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BbNPOCH14K
3a EbpxaBeH u3nHT Ha cneuuanHocr

,rV3KycrBeH nHTeneKT", OKC,,E?KanaBbp"

Arenru h oKoneH cBf,T. Xaparrrepucrntn Ha oKorHvrf, cBsr. BuAoae areHTu. PeQnercnra
areHTn. PaquouaneH areHT h3non3Barq Mo4en Ha oKonHuf, cBrr. Arenru u3nrr.nHf,Bau{u
3aAaAeH qen. Arenn4 onn4Mr43r4paqu LleneBa $yxrqr,rn. Carvroo6y,raBatqt4 ce areHTta.

Anre6pa Ha norvrKara. Merogn 3a npe.qcraBf,He Ha noruqecrrrr $ynrquu. Ananurlrr{Hyt
$opun 3a npeAcraBeHe Ha noruqecrra Synxrlnm. Mero4u sa MuHuMu3aque na flO.

Apxurerrypa Ko4ep-[ero4ep - pean]4salluf, c LSTM. MexaHueMra sa $orycrpaHe Ha
BHuMaHr4ero. Peanusaqun Ha MexaHu3Ma 3a Sor<ycupaxe Ha BHnMaHnero nph
o6pa6orra Ha ecrecrBeH e3nK - npeBoA or eAuH e3HK Ha Apyr. Peannsaqu+ Ha
MexaHr43Ma Ha BH[MaHnero npu o6pa6orxa Ha uoo6paxennn aHanu3 Ha
lrso6paxeHue 3a ctaHTe3upaHe Ha sarnaeue/onhcaHile.

Apxurerrypu 3a o6pa6orra Ha nocnegoBarenHocn4 or AaHHu. PerypenrHn HeBpoHHll
Mpexu (RNN). I-pa4uenrHu Mero4u sa o6yveHre (Backpropagation Through Time).
f-lpunoxenvfr Ha RNN sa o6pa6orra Ha ecrecrBeH esuK - e3[KoBo MogenupaHe Ha
cnMBorHo Hr4Bo (Sonerun unn 6yran). ApxnreKrypr4 Ha peKypeHTH[ HeBpoHH]4 Mpexyl
(Long Short-Term Memory, LSTM; Gated Recurrent Units, GRU; BidirectionalRecurrent
Neural Networks, BRNN).

Eeilcoar Meroflt4 sa rnacuQutal1uf,. Beponrnocrna $opMynupoBKa Ha 3aAaqara 3a
rnacuSnraqu*. OcHoaHu rroHflTtrg tl Bepof,THocrHt4 MoAenu.

SuSnuoreKr4 3a o6pa6orra u Bt3yannsaqul Ha AaHHll e Python - numPy, pandas,
matplotlib.

7. Bu4oee rpurepr4. IlpegcraeRne, ra6nvl1u Ha npexo4ure. IlpraHqran Ha ,qeficreue.
Bpeue4uarpaMr.

8. Bpenae-uaula6ex aHanu3 Ha curHarure. Yefianer (wavelet) npeo6pasyBaHe.
Henperucuaro yefieaer npeo6pasyaaxe qpe3 KopenaqtroHeH aHanu3 Ha chrHanure.
,[ucrperno yefiener npeo6pasyBaHe qpe3 KacKarq]4 or qraSpoau $r,rnrpra. Cpaaxenne
Ha BpeMe-qecroreH aHanr43 u aHanv3 BpeMe-Mar{a6.
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9. Bpuaxa Ha cnelyaau3upaHure KoMnrorbpHr4 cr4creMu c ynpaBnsBaHr4Te o6emu -
Aarqull4 14 n3nbnHr4TenHr4 MexaHu3Mn. Bu4oee, npuHqhnu na pa6ora.

10. fleouvHo-AeceruqHr4 t{r4crra (BCD). MarenltaruqecKu onepaquu c,flaouvxo-AecernqHr
qucra.

