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BCTYII

1. Mera auCHMIUIIHM — oTpuMaHHs 0a30BHX TEOPETHYHHMX 3HAHH 1 MPAKTUYHHX HABUYOK Y
HampsIMKy pO3Ii3HaBaHHs o0pa3iB, HEOOXIAHUX IJIs MOAAJIBINOI JOCTITHUIBKOI 1 MPHUKIAIHOI
poboTH.

The goal — acquire both theoretical and practical skills in pattern recognition so students can
use them for further research and development as well as engineering routines.

2. [lonepeaHi BUMOTH 10 ONAHYBaHHA 200 BUOOPY HABYAJIbLHOI IMCUMILIIHHA:

1. 3namu. OCHOBHI MOJIOKEHHS Ta METOJAM MAaTEMAaTHYHOTO aHAJII3Y, JTIHIHHOT anredpa 1 reoMeTpii,
Teopii KMOBIPHOCTEH 1 MAaTEMAaTUYHOT CTATUCTUKHU, IPOTPaMyBaHHs1, 00UMCIIIOBATILHOI T€OMETPIi Ta
KOMIT FOTEpHOI Irpadiku, aIrTOPUTMIB 1 CTPYKTYp JaHUX. 3HaHHS TEXHIYHOI aHTJIIHChKOT MOBH Ha
piBHi B1.

2.Bmimu: po3po0iisaTH, aHaTi3yBaTH Ta 3aCTOCOBYBATH AJITOPUTMU Ta NMPOrpaMHe 3a0e3MeUeHHs s
PO3B’s3aHHS 3aBJaHb Ta MPUKIATHUX 33/1a4, BUKOPUCTOBYIOUN CYy4acHI METOAM PO3POOKH MPOTpam.

1.Preliminary knowledge required: foundations of "Mathematical Analysis", "Linear Algebra and
Geometry"”, "Probability Theory and Mathematical Statistics”, "Programming”, "Computational
Geometry and Computer Graphics”, "Algorithms and Data Structures”, "Machine Learning". Level
B1 technical English skills.

2.Preliminary practical skills required: develop, analyze and apply algorithms and software to
solve problems and applied tasks using modern software development methods.

3. AHOoTalist HABYAJbHOI JucuumIinm/ Synopsis of the course:

Hapuanbna nucnmmiina «Po3mizHaBaHHs o0pas3iB / Pattern Recognitiony € cki1agoBoo
MPOrpaMH MiJArOTOBKH (PaxiBIiB 3a APYIHMM (MariCTepCbKUM) pIBHEM BHILOI OCBITH rajiys3i
3HaHb 12 «IHdopmaniiiHi TexHonorii» 31 cnenianbHocTl 122 «KoMm'toTrepHi HayKu»
OCBITHBO-HaYKOBOI nporpamu «llITydnuii iHTeNnEeKTY.

BoHa € 000B’S13K0BOIO JUCIUIUTIHOIO B paMKaX OCBITHRO-HayKOBOT pOrpaMu
«lITyunnii iHTENEKT». Bukinanaerses y 1 cemectpi 1 Kypcy marictparypu B 00cs3i 4 kpedumu
ECTS. V kypci nepenbaueno 3 smicmogux uacmunu, 3 koumponvhi pobomu, 1 nabopamopna
poboma. 3aBeplIyeThCS TUCLHUIUTIHA €K3aMeHOM B 1 cemecTpi 1 Kypcy MaricTparypu.

The "Pattern recognition” course is a part of the training program at the educational-
qualification level "Master" in the field of knowledge 12 "Information Technology" specialty 122
"Computer Science", educational program "Acrtificial Intelligence".

This discipline is a mandatory discipline in the program "Artificial Intelligence". It’s taught in
the 1st semester of the 1st year of master's degree in the amount of 4 ECTS credits. The course
includes 3 modules, 2 module tests. The discipline ends with an exam in the 1st semester of the 1st
year of master's degree study.

