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Readings from the light sensor and fitted Gaussian Process model
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OyHKUMA

KakBo e maTtemaTnyecka GpyHKUMA?

Faycosvl npouecu - Korato HEBPOHHUTE MpPeEXN HE Ca

7/29/2017, C Y
/29/2017, CodpTYHm [0CTaTbUHM




OyHKUMA

[onyctMmm ctonHocTu -> MpaBunno -> CTOMHOCTU, KOUTO PYHKLUMUATA 3aema
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HeBPOHHU MpPeXn

A neural network can represent ANY given function.

Faycosvl npouecu - Korato HEBPOHHUTE MpPeEXN HE Ca
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HeBPOHHU MpPeXn

A neural network can represent ANY given function.

TeopeTM4HO HEBPOHHA MpeXa ¢ eauH hidden layer moxe aa Hayum BcAKa PyHKUMA...
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HeBPOHHU MpPeXn

A neural network can represent ANY given function.
TeopeTM4HO HEBPOHHA MpeXa ¢ eauH hidden layer moxe aa Hayum BcAKa PyHKUMA...

...CTUra ga umauw 6e3kpanHu gaHHU 1 6e36poit HEBPOHU, KOUTO TPAOBA Aa TpeHUpaL

rayCOBl/I npouecu - Korato HEBPOHHUTE MpPeEXN HE Ca
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HeBPOHHU MpPeXn
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HeBPOHHU MpPeXn

Kak Aa mogennpame HeCUrypHocT?

Kak moxe Aa ce Bb3no/si3Bame OT CTPYKTypaTa Ha Nnpobaema, KOMTO MCKame Aa peLunm?

KakBo aa npasnmm, ako HAMame 40CTaTb4YHO AdHHW 3a TPEHNPAHE HaA MpemaTa?

Nma nn anTepHaTMBEH MOAeN, KOUTO MOXKe Aa pewn Te3u npobnremun?

é FayCOBM NPOLLECH - KOTaTO HEBPOHHUTE MPEXKN He ca
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4 Readings from the light sensor and fitted Gaussian Process model
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HennHenHa perpecus

Kak moxe ga mogenvpame HelMHelHa perpecms U3non3Banku
camo laycosa anctpmbyums/pasnpeseneHme?

Mma nn ToBa HAKAKBYU npeanmcTea N MOXe 11 Aa pellnMm
HAKOW OT I'IpO6I'IeMMTe, KONTO HEBPOHHUTE MPEHKHN nmar?

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
JLOCTaTbYHM
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[aycoBa gnctpmnbyuma/pasnpenenerHme
(Gaussian distribution)
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[aycoBa AncTpmnbyuma
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MHoromepHa laycoBa gnctpmnbyumsa
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MHoromepHa laycoBa gnctpmnbyumsa
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N(x|p, %) =

MHoromepHa laycoBa gnctpmnbyumsa

-3 (z—)TE Y (z—p)

1
(27T)d/2|2‘1/2€

I'aycosm npouecu - Korato HEBPOHHUTE MpPeEXN HE Ca

7/29/2017, C Y
/29/ » Copryhu [OCTaTbYHM

SOFTWARE
UNIVERSITY

21
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CemnnaupaHe (Sampling)
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CemnnunpaHe (Rejection Sampling)

0.20
x  Accepted Samples
* Rejected Samples
0.15
> 0.10
0.05
0.00
—20 —15 15 20

Faycosvl npouecu - Korato HEBPOHHUTE MpPeEXN HE Ca

7/29/2017, C Y
/29/2017, CodpTYHm [0CTaTbUHM




CemnaunpaHe Ha ABymepHa laycosa AncTpmbyums

xxxxxx

SOFTWARE
UNIVERSITY



ANnTepHaTMBHA BM3Yya/IM3aUMA HA CEMMBANTE




ANnTepHaTMBHA BM3Yya/IM3aUMA HA CEMMBANTE




ANnTepHaTUBHA BM3Yya/iM3aUMA HA CEMMBANTE
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ANnTepHaTUBHA BM3Yya/iM3aUMA HA CEMMBANTE
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Each line is one sample from a 6D Gaussian
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ANnTepHaTUBHA BM3Yya/iM3aUMA HA CEMMBANTE

