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1. Mera aucuHumJIiHM «3ropTKOBI HEHPOHHI MEpeXi I Bi3yaJlbHOTO pO3ITi3HABaHHS/
Convolutional Neural Networks for Visual Recognition» - o03HailOMJIEHHS CTYIEHTIB 3
OCHOBAaMH 3TOPKOBHUX HEHUPOHHUX MEpEeXk, SK OJIHIET 13 OCHOBHHMX Trajy3edl MITy4HOTO
IHTEJIEKTY, Ta Cy4aCHUMM METOJAaMU PO3B'A3aHHS 3aJad KOMII'FOTEPHOI'O 30pYy 1 0OpoOKH
300pakeHb, BKIIFOYAIOYH OJICpXKaHHS CEMaHTHYHOI 1 MeTpu4HOi iH(popMarlii i3 300paxeHb.
[TigroryBatu cTyAeHTa 10 €PEKTHBHOIO BUKOPUCTAHHS Cy4YaCHUX METOJIiB TAKHX, IK METOIH
MAIIMHHOTO HaBYaHHS JJs CTBOPEHHS CHCTEM INTYYHOTO IHTEJEKTY Yy MOJabIIii
npodeciiHiid AISIBHOCTI; TONOMOITH HAaO0yTH HAaBHUUYOK MPAKTHUYHOI poOOTH 13 Cy4aCHUMHU
NPOTPaMHUMHU 3aC00aMU AJIs TOOYIOBY 1HTENEKTYyalIbHUX MOJIEIICH.

/

Discipline aim. The aim of the discipline is to acquaint students with the basics of
convolutional neural networks as one of the main branches of artificial intelligence, and
modern methods for solving problems of computer vision and image processing, including
obtaining semantic and metric information from images. To prepare the student for the
effective use of modern methods such as machine learning methods to create artificial
intelligence systems in further professional activities; help to acquire skills of practical work
with modern software for building intelligent models.

2. ITonepeaHi BUMOTH 10 ONIaHYBaHHs 200 BUOOPY HABYAJIBHOI JMCUMILIIHN:

1. 3namu: 6a30Bi AucHUIUIiHK - «MaTeMaTHUHUN aHaTi3, «JliHiiiHa anreOpa i reomeTpisny, «Teopis
HMOBIpHOCTEH 1 MaTeMaTHYHa cTaTUCTHKaY, «[IporpamyBanHs», “O04yncIioBaIbHA TEOMTPIs Ta
KOMIT I0TepHa rpadika»,«AJITOPUTMHU 1 CTPYKTYpH JaHUX», «MalluHHE HaBUYaHHS».

2.Bmimu: po3poOJIsATH, aHAJII3yBaTH Ta 3aCTOCOBYBATH AJIFOPUTMHU Ta MpOrpaMHe 3a0e3neueHHs s
PO3B’s13aHHS 3aB/laHb Ta NPUKIATHUX 3a/1a4, BUKOPUCTOBYIOUH CyYacHI METOIM PO3POOKH MpOrpam.

/

1. To know: the basic disciplines - "Mathematical Analysis", "Linear Algebra and Geometry",
"Probability Theory and Mathematical Statistics", "Programming", "Computational Geometry and
Computer Graphics", "Algorithms and Data Structures", "Machine Learning" .

2. To be able to: develop, analyze and apply algorithms and software to solve problems and applied
tasks using modern software development methods.

3. AHOTAaNisi HABYAJBHOI AU CHUILTIHU / Synopsis of the course:

HapuanbsHa gucrumuiiga «3ropTKoBI HEHPOHHI MEpexKi M1 Bi3yaabHOTO PO3ITi3HABAHHS/
Convolutional Neural Networks for Visual Recognition» € cki1ajoBol0 OCBITHbO-HaYKOBOT
IporpamMu MiATOTOBKK (DaxiBIIB 32 OCBITHBO-KBai(iKAIlIMHAM PIBHEM «MaricTp» Tairysi
3HaHb 12 «IHpopMaIiitHi TeXHOMOTI» cremiabHOoCTI 122 «KOMITIOTEpHI HayKH», OCBITHBOT
nporpamu «llItyunuii iHTenexkT. BoHa € 6a30BOI0 TUCIIUTLIIHOIO BY3iB, SIKi CIIEIIaTI3yIOThCS
y Taiy3i iHpopManiiHUX Ta KOMIT IOTEPHUX TEXHOJIOTIH, a TaKoX €(DEKTUBHUN IHCTPYMEHT
PO3B’sI3yBaHHS HAYKOBUX Ta IHKCHEPHUX 3a/1a4.

