua JIOMAIIHbOI'0
3aBaaHHA Ne2.
Tema 7. ApxiTektypa Jlexrris [3] OmnparroBansst | | THOKICHD
3TrOPTKOBUX HEUPOHHUX (2 ron.) JEKIIHHOro
Mepex (3eopmxa. Biocmyn maTepiany
ma kpox. 06’ eonyrouui wap. (4 ron.)
MHnooicunni 6xioHi ma 6uxioHi '
KaHamu)
Tema 7. Peamizamis | Jlabopatopue | [2-3], BukonanHs 3 THKHI
3TOPTKOBUX HEHPOHHUX (2rom.) [6], [7].| sapmamma Ne3
Mepex 3aco0amu BI'H [11] (4 rox)
(Buxopucmanus  6ibniomexu
PyTorch ons npoexmysanns
320PMKOBUX HeUpOHHUX
meperc)
KonTpoabnnii 3amip Nel.
JlomamHe 3aBaaHus  Ne3.
3ropTKOBI Mepexi id 3aaadi
pO3IMi3HABAHHS O0JIHYYSI.
Tema 8. CygacHi 3ropTKOBi Jlexrrist [3] OmnparfoBansst | | THOKICHD
Mepexi (Apximexmypa (2ron.) JEKLIMHOrO
mepedic AlexNet, VGG, maTepiany
GoogLeNet, ResNet) (4 ro)
Tema 8. 3roprtkoBi Heiiponni | Jlabopatopue | [2-3], [MinroryBatu | 4 TxHI
Mepexi Ha MPUKIIaTax (2rom.) [6], [71, JIOTIOBITH
Habopie ganux MNIST Ta (imauBiTyanbHe
FashionMNIST (Iopisusnns 3aBmaHHs Nel)
Pe3yIbmamusHoCmi - pi3HUX (8 ron)
apximexmyp HetupOHHUX
meperc)
InpuBinyanbHe 3aBJaHHSA
Nel.  Posp’sa3atn  3amauy
Kkiacudikamii 300pakeHb Ha
miatgopmi Kaggle. Jlonosiap
PO PE3yIbTATH.
Tema 9. 3amaui Jlexuis [3], [9-| OmnpamroBanns | 1 THKAEHB
KOMIT FOTEPHOTO 30py (2ron.) 11] JEKIIHHOTO
(Knacugixayis  306padicens. MaTepiamy
Posnisnasanns 06’exmie)
(2 rom.)
Tema 9. Kiacudikamis | Jlaboparopue | [2-3], BukonanHs 4 TrxHI




300pakeHb (Moougpixayis (2 ron.) [7], [9-| s3aBmamms Ned
300padicens. Ilepenecenns 11] (8 rox)
Pe3yIbmamie HaGUaHHsL)

Jlomamne 3aBaanHs Ned,

Mopens YOLO JUIS

po3Mi3HaBaHHs 00 ’€KTIB Ha

300paKeHH.

10 Tema 10. ApxiTektypa Jlexuist [3], [9-| OmparmoBanns | 1 THKAECHB
PEKYPEHTHHUX HEHPOHHHX (2 ron.) 11] JEKIIHHOTO
Mepex (36opomue MaTepiay
NnOwUpeHHs NoXuOKu uepes (4 ro)
yac) ’

Tema 10. Peamizamis | Jlabopatopue | [3], [6],| IlimroryBatu | 5 TwxHiB
PEKYpPEHTHHUX HEHPOHHUX (2 ron.) [9-11] JIOTIOBI/Tb
Mepex 3acobamu BI'H (imauBimyanbHe
(Buxopucmanns  6ibniomexu 3aBHaHHs Ne2)
TensorFlow onst (10 roxm)
NPOEKMYBAHHS PEKyPEHMHUX

HeUPOHHUX MepedrC)

3maua JIOMAIIHbOI'0

3aBaaHHs Ne3.

InauBinyaibHe  3aBIaHHSA

Ne2.  Posp’sa3atn  3amauy

kinacudikamii  TEKCTy  Ha

mwiatdopmi Kaggle. Jlonosiap

PO pE3yJbTATH.

11 Tema 11. CyuacHi Jlekrtis [2], [3] OmnparroBansst | | THXICHB
PEKypeHTHI Mepexi (2rom.) JEKIIHHOTO
(Apximexmypa mepexc GRU, MaTepiany
LSTM, Encoder-decoder) (4 ro)

Tema 11. I'nuboki | Jlabopatopue | [3], [6], | OnpamroBanns | 1 THXAEHB
PEeKypeHTHI HEeHpOoHHI (2Ton.) [9-11] JEKIIHHOTO

Mepexi. (sonanpsimneni marepiany

PEKYPEeHmHI HeUpoHHI (2 rox.)

mepedxci)

KonTpoabHuii 3amip Ne2.

3maua IHAUBITyaJIbHOIO

3aBaaHHsa Nel.

