Qu HauioHanbHUi TeXHIYHUI yHiBepcUuTeT YKpaiHu
«KUIBCbKUW MNONITEXHIYHUA IHCTUTYT
ag imeHi ITOPA CIKOPCbKOIO»

Kadepgpa matemaTtUiHux
MeTOAiB CUCTEMHOr0 aHanisy

IHTeNneKTyanbHUN aHaNi3 faHUX
Pob6oua nporpama HaBuyanbHoOi gncumnniiu (Cunabyc)

PiBeHb BULLOI OCBiTH
Fany3b 3HaHb
CneuianbHictb

OcBiTHA nporpama
Cratyc gucumnninm
dopma HaBYAHHA

Pik nigrotoBKku, cemectp
O6car aucumnaiHm

CemecTpoBuUit KOHTPOAb/
KOHTPOAbHI 3axoau

Po3Knapg 3aHATb
MoBa BMKNapaHHA
IHpopmauis npo
KepiBHUKa Kypcy /
BUKNapadiB

Po3milLeHHA Kypcy

PeKBi3nTK HaB4Ya/IbHOI AUCLUNAIHM

Mepwuli (6akanaepcoKuli)

12 IHgpopmayiliHi mexHonoeaii

124 «CucmemHuli aHanis»

«CucmemHuli aHaNI3 i yrpasaiHHA»

Bubipkosa

o04Ha(deHHa)

3 Kypc, ociHHili cemecmp

36 200.n1eKuii, 18 200.npakmMuy4Hi 3aHAMMsA

3as1iK, nucemosuli / KOHMPosbHi pobomu, NUCbMO8i

lMoHedinok - nepwa napa, yemsep — yemeepma napa, hitps://schedule.kpi.ua/.
YKpaiHcobKa

JlekTop: 0.m.H., doueHm, dou. HedawkiecbKa Haodisa leaHisHa,
n.nedashkivska@gmail.com

MpakKTUYHi 3aHAMMSA: 0.m.H., douyeHm, ooy. HedawkKisecoka Hadis leaHieHa,
n.nedashkivska@gmail.com

Mnatdopma ancraHuinHoro HaB4aHHsA «CikopcbKnii», Googleclassroom, Kog,
Kypcy 37lzkci

Mporpama HaB4YaNbHOI AUCLUNIHU

1. Onwuc HaB4YaNbHOI AUCUUNAIHMK, i MeTa, NnpeaMeT BUBYEHHA Ta pe3y/ibTaTU HaBYAHHA

Memoto kpedumHo20 MoOyna € hopmMy8aHHA y cmydeHmie 30amHocmeli:

® agHani3y i 06pobKU OaHUX y Pi3HUX hopMamax 3 Memoro NiOMpUMKU rnpuliHAMMS piuieHs,

® 1owyKy wabnoHie y senukux i HadsenuKkux 6a3ax OaHUX,

e 106y008U MPO2HO3i8 3 BUKOPUCMAHHAM Cy4acHUX memodis i an2opummis iHmenekmyanbHo20
aHanizy 0aHUX, MAWUHHO20 HABYAHHA MA iHhopMaUiliHUX mexHonoail;

® 30CMOCYB8AHHA CY4dacHUX Memoodie [HMenekmyanabHo20 aHAMI3y OaHUX ma MAWUHHO20

HOBYQHHSA;

® BUKOPUCMAHHA Npo2pamHo20 3abe3rnieyeHHs 078 iHmMesneKmyasnbHo20 aHanizy O0aHUX ma
MQAWUHHO20 HABYAHHA 8 MPAKMUYHIl pobomi.

Micnsa 3ac80€HHA KpedumHo20 Mooyssa MaromMs NPOGeMOHCMpPY8amu maki pe3ynbmamu HA84aHHA:

KomnemeHmHocmi:

30amHicmb 3acmocosysamu 3HAHHA 8 MPAKMUYHUX CUMyauyisax, 30amHicme ab6CmpakmHoO Mucaumu,
3acmocosysamu memoou aHani3y i cuHmesy, 30amHicmes 3HaMuU ma po3ymimu npedmemHy obaacme i
npogpeciliHy dianbHicmes, 30amHicme 00 nowyky, 06pobaeHH ma aHani3y iHgpopmauii 3 piaHuUx Oxcepern,
30amHicme 0o adanmauii ma 0ii 8 Hosili cumyauyii, 30amHicme 3a6e3neyysamu ma oyiHK8amMu SKicmeo

BUKOHYB8aHUX pobim,



30amHicme  8uKopucmosysamu cucmemHull aHaniz 8 AKOCmi cy4acHoi  mincoucyunaiHapHoi
mMemo00:102ii, 30CHOBAHOI HA MPUKAAGAX MaMeMamu4yHuUx Memoodie ma CyvyacHUX iHgopmayiliHux
mexHo102iAX, | OPiEHMOBAHA HA BUPIWEHHA 3a0a4Y AHAMI3Y i CUHMe3y MEXHIYHUX, eKOHOMIYHUX,
CoyianbHUX, eK0s102iYHUX MA iHWUX CKAAOHUX CUCMEM,

30amHicme 6ydysamu MamemamuyHO KOPEeKMHi moodesni cmamuyHux ma OUHAMIYHUX fpoyecis |
cucmem i3 30cepedyeHuUMU ma po3nodineHumu napamempamu i3 8pPaxy8aHHAM HeB8U3Ha4YeHocmi
308HIiWHIX ma 8HympiwHix pakmopis,

30amHicme 00 Kommn’'tomepHoi peanizayii mamemamuyHux modeneli peasnbHuUx cucmem i npouyecis;
npoekmysamu, 3acmocosysamu i Cynpogooxysamu rnpozpamHi 3acobu modesnto8aHHs, npuliHamms
piweHs, 06pobKu iHhopmayii, iHmenekmyanbHo20 aHasi3y OaHUX,

30amHicme po3pobasmu exkcrnepumeHmasnbHi ma criocmepexcyeansHi 00cnioxceHHa | aHanizyeamu
OaHi, OMpUMaHi 8 HUX,

3acmocosysamu memoou i 3acobu pobomu 3 OQHUMU | 3HGHHAMU, Memoou MamemamuyHo2o
MOOEesII08AHHA, MEXHO102ii CUCMEeMHO20 | CMamu4yHo20 aHaAnNI3y,

npoekmysamu, peasizosysamu, mecmysamu, 8rposadHysamu, Cyrnposoomysamu, eKcrayamysamu
npoepamui 3acobu pobomu 3 OQHUMU i 3HAHHAMU 8 KOMIT IOMepHUX CUCMEeMaXx i Mepexcax,

po3ymimu i 3acmocosyeamu HA npaKmMuyi memoou cmamu4yHo20 MOOE/OBAHHA i NMPO2HO3YB8AHHS,
oyiHr8amMu 8uUxioHi OaHi

3HAHHA:

cy4acHux memodis i anzopummis iHMeAeKmMyanbHo20 aHAAI3y OAHUX MA MAUWUHHO20 HABYAHHS,
MemoOUKU 3aCmOCy8aHHA Uux memodis, anzopummis 071 nobydosu poeHo3ie HA OCHOS8I
cCMamucmuy4HuUx OaHUX, CUCMEMHO020 BUPIWEHHA MPAKMUYHUX 3a0a4 aHanisy i nowyky wabsoHie y
genuKUX i Hadsenukux 6a3ax OGHUX, MemOOUKU PO38°A3aHHA MPAKMUYHUX 30004 Kaacugikayii Ha
OCHOB8I 0epes piweHb, OropHUX 8eKMopis, bazamowaposozo rnepcenmpoHad, aHcambnie modenell, 3a0a4
Knacmepu3auii Ha OCHO8i iepapxiyHux, imepauiliHux, 2pagosux ma WinbHICHUX daneopummis 3
BUKOPUCMAHHAM iHhopmayiliHux mexHonoeili, 3HaHHSA 6ibniomeKu scikit-learn python

YMIiHHA:

3acmocosysamu Cyv4acHi memoou i asnzopummu iHmenekmyasnbHo20 AHAsI3y OaHUX ma MAUWUHHO20
HOBYAHHA 3 Memotr MiIOMPUMKU npuliHamms piueHs, 6ydysamu npo2HO3U HA OCHO8I cMamucmu4HuUx
OaHux, po3s’azysamu npakmuyHi 3a0a4i Kaacugikauyii ma kKaacmepusauii, cucmemHo supiwysamu
npakmuyHi  3a0a4i aHanizy i nowyky wabnoHie y eenuKkux i Haodsenukux 6azax OaHUX,
BUKOpucmosysamu rnpoepamHe 3abesneyeHHsa scikit-learn python 0n8 MQWUHHO20 HABYAHHSA 8
npakmuyHil pobomi

docsio:
meopemuyHuli ma npakmu4Huli 0oceid aHanizy i obpobKu OaHUX y Pi3HUX hopmamax 3 Memoro
niompumku npuliHamms piweHb, Nobyo0osuU MpoeHo3i8, BUKOPUCMAHHA MPo2pamHo20 3abe3rneyeHHs
scikit-learn python 0na iHmenekmyansHO20 aHANI3y OQHUX MA MAWUHHO20 HABYAHHA 8 MPAKMUYHIl
pobomi

2. TlpepeKBi3uTU Ta NOCTPEKBI3UTU AUCLUNAIHU (MicLie B CTPYKTYPHO-NI0riYHiA cXemMi HaBYaHHA 3a
BiANOBIAHOIO OCBITHLOIO NPOrpPamMolo)

lpu sus4eHHi OucyunaiHU BUKOPUCMOBYIOMbCA 3HAHHA Oucyunnid «Teopisa (imosipHocmeli ma
mamemamu4yHa cmamucmuka», «MamemamuyHuli aHaniz», «JuckpemHa mMamemamuKka (po30in
«Teopis epagpie»)», «O6’€eKMHO-0piEHMOBHE NMPo2pamMys8aHHsa», «Memoou onmumizayii».