* JlnHUMTe 3ano4BaT Aa NPUINYAT Ha HEIMHENHA perpecusn

Each line is one sample from a 6D Gaussian

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU
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ANnTepHaTMBHA BM3Yya/IM3aUMA HA CEMMBANTE

* JlnHUMTe 3ano4BaT Aa NPUINYAT Ha HEIMHENHA perpecusn
* TouKku 621130 eaHa Ao Apyra MMaT BUCOKA Kopenauyms

Each line is one sample from a 6D Gaussian

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU
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ANnTepHaTMBHA BM3Yya/IM3aUMA HA CEMMBANTE

* JIMHUMTe 3anoYBaT Aa NPMANYAT Ha HeJIMHEeMHa perpecus
* Touku 61130 edHa A0 Apyra MMAT BUCOKa Kopenauus
* Moxe Aa USMEePUM BapHnaLMNATaA BbB BCAKA TOYKaA
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Each line is one sample from a 6D Gaussian

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU
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[eHepupaHe Ha covariance maTpuLaTa
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KepHen dyHKumaTa onpeaena BCAKO YACNIO B covariance maTpuuaTa.

‘Squared exponential’ kernel

cov(Yn, Yn') = k(Tpn, Tpnr) + Ugénn’

_ 2 1 2
(@, T ) = ofexp (=57 (zn — 2n)?)
[aycoBuUTE NpoLECcH Ca HaNb/HO ONpPeaeneHn OT mean 1 covariance QyHKLUMUMN.
laycoBuTe npouecu ca AnNcTpmbyumsa ot PyHKLMM C onpeaesieHn CBOMUCTBA.
f ~GP(m,k)

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU
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Bcaka pyHKUMA e camnba oT 40-mepHa laycoBa guctpmbyuun

rayCOBl/I npouecu - Korato HEBPOHHUTE MpPeEXN HE Ca
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Owe eaHa NnpomaHa B HOTaUMUATA

* [lpeMmeHyBaHe Ha ocuTe

Bcaka pyHKUMA e camnba oT 40-mepHa laycoBa guctpmbyuun

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU
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Owe eaHa NnpomaHa B HOTaUMUATA

* [IlpemmeHyBaHe Ha ocuUTe
* He e 3agb/mKuTenIHO Aa yBenndaBame X-0CTa C
n3mepeHueTo Ha laycosBaTta anctpubyuymsa

Bcaka pyHKUMA e camnba oT 40-mepHa laycoBa guctpmbyuun

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU
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Owe eaHa NnpomaHa B HOTaUMUATA

4
3 * [IlpemmeHyBaHe Ha ocuUTe
, * He e 3agb/mKuTenIHO Aa yBenndaBame X-0CTa C
n3mepeHueTo Ha laycosBaTta anctpubyuymsa
1 * He e 3a4b/KUTENHO Aa B3MMAMeE PaBHO pa3aeniedeHun
0 TOYKMU
—1
—2
-3
—4
1 2 3 4 5 6 7
X

Bcaka pyHKUMA e camnba oT 40-mepHa laycoBa guctpmbyuun

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU
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Owe eaHa NnpomaHa B HOTaUMUATA
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Bcaka pyHKUMA e camnba oT 40-mepHa laycoBa guctpmbyuun

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
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Owe eaHa NnpomaHa B HOTaUMUATA

4
3 * [IpenmeHyBaHe Ha ocuTe
* He e 3agb/mKuTenIHO Aa yBenndaBame X-0CTa C
: n3mepeHueTo Ha laycosBaTta anctpubyuymsa
1 * He e 3a4b/IKUTENHO Aa B3MMaMe PaBHO pa3aeneyeHu
0 TOYKM
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Bcaka pyHKUMA e camnba oT 40-mepHa laycoBa guctpmbyuun

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
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BapupaHe xunepnapameTpuTe Ha KepHena

4
3
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FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
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BapupaHe xunepnapameTpuTe Ha KepHena

