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O6’ekT AOCAIAXKEHHS: CUCTEMMU T METOAM
OBTOMATMYHOIO AHOTYBAHHS 300D OKEHD.

MpeamMeT AOCAIAXEHHS: OAMECIBCbKI  PEKYPEHTHI
HEWPOHHI  MepeXi LSTM,  cuctema AHOTYBOHHS
300paXKEHb.

Meta poboTu: pPO3pPOOKA CUCTEMM  CABTOMATHUYHOIO
QOHOTYBOHHS 300pOXKEHb, LLLO 3AATHA BUAIAATM OB'€KTH Y
300POKEHHI TA 3B'93KM MK HUMMM KU BIAODPCKATM X VY
3MICTOBHOMY MIAMUCI NPUPOAHOID MOBOIO.

MeTOoA AOCAIAXEHHA: METOAM TAO MOAEAI KOMM'IOTEPHOTO
Py T 0OPOOKM NPUPOAHOT MOBMU.

30AQ4Y0 OBTOMATMYHOIO AHOTYBAHHSA 3000 OXKEHb MOAIrAE B
reHepPYBAHHI OMMUCY AOBIABHOTO 300PCXKEHHSA MPUPOAHOKO
MOBOIO Y BUTASAI HO3BM QOO OAHOIO YU KIABKOX PEYEHD, LLLO
BIAODOPCKAIOTb MOTO 3MICT.

AAS PO3B'930HHSA 30AQ4T Y POOOTI MPOMNOHYETLCY MOAEAD,
LLLO BKAIOYOE B cebe DAMECIBCbKY PEKYPEHTHY HEMPOHHY
MEPEXY.

@ nasa @

© Q A

474,417 enopobaHb

nasa Arrhythmic beating of a black hole heart: At the center of the
Centaurus galaxy cluster, there is a large elliptical galaxy called NGC
4596. Deeper still, there is a supermassive black hole buried within
the core of this galaxy. New data from our Chandra X-ray
Observatory and other telescopes has revealed details about this
giant black hole, Image Credit: NASA #nasa #space #chandra #galaxy
#blackhole #astronomy #science

Ha OCHOBI HOBYEHOI MOAEAI OYAO CTBOPEHO MPOTPAMHUM TMPOAYKT — CUCTEMY
QBTOMATHMYHOTO QHOTYBAHHS 300POXKEHD, LLLO AEMOHCTPYE KOHLLETLLIIO T MOXE MATHU

NPAKTMYHI 30CTOCYBOHHS.



AKTYOABHICTb AOCAIAXKEHHS

ABTOMATUYHE QHOTYBAHHS 306paXKeHb

®» HELOAOBHO MOYAAO OKTMBHO BMBYATMUCH MICAS MPOTNPECY B CYMYTHIX AOCAIAXKEHHSX;

® MOXE 3ACTOCOBYBATHCb AAA.

= JHAEKCALl 300paXeHb;

= MOLUYKY 30 300POKEHHIMM;
POMOHYBAHHS NIAMMCIB;

AOMOMOTU AIOASIM 3 BOACMM 30PY.

€ CKAQAOBOIO IHLLMX 30AQN:
= CTBOPEHHS 3B'43HMX OMOBIAEN 30 HODOPOM 300PAKEHD;

= MIACYMOBYBOHHS BIAE€O.

BODKAMBE 3 TEOPETMYHOI TOYKM 30PY 4K:

" MDKAMCUMMOAIHOPHO 30A040 — MOEAHOHHA METOAIB KOMM'IOTEPHOIO 30py TA OOPOOKMU
NPUPOAHOT MOBU;

= 3HQAYHMM KPOK AO MALLIMHHOTO PO3YMIHHA CEPEAOBULLA — OAHIEI 3 LLIAEM B AOCAIAXKEHHAX LLII.

Tomy po3pOOKA TO BAOCKOHOAEHHA MOAEAEN OHOTYBAHHS 3000 AXEHD € BOAXKAMBUMM!