/

The discipline "Convolutional Neural Networks for Visual Recognition" is a component
of the educational-scientific training program at the educational-qualification level "Master"
in the field of knowledge 12 "Information Technology" specialty 122 "Computer Science",
educational program "Artificial Intelligence". It is a basic discipline of universities
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specializing in information and computer technology, as well as an effective tool for solving
scientific and engineering problems.

4. 3aBaanua (HaBYaJbHi wini) / Objectives of study: OBOJOIITH 3rOPTKOBUMHU
HEHPOHHUMH MEPEKaMU K OJTHUM 13 CydaCHUX MPOBIIHUX HAYKOBUX HAMPSMKIB IITYYHOTO
IHTEJICKTY, @ TAKOX OBOJIOJITH TEXHOJIOTIEK PO3B’SI3aHHS MIMPOKOTO KJIacy 3ajJay HAyKH Ta
TEeXHIKH (30KpeMa, 3aJ1a4 po3Ii3HaBaHHS 300pakeHb, MONIYKY PIllIeHb, KOMIT FOTEPHOTO 30DY,
IHTEJICKTYalbHOTO  yIPABIIIHHSA) 3a JOIMOMOTOI0 METOJMIB, IIIXOJIB Ta aJTOPUTMIB
KOMII IOTEPHOTO 30pY.

HalOyTTs1 3HaHb, yMiHb Ta HaBUYOK (KOMIIETEHTHOCTEH) Ha PIiBHI HOBITHIX JOCATHEHb Y
KOMIT IOTepHiil JTIHTBICTHII, BiANOBIAHO M0 KBami¢ikamii ¢axiBenp 3 iHGOPMAIIHHUX TEXHOJOTIH.
30KpeMa, po3BUBATH:
e 3JaTHICTh CMUIKYBATUCS 1HO3EMHOIO MOBOIO.
e 3JaTHICTh BHUKOPHCTOBYBATHM IHTENIEKTyalbHI iH(MOpMAaIiiHI TEXHOJOTii MAaNIMHHOTO
HaBYaHHS.
e 3IaTHICTH 10 MPOSKTYBAHHA Ta peatizallii CHCTEM IITYYHOTO iHTEJIeKTY.

/

Objectives (learning objectives): to master convolutional neural networks as one of the modern
leading scientific directions of artificial intelligence, and also to master technology of the decision of
a wide class of problems of science and technology (in particular, problems of image recognition,
search of decisions, computer sight, intellectual management) by means of methods, approaches and
algorithms of computer vision.

In particular it aims to develop:
e Ability to communicate in a foreign language.
e Ability to use intelligent information technologies of machine learning.
e Ability to design and implement artificial intelligence systems.