4
3
coV(Yns Yn') = k(Tp, Tn') + 02 00n
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FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
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BapupaHe xunepnapameTpuTe Ha KepHena

4
3
coV(Yns Yn') = k(Tp, Tn') + 02 00n
2
1
k(Tn, Tn) = oFexp (=55 (Tn — Tn)?)
>~ 0
O Noise level 0.01 -1
U
—2
—3
l Horizontal lengthscale 1 )
9f  Vertical lengthscale 1 1 2 3 ;l{ 5 6 7

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
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BapupaHe xunepnapameTpuTe Ha KepHena
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BapupaHe xunepnapameTpuTe Ha KepHena
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BapupaHe xunepnapameTpuTe Ha KepHena
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FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
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BapupaHe xunepnapameTpuTe Ha KepHena
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FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
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BapupaHe xunepnapameTpuTe Ha KepHena
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BapupaHe xunepnapameTpuTe Ha KepHena
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1
3
coV(Yns Yn') = k(Tp, Tn') + 02 00n
2
1
k(Tn, Tn) = oFexp (=55 (Tn — Tn)?)
0
Oy Noise level 0 . —=
l Horizontal lengthscale 1 )
O f Vertical lengthscale 1 =
—4
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BapupaHe xunepnapameTpuTe Ha KepHena

1
3
coV(Yns Yn') = k(Tp, Tn') + 02 00n
2
1
k(Tn, Tn) = oFexp (=55 (Tn — Tn)?)
0
Ov  Noise level 0 1
l Horizontal lengthscale 1 )
O f Vertical lengthscale 3 =
—4
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BapupaHe xunepnapameTpuTe Ha KepHena

1
3
coV(Yns Yn') = k(Tp, Tn') + 02 00n
2
1
k(xn,xn) = afceajp (=55 (Tn — Tn)?) ——
M0 — —=
Ov  Noise level 0 1
l Horizontal lengthscale 1 )
O f Vertical lengthscale 0.5 =
—4
1 2 3 1 5 6
X
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fe ~ N(0,2(X,, X))

7/29/2017, CodpTYHM

A3non3BaHe Ha AaHHU
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A3non3BaHe Ha AaHHU
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MopaenupaHe c [aycoBu npouecu

[la Kaxkem, ye CKame ga HanpasmMm mogen Ha BpemeTto B bbarapua

Nlnmutayunm:
Morke ga HanpaBMM MHOrFO MaJIkKoO U3MepBaHUA

Om Kv0e 0a cvbepem usmepsaHus 3a 0a HaNPAsum Hal-moYyHama npo2Ho3a? 'O
Cned Kamo umame usmMepB8aHus, KaK Npasum camama rnpoaHo3a?
Konko cme cuzypHu, Ye Hawama rnpoaHo3a e 8ApHa ?

[aycoBUTE NPOLIECU UMA CNeAHUTE KeJlaHU CBOUCTBA: S

* TloneseH bias ot kepHen PpyHKUMATA (6AM3KM NOKLaMKM MMmaT nogobHa TemnepaTypa)

* W3mepBaHe Ha HECUTYPHOCTTA Ha NPeANoN0oKeHMNATa (KOZIKO TOYHO e HalWeTo NPeAno/IoXKeHue 3a AaAeHO0
MACTO)

* W36bupaHe Ha cnepBalla TOUKa 3a U3MmepBaHe (Kb/e Ja CNOKMM HOB CEH30p 33 M3MEPBaHUA)

* Mvbp3enuBa oueHKa (M3mepBaHe Ha TemnepaTypaTa Ha e4HO MACTO, OOHOBABAHE Ha HaLIKA MOAEnN,
n3bupaHe Ha ,HaN-HECUTYPHOTO" MACTO, n3mepsBaHe, obHoBsIBaHe, N3bupaHe Ha HOBO MACTO U T.H.)