3HaHHA, HAbymi npu sus4eHHi Uiei ducyunaiHu, BUKOPUCMOBYIOMbCA Mpu ONnaHy8aHHI OucyumnsaiH
«lHMmenekmyanoHuli aHani3 B8enUKUX cxosuw, OAHUX», «IHMenekmMyanoHi cucmemu npuliHAMMSA
piweHb», «lHMeneKkmyanvHi cucmemu MNiIOGMPUMKU  NPUUHAMMA  piweHb», 8 OUNJI0OMHOMY



NpPoeKmMy8aHHi, y npakmuyHili camocmiliHili pobomi 8UnNyCKHUKA 8 2any3i iHmenekmyasibHo20 aHaAMi3y
OaHux nid 4ac aHanizy eenukux i Haodsenukux 6a3 O0aHux, npu nobydosi npozHo3i8 HA OCHOSI
cmamucmuy4Hux OaQHUX, npu po3pobui KoprnopamusHux iHGOPMAYiliHO-aHAnAIMUYHUX cucmem 8
O0epHasHUX i NpUBAMHUX yrpasniHCbKUX CMpYyKmMypax.

3. 3micT HaBYaNbHOI AUCUUNNIHN

Po30in 1. OcHOBHIi NoHAMMA iHMeneKMyanbHo20 aHanizy oaHux (IA) ma MAawWuHHO20 HABYAHHA
(MH)

Tema 1. 3azansHi 8idomocmi npo IAL. ocsid 6 3adayax MH: 3a8ay4i Ha84YaHHA 3 84umMenem — supervised
learning i 6e3 s4umens — unsupervised learning. Knacudgikauis, peepecida, mawuHHUl nepexkanad, nowyx
acouyiamusHux npasusa, cmpykmypHul eugid, cuHme3s i subipKa, oyiHKa yHKUii mosipHocmi abo
YHKYiT winbHOCMI limogipHOCMI, Knacmepu3ayia, ceemeHmayia. O2na0 memodis IA ma MawuHHO20
HABYAHHS.

Tema 2. OyiHo8aHHA AKocmi anzopummie MH. lepexpecHa nepesipka (cross-validation, CV). lMoHamms
nepeHas4yaHHs (overfitting) modeni MH ma peaynapusauii modesi. Komnpomic mix cucmemamu4yHorO
nomusikoro i ducnepciero moodeni. [opisHaHHA anzopummis. Bubip 2inepnapamempie modeni memoodamu
pewimuyacmoeo Grid Search CV ma paHdomizosaHoeo nowyKy Random Search CV.

Tema 3. batlieciecokuli nioxi0 ma nioxi0 makcumasnsHoi nNpagoonodibHocmi 00 OUIHIOBAHHA AKOCMI
moaoerni.

Po30in 2. Memodu ma anzopummu Kaacugpikayii

Tema 1. Lepesa piweHb Decision Trees. Aneopumm po3bumms, lioeo enacmusocmi. Kpumepii subopy
3MiHHOI po36bumma: eHmponilHul, AxcuHi. Aneopummu ID3, C4.5 subopy 3miHHOI pozbumms, ix
enacmusocmi. Mipu egpekmusHocmi Oepes piweHs. [Mpobaema 3ynuHKu nobydosu depesa.

Tema 2. [epesa piweHb 8 scikit-learn python. Peanizauyia aneopummy po3bumms CART Onsa
Knacugikauyii ma peepecii. Peaynapu3sayis depee piweHb 8 scikit-learn python. lMpukaad npakmu4Hoi
3a0a4i 6azamokKnacoeoi Knacugikauii ipucie Piwepa. lNMepesazu i HedoniKu depes piuieHs. Anzopumm
nokpummas. 1-R anzopumm Kaacugikayii.

Tema 3. OyiHWBAHHA ethekmusHOCMi asnzopummis Knacugikayii. K-Fold CV ma (iozco moougikauii.
Mampuua HemoyHocmeli (confusion matrix), mempuKu accuracy, precision, recall, specificity, F1-score
001 subopy moodeni. Kpusi ROC-curve, PR-curve. Bubip modesni Ha npuknadi 3ada4i Knacugpikayii ipucis
@iwepa. MNpobnema He36a1aHCOBAHUX KAACi8.

Tema 4. baleciscokuli nidxi0 00 Knacugikayii. OnmumansHull 6aleciecbKuli Knacugikamop.
OuyiHrosaHHA anpiopHux imogipHocmeli ma ¢yHKUili npasdonodibHocmi 3a eubipkor. HaisHuli
batieciscokuli Knacugikamop. Peanizauyia anzopummy Naive Bayes e scikit-learn python. [lpuknad
npakmuyHoi 3a0ay4i Knacugikayii anzopummom Naive Bayes 8 scikit-learn python.

Tema 5. 3adaya posdiny cymiwi. Anzopumm Expectation-Maximization ma (ozo moougikaui.
Peanizayia anzopummy GaussianMixture e scikit-learn python. [lpuknad npakmu4Hoi 3adayi
Knacugikauyii anzopummom GaussianMixture.

Tema 6. [Tobydosa mamemamuyHux ¢yHKUil Knacugikauii. Memoo onopHux eekmopis (support vector
machine, SVM): niHiliHuli ma HeniHiliHuli sunadku. Peanizauyia memooy 8 scikit-learn python. lpuknad
po38’a3aHHA 3a0auyi kKnacugikayii anzopummamu SVC, NuSVC ma LinearSVC scikit-learn python.
Mpuknad pos3e’azaHHA 3a0au4i peepecii anecopummamu SVR, NuSVR ma LinearSVR scikit-learn python.
Ob2pyHMysaHHA memoOy OrnopHuUx sekmopis. Bubip napamempy poamummasa cmyau. DyHKkyia aopa,
enacmusocmi, munu sdep. lepesazu i HeA0AIKU MEMOOY OMOPHUX BEKMOPIB.

Tema 7. OcHosu meopii wmy4yHux HelipoHHUX mepex. KnacuyHuli i cy4acHi nepcenmpoHu (multiple layer
perceptron, MLP). ®yHKuUii akmusayii: cuemoioHa, einepboniyHuli maHeeHc, RelLU, LeackyRelLU ma ix
moougikayii. Peanizayia nobydosu i Has4aHHA bazamowaposozo nepcenmpoHy 8 scikit-learn python.



lMpuknad po3e’azaHHA 3ada4i Knacugpikauii Habopy daHux MNIST anzopummom MLPClassifier scikit-
learn python. lNpuknad po3e’sa3aHHA 3a0a4i pe2pecii — Npo2HO3y8aHHA Nonumy Ha 8esnocunedu Ha OCHOS8I
Ce30HHO020 YUKAiYHO20 Yacosozo pAady fetch _openml — anzopummom MLPRegressor scikit-learn python.
Memoo cmoxacmuy4Ho2o 2padieHmHo2o cnyckKy. MakemHuli, cmoxacmuyHuli (SGD) ma miHi-nakemHudi
(mini-batch) eapianmu peanizauii epadienmHoz2o cnycky (gradient descent, GD). lpobnema subopy
einepnapamempy weudKocmi Has4aHHsA learning rate.

Po30in 3. Memodu ma anzopummu Kaacmepu3ayii

Tema 1. ®yHkuii s8iocmaHi. lepapxiyuHa Kaacmepusayia: azaomepamusHuli anzopumm Halbaum4yoeo
cycida, disisumHuli anzopumm. Anzopumm AgglomerativeClustering scikit-learn python. Memodu
po3paxyHKy eiocmaHi mix Kaacmepamu. [Mpuknad kKnacmepu3sauii Habopie OaHux pisHoi gopmu
aneopummom AgglomerativeClustering scikit-learn python. lNoHammsa deHOpoepamu ma ii nobydosa
3acobamu scipy.cluster.hierarchy.

Tema 2. Anzopummu k-cepedHix, Heyimkux k-cepedHix ma g-cepedHix. Peanisayis e scikit-learn python:
anzopummu KMeans, MiniBatchKMeans. [lMpuknadu knacmepu3auyii Habopie O0aHux pi3HOI ¢opmu,
sukopucmosyr4u KMeans scikit-learn python, subip 3Ha4yeHb 2ineprnapamempis. EMnipuyHa OYiHKa
snausy iHiyianizauii 8 memoodi k-cepedHix. MopisHaHHA anzopummie KMeans ma MiniBatchKMeans Ha
Habopax daHux make_blobs.

Tema 3. AHaniz pesynemamis Knacmepusayii. Mempuxku akocmi homogeneity, completeness, v-
measure, adjusted rand score, adjusted mutual info score, KoegiuieHm cunyemy. Bubip KinbKocmi
Knacmepie 3a 00NOMO20t0 aHanizy cunyemie y Knacmepusayii KMeans. [NopisHaHHA pe3ynbmamis,
OUiHIOBAHHSA YACYy BUKOHAHHA Ma AKOCMI pe3yabmamis Ha npukaadi npakmuyHoi 3a0a4i Knacmepusayii
PYKonucHuUx yugp 3 Habopy sklearn.datasets.load_digits.

Tema 4. Memoou knacmepu3auii Ha ocHogi meopii epaghis. Anzopummu lpuma, Kpyckana i bopysKu
nobyodosu mMiHiMasbHO20 MoKpusar4o2o depesa. Asnzopumm Popen ma tio2o Moougikayii.

Tema 5. Knacmepusauis Ha ocHosi mepexci KoxoHeHa. KoHKkypeHmHe HasyaHHA. Memood
camoopzaHizyrodux Kapm KoxoHeHa. IHmepnpemauia Kapm KoxoHeHa.

Tema 6. LLinbHicHi anzopummu Knacmepuszayii Mean Shift, DBSCAN ma OPTICS. Peanizayis e scikit-learn
python ma subip 2inepnapamempis. AHani3 pezynbmamis Kaacmepu3sauyii Habopis OaHux pi3Hoi popmu.

Aneopummu Affinity propagation, SpectralClustering ma Birch.
Po30in 4. AHcambai moodeneli IAL

Tema 1. Buou aHcambnis. bezziHe. Komno3uyii depes piwieHbo ma esunadkosuli nic Random Forest.
Peanizayis 8 scikit-learn python: anzopummu BaggingClassifier, BaggingRegressor,
RandomForestClassifier, RandomForestRegressor, ExtraTreesClassifier, ExtraTreesRegressor. Memodu
sunaokosux 0inaHoK (random patches method) i eunadkosux nionpocmopis (random subspaces
method). lMepesaau i HeOoniKU 8UNAOKOB020 sicy. Knacugikamop 3 #OPCMKUM i M’AKUM 20/10CY8AHHAM.
Peanizayis e scikit-learn python: VotingClassifier, VotingRegressor.

Tema 2. bycmuHe. Memodu AdaBoost ma epadieHmHuli 6ycmuHe. Peanizauia e scikit-learn python:
aneopummu AdaBoostClassifier, AdaBoostRegressor, GradientBoostingClassifier,
GradientBoostingRegressor. 3micm napamempis. lMepesaau i Hedoniku 6ycmuHey. CmekiHe. Peanizayisa 8
scikit-learn python: StackingClassifier, StackingRegressor.