11. fiayror{KoB o6MeH Ha AaHHu. MPI npilMepu 3a ABfroqroe o6MeH. Snorrapaqu pexuM]4.
KonayxuxaqlloHHt4 pexuM14. Enorrapau4o npe4aBaHe no roroBHocr. Enorrapaqo
6y$epupaHo npeAaBaHe. Craxgaprno 6norupaqo h3npaqaHe u npreMaHe.

12.lAacrpyKqr4n oa ynpaBneHue Ha xo4a Ha u3nbnHeHue Ha nporpaMara. Sesycnoanu n
ycnoBHr4 npexofl yr. PaoxnoneHr4 nporpauu. I-{u xnu.

1'3. Knacn$uraqun Ha,qaHHu qpe3 anropr,rrbM K nafi-6nyr3br cbceA (k Nearest Neighbors,
k-NN). Oynrquu aa u3qucflf,BaHe Ha pa3crosHue MeX4y ABe roqKyr. Cra4aeaHe Ha
rnacuSuraquoHH14 MoAenu.

14. Konerrueex o6t\,reH Ha AaHHI. MPI nporpaM]4 3a KofleKTrBHa KoMyHhKaqrar. EapraepHa
cr4HxpoHil3aqils. Cr6upane r pa3npbcKBaHe. Gather u Scatter eQem.

15. Koru6uHaquoHHr4 norui{ecKu cxeMu. Cnxres na KflC. Easrac U,lAnU, HE; lul-HE:lAIllA-
HE. Cuxre3 Ha croxuu l$lC.

16. KoHeonpqr4oHHr4 HeBpoHHr4 Mpexu (Convolutional neural networks, CNN). Egnovrepna
u AByMepHa KoHBoflroqr4e. Bu4oee MacK[ (kernels). ,flonrrnaaxe Ha AaHHure c Hynu
(Padding). Cn nra Ha orMecrBaHe 3a MacKara (Stride). floHuxasaHe Ha pesonloquera
(Pooling). Apxurerrypu Ha KoHBontoquoHHr4 HeBpoHHr4 Mpexu (LeNet, AlexNet, VGG,
NiN, Inception, ReaNet, DenseNet). HoaoauBeAeHr4fl, apxureKTypnu oco6eHocrr4 14

orpaHnqeHur.

17. Koxqenqur 3a flupaoau4Hl4 crpyKrypu. Bugoee anropurruu. fiupao Ha peueHnr. u
Cnyvafina ropa.

18. KparroBpeMeHeH cneKTpaneH aHanu3. Bpeue-recroreH aHanu3. Ilpeo6pasyBaHe Ha
l-a6op. KparroepeMeHHo npeo6paayBaHe Ha Oypre 3a HenpeKbcHaru cvrHanu.
KparxoapeMeHHo npeo6pasyBaHe na Oypne 3a AucKperHu cnrHanh. flpoaopevnu
$ynrqun. CnerrpaneH u KopeflaquoHeH aHanus, cborHouJenua. lAs5op Ha qecrorara
Ha Ar4cKperu3aquff u Ar4cKperHocr no qecrora. Oco6euocrn npn cneKTpafleH aHarru3
na cnyvafiHu curHanu.

19. Macraer u crpyKrypu e Aceu6nepa. l4xcrpyrquu 3a MaHunynaqyre Ha 6nroae.

20. Macuail. Ilo4pe>q4ane Ha eneMeHTure Ha MacvrBvr B onepar[BHara naMer.
lAan4nanu3hpaHe Ha MacuBr4. Anropurnau, o6pa6oraaulu MacuBr4. MHorouepnn
MacuBr4. Macueu u Qynrqnu

21. Mawuxno o6yveHle 6es yqr4Ten. l(nrcrepusaquf,. OcHoerin MeroAr4 3a orKpr4BaHe Ha
Knbcrepu. An rop uruur K-Mea ns. lilepa pxur{ H a Kfl bcrep r43aquff .