I'aycosm npouecu - Korato HEBPOHHUTE MpPeEXN HE Ca

7/29/2017, CodtY
/29/ , COPTYHM [O0CTaTbYHM
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[Tonmepwu

Mauna Loa, CO2. GP model fit on data until Dec 2003. 95% predicted confidence
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Figure 1: Real-world non-stationary environmen-
tal phenomena: (a) Plankton density (chl-a) phe-
nomenon (measured in mg/m®) in log-scale in Gulf
of Mexico, and (b) traffic (road speeds) phenomenon
(measured in km/h) over an urban road network.

360

w
(92
o

Monthly average atmospheric CO2 concentration, ppm

40L% : : : L L : :
2 01 985 1990 1995 2000 2005 2010 2015 2020
year

Faycoam npouecun - Korato HEBPOHHUTE MPEXKUN HE Ca

7/29/2017, C Y
/29/2017, CodpTYHm [0CTaTbUHM



[1naH 33 neKkumAaTa

Classification Regression

+ ~
-\\_H_El oo
MalnHHO camoobydyeHne n HEBPOHHU MPEXKH o, .t o2 e
o %‘, u‘\ ,..’. ®

*  Accepted Samples
*  Rejected Samples

[aycoBu npouecu

AKTMBHO cemnanpaHe ¢ APOH U3nonBaiiku Maycosu npouecu 3a
Ha OMacHW rasose TR |

2 3 4 5
a) Wavelength (;m)

3aKn4veHune

Faycosm npouecun - Korato HEBPOHHUTE MPEXKUN HE Ca

7/29/2017, C Y
/29/2017, Copt¥hm [0CTaTbyHM

HamupaHe

Readings from the light sensor and fitted Gaussian Process model

Waypoints:

Readings:
232

2)0820
3)0.204

Heortzontal
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CTpYKTYpa Ha NpOoeKTa
Heriot-Watt University Edinburgh University

20

Martin Asenov

Marius Rutkauskas Luke Maidment* Ram Ramamoorth i Carson Vogt
Ph.D. Nonlinear microscopy Eng.D. (Dstl) Group Head ’ ngivléAs\ént;?:gd PhD. student
(EPSRC CDT)

Ultrafast Optics Group Robust Autonomy and Decisions Group
Ultrafast lasers and instrumentation for Motion synthesis and robot learning in
microscopy, metrology and spectroscopy dynamic environments
Track record of successful CDE projects in Software libraries and knowhow for reactive
mid-IR stand-off chemical detection motion planning and active model learning

Faycosm npouecun - Korato HEBPOHHUTE MPEXKUN HE Ca
OOCTaTb4HU
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MoTnBaumna

* AKTMBHO cemnaiupaHe C APOH

* M3non3BaHe Ha APOH 3a CbbupaHe Ha MHPOpPMaUMA — Nose3eH
MHCTPYMEHT 3a Pa3/IMYHU HaYKN/UHAOYCTPUN KAaTO EHEepPrumnHa,
ona3BaHe Ha OKO/IHATa cpeaa U T.H.

* /3non3BaHe Ha MaWMHHO camoobyyeHue 3a Nno-epeKTUBHO CbbUpaHe
Ha MHPOPMaLUA N MOAENNPAHE Ha KeNaHMA PeHOMEH

* [IpoHoBe, baTepun 1 6BP3M NOPTAaTUBHM KOMMOTPU CTaBaT BCe NO-
NONYASAPHMN TEXHONOTUU N LUMPOKO AOCTHIMHU

e ,lNoBTOpHa ynoTpeba” Ha moaena — n3non3BaHe Ha PaA3/INYHU
CeH30pMU

-

¢

SOFTWARE
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MoTmBauma npoa.

* MpumepeH NPOEKT - HAMMUPaAHE Ha ONAaCHU rasoBe
 HammpaHeTo Ha U3TOYHUK Ha eKCNI03UBHU/OTPOBHM ra3oBe e TPYAHO
 OnacHo e Aa ce n3npawaT xopa
* Ba)kHO e Aa ce Hamepu U3TOYHUKA Bb3MOMKHO HaM-
6bp30
* [lpeBeHUMA HA NO-CEPMO3HO PA3MNPOCTPAHEHUE

Faycosm npouecun - Korato HEBPOHHUTE MPEXKUN HE Ca
OOCTaTb4HU
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[[aycoBu npouecu (0600