4. 3aBmanns (HaBuaabHi uiji) / Objectives:

OCHOBHMMHM 3aBJIaHHSIMU TUCLUILIIHU «Po3mi3HaBaHHsS 00pa3iB» € HAOYyTTS 3HaHb, YMiHb Ta
HaBUYOK (KOMIIETEHTHOCTEH) Ha pPIBHI HOBITHIX JIOCATHEHb B 00JacTi po3Mi3HaBaHHA 0O0pas3iB
BIJIMOBI/THO JI0 OCBITHBOI KBai(hiKaIlli MaricTp KOMI IOTEPHUX HAYK. 30Kpema:

® DPO3BMBATH 3/1aTHICTh CHUIKYBaTHCA i1HO3eMHOIO MOBOIO (3K5);
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® PO3BMBATH 3JaTHICTh PO3POOJIATH Ta 3aCTOCOBYBATH IHAYKTHUBHI METOJIM CHHTE3y MOJelneH,

po3IMi3HaBaHHs 00'€KTIB HA 300pKEHHSIX, MYJIbTHATCHTHI Ta HEUITKI CHCTEMHU, HEUPOMEPEKi

B IpOIIECi 1X pearizaiii Ha cCydacHUX BUCOKONPOAYKTHBHUX cuctemMax (CK9).

The main objectives of the discipline “Pattern recognition” is acquisition of knowledge, skills
and competencies at the level of the latest advances in computer science. In particular it aims to

develop:

e develop the ability to communicate in a foreign language;
e et the ability to develop and apply the inductive methods of model synthesis and pattern
recognition in images, multi-agent and fuzzy systems, neural networks in the process of their
implementation on modern high-productive systems.

5. PesyabTaTn HaBuanHsA 3a qucnumiinoro /Results of learning:

PesyabTaT HaBuanus (PH) ®opmu Metonu
(1. 3maru; 2. BMiTH; 3. KOoMyHiKanis; 4. ABTOHOMHICTH Ta (ra/abo OLiHIOBAHHS Ta Bincorok y
BiINOBiKAJIbLHICTD) METOaM i MOPOroBHil nicyMKoOBii
TEXHOJIOTii) KpuTepii olinmi 3
Kon Pe3yabTaT HAaBYaAHHSA BUKJIAJaHHSA i | OLIHIOBaHHA (32 | JUCHMILIIHU
HABYAHHS HeOo0XiTHOCTI)
3HaTI/I MOCTaHOBKY OCHOBHHX 3a1a4
MAalllUHHOT'O HaB‘-IaHH)I/ AKWIM@HQ p060ma ha
i . . . Jlexyial Lecture | nexyii, ycHi ¢ionoeioi,
PH L1 Solid understanding of Machine 4 KO:m ﬁﬂbm .
Learning optimization problems D p
3HATH OCHOBHI MiIXOIH 10 Jlexyis | Lecture 1(60% npasunvnux
X / 4 gionosioeii), 20%
PO3B’SI3aHHS 33124 KOMIT FOTEPHOTO |
sopy / Icnum
. : . Test (60%), correct
PH 1.2 Solid understanding of computer ( )
.. . answers,
vision problems and potential
. Exam
solutions
3HaTH OCHOBHI MOHATTS Ta MeToau | Jlexyin | Lecture | Axmuena poboma na
rubuHHOr0 HauaHHs\ Solid JleKyii, yeui 810n06ioi,
understanding of Deep Learning Koumponvna po6oma
optimization problems 2 (60% npasunvhux
PH 1.3 6ionosioeii), 20%
Ienum |
Test (60%), correct
answers,
Exam
Jlexyisn | Lecture | Axmuena poboma na
3HaTH OCHOBHI IOHATTS Ta JieKyii, ycHi 8i0nosioi,
TPHHIAITH POOOTH IITYIHUX Konmponvna po6oma
PH 1.4 HEeHpOHHUX Mepex / 3 (60% npasunvrux
: Understand basic concepts and gionogioeti),
principles of artificial neural Ienum |
networks Test (60%), correct
answers, exam 20%
BwmiTu npoBoauTH aHami3 3a1a4i Camocminna
. Buxonanns 3aedanu,
00poOKM Ta po3Mmi3HABaHHS poboma
N BUHECEHUX HA
300paXkeHb I BUOOpPY Hakkpamoro | / camocmitiny pobom
PH 2.1 Meroy ii po3Bs’si3anHs/ Individual work VP )
| Accomplishment of