22. Mercgr4 3a Hacrpoilaaxe napaMerpr4Te Ha Mogenu sa rnacuQnKauue n perpecue.
l-pa4uenrnu MeroAr4. Eeonoqronnu MeroAr4. O6yvexue qpes ,[uSepexlyanHa
eBontoque (Differentia! Evolution, DE). OnruMusaque c posK or qacruqr4 (Particle
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Swarm Optimization, PSO) 3a xacrpoileaue napaMerpure Ha MoAenu 3a
xnacn$ura1ur u perpecr4s. floranuu u rno6anxu crpareruh 3a onrt4Mn3aqus.
Tononoruu Ha KoMyHnKaquf, .

23. Mexaxr43Mr4 Ha BHuMaHr4ero B peKypeHrHu apxureKrypra (EIement-wise-Attention Gate,
EleAttG; GR.U attention unit, EleAtt-GRU; Recurrent attention unit, RAU; Attention As a
REcurrent Neural Network, AAREN). PexypenrHt4 rpaHc$oprunpaqr apxureKrypu.
H oeoetaeAeH vrf, , apxnre Kryp x u oco6e Hocrr4, Blr3MoxHocrr4, orpa H uqe H uff , o6nacru na
nphnoxeHue.

24. MnoxecrBa. Ocxoaxn noHflTr4ff 14 o3HaqeHran. Onepaquu HaA MHoxecrBa. CaoficrBa Ha
onepaqilure HaA MHoxecrBa. CuMeoflHr4 Hr43oae. MxoxecrBa or cr4MBorrHt4 Hr43oBe.

' Onepaqur4 cbc cr4MBonHu Hr43oBe u onepaquu HaA MHoxecrBa or Ht43oee. PerynnpHtr
. MHoxecrBa 14 r3paau. l4squcneHuf, c perynspHt4 hopa3r.

25. Mpexra na t-lerpra. OcHoax n noHATuA 14 o3HaqeHng. O6osxaqeHu MapKupaHn Mpexu Ha
Ilerpu. PaenosxaBaHe na $opuanHu e3uqr4 qpe3 o6osHaqeHa MapK[paHa Mpexa Ha
flerpu. CboraercrBre MeXAy QopuanHr rpaMaruKu u Mpexu na fierpu. AHanus u
cuHTe3 Ha o6osHaqeHa MapKt4paHa Mpexa xa flerpu.

26. Heepoxnu Mpexil 6ee o6parnu Bpb3Kyr. Mnorocnofixyr HeBpoHHr4 Mpexil or
nepqenrpoHr4 (Multilayer perceptron neural networks, MLP NN). BepoRrnocrxu
HeBpoHHr4 Mpexu (Probabilistic Neural Networks, PNN).

27. Oneparopu 3a ynpaBneHue B e3uKa C/C++. floruqecru u3pa3u, onepaquu u onepaquu
3a cpaBHexue. Oneparopr4 3a ynpaBneHr4e Ha npexo4a. Oneparopyt if u oneparop
switch. Bu4oee LluKnu. Oneparopr 3a qulon for, while, do...while. Oneparopra break ra

continue. Oyurqun exit.

28. OcHoaHu KoHcrpyKqr4r,r B Python. YcnosHr oneparopr4. Oneparopu 3a qurbn.
Onepaqur cbc cr4MBoflHr4 Hr43oBe.

29. OcHoeHu noHflTr,rt 3a cr4rHar[Te I c[creM]4re. TaxconoMyn Ha cnrHarruren cucreMtaTe.
,Qucrpernu nuueiuu r4HBapyraHTHr4 BbB BpeMero curHanu u cr4creMu. Tunoee qrrrSpoarrr

cvrcreMu. l4unyncna xapaKrepucruKa u cyMa Ha KoHBor]orlr4flra sa quQpoea Aflt4B
cucreMa. ,[u$epexquanHn ypaBHeHus oa Afll4B cr4creMa. Cucreuu c KlulX u 6lAX.