5. Pe3ysibTaTi HaBYaHHA 32 qucuuiiinow/ Results of learning:

Pe3yabTar
napyauus (PH) ®opmu (Ta/ad60 MeToaM i Bi
(1. 3naTn; 2. BMiTH; i : MeToxu oniHioBa a iIcoTOK y
S TeXHOJIOTil) BUKJIAAAHHS i TOAM OLIHIOBAHHS T . -
3. komyHikanisi—; 4. N VRN MJACYMKOBIH
" HABYAHHS NOPOrOBMM KPUTEPiil OLiHIOBAHHSA o 3
?BTOH,OMHICTB Ta (3a HeOﬁXiIlHOCTi) .
BiINOBiTAJBHICTH ) JUCUMILTIHA
Kon Pe3yabTaT HaBYaHHSA
3HaTH IOCTAHOBKY OCHOBHHUX 337124
00po6KH 300pakeHs / Ronmponena
X . . . Jlexyis / Lecture oboma, Akmuena
PHI1.1 /LO 1.1 To know the formulation of the main 4 p ’
. . poboma na aexyii,
tasks of image processing : iOnosidi. i
—— - CHi 8i0N06I0I, icnum
3HaTH OCHOBHI MiAXOIM JIO Jlexyisn / Lecture 4 / 20%
03B’sI3aHHS 33124 KOMIT IOTEPHOTO .
P & P Test work, Active
PH 1.2/LO 1.2 |[30py/
. work on lectures, oral
To know the basic approaches to
. S answers, exam
solving computer vision problems
3HaTH OCHOBHI MOHATTA Ta MeToau | Jlexyis / Lecture Konmponvna
marrHHOr0 HauanHs\ To know poboma, Akmuena
PH 1.3/LO 1.3 | the basic concepts and methods of poboma na nexyii, 20%
machine learning YCHi 8i0n06i0i, icnum
/
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3HAaTH OCHOBHI MOHSTTS Ta Jlexyis / Lecture Test work, Active
MPUHIMIY POOOTH IUTYIHUX work on lectures, oral
HEHPOHHUX Mepex / answers, exam
PH 1.4/LO 1.4 To know the basic concepts and
principles of artificial neural
networks
BwmiTi ipoBoiMTH aHami3 3a1a4i Koumponvna
00po0OKH Ta po3mi3HABaHHSI poboma, Buxonanms
300pakeHb I BHOOPY HaliKpamioro Jlexyis, 3a60aHb, BUHECEHUX
MeTony ii po3B’si3aHHs/ camocmitina Ha camocmitiny
PH2.1/LO 2.1 |Be able to analyze the problem of poboma/ pobomy, icnum / Test 20%
image processing and recognition to Lecture, work, Execution of
choose the best method for solving it | individual work tasks assigned to
individual work,
exam
Bwmitu ¢hopmymmroBaTn npodeciiini Jlexyis,
(bopmy . po i, Koumponvna
3aBIaHHS Ha MOBI MaIlMHHOTO camocmitina
. . poboma, Buxonanms
HaBYaHHA 1 OCHOBI (popMyFOBaHb poboma/
, 3a60aHb, BUHECEHUX
06a30BUX 3a/1a4 KOMI'TOTEPHOTO Lecture, o
3o0py/ Be able to formulate individual work Ha camocmiuny
PH2.2/L0O 2.2 . pobomy, icnum / Test 20%
professional . .
. . work, Execution of
tasks in the language of machine .
. . tasks assigned to
learning and on the basis of .

. . individual work,
formulations of basic problems of exam
computer vision
BwmiTH 3acTOoCOBYBaTH METOIU Jlexyis, Konmponvua
KOMII ' IOTEpPHOTr0 30py s camocmiiina poboma, Buxonanms
PO3B’sI3aHHS NPUKIIAHUX 3a1a4/ Be poboma/ 3a60aHb, BUHECEHUX
able to apply computer vision Lecture, Ha camocmitiny

PH 2.3/ LO 2.3 |methods to solve applied problems individual work | po6omy, icnum / Test 20%
work, Execution of
tasks assigned to
individual work,
exam

6. CniBBiTHOIIEHHS] pe3yJbTATIiB HABYAHHS AUCHUILUIIHM i3 NMPOrpPaMHMMH pe3yJbTaTaMH
HaBuyaHHs / Correspondense between learning results and program study results

Pe3ynbTaTn HaBYaAHHS TMCHUILTIHA PH [PH |[PH |PH | PH | PH | PH
IIporpamMHi pe3y1bTaTH HABYAHHS 1.1 |12 |13 |14 |21 |22 [23
(3 onucy ocgimuvboi npoepamu,)
MPH17.2. BomoaiTh METOJaMH IHTEICKTYaJIbHOTO
aHaTi3y JaHUX Ta IITYYHOTO IHTEJICKTY, IO
BKITIOYAIOTh METOJI KOMIT FOTEPHOTO 30py. / + |+ | + | + |+ +

Be able to use methods of data mining and artificial
intelligence, which include methods of computer vision.
TT1PH18.2. BonoaiTi METOIaMH MAIIMHHOIO HAaBYAHHS.
/ + | + | +
Be able to use machine learning methods.