 NedunHMUUA N NONE3HU CBOUCTBA
* M3non3BanMKku mean m covariance pyHKUUA -> ANCTpUbYyLMA OT PYHKLUMK

* M3non3BaHe Ha AaHHW— 3ana3BaHe CBOMCTBATa Ha QYHUMMATA, LOKATO TE€ MMHABAT Npe3 HawuTe
TOYKM OT AaHHUTE

* M3mepBaHe HeCUrypHOCTTa Ha moaena

* HenapameTpuyeH moaen
* MosKe Aa ce M3Mno0/13Ba 38 MHOTOMEPHU Npobaemu,,

7/29/2017, CodTYHM
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MopaenunpaHe c laycosu [TpoLecu

* Perpecua c laycoBu npouecn — CeNEKTUPAHE HA MOAen
* WN3bmupaHe Ha KepHen PyHKUUA
* M3bupaHe Ha xunepnapameTpu 3a KepHen PyHKUMNATA

OBMKHOBEHHO pa3ynTame Ha MHPOPMaLMSA, KOETO MMame 3a npobaema. Hanpumep, razosete mat 6aBHO NpomeHALa
Ce KOHLEeHTPaLMA KaTo GYHKLMA Ha BPEME M NPOCTPAHCTBO, 3aTOBA MOXe Aa nsnonssame squared exponential kepHen
dYyHKUMA.

MoxKe CbLLOo TaKa Aa HanpaBnM Ma/TbK eKCNEPUMEHT U TaKa Aa M36€peM HallNTe NapaMeTpu.

i Lo ¢ ¢
* W3b6upaHe Ha cnenBalla TOYKA 33 M3MepBaHUA . CT
* MaKkcMmMmuM3npaHe Ha eHTPONUATA Ha BCUYKU U3MEpPBaHMUA : es®
* MakcMmmsapaHe Ha B3aMMHaTa MHGOPMaLMA MeXOy U3MepPBaHUATA B .
LTPYAHOCT Npu npaBeHe Ha n3mepBaHe™ o R ==
@ < < ¢

*ToBa e no-ronsm npo6neM npm Ha3eMHUu pO6OTM, HE TONKOBa Nnpun 4poHoBe
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CodpTyepHa apxXMTEKTYPa Ha NPOEKTA

Specify field of interest
(Input in a txt file, e.g.,
rectangle specified by
four GPS coordinates)

GPy

++- S python
ROS s o (S

Take Measurement (Python Identify a p‘_’i“t of p°te_“tia|

Go to waypoint script spawned from the local maxima (C.iaussulan h
(implemented asa ROS ——» ROS node. Obtain readings ——» Process regression; sample t ?
. GP within the field of interest;

node) and perform signal Pick the maximum and set as

processing (e.g., FFT). the next waypoint)

TiePie engineering ‘

3.0 <
25 '% \ ot

2.0 +

1.5 4 ¢
_ , 2
CO'I-’(yn: yﬂ.-") = k(:r-na Jj-n’) + o, O/ 10
0.5
2 p 1 2
k(i o) = TrerPy — Ed:l Z_P(m(m ~ Taw) *%00 05 10 15 20 25 30

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU

64



Intensity
o o
D (o]

o
'S

o
)

Polystyrene

3 3.5

Wavelength (ym)

7/29/2017, CodpTYHM
SOFTWARE
UNIVERSITY

FaycoBM Npouecu -

Spectroscopy
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KoHuenuwmsa: Mid-IR spectrometer Bbpxy ApOH
sensing band

4

2500
Wavenumber (cm-1)
\\ J

FayCcOBM NPOLLECH - KOTaTO HEBPOHHUTE MPEXKN He ca
[0CTaTbyHM
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EKCFIepl/II\/\eHTI/I C XUMNHECKNA CEH30P

Video Video2 Video3

1

0.8
2 0.
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£ 04}
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3 4

a) Wavelength (,m)
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https://goo.gl/photos/53HJLARvxhDVddN17
https://www.dropbox.com/s/o27ekhxgm3624pk/Basic_flight_1Jul17.mp4?dl=0
https://www.dropbox.com/s/htf32lc5wnamf4j/short_clip.mp4?dl=0