Hanpamku po3sumky ma nepcriekmusu nodansvwux 0ocnioxeHs 8 obaacmi IA4 ma MAawWuUHHO20
Has4aHHA. HesupiweHi npobaemu.



4. HasuanbHi matepianu Ta pecypcm

basoea
1.

H.l. Hedawkiscoka. KoHcnekm i caaliou nekuyili 3 kpedumHozo mooyns «lHmenekmyanoHull
aHanis daHux», 2023. https://classroom.qgoogle.com/c/NjlwNzk20OTEONjIx?cjc=37Izkci

H.l. HedawkiecbKka. IHmenekmyanvHuli aHaniz oaHux : lMpakmurkym [EnekmpoHHul pecypc] :
Has4y. nocib. 0n1s cmyd. cneuyiansHocmi 124 «CucmemHull aHani3», 0CBIMHIX npo2pam
«CucmemHuli aHani3z i ynpaeniHHA», «CucmemHuli aHaniz ¢iHaHcoso2o puHKy»/ H. .
Hedawkiscoka; Kl im. lzopsa Cikopcbkoeo. — EnekmpoHHi mekcmosi 0aHi (1 ¢alin: 6 Mbaim). —
Kuis : Kril im. leopa CiKkopcbkoeo, 2021. - 105 C.
https://classroom.google.com/c/NjlwNzk2OTEONjIx?cjc=37Izkci

3Halimu 3a3HaueHi 8 n. 1 i 2 mamepianu MoxHa 8 EnekmpoHHomy Kamnyci ma Ha [laamgopmi
ducmaHuyiliHo2zo Has4YyaHHA «CikopcbKuli», Googleclassroom, ko0 Kypcy 371zkci.

Jodamkoea nimepamypa

3.
4.

10.

Scikit-Learn Documentation. https://scikit-learn.org/
Jake VanderPlas. Python Data Science Handbook. Essential Tools for Working with Data. O’Reilly
Media Inc., 2017. 576 p. (3a 3anumom suknada4y)

Sebastian Raschka, Vahid Mirjalili. Python Machine Learning. Third Edition. Machine Learning
and Deep Learning with Python, scikit-learn, and TensorFlow 2. Packt Publishing, 2019.
https://qithub.com/rasbt/python-machine-learning-book-3rd-edition

lan Goodfellow, Yoshua Bengio, Aaron Courville. Deep Learning. The MIT Press Cambridge,
Massachusetts London, England, 2017. (3a 3anumom guknaoauy)

Wes McKinney. Python for Data Analysis. O’Reilly Media Inc., 2013. 482 p. (3a 3anumom
8uKknaoauyy)

Henrik Brink Joseph W. Richards Mark Fetherolf. Real-World Machine Learning. Manning
Publications. 2016. 336 p. (3a 3anumom 8ukaaoayy)

Andreas C. Mueller and Sarah Guido. An Introduction to Machine Learning with Python. O'Reilly
Media Inc., 2017. 392 p. (3a 3anumom suKknada4y)

Davy Cielen, Arno Meysman, Mohamed Ali. Introducing Data Science: Big Data, Machine
Learning, and more, using Python tools. Manning Publications, 2016. 320 p. (3a 3anumom
8uKknaoauyy)

HaBuyanbHU KOHTEHT

5. MeToauKa onaHyBaHHA HaBYa/IbHOI AUCLMNNIHU(OCBITHBOrO KOMMNOHEHTA)

CTpyKTypa KpeauTHOTr0 MOIYJIA

KinekicTs roaua

y TOMY 9HCITi

Ha3Bu pozniniB i Tem i
P Bcroro [pakruuni Ha6OPaT0pH1
Jlexmii . .. | (xomm’totepru| CPC
(ceminapchki) |,
1 IPAaKTUKYM )
1 2 ] 3 ] 4 | 5 | 6

Po3zais 1. OcHOBHI NOHATTS iHTeJIeKTyaabHOr0 anadizy nanux (IAJl) ra Mammunoro napuyanus (MH)

MH:

Tema 1. 3arancHi BigomocTi npo IAA. Jocsia B 3aaayax
3afayi HaBYaHHA 3 BYMTenem — supervised
learning i 6e3 BuuTena — unsupervised learning.
Knacuoikauia, perpecia, MalMHHUIA nepeknaz, nowykK




1

aACoLiaTUBHUX NPaBW/, CTPYKTYPHWA BUBIA, CUHTE3 i
BMbipKa, ouiHKa ¢yHKUIT MMOBipHOCTI abo yHKL,i
WiNbHOCTI MMOBIPHOCTI, K/lacTepu3alifa, cermeHTauin.
Ornag metogis IALlL Ta MAaLWWMHHOIO HaBYaHHSA.

Tema 2. OuiHoBaHHA AKoCTi anroputmis  MH.
MepexpecHa nepesipKa (cross-validation, CV). MoHaTTA
nepeHaByaHHa  (overfitting) mopmeni MH Ta
perynapusauii mozeni. Komnpomic MiX
CUCTEMATUYHOIO MOMUAKOK | Aucnepcielo mogeni.
Kpusi HaBuaHHA i nepesipkn. U-kpusa. lNOpiBHAHHA
ANropuUTMIB. Bubip rinepnapameTpis mogaeni
meTogamu  peuwityactoro Grid Search CV Ta
paHaomisoBaHoro nowyKy Random Search CV.

Tema 3. baneciBcbKuiA nigxig Ta niaxig makcMmanbHoi
NpaBAoNoAiIGHOCTI A0 OUiHIOBaHHSA AKOCTI Moaeni.

2

1

Pa3om 3a po3aisiiom 1

12

6

2

Po3nin 2. Meroau Ta anroputMu Kiaacugikamii

Tema 1. [epesa piweHb Decision Trees. Anroputm
po36uTTA, oro BnactmeocTi. Kputepii BMbOpY 3MiHHOI
po36uTTA: eHTponinHUA, AxuHi. Anroputmu ID3, C4.5
BMbOpYy 3MiHHOI pP0o36UTTA, iX BnacTMsocTi. Mipu
epeKkTMBHOCTI aepeB piweHb. Mpobnema 3ynuHKK
nobynosu aepesa.

Tema 2. [epeBa piweHb B scikit-learn python.
Peanizauis  anroputmy  posbutta  CART  gna
Knacuaoikauii Ta perpecii. Perynapusauis aepes piweHb
B scikit-learn python. Mpuknas npakTMYHOI 3apaui
baraTtoknacoBoi  Knacudikauii  ipucis diwepa.
MNepeBarn i Hemonikm pepes piweHb. Anroputm
nokputTa. 1-R anroputm Knacmdikauii.

Tema 3. OujiHOBaHHA e(dEeKTUBHOCTI aNropuTMIB
knacuoikauii. K-Fold CV Ta #Horo mogmodikauii.
MaTpuus HeTouHocTelt (confusion matrix), meTpuku
accuracy, precision, recall, specificity, Fl-score gns
Bubopy mogeni. Kpusi ROC-curve, PR-curve. Bubip
mozeni Ha npuKaagi 3agadvi  knacudikauii ipucis
diwepa. Npobnema He3banaHCOBaHMX KAaCiB.

Tema 4. baleciBcbkuiA nigxia [0 Knacudikaii.
OnTMmanbHUM balieciBCbKui Knacudikatop.
OuiHIOBaHHA anpiopHUx iMoBipHOCTEN Ta QyHKLiR
npasAonoAibHoCTi 3a BMbipKoto. HaigHui
barieciBcbkMin  Knacuodikatop. Peanisauia anroputmy
Naive Bayes B scikit-learn python. TMMpuknag
NPaKTUYHOI 3agadi Knacudikauii anroputmom Naive
Bayes B scikit-learn python.

Tema 5. 3apgaya posginy cymiwi. Anroputm
Expectation-Maximization Ta 1ioro moamddikadii.
Peanisauis anroputmy GaussianMixture B scikit-learn
python. MMpuknag npakTMYHOI 3agadvi Knacuodikauji
anroputmom GaussianMixture.

Tema 6. TobygoBa  maTemMaTMUHUX  YHKLIM
knacuodikauii. MeTon onopHux BekTopiB (support
vector machine, SVM): niHitHUMIA Ta HeNiHINHKUI
BMMNagku. Peanisauia metoay B scikit-learn python.
Mpuknag, pO3B’A3aHHA 3apaui Knacudikau;ji
anroputmamm SVC, NuSVC Ta LinearSVC scikit-learn
python. TMpuknag poss’A3aHHA 3agadi  perpecii
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anroputmamm SVR, NuSVR Ta LinearSVR scikit-learn
python. O6rpyHTyBaHHA MeToAy OMOPHUX BEKTOPIB.
Bubip napameTtpy po3mutTa cmyru. OyHKuUia Aagpa,
B/IaCcTMBOCTI, TMNKU aaep. MNepesarun i HeJoONIKKM meToay
OMNOPHMX BEKTOPIB.

Tema 7. OcHOBM Teopii WTYYHUX HEMPOHHUX MEpPEX.
KnacnyHmin i cydacHi nepcentpoHu (multiple layer
perceptron, MLP). ®yHKUji aKTMBaLii: cUrmoigHa,
rinepboniyHnin  TaHreHc, RelU, LeackyReLU Ta ix
moamdikauii. Peanizauis nobyaoBu i HaBYaHHA
baratowapoBoro nepcentpoHy B scikit-learn python.
MpuKknag po3s’A3aHHA 3afadi Knacudikauii Habopy
AaHux MNIST anroputmom MLPClassifier scikit-learn
python. TMpuknag po3s’A3aHHA 3agadi  perpecii —
NPOrHo3yBaHHA MOMUTY Ha BEeNOCMNEAM Ha OCHOBI
CE30HHOrO LMKAIMHOro Yacosoro paay fetch_openml —
anroputmom  MLPRegressor  scikit-learn  python.
MeTof,  CTOXaCTMYHOrO  FPafieEHTHOrO  CMYCKY.
MakeTHUI, cToxacTUuyHMM (SGD) Ta MiHi-NakeTHMI
(mini-batch) BapiaHTK peanisauii rpagieHTHOro cnycky
(gradient  descent, GD). [Mpobnema  BubOpY
rinepnapameTpy WBMAKOCTI HaBYaHHA learning rate.