7. Cxema ¢popMyBaHHS OI[iHKH.

7.1. ®opMu OLiHIOBAHHS CTY/JIEHTIB:

- ceMeCcTpPOBe OI[iHIOBAHHA:

1. Axmuena poboma na nexyii, ycui ¢ionogioi: PH1.1, PH1.2, PH1.3, PH1.4 — 5 Ganis / 3 6anu;

2. Buxonanms 3a80anyv, sunecenux na camocmiuny pooomy: PH2.1, PH2.2, PH2.3 — 10 GauniB / 6 6amis;
3. Konmponvua poboma 1: PH1.1, PH1.2, PH2.1, PH2.2, PH2.3 — 15 GaniB / 9 Gaunis;

4. Konmponvua poooma 2: PH1.3 PH2.1, PH2.2, PH2.3 — 15 6auniB / 9 Gauis;

5. Konmponvua poooma 3: PH1.4 PH2.1, PH2.2, PH2.3 —15 Gaunis / 9 6anis;
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- migcymkoBe ouniHoBanHs / final evaluation:

- MaKCUMaJlbHa KUTBKICTh 0alliB sSKi MOXKYTh OyTH OTpUMaHi CTyAeHTOM / maximum points: 40 6ais;
- pe3ynbTaTH HaBYaHHS sIKi OyIyTh oLiHIOBaTHCH / learning outcomes that are evaluated: PH 1.1 — PH
143, PH 2.1-2.3

- opma mpoBenenns / form of holding: nmiucemoBa opma / written work.

CTpykTypa ex3aMeHaliiiHOi po0oTH Ta KpuTepii oniHoBaHHdA / Structure of examination work
and evaluation criteria:

1. Teopernune 3anmranns / theoretical task (PH 1.1 — PH 1.2).
2 Teopernune 3anmranns / theoretical task (PH 1.2 — PH 1.3).
3. 3amada / problem (PH 2.1, 2.2).

4 3amada / problem (PH 2.1, 2.3).

Kpurepii oninoBanHs ex3amenaniiiHoi podootu / Criteria for evaluating the examination work

3aBaaHus

Bun 3aBaannsa

MaxkcuMaJbLHHH 021
(BizcoTok)

Bceboro 6ajiB (BizcoTkiB)

BaBmanns 1, 2/

TeopeTHUHE 3aTTUTAHHS /

no 10 6auis (25 %)

20 6autiB (50 %)

Tasks 1,2 theoretical task

3aBnanHs 3 / 3amaua / problem 9 Gamis (22.5 %) 9 Gamis (22.5 %)
Task 3

Sapmanns 4 / 3amaua / problem 11 Ganis (27.5 %) 11 Gamnis (27.5 %)
Task 4

Bcworo / total

40 6anis (100%)

CTyIeHT JOomycKaeThes JI0 eK3aMeHy SKIIO0 ceMecTpi HaOpaB He MeHIIe Hik 36 OaliB Ta OTpHUMaB HE
MEHIIIe MiHIMaJIbHOT TOPOTOBOT KiJIbKOCTI 0ajIiB 32 TOTOYHE OI[IHIOBAHHS Ta KOHTPOJIbHI poooTu / The
student is admitted to semester exam if scored at least 36 points and received at least the minimum
threshold number of points for ongoing evaluation and tests.
Jist oTprMaHHST 3araiIbHOT MO3UTHBHOT OIIHKY 3 IMCIAILTIHM OIIHKA 32 iCTTUT Ma€e OyTH He MeHIlie 24 6ais /
For general positive assessment of the course grade for the exam must be at least 24 points.

/

1. Active work in the classroom, oral answers: LO1.1, LO1.2, LO1.3, LO1.4 — 5 points / 3 points;
2. Execution of tasks assigned to individual work: LO2.1, LO2.2, LO2.3 — 10 points / 6 points;

2. Test 1: LO1.1, LO1.2, LO2.1, LO2.2, LO2.3 —15 points / 9 points;
3. Test 2: 1LO1.3, LO2.1, LO2.2, LO2.3 — 15 points / 9 points;

4. Test 3: LO1.4, LO2.1, LO2.2, LO2.3— 15 points / 9 points.

- Credit points are defined as the sum of grades / points for all successfully assessed learning
outcomes provided by this program.

- Scores below the minimum threshold are not added.

- The minimum threshold for the total assessment of all components is 60% of the maximum
possible number of points.
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7.2. Opraxi3auisi OiHIOBAHHS :
TepMinu npoBeeHHs (pOpM OLIHIOBAHHS:

Axmuena poboma na aekyii, ycHi 610n0Idi: POTITOM CEMECTPY;

Buxonanms 3a60ans, suneceHux Ha CAMOCMItiHy poO6omy: npomscoom cemecmpy,
Koumponvna poboma 1: 1o 5 THKHS ceMecTpy.