30. Oco6eHocn4 Ha e3r4r-lt4re 3a napaflenHo nporpaMupaHe. MPI vrurep$efic. O6rvren xa
AaHHvr e MPl. Enorupaqu onepaqau npn o6naen. Cuxxpoxen 6norupaul o6uren.
Ey$epupan o6uex. O6uex no,,roroBHocr".

31. I-lognporpaMu. flpegaeaxe Ha napaMerpr4re. Crer ra pa6ora cbc creKa.

32. IlpegcraBrHe Ha $opuannu e3urlr4 qpe3 KpaeH aBroMar. Cuoraercrane Mel14y
$opruanxvr rpaMan4ru n rpafiHu aBToMarr. Ananu3 u cr4HTe3 Ha KpaeH aBToMar sa
pasno3HaBaHe Ha $opuanHu e3uqu.

33. Ilpeo6pa3yBaHe Ha Jlannac. Bpusra Merqy [lpeo6pasyBaHe Ha llannac u Z-
npeo6pasyBaHe. Z-npegaaareflHa xapaKrepucruKa na ,4fl14B cucreMu. Ceoilcraa Ha'
Z- npeo6paayBaHero 3a pe4uUr4. Z-npegaaarenHa $ynrqun xa ,flfllzlB cucreMu.
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. Vcnoan+ sa cra6unxocr Ha AAilB cucreMa cnopeA pa3nonoxeHilero Ha nonlocure u
Hyfl ure na Z-npe ga Barefl H ara xapa lrep x cru Ka.

34. flporpaMupyeMh noruqecKr KoHrponepu (nnK) - crpyrffypa, +yHKqt4r, opraHusallrs,
BuAoBe. Eouqu 3a nporpaMnpaHe. l-lrrcun Ha u3nbnHeHue Ha nporpaMara.

35. l-lporpaMup),eMu ron4qecKn ycrpoficraa (nn$. lGacra$raral1rue. Crpyrcrypa.

36..l-lpoueHfluBt4 e nflK. Onepaqrau e flflK. Kourarru u 6o6uau. OyHrquoxanHu 6noroae e
nnK - napaMerpu, $ynxquoHupaHe. O6pa6orxa Ha aHaroroByt curHaflu.

37. PerpecuoHHt4 Mero4t4 - BbBeAeHne, rnacuSr,rraqus. fluxefixa perpecue c eAHa
npoMeHnt4Ba u c MHoxecrBo npoMeHfluBr,r. Ilorapurut4qHa perpecns. Oqexra na' Mo.qenu.

38. Pea na Oyprae 3a AucKperHu BbB BpeMero nepho4rdr{Hr4 cilrHann. flpe4craBsHe Ha
anephoAt4t{Hr4 Ar4cKperHu cr4rHanu B qecrorHara o6nacr, npeo6pasyBaHe xa Oypne aa
AucKperHu curHanu (DTFT). Caoilcrea xa DTFT. n[ncrperxo npeo6pa3yBaHe ua Oypue
(DFT) 3a AucKperHr4 curHanu. Mero4u 3a u3qucnf,BaHe na [l-lO. Anroprarrur oa 6upao
npeo6pasyBaHe na Oyprae (FFT).

39. PerypeHrHt4 HeBpoHHr4 Mpexr4. Ioranno-pe(ypeHrHr4 HeBpoHHr4 Mpexu (Time-Delay
Neural Networks, TDNN; Diagonal Neura! Networks, DRNN; Locally Recurrent
Probabilistic Neural Networks, LRPNN; Generalized Locally Recurrent Probabilistic
Neural Networks, GLRPNN il Ap.).