12 Tema 12. VBara Ta Jlexuis [1], [3], | OmpamroBanust | 1 THXIECHB
tpanchopmepu  (Mexanizm (2rom.) [12] JeKIIHHOrOo
yeaeu. Apximexmypa matepiany
mpancghopmepis.) (4 ro)

Tema 12. Bukopucranns | Jlabopatopue | [3],[12] | OmnpargroBannst | 1 THKICHB
TpaHchopMmepiB B 3ajayax (2 ron.) JIEKLIMHOrO
PO3yMIHHS MPUPOAHIX MOB Ta MaTepiay

KOMII FOTEPHOTO 30pY.




(2 rom.)

13 Tema 13. PoGora i3 Jlexris [3],[12] | OmpamroBanns | 1 THKAECHB
MPUPOTHIMH MOBaMH (2 ron.) JIEKILIMHOrO
(ITlpeocmasnenns ~ mexcmy. matepiany
Word2vec, GloVe. BERT) (4 ro)

Tema 13. TpenyBauus moaeni | Jlaboparopue | [3],[12] | OmnparmroBanns | 1 THKICHB
MOBH (2 rom.) JEKIIHHOTO
marepiary
3maua JIOMAIIHbLOI'0 (2 ron)
3aBaaHHA Ned.

14 Tema 14. Tlpuxnagni 3amadi Jlekrris [3],[12] | OmparroBanns | 1 THXACHB
PO3YMIHHA MOPHUPOJHIX MOB (2 ron.) JEKIIHOTO
(Knacughixayin mekcmy. Martepiany
Busnauennuss  cymnocmeii 6 (4 ro)
mexcmi. ITiocymosyeans
mekcmie)

Tema 14. 3naitomctBo i3 | JlaGoparopue | [2], [6-| OmnparroBanus | 1 THKAECHB
6i6moTexoro HuggingFace (2 ron.) 7] JeKIiHHOro
Marepiamy
(2 rom.)

15 Tema  15. ['enepatuBHi Jlexuis [10] OnparroBands | 1 TIKIEHB
HEHWPOHHI Mepexi (2 ron.) JIEKLIMHOTO
(I'enepamop ma Marepiany
OUCKpUMIHAMOP. Linvosa (4 o)

Pynryis. TIuboxi '
2eHEPAMUBHI MePeHCi)
Tema 15. Jlemoncrtpamis | Jlabopatopue | [2], [6-| OmnparroBanns | 1 THKIECHB
poOOTH reHepaTUBHUX MEPEK. (2 ron.) 7], [10] JEeKIIHHOTO
marepiary
3maua IHIMBIAyaJIbHOTO (2 ror)
3aBaaHHs Ne2.

16 Tema 16. Pexomennmariiiai Jlexuis [8], [14] | OmparmroBanns | 1 THKAECHB
CHUCTEMU (@axkmopuszayis (2 rom.) JEKIIHHOro
mampuysb. Ilepeobauenns MaTtepiany
peumuneis.) 2 rox)

Tema  16.  PamxkyBanus | Jlabopatopue | [8], [14]
MEPCOHATI30BAHIX (2rom.)
pe3ynbTaTIiB y

PEKOMEHTANIMHUX CHCTEMaxX

KonTpoabuuii 3amip Ne3.




Discipline name

Deep machine learning models

Address where | The main building of lvan Franko National University of Lviv
the discipline is | 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 11 — mathematics and statistics
knowledge, code | 113 — applied mathematics
and name of
specialty
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
Room 262,
teachers

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
Information The discipline "Models of deep machine learning" is a discipline -of choice
about the from specialty 113 - applied mathematics for the educational program
discipline "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
students' theoretical knowledge in the field of machine learning; students'
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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 / lan 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/pdf/2009.06520.pdf

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

Scope of the

Total volume: 180 hours. Classroom classes: 64 hours, including 32 hours of

course lectures and 32 hours of laboratory work. Independent work: 116 hours.
Expected Upon completion of this course, the student will:

learning Know :
outcomes - 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
network using a specialized machine learning library,
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- 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
methods -and
techniques that
will be used
during the
teaching of the
course

Presentations, lectures, modular control.
Homework and individual tasks.

Required Computer with software: Visual Studio Code.

equipment

Evaluation The assessment is carried out on a 100-point scale. Points are awarded
criteria according to the following ratio:

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

educational « individual tasks: 50% of the semester grade; the maximum number of points
activity) is 50 (2 tasks of 25 points each);

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

A total of 100 points during the semester.

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.

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, Assighme
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.

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.

8 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) [71, report
examples of MNIST and (individual
FashionMNIST datasets task Ne 1)
(Comparison of (8 hours)
performances of different

neural network

architectures)

Individual task Nel. Solve

the problem of image

classification on the Kaggle

platform. Report on the

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  (Text (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. Obijective 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.