Koumpoavna poboma 2: 1o 10 TuxHs ceMecTpy.

Koumpoavna poboma 3: 1o 14 TnxHs ceMecTpy.

Nk W=

CTyZeHT Mae mpaBO Ha OJHE MEPECKJIAJaHHs KOXXKHOI KOHTPOJBHOI POOOTH 13 MOJKIJIMBICTIO
OTPUMaHHS MakcUMaibHO 80% MOYaTKOBO BH3HAYEHHX 3a LI0 KOHTPOJBHY poOoTy OamiB. Tepmin
HepecKiIaJlaH s BU3HAYAETHCS BUKJIaJaueM.

VY BUMaAKy BiJICYTHOCTI CTyJEHTA 3 MOBAXHUX MPUYMH BIANPAIIOBAHHS Ta Mepe3adi KOHTPOJIbHUX
pOOIT 3AIMCHIOIOTHCS Y BiIMOBIAHOCTI JI0 ,,Il070XeHHS TPO MOPSIIOK OIiHIOBAHHS 3HAHb CTYJICHTIB
MpH KPEeTUTHO-MOIYIbHIHM crcTeMi oprasizallii HapuaibHoro mporecy” Bif 1 xoBTHs 2010 poky.

/

Terms of evaluation forms:

1. Active work in the classroom, oral answers: during the semester;

2. Execution of tasks assigned to individual work: during the semester;

2. Test I: up to 5 weeks of the semester.

3. Test 2: up to 10 weeks of the semester.

4. Test 3: up to 14 weeks of the semester.

The student has the right to one retake of each test with the possibility of obtaining a maximum of 80%
of the points initially determined for this test. The term of reassembly is determined by the teacher.
In case of absence of a student for valid reasons working off and transfer of tests are carried out
according to "Regulations on the order of an estimation of knowledge of students at the credit-modular
system of the organization of educational process" from October 1, 2010.

7.3 lllkaJna BigmoBigHOCTI OLIHOK

Bigminno / Excellent 90-100
Jo6pe / Good 75-89
3agoBinbHo / Satisfactory 60-74
He3aposinnbno / Fail 0-59

(3

8. CTpykrypa HaBuaabHOI AucHMIUTiHM. TeMaTHuyHMil MIaH JeKHiHHUX Ta JadopaToOpHUX
3aHaTh / The discipline structure. Lectures and Labs curriculum

Ne KinbkicTb rogun
JeKIL I
Hassa nexuii Ceminapu/ C'a.\l’\/IOCT
n Jlexuii | maGopartop | iliHa
Hi pobora

Yactuna I. KomnoneHTH HeiipoHHOI Mepeski/
Module I. “Components of a neural network”

1 Tema 1. Berym 100 mTydyHHX HEWPOHHHX MEpEk/ 8
Introduction to artificial neural networks.
Camocmitina poboma:

[IpoBecTn aHami3 mporpamu i 3MicTy Kypcy Ta
PEKOMEHIOBAHOI JIITEPaTypH.

/
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Theme 1. Introduction to artificial neural networks.
Individual work:

To analyze the program and course content, as well as
recommended literature.

Tema 2. IludpoBe 3o00paxenns. [lpuHnmn podoTu 8
udposoi kamepu. Mopeni konpopiB (RGB, YUV, HSV)
Camocmitina poboma:
OnucaTty NpUKIaaxu 300pakeHb MOJEIISIMH 3a JOIIOMOT'010
RGB Tta HSV. IlopiBHsATH MOIETI.
/ 1
Theme 2. Digital image. The principle of the digital
camera. Color models(RGB, YUV, HSV).
Individual work:
To describe examples of image models using RGB and
HSV. Compare models.
Tema 3. JliHiiiHHH Ta 3TOPTKOBHH IIAapu HEHPOHHOT 2 8
Mepexi.
Camocmitina poboma:
Jnis mpuKITaniB 300pakeHb 3aCTOCYBAaTH 3TOPTKOBUH IIap
Ta JHIHHAHT map.
/ 2
Theme 3. Linear and convolutional layers of a neural
network.
Individual work:
To apply linear and convolutional layers to examples of
images.
Tema 4. Oynkuii axTuBailii, MeTOAW 3MEHIICHHS 2 8
MPOCTOPOBOT PO3MIPHOCTI PO3MIPHOCT.
Camocmitina poboma:
3acTocoByBaTH (DyHKILIT aKTUBAL1 Ta METOIU 3MEHIIEHHS
po3mMipHOCTi - max pooling, average pooling.
/ 2
Theme 4. Activation functions and spatial downsampling
methods.
Individual work:
To apply activation functions and downsampling methods
- max pooling, average pooling.