Be able to analyze the problem of
image processing and recognition to
choose the best method for solving it

tasks assigned to
Individual work

© Psab6oxons /1.1., 2019




Bwmitu ¢popmymnroBat npodeciiiai
3aBJIaHHsI HA MOBI MallIMHHOTO
HaBYaHHS 1 OCHOBI (OPMYITIOBAHb
6a30BUX 33729 KOMITTOTEPHOTO

Camocmiiina
poboma

/

Individual work

Buxonanns 3616061Hb,
BUHECEHUX Ha

3opy/Be able to formulate camocmitiny pobomy
PH2.2 professional | Accomplishment of 20%
tasks in the language of machine tasks assigned to
learning and on the basis of Individual work
formulations of basic problems of
computer vision
BwmiTu 3acTocoByBaTtn MeToau Camocmiiina Buxonanus 3ae0any,
KOMIIT'FOTEPHOTO 30py JUIs poboma 6UHEeCeHUX Ha
PH 2.3 PO3B’sI3aHHS MPUKJIATHUX o / o camocmiiiny pobomy 15%
: 3agau/Beabletoapplycomputervision | Individual work | [/ Accomplishment of
methodstosolveappliedproblems tasks assigned to
Individual work
BigmosigaiabHO cTaBATHCS HO Camocminna Bukonanus 3aeoany,
BHKOHYBaHHUX pOOIT, HECTH poboma BUHECEeHUX Ha
BiNIOBiJAJIBHICTH 32 iX SKICTh / camocmitiny pobomy
PHA4.1 / Individual work | / 5%
Responsibly treat the works Accomplishment of

performed, be responsible for their
quality

tasks assigned to
Individual work

6. CniBBinHOLICHHS pe3yJbTATIiB HABYAHHS IMCUHUILIIHM i3 NPOrpaMHMMM pe3yJIbTaTaAMHU

HABYaHHS (He00OB’SI3KOBO JIJIi BHUOIPKOBMX JIMCIUILIIH,

AKi

cneniamizanii) / / Correspondensebetweenlearningresultsandprogramstudyresults

He BXOAATH [0 OJIOKIB

Pe3yabTaTu HaBYaAHHS AUCHUILTIHA PH |PH |PH [PH | PH | PH | PH
IIporpamHi pe3yJbTaTH HAaBYAHHS 1.1 |12 |13 |14 |21 |22 |23
(3 onucy ocgimuboi npozpamu,)

IMPHY9. Bomogitu MerogaMH Ta TEXHOJOTIIMHA

oprasizamii Ta 3acTOCYBaHHA JaHHX Yy 3agadax

OOYMCITIOBAIGHOTO  iHTENleKTy, OymyBatu wMoxmemi | + | + | + | + | + | + | +
NPUAHATTS PIIICHh HAa OCHOBI Teopii po3Ii3HaBaHHS