40. CuMeorHt4 Ht43oBe. Tran string. Pasnura MeXAy C-String n rurac String. Crau4aprnra
$yttxquu ea pa6ora cbc cr4MBoflHr4 Hr43oBe. CrpraxroBu npoqecu. Macnau or Ht43oBe.

41. Cratncn4qecKu Mero4r4 3a MauJr4Hno o6yveuue. lfiracu$uraqun qpe3 cMec or t-aycoau
$ynrquu. lhacuQurarop c onopHr4 BeKropu (Support Vector Machine, SVM). Bugoae
rpanc$opMilpaqu $yHrquu (rupxen Qynrquu). Mo4enupaHe cbc cMec or l-aycoar
$ynrquu (Gaussian Mixture Models, GMM). Mero4u 3a o6yvexue (Expectation
Maximization, Maximum Likelihood, etc.).

42. CrpnuroBu r4HcrpyKqt4t4. Onepaqrara HaA cuMBonHr Ht43oBe.

43. Crpyxrypu or AaHHn sa pa6ora cbc cHMBonHn AaHHr4 a Python. Cnucuqu, Koprexu,
peqH[qu, MHoxecrBa.

44. Cyuupane Ha Marpvr.l4. PeuJaaaHe Ha 3a4aqara Ha rqByKoMnprbpHa cucreMa.
Onpe4ennHe Ha roe$rqueHTa Ha npoMf,Ha Ha npou3BoAr4reflHocrra S, Peuaaaxe xa
3a4aqara na P npoqecopHa MaruilHa qpe3 Tpt4 anropurbMa.

45. Tpaxc$optvtupaqu apxureKrypr (Transformers). BuaeAeHrae B repMuHonon4rra.
MexaHns[,rr4 3a Qorycupane Ha BHuMaHuero (no cxoAcrBo, Ha Ea14anay, ua
MHoxecTBO ffIaBu, Ha BlrTpelUHO BHuMaHl4e - cauOna6nloAeHile u Ap.). O6yveurae na
rpancQopMupaqure apxureKrypr4. TpaxcSopMr4paqu apxureKrypt4 3a MaruhHHo
3peHue.

46. YrunoxeHue Ha Marpuqa c BeKrop. [Ipunqranu Ha pa3napanenBaHe. Ilocne4oBarefleH
anropilTbM. Pasge.neHe Ha AaHHure. Onpe4ennne Ha uu$opuaqt4oHHtaTe
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3aBucl4Mocrr. Maua6upaHe u pa3npeAerlsHe Ha noA3aAaqrre no npoqecopn. AHaflu3
Ha e+e!ffuBHocrra Ha anropytTMuTe.

47. Oafinoae u noroqr4 B e3r4Ka C/C++. Oafinoaa opraHu3aqus. PexnMu 3a Aocrbn.
Oynrquu sa pa6ora c $afinoae.

48. OopuaflHvl rpaMarvrKvr tA e3uqu. OcxosHu noHflTr4r. ,[e$ranrapane Ha $oprraanna
rpaMaruKa. Ilopa44axe Ha e3ilK vpes $opMarrHa rpaMarrKa. l(rracraSuKa1u+ Ha

$opruannure rpaMaruKr4 no t{onacru. Br,rgoee npo4yKqyr4 aua QopuanHa rpaMaruKa.
Earyc-Hayp Sopua. Cnxramravnr,r rpa$u. [lprar'aepu 3a npe4craBf,He Ha e3uKoBt4
KoHcrpyKur4r4 qpe3 Earyc-Hayp Qopua n cuHraKruvnu rpa$u.

4p. Oyxrquu. Bugoae Synrr4ara. l-no6annu u .noKanHu npoMeHnhByt. Br,rgr,rruocr Ha
npoMeHflhBure. [lpe4aaaxe Ha napaMerpu t4 BpbrJ.laHe Ha pe3yflTaru npu $yHxqraure.
flpunltepu.
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