[TOCTOHOBKQ 30QAQMI

» MATEMATMYHA MOCTAHOBKA  30AQ4YI  BUIASAQE  HACTYMNHUMM  YMHOM. HeoBXIAHO
PO3B’'43ATH1 3AAQYY OMTUMIZALLIT BIAHOCHO NMAPAMETPIB MOAEAI O
N

0" = arg méaxz logp(S|I;0) = arg mglxz: 2 log p(S:|I;60; Sy, ..., St—1)
(1,5) (IS) t=0

A€ (I,S) — eAEMEHTM HABYAAbHOI BUOIPKM.

®» AAFY MOAEAIOBAHHA YMOBHOI MMOBIPHOCTI MPUMPOAHO BUMKOPMCTOBYBATU PEKYPEHTHY
MPOHHY MEPEXY.

man in black shirt is playing guitar. construction worker in orange safety two young girls are playing with lego boy is doing backflip on wakeboard.
vest is working on road. toy.

[TOUKAQA BOXKAHOTO PE3YALTATY



3AraAbHA APXITEKTYPO MOAEAI

®» Ha AQHWMKM HOC HAMOIABLLI MOLLIMPEHMM MAXOAOM AO NMOOYAOBU MOAEAI
QHOTYBAOHHS 300D OXKEHb € APXITEKTYPA KOAYBAAbHUK-AEKOAYBAABHMK.

®» KOAYBOAbHMK — TAMOMHHA 3rOPTKOBA HEMPOHHO MEPEXA

BXIAHE 300POXKEHHSA => BEKTOPHE MPEACTABAEHHS 300 AXKEHHS

AEKOAYBAAbHUK — PEKYPEHTHA HEMPOHHAO MEPEXA

BEKTOPHE MPEACTOBAEHHS 300POXKEHHA => AQHOTALLIA



[ AMOUHHAO 3ropPTKOBA HEMPOHHA MEPEXKD

Inception-v3

Convolution
AvgPool
MaxPool
Concat
Dropout
@» Fully connected
@8 Softmax

® ONTMMAAbHWKM BAAAQHC MK FKICTIO KAQCMADIKALLIT, KIABKICTIO TOEHOBAHMX MAPAMETPRIB TA
LLIBUAKOAIEIO.

® PO3MIPHICTb BEKTOPHOIO NPEACTABAEHHS 300PAXKEHHS 3 MEPEAOCTAHHLOTO LLAPY: 2048.




AOBIra KOPOTKOYACHA NAM’'aTb (LSTM)

word prediction
= OOopeThCqd 3 MPOBAEMOIO BMOYXAOHYMX TA

3HUKAIOKYMX TPAAIEHTIB MPW HOBYAHHI;
= MAOE 9BHUM BEKTOP MAM'4Ti;

™ VCMILLUHO  30CTOCOBYETBCY B 30AQYAX
MALLUMHHOTO MEPEKAQAY TA TrEHEPYBAHHS
NPUPOAHOI MOBM.

ir = 0(Wixxe + Wimmg—1)

ft = o(Wexxe + Wepmye_q)

0r = 0(Woxxy + WommMme_4)

Ct = fr o 1 + h(Wexxy + Wemy_4)
AN Me = 04 © Cy

‘i|1p;1t- Pt+1 = SOfthlX(mt)

Crpyktypa LSTM 6AOKY



KOAYBAAbHUMK-AEKOAYBOAAbHMK

log pi(S1) log p2(S2) log pn(SN)
JEI PN

1 t 1

o0 —

d ) ) )
WeSo WeS| WeSN.i

f I ]

image So S SN-1

LSTM
!
LSTM
!
LSTM
LSTM

[TOEAHOHHSA MOAEAEM KOMIM IOTEPHOTO 30PpY TA OBOPOBKM NPUPOAHOI MOBM




baMeCIBCbKI HEMPOHHI MEPEXI

= Barn mepexi € BUNMAAKOBUMM BEAMYMHOMM.