[lepia yacTrHa MOAYJIbHOI KOHTPOJIBHOI POOOTH
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Pa3om 3a po3aisiom 2

39

14

8

19

Po3ain 3. Meroau Ta

aJIrOPUTM

H KJacre

pu3auii

Tema 1. PyHKUji BiacTaHi. lepapxiyHa KnacTepusauis:
arnomepaTMBHUI  anropuT™M HanWbamxkyoro cyciaa,
AiBi3MHUI ANrOPUTM. Anroputm
AgglomerativeClustering scikit-learn python. MeTtoan
pO3paxyHKy BiACTaHi MK Knactepamu. [puknag
Knactepusauii  HabopiB  AaHWX  pisHOI  dopmu
anroputmom  AgglomerativeClustering  scikit-learn
python. TMoHAaTTa peHpporpammu Ta i nobyaosa
3acobamu scipy.cluster.hierarchy.

Tema 2. Anroputmn k-cepeaHix, HediTKux k-cepenHix
Ta g-cepegHix. Peanisauia B scikit-learn python:
anroputmn  KMeans, MiniBatchKMeans. Mpuknaam
Knactepusauji  Habopie  paHuMx  pisHOi  dopmu,
BMKopucToBytoun KMeans scikit-learn python, Bubip
3Ha4veHb rinepnapameTpis. EmnipnyHa ouiHKa BnauBy
iHiLianizauii B8 metoai k-cepepHix. OpiBHAHHA
anroputmis KMeans ta MiniBatchKMeans Ha Habopax
AaHux make_blobs.

Tema 3. AHani3 pesynbTatiB Knacrepusauii. MeTpukmn
Akocti  homogeneity, completeness, v-measure,
adjusted rand score, adjusted mutual info score,
KoedilieHT cunyeTy. Bubip KinbKocTi KnacTepis 3a
OONOMOrol0  aHanisy cuayetiB Yy KaacTepmsauii
KMeans. lMopiBHAHHA pe3ynbTaTiB, OLiHIOBAHHA 4acy
BMKOHAHHA Ta AKOCTi pe3ynbTaTiB Ha nNpuknagi
NPaKTUYHOI 3aa4i Knactepmsauii pyKonucHux unop 3
Habopy sklearn.datasets.load_digits.

Tema 4. MeTtoan Knactepusauii Ha OCHOBI Teopii
rpadis. Anroputmum [Mpuma, Kpyckana i Bopysku
nobynosn  MiHIManbHOTO MOKPMBalOYOro Aepe.a.
Anroputm ®open Ta iioro moaudikaLiii.




1

Tema 5. Knactepusauia Ha ocHOBI mepexki KoxoHeHa.
KoHKypeHTHe HaBYaHHA. MeToa camoopraHisyoumx
KapT KoxoHeHa. IHTepnpeTauia KapT KoxoHeHa.

3.5

Tema 6. LWinbHicHi anroputmn Knactepusadii Mean
Shift, DBSCAN Ta OPTICS. Peanizauia B scikit-learn
python Ta Bubip rinepnapameTpis. AHani3 pesynbTaTiB
Knactepwusauii Habopis gaHux pisHoi dopmu.

Anroputmu Affinity propagation, SpectralClustering Ta
Birch.

2.5

Pa3zom 3a pozaisiom 3

31

12

16

Po3gin 4. Aucam6Ji moaedeit TAJ]

Tema 1. Buan aHcambnis. berriHr. Komno3uuii aepes
pileHb Ta BuNnaagKkosuit nic Random Forest. Peanisauia
B scikit-learn python: anroputmun BaggingClassifier,
BaggingRegressor, RandomForestClassifier,
RandomForestRegressor, ExtraTreesClassifier,
ExtraTreesRegressor. MeToau BMNAAKOBUX AiNAHOK
(random patches method) i BunagkoBux nignpoctopis
(random subspaces method). MepeBarn i HegonikM
BMNaZKOBOrO Jiicy.

Knacudikatop 3 KOPCTKUM i M AKMM rO/IOCYBaHHAM.
Peanisauis B scikit-learn python: VotingClassifier,
VotingRegressor.

Tema 2. byctuHr. MeTtoan AdaBoost Ta rpagieHTHMI
6ycTuHr. Peanisauia B scikit-learn python: anroputmum
AdaBoostClassifier, AdaBoostRegressor,
GradientBoostingClassifier,
GradientBoostingRegressor. 3mict napametpis.
MepeBaru i HeZONIKKU BYCTUHTY.

CTeKiHr. Peanizauis B scikit-learn python:
StackingClassifier,  StackingRegressor.  paKTuyHa
3ajaya: NPOrHO3yBaHHA | OLHIOBAHHA BaX/MBOCTI
03HaK (features) 3a AOMNOMOroto
RandomForestClassifier. MopiBHAHHA Pi3HUX
KnacuoikaTopis Ha OCHOBI BeriHry, 6YCTUHrY i CTEKIHrY,
ix meTpuk akocTi, kpnsmnx ROC i DET ana Tpbox pisHMX
HaBYaNbHUX Habopis AaHuUX: make_moons,
make_circles, make_classification.

HanpAmKn po3BuTKY Ta nNepcnekTMBM NOAA/bLUMX
pocnigxeHb B obnacti 1ALl Ta MaWMHHOIO HaBYaHHA.
HesupiweHi npobaemu.

Jpyra yactuHa MOAyJIbHOI KOHTPOJBHOI pOOOTH

Pa3om 3a po3ainiom 4

15

3anix

Bcenoro roopun

108

36

18




Jlexkuilini 3aHATTA

3/m

HasBa temu nekiiii Ta nepesinik OCHOBHUX MUTaHb
(mepenik TUAAKTUYHKX 3ac00iB, TOCHIAHHS Ha JiTeparypy Ta 3aBnanus Ha CPC)

Tema 1.1. 3aeaneHi sidomocmi npo IAA. Hoceido e 3adayax MH: 3a0ayi HABYAHHA 3
suumenem — supervised learning i 6e3 s4umens — unsupervised learning. Knacugikayis,
peapecis, MAWUHHULU nepeknad, MowyK acouiamueHuUx npasus, cCmMpykmypHuil eusio,
cuHmes | eubipka, ouiHKa ¢yHKUil mosipHocmi abo yHKYii winsHocmi lmosipHocmi,
Knacmepu3sauis, ceemeHmauyis. O2n40 memodis IAL ma mawuHHoO20 Has4YaHHA. [1, 2, 4, 6]
HaO‘IHiCTL HaBYaAJIbHUX 3aHATH 3a6e3neqyeTLc51 BHUKOPUCTAaHHAM CHaﬁﬂiB.

3aaanns Ha CPC: Po3é’sizanns npakmuunux 3a0ay 6 cgepi inmeprHem-mexuonozit. Memoou i
mexnonoeii Web Mining [4, 8 ]

Tema 1.2. OyiHosaHHA Akocmi anzopummie MH. lepexpecHa nepegipka (cross-validation,
CV). lMoHsmmsa nepeHas4yaHHA (overfitting) modeni MH ma peaynspusauyii mooei.
Komnpomic mixc cucmemamuyHoro nomunkow i oducnepcieto moodeni. Kpugi Has4aHHSA i
nepesipku. U-kpusa. NopisHaHHSA anzopummis. Bubip 2ineprnapamempis modeni memodamu
pewimuyacmoeo Grid Search CV ma paHdomizosaHoeo nowyKy Random Search CV. [1—11]

HaouHicTh HaBYATBHUX 3aHITH 320€3MEUYETHCS BUKOPUCTAHHSM CIIAl/IiB.
3apaannsn Ha CPC: Emanu npoyecy eusgienns 3Hamb. Ynpaeninua 3uamuamu (knowledge

management). Memoo, opicnmoeéanuii Ha npooykmu. Memoo, opicnmosanuii na npoyecu. [8, 9]

Tema 1.3. Teopema balieca. MakcumanbHa anocmepiopHa e2inomesa. Memood
MakcumanoHoi npasdonodibHocmi. [1, 2, 6]

HaouHicTh HaBYATBHUX 3aHSITH 320€3MEUYETHCS BUKOPUCTAHHSM CIIAlIiB.

3aaanns Ha CPC: 3aodaua niniiinoi peepecii. Mipa sikocmi 6 3adaui ninitinoi peepecii. @ynxyis
nomunku 6 3aoaui peepecii ma ii obepymmyeanuns. Pecynspusayis 3i 3HudiceHHAM 6acu ma il
00epyHmMysauHs 3a 00nomo2o daieciecbkozo nioxody. I pebnesa pezpecia. [1 — 4] Jlacco peepecis.
Enacmuuna peepecis [4, 5].

Tema 2.1. [epesa piweHb Decision Trees. Anzopumm po3bumms, (ioeo enacmusocmi.
Kpumepii subopy 3miHHoi po3bumma: eHmponiliHull, AxcuHi. Anzopummu ID3, C4.5 subopy
3MiHHOI po3bumms, ix enacmusocmi. Mipu egpekmusHocmi Oepee piuwieHs. [lpobaema
3ynuHKU nobyodosu depesa. [1—-5]

HaouHicTh HaBYATBHUX 3aHSITH 320€3MEUYETHCS BUKOPUCTAHHSM CIIAl/IiB.
3ananns Ha CPC: Bubip napamempis memody Decision Trees. I[lpedcmasnenns pezynomamis [5, 11]

Tema 2.2. [lepesa piwieHs 8 scikit-learn python [5]. Peanizayis anzopummy pozbumms CART
014 Knacugikauii ma pezpecii. Pecynsapusayis depes piweHs 8 scikit-learn python. lMpuknad
npakmuyHoi 3adaui 6azamoknacosoi Knacugpikayii ipucie ®iwepa. lNepesazu i HedoniKu
Oepes piweHs [1, 4]

HaO‘IHiCTL HaBYAJIbHUX 3aHATH 3a6e3net{yeTLc51 BHUKOPUCTAaHHIAM C.]'Iafl)liB.

3apmanns aa CPC: Anzopumm nokpumms. 1-R aneopumm Knacugpikayii. [1, 2]

Tema 2.3. OyiH0BAHHA ethekmusHOCMi aneopummie Kaacugpikauii. K-Fold CV ma (ioeo
moougikayii. Mampuua Hemo4yHocmeli (confusion matrix), mempuKu accuracy, precision,
recall, specificity, F1-score 0nsa subopy modeni. [1 — 5] Kpusi ROC-curve, PR-curve. Bubip
mooeni Ha npuknadi 3adayi knacugikayii ipucie ®iwepa. MNpobnema He36a1GHCOBAHUX
Knacis. [1, 2]

HaO‘IHiCTL HaBYAJIbHUX 3aHATH 3a6e3neqyeTLc;[ BHUKOPUCTAaHHAM CHaﬁ,[[iB.