00pa3iB, HEHPOMEpEK Ta HEUITKOI JIOTIKH.
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7. Cxema ¢opmyBanns ouinku / Mark forming scheme.
7.1 ®opmu ouiHoBaHHS cTyaeHTIB / Student evaluation forms:
- cemecTpoBe oninoBanusa /Evaluation in semester:
1. Axmusna poboma na nexyii, ycui 6ionosioi | correct answers: PH1.1, PH1.2, PH1.3, PH1.4 -
5 Oauis / 3 6any;
2. Buxonanns 3asoamns, sunecenux na camocmiiny pobomy | Accomplishment of tasks assigned
to Individual work: PH2.1, PH2.2, PH2.3, PH 4.1 — 10 Ganis / 6 6axis;
3. Koumponvua poboma 1/ Test 1: PH1.1, PH1.2 — 15 6anis / 9 6ais;;
4. Konmponvna poboma 2 [ Test 2: PH1.3 — 15 6anis / 9 6asis;;
5. Koumponvua poboma 3 | Test 3: PH1.4 — 15 6anis / 9 6anis;.
- mincymkoBe oninwoBanusi/final evaluation: iciut/exam.
- MAKCUMANbHA KilbKicmb 0anie siki moxcyms oOymu ompumani. 40 O6ais;
- pe3yibmamu HasuyauHs sKi 0yoyms oyinosamucy: PH1.1, PH1.2, PH1.3, PH1.4;
- hopma npoeedernHs i 6udu 3a60aHb. TTMCHMOBA,
- 610U 3a80aHb. 2 THCHBMOBUX MPAKTUYHHUX 3aBJIaHHS Ta | TUCHMOBE TEOPETUYHE MTUTAHHS;
- JUIL OTPUMAaHHS 3aTrajbHOT ITO3UTHUBHOI OLIHKHY 3 JUCIUILTIHY OI[iHKA 32 iCITUT IOBUHHA OYTH HE
MEHIIIO0 HIX 24 Oany,
- CTY/JICHTH HE JIOIYCKAIOThCS JI0 ICIHTY, SKIIO MPOTATOM CEMECTPY BOHHM HaOpajk MEHINE HiXK
36 GautiB.

KpuTepii oniHioBaHHs Ha icnuTi

3aBpaHHA Tema 3aBAaHHA MakcumanbHui Bcboro BiacoOTKiB
BigcoTok Big 40 6anis
3aBgaHHA 1 TeopeTnyHe NUTaHHA 3a 40% 40%
maTtepianamu Kypcy
3aBaaHHA 2 Mo 30% 60%
3aBaaHHA 3
100%

Jlyig oTprMaHHsI 3arajibHOT MO3UTUBHOI OLIIHKY 3 IUCUUIUIIHY OLIIHKA 33 €K3aMeH He MOXe OyTH
MeHIo 24 6amiB. CTyJIeHT HE JOIMYCKAEThCs 10 €K3aMEHY, SIKIIO IiJi 4ac ceMecTpy HalOpaB
mentre 20 GaniB.

7.2. Oprani3aisi olliHIOBaHHSI:

OO0O0B’S3KOBUM € BUKOHAHHS 3aB/IaHb, BUHECEHNX Ha CaMOCTIHHY pOOOTY Ta KOHTPOJIBHUX POOIT 3a
rpacdikom pobouoi mporpamu. / It is mandatory to perform tasks assigned to independent work and tests
according to the schedule of the work program.

Tepminu nposenenHns popm ouinroBanus/Deadlines:

1. Koumponvua poboma 1 (mecm): 0o 6 muoicus cemecmpy. Testl: up to the end of 6 weeks
of the semester.

2. Koumponvua poooma 2 (mecm): 0o 10 muocns cemecmpy. Test2: up to the end of 10
weeks of the semester.

3. Koumponvna poboma 3 (mecm): 0o 14 muoicns cemecmpy. Test2: up to the end of 14
weeks of the semester..

VY BUNaJIKy BiICYTHOCTI CTY/ICHTA 3 TOBYKHUX MPHYMH BIINPALFOBAHHS Ta Mepe3/iadi KOHTPOIbHUX
POOIT 3MIMCHIOIOTHCS Y BIATIOBIHOCTI /10 ,,I[0JTOKEHHsI PO TIOPSIIOK OITIHIOBAaHHSI 3HAHb CTY/ICHTIB TIPU
KPEIUTHO-MOJY/bHIN CHCTeMI opraHizaiii HapqainsHOro npouecy’ Bif 1 xoBtHs 2010 poky.