®» [f[apametTpamM, O HOBYAKTbCHY € NAPAMETPUM  CMIABHOTO
AMOCTEPIOPHOIO PO3MOAIAY BAT MEPEXI.

®» AA9 HOBYOHHA MeEPEXi 3AEDIABLLOIO AAQMTYETLCH METOA 3BOPOTHOTO
NOLUMPEHHSN TMOMMAKM, 30KPEMO §FK OAMECIBCbKE  3BOPOTHE
LLIMPEHHS MOMMAKMN.

[lepeBaru:
= 9BHE BPOXYBOHHS MAPAMETPOUYHOI HEBM3HAYEHOCTI;
= QABTOMATMYHA PETYAIPM3ALLIA, KPALLA Y3AraAbHIOKYA 3AATHICTb;

= BUXIA MEPEXI CTAE BUMNAAKOBOK BEAMYMHOK, MOXHA ODYUCAUTU TI
XAPAKTEPUCTUKM.

» CKAQAHOLLL:
= BMOID AMPIOPHOTO PO3MOAIAY BAr;, ® BUBIP GOOPMM AMNMOCTEPRIOPHOIO PO3MOAIAY.



CTPYKTYPO MOAEAI

~ Koaun nonepeaHix cais, 1x40
L2
KOAYBAHHS 306PAXEHHS, BeKTOpHE NPEACTABAEHHS CAiB, 40x300
1x2048 v __ MoaeAb
MoA€EAb i LSTM, 40x256 MOBMU
300PAXKEHHS - ) Z %300 ¥
OBHO3 €ARAHMM LUAP, 1X MOBHO3' € AHAHMI LLUAP, 40x300
|
¢ _
N OB6’eAHAHHS, 41x300
v

ABOHAMPABAEHUM LSTM, 1x512
v

[MOBHO3' '€ AHOHMM LLIAP, 1x8256
v

Softmax, 1x8256

v
Y MOBHMIM PO3MNOAIA

3AraAbHA KIAbKICTb TOEHOBAHMX Bar: 9115032.




HAOBYOABHAO BMOIPKO

®» BUMOIM AO QHOTALLIM Y HOBYOAbHIM BMOIPLL:

MOBHO M TOYHO BIAODPOXKAKOTb BCi OO’ €KTM HA 300 AXKEHHI TA 3B'13KM MK HUMM;

HE MICTATb IHADOPMALLT, SKY MOXHO AICTATU AULLIE 3 KOHTEKCTY;

HE MICTATb BAOCHMX | cneumdoiyHMX HA3B.

OpaHo BMOIpKY Flickr-8k:
8000 BpYy4YHY AHOTOBAHMX 3000OXKEHD;
MO 5 QHOTALLIM AO KOXXHOTO 300PpAXKEHHS;
CepeAHI AOBXMHA aHOTALLl 11,8 CAiB;

89% AHOTALLIM MICTATb AIECAOBQ;

300PAKEHHS 3 PI3HMX MPEAMETHMX OOAQCTEMN.

1 A dog in the forest.
2) A grey dog explores a
fallen tree in the woods.



[ToOTrPAMHMU MPOAYKT

® | Image Captioning System =i O X

Generate Captions

Normal Max search: A person wearing a red helmet is standing on a snowy beach .
Beam Search, k=3: A person wearing a red helmet is standing on top of a snow covered hill .
Beam Search, k=5: An elderly skier is standing in front of a on a snowy mountain .
Beam Search, k=7: An elderly skier is standing in front of a on a snowy mountain .

IHTEPdDENC CUCTEMM AHOTYBAHHS 300PAXKEHD




[TOMKAQAM 3reHEPOBAHMX AHOTALLI

XaaibHun aaroputm: A hockey player in orange is being
tackled.

[MpomeHesui noLlyk, k=3: An ice hockey player in orange is
wearing a red jacket.

[MoomeHesmm noLuyk, k=5: An ice hockey player, wearing
orange and black pants.

[ToomeHeBum noLuyk, k=7: An ice hockey player in orange is
wearing a red jacket.