EKCFIepl/II\/\eHTI/I CbC CEH30pP 3a CBETJ/IMHA

Video

UAYV relative position (in meters)

Readings from the light sensor and fitted Gaussian Process model
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FaycoBM Npouecu -
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https://youtu.be/HVn5LSjqtOY

KombuHupaHe Ha laycoBu npouecu u
HEBPOHHW NpoLLEeCcU 3a cneaeHe Ha NbTHO
NAaTHO

Output laver

Lane prediction: LSTM vs GP-LSTM

E 40 f
g
E ¥
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Koaa 3a laycosu npouecu e 8 Github!

Different visualizations
Inference from data
1D and 2D regression

samples = 18
ndim = 40
length 7
sigma v = @
1=1

sigma_f=1
uniform=False

dots=False
usecolors=True

mu,cov = inference(sar

sample x.shape
sample_y.shape
data = np.array((samp

mple x, sample_y, x, cov, ndim=ndim, length=length, sigma_v=sigma_w. l=1, sigma_f=sigma_f)

le_x,sample_y)}

y=np.random.multivariate normal(mu, cov, samples).T

plotGP(x,y,xlim=1engt!

Jusr/lib/python3.5/si

h,ylim=2,data=data, filename="presen

te-packages/ipykernel/ main  .py:1
i 1

if __name = ' 1
filename="presentations" 2.0
X,y,cov = genGP(samples=samples, ndim=ndim, length=length, si L5
L
/home/martin/Dropbox/MSc/ASR/ report/gaussian. py:169: Runtimek 05
y=np.random.multivariate_normal{mu, cov, samples).T
= 00 X
I
\ 0.3
Lo
-5
1
—20
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raYCOBl/I npouecu - Korato HeBpPOHHUTE MpPEXKM He Ca

OOCTaTb4HU

fig = plt.figure()
ax = fig.add_subplot(111, projection="3d"}
ax.plot_trisurf(x.flatten().y.flatten(),z.flatten(), cmap=cm.jet)

plt.savefig('../FinalReport/Pictures/Introduction/2dregression.png’', dpi=206,bbox inches='tight')

fig.show()

Jusr/lib/python3.5/site-packages/matplotlib/figure. py:397: UserWarning:
d, so cannot show the figure
“matplotlib is currently using a non-6UI backend, "

TSR

from matplotlib import cm

samples=1
ndim=38

cov.x,y = sigma{ndim,uniforn=False}

mu=np.zeros (ndim*ndim)

p.random.multivariate normal(mu, cov, samples).T
z.reshape(ndim,ndim).T

x.reshape(ndim,ndim). T

y = y.reshape(ndim,ndim).T

surf = plt.contour(x,y.z, cmap=cm.jet)
fig.colerbar{surf, shrink=8.5, aspect=5)

plt.savefig('../FinalRepart/Pictures/Introduction/2dregressionc.png’, dpi=208,bbox_inches='tight')

pLt. show()

Jusr/lib/python3.5/site-packages/ipykernel/ main_ .py:7: RuntimeWarning: covariance is not positive-semidefinite.

Py

matplotlib is currently using a non-GUI backen
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https://github.com/masenov/gaussian-processes-introduction

3aKa4yYeHue

Classification Regression @
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AKTUBHO CEMMN/INPaHe C APOH M3N0/BalKun AycoBU NpoLLecn 3a HaMMpPaHe Ha OMacHU rasoBe

4 Readings from the light sensor and fitted Gaussian Process model

2 3 4
a) Wavelength (;m)

Heortzontal
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bnaronapsa 3a BHMMaHueTo!

HAaKakBu Bbrpocu?

33 KOHTAKTU:

m.a.asenov@gmail.com

https://masenov.github.io

Koa;:
https://github.com/masenov/gaussian-processes-introduction

FayCcOBM NPOLLECU - KOTaTO HEBPOHHUTE MPEXKN He ca
[OCTaTbYyHMU
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