7.3. lIxana BignoBinnocti ouinok / Mark correspondence scale
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Bigminno / Excellent 90-100
Hoope / Good 75-89
3agosinbHo / Satisfactory 60-74
Hes3agosinbuo / Fail 0-59

8. CTPYKTYPA HABYAJIBHOI JUCIHUATILITHA

TEMATHYHHUM TIJIAH JEKIOIA 1 JJABOPATOPHUX 3AHATH

KinpkicTh roaxun

HazBa nekuuii /
Lecture name

Jlexmii
/
Lectur
es

Camocr.

pobGora /

Individual
work

Yactuna 1

“OcHOBHU TeOopii CTATUCTUYHUX PIIIEHb CTOCOBHO 33/1a4 po3IMi3HaBaHHs 00pa3iB”

Part 1

"Fundamentals of the theory of statistical solutions for image recognition problems"

Tema 1.  baiieciBcbka  Teopis  CTAaTHCTUYHHMX  DIIICHB.
Croocrepe/pkyBani  mapamMeTpu 1 TIpUXOBaHI  CTaHW  OO€KTa.
Craructnuna mojenb oOekta. Crpareris posmizHaBanHs. IlTpad i
pu3HK ctpaterii. Minimizarist pusuky. [1, ct. 15-26 ] /

Topic 1. Bayesian theory of statistical solutions. Observed parameters
and hidden states of the object. Statistical model of the object.
Recognition strategy. Fine and risk strategy. Risk minimization. [1,
art. 15-26]

2

Tema 2. 3aranbHuil BuUJ OaileciBCBKUX CTpaTeriii po3mi3HaBaHHS
o0€ekTa 3 JBOMa MOXJIMBUMHU cTaHamH. [leTepMiHOBaHUIl XapakTep
OaiteciBcbkux crparteriid. [ 1, crop. 17-21] /

Topic 2. General type of Bayesian strategies for object recognition
with two possible states. Deterministic nature of Bayesian strategies.
[1, p. 17-21]

Tema 3. Crparteris, mo MiHiMI3ye HMOBIPHICTH XHOHOTO
posmizHaBaHHs. CTparerisi po3mi3HaBaHHs MPYU MOXKJIIMBIN BIIMOBI BiJ
po3mi3HaBaHHsA. Hu3ka KOHKpPETHUX NPHUKIAAIB MiHIMI3alii pU3HKY.
[1, crop. 22-24]/

Topic 3. A strategy that minimizes the likelihood of misdiagnosis.
Recognition strategy in case of possible rejection of recognition. A
number of specific examples of risk minimization. [1, p. 22-24]

Tema 4. Teopis naBoicTocTi y  HeOalleCIBCbKUX — 3ajadax
posmizHaBaHHs. [1, crop. 45-72] /

Topic 4. The theory of duality in non-Bayesian recognition problems.
[1, p. 45-72]

Tema 5. 3amaua Heitmana-Ilipcona 1 ii y3aranbHeHHs. MiHIMakcHa
3aJgayda p03ni3HaBaHH}I. 38.,[1&‘-18. Bam:;[a. CKJ’IaJICHa 3aJgayda
CTaTHCTUYHUX pilieHb. [1, cTop. 45-72] /

Topic 5. Neumann-Pearson problem and its generalization. Minimax
recognition problem. Wald's problem. The problem of statistical
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decisions is made. [1, p. 45-72]

Konrponsnaa pobora Nel /
Test work Nel

YacTuna 2
“HaBuaHHs 1 CAMOHABYAHHS aJITOPUTMIB PO3ITI3HABAHHS
Part 2
"Learning and self-learning recognition algorithms"

Tema 6. EMmipuunuii 6aiieciB miaxin [.Po66inca. 3amaya [.Po66inca
Ta aNropuT™M 11 poO3BA3KY. MOHOTOHHUI XapakTep alropurMy Ta
BJIACTUBICTH HOT0 HEPYXOMHX TOYOK.[1, cTop. 240-247, 266-268] /

Topic 6. Empirical Bayesian approach of G. Robbins. G. Robbins
problem and algorithm for its solution. The monotonic nature of the
algorithm and the property of its fixed points. [1, p. 240-247, 266-268]