XaaibHMIM aaroputm: A young boy is playing basketball.

[ToomenHeBumi noLuyk, k=3: A young boy is playing basketball.
[ToomeHeBumi noLuyk, k=5: A young boy is playing basketball.
[ToomeHeBumi noLuyk, k=7: A young boy is playing basketball.

KaaiBHUM aAropmTm: A man sits on a boat at night.
[ToomeHeBum noLuyk, k=3: Two people are sitting in a boat at
night.

[ToomeHeBum noLuyk, k=5: A group of people are standing in
front of a at night.

[ToomeHeBumi noLuyk, k=7: A group of people fishing in a
body of water.




[TOPIBHAHHS 31 3BUHOMHOIO MOAEAAIO

®» MOAEAb TAKOI CAMOI CTPYKTYPM OYAO HOBYEHO 3BUMYAMHMM METOAOM
3BOPOTHOIO MOLLUMPEHHA MOMMAKM,

®» B 4KOCTI METPUKM  OUIHIOBOHHA 9KOCTI 3reHEpPOBAHMX QOHOTALLIM
BUKOPUCTOBYBOAQCH CIDET.

i
3HAOYEHHA  MEeTpUKHU

CIDEr

3BMYAMHA /8.39
b

MoaAeAb

o[ [{ed[:{e{ V(W 82.53

®» HbAMECIBCbKO MOAEAb MOKA3AAA KPALLL PE3YALTATM.



BMCHOBKMU

™ 3AMNPOMNOHOBAHO CTPYKTYPY MOAEAI, AELLO CMNPOLLEHY VY
MOPIBHAHHI 3 OHOAOTAMMU;

®» pekypeHTHY LSTM mepexy Yy MOAEAI HOBYEHO 30 AOMOMOTOIO
TOAY OQMECIBCbKOrO 3BOPOTHOINO MOLUMPEHHA MOMUAKM,
POAEMOHCTPOBAHO NEPEBANM LLbOTO MIAXOAY;

™ MOAEAb TMOKA3YE TMPUUMHATHI PE3YABTATH, MNPOrPALLl HOBITHIM
OHOAOTOM  TMOACHIOETbCH  30KPEMA HEBEAMKMM  OODCIroOmM
HOBYOABHOI BUDIPDKM 3YMOBAEHMM MPOAKTUYHUMM MIPKYBOHHIMM;

™ HO OCHOBI MOAEAI MOOYAOBOHO MPOrPAMHMM MPOAYKT.



Hanpamkm NOAAAbLLIMX AOCAIAXKEHbD

®» BAOCKOHOAEHHS CTPYKTYPU MOAEAI;
® 30CTOCYBOHHSA MEXAHI3MIB YBATU;

™ AOCAIAKEHHS [HLWMX COOPM AMNOCTEPIOPHMX PO3MOAIAIB MPU
OAMECIBCbKOMY HOBYOHHI;

®»/HOBYOHHA MOAEAI HO OIAbLL PIBHOMAHITHUX BMOIPKAX OIABLLIOIO
oocary.




BRpoOBAAXEHHS PE3YALTATIB AUMTAOMHOI
DOOOTU

®» 30 PE3YABTATAOMM POOOTU MOACAHO CTATTIO (AHOTYBAHHY 300pPOXKEHb HA
OCHOBI OQMECIBCbKMX HEMPOHHMX MEPEX) AO YHIBEPCUTETCHKOrO
HAYKOBOIO €AEKTPOHHOTO 30ipHMKA (CUCTEMHI HOYKM TA KIDEPHETMKAY —
2018. — Neb.

[TOBYAOBAHO MATEMATUHHO MOAEAb BMPOBAAXKYETLCH B MPONPAMHOMY
NPoAyKTi TOB «BIMAC TexHOAOr» AAS BMBYEHHS [HO3EMHOI MOBMU
IHO3EMLAMM HOA OCHOBI TEXHOAOTNIM PO3MI3HOBAOHHA MOBAEHHA BIA SRI
International.




AJKYyO 30 yBary!