3apaannsi Ha CPC: Kpusa DET-curve [5]. Ilpuxiaou po3e szanmns npaxmuunux 3aoay [5, 11].

Tema 2.4. balieciscokuli nioxi0 0o Kaacugpikauii. OnmumansHuli  6alieciecbKuli
Knacugikamop. OuiHB8AHHA anpiopHux imosipHocmeti ma ¢yHkKuili npasdonodibHocmi 3a




subipkotro. [1, 2] HaisHuli 6alieciecbkuli knacugikamop. Peanizauia anzopummy Naive Bayes
8 scikit-learn python [5]. lMpuknad npakmu4Hoi 3ad0ayi Knacugikauii anzopummom Naive
Bayes 6 scikit-learn python.

Hao‘IHiCTL HaBYaAJIbHUX 3aHATH 3a6e3neqyeTLc51 BHUKOPUCTAHHAM CJ'IEIIZ)IiB.

Tema 2.5. 3adauya po3diny cymiwi. Anzopumm Expectation-Maximization ma (ozo
mooudapikayii. [1 — 3] Peanizayis anzopummy GaussianMixture e scikit-learn python [5].
Mpuknad npakmuyHoi 3ad8ayi Knacugikauyii anzopummom GaussianMixture.

HaO‘IHiCTL HaBYAJIbHUX 3aHATH 3a6e3neqyeTLc;[ BHUKOPUCTAaHHAM CHaﬁﬂiB.

3asnanns Ha CPC: Peanizayis s scikit-learn python.

Tema 2.6. lMobydosa mamemamu4Hux pyHKYil Knacugikauii. Memood onopHux eekmopie
(support vector machine, SVM): airiliHuli ma HeniHitiHuti sunadku. [1, 2] Peanizayis
memooy e scikit-learn python [3, 5]. lpuknad po3s’a3aHHA 3a0a4i Knacugikauii
anzopummamu SVC, NuSVC ma LinearSVC scikit-learn python. [puknad po3e’a3aHHA 3a0a4i
pezpecii anzopummamu SVR, NuSVR ma LinearSVR scikit-learn python [5]. O62pyHmys8aHHA
memoOdy onopHux sekmopis. [1, 2] Bubip napamempy posmummasa cmyau. @yHKyisa Adpa,
ennacmusocmi [4]. lNepesaau i HeAosiKu Memody OropHUX BEKMOpI8.

HaouHicTh HaBYAILHUX 3aHATH 3a6e3neqyeTLC$[ BHUKOPUCTAaHHAM C.]'Iafl)liB.

3asnanns Ha CPC: Bubip muny siopa ¢ SVM [4, 5]. Hacmpoiwsanns napamempis memoody SVM [1,
3,4 8]
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Tema 2.7. OcHosU meopii wmy4HuUXx HelipoHHUX mepexc. KnacuyHuli i cy4acHi nepcenmpoHu
(multiple layer perceptron, MILP). ®yHKuii akmusauii: cuamoioHa, 2inepboniyHUli maHaeHc,
RelLU, LeackyReLU ma ix moducdpikauii. [1, 2, 6, 7] Peanizauyia nobydoeu i HaA84aHHSA
baezamowaposozo nepcenmpoHy 8 scikit-learn python [5]. lMpuknad po3se’a3aHHA 3a0auyi
Knacugikayii Habopy darHux MNIST anzopummom MLPClassifier scikit-learn python.
lpuknad po3s’sasaHHA 3a0a4i peepecii — Npo2HO3y8AHHA nonumy Ha 8esocunedu Ha OCHOB8I
CEe30HHO020 YUKMiYHO20 Yacosoeo pAady fetch _openml — anzopummom MLPRegressor scikit-
learn python. Memo0d cmoxacmu4Hozo 2padieHmHoezo crycky. lakemuul, cmoxacmuy4Hul
(SGD) ma miHi-nakemHuli (mini-batch) eapiaHmu peanizayii 2padieHmHozo crycky (gradient
descent, GD). lpobaema subopy 2inepnapamempy weudkocmi Has4yaHHsA learning rate [1,2]
HaO‘IHiCTL HaBYaAJIbHUX 3aHATH 3a6e3neqyeTLc51 BHUKOPUCTAaHHAM C.]'Iafl)liB.

Sapaanns Ha CPC: Aoanmueni ancopummu epadienmmnozo cnycky [6, 7]. @ynxyis akmusayii Swish.

11

Tema 3.1. ®yHKYii 8idcmani. lepapxiyHa Kaacmepusauyis: aznomepamusHuUll anzopumm
Halibaux4ozo cycida, disizumHuli anzopumm. [1 — 4] Anzopumm AgglomerativeClustering
scikit-learn python. Memoodu po3paxyHKy e&idcmaHi mix Kaacmepamu. [Ipuknad
Knacmepu3sauyii Habopie 0aHux pizHoi popmu anzopummom AgglomerativeClustering scikit-
learn python [5]. lNoHamms deHOpozpamu.

HaouHicTh HaBYATLHUX 3aHATH 3a0€3MEUY€EThCS BUKOPUCTAHHSM CITaiIiB.
3asaanns Ha CPC: nodydosa dendpoepamu 3acobamu scipy.cluster.hierarchy [5].

12

Tema 3.2. Aneopummu k-cepedHix, HeyimKux k-cepedHix ma g-cepedHix. [1 — 3, 8 — 11]
Peanizauis e scikit-learn python: anzopummu KMeans, MiniBatchKMeans [5]. lMpuknadu
Knacmepu3sauyii Habopie OaHux pi3Hoi ¢opmu, euxkopucmosyrouu KMeans scikit-learn
python, subip 3HaueHb einepnapamempis. EMnipu4Ha oyiHKa enausy iHiyianizayii 8 memodi
k-cepedHix. lMopieHAHHA anzopummie KMeans ma MiniBatchKMeans Ha Habopax O0aHux
make_blobs.

HaO‘IHiCTL HaBYaAJIbHUX 3aHATH 3a6e3neqyeTLc;[ BHUKOPUCTAaHHAM CHaﬁﬂiB.

3asnanns Ha CPC: [lopisnanuns ancopummie KMeans ma MiniBatchKMeans na pisnux nabopax
OQHUX.
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Tema 3.3. AHaniz pe3zynsmamis Knacmepu3auii. Mempuku akocmi homogeneity,
completeness, v-measure, adjusted rand score, adjusted mutual info score, koeghiyieHm
cunyemy. [1, 2, 5] Bubip KinbKocmi Knacmepis 3a 00omMo20oro aHanisy cusnyemis 'y
knacmepu3sayii KMeans. llopieHAHHA pe3ynbmamis, OUiHK8AHHA Yacy BUKOHAHHA mMa
AKocmi pe3ysnemamis Ha npuknadi Npakmu4yHoi 3a0a4i Knacmepu3sayii pyKonucHUX yugp 3




Habopy sklearn.datasets.load_digits.
HaouHicTh HaBYAIILHUX 3aHATH 3a6e3neqyeTLc51 BHUKOPUCTAHHAM CHaﬁﬂiB.

Tema 3.4. Memoou Knacmepu3auii Ha ocHosi meopii epacpis. Anzopummu lMpuma, Kpyckana
i bopysKku nobydosu mMiHiMabHO20 roKpusar4oeo depesa. [1]

Aneopumm ®Popen ma lioeo moouhikayii. [1]

14 Knacmepusauis Ha ocHosi mepexci KoxoHeHa. KoHKypeHmHe Hag4yaHHA. Memood
camoopeaaHizytouux Kapm KoxoHeHa. IHmepnpemauis kapm KoxoHeHa. [1]
Hao‘IHiCTL HaBYAJIbHUX 3aHATH 3a6e3neqyeTLc;[ BHUKOPUCTAaHHAM CﬂaﬁﬂiB.
3asnanns Ha CPC: Pos3s sizanns npaxmuunoi 3adaui ¢ 111 Deductor.
Tema 3.5. LinbHicHi anzopummu Knacmepu3sauii Mean Shift, DBSCAN ma OPTICS. [1, 2, 4]
Peanizauis 8 scikit-learn python ma eubip zinepnapamempie [5]. AHani3 pesysnbmamie
15 Knacmepu3sauyii Habopie 0aHuUX pi3Hoi hopmu.

Aneopummu Affinity propagation, SpectralClustering ma Birch.
HaouHicTh HaBYATLHUX 3aHATH 3a0€3MEUY€ETHCS BUKOPUCTAHHSM CITaiIiB.
3asnanns Ha CPC: Peanizayis areopummis 6 scikit-learn python.

Tema 4.1. Budu aHcambnis. beeziHe. Komno3uuyii 0epes piwweHs ma sunadkosuli nic Random
Forest. [1 — 4] Peanizauia e scikit-learn python: aneopummu BaggingClassifier,
BaggingRegressor, RandomForestClassifier, RandomForestRegressor, ExtraTreesClassifier,
ExtraTreesRegressor. [5] Memodu sunadkosux O0inaHOK (random patches method) i
16 sunaokosux nionpocmopie (random subspaces method). lNepesaau i HedoniKu 8UNAAOKO8020
qicy.

Knacugikamop 3 xopcmkum i mM’aKum eosnocysaHHAM. Peanizauia e scikit-learn python:
VotingClassifier, VotingRegressor. [5]

HaO‘IHiCTL HaBYAJIBHUX 3aHATH 3a6e3neqyeTLc51 BHUKOPUCTAaHHAM CHaﬁﬂiB.