Tema 7. JIBi cratuctuuni mMomeni o0’exrtiB. HaiBiporigHimi OIiHKA
nmapaMeTpiB  MoJeNi 3 He3aNeKHHMH O3Hakamu. HaliBiporigHimm
OLIIHKH TIapaMeTPiB HOPMaJbHOI BHITaKOBOI BenuuuHU. [1, cTop. 93-
9711/

Topic 7. Two statistical models of objects. The most probable
estimates of the parameters of the model with independent features.
The most probable estimates of the parameters of a normal random
variable. [1, p. 93-97]

Tema 8. HaBuanHa Ta camMoHaBUaHHS Yy pO3IMi3HaBaHHI 00pa3iB.
AJIFOpI/ITM CaMOHAaBYaHHSI Ta HOIO KOHerTI/ISaIIiﬂ I IBOX
CTaTUCTUYHHUX MO,HeHeﬁ pOSHiSHaBaHH}I /

Topic 8. Learning and self-learning in pattern recognition. Self-
learning algorithm and its specification for two statistical models of
recognition

10

Tema 9. MOHOTOHHMIA XapaKTep alrOPUTMIB caMOHaBuaHHs. [1, cTop.
254-260] /

Topic 9. Monotonous nature of self-learning algorithms. [1, p. 254-
260]

11

KonTposbha podora Ne2 /
Test work Ne2.

Yacruna 3
“ABTOMAaTUYHE HANATO)KEHHS aJITOPUTMIB PO3MI3HABAHHS
Part 3
"Automatic debugging of recognition algorithms"

12

Tema 10. MiniMi3amis eMIipuyHOTO PU3UKY Ha TECTOBIH MHOXHHI
npukiaie. [1, crop. 129-130] /

Topic 10. Minimization of empirical risk on a test set of examples. [1,
p. 129-130]

13

Tema 11. [Tepcentpon u Teopema Hogikosa. [1, crop. 189-191] /
Topic 11. Perceptron and Novikov's theorem. [1, p. 189-191]

14

Tema 12. I'mubunnae HaByaHHs. /
Topic 12. Deep learning.

15

Tema 13. Asroenkonaepu /
Topic 13. Autoencoders

16

Tema 14. Jlerexiiis 06’ exriB /
Topic 14. Object detection

17

KontpossHa podota Ne3 /
Test work Ne3.
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28 90

3araabHuii o6csar 120 200., B Tomy ymcai / Total duration 120 hours, namely:
Jlexkuii/ Lectures — 28 rox./h.

Koncymnprarii/ Consultations - 2 200./h.

Camocriitna po6ora/ Individual work - 90 200. /h.

9.

PEKOMEHIOBAHI JUKEPEJIA /| RECOMMENDED LITERATURE
Ocnoeni | Main:

M.lIne3unrep, B.I'maBau. JlecsaiTh JEKIUMHA MO CTAaTUCTUYECKOMY U CTPYKTYPHOMY
pacniozHaBanmio. — K.: Hayk. nymka, 2004.- 545 c.

[Ine3unrep M.JM., T'urunsx B.B. Pemenue (max,+)-3aga4 CTpyKTypHOTO pacro3HaBaHUSIC
IIOMOIIbI0 MX SKBHUBAJCHTHBIX IpeoOpa3oBaHuil //. YHpaBisrole CUCTEMbl U MaIIMHBI.-
2007, Ne 1,c. 3-15.

[Ine3unrep M.U., 'urunsk B.B. Pemenne (max,+)-3a1a4 CTpyKTypHOTO paclio3HaBaHUSIC
MIOMOILBIO UX SKBUBAJIEHTHBIX IIpeoOpa3oBanuii 11 /. Ynpasistomue cucteMbl 1 MallluHBL.-

2007, Ne 2 ,c¢.5-17.

M. 1ne3unrep. Maremarudeckue cpeactsa o0padotku uzobpaxennid. — K.: Hayk. nymka,
1989. - 198 c.

[ne3unrep M.U, ®nax b. bumoaynsipHbie 3aa4l COCTOSATENBHON Pa3METKU U UX PELICHUE
http://irtc.org.ua/image/Files/Schles/Schlesinger-BimodularRus.pdf
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