Koumponvna poboma 1/ Control work 1 2

Yactuna II. TpeHyBaHHS HelipPOHHMX Mepe:K Ta OLIHKA SIKOCTI/
Module II. Training and evaluation of neural networks

Tema 5. Ilonarrts ¢yHKmii BTpar, OCHOBHI THIHU
QITOPUTMIB HABYAHHS.
Camocmitina poboma:
3actocyBaTy HeOOXiIHY (DYHKIIiFO BTpaT BiAMOBIHO 0O
3aj1a4i, 00paTh HeOOXiJHUI METO]T HAaBYAaHHS Ta ) 10

BHCTaBUTH HEOOX1HI mapameTpu st 3015KHOCTi.

/

Theme 5. Loss functions, main types of learning
algorithms.

Individual work:
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Apply loss functions and setup applicable learning
algorithm for the task.

Tema 6. OCHOBHI METPHUKH JJIs1 OI[IHKH SKOCTI - TOUHICTb,
precision, recall, PR-kpuBa, kpocc-Baminartis.
Camocmitina poboma:

OrmpaioBaTy METOM OLIIHFOBAHHS SIKOCTI.

/

Theme 6. Main evaluation metrics - accuracy, precision,
recall, PR-curve, cross-validation

Individual work:

To develop methods of evaluation.

10

Tema 7. [linroroBKa HaBYAIBHOI Ta TECTOBOI BUOIPKH.
Camocmitina poboma:

OnpairoBaTdt METOJIU MiATOTOBKY BUOIPOK JaHHX.

/

Theme 7. Preparation of training and testing datasets
Individual work:

To develop methods of dataset preparation.

10

Tema 8. TloHATTS TepeHaBYaHHS, METOAM CTabimi3arii
NpOIIeCy HaBYAaHHS Ta MOKPAIICHHS 3015KHOCTI.
Camocmitina poboma:

OmpariroBaTv aITOPUTMH TTOKPAIIEHHS 301KHOCTI.

/

Theme 8. Overfitting, stabilization methods for training.
Individual work:

To develop algorithms for training stabilization.

10

Koumpoavna poboma 2/ Control work 2

2

Yacruna III. Orasg cyyacHuX apXiTeKTyp HeiipOHHUX M

Module III. Review of modern neural network

epe:x/

’s architectures

Tema 10. OcHOBHI 33j71a4i 3 BUKOPUCTAHHIM 3TOPTKOBHX
HEHPOHHHX MEPEXK.

Camocmitina poboma:

OmpariroBaTéi OCHOBHI 33J[adi KOMIT FOTEPHOTO 30Dy, JUIS
pIlIEHHS SKUX BUKOPHCTOBYIOTHCS 3TOPTKOBI HEUPOHHI
Mepexi.

/

Theme 10.The main tasks convolutional networks applied
for.

Individual work:

To develop the main tasks of computer vision
convolutional neural networks applied for.

10

10

Tema 11. Ornan ocHoBHEX apXiTekTyp - VGG, ResNet,
Inception, EfficientNet, MobileNet

Camocmitina poboma:

OnpaitoBaTit OCHOBHI THIIH apXiTEKTYDP.

/

Theme 11.Review of the main architectures - VGG,
ResNet, Inception, EfficientNet, MobileNet.

Individual work:

To develop the main types of architectures.

10
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Koumpoavna poboma 3/ Control work 2 2

BCBOI'O 24 92

3aranpauii 00csr 120 200un, B TOMy YHUCHi:
Jlexuiii — 24 zooun.

Koncynprarii -4 roaus,

Camocriitna po6ota — 92 z00uH.

9.

© ©® N oA 0N~

-
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-
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13.

14.

15.

16.

17.
18.

PEKOMEHJIOBAHI J’KEPEJIA
Ocnoeni / Main:

Ian Goodfellow. Deep Learning, MIT Press, 2017
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