3ananns Ha CPC: Hacmpoiixa napamempis. Inmepnpemayis pezynomamis [4, 5, 8 —11]

Tema 4.2. bycmuHa. Memoodu AdaBoost ma epadieHmHuti 6ycmuHe. [1 — 4] Peanizauia 8
scikit-learn python: asnz20pummu AdaBoostClassifier, AdaBoostRegressor,
GradientBoostingClassifier, GradientBoostingRegressor. [5] 3micm napamempis. Mepesaau i

17 Hedoniku 6ycmuHay.

HaouHicTh HaBYAIBHUX 3aHITH 320€3MEUYETHCS BUKOPUCTAHHSM CIIAl/IiB.
3ananns Ha CPC: Hacmpoiixa napamempis. Inmepnpemayis pezynomamis [4, 5, 8§ —11]

Tema 4.3. CmekiHe. [1 — 4] Peanizauia e scikit-learn python: StackingClassifier,
StackingRegressor. [5]

MpakmuyHa 3a0a4a: NpPo2HO3Y8AHHA | OUIHWBAHHA eaxcausocmi 03HaK (features) 3a
donomozoto RandomForestClassifier. [lopi6HAHHA pi3HUX Kaacugikamopie HaA OCHO8I
beziHey, 6ycmuHay i cmekiHay, ix mempuk akocmi, kpusux ROC i DET 018 mpbox pi3HUX
18 | HasuaneHUX HaBopis daHux: make_moons, make_circles, make_classification.

Memoou po3paxyHKy KoegiyieHmie 8i0HOCHUX saxcaueocmeli (8az) mooeneli aHcambto [1]
Hanpamku po3sumKy ma nepcrnekmusgu nodanswux 0ocnioxeHs 8 0baacmi IAL ma

MAWUHHO20 Ha84YaHHA. HesupiweHi npobaemu.
Haounicts HaBYaIbLHUX 3aHATD 3a6e3neqyeTLc;[ BHUKOPUCTAHHAM CﬂaﬁﬂiB.

IpakTu4Hi 3aHATTH

Memor npaKmMu4HUX 3aHAMb € 3aKPIiNAeHHA MeopemMuYHUX MOAOHEHb HABYANbHOI OUCYUMNIHU,
OMPUMAHHA MPAKMUYHUX HABUYOK BUKOPUCMAHHA Memooie iHmenekmyasnbHo20 aHanizy OaHux i
MAWUHHO20 HABYAHHA 3 Memoto NiOMpPUMKU NpUlHAMMA piweHs. B pe3ynbmami 6uKOHAHHA pobim
cmydeHmMu nosuHHi emimu 6ydysamu npo2HO3U HA OCHOBI CMamMucCmMu4HUX OAHUX, 8UKOPUCMOBYHHU
8Ka3aHI Mmemoou, po3s8’a3ysamu nNpaKkmu4Hi 3a0a4i Kaacugikauii i knacmepusauii 3 8UKOPUCMAHHAM



Cy4acHo20 rpoepamHozo 3abesneyeHHs Scikit-Learn Python, cucmemHo supiwysamu npakmuyHi 3a0auyi
aHanizy i nowyky wabnoHie y eenuxkux i Hadsenukux 6a3ax OAHUX, 8UKOPUCMOBY8AMU Cy4dcHe
npoz2pamue 3abe3sneyeHHa Scikit-Learn Python 0nsa iHmenekmyanbHo20 aHANI3y 0GHUX MA MAWUHHO20
HAOBYAHHA 8 MPAKMUYHIU pobomi.

Ne 3/m HazBa po6otu Kipxicts
ayJ. TOIWH
1 OTtpumanHs HaBHUOK poOoTH B cepenosumli Python 2
[TobynoBa Ta OIiHIOBaHHS SIKOCTI MOJIENEH JEpeB pillleHb Ta 4
OTOpPHUX BEKTOpIB i Kiacudikamii Ta perpecii 3acobamu
6i0mioreku Scikit-Learn Python
3 Knacudikariss Ta perpecis Ha OCHOBI OaraTomapoBOro 2
nepcentpona B Scikit-Learn Python
4 [loOynoBa Ta OIiHIOBaHHS SKOCTI MOJENEH KiacTepu3amii B 6
Scikit-Learn Python
5 [ToOynoBa Ta omiHIOBaHHS aHCaMOJIiB Mojenel Kiacudikamii Ta 4
perpecii 3acobamu Scikit-Learn Python

L9 BUKOHAHHA MPAKMUYHUX pobim 8UKOPUCMOBYEMbCA open-source npoz2pamHe 3abesneyeHHs Python
(https://www.python.org/), Scikit-Learn 1.2.1 — open source, commercially usable — BSD license
(https://scikit-learn.org/), TensorFlow v.2.11.0 — Apache-2.0 license (https.//www.tensorflow.org), Keras
— Apache-2.0 license (https://keras.io )

6. CamocriitiHa poboTa cTyaeHTa

CamocmitiHa poboma cmydeHma 8K04A€E Ni02omo8Ky 00 NMPAaKMu4HuUx pobim, nidcomosky 0o
MOOYsIbHOI KOHMPOLHOI poboMmu, 8 MOMY YUCAi ONPAYOBAHHA MeM, AKi He ysiliwnu 00 neKkyili ma
p038°A30K 3a0au.

No K-1p
- HasBa Temu, 1110 BHHOCHUTBCS Ha CAaMOCTIMHE ONpalfOBaHHs TOJIMH
3/
CPC
1 | [Ipomec IAJl. ITiarOoTOBICHHS JAaHUX 3
2 | Ilpaktuune 3actocyBanHs 1A ] 3
3 | Meroau noOy/10BH JIepEB PillIeHb 3
4 | BaiieciBcbki MeTOAM Kiaacuikarii 3
5 | Metoa onopHUX BEKTOPIB 3
6 | HeuiTko-HeMpoHHI cUCTEMU JJIsl pO3B’si3aHHs 33724 Kiaacudikarii 3
7 | lepapxiuHa Kiacrepusallis 3
8 | Craructuuni anroputmu k-cepennix, EM Ta ix Moandikarmii 3
9 | Metona camoopranizyrwouux kapt Koxonena 3
10 | AacamOm moneneit IA]]. 3
11 Meroaun po3paxyHKy Koe(ILI€HTIB BIIHOCHUX BaXJIMBOCTEN (Bar) 3
Mojienel B ancamOIi




MoniTKa Ta KOHTPO/Ib
7. MoniTMKa HaBYaNbHOI AUCUMNNIHU (OCBITHLOrO KOMMNOHEHTA)

MponywieHi KOHMPOonbHI 3ax00U OYiHBAHHA. KoxeH crmydeHm Ma€e npaso 8idnpayosamu nponyuweHi
3 M0BAXHOI NMPUYUHU (niKapHAHUU, MobBinbHICMb Mow,0) 3aHAMMA 30 PAXYHOK camocmiliHoi pobomu.
LdemanoeHiwe 3a nocunaHHAM: https://kpi.ua/files/n3277.pdf.

Mpoyedypa ocKapxceHHA pe3ynbmamie KOHMPOAbHUX 3ax00i8 oyiHBaHHA. CmydeHmM Moxce
nioHamu 6yOdb-aKe NMUMAHHSA, Ke CMOCYEMbCA NPoyedypu KOHMPOsbHUX 3ax00ie ma o4yikyeamu, wo
B0OHO b6yde po3ensaHymo 32i0HO i3 Haneped eu3Ha4YeHUMU rnpoyedypamu. CmydeHmu marome rnpaso
ap2ymMeHmMoBaHO OCKApHUMU pe3yabmamu KOHMpPOsbHUX 3ax00i8, NOACHUBWU 3 AKUM Kpumepiem He
0200MyrtoMmbCA 8i0nosioHo 00 oUiHOYHOEZO.

KaneHdapHuli KOHMpone nposooumscs 3 Memoro MidBUWEHHA AKOCMI HABYAHHA cmydeHmie ma
MOHIMOPUH2Y BUKOHAHHA CMyOeHmMoM 8umoe cunabycy.

AkademiyHa 0obpouecHicmoe. [lonimuka ma npuHYuUnu akademiyHoi 0obpoyecHoCMi BU3HAYeHi y
po30dini 3 Kodekcy uyecmi HayioHanbHO20 mMexHiYHO20 yHisepcumemy YKpaiHu «KuiscoKuli
nonimexHiyHuli iHcmumym imeHi lzopsa Cikopcbko2o». emansHiwe: https://kpi.ua/code.

Hopmu emuyHoi nogediHku. Hopmu emu4Hoi nogediHKU cmydeHmis i npayieHUKie 8U3Ha4eHi y po30ini 2
Kodekcy uecmi HayioHanbHOo20 mexHiYHO20 yHigepcumemy YKpaiHu «KuiscoKuli nonimexHiyHul
iHcmumym imeHi l2zopsa Cikopcbkoz2o». lemansHiwe: https.//kpi.ua/code.

IHKNO3UBHEe HABYAHHA. 30CB0EHHA 3HOHb MA YMiHb 8 X00i 8uB4YeHHA OucyunaiHu «Cmanuli
iHHOBaUiliHUl po3sumok» moxe bymu docmynHum 018 binbwocmi oci6 3 ocobausumu ocsimHimu
nompebamu, okpim 3006ysadis 3 cepliozHUMU 8adamu 30py, AKi He 00380/15710Mb BUKOHYB8AMU 30800HHSA
30 00MOMO20K0 NepPCoHAnbHUX KoM’ tomepis, Hoymbykie ma/abo iHwux mexHiyHux 3acobis.

HasuyaHHA iHO3eMHOI MO0B0H. Y X00i BUKOHAHHA 3080aHb CMyOeHmMam mMmoxe bymu peKomeHO08aHO
38epHymucs 00 GH2/10MOBHUX OXcepen.

8. BuAM KOHTPO/IIO Ta PEMTUHIOBA CUCTEMA OLiHIOBAaHHA pe3ynbTaTiB HaBYaHHA (PCO)

MomoyHuli KOHMPOsb: MOBYAbHA KOHMPOAbHA poboma.
MopaynbHa KOHTPONbHA poboTa cKNafaeTbCA 3 TPbOX YacTuH: KP — 1, KP — 2 i KP — 3. KoxkHa KP
MiCTUTb TEOPETUYHI NUTaHHA i/abo 3aga4y. OLiHKM 33 TEOPETMYHI MUTAHHA BU3HAYaOTbCA 3a LUKANOLO:
—  «BiAMIHHO», NOBHa BiANOBIAb (He meHLwWwe 95% noTpibHoT iHdopmau,ii) — 4,75 — 5 6anis;
— «aobpe», [OCTaTHLO MOBHa BignoBigb (He meHwe 75% noTpibHoI iHGopmauii), abo nosHa
BiZiNOBiAb 3 HE3HAYHUMM HeToUHocTAMU — 3,75 — 4,7 banu;
—  «3a40BiNbHO», HEMOBHA BiANOBIAL (He MeHLwe 60% NoTPibHOI iIHPpopMaL,i) Ta HE3HAYHI NOMUAKKN —
3-3,7 6anu;
— «He3a40oBiNbHOY (He BigNoBiAae BUMOram Ha «3ag0BinbHO») —0 — 2,9 6anis.
OuiHKK 32 3a4a4i BU3HAYAKOTbCA 33 LWKA/IOH0:
— 3aBAAaHHA BMKOHaHO npaBuabHo — 4,75 — 5 b6anis;
— 3aBAaHHS BUKOHAHO 3 HE3HAYHMMKM NOMUIKaMKM abo HeToyHocTAMM — 3,75 — 4,7 banu;
— 3aBAaHHA BUKOHAHO He MOBHICTIO abo 3 cyTTEBUMM NoMUAKamn — 3 — 3,7 6anu;
— 3aBAaHHs He BUKoHaHo — 0 6anis.
MakKkcnmanbHa ouiHKa 3a KP — 1 cknapae 10 6anis, KP — 2 cknapae 5 6anis i KP — 3 — 15 6anis.
MakcumanbHa Kinbkictb 6anis 3a Tpu YactuHn mogynbHoi KP cknagae 30 6anis.

KaneHdapHuii KoHmponbs: nposodumesca 08i4i Ha cemecmp AK MOHIMOPUH2 MOMOYHO20 CMAHy
BUKOHQHHA 8UMO2 cunabycy.

Cemecmposuii KOHMPOb: 30/1iK.

Ymoeu donycky 00 cemecmpo8o20 KOHMPOK: BUKOHAHHA ma 3axucm repuwoi, Opy2oi ma yemsepmoi
npakmuyHux pobim, cemecmposuli pelimuHe He meHwe 40 6anis.



PeliTMHroBa cucTema OLiHIOBaHHA Pe3y/bTaTiB HABYAHHA

PeNTUHr cTyaeHTa 3 KpeaUTHOro MoAY A CKIAAAETLCA 3 6aniB, AKi BiH OTPMMYE 3a:
1) BMKOHAHHA Ta 3aXMCT 5 NPAKTUYHUX POOIT;
2) BMKOHaHHA MOAY/IbHOI KOHTPO/IbHOI PO6OTH.

1. MpaKTUYHi pob60TU. YNPOa0BK CEMECTPY CTYAEHT MA€ BUKOHATU 5 NpakTUYHKUX pobiT (MP).
PeiTnHroBa oujiHKa KOXKHOI [P cknaaaeTbes 3 2 YaCTUH, AKi OLIHIOTLCA OKPEMO.
a. AKicTb nigroToBKM A0 pPoboTH, ii BUKOHAHHA Ta OPOPMAEHHSA 3BITY.
- 33 YMOBM NpPaBUAbHO OPOPMIEHOrO 3BiTYy 3 TOYHMM BMKOHAHHAM 3aBaaHHA MP — 6,5 -7
6anis;
- 32 HaABHOCTI HECYTTEBMX HETOUYHOCTEM B opopmaeHHi abo npoueaypi BUKOHaHHA MP — 5-6
6anis;
- 33 HaABHOCTI NopyLweHb B 0pOPMJ/IEHHI, HENOBHOIro abo HETOYHOIro BUKOHAHHA — 3-4 Banu.
6. AKicTb 3axucTy maTepiany. B UiA 4YacTUHI OUIHIOETbCA CTYMiHb BOMOAIHHA TEOPETUYHUM i
NPaKTUYHUM MaATEPiIaNoOM 33 TEMOIO PoHOTH.
- BiAMiHHe BosiOAiHHA MaTepianom — 6,5 — 7 6anis;
- pobpe BonogiHHA maTepianom —5— 6 6anis;
- 33[40Bi/IbHE BONOAIHHA maTepianom — 4 6anu.

np-1 Mnp -2 Mnp-3 Mnp-4 MnpP-5
CTpoK 3paui Ta 28.09 12.10 26.10 16.11 07.11
3axMCTy poboTH

3a HecBo€eYacHy nogayy 3BiTy 3 MNP Ta HecBoeYvacHMI 3axucT MNP HapaxosytoTbcA WTpadHi banum:
MiHyc 0.3 6anu 33 KOXKHUIN TUXKAEHDb 3aMNi3HEHHS.

MaKcumanbHa Kinbkictb 6anis 3a Bci NP gopisHioe: 5*14 =70 6anis.

2. MopgynbHa KOHTpOAbHa pobota. Moay/ibHa KOHTPO/IbHA pob0oTa CKNAAAETHCA 3 ABOX YACTUH —
KPNel i KPNe2. KoxkHa KP mictuTb gBa TeopeTuyHi NUTaHHA i 3aga4dy. OUiIHKM 33 TeOpeTUYHi NUTaHHA
BM3HAYalOTbCA 33 LWKANOH0:

—  «BiAMIHHO», NOBHa BigNOBIAb (He MeHwWwe 95% noTpibHoi iHpopMmaLii) — 5 b6anis;

— «Aobpe», [OCTaTHbO MOBHa BignoBigb (He meHwe 75% noTpibHOI iHGopmauii), abo nosHa

BiANOBiAb 3 HE3HAYHUMM HETOUYHOCTAMU — 4 Banu;
—  «3a40BiNbHO», HEMOBHA BiANOBIAL (He MeHLwe 60% NoTPiIbHOI iIHPpopMaL,i) Ta HE3HAYHI NOMUAKKN —
3 6anu;

— «He3aJ0oBiNIbHOY, HE3340BI/NIbHA BiANOBIAb (He BiANOBiAAaE BMMOram Ha «3aa0BinbHO») — 0 banis.

OuiHKK 32 3a4a4i BU3HAYAKOTbCA 33 LWKA/IOH0:

— 3aBAaHHA BUMKOHAHO NpaBuabHO — 5 6anis;

— 3aBAaHHA BUKOHAHO 3 HE3HAaYHMMM NOMUIKaMKM abo HeTouHocTAMMK — 4 Banu;

— 3aBAAHHA BUKOHAHO He NOBHICTIO ab0 3 CyTTEBMMM NOMUIKamuK — 3 Hanu;

— 3aBAaHHs He BUKoHaHo — 0 6aniB.

MakcmanbHa ouiHka 3a KP — 1 cknapae 10 6anis, KP — 2 cknagae 5 6anis i KP —3 — 15 6anis.

MaKcumanbHa KinbKictb 6aiB 3a Tpn YacTMHM moayibHoi KP cknagae 30 6anis.

KP-1 KP —2 KP-3
[aTta npoBegeHHA poboTu 09.10 06.11 04.12

3a pesy/ibTaTaMu HaB4Ya/IbHOI POB6OTM 3a Neplli 7 TUXKHIB cTaHOM Ha 21.10 «igeanbHU CTYOEHTY
Ma€e Habpatn 43 6ann, AKi BKAOYAOTb ABI NpaKTU4Hi poboTn Ta nepwy yYactuHy MKP. Ha nepwomy
KaNeH[AAPHOMY KOHTPOJIi Ha 8-My TUXKHI CTYAEHT OTPUMYE «3apaxoBaHO», AKLWO MOro NOTOYHWIA
pPeATUHr He meHLe 22 6anis.



3a pesynbrtatamu 14 TUKHIB HaBYaHHA cTaHoM Ha 09.12 «igeanbHWi cTyaeHT» mae Habpatu 85
6aniB, WO BKAOYAE N'ATb 34aHMX | 3aXMLLEHUX NPAKTUYHMX pOB6OTK Ta nepLy YacTuHy MKP. Ha gpyromy
KaNeH[AApHOMY KOHTPOAi Ha 15-my TMXKHI CTyAEHT OTPMMYE «3apaxOBaHO», AKLWO MOro NOTOYHMIA
penATUHr He meHwwe 43 6anis.

MakcumajibHa cyma 0aniB 3a podory B cemectpi ckiaagae 100. HeobxinHoto ymoBoto gonycky
[0 33Ky € OTPUMAHHA penTuHry 40 6anis i Buwe. [Na OTPUMAHHA 3aniKy 3 KPeaAUTHOro MoAyns
«aBTOMATOM» MOTPIOHO MaTh PerUTUHT He meHLwe 60 Hanis.
CTyneHTH, AKi HanpUKiHLi cemecTpy MatoTb peNTUHT meHwe 60 6anis i BUKOHanM YMoBu A0nycky
[0 CEMECTPOBOr0 KOHTPOJIIO (AMB. BULLE), @ TAKOXK Ti, XTO X04Ye MiABULUUTU OLiIHKY, BUKOHYIOTb 3a/1iKOBY
KOHTpO/IbHY poboty. lMpn ubomy Ao 6aniB 3a nNpakTUYHIi poboTM aogatoTbca 6anm 3a 3anikoBy
KOHTPO/IbHY pobOoTY, i LA PeNTUHIOBa OLiHKA € OCTAaTOYHOM. 3aBAAHHA 3aNiKOBOI KOHTPO/IbHOI poboTH
CKNAJQAETbCA 3 OBOX TEOPETUMYHMX MUTAHb Pi3HMX po3ginie poboyoi nporpamu i ABOX NPAKTUYHMUX
3aBAaHb.
KoHe TeopeTuyHe i NpaKTUYHEe MUTAHHA 3a1iKOBOi KOHTPO/IbHOI pob0oTK OUiHIETLCA Yy 7,5 6anis
Bi4MNOBIAHO 4,0 CUCTEMM OLLIHIOBAHHA:
- «BiAMiIHHO», NOBHA BiANOBiAb (He MeHwe 95% noTpibHoI iHpopmauii) — 7 — 7,5 banis;
- «pobpe», [OCTaTHLO MOBHA BiAnoBiAb (He mMeHwe 75% noTpibHOI iHPopmaLii abo HesHauyHi
HEeTo4YHOoCTi) — 6-7 6anis;
- «3a40Bi/fIbHO», HEMOBHa BiANOBiAb (He meHwe 60% noTpibHOI iHGopMaLii Ta AesKi NOMUIKK) —
4,5- 5 6anis;
- «He3aaoBiNbHO», HE3aA0BI/bHA Bignosiab — 0 6anis.

Tabnnuya BignosigHoOCTI perTUHroBnx 6anis OLiHKaM 32 YHIBEPCUTETCbKOLO LKANOoH0:

Kinbkicms 6anis OuiHka
100-95 BiamiHHO
94-85 Oyxe pobpe
84-75 Jobpe
74-65 3a408BiNbHO
64-60 JocTtaTHbO

MeHwe 60 He3anosinbHO
MeHwe 40 He ponyuwieHo

9. J[opaTtkoBa iHpopmaLia 3 AUcUUNNiHK (OCBITHBOro KOMNOHEHTA)

lNepenik nUMaHs, SKi BUHOCAMbCA HA cemecmposull KOHMPOsb, HABEOEHO 8 000AMKY A.

Cepmughikamu npoxo0uceHHA OUCMAHYilHUX YU OHAQUH KypCieé 3a memMamuKor OUCUYUNAIHU MOXYmMb
bymu 3apaxosaHi 3 0odamkosumu 5 — 10 6anamu 00 3a2aabHO20 pelimuHay cmydeHma.

Po6ouy nporpamy HaBuYanbHOI gucumnaiimu (cnnabyc):

CknapeHo npodecop, 4.T.H. Hepgawkiscbka Hagia IBaHiBHa

YxBaneHo kadpeapoto MMCA HH INCA (npotokon Ne 13 Big 05.06.2024)
Noroa)keHo MeTtogmuHoto Komicieto HH IMCA (npotokon Ne 13 Big 05.06.2024)
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Jlodamok A

IlepeJiik NUTaHb 3 TUCHUIIIHHA
«IHTeJIeKTyaJbHUIT aHAJII3 JTaHUX)

tpetiit Kypc, MMCA ITICA HTVYYVY «KIII im. Iropst CikopcbKoro»
BHUKJIaJga4 A.T.H., goiu. Hemamkiscoka H.I.

3anaui mamuHHOrO HaB4anus (MH). *

3amadi HaBYaHHS 3 yuuTeseM i 6e3 yuurens. *
[lepenaBuanns (overfitting) moxeni MH. €wmuicts moaeni. *
Komnpomic Mixk CHCTEMaTHYHOIO TIOMHIIKOIO 1 IUCTIEPCIETO.
KpuBa nepeipku.

Teopema Baiieca i MakcuMalnbHa ammoCTEPiOpHA TIIOTE3A.
JliniifHa perpecis. *

ITocTraHoBKa 3amadi Ta i/1esi METOy OMOPHUX BEKTOPIB VIS JIHIHHO PO3AUIBHOTO BHIIQJIKY.
OyHKII0HAT MTOMIJIOK. O3HAaYEeHHS OITIOPHOT'O BEKTOPY. *

Teoperuune oOrpyHTYBaHHSI METO/Ly OIOPHUX BEKTOPIB.

MeToa OOpHUX BEKTOPIB JUIs JTIHIMHO HEPO3AUIBHOTO BUMIAAKY. Iest merony. Tumnm BeKTopiB-
MOPYIITHUKIB PO3/IEYO0I CMYTH.

MeTo/1 OTTIOpHUX BEKTOPIB JUTs JIIHIHHO HEPO3AUTEHOTO BUMAAKy. OOrpyHTYBaHHS METOY.

HeniniliHe y3araJbHEHHS METOAY OIOPHUX BeKTopiB. O3HaueHHS sApa 1 NPUKIAIM.
OOrpyHTYBaHHS METOY.

@Oynkuii kmacudikaiii 3a METOJOM ONOPHUX BEKTOPIB IS JHHIMHO pPO3AUIBHOrO 1
Hepo3aiIpHOro BUMNaKiB. [lepeBaru i oOMexeHHs meToay. Sk Bu3HadaeThcs mapamerp C 2 *

[TonsarTts nepesa pimens. CTpyKTypa JaepeBa pimieHb. JINCTOBI 1 MPOMiIXKHI BEPIIMHU JIepeBa.
Hagectu mpuxman. *

Anroput™ po30UTTS MOOYI0BU JIepeB pilleHb. BrnacTuBOCTI anroputmy po3ourrs. *
Osnauenns enrpomnii. EnTpomniiinuii kpurtepiit BUOOpY 3MiHHOT po30UTTS. *

[Ipobnema nepeHaBuaHHs (3BEPXUyTIUBOCTI) JiepeB pimeHsb. Anroput™m C4.5 BuOGopy 3MiHHOT
po30utTst. Moaudikoanuii C4.5 1yis BUNaKy HerepepBHUX aTprOyTiB.

HepeBa pimens g knacudikanii B Scikit-Learn Python. AtpubyTtu By3ma nepeBa. Mipa
3abpynneHocti Jxuni. *

Anroputm CART pmns  knacudikamii. AJropuT™M po30OHUTTS TOOYJOBU JiepeB pillleHb
knacudikarii *

IlepeBarm 1 oOMEXeHHs anropuTMy po30OuTTsA. Perymspuzamiss nepeB pimeHb. Mipu
e(eKTHBHOCTI 1 MpobsiemMa 3yuHKH 100Yy/I0BH JiepeBa pilleHp *

HepeBa pimens ans perpecii B Scikit-Learn Python, arpu0ytu By3ma. Anroput™m po30uTTS
CART pns perpecii *

ANTOpUTM MOKPUTTS 1MOOYI0BH JiepeB pimeHsb. 1R anroputm *
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OcHoBu OaiieciBcpkoi kiacugikanii. Makcumym amnoctepiopHoi imoBipHocti. LlTtpad 3a
nomunky. Cepenniii pusuk. OIiHIOBaHHA amnpiOpHUX IMOBIpHOCTEH Ta  (QyHKIIH
MPaBJIONIOAIOHOCTI

HaiBuuii OaiieciBchkuii knacudikarop (aroputm Naive Bayes) *

Ominka edexTuBHOCTI Kiacudikarii: nepexpecHa nepesipka, K-fold Ta iioro mommoikarii,
periT4aTuii i paHI0Mi30BaHUH MOIIYK *

Omninka edexkruBHOCTI Kinacudikaii: confusion matrix, accuracy, precision, recall, PR-curve,
F1 score, ROC kpuBa *

[TocranoBka 3amayi po3aiuny cymimni. bazosuii anroputm EM: ines ta eranu *
OO6rpynryBanHs 6a3zoBoro anroputmy EM (BuBeaeHHs popmyi)

Anroputm EM 3 (pikcoBaHOIO KUTBKICTIO KOMITOHEHT. Henomiku anroputmy
V3aransHenuii anroputm EM. Croxactuunuii anroputm EM

Anroputm EM 3 nocniioBHUM J0JJaBaHHAM KOMIIOHEHT.

[TocranoBka 3amaui knacudikaiii Ha ABa KIacH, MOHATTS BIICTYIy, (DYHKI[IOHATY TTOMUJIOK Ta
¢ynkuii Brpar. JliniiiHuMiA knacudikarop.

MeToau TpajiieHTHOTO CITYCKY 1 CTOXaCTHYHOTO I'PaIiEHTHOTO CITYCKy. *
ANTOPUTM CTOXaCTUYHOTO IPAJIEHTHOTO CITYCKY: €TalH, OLIHKA (DYHKIIIOHATY SIKOCTI.

IHimiamizanis Bar, MOPSIOK MPe] sIBICHHS 00 €KTIB B aJITOPUTMI CTOXAaCTUYHOT'O TPAJIEHTA.
[lepeBaru i HemoiKK, MpoOIeMa epeHaBYaHHS IbOTO AT OPUTMY.

3aranpHa MOCTaHOBKA 3a/1a4i kinacrepu3saiii. @yHKIII1 BiZICTaHI B 33/1a4ax Kiactepu3arii. *
ArnoMepaTuBHUH i€papXidYHMA aNrOpUTM HAHOIIKYOTO cycima. *

Pospainstounii iepapxiunuit anroputm DIANA.

Anroputm k-cepennix. IlepeBaru i Hefomiku anropurmy k-cepenHix. *

Anroputm HeuiTkux k-cepennix. IlepeBaru i Heomiku.

Anroputm G-cepenHix.

ANTOpPUTM 3HAXOKEHHS 3B’ I3HUX KOMITOHEHT. [lepeBaru i He10IiKH.

bazoBi mpuHIMNU MOOYIOBH MiHIMAILHOTO mMOKpuBatodoro nepeBa (MIIM) <« KaniGHuit»
anroput™ nodyaosu MITJI. *

Anroputmu Kpyckana i [Ipuma noOynoBu MiHIMAIbHOTO IIOKPHBAIOYOTO JiepeBa. *
Anroput™m bopyBku noOynoBH MiHIMaIbHOTO MOKPHUBAIOYOTO JEpPeBa.
HlinbHicHU# anropuTt™ knactepusaiii MeanShift.*

HlinbHicHuU# anroput™ kinactepusanii DBSCAN.*

Ines 6azoBoro anroputmy FOREL.

Etanu 6a3oBoro anroputmy FOREL. IlepeBaru i He0iKH.

Ines ta eranu FOREL-3.

Anroputm FOREL-4.

Bubip kigbKoCTi KJacTepis.

Metpuku skocti knacrepusamii: Homogeneity, Completeness, V-measure, Silhouette
Coefficient. *

Mertpuku sixkocti knacrepuzanii: Adjusted Rand Index, Adjusted Mutual Information.
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Mertpuku sikocti Knactepusanii: Calinski-Harabasz Index, Davies-Bouldin index.
ITocranoBka 3anadi kiaacrepusanii Ha ocHOBI Mepexi Koxonena. Onmc mepexi Koxonena. *

ANTOPUTM CTOXaCTUYHOTO TpaJi€eHTa sl PO3paxyHKy IIEHTPIB KJacTepiB B Mepexi
Koxonena.*

[Nonsarrs kaptu Koxonena. Merpuku Ha kapti. HaBectu imocrparnito kapru.*
Anroputm HaB4YaHHS KapTu KoxoHeHa.

Bizyamizamuis kapt Koxonena, tunu kapt. IlepeBaru i Henomniku merony kapT Koxonena.
O3naueHHs HelipoHHOi Mepexi. Mogens MakKamnoka-Ilitrca. *

@OyHKii akTUBaIlil B HEHPOHHUX MEpeXax: IMOPOroBi, CUTMOiIabHa, TinepOoIiYHUNA TaHTeHC.
Ix BracTuBoOCTI.

[ToGynoBa ancamOuto Mozieneit Mmeroom Oyctunry. Anroputm AdaBoostClassifier. *
[TobymoBa ancambmi0 Mozeneit merogom Oerinry. Anroputm BaggingClassifier. *
Anroputm GradientBoostingClassifier.

[TobymnoBa ancambmo Mojeneit merogom crekinry. Anroputm StackingClassifier. *

[TobynoBa ancam6mto Mojeneit merogoMm ronocyBanss (Voting). Anroputm VotingClassifier.
*



